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BOTT WELL PUMP

PIPE & ACCESSORIES

Thermowells

Adjustable Angie

Top Load Disc Meter

ABS Standard Dry Gauges

Economy Full Port Ball Valves

Check Ciass 125 Bronze Screw Cap
FSC-DOM “Y” Type Strainer

Meter Flange

500XL Water Pressure Reducing Valve

Pipe Dimensions & Widths



fo r I“ dustrial T h e r m O rn e te r S ‘ Al dimensions are nominal. Dimensions in [ ] are in milimeters.

¢ §X9 Selar
» AXG, BX9, CX9 Adjustable Angle

ighe Standard
AX, BX, CX Rigid Stem
¢ BX Plus
.f/.ﬁ;—-"a‘\ 1.25 - 18 UNEF - LgiF#H i o
fem Ll
[ "
|

L
7

082
L ST u nel
ma T Tpn LENGTH
Lengths
Standard with Lagging Extension . .
with Lagging Extension
() Stere Length | U Longth M U Length
3" 2500641 | 1.00[25] 170043
g 5.00[127] | 250[64]  2.50[64]
8 | roofi7g] | 280[64]  450[114] (Al
12" 10.56 [26 3.00 (7 7.50 [181 STEM 0.040
C (267] (76} 53] 1.25 - 18 UNEF EENEH "o
Pressure Rating (psi)
Operating Temperature
Material 70°F 200°F  400°F 6OOF
Carbon Steel | 610 550 430 850
304 Steinless Steel | 630 570 480 380
316 Staln!esa Steel G50 600 5?0 500
e | PRI e s ==L Lo e ity | £ u = .
Monel 540 480 440 400 [15:?] ms%ue 15 LENGTH ?1212 -
Brass 300 psi @ 150°F, 250 @ 350F EXTENSION

Allernative materials and accessories are also available. Piease consult the Options and Accessories Section for details.

Selection of the proper thermawell is the sole res ifity o
Improper ap:::llfa‘wm mey cause failure of the thermowell, resu

the user. Temperature and pre sure limitations must be considered
ting in possible personal injur \, or property damage.

HOW TO ORDER Sample Order Number: 3-4 F 2
Thermowell Style {P) External Thread (R) Stem Length {T) Lagging Extension Material
3- Industrial 3 12 NPT* F 314" Stem™ A 1" Extension (312" Stem only) 2 Brass
4 B[+ NPT J 6" Stem D 212" Extension (6" and longer Stem onlyjt 3 Steel
5 1NPT L 8" Stem Omit if None 4  Monsl
R 12" Stemlt 5 30488
6 316SS

* Only available with 31/," stem and 1" extension.

“*31/," stem Straight Shank.
T 3" extension on 12" stem.
11 12" stem requires 1 NPT external thread.

5 [ TRERICE

12950 W. Eight Mile Road * Oak Park, Mt 48237- 5288 . TEL 248/399-8000 * FAX: 248/399-7246 * www.TRERICE.com



1802 = f
= Z150
4= =
= =130
0= =
= =110
mw= =
ZEW
us =
SE0

£
L=

[
=

EX91403 shown

handundonl
S S T

<>

“ (SyTRERICE

7", 9", 12" Scale

+ 1 Scale Division
Accuracy

Cast Aluminum Case
Adjustable Angle Stem

yv vy

Recognized globally as the
Trerice “BX” Indusirial
Thermometer, this is an
instrument of exireme
accuracy and rugged
dependability. Available

in scale sizes of 7" [AX9),
9" {BX9), & 12" (CX9), with
a durable cast aluminum
case, this universally
adjustable, liquid-in-glass
thermometer is the most
widely specified instrument
of its kind.

HOW TO ORDER

Specifications
Models Scale Sizes
AX9 ™
BX9 g" ——  Adjustable Angle

CX8 kL —
Fill Type Spirit: Blue colored, organic

Case Cast Aluminum,
blue epoxy finish
Stem Aluminum, brass, 304 stainless

steel or air-duct style available

Connection Standard: 11/4-18 UNEF-2A
coupling nut

Air-Duct: Reversible mounting

flange with 3 bolt holes
Window Uliraviolet protective acrylic on

ranges to 300° F

Glass on ranges over 300° F

Tube Lens front, magnifying type
Scale Aluminum, white background with

black graduations and markings
Top Plate  ARS

Accuracy =1 scale division
Approximate Shipping Weight
AX9: 1.5 1bs [0.68 kg)

BX2: 16 s [0.73 kg
OX9: 2.0 Ibs [0.91 kg

Sampie Order Number: BX9 1 403 07

Model Stem (Material)

Stem (Length) Specific Range

AXS 7" Adjustable
BX9 9" Adjustable 2 Brass

CX9 12" Adjustable 3 304 SS

1 Aluminum {standard) 403 3"

See Standard
406 6" Ranges
408 §"

9 Air-Duct (Aluminumr—-{ 006 6" Air-Duct

" Not for use with Thermowells

12950 W. Eight Mile Road  Oak Park, MI 48237-3288 + TEL:248/399-8000 + FAX: 246/399-7245 + wwwTRERICE.com



Adjustable Angle

All dimensions are nominal,
Dimensicas in [ ] are in milimeters.

AIR-DUCT STEM

AIR-DUCT STEM
) DOTIRR] e e MOUNTING DIMENSIONS
{ 69118
‘ - 3HOLES
TRERICE | 22129 2 } UMY
y ; * SPAGED
2,27 {58]
o {
6.00
[152}
AX= 969 [246] rot
BX = 11.69 [297]
CX =14.69 [373] 8
_.] ©1.50
lea—g3 [15] (=36}

i
1.72 |44) 1.25 [32]
HEX
A
J Lo.44 11
(A) Stem Length | Dimension
310 | 350 [88.9)
6" 6.00 [152.4]
gl 800 [2032]
Standard Ranges
_LOual Scale Fahrenheit Lolsius.
-| Range Figure

01 400 1o 110°F —40° o 40°C |41 -4 1o 110F & ~40° o 40°C 10 2 5 1o

17

2 0w i0F 24 -8 ©3C (42 CLIO0FA-W0®EC | & ¥ SO .
03 50° to 130°F [ 26 0° to 55°C |48  30°t0130°F & 0 to 55°C A 5 P

04 00 to 160°F to 70°C |44 0°to160°F & -18°to 70°G | 100 2 B
06 30° to 180°F to 83°C |46  S0°10180F & 0" 0 8FC | 10° 2 5 i°

07 30° to 240°F to 115°C |47  30°0240°F & 0° to 115°C | 0] g 5° s

B SC° 1o SO0F Mo 150 148 2 Oted00F R U bitavE | M 0 X W F
09 50 to 400°F ey o8 R e e pes 3L 80 s

15 50° to S00°F fo 260°C | 55  50°to500°F & 10° to 260°C 25° 5° 10° 2

Dual scale figure intervals may differ

(S)TRERICE 5:

12950 W. Eight Mile Road « Oak Park, M 48237-3288 « TEL:248/399-8000 « FAX: 048/3099-7246 + wwwTRERICE.com




Recordall® Cold
Water Top Load
Bronze Disc Meter

Size 2" (DN 50mm)

Technical
Brief

DESCRIPTION

Badger Meter offers the Recordalt Disc meter in Cast Bronze and a Low
Lead Alloy, The Low Lead Alloy (Trade Designation: M170 LL) version
complies with NSF/ANS| Standard €1 and carries the NSF-61 Mark on
the housing. Al components of the Low Lead Alloy meter, i.e., disc,
chamber, housing, seals, etc., comprise the certified sysiem.

APPLICATIONS: For use in measurement of potable cold water in
residential, commercial and industrial services where flow is in one
direction only.

OPERATION: Water flows through the meter's strainer and into the
measuring chamber whetas it causes the disc to nutate. The disc, which
moves freely, nutates on its own ball, guided by a thrust rofier. A drive
magnet transmits the motion of the disc to a follower magnet Jocated
within the permanently-sealed register. The follower magnetis connected
to the register gear train. The gear train reduces the disc nutations into
volume totaiization units displayed on the register diai face,

OPERATING PERFORMANCE: The Badger Recordall Disc meters
meet orexceed registration accuracy for the low flow rates (95%), normal
operating flow rates (100 + 1.5%), and maximum continuous aperation
flow rates as specifically stated by AWWA Standard C700.

CONSTRUCTION: Badger Recordall Dis¢ meter consiruction, which
complies with ANSYAWWA standard C700, consists of three hasic
components: bronze meter housing, measuring chamber, and
permanently, sealed register. A corrosion-resistant thermoplastic
material is used jor the measuring chamber.

To simplify maintenance, the register, measuring chamber, and
strainer can be replaced without removing the meter housing from the
installation. No change gears are required for accuragy calibration.
Interchangeability of parts among like-sized meters also minimizes
spare patts inventory investment, The built-in strainer has an effective
straining area of twice the inlet size.

MAGNETIC DRIVE: Direct magnetic drive, through the use of high-
strength magnets, provides positive, reliable and dependable register
coupling for straight-reading, remote or automatic meter readingoptions.

SEALED REGISTER: The standard register consists of a straight-
reading, odometer-type totalization display, 360° test circle with center
sweep hand andflow finder to detect leaks. Register gearing consists of
selt-ubricating thermoplastic gears to minimize friction and provides
tong life. Permanently seated; dirt, moisture, fampering and lens fogging
problemsare eliminated. Multi-position register simplifies meter installation
and reading. Generator-type remote reading and automaticmeterreading
systerns are available for all Recordall Disc meters. All reading options
are removable from the meter without disrupting water service.

TAMPER-PROOF FEATURES: Customer removal of the register to
obtain free water ¢an be prevenied when the optional tamper detection
seal wire screw/or Torx® tamper seal resistant screw is added to the
meier. Both can be instailed at the meter site or at the factory.

MAINTENANCE: Badger Recordall Disc meters are designed and
manufactured to provide long-term service with minimal maintenance,
When maintenance is required, it can be performed easily either at the
meter installation or at any other convenient lccation. As an alternative
to repair by the utility, Badger offers various maintenance and meter
component exchange programs to fit the needs of the utility.

CONNECTIONS: Tailpieces/Flanges for installations of melers on
various pipe types and sizes, including misaligned pipes, are available
as an option.

BadgerMeter, Inc.

Madel 178 shown with optionat 1" Test Plug

SPECIFICATIONS
2 1/2-170 GPM (.57 t0 39 m¥hr)

Typical Operating
Range (100% £ 1.5%)}
Low Flow

{Rlin. 95%)

Maximum

Continuous Operation

Pressure Loss
at Maximum
Continuous Operation

Maximum Operating
Temperature

Maximum Operating
Pressure

Measuring Element
Register Type

Registration
Register Capacity

Meter Connections

Optional Test Plug

11/2 GPM (.34 m¥/hr)
100 GPM {23 m3/hr)

3.3PSlat 100 GPM
(.23 barat23mdhr)

80°F (26°C})
150PSI(10bay)

Nutating disg, positive displacement

Straight reading, permanently
sealed magnetic drive standard.
Remote reading or Automatic Meter
Reading units optional.

100 Gallons, 10 CubicFeet, 1 m?

100,000,000 Gallons,
10,000,000 Cubic Feet, 1,000,000 m®.
6 odometerwheels.

2" AWWA two bolt elliptical flange,
drilled, or2"- 11 1/2NPT
internal pipe threads.

1" NPT test plug (TP) available on elliptical

long and short versiens.

MATERIALS

Meter Housing
Housing Top Plates

Measuring Chamber
Disc

Trim

Strainer

Disc Spindle
Magnet

Magnet Spindie
Register Lid and Box
Generator Housing

Cast Bronze, L.ow Lead Alloy
Bronze, Low Lead Alioy

Thermoplastic
Thermaplastic

Stainless Steel/Bronze
Thermoplastic

Stainless Steel

Ceramic

Stainless Steel
Thermoplastic or Bronze
Thermoplastic

RBD-T-2




PRESSURE LOSS CHART

Fate of Flow, in Gallons per Minute

ACCURACY CHART

Rate of Flow, in Ballons per Minute
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METER METER LAYING HEHGHT HEIGHT CENTERLINE SHIPPING
SIZE MODEL LENGTH REG./RTR GEN. BASE WIDTH WEIGHT
2" 170 EL, Hex. 154" g " 27" 91" 301b,
{50mm}) 170 EL, TP (387mmy} {203mm) (238mm) {73mm} (241tmm) (18.6kg)
2" 170 ELL, 17" g" " 27/g" gi" 301,
{50mm} 170 ELL, TP {432mm) {203mm) (238mm) {73mm) (241mm) (13.8kg)
EL = Eliiptical ELL = Elliptical Long Hex = Hexagon, 2" - 112 NPT Thread TP=Test Plug #*
Sweep Hand Registration
MODEL | GALLON | CULFT. | CU.METER
M170 100 10 1
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ATH® and Rocordall® are registered trademurhs of Badger Meter, Ine.
TORK? i5 a registered tradsmark of Camear, Division of Texiron, Ino.

Please see our website at
www.badgermeier.com
for specific contacts.

Caopyrighl © Badget Meter, Inc. 2006, Afirightsreserved.

Due to continucus research, product improvemenis and enhancements,
Badger Maler reserves the sight o changa product or system specifications
without notice, except to ihe extent an cutstanding contractual obfigation exists.

BadgerMeter, Inc.

P.G. Box 245036, Milwaukes, W) 53224-9536
(300} 876-3837 / Fax: (888) 371-5082

www. badgermeter.com




Features:

ASME B40.1, Grade B (£ 3-2-3% sccuracy)
ABS plastic case
c-shaped bronze safety bourdon tube (600 PSI and lower)
helical wound bronze safety bourdon tube (1000 PSI and

Air Fittings

ABS Standard Dry Gauges

polycarbonate crystal
black aluminum pointer
PowerFlex™ movement with polyester segment, designed
to resist the effects of shock, vibration and pulsation.
ambient temperature range of -40°F to 150°F

higher)
Center Back Mount
12" face
1/8" center back mount
Fig. Minor y
Psl e Gisd. Part# Price/E
0-30 5 5 GC605 $16.70
0-80 5 1 GC610 16.70
0-100 10 2 GC815 16.70
0-160 20 5 GC620 16.70
0-200 20 5 GC625 16.70
2" face
1/4" center back mount
Fig. Minor :
Psl Inter. Grad. Part # Price/E
0-15 1 5 GC200 $22.20
0-30 5 5 GC215 20.70
0-80 5 1 GC220 20.70
0-100 10 2 GC225 20.70
0-160 20 5 GC230 20.70
0-200 20 5 GC235 20.70
0-300 30 5 GC240 20.70
Lower Mount
2" face
1/4" lower mount
Fig. Minor .
PSI iriter: Grad. Part # Price/E
0-15 1 5 GL100 $19.20
0-30 5 5 GL115 17.75
D-60 5 1 GL120 17.75
0-100 10 Z GL125 17.756
0-160 20 5 GL130 17.75
0-200 20 5 GL135 17.75
0-300 30 5 GL140 17.75
22" face
1/4" lower mount
Fig Minor GLA0
PSI \tite: Grad: Part # Price/lE .
0-15 | 5 GL300 $20.40 e
0-30 5 e GL320 18.95 174" lower mount
0-60 5 1 GL325 18.95 Fig. Minor ;
0-100 10 2 GL330 18.95 Pl Inter. | Grad, S Frice/s
0-160 20 5 GL335 18.95 0-15 1 B GS15-4 $28.10
0-200 20 5 GL340 18.95 0-30 5 5 GS30-4 26.60
0-300 30 5 GL345 18.85 0-60 5 1 GS60-4 26.60
0-400 50 10 GL347 18.85 0-100 10 2 GS100-4 26.60
0-600 50 10 GL350 18.95 0-160 20 5 GS160-4 26.60
0-1000 200 20 GL355 28.10 0-200 20 5 GS200-4 26.60
0-1500 300 50 GL360 28.10 0-300 30 5 GS300-4 26.60
0-2000 400 50 GL365 28.10 0-400 50 10 GS400-4 26.60
0-3000 500 100 GL370 28.10 0-600 50 10 GS600-4 26.60
0-5000 1000 100 GL375 2810 0-1000 200 20 GS1000-4 36.95
DPL413 877.963.4966 « dixonvalve.com 255



SMITH-COQOPER
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BALL VALVES

172 8155 Series
172 8156 Series

EcoNnomy FuLL PorT BALL VALVES

» 600# WOG, 150# WSP
 Full Port
* Chrome Plated Brass Ball

* CSA 3-88 for 5 psig (1/27-27)

Z
=
-
32
-

ClCIOCICICICICICN

Body

Bedy End Cap
Ball Seat

Ball
Stem

Stem Packing
Packing Nut

Handle
Nut

Materials Specification

Forged Brass ASTM B-124, C37700

Forged Brass ASTM B-124, C37700

PTFE

Chrome Plated Brass ASTM B-124, C37700
Brass ASTM B-124, C37700

PTFE

Brass ASTM B-124, C37700

Forged Steel ASTM A-283 (Zinc Plated)
Forged Sieel ASTM A-283 (Zinc Plated)

+ CSA-Z21.15a for 1/2 psig (1/27 - 27™)
* Blow Out Proof Stem

* PTFE Seats and Seals

» 150 9001 Manufacturer
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172 8155 SERIES
BRASS BALL VALVE, THREADED

Size Fig. # Weight | Box/Case] DN L H GT LH ¥
VAT IT2 8155 C 032 | TH/I60 | 0539 | 169 LeZ | 0539 347
3/8" | 172 8155E 039 | 10/160 | 039 | 169 162 | 039 | 347
VX 1172 8155G | 044 | 104120 | 059 207 | 185 o051 347
347 1 172 81551 0.71 10/60 | 079 | 238 | 213 | 055 | 4.33
1" 1172 8155K | 105 | 660 | 099 200 229 | g6 | 433
1-1/47 | 172 8155 L 1.65 424 126 | 397 280 | pg7 ] 571}
1127 | 172 8155 M | 2.35 4/16 1.58 3.62 3.00 0.68 571
2 172 8155 N 331 2/16 1.97 4.41 327 0.87 871
2-1/2" | 172 8155P 7.89 1/6 2:55 6.00 4.50 1.06 9.25
3" 172 8155Q | 11.68 13 295 6.50 492 1.87 9.25
4 2.11 394 ’ 5.75 ‘ 10.39
172 8155T | 2 1/2 3 775 1.90 3
172 8156 SERIES
BRASS BALL VALVE, SOLDER END
Size Fig, # Weight | Box/Case| DN L H GT LH
727 T 17278156 G| 0.42 W20 0391 2247 1T.85] 030 347
347 172 81361 0.66 10/60 | 079 2821 213} 075] 433
1 172 8156 K | 0.99 6/60 009 331 2201 og7| 433
1-1/47} 172 8156 L 1.65 4/24 1261 4141 28| 110} 371
1-1/27 1 172 8156 M 2.29 4/16 1.58 4451 3.00 1.10 5.91
2 172 8156 N 3.31 2116 1.97 535| 3927 1.34 5.7

1-800-766-0076

www.smithcooper.com

04/09



CHECK
CLASS 125 BRONZE

Screw Cap * Integral Seat
Y-Pattern Swing Type Disc

CODE # 22 (AKYR)
THREADED

Ve
— ) M
™~z
L
CODE # 23 (CYR)
SOLDER*

<ITZE"

dt

STANDARDS
END TO END KITZ
THREADED ENDS ANSI B1.20.1
SOLDER JOINT ENDS ANSI B16.18
DESIGN MSS SP-80, TYPE 3
MILITARY MSS SP-80, TYPE 3
PRESSURE/TEMPERATURE
125 PSI - SATURATED STEAM TO 353°F
- FLUID TO 406°F

200 PST NON-SHOCK. COLD WATER, OIL OR GAS

*SEE PRESSURE TEMPERATURE LIMITATIONS FOR SOLDER JOINT
VALVES - PAGE BIV-50.

MATERIAL LIST
NO. _ NAME OF PART SPECIFICATION
| RODY CAST BRONZE (ASTM B62)
2 CAP FORGED BRASS (3283, C37700)
4 PISC CAST BRONZE (ASTM B62)
17 HINGE PIN COPPER
18 PLUG BRASS ROD (B16)
DIMENSIONS - WEIGHTS - QUANTITIES
a2 H L Li dl APPROX. CARTON
SIZE Max. Min. NETWT QTY
i 157 220 164 631 627 0.52 96
e 193 276 188 881 877 0.38 60
| 228 315 231 1132 1.128 1.33 48
Wy 280 374 283 1382 1378 204 24
e 313 433 321 1633 1628 278 13
2 374 504 40 2133 2128 458 12
M 449 514 469 2633 2628 7467 6
30 516 724 542 3133 3128 1100 4

10750 CORPORATE DRIVE » STAFFORD, TEXAS

BIV-23



WILKINS Model FSC-DOM

a ZOEN: company Cast Iron "Y" Type Strainer

APPLICATION

DOMESTIC Y-STRAINER

Designed for installation on potable water lines to protect
downstream equipment from malfunction or premature
failure due to build-up of sediment or debris. Coated with
FDA Epoxy Coating inside and out.

STANDARDS COMPLIANCE

. MIL-S 16293F Type 2

. Lead Plumbing Law® Certified by IAPMO R&T
*(0.25% MAX. WEIGHTED AVERAGE LEAD CONTENT)

FEATURES
ﬁ MATERIALS
Sizes: 02 1/2" "Q4" 0 6"3 8"0 10" 012" Main valve body Cast lron ASTM A 126 Class B
Access cover Cast ron ASTM A 126 Class B

Pressure/temperature: 200 psf @ 150°F WOG Coatings FDA Approved Epoxy Coating

125 psi @ 450°F Steam Screens Perforated Stainless Steel, 300 Series
End connections: Flanged Class 125 b
(Closure plug not furnished) B A e

SCREEN
(‘ SIZE SCREEN | OPENINGS | OPEN | SCREEN
GAGE DIA, AREA | AREA(In?)
212 28 1/16 30% 70.01

3 28 1/16 30% 61.34

4 28 1/16 30% 99.64 =

6 24 1/8 43% 24272

8 24 1/8 43% 411.16 ]

10 24 1/8 43% 610.51 oy

12 24 1/8 43% 835.563 _*—

DIMENSIONS (approximate)
SIZE WEIGHT
A B o D*

in mm in mm in mm in mm Ibs. kg.

212 65 97/8 251 8 3/8 213 1 1/4 NPT 6 152 35 16
3 80 10 1/4 260 7 3/8 187 1 NPT 6 152 35 16
4 100 12 1/8 308 8 3/4 222 1-1/2 NPT 9 229 65 29
& 150 18 9/16 471 14 356 2 NPT 10 254 155 70
8 200 24 1/8 613 17 3/4 451 2 NPT 11 279 240 109
10 250 29 9/16 751 21 1/4 540 2 NPT 14 356 400 181
12 300 33 3/4 857 24 610 2 NPT 17 432 500 227

*Vertical clearance for screen removal
DOCUMENT #: REVISION:
STR-FSC-DOM 10/11
Pa ge 10f2 WILKINS a Zurn company, 1747 Commerce Way, Paso Robles, CA 93446 Phone:805/238-7100 Fax:805/238-5766

In Canada: ZURN INDUSTRIES LIMITED, 3544 Nashua Dr., Mississauga, Ontario L4V 1L2 Phone:905/405-8272 Fax:905/405-1292
Product Support Help Line: 1-877-BACKFLOW (1-877-222-5356} * Wehsite: http:/fwww.zurn.com



Capacity thru Schedule 40 Pipe (GPM)
Pipe Size 5 fi/sec 7.5 ft/lsec | 10 ft/sec | 15 ft/sec
2 12" 75 142 149 224
3 115 173 230 346
4" 198 298 397 595
6" 450 675 900 1351
8" 780 1169 1559 2339
10" 1229 1843 2458 3687
12" 1744 2617 3489 5233
TYPICAL INSTALLATION

Local codes shall govern installation requirements. Unless
otherwise specified, the assembly shall be mounted with
sufficient clearance for maintenance in accordance with
the manufacturers’ instructions and the latest edition of the
Uniform Plumbing Code. The installation shall be made
g0 that no part of the unit can be submerged. Horizontal
installation with the strainer cap facing downward is the
preferred installation orientation; however the strainer will
provide protection in any orientation

| PROTECTIVE
ENCLOSURE

l
|
|

! SEE "D" DIt

ﬂwﬁs% B |

O
DIRECTION OF FLOW =) DIRECTION OF FLOW = >
OUTDOOR INSTALLATION INDOOR INSTALLATION
SPECIFICATIONS

The Cast lron “Y” type sirainer shali be in compliance with MIL-S-16293F Type 2. The main body and access cover shall
be cast iron (ASTM A 126 Class B) and coated with a FDA approved epoxy coating inside and out. The integral stainer
screen shall be accessible for cleaning without removing the device from the line. The Cast Iron “Y” type strainer shall
be a WILKINS Model FSC-DOM.

WILKINS a Zurn company, 1747 Commerce Way, Pasc Robles, CA 93446 Phone:805/238-7100 Fax:805/238-5766
In Canada: ZURN INDUSTRIES LIMITED, 3544 Nashua Dr., Mississauga, Ontario L4V 1L2 Phone:905/405-8272 Fax:905/405-1292
Product Support Help Line: 1-877-BACKFLOW {1-877-222-5356) + Website: http:/lwww.zurn.com

Page 2 of 2



SUBMITTAL INFORMATION
Meter Flange - (CF31-xx siyfe)

METER FLANGE BY FEMALE IRON PIPE THREAD

— Thickness

APPRO®. PART v SusmMITTED
PESCRIPTION THICKNESS Wr. Las NUMEER IrEns)
1-1/2" Meter Flange x 1-1/2" Female IP 1" 2.4 ¥ CF31-86
1-1/2" Meter Flange x 2" Female iP Thread 1" i8 ¥ CF31-67
2 2" Meter Flange x 2" Female IP Thread 1-1/8" 3.0 ¥ CF31-77 E_XE
2" Meter Flange x 2-1/2" Female IP Thread 1-1/8" 2.6 CF31-78 AFFROVED
¥ UL Classified to ANSIINSF Standard 61,
FEATURES

» All brass conforms to AWWA Standard C800 (ASTM B-62 and ASTM B-584,
UNS NO C83600 - 85-5-5-5)
« Drop-in meter gaskets are included with all 1-1/2" and 2" meter flanges.

Optional slotted bolt holes on 2" flanges to accomodate 1-1/2" meters.

The Ford Meter Box Company considers the information in this submittal form to be correct at the time of publication. ftem and option availability,
including specifications, are subject fo change withoul notice. Please verify that your produst information is current.

The Ford Meter Box Company, Inc. Submitied By:
P.O. Box 443, Wabash, Indiana U.S A, 46092-0443
Phone: 260-563-3171 / Fax: 800-826-3487

Overseas Fax: 260-563-0167

hitp:/ivaww. fordmeterbox.com 07/01/04




m Model SOOXL

Water Pressure Reducing Valve
WILKINS with Integral By-pass Check Valve

Appilication

Ideal for use where Lead-Free” valves are required. Designed
for installation on potable water lines to reduce high inlet
pressure to a lower outlet pressure. The high flow capacity

makes this device most suitable for industrial water lines and LOW-LEAD
commercial irrigation systems. The direct acting integral by- %
pass design prevents buildup of excessive system pressure ‘
caused by thermal expansion. The balanced piston design C ® ———
enables the regulator to react in a smooth and responsive ST /401 61
manner to changes in system flow demand, while at the
same time, providing protection from inlet pressure changes.
Options (Suffixes can be combined)
Standards Compliance O - standard with single union FNPT inlet x FNPT
* ASSE® Listed 1003 (1/2" thru 2 1/2") outlet (1/2” thru 2") and less union (21/2” & 37)
* IAPMO® Listed (1/2" thru 27) [ C - copper sweat connection (1/2” thru 27)
* CSA® Certified (1/2" thru 2") [[] HR - 75 psito 125 psi spring range, factory set
e City of Los Angeles Approved (1/2" thru 2") at 85 psi (field set 2 1/2” & 3")
* NSF® Listed - Standard 61, Annex G* ] HLR - 10 psito 125 psi spring range, factory set
e Certified to NSF/ANSI 372* by IAPMO R&T at 50 psi
*(0.25% MAX. WEIGHTED AVERAGE LEAD CONTENT) [THTSTSC- 180°F maximum temp, stainless steel trim,
. spring, sealed cage
Materials O L. - less integral by-pass check valve (3/4"-2%)
Main valve body Cast bronze ASTM B 584 [0 LPV - 180°F maximum temp with 10 psi to 35 psi
Access covers  Cast bronze ASTM B 584 spring range, factory set at 20 psi
Low Lead Brass 1 LPC - 140°F maximum temp with 10 psi to 35 psi
Fasteners Stainless steel, 300 series spring range, factory set at 20 psi
Stem & plunger Cast bronze ASTM B 584 O SC - sealed cage bell housing and stainless steel
Low Lead Brass adjustment screw
Elastomers Buna Nitrile (FDA approved) [] YSBR - with lead-free bronze “Y” strainer on inlet
EPDM (FDA approved) [7 510XL - 400 psi inlet rating and 75 psi to 125 psi
Cap gaskets Natural vulcanized fibre spring range, factory set at 85 psi
Acetal (Delrin™ 500), NSF Listed (field set 2 1/27 & 37)
Springs Oit tempered wire, ASTM A 229 (| P - tapped and plugged for gauge
Seat Stainless stesl, 300 saries [l CPVC - CPVC tailplece connection (3/4”-1")
Features Accessories
Sizes: 1/2%, 3/4", 1", 1 1/4", 1 1/2", 2", 21/2", 3" [ Repair kit (rubber only)
Maximum working water pressure 300 psi
Maximum working water temperature 140° F
Reduced pressure range 25 psi to 75 psi
Factory preset (field set 2 1/2” & 37) 50 psi
Threaded connections (FNPT) ANSI B1.20.1
Copper connections (FC) ANSI B 16.22
CPVC tailpiece: Max.hot water temp. 140°F @ 100 psi
Cold water rated temp. 73.4°F @ 400 psi

Dimensions & Weights {do not include pkg.)

DIMENSIONS (approximate)

e CONNEGTIONS A B c ) WEISH
in. mm in. mm in. mim in. mim in. mm | Ibs. kg.
112 15 SINGLE UNION 4 1/2 108 6 152 15/8 41 2 3/4 70 3 15
3/4 20 SINGLE UNION 4 5/8 118 6 152 11/8 29 234 70 4 2.0

1 25 SINGLE UNION 51/8 130 67/8 115 1 5/8 41 35/16 84 6 3.0
11/4 32 SINGLE UNION 6 5/16 160 7 1/4 184 13/4 45 4 102 T 3.0
11/2 40 SINGLE UNION 8 5/16 211 10 254 17/8 48 5 127 14 6.5

2 50 SINGLE UNION 9 1/2 241 10 3/4 273 21/8 54 61/2 165 20 9.0
2112 65 LESS UNION 10 254 14 1/2 368 3 76 8 203 28 12.5

3 80 LESS UNION 11 1/8 283 16 406 31/2 89 8 203 44 20.0

Zurn Industries, LLC | Wilkins Rev. A

1747 Commerce Way, Paso Robles, CA U.S.A. 93446 Ph. 855-663-9876, Fax 805-238-5766 Date: 4/13

In Canada | Zurn Industries Limited Document No. REG-500XL
3544 Nashua Drive, Mississauga, Ontario L4V 1L2 Ph. 905-405-8272, Fax 905-405-1292 Product No. Model 500XL

WWW.ZUIM.Com Page1of2



Flow Characieristics

© Reted Flow festablished by approval apereies)

MODEL 500XL 1/2" THRU 3" (STANDARD & METRIC)

FLOW RATES (I/s)
20 3.2 6.3 9.5 12,6 15.8 18.1938

— BN i e T I — o — : e
g. 15 :(15mm|~—-.-(29mm¥—{251mm}-:“—,—lz 32mm§-‘: fl.r:rﬁnm v |1 1 1) M 1 1w %1 04 T

.r‘ f’ o~ /‘( Il ‘,'— _’I o
i 10 L= IP-L—",/ : —— e 69 i
% Fll:’f/l — a2 : " i_?w;wWW?M %
o0 & i = e S : 35 '&1"
£ o o : : &

] 50 100 150 200 250 300
"Flow curves are based on a FLOW RATES (GPM)

50 psi pressure differential”

Typical Installation
Local codes shall govern instaliation reguirements. Unless otherwise specified, the assembly shall be mounted in accordance
with the manufacturers’ instructions and the latest edition of the Uniform Plumbing Code. The assembly shall be installed
with sufficient side clearance for testing and maintenance. The Model 500XL may be installed in any position, If installed ina
pit, vault, or inside application, specify the “SC" sealed cage option. Multiple installations are recommend for wide demand
variations or where the desired pressure reduction s more than 4 to 1 (i.e.: 200 psi inlet reduced to 50 psi outlat),

Caution: Anytime a reducing valve is adjusted, a pressure gauge must be used downstream to verify correci pressure set-

ting. Do not bottom adjustment bolt on bell housing.

WMODEL 975XL2

RPZ BACKFLOW PREVENTER

|
MODEL DUXL |
DIELECTRIC UNION

s m‘[
=iz

Specificaiions

I
|
A

2

PROTECTIVE [
ENCLOSURE

| oprionaL
| PRESSURE GAUGE

|
i
I
!
t
j

1=
DIRECTION OF FLOW &3 »

Lo

TYPICAL INSTALLATION

—
Q_Jt

@ A
g :
OFTEONALPHE;?\SRE_,__.— J & |
MODEL 2550 ../!EP‘ E
SHUT-OFF VALVE 8
VERTICAL INSTALLATION

MODEL E00XL TO HANDLE LOW

DEIMANDS {SET @ 65 P8l
B E’a
G

g i

HIODEL S00XLFC TO BANDLE
HIGH DERANDS (SET @ 55 FShy

GIRECTION OF FLOW =2>

BATTERY INSTALLATION

The Pressure Reducing Valve shall be certified to NSF/ANSI 372, consisting of a low lead bronze body and bronze bell
housing, a separate access cover for the plunger and a bolt to adjust the downstream pressure. The bronze bell housing

and access cap shall be threaded to the body and shall not require the use of ferrous screws. The assembiy shall be of the
balanced piston design and shall reduce presstire i both flow and no-flow conditions. The assembly shafl be accessible for
maintenance without having to remove the body from the line. The Pressure Reducing Valve shall be a ZURN WILKINS Model

5C0XL.

Zurn Indusiries, LLC | Wilkins
1747 Commerce Way, Paso Robles, CA U.S.A. 83446 Ph. 855-683-9876, Fax 805-238-57686
in Ganada | Zumn Industries Limited
3544 Nashua Drive, Mississauga, Ontario L4V 1L2 Ph. 805-405-8272, Fax 905-405-1292
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PIPE DIMENSIONS AND WEIGHTS

405 105 D4g 307 1863
1/8 40 408 St 68 269 2447
80 B80S Ex Hvy. 95 215 3145
540 103 065 410 3297
1/4 46 408 3 088 364 4248
80 805 ExHw.  .188 302, 5351
475 108 065 545 4235
3/8 40 405 Std, £91 493 5676
80 805 Ex Hwy., 326 423 7388
240 58 065 710 5383
108 083 674 xalil
1/2 40 408 Std. 0% 522 A510
80 808 Px.Hvy. 147 546 1068
i60 87 466 1.304
X Hvy 204 262 1714
1050 55 085 920 £838
108 083 584 8572 !
3/4 40 408 St 13 B24 1131 3
80  80S Ex Hwy. 154 742 1474 6 £0. 408 Std 5465 1897
160 278 614 1.937 50 808 Ex. Hvy. 5761 2857
YHvy. 308 434 2441 120 5401 36.99
T 160 5189 4530
1315 58 065 1.185 2678 XX Hyy, 44807 53.16
108 109 1097 1404
i 40 408 Sl 133 1048, 1679 7625 40 S 7023 2357
30 BOS Ex Hvy, 579 957 2172 7 80 Ex Hwy 6525 38.05
160 250 815 2844 XX Hyy, 5875 5308
W Hvy. 358 599 3659
(_ 2675 58 o9 8407 9914
: 1,666 58 085 1530 167" 105 48 8328 1340
105 108 1442 1.806 20 250 8125 2236
1-1/4 40 405 Std, 14D 1380 2273 30 ar7 8071 2470
80 805 B Hvy.  .199 1278 2897 3 40 408 S1d. 323 7.981 2855
180 250 1360 3765 50 Aos 7513 35,64
Hvy. 382 296 5214 - 80 B0S Ex.Hwy. 400 1525 43,39
100 493 7439 50.87
1.900 55 065 1770 1274 120 Ji8 7189 60,63
108 109 1662, 2085 140 812 7001 67.76
1-1/2 40 405 Std. 45 1610 2718 XK Hvy, 875 8575 7242
B0 B80S Bx.Hvy 200 1500 3,631 160 dos 8813 7450
1900 160 281 1238 4,859
W vy, 40D 1100 6.408 8525 40 St 242 941 33.90
9 80 Ex vy, 400 §.425 872
2375 58 065 2945 1664 WHwy 875 7875 §1.77
. 108 109 2157 2638
5 40 405 Std. 154 2067 3653 10750 55 14 10482 15.19
80 S80S Ex Hwy. 218 1939 5022 108 185 10420 18,70
150 343 1689 7444 20 .50 10:250 2804
W Hvy, 436 1503 9,029 30 o7 10426 3424
40 205 St 68 10.020 4.48
2878 55 083 2708 2475 10 80 805 Ex. Hwy. 500 9750 54.74
108 320 2538 3581 89 As3 3564 6433
oy 40 A0S Std. 203 2458 5703 100 18 9314 7693
80 305 ExHwy. 276 2323 7661 120 843 9064 5920
166 375 2128 1001 140 1,400 8750 1041
X He, 552 1771 1359 166 1.125 500 1157
3500 55 83 3334 3029 11750 A0 S 575 11600 4555
108 120 3250 4332 11 80 Ex Hw. 500 10.750 60.07
40 405 S 216 3086 - 7576 Wy, 475 0000 10163
80 BOS ExHvy. 300 2500 1025
160 A38 2624 1432 12,750 55 165 12420 2218
XX Hwy., 600 2360 1858 108 180 12.380 2420
20 850 12,250 3338
4,000 358 083 3434 3472 £ 130 12088 43.77
10 108 120 3760 4473 12 405 Sid. 7% 12000 4956
3-1/2 30 408 Std. 226 3548 9.109 40 406 11938 53.53
B} 808 E¢ Hvy. 313 3364 1250 805 Ex. Hvy. 500 11,750 §5.42
XX Hey, ' 536 2728 1385

—



60 562 1162 7316 80 875 1 20256 19742
) 687 11378 8851 99 0 1126 | 19750 25082
12 160 843 {1084 1072 102 1375 | 19260 30288
120 £000 10750 1255 120 1625 | 18750 3538
140 1125 10500 1397 140 1875 | 18350 40309
160 1312 10326 1803 189 2125 | 17750 48407
14008 10 250 13500 36.71 26000 10 250 | 23500 8341
20 3z 13378 4556 20 s ars | 23250 8462
0 S, A5 13250 5457 EcHw., 500 | 23000 1255
14 40 - ;gg ;gégg ?ZSS 30 562 | 22876 1408
vy . ! 24 48 87T | 168 {712
gg ggg 32.313 84.9% 50 858 | 72088 2981
; 250 10614 80 1218 | 21568 2964
100 7 12126 1307 100 1531 20938 3674
120 1083 it8i4 1507 120 1812 | 20376 4004
140 1250 11560 1602 140 2062 ¢ 19876 4833
160 1406 #1388 1894 160 2343 | 1834 5419
16.000 ;{J' gsg 15500 4205 o6 26000 10 312 | 25376 8573
1 15376 . 5236 St 275 | 25250 10283
a0 St 315 15250 B258 20 X vy, 560 | 25000 13647
16 p B fe. ggg 5233 13%? 28000 10 312 | 27376 9241
&0 B43 4314 1365 . s4 315 | 2rzE0 11064
100 1031 9938 1548 28, 20 500 | 27000  t46.85
} Eg ﬁ;g 13584 ;ggg 30 525 | 26750 18273
) 19124
160 1593 2814 53 30000 10 .3;2 29376 98.93
~ St 375 | 20258 113565
18000 40 250 17500 4739 30 20 Ex.Hw. . 506 | 20000 15753
- 20 s g;g 13{3;{3 f;g.ug 30 B25 | 28750  196.08
i . 1 5
an 438 17124 8206 32000 10 a2 | 31316 10576
18 BuHv. 500 17000 9345 Std. 375 | 31256 . 126868
40 562 16876 1048 32 20 500 | 31000 1821
66 756 16500 4382 20 695 | a0750 20043
1su 1.327 18126 ; Egg 40 588 | 30824 22092
o 156 15888 !
1211 1315 15250 2441 34000 10 M2 376 11243
140, 1562 14876 2742 st, 375 | 33280 13457
160 1781 14438 3085 34 gg ggg ggggg ;_ :Q’Bzgg
26,000 1{; 250 19500 5073 40 685 | 3262¢8 24450
20 St a7 0850 7650
an Ex.Hw. 800 10000 1044 o000 10 312 | 35375 11892
20 a0 593 18814 1229 36 5td. 375 | 35250 t4ny
&0 M2 1837 1664 Ex Hw, 500 | 35000 1896
30 1031 7938 2083
100 1.281 17438 2564 42000 St 375 [ 4125 18671
120 1800 7000 2964 49 20 X Hvy. 560 | 41000 22161
140 1750 96500 3411 0 . B35 | 40750 2767
160 1966 16084 3780 | 40 750 | 40500 330.41
22,000 0 250 21500 5807 45000 std, 375 | 47250 10074
22 20 St a5 o1osn 26,61 48 X Huy. 500 | 47608 253.65
£ X Hey, 580 2h000 14481 .
FiRE: FITTINGS:
CARBOH  Through 60" OO - speng-A120, AS3, Carbon steel; Buttweid through 72
AP1BL, A106, £501, and structral gredes Stainjess sieel: Butiweld through 48¢
STAINLESS  Welded through 36" 36004/60004 Screwed and socket veld
Seamloss thugh 12 150% scrawed
Brades ?}94, 3081, 316, 3161, 309, 310, Special schediles and wall sizes
321, 3
y YALYES:
ALLOY SA335 P1, PS5, PO, P14, P22 ) .
$A233 GRI/B, BRI industrial vatves in camon, alloy, slainless, and Alloy 20
YoLOY Comyplete siosk weided and seamizss imveuiery of alf poverzmunt tud chlgpard spaciicalisay
thinigh 20" Approved Level 1 Supplier from stock
TUBIES: Huciiar Apptived  ASME section 111, 10 CFR 58

;ieaw wall seamiess mechanical/pressure hubing threugh
B~ 0D

Square and rotangular tubing

Military and thS. Naval specification tubing
FLANGES:

Carbon steel thnough 72"

Stainless steet theough 367

Spacial hard to find sizes in stock

Appendix B, and ANS! N45.2
Fully squipped qualily assurance depariment—all NDE testing
avallzble,

FABBICATION FADILITIES:
12 saws threugh 367 0D
Bewelling, threading, and groaving through 18 0D up to 65
foot fong
Spaclal project requlrements commercial or code wakding

e
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Sizes 147"—26" Std., X8 and X¥3, AN.3.1, Schedules
SPE,GIF ICATION ﬂ5 10 throaugh 160—0ther sizes subject to inguiry.
Scope Govers seamless and welded BLAGK and hot-dipped galvanjzed nominal
{average) wail pipe for coiling, bending, ﬂaniing and other| special pur-
Hnse@ and is suitable for_weldinfg. BUTTWELDED pipe is not|intended for
anging (rofl back operation to form fiange using pipe wall}
Purpose for which pipe is infended should be stated on order.
Kinds of Steel Open-hearth Basic-oxygen
Permitiad For Electricfurnace
Pipe Material
Hot-Dipped Sets standards for coating of pipe with zinc Inside and cufside by the
i flot-dipped process. Weight of coating must not average less| than 1.8 oz.
Galvanizing per square foot and not less than 1.6 oz, per square %oot.
Permissible Variations |  Same as AL20.
in Wall Thickness
Chem_ical Ooanth am:ei? (%Tamless pipe) & Type E (elecg[c»wetg "
Requirements Futniace of Biclo GAgon X o s
Grade A 0.25 . 0,95 I E 0.06
trads B Q.30 120 5.0 0.05
Type F (furnace-wefded pipe}
Opeir-Hearth, Elaciric- compostion-—Hax
Farmace or Basle Gxyges [ En P L)
il — 0.0 0.06
Tensile Buttvelded trmece-welded) peieitey Oy Bale rpeen
Requirements Tensile Strength min, psi .............. ] \
Yield Paint mfn, pSi ..ovverenvannaeal, 30,000 25,600
Seamless or Electric-Weld rade A Grate B
Tensile Strength min, pai ............. . 43,000 50,000
Yield Point mif., PSi ovvvsvevanenrannas 30,000 35,0600
Hydrostatic Hydrostatic inspection test pressures for plain end 2nd fhreaded and
Testing coupled pipe are specified,
Hydrostatic pressure shall be maintained for not less than § seconds for
all sizes of seamless and electricweld pipe,
Permissible For Extra Strong and fighter wall thicknesses
Variations in Plus or Migus 5%
Weights per Foot For heavier than extra strong wall thicknesses

Plus or Minus 10%

Permissible Vaviations
in Outside Diameter

Same as A120,

#lechanical Tests Tenstie Test—Transverse required on EW sizes B%" and larger.
Specified Bending Test {Cold} Std. and X$-27 and under, ¥XS-13%4 dnd under.
Bepree of Bend Piameter of Mandret
Far Normal A53 Uses o8 12 x nom. dia. of pipe
For Close Coiling 180 8 ¥ nam. dia. of pipe
Flattening Test
215" and iarger $td. and XS. (Not required for XXS pipel.
Seamiess and Butlweld—Bending, fiattening fensile on one Jength of pipe
| gli:sgisb?!zg:ﬁred from each lot of 500 lengths arg tess of agsize. f gt of pip
Elegtric-Weld—Bending and fensile on one length of pipe from each lot
of 500 lengths or less of a size,
Electric-Weld—Flattening on both ¢rop ends of each {ength. |(Coil, in case
of multiple lengths.}
ame as A120, :
Lengths {Sl.eugths [onger than single random, heavier wall than %S subject -to
negotiation.) .
Required Markings Rotled, Stamyped or Stonciled
on Each Length Name or brand of manufacturer. )
g:m ‘fags attached to ezch Kind of pipe, that is, furnece-huttwelded, EN-A, seamless f, etc.
pipnate fn cass of Bundieit XS$—for extra strong. XXS—for double extra skrong.
ASTM A53. Hso necessary to indicate when electric-furnace,
Length of pipe. of basic-oxygen stee) is used.
General Couplings—Applied handling tight. Gn@:pﬁngs, 2 and smyaller straight
Information tapped, other sizes taper tapped, Line pips couplings may be specified.

Thread Protection—Same as specified under A1Z0,

End Finish {unless otherwise specified) . )
Std, ar XS, or wall thicknesses fess than 0500 in. {excludipg XX8): Phin
end beveled. EW pipe may be furnished cold expanded.

&IE XXS and wall thicknesses over 0.500 in.: Plain end squére cut.




\SS 1125 'BRONZE swma CHECK VALVE  hvended e on ST 00

$win y disé
3} or NPT,
or solder joint ends.

: l'm

'Thn:ndad end‘tu 1521 {35 B0203)

« Spider joint ends
s et
ASME BY6.18 (234 8.3)

tiotbeused I H
fusd i higher than the

xic gas.

h50

52 102 122

80 i85

3. 4 120 134 - 164

3 213 -

a5 5 g2 G775 (81 102 115

s5[125 "Bnomzs Y»PATTERN swma CHECK VAL\!E et o Sing e

= Thranded end to ES21 {315 BD203)

5 Sotder jolntend valv L
Bttty
mﬂmngpomtn!sum«

MADont use for Flarnmable gas or Taxic gas.

0. 128

-7 80 a5

« Threaded end to BSZ! {15 B0203)
« HBR Dt

« ¥t Disc

: - Serewed Chp, Hift type diss
Threaded ends o BS21 (J Iﬁzﬁﬂ or WFT,
or salder jolnt ends.

« Threzded end to ASME B1.20.1

+ Solder joint ends
to ASME B16.18
= FKI Disc

Apon't use for Flammable gas or Toxic gas.

Dimensions

al Slke

p2puUeIS 2L

mrm
U i) 1.
.. 50 6P 786 |88 98
- N R 110 132
26 3 30 48 54 57
28 34 A1 58 57 - 70 -
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Water pollution and employment of new piping material have amplified valve dezincification problems.

What is dezincification?

Fig. 1 Compared tensile strength  Fig. 2 Compared hardness

e seszctrs i naday T R

The copper alloy used in bronze valves contains zing, tin, and lead with copper as a base,
When bronize valves are subjected to unfavorable service conditions, the zinc component
contained in the copper alloy separates from the copper base, and thelmetal corrodes,
This is called dezincification.

in case of bronze vaive, the body, bonnet, and other cast bronze parts hardiy corrode
due to the small percent of zinc contained in the alloy. But brass valve parts such as stems,
which contain 40% zinc, ofien corrodes due to exireme dezincification.

The foilowing factors cause dezincification. These factors are generatly believed to occur
together, rather than independently.
What causes dezincification? | B Excessive aqueous solution in acidity.
EFI® Warm water containing excessive frae carbonic acid with high electric conductivity.
BEIB High electric conductivity with excessive presence of chlorides and suifides.

EERR Copper or vinyt chloride pipes.
BEE® Excessive dissolved oxygen.

|
§

£

Fig. 3 Compared corrosion

Fig. 4 Compared dezindfication
{1mgfem2=0.01Amib/inR) {to AS £316)

£y

Branze/Brass Valve Solder Joints

Copper tubing i= widely used with bronze/brass valves in
steam and water-line applications in schools, hospifals,
hotels, and priviste houses because of excellent physical
characteristics, it resists corrosion, meets sanitation require-
ments, and is easy to install,

Copper Tubes: There are three types of copper tubing for
complying with ASTI B88 shown below,

Each type is provided with a different wall thickness to meet
application requirements.

- Foruse in steam, ol and gas lines for unde:gmund
-stallation and/or severs corditions. -

For general cooling and hesting systems and related
wgﬁer papmg and vmﬁlaﬁw systems,

R}r ht;me a:wond'monlng ard heating appl:catmns '

Seider joint end valves should not be used inservice
AGAUT{ON‘ where the temperature of the line fluid if higher

than the softening point of selder,

Soldering Leak-free Joints

Use solder of 95-5 tin-antimony or 96-4 tin-silver, and an
open-flame torch. Keep torch temperaturg relatively low
to assure 2 firmly soldered joint. Because the solder
melting point ranges S00°F (260°C) solder jointed valves
cannot he used for high temperature service.

Solder P-T Rating




Max.

Tensile strength
001 | 795 Min, qumiy

Elongation
{34}
15 Min.

Tenslie stren,
215 Min. (tUmr]

Rémainder

Tensile szrengih
335 Min. (Nesmd

ASTM B62-20062

o e

i
i

110 030 008 005 025 | ooos | oppy | Temle | jvield |Elongation
84.0-86.0 | 4060 4060 4,060 strength | strength | In2in.
‘ Max. Mao. Max. Man. Max. LLEVA Max. I0kEsi ha ket 20%
ASTH B5B4 CBAU00-2004
¥ 3 cirhedud

780520 | 2335

BI-80 | 7.0-10.0

0.5 0.005
Max, Max.

0.005
Wax.

ASTI B2B3 C371100-2004

58.0-61.0

5235

.30 Max.

Tensile strength
50 ksi

Yield strength
18 ksl

Elgnation in dx thicknoss
2546

Alming 1o reduce the negative environmenital heaith impact, KITZ CORPORATION can ¢ffer products which meet the restriction of
the use of six ha:zardous substances imposed by RoHS* directive of EU, namely mercury, lead, cadmium, hexavalent chromium,
PBB and PBDE, 1o the market. The products meeting this requirement bear the symbol shown below. Please consust KITZ for more
cdetalls on these products.

&

..

Symbol

*The Restriction of the use of certain Hazardous Substances In electrical and electronic equipment

a5






BOTT WELL PUMP

ECC-8505

One New Caterpillar
Madel C32 1200 hp
Industrial Engine

Serial Number:

NST0C108

Prepared by:
J. Texeira

Approved by:

Date:

Operation & Maintenance Manual Index

ENGINE INFO
Caterpillar Model C32 Industrial Engine
Engine Serial Number: NSTC0106

As Shipped Consist

Operation & Maintenance Manual C32 [ndustrial Engines SEBU85S9-G2 March 2012

€32 Industrial Engine Parts Manual — CD Version SERP5578-00 October 2010

CAT Battery Care & Maintenance Guide

Commercial Diesel Engine Fluids Recommendations SEBUG251-14
DRAWINGS

Generator Drawing

PLATE HEAT EXCHANGER

Alfa Laval Plate Heat Exhanger Qperation & Maintenance Manual

EMERGENCY CONTACTS and WARRANTY

Phone Numbers - Oahu
Warranty Statement

Federal Emission Control Warranty
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As SHIPPED [NST00106] SEPTEMBER 26, 2013
For Help Desk Phone Numbers Click here

{The below option will email full breakdown of the serial number|

B @ Excel C PDF

FullBreakDown

Sales Model: C32 Invoice Number:GE 684717 Dealer: H374 S.0. Number: FPL.DY(Q0 Build Date: 2012-05-21

Feature Codes
Reference Number Eng Chg Quantity ASM LESS Set Type Description

C32D117 F 1 I 32 ACERT DIT-ATAAC IND ENG 17
EXCCONI1 F 1 I EXHAUST CONNECTION-STRAIGHT N1
FLYHG42 F 1 I FLYWHEEL HSG-SAE NO. 0 STD DTY
AIRLGO6 F 1 I AIR LINES-90 DEG
ALT2446 F 1 I CHARGING ALTERNATOR-24V 95AMP
ALTMTO3 F 1 I ALTERNATOR MOUNTING 03
BELT001 F I I POLY VEEBELT 01
CBMO0O11 F i 1 CIRCUIT BREAKER MTG-105AMP
CLS0001 F 1 S COOLING SYSTEM OPTIONS
FLYQ000 F I 1 FLYWHEEL-SAE NO. 0
OLGAGO3 F 1 I OIL LEVEL GAGE-LH
ENGSUP2 F 1 I FRONT & REAR ENGINE SUPPORTS
PULLEY6 F 1 I PULLEY-POLY VEE
ELSMDLO F 1 1 ELECTRIC START MOTOR DUAL 24V
SASETHS F I S ETHER STARTING AID-24V STD
EUDEDOI F 1 | EUROPEAN DIRECTIVE ENGINE DOI
1800RPM F 1 I 1800 RPM
CGTOTHR F 1 I THROTTLE POSITION SENSOR-OTHER
EXHREAR F 1 1 REAR FACING EXHAUST
INDUSTC F 1 I INDUST INTERMITTENT C RATING
INDUSTR F I I INDUSTRIAL ENGINE
MSINDOE F i I INDUSTRIAL/OEM
LITENGE F 1 3 EXTRA ENGLISH LITERATURE (1-6)
SPECPNT F 1 I SPECIAL PAINT
MSCIKS1 F 1 I CHIPPPERS/GRINDERS
MWCODED F 1 1 MECHANICAL DRIVE
HPO1123 F 1 I 1125 BHP (839 BKW) W/O FAN
CERTF4A F H 1 EPA/CARB TIER 4 INTERIM
0v2329 F 1 I PSDO5
3805822 F j I L PSDOs
3312731 F 1 I PSDOS

Part Numbers
Reference Number Eng Chg Quantity ASM LESS Set Type Description BreakDown
GP1653 04 1 1 gﬁg IND DITTA TALREAR BreakDown...
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- 3435458 00 1 1 ENGINE AR-CORE BreakDown...
- 3P2506 00 1 S LITERATURE - ENGLISH BreakDown...
- 1884641 0t I I LINES GP-ENG OIL BreakDown. .
- 2352014 01 1 I LIFTING GP BreakDown...
- 2406054 02 1 S CONNECTION GP BreakDown...
- 2639766 00 1 1 PLUG GP-HEAD BreakDown...
- 2696960 00 1 I COVER GP-0IL BreakDown,,,
- 2726645 02 1 I PLUG GP-BLOCK BreakDowit...
- 2726646 01 1 1 PLUG GP-BLOCK BreakDown.
- 2726648 00 1 1 PLUG GP-BLOCK BreakDown...
- 2726649 00 1 1 COVER GP BreakDown...
- 2784343 01 1 I LUBRICANT GP-A BreakDown...
- 2796017 00 1 I ELBOW GP - WATER BreakDaown...
- 2796020 00 1 I PLUG GP - HEAD BreakDown...
- 2796021 00 1 I PLUG GP-HEAD BreakDown...
- 2796023 00 i I PLUG GP - HEAD BreakDown...
- 2807368 02 1 I INSTRUCTIONS - R BreakDown..,
- 3187207 00 1 I SUPPORT GP - REAR BreakDown...
- 3317465 01 1 I PUMP GP-F XFR&C BreakDown..,
- 3430594 04 1 I MANIFOLD GP - EXHAUST  BreakDowr..
- 3447508 04 1 I LINES GP - OIL BreakDown...
- 3474107 0o i I COVER GP BreakDown..,
- 3474286 02 1 I CONTROL GP - EGR BreakDown...
- 3474287 02 1 I ELBOW GP - AIR BreakDown. ..
- 3474291 01 i I LINES GP - AIR BreakDown...
- 3479437 02 i I MANIFOLD GP - INTAKE BreakDown...
- 3482278 01 | I LINES GP - WATER BreakDown...
- 3484037 01 i I PUMP GP - WATER BreakDown...
- 3485203 03 i I LINES GP - WATER BreakDown..,
- 3485723 04 1 I LINES GP-FUEL BreakDown...
- 3485942 01 i I CONT GP - MTG BreakDown...
- 3491175 00 | I FILTER GP - OIL BreakDown...
- 3492934 02 i I TURBOGP - A BreakDown...
- 3494567 04 1 1 COOLER GP - EXH BreakDown...
- 3501090 0]4] 1 I VALVE GP - SOLENOID BreakDown...
- 3508670 04 1 i %{IJ\IRE]?O%; ARGER BreakDown...
- 3509981 00 1 I INST - PAINT BreakDown..,
- 3509982 03 1 1 COVER GP - SHPG BreakDown...
- 3510308 02 1 1 SUPPORT GP - FRONT BreakDown...
- 3518472 02 1 1 COVER GP-MECH -B BreakDown...
- 3519246 00 i I PLUG GP BreakDown...
-3519318 01 1 I PLUG GP BreakDowr...
-3521578 00 1 I PLUG GP BreakDowr...
- 3522766 05 1 I LINES GP-F FIL BreakDown...
- 3524222 01 1 I SHIELD GP-TURBO BreakDown...
- 3529780 02 1 I WIRING GP - CONT BreakDown...
- 3550143 01 l 1 FILTER GP-FUEL BreakDown, ..
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- 3551511 00 1 I PLUG GP BreakDown...
- 3558817 01 1 S WIRING GP - SENSOR BreakDown...
- 3578002 01 1 I SENSOR GP - ENGINE BreakDown...
- 3578963 00 1 S MANIFOLD GP - MTG BreakDown.,.
- 3596798 00 1 I FILLER GP - OIL BreakDown...
- 3605920 04 1 1 LINES GP-WATER BreakDown...
- 3611585 00 i 1 COVER GP BreakDown...
- 3614465 00 i 1 COVER GP-PAN BreakDown...
- 3625285 00 i 1 PAN GP-OIL BreakDown...
- 3655466 01 1 I LINES GP - AIR BreakDown...
- 3679441 03 1 I WIRING GP - CONT BreakDown...
- 3704577 00 1 I FITTING GP - FUEL BreakDown...
- 3722676 04 1 I LINES GP - WATER BreakDown. ..
- 3875552 00 1 I LINES GP - TURBO - W BreakDown...
- 3772252 01 1 I DISPOSAL GP-FUME BreakDown...
LE7820 01 1 I QOPONEE ARLINES - BreakDown...
- 3499673 01 2 I LINES GP - EXHAUST BreakDown...
LE7801 01 i I P NHERL HOUSING - SAE g reakiown...
-2241213 06 1 I GEAR GP. - REAR BreakDown...
- 2393646 07 1 I HOUSING GP - FLYWHEEL  BreakDown...
- 2708542 02 1 I COVER GP BreakDown...
- 2708580 01 1 1 COVER GP BreakDown. ..
- 2708664 01 i I COVER GP BreakDown...
- 2709199 01 1 I COVER GP BreakDown...
- 2709200 00 1 I COVER GP BreakDown...
-3611017 00 1 I COVER GP - SHPG BreakDown...
- 3104126 00 1 1 COVER GP BreakDown...
3698013 01 1 1 LINES GP - AIR BreakDown...
3436828 00 i I ALTERNATOR GP BreakDown...
LE7802 01 1 I ALTERNATOR MTG BreakDown...
- 3477094 00 1 I MTG GP - ALT BreakDown...
3482223 00 1 I BELT GP BreakDown...
3512615 G0 1 I MTG GP - BREAKER BreakDown...
2399957 02 1 S SENSOR GP-LEVEL BreakDown...
2280051 06 1 I FLYWHEEL GP BreakDown...
LE7928 00 1 I LEFT SIDE OIL GAGE BreakDown...
- 3463292 01 1 1 GAUGE GP - O LEVEL BreakDown...
PQO756 ot 1 i Sopponme AR ENGINE g .1 Dowa...
- 4N4286 08 1 I REAR ENGINE SUPPORTS  BreakDown...
- TN90O78 01 I I SUPPORT GP-ENGINE BreakDown...
LE7816 00 1 1 MULTI-VEEFEAD PULLEY BreakDown...
- 3477112 00 1 I DAMPER GP BreakDown...
GP1711 00 1 1 g%ig;%?{UAL ELECTRIC BreakDown...
- 3803654 00 [ I MOTOR GP-MTG& BreakDown...

http://tmiwebclassic.cat.com/tmi/serviet/ TMIDirector?Action=buildtab&refkind=RNTMIR... 9/26/2013



- 3620175 01 ! I MOTOR GP-ELECSTG BreakDown...

3524149 00 1 S AID GP-ETHER STG BreakDown...
3529860 00 1 I SE%HHCA’HON GPEEC  preakDown..
3611818 01 1 I CERTIFICATION AR BreakDown...
0V1085 i I END USE: INDUSTRIAL/OEM BreakDown...
0P9715 | 1 s B LITERATURE - BreakDown...
OP1504 1 I oA DL PAINT-C32 & BreakDown...
GGo485 00 1 I 1125 BHP @ 1800 RPM IND C, BreakDown...
- 0K4157 1 I g W (25 BHE) @ 1800 b eopepyomn..
- 0V3925 1 I TR S ADTER IV g kDown...
0v2329 1 1 PRODUCTION CORRECTION BreakDown...
3512731 02 1 1 SHIELD GP - HEAT BreakDown..,
Ship Loose
Reference Number Eng Chg Quantity ASM LESS Set Type Description BreakDown
SEBP5578 2 S PTSCD BreakDown...
SEBP5580 2 S PTSCD BreakDown...
SEBUS599 2 S OMM BreakDowt...
SELF5463 2 S WARRANTY BreakDown. ..
2399957 i S SENSOR GP-LEVEL BreakDown...
2406054 I S CONNECTION GP -G BreakDown...
- 5P9074 4 S WIRE-ELECTRICAL BreakDown...
- 7C2644 1 3 CLIP BreakDown...
- 8C3334 2 ) RIVET-TUBULAR BreakDown...
- 8C6354 1 S CAP-RECEPTACLE BreakDowrn. ..
- 8T8732 1 S RECEPTACLE-CONN  BreakDown...
- 8T8736 1 S RECEPTACLE-CONN  BreakDown...
- 8T8737 68 S PLUG-SEAL BreakDown...
- OW0844 3 S SOCKET-CONNECTOR BreakDown...
- OW0852 2 S PIN-CONNECTOR BreakDown. .,
- 1330067 1 3 PIN-CONNECTOR BreakDown...
- 1330969 1 3 SOCKET-CONNECTOR  BreakDown...
- 1516320 2 S TOOL-REMOVAL BreakDown...
- 1607689 1 S PLUG AS-CONN BreakDown...
- 1809339 7 ) PIN-CONNECTOR BreakDown...
- 1809340 69 S SOCKET-CONNECTOR  BreakDown...
3524149 1 S AlD GP-ETHER STG BreakDown...
-2V1713 I S TAG-STARTING AID BreakDown...
-3Y2888 2 S CONNECTOR BreakDown. ..
- 5P0640 30 S WIRE-ELECTRICAL BreakDown...
- 5P6313 3 S NUT-FLARELESS BreakDown, ..
- 5P6314 3 ) SLEEVE-FLARELESS  BreakDown..,
- INQ140 I S TUBE AS-COIL BreakDown...
- TN2059 1 S CLAMP AS-CYL BreakDown...
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- 8C9006 i R TEE-UNION BreakDown...
- 8N3536 i S TUBE-STEEL BreakDown...
- 8T8730 2 S SOCKET-CONNECTOR BreakDown...
- 1552261 I 5 WEDGE-PLUG LOCK  BreakDown..,
- 1552269 1 S PLUG AS-CONN BreakDown...
- 21475638 2 S SEAL-O-RING-STOR BreakDown...
-2391134 1 S VALVE AS-ETHER BreakDown...
-2802562 2 S ATOMIZER GP BreakDown...
- 3524151 1 S INSTRUCTIONS-R BreakDown...
3558817 1 S WIRING GP-SENSOR BreakDown...
- 812786 1 S SEAL-O-RING BreakDown...
- 2566453 | S SENSOR-TEMP BreakDown...
- 2788844 | S PLUG AS. BreakDown...
3578963 I S MANIFOLD GP-MTG&  BreakDown...
- 6V3831 2 S CAP-ORFS BreakDown...
-6V9832 1 5 CAP AS BreakDow...
- 3498854 i S MANIFOLD GP-FUEL.  BreakDown...
ESC ; S {PRNT ESO COPY) BreakDown...
614502 | S PROD MARKING SYS  BreakDown...
- PML i S CHK PM FOR FILMS BreakDown...
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Important Safety Information

Most accidents that involve product operation, maintenance and repair are caused by failure to observe
basic safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous
situations before an accident occurs. A person must be alert to potential hazards, including human factors
that can affect safety. This person should also have the necessary training, skills and tools to perform
these functions properiy.

Improper operation, [ubrication, maintenance or repair of this product can be dangerous and
could resulf in injury or death.

Do not operate or perform any lubrication, maintenance or repair on this product, until you
verify that you are authorized to perform this work, and have read and understood the operation,
lubrication, maintenance and repair information.

Safety precautions and warnings are provided in this manual and on the product. If these hazard warnings
are not heeded, bodily injury or death could cceur to you or to other persons.

The hazards are identified by the "Safety Alert Symbol" and followed by a "Signal Word” such as
“DANGER”, "WARNING" or "CAUTION". The Safety Alert "WARNING" label is shown below.

_AWARNING

The meaning of this safety alert symboi is as follows:
Attention! Become Alert! Your Safety is Involved.

The message that appears under the warning explains the hazard and can be either written or pictorially
presented.

A non-exhaustive list of operations that may cause product damage are identified by *“NOTICE" labels
on the product and in this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard.
The warnings in this publication and on the product are, therefore, not all inciusive. You must

not use this product in any manner different from that considered by this manual without first
satisfying yourself that you have considered all safety rules and precautions applicable to the
operation of the product in the location of use, including site-specific rules and precautions
applicable to the worksite. If a tool, procedure, work method or operating technique that is not
specifically recommended by Caterpillar is used, you must satisfy yourself that if is safe for you
and for others. You should also ensure that you are authorized to perform this work, and that the
product wiil not be damaged or become unsafe by the operation, lubrication, maintenance or repair
procedures that you intend to use.

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items can change at any time. These changes can
affect the service that is given to the product. Obtain the complete and most current information before you
start any job. Cat dealers have the most current information available.

When replacement parts are required for this
product Caterpillar recommends using Cat re-
placement parts or parts with equivalent speci-

fications including, but not limited to, physical
dimensions, type, strength and material.

Failure to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.

In the United States, the maintenance, replacement, or repair of the emission control devices and
systems may be perforimed by any repair establishment or individual of the owner's choosing.
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Foreword

Literature Information

This manual contains safety, operation instructions,
tubrication and maintenance information. This
manual should be stored in or near the engine area
in a literature holder or literature storage area. Read,
study and keep it with the literature and engine
information.

English is the primary language for all Cat
publications. The English used facilitates transtation
and consistency in electronic media delivery.

Some photographs or illustrations in this manual
show details or attachments that may be different
from your engine. Guards and covers may have
been removed for Hiustrative purpeses. Continuing
improvement and advancement of product design
may have caused changes to your engine which are
not included in this manual. Whenever a question
arises regarding your engine, or this manual, please
consuli with your Cat dealer for the latest available
information.

Safety

This safely section lists basic safety precautions.

In addition, this section identifies hazardous,
warning situations. Read and understand the basic
precautions listed in the safety section before
operating or performing lubrication, maintenance and
repair on this product.

Operation

Operating techniques outlined in this manual are
basic. They assist with developing the skills and
techniques required to operate the engine more
efficiently and economically. Skill and techniques
develop as the operator gains knowledge of the
engine and its capabilities.

The operation section is a reference for operators.
Photographs and illustrations guide the operator
through procedures of inspecting, starting, operating
and stopping the engine. This section also includes a
discussion of electronic diagnostic information.

Maintenance

The maintenance section is a guide to engine care.
The iflustrated, step-by-step instructions are grouped
by fuel consumption, service hours and/for calendar
fime maintenance intervals. ltems in the maintenance
schedule are referenced to detailed instructions that
follow.

Use fuel consumption or service hours to determine
intervals. Calendar intervals shown (daily, annually,
efc.) may be used instead of service meter intervals
if they provide more convenient schedules and
approximate the indicated service meter reading.

Recommended service should be performed at the
appropriate intervals as indicated in the Maintenance
Interval Schedule. The actual operating environment
of the engine also governs the Maintenance Interval
Schedule. Therefore, under extremely severe,
dusty, wet or freezing cold operating conditions,
more frequent lubrication and maintenance than is
specified in the Maintenance Interval Schedule may
be necessary.

The maintenance schedule items are organized for
a preventive maintenance management program. if
the preventive maintenance program is followed, a
periodic tune-up is not required. The implementation
of a preventive maintenance management program
should minimize operating costs through cost
avoidances resulting from reductions in unscheduled
downtime and failures.

Maintenance Intervals

Perform maintenance on items at multiples of the
original requirement. Each level and/or individual
items in each level should be shifted ahead or back
depending upon your specific maintenance practices,
operation and application. We recommend that

the maintenance schedules be reproduced and
displayed near the engine as a convenient reminder.
We also recommend that a maintenance record be
maintained as part of the engine’s permanent record.

See the section in the Operation and Maintenance
Manual, "Maintenance Records” for information
regarding documents that are generally accepted as
proof of maintenance or repair. Your authorized Cat
dealer can assist you in adjusting your maintenance
schedule to meet the needs of your operating
environment.

Overhaul

Major engine overhaul details are not covered in the
Operation and Maintenance Manual except for the
interval and the maintenance items in that interval.
Major repairs are best left to trained personnel or
an authorized Cat dealer. Your Cat dealer offers a
variety of options regarding overhaul programs. If
you experience a major engine failure, there are also
numerous after failure overhaul options available
from your Cat dealer. Consult with your dealer for
information regarding these options.

e,
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California Proposition 65 Warning

Diesel engine exhaust and some of its constituents
are known to the State of California to cause cancer,
birth defects, and other reproductive harm.

Baitery posts, terminals and related accessories
contain lead and lead compounds. Wash hands
after handling.
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Safety Section
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Safety Messages
SMCS Code: 1000; 7405

There may be several specific warning signs on
an engine. The exact location of the hazards and
the description of the hazards are reviewed in this
section. Become familiar with all warning signs.

Ensure that all of the warning signs are legible. Clean
the warning signs or replace the warhing signs if
the words cannot he read or if the pictures are not
visible. When the warning signs are cleaned, use a
cloth, water, and soap. Do not use solvent, gasoline,
or other harsh chemicals io clean the warning signs.
Solvents, gasoline, or harsh chemicals could loosen
the adhesive that secures the waming signs. The
warning signs that are loosened could drop off the
engine.

Replace any damaged warning signs or missing
warning signs. If a warning sign is attached to a part
of the engine that is replaced, install a new warning
sign on the replacement parl. Any Caterpillar dealer
can provide new warning signs.

The warning labels that may be found on the engine
are illustrated and described below.
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Iustration 1 g02177713
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Ilustration 2 902177825
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Safety Section
Burn Prevention

Universal Warning (1)

The universal warning label is located on each side
of the engine on the valve cover.

—/

g01370304

A wnnmmrrs

Do not operate or work on this engine unless you
have read and understand the instructions and
warnings in the Operation and Maintenance Man-
ual. Failure to follow the instructions or heed the
warnings could result in injury or death. Contact
any Caterpillar dealer for replacement manuals.
Proper care is your responsibility.

Acid Burn (2)

This safety message is located on the exhaust cooler.

e )

01382725

A WARNING

Sulfunc Acnd Burn Hazard may cause serious per-
sonal injury or death.

The exhaust gas coocler may contain a small
amount of sulfuric acid. The use of fuel with sul-
fur levels greater than 15 ppm may increase the
amount of sulfuric acid formed. The sulfuric acid
may spill from the cooler during service of the
engine. The sulfuric acid will burn the eyes, skin
and clothing on contact. Always wear the appro-
priate personal protective equipment (PPE) that
is noted on a material safety data sheet (MSDS)
for sulfuric acid. Always follow the directions for
first aid that are noted on a material safety dafa
sheet (MSDS) for sulfuric acid.

01480768

Burn Prevention
SMCS Code: 1000; 4450; 7405

Do not touch any part of an operating engine.
Allow the engine to cooi before any maintenance
is performed on the engine. Relieve all pressure
in the air system, in the hydraulic system, in the
lubrication system, in the fuel system, or in the
cooling system before any lines, fittings or related
items are disconnected.
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Coolant

When the engine is at operating temperature, the
engine coolant is hot. The coolant is also under
pressure. The radiator and all lines to the heaters or
to the engine contain hot coolant.

Any contact with hot coolant or with steam can cause
severe burns. Allow cooling system components to
cool before the cooling system is drained.

Check the coolant level after the engine has stopped
and the engine has been allowed to cool.

Ensure that the filler cap is cool before removing the
filler cap. The filler cap must be cool enough to touch
with a bare hand. Remove the filler cap slowly in
order to relieve pressure.

Cooling system conditioner contains alkali. Alkali can
cause personal injury. Do not allow alkali to contact
the skin, the eyes, or the mouth.

Oils

Hot oil and hot lubricating componenis can cause
personal injury. Do not allow hot oil o contact the
skin. Also, do not allow hot components to contact
the skin.

Baftteries

Electrolyte is an acid, Electrolyte can cause personal
injury. Do not allew electrolyte to contact the skin or
the eyes. Always wear protective glasses for servicing
batteries. Wash hands after touching the batieries
and connectors. Use of gloves is recommended.

04090589

Fire Prevention and Explosion
Prevention

SMCS Code: 1000; 4450; 7405

lllustration 3 900704000

Use of personal protection equipment (PPE) may be
needed.

All fuels, most lubricants, and some coolant mixtures
are flammable.

Always perform a Walk-Around Inspection, which
may help you identify a fire hazard. Do not operate a
product when a fire hazard exists. Contact your Cat
dealer for service.

Flammable fluids that are leaking or spilled onto hot
surfaces or onto electrical components can cause
a fire. Fire may cause personal injury and property
damage.

A flash fire may resuit if the covers for the engine
crankcase are removed within 15 minutes after an
emergency shufdown.

Determine whether the engine will be operated in an
environment that allows combustible gases to be
drawn into the air inlet system. These gases could
cause the engine to overspeed. Personal injury,
property damage, or engine damage could result.

If the application involves the presence of
combustible gases, consult your Cat dealer for
additional information about suitable protection
devices.

Remove all flammable materials such as fuel, oil, and
debris from the engine. Do not allow any flammable
materials to accumulate on the engine.

All fluids that are captured in the fluid spill
containment basin should be cleaned up immediately.
Failure to clean up spilled fluids can cause afire. Fire
may cause personal injury and property damage.

Store fuels and lubricants in properly markad
containers away from unauthorized persons. Store
oily rags and any flammable materials in protective
containers. Do not smoke in areas that are used for
storing flammable materials.

Do not expose the engine to any flame.

Exhaust shields (if equipped) protect hot exhaust
components from oil or fuel spray in a line, a tube,
or a seal failure. Exhaust shields must be installed
correctly.

Do not weld on lines or tanks that contain flammabie
fluids. Do not flame cut lines or tanks that contain
flammable fluid. Clean any such lines or tanks
thoroughly with & nonflammable solvent prior to
welding or flame cutting.
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Fire Prevention and Explosion Prevention

Wiring must be kept in good condition. Properly route
and attach all electrical wires. Check all electrical
wires daily. Repair any wires that are loose or frayed
before you operate the engine. Clean all electrical
connections and tighten all electrical connections.

Eliminate all wiring that is unattached or unnecessary.
Do not use any wires or ¢ahles that are smaller than
the recommended gauge. Do not bypass any fuses
and/or circuit breakers,

Arcing or sparking could cause a fire, Secure
connections, recommended wiring, and properly
maintained battery cables will help to prevent arcing
or sparking.

Inspect all lines and hoses for wear or for
deterioration. Properly route all hoses. The lines
and hoses must have adequate support and secure
clamps. Tighten all connections fo the recommended
torque. Leaks can cause fires.

Properly install all oil filters and fueil filters. The filter
housings must be tightened to the proper torque.

lllustration 4 g00704959

Use caution when you are refueling an engine. Do
not smoke while you are refueling an engine. Do not
refuel an engine near open flames or sparks. Always
stop the engine hefore refueling.

lllustration 5 g02298225

Gases from a baltery can explode. Keep any open
flames or sparks away from the top of a battery. Do
not smoke in baltery charging areas.

Never check the battery charge by placing a metal
object across the terminal posts. Use a voltmeter or
a hydrometer.

Improper jumper cable connections can cause
an explosion that can result in injury. Refer to
the Operation Section of this manual for specific
instructions.

Do not charge a frozen battery. Charging a frozen
battery may result in an explosion.

The batteries must be kept clean. The covers

(if equipped) must be kept on the cells. Use the
recommended cables, connections, and battery box
covers when the engine is operated.

Fire Extinguisher

Make sure that a fire extinguisher is available. Be
familiar with the operation of the fire extinguisher.
Inspect the fire extinguisher and service the fire
extinguisher regularly. Obey the recommendations
on the instruction plate.

Ether

Ether is flammable and poisonous.

Use ether in well ventilated areas. Do not smoke
while you are replacing an ether cylinder or while you
are using an ether spray.
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Do not store ether cylinders in living areas or in the
engine compartment. Do not store ether ¢ylinders
in direct sunlight or in temperatures above 49 °C
(120 °F). Keep ether cylinders away from open
flames or sparks,

Dispose of used ether cylinders properly. Do not
punciure an ether cylinder. Keep ether cylinders

away from unauthorized personnel.

Do not spray ether into an engine i the engine is

equipped with a thermai starting aid for cold weather
starting.

Lines, Tubes, and Hoses

Do not bend high-pressure lines. Do not strike
high-pressure lines. Do not install any lines that are
bent or damaged.

Repair any lines that are loose or damaged. Leaks
can cause fires. Consult your Cat dealer for repair
or for replacement parts.

Check lines, tubes, and hases carefully. Do not use
your bare hand to check for leaks. Use a board or
cardboard o check for leaks. Tighten all connections
to the recommended forque.

Replace the parts if any of the following conditions
are present:

» End fittings are damaged or leaking.

» Outer coverings are chafed or cut.

» Wires are exposed.

+ Quter coverings are bailooning.

» Flexible parts of the hoses are kinked.

« QOuter covers have embedded armoring.

« End fittings are displaced.

Make sure that all clamps, guards, and heat shields

are installed correctly in order to prevent vibration,
rubbing against other parts, and excessive heat.

Crushing Prevention and
Cutting Prevention

SMCS Code: 1000; 4450; 7405

Support the component properly when work beneath
the component is performed.

Unless other maintenance instructions are provided,
never attempt adjustments while the engine is
rurnning.

Stay clear of all rotating parts and of all moving
parts. Leave the guards in place until maintenance
is performed. After the maintenance is performed,
reinstall the guards.

Keep objects away from moving fan blades. The fan
blades will throw objects or cut objects.

When objects are struck, wear protective glasses in
order to avoid injury to the eyes.

Chips or other debris may fly off objects when objects
are struck. Before objects are struck, ensure that no
one will be injured by flying debris.

01372247

Mounting and Dismounting
SMCS Code: 1000; 4450; 7405

Inspect the steps, the handholds, and the wdrk area
before mounting the engine. Keep these items clean
and keep these items in good repair.

Mount the engine and dismount the engine only at
locations that have steps and/or handholds. Do not
climb on the engine, and do not jump off the engine.

Face the engine in crder {o mount the engine or
dismount the engine. Maintain a three-point contact
with the steps and handholds. Use two feet and one
hand or use one foot and two hands. Do not use any
controls as handholds.

Do not stand on components which cannot support
your weight. Use an adequate ladder or use a work
platform. Secure the climbing equipment so that the
equipment will not move.

Do not carry tools or supplies when you mount the
engine or when you dismount the engine. Use a hand
line to raise and lower fools or supplies.

103791210

Sound Information
SMCS Code: 1000

Note: The information that is contained in this
Operation and Maintenance Manual, “Sound
Information” has not been verified at the time of
publication.
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Note: Information of the sound level is for machines
in European Union countries and in countries that
adopt the directives of the European Unicn.

NOTICE
Hearing protection may he needed when working near
an operating generator set.

Sound levels will vary depending on the configuration
of the generator set and the final installation of the
generator set.

Refer to the following for sound ievels:

= The sound pressure level of a complete generator
set (including the radiator) at 1 meter is 107
dB(A) for the noisiest configuration when “ISO
8528-10:1998(E) clause 14" is used at 75 percent
of the rated power.

« The sound power level of a complete generator
set (including the radiator) that is not covered by
the “European Union Directive 2000/14/EC" is 118
dB(A) for the noisiest configuration when "ISO
8528-10:1998(E) clause 13" is used at 75 per cent
of the rated power,

» The sound pressure level of & partly completed
generator set (excluding the radiator) at 1 meter is
104 dB(A) for the noisiest configuration when “ISO
8528-10:1998(E) clause 14" is used at 75 percent
of the rated power.

« The sound power level of a partly completed
generator set (excluding the radiator) is 114
dB(A) for the noisiest configuration when *ISO
8528-10:1988(E) clause 13" is used at 75 percent
of the rated power.

Nate: The preceding sound levels are emission
levels. The preceding sound levels are not necessarily
safe sound levels. There is a correlation between
the emission levels and the leve! of exposure. The
correlation between emission levels and the level

of exposure cannct be used to determine if further
precautions are required.

Refer to the following for factors that influence the
level of exposure:

« The characteristics of the area around the
generator sef

» Other sources of noise

« The number of machines and other adjacent
processes

« The length of time of exposure {o the noise

This information will enable the user of the machine
to evaluate the hazard and the risk.

03550601

Before Starting Engine

SMCS Code: 1000

NOTICE
For initial start-up of a new or rebuilt engine, and for
start-up of an engine that has been serviced, make
provision to shut the engine off should an overspeed
oceur. This may be accomplished by shutting off the
air and/or fuel supply to the engine.

Engine exhaust contains products of combustion
which may be harmful to your health. Always start
and operate the engine in a well ventilated area
and, if in an enclosed area, vent the exhaust to the
outside.

Inspect the engine for potential hazards.

Do not starf the engine or move any of the controls
if there is a "DO NOT OPERATE” warning tag or
similar warning tag attached {o the start switch or to
the controls.

Before starting the engine, ensure that no one is on,
underneath, or close to the engine, Ensure that the
area is free of personnel.

If equipped, ensure that the lighting system for the
engine is suitable for the conditions, Ensure that all
lights work properly, if equipped.

All protective guards and all protective covers must
be installed if the engine must be started in order
to perform service procedures. To help prevent an
accident that is caused by parts in rotation, work
around the parts carefully.

Do not bypass the automatic shutoff circuits. Do not
disable the automatic shutoff circuits. The circuits are
provided in order to help prevent personal injury. The
circuits are also provided in order to help prevent
engine damage.

See the Service Manual for repairs and for
adjustments.
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02136012

Engine Starting
SMCS Code: 1000

If a warning tag is attached to the engine start switch
or to the controls, DO NOT start the engine or move
the controls. Consulf with the person that attached
the warning tag before the engine is started.

All protective guards and all protective covers must
be installed if the engine must be started in order
to perform service procedures. To help prevent an
accident that is caused by parts in rotation, work
around the parts carefully.

If there is a possibility that unburned gas remains in
the exhaust system, refer to the purge procedure in
this Operation and Maintenance Manual, "Engine
Starting” topic in the Operation Section.

Start the engine from the operator's compartment or
from the engine start switch.

Always start the engine according to the procedure
that is described in the Operation and Maintenance
Manual, “Engine Starting” topic in the Operation
Section. Knowing the correct procedure will help to
prevent major damage to the engine components.
Knowing the procedure will also help to prevent
personat injury.

To ensure that the jacket water heater (if equipped)
and/or the lube oil heater (if equipped) is working
properly, check the water temperature and the oil
temperature during heater operation.

Engine exhaust contains products of combustion
which can be harmful fo your health, Always start the
engine and operate the engine in a well ventilated
area. If the engine is started in an enclosed area,
vent the engine exhaust to the outside.

101462046
Engine Stopping
SMCS Code: 1000

Stop the engine according to the procedure in

the Operation and Maintenance Manual, "Engine
Stopping (Operation Section)” in order to avoid
overheating of the engine and accelerated wear of
the engine components.

Use the Emergency Stop Button (if equipped) ONLY
in an emergency situation. Do not use the Emergency
Stop Button for normal engine stopping. After an
emergency stop, DO NOT start the engine until the
problem that caused the emergency stop has been
corrected.

Stop the engine if an overspeed condition occurs
during the initial start-up of a new engine or an engine
that has been overhauled. This may be accomplished
by shutting off the fuel supply to the engine and/or
shutting off the air supply to the engine.

To stop an electronically controlled engine, cut the
power to the engine.

02106213

Electrical System
SMCS Code: 1000; 1400

Never disconnect any charging unit circuit or battery
circuit cable from the battery when the charging unit
is operating. A spark can cause the combustible

gases that are produced by some batteries to ignite.

To help prevent sparks from igniting combustible
gases that are produced by some batteries, the
negative "-" jump start cable should be connected
last from the external power source to the negative
“=" terminal of the starting motor. If the starting motor
is not equipped with a negative “-* terminal, connect

the jump start cable to the engine block.

Check the electrical wires daily for wires that are
loose or frayed. Tighten ali loose electrical wires
before the engine is staried. Repair all frayed
electrical wires before the engine is started. See
the Operation and Maintenance Manual for specific
starting instructions.

Grounding Practices

Proper grounding for the engine electrical sysiem
is necessary for optimum engine performance

and reliability. Improper grounding will result in
uncontrolled electrical circuit paths and in unreliable
electrical circuit paths.

Uncontrolled electrical circuit paths can result in
damage to main bearings, {o crankshaft bearing
journal surfaces, and to aluminum components.

Engines that are installed without engine-to-frame
ground straps can be damaged by electrical
discharge.

Bl
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To ensure that the engine and the engine electrical
systems function properly, an engine-to-frame ground
strap with a direct path to the battery must be used.
This path may be provided by way of a starting motor
ground, a starting motor ground to the frame, or a
direct engine ground to the frame.

All grounds should be tight and free of corrosion. The
engine alternator must be grounded o the negative
*-" battery terminal with a wire that is adequate to
handle the full charging current of the alternator.

i02784356

Engine Electronics

SMCS Code: 1000; 1800

Awaenng

Tampering with the electronic system installation
or the OEM wiring installation can be dangerous
and could result in personal injury or death and/or
engine damage.

This engine has a comprehensive, programmable
Engine Monitoring System. The Engine Control
Module (ECM) has the ahility to monitor the engine
operating conditions. if any of ithe engine parameters
extend outside an allowable range, the ECM will
initiate an immediate action.

The following actions are available for engine
menitoring control: WARNING, DERATE, and
SHUTDOWN. These engine monitoring modes have
the ability to limit engine speed and/or the engine
power.

Many of the parameters that are monitored by the
ECM can be programmed for the engine monitoring
functions. The following parameters can be monitored
as a pait of the Engine Monitoring System:

« Operating Altitude

« Engine Coolant Level

+ Engine Coolant Temperature

« Engine Qil Pressure

« Engine Speed

« Fuel Temperature

 Intake Manifold Air Temperature

« System Voltage

The Engine Monitoring package can vary for different
engine models and different engine applications.
However, the monitoring system and the engine
monitoring control will be similar for all engines.

Note: Many of the engine control systems and display
moduies that are available for Caterpillar Engines
will work in unison with the Engine Monitoring
System. Together, the two controls will provide the
engine rnonitering function for the specific engine
application. Refer to the Troubleshooting Manual for
more information.
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Product Information
Section

General Information

34002991

Model View lustrations

SMCS Code: 1000

The following model views show typical features of
the engine that is supported in this service module.
Due to individual applications, your engine may

appear different from the illustrations.

S
tHustration 6 go2177857
Typical example
(1) Engine cil leve! gauge (4) Secondary fuel filter {7) Primary fuel filter
{2) Turbocharger (5) Water pump {8) Exhaust manifold

{3) Water temperature regulator housing

(6) Viscenic damper (9) Engine of} filter
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llustration 7 Q02360457
Typical example
(10) Engine oil filler cap (11} Electronic control module (ECM) (12} Crankcase breather
04176237 Electronic Engine Features

Product DeSCI'lptIOI’I Caterpillar C27 and C32 engines are designed with

. . . electronic controls. The integral on board computer
SMCS Code: 1000; 4450; 4491 controls the operation of the engine. Current
Caterpillar C27 and C32 Industrial and Petroleum aperating conditions are monitored. The Electronic

Control Module {ECM) controls the response of the
engine to these conditions and to the demands of the
operator. These conditions and operator demands

Engines provide the following features:

Engine Description determine the precise control of fuel injection by the
: ECM. The electronic engine control system provides

« Four cycle the following features:

» Direct fuel injection « Engine and auxiliary monitaring

« Mechanical Electronic Unit injector (MEUI) « Engine speed governing

» Turbocharged = Cold start strategy

Air-To-Air Aftercooler (ATAAC) « Automatic airffuel ratio control

» Integrated ether start
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« Torque rise shaping

Automatic altitude compensation

Injection timing control

System diagnostics
For more information on electronic engine features,

refer to the Operation and Maintenance Manual,
“Features and Controls” topic (Operation Section).

Engine Cooling and Lubrication

The cooling system consists of the following
components:

= Gear-driven centrifugal water pump

Water temperature regulators which regulate the
engine coolant temperature

« Gear-driven oil pump (gear type)

Oil cooler

The engine lubricating oil is also filtered. Bypass
valves provide unrestricted flow of lubrication oil
to the engine componenis during the following
conditions:

+ High oil viscosity

» Plugged oil cooler or plugged oil filter elements
(paper cartridge)

Engine Service Life

Engine efficiency and maximum utilization of engine
performance depend on the adherence to proper
operation and maintenance recommendations. {n
addition, use recommended fuels, coolants and
lubricants. Use this Operation and Maintenance
Manual as a guide for required engine maintenance.

Expected engine life is predicted by the average
power that is demanded. The average power that
is demanded is based on fuel consumption of the
engine over a period of time. For more information,
refer to the Operation and Maintenance Manual,
“Overhaul Considerations” topic (Maintenance
Section).

Engine Specifications

Note: The front end of the engine is opposite the

flywheel end of the engine. The left and the right sides

of the engine are determined from the flywheel end.
The number 1 cylinder is the most forward cylinder.

—§— T —— 55— 3 ——

9 7 5 3 1-\
OO /O /8 O OB
(6316369696963

17—10—-38

OA @B

lllustration 8

Cylinder and valve locations

{A) Inlet valves
{B) Exhaust valves

Table 1

400281566

C27 and C32 Industrial and Petroleum
Engine Specifications

czr7

c32

Cylinders and

12 cylinder vee biock

Arrangement

Bore 137.7 mm 145 mm
{5.4 inch} (5.7 inch)

Stroke 152.4 mm 162 mm
(6 inch) (6.4 inch)

Compression 16.5:1 15:1

Ratio

Aspiration

TAM

Displacement

27 L {1648 in%

32 L (1953 in®)

Firing Order

1-10-9-6-5-12-11-4-3-8-7-2

Rotation
(flywheel end)

Counterclockwise

(1) Turbocharged Aftercooled
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Product ldentification
Information

04175508

Plate Locations and Film
Locations

SMCS Code: 1000; 4450

Caterpillar engines are identified by serial humbers
and by arrangement numbers. These numbers are
shown on the engine serial number plate and on the
engine information plate. Caterpillar dealers need
these numbers in order ta determine the components
that were included with the engine. This permits
accurate identification of replacement part numbers.

IHustration 9 g02366057

lllustraticn 10 gi2366037

Information Plate (1)

The engine information plate is located on the right
side of the engine on the exhaust cooler.

Setpoint of the engine altitude derate

Horsepower

High idle

Full load engine speed

Fuel settings

The engine information plate also contains other
impertant information about the engine.

Serial Number Plate (2)

The engine serial number plate is located on the left
side of the engine block.

Engine serial number

Engine model

Arrangement number

04019095

Emissions Certification Film
SMCS Code: 1000; 7405

Note: This information is pertinent in the United
States, in Canada and in Europe.
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Consult your Cat dealer for an Emission Control
Warranty Statement.

This label is located on the engine.

01757910

Reference Information
SMCS Code: 1000; 4450

Identification of the following items may be needed
in order to obtain parts and service. Some of the
numbers are on the engine Serial Number Plate
and/or Information Plate. Locate the information
for your engine. Record the information in the
appropriate space. Make a copy of this list for a
record. Retain the information for future reference.

The top level part numbers in the Parts Manual for
the engine are listed with the engine arrangement
number.

The packaging arrangement may also be called a
pricing arrangement or a customer arrangament. This
is the total package with attachments and options
that are not included in the engine arrangement.

The performance specification can be used by
your Caterpillar dealer with the Technical Marketing
[nformation system. Befare the engine leaves the
factory, the engine performance is tested. Detailed
performance data is recorded. The performance
specification number can be used for obtaining the
data.

Record for Reference

Engine Model

Engine Serial Number

Engine Arrangement Number

Meodification Number

Engine Low Idle rpm

Engine Full Load rpm

Performance Specification Number

Part Number for the Primary Fuel Filter

Part Number for the Water Separator Flement

Part Number for the Secondary Fuel Filter Element

Part Number for the Lubrication Oil Filter Element

Part Number for the Auxiliary Oil Filter Element

Part Number for the Supplemental Coolant Additive
Maintenance Element (If Equipped)

Total Lubrication System Capacity

Total Cooling System Capacity

Part Number for the Air Cleaner Element

Part Number for the Fan Drive Belt

Part Number for the Alternator Belt

Model Number of the Generator

Serial Number of the Generator

Arrangement Number of the Generator

Part Number for the Control Panel
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Operation Section

Lifting and Storage

02055889

Product Lifting
SMCS Code: 7000; 7002

¥

lHustration 11 go0103218

NOTICE
Never bend the eyebolts and the brackets. Only load
the eyebholts and the brackets under tension. Remem-
ber that the capacity of an eyebolt is less as the angle
between the supporting members and the object be-
comes less than 90 degrees.

When it is necessary {o remove a component at an
angle, only use a link bracket that is properly rated for
the weight.

Use a hoist to remove heavy components. Use
an adjustable lifting beam to [ift the engine. All
supporting members (chains and cables) should be
parallel to each other. The chains and cables should

be perpendicular to the top of the ohject that is being
lifted.

Some removals require lifting the fixtures in order to
obtain proper balance and safety.

To remove the engine ONLY, use the lifting eyes that
are on the engine.

Lifting eyes are designed and installed for the specific
engine arrangement. Alterations to the lifting eyes
and/or the engine make the lifting eyes and the lifting
fixtures obsolete. If alterations are made, ensure
that proper lifting devices are provided. Consuii your
Caterpillar dealer for information regarding fixtures
for proper engine lifting.

Engine Lifting with a Fuel Tank

Lift eyes or tank can fail when lifting tank con-
taining fluids resulting in possible personal injury.
Prain tank of all fluids before lifiing.

Lifting the engine with a fuel tank that is mounted
to the engine requires special equipment and
procedures. Do not lift the unit with fuel in the fuel
tank. Consult your Caterpillar dealer for information
regarding fixtures for proper lifting of your complete
package.

02375094

Product Storage
SMCS Code: 7002

if the engine will not be started for several weeks, the
lubricating oil will drain from the cylinder walls and
from the piston rings. Rust can form on the cylinder
liner surface. Rust on the cylinder liner surface will
cause increased engine wear and a reduction in
engine service life,

To help prevent excessive engine wear, use the
following guidelines:

= Complete all of the lubrication recommendations
that are listed in this Operation and Maintenance
Manual, “Maintenance Interval Schedule”
(Maintenance Section).

« |f freezing temperatures are expected, check
the cooling system for adequate protection
against freezing. Refer to Special Publication,
SEBUB251, “Caterpillar Commercial Diesel Engine
Fluids Recommendations”, “General Coolant
Information”.

If an engine is out of operation and if use of the engine
is not planned, special precautions should be made.

If the engine will be stored for more than one month,

a complete protection procedure is recommended.

For more detailed information on engine storage, see
Special instruction, SEHS9031, "Storage Procedure
For Caterpiltar Products”.

Your Caterpillar dealer can assist in preparing the
engine for extended storage periods.
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Features and Controls Remote Speed Control - Hand
Lever (if equipped)

04808677

Engine Speed Control

(Remote)

SMCS Code: 1915

SIN: SDK1-Up

Remote Speed Conirol - Hand Knob :E;

(if equipped)

@ lliustration 13 902927357

Provides full engine rpm control, The lever includes
the following: electronic rotary throttle control and 12
V and 24 V operation. A clockwise turn increases

f engine speed.

[ I ] 03853970

| l Monitoring System

(If Equipped)
%4 s Dj\ SMCS Code: 1900; 7400; 7450; 7451

The Monitoring System is designed to alert the
operator to an immediate problem with any of the
engine systems that are monitored. The Monitoring
System is also designed to alert the operator to an
impending probiem with any of the engine systems
that are monitored,

lilustration 12 902527358

This knob provides full engine rpm control. The
knob inciudes the following: electronic rotary throttle
control, 12 V and 24 V operation, twist knob, and
locking design. A counter-clockwise turn increases
engine speed, with two complete turns of the knob
from low to high speed.
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Indicators and Gauges

\
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lllustration 14 g01063079
Gauge cluster and indicators

Diagnostic Lamp (1} — The diagnostic
lamp is used to indicate the existence

of a fault by flashing a fault code. For a
more detailed discussion of the diagnostic lamp,
please see this Operation and Maintenance Manual,

“Diagnostic Lamp” topic.

Engine Qil Pressure (2} — The oil pressure
should be greatest after a cold engine is
started. The pressure will decrease as
the engine warms up. The pressure will increase
when the engine rpm is increased. The pressure wili

stabilize when the engine rpm is stable.

A lower oil pressure is normal at low idle. If the load
is stable and the gauge reading changes, perform
the following procedure:

1. Remove the load.
2. Reduce engine speed to low idle.
3. Check and maintain the oil level.
Tachometer (3} ~ This gauge indicates

engine speed (rpm). When the throttle

= control lever is moved to the full throttle
position without load, the engine is running at high
idle. The engine is running at the full load rpm when

the throttle control lever is at the full throttle position
with maximum rated load.

NOTICE
To help prevent engine damage, never exceed the
high idie rpm. Overspeeding can result in serious
damage to the engine. The engine can be operated
at high idle without damage, but should never be
allowed to exceed high idle rpm.

Note: The high idle rpm and the full load rpm are
stamped on the Information Plate.

Coolant Temperature (4) — When the

@ coolant temperature is above the normal
operating value, the coolant temperature
gauge will be in the red zone. Refer to the Messenger
display for any additional informaticon that may be

.

=2

Warning Lamp (5} — There is a general
A fault in the engine. Refer to the Messenger
display for any additional information that
may be available.

®
<
»
. iy
D

Fuel Pressure (8) — This gauge indicates
fuel pressure to the fuel injection pump from
the fuel filter. A decrease in fuel pressure
usually indicates a dirty fuel filter or a plugged fuel
filter. As the fuel filter becomes plugged, there will be
a noticeable reduction in engine performance.

®

System Voltage (7} — This gauge indicates
the voltage of the electrical system.

Circuit Breaker (8) — Reset the circuit breaker if
a circuit breaker trips. Press the button in order fo
reset the circuit breaker. If the electrical system is
working properly, the button will remain pressed. If
the button does not remain pressed or if the circuit
breaker trips soon after being reset, check the
appropriate electrical circuit. Repair the electrical
circuit, if necessary.

Start Switch (9) - The start switch has three
positions: OFF, RUN, and START. When the start
swifch is turned clockwise to the RUN paosition, the
lamps will flash for 5 seconds during the system iest,
The lamps will then shut off. In the RUN position, the
ECM and electronic systems are powered up.

Idle Speed Switch (10} — When the switch
is in the up position, the engine speed

increases to HIGH IDLE. When the switch
is in the down position, the engine speed decreases

to LOW IDLE.
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Maintenance Lamp {11) — The ECM
records data that is related to equipment

maintenance. The ECM will activate
the maintenance indicator lamp when scheduled
maintenance is due. The maintenance indicator
lamp can be reset by actuating the maintenance
clear switch. The maintenance interval may be
based on operating hours or fuel consumption.
The ECM provides information that pertains to
maintenance intervals and the last maintenance that
was performed.

Maintenance Clear Switch (12) — The
maintenance clear swiich is required

to reset the maintenance lamp after
maintenance on the engine is performed.

Shutdown Switch (13) — Use the engine
shutdown swiich in order to stop the engine.

Push the shutdown switch in order to put
the switch in the OFF position, After the engine stops,
turn the knob clockwise. Turning the knob clockwise
will reset the engine shutdown switch to the ON

position.

Service Tool Connector (14) —For more information
regarding the use of Cat Electronic Technician {ET)
and the PC requirements for Cat ET, refer to the
documentation.

Caterpillar Messenger Display

/ 7 / S
/ / /
16 17 18 19
lllustration 15 g01063102

Digital display area (15) — The Messenger system
shows information on the digital display area.

Previous button (18) — Use the previous button to
return to information that was previously shown on
the digital display area.

Scroll up/left button (17) — This button is used to
scroll up through information that is shown on the

display area. The button can also be used to scroll
to the left through information that is shown on the
display area.

Scroll down/right button {(18) — This buiton is used
to scroll down through information that is shown on
the display area. The button can also be used to
scroll to the right through information that is shown
on the display area.

OK button (19) ~ Use this button to confirm

selections that you have made with the scroll up/left
button and the scroll down/right button.

Totals Dispiay

e ~

TOTALS
DISTANCE

TRAVELLED
27 856 km

@ @D ®
.

SERVICE HCURS

1293

lHustration 16 901054562

Typical totals display

The following information is available through the
display:

CUMULATIVE TOTALS

Service Hours — When you scroll to this option, the
display shows the total amount of service hours that
the engine has accumulated.

Total Time — When you scroll to this option, the
display shows the total hours for the engine ECM.

Total Fuei ~ When you scroll to this option, the
display shows the total amount of fuel that has been
consumed.
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Settings Display

4 ™
SETTINGS: MACH|
PRODUCT ID

770

.

lllusiration 17 901054565
Typical settings display

The following options are available through the
payload display:

MONITORING SYSTEM

Language — Select this option to change the
language shown on the display.

Units — Select this option to choose the desired
measurement system. The choices are metric or
English.

Adjust Contrast — Select this option to adjust the
contrast of the display in order to improve the visibility
of the information.

Adjust Backlight — Select this option fo adjust the
backlighting of the display in order to improve the
visibility of the information.

ENGINE

Equipment ID — Select this option to view the
equipment identification number.

Product 1D — Select this option to view the product
identification number.

Service Display

lNlustration 18 9017054566
Typical service display

DIANOSTICS/EVENTS

The following options are password protected. Enter
a password to ehange the settings.

View — Select this option to view events logged
by the monitoring system. If you use an authorized
password, you can clear individual events.

Clear All Diagnostics — If you use an authorized
password, you can select this option to clear all
logged events.

SYSTEM PARAMETERS
MONITORING SYSTEM

« Battery Voltage: When you scroll to this option,
the battery voltage is displayed.

« Fuel Level: When you scroll to this option, the fuel
level is displayed.

» Alternator Status: When you scroll to this option,
the alternator status is displayed.

« Engine Speed: When you scroll to this option, the
engine RPM is displayed.

» Desired Engine Speed: When you scroll to this
option, the desired engine speed is displayed.
This parameter is used by the Automatic Retarder
Control to prevent the engine from overspeeding. If
you have an approved password, you can change
this parameter.

« Throttle Position: When you scroll to this option,
the throttle position is displayed.

» Coolant Temperature: When you scroll to this
option, the coolant temperature is displayed.
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Coolant Flow: When you scroll to this option, the
amount of coolant flow is displayed.

Boost Pressure: When you scroll to this option,
the boost pressure is displayed.

Atmospheric Pressure: When you scroll to this
option, the atmospheric pressure is displayed.

Turbo Inlet Pressure: When you scroll to this
option, the turbo inlet pressure is displayed.

Oil Pressure (Antilock brake system): When
you scroll to this option, the absolute engine oil
pressure is displayed.

Oil Pressure: When you scroll to this option, the
gauge engine oil pressure is displayed.

Fuel Temperature: When you scroll to this oplion,
the fuel temperature is displayed.

SYSTEMS TESTS

SYSTEM SELF TEST

If you select this option, the monitoring system will
initiate the self-test feature. The self test feature is
like the functional test that occurs when you turn the
start switch from the OFF position to the ON position.

SYSTEM INFORMATION

MONITORING SYSTEM

Software Part Number: When you scroll to this
option, the software part number is displayed.

ECM Part Number: When you scroll to this option,
the ECM part number is displayed.

Software Release Date: When you scrall {o this
option, the software release date is displayed.

Software Description: When you scroll to this
option, the software description is displayed.

ENGINE

-

ECM Serial Number; When you scrolt to this
option, the ECM serial number is displayed.

Software Part Number: When you scroll to this
option, the software part number is displayed.

Software Release Date: When you scroll to this
option, the software release date is displayed.

Software Description: When you scroll to this
option, the software description is displayed.

Engine Serial Number: When you scroll to this
option, the engine serial number is displayed.

TATTLETALE

Full Tattletale Readout: When you select this
option, all indicators and gauges will display the
maximum values reached during operation.

Engine Coolant Temperature: When you select
this option, all indicators and will display the
maximum values reached during operation. The
engine coolant temperature gauge will also show
the maximum value reached during operation.

Tachometer: When you select this option, all
indicators will display the maximum values reached
during operation. The tachometer will also show
the maximum value reached during operation.

Fuel Level: When you select this option, all
indicators will display the maximum values reached
during operation. The fuel level gauge will also
show the minimum value reached during operation.

Clear: If you have an approved password, you can
clear the maximum values stored by the monitoring
system,
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00883635

Self-Diagnostics
SMCS Code: 1000; 1900; 1901; 1902

The electronic control module has some
self-diagnostic ability. When an electronic problem
with an input or an output is detecled, a diagnostic
code is generated. This indicates the specific problem
with the circuitry.

Diagnostic codes are also generated when an
abnormat engine operating condition is detected. For
example, a diagnostic code will be generated if the
low oil pressure alarm is activated. In this case, the
diagnostic code indicates the symptom of a problem.
This type of diagnostic code is called an eveni. An
event is triggered by the detection of an abnormal
engine operating condition.

A diagnostic code which represents a problem that
currently exists is called an active code.

A diagnostic code that is stored in memory is called
a logged code. Always service active codes prior to
servicing logged codes. Logged codes may include
the following categories:

« Intermittent problems

« Recorded events

+ Performance history

Logged codes may not indicate that a repair is
needed. The problems may have been repaired since

the logging of the code. Logged codes may be helpful
to troubleshoot intermittent problems.

101463253

Diagnostic Lamp
SMCS Code: 1000; 1900; 1801, 1902; 7451

The "DIAGNOSTIC" lamp is used to indicate the
existence of an active fault by flashing codes.

When the ignition switch is first turned on, the
“DIAGNOSTIC” lamp will go through the following
procedure:

« The “DIAGNOSTIC" lamp will corne on and
the “DIAGNOSTIC” lamp wili remain on for five
seconds. This checks the operation of the lamp.

« The "DIAGNOSTIC” lamp will turn off,

+ The "DIAGNOSTIC" lamp will come on again and
the “DIAGNOSTIC" lamp wilt flash codes for any
active diagnostic codes. Not all diagnostic codes
have a unigue flash code.

+ The “DIAGNOSTIC" tamp will turn off for five
seconds.

« The "DIAGNOSTIC® lamp repeats all active
diagnostic codes.

A fauit diagnostic code will remain active until the
problem is repaired. The electronic control module
will continue flashing the flash code at five second
intervals until the problem is repaired.

03855688

Diagnostic Flash Code
Retrieval

SMCS Code: 1000; 1900; 1901; 1902
“Diagnostic” Lamp

Use the "DIAGNGSTIC” lamp or a Caterpillar
electronic service tool fo determine the diagnostic
flash code. Not all diagnostic codes have a unigue
flash code.

Note: Flash codes should only be used to indicate
the nature of a diagnostic condition. Do not use flash
codes to perform detaited troublesheoting.

Use the following procedure fo retrieve the diagnostic
codes if the application is equipped with an engine
DIAGNGSTIC lamp:
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1. The "DIAGNOSTIC” lamp will flash in order to

indicate a two-digit code. The sequence of flashes

represents the system diagnostic message.
Each digit of the two-digit code is determined by
counting the number of flashes. The lamp flashes
at a rate of two times per second. The lamp will
pause for one second between digits. The lamp
will pause for two seconds between codes.

2. Turn the start/run key to the ON position. The

engine does not need to be started in order to view

codes. The engine does not need to be running
while the start/run switch is in the ON position.

The “DIAGNOSTIC" lamp blinks on and off at five
second intervals.

« When the start/run key is in the ON position, the

lamp is checked for proper operation. If there
are any active codes except for Code 34, the
codes are displayed at this time.

Note: The “DIAGNOSTIC" lamp will illuminate for five

seconds. The lamp will stay on if there is an active
diagnostic code.

3. Active diagnostic codes will always be flashed.

There is no toggle switch that will shut off the lamp.

Table 2 indicates the potential effect on the engine
performance with active flash codes. Table 2 also
forms a list of Electronic diagnostic codes and
descriptions.

Possible Performance Effect of
Active Diagnostic Codes

Table 2

Possible Performance Effect of Active Diagnostic Codes

Code Code Code Code

Flash CID-FMI SPNO-FMI Description of

Engine
Misfires

Low
Power

Reduced
Engine Speed

Engine
Shutdown

{confinued)
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(Table 2, contd)

Possible Performance Effect of Active Diagnostic Codes

Fiash CID-FMI SPNO-FMI Description of Engine Low Reduced Engine
Code Code Code Code Misfires Power Engine Speed Shutdown

Engine Coolant
111-02 111-02 Level Sensor Loss X X X
of Signal

Auxiliary Pressure
1835-03 1387-03 Sensor open/short
to +hatt

Auxiliary Pressure
1835-04 1387-04 Sensor short to
ground

Auxiliary

Temperature
N/A 1836-03 441-03 Sensor open/short

to +batt

Auxiliary

Temperature
1836-04 441-04 Sensor short o
ground

Ether Injection
2417-05 626-05 Control Solenoid
current low

Ether Injection
2417-06 626-06 Control Saolenoid
current high

Fue! Temperature
13 174-03 174-03 open/short to +batt
Fuel Temperature
174-04 174-04 short to ground
8 Volt DC Supply
41-03 678-03 short to +batt
§ g 8 Volt DC Supply
41-04 678-04 short to ground
21 620-03 5 Volt Sensor DC
262-03 Pawer Supply
1079-03 | short to +batt
620-04 5 Volt Sensor DC
262-04 Power Supply
1079-04 | short to ground
Engine Ol
100-03 100-03 Pressure
open/shorito +balt
Engine Qil
24 100-04 100-04 Pressure short
to ground
Engine Qil
Pressure
100-10 100-10 abnormal raie
of change

(confinued)
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{Table 2, contd)

Possible Performance Effect of Active Dlagnostic Codes

Flash
Code

CID-FMI
Code

SPNO.FMI
Code

Description of
Code

Engine
Misfires

Low
Power

Reduced
Engine Speed

Engine
Shutdown

25

102-03

1785-03

102-03

Boost Pressure
Sensor short to
+baft

X

intake Manifold
Pressure Sensor
voltage high

102-04

1785-04

102-04

Boost Pressure
Sensor short to
ground

Intake Manifold
Pressure Sensor
voltage low

102-10

1785-10

102-10

Boost Pressure
Sensor abnermat
rate of change

Intake Manifold
Pressure Sensor
abnormal rate of
change

26

274-03

108-03

Atmospheric
Pressure
open/short to +batt

274-04

108-04

Atmospheric
Pressure short
to ground

27

110-03

110-03

Engine Coolant
Temperature
open/short {o +batt

110-04

110-04

Engine Coolant
Temperature short
to ground

28

9113

91-13

Throttle Position
calibration
required

32

91-08

91-08

Throttle Position
signal abnormal

34

190-08

190-08

Engine Speed
signal abnormal

X

342-08

723-08

Secondary Engine
Speed signal
abnormat

X

37

84.03

94-03

Fuel Pressure
open/short to +batf

84-04

94-04

Fuel Pressure
short to ground

(continued)
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{Table 2, conid)

Possible Performance Effect of Active Diagnostic Codes

Flash CID-FMi SPNe-FMI Description of Engine Low Reduced Engine
Code Code Code Code Misfires Power Engine Speed Shutdown

Intake Manifold Air
172-03 105-03 Temp open/short
to +batt

Intake Manifold
172-04 105-04 Air Temp short to
ground

38

Engine Timing
42 261-13 637-13 calibration X X X
required

y System Voltage
168-00 168-00 high

51 168-01 168-01 E}\fstem Voltage X N

System Voltage
168-02 168-02 intermitient/erratic X X

Personality
253-02 631-02 Module mismateh ”

56 Check

268-02 830-02 Programmable
Parameters

J1938 Data Link
58 247-09 639-09 communications

Cylinder # 1
001-05 651-05 Injector open X X
71 circuit

) . Cylinder # 1
001-06 651-06 Injector short X X

Cylinder # 2
002-05 652-05 Injector open X X
79 circuit

Cylinder # 2
002-06 652-06 Injector short X X

Cylinder # 3
003-05 653-05 injector apen X X
73 circuit

Cylinder # 3
003-06 653-06 | ior short X X

Cylinder # 4
004-05 854-05 Injector apen X X
74 circuit

Cylinder # 4
Injector short

004-06 654-06

Cylinder # 5
005-05 655.05 Injector open X X
75 circuit

Cylinder # 5
005-06 655-06 Injector short X X

(continued}
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(Table 2, contd)

Possible Performance Effect of Active Diagnostic Codes
Flash CID-FMI SPNa-FMI Description of Engine Low Reduced Engine
Code Code Code Code Misfires Power Engine Speed Shutdown
Cylinder # 6
008-05 656-05 Injector open X X
76 circuit
Cytinder # 6
006-06 656-08 Injector short X X
Cylinder # 7
007-05 657-05 Injector open X X
77 cireuit
Cylinder # 7
007-06 657-06 Injector short X X
Cylinder # 8
008-03 658-05 Injector open X X
78 circuit
Cylinder # 8
008-06 658-06 jector short X X
Cylinder # 9
008-05 659-05 Injector open X X
79 circuit
Cylinder # 9
00s-06 659-06 Injector short X X
Cylinder # 10
010-05 660-05 Injector open X X
80 circui
Cylinder # 10
010-06 660-06 Injector short X X
Cylinder # H1
011-05 661-05 injector open X X
81 circuit
Cylinder # 11
011-06 661-06 Injector short X X
Cylinder # 12
012-05 662-05 Injector cpen X X
az circuit
Cylinder # 12
012-06 662-06 Injector short X X
) Suspect Parameter Number
[2) The engine will shut down if both spseditiming sensors are lost.
(3 Fuel injection will not occur and the engine wilf not start.
Event Codes Table 3
. c R Cod
The ECM can log events. Events refer to engine ross-Reference for Event Codes
operating conditions such as low oil pressure or high Flash EID SPN-FMI Description of
coolant temperature. Table 3 is a cross-reference Codes | Codes Codes Code

for event codes. Logged events usually Indicate a
mechanical problem instead of an electronic system
problem,

(coniinued)
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(Table 3, contd}

Cross-Reference for Event-Codes

(Table 3, contd)

Cross-Reference for Event Codes

Flash
Codes

EID
Codes

SPN-FMI
Codes

Description of
Code

64

E539M

105-15

High Intake Manifold
Alir Temperature
Warning

105-00

High intake Manifold

Air Temperature
Shutdown

High Fuel
Temperature
Warning

High Fuel
Ternperature Derate

High Fuel
Temperature
Shutdown

174-16

65 E363W0 174-16

174-00

Flash EID SPN-FMI Description of
Codes Codes Codes Code
High Auxiliary
1387-15 | pressure Warning
High Auxiliary
E4430 1387-16 | pressure Derate
High Auxiliary
1387-00 | pressure Shutdown
High Auxiliary
N/A 441-15 | Temperature
Warning
High Auxiliary
E4450) 441-16 Temperature
Deraten
High Auxiliary
441-00 Temperature
Shutdow
Engine Overspeed
180-15 Warning
35 E3620)
Engine Overspeed
190-00 Shutdown
Low Engine Qil
10017 | pressure Warning
Low Engine Qil
46 E360 100-18 | pressure Derate
Low Engine Qil
100-01 Pressure Shutdown
High Engine Coolant
110-15 Temperaiure
Warning
High Engine Coolant
&1 E3810 110-18 Temperature Derate
High Engine Coolant
110-00 | Temperature
Shutdown
Low Engine Coolant
7| Ceve Warning
Low Engine Coolant
1 -
62 E21431 111-18 Level Derate
Low Engine Coolant
1101 Level Shutdown
High Fuel Pressure
63 | E539m | g4-q5 | Waming

{continued)

M Caferpillar Eleciranic Technician (ET) wili display the number
1, 2, or 3 after the event code in order to designate a warning,
a derate, or a shutdown,

For further information or assistance for repairs,
consult an authorized Caterpillar dealer.

03840813

Fault Logging
SMCS Code: 1000; 1900: 1901; 1902

The system provides the capability of Fault Logging.
When the Electronic Control Module (ECM)
generates an active diagnostic code, the code will be
logged in the memory of the ECM. The codes that
have been logged in the memory of the ECM can
be retrieved with Caterpillar electronic service tools.
The codes that have been logged can be cleared
with Caterpillar electronic service tools. The codes
that have been logged in the memory of the ECM
will be automatically cleared from the memory after
100 hours. The following faults cannot be cleared
from the memory of the ECM without using a factory
password: overspeed, low engine oil pressure, and
high engine coolant temperature.
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iD2784364

Engine Operation with Active
Diagnostic Codes

SMCS Code: 1000; 1900; 1201; 1802

If the diagnostic lamp staris to flash codes during
normal engine operation, the system has identified

a situation that is not within the specification. Use
Caterpillar electronic service tools to check the active
diagnostic codes.

Note: If the customer has selected "DERATE” and if
there is a low oil pressure condition, the Electronic
Control Module (ECM}) will limit the engine power uniil
the problem is corrected. If the oil pressure is within
the normal range, the engine may be operated at the
rated speed and load. However, maintenance should
be performed as soon as possible. Refer to Operation
and Maintenance Manual, "Diagnostic Flash Code
Retrieval” for more information on flash codes.

The active diagnostic code should be investigated.
The cause of the problem should be corrected as
soon as possible. Operation of the engine and
performance of the engine can be limited as a result
of the active diagnostic code that is generated. If
the cause of the active diagnostic code is repaired
and there is anly one active diagnostic code, the
diagnostic lamp will turn off.

01456915

Engine Operation with
Intermittent Diagnostic Codes

SMCS Code: 1000; 1900; 1901; 1902

If the diagnostic lamp starts to flash codes during
normal engine operation and the diagnostic lamp
shuts off, an intermittent fault may have occurred. if
a fault has occurred, the fault will be logged into the
memory of the Electronic Control Module (ECM).

In most cases, it is not necessary to stop the engine
because of an intermittent code. However, the
operator should retrieve the logged fault codes

and the operator should reference the appropriate
information in order {o identify the nature of the event.
The operator should log any observation that could
have caused the lamp to light.

» Low power
+ Limits of the engine speed
» Excessive smoke, etc

This information can be useful to help troubleshoot
the situation. The information can also be used for
future reference. For more information on diagnostic
codes, refer to the Troubleshooting Guide for this
engine.

i02918535

Configuration Parameters
SMICS Code: 1000; 1900; 1901; 1902

Customer specified parameters that will enhance
the fuel efficiency and the operator's convenience
can be programmed into the Electronic Control
Module (ECM). Some parameters may aifect
engine operation. This may lead fo complaints from
the operator about power or about performance.
The following engine related parameters may be
programmed by the customer by using Caterpillar
electronic service tools in order fo influence the
operation of the engine:

Customer password

This parameter allows the customer to lock out
certain parameters by entering a password, Customer
passwords must be used to unlock any parameters
that are protected by customer passwords hefore the
parameter can be changed. Factory passwords are
required if this password is lost.

Customer Passwords
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« First Password

« Second Password

Power Rating (hp at rpm)

Rating Selection {A-E)

PTO Governor Parameters
« PTO Engine Speed Ramp Rate rpm/sec
Engine Parameters

« Top Engine Limit (TEL) at 100 percent load (If
Applicable)

« Torgue Limit

« High Idle (If Applicable)

« Low ldle

« Intermediate Speed

Engine Monitoring Mode

- "OFF“

« "Warning”

= “Warning/Derate”

« “Warning/Derate/Shutdown”

= “Coolant L.evel Sensor Enable/Disable”
« “Fuel Pressure Sensor Enable/Disable”

« "Inlet Manifold Air Temperature Sensor
Enable/Disable”

Equipment ID
Maintenance Indicator
» Manual-Hours

« Auto-Hours

» Manual-Fuel

« Auto-Fuel

Auxiliary Pressure

» High Warning Set Point

Auxiliary Temperature

« High Warning Set Point

The customer specified parameters can be changed
as often as needed. Password protection is provided
so0 that the customer can change the parameters. The
customer can authorize someone else to change the
parameters. Ensure that a recerd of the parameters
is kept in the Operation and Maintenance Manual.
For detailed instructions on programming the engine
for optimum performance and for optimum fuel
econemy, consult your Caterpillar dealer.
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Engine Starting

102048636

Before Starting Engine
SMCS Code: 1000; 1400; 1450

Perform the required daily maintenance and other
periodic maintenance befare the engine is started.
Inspect the engine compartment. This inspection can
help prevent major repairs at a later date. Refer to the
Operation and Maintenance Manual, “Maintenance
Intervat Schedule” for more information.

« For the maximum service life of the engine, make
a thorough inspection before the engine is started.
Look for the following items: oil leaks, coolant
leaks, loose bolts, and trash buildup. Remove trash
buildup and arrange for repairs, as needed.

« Inspect the cooling system hoses for eracks and
for joose clamps.

+ Inspect the alternator and accessory drive beits for
cracks, breaks, and other damage.

» Inspect the wiring for loose connections and for
worn wires or frayed wires.

« Check the fuel supply. Drain water from the water
separator (if equipped). Open the fuel supply valve.

NOTICE
All valves in the fuel return line must be open before
and during engine operation to help prevent high fuel
pressure. High fuel pressure may cause filter housing
failure or other damage.

If the engine has not been started for several weeks,
fuel may have drained from the fuel system. Air
may have entered the filter housing. Also, when fuel
filters have been changed, some air pockets will be
trapped in the engine. In these instances, prime the
fuel system. Refer to the Operation and Maintenance
Manual, "Fuel System - Prime” for more information
on priming the fuel system.

.ﬁyf‘nl;¥#¥Pq¥ té;_:-:,{:_n,

Engine exhaust contains products of combustion
which may be harmful to your health. Always start
and operate the engine in a well ventilated area
and, if in an enclosed area, vent the exhaust to the
outside.

» Do not start the engine or move any of the controls
if there is a “DO NOT OPERATE” warning tag or
similar warning tag sttached to the stari switch or
to the controls.

+ Ensure that the areas around the rotating parts are
clear.

« All of the guards must be put in place. Check for
damaged guards or for missing guards. Repair
any damaged guards. Replace damaged guards
and/or missing guards.

« Disconnect any battery chargers that are not
protected against the high current drain that may
be created. Check electrical cables and check the
battery for poor connections and for corrosion.

+ Reset all of the shutoffs or alarm components.

= Check the engine lubrication oil level. Maintain the
oil level between the "ADD" mark and the "FULL"
mark on the oil level gauge.

+ Check the coolant level. Observe the coolant level
in the coolant recovery tank (if equipped). Maintain
the coolant level to the “FULL" mark on the coolant
recovery tank.

+ [f the engine is not equipped with a coolant
recovery tank maintain the coolant level within
13 mm {0.5 inch) of the bottom of the filler pipe. If
the engine is equipped with a sight glass, maintain
the coolant level in the sight glass.

« Observe the air cleaner service indicator (if
equipped). Service the air cleaner when the yellow
diaphragm enters the red zone, or when the red
piston locks in the visible position.

« Ensure that any driven equipment has been
disengaged. Minimize electrical loads or remove
any elecirical loads.

03954049

Cold Weather Starting
SMCS Code: 1000; 1250; 1450; 1453; 1456; 1900
Refer to the Owners Manual of the OEM for your

type of controls. Use the following procedure in order
to start the engine.
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DO NOT USE ETHER (starting fluids) unless
specifically instructed to do so. If the engine is
equipped with an Air Inlet Heater (electrically or
fuel ignited manifold heater), DO NOT use ether
{starting fluids) at any time. The use could result
in engine damage and/or personal injury.

Startability will be improved at temperatures below
10°C (50°F) from the use of a cylinder block coolant
heater or from other means that are used to heat the
crankcase cil. Some engine applications use a jacket
water heater to improve startability. The jacket water
heater will help reduce white smoke and misfire
during start-up in cold weather.

NOTICE
When using ether (starting fluid), follow the manufac-
turer's instructions carefully, use it sparingly and spray
it only while cranking the engine. Excessive ether can
cause piston and ring damage. Use ether (starting flu-
id) for cold weather starting purposes only.

For engines that are not equipped with an Air Inlet
Heater, use ether when temperatures are below 0°C
(32°F). If the engine is equipped with an injection
system for starting fluid, crank the engine. Depress
the ether switch for 3 seconds. Additional injections
may be necessary in order to start the engine.

Note: If the engine has not been run for several
weeks, fuel may have drained. Air may have moved
into the filter housing. Also, when fuel filters have
been changed, some air will be left in the filter
housing. Refer to the Operation and Maintenance
Manual, “Fuel System - Prime™ (Maintenance Section)
for more information on priming the fuel system.

NOTICE
Do not engage the starting motor when flywheel is
turning. Do not start the engine under load.

If the engine fails to start within 30 seconds, release
the starter switch or button and wait two minutes to
allow the starting motor to cool before attempting to
start the engine again.

1. Place the fransmission in NEUTRAL. Disengage
the fiywheel clutch in order to allow the engine to
start faster and reduce the drain on the batter.

2. Turn the ignition switch to the ON position.

The “CHECK ENGINE/DIAGNOSTIC" lamp will
flash while the engine is ¢cranking. The lamp
should turn off after proper engine oil pressure

is achieved. If the lamp fails to flash, notify your
authorized Caterpillar dealer. If the lamp continues
to flash, the Electronic Control Module (ECM) has
detected a problem in the system. Refer to the
Operation and Maintenance Manual, "Diagnostic
Flash Code Retrieval” for more information.

3. Push the start button or turn the ignition switch to
the START position in order fo crank the engine.

Do not push down or hold the throttle down
while the engine is cranked. The system will
automatically provide the correct amount of fuel
that is needed to start the engine.

4. If the engine fails to start within 30 seconds,
release the start button, or the ignition switch. Wait
for 2 minutes in order to allow the starting motor {o
cool before attempting to start the engine again.

NOTICE
Ot pressure should rise within 15 seconds after the
engine starts. Do not increase engine speed until the
oil pressure gauge indicates normal. If oil pressure
is not indicated on the gauge within 15 seconds, DO
NOT operate the engine. STOP the engine, investi-
gate and correct the cause.

Note: The "CHECK ENGINE/DIAGNGSTIC" lamp
may come on after the engine is started. If the lamp
comes on, the Electronic Control Module (ECM) has
detected a problem with the system. Refer to the
Operation and Maintenance Manual, “Diagnhostic
Flash Code Retrieval” for more information.

5. Allow the engine fo idle for approximately
3 minutes. ldle the engine untit the water
temperature gauge has begun to rise. Check all
gauges during the warm-up pericd.

Note: The oil pressures and fuel pressures should
be in the normal range on the instrument panel. Do
not apply a load to the engine or increase engine rpm
until the oil pressure gauge indicates at least normal
pressure. Inspect the engine for leaks and/or unusual
noises.

01646219

Starting the Engine
SMCS Code: 1000; 1450
This stari procedure may be used for all engines that

are not equipped with an Alr Inlet Heater regardless
of ambient temperature,
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Refer to the Owner's Manual of the OEM for your
type of controls. Use the following procedure to start
the engine.

1. Place the fransmission in NEUTRAL. Disengage
the flywheel clutch in order to allow the engine to
start faster. This also reduces the draining of the
battery.

2. Turn the keyswitch to the ON position.

The "CHECK ENGINE/DIAGNOSTIC" lamp will
flash while the engine is cranking. The lamp
should turn off afier proper engine oil pressure

is achieved. If the lamp fails to flash, notify your
authorized Gaterpiilar dealer. If the lamp continues
to flash, the Electronic Control Module (ECM) has
detected a prablem in the system. Refer to the
Operation and Maintenance Manual, “Diagnostic
Flash Code Retrival” (Operation Section} for more
information.

3. Push the start button or turn the keyswitch to the
START position in order to crank the engine.

Do not push down or hold the throttle down
while the engine is cranked. The system will
automatically provide the correct amount of fuel
that is needed to start the engine.

4. If the engine fails to start within 30 seconds,
release the start button, or the keyswitch. Wait for
two minutes in order to allow the starting motor to
cool before attempting to start the engine again.

Note: The "CHECK ENGINE/DIAGNOSTIC” lamp
may come on after the engine is started. If this
occurs, the ECM has detected a problem with the
system. Refer to the Operation and Maintenance
Manual, “Diagnostic Flash Code Retrival” (Operation
Section) for more information.

NOTICE
Qil pressure should rise within 15 secaonds after the
engine starts. Do not increase engine rpm until the oil
pressure gauge indicates normal. If oil pressure is not
indicated on the gauge within 15 seconds, DO NOT
operate the engine. STOP the engine, investigate and
correct the cause.

5. Allow the engine to idle for approximately
three minutes. Idle the engine until the water
temperature gauge has begun to rise, Check al!
gauges during the warm-up peried.

Note: Oil pressures and fuel pressures should be in
the normal range on the instrument panel. Do not
apply a load to the engine or increase engine rpm
until the oil pressure gauge indicates at least normal
pressure. Inspect the engine for leaks and/or unusuai
noises.

04471308

Starting with Jump Start
Cables

SMCS Code: 1000; 1401; 1402; 1900

. MAwaRNING
Improper jump start cable connections can cause
an explosion resulting in personal injury.

Prevent sparks near the batteries. Sparks could
cause vapors to explode. Do not allow jump start
cable ends to contact each other or the engine.

If the installation is not equipped with a backup
battery system, an external electrical source may be
necessary to start the engine.

NOTICE
Using a battery source with the same voltage as the
electric starting motor. Use ONLY equal voitage for
jump starting. The use of higher voltage will damage
the electrical system.

Do not reverse the battery cables. The alternator can
be damaged. Atiach the negative cable last and re-
move first.

When using an external electrical source to start the
engine, turn the generator set control switch to the
"OFF" position. Turn all electrical accessories OFF be-
fore attaching the jump-start cables.

Ensure that the main power switch is in the OFF posi-
tion before attaching the jump-start cables fo the en-
gine being started.

1. Turn the start switch {o the OFF position. Turn off
all accessaries.

2. Connect one positive end of the jump-start cable
to the positive cable terminal of the discharged
battery. Connect the other positive end of the
jump-start cable to the positive cable terminal of
the electrical source.

3. Connect one negative end of the jump-start cable
to the negative cable terminal of the electrical
source. Connect the other negative end of the
jump-start cable to the engine block or to the
chassis ground. This procedure helps to prevent
potential sparks from igniting combustible gases
that are produced by some batteries.

4. Start the engine.
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5. Immediately after the stalled engine is started,
disconnect the jump-start cables in reverse order.

Note: If there is a problem with the alternator or the
battery charger, the engine will not continue to run
after starting, unless the power to the engine control
module is supplied by a separate source.

01646248

After Starting Engine
SMCS Code: 1000

Note: In temperatures from 0 to 80°C (32 to 140°F),
the warm-up time is approximately three minutes. In
temperatures below 0°C (32°F), additional warm-up
time may be required.

Note: Ensure that the self test for the monitoring
system (if equipped) is completed before operating
the engine under load.

When the engine idles during warm-up, observe the
following conditions:

+ Check for any fluid or for any air leaks at idle rpm
and at one-half full rpm {no load on the engine)
before operating the engine under load. This is not
possible in some applications.

« Operate the engine at low idle until all systems
achieve operating temperatures. Check all gauges
during the warm-up period.

Note: Gauge readings should be observed and

the data shouid be recorded frequently while the
engine is operating. Comparing the data over time
will help fo determine normal readings for each
gauge. Comparing data over time will also help
detect abnormal operating developments. Significant
changes in the readings should be investigated.
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Engine Operation

01646252

Engine Operation
SMCS Code: 1000

Proper aperation and maintenance are key factors
in obtaining the maximum fife and economy of

the engine. If the directions in the Operation and
Maintenance Manual are followed, costs can be
minimized and engine service life can be maximized.

The time that is needed for the engine to reach
normal operating temperaiure can be less than the
time taken for a walk-around inspection of the engine.

The engine can be operated at the rated rpm after
the engine is started and after the engine reaches
operating temperature. The engine will reach normal
operating temperature sooner during a low engine
speed (rpm) and during a low power demand. This
procedure is more effective than idling the engine
at no load. The engine should reach operating
temperature in a few minutes.

Gauge readings should be observed and the data
should be recorded frequently while the engine

is operating. Comparing the data over time will
help o determine normal readings for each gauge.
Comparing data over time will also help detect
abnormal operating developments. Significant
changes in the readings should be investigated.

Engaging the Driven
Equipment

SMCS Code: 1000

1. Operate the engine at one-half of the rated rpm,
when possible.

2. Engage the driven equipment without a load cn
the equipment, when possible.

Interrupted starts put excessive stress on the drive
train. Interrupted starts also waste fuel. To get the
driven equipment in motion, engage the clutch
smoothly with no load on the equipment. This
method should produce & start that is smooth and
easy. The engine rpm should not increase and the
clutch should not slip.

3. Ensure that the ranges of the gauges are normal
when the engine is operating at one-half of
the rated rpm. Ensure that all gauges operate
properly.

4. Increase the engine rpm to the rated rpm. Always
increase the engine rpm to the rated rpm before
the load is applied.

5. Apply the load. Begin operating the engine at low
load. Check the gauges and equipment for proper
operation. After normal oil pressure is reached
and the temperature gauge begins to move,
the engine may be operated at full load. Check
the gauges and equipment frequently when the
engine is operated under load.

Extended operation at low idle or at reduced load
may cause increased oil consumption and carbon
buildup in the cylinders. This carbon buildup

results in a loss of power and/or poor performance.

o
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04136207

Fuel Conservation Practices
SMCS Code: 1000; 1250

The efficiency of the engine can affect the fuel
economy. Caterpillar's design and technology in
manufacturing provides maximum fuel efficiency in
all applications. Follow the recommended procedures
in order to attain optimum performance for the life

of the engine.

« Avoid spilling fuel.

Fuel expands when the fuel is warmed up. The fuel
may overflow from the fuel tank. Inspect fuel lines for
leaks. Repair the fuel lines, as needed.

« Be aware of the properties of the different fuels.
Use only the recommended fuels.

+ Avoid unnecessary idling.

Shut off the engine rather than idle for long periods of
time.

« Observe the service indicator frequently. Keep the
air cleaner elements clean.

» Ensure that the turbochargers are operating
correctly so that the proper air/fuel ratio is
maintained. Clean exhaust indicates proper
functioning.

» Maintain a good electrical system.

One faulty battery cell will overwork the alternator.
This will consume excess power and excess fuel.

= Ensure that the belis are properly adjusted. The
belts should be in good condition.

= Ensure that all of the connections of the hoses are
tight. The connections should not leak.

» Ensure that the driven equipment is in good
working order.

« Cold engines consume excess fuel. Utilize heat
from the jacket water system and the exhaust
system, when possible. Keep cooling system
components clean and keep cooling system
compenents in good repair. Never operate the
engine without water temperature regulators.
Al of these items will help maintain operating
temperatures.
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Cold Weather Operation

01645447

Radiator Restrictions
SMCS Code: 1353; 1396

Caterpillar discocurages the use of airflow restriction
devices that are mounted in front of radiators. Airflow
restriction can cause the following conditions:

« High exhaust temperatures
« Power loss

= Excessive fan usage

« Reduction in fuel economy

[f an airflow restriction device must be used, the
device should have a permanent opening directly
in line with the fan hub. A centered opening that is
directly in line with the fan hub is specified in order
to prevent an interrupted airflow on the fan blades.
Interrupted airflow on the fan blades could cause a
fan failure.

Caterpillar recommends a warning device for the
inlet manifold temperature and/or the installation of
an inlet air temperature gauge. The warning device
for the inlet manifold temperature should be set at
75 °C (167 °F). The inlet manifold air temperature
should not exceed 75 °C (167 °F). Temperatures that
exceed this limit can cause power loss and potential
engine damage.

02237624

Fuel and the Effect from Cold
Weather

SMCS Code: 1000; 1250; 1280

The following fuels are the grades that are available
for Caterpillar engines:

« No. 1

« No. 2

« Blend of No. 1 and No. 2

No. 2 diesel fuel is the most commonly used fuel.

Either No. 1 diesel fuel or a blend of No. 1 and No. 2
is best suited for cold weather operation.

Quantities of No. 1 diesel fuel are limited. No. 1 diesel
fuels are usually available during the months of the
winter in the colder climates. During cold weather
operation, if No. 1 diesel fuel is not available, use No.
2 diesel fuel, if necessary.

There are three major differences between No. 1 and
No. 2 diesel fuel. No. 1 diesel fuel has the following
properties:

+ Lower cloud point
 Lower pour point
+ Lower rating of kJ (BTU) per unit volume of fuel

When No. 1 diesel fuel is used, a decrease in power
and in fuel efficiency may be noticed. Other operating
effects should not be experienced.

The cloud point is the temperature when a cloud of
wax crystals begins to form in the fuel. These crystals
can cause the fuel filters to plug. The pour point is
the temperaiure when diesel fuel wilt thicken. The
diesel fuel becomes more resistant to flow through
fuel pumps and through fuel lines.

Be aware of these values when diesel fuel is
purchased. Anticipate the average ambient
temperature of the area. Engines that are fueled in
one climate may not operate well if the engines are
moved {o another climate. Problems can result due
to changes in temperature.

Before troubleshooting for low power or for poor
performance in the winter, check the type of fuel that
is being used.

When No. 2 diesel fuel is used the foliowing
componenis provide a means of minimizing problems
in cold weather:

« Starting aids

= Engine oil pan heaters

Engine coolant heaters

Fuel heaters

Fuel line insulaticn

For more information on cold weather operation,
see Special Publication, SEBU5898, “Cold Weather
Recommendations”,
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Fuel Related Components in
Cold Weather

SMCS Code: 1000; 1250; 1280

Fuel Tanks

Condensation can form in partially filled fuel tanks.
Top off the fuel tanks after operating the engine.

Fuel tanks should contain some provision for draining
water and sediment from the bottom of the tanks.
Some fuel tanks use supply pipes that allow water
and sediment to settle below the end of the fuel

supply pipe.

Some fuel tanks use supply lines that take fuel
directly from the botiom of the {ank. I the engine is
equipped with this system, regular maintenance of
the fuel system filter is important.

Drain the water and sediment from any fuel storage
tank at the following intervals:

« Weekly

« Oil changes

» Refueling of the fuel tank

This will help prevent water and/or sediment from

being pumped from the fuel storage tank and into
the engine fue! tank.

Fuel Filters

NOTICE
Do not fill the fuel filters with fuel before installing them.
The fuel would not be filtered and could be contami-
nated. Contaminated fuel will cause accelerated wear
fo fuel system parts,

NOTICE

In order to maximize fuel system life and prevent pre-
mature wear out from abrasive pariicles in the fuel,
a two micron absolute high efficiency fuel filter is re-
quired for all Caterpillar Hydraulic Electronic Unit In-
jectors. Caterpillar High Efficiency Fuel Filters meet
these requirements. Consult your Caterpiliar dealer
for the proper part numbers.

These engines are equipped with a primary
filterfwater separator, The primary filter/water
separator must use a 10 micron filter to 2 15 micron
filter. The filters are becoming more critical as fuel
injection pressures increase to 209 MPa (30000 psi)
and higher psi. For more information on priming the
fuel system, see the Operation and Maintenance
Manual, "Fuel System - Prime” topic {(Maintenance
Section).

Fuel Heaters

Note: Always follow the precautions in this
Operation and Maintenance Manual, “Fire
Prevention and Explosion Prevention”.

Fuel heaters help to prevent fuel filters from plugging
in cold weather due to waxing. A fuel heater should
be installed in order for the fuel {o be heated hefore
the fuel enters the primary fuel filter,

Select a fuel heater that is mechanically simple, yeat
adequate for the application. The fuel heater should
also help to prevent overheating of the fuel. High fuel
temperatures reduce engine performance and the
availability of engine power. Choose a fuel heater
with a large heating surface. The fuel heater should
be practical in size. Small heaters can be too hot due
to the limited surface area.

Disconnect the fus! heater in warm weather.

Note: Fuel heaters that are controlled by the water
temperature regulator or self-regulating fuel heaters
should be used with this engine. Fuel heaters that
are not controlled by the water temperature regulator
can heat the fue! in excess of 65° C (149° F). A
loss of engine power can occur if the fuel supply
temperature exceeds 37° C (100° F).

Note: Heat exchanger type fuel heaters should have
a bypass provision in order to prevent overheating of
the fuel in warm weather operation.

For further information on fuel heaters, consult your
Caterpillar deaier.



44
Operation Section
Engine Stopping

SEBU8599-03

Engine Stopping

04315380

Manual Stop Procedure
SMCS Code: 1000; 7418

NOTICE
Stopping the engine immediately after it has been
working under load can result in overheating and ac-
celerated wear of the engine components.

If the engine has been operating at high rpm and/or
high loads, run at low idle for at least three minutes
to reduce and stabilize internal engine temperature
before stopping the engine.

Avoiding hot engine shutdowns will maximize tur-
bocharger shaft and bearing life.

Note: Individual applications have different control
systems. Ensure that the shutoif procedures are
understood. Use the following general guidelines in
order to stop the engine.

1. Remove the load from the engine so that the
engine has no more than 30% power.

2. Run the engine at the programmed fow idle speed
for at least 3 minutes.

3. After the cool down period, turn the start switch to
the OFF position.

014025990

After Stopping Engine
SMCS Code: 1000

Note: Before you check the engine oil, do not operate
the engine for at least 10 minutes in order to allow
the engine oil to return fo the oil pan.

» Check the crankcase oil level. Maintain the oil level
between the "ADD" mark and the "FULL" mark on
the oil level gauge.

» If necessary, perform minor adjustments, Repair
any leaks and tighten any loose bolts,

+ Note the service hour meter reading. Perfarm
the maintenance that is in the Operation and
Maintenance Manual, “Maintenance Interval
Schedule”.

+» Fill the fuel tank in order to help prevent
accumulation of moisture in the fuel. Do not overdill
the fuel tank.

NOTICE
Only use antifreezefcoolant mixtures recommended in
the Coolant Specifications that are in the Operation
and Maintenance Manual. Failure to do so can cause
engine damage.

» Allow the engine to cool. Check the coolant [evel.
Maintain the cooling system at 13 mm (0.5 inch)
from the bottom of the pipe for filling.

« If freezing temperatures are expected, check
the coolant for proper antifreeze protection. The
cooling system must be protected against freezing
to the lowest expected outside temperature. Add
the proper coolant/water mixture, if necessary.

« Perform all required periodic maintenance on all
driven equipment. This maintenance is outlined in
the instructions from the OEM.
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Maintenance Section

Refill Capacities

05188373

Refill Capacities
SMCS Code: 1000; 1348; 1395; 7560

Refer to this Operation and Maintenance Manual,
"Fluid Recommendations” for information about the
fluids which are acceptable for this engine.

Note: Refer to Special Publication, SEBUS251,
“Caterpillar Commercial Diesel Engine Fluids
Recommendations” for additional information,

Lubricant Refill Capacity

The refill capacities for the engine crankcase reflect
the approximate capacity of the crankcase or sump
plus standard oil filters. Auxiliary oil filter systems will
require additional oil. Refer to the OEM specifications
for the capacity of the auxiliary oil filter.

Table 5
C27 and C32 Industrial Engines
Approximate Refill Capacities
Compartment or System Liters Quarts
Engine Only 55 58
External System {(OEM}
Total Codling System@

Table 4
C27 and C32 Industrial Engines
Approximate Refill Capacities
Compartment or System Liters Quarts
Engine Crankcase 68 72

Coolant Refill Capacity

To maintain the cooling system, the total cooling
system capacity must be known. The capacity of
the folal cooling system will vary. The capacity will
depend on the size of the radiator (capacity). Table
5 should be completed by the customer for the
maintenance of the cooling system.

(M The External System includes a radiator or an expansion tank
with the following components: heat exchanger, aftercooler,
and piping. Refer to the Caterpiltar specifications or the CEM
specifications and enter the capacity for the External System
in this row.

2} The Total Coaling System includes the capacity for the engine
plus the capacity for the external system, Enter the {otal in this
row.

i04606315

Fluid Recommendations

SMCS Code: 1280; 1348; 1395; 7560

NOTICE
Every attempt is made to provide accurate, up-to-date
information. By the use of this document, you agree
that Caterpillar Inc. is not responsible for errors or
omissions.

NOTICE
These recommendations are subject to change with-
out prior notice. Contact your Caterpillar dealer for the
most up to date recommendations.

Refer to Special Publication, SEBU6251, "Cat
Commercial Diesel Engine Fiuids Recommendations”
for additional information.

Refer to this Operation and Maintenance Manual,
“Severe Service Application” for information about
operating an engine in a severe service application.

Note: Instructions for the installation of the fiker are
printed on the side of each Cat spin-on filter. For
filters that are not Cat filters, refer o the installation
instructions that are provided by the supplier of the
filter.

Diesel Engine Qil
Cat DEO (Diesel Engine Oil)

Due to significant variations in the quality and in
the performance of commercially available oils,
Caterpillar makes the following recommendations:

» Cat DEO-ULS (Diesel Engine Oil Ultra Low
Sulfur) (SAE 5W-40)
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» Cat DEQ-ULS (Diesel Engine Qif Ultra Low
Sulfur) (SAE 10W-30)

» Cat DEO-ULS (Diese! Engine Oil Ultra Low
Sulfur) (SAE 15W-40)

Engine Oil

Cat oils have been developed and tested in order to
provide the full performance and life that has been
designed and built into Cat engines.

Cat DEO-ULS or oils that meet the Cat ECF-3
specification and the API CJ-4 are required for use in
the applications listed below. Cat DECG-ULS and oils
meeting Cat ECF-3 specification and the AP| CJ-4
and ACEA ES oil categories have been developed
with limited sulfated ash, phosphorus, and sulfur.
These chemical limits are designed to maintain the
expecled aftertreatment devices life, performance,
and service interval. If oils meeting the Cat ECF-3
specification and the API CJ-4 specifications are not
available, oils meeting ACEA E9 may be used. ACEA
E% oils meet the chemical limits designed to maintain
afterireatment device life. ACEA E9 oils are validated
using some but not all ECF-3 and API CJ-4 standard
engine performance tests. Consult your oil supplier
when considering use of an oil that is not Cat ECF-3
or AP] CJ-4 qualified.

Failure to meet the listed requirements will damage
afterireatment-equipped engines and can negatively
impact the performance of the aftertreatment devices.
The Diesel Particulate Filter {DPF) will plug sooner
and require more frequent DPF ash service intervals.

Typical aftertreatment systems include the following:

Diesel Particulate Filters (DPF)

-

Diesel Oxidation Catalysts (DOC)

-

Selective Catalytic Reduction (SCR)
« Lean NOx Traps (LNT)

Other systems may apply.

Table &
Lubricant Viscosities for Ambient Temperatures
; o op
Gompartment or System ol Ty'gigﬂsef;’g;;ma““ Oil Viscosities -y —
Cat DEO-ULS Cold Weather SAE OW-40 -40 40 -40 104
Engine Crankcase Cat DEO-ULS SAE 10W-30 -18 40 0 104
Cat DEQ-ULS SAE 15W-40 -9.5 50 15 122
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NOTICE
0il Renewal systems should not be used in engines
equipped with aftertreatment systems. Reduced life or
damage to the afterireatment may occur.

S-0-8 Services Oil Analysis

NOTICE
These recommendations are subject to change with-
out prior notice. Contact your Caterpillar dealer for the
most up fo date recommendations.

Caterpillar has developed a maintenance tool

that evaluates oil degradation. the maintenance
management also detects the early signs of wear on
internal components. The Cat tool for cil analysis is
called S-O-8 Qil Anzalysis and the tool is par of the
3-0-8 Services program. S-0-S Oil Analysis divides
oil analysis into four categories:

= Component wear raie

Oil condition

Qil contamination

Identification of oil

These four types of analysis are used to monitor
the condition of your equipment. The four types of
analysis will also help you identify potential problems.
A properly administered S-0-S Oil Analysis program
will reduce repair costs and the program will lessen
the impact of downtime.

The §-C-5 Oil Analysis program uses a wide range
of tests to determine the condition of the oil and the
lubricated compartment. Guidelines that are based
on experience and a correlation to failures have
been established for these fests. Exceeding one
or more of these guidelines could indicate serious
fluid degradation or a pending component failure. A
trained person at your Cat dealership should make
the final analysis.

NOTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn. This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

Refer to Special Publication, SEBUS251, "Cat
Commercial Diesel Engine Fluids Recommendations”
in order {o obtain additional information about 5-0-S
Services oil analysis. You can also contact your local
Cat dealer in order to obtain additional information
about the S-0-S Services Qil Analysis program.

Diesel Fuel Recommendations

‘ ~

ULTRA LOW SULFUR FUEL ONLY

LI:

/

g02157153

lilustration 19
NACE Film

)

J

402052834

llestration 20
EAME Film

Diesel fuel must meet "Cat Specification for Distillate
Fuel” and the latest versions of "ASTM D875" or "EN
580" in order to ensure optimum engine performance.
Refer to Special Publication, SEBUG251, “Cat
Commercial Diesel Engine Fluids Recommendations”
for the latest fuel information and for Cat fuel
specification. This manual may be found on the Web
at Safety.Cat.com.
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NOTICE
Uitra Low Sulfur Diesel (ULSD) fuel 0.0015 percent
(=15 ppm {mg/ka)) sulfur is required by regulation for
use in engines certified to nonroad Tier 4 standards
(U.S. EPA Tier 4 certified) and that are equipped with
exhaust aftertreatment systems.

European ULSD 0.0010 percent (s10ppm (ma/kg))
sulfur fuel is required by regulation for use in engines
cerfified to European nonroad Stage 1B and newer
standards and are equipped with exhaust afterireat-
ment systems.

Misfueling with fuels of higher sulfur level can
have the following negative effects:

+ Shorten the time interval between
aftertreatment device service intervals
{cause the need for more frequent service
intervals)

« Adversely impact the performance and life
of aftertreatment devices (cause loss of
performance)

« Reduce regeneration intervals of aftertreatment
devices

« Reduce engine efficiency and durability.
+ Increase the wear.

+ increase the corrosion.

+ Increase the deposits.

« Lower fuel economy

« 3horten the time period between oil drain intervals
{more frequent oil drain intervals).

« Increase overall operating costs.

Failures that result from the use of improper fuels are
not Cat factory defects. Therefore the cost of repairs
would not be covered by a Cat warranty.

Cat does not require the use of ULSD in off road and
machine applications that are not Tier 4/Stage llIB
certified engines. ULSD is not required in engines
that are not equipped with after treatment devices.
For Tier 4/Stage 11IB/Stage IV certified engines
always follow operating instructions. Fuel tank inlet
[abels are installed in order to ensure that the correct
fuels are used.

Refer to Special Publication, SEBU6251, “Cat
Commercial Diesel Engine Fluids Recommendations”
for more details about fuels, lubricants, and Tier 4
requirements. This manual may be found on the Web
at Safety.Cat.com.

Lubricating Grease

NOTICE
These recommendations are subject to change with-
out prier notice. Contact your Caterpillar dealer for the
most up to date recommendations.

Cat provides various greases that vary in pefformance
from a moderate performance to high performance.
Cat greases service the entire line of Cat products

in the wide variety of climates throughout the world.
From this variety of Cat grease products, you can
find a Cat grease that will meet or exceed the
performance requirements of most engines.

The performance requirements of your engine must
be determined before you select any Cat grease.
Consult the recommendations for greases that are
made by the OEM for the equipment. Then, consult
with your Cat dealer for a list of greases that have the
performance specifications and the available sizes of
containers.

Note: Always choose grease that meets or exceeds
the recommendations that are specified by the
equipment manufacturer for the application.

If it is necessary to choose a single grease to use
for all of the equipment at one site, always choose
a grease that meets or exceeds the requirements
of the most demanding application. Remember
that the products which barely meet the minimum
performance requirements can he expected 1o
produce the minimum lives of your parts. False
ecanomy is being used if a grease is purchased with
the lowest cost as the only consideration. instead,
use the grease that yields the lowest total operating
cost. This cost should be based on an analysis that
includes the costs of parts, labor, downtime, and the
cost of the amount of grease that is required.

Note: Purge all of the old grease from a joint before
you change from one type of grease to another
type of grease. Some greases are not chemically
compatible with other greases. Consult your supplier
in order to determine if the greases are compatible.

If you are not certain that the old grease is compatible
with the new grease, purge the old grease from the
system before applying the new grease.

o
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Note: All Cat greases are chemically compatible with
each other. Mixing of Cat greases does not result in
an adverse chemical reaction. However, mixing of
Cat greases may result in reduced parformance.

Non-Cat commercial greases are as a group second
choice greases. Within this grouping of second chaice
greases, there are iiered lavels of performance.

For more information, refer to Special Publication,
SEBUB251, “Cat Commercial Diesel Engines Fluids
Recommendations”.

Coolant

NOTICE
These recommendations are subject {o change with-
out prior nofice. Contact your Caterpillar deater for the
most up to date recommendations.

NOTICE
Never add coolant to an overheated engine. Engine
damage could result. Allow the engine to cool first.

NOTICE
Frequently check the specific gravity of the coolant for
proper freeze protection or for anii-boil protection.

NOTICE
Never operate an engine without water temperature
regulators in the coaling system. Water temperature
regulaters help to maintain the engine coolant at the
proper aperating temperature. Cooling system prob-
lems can develop without water temperature regula-
fors.

The following two coolants are used in Cat Diesel
Engines:

Preferred — Cat ELC (Extended Life Coolant) or a
commercial extended life coolant that meets the Cat
Engine Coolant -1 (EC-1) specification.

Acceptable -~ Cat DEAC {Diesel Engine
Antifreeze/Coolant) or a commercial heavy-duty
coolant that meets “ASTM D4985", or "ASTM D6210°
specifications

Note: Cat DEAC does not require a freatment with a
Supplemental Coolant Additive (SCA) at the initial fill.
However, a commercial heavy-duty coolant that only
meets the "ASTM D4985" specification will require a
treatment with an SCA at the initial fill. A commercial
heavy-duty coolant that meets the "ASTM D6210"

specification will not require a treatment with an SCA

at the initial fill. Read the labeal or the instructions that )

are provided by the manufacturer of the commercial
heavy-duty coolant.

Note: These coolants will require a treatment with
a supplemental coolant additive on a maintenance
basis.

Table 7

Service Life Before Flushing and Before Refilling

Coolant . Service Lifet
Cat ELC 12,000 hours, or 6
years

Commercial coolant that
meets the Cat EC-1
specification

Cat DEAC

6000 hours, or 6 years

3000 hours, or 3 years

Commercial Heavy-Duty

Coolant that meets *ASTM 3000 hours, or 1 year

D4985" or "ASTM D8210"

1) Use the interval that occurs first.

Note: Add the Cat ELC Extender at the halfway point
of the coolant change interval.

Note: These coolant change intervals are only

possible with annual 5-0-S Services Level 2 coolant
sampling and analysis.

$-0-S Services Coolant Analysis

Table 8
Recommended Interval
Type of Coolant Level 1 Level 2
Every 500 Every 2000
DEAC HoursM Hours or
@ Yearlye)
ELC Optional@ Yearly®

(1) This interval is recommended for the sampling of zli
conventional heavy-dufy coolant,

@) This interval is also recommendead for the sampling of a
commercial coolant that meets the Cat {Engine Coatant
specification - 1} requirement.

@) The Level 2 coolant analysis should be performed sooner if a
problem is suspected or identified.

Testing the engine coolant is important to ensure that
the engine is protected from internal cavitation and
from corrosion. The analysis also tests the ability of
the coolant to protect the engine from hoiling and
from freezing. The S-O-S Coolant Analysis can be
performed at your Cat dealer. Cat 3:0-S Coolant
Analysis is the best way to monitar the condition of
your coolant and your cooling system. $-0-5 Coolant
Analysis is a program that is based on periodic
samples.



50
Maintenance Section
Refill Capacities

SEBUB599-03

NOTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn, This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

For more information, refer to Special Publication,
SEBUB251, “Cat Commercial Diesel Engines Fluids
Recommendations”
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Maintenance
Recommendations

02908183

System Pressure Release

SMCS Code: 1250; 1300; 1350; 5050

Coolant System

. A mmm

Pressurized system: Hot coolant can cause seri-
ous burn. To open cap, stop engine, wait until ra-
diator is cool. Then loosen cap slowly to relieve
the pressure,

To relieve the pressure from the coolant system, turn
ofi the engine. Allow the cooling system pressure cap
o cool, Remove the cooling system pressure cap
slowly in order to relieve pressure.

Fuel System

To relieve the pressure from the fuel system, turn off
the engine.

High Pressure Fuel Lines (If Equipped)

Contact with high pressure fuel may cause fluid
penetration and burn hazards. High pressure fu-
el spray may cause a fire hazard. Failure to fol-
low these inspection, maintenance and service in-
structions may cause personal injury or death.

The high pressure fuel lines are the fuel lines that
are between the high pressure fuel pump and the
high pressure fuel manifold and the fuel lines that are
between the fuel manifold and cylinder head. These
fuel lines are different from fuel lines on other fuel
systems.

This is because of the following differences:

» The high pressure fuel lines are constantly charged
with high pressure.

« The internal pressures of the high pressure fuel
lines are higher than other types of fuel sysiem.

Before any service or repair is performed on the
engine fuel lines, perform the following tasks:

1. Stop the engine.
2. Wait for ten minutes.

Do not loosen the high pressure fuel lines in order to
remove air pressure from the fuel system.

Engine Oil

To relieve pressure from the lubricating systemn, turn
off the engine.

Welding on Engines with
Electronic Controls

SMCS Code: 1000

NOTICE
Because the strength of the frame may dacrease,
some manufacturers do not recommend welding onto
a chassis frame or rail. Consult the OEM of the equip-
ment or your Caterpillar dealer regarding welding on
a chassis frame or rail.

Proper welding procedures are necessary in order
to avoid damage to the engine's ECM, sensors,

and associated companents. When possible,
remove the component from the unit and then

weld the component. If removal of the component

is not possible, the following procedure must be
followed when you weld on a unit that is equipped
with a Caterpillar Electronic Engine. The following
procedure is considered to be the safest procedure to
weld on a component. This procedure should provide
a minimum risk of damage to electronic components.

NOTICE
Do not ground the welder fo electrical components
such as the ECM or sensors. Improper grounding can
cause damage to the drive train, the bearings, hy-
draulic components, electrical components, and other
components.

Do not ground the welder across the centerline of the
package. Improper grounding could cause damage o
the bearings, the crankshatt, the rotor shafi, and other
components.

Clamp the ground cable from the welder to the com-
ponent that will be welded. Place the clamp as close
as possible to the weld. This will help reduce the pos-
sibility of damage.

Note: Perform the welding in areas that are free from
explosive hazards.
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1. Stop thé engine. Turn the switched power to the
OFF position.

2. Disconnect the negative battery cable from the
battery. If a battery disconnect switch is provided,
open the switch.

3. Disconnect the J1/P1 and J2/P2 connectors from
the ECM. Move the harness to a position that will
not allow the harness to accidentally move back
and make contact with any of the ECM pins.

thustration 21 901075639

Use the example above, The current fiow from the welder to
the ground clamp of the welder will not cause damage to any
associated components.

{1) Engine

(2) Welding electrode

{3) Keyswitch in the OFF position

(4) Battery disconnect switch in ihe open position

(5) Disconnected battery cables

(6) Battery

(7) Electrical/Electronic compenent

(8} Minimum distance between the compaonent that is being welded
and any electricalfelectronic component

{8) The component that is being welded

(10} Current path of the welder

(11) Ground clamp for the welder

4. Connect the welding ground cable directly to the
part that will be welded. Place the ground cable as
close as possible to the weld in order to reduce the
possibility of welding current damage to bearings,
hydraulic compeonents, electrical components, and
ground straps.

Note: If electrical/electronic components are used
as a ground for the welder, or electrical/electronic
componeris are located between the welder ground
and the weld, current flow from the welder could
severely damage the component.

5. Protect the wiring harness from welding debyris
and spaiter,

8. Use standard welding practices to weld the
materials.
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04868381

Maintenance Interval Schedule
SMCS Code: 1000; 4450; 7500

Ensure that ail safety information, warnings, and
instructions are read and understood before any
operation or any maintenance procedures are
performed.

The user is responsible for the performance of
maintenance, including all adjustments. The user

is also responsible for the use of proper lubricants,
fluids, filters, and the replacement of components
due to normal wear and aging. Failure to adhere

{o proper maintenance intervals and procedures
may result in diminished performance of the product
and/or accelerated wear of components.

Use mileage, fuel consurnption, service hours, or
calendar time, WHICH EVER OCCURS FIRST,

in order to determine the maintenance intervals.
Products that operate in severe operating conditions
may require more frequent maintenance.

Note: Before each consecutive interval is performed,

all maintenance from the previous interval must be
performed,

When Required

Battery or Battery Cable - Disconnect .................. 56
Engine Storage Procedure - Check ..o, 74
Fuel System - Prime ... 75
Daily
Coolant Level - Check ... 61
Driven Equipment - Check ..o 65
Engine Air Cleaner Service Indicator - Inspect ..... 68
Engine Air Precleaner - Check/Clean ...........cc..... 69
Engine Oil Level - Check ......o..cooeeiiiiiiiee, 70
Fuel System Primary Filter/\Water Separator -

DTN e et et 77
Fuel Tank Water and Sediment - Drain ................. 78
Walk-Around Inspection ... 91

Initial 20 to 40 Service Hours

Belis - Inspect/Adjust/Replace .........occoeeviinns 56

Initial 250 Service Hours

Engine Valve Lash-Check ... 74
Engine Valve Rotators - inspect ... 74
Fuel Injector - Inspect/Adjust .o 75

Every 250 Service Hours

Aftercooler Core - Clean/Test ... 55
Belts - Inspect/Adjust/Replace ... 56
Coalant Sample (Level 1) - Obtain ...l 62

Cooling System Supplemental Coolant Additive

(SCA) -Test/Add ... 63
Engine Oil Sample - Obtain ........cocovivreee 71
Engine Oil and Filter - Change ..........coccocvevenes 71
Engine Protective Devices - Check ..o 73
Fan Drive Bearing - Lubricate ............ccoocveee e 75
Fuel System Secondary Filter - Replace .............. 77
Hoses and Clamps - Inspect/Replace ................. 80
Radiator - Clean ......cveevrecvnineereenn s vee 89

Initial 500 Hours (for New Systems, Refilled
Systems, and Converted Systems)

Coolant Sample (Level 2) - Obtain .........ccceee.e 82

Every 500 Service Hours

Fuel System Primary Filter (Water Separator)
Element - Replace ..o 76

Every 500 Service Hours or 3 Months
Battery Electrolyte Level - Check ..ol 55

Every 1500 Service Hours

Engine Crankcase Breather-Clean ... 69
Fumes Disposal Filter Element - Replace ............ 79

Every 2000 Service Hours

Fuel Injector - Inspect/Adjust ........coocoriiiccnnnnn, 75

Every Year

Coolant Sample (Level 2) - Obtain .....cccceeie. 62

Engine Air Cleaner Element (Dual Element) -
Inspect/Clean/Replace .........ccocoveieeeeieeee, 66

Every 3000 Service Hours

Crankshaft Vibration Damper - Inspect ................ 65
Engine - Clean ... 65
Engine Mounts - Inspect ..o 70
Engine Valve Rolators - Inspect .o 74

Every 3000 Service Hours or 3 Years
Coolant (DEAC) - Change .......coccoveveeiveee e 57

Every 4500 Service Hours
Engine Speed/Timing Sensor - Clean/inspect ...... 73

Every 5000 Service Hours

Starting Motor - Inspect ..., 89
Turbocharger - INSpect ..o icvieiee e 90
Water Pump - Inspect ..o 92

Every 6000 Service Hours or 3 Years
Coolant (ELC) - Change ......coocoeeeevvevee v v 59




54
Maintenance Section
Maintenance Interval Schedule

SEBUB599-03

Every 6000 Service Hours or 6 Years

Coolant Extender (ELC) - Add .....c.ooee v, 60
Engine Speed/Timing Sensor - Clean/Inspect ...... 73

Every 8000 Service Hours

Fan Drive Bearing - Replace .............oocvivivvievnien, 75

Every 19 000 L (5000 US gal} of Fuel or 250
Service Hours

Engine Air Cleaner Element (Dual Element) -
Inspect/Clean/Replace .......c.veeevvvivvevvcenicvnnen, 86

P Level 2 - Every 83 250 L (22 000 US gal)
of Fuel or 2000 Service Hours or 1 Year

Engine Valve Lash - Check ... oo, 74

Every 228 000 L (60 000 US gal) of Fuel or
3000 Service Hours

Coolant Temperature Regulator - Replace ........... 63

Every 605 670 L (160 000 US gal) of Fuel or
9000 Service Hours

Overhaul (Top End) ....vvvveieee e, 84

Every 1 211 330 L. (320 000 US gal) of Fuel or
18 000 Service Hours

Overhaul (Major) e 82

Overhaul

Overhaul Considerations .........ccocovveriivesrererennnnnns 85
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Aftercooler Core - Clean/Test
SMCS Code: 1064-070; 1064-081

Note: Adjust the frequency of cleaning acceording to
the effects of the aperating environment.

Inspect the aftercooler for these iterns: damaged fins,
corrosion, dirt, grease, insects, leaves, oil, and other
debris. Clean the aftercooler, if necessary.

For air-to-air aftercoolers, use the same methods that
are used for cleaning radiators.

Personal injury can result from air pressure.
Personal injury can result without following prop-

er procedure. When using pressiure air, wear a pro-
tective face shield and protective clothing.

Maximum air pressure at the nozzle must be less
than 205 kPa (30 psi) for cleaning purposes.

Pressurized air is the preferred method for removing
loose debris. Direct the air in the opposite direction
of the air flow from the fan. Hold the nozzle
approximately 8 mm (.25 inch) away from the fins.
Slowly move the air nozzle in a direction that is
parallel with the tubes. This will remove debris that is
between the tubes.

Pressurized water may also be used for cleaning.
The maximum water pressure for cleaning purposes
must be less than 275 kPa (40 psi). Use pressurized
water in order to soften mud. Clean the core from
both sides.

Use a degreaser and steam for removal of oil and
grease. Clean both sides of the core. Wash the core
with detergent and hot water. Thoroughly rinse the
core with clean water.

inspact the fins for damage. Bent fins may be opened
with a “comb”.

Note: If parts of the aftercooler system are repaired
or replaced, a leak test is highly recommended.

inspect these items for good condition: welds,
mounting brackets, air lines, connections, clamps,
and seals. Make repairs, if necessary.

02601752

Battery Electrolyte Level -
Check

SMCS Code: 1401-535-FLV

When the engine is not run for long periods of time or
when the engine is run for short periods, the batteries
may not fully recharge. Ensure a full charge in order
to help prevent the battery from freezing.

 Awsenne
All lead-acid batteries contain sulfuric acid which
can burn the skin and clothing. Always wear aface

shield and protective clothing when working on or
near batteries.

1. Remove the filler caps. Maintain the electrolyte
level to the “FULL" mark on the battery.

If the addition of water is necessary, use distilled
water. If distilled water is not available use clean
water that is low in minerals. Do not use artificially
softened water.

2. Check the condition of the electrolyte with the
245-5829 Coolant Battery Tester Refractometer.

3. Keep the batteries clean.

Clean the battery case with one of the following
cleaning solutions:

« A mixture of 0.1 kg {0.2 b} of baking scda and
1L (1 gt) of clean water

» A mixiure of 0.1 L (0.11 gt) of ammoniaand 1L
(1 qt) of clean water

Thoroughly rinse the battery case with clean water,

Use a fine grade of sandpaper to clean the
terminals and the cable clamps. Clean the items
until the surfaces are hbright or shiny. DO NOT
remove material excessively. Excessive removal
of material can cause the clamps to not fit properly.
Coat the clamps and the terminals with SN- 5561
Silicone Lubricant, petroleum jelly or MPGM.
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01857537

Battery or Battery Cable -
Disconnect

SMCS Code: 1401; 1402-029

© . AwmRnNG
The battery cables or the batteries should not be
removed with the batfery cover in place. The bat-

tery cover should be removed before any servic-
ing is attempted.

Removing the battery cables or the batteries with
the cover in place may cause a hattery explosion
resulting in personal injury.

1. Switch the engine to the OFF position. Turn the
fgnition switch (if equipped) to the OFF position
and remove the key and all electrical loads.

2. Disconnect the negative battery terminal at the
battery that goes to the start switch. Ensure that
the cable cannot contact the terminal,

3. Tape the leads in order to help prevent accidental
starting.

4. Proceed with necessary system repairs. Reverse
the steps in order to reconnect all of the cables.

02304928

Belts - Inspect/Adjust/Replace

SMCS Code: 1357-025; 1357-040; 1357-510

Inspection

Belt tension should be checked initially between
the first 20 to 40 hours of engine operation.

After the initial check, the beli tension should be
checked at Every PM Level 1 or Three Months.

To maximize the engine performance, inspect the
belts for wear and for cracking. Replace belts that are
worn or damaged.

For applications that require multiple drive belts,
replace the belts in matched sets. Replacing only
one belt of a matched set will cause the new belt to
carry more load because the older belt is stretched.
The additional load on the new belt could cause the
new belt to break.

If the belts are too loose, vibration causes
unnecessary wear on the belts and pulfeys. Loose
belts may slip enough to cause overheating.

If the belts are too tight, unnecessary stresses are
placed on the pulley bearings and on the belts. This
may shorten the service life of the components.

Remove the belt guard. Inspect the condition and
adjustment of the alternator belts and accessory
drive belis (if equipped).

To check the belt tension, apply 110 N (25 b f)

of force midway between the pulleys. A correctly
adjusted belt will deflect 9 mm (0.35 inch} to 15 mm
(0.59 inch).

Ifthe belt does not require replacement or adjustment,
install the belt guard. If the belt requires adjustment
or replacement, perform the following procedure to
adjust the belt tension.

+ If the engine is equipped with a refrigerant
compressor (air conditioner), the belt for the fan
drive, the alternator, and the accessories will have
an automatic belt tensioner.

« [f the engine is not equipped with a refrigerant
compressor, the alternator is used to adjust the
belt tension,

Adjustment

Alternator Belt

flfustration 22 g01154344

Typical alternator maunting

{1) Adjusting nuts
{2) Mounting bolt
{3) Mounting bolis

1. Slightly loosen mounting bolt (2) and mounting
bolt (3). Slightly loosen adjusting nut (1).

2, Move the pulley in order to adjust the bel tension.
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3. Tighten the following: adjusting nuts (1), mounting
bolt (2), and mounting bolt (3). Refer to the
Specifications, SENR3130 in order to [ocate the
proper torques.

4. Install the belt guard.

If new belts are installed, check the belt tension again
after 30 minutes of engine operation at the rated rpm.

03841934

Coolant (DEAC) - Change
SMCS Code: 1350-070; 1395-044

Clean the cooling system and flush the cooling
system before the recommended maintenance
interval if the following conditions exist:

+ The engine overheats frequently.

« Foaming is observed.

« The oil has entered the cooling system and the
coolant is contaminated.

« The fuel has entered the cooling system and the
coolant is contaminated.

NOTICE
Use of commercially available cooling system clean-
ers may cause damage to cooling system compo-
nents. Use only cooling system cleaners that are ap-
proved for Caterpillar engines.

Note: Inspect the water pump and the water
temperature regulator after the cooling system has
been drained. This is a good opportunity to replace
the water pump, the water temperature regulator and
the hoses, if necessary.

Drain

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are coo!l. Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure,

1. Stop the engine and allow the engine to ccol.
| oosen the cooling system filler cap slowly in
order {o relieve any pressure. Remove the cooling
system filler cap.

2. Open the cooling system drain valve (if equipped).
If the cooling system is not equipped with a drain
valve, remove one of the drain plugs.

Note: If equipped, he sure to drain the heater and
any related supply and return lines.

Allow the coolant to drain.

NOTICE
Dispose of used engine coolant properly or recycle.
Various methods have been proposed 1o reclaim used
coolant for reuse in engine cooling systems. The full
distillation procedure is the only method acceptable by
Caterpillar to reclaim the used coolant.

For information regarding the disposal and the
recycling of used coolant, consult your Caterpillar
dealer or consult Caterpillar Dealer Service Tool
Group:

Qutside llinois: 1-800-542-TOOL
Inside lllinois: 1-800-5411-TOOL
Canada: 1-800-523-TO0L

Flush

1. Flush the cooling system with clean water in order
to remove any debris.

2. Close the drain valve (if equipped). Clean the
drain plugs. Install the drain plugs. Refer to
the Specifications Manual, SENR3130, "Torque
Specifications” for more information on the proper
forques.

NOTICE
Fill the cooling system no faster than 19 L (5 US gal)
per minute to avoid air locks.

3. Fill the cooling system with a mixture of clean
water and Caterpillar Fast Acting Cooling System
Cleaner. Add 0.5 L (1 pint) of cleaner per 15 L
(4 US gal) of the cooling system capacity. Install
the cooling system filler cap.

4, Start and run the engine at low idle for a minimum
of 30 minutes. The coolant temperature should be
at least 82 °C (180 °F).
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NOTICE
Improper or incomplete rinsing of the cooling system
cah resuit in damage to copper and other metal com-
ponents.

To avoid damage to the cooling system, make sure
to completely flush the cooling system with clear wa-
ter. Continue to flush the system until alf signs of the
cleaning agent are gone.

5. Stop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly
in order to relieve any pressure. Remove the
cocling system filler cap. Open the drain valve
(if equipped) or remove the cooling system drain
plugs. Allow the water to drain. Flush the cooling
system with clean water. If equipped, be sure to
flush the heater and any related supply and return
lines. Close the drain valve (if equipped). Clean
the drain plugs. Install the drain plugs. Refer to
the Specifications Manual, SENR3130, “Torgue
Specifications” for more information on the proper
torques.

Cooling Systems with Heavy
Deposits or Plugging

Note: For the following procedure to be effective,
there must be some active flow through the cooling
system components.

1. Flush the cooling system with clean water in order
to remove any debris,

Note: If equipped, be sure to flush the heater and
any related supply and return lines.

2. Close the drain valve (if equipped). Clean the
drain plugs. Install the drain plugs. Refer to
the Speciiications Manual, SENR3130, “Torque
Specifications” for more information on the proper
forques.

NOTICE
Fill the cocling system no faster than 19 L (5 US gal)
per minute to avoid air locks.

3. Fill the cooling system with a mixture of clean
water and Caterpillar Fast Acting Cooling System
Cleaner. Add 0.5 L (1 pint) of cleaner per
3.8107.6 L (1to2 US gal) of the cooling system
capacity. Install the cooling system filler cap.

4. Start and run the engine at low idle for a minimum
of 90 minutes. The coolant temperature should be
at least 82 °C (180 °F).

NOTICE
Improper or incomplete rinsing of the cooling system
can result in damage to copper and other metal com-
ponents.

To avoid damage to the cooling system, make sure
to completely flush the cooling system with clear wa-
ter. Continue te flush the system until all signs of the
cleaning agent are gone.

5. Stop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly
in order to relieve any pressure. Remove the
cooling system filler cap. Open the drain valve
(if equipped) or remove the cooling system drain
plugs. Allow the water to drain. Flush the cooling
system with clean water. Close the drain valve
(if equipped). Clean the drain plugs. Install the
drain plugs. Refer to the Specifications Manual,
SENR3130, “Torque Specifications” for more
information on the proper torques.

Fill

NOTICE
Fill the cooling system no faster than 12 L (5 US gal)
per minute to avoid air locks.

1. Fill the cooling systern with an antifreeze/coolant
solution. Refer fo the Operation and Maintenarnce
Manual, “Refill Capacitites and Recommendations”
topic (Maintenance Section) for more information
on cooling system specifications. Do not install the
cooling system filler cap.

2. Start and run the engine at low idle. Increase the
engine rpm to 1500 rpm. Run the engine at high
idle for one minute in order to purge the air from
the cavities of the engine block. Stop the engine.

3. Check the coolant level. Maintain the coclant level
within 13 mm (0.5 inch) below the bottom of the
pipe for filling. Maintain the coolant level within
13 mm (0.5 inch) to the proper level on the sight
glass (if equipped).
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4. Clean the cooling system filler cap. Inspect the
gasket that is on the cooling system filler cap. If
the gasket that is on the cooling system filler cap
is damaged, discard the old cooling system filler
cap and install a new cooling system filler cap.
if the gasket that is on the cooling system filler
cap is not damaged, perform a pressure test. A
95-8140 Pressurizing Pump is used to perform
the pressure test. The correct pressure for the
cooling system filler cap is stamped on the face of
the cooling system filler cap. If the cooling system
filler cap does not retain the correct pressure,
install a new cooling system filler cap.

5. Start the engine. Inspect the cooling system for
leaks and for proper operating temperature.

05185194

Coolant (ELC) - Change
SMCS Code: 1350-070; 1395-044

Clean the cooling system and flush the cooling
system before the recommended maintenance
interval if the following conditions exist:

« The engine overheats frequently.
» Foaming is observed.

= The cil has entered the cooling system and the
coolant is contaminated.

» The fuel has entered the cooling system and the
coolant is contaminated.

Note: When the cooling system is cleaned, only
clean water is needed when the ELC is drained and
replaced.

Note: Inspect the water pump and the water
temperature regulator after the cooling system has
been drained. This is & good opportunity to replace
the water pump, the water temperature regulator, and
the hoses, if necessary.

Drain

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are cool, Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.

1. Stop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly in
order to relieve any pressure. Remove the cooling
system filler cap.

2. Open the cooling system drain valve (if equipped).
If the cooling system is not equipped with a drain
valve, remove the cooling system drain plugs.

Allow the coolant to drain.

NOTICE
Dispose of used engine coolant properly or recycle,
Various methods have been proposed to reclaim used
coolant for reuse in engine coaling systems. The full
distillation procedure is the only method acceptable by
Caterpitlar to reclaim the used coolant.

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product. Be prepared to
collect the fluid with suitable containers before open-
ing any compartment or disassembling any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Cataleg” or refer to Special Pub-
lication, PECJ0003, “Caterpillar Shop Supplies and
Tools Cataleg” for tools and supplies suitable to cal-
lect and contain fluids on Caterpillar products.

Dispose of all fluids according fo local regulations and
mandates.

For information regarding the disposal and the
recycling of used coolant, consult your Caterpillar
dealer or consult Caterpillar Dealer Service Tool
Group:

Cutside lllinois: 1-800-542-TOOL
Inside lllinois: 1-800-541-TCOL
Canada: 1-800-523-TOCL

Flush

1. Flush the cooling system with clean water in order
to remove any debris.

2. Close the drain valve (if equipped). Clean the
drain plugs. Install the drain plugs. Refer to
the Specifications Manual, SENR3130, “Torque
Specifications” for more information on the proper
torques.

NOTICE
Fill the cooling system no faster than 19 L (5 US gal)
per minute to avoid air locks.
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3. Fill the cooling system with clean water. Install the
cooling system filler cap.

4. Start and run the engine at low idle until the
temperature reaches 49 to 66 °C (120 to 150 °F).

5. Stop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly
in order to relieve any pressure. Remove the
cooling system filler cap. Open the drain valve
(if equipped) or remove the cooling system drain
plugs. Allow the water {o drain. Flush the cooling
system with clean water. Close the drain valve
{if equipped). Clean the drain plugs. Install the
drain plugs. Refer to the Specifications Manual,
SENR3130, “Torque Specifications™ for more
information on the proper torques.

Fill

NOTICE
Fitl the cooling system no faster than 19 L (5 US gal)
per minute to avoid air locks.

1. Fill the cooling system with Extended Life Coolant
(ELC). Refer to this Operation and Maintenance
Manual, "Fluid Recommendations” for more
information on cooling system specifications. Do
not install the cooling system filler cap.

2. Start and run the engine at low idle. Increase the
engine rpm to high idie. Run the engine at high
idle for 1 minute in order to purge the air from the
cavities of the engine block. Stop the engine.

3. Check the coolant level. Maintain the coolant level
within 13 mm (0.5 inch) below the bottom of the
pipe for filling. Maintain the coolant level within
13 mm (0.5 inch) to the proper level on the sight
glass (if equipped).

4, Clean the cocling system filler cap. Inspect the
gasket that is on the cooling system filler cap.
Only instali the used filler cap if the gasket is not
damaged. Use a 9S-8140 Pressurizing Pump to
pressure test a reinstalled cooling system filler
cap. The correct pressure for the cooling system
filler cap is stamped on the face of the cooling
system filler cap. If the cooling system filler cap
does not retain the correct pressure, install a new
cooling system filler cap.

5. Start the engine. (nspect the cooling system for
teaks and for proper operating temperature.

04745732

Coolant Extender (ELC) - Add
SMCS Code: 1352-544-NL.

Cat ELC (Extended Life Coolant) does not require
the frequent additions of any supplemental cooling
additives which are assoctated with the present
conventional coolants. The Cat ELC Extender will
only be added one time.

NOTICE
Use only Cat Extended Life Coolant (ELC) Extender
with Cat ELC.

Do NOT use conventional supplemental coolant addi-
tive (SCA) with Cat ELC. Mixing Cat ELC with conven-
tional coolants and/or conventional SCA reduces the
Cat ELC service life.

Check the cacling system only when the engine is
stopped and cool.

A waRNING

Personal injury can result from hot coolant, steam
and alkali.

At operating temperature, engine coolant is hot
and under pressure. The radiator and all lines
to heaters or the engine contain hot coolant or
steam. Any contact can cause severe burns.

Remove cooling system pressure cap slowly to
relieve pressure only when engine is stopped and
cooling system pressure cap is cool enough to
touch with your bare hand.

Do not attempt to tighten hose connections when
the coolant is hot, the hose can come off causing
burns.

Cooling System Coolant Additive contains alkali.
Avoid contact with skin and eyes.
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Coolant Level - Check

NOTICE
Care must be taken to ensure that fiuids are contained
during performance of inspection, maintenance, test-
ing, adjusting, and repair of the product. Be prepared
to collect the fluid with suitable containers before
opening any compartment or disassembling any com-
ponent containing fluids.

Refer to Special Publication, NENG2500, “Cat Dealer
Service Tool Catalog™ or refer to Special Publication,
PECJ0003, “Cat Shop Supplies and Tools Catalog” for
tools and supplies suitable to collect and contain fluids
on Cat products.

Dispose of all fluids according o local regulations and
mandates.

1. Loosen the cooling system filler cap slowly in
order to refieve pressure. Remove the cooling
system filler cap.

2. If necessary, drain enough coclant from the
caooling system in order to add the Cat ELC
Extender.

3. Add Cat ELC Extender according to the
requirements for the cooling system capacity,
Refer to this Operation and Maintenance Manual,
“Refill Capacities” or {o this Operation and
Maintenance Manual, "Fluid Recommendations”
for more infermation.

4. Clean the cooling system filler cap. Inspect the
gaskets on the cooling system filler cap. Replace
the cooling system filler cap if the gaskets are
damaged. Install the cooling system filler cap.

03842450

Coolant Level - Check
SMCS Code: 1395-082

Check the coolant level when the engine is stopped
and cool.

llustration 23 g00285520

Cooling system filler cap

. AA\WARNING
Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are cool. Loosen the cooling system

pressure cap slowly in order to relieve the pres-
sure.

1. Remove the cooling system filler cap slowly in
order fo relieve pressure.,

2. Maintain the coolant level within 13 mm (0.5 inch)
of the bottom of the filler pipe. If the engine is
equipped with a sight glass, maintain the coolant
level to the proper level in the sight glass.

lllustration 24 gG0103639

Typical filler cap gaskets

3. Clean the cooling system filler cap and check the
condition of the filler cap gaskets. Replace the
cooling system filler cap if the filler cap gaskets are
damaged. Reinstall the cooling system filler cap.

4. Inspect the cooling system for leaks.
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105186396

Coolant Sample (Level 1) -
Obtain

SMCS Code: 1350-008; 1395-008; 1395-554; 7542

Note: Obtaining a Coolant Sample (Level 1) is
optional if the cooling system is filled with Cat
ELC (Extended Life Coolant}. Cooling systems that
are filled with Cat ELC should have a Coolant Sample
{Level 2} that is obtained at the recommended interval
that is stated in the Maintenance Interval Schedule.

Note: Obtain a Coolant Sample (Level 1) if the
cooling system is filled with any other coolant
instead of Cat ELC. A Coolant Sample (Level 1)
includes the following types of coolants:

= Commercial long life coolants that meet the
Caterpillar Engine Coolant Specification -1
(Caterpillar EC-1)

» Cat DEAC (Diesel Engine Antifreeze/Coclant)

= Commercial heavy-duty coolant/antifreeze

Table ¢
Recommended Interval
Type of Coolant Level 1 Level 2
Every 250
Cat DEAC Hours( Yearly@
Cat ELC Optional@ Yearly®

(1) This is the recommended interval for coofant samples for alt
conventional heavy-duty coolant/antifreeze. This is also the
recommended interval for coolant samples of commerciat
coolants that meet tha Cat EC-1 specification for engine
coolant.

) The Level 2 Coolant Analysis should be performed sooner if a
problem is suspected or identified.

NOTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn. This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

Note: Level 1 results may indicate a need for
Level 2 Analysis.

Obtain the sample of the coolant as close as
possible to the recommended sampling interval. In
order to receive the full effect of S-0-S analysis,

a consistent trend of data must be established.

In order to establish a pertinent history of data,
perform consistent samplings that are evenly spaced.
Supplies for collecting samples can be obtained from
your Caterpillar dealer.

Use the following guidelines for proper sampling of
the coolant:

« Complete the information on the labef for the
sampling bottle before you begin to take the
samples.

» Keep the unused sampling bottles stored in plastic
bags.

+ Obtain coolant samples directly from the coolant
sample port. You should not obtain the samples
from any other location.

» Keep the lids on empty sampling bottles until you
are ready to collect the sample,

+ Place the sample in the mailing tube immediately
after obtaining the sample in order to avoid
contamination.

« Never collect samples fram expansion bottles.

» Never collect samples from the drain for a system.

Submit the sample for Level 1 analysis.

For additional information about coolant analysis,

see this Operation and Maintenance Manual, “Refill

Capacities and Recommendations” or consult your
Caterpiilar dealer.

03907892

Coolant Sample (Level 2) -
Obtain

SMCS Code: 1350-008; 1395-008; 1395-554; 7542

NOTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn. This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

—
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Coolant Temperature Regulator - Replace

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product. Be preparedto
collect the fluid with suitable containers before open-
ing any compariment or disassembling any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog” or refer to Special Pub-
lication, PECJ0O003, "Caterpillar Shop Supplies and
Tools Catalog” for tools and supplies suitable fo col-
lect and contain fluids on Caterpillar products.

Dispose of all fluids according 1o local regulations and
mandates.

Refer to Operation and Maintenance Manual,
"Cooling System Coolant Sample (L.evel 1) - Obtain”
for the guidelines for a proper sampling of the coolant.

Submit the sample for Level 2 analysis.

For additional information about coolant

analysis, see Special Publication, SEBUB251,
“Caterpillar Commercial Diesel Engines Fluids
Recommendations” or consult your Caterpillar dealer.

Coolant Temperature
Regulator - Replace

SMCS Code: 1355-510

Replace the water temperature regulator before
the water temperature regulator fails. Replacing
the water temperature regulator is a recommended
preventive maintenance practice. Replacing the
water femperature regulator reduces the chances
for unscheduled downtime. Refer to this Operation
and Maintenance Manual, “Maintenance Interval
Schedule” for the proper maintenance interval.

A water temperature regulator that fails in a
partially opened position can cause overheating or
overcooling of the engine.

A water temperature regulator that fails in the closed
position can cause excessive overheating. Excessive
overheating could result in cracking of the cylinder
head or piston seizure problems.

A water temperature regulator that fails in the open
pasition will cause the engine operating temperature
io be too low during partial load operation. Low
engine operating temperatures during partial loads
could cause an excessive carbon buildup inside the
cylinders. This excessive carbon buildup could result
in an accelerated wear of the piston rings and wear
of the cylinder liner.

NOTICE
Failure to replace your water temperature regulator
on a regularly scheduled basis could cause severe
engine damage.

Caterpillar engines incorporate a shunt design cooling
system and require operating the engine with a water
temperature regulator installed.

If the water temperature regulator is installed incor-
rectly, the engine may overheat, causing cylinder head
damage. Ensure that the new water temperature reg-
uiator is installed in the original position. Ensure that
the water temperature regulator vent hole is open.

Do not use liquid gasket materiai on the gasket or
cylinder head surface.

Refer fo two articles in the Disassembly and
Assembly Manual, “Water Temperature Regulators
- Remove and Water Temperature Regulatars -
Install” for the replacement procedure of the water
temperature regulator, or consult your Caterpillar
dealer.

Note: If the water temperature regulators are
replaced, drain the coolant from the cooling system to
a level that is below the water temperature regulator
housing.

05186529

Cooling System Supplemental
Coolant Additive (SCA) -
Test/Add

SMCS Code: 1352-045; 1395-081

Cooling system coolant additive contains alkali.
To help prevent personal injury, avoid contact with
the skin and eyes. Do not drink cooling system
coolant additive.
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Cooling System Supplemental Coolant Additive (SCA) - Test/Add

NOTICE
Excessive supplemental coolant additive concentra-
tion can form deposits on the higher temperature sur-
faces of the cooling system, reducing the engine's
heat transfer characteristics. Reduced heat transfer
could cause cracking of the cylinder head and other
high temperature components.

Excessive supplemental coolant additive concentra-
tion could also result in blockage of the heat exchang-
er, overheating, and/or accelerated wear of the water
pump seal.

Do not exceed the recommended amount of supple-
mental coolant additive concentration.

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product, Be prepared to
collect the fluid with suitable containers before open-
ing any compartment or disassembiing any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog” and to Special Publica-
tion, GECJ0003, “Cat Shop Supplies and Tools” for
teols and supplies suitable to coltect and contain fiu-
ids on Caterpillar products.

Dispose of all fluids according to applicable regula-
tions and mandates,

Note: Caterpillar recommends an S-0O'S coolant
analysis {Level 1).

Cooling Systems that Use
Conventional Coolant

This maintenance procedure is required for
conventional coolants such as DEAC.This

maintenance is NOT required for cooling systems
that are filled with Extended Life Coolant.

Test the Concentration of the SCA

NOTICE
Do not exceed the recommended six percent supple-
mental coolant additive concentration,

Test the concentration of the SCA with the 8T-5296
Coolant Conditioner Test Kit.

Add the SCA, If Necessary

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are cool. Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.

1. Remove the cooling system filler cap slowly.

2. If necessary, drain some coolant in order to allow
space for the addition of the SCA,

3. Add the proper amount of SCA. For the proper
amount of SCA, refer fo this Operation and
Maintenance Manual, "Refill Capacities " topic.
The proper concentration of SCA depends on
the type of coolant that is used. Far the proper
concentration of SCA, refer to Special Publication,
SEBUB251, “"Caterpillar Commercial Diesel
Engine Fluids Recommendations”.

4. Clean the cooling system filler cap. Install the
cooling system filler cap.

Cooling Systems that Use Water
and SCA

Test the Concentration of the SCA

Test the concentration of the SCA with a 298-5311
Cootant Nitrite Test Kit for SCA or perform an $5-0-3
Coolant Analysis. The test kit includes the following
items: a tool for the testing, 30 ampoules for testing
nitrite, instructions, and a case. 294-7420 Test

Kit contains the refill ampoules for the 298-5311
Coolant Nitrite Test Kit. Use the instructions that are
included with the test kit in order to properly conduct
the testing.

Refer to this Operation and Maintenance Manual,
*Maintenance Interval Schedule” for the times at
which the procedures should be conducted. Test the
concentration of the SCA more frequently if more
frequent testing is indicated by the results of the
S-0-S Coolant Analysis.

NOTICE
Do not exceed the recommended eight percent sup-
plemental coolant additive concentration.
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Crankshaft Vibration Damper - Inspeact

Add the SCA, If Necessary

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cocling system filler cap,
stop the engine and wait until the cooling system
components are cool, Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.

1. Remove the cooling system filler cap slowly.

2. If necessary, drain some coolant in order to allow
space for the addition of the SCA.

3. Add the proper amount of SCA. For the proper
amount of SCA, refer to this Operation and
Maintenance Manual, “Refill Capacities " topic. For
the proper concentration of SCA, refer to Special
Publication, SEBU6251, “Caterpillar Cornmercial
Diesel Engine Fluids Recommendations”.

4. Clean the cooling system filler cap. Install the
cooling system filler cap.

02933380

Crankshaft Vibration Damper
- Inspect

SMCS Code: 1205-040

Damage to the crankshaft vibration damper or failure
of the crankshaft vibration damper can increase
torsional vibrations. This can result in damage to
the crankshaft and to other engine components. A
damper that is damaged can cause excessive gear
train noise at variable points in the speed range.

The damper is mounted to the crankshaft which is
located behind the belt guard on the front of the
engine.

Visconic Damper

The visconic damper has a weight that is located
inside a fluid filled case. The weight moves in the
case in order {o limit torsional vibration.

Inspect the damper for evidence of fluid leaks. If
a fluid leak is found, determine the type of fluid.
The fluid in the damper is silicone. Silicone has
the following characteristics: transparent, viscous,
smooth, and adhering.

If the fluid leak is oll, inspect the crankshaft seals for
leaks. If a leak is observed, replace the crankshaft
seals.

Inspect the damper and repair or replace the damper
for any of the following reasons:

« The damper is dented, cracked, or leaking.
+ The paint on the damper is discolored from heat.

= The engine has had a failure because of a broken
crankshaft.

= Analysis of the oil has revealed that the front main
bearing is badly worn.

« There is a large amount of gear train wear that is
not caused by a lack of oil.

Refer to the Disassembly and Assembly Manual,
“Vibration Damper and Pulley - Remove and Install’

or consult your Caterpillar dealer for information
about damper replacement.

00174798

Driven Equipment - Check
SMCS Code: 3279-535

Refer to the OEM specifications for more information
on the following mainienance recommendations for
the driven equipment:

« Inspection

« Adjustment

« Lubrication

« Other mainfenance recommendations

Perform any maintenance for the driven equipment
which is recommended by the OEM.

01646701

Engine - Clean

SMCS Code: 1000-070

Personal injury or death can result from "high'\iolt-
age.

Moisture can create paths of electrical conductiv-
ity.

Make sure that the electrical system is OFF, Lock
out the starting controls and tag the controls “DO
NOT OPERATE".
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Engine Air Cleaner Element (Dual Element} - Inspect/Clean/Replace

NOTICE
Accumulated grease and oil on an engina is a fire haz-
ard. Keep the engine clean. Remove debris and fluid
spills whenever a significant gquantity accumulates on
the engine,

Periodic cleaning of the engine is recommended.
Steam cleaning the engine will remove accumulated
oil and grease. A clean engine provides the following
benefits:

+ Easy detection of fluid leaks
« Maximum heat transfer characteristics
= Ease of maintenance

Note: Caution must be used in order to prevent
electrical components from being damaged by
excessive water when you clean the engine. Avoid
electrical components such as the alternator, the
starter, and the ECM.

Engine Air Cleaner
Element (Dual Element) -
Inspect/Clean/Replace

(If Equipped)

SMCS Code: 1051; 1054-040; 1054-070; 1054-510

NOTICE

Never run the engine without an air cleaner element
installed. Never run the engine with a damaged air
cleaner element. Do not use air cleaner elements with
damaged pleats, gaskets or seals. Dirt entering the
engine causes premature wear and damage to engine
components. Air cleaner elements help to prevent air-
borne debris from entering the air inlet.

NOTICE
Never service the air cleaner element with the engine
running since this will allow dirt to enter the engine.

Servicing.'the Air Cleaner Elements

If the air cleaner element becomes plugged, the air
can split the material of the air cleaner element.
Unfiltered air will drastically accelerate internal engine
wear. Your Caterpillar dealer has the proper air
cleaner elements for your application. Consult your
Caterpillar dealer for the correct air cleaner element.

+ Check the precleaner (if equipped) daily for
accumulation of dirt and debris. Remove any dirt
and debris, as needed,

+ Operating conditions (dust, dirt, and debris) may
require more frequent service of the air cleaner
element.

+ The air cleaner element may be cleaned up to six
times if the element has been properly cleaned
and inspected.

» The air cleaner element should be replaced at least
one time per year. This replacement should be
performed regardless of the number of cleanings.

Replace the dirty paper air cleaner elements with
clean air cleaner elements. Before installation, check
the air cleaner elements thoroughly for tears and/or
holes in the filler material. Inspect the gasket or

the seal of the air cleaner element for damage.
Maintain a supply of suitable air cleaner elements
for replacement purposes,

Dual Element Air Cleaners

The dual element air cleaner contains a primary air
cleaner element and a secondary air cleaner element.
The primary air cleaner element can be used up to
six times if the element has been properly cleaned
and inspected. The primary air cleaner element
should be replaced at least one time per year. This
replacement should be performed regardiess of the
number of cleanings.

The secondary air cleaner element is not serviceable
or washable. The secondary air cleaner element
should be removed and discarded for every three
cleanings of the primary air cleaner element. When
the engine is operating in environments that are
dusty or dirty, air cleaner elements may require more
frequent replacement.

/)

Niustration 25 400736431

(1) Cover

(2) Primary air cleaner element
(3) Secondary air cleaner element
{4} Air inlet for the turbocharger
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Engine Air Cleaner Element (Dual Element) - Inspect/Clean/Replace

1. Remove the cover. Remove the primary air
cleaner element.

2. The secondary air cleaner element should be
removed and discarded for every three cleanings
of the primary air cleaner element.

Note: Refer to “Cleaning the Primary Air Cleaner
Elements”.

3. Cover the air inlet to the turbocharger with tape
in order to keep out dirt.

4. Clean the inside of the air cleaner cover and body
with a clean, dry cloth.

5. Remove the tape from the air infet of the
turbocharger. Install the secondary air cleaner
element. Install a primary air cleaner element that
is new or cleaned.

6. Install the air cleaner cover.

7. Reset the air cleaner service indicator.

Cleaning the Primary Air Cleaner
Elements

NOTICE
Caterpillar recommends ceriified air filter cleaning ser-
vices that are available at Caterpillar dealers. The
Caterpillar cleaning process uses proven procedures
to assure consistent quality and sufficient filter life.

Observe the following guidelines if you attempt to
clean the filter element:

Do not tap or strike the filter element in order to re-
maove dust.

Do not wash the filter element.

Use low pressure compressed air in order to remove
the dust from the filter element. Air pressure must not
exceed 207 kPa (30 psi). Direct the air flow up the
pleats and down the pleats from the inside of the fifter
element, Take extreme care in order to avoid damage
to the pleats.

Do not use air filters with damaged pleats, gaskets, or
seals. Dirt entering the engine will cause damage to
engine components,

The primary air cleaner element can be used up to
six times if the element has been properly cleanad
and inspected. When the primary air cleaner element
is cleaned, check for rips or tears in the filter material.
The primary air cleaner element should be replaced
at least one time per year. This replacement should
be performed regardiess of the number of cleanings.

Use clean primary air cleaner elements while dirty
elements are being cleaned.

NOTICE
Do not clean the air cleaner elements by bumping or
tapping. This could damage the seals. Do not use el-
ements with damaged pleats, gaskets or seals. Dam-
aged elements will allow dirt to pass through. Engine
damage could result,

Visually inspect the primary air cleaner elements
before cleaning. Inspect the air cleaner elements for
damage to the seal, the gaskets, and the outer cover.
Discard any damaged air cleaner elements.

There are two commoen methods that are used to
clean primary air cleaner elements:

« Pressurized air

« Vacuum cleaning

Pressurized Air

Pressurized air can be used to clean primary air
cleaner elements that have not been cleaned more
than two times. Pressurized air wili not remove
deposits of carbon and oil. Use filtered, dry air with a
maximum pressure of 207 kPa (30 psi).

lllustration 26 q00281682

Note: When the primary air cleaner elements are
cleaned, always begin with the clean side (inside)
in order to force dirt particles toward the dirty side
(outside).

Aim the hose so that the air flows inside the element
along the length of the filter to prevent damage fo the
paper pleats, Do not aim the siream of air directly af

the primary air cleaner element. Dirt couid be forced

further into the pleats.

Note: Refer to “Inspecting the Primary Air Cleaner
Elements”.
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Vacuum Cleaning

Vacuum cleaning is a good method for cleaning
primary air cleaner elements which require daily
cleaning because of a dry, dusty environment.
Cleaning with pressurized air is recomimended prior
to vacuum cleaning. Vacuum cleaning will not remove
deposits of carbon and oil.

Note: Refer fo "Inspecting the Primary Air Cleaner
Elements”.

Inspecting the Primary Air Cleaner
Elements

\llustration 27 400281693

Inspect the clean, dry primary air cleaner element.
Use a 60w blue light in a dark room or in a similar
facility. Place the blue light in the primary air cleaner
element, Rotate the primary air cleaner element,
Inspect the primary air cleaner element for tears
and/or holes. Inspect the primary air cleaner element
for light that may show through the filter material. To
confirm the result, compare the primary air cleaner
element to a new air cleaner element that has the
same part number,

Do not use a primary air cleaner element that has
any tears and/or holes in the filter material. Do not
use a primary air cleaner element with damaged
pleats, gaskets, or seals. Discard damaged primary
air cleaner elements,

Storing Primary Air Cleaner Elements

If & primary air ¢cleaner element that passes inspection
will not be used, the primary air cleaner element can
be stored for future use.

llkustration 28 00281694

Do not use paint, a waterproof cover, or plastic as a
protective covering for storage, An air flow restriction
may resulit. To protect against dirt and damage, wrap
the primary air cleaner elements in Volatile Corrosion
Inhibited (VCI) paper.

Place the primary air cleaner element into a box
for storage. For identification, mark the outside of
the box and mark the primary air cleaner element.
Include the following information:

= Date of cleaning
» Number of cleanings

Store the box in a dry location.

Engine Air Cleaner Service
Indicator - Inspect
(If Equipped)

SMCS Code: 7452-040

Some engines may be equipped with a different
service indicator.

Some engines are equipped with a differential gauge
for inlet air pressure. The differential gauge for inlet
air pressure displays the difference in the pressure
that is measured before the air cleaner element and
the pressure that is measured after the air cleaner
element. As the air cleaner element becomes dirty,
the pressure differential rises. If your engine is
equipped with a different type of service indicator,
follow the OEM recommendations in order to service
the air cleaner service indicator.

The service indicatar may be mounted on the air
cleaner housing or in a remote location.
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Engine Air Precleaner - Check/Clean

ustration 29 goG103777
Typical service indicatar

Observe the service indicator. The air cleaner
element should be cleaned or the air cleaner element
should be replaced when one of the following
conditions occur;

s The yellow diaphragm enters the red zone.

= The red piston locks in the visible position,

Test the Service Indicator
Service indicators are imporiant instruments.

« Check for ease of resetting. The service indicator
should reset in less than three pushes.

» Check the movement of the yellow core when the
engine is accelerated to the engine rated speed.
The yellow core should latch approximately at the
greatest vacuum that is attained.

if the service indicator does nof reset easily, or if the
yellow core does not |latch at the greatest vacuum,
the service indicator should be replaced. If the new
service indicator will not reset, the hole for the service
indicator may be plugged.

The service indicator may need to be replaced
frequently in environments that are severely dusty, if
necessary. Replace the service indicator annually
regardless of the operating conditions. Replace the
service indicator when the engine is overhauled, and
whenever majer engine components are replaced.

Note: When a new service indicator is installed,
excessive force may crack the top of the service
indicator. Tighten the service indicator to a torque
of 2 N'm (18 Ib in).

02927289

Engine Air Precleaner -
Check/Clean

SMCS Code: 1055-070; 1055-535

{llustration 30 901453058

Typical engine air precleaner

(1) Wing nut
(2) Cover
(3) Body

Remove wing nut (1} and cover (2). Check for an
accumulation of dirt and debris in body (3). Clean the
body, if necessary.

After cleaning the precleaner, install cover (2) and
wing nut (1),

Note: When the engine is operated in dusty
applications, more frequent cleaning is required.

02327200
Engine Crankcase Breather -
Clean

SNCS Code: 1317-070

lllustration 31 q01162483
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The crankcase breather is located on the hack of
the engine.

1. Remove the tube (2) from the outlet of the breather
and loosen the clamp.

2. Remove the bolts (1) and remove the breather
from the engine.

3. Check the condition of the seal. Replace the seal
if the seal is damaged.

4. Remaove the breather element. Wash the breather
element and wash the breather in a clean
nonflammable solvent.

5. Shake the breather element uniil the breather
element is dry. You may also use pressurized air
in order to dry the breather element.

6. Check the condition of the fube. Replace the tube
if the tube is damaged.

7. Install the element into the breather and install the
breather.

8. Install the tube onto the outlet of the breather
cover and tighten the clamp.

i02135969

Engine Mounts - Inspect

SMCS Code: 1152-040; 1152

Inspect the engine mounts for deterioration and for
proper bolt torque. Engine vibration can be caused
by the following conditions:

» Improper mounting of the engine

= Deterioration of the engine mounts

Any engine mouni that shows deterioration should
be replaced. Refer to the Specifications Manual,

SENR3130, "Torque Specifications”. Refer to your
Caterpillar dealer for more information.

05187192

Engine Oil Level - Check

SMCS Code: 1348-535-FLV

e A WARNING e

Hot oil and hot components can cause personal
injury. Do not allow hot oil or hot components to
contact the skin.

P S ¥ S ——
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___ADD FULL

g00110310

litustration 32

(Y) "ADD" mark
(X) “FULL" mark

NOTICE
Perform this maintenance with the engine stopped.

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting, and repair of the product. Be prepared
to collect the fluid with suitable containers before
opening any compartment or disassembling any com-
ponent containing fluids.

Refer to Special Publication, NENG2500, “Cat Dealer
Service Tool Catalog” or refer to Special Publication,
PECJ0003, “Cat Shop Supplies and Tools Catalog” for
tools and supplies suitable to collect and contain fluids
on Cat products.

Dispose of all fluids according to local regulations and
mandates.

1. Maintain the ol level between "ADD" mark (Y) and
“FULL" mark (X) on the oil leve! gauge. De not fill
the crankcase above "FULL™ mark (X).

NOTICE
Engine damage can occur if the crankcase is filled
above the "FULL" mark on the oil level gauge {dip-
stick).

An overfull crankcase can cause the crankshaft to dip
into the oil. This will reduce the power that is devel-
oped and also force air bubbles into the oil. These
bubbles (foam) can cause the following problems: re-
duction of the oil's ability to lubricate, reduction of oil
pressure, inadequate cooling, oil blowing out of the
crankcase breathers, and excessive oil consumption.

Excessive oil consumption will cause deposits to form
on the pistons and in the combustion chamber. De-
posits in the combustion chamber lead to the following
problems: guttering of the valves, packing of carbon
under the piston rings, and wear of the cylinder liner.

If the oil level is above the "FULL” mark on the oil level
gauge, drain some of the oil inmediately.
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Engine Qil Sample - Obtain

2. Remove the oil filler cap and add oil, if necessary.
For information about choosing the correct oil
for the engine, refer to one of the following
articles: Operation and Maintenance Manual,
“Refill Capacities and Recommendations” ar
Operation and Maintenance Manual, "Fluid
Recommendations”. Do not fill the crankcase
above “FULL" mark {X) on the oil level gauge.
Clean the oil filler cap. Install the oil filler cap.

3. Record the amount of oil that is added. For the
next oil sample and analysis, include the total
amount of cil that has been added since the
previous sample. This information will help to
provide the most accurate oil analysis.

04237495

Engine Oil Sample - Obtain
SMCS Code: 1348-554-8M

In addition to a good preventive maintenance
program, Caterpillar recommends using S-0-3 oil
analysis al regularly scheduled intervals. 5-O-S oil
analysis provides infrared analysis, which is required
for determining nitration and oxidation levels.

Obtain the Sample and the Analysis

. AwarniNg

Hot oil and hot components can cause péfsonal
injury. Do not allow hot oil or hot components to
contact the skin.

Before you take the oil sample, complete the Label,
PEEPS5031 for identification of the sample. In order
to help obtain the most accurate analysis, provide
the following information:

= Engine model
+ Service hours on the engine

« The number of hours that have accumulated since
the last oil change

« The amount of oil that has been added since the
last oil change

To ensure that the sample is representative of the oil
in the crankcase, obtain a warm, mixed oil sample.

To avoid contamination of the oil samples, the tools
and the supplies that are used for obtaining oil
samples must be clean.

Caterpillar recommends using the sampling valve

in order to obtain oil samples. The quality and the
consistency of the samples are better when the
sampling valve is used. The location of the sampling
valve allows oil that is flowing under pressure to be
obtained during normal engine operation.

The 169-8373 Fluid Sampling Bottle is
recommended for use with the sampling valve. The
fluid sampling bottle includes the paris that are
needed for obtaining oil samples. Instructions are
also provided.

NOTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn. This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

If the engine is not equipped with a sampling valve,
use the 1U-5718 Vacuum Pump. The pump is
designed to accept sampling bottles. Disposable
tubing must be attached to the pump for insertion
into the sump.

For instructions, see Special Publication, PEGJ0047,
"How To Take A Good S-0-S Qil Sample”. Consult
your Cat dealer for complete information and
assistance in establishing an S-0-S program for your
engine.

05187184

Engine Oil and Filter - Change
SMCS Code: 1318-510

Hot oil and hot components can cause personal
injury. Do not allow hot oil or hot components to
contact the skin.

Do not drain the oil when the engine is cold. As the oil
cools, suspended waste particles settle on the bottom
of the oil pan. The waste pariicles are not removed
with the draining cold cil. Drain the crankcase with
the engine stopped. Drain the crankcase with the

oil warm. This draining method allows the waste
particles that are suspended in the oil to be drained
properly.

Failure to follow this recommended procedure will
cause the waste particles to be recirculated through
the engine lubrication system with the new oil.
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Engine Qil and Filter - Change

SEBU8599-03

Drain the Engine Oil

After the engine has been run at the normal operating
temperature, stop the engine. Use one of the
following methods to drain the engine crankcase oil:

= Ifthe engine is equipped with a drain valve, turn the
drain valve knob counterclockwise in order to drain
the oil. After the oil has drained, turn the drain valve
knohb clockwise in order to close the drain valve.

+ [f the engine is not equipped with a drain valve,
remove the ofl drain plug in order to allow the oil
to drain. If the engine is equipped with a shallow
sump, remove the bottom oil drain plugs from both
ends of the ol pan.

After the oil has drained, the oil drain plugs should
be cleaned and installed.

Replace the Qil Filter

NOTICE

Caterpillar oil filters are built to Caterpillar speci-
fications. Use of an oil filter not recommended by
Caterpillar could result in severe engine damage to
the engine bearings, crankshaft, etc., as a result of
the larger waste particles from unfiltered oil entering
the engine lubricating system. Only use oil filters
recommended by Caterpillar.

1. Remove the ol filter with a 1U-8780 Chain
Wranch.

2. Cut the oil filter open with a 175-7546 Qil Filter
Cutter Gp. Break apart the pleats and inspect the
oil filter for metal debris. An excessive amount
of metal debris in the oil filter may indicate early
wear or a pending failure.

Use a magnet to differentiate between the ferrous
metals and the nonferrous metals that are found in
the oil filter element. Ferrous metals may indicate
wear on the steel and cast iron parts of the engine.

Nonferrous metals may indicate wear on the
aluminum parts, brass parts, or bronze parts of
the engine. Parts that may be affected include
the following items: main bearings, rod bearings,
turbocharger bearings, and cylinder heads.

Due to normal wear and friction, it is not
uncommon to find small amounts of debris in the
oil filter. Consult your Caterpillar dealer in order
to arrange for a further analysis if an excessive
amount of debris is found in the oil filter.

Htustration 33 500103713

Typical fiiter mounting hase and filter gasket

3. Clean the sealing surface of the filter mounting
base. Ensure that all of the old oil {ilter gasket is
removed,

4. Apply clean engine oil to the new oil filter gasket.

NOTICE
Do not fill the oil filters with oil before installing them.
This oil would not be filtered and could be contaminat-
ed. Contaminated oil can cause accelerated wear to
engine components.

5. Install the oil filter. Tighten the oil filter until the
oil filter gasket contacts the base, Tighten the oil
filter by hand according to the instructions that are
shown on the oil filter. Do not overtighten the oil
filter.

Fill the Engine Crankcase

1. Remove the oll filler cap. Refer to the Operation
and Maintenance Manual, “Refill Capacities
and Recommendations” or Operation and
Maintenance Manual, “Refill Capacities”ior more
information.

NOTICE
If equipped with an auxiliary oil filter system or a re-
mote ol filter system, follow the OEM or filier manu-
facturer's recommendations. Under filling or overfilling
the crankcase with oil can cause engine damage.

NOTICE
To prevent crankshaft bearing damage, crank the en-
gine with the fuel OFF. This will fill the oil filters before
starting the engine. Do not crank the engine for more
than 30 seconds,
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Engine Protective Devices - Check

2. Start the engine and run the engine at "LOW
IDLE” for 2 minutes. Perform this procedure in
arder {o ensure that the lubrication system has
oil and that the oil filters are filled. Inspect the oil
filter for oil leaks.

3. Stop the engine and allow the oil to drain back to
the sump for a minimum of 10 minutes.

4. Remove the oil level gauge in order to check the
oil level. Maintain the oil level between the “ADD”
and “FULL" marks on the oil level gauge.

00626013

Engine Protective Devices -
Check

SMCS Code: 7400-535

Alarms and shutoffs must function property. Alarms
provide timely warning to the operator. Shutoffs help
to prevent damage {o the engine. i{ is impossible

to determine if the engine protective devices are

in good working order during normal operation.
Malfunctions must be simulated in order to test the
engine protective devices.

A calibration check of the engine protective devices
will ensure that the alarms and shutoffs activate

at the setpoints. Ensure that the engine protective
devices are functioning properly.

NOTICE
During testing, abnormal operating conditions must be
simulated.

The tests must be performed correctly in order to pre-
vent possible damage to the engine.

To prevent damage to the engine, only authorized
service personnel or your Caterpillar dealer should
perform the tests.

Visual Inspection

Visually check the condition of all gauges, sensors
and wiring. Look for wiring and components that
are loose, broken, or damaged. Damaged wiring
or componenis should be repaired or replaced
immediately.

i04000684

Engine Speed/Timing Sensor -
Clean/Inspect

SMCS Code: 1905-040; 1905-070; 1907-040;
1907-070

NOTICE
Failure to perform the inspection at less than 4500
hours will not void the emission-related warranty.

Two speedftiming sensars (1) and (2) are mounted in
the front housing. Bath of these sensors are pulled
into position by bolts.

1. Remove the speeditiming sensors from the front
housing. Check the condition of the plastic end
of the speedftiming sensors for wear and/or
contaminants.

2. Clean the metal shavings and other debris from
the face of the speed/timing sensors. Use the
procedure in the Service Manual in order to
calibrate the speed/timing sensors.

lliustration 34 g02143194
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Engine Storage Procedure - Check
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Hiustration 35 902366556

02703023

Engine Storage Procedure -
Check

SMCS Code: 1000-535

Caterpillar recommends storage procedures and
start-up procedures for all engines that are stored
for more than 1 month. These procedures provide
maximurm protection to internal engine components.
Refer to Special Instruction, SEHS9031, “Storage
Procedure For Caterpillar Products” for information
on these procedures,

An extension of the oil change interval to 12 months
is permitted if you follow the required procedures for
storage and start-up. This extension is permitted if the
following intervals in the Operation and Maintenance
Manual, “Maintenance Interval Schedule™ have not
been reached:

» Operating hours

« Fuel consumption

03964791

Engine Valve Lash - Check
SMCS Code: 1105-535

Note: Procedures for adjusting the valve lash can be
found in Systems Operation/Testing and Adjusting,
“Valve Lash Adjustment”. Consult your Cat dealer
for assistance.

. Awarnmg .

Ensure thatthe engine cannot be started while this
maintenance is being performed. To help prevent
possible injury, do not use the starting motor {o
turn the fiywheel.

Hot engine components can cause burns. Allow
additional time for the engine to cool before mea-
suring/adjusting valve lash clearance.

01587115

Engine Valve Rotators - Inspect
SMCS Code: 1109-040

When inspecting the valve rotators, protective
glasses or face shield and protective clothing

must be worn, to help prevent being burned by
hot oil or spray.

Engine valve rotators rotate the valves when the
engine runs. This helps to prevent deposits from
building up on the valves and the valve seats.

Perform the following steps after the engine valve
lash is set, but before the valve covers are installed:

1. Start the engine according to Operation and
Maintenance Manual, “Engine Starting” (Operation
Section) for the procedure.

2. Operate the engine at low idle.
3. Observe the top surface of each valve rotator. The

valve rotators should turn slightly when the valves
close.

NOTICE
A valve rotator which does not operate properly will
accelerate valve face wear and valve seat wear and
shorten valve life. If a damaged rotator is not replaced,
valve face guttering could result and cause pieces of
the valve to fall into the cylinder. This can cause piston
and cylinder head damage.

if a valve fails to rotate, consult your Caterpillar
dealer,
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Fan Drive Bearing - Lubricate

i02784507

Fan Drive Bearing - Lubricate
SMCS Code: 1359-086-BD

Some of the fan drives have grease fittings and some
of the fan drives do not have grease fitlings. lf there is
no grease fitting, periodic lubrication is not required.
The fan drive requires grease only if the fan drive

is equipped with a zerk.

lllustration 36 goov451686

Typical location of the grease fitting (if equipped) that is for the fan
drive bearing

The puiley is shown with the belt guards that have been removed.

Lubricate the grease fitting that is on the fan drive
bearing with High Speed Ball Bearing Grease or the
equivalent.

Inspect the fan drive pulley assembly for wear or for
damage. If the shaft is loose, an inspection of the
internal components should be performed. Refer fo
the Systems Operation Testing and Adjusting Manual
for additional information.

02053753

Fan Drive Bearing - Replace
SMCS Code: 1359-510-BD

1. Remove Bearings. Refer to Disassembly and
Assembly, "Bearing Removal”.

2. Measure the bearing housings for roundness and
for proper size.

3. Replace the bearings.

03623731

Fuel Injector - Inspect/Adjust
SMCS Code: 1280-025; 1280-040

A WAHI\!ING

Be sure the engine cannot be started whlle this
maintenance is being performed. To prevent pos-
sible injury, do not use the starting motor to turn
the flywheel.

Hot engine components can cause burps. Allow
additional time for the engine {o cool before mea-
suring/adjusting the unit injectors.

The electronic unit injectors use high voltage. Dis-
connect the unit injector enable circuit connector
in order to prevent personal injury. Do not come
in contact with the injector terminals while the en-
gine is running.

The operation of Caterpillar engines with improper
adjustments of the electronic unit injector can reduce
engine efficiency. This reduced efficiency could result
in excessive fue! usage and/or shortened engine
component life.

Only qualified service personnel should perform

this maintenance. Refer to the following topics

for your engine for the correct procedure: Refer

to the Systems Cperation, Testing and Adjusting,
“Electronic Unit Injector - Test” for the test procedure,
and Systems Operation, Testing and Adjusting,
“Elecironic Unit Injector - Adjust” for the correct
procedure for adjusting the injectors.

NOTICE
The camshafts must be correctly timed with the crank-
shaft before an adjustment of the lash for the fuel in-
jector is made. The timing pins must be removed from
the camshafts before the crankshaft is turned or dam-
age to the cylinder block will be the result.

i0432862¢

Fuel System - Prime

SMCS Code: 1250-548; 1258-548

A wnnmms

Fuel Ieaked or spilled onto hot surfaces or elec-
trical components can cause a fire. To help pre-
vent possible injury, turn the start switch off when
changing fuel filters or water separator elements.
Clean up fuel spills immediately.
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Fuel System Primary Filter (Water Separator) Element - Replace

Priming the fuel system fills the fuel filters. Priming
the fuel system aliso removes air from the fuel
system. This procedure is used primarily when the
engine runs out of fuel.

1. Hold ON uniil the audible tone of the pump
changes.

NOTICE
Do not crank the engine continuously for more than
30 seconds. Allow the starting motor to cool for two
minutes before cranking the engine again.

2. If the engine does not start, repeat Step 1 in order
to start the engine.

Fuel System Primary Filter
(Water Separator) Element -
Replace

SMCS Code: 1260-510-FQ; 1263-510-FQ

Water in the fuel can cause the engine to run rough.
Water in the fuel may cause an electronic unit injector
to fail. If the fuel has been contaminated with water,
the element should be changed before the regularly
scheduled interval.

The primary filter/water separator also provides
filtration in order to help extend the life of the
secondary fuel! filter. The element should be changed
regularly. Install a vacuum gauge. Change the
element for the primary filter/water separator if the
pressure is at 50 to 70 kPa (15 to 20 inches Hg).

Replace the Element

Fuel leaked or spilled onto hot surfaces or elec-
trical components can cause a fire. To help pre-
vent possible injury, turn the start switch off when
changing fue! filters or water separator elements.
Clean up fuel spills immediately.

lllustration 37 go0668636

{1) Bowl
{2} Element
{3) Drain

1. Stop the engine.

2. Turn the start switch to the "OFF" position.

3. Shut off the fuel tank supply valve to the engine.
4. If the primary fuel filter is equipped with a drain

valve (3), open the drain valve in order to drain any
fuel from the filter case. Close the drain valve (3).

NOTICE
Use a suitable container to cafch any fuel that might
spill. Clean up any spilled fuel immediately.

5. Remove the fuel filter bowl (1) and wash the fuel
filter bowl with clean diesel fuel.

6. Remove the fuel fiiter (2).

7. Clean the gasket sealing surface of the fuel filter
base. Ensure that all of the old gasket is removed.

B. Apply clean diesel fuel to the new fuel filier gasket.

NOTICE
In order to maximize fuel system life and prevent pre-
mature wear out from abrasive particles in the fuel,
use Caterpillar fuel fitters.

Consult your Caterpillar dealer for proper part num-
bers,

9. Install the new fuel filter (2). Spin the fue! filter
onto the fuel filter base until the gasket contacts
the base. Use the rotation index marks on the
filters as a guide for proper tightening. Tighten the
filter for an additional 3/4 turn by hand. Do not
overtighten the filter.
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Fuel System Primary Filter/Water Separator - Drain

NOTICE
Do not fill the fue! filters with fue! before installing them.
The fuel would not be filtered and could be contami-
nated. Contaminated fuel will cause accelerated wear
to fuel system parts.

10. Install the clean fuel filter bowl (1) on the new fuel
filter.

NOTICE
The water separator is under suction during normal
engine operation. Ensure that the vent plug is tight-
ened securely to help prevent air from entering the fu-
el system.

11. Open the fuel tank supply valve.

12. Start the engine and check for leaks. Run the
engine for one minute. Stop the engine and check
the engine for leaks again.

Detection of leaks is very difficult especially if
the engine is running. The primary filter/water
separater is under suction. A leak will allow air to
enter the fuel. The air in the fuel can cause low
pawer due to aeration of the fuel. If air enters the
fuel, check the components for overtightening or
undertightening.

i01463757

Fuel System Primary
Filter/Water Separator - Drain

SMCS Code: 1260-543; 1263-543

®\" 3

g00668636

Hustration 38

(1) Bowt
(2) Element
{3) Drain

Bowl (1) should be monitored daily for signs of water.
if water is present, drain the water from the bowl.

1. Open drain (3). The drain is a self-ventilated drain.
Catch the draining water in a suitable container.
Dispose of the water properly.

2, Close drain (3).

NOTICE
The water separator is under suction during normal
engine operation. Ensure that the drain valve is tight-
ened securely to help prevent air from entering the fuel
system.

04003481

Fuel System Secondary Filter -
Replace

SMCS Code: 1261-510-SE

. AwmRNING

Fuel leaked or spilled onto hot surfaces or elec-
trical componenis can cause a fire. To help pre-
vent possible injury, turn the start switch off when

changing fuel filters or water separator elements.
Clean up fuel spills immediately.

N

lflustration 39 902178189

(1) Fuel supply connections
(2) Fuel filter

NOTICE
Do not allow dirt to enter the fuel system. Thoroughly
clean the area around a fuel system component that
will be disconnected. Fit a suitable cover gver any dis-
connected fuel system components.

NOTICE
Use a suitable container to catch any fuel that might
spill. Clean up any spilled fuel immediately.
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Fuel Tank Water and Sediment - Drain

SEBU8599-03

1. It may be necessary to relieve residual fusl
pressure from the fuel system before removing
the fuel filter.

Loosen one of the fuel supply connections (1) in
order to purge any residual pressure.

NOTICE
Do not loosen fuel lines ar fittings at the fuel manifold
or ECM. The engine components may be damaged.

2. Remove the used fuel filter.

3. Clean the gasket sealing surface of the fuel filter
base. Ensure that all of the old gasket is removed.

4. Apply clean diesel fuel to the new fuel filter gasket.

NOTICE
Do not fill the secondary fuel filter with fuel before in-
stalling. The fuel would not be filtered and could be
contaminated. Contaminated fuel will cause acceler-
ated wear to fuel system paris.

5. Install the new fuel filter. Spin the fuel filter onto
the fuel filter base until the gasket contacts the
base. Use the rotation index marks on the filters
as a guide for proper tightening. Tighten the
filter for an additional 3/4 turn by hand. Do not
avertighten the filter.

105111531

Fuel Tank Water and Sediment
- Drain

SMCS Code: 1273-543-M&S

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting, and repair of the product. Be prepared
to collect the fluid with suitable containers before
opening any compartment or disassembling any com-
ponent containing fluids,

Refer to Special Publication, NENG2500, “Cat Dealer
Service Tool Catalog” or refer to Special Publication,
PECJ0003, “Cat Shop Supplies and Tools Catalog” for
fools and supplies suitable to collect and contain fluids
on Cat products.

Dispose of all fluids according to local regulations and
mandates.

Fuel Tank

Fuel quality is critical to the performance and to the
service life of the engine. Water in the fuel can cause
excessive wear fo the fuel system. Condensation
occurs during the heating and cooling of fuel. The
condensation occurs as the fuel passes through the
fuel system and the fuel returns to the fuel tank. This
causes water to accumulate in fuel tanks. Draining
the fuel tank regularly and obtaining fuel from reliable
sources can help to eliminate water in the fuel.

Drain the Water and the Sediment

Fuel tanks should contain some provision for draining
water and draining sediment from the bottom of the
fuel tanks.

Open the drain valve on the bottom of the fuel tank
in order to drain the water and the sediment. Close
the drain valve.

Note: Failure to close the drain can allow air into
the system, which could have detrimental results to
performance.

Check the fuel daily. Drain the water and sediment
from the fuel tank after operating the engine. Drain
the water and sediment from the fuel tank after the
fuel tank has been filled. Allow 5 to 10 minutes before
performing this procedure.

Fill the fuel tank after operating the engine in order to
drive out moist air. This procedure will help prevent
condensation. Do not fill the tank to the top. The
fuel expands as the fuel gets warm. The tank may
overilow.

Some fuel tanks use supply pipes that allow water
and sediment to setile below the end of the fuel
supply pipe. Some fuel tanks use supply lines that
take fuel directly from the bottom of the tank. If
the engine is equipped with this system, regular
maintenance of the fuel system filter is important.

Fuel Storage Tanks

Drain the water and the sediment from the fuel
storage tank during the following conditions:

« Weekly
« Oit change
« Refill of the tank

This procedure will help prevent water or sediment
from being pumped from the storage tank into
the engine fuel tank. A four micron{(c) absolute
filter for the breather vent on the fuel tank is also
recommended.
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Fumes Disposal Filter Element - Replace

If a bulk storage tank has been refilled or moved
recently, allow adeguate time for the sediment to
settle before filling the engine fuel tank. Internal
baffles in the bulk storage tank will aiso help trap
sediment. Filtering fuel that is pumped from the
storage tank helps fo ensure the quality of the fuel
When possible, water separators should be used.

Fumes Disposal Filter Element
- Replace

(Open Crankcase Ventilation
(OCV) Filter)

SMCS Code: 1074

D

¢02162965

Hlustration 40

The filter for the open crankcase ventilation system
may be located toward the front or toward the rear of
the left side of the engine. A filter that has been used
may contain a small amount of engine oil.

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the machine. Be prepared
to collect the fluid with suitable containers before
opening any compartment or disassembling any com-
ponent containing fiuids.

Refer to Special Publication, NENG2500, “Caterpillar
Tools and Shop Products Guide”, for tools and sup-
plies suitable to coliect and contain fluids in Caterpillar
machines.

Dispose of all fluids according to local regulations and
mandates.

iHustration 41 Q02021434

(1) Cap

{2) Housing for the fiiter element
(3) Filter element

(4) Cup

Remove either the cap or the cup from the housing
for the OCV filter. Remove the OCV filter. The filter
may not be used again. Dispose of the filter. Place a
new OCV filter inside the filter housing. If the cap was
removed, replace the cap. If the cup was removed,
replace the cup. Tighten hand tight.

Note: Caterpillar will not be held liable for an engine
that does not comply with EPA emissions standards
due to modification of the OCV filter or due to the use
of a filter that is not approved by Caterpiliar.
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Hoses and Clamps - Inspect/Replace
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04301694

Hoses and Clamps -

Inspect/Replace

SMCS Code: 7554-040; 7554-510

Hoses and clamps must be inspected periodically
irn order to ensure safe operation and continuous
operation of the engine. Take proper safety
precautions before inspecting or replacing hoses and
clamps.

Note: Always use a board or cardboard when the
engine components are checked for leaks. Leaking
fluid that is under pressure can cause serious
injury or possible death. Leaks that are the size

of a pin hole are included. Refer to Qperation and

Maintenance Manual, “General Hazard Information”
for more information.

Inspect the Hoses and the Clamps
Inspect all hoses for leaks that are caused by the
following conditions. Replace any hose which exhibits
any of the following conditions. Failure to replace a
hose which exhibits any of the following conditions
may result in a hazardous situation,

» Hoses which are cracked

= Hoses which are soft

+ Quter covering that is chafed or cut

« Exposed wire that is used for reinforcement

+ Outer covering that is ballooning locally

+ Flexible part of the hose that is kinked or crushed

» Armoring that is embedded in the outer covering

» Hoses which exhibit signs of leakage which are not
the result of loose couplings or clamps

Inspect all clamps for the following conditions.
Replace any clamp which exhibits signs of any of the
following conditions,

« Cracking

« Looseness

« Damage

Inspect all couplings for leaks. Replace any coupling
which exhibits signs of leaks.

Each installation application can be different. The
differences depend on the following factors:

» Type of hose
» Type of fitting material
= Anticipated expansion and contraction of the hose

= Anticipated expansion and contraction of the
fittings

Due to extreme temperature changes, the hose will
heat set. Heat setting causes hose clamps to loosen
which can result in leaks. A constant torque hose
clamp will help to prevent loose hose clamps.

Replace hoses that are cracked or soft. Replace
hoses that show signs of leakage. Replace hoses
that show signs of damage. Replace hose clamps
that are cracked or damaged. Tighten or replace
hose clamps which are [oose.

Replace the Hoses and the Clamps

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting, and repair of the product. Be prepared
to collect the fluid with suitable containers before
apening any compartment or disassembling any com-
ponent containing fluids.

Refer to Special Publication, NENG2500, "Cat Dealer
Service Tool Cataleg” or refer to Special Publication,
PECJ0003, “Cat Shop Supplies and Tools Catalog” for
tools and supplies suitable to collect and contain fluids
on Cat products.

Dispose of all fluids according to local regulations and
mandates.

Cooling System

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are cool. Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.




SEBUB599-03

81
Maintenance Section
Hoses and Clamps - Inspect/Replace

A WARNING

Personal injury can result from removing hoses or
fittings in a pressure system.

Failure to relieve pressure can cause personal in-
jury.

Do not disconnect or remove hoses or fittings un-
til all pressure in the system has been relieved.

1. Stop the engine.
2. Allow the engine fo cool.

3. Before servicing a coolant hose, slowly loosen the
filler cap for the cooling system in order to relieve
any pressure.

4. Remove the filler cap for the cooling system.

5. Drain the coolant from the cooling system to a
level that is below the hose that is being replaced.
Drain the coolant into a suitable clean container.
The coolant can be reused.

6. Remove the hose clamps,

7. Disconnect the old hose.

8. Replace the old hose with a new hose,

9. Install hose clamps which have been inspected or
install new hose clamps. Refer o Specifications,
SENR3130, “Torque Specifications”, “Hose
Clamps" for information about selecting and
installing the proper hose clamps.

10. Refill the cooling system.

11. Clean the filler cap for the cooling system. inspect
the gaskets on the filler cap. Replace the filler cap
if the gaskets are damaged. Install the filler cap.

12. Start the engine. Inspect the cooling system for
leaks.

Fuel System

Personal injury can result from removing hoses or
fittings in a pressure system.

Failure to relieve pressure can cause persecnal in-
jury.

Do not disconnect or remove hoses or fittings un-
til ali pressure in the system has been relieved.

_A WARNING

Contact w:th hlgh pressure fuel may cause ﬂtud
penetration and burn hazards. High pressure fu-
el spray may cause a fire hazard. Failure fo fol-
low these inspection, maintenance and service in-
structions may cause personal injury or death,

NCTICE
Do not bend or strike high pressure lines. Do not in-
stall bent or damaged lines, tubes or hoses. Repair
any loose or damaged fuel and oil lines, tubes and
hoses, Leaks can cause fires. Inspect all lines, tubes
and hoses carefully. Tighten all connections to the rec-
ommended torque.

NOTICE
Do nat allow dirt to enter the fuel system. Thoroughly
clean the area around a fuel system component that
will be disconnected. Fit a suitable cover over any dis-
connected fuel system componenis.

Note: High-pressure fuel lines may be installed
between the high-pressure fuel pump and the fuel
injectors. High-pressure fuel lines are constantly
charged with high pressure. Do not check the
high-pressure fuel lines with the engine or the starting
motor in operation. Wait for 10 minutes after the
engine stops before you perform any service or repair
on high-pressure fuel lines. Waiting for 10 minutes
will to allow the pressure to be purged.

1. Drain the fuel from the fuel system to a level that
is below the hose that is being replaced.

2. Remove the hose clamps.
3. Disconnect the old hose.
4. Replace the old hose with a new hose.

5. Install hose clamps which have been inspected or
install new hose clamps. Refer to Specifications,
SENR3130, “Torque Specifications”, “Hose
Clamps” for information about selecting and
installing the proper hose clamps.

6. Carefully inspect the engine for any spilled fuel.
Make sure that no fuel remains on or close to the
engine,

Note: Fuel must be added to the fuel sysiem ahead
of the fuel filter.

7. Refill the fuel system. Refer to this Operation and
Maintenance Manual, "Fuel System - Prime” for
information about priming the engine with fuel.

8. Start the engine. Inspect the fuel system for leaks.
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Lubrication System

Hot oil and hot components can cause personal
injury. Do not allow hot oil or hot components to
contact the skin.

1. Drain the oil from the lubrication system to a level
that is below the hose that is being replaced.

2. Remove the hose clamps.

w

. Disconnect the old hose.

. Replace the old hose with a new hose.

o =

. Install hose clamps which have been inspected or
install new hose clamps. Refer to Specifications,
SENR3130, “Torque Specifications’, "Hose
Clamps” for information about selecting and
installing the proper hose clamps.

6. Refill the lubrication system. Refer to this
Operation and Maintenance Manual, "Engine
Oil Level - Check” in order to ensure that the
lubrication system is filled with the proper amount
of engine oil.

7. Start the engine. Inspect the lubrication system
for leaks.

Air System

1. Remove the hose clamps.

2. Disconnect the old hose.

3. Replace the old hose with a new hose.

4. Install hose clamps which have been inspected or
install new hose clamps. Refer to Specifications,
SENR3130, “Torque Specifications”, "Hose
Clamps" for information about selecting and
installing the proper hose clamps.

Note: The bellows and the V-clamps that are used
on the bellows should never be reused.

5. Start the engine. Inspect the air lines for leaks,

103855136

Overhaul (Major)
SMCS Code: 7595-020-MJ

Note: Fuel consumption in this Operation and
Maintenance Manual, "Maintenance Interval
Schedule” is based on a load factor of approximately
40 percent.

Refer to this Operation and Maintenance Manual in
order to determine the maintenance interval for a
major overhaul.

The need for a major overhaul is determined by
several factors.

= An increase of oil consumption

+ An increase of crankcase blowby

+ The total amount of fuel consumption

» The service hours of the engine

« The wear metal analysis of the lube oil

» An increase in the levels of noise and vibration

An increase of wear metals in the lube oil indicates
that the bearings and the surfaces that wear may
need to be serviced. An increase in the levels of
noise and vibration indicates that rotating parts
require service.

Note: It is passible for oil analysis to indicate a
decrease of wear metals in the lube oil. The cylinder
liners may be worn so that polishing of the bore
oceours. Also, the increased use of lube oil will dilute
the wear metals.

Menitor the engine as the engine accumulates
service hours. Consult your Caterpillar dealer about
scheduling a major overhaul.

Note: The driven equipment may also require service
when the engine is overhauled, Refer to the literature
that is provided by the OEM of the driven equipment.

A major overhaul includes all of the work that is done
for the top end overhaul and the general inspection.
A major overhaul includes additional parts and labor.
Additional parts and [abor are required in order fo
completely rebuild the engine.

s
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For the major overhaul, all of the bearings,

seals, gaskets, and components that wear are
disassembled. The parts are cleaned and inspected.
If necessary, the parts are replaced. The crankshaft
is measured for wear. The crankshaft may require
regrinding. Alternatively, the crankshaft may be
replaced with a Caterpillar replacement part.

Your Caterpillar dealer can provide these services
and components. Your Caterpillar dealer can ensure
that the components are operating within the
appropriate specifications.

if you elect to perform an overhaul without the

services of a Caterpillar dealer, be aware of the
following recommendations.

Replacement of Components

Replace the following components during the major
overhaul.

« Connecting rod bearings

» Crankshaft seals

» Crankshaft vibration damper

« Electronic fuel injectors

+ Main bearings

« Piston rings

« Nonmetallic fuel lines (if equipped)
Inspection, Reconditioning or
Exchanging of Components

Inspect the following components according to

the instructions that are in Caterpillar reusabitity
publications. Refer to Guidelines for Reusable
Parts and Salvage Operations, SEBF8029, “Index
of Publications on Reusability or Salvage of Used
Paris”,

Recondition the worn components or exchange the
components, if necessary. Your Caterpillar dealer can

provide these services and components.

« Camshaft followers

Connecting rods

» Cylinder head assembly

Cylinder liners

+ Engine wiring harness

+ Exhausi bellows

« Fuel transfer pump
« Oil pump

- Fistons

« Piston pins

» Prelube purmp

» Spacer plate

« Turbochargers

Inspection of Components

Inspect the following components according {o

the instructions that are in Caterpillar reusability
publications. Refer to Guidelines for Reusable
Parts and Salvage Operations, SEBF8029, “Index
of Publications on Reusability or Salvage of Used
Parts”.

+ Camshaft

= Camshaft bearings

+ Crankshaft

« Crankshaft thrust washers

« Driven equipment (alignment)

+ Engine control module

= Front gear train

» Gear train bushings and bearings

« Rear gear train

inspect the camshaft for damage to the journats and
the lobes. Inspect the following compoenents for signs
of wear and/or for signs of fatigue:

» camshaft bearings

« camshaft followers

inspect the crankshaft for any of the following
conditions:

+ deflection
« damage to the journals

= bearing material that has seized to the journals
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Check the journal taper and the profile of the
crankshaft journals. Check these components by
interpreting the wear patterns on the following
components:

» rod bearing
* main bearings

Note: If the crankshaft or the camshaft are removed
for any reason, use the magnetic particle inspection
pracess to check for cracks.

Replace the crankshaft vibration damper if any of the
following conditions occur:

» Engine failure due to a broken crankshatt

» Excessive wear of the front bearing for the
crankshaft

» Excessive wear of the gear train ihat is not caused
by a lack of lubrication

Inspect the gears of the gear train and inspect the
gear train bushings for the following conditions:

» Worn gear teeth
« Unusual fit
« Unusual wear

In addition to the inspection of components, inspect
the alignment of the driven equipment. See the
Application and Installation Guide for the engine or
see the literature that is provided by the OEM of the
driven equipment.

Cleaning of Components

Clean the oil cooler core and the aftercooler core.
Then, pressure test both of these cores. For
instructions on cleaning the cores, see this Operation
and Maintenance Manual, “Aftercooler Core -
Clean/Test" topic.

Clean the oil suction screen, Also, remove side
covers in order to clean the oil sump. For instructions
onh removal and installation of components, see

the Service Manual, “Disassembly and Assembly”
module.

Obtain a Coolant Analysis

For conventional heavy-duty coolant or antifreeze,
check the concentration of supplemental coolant
additive (SCA} regularly. The concentration of SCA
can be checked with an S-O-S coolant analysis (Level
[}. A more detailed coolant analysis is recommended
periodically.

For example, considerable deposits are found in the
water Jacket areas on the external cooling system, but
the concentrations of coolant additives were carefully
mairiained. The coolant probably contained minerals
which were deposited on the engine over time.

A coolant analysis can be conducted in order to verify
the condition of the water that is being used in the
cooling system. A full water analysis may be obtained
from the following sources:

« Caterpillar dealer

+ Local water uiility company
« Agricultural agent

- Independent laboratory

Caterpillar recommends an S-0'S coolant analysis
{Level [I}. This is & comprehensive chemical
evaluation of the coclant. This analysis is also a
check of the overall condition of the inside of the
cooling system. The following services are provided:

« Full Level | analysis

= ldentification of the source of metal corrosion and
of contaminants

» ldentification of buildup of the impurities that cause
corrosion

« ldentification of buildup of the impurities that cause
scaling

« Determination of possible electrolysis within the
engines’ cooling system

A report of the results of the analysis is provided.
Maintenance recommendations are based on the
results.

For more information about $-0-S coolant analysis,
consult your Caterpillar dealer,

23865143

Overhaul (Top End)
SMCS Code: 7595-020-TE

Note: Fuel consumption in this Operation and
Maintenance Manual, "Maintenance Interval
Schedule” is based on a load factor of approximately
40 percent,

A top end overhaul involves the removal, the
inspection, and the rework of the cylinder head
components, A few additional components are
replaced and serviced.
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Your Caterpillar dealer can provide these services
and components. Your Caterpillar dealer can ensure
that the components are operating within the
appropriate specifications.

The following definitions explain the terminology for
the services that are performed during an overhaul:

Inspect — Inspect the components according to
the instructions that are in Caterpillar reusability
publications. Refer to Special Publication, SEBF8029,
“Index of Publications on Reusability or Salvage

of Used Parts’. The guidelines were developed in
order to help Caterpillar dealers and cusiomers to
avoid unnecessary expenditures. New parts are
not required if the existing parts can still be used,
reconditioned, or repaired. If the componenis are
not in the reusability guidelines, refer to the Service
Manual, “Specifications” module.

Rebuild — The component is reconditioned in order
to comply with reusability guidelines.

Replace — The service life of the part is exhausted.
The part may fail before the next maintenance
interval. The part must be replaced with a part that
meets functional specifications. The replacement
part may be a new part, a CAT remanufactured pari,
a rebuilt part, or a used part. Some worn components
may be exchanged with your Caterpillar dealer for a
credit on replacement paris. Consult your Caterpillar
dealer about repair options for your engine.

If you elect to perform an overhaul without the
services of a Caterpillar dealer, be aware of the
recommendations in Table 10.

Table 10

Recommendations for Top End Overhauis (0

Service Top End Overhaul
Inspect Cylinder head assemblies
Rebuild
Replace Valves
Inspect Cylinder head assemblies
Replace

Fuel injectors

Rocker arms

Valve bridges

Replace Cylinder head gaskets
Nonmetallic fuel lines (if equipped)

(" For instructions on removat and installation of components,
sea the Service Manual, "Disassembly and Assembly” module.

03865147

Overhaul Considerations
SMCS Code: 7595-043

Reduced hours of operation at full load will result in a
lower average power demand. A decreased average
power demand should increase both the engine
service life and the overhaul interval.

The need for an overhaul is generally indicated by
increased fuel consumption and by reduced power.

The following factors are important when a decision
is being made on the proper time for an engine
overhaul;

+ The need for preventive maintenance
+ The quality of the fuel that is being used
+ The operating conditions

« The results of the S:O-8 analysis

Oil Consumption as an Overhaul
Indicator

0il consumption, fuel consumption, and maintenance
information can be used to estimate the total
operating cost for your Caterpillar engine. Qil
consumption can also be used to estimate the
required capacity of a makeup oil tank that is suitable
for the maintenance intervals.

Oil consumption is in proportion to the percentage
of the rated engine load. As the percentage of the
engine load is increased, the amount of oil that is
consumed per hour also increases.

The oil consumption rate (brake specific oil
consumption) is measured in grams per KWhh (ib per
bhp). The brake specific oil consumption (BSOC)
depends on the engine load. Consult your Caterpillar
dealer for assistance in determining the typical oil
consumption rate for your engine.

When an engine's cil consumption has risen to three
times the original oil consumption rate due to normal
wear, an engine overhaul should be scheduled.
There may be a corresponding increase in blowhy
and a slight increase in fuel consumption.
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Using Fuel Consumption for Calculating
the Overhaul intervals

Experience has shown that maintenance intervals
are most accurately based on fuel consumption. Fuel
consumption corresponds more accurately to the
engine load. Table 11 lists average ranges of fuel
consumption and service hours for a load factor of
approximately 40 percent,

Table 11
Service Hours and Fuel Consumption for €27 and
C32 industrial and Locomotive Enginest)
cz7 Cc3z
Top End 9000 Service Hours
Overhaul
verha 605670 L 662450 L
(180000 US gat) (175000 US gal)
of fuel of fuel
Major 18000 Service Hours
Overhau 1211330 L 1324890 L
(320000 US gal) (350000 US gal)
of fuel of fuel

(M Fuel consumption is based on a load factor of approximately
40 percent,

Use the actual records of fuel consumption, when
possible. If the actual records are not available, use
the following procedure in order to estimate the fuel
consumption.

1. Estimate the average percent of the load for the
operation of the engine.

2. Refer to the fuel consumption data in the Technical
Marketing Information (TMI) for your engine. This
will determine the fuel consumption for the percent
of the load that was estimated in Step 1. Use this
figure as variable *F” for the equation in Table
12. For more information about the Technical
Marketing Information (TMI) for your engine,
consult your Caterpillar dealer.

Table 12

Equation For Calculating Overhaul Intervals
FIR=H

“F" is the estimated otal amount of fuel consumption of
the engine.

*R" is the rate of fuel consumption in liters per hour or
galions per hour.

“H" is the number of estimated hours until the overhaul

interval,

QOverhaul Options
Before Faijlure Overhaul

A planned overhaul before failure may be the best
value for the following reasons:

» Costly unplanned downtime can be avoided.

+ Many original paris can be reused according to the
standards for reusable parts.

« The engine service life can be extended without the
risk of @ major catastrophe due to engine failure.

« The hest cost/value relationship per hour of
extended life can be attained.

After Failure Overhaul

if & major engine fallure occurs and the engine
must be removed, many options are available. An
overhaul should be performed if the engine block or
the crankshaft needs to be repaired.

if the engine block is repairable andfor the crankshaft
is repairable, the overhaul cost should be between 40
percent and 50 percent of the cost of a new engine
with a similar exchange core.

This lower cost can be aftributed to three aspects:
» Specially designed Caterpillar engine features
« Caterpillar dealer exchange components

» Caterpillar Inc. remanufactured exchange
components

Overhaul Recommendation

To minimize downtime, a scheduled engine overhaul
by your Caterpillar dealer is recommended. This will
provide you with the best cost/value relationship.

Note: Overhaul programs vary according to the
engine application and according to the dealer that
performs the overhaul. Consult your Caterpillar
dealer for specific information about the available
overhaul programs and about overhaul services for
extending the engine life.

If an overhaul is performed without overhaul service
from your Caterpillar dealer, be aware of the following
maintenance recommendations.

—
“
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Unit Fuel Injector

Clean the fuel injector body and replace the O-rings.
Replace the O-rings and the gasket on the injector
sleeve. Clean the area around the injector seating
in the injector sleeve. Refer to the Service Manual
for the complete procedure, or consult with your
Caterpillar dealer for assistance,

Rebuild or Exchange

Cylinder Head Assembly, Connecting Rods,
Pistons, Cylinder Liners, Turbocharger, Cylinder
Packs, Oil Pump, and Fuel Transfer Pump

These components should be inspected according to
the instructions that are found in various Caterpillar
reusability publications. The Special Publication,
SEBF8029 iists the reusability publications that are
needed for inspecting the engine parts.

If the parts comply with the established inspection
specifications that are expressed in the reusable
parts guideline, the parts should be reused.

Parts that are not within the established inspection
specifications should be dealt with in one of the
following manners:

+ Salvaging

» Repairing

» Replacing

Using out-of-spec parts can result in the following
problems:

Unscheduled downtime

Costly repairs

Damage to other engine paris

Reduced engine efficiency

» Increased fuel consumption

Reduced engine efficiency and increased fuel
consumption translates into higher operating costs.

Therefore, Caterpillar Inc. recommends repairing
out-of-spec parts or replacing out-of-spec parts.

Inspection andfor Replacement

Piston Rings, Crankshaft Bearings, Valve
Rotators, and Crankshaft Seals

The foliowing components may not last until the
second overhaul.

= Thrust bearings

« Main bearings

« Rod bearings

» Valve rotafors

« Crankshaft seals

« Nonmetatlic fuel lines (if equipped)

Caterpillar Inc. recommends the installation of new
parts at each overhaul period.

Inspect these parts while the engine is disassembled
for an overhaul.

Inspect the crankshaft for any of the following
conditions:

« Deflection

« Damage to the journals

« Bearing material that has seized fo the journals
Check the journal taper and the profile of the
crankshatft journals. Check these components by
interpreting the wear patterns on the following
components:

+ Rod bearing

= Main bearings

Note: If the crankshaft is removed for any reason,
use the magnetic particle inspection process to check

for cracks in the crankshaft.

Inspect the camshaft for damage fo the journals and
to ihe lobes.

Note: If the camshaft is removed for any reason, use
the magnetic particle inspection process to check for
cracks in the camshaft.

Inspect the following components for signs of wear or
for signs of scuffing:

« Camshaft bearings
« Camshaft followers

Caterpiliar Inc. recommends replacing the crankshaft
vibration damper.
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QOil Cooler Core and Affercocler Core

During an overhaul, the removal of the il cooler
core and the aftercocler core is recommended. The
oil cooler core and the afiercooler core should be
cleaned and pressure tested.

NOTICE
Do not use caustic cleaners to clean the core.

Caustic cleaners can attack the internal metals of the
core and cause leakage.

Note: Use this cleaning procedure to clean the oil
cooler core and the aftercooler core.

1. Remove the aqil cooler core and the afiercooler
core.

2. Remove any debris from the ail cooler core and
the aftercooler core. To remove debris from the oil
cooler core, furn the oil cacler core onto one end.
To remove debris from the aftercooler core, turn
the aftercooler core upside-down.

3. Flush the ail cooler core and the aftercooler core
internally with cleaner in order to loosen foreign
substances. This will also help to remove oil from
the oil cooler core and the aftercooler core,

Note: The use of Hydrosolv Liquid Cleaners is
recommended. Table 13 lists the Hydrosolv Liquid
Cleaners that are available from your Caterpillar
dealer.

Table 13
Hydrosolv Liguid Cleaners®
Part e .
Number Description Size

1U-5490 | Hydrosalv 4165 19 L (5 US gallon)

174-6854 | Mydrosolv 100 19 L (5 US gallon)

(1) Use a two fo five percent cancentration of the cleaner
at temperatures up to 93°C (200°F). Refer to Application
Guide, NEHS0526 or consult your Caterpiliar dezler for more
information.

4. Use steam to clean the oil cooler core and the
aftercooler core. This removes any remaining
residue from the cleaner. Flush the fins of the oil
cooler core and the aftercooler core. Remove any
ather trapped debris.

5. Wash the oil cooler core and the aftercooler core
with hot, soapy water. Rinse the oil cooler core and
the aftercooler core thoroughly with clean water.

. AAWARNING
Personal injury can result from air pressure.
Personal injury can result without following prop-
er procedure. When using pressure air, wear a pro-
tective face shield and protective clothing.

Maximum air pressure at the nozzle must be less
than 205 kPa (30 psi) for cleaning purposes.

6. Dry the oil cocler core and the aitercooler core
with compressed air. Direct the air in the reverse
direction of the normal flow.

7. Inspect the components in order to ensure
cleanliness. The oil cooler core and the aftercooler
core should be pressure tested. Repair the ol
cooler core and the aftercooler core, if necessary.
Install the oil cooler care and the aftercooler core.

For more information about cleaning the cores,
consult your Caterpillar dealer.

Obtain Coolant Analysis

The concentration of supplemental coolant additive
(SCA) should be checked regularly with test kits
or with 5-0-S Coolant Analysis {Level 1). Further
coolant analysis is recommended when the engine
is overhauled.

A coolant analysis can be conducted in order to verify
the condition of the water that is being used in the
cooling system. A full water analysis can be obtained
by consulting your local water utility company or

an agricultural agent. Private laboratories are also
available for water analysis.

Caterpillar Inc. recommends an $-0-S Coolant
Analysis (Level 2).

$-0-8 Coolant Analysis (Level 2)

An 5-O-§ Coolant Analysis (Level 2) is a
comprehensive coolant analysis which completely
analyzes the coolant and the effects on the cooling
system. An 8-0-8 Coolant Analysis (Level 2) provides
the following information:

» Complete 5-0-S Coolant Analysis (Level 2)

+ Visual inspection of properties

L]

Identification of metal corrosion

-

Identification of contaminants

Identification of built up impurities (corrosion and
scale)
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$-0-8 Coolant Analysis (Level 2) provides a report of
the results of both the analysis and the maintenance
recommendations.

For more information about coolant analysis, consult
your Caterpillar dealer,

04020194

Radiator - Clean
SMCS Code: 1353-070

Note: Adjusi the frequency of cleaning according to
the effects of the operating environment.

Inspect the radiator for these items: damaged fins,
corrosion, dirt, grease, insects, leaves, oll, and other
debris. Clean the radiator, if necessary.

. AWARNING
Personal injury can result from air pressure.

Personal injury can result without following prop-
er procedure. When using pressure air, wear a pro-
tective face shield and protective clothing.

The maximum air pressure for cleaning purposes
must be reduced to 205 kPa (30 psi) when the air
nozzle is deadheaded.

Pressurized air is the preferred method for removing
loose debris. Diract the air in the opposite direction
of the air flow. Hold the nozzle approximately 6 mm
{0.25 inch) away from the fins. Slowly move the air
nozzle in a direction that is parallel with the tubes.
This movement will remove debris that is between
the tubes.

Pressurized water may also be used for cleaning.
The maximum water pressure for cleaning purposes
must be less than 275 kPa (40 psi). Use pressurized
water in order to soften mud. Clean the core from
both sides.

Use a degreaser and steam for removal of oil and
grease. Clean both sides of the core. Wash the core
with detergent and hot water. Thoroughly rinse the
core with clean water.

After cieaning, start the engine and accelerate the
engine to high idle rpm. This procedure will help in
the removal of debris and drying of the core. Stop the
engine. Use a light bulb behind the core in order fo
inspect the core for cleanliness. Repeat the cleaning,
if necessary.

inspect the fins for damage. Bent fins may be opened
with a “comb”. Inspect these items for good condition:
welds, mounting brackets, air lines, connections,
clamps, and seals. Make repairs, i necessary.

Starting Motor - Inspect
(If Equipped)

SMCS Code: 1451-040; 1453-040

Note: The OEM may be responsible for the starting
motor for this engine application. Air starting motors
are recommended if an explosive atmosphere may
be present. If the starting motor is supplied by an
OEM, refer fo the Service Manual for the starter in
arder to locate additional information on the checking
procedure and for specifications.

The connection of battery cables to a battery and
the disconnection of battery cables from a battery
may cause an explosion which may resultin injury
or death. The connection and the disconnection
of other electrical equipment may also cause an
explaosion which may result in injury or death. The
procedures for the connection and the disconnec-
tion of battery cables and other electrical equip-
ment should only be performed in a nonexplosive
atmosphere.

if the starting motor fails, the engine may not start in
an emergency situation. A scheduled inspection of
the starting motor is recommended.

The starting motor pinion and the flywheel ring gear
must be in good condition in order for the engine
to start properly. The engine will not start if the
starting motor pinion does not engage the flywheel
ring gear. The teeth of the starting motor pinion and
the flywheel ring gear can be damaged because of
ireguiar engagement.

Inspect the starting motor for proper operation. Listen
for grinding when the engine is started. Inspect the
teeth of the starting motor pinion and the flywheel
ring gear. Look for patterns of wear on the teeth. Look
for teeth that are broken or chipped., If damaged teeth
are found, the starting motor pinion and the flywheel
ring gear must be replaced.

Electric Starting Motor

Note: Problems with the electric starting motor can
be caused by the following conditions: maliunction of
the solenoid and malfunction of the electric starting
system.
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Inspect the electrical system for the following
conditions:

+ Loose connections

= Corrosion

+ Wires that are womn or frayed
+ Cleanliness

Make repairs, if necessary.

Removal and Installation of the
Starting Motor

Refer to the Service Manual, “Disassembly and
Assembly” module for information on removing the
starting motor and installing the starting motor.

Cons_l._ﬂt your Caterpillar dealer for assistance.

01539769

Turbocharger - Inspect
SMCS Code: 1052-040

Periodic inspection and cleaning is recommended
for the turbocharger compressor housing (inlet side).
Any fumes from the crankcase are filtered through
the air inlet system. Therefore, by-products from oil
and from combustion can collect in the turbocharger
compressor housing. Over time, this buildup can
contribute to loss of engine power, increased biack
smoke and overall loss of engine efficiency.

If the turbocharger fails during engine operation,
damage io the turbocharger compressor wheel
and/or to the engine may occur. Damage to the
turbocharger compressor whee! can cause additional
damage to the pistons, the valves, and the cylinder
head.

NOTICE
Turbocharger bearing failures can cause large quan-
tities of oil to enter the air infet and exhaust systems.
Loss of engine fubricant can result in serious engine
damage,

Minor leakage of & turbocharger housing under ex-
tended low idle operation should not cause problems
as long as a turbocharger bearing failure has not oc-
curred,

When a turbocharger bearing failure is accornpanied
by a significant engine performance loss (exhaust
smoke or engine rpm up at no load), do rot continye
engine operation until the turbocharger is repaired or
replaced.

An inspection of the turbocharger can minimize
unscheduled downtime. An inspection of the
turbocharger can also reduce the chance for potential
damage to other engine parts.

Note: Turbocharger components require precision
clearances. The turbocharger cariridge must

be balanced due to high rpm. Severe Service
Applications can accelerate component wear.
Severe Service Applications require more frequent
inspections of the cartridge.

Removal and Installation

For options regarding the removal, installation, repair
and replacement, consult your Caterpillar dealer.
Refer to the Service Manual for this engine for the
procedure and specifications.

Cleaning and Inspecting

1. Remove the exhaust outlet piping and remove
the air inlet piping from the turbocharger. Visually
inspect the piping for the presence of oil. Clean
the interior of the pipes in order to prevent dirt
from entering during reassembly.

2. Turn the compressor wheel and the turbine wheel
by hand. The assembly should turn freely. Inspect
the compressor wheel and the turbine wheel for
contact with the turbocharger housing. There
should not be any visible signs of contact between
the turbine wheel or compressor wheel and the
turbocharger housing. If there is any indication of
contact between the rotating turbine wheel or the
compressor wheel and the turbocharger housing,
the turbocharger must be reconditioned.
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3. Check the compressor wheel for cleanliness.
If only the blade side of the wheel is dirty, dirt
and/or moisture is passing through the air filtering
system. If oil is found only on the back side of the
wheel, there is a possibility of a failed turbocharger
oil seal.

The presence of oil may be the result of extended
engine operation at low idle. The presence of oil
may also be the result of a restriction of the line for
the inlet air (plugged air filters}, which causes the
turbocharger to slobber.

4. Use a dial indicator to check the end clearance
on the shaft. If the measured end play is greater
than the Service Manual specifications, the
turbocharger should be repaired or replaced.

An end play measurement that is less than the
minimum Service Manual specifications could
indicate carbon buildup on the turbine wheel. The
turbocharger should be disassembled for cleaning
and for inspection if the measured end play is less
than the minimum Service Manual specifications.

5. Inspect the bore of the turbine housing for
corrosion.

6. Clean the turbocharger housing with standard
shop solvents and a soft bristle brush,

7. Fasten the air inlet piping and the exhaust outlet
piping to the turbocharger housing.

02155208

Walk-Around Inspection

SMCS Code: 1000-040

Inspect the Engine for Leaks and
for Loose Connections

A walk-around inspection should only take a few
minutes. When the time is taken to perform these
checks, costly repairs and accidents can be avoided.

For maximum engine service life, make a thorough
inspection of the engine compartment before starting
the engine. Look for items such as oil leaks, coolant
leaks, exhaust leaks, loose bolts, worn belts, loose
connections and trash buildup. Make repairs, as
needed:

+ The guards must be in the proper place. Repair
damaged guards or replace missing guards,

« Wipe all caps and plugs before the engine is
serviced in order to reduce the chance of system
contamination.

NOTICE
Forany type of leak (coolant, lube, or fuel) clean up the
fluid. If leaking is observed, find the source and correct
the leak. If leaking is suspected, check the fluid levels
more often than recommended until the leak is found
or fixed, or until the suspicion of a leak is proved to be
unwarranted.

NOTICE
Accumulated grease and/or oil on an engine or deck is
a fire hazard. Remove this debris with steam cleaning
ar high pressure water.

Note: Use care when you use steam cleaning. Use
care when you use high pressure water. Direct spray
to rotating electrics or electronic components can
cause nonfixable damage.

NOTICE
Water and/or condensation can cause damage to
electrical components. Protect all electrical compo-
nents from exposure to water.

« Ensure that the coolant lines are properly clamped.
Ensure that the fittings are tight. Check for leaks.
Check the condition of all pipes.

« Inspect the water pump for coolant leaks.

Note: The water pump seal is [ubricated by coolant
in the cooling system. It is normal for a small amount
of leakage to occur as the engine cools down and
the paris contract.

Excessive coolant leakage may indicate the need

to replace the water pump seal. For the removal of
water pump and the installation of water pump and/or
seals, refer to the Service Manual for the engine or
consult your Caterpillar dealer.

- Inspect the lubrication system for leaks at the
following locations: front crankshaft seal, rear
crankshaft seal, oil pan, oil filters, valve cover,
turbocharger, external oil lines, and connections.

« Inspect the fuel system for leaks. Look for loose
fuel line clamps or connections.

- Inspect the piping for the air inlet system and
the elbows for cracks and for loose clamps or
connections.

» Ensure that the exhaust system is properly
clamped. Ensure that the connections are tight.
Check for leaks. Check the condition of all
connections and componenis of the exhaust
system.
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+ Inspect the alternator belt and the accessory drive
belts for cracks, breaks or other damage.

Belts for muitiple groove pulleys must be replaced as
matched sets. If only one belt is replaced, the belt will
carry more load than the belts that are not replaced.

The older belts are streiched. The additiona load on
the new belt could cause the belt to break,

= Drain the water and the sediment from fuel tanks
on a daily basis in order to ensure that only clean
fuel enters the fuel system,

+ Inspect the wiring and the wiring harnesses for
loose connections and for worn wires or frayed
wires.

+ Inspect the ground strap for a good connection and
for good condition.

+ Inspect the engine-to-frame ground strap for a
good connection and for good condition.

+ Disconnect any battery chargers that are not
protected against the current drain of the starting
motor. Check the condition and the electrolyte level
of the batteries, unless the engine is equipped with
a maintenance free battery,

» Check the condition of the gauges. Replace any

gauges which are cracked. Replace any gauges
that can not be calibrated.

03543200
Water Pump - Inspect
SMCS Code: 1361-040
A failed water pump might cause severe engine
overheating problems that could result in the folowing
conditions:
» Cracks in the cylinder head
« A piston seizure
+ Other potential damage to the engine
A failed water pump might cause severe engine
overheating problems that could result in cracks in

the cylinder head, a piston seizure or ather potential
damage to the engine.

Visually inspect the water pump for leaks. If leaking
of the water pump seals is observed, replace all of
the water pump seals. Refer to two articles in the
Disassembly and Assembly Manual, “Water Pump
- Disassemble and Water Pump - Assemble” far
the disassembly and assembly procedure. [f it is
necessary to remove the water pump, refer to two
articles in the Disassembly and Assembly Manual,
“Water Pump - Remove and Water Pump - Install".

Inspect the water pump for wear, cracks, pin holes
and proper operation. Refer to the Parts Manual
for the correct part numbers for your engine or
consult your Caterpillar dealer if repair is needed or
replacement is needed.
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04342956

Warranty Information
SMCS Code: 1000

Engine Protection Plans

Extended Warranties and Service
Contracts

A wide variety of protection plans are availabie for
Cat Engines. Consuit your Cat dealer for detailed
information on the specific programs and caverages
that are available.

Consult your Cat dealer for information on a plan that
is tailored in order to fit your requirements.

01087250

Emissions Warranty
Information

SMCS Code: 1000

This enging may be certified to comply with exhaust
emission standards and gaseous emission standards
that are prescribed by law at the time of manufacture,
and this engine may be covered by an Emissions
Warranty. A detailed explanation of the Emissions
Warranty that is applicable to emissions certified
engines is found in Supplement, SEBUG981, "Federal
Emissions Conirol Warranty Information”. Consult
your authorized Caterpillar dealer to determine if your
engine is emissions certified and if your engine is
subject to an Emissions Warranty.
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Engine Ratings

00727327

Engine Rating Conditions
SMCS Code: 1000

All engine ratings are in compliance with the following
standard ambient air conditions of “SAE J1349"

« 99 kPa (29.3 inches of Hg)

+ 30 percent relative humidity

» A temperature of 25 °C (77 °F)

Ratings relate o the standard conditions of
‘1IS08665”", of "ISO3046/1”, of "DINE271”, and of
“BS5514".

The engine ratings are based on the following fuel
specifications:

* Low heat value (LHV) of the fuel of 42 780 kJ/kg
(18,390 Btufib) at 29 °C (84 °F)

+ Gravity (AP]) of 35 degrees at 15 °C (60 °F)

» Specific gravity of .849 at 15 °C {60 °F)

+ Density of 850 kg/m® (7.085 Ib/US gal)

The engine ratings are gross output ratings.

Gross Output Ratings — The total output capability
of the engine that is equipped with standard

accessorias,

Standard accessories include the following
components:

» Oil pumps

= Fuel pumps

+ Water pumps

Subtract the power that is required to drive auxiliary
components from the gross ouiput. This will produce

the net power that is available for the external load
(flywheel).

00815749
Engine Rating Definitions
SMCS Code: 1000

It is important to know the use of the engine so
that the rating will match the operating profile. The
oroper rating selection is also important so that the
customer's perception of price and value is realized.

In selecting a rating for a specific application, the
most important consideration is the time that is spent
at full throttle. These rating definitions identify the
percent of time at full throttle. The definitions also
identify the corresponding times below rated rpm.

Note: The examples of the applications are only
for reference. For an exact determination of the
appropriate rating, follow the OEM specifications or
consult your Caterpillar dealer.

A Rating - This rating is used for heavy-duty
applications that are operated at rated load and at
rated rpm up to 100 percent. This rating is used for
engines that operate without interruption of load
cycling. Typical applications include the following
examples: pipeline pumping and ventilation.

B Rating ~ This rating is used when power and/or
rpm are cyclic. The engine should be run at full load.
The engine should not exceed 80 percent of the
duty cycle. Typical applications include the following
examples: irrigation, operation where normal pump
demand is 85 percent of the engine rating, oil
pumping/drilling, field mechanical pumping/drifling,
and stationary/plant air compressors.

C Rating - This rating is used when power and/for
rpm are cyclic. The horsepower and the rpm of the
engine can be utilized continuously for one hour. This
ts followed by one hour of operation at the A rating
or below the A rating. The engine should be run at
full load. The engine should not exceed 50 percent
of the duty cycle. Typical applications include the
following examples: agricultural tractors, harvesters
and combines, off-highway trucks, fire pumps, blast
hole drills, rock curshers, wood chippers with high
torque rise, and oil field hoisting.

D Rating — This rating is used when rated power

is required for periodic overloads. The maximum
horsepower and the rpm of the engine can be utilized
continuously for a maximum of 30 minutes. This is
followed by one hour of operation at the C rating. The
engine should be run at full ioad. The engine should
not exceed 10 percent of the duty cycle. Typical
applications include the foliowing examples: offshore
cranes, runway snow blowers, water well drills,
portable air compressors, and fire pump certification
power.
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E Rating — This rating is used when rated power

is required for a short time for initial starting or

for sudden overload. The rating is also used for
emergency service when standard power is not
available. The horsepower and the rpm of the engine
can be utilized continuously for a maximum of 15
minutes. This is followed by one hour of operation

at the C rating or by the duration of the emergency.
The engine should be run at full load. The engine
should not exceed 5 percent of the duty cycle. Typical
applications include the following examples: standby
centrifugal water pumps, oil field well servicing, crash
trucks, portable air compressors, and gas turbine
starting motors,

NOTICE
Operating engines above the rating definitions can re-
sult in shorter service life before overhaul.
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039103086

Customer Assistance

SMCS Code: 1000; 4450

USA and Canada

When a problem arises concerning the operation or
the service of an engine, the prablem will normally be
managed by the dealer in your area.

Your satisfaction is a primary concern to Caterpillar
and to Caterpillar dealers. If you have a problem that
has not been handled to your complete satisfaction,
follow these steps:

1. Discuss your problem with a manager from the
dealership.

2. If your problem cannot be resolved at the dealer
tevel, use the phone number that is listed below to
talk with a Field Service Coordinator:

1-800-447-4986

The normal hours are from 8:00 to 4:30 Monday
through Friday Central Standard Time.

3. If your needs have not been met still, submit the
matter in writing to the following address:

Caterpillar Inc.

Manager, Customer Service, Engine Division
Mossville Bldg AC

P.0. Box 610

Mossville, lllinois 61552-0610

Please keep in mind: probably, your problem will
ultimately be solved at the dealership, using the
dealership facilities, equipment, and personnel.

Therefore, follow the steps in sequence when a
problem is experienced.

Qutside of the USA and of Canada

If a problem arises outside the USA and outside
Canada, and if the problem cannot be resolved at the
dealer level, consult the appropriate Caterpillar office.

Latin America, Mexico, Carribean
Caterpillar Americas Co.

701 Waterford Way, Suite 200
Miami, FL 33126-4670

USA

Phone: 305-478-6800

Fax: 305-476-6801

Europe, Africa, and Middle East
Caterpillar Cverseas S.A.

76 Route de Frontenex

P.O. Box 6000

CH-1211 Geneva B
Switzerland

Phone: 22-849-4444

Fax: 22-849-4544

Far East

Caterpillar Asia Pte. Ltd.

7 Tractor Road

durong, Singapore 627968
Republic of Singapore
Phone: 65-662-8333

Fax: 65-662-8302

China

Caterpillar China Ltd.
37/F., The Lee Gardens
33 Hysan Avenue
Causeway Bay

G.P.O. Box 3069

Hong Kong

Phone: 852-2848-0333
Fax: 852-2848-0440

Japan

Shin Caterpillar Mitsubishi Lid.
SBS Tower

10-1, Yoga 4-Chome
Setagaya-Ku, Tokyo 158-8530
Japan

Phone: 81-3-5717-1150

Fax: 81-3-5717-1177

Japan

Caterpillar Power Systems, Inc.
5B3 Tower (14th floor)

4-10-1, Yoga

Setagaya-Ku, Tokyo 158-0097
Phone: 81-3-5797-4300

Fax: 81-3-5797-4359

Australia and New Zealand
Caterpillar of Australia Ltd.
1 Caterpillar Drive

Private Mail Bag 4
Tullamarine, Victoria 3043
Australia

Phone: 03-9853-9333

Fax: 03-9335-3366
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01028392

Ordering Replacement Parts
SMCS Code: 4450; 7567

When replacement parts are required for this
product Caterpillar recommends using Caterpillar
replacement parts or parts with equivalent spec-
ifications including, but not limited to, physical
dimensions, type, strength and material.

Failure to heed this warning can iead to prema-
ture failures, product damage, personal injury or
death.

Quality Caterpillar replacement parts are available
from Caterpillar dealers throughout the world.
Caterpillar dealers' parts inventories are up-to-date.
The parts stocks include all of the parts that are
normally needed to protect your Caterpillar engine
investment.

When you order parts, please specify the following
information:

» Part number
- Part name
« Quantity

if there is a question concerning the part number,
please provide your dealer with a complete
description of the needed item.

When a Caterpillar engine requires maintenance
and/or repair, provide the dealer with all the
information that is stamped on the Information Plate.
This information is described in this Operation and
Maintenance Manual (Product Information Section).

Discuss the problem with the dealer. Inform the
dealer about the conditions of the problem and the
nature of the problem. Inform the dealer about when
the problem occurs. This will help the dealer in
troubleshooting the problem and solving the problem
faster.
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Maintenance Records
SMCS Code: 1000; 4450

Caterpillar Inc. recommends the retention of accurate
maintenance records. Accurate maintenance records
can be used for the following purposes:

« Determine operating costs.

» Estabiish maintenance schedules for other engines
that are operated in the same environment.

« Show compliance with the required maintenance
practices and maintenance intervals.

Maintenance records can be used for a variety of
other business decisions that are related to engine
maintenance.

Maintenance records are a key element of a
maintenance program that is well managed. Accurate
maintenance records can help your Caterpillar dealer
to fine tune the recommended maintenance intervals
in order to meet the specific operating situation. This
should result in a lower engine operating cost.

Records should be kept for the following items:

Fuel Consumption — A record of fuel consumption
is essential in order to determine when the load
sensitive components should be inspected or
repaired. Fuel consumption also determines overhaul
intervals.

Service Hours — A record of service hours is
essential to determine when the speed sensitive
components should be inspected or repaired.

Documents — These items should be easy to
obtain, and these items should be kept in the engine
history file. All of the documents should show this
information: date, service hours, fuel consumption,
unit number, and engine serial number. The following
types of documents should be kept as proof of
maintenance or repair for warranty:

Keep the following types of documents as proof of
maintenance for warranty. Also, keep these types of
documents as proof of repair for warranty:

+ Dealer work orders and itemized bills

» Owner's repair costs

» Owner's receipts

» Maintenance log
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Maintenance L.og

SMCS Code: 1000; 4450

Table 14

01176304

Engine Model

Customer ldentifier

Serial Number

Arrangement Number

Service | Quanfity
Hours Of Fuel

Service ltem

Date

Authorization
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Reference Material
SMCS Code: 1000; 4450

The following publications can be obtained from any
Cat dealer.

Lubricants

« Data Sheet, NEHPB015, “Cat SPG (Special
Purpose Grease)"

= Special Publication, PEHJ0191, “Cat S:0-S Fluid
Analysis”

» Data Sheet, PEHJ0021, “Cat DEO (SAE 10W-30
and 15W-40)" (Eastern Hemisphere excluding
Egypt, United Arab Emirates, and Saudi Arabia)

» Data Sheet, PEHJ0059, “Cat DEO (SAE 10W-30
and 15W-40)" (Western Hemisphere excluding
Brazil)

= Special Publication, PEHPS001T, “How To Take A
Good Qil Sample”

» Data Sheet, PEHP0002, "Cat MPGM
(Multi-Purpose Grease with Molybdenum)”

» Data Sheet, PEHP7062, “Cat DEO SYN (SAE
SW-40)" (Worldwide, data sheet only available
electronically through www.cat.com)

+ Special Publication, PELJ0179, “Caterpiltar Engine

Crankcase Fluid-1 Specifications (Cat ECF-1)" (All
international markets)

» Special Publication, SEBU53898, "Cold Weather
Recommendations”

Coolants

+ Special Publication, PEHJ0181, “Cat §-0-S Fluid
Analysis"

+ Special Publication, PEEP5027, "Label - ELC
Radiator Label”

« Data Sheet, PEHP0067, "Cat ELC (Extended Life
Coclant)”

» Data Sheet, PEHP9554, "Cat DEAC (Diesel
Engine Antifreeze/Coolant)”

» Special Publication, SEBD0518, "Know Your
Cooling System”

Miscellaneous

» Service Manual, RENR8795, "C27 and C32
Industrial Engines"

« Parts Manual, SEBP4150, “C32 Industrial Engine”

+ Special Instruction, SEHS9031, “Storage
Procedure for Caterpillar Products”

+ Special Instruction, SEHS7332, “Warning Tag - Do
Not Operate”

+ Special Instruction, SEHS7633, “Battery Test
Procedure”

+ Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog”

= Special Publication, SEBF8028, “Index fo
Guidelines for Reusable Parts and Salvage
Operations”

+ Special Publication, SEBF8062, “Guideline for
Reusable Parts - Cleaning and Inspection of Air
Filters”

« Specifications, SENR3130, “Torque Specifications”

= Special Publication, SEBUS251, “Caterpillar
Commercial Diesel Engine Fluids
Recommendations”

« Special Publication, PECP2067, “One Safe
Source”

Additional Reference Material

The “"Engine Fluids Data Book” can be obtained from
the following locations: local technological society,
local library, and local college. If necessary, consult
EMA at the following address:

Engine Manufacturers Associaton

Two North LaSalle Street, Suite 2200
Chicago, IL, USA 60602

E-mail: ema@enginemanufacturers.org
Telephone: (312) 827-8700

Facsimile: (312) 827-8737

The "Society of Automotive Engineers (SAE)
Specifications” can be found in your SAE handbook.
This publication can also be obtained from the
following locations: local technological society, local
library, and local college. If necessary, consult SAE
at the following address:

SAE International

400 Commonwealth Drive
Warrendale, PA, USA 15006-0001
Telephone: (724) 776-4841
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The “American Petroleum Institute Publication No.
1509" can be obtained from the following locations:
local technological society, local library, and local
college. If necessary, consuit AP! at the following
address:

American Petroleum Institute
1220 L St. N.W.
Washington, DC, USA 20005
Telephone: (202) 682-8000

The International Organization for Standardization
(IS0} offers information and customer service
regarding international standards and standardizing
activities. ISO can also supply information on the
following subjects that are not controlled by 1SO:
national standards, local standards, regulations,
certification, and related activities. Consult the
member of 1ISO in your country.

International Organization for Standardization
(1S0)

1, rue de Varembe

Case postale 56

CH-1211 Genéve 20

Switzerland

Telephone: +41 22 749 01 11

Facsimile; +41 22 733 34 30

E-mail: central@iso.ch

web site: hitp://www.iso.ch

European classifications are established by the
Counseil International Des Machines a Combustion
{CIMAC) (International Council on Combustion
Engines).

CIMAC Central Secretariat
Lyoner Strasse 18

60528 Frankfurt

Germany

Telephone: +49 69 6603 1567
Facsimile: +49 69 6603 1566

04323034

Decommissioning and
Disposal

SMCS Code: 1000

When the generator set is removed from service, local
regulations for the generator set decommissioning
will vary. Disposal of the generator set will vary with
local reguiations. Consult the nearest Cat dealer for
additional information.
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Product and Dealer Information

Note: For product identification plate locations, see the section "Product Identification Information” in the Operation
and Maintenance Manual.

Delivery Date:

Product Information

Model:

Product Identification Number:

Engine Serial Number;

Transmission Serial Number:

Generator Serial Number:

Attachment Serial Numbers:

Attachment Information:

Customer Equipment Number:

Dealer Equipment Number;

Dealer Information

Name: Branch:
Address:
Dealer Contact Phone Number Hours
Sales:
Parts:

Service:




©2012 Caterpitlar Cat, Caterpillar, their respective logos, “Caterpillar Yellow” and the Power edge
All Rights Reserved trade dress, as well as corporate and product identity used herein, are trademarks
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Recommended CAT storage battery:

Internal | Number of | Battery Minimum

Genset Models Part No Batteries | Voltage CCA
D13-4,D13-45,020-6,020-68,D25-
8,030-10,D25-8S,D030-8S 115-2421 1 12v 950
D40-6,D50-6,060-6,D40-63,D50-
65,60-85,D080-6,D100-6,D60- 115-2421 1 12V 950
65,D080-28,D100-6S
D125-6,D150-8, 115-2421 1 12V 950
D175-2 115-2421 2 12V 950

Field connection Lugs:

For UL Listed product, it is recommended that the installer use crimp type
lugs that are UL Listed and sized suitable for the application.
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Important Safety Information

Most accidents that involve product operation, maintenance and repair are caused by failure to observe
basic safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous
situations before an accident occurs. A person must be alert to potential hazards. This person should also
have the necessary training, skills and tools to perform these functions properly.

improper operation, lubrication, maintenance or repair of this product can be dangerous and
could result in injury or death.

Do not operate or perform any lubrication, maintenance or repair on this product, until you have
read and understood the operation, lubrication, maintenance and repair information.

Safety precautions and warnings are provided in this manual and on the product. If these hazard warnings
are not heeded, bodily injury or death could occur to you or to other persons.

The hazards are identified by the "Safety Alert Symbol” and followed by a “Signal Word" such as
“‘DANGER”, “WARNING" or “CAUTION". The Safety Alert "WARNING" label is shown below.

_ AwsRnnG

The meaning of this safety alert symbol is as follows:
Attention! Become Alert! Your Safety is Involved.

The message that appears under the warning explains the hazard and can be either written or pictorially
presented.

A non-exhaustive list of operations that may cause product damage are identified by “NOTICE" labels
on the product and in this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard.
The warnings in this publication and on the product are, therefore, not all inclusive. You must
not use this product in any manner different from that considered by this manual without first
satisfying yourself that you have considered all safety rules and precautions applicable to the
operation of the product in the location of use, including site-specific rules and precautions
applicable to the worksite. If a tool, procedure, work method or operating technigue that is not
specifically recommended by Caterpillar is used, you must satisfy yourself that it is safe for you
and for others. You shouid also ensure that the product will not be damaged or become unsafe by
the operaticon, lubrication, maintenance or repair procedures that you intend to use.

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items can change at any time. These changes can
affect the service that is given to the product. Obtain the complete and most current information before you
start any job. Cat dealers have the most current information available.

When replacement parts are requiired for this
product Caterpillar recommends using Cat re-
placement parts or parts with equivalent speci-
fications including, but not limited to, physical
dimensions, type, strength and material.

Failure fo heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.

In the United States, the maintenance, replacement, or repair of the emission control devices and
systems may be performed by any repair establishment or individual of the owner's choosing.
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Foreword

Literature Information

This manual should be stored in the literature storage
area.

The information contained in this document is the
most current information available for coolants,
fuels, and lubricants. Refer to the Operation and
Maintenance Manual for any special lubrication
requirements for your engine.

Whenever a question arises regarding the engine,
this publication, or the Operation and Maintenance
Manual, please consult any Caterpillar dealer for the
latest avaitable information.

Safety

Refer to the Operation and Maintenance Manual
for your engine for all safety information. Read and
understand the basic safety precautions listed in the
Safety Section. In addition to safety precautions,
this section identifies the text and locations of safety
signs used on the engine.

Read and understand the basic precautions listed in
the Safety Section before operating or performing
lubrication, maintenance and repair on this engine.

Maintenance

Refer to the Operation and Maintenance Manual
for your engine to determine all maintenance
requirements.

Maintenance Intervals

Use the Maintenance Interval Schedule in the
Operation and Maintenance Manual for your
engine to determine servicing intervals. The actual
operating environment of the engine also governs
the maintenance interval schedule. Therefore,
under exiremely severe, dusty, wet or freezing cold
operating conditions, more frequent lubrication and
maintenance than is specified in the Maintenance
Interval Schedule may be necessary.

Extended Engine Oil Drains and Warranty

Failures that result from extended oil drain periods
are not Caterpillar factory defects and therefore are
not covered by Caterpillar's warranty. In addition,
failures that result from not using the recommended
oil type are not Caterpillar factory defects and
therefore are not covered by Caterpillar's warranty.

Refer to the applicable Operation and Maintenance
Manuai for standard oil drain periods and to the
Maintenance Section, “Lubricant Specifications” of
this publication for engine oil type and viscosity grade
recommendations.

To reduce the potential risk of failures associated
with extended oil drain periods; it is recommended
that oil drain intervals only be extended based on oil
analysis, and subsequent engine inspections. Oil
analysis alone does not provide an indication of the
rate of formation of lacquer, varnish and/or carbon on
pistons and other engine surfaces. The only accurate
way to evaluate specific ¢il performance in a specific
engine and application that utilizes extended oil
drain periods is to observe the effects on the engine
componernts. This involves tear-down inspections

of engines that have run to their normal overhaul
period with extended oil drain intervals. Following
this recommendation will help ensure that excessive
component wear does not take place in a given
application.

NOTICE

Light loads, low hour accumulation, and excessive
idling time can contribute to excessive water in the
crankcase oil. Corrosive damage, piston deposits and
increased oil consumption can also result. If oil analy-
sis is not done or the results are ignored, the potential
for corrosive damage and piston deposits increases.
Refer to the appropriate Operation and Maintenance
Manual for guidance.

Note: Failures that result from extended oil drain
periods are not warrantable failures, regardless of
use of this recommended procedure. Failures that
result from extended engine oil drain periods are
considered improper use under the warranty.
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Aftermarket Products and Warranty

NOTICE

When auxiliary devices, accessories or consumables
(fiters, oil, additives, catalysts, fuel, etc.) made by
other manufacturers are used on Caterpillar prod-
ucts, the Caterpillar warranty is not affected simply
because of such use. Failures that result from the
installation or usage of other manufacturers auxiliary
devices, accessories or consumables, however, are
not Caterpillar factory defects and therefore are NOT
covered by Caterpillar's warranty.

Caterpillar is not in a position to evaluate the many
auxiliary devices, accessorfes or consumables pro-
moted by other manufacturers and their effect on
Caterpillar products. Installation or use of such items
i5 at the discretion of the customer who assumes ALL
risks for the effects that result from this usage.

Furthermore, Caterpillar does not authorize the use of
its frade name, trademark, or logo in a manner which
implies our endorsement of these aftermarket prod-
ucts.
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Maintenance Section

Lubricant Specifications

048971112

Lubricant Information

SMCS Code: 1000; 1300; 7581

NOTICE
Every attempt is made to provide accurate, up-to-date
information. By the use of this document, you agree
that Caterpillar Inc. is not responsible for errors or
omissions,

The information that is provided is the latest
recommendations for Cat diesel engines that are
covered by this Special Publication. This information
supersedes all previous recommendations which
have been published for Cat diesel engines that are
covered by this Special Publication. Special fluids are
required for some engines. These fluids will still be
necessary in those engines. Refer to the applicable
Operation and Maintenance Manual.

This publication is a supplement to the Operation
and Maintenance Manual. This publication does
not replace the engine-specific Operation and
Maintenance Manuals,

NOTICE
These recommendations are subject to change with-
out notice. Consult your local Cat dealer for the most
up fo date recommendations.

Failure to foliow the recommendations found in
this Special Publication can cause engine failures,
shortened engine service life, and reduced engine
performance.

In order to avoid potential damage to your Cat Cat
engine, only purchase Cat fluids and Cat filters
through your Cat dealer or Cat authorized outlets.
For a list of authorized Cat parts outlets in your area,
consult your Cat dealer.

If you purchase what appear to be Cat fluids
and/or Cat filters through other outlets/sources,
you are at a very high risk of purchasing
counterfeit (“look-alike”) products.

Counterfeit or "look-alike" products may visually
appear the same as the original Cat product. The
product performance and internal quality will typically
be very low.

Counterfeit or "lock-alike" products have a very high
likelihood of causing and/or allowing engine and/or
machine compariment damage.

Many of the guidelines, recommendations, and
requirements that are provided in this Special
Fublication are interrelated. Before using the
provided information, The user is responsible to
read this Special Publication and understand the
information provided.

The user is responsible to follow all safety guidelines
found in this Special Publication and in the engine
Operation and Maintenance Manual when performing
all recommended and/or required engine, engine
systems, and/or machine maintenance.

For questions concerning the information
presented in this Special Publication and/or

in your product Operation and Maintenance
Manual, and/or for additional guidelines and
recommendations (including maintenance interval
recommendations/requirements) consult your Cat
dealer,

Commercial products that make generic claims of
meeting "Cat” andfor “Cat” requirements without
listing the specific Cat recommendations and/or
requirements that are met may not provide
acceptable performance. Reduced engine and/or
machine fluid compartment life may resuit. Refer
to this Special Publication and refer to the product
Operation and Maintenance Manual for Cat fluids
recommendations and/or requirements.

Use of fluids that do not meet at least the minimum
performance recommendations and/or requirements
may lead to lower compariment performance and/or
compartment failure,

Problems/failures that are caused by using fluids
that do not meet the minimum recommended and/or
required performance level for the compartment
are not warrantable by Caterpillar Inc.. The fluid
manufacturer and customer are responsible.

When fluids made by other manufacturers are used
on Cat products, the Cat warranty is not affected
simply because of such use. Failures that result from
the installation or usage of other manufacturer fluids,
however, are not Cat factory defects and therefore
are NOT covered by the Cat warranty. Cat is not in
a position to evaluate the many fluids promoted by
other manufacturers and the effect on Cat products.
Installation or use of such items is at the discration of
the customer who assumes ALL risks for the effects
that result from this usage.
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Different brand cils may use different additive
packages to meet the various engine performance
category/specification requirements. For the best
results, do not mix oil brands.

The overall performance of engine and machine
compartments is dependent on the choice of the
lubricants and on the maintenance and cleanliness
practices. The choices include filtration products,
contamination control, tank management, and
general handling practices. Cat designed and
produced filtration products offer optimal performance
and system protection.

In order to abtain additional information on Cat
designed and produced filiration products, refer

o the "Reference Material’ article, “Filters” and
"Miscellaneous™ topics in this Special Publication or
consult your Cat dealer for assistance with filtration
recommendations for your Cat machine.

Nofe: In order fo help ensure the maximum expected
compartment performance and life, use a fluid

that meeis Cat highest level of fluid performance

as described in this Special Publication for the
campartment. Using a fluid that is considered an
acceptable, but lower performing option for typical
applications, will provide lower performance. (ex:
Where fluids meeting either Cat ECF-1-a, Cat ECF-2
or Cat ECF-3 are offered as an option in typical
applications, in order fo help ensure the maximum
expected engine compartment perfiormance and life,
oil meeting the Cat ECF-3 specification must be
used.)

NOTICE

Faulty engine coolant temperature regulators, or op-
erating with light loads, short operation cycles, exces-
sive idling, or operating in applications where normal
operating temperature is seldom reached can con-
fribute to excessive water in the crankcase oil. Corro-
sive damage, piston deposits, increased oil consump-
tion, and other damage can result. If a complete oil
analysis program is not followed or if the results are ig-
nored, the potential for damage increases. Follow en-
gine wamup recommendations provided in this Spe-
cial Publication and/or given in your engine Operation
and Maintenance Manual.

04891124

Engine Oil
SMCS Code: 1348 7581

This aricle contains engine crankcase fluid
recommendations for all Cat 3500 Series, G175
Series, and smaller Direct Injection (DI} engines,
marine engines, and Precombustion Chamber (PC)
engines. Some exceptions may be noted. Most Cat
medium and heavy-duty PC diesel engines were
produced before 1991,

Exceptions to these recommendations are 3116 and
3126 Marine Engines with Mechanical Unit Injection
(MU1). Refer to the section pertaining to these
engines in this Special Publication.

Engine lubricants play multiple roles in engines.
Appropriate lubricants offer the following:

+ Provide lubrication to the moving components of
the engine under a wide range of temperatures

+ Keep the engine components clean and remove
wear debris

+ Remove heat from the lubricated components

= Neuiralize acidic products due to combustion
process

« Protect the engine from cavitation and foaming
« Protect the engine from corrosion and rust

» Control Qil Consumption

+ Disperse/Solubilize Contaminants (Soot)

« Suppoit the regulated engine emissions limits

Current lubricant formulations are more advanced
and complex than previous formulations. Current
lubricants are developed to support advanced
engine technologies that have lower emissions while
supporting the performance and durability of these
engines.

High performance oils are produced and validated
using industry standard tests, proprietary fests,
field tests, and often prior experience with similar
formulation. Cat high quality and high performance
lubricants are validated based on these factors.
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In order to provide optimal engine performance and
life and comply with regulated emission reduction,
use the recommended engine oil as provided in this
special publication. Due to the significant variations
in the quality and performance of commercially
available oils, Cat recommends the use of Cat oils
as detailed in this article.

Cat Diesel Engine Oils

Cat fluids have been developed and tested by Cat in
order to provide the full performance and service life
that has been designed and built into Cat engines.
The quality of finished oil is dependent on the quality
of the base stock, the quality of the additives, and
the compatibility of the base stock and additives.
Cat fluids are formulated of high quality refined oil
base stocks and additives of optimal chemistry and
quantity in order to provide high performance in
engines and machine components. Cat fluids are
used for factory fill of Cat engines and components
and are offered by Cat dealers for service fills and
as aftermarket products. Consult your Cat dealer for
more information on these Cat fluids.

Cat recommends the use of the following [ubricants
in commercial engines covered by this Special

Publication:
Table 1
Cat Lubricants Viscosity Grade
SAE 15W-40
Cat DEC-ULS
Diesel Engine OQil-Ultra Low Sulfur SAE 10W-30
(API CJ-4) Cat DEQO-ULS SYN SAE 5W-40
Cat DEO Cold Weather SAE OW-40
Diesel Engine Oil (AP| CI-4/Cl-4 Cat DEO SAE 15W-40
PLUS and APl CH-4) SAE 10W-30
Multi Application Engine Oil Cat MAEO Plus (Non-Cat mixed fleets) SAE 10W-40
; ” SAE 30
Special Application Engine Oil Cat SAEO (Specific applications only) SAE 40
Diesel Engine Qil Cat DEO (3600 engines only) SAE 40
Precombustion Chamber Qil Cat PCO {Specific applications only) SAE 40
Note: Additional Cat fluids may be available. » Special Publication, SEBUB385, “Caterpillar
On-Highway Diesel Engine Fluids
Note: Cat engine oils exceed the performance Recommendations”

requirements of the respective API categories.
+ Special Publication, SEBUG400, “Caterpillar Gas

This information applies to Cat commercial engines. Engine Fluids Recommendations”

For more |ubricant recommendations see the

following Special Publications: « Special Publication, SEBU7003, "Caterpillar 3600
Series and C280 Series Diesel Engine Fluids

+ Special Publication, SEBU6250, “Caterpillar Recommendations”

Machine Fluids Recommendations”

e,
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Always consult your Cat dealer in order to ensure that
you have the current revision level of the publication.

Note: The optimal application of the lubricanis is
dependent on the oil quality and the maintenance
practices. Such practices include contamination
control, tank management, and general handling
practices.

Cat Diesel Engine Qils Recommendations

Cat DEO-ULS and Cat DEO multigrade oils are the
preferred oils for use in ALL Cat diesel engines that
are covered by this Special Publication. Commercial
alternative diesel engine oils are, as a group, second

choice cils.
Table 2
Summary of Cat engine lubricants Recommendations/Requirements
MNon-Road Tier 4 Certified Non-Road Pre Tier 4 Certified
Cat DEO-ULS
Preferred Cat DEO-ULS
Cat DEO
. . Cat ECF-3/API CJ-4, Cat ECF-2,
Commercial Lubricants Cat ECF-3/API CJ-4 Cat ECF-1-a

Note: Each of the Cat ECF specifications provides
increased performance over lower Cat ECF
specifications. For example, Cat ECF-3 provides
higher periormance than Cat ECF-2 and Cat
ECF-3 provides much higher performance than Cat
ECF-1-a. Refer to table 3 for details,

For nonroad Tier 4 United States Environmental
Protection Agency (U.S. EFA) certified engines that
are equipped with afterireatment devices refer to the
specific section of this chapter.

Table 3

Cat Engine Crankcase Fluids (ECF) Definitions

Cat Minimum Petformance Requirement Cat ECF Specifications Requirements

Cat ECF-3 APl CJ-4 Qil Category performance requirements

Qits of sulfated ash > 1.50 percent are not allowed

API Cl-4/ Cil-4 PLUS Qil Category performance reguirements and
Cat ECF-2 Passing standard Cat C13 engine test per API requirements and

APl CH-4 Qil Caiegory performance requirements and
For oils that are between 1.30 percent and 1.50 percent
Cat ECF-1-a sulfated ash, passing one additional Cat 1P SCOTE test

("ASTM D6681") is required and
Oils of sulfated ash > 1.50 percent are not allowed




10
Maintenance Section
Lubricant Specifications

SEBUB251-14

Cat DEO-ULS exceeds the limits of API CJ-4
standard tests. Cat DEO exceeds the limits of API
Cl-4/Cl-4PLUS and AP] CH-4. Cat DEQ-ULS and Cat
DEO are rigorously tested with full-scale proprietary
Cat engine tests to ensure optimal protection of

Cat diesel engines. The tests include the following:
sticking of the piston rings, piston deposits, oil
control tests, wear tests, and soot tests. Proprietary
tests help ensure that Cat oils provide superior
performance in Cat diesel engines.

There are significant variations in the quality and
performance of commercially available oifs.

For this reason, Cat recommends the Cat oils listed
in Table 2 and the guidelines in Table 3.

NOTICE

Do not use single grade API CF oils or multigrade AP!
CF oils in Cat Series 3500, Series C175 and smaller
Direct Injection (DI) diesel engines. Single grade
APl CF oils (or oils that meet all the performance
requirements of APl CF category) may only be used
in Cat Series 3600 and Series C280 diesel engines,
and older Cat engines that have precombustion
chamber (PC) fuel systems. Oils that are used in
Cat Series 3600 and Series C280 diesel engines
must also pass a 7000 field performance avaluation.
Cansult your Cat dealer for details.

Cat DEQ-ULS multigrade and Cat DEQ multigrade
oils are formulated with the correct amounts and
chemistry of various additives including detergents,
dispersants, antioxidants, alkalinity, antifoam,
viscosity modifiers, and others in order to provide
superior performance in Cat diesel engines where
recommended for use,

Use appropriate ubricating oils that are compatible
with the engine certification and aftertreatment
system and with the fuel sulfur levels. Refer to the oil
recommendations for Tier 4 engines in this chapter
and to "Diesel Fuel Sulfur Impacts” article of this
“Fuels Specifications” section and to the “Lubricants
Specifications” section of this Special Publication.

Cat DEO-ULS and Cat DEO are multigrade oils.
The viscosity grades of these Cat oils are SAE
10W-30, SAE 15W-40, and SAE 0W-40 as detailed
in table 1 in this article. Multigrade oils provide the
correct viscosity for a broad range of operating
temperatures, Multigrade oils provide the appropriate
oil film thickness for moving engine components.

Cat DEO-ULS multigrade and Cat DEQ multigrade
oils can be used in other manufacturer diesel
engines and in gasoline engines. Refer to

the engine manufacturer literature for the
recommended categories/specifications. Compare
the categories/specifications to the specifications of
Cat DEO-ULS multigrade and Cat DEO multigrade
oils. The current industry standards for Cat DEO-ULS
multigrade and Cat DEO multigrade oils are listed
on the product labels. Also refer to the datasheets
for the product.

Consult your Cat dealer for part numbers and for
available sizes of containers.

Cat DEOQ-ULS multigrade exceeds the requirements
of the following Cat Engine Crankcase Fluid (ECF)
specifications: Cat ECF-1-a, Cat ECF-2, and Cat
ECF-3. Cat DEO-ULS multigrade exceeds the
performance requirements for the following API oif
categories: APl CJ-4, AP| Cl-4, API CI-4 PLUS, API
CH-4, and APl CF (or oils that claim the performance
requirements of APl CF category). Cat DEO-ULS
multigrade is compatible for use in engines equipped
with aftertreatment devices.

Cat DEO multigrade exceeds the requirements of
the following Cat Engine Crankecase Fluid (ECF)
Specifications: Cat ECF-1-a and Cat ECF-2.

Cat DEO multigrade exceeds the performance
requirements for the following American Pefroleum
Institute {APT) oil categories: APl Cl-4, AP] Cl-4
PLUS, AP| CH-4, and AP! CF (or oils that claim the
performance requirements of APl CF category). The
availability of Cat DEQ multigrade exceeding the
noted requirements will vary by region.

Cat multigrade oils exceed many of the performance
requirements of other manufacturers of diesel
engines. Therefore these oils are excellent choices
for many mixed fleets. Refer to your engine
manufacturer literature and requirements.

Note: API oil categories CG-4 and CF-4 are obsolete.
The API {American Petroleum Institute) does not
license these categories effective August 2008. Qils
that claim APt CG-4 and CF-4 are not recommended
for Cat engines.

API oil category CF is obsolete. The AP| (American
Petroleum Institute) does not license this category
effective end of 2010. API does not validate the
quality of APl CF oils and does not allow the display
of APl symbol (also called AP} doughnut) with CF
as highest claim on the oil container. Oils that ¢laim
the requirements of APl CF can be used ONLY in
Cat 3112 and Cat 3126 Marine Engines. Refer to
the details given in the Marine engine section in this
Special Publication.
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Recommendation for Tier 4
Engines

Cat DEO-ULS or oils that meet the Cat ECF-3
specification and the API CJ-4 oil category are
required for use in nonroad Tier 4 United States
Environmental Protection Agency {(U.S. EPA) certified
engines that are equipped with aftertreatment
devices,

Cat DEO-ULS or cils that meet the Cat ECF-3
specification and the API CJ-4 are required for

use in the applications listed below. If oils meeting
the Cat ECF-3 specification and the APl CJ-4
specifications are not available, oils meeting ACEA
E9 may be used. ACEA E9 oils meet the chemical
limits designed to maintain aftertreatment device life.
ACEA ES oils are validated using some but not all
ECF-3 and AP| CJ-4 standard engine performance
tests. Consult your oil supplier when considering use
of an oil that is not Cat ECF-3 or AP] CJ-4 qualified.

« Nonroad EU Stage IIiB and IV type-approved
engines that are equipped with aftertreatment
devices

« Nonroad Japan Step 4 approved engines that are
equipped with aftertreatment devices

Refer to Table 2 for the order of preference of engine
oils. Cat DEO-ULS and oils meeting the Cat ECF-3
specification and the APl C.J-4 and ACEA E9 oil
categories have the following chemical limits:

« 1 percent maximum sulfated ash
= 0.12 percent maximum phosphorous
« 0.4 percent maximum sulfur

The chemical limits were developed in order to
maintain the expected afterireatment devices life,
performance, and service intervals. Use of oils other
than Cat DEC-ULS or oils that do not meet the Cat
ECF-3 specification and the APl CJ-4 oil category
(andfor ACEA E9 category for EU and Japan-specific
applications listed above) in aftertreatment-equipped
engines can negatively impact performance of the
aftertreatment devices, can contribute to Diesel
Particulate Filter (DPF) plugging and/or can cause
the need for more frequent DPF ash service
intervals. Refer {o your engine-specific Operation and
Maintenance Manual, and refer to your aftertreatment
device documentation, if available, for additional
guidance.

Typical aftertreatment systems include the following:
« Diesel Particulate Filters (DPF)

« Diesel Oxidation Catalysts (DOC)

» Selective Catalytic Reduction (SCR)
= Lean NOx Traps (LLNT)
Other systems may apply.

Cat DEQ-ULS and Cat DEC are recommended for all
pre-Tier 4 engines that use Ulira Low Sulfur Diesel
{ULSD) or Low Sulfur Diesel (LSD) fuels.

Cat DEO is recommended for engines using fuels of
sulfur levels that exceed 0.1 0.2 percent (2000 ppm).
Cat DEO-ULS may be used in these applications if
an ofl analysis program is followed. The oil change
interval may be affected by the fuel sulfur level. Refer
te Table 4 in this section of this Special Publication.

Note: For on-Highway engines fluids
recommendations, refer to the Operation and
Maintenance Manual of your engine and also refer to
the most current revision level of Special Publication,
SEBUG385, “Caterpillar On-Highway Diesel Engine
Fluids Recommendations” or consult your Cat dealer.

Ultra Low Sulfur Diesel (ULSD} fuel 0.0015 percent
{15 ppm (mafkg)) sulfur is required by regulation for
use in engines certified to nonroad Tier 4 standards
(U.S. EPA Tier 4 certified). ULSD must also be used
in engines equipped with exhaust aftertreatment
systems.

European ULSD 0.0010 percent (<10ppm (mg/kg))
sulfur fuel is required by regulation for use in engines
certified to European nonroad Stage 1B and newer
standards. European ULSD must also be used

in engines equipped with exhaust afterireatment
sysiems.

Certain governments/localities andfor applications
MAY require the use of ULSD fuel. Consult federal,
state, and local authorities for guidance on fuel
requirements for your area,

ULSD fuel or sulfur-free diesel fuel are applicable
for use in all engines regardless of the engine Tier
or Stage.



12
Maintenance Section
Lubricant Specifications

SEBUGB251-14

NOTICE

Do not add new engine oil, waste engine oil or any
oil product to the fuel unless the engine is designed
and cerfified to burn diesel engine oil (for exam-
ple Caterpillar ORS designed for large engines).
Caterpillar experience has shown that adding oil
products to Tier 4 engine fuels (U.S. EPA Tier 4
certified), to Euro 1V/Stage IV certified engine fuels,
or to the fuels of engines equipped with exhaust
aftertreatment devices, will generally cause the need
for more frequent ash service intervals and/or cause
loss of performance,

Adding oil products to the fuel may raise the sulfur lev-
el of the fuel and may cause fouling of the fuel system
and loss of performance,

Commercial Qils

Commercial Crankcase Fluid Recommendations
for all Current and Noncurrent Cat Diesel Engines
that are covered by this Special Publication

Note: Non-Cat commercial oils are, as a group,
second choice oils. Within this grouping of second
choice oils there are tiered levels of performance.

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids,

Cat developed the Engine Crankcase Fluid (ECF)
specifications to ensure the availability of high
performance commercial diese! engine oils.

There are three current Cat ECF specifications:

Cat ECF-1-a, Cat ECF-2, and Cat ECF-3. Each
higher Cat ECF specification provides increased
performance over lower Cat ECF specifications. For
example, Cat ECF-3 provides higher performance
than Cat ECF-2 and Cat ECF-3 provides much higher
performance than Cat ECF-1-a. Refer to table 3 for
details.

API category oils that have not met the requirements
of at least one Cat ECF specification may cause
reduced engine life.

Note: The Cat ECF-3 specification was released in
October 2006.

Oils that meet the APl CJ-4 oil category requirements
are Cat ECF-3 specification compliant.

Note: The Cat ECF-1-a and Cat ECF-2 specifications
replaced the Cat ECF-1 specification as of 1 March
2007.

Nofe; Cat DEO and DEO-ULS are required to pass
proprietary full-scale diesel engine testing. The
testing is above and beyond the testing required by
the various Cat ECF specifications and by the various
AP oil categories that are also met. This additional
proprietary testing helps ensure that Cat multigrade
diesel engine oils, when used as recommended,
provide superior performance in Cat diesel engines.
tf Cat DEO multigrade or DEO-ULS multigrade oils
are not used, use only commercial oils that meet the
recommendations and requirements stated below:

When the recommended Cat DEO-ULS and Cat
DEO diesel engine oils are not used, commercial
oils that meet the requirements of the Cat ECF-1-a,
Cat ECF-2, and/or the Cat ECF-3 specification are
acceptable, but second choice, for use in Cat diese)
engines that are covered by this Special Publication.

Cat DEO-ULS or oils that meet the Cat FCF-3
specification and the APl CJ-4 oil category are
required for use in nonroad Tier 4 United States
Environmental Protection Agency (U.S. EPA) certified
engines that are equipped with aftertreatment
devices.

Note: For engines that are Tier 4 EPA certified, refer
to the Recommendations for Tier 4 Engines article
in this Engine Qil section.

For engines using fuels of sulfur levels that exceed
0.2 percent {2000 ppm), Cat recommends Cat DEO.
However, commercial oils that meet Cat ECF-2 or Cat
ECF-1-a specifications are acceptable. Commercial
oils that meet Cat ECF-3 specifications may be used
in these applications if an oil analysis program is
followed. The oil change interval is affected by the
fuel sulfur ievel. Refer to Table 4 in this section of
this Special Publication.

Note: For on-Highway engines fluids
recommendations, refer to the Operation and
Maintenance Manual of your engine and also refer to
the most current revision level of Special Publication,
SEBUB385, “Caterpillar On-Highway Diesel Engine
Fluids Recommendations” or consult your Cat dealer.

Note: In selecting oil for any engine application,
both the oil viscosity and oil performance
category/specification as specified by the engine
manufacturer must be defined and satisfied. Using
only one of these parameters will not sufficiently
define oil for an engine application.

In order to make the proper diesel engine oil viscosity
grade choice, refer to the “Lubricant Viscosities

for Ambient Temperatures” table in this Special
Publication.
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NOTICE
Failure to follow these oil recommendations can cause
shortened engine service life due to deposits and/or
excessive wear.

NOTICE

Do not use single grade API CF oils or multigrade API
CF oils in Cat Series 3500, Series G175 and smaller
Direct Injection (DI) diesel engines. Single grade
APl CF ails (or oils that meet all the perfformance
requirements of API CF category) may only be used
in Cat Series 3600 and Series C280 diesel engines,
and older Cat engines that have precombustion
chamber (PC) fuel systems. Oils that are used in
Cat Series 3600 and Series C280 diesel engines
must also pass a 7000 field performance evaluation.
Consult your Cat dealer for details,

NOTICE

Do not add new engine oil, waste engine oil or any
oil product to the fuel unless the engine is designed
and certified to burn diesel engine oil (for exam-
ple Caterpillar ORS designed for large engines).
Caterpillar experience has shown that adding oil
products to Tier 4 engine fuels (U.S. EPA Tier 4
certified), to Euro [V/Stage IV certified engine fuels,
or to the fuels of engines equipped with exhaust
aftertreatment devices, will generally cause the need
for more frequent ash service intervals and/or cause
loss of performance.

Adding oil products to the fuel may raise the sulfur lev-
el of the fuel and may cause fouling of the fuel system
and loss of performance,

Total Base Number (TBN) and Fuel
Sulfur Levels for Direct Injection
(DI) Diesel Engines

This article provides information for Direct Injection
(DI) Diesel Engines, Precombustion Chamber (PC)
Engines and Direct Injection (DI) 3116 and 3126
Marine Diesel Engines.

The use of Cat S-0-S Services oil analysis is
recommended for determining oil life.

TBN is also commonly referred to as Base Number
{BN).

The minimum required Total Base Number (TBN) for
oil depends on the fuel sulfur level. For commercial
diesel engines that use distillate fuel, the following
guidelines apply:
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Table 4
TEN recommendations for applications in Cat engines
Fuel Sulfur Level percent (ppm) Cat Engine Qils @ TBN of Commercial Engine Qils
0.05 percent (500ppm) CaéftEgé‘éLs Min 7
>0.05-0.2 percent (>500- 2000 pprm) @ o =0 Min 10
Above 0.2 percent (above 2000ppm) &6 Cat DEO ® Min 10

(1t Cat DEO-ULS applies to Cat DEQ-ULS SAE 15W-40, SAE10W-30, Cal DEC-ULS SYN SAE 5W-40, and Cat DED Cold Weather SAE

0wW-40. Cat DEO applies to Cat DEO SAE 15W-40 and SAE 10W-30.

(%) Use of an vil analysis program to determine oil drain intervals is strongly recommended if fuel sulfur is between 0.05% (500 ppm)

and 0.5% (5000 ppm).

@) Use of an oil analysis program to determine oil drain intervals is required if fuel sulfur is above 0.5% (5000 ppm).
() For fuels of sulfur levels that exceed 1.0 percent (10,000 ppm), refer to TBN and engine oil guidelines given in this section.
) Cat DEC-ULS may be used if an oil analysis program is followed. High fuel sutfur levels may reduce the oil drain intervals.

Note: For PC (Precombustion Chamber) diesel
engines, which are mainly 1890 and older engines,
the minimum new oil TBN must be 20 times the fuel
sulfur level.

For regions in the world where fuels of high sulfur
that exceed 1.0 percent (10,000 ppm (mg/kg))
are available and allowed for use by law, use the
following guidelines:

+ Choose multigrade oil with the highest TBN that
meets one of these specifications: Cat ECF-1-a,
Cat ECF-2, or Cat ECF-3.

» Reduce the oil change interval. Base the oil
change interval on the oil analysis. Ensure that
the oil analysfs includes the condition of the oil
and a wear metal analysis. Cat $-0-S Services oil
analysis is required.

TBN testing is an optional part of the SOS Services
oil analysis program. TBN testing may be done in
addition to the standard SOS Services tests for oil
deterioration. In most applications, the SOS Services
tests for oxidation, sulfation, viscosity, and wear will
identify oil deterioration.

TBN of the oil is typically measured using "ASTM
D2896" and/or "ASTM D4739" test methods. Both
methods can be used to measure the TBN of used
oils. However, "ASTM D4739" is the preferred method
for used oils.

« Consider changing the oil if the "ASTM D2896" test
result reaches 4 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

+ Constider changing the ol if the "ASTM D4739" test
result reaches 3 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

» Be aware that both of these test methods have
variability of approximately £1 TBN. Care should
be taken when analyzing the resuits of the TBN
test. Consult a trained 5-0-S Services analyst
when making oil drain decisions based on oil
sample resuifs.

Note: The use of Cat 3-0-S Services oil analysis
helps environmental sustainability as the best way to
optimize oil life. The service will help engines reach
the expected life. Consuit your Cat dealer regarding
the testing required to establish a safe, optimized oil
drain interval.

In order to help protect your engine, and optimize
oil drain intervals for engine applications and
duty cycles, use Cat §-0'S Services oil analysis
as follows:

« Recommended as a matter of course

» Recommended in order to determine oil drain
intervals when operating on fuel with sulfur levels
between 0.05% (500 ppm) and 0.5% (5000 ppm)

= Required in order to determine oil drain intervals
when operating on fuel with sulfur levels that are
above 0.5% (5000 ppm)

Note; Engine operating conditions play a key role
in determining the effect that fuel sulfur will have on
engine deposits and on engine wear, Consult your
Cat dealer for guidance when fuel sulfur levels are
above 0.1% (1000 ppm).

Excessive piston deposits can be produced by ol
with a high TBN and/or high ash. These deposits can
lead to a loss of control of the oil consumption and to
the polishing of the cylinder bore.

There are many factors that contribute to rapid TBN
depletion, a not all inclusive list follows:
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» High sulfur fuel (The more fuel sulfur, the more
rapid the TBN depletion.)

» Faulty engine coolant regulators
« Light loads

+ Short operation cycles

= Excessive idling

« Operating in applications where normal operating
temperature is seldom reached

« High humidity (allowing excessive condensation)

Bullets 2 through 7 above ¢an contribute to excessive
water in the crankcase cil. The water combines with
available sulfur to form sulfuric acid. Neutralizing
acids that are formed contribute to rapid TBN
depletion.

NOTICE

Depending on application severity and localized envi-
ranmental conditions, and also depending on mainte-
nance practices, operating Direct Injection (D) diesel
engines and operating PC (Precombustion Chamber)
diesel engines on fuel with sulfur levels over 0.1 per-
cent (1000 ppm) may require significantly shortened
oil change intervals in order to help maintain adequate
wear protection. Refer to this Special Publication, “Fu-
el Specifications” section, “Diesel Fuel Sulfur’ topic for
additional information.

Note: Do NOT use only this Special Publication
as a basis for determining oil drain intervals.

This Special Publication does not address
recommended oil drain intervals, bui rather provides
guidance that should be used with your specific
engine/machine Operation and Maintenance Manuals
in determining acceptable oil drain intervals. Consult
your engine/machine Operation and Maintenance
Manuals, and consult your Cat dealer for additional
guidance, including but not limited to guidance on
establishing optimized and/or acceptable oil drain
intervals.

Severe applications

An engine which operates outside of normal
conditions is operating in a severe service
application.

An engine that operates in a severe service
application may need more frequent maintenance
intervals in order to maximize the following conditions:

« Reliability

« Service life

Severe Applications Require the Use of Higher
Performing Diesel Engine Qils. Examples of
severe duty applications include, but not limited to
the following:

« operating at greater than 75% load factor
« operating in high humidity

+ operating with fuel suliur levels that are above
0.1% (1000 ppm}

In order {o help ensure the maximum expected
compartment performance and life, higher performing
fluids as described in this Special Publication may
be required. Fluids that meet only the minimum
performance levels may be allowed for typical
applications, but maintenance intervals must

be reduced. For the maximum expected engine
compartment performance and life and where LSD or
ULSD fuels are available, oils meeting the Cat ECF-3
specification must be used.

The number of individual applications cause the
impossibility of identifying all of the factors which may
contribute to severe service operation. Consult your
Cat dealer for the unique maintenance that may be
necessary for your engine.

An application is a severe service application if any
of the following conditions apply:

Severe Environmental Factors
= Frequent operation in dirty air

» Frequent operation at an altitude which is above
1525 m (5000 ft)

+ Frequent operation in ambient temperatures which
are above 32° C (90° F)

« Frequent operation in ambient temperatures which
are below 0° C (32° F)

Severe Operating Conditions

» Frequent operation with inlet air which has a
corrosive content

» Operation with inlet air which has a combustible
content

+ Operation which is outside of the intended
application

« Operation with a plugged fuel filter
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» Extended operation at low idle (more than 20% of
hours)

» Frequent cold starts at temperatures below 0° C
{32° F)

« Frequent dry starts (starting aiter more than 72
hours of shufdown)

« Frequent hot shutdowns (shutting down the engine
without the minimum of 2 minutes to 5 minutes of
cool down time)

» Operation above the engine rated speed
= Operation below the peak torque speed

» Operating with fuel which does not meet the
standards for distillate diesel fuel as stated in
Special Publication, SEBU6250, “Caterpillar
Machine Fluids Recommendations”, “Distillate
Diesel Fuel’

» Operating with a blend of distillate fuel which
contains more than 20 percent biodiesel

Improper Maintenance Procedures
(Maintenance Procedures Which
May Contribute to a Severe Service
Application)

« Inadequate maintenance of fuel storage tanks from
causes such as excessive water, sediment, and
microorganism growth.

« Extending maintenance intervals beyond the
recommended intervals

» Using fluids which are not recommended in Special
Publication, SEBU625Q, “Caterpillar Machine
Fluids Recommendations”

» Extending maintenance intervals for changing
the engine oil and engine coolant without $:0-8
validation

» Extending maintenance intervals for changing air
filters, oil filters, and fuel filters

« Failure to use a water separator

= Using filters which are not recommended by
Special Publication, PEWJ0074, “2008 Cat Filter
and Fluid Application Guide”

« Storing the engine for more than 3 months but less
than 1 yr (For information about engine storage,
refer to Special Publication, SEHS9031, “Storage
Procedure for Caterpiliar Products”)

04891116

Engine Oil (3116 and 3126
Marine Engines)

SMCS Code: 1348: 7581

Recommendations

Cat does not recommend the use of multigrade oils
in the 3116 and 3126 Marine Diesel Engines that use
mechanical unit injection (MUI).

Multigrade oils use high molecular weight polymers
as viscosity index improvers, When the crankcase
blowby flows through the turbocharger and the
aftercooler, the viscosity index improvers can adhere
to the turbocharger compressor and aftercooler core.

The fouling of the turbocharger and aftercooler can
cause reduced air flow, loss of power, and increased
black smoke. The emission of black smoke results in
buildup of soct on the transom of the boat,

Note: Cat recommends the use of single grade oils
that pass all AP| CF-4 category requirements unless
crankcase blowby has been routed away from the
air cleaner inlet.

Cat SAEO (Special Application Engine
Oil)

Note: Cat SAEQ is recommended for use in Cat 3116
and 3126 Marine Diesel Engines with mechanical
unit injection. 3116 and 3126 Marine Diese! Engines
that begin with the following serial number prefixes
are included: (S/N: 6SR), (S/N: 8NM), (S/N: 4KG),
{S/N: 1SK), (S/N: 12J}, (S/N: 8MK), and (S/N: 4EZ).

The factory-fill for 3116 and 3126 Marine Engines is
Cat SAEO with the following properties:

+ Meets all requirements of APl CF-4 category

» Viscosity grade of SAE 30

For maximum performance in 3116 and 3126 Marine
Diesel Engines with mechanical unit injection, Cat
recommends the foliowing engine oil:

« Cat SAEO (SAE 30)
« Cat SAEO (SAE 40)

s,
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Commercial Oils (3116 and 3126
Marine Engines)

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids.

When Cat SAEQ is not used, use the following
commercial oils:

» Single grade oil with a viscosity of SAE 30 or SAE
40 that meets all AP| CF category requirements
is preferred.

+ Single grade oil with a viscosity of SAE 30 or
SAE 40 with an AP| CF additive package and no
viscosity improvers is acceptable oil.

AP! oil category CF is obsolete. The API (American
Petroleum Institute) does not license this category
effective end of 2010. AP1 does not validate the
quality of AP CF oils and does not allow the display
of APl symbol {also called API doughnut) with CF as
highest claim on the oil container.

Oil products that used to be licensed as APl CF
oil performance category and have not changed
formulation are acceptable for use in Cat 3116 and
3126 marine engines.

For an acceptable commercial single grade oil,
consult your Cat dealer.

Some commercial oils that meet the requirements
AP CF-4 category may require reduced oil change
intervals. To determine the oil change interval, closely
monitor the condition of the oil and perform a wear
metal analysis. Cat 8-O-5 Services oil analysis
program is the preferred method.

NOTICE
Failure to follow these oil recommendations can cause
shortenaed engine service life due to deposits and/or
axcessive wear,

Total Base Number (TBN) and Fuel
Sulfur Levels for Direct Injection
(D1} Diesel Engines (3116 and 3126
Marine Engines)

This article provides information for 3116 and 3126
Marine Diesel Engines.

The use of Cat $:0O-S Services oil analysis program
is recommended for all lubricating fluids.

TBN is also commonly referred to as Base Number
{BN).

The minimum required Total Base Number (TBN) for
oil depends on the fuel sulfur level. For 3116 and
3126 Marine Diesel Engines that use distillate fuel,
the following guidelines apply:

« For fuel sulfur levels of up to 1.0 percent (10,000
ppm sulfur), use a recommended single grade
engine oil of TBN that is double the fuel sulfur
level at 2 minimum. Example: Minimum TBN of the
engine oil = Fuel sulfur level percent x 2.

» For fuel sulfur levels of 1.0 percent (10,000
ppm sulfur) or higher, choose a recommended
single grade engine oil, and follow the relevant
information given in this article.

Note: The typical units used to express sulfur
concentration are; parts per million (ppm), mg/kg or
percent. The two units ppm and mg/kg are equivalent.
In order to convert fuel sulfur level from ppm or mg/kg
to percent, divide the ppm or mg/kg value by 10,000.
Example:

« Fuel of sulfur level 500 ppm is 0.05 percent sulfur
{500/ 10,000 = 0.05)

+ Fuel of sulfur level 1000 ppm is 0.1 percent sulfur
(1000 /10,000 = 0.1)

For regions in the world where fuels of high sulfur
that exceed 1.0 percent (10,000 ppm (mg/kg))
are available and allowed for use by law, use the
following guidelines:

» Choose a recommended single grade ail with the
highest TBN.

» Reduce the oil change interval. Base the oil
change interval on the oil analysis. Ensure that
the oil analysis includes the condition of the oil
and a wear metal analysis. Cat 3-0-S Services oil
analysis is required.

TBN testing is an optional part of the SOS Services
oil analysis program. TBN testing may be done in
addition to the standard SOS Services tests for oil
deterioration. In most applications, the SOS Services
tests for oxidation, sulfation, viscosity, and wear will
identify oil deterioration.

TBN of the oil is fypically measured using “ASTM
D2896" and/or "ASTM D4739" test methods. Both
methods can be used to measure the TBN of used
oils. However, "ASTM D4739" is the preferred method
for used oils.
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+ Consider changing the oil if the “ASTM D2896" test
result reaches 4 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

+ Consider changing the oll if the "ASTM D4739" test
result reaches 3 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

= Be aware that both of these test methods have
variability of approximately £1 TBN. Care should
be taken when analyzing the results of the TBN
test. Consult a trained $-0-S Services analyst
when making oil drain decisicns based on oil
sample results.

Note: The use of Cat $:0-S Services oil analysis
helps environmental sustainability as the best way to
optimize oil life. The service will help engines reach
the expected life. Consult your Cat dealer regarding
the testing required to establish a safe, optimized oil
drain interval.

In order to help protect your engine, and optimize
cil drain intervals for engine applications and
duty cycles, use Cat $-0-S Services oil analysis
as follows:

» Recommended as a matter of course

+ Recommended in order to determine oil drain
intervals when operating on fuel with sulfur levels
between 0.05% (500 ppm) and 0.5% (5000 ppm)

« Required in order to determine oil drain intervals
when operating on fuel with suifur levels that are
above 0.5% (5000 ppm)

Excessive piston deposits can be produced by oil

with & high TBN and/or high ash. These deposits can

lead to a loss of controt of the oil consumption and to
the polishing of the cylinder bore.

There are many factors that contribute to rapid TBN
depletion, a not all inclusive kst follows:

» High sulfur fuel (The more fuel sulfur, the more
rapid the TBN depletion.)

+ Faulty engine coolant regulators
« Light loads

« Short operation cycles

» Excessive idling

» Operating in applications where normal operating
temperature is seldom reached

+ High humidity (allowing excessive condensation)

Bullets 2 through 7 directly above all can contribute
o excessive water in the crankcase oil. The water
combines with available sulfur to form sulfuric acid.
Neutralizing acids that are formed contribute to rapid
TBN depletion.

Depending on application severity and localized
environmental conditions, and also depending on
maintenance practices, operating Direct Injection (D)
diesel engines and operating PC (Precombustion
Chamber) diesel engines on fuel with sulfur levels
over 0.1 percent (1000 ppm) may require shortened
oil change intervals in order to help maintain
adequate wear protection. Refer to this Special
Publication, “Fuel Specifications” section, “Diesel
Fuel Sulfur" topic for additional information.

Note: Do NOT use only this special publication as
a basis for determining oil drain intervals.

This Special Publication does not address
recommended oil drain intervals, but rather provides
guidance that should be used with your specific
Operation and Maintenance Manual in determining
acceptable oil drain intervals. Refer to the Operation
and Maintenance Manual, and consult your Cat
dealer to determine the acceptable oil drain interval,

Note: Engine operating conditions play a key role
in determining the effect that fuel sulfur wili have on
engine deposits and on engine wear. Consult your
Cat dealer for guidance when fuel sulfur levels are
above 0.1% (1000 ppm).

Engine Oil for Precombustion
Chamber (PC) Diesel Engines
(Engine Crankcase Fluid
Recommendations for All 3500
Series and Smaller PC Diesel
Engines)

SMCS Code: 1348; 7581

Most Cat medium and heavy-duty PC diesel engines
were produced before 1991,

Cat Precombustion Chamber Oil (Cat PCO) is
acceptable for use in Cat PC diesel engines. Cat
PCO is available in SAE 40 grade. In addition, PC
diesel engines can use the multigrade oils that are
recommended for DI diesel engines.

For lubricant information, refer to the “Lubricant”
section of this Special Publication for engine oils.
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NOTICE
Do not use single grade APl CF oils or multigrade API
CF oils in Cat 3500 Series, C175 Series and smaller
Direct Injection (DI) diesel engines.

API CF oils are only recommended for Cat 3600 Se-
ries and C280 Series diesel engines, and Cat engines
that have precombustion chamber (PC) fuel systems.
Qils that are used in Cat 3600 Series and €280 Se-
ries diesel engines must also pass a 7000 hour field
performance evaluation. Contact your Cat dealer for
details.

Total Base Number (TBN) and Fuel
Sulfur Levels for Precombustion
Chamber (PC) Diesel Engines

The use of Cat 5-:0-S Services oil analysis is strongly
recommended for determining oil life.

Note: The following information concerning oil life
relative to used oil TBN level is provided for general
information only, and is not the recommended
method for determining cil life. If the one half of new
oil TBN guideline that is stated below is used
for determining oil life it must only be used in
conjunction with a complete $-0-8 Services oil
analysis program.

Note: TBN is also commonly referred to as Base
Number (BN).

Note: Qils that have not met the requirements of at
least one Cat ECF specification may cause reduced
engine fife,

Note: While APl CF category single grade and
multigrade oils may be acceptable for use in PC
diesel engines, AP CF oils and single grade oils are
not acceptable for use in Cat DI engines. Excessive
piston deposits will occur when oils that meet only
the AP| CF oil category are used in Cat 3500 Series,
C175 Series and smaller DI diesel engines.

The minimum required Total Base Number (TBN) for
oil depends on the fuel sulfur level, For PC diesel
engines that use distillate fuel, the minimum new oil
TBN must be 20 times the fuel sulfur level.

Note: The typical units used to express sulfur
concentration are: parts per million (ppm), mg/kg or
percent. The two units ppm and mg/kg are equivalent.
In order to convert fuel sulfur leve! from ppm or my/kg
to percent, divide the ppm or mg/kg value by 10,000,

« Fuel of sulfur level 500 ppm is 0.05 percent sulfur
{500 / 10,000 = 0.05)

+ Fuel of sulfur level 1000 ppm is 0.1 percent sulfur
(1000 / 10,000 = 0.1)

Note: The minimum TBN of the new ol is 7
regardless of the fuel sulfur level.

TBN testing is an optional part of the SOS Services
oil analysis program. TBN testing may be done in
addition o the standard SOS Services tests for oil
deterioration. In most applications, the SOS Services
tests for oxidation, sulfation, viscosity, and wear will
identify oil deterioration.

TBN of the cil is typically measured using "ASTM
D28986" andfor "ASTM D4739" test methods. Both
methods can be used to measure the TBN of used
oils. However, "ASTM D4739" is the preferred method
for used oils.

» Consider changing the oil if the “ASTM D2896" test
result reaches 4 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

= Consider changing the oil if the "ASTM D4739" test
result reaches 3 TBN. Look for other signs of oil
deterioration, or abnormal wear to verify the need
to change oil.

+ Be aware that both of these test methods have
variability of approximately £1 TBN. Care should
be taken when analyzing the results of the TBN
test. Consult a trained S-0-8 Services analyst
when making oil drain decisions based on oil
sample resulis.

Note: The use of Cat S-0-S Services oil analysis
helps environmental sustainability as the best way to
optimize oil life. The service will help engines reach
the expected life. Consult your Cat dealer regarding
the testing required to establish a safe, optimized oil
drain interval.

In order to help protect your engine, and optimize
oil drain intervals for engine applications and
duty cycles, use Cat S-0-$ Services oil analysis
as follows:

» Recommended as a matter of course

+ Recommended in order to determine oil drain
intervals when operating on fuel with sulfur levels
between 0.05% (500 ppm) and 0.5% (5000 ppm)

» Required in order to determine oil drain intervals
when operating on fuel with sulfur levels that are
above 0.5% (5000 ppm)
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Excessive piston deposits can be produced by oil
with a high TBN and/or high ash. These deposits can
lead to a loss of control of the oil consumption and to
the polishing of the cylinder bore.

NOTICE

Depending on application severity and localized envi-
ronmental conditions, and also depending on mainte-
nance practices, operating Direct Injection (DI) diesel
engines and operating PC (Precombustion Chamber)
diesel engines on fuel with sulfur levels over 0.1 per-
cent (1000 ppm) may require significantly shortened
oil change intervals in order to help maintain adequate
wear protection. Refer o this Special Publication, “Fu-
el Specifications” section, "Diesel Fuel Sulfur” topic for
additional information.

Note: For PC (Precombustion Chamber) diesel
engines, which are mainly 1990 and older engines,
the minimum new oil TBN must be 20 times the fuel
sulfur level. The diese] engine oil types, specifications,
and viscosity grades recommendations provided for
Dl diesel engines in this Special Publication are also
applicable to PC diese! engines.

Consult with your Cat dealer regarding the testing
that is required in establishing oil drain intervals that
are optimized for your application.

In order to help protect your engine, and in order
to help optimize oil drain intervals for engine
specific applications and duty cycles, Cat $-0-S
Services oil analysis is:

« Recommended as a matter of course

+ Very strongly recommended in order to determine
oil drain intervals when operating on fuel with sulfur
levels between 0.05% (500 ppm) and 0.5% (5000

ppm)

« Required in order to determine oil drain intervals
when operating on fuel with sulfur levels that are
above 0.5% (5000 ppm)

Note: Engine operating conditions play a key role
in determining the effect that fuel sulfur will have on
engine deposits and on engine wear. Consult your
Cat dealer for guidance when fuel sulfur levels are
above 0.1% (1000 ppm).

04058299

Marine Transmission Qil
SMCS Code: 3080; 3300; 7581

Cat Transmission/Drive Train Oils

Cat TDTC (Transmission/Drive Train Oil) is balanced
in order to give maximum frictional material service
life and performance in Cat transmissions. Cat
TDTO exceeds the requirements for the Cat

TO-4 oil specification which includes the frictional
requirements and gear wear requirements. Cat TDTO
is offered in different lubricant viscosity grades for
maximum service life of components at high ambient
temperatures and heavy-duty cycles.

For optimum transmission service life and
performance, Cat TDTO is recommended.
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Table 5
Lubricant Viscosities for Amhient Temperatures for Cat Marine Transmissions
Cooling of ggg{’:{? a?]r;g Viscosity °C F

transmission Requirements Grade Min Max Min Max
Raw/Sea Wat SAE 30 -15 80 5 176

aw/oea VWater Cat TDTO ~
Cat TO-4 SAE 50 5 95 23 203
Jacket Water SAE 50 -5 95 23 203

Consult your Cat dealer for part numbers and for
sizes of available containers.

Cat TDTO oil is formulated for transmissions and
drive trains only, and should not be used in engines.
Shortened engine life will result,

NOTICE
Cat GO is not the same as Cat TDTO, and does not
meet Cat TO-4 or TO-4M oil Performance Require-
ments. Cat GO or commercial gear oils should not be
used in compartments that specify Cat TO-4 or TO-4M
oil.

Commercial Transmission Qils

if Cat TDTO (Transmission/Drive Train Oil)

is not used, commercial oils meeting the Cat
TO-4 specification must be used in Cat marine
transmissions. Use TO-4 specification oils that are
single grade only.

Commercial Marine Transmissions

For marine transmissions which are not manufactured
by Cat, refer to the lubrication recommendation of the
Original Equipment Manufacturer (OEM).

04942979

Lubricant Viscosities
SMCS Code: 1000; 7000; 7581

Selecting the Viscosity

Ambient temperature is the temperature of the

air in the immediate vicinity of the machine.

This temperature may differ due to the machine
application from the generic ambient temperature for
a geographic region. When selecting the proper oil
viscosity for use, review both the regional ambient
temperature and the potential ambient temperature
far a given machine application. Generally, use

the higher temperature as the criterion for the
selection of the oil viscosity. Generally, use the
highest oit viscosity that is allowed for the ambient
temperature when you start the machine. Refer to
the “Lubricant Viscosities for Ambient Temperatures®
tables for guidance. In cold weather applications, the
preferred method is to use properly sized machine
compartiment heaters and a higher viscosity grade
oil. Thermostatically controlled heaters that circulate
the oil are preferred.

The proper oil viscosity grade is determined by

the minimum ambient temperature (the air in the
immediate vicinity of the machine). In order to
determine the proper oil viscosity grade, refer to the
“Min” column in the table. This information reflects the
coldest ambient iemperature condition for starting a
cold machine and for operating a cold machine. Refer
to the "Max” column in the table in order to select
the cil viscosity grade for operating the machine at
the highest temperature that is anticipated. Unless
specified otherwise in the tables, use the highest oil
viscosity that is allowed for the ambient temperature
when you start the machine.

Engines that are operated continuously should use
oils that have the higher oil viscosity in the final
drives and in the differentials. The oils that have the
higher oil viscosity will maintain the highest possible
oil film thickness. Refer to this Special Publication,
"General Information for Lubricants” article, Lubricant
Viscosities tables, and any associated footnotes.
Gonsuit your Cat dealer if additional information is
needed.
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Note: SAE OW and SAE 5W oils, are not
recommended for use in engines that are operated
continuously and/or are heavily loaded. Refer to the
“Lubricant Viscosities for Ambient Temperatures”
tables for guidance. The oils that have the higher
oil viscosity will maintain the highest possible oil
film thickness. Consult your Cat dealer if additional
information is needed.

Note: Generally, use the highest oil viscosity that is
available to meet the requirement for the temperature
at start-up.

Proper oil viscosity AND oil type/specification are
reguired to maximize engine performance and life.
Do NOT use only ol viscosity, or only oil type to
determine the engine oil selection. Using anly the oil
viscosity or only the oil type to determine the engine
oil selection can lead {0 reduced performance and
engine failure. Refer to the “Lubricant Viscosities for
Ambient Temperatures” tables and to ALL of the
associated footnotes.

rollow the recommendations found in the “Lubricant
Viscosities for Ambient Temperatures” tables
and associated footnotes in order to enhance
performance and reduce risk of engine failure.

In colder ambient conditions an engine warm-up
procedure and/or supplemental engine fluid
compartment heat may be required. Engine warm-up
procedures can typically be found in the Operation
and Maintenance Manual for the engine. The
“Lubricant Viscosities for Ambient Temperatures”
tables in this Special Publication include footnotes
that address engine warm-up.

Note: Different brand oils may use different additive
packages to meet the various engine performance
category/specification requirements. For the best
results, do not mix oil brands.

Note: The availability of the various Cat oils will vary
by region.

Lubricant Viscosity
Recommendations for Direct
Injection (DI} and Precombustion
Chamber (PC) engines

Refer to the minimum temperature in table 6 in order

to determine the required oil viscosity for starting a
cold engine. Refer to the maximum temperature in

order to select the oil viscosity for engine operation at

the highest ambient temperature that is anticipated.

Refer to this Special Publication, “General
information for Lubricants” article for important
lubricant information.

Supplemental heat is recommended for cold-soaked
starts below the minimum ambient temperature.
Supplemental heat may be required for cold-soaked
starts that are above the minimum temperature
that is stated, depending on the parasitic load and
other factors. Cold-soaked starts occur when the
engine has not been operated for a time, allowing
the oil to become more viscous in cooler ambient
temperatures.

For oil recommendations for Tier 4 EPA certified
engines, EU stage lIIB and 1V type approved engines,
and Japan Step |V approved engines refer to the
Special Publication, “Engine Oil" section. Refer {o this
Special Publication, “Lubricant Information” section
for a list of ail Cat engine oils.

Note: Use the highest oil viscosity that is available to
meet the requirement for the temperature at start-up.

if ambient temperature conditions at engine start-up
require the use of multigrade SAE OW oil, SAE 0W-40
viscosity grade is preferred over SAE OW-30.SAE.
Note: 10W-30 is the preferred viscosity grade for
the following diesel engines when the ambient
temperature is above —-18° C (0° F) and below 40° C
(104° F).

= C7

= C9

- C9

3116

« 3126

Note: C175 Series diese! engines require the use of
multigrade SAE 40 oil: SAE 0W-40, SAE 5W-40, SAE
10W-40, or SAE 15W-40. In ambient temperatures
of -8.5° C (15° F} or above, SAE 15W-40 is the
preferred oil viscosity grade. Refer to table 6 and
associated footnotes for guidance on selecting

the proper oil viscosity grade for various ambient
temperatures.
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Tabie 6
Lubricant Viscosities for Ambient Temperatures for Cat Diesel Engines
. Oil Type and Performance . . °c °F
Engine Type . Viscosity Grade
gine e Requirements Min Max Min Max
Cat Cold Weather DEO-ULS SAE 0W-40 ~40 40 -40 104
Cat DEO-ULS SYN SAE 5W-40 -30 50 -22 122
Direct Injection Cat DEO-ULS SAE 10W-30 -18 40 0 104
(DI) and Pre Cat DEO SAE 15W-40 —10 50 14 122
hust
Combusion (PC) SAE OW-30 40 30 ~40 86
Cat ECF-1-a, Cat ECF-2, - -
Cat ECE.3 SAE 5W-30 30 30 22 86
SAE 10W-40 -18 50 0 122
Pre Comhustion Cat SAEO SAE 30 0 40 32 104
(PC) only APl CF or equivalent SAE 40 5 50 4 122

Commercial multi-grade oil alternatives must claim
at least one of the following Cat specifications:
Cat ECF-1-a, Cat ECF-2, Cat ECF-3. Non-Cat
commercial oils are as a group second choice oils.

Refer to this Special Publication, “Lubricant
Viscosities” and “Cold Weather Lubricants™ for
additional information.

Lubricant Viscosity
Recommendations (3116 and
3126 Marine Engines)

The information provided in the “Lubricant Viscosities,
Selecting the Viscosity” arlicle in the "Di and PC
Engines” section is applicable to 3116 and 3126
Marine Engines.

The proper SAE viscosity grade of oil is determined
by the minimum ambient temperature during

cold engine start-up. The proper viscosity is also
determined by the maximum ambient temperature
during engine operation.

Refer to Table 7, minimum temperature, in order to
determine the required oil viscosity for starting a cold
engine. Refer to maximum temperature in order to
select the oil viscosity for engine operation at the
highest ambient temperature that is anticipated.

Refer to the "General Information for Lubricants”
article for important lubricant information.

Supplemental heat is recommended for cold-soaked
starts below the minimum ambient temperature.
Supplemental heat may be required for cold-soaked
starts that are above the minimum temperature. Use
of supplemental heat may depend on the parasitic
load and other factors. Cold-soaked starts occur
when the engine has not been operated for a time,
allowing the oil to become more viscous in cooler
ambient temperatures.

Use the highest oll viscosity that is allowed for the
ambient temperature at start-up.
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Table 7
Lubricant Viscosities for Ambient Temperatures for Cat 3116 and 3126 Marine Engines
Oil Type and . . °C °F
Engine Model | Performance V'écofl"ty -
Requirements rade iMin Max Min Max
3116 and 3126 Cat SAEQ SAE 30 0 40 32 104
Marine Diesel APl CF or
Engines equivalent SAE 40 5 50 41 122

04058329

Synthetic Basestock Oils
SMCS Code: 1300; 1348; 7581

Synthetic base oils are acceptable for use in Cat
engines. These oils must meet the performance
requirements that are specified by Cat for the
engine compartment.

Synthetic base oils generally perform better than
conventional oils in the following two areas:

+ Synthetic base oils have improved flow at low
temperatures, especially in arctic conditions.

« 3ynthetic base oils have improved oxidation
stability, especially at high operating temperatures.

Some synthetic base oils have performance
characteristics that enhance the service life of the oil.
However, Cat does not recommend the automatic
extension of oil drain intervals for any type of oil,
whether synthetic or non-synthetic.

Oil drain intervals for Cat engines can only be
adjusted higher (longer interval) after an oil analysis
program that contains the following data:

« Oil condition, oil contamination, and wear metal
analysis (Cat 5-0-S Services oil analysis)

Trend analysis

Fuel consumption
+ Qil consumption
Refer to the “Extended Engine Oil Drains and

Warranty” article in the Foreword of this Special
Publication.

04058332

Re-refined Basestock Qils
SMCS Code: 1300; 1348; 7581

Rerefined basestock oils are acceptable for use in
Cat engines IF these oils meet the performance
requirements that are specified by Cat.

Rerefined basestock oils can be used exclusively
in finished oil or in a combination with new
basestock cils. The US military specifications
and the specifications of other heavy equipment
manufaciurers also allow the use of rerefined
basestock oils that meet the same criteria.

The process that is used to make rerefined basestock
oil should adequately remove all wear metals and all
additives that are in the used oil. Vacuum distillation
and the hydrofreating of the used oil are acceptable
processes that are used for producing rerefined hase
oil.

Note: Filtering is inadequate for the preduction of
high quality rerefined basestock oils from used oil.

04248995

Aftermarket Oil Additives
SMCS Code:; 1300; 1348; 7581

Cat does not recommend the use of aftermarket
additives in oll. Aftermarket additives are not
necessary in order to achieve the maximum service
life of the engine or rated performance of the engine.
Fully formulated, finished oils consist of hase oils
and of commercial additive packages. These additive
packages are blended into the base oils at precise
percentages in order to help provide performance
characteristics that meet industry standards.
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There are no industry standard tests that evaluate
the performance or the compatibility of aftermarket
additives in finished oil. Aftermarket additives may
not be compatible with the finished oil additive
package, which could lower the performance of the
finished oil. The aftermarket additive could fail to
mix with the finished oil and produce sludge in the
crankcase. Cat discourages the use of aftermarket
additives in finished oils.

To achieve the best performance from a Cat engine,
conform to the following guidelines:

« Select the proper Cat oil or commercial oit that has
passed the Field Performance Evaluation. Refer
to the "Selecting a Commercial Qil” article in the
“Lubricant Specifications” section of this Special
Publication.

« Refer to the appropriate “Lubricant Viscosities
for Ambient Temperatures” table in this Special
Publication in order to find the correct oil viscosity
grade for your engine.

» At the specified interval, service the engine
compartment. Use appropriate new oil and install
an appropriate new oil filier.

+ Perform maintenance at the intervals that are

specified in the Operation and Maintenance
Manual, “Maintenance Interval Schedule”.

104173974

Specialty Lubricants
SMCS Code: 7000; 7581

Table 8

Special-Purpose Cat Lubricants

Hem Size

6V-4876 Lubricant® 500 g (17.6 0z)

5P -3831 Thread Compound® 160 g (5.3 0z)

(1} Recommended for use on typical components such as head
bolt threads and washers.

' Recommended for mating connectors such as exhaust
manifoid studs and exhaust manifold nuts,
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Table 9
UV Visible Dyes for Leak Detection
Part Number Description Size | Dosage
To detect oil leaks in engines, transmissions, hydraulic systems
1U-5572 Oil Glo 22 Additive 28.4 gram (1 ounce) bottie 278;‘89[3(’3 SS"Q“E’};:%} per
1U-5573 O o \ 28.4 gram {1 ounce) per
- it Glo 22 Additive 0.47 L (1 pint) bottle 7.58 L (2 US gal) of oil
To detect fuel leaks or suspected fuel dilution
28.4 gram (1 ounce) per
1U-5574 Gas Glo 32 Additive 28.4 gram (1 ounce) bottle 37.9 L (10 US gal) of
gasoline or diesel fuel
28.4 gram (1 ounce) per
1U-5575 Gas Glo 32 Additive 0.47 L (1 pint) bottle 37.9 L (10 US gal) of
gasoline or diesel fuel
To detect cooling system leaks
1U-5576 Water Glo 23 Additive 28.4 gram {1 ounce) bottle 1 5218 gl_gsz)nL(J"S Z:rl])Cr?f) \ng:rer
1U-6577 Water Glo 23 Additive 0.47 L (1 pint) bottle o2 [?Ejg“éfs g‘;ﬂ‘ﬁﬁ:{er

The dyes must be used with a special Glo Gun {o
detect the leaks. Consult with your local Cat dealer
for availability.

04058277

Cold Weather Lubricants
SMICS Code: 1300; 1348; 7581

NOTICE
Recommended engine warm-up procedure must be
followed. Refer to the engine Operation and Mainte-
nance Manual. Also refer to the relevant "Lubricant
Viscosities for Ambient Temperatures” table footnote
in this Special Publication.

NOTICE
Excessive engine idling time can confribute 1o exces-
sive water in the crankcase oil, causing corrosion,
sludge, and other problems. Excessive engine idling
time can also lead to injector fouling, piston and com-
bustion chamber deposits, corrosive damage, and in-
creased oil consumption.

For proper selection of oil viscosity grade and oil type
and/or specification, refer to this Special Publication,
"Lubricant Specifications” section.

Also, refer to this Special Publication, “Lubricant
Viscosities” articie.

NGTICE
Not following the recommendations found in the “Lu-
bricant Viscosities for Ambient Temperatures” table
and associated footnotes can lead to reduced perfor-
mance and engine failure,

NOTICE
Do NOT use only the oil viscosities when determining
the recommended oil for an engine compartment. The
oil type (performance requirements) MUST aiso be
used.

For easier cold weather starting, make sure that all
of the components of the engine electrical system
are properly maintained. All electrical wiring and
connections should be free of the following: fraying,
damaged insulation, and corrosion. Batteries should
be kept fully charged and warm. The batteries and
the battery cables must be sized properly for the
application.

Various starting aids are available in order to assist
with cold engine starts in low temperature conditions,
Follow the recommendations that are provided by the
manufacturer of the starting aid. Refer to the foreword
section of this Special Publication, “Aftermarket
Products and Warranty”.

For additional information concerning cold-weather
operation, refer to this Special Publication, "Fuel
Specifications™ section. Also refer to this Special
Publication, “Cooling System Specifications” section.

RS
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Before attempting to start the engine, make sure that
the oil in the engine is fluid enough to flow. Check the
oil by removing the dipstick. If the oil will drip from
the dipstick, then the oil should be fluid enough to
allow the engine to start. Do not use oil that has been
diluted with kerosene. Kerosene will evaporate in the
engine. and cause the ofl to thicken. Kerosene will
cause swelling and softening of the silicone seals.
Kerosene will dilute the oil additives. Dilution of the
oil additives will reduce the performance, and reduce
the engine protection that the additives provide.

if the viscosity of the oil is changed for colder
weather, also change the filter element. If the filter is
not changed, the filter element and the filter housing
can become a solid mass. After you change the oil,
operate the engine in order to circulate the thinner oil.

When you start a cold-soaked engine or when you
operate an engine in ambient temperatures that
are below —18°C (0°F), use base oils that can flow
in low temperatures. These multigrade oils have
lubricant viscosity grade of SAE OW or of SAE 5WV.
An example of viscosity grade is SAE 5W-40,

When you start a cold-soaked engine or when you
operate an engine in ambient temperatures that

are below —-30°C (~22°F), use synthetic basestock
muttigrade oil. The oil should have a lubricant
viscosity grade of SAE OW or SAE 5W. Use oil with a
pour point that is lower than ~40°C (=40°F).

Note: Use the highest oil viscosity grade that is
allowed for the ambient temperature when you
start the engine. If a different oil viscosity grade is
specified in the table, use the viscosity grade that
is specified in the table. In arctic applications,
the preferred method of lubrication is to use a
properly sized engine compartment heater and a
higher viscosity grade oil. Refer to the "Lubricant
Viscosities” article in this Special Publication for
further details.

Note: Cold-soaked starts occur when the engine has
not been operated for a time. The oil will become
more viscous due to cooler ambient temperatures.,
Supplemental heat is recommended for cold-soaked
starts that are below the minimum ambient
temperatures listed in the “Lubricant Viscosities for
Ambient Temperatures” tables. Supplemental heat
may he required for cold-soaked starts that are above
the minimum temperature that is stated, depending
on the parasitic load and other factors.

NOTICE

Engines that use fluid or pan heaters, or heated
enclosures, or are kept running under load, etc.
can, and generally should use higher viscosity
oil. The “Lubricant Viscosities for Ambient Tempera-
tures” tables (Maintenance Section} Minimum viscos-
ity for ambient temperature recommendations are for
cold-soaked conditions. Use the highest viscosity oil
that is allowed for the ambient temperature at startup.
BUT, under continuous usage (multiple shifts per
day), and/or when using fluid or pan heaters, use
a higher viscesity oil than the minumum recommend-
ed viscosity for cold-soaked starting conditions. The
higher viscosity oil will maintain the highest possible
oil fitm thickness. Refer to the “Lubricant Viscosities
for Ambient Temperatures” tables and the table foot-
notes for exceptions.

Example: The oil viscosity recommended for use in
Cat diesel engines for cold-soaked starts at ~40 °C
(-40 °F) is multigrade oil of the SAE OW viscosity
grade (SAE O0W-30). If the diesel engine is run
continuously, SAE 15W-40 viscosity grade diesel
engine oil can be used and is generally the preferred
oil viscosity in this situation.

NOTICE
If ambient conditions warrant, a higher viscosity oil of
the recommended specification for a given compart-
ment may need to be installed in order to provide ad-
equate film thickness.

04942985

S-0-S Services Oil Analysis

SMCS Code: 1000; 1348; 3080; 4070; 4250; 4300;
5095; 7000; 7542; 7581

NOTICE
These recommendations are subject to change with-
out notice. Consult your local Cat dealer for the most
up to date recommendations.

Cat has developed a maintenance management tool
that evaluates oit degradation and detects the early
signs of wear on internal components. The Cat tool
for oil analysis is called 8-C-S oil analysis and the
tool is part of the 5-:0-3 Services program. §-0-S oil
analysis divides oil analysis into four categories:

« Component wear rate
« Ol condition
« Qil contamination

« Qil identification
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Compoenent Wear Rate analysis evaluates the
wear that is taking place inside the lubricated
compartment. The S-0-S Services analyst uses the
results of elemental analysis and particle count tests
to evaluate the wear, Trend analysis and proprietary
wear tables are then used o determine if wear rates
are normal or abnormal.

Qil Condition analysis is used to determine if the oil

has degraded. Tests are done to look at the oxidation,
sulfation, and viscosity of the oil. The S-0-S Services
analyst uses established guidelines or trend analysis
to determine if the oil has reached the useful life limit.

Qil Contamination tests are performed {o determine
if anything harmfuf has entered the oil. This analysis
relies on the results from the following tests:
elemental analysis, soot, particle count, fuel dilution,
water, and glycol. The S-0-S Services program has
guidelines for the level of contamination that are
allowed in Cat engines.

Oil ldentification is another important pari of the
5-0-8 oil analysis program. The wrong oil in an
engine can severely damage major components,
The S-0O-S Services analyst uses elemental analysis
and viscosity results to identify key characteristics
of the oils.

These four types of analysis are used to monitor the
condition of your equipment, and to help you identify
potential problems. A properly administered S-0O-S
Services oil analysis program will reduce repair costs
and the program will lessen the impact of downtime.

The 3-0'S oil analysis program uses a wide range
of tests to determine the condition of the oil and the
lubricated compartment.

Guidelines that are based on experience and a
correlation to failures have been established for
these tests. See the following chart for the guidelines.
Exceeding one or more of these guidelines could
indicate serious fiuid degradation or a pending
compenent failure. A trained person at your Cat
dealership should make the final analysis.

Qil analysis is one of the diagnostic tools to determine
engine health. Oils that are within the limits given

by the guidelines may not indicate all engine heailth
issues. Under certain conditions, including but not
limited to severe operating conditions, cils that are
within the limits given by the guidelines may require
changing early.

Note: Cooling system problems will also reduce the
life of engines. $-0-S coolant analysis and 5-0-S qil
analysis provide a complete and accurate method for
monitoring the health of all engine systems. Refer

to the S-0-S Services coolant analysis information

in this Special Publication. A properly administered
S-0-3 Services program will reduce repair costs and
lessen the impact of downtime,

Refer to the “Contamination Control” article in
this Special Publication for recommended fluid
cleanliness targets.

Table 10

5-0-S OQil Analysis Guidelines

Test Parameter Guideline

Oxidation m

Soot w

Sulfation @

Wear Metals Trend Analysis and Cat
Wear Tablet norms

Water 0.5% maximum

Glycot 0%

Fuel Dilution based on viscosityh and

GC® fuel dilution in excess
of 4%

Viscosity “ASTM D445" +/-3 centistoke (cSt)
measured at 100° C change from new oil
(212° F) viscosity.

(*) Acceptahle values for these parameters are proprietary to the
5-Q-3 oil analysis program.
2) Gas Chromatograph

Note: Most oil analysis programs do not detect larger
particles in the oif sample. Some failure modes only
produce larger particles. Oil analysis alone will not
always detect an impending failure. Qil filters should
be sectioned and inspected for the presence of
visible particles.

The engine oil consumption must be measured and
recorded. A significant increase in oil consumption
can indicate a problem with cylinder pack deposits or
components. Additionally, oli additions dilute wear
metals and other contaminants. Oil analysis resulis
may become inaccurate.

Consult your Cat dealer for complete information and
assistance about the 808 oil analysis program.

Obtaining S-0-S Oil Samples

Before you obtain an $-0'8 oil sample, operate the
engine until the oil is warm and the oil is circulated.
Then obtain the 5-0-S oill sample.
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In order to obtain a good oil sample, do not take
the oil sample from the drain stream. The drain
stream method can allow a stream of dirty oil from
the bottom of the compartment to contaminate the
sample. Likewise, never dip an oil sample from an oil
container or pour a sample from a used filter.

There are two acceptable ways to obtain S-0O-S 0il
samples. The following methods are listed in the
order that is preferred:

« Use an in-line sampling valve on the pressurized
oil manifold.

= Use a sampling gun (vacuum pump) that is inserted
into the sump.

Use of the in-line sampling valve is the preferred
method. This method provides samples that are less
likely to be contaminated. Whenever you obtain the
samples, obtain the samples from the same point.
The samples will be more representative of the ol
that is in the system.

Normally, the oil sample is taken at low idle. If the
flow rate is too low, increase engine speed to high
idle in order to obtain the oil sample.

NOTICE
Do not use the same vacuum sampling pump for ex-
tracting oil samples that is used for extracting coolant
samples.

A small residue of either type sample may remain in
the pump and may cause a false positive analysis for
the sample being taken.

Always use a separate pump for oil sampling and a
separate pump for coolant sampling.

Failure to do so may cause a false analysis which
could lead to customer and dealer concerns.

Oil Sampling Interval

Take the oil samples as close as possible o the
standard intervals. In order to receive the full value
from S-0-S oil analysis, establish a consistent trend
of data. In order to establish a pertinent history of
data, periorm consistent oil samplings that are evenly
spaced.

Recommended interval for engine oil samples is
given in Table 11. A 250 hour sampling inierval can
provide a timely indication of cil contamination and
oil degradation.

Measure and record engine oil consumption in order
to allow accurate oil analysis. Qil additions during
the sampling interval dilute wear metals and other
contaminants.

Table 11

S-0-8 Oil Sampling Interval far Engine crankcase

Recommended [nterval (h@ Oit Type

Cat DEC
Cat DEO-ULS

() Severe applications raay require a mare frequent oil sampling
interval.

{2} Under certain conditions, the Cat dealer or the Operation and
Maintenance Manual may allow a longer interval between oil
samplings.

Every 250 Service Hours

Note: Refer to the Operation and Maintenance
Manual for your engine for recommended oil drain
intervals.

Consult your Cat dealer for complete information and
assistance in order to establish an $:0-S Services
program for your engine.

More Frequent S-:0O-S Sampling Improves
Life Cycle Management

Traditionally, the suggested S-0'S sampling
intervals for diesel engines have been at 250 hours.
However in severe applications, more frequent

oil sampling is recommended. Severe service far
lubricated compartments occurs at high loads, in
high temperatures, and in dusty conditions. If any of
these condificns or other severe service indicators
exist, sample the engine oil at 125 hour intervals,
These additional samples will increase the chance of
detecting a potential failure.

Determining Optimum Oil Change
Intervals

Sampling the engine oil at every 125 hours provides
information for oil candition and for oil performance.
This information is used to determine the optimum
usable life of a particular oil. Also, more points of
data will allow closer monitoring of component wear
rates. Close monitoring also allows you to obtain the
maximum use of the oil. For detailed information

on optimizing oil change intervals, consult your Cat
dealer.

This Special Publication does not address
recommended oil drain intervals. Refer to your engine
Operation and Maintenance Manual, and consult
your Cat dealer for additional guidance, including
but not limited to guidance on establishing optimized
and/or acceptable oil drain intervals.
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Note: The use of Cat S-O-S Services oil analysis
helps environmental sustainability as the best

way to optimize oil life. 5-0O-S Services will help
engines reach expected life. Consult your Cat dealer
regarding the testing required to establish a safe,
optimized oil drain interval,

Standard oil drain intervals as published in engine
Operation and Maintenance Manual are for typical
applications:

= Using recommended oils
+ Using good fuel
« Using recommended filters

= Using industry standard good maintenance
practices

« Following maintenance intervals as published in
engine Operation and Maintenance Manual

More severe applications may require shortened oil
drain intervals, while less severe applications may
allow for longer than standard oil drain intervals. High
load factors (above 75%), particularly with high sulfur
fuels, can contribute significantly to reducing oil drain
intervals below standard oil drain intervals.

Consult your Cat dealer regarding the testing that
is required in establishing oil drain intervals that are
optimized for your application.

In order to help protect your engine, and help optimize
oil drain intervals for engine applications and duty
cycles, useCat 5-0-S Services oil analysis as follows:

+« Recommended as a standard practice

+ Recommended in order to determine oil drain
intervals when using fuel with sulfur levels between
0.05% (500 ppm) and 0.5% (5000 ppm)

» Required in order to determine oil drain intervals
when using fuel with sulfur levels that are above
0.5% (5000 ppm)

Note: Engine operating conditions play a key role
in determining the effect that fuel sulfur will have on
engine deposits and on engine wear. Consult your
Cat dealer for guidance when fuel sulfur levels are
above 0.1% (1000 ppm).

i04898128

Lubricating Grease
SMCS Code: 06845; 1000; 7000; 7581

NOTICE
These recommendations are subject to change with-
out notice. Consult your local Cat dealer for the most
up to date recommendations.

Note: Non-Cat commercial greases are as a group
second choice greases. Within this grouping of
second choice greases there are tiered levels of
performance.

NOTICE
Cat does not warrant the quality or perfermance of
non-Cat fluids and greases.

Cat provides various greases that vary in
performance from a moderate performance to high
performance. These greases are used in the entire
line of Cat products in the wide variety of climates
throughout the world. From this variety of Cat grease
products, you can find a Cat grease that will meet or
exceed the performance required.

Before selecting a grease product, the performance
requirements must be determined. Consuilt the
grease recommendations in your Operation and
Maintenance Manual. Also, consult your Cat dealer
for a list of greases that have the performance
specifications and the available container sizes.

Note: Always choose grease that meets or exceeds
the recommendations that are specified by the
equipment manufacturer for the application.

Some work sites require the use of a single grease to
fullfi! the needs of all the equipment. Always choose
a grease that meets or exceeds the requirements

of the most demanding application. Remember

that the products which barely meet the minimum
performance requirements can be expected to
produce the minimum parts life. False economy is
being used if a grease is purchased with the lowest
cost as the only consideration. Instead, use the
grease that yields the lowest total operating cost.
This cost should be based on an analysis of the costs
of parts, labor, downtime, and the amount of grease
that is required.
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Note: Certain Cat grease products are formulated
with Malybdenum disulfide (MoS2 or “Moly™. The
Moly used in Cat greases is of a special ulira fine
technical grade. The maximum particle size of the
Moly used in Cat greases is 5 microns. The typical
median size of the Moly is 3 microns. This size meets
the special requirements of some rolling element
bearings, joints, and other moving components of
tight clearances.

Note: When the grease in a joint is changed frem one
type of grease to another or a grease from a different
supplier is to be used, Cat recommends purging all of
the old grease from the joint. Some greases are not
chemically compatible. Consult your supplier in order
to determine if the greases are compatible.

if in doubt, Purge!

Note: All Cat greases are “chemically” compatible
with each other. Mixing of Cat greases will not
result in an adverse chemical reaction. However,
mixing of Cat greases might resuit in reduced
performance.

Moderate Applications

Cat greases that are developed for moderate
applications are made with a lithium complex
thickener. This type of grease is applicable for
moderate applications of medium loads and speeds.
These greases are formulated to provide optimal
performance for these applications.

Cat Multipurpose Grease

Cat Multipurpose Grease is a National Lubricating
Grease Institute (NLGI) grade 2 grease. This grease
is made with petroleum base oil and a lithium complex
thickener. Cat Multipurpose Grease is formulated

for use in applications that have a low severity to a
medium severity and moderate temperatures.

Cat Multipurpose Grease meets the NLGI certification
of "GC-LB".

Note: If the application calls for a multipurpose
grease and Cat Multipurpose Grease is not available,
consuli the grease data sheets. Use an alternative
grease that meets or exceeds the performance
characteristics of Cat Multipurpose Grease.

Cat White Assembly Grease

Cat White Assembly Grease is an NLGI grade 2
grease. This grease is made with a petroleum base oil
and a lithium complex thickener. Cat White Assembly
Grease is formulated for use in applications that have
tow to medium severity and moderate temperatures.
This grease has been made extra tacky in order to
hold gaskets, O-rings, and needle bearings to aid in
the assembly of engines, transmissions, and other
components.

Note: Cat White Assembly Grease or any other
grease product should not be used when installing
rod bearing and main bearings. Any grease product
can hold debris and cause bearing damage. Only
clean oils should be used when installing rod
bearings and main bearings.

Cat High Speed Ball Bearing
Grease

Cat High Speed Ball Bearing Grease is an NLG!
grade 2 grease. This grease is made with a petroleum
base oil and a polyurea thickener. This grease is
recommended for applications that ufilize roller
bearings and ball bearings at low loads to moderate
loads at high speed. Typical applications for this
grease are electric motors, alternators, and constant
velocity (CV) joints for automotive products.

Cat High Speed Ball Bearing Grease is formulated not
to contain lead, antimony, barium, zinc, phosphorous,
or chlorine additives. Therefore, Cat High Speed
Ball Bearing Grease has a lower impact on the
environment than many other types of grease.

Cat Multipurpose Marine Grease

Cat Multipurpose Grease is a National Lubricating
Grease Institute (NLGI} grade 2 grease. This grease
is made with petroleum base oil and a calcium
sulfonate complex thickener. Cat Multipurpose Marine
Grease is formulated for use in low to high severity
and moderate temperatures. Cat Multipurpose
Marine Grease is recommended for use in many
types of equipment operating in corrosive and
water-related environments. Cat Multipurpose Marine
Grease adheres to surfaces strongly and offers high
corrosion resistance. The corrosion resistance of this
product has been proven by passing over 4000 hours
of standard salt spray testing.

Note: If the application calls for a multipurpose
marine grease and Cat Multipurpose Marine Grease
is not available, consult the grease data sheets.
Use an alternative grease that meets or exceeds
the performance characteristics of Cat Multipurpose
Marine Grease.
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Grease Application Charts

Type of Grease

Characteristics of Cat greases and applications
conditions are given in Table 13 in this chapter.

The notes below provide an explanation of the terms

used in the Table.

Severe Applications are with heavy loads, frequent
oscillations, and heavy shock loads.

Extreme pressure (EF) refers to 4-Ball Weld point in
the technical data sheet ("ASTM D 2596"),

N/R = Not Recommended

Table i2
Type of Cat Grease
Severe
Cat Grease NLGI Severe Severe Severe Appc\;:i;t‘lons Severe iEr}g;zTrZ
Name Grade | Applications | Applications | Applications Extremely Applications (EP)
Heavy Loads
. Extremely Low to High to .
St LowtoLow | Noderse | [fodrmelo | Medee o | el | (e
Temps Temps g P 9 p High Temps
Optimum -50° C 23 C | 18°C(85°F) | 18°C (65° F) (13(?00 ?:)
Temperature (~-58° F) to (-10° F} to o 80° C fo 41° C to 232° C
Range -18° C(0°F) | 28°C (85" F} (140° F) (105° F) (450° F)
Multipurpose .
Grease 2 N/R N/R N/R N/R N/R Fair
High Spe_ed
Ball Bearing 2 N/R N/R N/R N/R N/R N/R
Grease
Marine
Multipurpose 2 Good Excellent Excellent Excellent Gooed Excellent
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Type of Grease (continued)

The notes below provide an explanation of the terms
used in the Table.

Pumpability is based on "USS Mability and Linceln
Ventmeter Tests". Performance may vary depending
on lubrication equipment and the length of the lines.

Service Life refers to the percent of change after
100,000 strokes in technical data sheet ("ASTM D

217"

Low environmental impact means that the grease is
not formulated to contain Lead, Antimony, Barium,
Zinc, Phosphorous, or Chlorine additives.

Corrosion protection is the resistance to salt water
and salt spray (“ASTM B 117").

Water washout resistance refers to roll stability with
water and the percent of change ("ASTM D 1264").

For additional performance data on these greases
refer to this Special Publication, “Reference Material”

article.
Table 13
Type of Cat Grease
Low .
Cat Grease NLGI Low Temp. . . . Corrosion Water Washout
Name Grade Pumpabhility Service Life Env:::gg::ntal Protection Resistance
. [In Centralized
Sherating (Auto-Lube) | (Shear Stability)
Systems]
Optimum
Temperature
Range
Mulfipurpose abave -23° C - :
Grease 2 (-10° F) Goaod No Fair Fair
High Speed Ball above —18° C
Bearing Grease 2 (©° F) Very Good No Good Good
Marine above -7° C
Multipurpose 2 (20° F) Excellent Yes Excellent Excellent
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Fuel Specifications

04660851

General Fuel Information

SMCS Code: 1250; 1280

NOTICE
Every atiemptis made to provide accurate, up-to-date
information. By the use of this document, you agree
that Caterpillar Inc. is not responsiblie for errors of
omissions.

The information provided are the latest
recommendations for the Cat diesel engines that are
covered by this Special Publication. This information
supersedes all previous recommendations which
have been published for the Cat diesel engines that
are covered by this Spegcial Publication. Special fluids
are required for some engines and continued will be
necessary. Refer to the applicable Operation and
Maintenance Manual.

This publication is @ supplement to the Operation
and Maintenance Manual. This publication does
not replace the engine Operation and Maintenance
Manuals.

NOTICE
These recommendations are subject to change with-
out notice. Consuilt your local Cat dealer for the most
up to date recommendations.

NOTICE
in order to avoid potential damage to your Cat ma-
chine and/or Cat engine, only purchase Cat fluids and
Cat filters through your Cat dealer or Cat authorized
outlets. For a list of authorized Cat parts outiets in your
area, consuit your Cat dealer.

if you purchase what appear to be Cat fluids and/
or Cat filters through other outlets/sources, you
are at a very high risk of purchasing countetfeit
(“look-alike”) products.

Counterfeit or “look-alike” products may visually ap-
pear the same as the original Cat product, but the
product performance and internal quality will typical-
ly be very low.

Counterfeit or “look-alike” products have a very high
likelihood of causing andfor allowing engine andfor
machine compartment damage.

Follow all industry standard safety practices when
operating engines and/or machines and when
performing all recommended and/or required
maintenance.

Note: Instructions for the installation of the fitter are
printed on the side of each Cat spin-on filter. For
non-Cat filters, refer to the installation instructions
that are provided by the supptier of the filter.

NOTICE

In order to meet expected fuel system component
life, 4 micron(c) absolute or less secondary fuel fil-
tration is required for all Cat diese! engines that are
equipped with commeon-rail fuel systems. Also, 4 mi-
cron(c) absolute or less secondary fuel filtration is re-
guired for all Cat diesel engines that are equipped with
unit injected fuel systems. For all other Cat diesel en-
gines (mostly older engines with pump, line and noz-
zle type fuel systems), the use of 4 micron(c) abso-
lute or less secondary fuel filkration is strongly recom-
mended. Note that all current Cat diesel engines are
factory equipped with Cat Advanced Efficiency 4 mi-
cron(c) absolute fuel filters.

In order to obtain additional information on Cat de-
signed and produced filtration products, refer to the
"Reference Material” article, “Filters” and “Miscella-
neous” topics in this Special Publication. Consult your
Cat dealer for assistance with filtration recommenda-
tions for your Cat machine.

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids and filters.

General Recommendations and
Guidelines

Follow all applicable industry standards and all
applicable governmental, environmental, and safety
guidelines, practices, regulations, and mandates.

Note: These general recommendations and
quidelines concerning maintenance and care of
fuel and fuel storage systems are not intended to
be all inclusive. Discuss proper fuel safety and
health, handiing, and maintenance practices
with your fuel supplier. Use of these general
recommendations and guidelines does not lessen
the engine owners and/or fuel supplier responsibility.
All industry standard practices for fuel storage and
for fuel handling must be followed.

Note: Where recommendations for draining water
and/or sediment and/or debris are stated, dispose
of this waste according to all applicable regulations
and mandates.
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Note: Cat filters are designed and built to provide
optimal performance and protection of the fuel
system components.

» Discuss application-specific fuel concerns, needs,
and requirements with a reputable fuel supplier.

= Purchase fuel from a reputable supplier.

= Use fuel that meets or exceeds Cat requirements
for distillate diesel fuel, Refer to the “Cat
Specification for Distillate Diesel Fue! for Nonroad
Diesel Engines” table in this Special Publication,
“Distillate Diesel Fuel” article.

» Confirm with the filter manufacturer that the fuel
filterffilters to be used are compatible with the fuel
type that will be filtered.

» Follow all the "Contamination Controf
Recommendations for Fuels” that are provided
in this chapter. Dispense fuels of “ISO 18/16/13"
cleanliness level or cleaner into the machine or
engine fuel tank as detailed in the “Contamination
Control Recommendations” section.

« Follow all industry standard grounding and other
safety practices.

« Test for microbial contamination on a regular basis
and take proper corrective action if contamination
is present. Properly dispose of cleanup waste
according to all applicable regulations and
mandates.

» Every 3 months, or sooner if problems are
suspected, have a complete analysis of the
bulk storage fuel per the “Cat Specification for
Distillate Diesel Fuel for Nonroad Diesel Engines”
table in this Special Publication, “Distillate Diesel
Fuel” article. Take corrective action if necessary.
Corrective actions may include treating the fuel,
cleaning of the fuel storage tank/system, and
replacing the problematic fuel with fresh fuel.

» Keep the fuel storage tank clean of water, debris,
and sediment.

+ Drain water and sediment from ihe fuel storage
tank weekly. Drain water and sediment before the
tank is refilled.

» Keep the area around the fuel tarik filler neck clean
of debris in order to prevent contamination of the
fuel tank.

+ As required, clean the inside of the engine fuel
tank and the inside of the bulk storage fuel tank.

« Drain water and sediment from the engine fuel tank
daily. Drain water and sediment from the tank at
the start of each shift. After the fuel tank has been
filled, allow the fuel to settle for 10 minutes. The
water and sediment will separate from the fuel.
Then, drain the water and sediment from the tank.

+ Install fuel/water separators at the bulk storage
fuel tank dispensing point and install fueliwater
separators on the engine. Wire mesh media is
NOT recommended.

+ Drain the water from the fuel/water separators
daily.

= Cat Advanced Efficiency fuel filters are required for
distillate fueled diesel engines in order to provide
maximum lfe to the fuel system,

= Change fuel filters at the scheduled interval. Never
fitl the new secondary fue! filter with fuel before
installation. Use the fuel priming pump to remove
air from the system,

+ Install and properly maintain four micron(c)
absolute breather filters on the engine fuet tank
vent. Install and properly maintain four micron(c)
absolute breather filters on the bulk storage fuel
tank vent. Desiccant type breather vent filters are
also recommended in order to remove moisture
from air entering the fue! tank. Breather filters are
typically changed every 6 months, and desiccant
type breather filters are typically changed on
saturation. Refer to the literature that was included
with the filter. Discuss the availability of desiccant
breather vent filters for your application with your
filker supplier.

» Top off fixed roof fuel tanks as often as practical.
Keeping the tank full reduces the amount of
condensation generated water.

» Protect fuel tanks from dirt and water entry.

NOTICE

Do not add new engine oil, waste engine oil or any
ail product to the fuel unless the engine is designed
and certified to burn diesel engine oil {for exam-
ple Caterpillar ORS designed for large engines).
Caterpillar experience has shown that adding oil
products to Tier 4 engine fuels (U.S. EPA Tier 4
certified), to EURO Stage IIB and IV certified engine
fuels, or to the fuels of engines equipped with exhaust
aftertreatment devices, will generally cause the need
for more frequent ash service intervals and/or cause
loss of performance.

Adding oil products to the fuel may raise the sulfur lev-
el of the fuel and may cause fouling of the fuel system
and loss of performance.
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Note: Cat has four different size coalescer type fuel
filters available for bulk storage fuel tank applications
that filter both dirt and water. The filter elements

are rated at four microns(c) absolute. Consult your
Cat dealer for information on the coalescer filters
available through Cat.

Note: The fuel storage tanks must be cleaned
thoroughly before converting to Uitra Low Sulfur
Diesel (ULSD) (15 ppm or less sulfur) and/or
biodiesel/biodiesel blends. Conversion to ULSD
and/or biodiesel/biodiesel blends can loosen fuel
systemn and fuel storage tank deposits. Bulk tank
continuous filtration unit and dispensing point filters,
and onboard engine filters change intervails should
be shertened to allow for this cleaning effect.

Note: Cat strongly recommends the filtration of
distillate diesel fuel and/or biodiesel/biodiese! blends
through a filter with a rating of four microns(c)
absoluie or less. This filtration should be located on
the device that dispenses the fuel to the fuel tank for
the engine. Also, filter the fuel from the bulk storage
tank. Series fiitration is recommended.

Note: Follow all fuel storage maintenance practices
that are relevant to your application. Cat recommends
a maximurm of 1 year from production for distillate fue!
storage. A maximum of 6 months from production
for bicdiesel and blended biodiesel storage is
recommended. Storage life for biodiesel and
biodiesel blends that are greater than B20 may be
much shorter than 6 months.

04242096

Fuel Information for Diesel
Engines

SMCS Code: 1250, 1280

NOTICE

U.S. EPA regulations require the use of Ultra Low
Sulfur Diesel fuel (ULSD), £0.0015 percent (=15 ppm
{mg/kg)) sulfur, for nonroad and stationary Tier 4 EPA
certified engines using fuel sensitive technologies
such as SCR systems and particulate filters. Fuels
other than ULSD can cause damage in those engines
and should not be used.

Consult the U.8. EPA for fuel sulfur regulations and
for the ULSD point of sales required dates for various
nonread applications.

European sulfur free fuel £0,0010 percent (s10ppm
{mga/kg) sulfur) fuel is required by regulation for use in
engines certified to EU nonroad Stage HIB and new-
er standards and that are equipped with exhaust af-
tertreatment systems.

Certain governments/localities and/or applications
MAY require the use of ULSD fuel. Consult federal,
state, and local authorities for guidance on fuel re-
quiremenis for your area.

Typical aftertreatment systems include Diesel Partic-
ulate Filters (DPF), Diesel Oxidation Catalysts (DOC),
Selective Catalytic Reduction {SCR) and/or Lean NOx
Traps (LNT). Other systems may apply.

Low sulfur diesel {(LSD) fuel (<500 ppm {mg/kg) sulfur)
is strongly recommended for use in engines that are
pre-Tier 4 models while diesel fuel with >500 ppm sul-
fur is acceptable for use in areas of the world where
allowed by law. Pre-Tier 4 engines that are equipped
with a Diesel Oxidation Catalyst (DOC) require the use
of LSD fuel or ULSD fuel.

ULSD fuel or sulfur-free diesel fuel are acceptable in
all engines regardless of the engine U.S. EPA Tier or
EU Stage requirements.

Use appropriate lubricating oils that are compatible
with the engine certification and aftertreatment system
and with the fuel sulfur levels. Refer to the "Diesel Fuel
Sulfur Impacis” article of this “Fuels Specifications”
section and to the “Lubricants Specifications” section
of this Special Publication.




SEBUB251-14

37
Maintenance Section
Fuel Specifications

The two hasic types of distillate diesel fuel are No.
2 diesel fuel and No. 1 diesel fuel. No. 2 diesel
fuel is the most commonly available summer grade
diesel fuel. No. 1 diesel fuel is a winter grade diesel
fuel. During the winter months fue! suppliers will
typically blend No. 1 and No. 2 diesel fuel in various
percentages. Blending allows the fuel to meet the
historical low ambient temperature cold-flow needs
for a given area or region. No. 2 diesel fuel is a
heavier diesel fuel than No. 1 diesel fuel. In cold
weather, heavier fuels can cause problems with fuel
filters, fuel lines, fuel tanks, and fuel storage. Heavier
diesel fuels such as No. 2 diese] fuel can be used
in diesel engines that operate in cold temperatures
with an appropriate amount of a proven pour point
depressant additive. For more information on fuels
which include blends of No. 1 and No. 2 diesel fuel,
consult your fuel supplier.

When you use No. 2 diesel fuel or other heavier
fuels, some of the fuel characteristics may interfere
with successful cold-weather operation. Additional
information about the characteristics of diesel fuel is
available. This information contains a discussion on
the modification to the characteristics of diesel fuel.
There are several possible methods that can be used
to compensate for the fue! qualities that may interfere
with cold-weather operation. These methods include
the use of staring aids, engine coolant heaters, fuel
heaters, and de-icers. In addition, the manufacturer
of the fuel can add cold flow improvers and/or blend
No. 1 and No. 2 diesel in various percentages.

Not all areas of the world classify diesel fue! using
the No. 1 and No. 2 nomenclature described above.
But, the basic principles of using additives and/or
blending fuels of different densities are the same.

Starting Aids

The use of a starting aid is a conventional method
of assistance for cold starts in low temperature
conditions. Various starting aids are available for
Cat engines. Follow the recommendations that
are provided by the manufacturer of the starting
aid. Refer to the foreword section in this Special
Publication, “Aftermarket Products and Warranty”
article.

Engine Coolant Heaters

These heaters heat the engine coolant. The heated
coolant flows through the cylinder block. The flow

of heated coolant keeps the engine warm. A warm
engine is easier to start in cold weather. Most coolant
heaters use electrical power. A source of electricity
is necessary for this type of heater. Other heaters
that burn fuel are available as a source of heat.
These heaters may be used in place of the electrical
heaters.

With either type of heater, starting aids and/or fuels
with higher cetane numbers are less important
because the engine is warm. Problems with fuel
cloud point can cause the plugging of fue! filters.
Problems with fuel cloud point cannot be corrected by
engine coolant heaters. Some fuel filters are cooled
by air flow during operation.

Fuel Heaters

The fuel cloud point is related to problems with fuel
filters. The fuel heater heats the fuel above the cloud
point before the fuel enters the fuel filter. Heating
prevents wax from blocking the filter. Fuel can flow
through pumps and lines at termperatures below the
cloud point. The cloud point is often above the pour
point of a fuel. While the fuel can flow through these
lines, the wax in the fuel can still plug the fuel filter.

In some engine installations, small medifications
can prevent problems that are caused by the cloud
point. One of the following changes can prevent
problems in many conditions: a change in the location
of fuel filters and/or supply lines and the addition

of insulation. In extreme temperatures, heating of
the fuel may be required to prevent the filters from
plugging. There are several types of fuel heaters that
are available. The heaters typically use either engine
coolant or exhaust gas as a heat source. These
systems may prevent filter waxing problems without
the use of de-icers or cold flow improvers. These
systems may be ineffective when the fuel contains a
large amount of dirt or of water. Use of a fuel heater
can help eliminate some cold-weather problems.

A fuel heater should be installed so that the fuel is
heated before flowing into the fuel filter.

Note: A fuel heater is not effective for cold-soaked
starts unless the fuel heater can be powered from
an external power source. External fuel fines may
require the use of heaters that circulate the fuel.

Note: Only use properly sized fuel heaters that are
controlled by thermostats or use fuel heaters that
are self-regulated. Thermostatically controlled fuel
heaters generally heat fuel to 15.5° C (60° F). Do not
use fuel heaters in warm temperatures.

For distillate fuel configured engines, Cat
recommends a fuel viscosity as delivered fo rotary
fuel injection pumps of between 1.4 ¢St and 4.5 ¢St
For all other fuel injection pumps, the viscosity must
be between 1.4 cSt and 20 ¢St

Note: If a fuel with a low viscosity is used, cooling
of the fuel may be required to maintain 1.4 ¢St or
greater viscosity at the fuel injection pump. Fuels with
a high viscosity might require fuel heaters in order to
lower the viscosity to the proper level.
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NOTICE
When you use fuel heaters, do not allow the fuel tem-
perature to reach above 52°C (125°F). Never exceed
75°C (165°F) with straight distiliate fuel. The high fuel
temperatures affect the fuel viscosity. When the fuel
viscosity falls below 1.4 ¢St, pump damage may occur.

N .: 11. fi-¥ ;;‘JL.anExt!r“itg!;;} )  3 :

Overheating the fuel or the fuel filter can result in
personal injury and/or damage to the engine, Use
extreme care and caution for heating of the fuel
and/for the fuel filter.

Select a fuel heater that is mechanically simple, yet
adequate for the application. The fuel heater should
also prevent overheating of the fuel. Disconnect the
fuel heater or deactivate the fuel heater in warm
weather. An unacceptable loss of fuel viscosity and
engine power will ocour if the fuel supply temperature
is allowed to become too hot.

For additional information on fuel heaters, consult
your Cat dealer.

De-icers

De-icers lower the freezing point of the moisture in
the fuel. De-icers are not needed when fuel heaters
are used. If you experience trouble, consult your
fuel supplier for recommendations of a compatible
commercial de-icer.

04252951

Characteristics of Diesel Fuel
SMCS Code: 1250; 1280

Viscosity

The viscosity of the fuel is significant because the fuel
serves as a lubricant for fuel system components.
Fuels need to have sufficient viscosity. The fuet must
lubricate the fuel system in both extremely cold

and in extremely hot temperatures. If the kinematic
viscosity of the fuel is lower than 1.4 ¢St as supplied
to the fuel injection pump or unit injectors, excessive
scuffing and seizure can oceur.

For distiltate fuel configured engines, Cat
recommends a fuel viscosity as delivered fo rotary
fuel injection pumps of between 1.4 ¢St and 4.5 cSt,
and between 1.4 ¢St and 20 ¢St for all other fuel
injection pumps.

If a fuel with a low viscosity is used, cooling of the
fuel may be required to maintain 1.4 ¢St or greater
viscosity at the fuel injection pump. Fuels with a high
viscosity might require heaters to lower the viscosity
to either 4.5 ¢St or less for rotary fuel injection pumps
or 20 ¢St or less for all other fuel injection pumps.

Cetane Number

The cetane number of the fuel effects the ability

of the engine to start. Also, the cetane number
effects the interval of time before the engine runs
smoothly. Generally, an increase of ten in the cetane
number will allow the engine to be started at a
lower temperature. The starting temperature can be
improved approximately 7 to 8°C (12 to 15°F) for
every increase of ten in the cetane number. After the
engine reaches the normal operating temperaiure,

a change in the cetane from 40 to 50 will have a
minimal effect on engine performance.

Most fuels that have a cetane number above 40 will
permit acceptable engine starts in warmer outside
temperatures. The engine will start satisfactorily with
this fuel when the engine is kept warm. The engine
can be kept warm by using either a heated enclosure
or a properly sized coclant heater.

During average starting conditions, direct injection
diesel engines require a minimum cetane number
of 40. A higher cetane value may be required

for operation in high altitudes or for cold-weather
operation. The minimum fuel cetane number that is
required for the precombustion chamber (PC) diese!
engine is 35.

Modifying the Cetane Number

The cetane number of a fuel can be changed if the
fuel is mixed with a fuel that has a different cetane
number. Generally, the cetane number of the mixture
will be in direct relation to the ratio of the fuels that
were mixed. Your fuel supplier can provide the
information about the cetane number of a particular
fuel.

Additives can also be used {o improve the cetane
number of a fuel. Additives are evaluated through
testing in special test engines. However, the fuel
characteristics of additives used to improved fuel
cetane number are different than the naturally
occurring proper cetane fuel. While both fuels may
be rated as having the same cetane number, starting
may be different.

o
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Cloud Point

Understand that the cloud point of a fuel is different
from the pour point. There is no relationship between
¢loud point and the pour point. The cloud point is
the temperature that allows some of the heavier
components in the wax to solidify in the fuel. This
wax is not a contaminant in the fuel. The wax is an
important element of No. 2 diesel fuel. The wax has
a high fuel energy content and the wax has a high
cetane value. Removal of the heavier wax lowers
the cloud point of the fuel. Removal of the wax also
increases the cost because less fuel can be made
from the same amount of crude oil. Basically, a No.
1 diesel fuel is formulated by removing the wax from
a No. 2 diesel fuel.

The cloud point of the fuel is important because the
cloud point can limit the performance of the fuel
filter. The wax can alter the fuel characteristics in
cold weather. Solid wax can fill the fuel filters. The
solidified wax will stop the flow of fuel. Fuel filters are
necessary in order to remove dirt from the fuel. The
filters block foreign material, and the filters protect
the parts for the fuel injection system. Since fuel must
flow through the filters, installing a fuel heater is the
most practical way to prevent the problem. A fue!
heater will keep the fuel above the cloud point as the
fuel flows through the fuel system. The fuel heater will
permit the wax to flow through the filters with the fuel.

Modifying the Cloud Point

You can lower the cloud point of a diesel fuel by
mixing the diesel fuel with a different fuel that has

a lower cloud point. No. 1 diesel fuel or kerosene
may be used to lower the cloud point of a diesel fuel.
The efficiency of this method is not good. The ratio
of the mixture does not have a direct relation to the
improvernent in cloud point. The amount of fuel with
low cloud point that is required makes the process
less preferable to use.

The following illustration contains a table that can
be used to find the necessary mixture for two fuels
with different cloud points. In order to use the table,
know the exact fuel cloud point of each fuel. This
specification can change from one purchase of fuel
o the next purchase of fuel. This specification is
normally available from personnel at the source of
the fuel supply. When fuels that have a lower cloud
point are not available, this method cannot be used.

The manufacturer of the fuel can add cold flow
improvers to the fuel. Cold flow improvers modify the
wax crystals in the fuels. The cold flow improvers
do not change the cloud point. However, the cold
flow improvers keep the wax crystals small enough
to pass through standard fuel filters. For mixing
precautions, see the section “Pour Point”.
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Cloud point of fue! mixtures

Use a fuel heater {o prevent problems that are caused by fuel
cloud point at low temperatures. fn most applications, fuel heaters
can be used at a Jower cost than fuel mixtures.

Pour Point

The fuel pour point is a temperature below the

fuel cloud point. Fuel stops flowing below the pour
point. The pour point is the temperature which limits
movement of the fuel inside of the pumps.

To measure the pour point, the fuel temperature is
lowered below the cloud point in steps of 3°C (5°F)
at a time. The temperature is lowered until the fuel
does not flow. The pour point is the last temperature
that is shown before the flow stops. At the pour point,
the wax has solidified out of the fuel. The fuel will
be more solid than liquid. The pour point of the fuel
can be improved without the removal of important
elements. This process is the same process that is
used to improve the cloud point of a fuel.

A fuel's pour point should be at least 6°C (10°F)
below the lowest ambient temperature that is required
for engine start-up and for engine operation. To
operate the engine in cold weather, No. 1 fuei or No.
1-D fuel may be necessary because of these fuels'
lower pour points.
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Modifying the Pour Point

You can lower the fuel's pour point by using additives.
You can also lower the pour point by mixing the
diesel fuel with a fuel that has a lower pour point. No.
1 diesel fuel or kerosene may be used to lower the
pour point of a diesel fuel, The amount of fuel with
low pour point that is required makes the process
less preferable fo use.

The following ilfustration contains a table that can
be used fo find the necessary mixture for two fuels
with different pour points. The fuels do not have
additives which change the pour point. In order to
use the table, know the exact pour point of each fuel.
This specification can change from one purchase of
fuel to the next purchase of fuel. This speciiication is
normally available from personnel at the source of
the fuel supply. When fuels that have a lower pour
point are not available, this method cannot be used.
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Pour poini of fuel mixtures

In order to calculate the amount of lighter fuel that is
required to be blended with the heavier fuel, perform
the following steps:

1. Obtain the specification for the cloud point or the
pour point of both fuels fram your fuel supplier.

2. Locate the cloud point or the pour point of the
heavier fuel on the left side of the table. Mark the
point on the table.

3. Locate the cloud point or the pour point of the
lighter fuel on the right side of the table. Mark the
point on the table,

4. Draw a line between the two points that were
established. Label this line “"A".

5. Determine the lowest outside temperature for
machine operation. Find this point on the left side
of the table. Mark this point. Praw a horizontal line
from this point. Stop the line at the intersection of
fing “A". Label this new line "C".

6. Line "C" and line “"A" intersect, Mark this point.
Draw a vertical line from this peoint. Stop the line
at the bottom of the table, Label this line “B”.
The point at the bottom of line “B” reveals the
percentage of lighter fuel required to modify the
cloud point or the pour peint.

The above example shows that the blending will
require a 30 percent mixture of lighter fuel.

Additives are a good method to use in order to lower
the pour point of a fuel. These additives are known
by the following names: pour point depressants,
cold flow improvers, and wax modifiers. When the
additives are used in the proper concentration, the
fuel will flow through pumps, lines, and hoses,

Note: These additives must be mixed thoroughly inte
the fuel at temperatures that are above the cloud
peoint. The fuel supplier should be contacted in order
to blend the {uel with the additives. The blended fuel
can be delivered to your fuel tanks.

Lubricity and Low Sulfur Diesel
(L.SD) and Ultra Low Sulfur Diesel
(ULSD) Fuel

In the United States (U.S.), LSD will have 0.05
percent (500 ppm(mg/kg)) maximum sulfur. ULSD
will have 0.0015 percent (15 ppm(mg/kg)) maximum
sulfur. Refer to this Special Publication, "Distillate
Diesel Fuel” article for additional information. Also,
refer to the most current revision level of “ASTM
D975 (Standard Specification for Diesel Fuel Oils)”
for additional information.

Note: "ASTM D975” currently allows up to 5 percent
hiodiesel blends. Refer to the "Fuel Specifications”
section and this Special Publication, “Biodiesel” topic
for guidance when biodiesel will be used.

In Europe, sulfur free diesel fuel will have 0.0010
percent (10 ppm{mg/kg)) maximum sulfur. Refer to
the most current revision level of “European Standard
EN 590 (Automative Fuels - Diesel - Requirements
and Test Methods)” for additional information.

e
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Note: “EN 590" currently allows up to 5 percent
biodiesel blends. Refer to the "Fuel Specifications”
section and this Special Publication, “Biodiesel” topic
for guidance when biodiesel will be used.

Note: The fuel lubricity is important. Consider the
fuel lubricity whenever you operate the equipment
in temperature extremes, whether hot or cold.
Also, consider the fuel |ubricity whenever you use
fuels that are lower in viscosity or that have been
hydrotreated. There are many afiermarket additives
that are available to treat fuel. If the fuel lubricity
is an issue, consult your fuel supplier for proper
recommendations regarding fuel additives. Also,
refer to this Special Publication, “Distillate Diesel
Fuel" article, “Aftermarket Fue! Additives” and “Cat
Diesel Fuel Conditicner” topics.

The fluid lubricity describes the ability of the fluid

to reduce the friction between surfaces that are
under load, This ability reduces the damage that is
caused by friction. Fuel injection systems rely on the
lubricating properties of the fuel. Until fuel suifur limits
were mandated, the fuel lubricity was believed to be
a function of fuel viscosity.

In order to determine the [ubricity of the fuel, use
the “ASTM D6079 High Frequency Reciprocating
Rig (HFRRY)" test. The maximum allowable wear
scar is 0.52 mm (0.0205 inch) at 60° C (140° F). If
the lubricity of a fuel does not meet the minimum
requirements, consult your fuel supplier. Do not treat
the fuel without consulting the fuel supplier. Some
additives are not compatible. These additives can
cause problems in the fuel system.

The process that is most commonly used to remove
sulfur from fuel is called hydro-treatment. This
process is also the most economical process. Each
source of crude oil contains different amounts of
sulfur. Crude oils typically require hydro-treatment
to obtain the 0.0015 percent maximum sulfur limit,
Crude oils with high sulfur require a more severe
treatment.

The hydro-treatment removes the fuel suifur as
well as other components. The treatment removes
nitrogen compounds, polar materials, bicyclic
aromatics, polycyclic aromatics, and oxygen
compounds. While the removal of sulfur has shown
no detrimental effects to the engine, the removal of
other compounds have lowered the lubricity of the
fuel. As a result of the lowered lubricity, the fuel is
less tolerant of contamination by water and dirt. The
lower fuel lubricity can be seen as abrasive wear

of fuel system components. Fuels that have a low
lubricity may not provide adequate lubrication to
plungers, to barrels, and to injectors. This problem
may be compounded in areas that require winter
blends of fuel. The lighter winter fuel blend has the
following characteristics: lower viscosity, lower cloud
point, and lower pour point.

When required, the fuel lubricity may be enhanced
with additives. Many fuel suppliers treat the fuel
with these additives. Do not use a fuel lubricity
additive before you consult the fuel supplier. Some
aftermarket additives may not be compatible with
the additives that are already in the fuel, and some
may damage emission control systems. Some
additive packages may not be compatible with the
seals that are used in fuel systems of some diesel
engines. Other additive packages that are supplied
by aftermarket manufacturers cannot provide proper
performance in high temperature conditions. These
additives may leave deposits because of the high
temperatures that exist in the fuel systems of diesel
engines.

Maximum life of the fuel system can be achieved

by performing the following tasks: using a
preferred distillate diesel fuel (refer to the “Fuel
Recommendations” article in this Special Publication),
using a reliable fuel supplier, and performing proper
maintenance of the fuel system. Cat Advanced
Efficiency fuel filters are required for diesel engines
that run on diesel fuel in order to provide maximum
life to the fuel system.

Note: Lighter fuels are frequently used in arctic
temperatures, Lighter fuels may include the following
fuels: Jet A, Jet A-1, JP-8, JP-5, and kerosene. The
specifications that apply to these fuels do not include
a minimum [ubricity requirement, Do not assume that
a fuel meets the minimum Cat specification. Contact
the fuel supplier for proper recommendations on fuel
lubricity additives.

Note: The sulfur levels for Jet A, Jet A-1, JP-8, JP-5,
and kerosene fuels typically far exceed 15 ppm, the
U.8. ULSD fuel and far exceed the EU sulfur free fuel.

Note: For best results, your fuel supplier should treat
the fuel when additives are required.
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Refer to this Speciat Publication, “Distillate Diesel
Fuel” article, "Aftermarket Fuel Additives”, "Cat Diesel
Fuel Conditioner”, and "Alternative Fuels - Arctic
Applications” topics for guidance.

Diesel Fuel Sulfur

Sulfur is a natural component of diesel fuels. High
sulfur in the fuel can be reduced through refining
technologies.

Sulfur levels in the fuel affect the durability of
engine components and also affect engine exhaust
emissions. Modern Cat diesel engines are designed
to meet mandated gaseous emissions requirements.
To meet these emissions requirements, the engines
are tested and developed with specific sulfur levels in
the diesel fuel.

The maximum allowable fuel sulfur level is
controlled by various emissions laws, regulations,
and mandates. Consult federal, state, and local
authorities for guidance on fuel requirements for your
area.

The list below provides a quick reference for
acceptable sulfur levels for diesel fuel that will

be used in Cat machine diesel engines but the
controlling documents are the engine Operation and
Maintenance Manuals, the specific aftertreatment
device documentation, and the applicable emissions
laws, regulations, and mandates,

« U.S. EPA regulations require the use of Ultra Low
Sulfur Diesel! fuet (ULSD) , < 0.0015 percent (< 15
ppm {mg/kg)) sulfur, for nonroad and stationary
Tier 4 EPA certified engines using fuel sensitive
technologies such as SCR systems and particulate
filters. Fuels other than ULSD can cause damage
in those engines and should not be used. Consult
the U.S. EPA for fuel sulfur regulations and for the
ULSD point of sales required dates for various
nonroad applications.

« European sulfur free fuel, 0.0010 percent (= 10
mg/kg) sulfur, fuel is required by regulation for
use in engines certified to EU nonroad Stage 11IB
and newer standards and that are equipped with
exhaust aftertreatment systems.

+ Certain governments/localities and/or applications
MAY require the use of ULSD fuel. Consult federal,
state, and local authorities for guidance on fuel
requirements for your area.

» The maximum allowable fuel sulfur level for most
pre-Tier 4 engines that are equipped with DOC
{Diesel Oxidation Catalyst) is .05 percent (500
ppm (mg/kg)). Some DOC equipped engines
require the use of fuel with a maximum of
0.005% (50 ppm (mg/kg)) fuel suifur. Refer to
the engine/machine Operation and Maintenance
Manual and refer to the afterfreatment device
specific documentation for guidance.

= For machine diesel engines that are retrofitted with
an aftertreatment device, refer to the aftertreatment
device specific documentation.

Typical aftertreatment systems include Diesel
Particulate Filters (DPF), Diesel Oxidation Catalysts
{DOC), Selective Catalytic Reduction (SCR) and/or
Lean NOx Traps (LNT). Other systems may apply.

In addition to the emission regulations, factors that
affect maximum allowed and/or acceptable fuel sulfur
level include:

« Engine model/design
« Engine application
+ Overall fuel quality

= Using recommended fluids, including but not
limited to engine oil quality

» Exhaust aftertreatment device type

« Environmental factors and other site specific
operating conditions

« Fuel costs versus risk of shortened engine/engine
component life

« Fuel costs versus shortened oil drain intervals

» Maintenance intervals and other maintenance
practices

Ultra-Low Suifur Diesel (ULSD)

The United States (U.S.} Environmental Protection
Agency (EPA) defines Ulira-Low Sulfur Diesel {(ULSD
- 515) as a U.8. diesel fuel with a sulfur content not to
exceed 15 parts per million (ppm(mg/kg)) or 0.0015
percent by weight.

ULSD was introduced for the U.S. on-highway diesel
engine market in October 2006. ULSD is available
sinceDecember 2010 for nonroad diesel engines and
machines. Refer to the U.8. EFA for the required
ULSD poaint of sales dates for various nonroad
applications.

s
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Engines certified to nonroad Tier 4 standards
{Stage 1V in Europe) and are equipped with fuel
sulfur sensitive exhaust aftertreatment systems are
designed to run on ULSD only. Use of LSD or fuels
higher than 15 ppm {mg/kg) sulfur in these engines
will reduce engine efficiency and engine durability
and will damage emissions control systems and/or
shorten their service interval. Failures that result
form the use of fuels are not Cat factory defects.
Therefore the cost of repairs would not be overed
by a Cat warranty.

ULSD fuel can be used in any engine designed to
run on diesel fuel. Cat does not require the use of
ULSD in nonroad and machine applications that are
not Tier 4/Stage IlIB/Stage IV certified engines and
are not equipped with afterfreatment devices. For
Tier 4/Stage IB/Stage IV certified engines, always
follow operating instructions and fuel tank inlet labels,
if availabie, to insure the correct fuels are used.

Note: ULSD has less electrical conductivity than
LSD. Follow all industry standard grounding and
safety practices.

Sulfur-free Diesel Fuel

In Europe, ultra low sulfur diesel fuel will have a
maximum of 0.0010 percent (10 ppm({mg/kg)) sulfur
and is typically referred to as "sulfur-free”. This sulfur
level is defined in "Eurcpean Standard EN 580:2004",

L.ow Sulfur Diesel {(LSD)

Low Sulfur Diesel (LSD - 8500) is defined by the U.S.
EPA as a U.S. diesel fuel with sulfur content not to
exceed 500 ppm or 0.05 percent by weight.

Note: Both ULSD and LSD must meet the fuel
requirements outlined in the most current revision
leve! of “ASTM D975".

Diesel Fuel Sulfur Impacts

Suifur in the fuel results in the formation of sulfur
dioxide (802) and sulfur trioxide (503) gases during
the combustion process, When combined with water
in the exhaust gas SO2 and SO3 can form acids. The
acfds can impact engine components and engine
lubricants.

Sulfur in the exhaust gas can interfere with the
operation of aftertreatment devices causing loss of
passive regeneration peformance, reduced gaseous
emission conversion efiiciency, and increased
particulate matter emissions.

Typical aftertreatment systems include Diesel
ticulate Filters {DPF), Diesel Oxidation Catalysts
{DOQG), Selective Catalytic Reduction (SCR) and/or
Lean NOx Traps (LNT). Other systems may apply.

Use of fuels with higher than recommended and/or
maximum allowed fuel sulfur levels can andfor will:

= Increase wear of engine components

+ Increase corrosion of engine components
= Increase deposits

« Increase soot formation

= Shorten the time pericd between oil drain intervals
(cause the need for more frequent oil drain
intervals)

« Shorten the time interval between aftertreatment
device service intervals (cause the need for more
frequent service intervals)

» Negatively impact the performance and life of
aftertreatment devices (cause loss of performance)

» Reduce regeneration infervals of aftertreatment
devices

= Lower fuel economy
» Increase overall operating costs

Depending on operating conditions, and depending
on maintenance practices, the potential issues stated
above may and/or wilt take place with fuel sulfur
levels that are at or below the recommended fuel
sulfur levels, and/or that are at or below the maximum
allowable fuel sulfur levels.

Fuel sulfur levels ahove 0.1% (1000 ppm (mg/kg))
may significantly shorten the oil change interval.

When other factors do no preclude, and
understanding that there may be trade-offs such as
shortened oil drain intervals, certain commercial
and machine diesel engines that are covered by
this Special Publication MAY be able tc operate
satisfactorily on fuels with up to 1 percent (10, 000
ppm{mg/kg)) sulfur if the following conditions are met:

+ All emissions laws, regulations and mandates are
followed

» The enginel/engines are not equipped with
aftertreatment device/devices

+ All appropriate guidelines and maintenance
practices as stated in the engine Operation and
Maintenance Manuai are followed

« All appropriate guidelines and maintenance
practices as stated in this Special Publication are
followed
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+ Operating in otherwise low fo moderate severity
applications

« Your Cat dealer is consulted and approves

= You refer to this Special Publication, and you refer
to your specific Cat commercial engine and/or
refer to your specific Cat machine Operation and
Maintenance Manual for additional guidance and
exceptions

Oil Drain Intervals

Note: DO NOT USE ONLY THIS SPECIAL
PUBLICATION AS A BASIS FOR DETERMINING
OIL DRAIN INTERVALS.

Euel suifur level impacts the oil drain interval. For
detailed information, refer to the “S-0-S Services Qil
Analysis” section in the “Lubricants Specification”
article in this Special Publication.

= Cat S-0-S Services oil analysis is recommended.

« Cat 8-0'S Services oil analysis is very strongly
recommended to determine oil drain intervals when
using fuel with sulfur levels between 0.05% (500
ppm} and 0.5% (5000 ppm),

» Cat S-0-S Services oil analysis is required to
determine oil drain intervals when using fuel with
sulfur levels above 0.5% (5000 ppm).

« Consult your Cat dealer for guidance when fuel
sulfur levels are above 0.1% (1000 ppm).

Moisture Content

Problems with fuel filters can occur at any time. The
cause of the problem can be water in the fuel or
moisture in the fuel. At low temperatures, moisture
causes special problems. There are three types of
moisture in fuel: dissolved moisture (moisture in
solution), free and dispersed moisture in the fuel, and
free and settled at the bottom of the tank.

Most diesel fuels have some dissolved moisture.
Just as the moisture in air, the fuel can only contain
a specific maximum amount of moisture at any one
temperature. The amount of moisture decreases as
the temperature is lowered. For example, a fuel could
contain 100 ppm(100 mg/kg or 0.010 percent) of
water in solution at 18°C (65°F). This same fuel can
possibly hold only 30 ppm(30 ppm or 0.003 percent)
at 4°C (40°F).

After the fuel has absorbed the maximum amount of
water, the additional water will be free and dispersed.
Free and dispersed moisture is fine droplets of water
that is suspended in the fuel. Since the water is
heavier than the fuel, the water will slowly become
free and settled at the bottom of the tank. In the above
example, when the fuel temperature was lowered
from 18°C {65°F) to 4°C (40°F), 70 ppm{mg/kg)} of
water became free and dispersed in the fuel.

The small drops of water cause a cloudy appearance
in the fuel. If the change in temperature is slow, the
small drops of water can settle to the bottom of the
tank. When the fuel temperature is lowered rapidly
to freezing temperature, the moisture that comes
out-of-solution changes to fine particles of ice instead
of small drops of water.

The particles of ice are lighter than the fuel, and the
particles of ice will not seitle to the botiom of the
tank. When this type of moisture is mixed in the fuel,
this moisture will ill the fuel filters. The ice crystals
will plug the fuel filters in the same way as wax plugs
the fuel filters.

If a filter is plugged and fuel flow is stopped, perform
the following procedure to determine the cause:

1. Remove the fuel filters.
2. Cut the fuel filters open.

3. Inspect the fuel filter before the filter warms. This
inspection will show that the filter is filled with
particles of either ice or wax.

The moisture which is free and settled at the botiom
of the tank can become mixed with the fuel. The force
of any pumping action will mix the moisture with the
fuet whenever fuel is transferred. This moisture then
becomes free and dispersed water. This moisture can
cause ice in the filters. This moisture can cause other
problems with filters at any temperature. Generally,
the same force that mixes the water into the fuel will
also mix dirt and rust from the bottom of the tank. The
result is a dirty mixture of fuel and water which can
also fill the filters and stop fuel flow.

Specific Gravity / APl Gravity

The specific gravity of diesel fuel is the weight of a
fixed volume of fue! in comparison to the weight of
the same volume of water at the same temperature.
A higher specific gravity correlates into a heavier
fuel. Heavier fuels have more energy or power per
volume for the engine to use.

e



SEBUG251-14

45
Maintenance Section
Fuel Specifications

Note: The seftings for the fuel mixture should not
be adjusted in order to compensate for a loss of
power with fuels that are lighter. The life of fuel
system components can be decreased with light fuels
because lubrication will be less effective as a result
of the lower viscosity. Sufficient lubricity is a problem.
Refer to the "Lubricity and Low Sulfur Fuel Diesel
(L.8D) and Ultra Low Sulfur Diesel (ULSD) Fuel” topic
in this Special Publication, “Characteristics of Diesel
Fuel” article.

The API gravity of a fuel is also a measure of the
density of the fuel or the relationship of the weight to
the volume. The scale for API gravity is inverse to the
scale for specific gravity. The API gravity will become
higher as the fuel becomes lighter.

Lighter fuels will not produce the rated power. Lighter
fuels may also be a blend of ethanol or methanol with
diesel fuel. Blending alcohol or gasoline with diesel
fuel will create an explosive atmosphere in the fuel
fank. In addition, water condensation in the tank can
cause the alcohol to separate in the tank.

. MAwmening
Mixing alcohol or gasoline with diesel fuel can pro-

duce an explosive mixture in the engine crankcase
or fuel tank.

Personal injury and damage to the engine may
result. Caterpillar recommends against this prac-
tice.

NOTICE
Mixing alcohol or gasoline with diesel fuel may cause
damage to the engine. Caterpillar recommends
against this practice. Water condensation in the fuel
tank can cause the alcohol {o separate which could
cause damage to the engine.

Heavier fueis tend to create more deposits from
combustion. Deposits from combustion can cause
abnormal cylinder liner and ring wear. Wear is most
noticeable in smaller diesel engines that operate at
higher speeds.

Gums and Resins

The gums and resins that occur in diesel fuel are
the result of dissolved oxidation products in the
fuel that do not evaporate easily. The products that
are dissolved in the fuel also do not burn cleanly.
Excessive gum in the fuel will coat the inside of fuel
lines, pumps, and injectors. Excessive gum will also
interfere with the close tolerances of the moving
parts of the fusl systems. Gum and resin in the fuel
will also cause the filter to plug rapidly. Oxidation
of the fuel will occur and the formation of additional
gums and resins will occur during fuel storage. The
storage time for fuel must be minimized in order to
help reduce the formation of gums and resins.

Note: Even when all fuel storage maintenance
practices are followed, Cat recommends a maximum
of 1 year from production for distillate diesel fuel
storage, and a maximum of 6 months from production
ior biodiesel and blended biodiesel storage. Storage
life for biodiesel and biodiesel blends that are greater
than B20 may be much shorter than 6 months.

The Thermal Stability and Oxidation
Stability of Fuel

Diesel fuels can deteriorate rapidly for various
reasons. When the fuel is stressed and stored

for long intervals, degradation and oxidation can
occur. Degradation and oxidation are complex
chemical changes. These changes lead fo deposits
or sediment from certain hydrocarbons and traces
of naturally occurring nitrogen and sulfur containing
compaounds in the fuel. Fuel composition and
environmental factors influence the process.

Diesel fuel is being used as a coolant for
high-pressure fuel injection systems with high
temperature fuel wetted walls. The fuel in the fuel
systemwill be stressed. The thermal stress and an
increase in recirculation fuel temperature is often
responsible for fuel degradation. Gums, resins,
sediment, and deposits will form, which can cause
fuel flow restriction through fuel filters and fuel
injection systems,

Certain products are often stored for long periods
with the fuel in the fuel system. The fuel is exposed to
oxygen. Complex reactions between the oxygen and
the fuel components can generate fuel particulates.
The particulates in the fuel system can turn into the
sludge that is found in fuel tanks, fuel fines, and the
fuel filters. The performance of the fuel system will
deteriorate. Degradation also leads to a plugged
fuel filter, a restriction to the fuel line and deposit
formation in the fuel injection nozzle.
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Biodiesel and blends of hiodiese! have poor thermal
stahility and oxidation stability compared to pefroleum
distillate diesel fuels. The use of these biodiesels
and blends of biodiesel can accelerate the problems
that are addressed in this Special Publication. Using
biodiesel blends above the maximum level approved
for the engine is not recommended.

Thermal and oxidative degradation of diesel fuel can
result in a darkening of fuel color. Fuel color is not
necessarily an indication of excessive degradation
that will fead to the problems outlined in this Special
Publication. But darkened fuel color can be an
indicator of degradation leading to concerns about
the stability of darkened fuel. Thermal oxidation and
oxidative stability tests should be run to confirm
actual fuel degradation.

Thermal Stability

Cat recommends the use of the "Accelerated Fue!
Oil Stability Test (ASTM DB468)". This test method
determines the instahility of a fuel subjected to a
thermal degradation process. This test exposes the
fuel to conditions that are similar to actual operating
conditions when the fuel cools the injectors during
the engine operation.

The test is performed by using a spectrophotometer.
The percentage reflectance of fuel should not be
tess than 80 percent after aging for 3 hours at a
femperature of 150° C (302° F).

Oxidative Stability Test

Cat recommends the use of the "Oxidative Stability
Test". This test method determines long-term
storage of distillate fuels such as home heating cils,
kerosene, and diesel oils. The test method is not
suitable for highly volatile fuels with flash points
under 38° C (100° F). This test method is used for
storage stability, with the use of stabilizing additives
and without the use of stabilizing additives.

As per the specification "EN580:2004 Automotive
Fuels - Diesel", a test for a direct measurement of
oxidation stability is the test method “1SO 12205
Petroleum products - Determination of the oxidation
stability of middle distillate diesel fuels”. The fuel
sample is heated at 95° C (203° F) for 16 hours
while bubbles of oxygen travel through the sample.
The resulting amount of solid oxidation by products
is then measured. This test simulates the oxidation
of fuel during long-term storage. For diesel fuel the
maximum amount of insolubles formed should not
exceed 25 ¢ per cubic meter.

Cat recommends that for diesel, biodiesel, or
biodiesel blends that are going to be used several
months after purchase, artificially aging the fuel fo
predict the storage stability, followed by an analysis
of the fuel. For most distillate fuels that age the

fuel for 7 days at 80° C (176° F) can simulate
storage for 4 to 8 months at typical ambient storage
temperatures. Analysis of this matured fuel per the
methods discussed in this document can then be
used to aid in predicting the stability of the fuel after
numerous months of storage. Analysis of Diesel fuel
should include “Thermal Stability - ASTM D84687,
“Fuel Gums - ASTM D381" and “Fuel Sediments -
ASTM D473". Analysis of biodiesel fuel and hiodiesel
fuel blends should include "Oxidation - EN14112",
“Acid Value - ASTM D864°, “Viscosity - ASTM D445”
and "Sediments - ASTM D2709",

A test that can be used fo help determine the
degradation of biodiesel fuel and biodiesel fuel
blends is the measurement of the “Acid Value -
ASTM DB664" or "EN 14104". This value represents
the amount of acid present in the biodiesel fuel or
biodiesel blend fuel as a result of degradation. The
required limit for B100 biodiesel is given in *Cat
Biodiesel specification” in this Special Publication or
in “B100 specification - ASTM D8751”. The required
limit for B6-B20 bicdiesel fuel blend is given in “ASTM
D7467" specification.

04300869

Fuel Recommendations
SMCS Code: 1250; 1280

NOTICE
These recommendations are subject fo change with-
out notice. Consult your local Cat dealer for the most
up to date recommendations.

Diesel engines may burn a wide variety of fuels.
These fuels are divided into two general groups. The
two groups are called the preferred fuels and the
permissible fuels.

The preferred fuels provide maximum engine
service life and performance, The preferred fuels
are distillate fuels. These fuels are commonly called
diesel fuel, furnace oil, gas oil, or kerosene. These
fuels must meet the “Cat Specification for Distillate
Diesel Fuel for Off-Highway Diesel Engines” found
in this Special Publication, “Distillate Diesel Fuel
article.

.
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Note: The permissible fuels are some crude oils,
some blends of crude oil with distillate fuel, some
bicdiesel, and some marine diesel fuel. These
fuels are not suitable for use in all engine
applications. The acceptability of these fuels for use
is determined on a case by case basis. A complete
fuel analysis is required. Consult your Cat dealer
for further information. For information concerning
biodiesel/biodiesel blends, refer to this Special
FPublication, "Biodiesel” article.

Note: Except for some biodiesel, permissible fuels
are not acceptable for use in en-highway applications.

NOTICE
Use of permissible fuels can result in higher mainte-
nance costs and reduced engine service life.

i04946648

Distillate Diesel Fuel
SMCS Code: 1280

Note: For on-highway diesel engine fluids
requirements, refer to specific engine Operation
and Maintenance Manuals, and also refer to the
most current revision level of Special Publication,
SEBUG385, “Caterpillar On-Highway Diesel Engine
Fluids Recommendations’. Also consult your Cat
dealer.

Cat is not in the position to evaluate continuously
and monitor afl of the many worldwide distillate
diesel fuel specifications and on-going revisions that
are published by governments and technological
societies.

The “Cat Specification for Distillate Fuel for Nonroad
Diesel Engines” provides a known, reliable baseline
fo judge the expected performance of distillate diesel
fuels that are derived from conventional sources
{crude oil, shale oil, oil sands) when used in Cat
diesel engines.

Us the Cat distillate diesel fue! specification as the
baseline. Determine any potential economic and/or
performance trade-offs and overall acceptability
when using fuels of varying characteristics and
quality levels.

« When required, have the diesel fuel that either is
being used or is planned fo use, tested per the Cat
distillate diesel fuel specification,

« Use the Cat distillate diesel fuel specification
as a fuel quality baseline for comparison of
distillate diesel fuel analysis resuits. Also, use the
specification as a baseline for comparison of other
distillate diesel fuel specifications.

+ Typical fuel characteristics can be obtained from
the fuel supplier.

Fuel parameters outside of the Cat fuel specification
limits have explainable consequences.

» Some fuel parameters that are outside of the
specification limits can be compensated for (for
example, fuel can be cooled to address low
viscosity).

= Some fuel parameters that are outside of
specification limits may improve with the use of
appropriate amounts of proven fuel additives.
Refer to this Special Publication, “Distillate Diesel
Fuel” article, “Aftermarket Fuel Additives” and “Cat
Diesel Fuel Conditioner” topics for guidance.

To help ensure optimum engine performance, a
complete fuel analysis should be obtained before
engine operation. The fuel analysis should include
all of the properties that are listed in the “Cat
Specification for Distillate Fuel for Nonroad Diesel
Engines”, Table 14, .

Note: The diesel fuel cannot have any visually
apparent sediment, suspended matter, or undissolved
water.

Diesel Fuels that meet the specifications in table 14
will help provide maximum engine service life and
performance.

In North America, diesel fuels that are identified as

meeting the latest version of “ASTM D975" Grades

No. 1-D or No. 2-D (all listed sulfur levels) generally
meet the table 14 requirements.

In Europe, diesel fuels that are identified as meeting
the latest version of “European Standard EN590”
generally meet the table 14 requirements.

Table 14 is for diesel fuels that are distilled from
conventional sources (crude oll, shale cil, oi
sands). Diesel fuels from other sources could
exhibit detrimental properties that are not defined or
controlled by this specification.
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NOTICE
Ultra Low Sulfur Diesel (ULSD) fuel 0.0015 percent
(=15 ppm {mg/kg)} sulfur is required by regulation for
use in engines certified to nonroad Tier 4 standards
(U.S. EPA Tier 4 certified) and that are equipped with
exhaust aftertreatment systems.

European ULSD 0.0010 percent (=10ppm (mg/ka))
sulfur fuel is required by regulation for use in engines
certified to European nonroad Stage lIIB and newer
standards and are equipped with exhaust afiertreat-
ment systems,

Certain governments/localities and/or applications
MAY require the use of ULSD fuel, Consult federal,
state, and local authorities for guidance on fuel re-
quirements for your area.

Typical aftertreatment systems include Diesel Partic-
ulate Filters (DPF), Diesel Oxidation Catalysts (DOC),
Selective Catalytic Reduction (SCR) and/or Lean NOx
Traps (LNT). Other systems may apply.

Low sulfur diesel (LSD) fuel 0.05 percent (<500 ppm
{mag/kg) sulfur) is strongly recommended for use in en-
gines that are pre-Tier 4 models, while diesel fuel with
> (.05 percent (500 ppm {ma/kg)) sulfur is acceptable
for use in areas of the world where allowed by law.
Pre-Tier 4 engines that are equipped with a Diesel Ox-
idation Catalyst (DOC) require the use of LSD fuel or
ULSD fuel.

ULSD fuel or sulfur-free diesel fuel are applicable for
use in all engines regardless of the engine Tier or
Stage.

Use appropriate lubricating oils that are compatible
with the engine certification and aftertreatment system
and with the fuel sulfur levels. Refer to the “Diesel Fuel
Sulfur Impacts™ article of this “Fuels Specifications”
section and to the “L.ubricants Specifications” section
of this Special Publication.

The overall guality of the fuel is critical to the
successful aperation of engines.

Engine operating conditions play a key role in
determining the effect that fuel suliur will have on
engine deposits and on engine wear. Using fuels with
higher than recommended fuel suifur levels can or will
cause various negative impacts. For information on
fuel suifur and fuel sulfur impacts refer to the Diesel
Fuel Sulfur article in this Fuel Specifications section.

NOTICE

Do not add new engine oil, waste engine oil or any
oil product to the fuel unless the engine is designed
and certified to burn diesel engine oil {for exam-
ple Caterpillar ORS designed for large engines).
Caterpillar experience has shown that adding oil
products to Tier 4 engine fuels (U.S. EPA Tier 4
certified), fo EURO Stage lIB and 1V certified engine
fuels, or to the fuels of engines equipped with exhaust
aftertreatment devices, will generally cause the need
for more frequent ash service intervals and/or cause
loss of performance.

Adding oil products to the fuel may raise the sulfur lev-
el of the fuel and may cause fouling of the fuel system
and loss of performance.

Cat does not require the use of ULSD in Nonroad
and machine applications that are not Tier 4/Stage
[iB/ Stage IV cerlified engines. These engines that
are not equipped with aftertreatment devices do not
regquire ULSD. For Tier 4/3tage 1IB/Stage [V ceriified
engines, always follow operating instructions and fuel
tank inlet labels to insure the correct fuels are used.

ULSD and any other fuel used in Cat engines

have to be properly formulated by the fuel supplier.
Fuels must meet Special Publication, “Caterpillar
Specification for Distillate Diesel Fuel for Off-Highway
Diesel Engines”. Fuels that are defined as "ASTM
DY75" Grade No. 1-D S15 or "ASTM D975" Grade
No. 2-D 515 generally meet Cat requirements for
ULSD.

Refer to this Special Publication, “Characteristics of
Diesel Fuel" article for additional pertinent information
concerning fuel lubricity, fuel oxidation stability, fue!
sulfur, and aftertreatment devices. Also refer {o
“ASTM D975-08a", to the specific engine Operation
and Maintenance Manual, and to aftertreatment
device documentation for guidance.

Note: Cat strongly recommends the filtration of
distillate fuel and/or biodiesel/bicdiesel blends
through a fuel filter with a rating of four microns{c)
absolute or less. This filiration should be located on
the device that dispenses the fuel to the fuel tank for
the engine, and also on the device that dispenses
fuel from the bulk storage tank. Series filtration is
recommended.

Note: The owner and the operator of the angine
has the responsibility of using the correct fuel that is
recommended by the manufacturer and allowed by
the U.8. EPA and, as appropriate, other regulatory
agencies.
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NOTICE
Operating with fuels that do not meet Cat recommen-
dations can cause the following effects: starting diffi-
culty, reduced fuel filter service life, poor combustion,
deposits in the fuel injectors, reduced service life of
the fuel system, deposits in the combustion chamber,
and reduced service life of the engine,

NOTICE
The footnotes are a key part of the "Caterpillar Spec-
ification for Distillate Diesel Fuel” Table. Read ALL of
the footnotes.

For additional guidance related to many of the
fuel characteristics that are listed, refer to “Cat
Specification for Distillate Fuel for Nonroad
Diesel Engines”, table 14.

The values of the fuel viscosity given in table 14 are
the values as the fuel is delivered to the fuel injection
pumps. For ease of comparison, fuels should

also meet the minimum and maximum viscosity
requirements at 40° C (104° F) that are stated by the
use of either the “ASTM D445" test method or the
‘IS0 3104" test method. If a fuel with a low viscosity is
used, cooling of the fuel may be required to maintain
1.4 cSt or greater viscosity at the fuel injection pump.
Fuels with a high viscosity might require fuel heaters
in order to lower the viscosity to either 4.5 ¢St or less
for rotary fue! injection pumps or 20 ¢St viscosity or
less for all other fuel injection pumps.

The lubricity of a fuel is a concern with low sulfur
and ultra low sulfur fuel. To determine the lubricity
of the fuel, use the "ASTM D8079 High Frequency
Reciprocating Rig (HFRR)" test. There are many
aftermarket additives that are available fo treat fuel.
If the lubricity of a fuel does not meet the minimum
requirements, consult your fuel supplier for proper
recommendations regarding fuel additives. Also,
refer to this Special Publication, "Characteristics of
Diesel Fuel” ariicle, “"Aftermarket Fuel Additives” and
“Cat Diesel Fuel Conditioner” topics. Do not treat
the fuel without consulting the fuel supplier. Some
additives are not compatible. These additives can
cause problems in the fuel system.

{Table 14, conid)

Cat Specification for Distillate Fuel for
Nonrcad Diesel Engines

Specifications

Requirements

ASTM
Test

1SO Test

Carbon
Residue on
10% Botioms

0.35%
maximum
(weight)

‘D&24”

‘4262

Cetana
Number

40 minimum
(DIl engines)

35 minimum
(PC engines)

"DE13”
or
“DBBY0”

"§165°

Cloud Paint

The cloud
point must
not exceed
the lowest
expected
ambient
temperature.

“D2500"

3015

Copper Strip
Corrosion

No. 3
maximurm

"D130"

“2160"

Table 4
Cat Specification for Distillate Fue! for
Nonroad Diesel Engines
Specifications | Requirements | ASTM | ISO Test
Test
Aromatics 35% maximum  "D1319" | *3837"
0.01%
Ash maximum ‘D482" ‘g245"
{weight)

(continued)

Distillation

10% at 282 °C
(540 °F)
maximum

90% at 360 °C
(680 °F)
maximum @

90% at 350 °C
(662 °F}
maximum @

“nag”

"3405"

Flash Paint

legal limit

“Dg3”

“2719"

Thermal
Stability

Minimum

of 80%
reflectance
after aging for
180 minutes
at 150 °C
(302 °F)

"De4gs”

No
equivalent
test

APl Gravity ®

30 minimum

45 maximum

“D287”

No
equivalent
test

Pour Point

& *C (10 °F})
minimum
below ambient
temperature

D7

a3016"

Sulfur

@

*D5453"
or
‘D2e22"

'20848"
or
*20884"

(continued)
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(Table 14, contd}

Cat Specification for Distillate Fuel for
Nonroad Diesel Engines

Specifications

Requirements

ASTM
Test

ISO Test

Kinematic
Viscosity

1.4 cSt
minimum
and 20.0 cSt
maximum

as delivered
to the fuel
injection
pumps

1.4 ¢St
minimum
and 4.5 ¢St
maximum as
delivered to
the rotary
fuel injection
pumps

(Table 14, contd)

Cat Specification for Distillate Fuel for
Nonroad Diesel Engines

Specifications | Requirements | ASTM | SO Test
Test
Cleanliness & ‘D7619" |  “4406"

Water and
Sediment

0.05%
maximum

“D796"
or
‘D2709"

“3734"

Water

0.05%
maximum

“D6304"

Mo
eqguivalent
fest

Sediment

0.05%
maximum
{weighi)

‘D473’

“3735"

Gums and
Resins ©

10 mg per 100
ml. maximum

D38 4"

“62468"

Lubricity

0.52 mm
{0.0205 inch)
maximum at
60 °C (140 °F)

“DBeo7Y

No
equivalent
test

{continued)

[} Aliernatively, to ensure a minimum cefane number of 35 (PC
engines), and 40 (DI engines), distillate diesel fuel should have
a minimum cetane index of 37.5 (PC engines), and 44.2 (DI
engines) when the “ASTM D4737-96a” test method is used. A
fuel with a higher cetane number may be reguired for operation
at a higher altitude or in cold weather.

(@ Distitlation of 90% at 350°C {662°F) maximum is recommended
for Tier 4 engines and preferred for all engines. Distitlation
of 90% at 350°C (662°F) is equivalent to 95% at 360°C
(680°F).Distillation of 90% at 360°C (680°F) maximurn is
acceptable for Pre-Tier 4 engines,

3 Via standards fables, the equivalent kg/m? (kilograms per cubic
meter) using the “ASTM D287 test method temperature of
15.56° C (60° F} jor the minimum API gravity of 30 is 875.7
kg/m®, and for the maximum API gravity of 45 is 801.3 kg/m®.

) Follow the federal, state, local, and other governing authorities
for guidance concerning the fuel requirements in your area.
Follow the engine Operation and Maintenance Manual and
the details provided in this Fuel section. ULSD 0.0015% (<15
ppm 3) is required by law for Tier 4 engines and engines with
aftertreatment devices. ULSD and LSD 0.05% (<500 ppm S)
are recommended for pre-Tier 4 engines. Diesel fuel with >
0.05% (>500 ppm) sulfur is acceptable for use where allowed
by law. Consuit your Cat dealer for guidance when sulfur fevels
are above 0.1% (1000 ppm). Certain Cat fuel systems and
engine components can operate on fuel with @ maximum sulfur
content of 3%. Refer to the specific engine Operation and
Maintenance Manual and consult your Cat dealer.

%) Follow the test conditions and procedures for gasoline {motor).

&) Recommended cleanliness level for fuel as dispensed info
machine or engine fuel tank is “ISO 18/16/13” or cleaner per
“ISO 4406” or “ASTM D7619". Refer to the "Contamination
Coniral” section in this Special Publication.

There are many other diesel fuel specifications that
are published by governments and by technological
societies. Usually, those specifications do not review
all the requirements that are addressed in the “Cat
Specification for Distillate Fuel for Nonroad Diesel
Engines”, Table 14. To help ensure optimum engine
performance, a complete fuel analysis should be
obtained before engine operation. The fuel analysis
should include all of the properties that are listed in
the “Cat Specification for Distillate Fuel for Nonroad
Diesel Engines”®, Table 14,

o
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NOTICE

In order to meet expected fuel system component
life, 4 micron{c) absolute or less secondary fuel fil-
tration is required for all Cat diesel engines that are
equipped with common-rail fuel systems. Also, 4 mi-
cron(c) absolute or less secondary fuel filtration is re-
quired for all Cat diesel engines that are equipped with
unit injected fuel systems. For all other Cat diesel en-
gines (mostly older engines with pump, line and noz-
zZle type fuel systems), the use of 4 micron(c) abso-
lute or less secondary fuel filtration is strongly recom-
mended. Note that all current Cat diesel engines are
factory equipped with Cat Advanced Efficiency 4 mi-
cron(c) absolute fuel filters.

In order to obtain additional information on Cat
designed and preduced filtration products, refer

fo this Special Publication, “Reference Material”
article, "Filters” and “Miscellaneous” topics, and then
contact your Cat dealer for assistance with filtration
recommendations for your Cat machine.

Mixing alcohol or gasoline with diesel fuel can pro-
duce an explosive mixture in the engine crankcase
or fuel tank.

Personal injury and damage to the engine may
result. Caterpillar recommends against this prac-
tice.

Diesel Fuels for Marine Engines

The information and guidelines given in the “Diesel
Fuel" article of this Special Publication apply to
marine engines that use diesel fuels. Follow these
guidelines in order fo reduce the risk of engine
downtime. Refer to your engine Operation and
Maintenance Manual for details specific to your
marine engine. Consult your Cat dealer for more
information.

The International Maritime Organization (IMO)
regulates the fuel sulfur level for ocean going ships.
Current marine fuels at sea that are regulated by the
IMO can have sulfur levels up to 3.5 percent (35,000
ppmy} prior to the year 2020. As of 1 January 2020,
ships operating in international waters are required to
use fuels with sulfur levels below 0.5 percent (5000

ppmy.

Furthermore, IMO designates certain areas as Sulfur
Emissions Confrol Areas (SECA). Ships operating
within SECA must operate on 1 percent (10,000 ppm)
sulfur fuel prior fo the year 2015, After 1 January
2015 ships operating within SECA must operate with
0.1 percent (1000 ppm) sulfur fuels. IMO may change
areas considered SECA. Review and follow local and
IMO requirements and local regulations for planned
destinations. Refer to your engine Operation and
Maintenance Manual for appropriate marine fuels for
use in your engine.

The US Environmental Protection Agency (EPA)
regulates the sulfur level of marine fuels in the

US waterways and shores. For vessels operating
exclusively within US waters, Ultra Low Suliur Diesel
{(ULSD) is required by regulations unless local
exceptions exist. Vessels traveling internationally
under the US Flag are required to operate on ULSD
regardless of destination and location. Refer to

the regulations in your area of operation. If your
destination does not have ULSD, but your engine can
operate on fuel other than ULSD, exemptions can
be requested by contacting the EPA at the following
address:

complianceinfo@epa.gov

Refer to your engine Operation and Maintenance
Manual for fuels information for your engine.

Foreign flagged vessels operating in the US are
required to follow IMO rules while sailing in US
waters designated as SECA. Always refer to the
local regulations at ports of call to determine fuel
requirements as they are subject to change.

Note: ULSD is backwards compatible and can be
used in most engine technologies, Diesel fuels with
> 0.0015 percent (>15 ppm) sulfur can be used in
engines that do not have afiertreatment devices and
where permitted by local regulations.

Heavy Fuel Oil, Residual Fuel,
Blended Fuel

NOTICE

Heavy Fuel Oil (HFO), Residual fuel, or Blended fuel
must NOT be used in Caterpillar diesel engines (ex-
cept in 3600 Series HFO engines). Blended fuel is
residual fuel that has been diluted with a lighter fuel
(cutter stock) so that they will flow. Blended fuels are
aiso referred to as heavy fuel oils. Severe component
wear and component failures will result if HFO type
fuels are used in engines that are configured to use
distillate fuel.
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Alternative Fuels - Cold Weather
Applications

In extreme cold ambient conditions, you may choose
to use the distillate fuels that are specified in table
15. However, the fuel that is selected must meet
the requirements that are specified in the “Cat
Specification for Distillate Diesel Fuel for Nonroad
Diesel Engines”, Table 14. These fuels are intended
for use in operating temperatures that are down to
-54 °C (~-65 °F).

Note: The fuels that are listed in table 15 typically
have much higher sulfur levels than the 15 ppm
maximum sulfur allowed for ULSD. The sulfur levels
for these fuels typically far exceed 15 ppm. These
fuels typically will not be acceptable for use in areas
that restrict maximum fuel sulfur levels to 15 ppm of
less,

Note: The fuels that are listed in table 15 typically
have much higher sulfur levels than the 50 ppm
maximum sulfur allowed in the European Standard
“EN 590:2004". The sulfur content of these fuels
typically far exceeds 50 ppm. These fuels typically
wili not be acceptable for use in areas that restrict
maximum fuel sulfur levels to 50 ppm or less.

The fuel that is selected must meet the requirements
that are specified in "Cat Specification for Distillate
Diesel Fuel for Nonroad Diesel Engines”, table 14.
Cooling of the fuel may be required to maintain 1.4
cSt or greater viscosity at the fuel injection pump.
Consult the supplier for the recommended additives
in order to maintain the proper fuel lubricity.

This table lists fuel specifications for fuel additives
that have not been tested by Cat for use in Cat fuel
systems. The use of these specifications allowed
and/or recommended fuel additives are at the risk
of the user.

Jet A is the standard fuel used by U.S. commercial
airlines when operating within the U.S.. Jet A-1

is the standard fuel used by commercial airlines
worldwide. Per "ASTM D1655-08a, Table 1 (Detailed
Reqguirements of Aviation Turbine Fuels)”.Jet A
and Jet A-1 have identical requirements except for
freezing point. Jet A has a freeze point requirement
of —40 °C (~40 °F) versus the Jet A-1 has a freeze
point requirement of ~47 °C (~52.6 °F), bui the fue!
purchaser and the fuel supplier may agree on other
freezing points.

Table 15

Alternative Distillate Fuels - Cold Weather
Applications

Specification Grade
“MIL-DTL-56241" JP-5
“MIL-DTL-83133F" JP-8
"ASTM D1655-08a" Jet A, Jet A1

These fuels are lighter than the No. 2 grades of fuel.
The cetane number of the fuels in table 15 must be

at least 40. If the viscosily is below 1.4 ¢St at 40 °C

(104 °F), use the fuel only in temperatures below

0 °C (32 °F)}. Do not use any fuels with a viscosity of
less than 1.2 ¢St at 40 °C (1104 °F).

Note: Fuel cooling may be required in order to
maintain the minimum viscosity of 1.4 ¢St at the fuel
injection pump.

Note: These fuels may not prove acceptable for all
applications.

Renewable and Alternative Fuels

Renewable fuels are derived from renewable
resources such as planted crops and crop residues
(referred to as biomass), waste, algae, cellulosic
material, yard, and food waste, and so on.
Renewable fuels reduce the carbon footprint of the
fuels compared to fossil fuels on a Life Cycle Analysis
basis. Cat, through sustainability initiatives, supports
the development and use of renewable fuels.

Renewable fuels (other than biodiesel) and alternative
fuels {such as but not limited to Gas-to-Liquid fuel)
are typically hydrocarbons {composed of carbon and
hydrogen). An exception is biodiesel, which is an
oxygenated renewable fuel. Biodiesel is discussed

in a separate article in this Fuel section. Significant
research is on going to develop renewable fuels and
production economy.

Cat is not in a position to test all varieties of
renewable and alternative fuels that are advertised
in the market place. Before operating on any fuels
other than diesel fue! or biodiesel (as discussed in
this Fuels section), consult with the fuel supplier
and with your Cat dealer. Due {o the nature of the
hydrocarbons that make up some alternative fuels in
the marketplace, the fuel may inherently have poor
lubricity, poor cold-weather performance. The fuel
may potentially have compatibility issues with fuel
system elastomers.
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If a renewable or alternative fuel fulfills the
performance requirements described in Cat Fuel
Specification, the latest version of “ASTM D975" or
the latest version of “EN 590", then this fuel or a
blend of this fuel (blended with appropriate distillate
diesel fuel) can be used as a direct replacement of
petroleum diesel in Cat engines. |

Cat is following the development of renewable and

alternative fuels and the respective fuel specifications
to ensure successful application of these fuels in the
engines. Information and guidelines will be published
as the production of these fuels becomes established.

Aftermarket Fuel Additives

There are many different types of fuel additives
that are available to use. Cat does not generally
recommend the use of fuel additives.

in special circumstances, Cat recognizes the need
for fuel additives. Fuel additives should be used with
caution. The additive may not be compatible with
the fuel. Some additives may precipitate. This action
causes deposits in the fuel system. The deposits
may cause seizure. Some additives may plug fuel
filters. Some additives may be corrosive, and some
additives may be harmful to the elastomers in the
fuel system. Some additives may damage emission
control systems. Some additives may raise fuel suifur
levels above the maximum allowed by the United
States (U.S.) Environmental Protection Agency
(EPA) or other regulatory agencies. Consult your
fuel supplier for those circumstances when fuel
additives are required. Your fuel supplier can make
recommendations for additives to use and for the
proper level of treatment.

Note: Metallic fuel additives can cause fuel
system/injector fouling and after treatment device
fouling. Cat discourages the use of metallic fuel
additives in most applications. Metallic fuel additives
should only be used in applications where the use
is recomimended by Cat.

Note: Diesel fuel additives/conditioners may not
improve markedly poor diesel fuel properties enough
to make the fuel acceptable for use.

Note: For best results, your fuel supplier should treat
the fuel when additives are needed.

Cat Diesel Fuel Conditioner

Note: Cat Diesel Fuel Conditioner, part number
256-4068, is the only fuel additive available to the
end user that is tested and approved by Cat for use
in Cat diesel engines.

Cat Diesel Fuel Conditioner is a proprietary metal
and ash free formulation that has been extensively
tested for use with distillate diesel fuels for use in Cat
diesel engines. Cat Diesel Fuel Conditioner helps
address many of the challenges that various fuels
worldwide present in regards to fuel life/stability,
engine startability, injector deposits, fuel system life,
and long-term engine performance.

Note: Diesel fuel additives/conditioners may not
improve markedly poor diesel fuel properties enough
to make the fuel acceptable for use.

Note: For maximum overall benefits, ask your fuel
supplier to add Cat Diesel Fuel Conditioner at the
recommended treat rate before fuel delivery. You may
add Cat Diesel Fuel Conditioner at the recommended
treat rate during the early weeks of fuel storage.
Follow all applicable national, regional, and local
laws, mandates, and regulations concerning the use
of diesel fuel conditioners/additives.

Cat Diesel Fue! Conditioner is a proven high
performance, multipurpose diesel fuel conditioner
that is designed to improve:

+ Fuel economy (through fuel system cleanup)
» Lubricity

+ Oxidation stability

« Detergency/dispersancy

« Moisture dispersancy

« Corrosion protection

« Cetane (typically 2-3 cetane numbers)

Cat Diesel Fuel Conditioner has been validated
through lab and field tests to improvefreduce diesel
fuel consumption and emissions for typical fleets
through fuel system/injector cleanup, The conditioner
helps maintain new engine performance by keeping
fuel systems clean. While fuel systemvinjector
cleanup takes place over time, maintaining fue!
system/injector cleanliness is an ongoing process.

Data indicates that average fuel economy
improvements across typical fleets may be in the
2-3+ percentage range. Improvements may vary
based on factors such as engine model, age and
condition of the engine, and application.

Cat Diesel Fuel Conditioner also reduces the
formation of gums, resins, and sludge, and disperses
insoluble gums. The conditioner can dramatically
improve fuel storage life, reduce fuel-related engine
deposits and corrosion, and extend fuel filter life.
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NCOTICE

Use of Cat Diesel Fuel System Cleaner or Cat Diesel
Fuel System Conditioner does not lessen the respon-
sibility of the engine owner and/or responsibility of
the fuel supplier to follow all industry standard main-
tenance practices for fuel storage and for fuel han-
dling. Refer to the “General Fuel information” article
in this Special Publication for additional information.
Additionally, use of Cat Diesel Fuel System Cleaner or
- Cat Diesel Fuel System Conditioner does NOT lessen
the responsibility of the owner of the engine to use ap-
propriate diesel fuel. Refer to the “Fuel Specifications”
section in this Special Publication (Maintenance Sec-
tion) for guidance.

Cat strongly recommends the use of Cat Diesel
Fuel Conditioner with biodiesel and biodiesel
hlends. Cat Diesel Fuel Conditioner is suitable for
use with biodiesel/biodiesel blends that meet Cat
biodiesel recommendations and requirements.

Not all fuel additives are suitable for use with
biodiesel/biodiesel blends. Read and follow all
applicable label usage instructions. Also, refer to this
Special Publication, "Distillate Diesel Fuel” article and
also refer to the "Biodiese!l” article, which includes
Cat biodiesel recommendations and requirements.

Cat Diesel Fuel Conditioner has proven to be
compatible with existing and U.S. EPA 2007
on-highway certified diesel engine emission control
catalysts and particulate filters,

Note: When used as directed, Cat Diesel Fuel
Conditioner will not raise fuel sulfur levels measurably
in the final fuel/additive blend. in the U.S. the current
formulation of Cat Diesel Fuel Conditioner must be
blended in at the recommended treat-rate at the
fuel supplier/distributor level for use in on-highway
or ather applications where use of ULSD fuel is
mandated (15 ppm or less fuel sulfur). Follow

all applicable national, regional, and local laws,
mandates, and regulations concerning the use of
diesel fuel conditioners/additives.

NOTICE
When used as directed Cat Diesel Fuel Conditioner
will not raise fuel sulfur levels measurably in the final
fuel/additive blend. Follow all applicable national, re-
gional, and local l[aws, mandates, and regulations con-
cerning the use of diesel fuel conditioners/additives.

Cat Diesel Fuel System Cleaner

Note: Cat Diesel Fuel System Cleaner, part number
343-6210, is the only fuel system cleaner available to
the end user that is tested and approved by Cat for
use in Cat diesel engines.

Cat Diesel Fuel System Cleaner is a proven high
performance detergent product designed for cleaning
deposits that form in the fuel system. Deposits in
the fuel system reduce system performance and
can increase fuel consumption. Cat Diesel Fuel
System Cleaner addresses the deposits formed
due to the use of degraded diesel fuel, poor quality
diesel fuel, and diesel fuel containing high quantities
of high molecular weight compounds. Cat Diesel
Fuel System Cleaner addresses deposits formed
due to the use of biodiesel, bicdieset blends, and
biodiesel that does not meet the appropriate quality
specifications. Continued use of Cat Diesel Fuel
System Cleaner is proven to inhibit the growth of
new deposits,

Cat Diesel Fuel System Cleaner can be added
directly to diesel fuel, biodiesel, or biodiesel blends,
Cat Diesel Fuel System Cleaner is a United States
Environmental Protection Agency registered fuel
additive that can be used with Ultra Low Sulfur Diesel
Fuel. In addition this cleaner is appropriate for use
with other ultra low, low, and higher sulfur diesel fuels
around the world.

Cat Diesel Fuel System Cleaner is a proven high
performance cleaner that is designed to perform the
following:

+ Clean performance-robbing fuel sysiem deposits

+ Restore fuel economy losses resulting from injector
deposits

- Restore power losses resulting from injector
deposits

» Eliminate visible black exhaust smoke resulting
from injector deposits

= Prevent the formation of new fuel-related deposits

For engines experiencing problems such as power
loss, increased fuel consumption, or black smoke
due to the presence of fuel-related deposits in

fuel injectors, a high-strength cleaning cycle is
recommended. Add one 0.946L (32 0z.) botile of
Cat Diesel Fuel System Cleaner per 250 L (65 gal)
of fuel. One bottle corresponds to a treat rate of
0.4% by volume. Prior to refueling, pour Cat Diesel
Fuel System Cleaner directly into the fuel tank, then
refill with fuel. The refilling process should give
satisfactory mixing of the cleaner. The cleaner will
begin fo be effective immediately. Testing has shown
most deposits are cleaned and related issues are
resolved after 30 hours of operating the engine on
fuel with the cleaner. For maxdmum results, continue
to use at this treat rate for up to 80 howrs,
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To prevent the return of fuel-related deposits, Cat
Diesel Fuel System Cleaner, add the cleaner to the
fuel at a 0.2% treat rate. In this case, one 0.946L
{32 oz.} bottle will treat 500 L (130 gallons) of fuel.
Cat Diesel Fuel System Cleaner can be used on an
on-going basis with no adverse impact on engine or
fuel system durability.

NOTICE

Use of Cat Diesel Fuel System Cleaner or Cat Diesel
Fuel System Conditioner does not lessen the respon-
sibility of the engine owner and/or responsibility of
the fuel supplier to follow all industry standard main-
tenance practices for fuel storage and for fuel han-
dling. Refer to the "General Fuel Information” article
in this Special Publication for additional information.
Additionally, use of Cat Diesel Fuel Sysiem Cleaner or
Cat Diesel Fuel System Conditioner does NOT lessen
the responsibility of the owner of the engine to use ap-
propriate diesel fuel. Refer to the “Fuel Specifications”
section in this Special Publication (Maintenance Sec-
tion} for guidance.

Cat strongly recommends that Cat Diesel Fuel
System Cleaner be used with biodiesel and hiodiesel
blends. Cat Diesel Fuel System Cleaner is suitable
for use with biodiesel/biodiesel blends that meet
Cat biodiesel recommendations and requirements.
Not all fuel cleaners are suitable for use with
biodiesel/biodiesel blends. Read and follow all
applicable |label usage instructions. Also, refer to this
Special Publication, “Distillate Diesel Fuel”, article
and also refer o the “Biodiesel” article, which includes
Cat biodiesel recommendations and requirements.

Cat Diesel Fuel System Cleaner has proven to be
compatible with existing and U.S. EPA Tier 4 nonroad
certified diesel engine emission control catalysts and
pariiculate filters.

Note: When used as direcled, Cat Diesel Fuel
System Cleaner will not raise fuel sulfur levels
measurably in the final fuel/additive blend. Follow
all applicable national, regional, and local laws,
mandates, and regulations conceming the use of
diesel fuel conditioners/additives.

NOTICE

When used as directed Cat Diesel Fuel System Clean-
er will not raise fuel sulfur levels measurably in the final
fuel/additive blend. But, in the U.8., aftermarket fuel
additives (retail consumer level versus bulk fuel ad-
ditives used at the fuel supplier/distributor level) with
more than 13 ppm sulfur are NOT allowed to be used
in applications where ULSD usage is mandated (15
ppm or less fuel suliur). Note that Cat Diesel Fuel Sys-
tem Cleaner contains less than 15 ppm of sulfur and
is acceptable for use with ULSD fuel.

04943305

Biodiesel

SMCS Code: 1280

NOTICE
These recommendations are subject to change with-
out notice. Consult your local Cat dealer for the most
up to date recommendations.

Biodiesel is a fuel that can be made from various
renewable resources that include vegetable oils,
animal fat, and waste cooking oil. Soybean oil and
rapeseed oil are the primary vegetable oil sources.
The raw oifs or animal fats are chemically processed
(esterified) to form a fatty acid methyl ester (referred
to as FAME). The esterified product (FAME) is
biodiesel fuel that can be used in compression
ignition engines. Without the chemical processing
referred {o as esterification, the oils or fats are not
suitable for use as fuel in compression ignition
engines. To use any of the oils or fats listed above as
fuel, the oil or fat must be esterified and the water
and contaminants removed.

Fuel made of 100 percent FAME is referred to as
B100 biodiesel or neat biodiesel.

Biodiesel can be blended with distillate diesel fuel.
The blends can be used as fuel. The most commonly
available biodiesel blends are B5, which is 5 percent
biodiesel and 95 percent distillate diesel fuel, and
B20, which is 20 percent biodiesel and 80 percent
distiliate diesel fuel. Note the perceniages are
volume-based.

U.S. distillate diesel fuel specification "ASTM
D875-09a” includes up to B5 (5 percent) biodiesel.
Currently, any diesel fuel in the U.S. may contain up
to B5 biodiesel fuel.

European distillate diesel fuel specification “EN 590"
includes up to B5 (5 percent) and in some regions up
to B7 (7 percent) biodiesel. Any diesel fuel in Europe
may coniain up to B5 or in some regions up to B7
biodiesel fuel.

Note: The user of the engine has the responsibility

of using the correct fuel that is recommended by the
manufacturer, The fuel must be allowed by the U.S.
EPA and other appropriate regulatory agencies.

Cat is not in a position fo evaluate the many
variations of biodiesel and the long-term effects on
performance, durability, or compliance to emissions
standards for Cat products.
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Note: In order to align Cat recommendations with
the latest revision of "ASTM D7467” specification for
B6-B20 blends and to ensure that biodiesel fuel meets
defined quality standards, Cat recommendations for
acceptable biodiesel blend for most engines have
been changed to B20. Details on the use of higher
blends are given in this "Biodiesel” section of this
Special Publication.

NOTICE
In North America, the use of biodiesel from "BQ-9000"
accredited producers and “BQ-9000" certified mar-
keters is required. Refer to the "Recommendations’
section for details.

NOTICE
Failures that result from the use of any fuel are not
Caterpillar factory defects. Therefore, the cost of re-
pair would NOT be covered by the Caterpillar warran-
ty for materials and/or the warranty for workmanship.

Recommendations for the Use of
Biodiesel in Cat Nonroad Engines

Refer to table 17 and 18 to the details provided in this
section for biodiesel fuel requirements.

In order to be acceptable for blending, the biodiesel
constituent must meet the requirements that are
listed in “Cat Specification for Bicdiesel Fuel” in
this Special Publication, the latest edition of “ASTM
DG751”, and/or the latest edition of “EN14214".

Biodiesel blends of up to B5 must meet the
requirements for the distillate diesel fuel that are
listed in the "Cat Specification for Distillate Diesel
Fuel for On-Highway Engines” in this Special
Publication, the latest edition of “ASTM D975", andfor
the latest edition of “EN 590",

Biodiesel blends of BG to B20 must meet the
requirements listed in the latest edition of “ASTM
D7467" (B6 to B20) and must be of an API gravity
of 30-45.

Distillate diesel fuels that meet the requirements

of “Cat Specification for Distillate Diesel Fuel for
On-Highway Engines” in this Special Publication,
the “National Conference on Weights and Measures
(INCWM) Premium Dieset definition, the latest
edition of “ASTM D975 S15" designation, and/or the
latest edition of “EN 5907, sulfur free designation.
No. 1-D and No. 2-D are examples of fuels that are
acceptiable for creating biodiesel blends.

For Tier 4 applications in the U.8., the diesel fuel
portion of the final blend must meet the requirements
of 815 fuels (15 ppm sulfur) designations in the latest
edition of “ASTM D975” specification. For Stage 111B
and later applications in EU, the diese! fuel portion of
the final blend must meet the requirements for sulfur
free (10 ppm sulfur) designation in the latest edition
of “EN 5690". The final blend must have 15 ppm sulfur.
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Tahie 16

Recommendations for biodiesel fuel application in Cat Off-Highway engines

Production year/Tier/Stage Engine model Biodiesel acceptable blend levels

3003-3034, 3044, 3046, 3054,
3056, 3064, and 3066, 3054C
(mechanical), 3054k (electronic)
and 3056E {electronic).

C0.5, C0.7, C1.1, C1.5, C1.6, C2.2,
©3.4, C2.6, C3.3B. Certain C4.4 (S/N
44400001-04303), Certain C6.6 (S/N
CE600001-14623 {Machines) and S/N Upto BS ®

66600001-00015 (industrial))

Tier 2 / Stage Il or earlier Emissicns
Regulations

Tier 4 Interim / Stage lila (without
aftertreatrnent)

Tier 4 interim / Stage b (with
aftertreatment devices)

Tier 4 Interim / Stage 1llb and beyond ACERT engines: C4.4, C8.6, C7.1, U to B20
(with aftertreatment devices) 9.3, C13, C15, C18, C27, and C32 P

C0.5 through C2.2 @
Certain C4.4 ACERT (S/N
C4E05524-Up {Machines) and
All years post Tier 2/Stage || 44404304 -Up (Industrial)), C4.4
(Mechanical), C6.4, and certain C6.6
ACERT (S/N CE614624-Up (Machines)
and 66609016-Up (Industrial))

3114, 3116, 3126, 3176, 3196 Up to B20 (For use of higher blend levels
3208, 3306 3406, 3408, 3412, up to B100, consult your Cat dealer)
3458, 3406E, 3408E, 3412E, 3500
Series, and 3800 Series
All years C-9, C10, C-12, C-15, C-18, C-18,
C280 Series, CM20, CM25, and CM32
ACERT enginestisure
C7, C9, C9.3, C11, C13, C15, C18,
C27, €32, and C175

() Up to B7 can be used in these engines. B7 has to be per Cat distillate diesel fuel specification, “ASTM D975 or EN590",
(3 Models without aftertreatment only

C18, C2.4, C33B

C3.8, C34

Table 17
Fuel Recommendations for Cat Nonroad Engines
Biodiesel Blend Stock Final Blend Distillate Diesel Fuel used for blending
B5: Cat distillate diesel fuel specification,
Cat biodiesel specification, () “ASTM @ “"ASTM D976" or "ENS90 Cat distillate diesel fue! specification,
D6751" or "EN14214" B20: “ASTM D7487" and "API “ASTM D975" aor "ENSGQ”
gravity 30-45

) Refer 1o Table 19 in the Biodiesel section of this Special Publication.
@ Refer to "Cat Specification for Distillate Diesel Fuel far On-Highway Engines” in the Fuel section of this Special Publication.
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Note: For Tier 4 certified/ Stage lIIB and newer
engine models that are equipped with aftertreatment
devices, use only the biodiesel blend levels that are
recommended in "Recommendations for biodiesel
fuel application in Cat Nonroad Engines” in this
Special Publication, table 16. Use of biodiesel
blend levels higher than the recommendations
provided in table 16 can adversely affect engine and
aftertreatment components due to contaminants. The
repair of any engine or aftertreatment components
due to such contamination or due to other biodiesel
impacts would not be covered under the Cat warranty.
Refer to "Additional Maintenance Requirements”
topic in this Special Publication, "Bicdiesel” article.

Note: For 2006 and older engine models, for use of
blends of biodiesel above B20 (20 percent), refer to
“Guidelines and potential impacts associated with the
use of biodiesel and biodiesel blends” table 18 in this
Special Publication for the guidelines and impacts of
using high biodiesel blends. Consult your Cat dealer
for guidance. Use the Cat $-0-S Services oil analysis
program when biodiesel or blends of biodiesel that
are B20 (20 percent) or above are used.

Either "ASTM D7371" - “Test Method for
Determination of Biodiesel (Fatty Acid Methyl
Esters) Content in Diesel Fuel Oil Using Mid Infrared
Spectroscopy (FTIR-ATR-PLS Method)" or “EN
14078" “- Liquid Petroleum Products - Determination
of fatty acid methyl esters (FAME) in middle distillates
-Infrared spectroscopy method” can be used for
determining the volume percent biodiesel in a
biodiesel blend.

For applications running biodiese| or biodiesel biends,
the recommendation is to use either Cat Diesel Fuel
System Cleaner (Part number 343-6210) or Cat
Diesel Fuel Conditioner (Part number 256-4968).
Cat Diesel Fuel System Cleaner, used as needed or
on an on-going basis, is most effective at cleaning
and preventing the formation of fuel-related deposits.
Cat Diesel Fuel Conditioner can be used to improve
fuel stability and can help prevent the formation of
fuel-related deposits.

Additional maintenance
requirements

When biodiesel fuel is used, crank case oil and
aftertreatment systems may be influenced. This
influence is due to the chemical composition and
characteristics of biodiesel fuel such as density and
volatility. Chemical contaminants can be present

in this fuel, such as phosphorous, alkali, and
alkaline metals {sodium, potassium, calcium, and
magnesium).

» Crankcase oil fuel dilution can be higher when
biodiesel and/or biodiese! blends are used. This
increased level of fuel dilution when using biodiesel
and/or biodiesel blends is related to the typically
lower volatility of biodiesel. |n-cylinder emissions
control strategies utilized in many of the latest
engine designs may lead to a higher level of
biodiesel concentration in the sump. The long-term
effect of biodiesel concentration in crankcase
oil is currently unknown, The use of Cat S-0-S
Services oil analysis is recommended when
up to B20 (20 percent) and lower biodiesel
blends are used. Analysis is required when
using hiodiesel/hiodiesel blends that are B20
or above. When requesting cil analysis, be sure to
note the level of biodiesel being used (B5, B20,
and so on).

= Biodiesel fuel contains metal contaminants
{phosphorous, sodium, potassium, calcium,
and/or magnesium) that form ash products upon
combustion in the diesel engine, The ash can
affect the life and performance of afterfreatment
emissions control devices and can accumulate
in Diesel Particulate Filters (DPF). The ash
accumulation may cause the need for more
frequent ash service intervals and/or cause loss of
performance.

Fuel System Deposits

Biodiesel and biodiesel blends are known to cause
an increase in fuel system deposits, most significant
of which are deposits within the fuel injector. These
deposits can cause & 10ss in power due o resfricted
or modified fuel injection or cause other functional
issues associated with these deposits. Cat Diesel
Fuel System Cleaner (part number 343-6210) is most
effective in cleaning and preventing the formation of
deposits. Cat Diesel Fuel Conditioner {part number
256-4988) helps to limit deposit issues by improving
the stability of biodiesel and biodiesel blends.

The production of new deposits is also inhibited.
Therefore, the use of Cat Diesel Fuel System
Cleaner and/or Cat Diesel Fuel Conditioner is
recommended when running any biodiesel or
biodiesel blends. Refer to this Special Publication,
“Distillate Diesel Fuel”, article, “Cat Diesel Fuel
Conditioner” and "Cat Diesel Fuel System Cleaner”
topics in this Special Publication, “Distillate Diesel
Fuel” for additional information.

Consult your Cat dealer for availability of Cat
Diesel Fuel System Cleaner and Cat Diesel Fuel
Conditioner.

.



.

SEBUE251-14

59
Maintenance Section
Fuel Specifications

Guidelines

Biodiesel that meets the requirements that are listed
in the “Cat Specification for Biodiesel Fuel”, the latest
edition of “ASTM D&7517, or the latest edition of "EN
14214" is not expected to pose major problems when
blended with an acceptable distillate diesel fuel at
the maximum stated percentages. However, the
following recommendations should be followed:

Note: For these recommendations, the cautions,
guidelines, and recommendations applicable to
biodiesel (B100) are also applicable to biodiesel
blends (B2, B5, B20, and so on). The impacts of
biodiesel blends higher than B20 are, in general,
more severe than the impacts of biodiesel blends
of B20 or lower. Refer to Table 18 of this Biodiesel
section for more details.

Note: Fuel storage tanks need to be cleaned
thoroughly before converting to biodiesel/biodiesel
blends. Conversion {o biodiesel/biodiesel blends can
loosen fuel system and fuel storage tank deposits.
All tank filters and engine filters must shorten the
change intervals for an extended time in order to
allow for this cleaning effect.

In North America, the use of biodiesel from "BQ-8000"
accredited producers and marketers is required.
Look for the "BQ-9000" biodiesel quality accreditation
program certification logo that is available to
distributors that meet the requirements of "BQ-9000".
For more information on the "BQ-8000" program, go
to “www.BQ-9000.0rg".

in other areas of the world, the use of biodiesel
that is "BQ-9000" accredited and certified, or that is
accredited and certified by a comparable biodiesel
quality body to meet similar biediesel quality control
standards, is required.

information provided in this table refers to biodiesel
and biodiesel blends that fully comply with the
appropriate specifications as described in the
“Biodiesel" section of this Special Publication and to
handling and maintenance procedures that follow
recommended guidelines.
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Table 18
Risks and Guidelines associated with the use of biodiesel and biodiesel blendst)
Paragraph . - _
reference Risk/Recommendation B5 B6-B20 B21-B100
Risk of reduction of oil . -
1 change interval Negligible Low High
2 Risk of fuel filters compatibility Negligible Low Medium
Risk of reduction of fuel fiiter - . .
3 change interval Negligible Medium High
4 Bulk filtration of biodiesel =4 microns absolute =4 microns absoluie <4 microns absolute
s . . Minor loss of 1-2 Detectable loss of
5 Energy content of hiodiesel Similar to Diesel percent 5-8 percent
6 Compatibility with elastomers Low Low-Medium High
Risk of low ambient temperature
7 problems for both storage Medium Medium-High High
and operation.
3 Feedstock impact Medium Medium High
Risk of oxidation stability and : :
° Injector deposits Low Medium High
Oxidation stability-Duration _ -
10 of storage Similar to Diesel fuel 8 months@ 4 months®
1 Use in engines with limited Maximum allowed Unacceptable Unacceptable
operational time
Risk of microbial contamination - . .
12 and growth Medium High High
13 Need for water removal Medium High High
14 Cil-side seal incampatibility Negligible Medium High
15 Metal incompatibility Negligible Low High

(1} Refer to the paragraph reference number for details of each listed Risk/Recommendation.
(@ Testing of B20 blends is recommended at 4 months of storage and on a monthly basis thereafter. Tests should include oxidation, acid
number, viscosity, and sedimenis,
(3} B100 stored for over 2 months should be tested every 2 weeks to ensure that the fuel is not degraded. Tests should include oxidation,
acid number, viscosity, and sediments. The use of appropriate addifives is required if B100 is stored more than 4 months. Consult your

fuel supplier for more information. In addition, B100 should be stored at temperatures of 3 degrees C to 6 degrees C (5 degrees F to

10 degrees F) above the cloud point.

The following are the paragraph reference numbers:

1. The oil change interval can be negatively affected

by the use of biodiesel. Use 5-0-3 Services ol
analysis in order to monitor the condition of the
engine oil. 3-0-S Services oil analysis will also
help determine the oil change interval that is
optimum.

2. Confirm with the filter manufacturer that the
fuel filterffilters to be used are compatible with
biodiesel. Fuel water separators are preferred
when biodiesel is used.

Note: Cat fuel filters and Cat fuel water separators
are compatible with biodiesel fuel.

3. Conversion to biodiese! can loosen fuel system

deposits. Fuel filter change intervals must be
shortened for an extended time in order to aliow
for this cleaning effect. Filter change interval of 50
hours or less is recommended following the initial
conversion to B20 biodiesel blend.

. Filter biodiesel and biodiesel blends through a

fuel filter with a rating of four microns(c) absolute
or less. Filters should be located on the device
that dispenses the fuel to the fuel tank for the
engine. Filters should be located on the device
that dispenses fue! from the bulk storage tank.
Series filtration is recommended.
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5. In a comparison of distillate fuels to biodiesel, neat
biodiesel (B100) typically provides less energy
per gallon by 5 percent to 8 percent. Do NOT
attempt to change the engine rating in order to
compensate for the power loss, Engine problems
may occur when the engine is converted back to
100 percent distillate diesel fuel. Any adjustments
to the engine to compensate for the power loss
may result in violation of emissions regulations
such as the U.5. EPA anti-tampering provisions.

6. Compatibility of the elastomers with biodiesel
is currently being monitored. The condition of
seals and hoses should be monitored regularly.
Biodiesel may soften, degrade, or leak from some
types of elastomers used in seals and hoses. The
higher biodiesel blend has a greater the risk of
elastomer-related issues,

a. In general, Cat engines built early to mid 90s
use Viton seals and Viton O-rings in the fuel
system. Viton is compatible with biodiesel.

b. Nitrite hoses typically used in some fuel transfer
lines are not compatible with biodiesel. Monitor
the condition of the hoses and confirm with
the hose manufacturer that the hoses are
compatible with the biodiesel blend used. If
necessary, replace with hoses of compatible
materials.

7. Biodiesel may pose low ambient temperature
problems for both storage and operation. At low
ambient temperatures, bicdiesel fuel may need to
be stored in a heated building or a heated storage
tank. The fuel system may require heated fuel
lines, filters, and tanks. Filters may plug and fuel in
the tank may solidify at low ambient temperatures
if precautions are not taken. Consult your biodiesel
supplier for assistance in the blending and
attaining of the proper cloud point for the fuel.

Note: The performance of cold flow improvers can
be reduced in the presence of biodiese! fuel. Consult
the fuel supplier for appropriate cold flow improvers if
needed.

8. Bicdiesel can be produced using various
renewable sources. The source used can
affect product performance. Two of the fuel
characteristics affected are cold flow and oxidation
stability. Cold flow affects filter plugging and
oxidation stability affects deposit formation and
biodiesel fuel storage duration and life. Consult
your fuel supplier for guidance,

9.

Biodiesel has poor oxidation stability, which may
accelerate fuel oxidation in the fuel system.
Engines with an electronic fuel system operate at
higher temperatures, which may accelerate fuel
oxidation. Oxidized fuel can form deposits in fuel
injection systems and in fuel systems in general.
Refer to this Special Publication, “Distillate Diesel
Fuel” arlicle, "Aftermarket Fuel Additives’, “Cat
Diesel Fuel Conditioner”, and “Cat Diesel Fuel
System Cleaner” topics for information concerning
oxidation stability and other fuel additives.

10. Poor oxidation stability of biodiesel can result

1.

in long-term storage problems. Biodiesel shouid
be used within a limited time from production.

In order to ensure appropriate storage duration,
testing of the stored biodiesel is recommended.
Tests should include oxidation, acid number,
viscosity, and sediments. Tests should be
conducted periodically to ensure that biodiesel is
per specification. Antioxidants are recommended
to improve stability of biodiesel. Cat Diesel Fuel
Conditioner, part number 256-4968, or appropriate
commercial additives are recommended. Consult
your fuel supplier for more information.

a. B20 biodiesel blend can generally be stored
up to 8 months. Testing of B20 blends is
recommended at 4 months of storage and cn
a monthly basis thereafter to ensure that the
fuel has not degraded.

b. B100 biodiesel can generally be stored up to
4 months. Testing of B100 is recommended
at 2 months of storage and every two weeks
thereafter to ensure that the fuel has not
degraded. The use of appropriate additives is
required if B100 is stored more than 4 months.
Consuit your fuel supplier for more information.

c. B100 should be stored at temperatures of 3
degrees C to 6 degrees C (5 degrees F to 10
degrees F) above the cloud point.

Due to poor oxidation stability and other potential
issues, Cat recommends that engines with
fimited operational time (such as seasonal use
or standby power generation) either not use
biodiesel/biodiesel blends or, while accepting
some risk, limit biodiesel to a maximum of B5.
Examples of applications that should limit the use
of biodiesel are the following: Standby Generator
sets and certain emergency vehicles. For more
information, refer to the "Seaconal Operation”
section.
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a. Addition of Cat Diesel Fuel Conditionef, part
number 256-4968, or an appropriate
commercial additive containing
antioxidantsloxidation stability irnprovers, is
recommended for standby generator sets and
emergency vehicles using biodiesellbiodiesei
plends. The conditioner should pe added
when the engine is fueled or as early as
possible when the fuel is defivered and stored.
preferably, the conditioner or additive should
be added as soon as possible after the fuel is
produced.

b. For standby generator sets and emergency
vehicles that use biodiesel, sample the fuel
in the engine tank monthly. Test the fuel for
acid number and oxidation stability. if the test
results show that the fuel is degraded and that
the fuel is not per the appropriate specifications
(provided in Table 19 in this “Biodiesel’ section),
drain the tank, flush the engine by running
using high-quality fuel. Repeat the process
until the system is clean. Refill with high-quality
fuel following the recommendations provided in
this "Fuel” section

¢. For standby generatof sets and emergency
vehicles that use biodiesel, Cat recommends
that the fuel oxidation stabiity is 10 hours or
more per “EN 14112" {est method.

12. Biodiesel is an excellent medium for microbial
contamination and growth. Microbial contamination
and growth can cause corrosion in the fuel system
and premature plugging of the fusl fitter. Consult
your supplier of fuel and additive for assistance in
selecting appropriate anti-ricrobial additives.

13. Care must be taken in order 10 remove water
from fuel tanks. \\ater accelerates microbial
contamination and growth. When biodiesel is
compared o distillate fuels, water is naturally
more likely to exist in the biodiesel.

14. Biodiesel dilution of engine oil may result in ofl
side leaks due to incompatibility of the seals that
are typically used on the ol side. Liner seals and
oil cooler seals may be affected by biodiesel
dilution. Monitor the condition of the oil side
seals and consutlt your Cat dealer for appropriate
replacement #f needed.

15. Biodiese! is not compatible with some metals.
Biodiesel of blends higher than 1320 will oxidize
and form sediments upon long-term contact with
lead, zinc, tin, copper, and copper alloys such as
prass and bronze. Consult your dealer for more
information.

SEBUG251-14
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Note: The use of piodiese! at a B2 level improves the
jubricity of the final blend by an estimated 66 percent.
Increasing the blend leve! higher than B2 does not
improve the Jubricity any further.

Seasonal Operation

Cat recommends that seasonally operated engines
have the fuel systems, including fuel tanks, flushed
with conventional diesel fuel before prolonged
shutdown periods. Applications that should
seasonally flush the fuel system include school buses
(U.S.yand famm machinery.

perform the following process pefore shutting down
the engine for prolonged periods:

4. Operate the engine until the fuel level in the tank
is low.

2. Refill the fuel tank with high guality conventional
distillate diese! fuel.

3. Repeat sieps 1 and 2 a minimum of two times
hefore the engine is shut down for prolonged
periods.

If distittate fuel is not available to operate the engine
as described above, while accepting some risk,
fimit biodiesel o @ maximum of BS. Follow the
recommendations provided in this section and the
guidelines given below to reduce the risk:

. Addition of Cat Diesel Fuel Conditioner, part
number 256-4968, or an appropriate commercial
additive containing antioxidantsioxidation stability
improvers, is recommended prior to engine
shutdown for profonged periods. The conditionst
should be added when the engine is fueled.
preferably, the conditioner is added to the fuel as
soon as possible afier the fue! production.

« Addition of Gat Diesel Fuel System Cleaner, part
number 343-6210, or an appropriate commercial
cleaner is recommended when the engine is first
operated after the prolonged shutdown period and
preferably for a total of two tanks of fuel. Follow the
recommendations provided in the Cat Diesel Fuel
System Cleaner section in the spuel” article in this
Special Publication.

Consult your Cat dealer for the availability of Cat

Diesel Fuel Conditioner and Cat Diesel Fuel System
Cleaner.

Biodiesel specification

Biodiese! fuel used that is used for blending must
meet the requirements in the following able.

e
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The final blend of biodiesel as used in the engine
must meet the requirements that are stated in table
17 this "Biodiesel” article.

B8100 intended for biending into diesel fuel that is
expected to give satisfactory vehicle performance
at fuel temperatures at or below ~12° C (10.4° F)
shall comply with a cold soak filterability limit of 200
seconds maximum. Passing the "ASTM D6751" 200
seconds Cold Soak Filterability test limit does not
guarantee cold performance for all biodiesel blends
at all possible fuel temperatures, but biodiesel that
fails this Cold Soak Filterability test requirement will
produce biodiesel blends that will likely plug fuel
filters when fuel temperatures are below -12° C
{10.4° F).



64
Maintenance Section
Fuel Specifications

SEBUB251-14

Table 19

Cat Specification for Biodiesel Fuel

Property Test Method Test Method Units Limits
Specific
Properties of
United States International Fuel
Density at 15°C “ASTM D1298" “ISO 3675 glcm?® 0.86-0.90
Viscosity at 40°C "ASTM D445* ‘IS0 31047 mm?fs (cSt) 1.9-6.0
Flash Paint *ASTM D93 “1SO 3679 °C 93 minimum
Pour Point 6 r;?m{;?.lr;[:)
"-S\;J\r?]?;?r “ASTM D97 ‘IS0 3016 C below ambient
temperature
Cloud Point "ASTM D2500 °C Report
Sulfur Content "ASTM D5453" o0 20846, percent weight | 00019
Distiliation To Be
- 10 percent Evaporation *ASTM D1160" °C Determined
- 90 percent Evaporation 360
Carbon Refggg)cwads"“ "ASTM D4530" “ISO 10370" percent weight | 0.05 maximum
Cetane Number *ASTM DB13" ‘8O 5165” 45 minimum
Sulfated Ash “ASTM D874" “ISO 3987" percent weight | 0.02 maximum
Water/Sediment Content “ASTM D2709" ‘180 12937" percent volume | (.05 maximum
Copper Corrosion “*ASTM D130" “ISO 2180" No. 1
Oxidation Stability "EN 14112" “EN 14112" hours 3 minimum
Esterification ‘EN 14103" ‘EN 14103 percent volume | 97.5 minimum
Acid Value “*ASTM D664 “‘EN 14104" mg KOH/g 0.5 maximum
Methanol Content "EN 14110" “EN 14110" percent weight | 0.2 maximum
Manoglycerides "ASTM D6584" "EN 14105” percent weight | 0.8 maximum
Diglycerides “ASTM D&584" “EN 14105" percent weight | 0.2 maximum
Triglycerides “ASTM DB584" “EN 14105" percent weight | 0.2 maximum
Free Glycerin “ASTM D&584" "EN 14105" percent weight | 0.02 maximum
Total Glycerin "ASTM D6584" "EN 14105" percent weight | 9240
Phosphorus Content "ASTM D4951" "EN 14107" percent weight 0.001
Calelum and Magnesium “EN 14538" “EN 14538" ppm 5 maximum
Sodium and Potassium “EN 14538" “EN 14538" ppm 5 maximum
Cold Soak Filterability “*ASTM D7501" - seconds 360 maximum
Cieanliness “ASTM D7618" “ISO 4406" - (‘)

(1} Recommended cleanliness level for fuel as dispensed into machine or engine fuel tank is “ISO 18/16/13" or cleaner per “ISO 4406" or
“ASTM D7619". Refer to the “Contamination Control” section in this Special Publication.

P
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Note: Fuels that meet the most current revision
level of "ASTM D6751" or "EN 14214” may be used
for blending with an acceptable distillate fuel. The
conditions, recommendations, and limits that are
noted in this Biodiesel section apply.

Referenced Documents

Refer to the "Reference Material - Fuel® section of
this Special Publication for the reference material for
the information in this section.



66
Maintenance Section
Cooling System Specifications

SEBUB251-14

Cooling System
Specifications

04945648

General Coolant Information
SMCS Code: 1350; 1395

 Awawns

The cooling system operates under pressure
which is controlled by the radiator pressure cap.
Removing the cap while the system is hot may al-
low the escape of hot coolant and steam, causing
serious burns.

Before you remove the radiator cap, allow the sys-
tem to cool. Use a thick cloth and turn the radiator
cap slowly to the first stop to allow pressure to es-
cape before fully removing the cap.

Avoid contact with coolant.

NOTICE
Every attempt is made to provide accurate, up-to-date
information. By the use of this document, you agree
that Caterpillar Inc. is not responsible for errors or
omissions.

The information that is provided is the latest
recommendations for the Cat diesel engines that are
covered by this Special Publication. This information
supersedes all previous recommendations which
have been published for the Cat diesel engines that
are covered by this Special Publication. Special
fluids may be required for some engines, Continue to
use these special products. Refer to the applicable
Operation and Maintenance Manual.

This publication is a supplement to the Operation
and Maintenance Manual. This publication does
not replace the engine Operation and Maintenance
Manual.

NOTICE
These recommendations are subject to change with-
out notice. Consuilt your local Cat dealer for the most
up to date recommendations.

NOTICE
in order to avoid potential damage to your Cat ma-
chine and/or Cat engine, only purchase Cat fluids and
Cat filters through your Cat dealer or Cat authorized
outlets. For a list of authorized Cat parts outlets in your
area, consult your Cat dealer.

If you purchase what appear to be Cat fluids and/
or Cat filters through other ocutlets/sources, you
are at a very high risk of purchasing counterfeit
(“look-alike™) products.

Counterfeit or “look-alike” products may visually ap-
pear the same as the original Cat product, but the
product performance and internal quality will typical-
ly be very low.

Counterfeit or “look-alike™ products have a very high
likelihood of causing and/or allowing engine and/or
machine compariment damage.

NOTICE

Commercial products that make generic claims of
meeting “Cat” requiremenis without listing the specific
Cat recommendations and requirements that are
met may not provide acceptable performance. Com-
mercial products may cause reduced engine and/for
machine fluid compartment life. Refer to this Special
Publication and refer to product specific Operation
and Maintenance Manual for Cat fluids recommenda-
tions and requirements.

NOTICE
Never add coolant to an overheated engine. Engine
damage could result. Allow the engine to cool first.

NOTICE
If the engine is to be stored in, or shipped to an area
with below freezing temperatures, the cooling system
must be either protected to the lowest outside temper-
ature or drained completely in order to prevent dam-
age caused by freezing coolant.

NOTICE
Never operate an engine without water temperature
regulators in the cooling system. Water temperature
regulators help fo maintain the engine coolant at the
proper operating temperature. Cooling system prob-
lems can develop without water temperature regula-
tors.

If you operate the engine without the regulator, some
coolant bypasses the radiator. This may cause over-
heating.
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Note: Refer to the specific engine Operation

and Maintenance Manual, “Maintenance Interval
Schedule” for the correct interval for the replacement
of the thermostat.

Refer to Special Instruction, SEBD0518, “Know Your
Cooling System” for more detailed information.

Many engine failures are related to the cooling
system. The following problems are related to cooling
system failures:

« Qverheating

+ Leakage of the water pump

» Plugged radiators or heat exchangers

- Pitting of the cylinder liners

These failures can be avoided with proper cooling
system maintenance. Cooling system maintenance is
as important as maintenance of the fuel system and
the lubrication system. Quality of the coolant is as
important as the quality of the fuel and the lubricating
oil.

A coolant that is ready to use in the engine can also
be referred to as "finished coolant”. A finished coolant
is & coolant that has been diluted with appropriate
amount of acceptable quality water.

Coolant is normally composed of the following
glements:

+ water
« additives
= glycol

= Embitterment: in coolants containing ethylene
glycol 1o make the coolant taste bad.

Technical information for each of the coolant
elements is provided in this Special Publication.

Water

NOTICE
Never use water alone as a coclant. Water alone is
corrosive at engine operating temperatures. In addi-
tion, water alone does not provide adequate protec-
tion against boiling or freezing.

Note: In glycel-based coolants, Cat strongly
recommends a minimum of 30 percent glycol in
diesel engine coocling systems, with a minimum

of 50 percent glycol recommended. Use only
glycol-based coolants that meet one or more of the
coolant specifications that are defined as preferred
or acceptabie in this Special Publication and that
also comply with any additional requirements that are
stated in this Special Publication (that is, chemical
composition, the use of SCA, the use of Extender).
Refer to the Operation and Maintenance Manual for
your engine for any exceptions.

NOTICE
All Cat engines that are equipped with a Cat NOx Re-
duction System reqguire a minimum of 50 percent gly-
col to help prevent cavitation damage and boiling of
the engine coolant. These engines include Tier 4 en-
gines,
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Table 20

Special Requirements

Cat C7-C32 Marine Engines with heat exchangers

Cat diesel engines equipped with asir-to-air
aftercooling (ATAAC)

Minimum of 30% glycol is required. 50% Glycol
is recommended. Water alone or water with SCA
or with ELI is NOT allowed.

Cat 3618 engine model

Water-ELl is recommended. Water-SCA is acceptable.
Glycol-based cootants are NOT allowed,

Cat 3500C engine model
Marine EPA Tier 3 capzable engines (heat exchanger
cooled and keel cooled configurations)

Maximum of 20% glycol is allowed in the aftercooler circuit
{not applicable {o the jacket water circuit, which

is capable of 50% glycol)

(1) For freezing protection of ~5° C (23° F) temperatures and lower, consult your Cat dealer for guidance.

C7-C32 heat exchanger cooled marine engines
require a minimum of 30 percent glycol to prevent
cavitation of cooling system components, with a
minimum of 50 percent glycol recommended.

Water in the water/glycol coolants is more effective
than glycol alone in transferring heat.

Distilled water or deionized water is
recommended to add to glycol or fo water based
caolants in engine cooling systems.

DO NOT use the following types of water in cooling
systems: hard water, softened water that has been
conditioned with salt, and sea water.

If distilled water or deionized water is not available,
use water that meets or exceeds the minimum
acceptable water requirements that are listed in Table
21,

Table 21
Cat Minimum Acceptable Water Requirements
Property Maximum Limit ASTM Test
_ 40 mglL “D512",
Chloride (C) | 5 4 grains/US gal) | *D4327"
100 mgiL "D516"
Sulfate (SO | (59 grains/US gal) | “D4327°
170 mg/L " “
Total Hardness (10 grains/US gaf) D1126
“D1888"
: 340 mg/L ‘Federal
Total Solids (20 grains/US gal) Method
2504B*
Acidity pH of 5.5 t0 9.0 “D1293"

() Total dissolved sclids dried at 103° C (217° F} - 105° C
(221° F), "Standard Method for the Examination of Water
and Wastewater”, “American Public Health Association”,
“www.apha.org”, “www.aphabookstore.org”, (8838) 320-APHA.

For a water analysis, consult one of the following
sources:

« Cat dealer

= Local water utility company

« Agricultural agent

+ Independent laboratory

Periodic analysis of water that is used to add to
the coolant is recommended. Water quality can be

affected by various factors including malfunctioning
purification equipment, earthquakes, and droughts.

Additives

Additives help to protect the metal surfaces of

the cooling system and can improve coolant
performance. A lack of coolant additives, insufficient
amounts of additives, or improper additives for the
application can cause the following conditions to
oceur:

+ Corrosion

+ Formation of mineral deposits
» Rust

= Scale

» Pitting and erosion from cavitation of the cylinder
liner

+ Foaming of the coolant
Many additives are depleted during engine operation.

These additives must be replaced periodically.
Additives that can be added:

ELC Extender to Cat ELC (Extended Life Coolant)

»

ELC Extender to Cat ELI (Extended Life Inhibitor)

Cat SCA (Supplemental Coolant Additive) to Cat
DEAC (Diesel Engine Antifreeze/Coolant)

- Cat SCA to Cat SCA in water finished coolant
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Additives must be added at the proper concentration.

Overconcentration of additives can cause the
inhibitors to drop out-of-soiution. The deposits can
enable the following problems to occur:

+ Formation of gel compounds

« Reduction of heat transfer

+ Leakage of the water pump seal

« Plugging of radiators, coolers, and small passages

Glycol

Glycol in the coolant helps to provide protection
against the following conditions:

+ Boiling
« Freezing
« Water pump cavitation {ATAAC equipped engines)

For optimum performance, Cat recommends a 50
percent by volume of glycol in the finished coolant
(also referred to as 1:1 mixture).

Note: Use a mixture that will provide protection
against the lowest ambient temperature.

Most conventional heavy-duty coolant/antifreezes
use ethylene glycol. Propylene glycol may also be
used. In a 50 percent by volume of glycol in the
finished coolant, ethylene and propylene glycol
provide similar protection against freezing and
boiling. Refer to tables 22 and 23.

Table 22
Ethylene Glycol Concentration
Concentration Prr::ciec}éﬁm ProtBeggonm
50 Percent ('_%Z :;.3) 106 °C (223 °F)
60 Percent (_-5622 :;3) 111 °C (232 °F)

{1} Boiling protection is increased with the use of a pressurized
radiator.

Do not use propylene glycol in concentrations that
exceed 50 percent glycol because of the reduced
heat transfer capability. Use ethylene glycol in
conditions that require additional protection against
boiling or freezing. Do not use ethylene glycol in
concentrations that exceed 60 percent glycol.

Table 23

Propyiene Glycol Concentration

Freeze Boii
Protection Protection{)

50 Percent -32 °C {26 °F) | 106°C(223°F)

) Boiling protection is increased with the use of a pressurized
radiator,

Concentration

Propylene glycol coolant that is used in the cooling
systems for Cat diesel engines must meet ASTM
D6210-08, “Fully-Formulated Glycol-Based Engine
Coolant for Heavy-Duty Engines”, When propyiene
glycol coolant is used in heavy-duty diesel engines,
a regular addition of SCA is required for protection
against liner cavitation. Consult your Cat dealer for
additional information.

Ethylene or propylene glycols used in cooling

‘systems for Cat diesel engines must meet ASTM

E1177-06, "Standard Specification for Engine Coolant
Grade Glycol”.

Testing the Concentration of Glycol

To check the concentration of glycol, use the
245-5829 Coolant/Battery Tester/Refractometer or
360-0774 refractometer. The tester can be used with
ethylene or propylene glycol.
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Table 24

Freeze Protection for Antifreeze Concentrations(

Protection to: Concentration

_qE © o 30% glycol
15°C(5F) 70% water

o o 40% glycol
24 °C (12°F) 50% water
50% glycol

=37 °C (-34°F) 50% water

60% glycol

-52 °C (-62 °F)

40% water

(1} Ethylene glycol-based antifreeze.

Alternative products that are used to protect from
boiling or freezing of the engine coolant include:

+ “1,3 propandiol’ (PDO)
« glycerin
» mixtures of these alternative products with glycol

At the time of publication of this document, there
currently exists no ASTM, “specifications” for coolants
using these chemicals. Until specifications are
published and then evaluated by Cat, use of PDO
and glycerin or glycerin/glycol coolants are not
recommended in Cat cooling systems.

Embitterment

Ethylene glycol is a toxic chemical with a naturally
sweet taste. In order to avoid accidenial excessive
ingestion by humans or animals, coolants may
contain embittering agents that make the coolant
taste bad. All Cat glycol containing coolants (Cat
ELC, Cat BEAC, and Cat NGEC) are embittered.
Embittering agents have no beneficial or detrimental
effect on coolant performance or characteristics.

Coolant Terminology

Extended Life Coolant (ELC) . — A coolant that
relies largely on organic inhibitors for corrosion and
cavitation protection. Carboxylate is an example of
organic corrosion and cavitation inhibitors, Cat EL.C
and Cat ELI in water are extended life coolants that
also include nitrites and molybdates for increased
cavitation protection.

« Commercial extended life coolants containing
silicate do not meet the additional requirements set
in this Special Publication for coolants claiming to
meet Cat EC-1 specification.

+ Do not use commercial extended life coolants with
more than 125 ppm silicon (present in the coolant
in the form of silicate)

« Extended life coolants that meet "ASTM D4985-05"
or "ASTM D8210-06" may be used at the
recommended maximum coolant service life
intervals stated in this Special Publication for
coolants that meet the ASTM specifications.

Conventional coolant — A coolant that relies largely
on inorganic inhibitors for corrosion and cavitation
protection. Silicates and nitrites are examples of
inorganic inhibitors. Conventional coolants are also
referred to as heavy-duty coolants, heavy-duty fully
formulated coolants, or traditional coolants. In order
to be used in most Cat cooling systems, conventionai
coolants must meet "ASTM D4885-05" or "ASTM
D6210-08". Cat DEAC and Cat SCA in water (also
referred to as SCA/Water coolant) are conventional
coolants

Supplemental Coolant Additive (SCA) —SCAisa
general term for a concentrated inorganic inhibitor
package. SCA is used for three different purposes:

+ fo precharge a new conventional coolant that is
not fully Formulated. Cat DEAC is fully formulated
and does not require SCA

- to provide corrosion protection in water/SCA
cooling systems

+ to recharge an in service conventicnal coolant on
a maintenance basis to maintain proper inhibitor
levels

Extender — An inhibitor package that is added fo
extended life coolants, to recharge an in-service
coolant. Extenders, typically, only should be added at
one half the service life of the coolant.

104943641
Coolant Recommendations
(General Maintenance)

SMCS Code: 1350; 1352; 1395

The finished coolants that are recommended or

acceptable for use in Cat diesel engines are given
in Table 25 below:
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Table 25

Recommendations for Finished Coolants for use in Cat engines

Cat ELC, Cat ELI, or
commercial coolant
that meets Cat EC-1

Preferred

Coolant Type Recommendations Product Service hours (@ Required
Maintenance
Add Cat ELC Extender
Cat ELC 12000 hours or 6 at 6000 service

years

hours or one half
of service life

Cat ELI (water based) &

12G00 hours or 8
years

Add Cat ELC Extender
at 6000 service
hours or one half

of service life

Min requirements

Cat EC-1 specification
and "ASTM D6210" and
Organic Additive
Technology (OAT)
based on a
combination of a
monocarboxylic acid
and a dicarboxylic acid
Phosphate, borate,
and silicate free
Tolylriazole: minimum
typical concentration
of 900 ppm
Nitrite: minimum typical
concentration of 500
ppm in new coolants

6000 hours or § years

Add Extender at 3000
service hours or one
half of service life

(continued)
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(Table 25, contd)

Recommendations for Finished Coolants for use in Cat engines

Acceptable

Cat DEAC

3000 hours or 3 years

SCA at maintenance
intervals

Cat SCA (water
based) @

3000 hours or 2 years

SCA at maintenance
intervals

Min requirements for
fully formulated Heavy
Duty Commercial
coolants

Conventional
coolants and
commerciai extended

"ASTM D6210" and
Nitrite {as NO2)
concentration;
Minimum of 1200 ppm
(70 grains/US gal) and
maximum of 2400 ppm
(140 grains/US gal)
Silicon concentration:
minimum of 100 ppm
and maximum of
275 ppm

3000 hours or 2 years

SCA at maintenance
intervals

life coolants that do
not meet EC-1

Min requirements
for Commetrcial
coolants requiring
SCA precharge

“ASTM D4985" and @
Nitrite {as NOZ2)
concentration:
Minimum of 1200 ppm
(70 grains/US gal) and
maximum of 2400 ppm
(140 grains/US gal)
Silicon concentration:
minimum of 100 ppm
and maximum of
275 ppm

3000 hours or 1 year

SCA at initia! {ill and
SCA at maintenance
intervals

Min requirements for
SCA and water

Commercial
supplemental coolant
additive and water

3000 hours or 1 year

Per manufacturer
recommendations

(1) New Coolants at 50 volume percent diluted. Coolants that are prediluted at the coclant manufacturer must be diluted with water that

meets Reagent 4 “ASTM D1193" requirements.
(2} Maintain the in-service coofant at the given limits.

B} Water-based coolants are not allowed for use in machines that has NOx reduction aftertreatment devices, in engines that has AATAC

and in Marine engines C7-C32

Table 26

Special Requirements

Cat C7-C32 Marine Engines with heat exchangers

Cat diesel engines equipped with airto-air
aftercooling (ATAAC)

Minimum of 30% glycol is reguired. 50% Glycol
is recommended. Water alone or water with SCA
or with ELI is NOT allowed.

Cat 3618 engine mode!

Water-ELI is recommended. Water-SCA is acceptable.
Glvcol-based coolants are NOT allowed.

Cat 3500C engine model
Marine EPA Tier 3 capable engines {heat exchanger
cooled and keel cooled configurations)

Maximum of 20% glycol is allowed in the aftercooler circuit.®
{not applicable to the jacket water circuit, which
is capable of 50% glycol}

(1} For freezing protection of =5° C (23° F) temperatures and lower, consult your Cat dealer for guidance.

When referring to the Service Life in table 25, use
the interval that occurs first. These coolant change
intervals are anly achievable with annual S-0-8
Services Level 2 coolant sampling analysis.

Refer to the engine Operation and Maintenance
Manual for the correct interval for replacement of the
cooling system water temperature regulator.

Extended life coolants require the one time
maintenance addition of an extender at coolant
service mid-life. For commercial coolants, do

NOT use an extender with a coolant unless the
extender has been approved by the coolant
manufacturer for use with the coolant. The coolant
manuiacturer is responsible to ensure compatibility
and acceptable performance. Failure to follow these
recommendations can resulf in shortened cooling
system component life.
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Conventional coolants require the maintenance
addition of SCA throughout the expected life. For
commercial coolants, do NOT use an SCA unless
approved by the coolant supplier for use with the
coolant. The coolant manufacturer is responsible to
ensure compatibility and acceptable performance.

"ASTM D4985" and "ASTM DB6210" require coolants
that are properly dosed with SCA and that are in

a properly maintained cooling system in normal
service to be suitable for use for a maximum of 1
year ("ASTM D49885") and 2 years ("ASTM D8210™).
The suitability for use requirement is the direct
responsibility of the coolant manufacturer and
SCA manufacturer, Consult with the coolant and/or
SCA manufacturer concerning the suitability of the
products for use in a given application.

Cat DEAC does not require a treatment with an SCA
at the initial fill.

A commercial heavy-duty coolant/antifreeze that
meets the "ASTM D6210"specification does not
require a treatment with an SCA at the initial fill.

A commercial heavy-duty coolant/antifreeze that only
meets "ASTM D4885", WILL require a treatment
with an SCA at the initial fill and has to fulfill all the
requirements listed in the "“Technical Requirements
for Commercial Extended Life Coolants” table. The
user and the coolant manufacturer are responsible
fo ensure the SCA is compatible. Compatibility is
based on the recommendations provided by the
coolant manufacturer and SCA manufacturer. For
example, an extended life coolant that meets the
“ASTM D4885" specification may not be compatible
with an SCA designed for use with conventional
coolants. The coolant manufacturer is responsible to
provide sources of compatible SCAs. The coolant
manufacturer and SCA manufacturer are responsible
to demonstrate a positive influence on reducing
cavitation corrosion in an operating diesel engine,

Read the label or the instructions that are provided
by the manufacturer of the commercial heavy-duty
coolant/antifreeze.

When adding SCA at initial fill to a coolant/antifreeze
that only meets "ASTM D4985", the user and the
coolant manufacturer must ensure the SCA is
compatible with the antifreeze/coolant. The addition
must be based on the recommendations provided
by the coolant manufacturer and SCA manufacturer,
One of the test methods required to be used to help
ensure SCA compatibility with the antifreeze/coolant
concentrate is "ASTM D5828-97". Follow the test
procedure using the antifreeze/coolant of interest

to compare the SCA of interest with the reference
SCA. The ratio of insoluble for SCA to reference SCA
must be < 1. Total insoluble should not exceed 4.0
mL for a 8% SCA mixture, The SCA manufacturer is
responsible for ensuring the SCA is compatible with
water meeting the "Caterpillar Minimum Acceptable
Water Quality Requirements” as found in this Special
Publication, and is found in "ASTM D&210", Table
X1.1.

The coolant manufacturer and the SCA manufacturer
are responsible to ensure that the products will not
cause coaling system harm.

Cat ELC can be recycled into conventional coolants.

Cat ELC, Cat ELI, Cat DEAC, Cat Extender, and Cat
SCA are available in several container sizes. The
availability of part numbers will vary by the region.
Consult your Cat dealer.

In stationary and marine engine applications that

do not require protection from boiling or freezing,
except as noted in Table 26, Cat EL! in water or SCA
and water are acceptable. Caterpillar recommends
a minimum of 7.5 percent concenfration of Cat
ELI in those cooling systems using Cat ELI.
Caterpillar recommends a minimum of 6 percent
fo a maximum of 8 percent concentration of

Cat SCA in those cooling systems using Cat
SCA. Distilled water or deionized water is preferred
in those systems. If distilled or deionized water is
not available, use water that meets or exceeds the
minimum acceptable water requirements that are
listed in this Special Publication, “General Coolant
Information” article.

After the addition of water and proper mixing, the
concentration of Cat ELI can be determined using
the 360-0744 digital Brix refractometer. Refer to the
tool operating manual for that refractometer for more
information. The concentration of a sample of in-use
Cat ELI taken from the cooling system can also be
determined using this refractometer
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NOTICE
All Cat engines that are equipped with a Cat NOx Re-
duction System require a minimum of 50 percent gly-
col to help prevent cavitation damage and boiling of
the engine coolant. These engines include Tier 4 en-
gines.

NOTICE
Do not use a commercial coolant/antifreeze that only
meets the ASTM "D3306" or equivalent specification.
This type of coolant/antifreeze is made for light duty
automotive applications.

Use oniy the coolant/antifreeze that is recommended.

Caterpillar recommends a 50 volume percent
glycol and water of proper quality. This mixture
will provide optimum heavy-duty performance as a
coolant/antifreeze.

Maintain a concentration level of nitrites in the cooling
system that is between 1200 ppm (70grains/US gal)
and 2400 ppm (140 grains/US gal). $-0-3 coolant
analysis is the preferred method to check SCA
concentration. Alternatively, nitrite levels can be
tested with the following tools:

= 4C-9301 nitrite level test strips, English instructions
only, use with glycol-based coolants such as Cat
DEAC

s 2886-2578 nitrite level test strips, English, French,
and Spanish instructions, use with glycol-based
coolants such as Cat DEAC

» 298-5311 nitrite level titration kit, subject to regicnal
availability, use only with mixtures of water and
SCA. Not for use with glycol-based coolants.

Frequently check the concentration of glycol in
glycol-based coolant. Use a coolant/battery tester.
Two products are available from Cat dealers.
245-5829 is an analogue refractometer that shows
the freeze protection level of the coolant in both
degrees Celsius and degrees Fahrenheit. 360-0774
is a digital Brix refractometer.

Maintain the proper concentrations of glycol and
additives in the coolant. Lowering the concentration
of glycol or additives will lower the ability of the
coolant to protect the system from pitting, from
cavitation, from eresion, and from deposits.

Do not top oif the coeling system with water unless
there is a specific need to adjust the water/glycol
ratio. Compatible 50/50 (water/glycol) coolant is
typically used and recommended when cooling
system top off is required.

Clean the cooling system for the following reasons:
+ Contamination of the cooling system

« Overheating of the engine

» Foaming of the coolant

« Changing from conventional heavy-duty
coolant/antifreeze to Cat ELC or ELC-1 coolant

Note: Air pockets can form in the cooling system if
the cooling system is filled at a rate that is greater
than 20 L (5 US gal) per minute. The maximum
recommended cooling system fill rate for some
smaller engine models will be less. Refer to the
engine Operation and Maintenance Manual for
exceptions.

After you drain the cooling system and after you refill
the cooling system, operate the engine. Operate the
engine without the filler cap until the coolant level
stabilizes. Ensure that the coolant is maintained to
the proper level,

04330169

Extended Life Coolant

SMCS Code: 1350; 1352; 1395

Cat ELC

Caterpillar provides Cat ELC (Extended Life Coolant)
for use in the following applications:

« Heavy-duty diesel engines
+ Automotive applications

When Cat ELC is compared to conventional coolants,
the Cat EL.C anti-corrosion package is based on

a different additive system. Cat ELC has been
formulated with the correct amounts of additives,
Superior corrosion protection is provided for all
metals that are in engine cooling systems.

Cat ELC extends the service life of the coolant to
12000 service hours or 6 years. Cat ELC does

not require the frequent addition of the Cat ELC
Extender additive. An Extender is the only additional
maintenance that is needed at 6000 service hours of
one half of the Cat ELC service life.

Cat ELC s available in a 1:1 premixed cooling
solution with distilled water, The premixed Cat ELC
provides freeze protection to —37 °C (-34 °F). The
premixed Cat ELC is recommended for the initial fill
of the cooling system. The premixed Cat ELC is also
recommended for topping off the cooling system.
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Cat ELC Concenirate is also available. Cat ELC
Concentrate can be used to lower the freezing point
to —62 °C (-62 °F) for arctic conditions.

Containers of several sizes are available. Refer to
this Special Publication, "Coolant Recommendations”
article for available quantities and part numbers,

Note: Cat ELC can be used in most diesel and
gasoline OEM engines. Cat ELC meets the
performance requirements of "ASTM D4985"
and “ASTM DB210" for heavy-duty low silicate
antifreeze/coclants. Cat ELC also meets the
performance requirements of "ASTM D3306" for
automotive applications.

Commercial Extended Life Coolant

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids.,

fn order to be used in Cat diesel engine cooling
systems at the published service intervals, select
a commercial extended life coolant that meets all
the requirements given in Table 27 in this Special
Publication.

Table 27

Technical Requirements for Commercial Extended Life Coolants
Cat EC-1 and "ASTM D6210"

Organic Additive Technology (OAT) based on a combination
of a monocarboxylic acid and a dicarboxylic acid

Specifications

Additional Requirements Phosphate, borate, and silicate free

Minimum typical tolyltriazole level of 900 ppm for new caclants

Minimum typical nitrite leve! of 500 ppm in new coolants"

Cne time addition of an extender at the mid-life of
the coolant in order to maintain the coolant nitrite
level between 300 - 800 ppm

Maintenance

Note: The Cat EC-1 specification describes the
minimum requirements for extended life coolants.

Use an extender that is recommended by the EC-1
coolant supplier at mid-life of the coolant.

Commercial coolants that do not meet the minimum
requirements defined in this Special Publication are
not allowed for use in Cat engines.

Commercial extended life coolant used in Cat engines
must meet all requirements given in Table 27. If the
EL.C does meet the requirements, the service interval
listed in this Special Publication may not be used.
Follow the maintenance guidelines for the coolant
from the supplier of the commercial extended life
coolant. Follow the Cat guidelines for the quality of
water and the specified coolant change interval.

Note: Coolants must be tested against the Cat EC-1
specification requirements. Coolants that only claim
to meet the performance requirements of the Cat
EC-1 specification may not meet all the minimum
requirements.
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In order to be marketed as a product that meets Cat
EC-1, ali Cat EC-1 specification requirements must
be met. Requirements include, but are not limited
to the following:

« Physical and Chemical Properties

« Compatibility Characteristics

+ Bench Testing

» Field Testing

The field test includes the use of the following
requirements:

« Radiator types
« Minimum field test duration
+ Minimum number of diesel engines

+ Cat diesel engine models of the required minimum
power rating

104330170

Extended Life Coolant Cooling
System Maintenance

SMCS Code: 1350; 1352; 1395

Proper Additions to the Cat ELC
(Extended Life Coolant)

NOTICE
Use only Cat products or commercial products that
have passed Cat EC-1 specification for pre-mixed or
concentrated coolants.

Use only Cat EL.C Extender with Cat ELC.

Do NOT use conventional SCA with Cat ELC. Mixing
Cat ELC with conventional coolants and/or conven-
tional SCA reduces the Cat ELC service life.

Do NOT mix brands or types of coolant. Do NOT mix
brands or types of SCA and/or brands or types of ex-
tenders. Different brands or types may use different
additive packages o meet the cooling system require-
ments. Different brands or types may not be compati-
ble.

Failure to follow the recommendations can reduce
cooling system component life unless appropriate
corrective action is performed.

Test the glycol concentration in the coolant and test
the nitrite concentration in the coolant. Follow the
maintenance information provided in this Special
Publication, “Cooclant and General Maintenance
Recommendations” section.

During daily maintenance, use the premixed Cat
ELC as a cooling system top-off. This fop-off will
bring the coolant up to the proper level. Use Cat
ELC Concentrate to restore the proper glycol
concentration in the coolant system. This addition
should be done before the engine is exposed to
freezing temperatures. Do not use a conventional
coolant to top-off a cooling system that is filled with
Cat ELC.

Do not use a conventional coolant to top-off a cooling
system that is filled with Cat ELC.

Cat ELC Extender

Cat EL.C Extender is added to the cooling system
halfway through the Cat ELC or Cat ELI service life.
Treat the cooling system with Cat EL.C Extender at
6000 hours or one half of the coolant service life.
Refer to your machine Operation and Maintenance
Manual for exceptions. Refer to the "Part Number of
Coolant” table in this Special Publication, “Coolant
Recoemmendations” article for available quantities
and part numbers.

Use the formula in Table 28 to determine the proper
amount of Cat ELC Extender for your cooling system.
Refer to Operation and Maintenance Manual, “Refill
Capacities and Recommendations” in order to
determine the capacity of the cooling system.

Table 28
Formula For Adding Cat ELC Extender To Cat ELC
Vx002=X

V is the total capacity of the cooling system.

X is the amount of Cat EL.C Extender that is required.

Table 28 is an example for using the formuia that is
in Table 28. This example is based on the capacity
of a D8R Track-Type Tractor with a cooling system
capacity of 92 L (24.3 US gal).

Table 29

Example Of The Equation For Adding Cat
ELC Extender To Cat ELC

{250 US gal)

Total Volume Multiplication Amount of Cat

of the Cooling Factor ELC Extender

System (V) that is Required
(X)

946 L x 0.02 19 L (5 US gal)
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NOTICE
When using Cat ELC, do not use conventional SCAs,
or, if equipped, SCA maintenance elements. In order
to avoid SCA contamination of an ELC system, re-
move the SCA element base and plug off or bypass
the coofant lines.

Cat ELC Cooling System Cleaning

Note: If the cooling system is already using Cat ELC,
cleaning agents are not required at the specified
coolant change interval. Cleaning agents are only
required if the system has been contaminated by the
addition of some other type of coolant or by cooling
system damage.

Clean water is the only cleaning agent that is required
when Cat ELC is drained from a properly maintained
cooling system.

After the cooling system is drained and then refilled,
operate the engine while the cooling system filler
cap is removed. Operate the engine until the cooclant
level reaches the normal operating temperature and
until the coolant level stabilizes. As needed, add
the coolant mixture in order to fill the system to the
proper ievel.

Recycling Cat ELC

Cat ELC can be recycled into conventional coolants.
The drained coolant mixture can be distilled in order
to remove the ethylene glycol and the water. The
ethylene giycol and the water can be reused. The
distilled material does not contain the additives that
are required as either Cat ELC or Cat DEAC. Consult
your Cat dealer for more information. Recycled
coolants should meet the most current revision tevel
of "ASTM D6210",

Changing to Cat ELC

To change from heavy-duty coolant/antifreeze to the
Cat ELC, perform the following steps:

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product. Be prepared to
coliect the fluid with suitable containers before open-
ing any compartment or disassembling any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, "Caterpillar
Dealer Service Tool Catalog” and to Special Publica-
tion, PECJ0003, "Cat Shop Supplies and Tools” for
tools and supplies suitable to collect and contain fluids
on Cat products.

Dispose of all fluids according to applicable regula-
tions and mandates.

1. Drain the coolant into a suitable container.

2. Dispose of the coolant according to local
regulations.

3. If equipped, remove the empty SCA maintenance
element and remove the element base. Plug the
coolant lines or bypass the coolant lines.

NOTICE
Do not leave an empty SCA maintenance element on
a system that is filled with Cat ELC.

The element housing may corrode and leak causing
an engine failure,

Remove the SCA element hase and piug off or
by-pass the coolant lines.

4. Flush the system with clean water in order to
remove any debris.

8. Use Cat Quick Flush Cooling System Cleaner for
cooling systems in order to clean the system. Cat
Quick Flush Cooling System Cleaner is available
in various sizes. Part numbers are 4C-4609
(0.5 L (0.125 US gal}) through 4C-4613 (208.2 L
{55 US gal)). Follow the instructions on the label
using a 6-10% concentration of cleaner in water.

6. Drain the cleaner into a suitable container. Flush
the cooling system with clean water.

Note: Deposits that remain in the system may be
loosened and removed by the Cat ELC.
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7. In systems with heavy deposits, disconnecting
the hoses may be necessary. Clean the deposits
and debris from the hoses and the fittings.
Install the hoses and tighten the hose fittings.
Refer to Specifications, SENR3130, “Torque
Specifications” for the proper torques. Pipe
threads may also need to be cleaned and sealed.
Seal the threads with 5P-3413 Pipe Sealant.

Note: Replace hoses that are cracked, soft, or that
have other signs of damage. Tighten all hose clamps
and fittings.

8. Fill the cooling system with clean water and
operate the engine until the engine is warmed {o
49 °C to 66 °C (120 °F to 151 °F).

NOTICE

Improper or incomplete rinsing of the cooling system
can result in damage to copper and other metal com-
ponents. N
To avoid damage to the cooling system, make sure
to completely flush the cocling system with clear wa-
ter. Continue to flush the system until al! signs of the
cleaning agent are gone.

9. Drain the cooling system into a suitable container
and flush the cooling system with clean water.

NOTICE
The cooling system cleaner must be thoroughly
flushed from the cooling system. Cooling system
cleaner that is left in the system will contaminate the
coolant. The cleaner may also corrode the cooling
system.

10. Repeat Steps 8 and 9 uniil the system is clean.
11. Fill the cooling system with the Cat ELC.

12. Operate the engine until the engine is warmed,
While the engine is running, inspect the engine for
leaks. Tighten hose clamps and connections in
order to stop any leaks.

13. Attach the Special Publication, PMEP5027,
“Label” to the cooling system filler for the engine
in order to indicate the use of Cat ELC.

Note: Clean water is the only flushing agent that is
required when Cat ELC is drained from a properly
maintained cooling system.

Cat ELC Cooling System
Contamination

NOTICE
Mixing Cat ELC with other products reduces the effec-
tiveness of the Cat ELC and shoriens the Cat ELC ser-
vice life. Use only Cat products or commercial prod-
ucts that have passed the Cat EC-1 specification for
premixed or concentrate coolants. Use only Cat ELC
Extender with Cat ELC. Do NOT mix brands or types
of coolants. Failure to follow these recommendations
can resultin shortened cooling system component life,

Cat EL.C cooling systems can withstand
contamination to a maximum of 10 percent of
conventional heavy-duty coolant/antifreeze and/or
SCA. The advantages of Cat ELC are reduced. If the
contamination exceeds 10 percent of the total system
capacity, perform ONE of the following procedures:

+ If the cooling system contamination is caused by
cooling system damage, follow the procedures
under the “Changing to Cat EL.C" heading.
Also follow the procedures if the engine has
been operated since being contaminated with
more than 10 percent conventional heavy-duty
coolant/antifreeze andfor SCA. Ceriain types
of cooling system contamination may require
disassembly of the cooling system and manual
cleaning of system components.

« If the cooling system is contaminated with
more than 10 percent conventional heavy-duty
coolant/antifreeze andfor SCA, but the engine
has not been operated, drain the cooling system
into a suitable container. Dispose of the coolant
accerding to local regulations. Thoroughly flush
the system with clean water. Fill the system with
the Cat ELC.

» Maintain the system as a conventional DEAC
{Diesel Engine Aniifreeze/Coolant) or other
conventional coolant. Submit a coolant sample for
Level 2 §-0-S Coolant Analysis to determine the
coolant condition. Maintain a 3 {o 6 percent SCA
concentration in the coolant. Change the coclant
at the interval that ig recommended for Cat DEAC
or at the interval that is recommended for the
conventional commercial coolants.
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04286208

Extended Life Inhibitor (ELI)
SMCS Code: 1350; 1352; 1395

Cat Extended Life Inhibitor (ELI) is water-based
coolant that does not contain glycol. Cat ELI is for
applications that do not require freeze protection,
Exceptions are listed in this. Failure fo follow these
recommendations can or will result in failures.

Cat EL! is a corrosion inhibitor concentrate that is
mixed to approximately 7.5 % by volume with water.
Cat ELI has the following characteristics:

« Based on the same organic additive technology
that is used in Cat Extended Life Coolant (ELC)

« Does not contain glycol. Designed for use in
applications that do not require freeze protection.

« Provides superior corrosion and cavitation
protection compared to SCA mixed with water.

= Provides an extended drain interval of up to 6
years or 12,000 hours. The drain interval may be
longer as determined by using Cat $-0'S coolant
analysis.

« Requires little maintenance compared to
conventional SCA mixed with water.

Cat ELI can replace SCA/MWater coolant in engine
applications that do not require freeze protection.

Exceptions for use of water-based ELI or SCA
coolants are listed in this Special Publication,
“Coolant Recommendations - Special Requirements
Tabile”.

Additional information is available from your Cat
Dealer. Refer to Information Release Memo,
PELJ1212, "Cat ELI — PERFORMANCE LIKE
Cat ELL.C FOR APPLICATIONS NOT REQUIRING
FREEZE PROTECTION". Refer to Table 30 for
information about Cat ELI.

Table 30
Part Number Confainer Size Volume olf:rI;iglijscheedd Coolant
351-9431 3.8 L (1 US gal 50.5 L (13.3 US gal)
351-9432 20 L (5.3 US gal) 267 L {(70.5 US gal)
351-9433 208 L (55 US gal) 2773 L (733 US gal)
366-2753 O 1000 L (264 US gal) 13333 L (3523 US gal)

M NACD and LACD only
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Mixing Cat ELI

The recommended water for mixing with Cat ELI
concentrate is distilled or delonized water. Water must
meet requirements of ASTM 1193, “Type 1V Reagent
Water Specification”. If distilled or deionized water

is not available, water should meet the “Caterpillar
Minimum Acceptable Water Requirements” provided
in this Special Publication.

To ensure a proper concentration, the preferred
method is to mix Cat ELI concentrate with water.
Then, add the mixed coolant to the engine cooling
system. Add the proper amounts of water and Cat
ELI into a clean container and mix thoroughly by
manual stirring or mechanical agitation.

If the preferred methed cannot be performed, a
Cat ELI mixture can be made by adding Cat ELI
concentrate directly intc engine cooling system.
Add good quality water until the dilution level is
approximately 7.5%. Adequate mixing is attained by
operating the engine for at least 30 minutes.

Appropriate mixing rates for available ELI container
sizes are provided in Table 30.

After the addition of water and proper mixing, the
concentration of Cat ELI can be determined using the
360-0744 digital Brix refractometer.

Changing to Cat ELI

For cooling systems previously running Cat EL.C

or an extended life coolant that mests Cat EC-1
requirements, drain the cooling system and flush with
water. Then refill the cooling system with a mixture
of 7.5% Cat EL] in water that meets the *Caterpillar
Minimum Acceptable Water Requirements”.

For cooling systems previously running a
conventional heavy-duty coolant or a water/SCA
mixture, follow the steps listed in this Special
Publication, “Changing to Cat ELC”". Then refill
the cocling system with a mixture of 7.5% Cat
ELl in water that meets the “Caterpillar Minimum
Acceptable Water Requirements”.

Cat ELl Maintenance

Maintenance of Cat EL! is similar to Cat ELC. A
coolant sample shouid be submitted for $-0-S
Level 2 Coolant Analysis after the first 500 hours of
operation and then annually thereafter.

Cat ELC Extender should be added at the midpoint
of service life (typically 8,000 hours), or as
recommended by S-0-5 Coolant Analysis results.

Analysis and interpretation of Cat EL1 3-0-S results is
similar to the analysis and interpretation of Cat ELC.

There will be no glycol and glycol oxidation products,
which do not apply fo Cat ELI

The concentration of a sample of in-use Cat EL| taken
from the cooling system can also be determined
using the 360-0744 digital Brix Refractometer.

The concentration of Cat ELI can be determined
using a refractometer such as Cat part number
360-0774.

Note: Clean water is the only flushing agent that is
required when Cat ELI is drained from a properly
maintained cooling system.

Mixing Cat ELI and Cat ELC

Since Cat ELI and Cat ELC are based on the same
corrosion inhibitor technology, Cat ELI can be mixed
with Cat ELC. Mixing may be desired when only
low level of freeze protection is required. Consult
your local Cat dealer to ensure proper mixing of the
products to provide adequate freeze protection and
corrosion protection.

04331825

Diesel Engine Antifreeze/
Coolant
(DEAC)

SMCS Code: 1350; 1352; 1395

Follow the maintenance information provided in
this Special Publication, “"Coclant and General
Maintenance Recommendations”section.

Cat recommends using Cat DEAC (Diesel Engine
Antifreeze/Coolant) for cooling systems that require
a high performance conventional heavy-duty
coolant/antifreeze. Cat DEAC is alkaline single-phase
ethylene glycol type antifreeze that contains corrosion
inhibitors and antifoam agents.

Cat DEAC is formulated with the correct amount of
Cat SCA (Supplemental Coolant Additive) . Do not
use Cat SCA at the initial fill when Cat DEAC is used
at the recommended 50 percent by volume glycol or
higher concentration with recommended water.

Containers of several sizes are available. Consult
your Cat dealer for the part numbers.
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If concentrated Cat DEAC is used, Caterpillar
recommends mixing the concentrate with distilled
water or with deionized water. If distilled water or
deionized water is not available, use water which has
the required properties. For the water properties, see
this publication, "General Coolant Information”.

Note: Mix the concentrated Cat DEAC and water
thoroughly prior to filling the cooling system,

SCA js added {o cooling systems that use
conventional coolants for one of three reasons:

= to precharge a new conventional coolant thatis
not fully Formulated. Cat DEAC is fully formulated
and does not require SCA

» to provide corrosion protection in water/SCA
cooling systems

+ fo recharge an in service conventional coolant on
a maintenance basis to maintain proper inhibitor
fevels

Conventional coolants typically require SCA additions
at approximately 250-300 service hours, The use of
SCA helps to prevent the following conditions from
occurring:

« Corrosion

« Formation of mineral deposits

« Cavitation erasion of the cylinder liners
+« Foaming of the coolant

Cat DEAC (Diesel Engine Antifreeze/Coolant) is
formulated with the correct level of Cat SCA. When
the coaling system is initially filled with Cat DEAC,
adding more Cat SCA is not necessary.

Cat DEAC (Diesel Engine Antifreeze/Coolant) is
formulated with the correct level of Cat SCA. When
the cooling system is initially filled with Cat DEAC,
adding more Cat SCA is not necessary. To ensure
that the correct amount of Cat SCA is in the cooling
system, the test the concentration on a scheduled
basis. Refer to the Operation and Maintenance
Manual, “Maintenance Interval Schedule”, of the
engine.

Containers of Cat SCA are available in several sizes.
Refer to this Special Publication, “Conventional
Coolant/Antifreeze Cooling System Maintenance”
article for available quantities and part numbers.

Note: Do not exceed a 6 percent maximum
concentration of SCA. Maintain a 3 to 6 percent SCA
concentration in the coolant.

04071553

Supplemental Coolant Additive
SMCS Code: 1350; 1352; 1395

Supplemental Coolant Additive (SCA) —SCA is a
general term for an inhibitor package that is added
to a cooling system. SCA is added for one of three
reasons:

« to precharge a new coolant that is not fully
formulated

+ to provide corrosion protection in water/SCA
cooling systems

« to recharge an in service conventional coolant on
a maintenance basis to maintain proper inhibitor
levels

Conventional coolants typically require SCA additions
at approximately 250-300 service hours.

The use of SCA (supplemental coolant additive) helps
to prevent the following conditions from occurring:

» Corrosion

« Formation of mineral deposits

« Cavitation erosion of the cylinder liners
« Foaming of the coolant

Cat DEAC (Diesel Engine Antifreeze/Coolant)

is formulated with the correct level of Cat SCA.
When the cooling system is initially filled with Cat
DEAC, adding more Cat SCA is not necessary.
To ensure that the correct amount of Cat SCA is
in the cooling system, the test the concentration
on a scheduled basis. Refer to the Operation
and Maintenance Manual, “Maintenance Interval
Schedule” {Maintenance Section) of the specific
engine.

Containers of Cat SCA are available in several sizes.
Refer to this Special Publication, “Conventional
Coolant/Antifreeze Cooling System Maintenance”
articie for available quantities and part numbers.

Note: Do not exceed a 6 percent maximum
concentration of SCA. Maintain a 3 to 6 percent SCA
concentration in the coolant,

Maintain a concentration level of nitrites in the cooling
system that is between 1200 ppm (70grains/US gal)
and 2400 ppm (140 grains/US gal). 3-0-S coolant
analysis is the preferred method to check SCA
concentration. Alternatively, nitrite levels can be
tested with the following tools:
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» 4C-9301 nitrite level test strips, English instructions
only, use with glycol-based coolants such as Cat
DEAC

« 286-2578 nitrite level test strips, English, French,
and Spanish instructions, use with glycol-based
coolants such as Cat DEAC

» 298-5311 nitrite level titration kit, subject to regional
availability, use only with mixiures of water and
SCA. Not for use with glycol-based coolants

Conventional Coolant/
Antifreeze Cooling System
Maintenance

SMCS Code: 1350; 1352; 1395

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids.

NOTICE

Use Only Approved SCAs. Conventional coolants
require the maintenance addition of SCA throughout
their expected life. Do NOT use an SCA with a coolant
unless specifically approved by the coolant supplier
for use with their coolant. It is the responsibility of the
coolant manufacturer to ensure compatibility and ac-
ceptable performance.

Failure to follow the recommendations can result in
shortened cooling system component life.

Cat SCA is compatible with Cat DEAC. If you use
non-Cat brand conventional coolants, consult with the
coolant manufacturer for information on a compatible
SCA.

NOTICE
Do NOT mix brands or types of coolant. Do NOT mix
brands or types of SCA and/or brands or types of ex-
tenders. Different brands or types may use different
additive packages to meet the cooling system require-
ments. Different brands or types may not be compati-
ble.

Failure to follow the recommendations can reduce
cooling system component life unless appropriate
corrective action is performed.

if non-Cat conventional coolants that meet Cat
minimum published requirements are used, confirm
with the coclant manufacturer before using Cat SCA
that Cat SCA is acceptable for use with the coolant.
Do not exceed the 6 percent maximum concentration.
Check the concentration of SCA with a SCA test kit,
or check the concentration of SCA with Cat 5-0-8
coolant analysis.

Cat engine cooling systems should be tested at
250 hour intervals or at the PM Leve! 1 intervals for
the concentration of SCA (Supplemental Coolant
Additive).

Note: Acceptable conventional heavy-duty
coolant/antifreeze of all types REQUIRE periodic
additions of SCA.

Follow the maintenance information provided in
this Special Publication, "Coolant and General
Maintenance Recommendations” section.

Note: Specific engine applications may require
maintenance practices to be periodically evaluated in
order fo maintain the engine cooling system properly.

The availability of part numbers will vary from one
region to another region.

Do not exceed the 8 percent maximum concentration.
Check the concentration of SCA with a SCA test kit,
or check the concentration of SCA with Cat S-0-S
coolant analysis.

Do not use the maintenance spin-on element for
the SCA and the liquid for the SCA at the same
time. Spin-on elements may net be available for all
applications.
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Table 31
Cat SCA Requirements for Heavy-Duty Coolant/Antifreeze
Spin-on Element
. . T 250 hours or Intervals at 250 hours or at Quantity of
Cooling System Capacity Initial Fill for PM Lovel 1 Intervals for PM Elements
Level 1
2210 30L (6to 8 US gal} 0.95 L (32 fl oz) 0.24 L (8 fl oz) 111-2370 1
311038L (81010 US gal) 1.18 L. (40 fl 02) 0.36 L (12 fl oz) 111-2369 1
39t049L (11 to13US gal) 1.42 L (48 fl oz) .38 L (12 fl 0z) 111-2369 1
50to 64 L (14t0 17 US gal) 1.90 L (64 fl oz) 0.47 L (16 fl 0z) 9N-3388 1
651083 L (181022 US gal) 2.37 L (80 fi 0z) 0.60 L. (20 fl 0z) 111-2371 1
84 to 114 L
23 to 20 US gal) 3.32L (1121l oz) 0.95 L (32 fl 0z) 9N-3718 1
115 to 163 L
(31 to 43 US gal) 4.75 L (160 fl 0z) 1.18 L (40 fl oz} 111-2371 2
164 to 242 L
(44 to 84 US gal) 7.60 L (256 fl 0z) 1.90 L (64 fl oz) 9N-3718 2

Cooling systems of larger capacities than provided
in Table 31 should follow the equation given in Table
39 for appropriate amount of SCA required at initial
fill. The equation given in Table 41 is the appropriate
amount of SCA and water at maintenance intervals,

Adding the SCA to Conventional
Coolant/Antifreeze at Initial Fill

Table 32

Equation For Adding The Cat SCA To Water
At The Initial Fill o

Vx007T=X
V is the total volume of the cooling system.
X is the amount of Cat SCA that is required.

() For fluids that only meet the “ASTM D4985" specification

Table 33 is an example for using the equation that
is in Table 32.

Table 33

Example Of The Equation For Adding The Cat
SCA To Water At The Initial Fill

Total Volume Multiplication Amount of Cat
of the Cooling Factor SCA that is
System (V) Required (X)
946 L x 0.07 66 L
(250 US gal} (18 US gal)

Adding the SCA to Conventional
Coolant/Antifreeze For
Maintenance

Conventional heavy-duty coolant/antifreeze of all
types REQUIRE periodic additions of a supplemental
coolant additive.

Test the coolant/antifreeze pericdically for the
concentration of SCA. For the interval, see the
Operation and Maintenance Manual, “Maintenance
Interval Schedule”, for your engine. SCA test Kits are
available from your Cat dealer. Test the concentration
of SCA or submit a coolant sample to your Cat dealer.
Refer to this Special Publication, "S-O-S Services
Coolant Analysis”, article,

Additions of SCA are based on the results of the test
or based on the resulis of the coolant analysis. The
size of the cooling system determines the amount of
SCA that is needed.

Table 34

Equation for the Addition of Cat SCA To
Water For Maintenance

Vx0.023=X
V is ihe total volume of the cooling system.
X is the amount of Cat SCA that Is required.

Table 35 is an example for using the equation that
is in Table 34.
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Table 35

Example of the Equation for the Addition of Cat
SCA To Water For Maintenance

Total Volume Multiplication | Amount of Cat
of the Cooling Factor SCA that is
System (V) Required (X)
946 L x 0.023 22 L
(250 US gal} (6 US gal)

Note: Specific engine applications may require
maintenance practices to be periodically evaluated in
order to maintain the engine cooling system properly.

Cleaning the System of Heavy-Duty
Coolant/Antifreeze

Before Cat SCA can be effective, the cooling system
must be free from rust, scale, and other deposits.
Preventive cleaning helps avoid downtime caused
by expensive out-of-service cleaning required for
extremely dirty and neglected cooling systems.

Cat Cooling System Cleaners

« Dissolves or depresses mineral scales, corrosion
products, light cil contaminations, and sludges

« Cleans the cooling system after used coolant is
drained or before the cooling system is filled with
new coolant

» Cleans the cooling system whenever the coolant is
contaminated or whenever the coolant is foaming

» The “Standard” version of the Cat Cooling System
Cleaners clean the cooling system while still in
service.

+ Reduces downtime and cleaning costs

« Helps avoid costly repairs from pitting and other
internal problems caused by improper cooling
system maintenance

+ Can be used with glycol-based antifreeze

« For the recommended service interval, refer to the
Operation and Maintenance Manual, "Maintenance
Interval Schedule” for your engine.

Cat Standard Cooling System Cleaners are designed
to clean the cooling system of harmiful scale and
corrosion without removing the engine from service.
The cleaners, both “Standard” and "Quick Flush” can
be used in all Cat engine cooling systems. Consult
your Cat dealer for part numbers.

Note: These cleaners must not be used in systemns
that have been neglected or that have heavy
scale buildup. These systems require a stronger
commercial solvent that is available from local
distributors.

Prior to performing a cleaning of the cooling system,
take a 1-liter (1-quart) sampte of coolant from the
engine while in operation into a clear container. Take
the sample shortly after start-up while the coolant

is not yet hot. The coolant should be adequately
mixed by the water pump. Allow the sample to sit
for 2 hours. If a visible oil layer is present, neither
the Standard cleaners nor Quick Flush cleaner

will be fully effective. First, drain the coolant and
then perform the procedure given below (using
non-foarming dish detergent), followed by the
procedure for the Quick Flush cleaner.

Procedure for Cleaning an Oil
Contaminated Cooling System

1. Drain the cooling system.

2. Fill the cooling system with acceptable quality
water.

Note: Refer to the “Caterpillar Minimum Acceptable
Water Quality Requirements” in this Special
Publication.

3. Start the engine and run the engine until the
thermostat opens.

4. Add 0.473 L (0.5 qf) of 269-1948 non-foaming
detergent. If the cooling system capacity exceeds
113.6 L (30 US gal), add enough detergent
to equal approximately 2-3% cooling system
capacity.

Note: Pre-dissoive the detergent in approximately 19
L (5 US galions) of acceptable quality water. Add this
mixture directly to the cooling system and top off the
cooling system with water.

5. Run the engine for at least 30 minutes. Drain the
cooling system.

8. Remove a small sample of the detergent solution
from the cooling system. Allow the solution to sit
for at least 30 minutes and check for signs of a
visible oil layer on top. If oil is still present, repeat
the procedure.

Note: Corrosion of the metal can occur if the
detergent solution is left in the cooling system for
fonger than 1 hour.
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7. Flush the cooling system, if there is no visible oil
layer in the solution. Fill the cooling system with
acceptable quality water. Run the engine for 20
minutes and then drain the water.

8. Perform the cleaning procedure found in this
Special Publication for “Cat Cooling System
Cleaner - Quick Flush”, if additional removal
of scale, rust, and inhibitor deposits from the
previous coofant is needed.

9. If additional cleaning is not needed, refill the
cooling system with new coolant.

Table 36

7. Refill the cooling system with new coolant.

Table 37
Cat Cooling System Cleaner - Standard
Part Number Volume Availability
1.89 L North and South
BV-4511 (0.5 US gal) America
1.89 L Europe, Africa,
185-5121 (0.5 US gal) Middle East

Cat Cooling System Cleaner for use with
Quick Flush Method

Cleaner part number Size of Container
4C-4609 0.5 L (0.125 US gal)
4C-4610 1L (0.25 US gal)
4C-4611 3.8 L{1USgal)
4C-4612 19 L (5 US gal}
4C-4613 208 L (55 US gal)

Procedure for using Cat Cooling System
Cleaner - Quick Flush

1. Drain the cocling system.

2. Refill the cooling system to 90-84% capacity with
acceptable quality water.

Note: Refer to the “Caterpillar Minimum Acceptable
Water Quality Requirements” as found in this Special
Publication.

3. Top off the cooling system with Cat Cooling
System Cleaner - Quick Flush cleaner so that the
solution is 6-10% cleaner.

4. Run the engine for 1.5 hours.

5. After allowing adequate time for the system to
cool, drain the cooling system.

Note: Corrosion of the metals can occur if the Quick
Fiush cleaning solution is in the cooling system for
longer than 2 hours.

6. Flush the cooling system.

a. Fill the cooling system with acceptable quality
water.

b. Run the engine for 20 minutes.

¢. Drain the water.

Procedure for using Cat Cooling System
Cleaner - Standard

1. i necessary, drain off coolant from the cooling
system for the amount of the cleaner.

2. Add 1 botfle (1.89 L (0.5 US gal)) of Cat Cooling
System Cleaner - Standard for each 30 L of
cooling system capacity. Add the cleaner directly
to the coolant.

3. Run the engine as usual.
4. After 30 days, drain the cooling system.
5. Flush the cooling system.

a, Fill the cooling system with acceptahle quality
water,

b. Run the engine for 20 minutes.
¢. Drain the water.

6. Refill the cooling system with new coolant.

Recycling Cat DEAC

Cat DEAC can be recycled. The drained coolant
mixture can be distilled in order to separate the
ethylene glycol and water. The ethylene glycol and
the water can be reused. The distilled material does
not contain the additives that are classified as either
Cat ELC or Cat DEAC. Consult your Cat dealer for
more information.

When recycled coolants are used, use only coclants
that have been recycled from extended life,
heavy-duty, or automotive coolants. Use coolants that
were originally manufactured from virgin ethylene or
propylene glycol,

Recycled coolants should meet the latest revision
of “ASTM D&210".



86
Maintenance Section
Cooling System Specifications

SEBUB251-14

Commercial Heavy-Duty
Coolant/Antifreeze and
SCA (Supplemental Coolant
Additive)

SMCS Code: 1350; 1352; 1395

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids.

NOTICE
Do NOT mix brands or types of SCA. Do NOT mix
SCAs and extenders.

Failure to follow the recommendations can result in
shortened cooling system component life.

NOTICE

Use Only Approved SCAs. Conventional coolants
require the maintenance addition of SCA throughout
their expected life. Do NOT use an SCA with a coolant
unless specifically approved by the coolant supplier
for use with their coolant. It is the responsibility of the
coolant manufacturer to ensure compatibility and ac-
ceptable performance.

Failure to follow the recommendations can result in
shortened cooling system component fife.

Follow the maintenance information provided
in the “Coolant and General Maintenance
Recommendations” section in this Special
Publication.

Select a commercial diesel engine antifreeze coolant
that meets all the requirements given in Table 38.
The table contains the requirements for coolant to
meet the published service intervals.

The provided requirements are applicable to
finished coolants and not for the concentrates.
When concentrated coolant/antifreeze is mixed, Cat
recommends mixing the concentrate with distilled
water or with deionized water. if distilled water or
deionized water is not available, water which has
the required properties may be used. For the water
properties, refer to this Special Publication, "General
Coolant Information” article.

Coolant/antifreezes for heavy-duty applications that
meet “ASTM D8210" do not require treatment with
SCA at the initial fill. Use the recommended 1:1

or higher concentration with recommended water.
Treatment with SCA is required on a maintenance
basis.

The SCA manufacturer is responsible for ensuring the
SCA is compatible with water meeting the "Caterpillar
Minimuum Acceptable Water Quality Requirements”
as found in this Special Publication, and "ASTM
06210-08, Table X1.1". The coolant manufacturer
and the SCA manufacturer are responsible to ensure
that the products will not cause cooling system harm.

Do not mix brands or types of coolants with different
brands or types of SCA or extender.

If using non Cat coolfants, refer to the coolant
manufacturer for information on a compatible SCA.

Treat the compatible commercial coolant with 3 to 8
percent Cat SCA by volume. Maintain a 3 to 8 percent
concentration level of SCA in the cooling system. For
more information, refer to this Special Publication,
“Conventional Coolant/Antifreeze Cooling System
Maintenance® article.
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Table 38

Technical Requirements for Commercial Diesel Engine Antifreeze Coolants

Specifications

ASTM D6210-08 or ASTM D4985-05

Additional Requirements

Siticon: 100 ppm minimum to 275 ppm maximum
Nitrites: maintained at 1200ppm (70 grains/US gal) minimum
to 2400 ppm (140 grains/US gal) maximum
Cat SCA at 3 to 8 percent (if Cat SCA is added)

Maintenance

ASTM D4985-05: Add compatible SCA at initial fill
ASTM B56210-08 and ASTM D4985-05: Add compatible
SCA at maintenance infervals
Clean and flush the cooling system at drain intervals

Water/SCA (Supplemental
Coolant Additive)

SMCS Code: 1350; 1352; 1395

Cat SCA can be added to water of the recommended
guality to form a Water/SCA finished coolant.
SCAMater finished coolant is glyco! free, SCA/Water
finished coolant is for engine applications that do not
require freeze protection.

Exceptions are listed in this Special Publication,
“Coolant Recommendations - Special Requirements”.
Failure to follow these recommendations can or will
result in failures.

NOTICE
Never use water alone without Supplemental Coolant
Additives (SCA) or without inhibited coolant. Water
alone s corrasive at engine operating temperatures.
In addition, water alone does not provide adequate
protection against boiling or freezing.

In engine cooling systems that use water alone,
Caterpillar recommends the use of Cat SCA. Cat
SCA helps to prevent the following conditions from
oceurning:

+ Corrosion

« Formation of mineral deposits

« Cavitation erosion of the cylinder liner

« Foaming of the coolant

if Cat SCA is not used, select a fully formulated
commercial SCA. The commercial SCA must

provide a minimum of 2400 mg/L or 2400 ppm

{140 grains/US gal) of nitrites in the final coolant
mixture.

The quality of the water is an important factor

in this type of cooling system. Distilled water or
deionized water is recommended for use in cooling
systems. If distilled water or deionized water is not
available, use water that meets or exceeds the
minimum requirements that are listed in the table
for recommended water properties in this Special
Publication, "General Coolant Information” tapic.

A cooling system that uses a mixture of SCA and
water only needs more SCA. The SCA concentration
in & cooling system that uses SCA and water should
be 6 to 8 percent by volume.

Note: Do not exceed the 8§ percent maximum
concentration. Check the concentration of Cat SCA
with a 298-5311 Coolant Nitrite Test Kit for SCA
or perform an $-0-S coolant analysis. The test

kit includes: testing tool, 30 nitrite test ampoules,
instruction, and hardcase. 294-7420 contains refill
ampoules for the 298-5311 Coolant Nitrite Test Kit.

Note: The 298-5311 Coolant Nitrite Test Kit is NOT
calibrated to test the nitrite levels of conventional
coolants or extended life coolants.

Maintain the Cat SCA in the same way as you would
maintain a cooling system that uses heavy-duty
coolant/antifreeze. Adjust the maintenance for the
amount of Cat SCA additions.

Adding the Cat SCA to Water at the
Initial Fill

Use the equation that is in this Special Publication,
"Conventional Coolant/Antifreeze Cooling System
Maintenance” to determine the amount of Cat SCA
that is required at the initial fill. This equation is for a
mixiure of only Cat SCA and water,
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Adding the Cat SCA to Water for
Maintenance

For the recommended service interval, refer fo the
Operation and Maintenance Manual, “Maintenance
Interval Schedule” for your engine.

Submit a coolant sample to your Cat dealer. See
this Special Publication, "S-0-S Services Coolant
Analysis” topic.

Additions of Cat SCA are based on the results of
the coolant analysis. The size of the cooling system
determines the amount of Cat SCA that is required.

Use the equation that is in this Special Publication,
“Conventional Coolant/Antifreeze Cooling System
Maintenance” {o determine the amount of Cat SCA
that is required for maintenance, if necessary:

Note: Specific engine applications may reguire
maintenance practices to be periodically evaluated in
order to maintain properly the engine cooling system.

SCA and part numbers are available from your Cat
dealer.

04286217

S:0:S Services Coolant
Analysis

SMCS Code: 1350; 1395; 7542

Testing the engine coolant is important to ensure
that the engine is protected from internal cavitation
and corrosion. The analysis also tests the ability of
the coolant to protect the engine from boiling and
freezing. 5-0-S coolant analysis can be done at your
Cat dealer. Cat 5-0-S coolant analysis is the best
way to monitor the condition of your coolant and your
cooling system. $:0-S coolant analysis is a program
that is based on periodic samples.

NOTICE
Do not use the same vacuum sampling pump for ex-
tracting oil samples that is used for extracting coolant
samples.

A small residue of either type sample may remain in
the pump and may cause a false positive analysis for
the sample being taken.

Always use a separate pump for ol sampling and a
separate pump for coolant sampling.

Failure to do so0 may cause a false analysis which
could lead to customer and dealer concerns.

New Systems, Refilled Systems,
and Converted Systems

Perform an S-0-S coolant analysis (Level 2) at the
following maintenance intervals.

» Every Year
« Initial 500 service hours

Perform this analysis at the interval that occurs first
for new systems, for refilled systems, or for converted
systems that use Cat coolant products. This 500 hour
check will also check for any residual cleaner that
may have contaminated the system.

Recommended Sampling Interval
for S-0O-S Services Coolant Analysis

Table 39

Recommended Interval

Type of
Finished Level 4 Level 2
Coolant

Cat DEAC
Cat 8CA
Conventional
Heavy-Duty
Coolants

Cat ELC
Cat ELI
Commercial
£C-1 Coolanis

) The recommended sampling interval for all commercial
coolants that meet Cat EC-1 {Engine Coolant specification - 1)

) The recommended sampling interval for all conventional
heavy-duty coolant/antifreeze.

) The Level 2 Coolant Analysis should be performed sooner if a
problem is suspected or identified.

Every 250

hoursti@ Yearlye

Optional® Yearly®

Note: Check the SCA (Supplemental Coolant
Additive) of the conventional coolant at every oil
change or at every 250 hours. Perform this check at
the interval that occurs first.

S$-0-S Services Coolant Analysis
(Level 1)

A coolant analysis (Level 1) is a test of the properties
of the coolant.

The following properties of the coolant are tested:

+ Glycol concentration for freeze protection and boil
protection

« Ability to protect from erosion and corrosion

lpH
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+ Conductivity
« Visual analysis
+ Odor analysis

The results are reported, and appropriate
recommendations are made.

S-0-S Services Coolant Analysis
(Level 2)

A coolant analysis (Level 2) is a comprehensive
chemical evaluation of the coolant. This analysis is
also a check of the overall condition of the cooling
system.

The 3:O-S coolant analysis (Level 2) has the
following features:

+ Full coolant analysis {Level 1)

« |dentification of metal corrosion and of
contaminants

= |dentification of buildup of the impurities that cause
corrosion

» |dentification of buildup of the impurities that cause
scaling

« Determination of the possibility of electrolysis
within the cooling system of the engine

The results are reported, and appropriate
recommendations are made.

For more information on $-0-S coolant analysis,
consult your Cat dealer.
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Exhaust Aftertreatment
Fluids Specifications

04891337

Diesel Exhaust Fluid (DEF)
(For Use in SCR-equipped
engines)

SMCS Code: 108K

General Information

Diesel Exhaust Fluid (DEF) is a liquid that is injected
into the exhaust system of engines equipped with
Selective Catalytic Reduction (SCR) systems. SCR
reduces emissions of nitrogen oxides (NOx) in diesel
engine exhaust.

Diesel Exhaust Fluid (DEF) is also known under other
names including Aqueous Urea Solution (AUS) 32,
AdBlue, or generically referred to as urea.

In engines equipped with SCR emissions reduction
system, DEF is injected in controlled amounts into
the engine exhaust stream. At the elevated exhaust
temperature, urea in DEF is converted to ammonia.
The ammonia chemically reacts with NOx in diesel
exhaust in the presence of the SCR catalyst. The
reaction converts NOXx into harmless nitrogen (N2)
and water (H20),

DEF Recommendations for
Non-Marine Engines

For use in Cat Non-Marine engines, DEF must meet
all the requirements defined by the “1S0O 22241-1"
standard.

The caps of DEF tanks are blue, as required by
emissions regulations. Fili DEF only in clearly marked
DEF tanks that have the blue cap.

Caterpillar recommends the use of DEF available
through the Cat parts ordering system for use in Cat
engines equipped with SCR systems. Refer to Table
40 for part number information:

Table 40
Cat Part Number Container Size
350-8733 2.5 gal bottle
350-8734 1000-L tote

In North America, commercial DEF that is AP]
approved and meets all the requiremenis defined in
‘180 22241-1" may he used in Cat engines that are
equipped with SCR systems.

Outside of North America, commercial DEF that
meets all requirements defined in “I1SO 22241-1" may
be used in Cat engines that are equipped with SCR
systems.

The supplier should provide documentation to prove
the DEF is compliant with the requirements of “1SO
22241-1".

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids.

NOTICE
Do not use agriculture grade urea solutions. Do
not use any fluids that do not meet “ISO 22241-1" Re-
quirements in SCR emissions reduction systems. Use
of these fluids can result in numerous problems includ-
ing damage to SCR equipment and a reduction in NOx
conversion efficiency.

DEF is a solution of solid urea that is dissolved in
demineralized water to produce a final concentration
of 32.5% urea. Most SCR systems are designed

to operate only on DEF concentration of 32.5
percent. DEF solution of 32.5% urea has the lowest
attainable freeze point of -11.5° C (11.3° F). DEF
concentrations that are higher or lower than 32.5%
have higher freeze points. DEF dosing systems and
“ISO 22241-1° specifications are designed for a
solution that is approximately 32.5%.

Marine engines and other specific applications may
use urea solutions of 32.5 percent or 40 percent
concentrations in engines equipped with SCR
systems. Refer to the information given specifically
for marine engines in this DEF article and to your
engine Operation and Maintenance Manual.

Caterpillar offers a refractometer, Cat part number
360-0774, that can be used to measure DEF
concentration. Follow the instructions provided with
the instrument. Appropriate commercial portable
refractometers ¢an be used to determine urea
concentration. Follow the instructions from the
manufacturer.
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Urea Solution Recommendations
for Marine Engines

US waters are an International Maritime Organization
{IMO) NOx Emissions Control Area (NECA). Low
NOx engines are required in these areas. These
engines may require the use of Diesel Exhaust Fluid
(DEF) and other urea solutions for engines equipped
with Selective Catalytic Reduction (SCR) systems. If
required, Cat marine engines are designed to operate
on DEF of urea concentrations of 32.5 percent (by
weight) or 40 percent (by weight). The crystallization
temperature of 40 percent urea solution is 0° C

(32° F). If urea solution ambient temperatures are
rottinely below 5° C (41° F) and supplemental

heat is not applied to urea storage, then 32.5
percent solution should be used and maintained at
a temperature above —10° C (14° F). Urea solutions
should be maintained above the specified freezing
temperature. Consult the urea supplier and follow the
guidelines provided in this article for selution handling
and recommendations

Vessels that are fraveling internationally and

that have on/off NOx controls must enable these
controls prior to entering a NECA. For US flagged
vessels, onfoff controls are not allowed without an
exemption during international travel. The conirols
must always be on. Foreign destinations should be
reviewed for supply of ULSD fuel and DEF prior to
departure. Exemptions for ULSD or DEF use by
US flagged vessels may be requested from the US
Environmental Protection Agency (EFPA). The EPA
can be contacted at the following address:

complianceinfo@epa.gov

When used in marine engines, DEF of 32.5 percent
urea concentration must meet all the guidelines and
quality recommendations given in this Chapter.

When used in marine engines, urea solutions of

40 percent concentration must follow all the DEF
guidelines and quality recommendations given in this
chapter and must meet the characteristics listed in
Table 42 for 40 percent concentration, The supplier
should provide documentation to prove that the
urea solution is compliant with the characteristics
published in Table 42.

Refer to your engine Operation and Maintenance
Manual to determine the concentration of urea
solution allowed in your engine.

NOTICE
Cat does not warrant the quality or performance of
non-Cat fluids and greases.

DEF Guidelines

DEF solution is typically colorless and clear. Changes
to color or clarity are indicators of guality issues.
Quality of DEF can degrade when stored and
handled inappropriately or if DEF s not protected
from contamination. Details are provided below.

If quality issues are suspected, testing of DEF should
focus on urea percentage, alkalinity as NH3, and
biuret content. DEF that does not pass all these tests
or that is no longer clear should not be used.

Note: Caterpillar strongly recommends that
customers purchase the pre-mixed DEF urea seclution
from a reputable suppiier. The DEF must satisfy all
the specifications of quality given in this chapter of
this Special Publication. Urea solutions that are not
made of urea and water of the appropriate quality
and cleanliness may damage the SCR system. Poor
or questionable quality DEF can lead {o additional
repair and maintenance costs to the customer. Cat
warranties do not cover failures caused by or related
to use of out of specification urea solutions in Tier 4
Stage HiB MLIT Step 4 products equipped with SCR
systems.

Materials compatibility

DEF is corrosive. Due fo the corrosion caused, DEF
must be stored in tanks constructed of approved
materials. Recommended storage materials:

Stainless Steels;

304 (S30400)

304L (S30403)

316 (S31600)

316L (S31603)

Alloys and metals:

+ Chromium Nickel (CriNi)

+ Chromium Nickel Molybdenum (CrNiMo)
« Titanium

Non-metallic materials:

+ Polyethylene

« Polypropylene

» Polyisobutylene

« Teflon (PFA)
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» Polyfluoroethylene (PFE)
+ Polyvinylidene fluoride (PVDF)
= Polytetrafluoroethylene (PTFE)

Materials NOT compatible with DEF solutions include
alurminum, copper, copper alloys, magnesium, zing,
nickel coatings, silver, and carbon steel and solders
containing any of the above. Unexpected reactions
may occur if DEF solutions come in contact with any
non-compatible material or unknown materials.

Bulk storage

Follow all local regulations covering bulk storage
tanks. Follow proper tank construction guidelines.
Tank volume typically should be 110% of planned
capacity. Appropriately vent indoor tanks. Plan for
control of overflow of the tank. Heat tanks that
dispense DEF in cold climates.

Bulk tank breathers shouid be fitted with filiration
to keep airborne debris from entering the tank.
Desiccant breathers should not be used because
water will be absorbed, which potentially can alter
DEF concentration.

Handling

Follow all local regulations covering transport

and handling. DEF transport temperature is
recommended to be -5° C (23° F) to 25° C {77° F).
All transfer equipment and intermediate containers
should be used exclusively for DEF, Containers
should not be reused for any other fluids. Ensure that
transfer equipment is made from DEF-compatible
materials. Recommended material for hoses and
other non-metallic transfer equipment include:

+ Nitrile Rubber (NBR)
+ Fluoroelastomer (FKM)
» Ethylene Propylene Diane lonomer (EPDM)

The condition of hoses and other nonmetallic items
that are used with DEF should be monitored for signs
of degradation. DEF leaks are easily recognizable by
white urea crystals that accumulate at the site of the
leak. Solid urea can be corrosive to galvanized or
unalloyed steel, aluminum, copper, and brass. Leaks
should be repaired immediately to avoid damage to
surrounding hardware.

Cleanliness

Contaminants can degrade the quality and life of
DEF. Filtering DEF is recommended when dispensed
into the DEF tank. Filters should be compatible with
DEF and should be used exclusively with DEF. Chack
with the filter supplier to confirm compatibility with
DEF before using. Mesh-type filters using compatible
metals, such as stainless steel, are recommended.
Paper (cellulose) media and some synthetic filter
media are not recommended because of degradation
during use,

Care should be taken when dispensing DEF. Spills
should be cleaned immediately. Machine or engine
surfaces should be wiped clean and rinsed with
water. Caution should be used when dispensing DEF
near an engine that has recently been running.

Note: Spilling DEF onto hot components may cause
the refease of ammonia vapors. Do not breathe
ammonia vapors. Do not clean up any spills with
bleach.

Stability

DEF fluid is stable when stored and handled properly.
The quality of DEF rapidly degrades when stored at
high temperatures. The ideal storage temperature for
DEF is between —=9° C (15.8° F) and 25° C (77° F).
DEF that is stored above 35° C (95° F) {for longer
than 1 month must be tested before use. Testing
should evaluate Urea Percentage, Alkalinity as NH3,
and Biuret content.

The length of storage of DEF is listed in the following
table:

Table 41

Storage Temperature Expected DEF Life

Below 25° C (77° F) 18 months
25°C (77" F)to 30° C 12 months
(86° F)

30°C {86° F)to 35° C 6 months
(85° F)

Above 35° C (95° F) test quality before use

Refer to "ISO 22241" document series for more
information about DEF quality control.

Note: Dispose of all fluids according to applicable
regulations and mandates.

(
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General Characteristics of DEF

For detailed information on the requirements and
characteristics of DEF, refer "ISO 22241”. For a quick
reference, typical characteristics of DEF are given

in Table 42.
Table 42
Characteristics for Urea Solutions
Property Unit DEF 32.5 percent Urea Solution 40 percent
Urea content 32.5 percent 40 percent @
Alkalinity as NH, Percent 0.2 0.2
Density at 20° C (68° F) g/L 1.087 - 1.093 @ 1.108 - 1.114 &
Refractive Index at 25° C 1.381 - 1.384 ® 1.394-1.397 ®
(77° F)
Biuret Percent 0.3 max
Aldehydes ma/kg 5 max
insoluble Matter ma/kg 20 max
Aluminum mglkg 0.5 max
Calcium ma/kg 0.5 max
Chromium mglkg 0.2 max
Copper mglkg 0.2 max
Iron mglkg 0.5 max
Magnesium mglkg 0.5 max
Nickel mglkg 0.2 max
Phosphate (PC.) ma’kg 3.5 max
Potassium ma/kg 0.5 max
Sodium ma/kg 0.5 max
Zinc mglkg 0.2 max

{1} Acceptable range is 31.8 - 33.2 percent
2) Acceptable range is 39-41 percent

) Target value is 1.090 g/l

) Target value is 1.112

) Target value 1s 1.382

© Target value is 1.3956
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Contamination Control

04862450

Contamination Control

SMCS Code: 1280; 1348; 3080; 5095; 7581

Defining Contamination

Contamination is defined as the presence of
unwanted foreign substances in fluid systems or fluid
wetted parts. Contamination alters the properties of
fluids, causes damage of fluid systems, and prevents
systems and components from attaining the desired
reliability and durability. Contamination is the primary
cause of fluid system failures.

Contaminants include a wide varlety of unwanted
substances including but not limited to the following:

» Foreign and abrasive substances such as wear
pariicles, fibers, dirt, and dust

» Chemical substances such as products of
combustion that are suspended in the fluids

= Cross contamination of water, coolant, oil, and fuel
+ Biological micro-organisms such as algae or fungi

« Physical/chemical contaminants such as products
of axidation and heat

Some contaminanis are generated within the fiuid
systemn due to the normal operation of the system.
Other contaminants are drawn into the system from
the outside environment or introduced into the system
from contaminated fill fluids or improper maintenance
and repair practices.

Particle contaminants are visible to the naked eye if
the particles are approximately 40 ym {microns} and
larger while smaller particles are not visible. Particle
contaminants can cause damage even if the particles
are not visible to the naked eye. The critical particle
size for wear particles in a modern diesel engine fuel
system is 4 um.

Contaminants of all types can be controlied by
following contamination control practices and using
appropriate filtration. Refer fo your Operation and
Maintenance Manual and to your local Cat dealer for
recommendations.

Controlling contamination is especially important

for current machine systems. Current machine
systems such as hydraulic systems and fuel injection
systems are designed with even closer folerances
and typically operate at higher pressures for
enhanced performance, These design improvements
emphasize the importance of higher performing
fluids, enhanced fluid filtration, and greatly improved
fluid cleanliness levels,

Measuring Cleanliness

Fluid cleanliness can be measured by taking fluid
samples from various machine compariments.
Your Cat dealer can analyze the samples. Particle
contaminants are typically measured by pariicle
counters. Chemical contaminants can be measured
by specific analysis techniques such as oxidation,
water, or soot tests. Some chemical contaminants,
such as water in fuel, can interfere with the particle
counters and can be counted as particles. Refer to
your Cat §:0O-S lab or to your Cat dealer for more
information.

The number of particles in fluids is expressed in
"ISC (International Organization for Standardization)”
ratings. “ISO 4408" Standard (Hydraulic Fluids
Method for coding the level of contamination by solid
particles) classifies fiuid cleanliness by the number
and size of particles in 1 milliliter of fluid. “1S0 4406"
Standard measures particle size in um (microns) and
reports the resulting count in three code ranges X,

Y & Z. The three code range defines the size and
distribution of particles in 1 milliliter of fluid:

« The first code range, X represents the number of
particles equal to or larger than 4 pym per miliiliter
of fluid.

« The second code range, Y represents the number
of particles equal to or larger than 6 pm per milliliter
of fluid.

= The third code range, Z represents the number of
particles equal to or larger than 14 pm per milliliter
of fluid.

An example of an "[SO 4406" particle count is
18/16/13. Cat "ISO” cleanliness recommendations
are expressed as two or three codes, depending on
the machine system. The three code range follows
“ISO 4406" definitions and is used for liquid fuels
such as diesel and gasoline. The two code system,
example “ISO -116/13", s used for certain lubricant
systems. In the two code system, the first code range
X {number of particles equal o or larger than 4 pm
per milliliter of fiuid} is not required and is represented
by a dash (-). The second code range Y and the
third code range Z follow “|SO 4408" definitions. Cat
reports the Y and Z codes for lubricating oils to keep
consistency with older data and reports.
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An example of the particle size and distribution of
code numbers "ISO 4406" is given in Table 43

Table 43
Number of particles in 1 milliliter of fluid
IS0 4406 Code
4pm and up Bum and up 14um and up
15O 18/16/13" 4300 - 2500 320 - 640 40 - 80
‘IS0 21/19/17" 10000 - 20000 2500 - 5000 80 - 160

Note: Several factors affect the results of particle
counts. The factors include the cleanliness of the
equipment used to obtain the sample, sample
techniques, the cleanliness, and type of sample
container, particle counter accuracy {calibration,
maintenance, and process), and the environment
where the sample is procured. Samples should
be taken at representative locations in the fluid
circulation system or the fluid distribution system
when possible. The sample should be protected
adequately from contamination during transport o
the lab for analysis. In addition, particle counters may
count water droplets and air bubbles as particulate
contamination,

Note: American Society for Testing and Measurement
has developed “ASTM D7619" “Standard Test
Method for Sizing and Counting Particles in Light
and Middle Distillate Fuels, by Automatic Particle
Counter”. This test procedure was developed in
2010 to count and measure the size of dispersed
dirt particles, water droplets, and other particles in
1-D and 2-D diesel fuels when the specified particle
counter is used. *ASTM D7619" is also applicable to
biodiesel fuels.

Cleanliness Standards for Machine
Systems

Cat recommends that machine systems be
maintained at the factory defined fluid cleanliness
targets.

Cat has established minimum fluid cleanliness
fargets for fuels and fill oils and for machine roll-off
(refer to Table 44). Fluids filled into the machine or
engine fill tanks are recommended to be at the target
levels provided in Table 44 or cleaner. Cleanliness
targets for applicable machine component systems
is referred to as “Roll-off”. Roll-off is defined as
the cleanliness specification of the fluid that is to
be obtained before the machine returns to wark
after maintenance and or system invasion repair.
When system fill fluids and Roll-off are maintained
at or cleaner than the "ISO” cleanliness targets,
contamination related effects will be significantly
reduced.



96
Maintenance Section
Contamination Control

SEBUB251-14

Table 44

Caterpillar Minimum Recommended Fluid Cleanliness Targets

Caterpillar Minimum Recommended

Fill oils

180 -16/13"

Cleanliness Targets for Fluids
Dispensed inte Machine or
Engine Fill tanks ®

Dispensed fuels

IS0 -16/13"

Hydraulic systems (Implement

Caterpillar Minimum Recommended
Machine Roll-off Cleanliness Targets

& Steering) 180 -118/15"

Electronic Transmissions “ISO -/18/15"
Mechanical Transmissions ‘180 2117"
Differentials, Wheels and Axles @ ‘IS0 -/18/15"

{1} For engine oils, when filtering the ol prior to dispensing into the engine tank, use engine oil filters of 12 micron absolute efficiency and
ensure that the oil temperature is 20° C (68° F) or higher. Refer o the details given in this article.

@} This cleanliness standard applies only to the Series 700 family of rigid frame trucks, 777 size and larger.

The “fill" fluids cleanliness target is not a fluid
“delivery” target. The level of cleanliness for delivered
fluids is not specified by Caterpillar. Customers can
work with their distributors or carriers to determine
the cleanliness level of delivered fluids. However, a
more effective and economic means fo achieve fill
cleanliness targets is to filter the fluids prior to filling
into machine tanks as compared with specifying
delivery fluid cleanliness level. Follow the guidelines
provided in this Contamination Control article.

Although older technology machines may not be
able to maintain consistently the recommended
cleanliness targets of advanced models, the same
contamination control intervention measures such as
filtration and subsequent service procedures should
be used on all Cat products.

Note: When particle counting new multi-viscosity
engine olls, there may be difficulties achieving
cleanliness targets because optical particle counters
cannot distinguish between particulate contaminants
and additives. Do not use optical particle count for
the evaluation of used engine oils because soot
levels render oil too dark for optical particle counters.
Soot levels in used engine oils should be evaluated
by using S-O-8 Services Oil Analysis,

When filtering engine oil before dispensing into
the engine tank or when engine cil kidney looping
filtration is done, follow these recommendations:

« Use of engine oil filters of 12 microns absolute
efficiency is recommended. Cat Ultra High
Efficiency Lube filter is recommended. Consult
your Cat dealer for the most current part number.

« Ensure that the temperature of engine oil is 20° C
(68° F) or higher.

Note: Filtration of cold multi grade oil is not
recommended due to oil thickening and potential
additive interference.

Consult your Cat dealer for information and solutions
to your oil and fuel analysis needs including particle
counting for new and used oils and for fuels.

General Contamination Control
Recommendations or Practices

Maintaining a low contamination level can reduce
down time and can control the maintenance cost

of the machine. The productive life as well as the
refiability of components and fluid systems is often
increased as a result of proper contamination control
practices,

The following are general guidelines for controlling
contaminanis.

« Refer o the Recommendations for Fuel Systems
in this chapter for recommended fuel cleanliness
levels and guidelines.

» Refer to the machine Operation and Maintenance
Manual for the required maintenance for all
machine compartments.

» When you add oil to a machine, use adequate
filtration in order to clean the oil fo meet the targets
provided in Table 44.

« Perform scheduled S-O-S Services Oif Analysis
for contamination in order to maintain the
recommended 1SO cleanliness level of fill and
machine fluids, Refer to the 8-0-8 Oil Analysis
section in this Special Publication. The particle
count analysis can be performed by your Cat
dealer. Particle count can be conducted during
the scheduled S-G-S Services Oif Analysis for the
compartment. Extra oil samples are not required
for the particle count sampling.
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+ Use only coolants that are recommended by
Cat for your machine. Follow the recommended
maintenance procedure for the cooling system in
the Operation and Maintenance Manual for your
machine.

» Maintain the engine air filters and air intake system
to avoid unwanted contaminant ingression.

» Follow contamination control practices for the shop
area, component, and machine disassembly areas,
parts, shop tools, test setups, test areas, storage
areas, and waste collection areas, and so on, Keep
components clean during inspection, assembly,
testing, and filling machines with clean fluids.
These practices will enhance component life and
reduce downtime associated with contaminants.
Your Cat dealer can provide details on proper
contamination processes and practices.

» Follow contamination control practices for the
waorkplace and for the worksite. Maintaining clean
oil fill fluids saves time and effort and ensures that
fill fluids are at the proper cleanliness levels.

« Use properly designed and maintained bulk
storage fluids tanks.

« Protect the fluids storage tanks from dirt and water
entry by using 4 um or less absolute efficiency
breathers with the ability to remove water.

« Keep the areas around the tanks filler necks clean
of debris and water.

+ Drain the storage tanks from water and
sediments on an annual basis or per fluid supplier
recommendations.

« Install and maintain a properly designed and
grounded filiration system. Filtration should include
at the enfry and at the dispensing point. Continuous
bulk filtration may be required to ensure that
dispensed oils meet the cleanliness target.

+ Install desiccant type breathers of 4 um or less
absolute efficiency on the bulk storage tanks.

» Cover, protect, and ensure cleanliness of all
caonnection hoses, fittings, and dispensing nozzles.

Note: Bulk fuel filtration units are available through
your Cat dealer. Proper maintenance practices of
the bulk filtration systems are available through your
Cat dealer.

Contamination Control
Recommendations for Fuels

Fuels of “ISO 18/16/13” cleanliness level or cleaner
as dispensed into the engine or machine fuel tank
should be used in order to reduce power loss,
failures, and related down time of engines. This
cleanliness level is important for new fuel system
designs such as Common Rail injection systems
and unit injection systems. These new injection
system designs utilize higher fuel pressures and
are designed with tight clearances between moving
parts in order to meet required stringent emissions
regulations. Peak injection pressures in current
fuel injection systems may exceed 30,000 psi.
Clearances in these systems are less than 5 pm. As
a result, particle contaminants as small as 4 um can
cause scoring and scratching of internal pump and
injector surfaces and of injector nozzles.

Water in the fuel causes cavitation, corrosion of
fuel system parts, and provides an environment
where microbial growth in the fuel can flourish.
Other sources of fuel contamination are soaps,
gels, or other compounds that may result from
undesirable chemical interactions in the fuels,
particularly in Ultra Low Sulfur Diesel (ULSD). Gels
and other compounds can also form in biodiesel
fuel at low temperatures or if biodiesel is stored for
extended periods. The best indication of microbial
contamination, fuel additives, or cold temperature gel
is rapid filter plugging of bulk fuel filters or machine
fuel filters.

In order to reduce downtime due to contamination,
follow these fuel maintenance guidelines in
addition to the General Contamination Control
Recommendations or Practices given above in this
Chapter;

= Use high-guality fuels per recommended and
required specifications (refer to the Fuel Chapter in
this Special Publication)

= Fill machine fuel tanks with fuels of “ISO 18/16/13"
cleanliness level or cleaner, in particular for
engines with common rail and unit injection
systems. When you refuel the machine, filter the
fuel through a 4 uym absolute filter (Beta 4 = 75
up to 200) in order to reach the recommended
cleanliness level. This filtration should be located
at the device that dispenses the fuel to the engine
or machine fuel tank. In addition, filtration at the
dispensing peint should remove water to ensure
that fuel is dispensed at 500 ppm water or less.
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» Caterpillar recommends the use of bulk fuel filter
/ coalescer units which remove both particulate
contamination and water in a single pass. These
units clean fuel to “ISO 15/13/11" or cleaner and
remove free water to 500 ppm (mag/kg) or less.
Cat offers heavy-duty filter / coalescer units to
accommodate fueling rates from 50 to 300 gpm
{gallons per minute). Cat custom designs filter /
coalescer units specifically for the conditions of fuel
at the worksite if needed.

» Ensure that you use Cat Advanced Efficiency Fuel
Fiiters. Change your fuel filters per recommended
service requirements or as needed.

» Drain your water separators daily per the Operation
and Maintenance Manual of your machine.

« Drain your fuel tanks of sediment every 500 hours
or 3 months per the Operation and Maintenance
Manual of your machine.

« Install and maintain a properly designed bulk
filter / coalescer filtration system. Continuous
bulk filtration systems may be required to ensure
that dispensed fuel meets the cleanliness target.
Consult your Cat dealer for availability of bulk
filtration products.

» Centrifugal filters may need to be used as a
pre-filter with fuel that is severely contaminated
with gross amounts of water or large particulate
contaminants. Centrifugal filters can effectively
remove large contaminants, but may not be able
to remove the small abrasive particles required to
achieve the recommended "1S0" cleanliness level.
Bulk filter / coalescers are necessary as a final filter
in order to achieve the recommended cleanliness
level.

« install desiccant type breathers of 4 um or less
absolute efficiency with the ability to remove water
on bulk storage tanks.

+ Follow proper practices of fuel transport and
filtration from storage tank to the machine in order
to allow the delivery of clean fuel to machine tank.
Fuel filtration can be installed at each transport
stage in order to keep the fuel clean.

« Cover, protect, and ensure cleanliness of all
connection hoses, fittings, and dispensing nozzles.

NOTICE

In order to meet expected fuel system component
life, 4 micron(c) absolute or less secondary fuel fil-
tration is required for all Cat diesel engines that are
equipped with common-rail fuel systems. Also, 4 mi-
cron{c) absolute or less secondary fuel filtration is re-
quired for all Cat diesel engines that are equipped with
unit injected fuel systems. For all other Cat diesel en-
gines (mostly older engines with pump, line and noz-
zle type fuel systems), the use of 4 micron(c) abso-
lute or less secondary fuel filtration is strongly recom-
mended. Note that all current Cat diesel engines are
factory equipped with Cat Advanced Efficiency 4 mi-
cron{c) absolute fuel filters.

Consult your local Cat dealer for additional
information on Caterpillar designed and produced
filtration products.

.
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Reference Material
SMCS Code: 1000; 7000

The following literature can be obtained through any
Cat dealer.

Note: The information that is contained in the listed
publications is subject to changes without notice.

Note: Refer to this Special Publication, the respective
product datasheet and other special publications, and
the appropriate Operation and Maintenance Manual
for product application recommendations.

NOTICE
In order to avoid potential damage to your Cat ma-
chine and/or Cat engine, only purchase Cat fluids and
Cat filters through your Cat dealer or Cat authorized
outlets. For a list of authorized Cat parts outlets in your
area, consult your Cat dealer,

If you purchase what appear to be Cat fluids and/
or Cat filters through other outlets/sources, you
are at a very high risk of purchasing counterfeit
(“look-alike™) products.

Counterfeit or "look-alike” products may visually ap-
pear the same as the original Cat product, but the
product performance and internal quality will typical-
ly be very low.

Counterfeit or "look-alike" products have a very high
likelihcod of causing andfor allowing engine and/or
machine compartment damage.

Coolants

+ Special Publication, PMEP5027, “Label - Cat ELC
Radiator Label"

» Datasheet, PEHJ0067, “Cat ELC (Extended Life
Coolant)” (Worldwide)

+ Datasheet, PEHP9554, “Cat DEAC (Diesel Engine
Antifreeze/Coolant} (Concentrate)”

Diesel Engine Oil

» Datasheet, PEHJ0159, “Cat DEQ-ULS (SAE
15W-40)” (North America - Canada, Mexico, and
United States)

+ Datasheet, PEHJO05S, “Cat DEQ (SAE 10W-30
and SAE 15W-40)" (North America - Canada,
Mexico, and United States)

» Datasheet, PEHJ0021, “"Cat DEO (SAE 10W-30
and SAE 15W-40)" (Worldwide - except North
America, Egypt, Saudi Arabia, and Brazil)

+ Datasheet, PEHJ0072, "Cat DEO (SAE 10W-30
and SAE 15W-40)" (Brazil)

+ Datasheet, PEHJ0091, "Cat DEO (SAE 10W-30
and SAE 15W-40)" {(Egypt and Saudi Arabia)

-« Datasheet, PEHP7082, “Cat DEO SYN (SAE

5\W-40)"

« Datasheet, PEHJ0093, “Cat DEO (SAE 30
and SAE 40)" (For use in 3600 Series diesel
engines, C280 Series diesel engines and in older
precombustion chamber diesel engines. Do NOT
use in 3500 Series, C175 Series and smaller direct
injected diesel engines.)

= Datasheet, PEHP9518, “Cat SAEQ (SAE30 and
SAE40)" (For use in certain Cat 3116 and 3126
Marine Diesel Engines with mechanical fuel
injection. Refer to this Special Fublication, “Engine
Oil (3116 and 3128 Marine Engines)” article. Do
NOT use in other engine applications.)

« Datasheet, PEHJ0008, "Cat Arctic DEO (SAE
0W-30)" (Canada and United States)

Grease

« Special Publication, PEGJ0035, "Grease Selection
Guide”

« Datasheet, PEHP0002, "Cat Advanced 3Moly
Grease” (NLGI grade 2)

+ Datasheet, NEHP8010, “Cat Ultra 5Moly Grease®
{NLGI grades 1 and 2}

= Datasheet, NEHP6011, “Cat Arctic Platinum
Grease” (NLGI grade 0)

» Datasheet, NEHP6012, “Cat Desert Gold Grease”
(NLGI grade 2)

« Datasheet, NEHP8015, “Cat High Speed Ball
Bearing Grease” (NLGI grade 2)
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Datasheet, PEHJ0088, “Cat Multipurpose Grease”
(NLGI grade 2)

S:0'S Services

Special Publication, PEHJ0191, “S-0-8 Coolant
Analysis"

Special Publication, PEGJ0047, "How To Take A
Good Qil Sample”

Special Publications, PEDP7036, “S-0O'S Fluids
Analysis Cornerstone”

Special Publications, PEHP7078, “Understanding
S5-0-S Services Tests”

Special Publication, PEHP7052, “Making the Most
of 5-0-S Services”

Special Publication, PEGJ0045, “Reporting Particle
Count by ISO Code"

Special Publication, PEGJ00486, "Understanding
Your 3-0-S Services Results”

Filters

Datasheet, PEHP6028, "Cat Ultra High Efficiency
Alr Filters”

Datasheet, PEHP7032, "Radial Seal Air Filters”
Datasheet, PEHP7077, “Cat Turbine Pre-Cleaners”
Datasheet, PEHP9013, “Air Filter Service Indicator’

Datasheet, PEHJ0082, “Cat Fuel/Water Separators
anhd Prime Time Priming Pumps”

Datasheet, PEHP70486, “Fuel Contamination
Control”

Datasheet, PEHJ0068, “Cat Advanced Efficiency
Engine Oil Fikter"

Datasheet, PEHJ0165, "Open Crankcase
Ventilation Filter”

Miscellaneous

Special Publication, PECP3067, "One Safe
Source”

Special Publication, AECQ1042, “Caterplllar
Product Line Brochure”

« Special Publication, PEWJ0074, "Cat Filter and

Fluid Application Guide”

Datasheet, PEHJ0030, "Cat Synthetic GO {SAE
75W-140)"

Datasheet, PEHP7058, “Cat GO (SAE 80W-90
and SAE 85W-140)"

Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog”

Special Publication, GECJ0003, “Cat Shop
Supplies and “Tools"” catalog

Special Publication, SENR3130, “Torque
Specifications”

Special Publication, SENRY820, "Improving Fuel
System Durability” (Package of 10)

Special Publication, SEBF1018, “Improving
Component Durability - Engines” (Package of 10)

Special Publication, SEBF1020, “Improving
Component Durability - Managing Fluid
Cleanliness” (Package of 10)

Special Publication, SEBD0349, “Caterpillar
Performance Handbook”

“ASTM D6469 Standard Guide for Microbial
Contamination in Fuels and Fuel Systems”
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A
Aftermarket Oil Additives...........ccocviviiinee e 24
B
Biodiesel......ci 55
Additional maintenance requirements................ 58
Biodiesel Specification..........ccccooovieiiiececeeen 62
Fuel System Deposits......cc.cce v 58
Recommendations for the Use of Biodiesel in Cat
Nonroad ERGINES ....ccoovveivveeiieve e et 56
Referenced Documents........cooceevveieciececccenn, 65
C
Characteristics of Diesel Fuel..................oovveneee 38
Cetane Number.........ccoii e 38
Cloud Point ... 39
Gums and ReSINS ....cccooeeiee e e 45
L.ubricity and Low Sulfur Diesel {LSD) and Ultra
Low Sulfur Diesel (ULSD) Fuel.........ccocoeune.e.e. 40
Moisture Content.........ccc.veeiieiiicciice e, 44
Oxidative Stability Test...........coevei e 48
Pour Point ..., 39
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Thermal Stability ..o, 48
VISCOSHY ...vvveeveee i e 38
Cold Weather Lubricanis ..........cccoceveeccniiininn 26
Commercial Heavy-Duty Coolant/Antifreeze and SCA
{(Supplemental Coolant Additive) ........................ 86
Contamination Control..............c..oeeoiiieee e 94

Cleanliness Standards for Machine Systems .... 95
Contamination Control Recommendations for

FUBES .o e a e 97
Defining Contamination.........c.cc.ccoeveeeeeeie e 94
General Contamination Control Recommendations

O PractiCes oo 96
Measuring Cleanliness........cc.cceccvvvvnieeiien s 94

Conventional Coolant/Antifreeze Cooling System
Maintenance .........cocevvvvveiviecc e 82
Adding the SCA to Conventional Coolant/Antifreeze

at Initial Fill ..o 83
Adding the SCA to Conventional Coolant/Antifreeze

For Maintenance ......ccooeevvven e, 83
Cleaning the System of Heavy-Duty

Coolant/Antifreeze........cccoocvvveivciecceireeee 84
Recycling Cat DEAC ..., 85

Coolant Recommendations (General
MaintENance) . ..o 70
Cooling System Specifications ..., 66

D
Diesel Engine Antifreeze/Coolant (DEAC) ............ 80
Diesel Exhaust Fluid (DEF) (For Use in
SCR-equipped engines) .....ccocvevvcveeevceeiec e 90
DEF Guidelines ... 91
DEF Recommendations for Non-Marine
ENGINES ..ottt 90
General Information ..........ccccviicciiccniicnn, 20
Urea Solution Recommendations for Marine
ENGiNes ..o 91
Distillate Diesel Fuel.........ccooveive i 47
Aftermarket Fuel Additives.......c..ccooeeveeeeennn 53
Alternative Fuels - Cold Weather Applications... 52
Cat Diesel Fuel Conditioner........ccoocooveeeiven.ns 53
Cat Diesel Fuel System Cleaner............ccoe.v.... 54
Diesel Fuels for Marine Engines...........cocoveenen, 51
Heavy Fuel Oil, Residual Fuel, Blended Fuel .... 51
Renewable and Alternative Fuels .........coccove.n.. 52
E
Engine Ol ..o 7
Cat Diesel Enging Qils.....occoveiiiiicerieeeee e 8
Commercial OilS......c.oooovvevinie e 12
Recommendation for Tier 4 Engines .................. 1
Severe applications........ccooeevveeeeiieece e 15
Total Base Number (TBN) and Fuel Sulfur Levels
for Direct Injection (DI) Diesel Engines............. 13
Engine Cil (3116 and 3126 Marine Engines)......... 16
Commercial Oils (3116 and 3126 Marine
ENGINES) ..o 17
Recommendations..........ccoocccoiviien e, 16

Total Base Number (TBN) and Fuel Sulfur Leveis
for Direct Injection (D1} Diesel Engines (3116 and
3126 Maring Engines) .....cccoevvevivivervcnvemscennnne 17

Engine Oil for Precombustion Chamber (PC)
Diesel Engines (Engine Crankcase Fluid
Recommendations for All 3500 Series and Smaller
PC Diesel ENgings)....c.ccovicviieinvicicie e 18

Total Base Number (TBN) and Fuel Sulfur
Levels for Precombustion Chamber (PC) Diesel

ENGINES oo e 18
Exhaust Aftertreatment Fluids Specifications......... 20
Extended Life Coolant..........ccooeviiine e 74

CatELC et 74
Commercial Extended Life Coolant .................. 75
Extended Life Coolant Cooling System
Maintenance .......ooevceiieeeeeee e 76
Cat ELC Cooling System Cleaning.................... 77
Cat ELC Cooling System Contamination........... 78
Cat ELC Extender......c.ccocovvivinveivceicicecieeee. 76
Changingto Cat ELC ... 77
Proper Additions to the Cat ELC {Extended Life
Coolant)...i e, 76

Recycling Cat ELC ..., 77
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Product and Dealer Information

Note: For product identification plate locations, see the section "Product Identification Information” in the Operation
and Maintenance Manual.

Delivery Date:

Product Information

Model:

Product ldentification Number:;

Engine Serial Number:

Transmission Serial Number;

Generator Serial Number:

Attachment Serial Numbers:

Attachment Information:

Customer Equipment Number:

Dealer Equipment Number:

Dealer Information

Name: Branch:
Address:
Dealer Contact Phone Number Hours
Sales:
Parts:

Service:
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NOTICE

TG AVOID HAND INJURIES,
PROTECTIVE GLOVES
SHOULD ALWAYS BE WORN
WHEN HANDLING PLATES.

PROTECTIVE SHROUDS

IT 1S THE RESPONSIBILITY OF EACH PERSON OPERATING OR
REPAIRING EQUIPMENT TO TAKE THE NECESSARY PRECAUTIONS
TO COMPLY WITH ALL APPLICABLE SAFETY REGULATIONS.

ALFA LAVAL PROVIDES PROTECTIVE SHROUDS FOR ALL OUR
PLATE HEAT EXCHANGERS. THESE SHROUDS WILL PREVENT
POSSIBLE INJURIES AND/OR DAMAGE AS A RESULT OF SUDDEN
LEAKAGE FROM THE PLATE PACKAGE.

s
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To our valued customer:

Thank you for purchasing an Alfa Laval Plate Heat Exchanger. As the world's largest
manufacturer of Heat Exchangers, we are very proud of our products and services. We value you
as our customer and wish to assure your satisfaction. We have prepared this Instruction Manual
to assist you with your Alfa Laval Plate Heat Exchanger in various situations. We suggest that
you look through it carefully, and, above all, make it readily available to any personnel who may
need it for reference.

1.1



The name plate

- and the identification of the equipment

Model type and

manufacturing numbers(s)

A name plate like the one shown below is fixed to the apparatus as shown above and

it gives the following information
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The name plate 2
- and the identification of the equipment

This instruction manual has been issued for many different
models of Alfa Laval industrial PHEs. There are separate
manuals for industrial, sanitary, spiral, alfa rex, brazed &
evaporator/condensor heat exchangers.

@ WHENEVER USING THE MANUAL, CHECK FIF{ST THAT THE_
SERIAL NUMBER ON THE FRONT COVER IS [DENTICAL TO

THAT ON THE NAME PLATE OF THE EQUIPMENT

® IN ALL COF{RESPONDENCE WITH ALFA LAVAL"} PLEASE
REFER TO THE ‘MANUFACTURING SERIAL NU EF{,_ FOR
TRUE IDENTIFICATION OF THE EQUIPMENT. = it

© WHENEVER CONTACTING ALFA LAVAL ABOUT A PART FOR
YOUR PLATE HEAT EXCHANGER, BE SURE TO STATE THE
MANUFACTURING SERIAL NO.(S}, AND MODEL TYPE.

2.2



3 General

STORAGE

In this section, names of heat exchanger parts are mentioned for
the first time. For your information, see Chapters 4A or 4B
FUNCTION.

1. Unless otherwise agreed, ALFA LAVAL delivers
the plate heat exchanger ready to be put in
service upon arrival. This means that the
plate package is tightened to its correct
measurement A.

Should it be necessary, however, to store the equipment for a
fonger period {1 month or more)} before, certain precautions should
be made in order to prevent unnecessary wear of the equipment:

2. Preferably, the heat exchanger should be
stored inside, in a room with a temperature
around 15 to 20 degrees Celsius (60 to 70
degrees Fahrenheit) and humidity around 70%

'E'here shou!d ABSOLUTELY NOT be any
: OZONE PRODUCING equ1pment in the room,
ke electnc motors or arc-weldmg equ:pment
since _ozone’ destroys many rubber materials
(crackmg) ' :

' Do not store orgamc solvents or acads in the
rQom,: S

Avoid heat or u!traVIolet_ radiation.

3. Wrapping the PHE with a non-transparent
plastic film is a good precaution. Use of
transparent film can alter paint color if unit is
stored in direct sunlight.
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General 3

STORAGE

4. The tightening bolts should be well covered
with good rust preventing ceating, suitable
types (LUBRIPLATE FGL-2 or Equivalent) and
if not connected to the pipe system, the con-
nections should be covered.

If the heat exchanger must be stored outdoors,
the precautions mentioned above should be
taken as far as practical. The need for protec-
tion against the climate etc. is of course even
more important in this case.

5. If for any reason the heat exchanger is
removed from service for a long period, it is
advantageous to follow the advice above, even
if the equipment is not moved from the location.

The heat exchanger should be VENTED AND
DRAINED, and depending on the media
processed, it is recommended to RINSE AND
DRY it, before it is stored.

1. Whenever the heat exchanger is lifted, straps
should be placed around tightening bolis
on both sides of the unit, as shown in picture. i
fifting lugs or lifting eyes are provided, always
use chains or lifting cables rated above the
published weight of the heat exchanger.

_——A
%‘;‘:_.:_ - . .sv”-\:

NEVER LIFT BY THE CONNECTIONS OR THE STUDS AROUND THEM!

3.2



3

LIFTING CONTINUED
If Lifting Lugs are provided

If you are to lift the heat exchanger itself, straps
should be used. They should be placed as
shown on the picture.

On smaller units (4" connected size smaller)
typically two lifting lugs are reqguired instead
of four.

3.3

General

WARNING!

Never lift by the connections or the studs
around them.




General

FOUNDATIONS.

Alt inforrnation necessary for the preparation of the foundation

4

$100mm) "

INSTALLATION.

appears on the data sheet provided by ALFA LAVAL.

In some cases (installation on board a ship,
when processing corrosive liquids, etc.) it may
be practical fo place the heat exchanger in a
DRAINAGE BOX (with capacity for the total
volume of the heat exchanger), The outlet of
the drainage box should be generously
dimensioned, not less than (2") 50 mm
diameter.

BEFORE connecting any piping to the heat exchanger, MAKE SURE THAT ALL

o AT TTT e o
K R T

s

PLEASE OBSERVE THAT
The measurements given in the picture above
are recommended by ALFA LAVAL, it is
necessary to leave free space around the
equipment, to provide access and make future
service possible. Except for a place 1o put the
plates, if removed from the heat exchanger,
NO FURTHER SPACE is required for
servicing the PHE.

This field should be kept free
from fixed installations.

FOREIGN OBJECTS HAVE BEEN FLUSHED OUT OF THE SYSTEM!

e YA T

i

b
e : oAt

PLEASE OBSERVE THAT

The measurements given in the picture are
recommended by ALFA LAVAL, to provide
reasonably good working conditions during
installation of the heat exchanger as well as
for future maintenance and service, If floor
space is restricted, the dimensions suggested
can be reduced. It is left to the purchaser
to decide just how much access space
is required.

Recommended free space for
opening and closing.

3.4



3.5

General

PIPES

Always ensure that no measurable stress is
placed on the heat exchanger by the piping
system.

SHUT OFF VALVES

To enable the heat exchanger to be opened
when necessary shut off valves should be pro-
vided on all connections.

PRESSURE RELIEF DEVICES

It Is the responsibility of the user 1o ensure
that the required pressure relief devices are
properly installed prior to initial operation. Refer
to the applicable Code(s) and corresponding
Standard(s) for proper size requirements of
these pressure relief devices.

CONNECTIONS ON THE PRESSURE PLATE
(REAR COVER)

Some plate heat exchangers may also have
connections on the pressure plate. In such
cases, it is Important to check against the
drawing or the name plate that the plate pack
has been tightened to the right measurement
befare the piping is connected.

Whenever piping is connected o the pressure
plate, a short 90° spool piece shall be installed
between the heat exchanger and the piping.
These should be directed upwards or side-
ways. This simplifies pressure plate removal
during servicing.

Venting of both sides of the heat exchanger
must be provided. This is important
and enables air to be drawn from the system
during start-up. It also enables air or gas to
be removed during operation, and it enables
faster drainage.

o,



General 3

Special Loose Flange Connections

Loose Flanges are provided on certain model
types due to interference. When provided these
flanges shall be incorporated into the piping.

MODELS WITH BOTH "S" AND "T" PORT
CONNECTIONS

M6-FD, M6-MFD, M&-MWFD, M10-BFD,
M10-MFD, M10-BWFD, M10-BDFD, M20-MFD*,
M20-MWFD*

MODEL TYPES WITH LOOSE FLANGE ON
T PORT CONNECTIONS ONLY:

M6é-FG, M6-MFG, M8-MWFG, M10-BFG,
M10-MFG, M10-BWFG, M10-BDFG, V28-FD*,
V45-FD*, M20-MFG, M20-MWFG

* Loose flange only when design pressures
above 230 psi.
Biret brafraugre $iar Head
Notes:
o Ef-f(";'”;r,.“f:ffi 1) Sports connections on these model types
i utilized indusiry standard flanges.
; 4 e 1T Aka el e 2) Not all exchangers require T port connections.

Y.
S prrE e el glee dikezel
A

Lashe?

I 3 Gt

E : PIPING CONNECTION

o o e i R g
- ¥
>

The loose flange is connected to piping by use
of a commercially available stub end of same
material as the piping.

Chad futta The stub end is installed as shown and then butt
et weld to the piping.

3.6



4A LIST OF PARALLEL FLOW UNITS

“A” SERIES UNITS:

AM10-FG; AM10-FS

A15-BFL; A15-BFG; A15-BFD; A15-BWFG; A15-BWFD
A20-BFL; A20-BFG; A20-BFD

AM20-FG; AM20-BFG; AM20-WFG; AM20-SFG; AM20-DWFG
AK20-FG; AK20-FD; T200-FG; T200-FD

AX30-BFG; AX30-BFD; AX30-BWFG; AX30-BWFD

A35-HA

“M” SERIES UNITS:

M3-VG

M6-FG; M6-FD; M6-MFG; M6-MFD; M6-MWFD/FG/FDR/FGR
M10-BFM; M10-BFG; M10-BFD; M10-MFG; M10-MFD;
M10-BWFG; M10-BWFD; M10-BWFGR, M10-BWFDR
M15-BFG; M15-BFD; M15-BFS; M15-MFG;

M15-MFD; M15-MFS; MK15-BWFD; MK15-BWFG
M20-MFG; M20-MFM; M20-MFD; M20-MWFG; M20-MWFD
M30-FM; M30-FG; M30-FD

MA30-FD; MA30-FG; MA30-WFG; MA30-WFD

MX25-BFG; MX25-BFD; MX25-BFS

EC500-WTFE; EC500-WTFL

“V” SERIES UNITS:
V8-VG, V13-FG, V13-FD, V20-FG, V20-FD

4A.1



o

PARALLEL FLOW UNITS

Function

4A

THE MAIN COMPONENTS OF THE PLATE HEAT EXCHANGER AND THEIR FUNCTIONS.

In ALFA LAVAL Plate Heat Exchangers, heat is transferred from one medium to another through

thin metal plates which have been pressed into a special pattern.

1. FRAME PLATE -

2. SUPPORT COLUMN o

The two bars are suspended
hetween the FRAME PLATE, to
which in most cases the piping is
connected, and a SUPPORT
COLUMN.

4. CARRYING BAR

5. GUIDING BAR

The plates hang from a CARRYING
BAR at the top and are kept in line by
a GUIDING BAR at the botiom.

7. PRESSURE PLATE

The pressure plate is hung on the
carrying bar and is moveable, as are
the heat transfer plates. In some
cases piping may be connected fo
the pressure plate.

3. CONNECTIONS

Holes matching the piping lead
through the frame plate, permitting
the media to enter into the heat
exchanger. Threaded studs around
the holes secure the pipes to the
equipment. Depending on the
application, metallic or rubber-type
LININGS may protect the edges of
the holes against corrosion.

6. TIGHTENING BOLTS

With the package of thin plates
hanging between the frame plate
and the pressure plate, a number
of TIGHTENING BOLTS are used

. to press the thin plates together,

bringing them into metallic contact,
and to compress the gaskels,
enough to seal off the narrow
passages which have now been
formed between the plates.

8. CHANNEL PLATES

8. GASKET

These plates are called CHANNEL
PLATES. A groove along the rim

of the plate and around the ports
hold a GASKET, usually made of a
rubber-type material.

Heat is transferred through the
surface which is contained by the
gasket, except for some small areas
near the corners.

The number of plates in your heat

exchanger is determined by the size
of the heat transfer surface required.

4A.2



4A

How it works

When a package of plates are pressed together,
the holes at the corners form continuous tunnels or
manifolds, leading the media (which
participate in the heat transfer process) from the
inlets into the plate pack, where they are
distributed in the narrow passages between the
plates.

Because of the gasket arrangement on the plates,
and the placing of “A” and "B" plates alternately, the

twao liquids enter alternate passages, e.g. the warm

fiquid between even number passages, and cold
liquid between odd number passages.

Thus the media are separated by a thin metal wall.

in most cases the liquids flow in opposite
directions.

4A.3

PARALLEL FLOW UNITS

A

During the passage through the equipment,
the warmer medium will give some of its heat
enhergy to the thin wall, which instantly loses it
again to the colder medium on the other side.

The warmer medium drops in temperature,
while the colder one is heated up.

Finally, the media are led into similar hole-
tunnels at the other end of the plates and
discharged from the heat exchanger.

.



PARALLEL FLOW UNITS 4A
Heat transfer

The purpose of the equipment is to transfer heat
from one medium to another. Heat passes very
easily through the thin wall separaiing the two
media.

The novel pattern into which the plate material
has been formed not only gives strength and
rigidity, but greally increases the rate of heat
transfer from the warmer medium to the metal wall
and from the wall to the cther medium.

This high heat flow through the walls can be
seriously reduced by the {ormation of deposits of
various kinds on the wall surfaces.

The pattern of corrugation on Alfa Laval plates
menticned above induces highly turbulent flow.
The turbulence gives strong resistance to the
formation of depaosits on the plate surface; howev-
er, it cannot always eliminate fouling.

The deposiis may increase the total “wall
thickness” substantially, and they consist of
materials that have a much lower thermal
conductivity than the metal plaie. Consequently a
layer of deposits can severely reduce the overall
heat transfer rate.

The deposits will be considered in the chapter on
MAINTENANCE and CLEANING. At this point
we will only establish that this fouling is unwanted
and can under certain circumstances, be harmful
to the heat exchanger because corrosion may
occur under the deposits,

Pressure drop

Pressure drops are wasted energy. it is clear that the fouling of the surfaces is
undesirable.

All pipe systems and equipment included in

them offer resistance to media flowing through  Larger pariicles and fibers may also be drawn

them. into the heat exchanger and clog the passage
ways if strainers or other means of protection

Some pressure drop is unavoidable, but for a  have not been provided for.

given PHE it should be kept as close as

possible to the designed value. A reduced ability by the heat exchanger to hold
the desired temperatures, in combination with

The formation of deposiis on the heat fransfer an increased pressure drop on any of the

surfaces instantly leads to a reduction of the media, indicates that fouling or clogging is

free space between the plates. This means that  taking place.

more energy is needed to get the desired flow

through the equipment. For corrective action, see MAINTENANCE and

CLEANING. 4A_4



4A PARALLEL FLOW UNITS

¢ | Studying the pictures, you will observe that on a plate hanging
vertically, the gasket rests in a groove which includes the heat
transfer area -

TEe3 e P R 2 O

-

and two corners on the
left side.

two corners on the
right side.

.o o s e A A AN S

Smaller rings surround the
two remaining corners. _

We decide that we will name the plates
after these two situations.

An A-plateis a
plate hanging with
the chevron pointing
downwards.

AB-plateis a

plate hanging with
the chevron pointing
upwards.

If we turn an A-plate upside down we will have a B-plate:



PARALLEL FLOW UNITS

Gaskets

The GASKET is molded in one piece. The material is normally an
elastomer, selected to suit the actual combination of temperature,
chemical environment and possible other conditions that may be
present.

The ocne-piece gasket consisis of;
1. One field gasket

2. Two ring gaskels

3. Links

The field gasket is by far the larger part
containing the whole heat transfer area and
the two corners connected to it. The ring
gaskets seal off the remaining two corners.

These three pieces are held together by a
few short links, which have no sealing
function at all. Their purpose is simply to tie
the pieces together and to add some
support in certain areas. On some plate
heat exchangers, the gasket is held in place
on the plate by means of a suitable cement
or glue.

4A

4A.6



4A PARALLEL FLOW UNITS

Gaskets

As already demonstrated, the two media are
effectively kept apart by the ring and field gas-
kets. To prevent intermixing of the media in the
corner areas where field and ring gaskets are
very close to each other, the link pieces have a
number of slots which opens the area between
the field and ring gaskets to atmosphere. Any
leakage of media across either gasket will
gscape from the heat exchanger through the
slots.

It is important thai these openings are kept
clear. If they are not, there is a risk that should a
leak occur in that region of the plate, there might
be a local pressure build-up, which could allow
one medium to mix with the other.

Care should be taken not to cut or scratch the
gaskets while handling plates.

4A.7
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4A PARALLEL FLOW UNITS

TRANSITION PLATE

M30, MX25, A20-B, AM20, AK20, T200, A15-B, M15, M10, M6

Ring Gaskets

£
Collars (Metal) o

s
Pressure Plate ¢

4A.8



4B List of Diagonal Flow Units

“A” SERIES UNITS:
A10-BFG; A10-BFD
AX35-FG

A45-FG

“P” SERIES UNITS:
P2-FG; P2-VLCH; P2-DWFG
P3-E;P3-EH

“M” SERIES UNITS:
M3-XVG

“V” SERIES UNITS:
V28-FG, V28-FD, V45-FG, V45-FD, V110-FG, V110-FD,
V170-FG, V170-FD, V280-FG, V280-FD

4B.1
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DIAGONAL FLOW UNITS

Function

4B

THE MAIN COMPONENTS OF THE PLATE HEAT EXCHANGER AND THEIR FUNCTIONS.

In ALFA LAVAL Plate Heat Exchangers, heat is transferred from one medium to another through thin
metal plates which have been pressed into a special pattern.

1. FRAME PLATE

2. SUPPORT COLUMN —

The two bars are suspended
tetween the FRAME PLATE,

to which in most cases the piping 2.

is connected, and a SUPPORT
COLUMN.

1
i
4. CARRYING BAR

5. GUIDING BAR
The plates hang from a CARRYING
BAR at the top and are kept in line by
a GUIDING BAR at the bottom.

Lo

O |

3. CONNECTIONS

Holes matching the piping lead
through the frame plate, permitting
the media to enter into the heat
exchanger. Threaded studs around
the holes secure the pipes fo the
equipment. Depending on the
application, metallic or rubber-type
LININGS may protect the edges of
the holes against corrosion.

6. TIGHTENING BOLTS

With the package of thin plates
hanging between the frame plate and
the pressure plate, a number of
TIGHTENING BOLTS are used to

F 6. press the thin plates together bringing

them into metallic contact, and to
compress the gaskets enough fo seal
off the narrow passages which have
now been formed between the plates.

8. CHANMNEL PLATES

7. PRESSURE PLATE

The pressure plate is hung on the
carrying bar and is moveable, as are
the heat transifer plates. In some
cases piping may be connected to
the pressure plate.

9. GASKET

These plates are called CHANNEL
PLATES. A groove along the rim of
the plate and around the ports hold a
GASKET, usually made of a rubber-
type material.

Heat is transferred through the
surface which is contained by the
gasket, except for some small areas
near the corners.

The number of plates in your heat

exchanger is determined by the size
of the heat transfer suriace required.

4B.2



4B DIAGONAL FLOW UNITS

How it works

When a package of plates are pressed together, During the passage through the PHE,

the holes at the corners form continuous tunnels the warmer medium will give some of its heat
or manifolds, leading the media (which participate energy io the thin wall, which instantly loses it
in the heat transfer process) from the inlets into again to the colder medium on the other side.
the plate pack, where they are distributed in the

narrow passages between the plates. The warmer medium drops in temperature,

while the colder one is heated up.
Because of the gasket arrangement on the

plates, and the placing of "A” and "B” plates Finally, the media are led into similar hole-
alternately, the fwo liquids enier alternate tunnels at the other end of the plates and
passages, e.g. the warm liquid between even discharged from the heat exchanger.

number passages, and cold liquid between odd
number passages.

Thus the media are separated by a thin metal

wall. In most cases the liquids flow in opposite
directions.

4B.3



DIAGONAL FLOW UNITS

Heat transfer

The purpose of the equipment is to transfer heat
from one medium to another, and heat passes
very easily through the thin wall separating the
two media.

The novel pattern into which the plate material
has been formed not only gives strength and
rigidity, but greatly increases the rate of heat
transter from the warmer medium fo the metal wall
and from the wall to the other medium.

This high heat fiow through the walls can be
seriously reduced by the formation of deposits of
various kinds on the wall surfaces.

The pattern of corrugation on Alfa Laval plates
mentioned above induces highly turbulent flow.
The turbulence gives strong resistance to the
formation of deposits on the plate surface; howev-
er, it cannot always eliminate fouling.

The deposits may increase the fotal “wall
thickness” substantially, and they consist of
materials that have a much lower thermal
conductivity than the metal plate. Consequently a
layer of deposits can severely reduce the overall
heat transfer rate.

The deposits will be considered in the chapter on
MAINTENANCE and CLEANING. At this point
we will only establish that this fouling is unwanted
and can under certain circumstances, be harmful
to the heat exchanger because carrosion may
oceur under the depaosits.

« i T el -

Pressure drop

Pressure drops are wasled energy. it is clear that the fouling of the surfaces is
undesirable.

All pipe systems and equipment included in them

offer resistance to media flowing through them. Larger particles and fibers may also be drawn
into the heat exchanger and clog the passage

Some pressure drop is unavoidable, but for a ways if strainers or other means of protection

given PHE it should be kept as close as have not been provided for.
possible to the designed value.

' _ A reduced ability by the heat exchanger to bhold
The formation of deposits on the heat transfer the desired temperatures, in combination with an

surfaces instantly leads to a reduction of the increased pressure drop on any of the media,

free space between the plates. This means indicates that fouling or clogging is taking place.

that more energy is needed to get the desired

flow through the equipment. For corrective action, see MAINTENANCE and
CLEANING.

4B.4



4B DIAGONAL FLOW UNITS

Plates

Siudying the pictures, you will observe that on a plate hanging
vertically, the gasket rests in a groove which includes the heat
transfer area
rings surround
the remaining corners

=

two corners (the upper
right-hand corner and
the lower leit-hand
corner.

( l i e '5"-_._1?? e . 3
™, rings surround the :

s, two remaining corners

Depending on which two corners are included with the heat
transfer area, the plate is called an A- or a B-Plate.

and fwo corners (the
upper left-hand corner
and the lower right-
hand cormner. -~

OR

An A-plate is a
plate hanging with
the chevron pointing
downwards.

A B-plaie is a

plate hanging with
7] the chevron pointing
Il upwards.

4B.5
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DIAGONAL FLOW UNITS

We can make a B-Plate from an A-plate or the opposite,
by changing the gasket and turning the plate upside down.

Plates

bt

4B.7
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Gaskets

DIAGONAL FLOW UNITS

The GASKET is molded in one piece. The material is normally
an elastomer, selected to suit the actual combination of
temperature, chemical envirecnment and possible other
conditions that may be present.

4B.8

The one-piece gasket consists of:
1. One field gasket

2. Two ring gaskets

3. Links

The field gasket is by far the larger part
containing the whole heat transfer area and the
two caorners connected to it. The ring gaskets seal
off the remaining two corners.

These three pieces are held together by a few
short links, which have no sealing function at all.
Their purpose is simply 1o tie the pieces together
and to add some support in certain areas. On
some plate heat exchangers, the gasket is held in
place on the plate by means of a suitable cement
or glue.

s,



DIAGONAL FLOW UNITS 4B

Gaskets

As already demonsirated, the iwo media are
effectively kept apart by the ring and field
gaskets. To prevent intermixing of the media in
the corner areas where field and ring gaskets are
very ciose to each other, the link pieces have a
number of siots which open the area between the
field and ring gaskets to atmosphere. Any
leakage of media across either gasket will
escape from the heat exchanger through these
slots.

It is important that these openings are kept
clear. If they are not, there is a risk that should
a leak occur in that region of the plate, there
might be a local pressure build-up, which could
allow one medium to mix with the other.

Care should be taken not to cut or scratch the
gaskets while handling plates.
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4B DIAGONAL FLOW UNITS

TRANSITION PLATE
M30, MX25, A20-B, AM20, AK20, T200, A15-B, M15, M10, M6

Ring gaskets
A
i
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e

F
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Collars {Metal)

Channel plate gaskets
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-
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s
a
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Pressure plate
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DIAGONAL FLOW UNITS

NON MACHINED PRESSURE PLATE

e
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Sheet Lining

Pressed Collar

Ring Gasket

End Plate

Transition Plate

MACHINED PRESSURE PLATE (AX30, AM20 AND OBSOLETE FRAMES)

™

FX 5P E T
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i 3. e
2

.

Rubber Gasket
Weld

Sheet Lining, same
material in metal ring

Metal Ring
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5.1

Operation

START UP

1.

BEFORE STARTING UP FOR THE FIRST
TIME OR AFTER A LONG TIME IN
STORAGE: MAKE SURE THAT THE
PLATE PACK IS COMPRESSED TO THE
CORRECT MEASUREMENT Al Check
with the Drawing or Nameplate, which is
provided with each heat exchanger.

ltis very important that the system to which
the heat exchanger is connected, is
protected against sudden and exireme
variations of temperature and pressure.
This is not only for the heat exchanger but
also for the pipe system itself and every
piece of equipment inciuded in .

This should be kept in mind whenever a
maneuver is to be carried oui, including
starting up of the pumps in the system.

Before starting any pump, check whether
instructions exist, teliing you which pump
should be started first.

Check that the valve between the pump
and the equipment, controlling the flow rate
of the system which you are about to start
up is closed.

Check that the valve at the exit, if there is
one, is fully open.

r—



Operation

5. Open the vent.

6. Start the Pump.

7. Open the valve slowly.

[:. 1

it

8. When all air is out, close the vent.

9. Repeat the procedure for the other media.




5 Operation

UNIT IN OPERATION

Any adjustment of the flowrates required to As long as the PHE is operating to satisfaction,
maintain correct temperatures or pressure it should be left without any interference.
drops should be made slowly, in order to

prevent shocks to the system.

Problems in keeping up the peiformance of
the heat exchanger may be caused by a
change in some of the temperature
conditions, the heat load or by fouling.

SHUT-DOWN

if the heat exchanger is going to be shut down - or if for any reason

the pumps are to be stopped - the following procedure should be
followed:

1. First establish whether instructions
exist that specify which side
should he stopped first.

1.

2. SLOWLY CLOSE THE VALVE
controlling the flow rate of the
pump you are about to stop.

3. When the valve is closed, stop the
pump.

4. Repeat the procedure for the other
side.

5. Poor quality cooling water may be
hazardous to metallic materials.
Typical examples are corrosion of
stainless steels and nicke! alloys.

If for any reason the heai
exchanger is shut down for a
longer petriod (more than a
number of days), it should be
drained, and depending on the
media processed, it is
recommendable to rinse and dry it.
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Operation

THE RISKS OF NOT COMPLYING WITH THE START-UP

AND SHUT-DOWN PROCEDURES.

A liquid in motion in a pipe system represents
a lot of energy, and it must be very carefully dealt
with.

Particularty when the fluid is stopped it is imper-
ative that this is done smoothly.

NOTE!
For this reason fast-closing valves should not be
used unless the pipes of the system are very
short.

Valves must be operated gradually. The longer
the pipes and the higher the flow rate, the more
important this becomes.

WATER HAMMER is the name given fo a short
duration pressure peak, traveling along the pipe
as a wave at the speed of 'sound, and resuliing
from a sudden deceleration of the motion of the
fluid in a closed system.

Thus, it is usually related to the shutting down of
a system. However, when starting up a system
with open valves and empty pipes, the fluid may
burst into some obstacle, like a fine mesh strain-
er, a f_[q'w_j"meter or a heat exchanger, causing a
sudden reduction of the flow velocity - if not a
complete halt, and so we may have the conditions
of a Water Hammer.

In the warst case, the pressure surge caused by
such a sudden stop of the motion of 3 fluid, can
be several times the normal pressure of the
system.

Therefore it is very important for the protection
of the whole installation that start-ups and close-
downs are carried out with great care.
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6 Opening

1. 4.
L (100°F)
1. Slowly close the valves on the 4. | the heat exchanger is hot, wait
inlets. Shut off the inlet side, until it has cooled down to about
closing the highest pressure first. 40°C (100°F).
2.

2. Switch off pumps.

5. Drain

S,

2

> % 6.7%
R 1F - o

3. Close the valves on both outleis. 6. Dismanile any pipe bends
connected {0 the pressure plate,

s0 that it can be moved freely
along the carrying bar.

6.1



7. Inspect the sliding surdaces of the

carrying bar and wipe clean

10. Lubricate the threads with a thin
layer of grease, e.g LUBRIPLATE
FGL-2 or equivalent.

8. Inspect pressure plate roller.

11. Mark the plate assembly on the out-
side by a diagonal line, or number
the plates in sequence.

.
[

ST i & ——

9. Pull back the plastic covers on the
tightening bolts; brush the threads
clean with a steel wire brush,

12. Measure and note the dimension A.
Compare with code plate and PHE
documentation for this same serial
number.

6.2



@ {See page 6.5)
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Opening

M20-MFG ONLY HAS ONE BOLT
TOP AND BOTTOM

M6
AK20 |M6M
A20B | T200 | M6DW | M30
X X
X
X
M6/M6-MFG ONEY HAS ONE BOLT TOP
AND BOTTOM

MI10BW

AK20
T200

MX25B

Vi10




V110

Ax308 | A35[AX35| poom | mao
AX30BW| Ad5

NOTE: M30-FD, MA30-FG/FD, MX25-BFS, V280-FG/FD
and V170-FD have a twenty bolt or larger pattern, use this
picture only as a guide. Start sequence numbers 5 and 6
at the fourth bolt down on both sides.

CRDER BOLT NO. TO DIM.
1 1-2-3-4-5-6 1.05A _
2 1-2-3-4 1.10A 4
3 1-2 OR 3-4 OPENING O
@ if bolts are fitted with bearing boxes loosen and Continue opening, alternately and diagonally.
remove them. If not fitted with bearing boxes, then
follow the pictures above. Note: Skewing of the Pressure Plaie during opening
must not exceed 10 mm {2 turns per bolts) across the
Loosen the remaining boits, alternately and width and 25 mm (5 turns per bolis) vertically.

diagonally, to bring length to 1.05A.

@ Remove bolis 5 and 6 completely.
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Removal and insertion of plates 6
1.

Brush the threads of the bolts clean,
using a steel wire brush

Lubricate the threads with a thin layer
of grease, e.g. LUBRIPLATE FGL-2
or equivalent.

REMOVAL OF PLATES

3. Push the pressure plate against the
support column.

4. Remove the plates. Stack them neatly on
a skid or pallet for easy transporting.

INSERTION OF PLATES

5. Hang the plates with their backs towards the
pressure plate (the side without gasket).

6.6



6 Closing

1. Check that all the sealing surfaces 4. Inspect the pressure plate roller.
(i.e. surfaces in contact with the heat Rermove any debris from fop surface of
transfer medium) are clean. . carrying bar.

5. Check against the drawing or flow
sheet (provided with each heat
exchanger} to make sure that the
plates are hanging in the correct order.

2. Check that the ring gaskets or liners,
when fitted in connections, are in
position and are in good condition.

3. Clean and lubricate the sliding surfaces

of the carrying bar, 7o 1f the plates are correctly assembled,
the edges form a “honeycomb” paitern.

If the ptate pack has been marked on
6 7 the outside {fig. 6) check this.



Closing 6
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Closing

(899 page 6.1 1)@ (See page 6.11)

i M20-M

M20-MFG ONLY HAS ONE BOLT
TOP AND BOTTOM

M6 :
AK20 (M6M |
A20B | T200 | MGDW | M30
X X
X

M6&/M6-MFG ONLY HAS ONE BOLT TOP =

AND BOTTOM
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=
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{See page 6.11)
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(See page 6.11)
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T200
X
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Closing

V110

AX30B | A%5|Ax35| moom | Mao [mxess] V170
AX30BW| Ad5 vaa0
FG X X X
Fb | X X X X X
HA X
FS X

NOTE: M30-FD, MA30-FG/FD, MX25-BFS, V280-FG/FD
and V170-FD have a twenty bolt or larger pattern, use this
picture only as a guide. Start sequence numbers 5 and 6
at the fourth bolt down on both sides.

ORDER BOLT NC. TO DIM.
1 1-2-3-4-5-6 1.06A
2 1-2-3-4 1.10A
3 1-2 OR 3-4 OPENING

Note: See next page for closing
instructions for all the models

6.10



Closing

s[:-{ u ':: r . . —f; .
Do

4 12 0l 5ed E DA

e | 12318678 | x

e Place all the bolts that are fitted with bearing
boxes in position. If not fitted with bearing boxes
then follow the pictures for your specific model.

e Brush the threads of the bolts clean, using a steel
wire brush.

Lubricate the threads with a thin layer of grease,
€.g. LUBRIPLATE FGL-2 or equivalent.

@ Tightening is carried out alternately and diago-
nally, as shown on the figure above.

@ Check the dimensiocn A during tightening at the
positions of the bolts that are being used. Skewing
of the pressure plate during tightening must not
exceed 10mm (2 turns per bolt} across the width
and 25 mm (5 turns per bolt) vertically.

Nominal plate pack length A can be exceeded in
exceptional cases, the tightening can be stopped
at the following dimensions

Plate pack length/plat Plate pack length
> 4 mm A+1%
> 3mm, <4mm A+1.5%

6.11

@ Place the other bolts in position.
* Inspect the washers.

* When fully tightened, the bolts should all be
equally tensioned.

* The difference between the plate pack lengths
measured at adjacent bolts shoutd not exceed:

2mm when dimension A is < 1000mm
4mm when dimension A is > 1000mm

* The plate pack length at all bolts must not dif-
ier by more than 1%

« If the unit does not seal {ully, it can be tightened
to the dimension A-1%.

IF DIMENSION A IS NOT REACHED WITH APPLI-
CATION OF THE ABOVE STEPS:

+ Check the number of plates and dimension A.

* Check that all the nuts and bearing boxes are
running freely. If not, clean and lubricate or
replace.

« Fit all the bolis, and tighten alternately.

P



Chlorine as growth inhibitor

Chlorine, commonly used as growth inhibitor in cooling
water systems, reduces the corrosion resistance of

stainless steels (including Hastelloy, Incoloy, Inconel
and SMO).

Chlorine weakens the protection layer of these steels
making them more susceptible {0 corrosion attacks
than they otherwise should be. It is a matter of time of
exposure and concentration.

In every case where chlorination of non-titanium
equipment cannot be avoided, ALFA LAVAL must be
consulted.

Contact the following address:
ALFA LAVAL

Heat Transfer Center

5400 International Trade Drive
Richmond, VA 23231

Phone (804) 222-5300

Fax (804) 236-3276

NOTE! Titanium is not affected by chiorine.



V4 Cleaning

INCRUSTATION - SCALING

s Calcium carbonate
+ Calcium sulphate

»  Silicates

CLEANING

Mechanical cleaning afier opening.

1. Soft brush and running water. 2. High pressure hose.
NOTE! Avoid gasket damage.
NOTE!
3. Chemical cleaning of opened unit by Under no circumstances should
using: HYDROCHLORIC ACID be used
with STAINLESS STEEL PLATES
* Nitric acid and under no circumstances

should HYDROFLUORIC ACID be
used with TITANIUM PLATES.
» Citric Acid Water of more than 300 ppm
Chlotine may not be used for the
preparation of cleaning solutions.

= Suylfamic acid

* Phosphoric acid

* Complexing agents {(EDTA, NTA)

R . It is very important that carrying
Sodium polyphosphates bars and support columns made of

aluminum are protected against

chemicals.

Concentration max 4% by wt%
Temperature max 140° F

71




Cleaning

N

CLEANING

iMechanical cleaning after opening.

1. Soft brush and running water.
NOTE! Avoid gasket damage.

3. Chemical cleaning of opened unit
by using:

Nitric acid

Sulfamic acid

Cittic Acid

Phosphoric acid

Complexing agents (EDTA, NTA)
Sodium polyphosphates

SEDIMENT

»  Corrosion products
*» Metal Oxides

«  Silt

*  Alumina

+ Diatomic organisms and their
excrement of various colors.

Concentration max 4% by wi%
Temperature max 140° F

2. High pressure hose,

cleaning effect.

NOTE!

Under no circumstances  should
HYDROCHLORIC ACID be used with
STAINLESS STEEL PLATES and
under no circumstances should
HYDROFLUORIC ACID be used with
TITANIUM PLATES. Water of more
than 300 ppm Chlorine may not be used
for the preparation of cleaning solutions.

It is very important that carrying bars and
support columns made of aluminum are
protected against chemicals.

4. The addition of surfactants can improve

1.2



7 Cleaning

GROSS FOULING

+  Seaweeds

+  Woad chips/fibers
«  Mussels

* Barnacles

CLEANING: NOTE: BACKFLUSHING OF THE UNOPENED HEAT EXCHANGER
CAN SOMETIMES BE SUFFICIENTLY EFFECTIVE.

Mechanical cleaning after opening.

1. Soft brush and running water, 2. High pressure hose.
NOTE! Avoid gasket damage.

NOTE!

Under no circumstances should
HYDROCHLORIC ACID be used with
STAINLESS STEEL PLATES and
under no circumstances should
HYDROFLUORIC ACID be used with
TITANIUM PLATES. Water of more
than 300 ppm Chloring may not be used
for the preparation of cleaning solutions.

It is very important that carrying bars

and support columns made of aluminum
are protected against chemicals. -
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Cleaning

CLEANING

Mechanical cleaning after opening.

BIOLOGICAL GROWTH - SLIME
¢ Bacteria
» Nematodes

*  Proiozoa

1. Soft brush and running water.
NOTE! Avoid gasket damage.

3. Chemical cleaning of opened unit by
using:

» Nitric acid

» Sulfamic acid

«  Citric Acid

* Phosphoric acid

«  Complexing agents (EDTA, NTA)
* Sodium polyphosphates

Concentration max 4% by wt%
Temperature max 140° F

2. High pressure hose.

NOTE! :

Under no circumstances should
HYDROCHLORIC ACID be used with
STAINLESS STEEL PLATES and
under . no.. circumstances should
HYDROFLUORIC ACID be used with
TITANIUM PLATES. Water of more than
300 ppm Chiorine may not be used for
ihe preparation of cleahing solutions.

It is very important that carrying bars
and support columns made of aluminum
are protected against chemicals.

7.4



7 Cleaning
*  Qil residues
+ Asphalt
+ Fats
CLEANING

Mechanical cleaning after opening.

T

Hydrocarbon-based deposits may be

2. Dry with a cloth or rinse with water.

removed by using a soft brush and a
PARAFFINIC or NAPHTHA-BASED
solvent (e.g. KEROSENE).

NOTE!
Gaskets in natural, butyl and EPDM
rubber swell in these media.

Contact time should be limited to 0.5
hour.

THE FOLLOWING SOLVENTS SHOULD NOT BE USED

Ketones {e.g. Acetone, Methyletylketone, Meihylisobutylketone)
Esters (e.g. Ethylacetate, Butylacetate)
Halogenated hydrocarbons (e.g. Chlorothene, Carbon tetrachloride, Freons)

Aromatics (e.g. Benzene, Toluene)

7.5
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Regasketing

ALFA LAVAL has two types of glue for field repairs - GC11 and
(GC8 for repairs and exchange of gaskets in plates. A special
glue is recommended for viton and silicone gaskets.

GC

. A two- component cold curing epoxy glue
which gives a strong joint for hlgher
temperatures.

* Future ‘removal of gaskets usually
requires heating or freezing of the joint.

* The shelf fife'is limited to approx. 1 year
when stored at room temperature but can be
proloriged when kept in a refrigerator. -

GC8

« Asingle-component rubber-based solvent
adhesive.

* s norma[[y used for_repalr work m an_ :
uncured condm' ' ' L

* Can be used for operatmg temperatures
below 200 F

» For operating temperatures above 200° F
and oll coolersfheaters, the glued joints
should be cured at 200° F for one hour.

* Future removal of the gasket can usually
be carried out without heating of the cement
joint.

» The storage life at room temperature is
about two years. This period can be
extended after checking the glue.

SEPARATE GLUING INSTRUCTIONS WILL BE
DELIVERED TOGETHER WITH THE GLUE.

ALFA LAVAL RECONDITIONING SERVICE

In addition to supplying genuine gaskets for your
plate heat exchangers, we are able to provide a
“SPECIALIZED PLATE RECONDITIONING
SERVICE” to quickly and efficiently mest your
service requirements.

Our reconditioning service includes a [iquid
nitrogen debonding process with chemical
cleaning, crack deteciion and regasketing using
a special epoxy/phenolic resin adhesive.

This regasketing process requires special oven
curing of the cement to ensure the strongest

possible bond strength between plate and
gasket, similar to the process used during
manufacture. This is one reason why our
service is guaranteed.

In most cases our reconditioning service has
proved more economical and much faster when
compared with on-site regasketing methods.

For further details, please contact your local
ALFA LAVAL REPRESENTATIVE.
{See Section 1)
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7 | Regasketing

The Clip-on gasket -
a glue-free gasket system

The Clip-on gasket is attached to the plate by
two gasket prongs which slip under the edge of
the plate to hold the gasket securely in
alignment in the gasket groove.

The prongs are situated at regular intervals
around the periphery of the plate.

When the plate heat exchanger is then
assembled and tightened, the gasket provides
a tight seal around the plate.

NOTE!

Before closing of the equipment:
Check that the two gasket prongs
are in correct position.

The Clip-on gasket in the gasket groove.

1.7



Regasketing of Snap-On Gaskets 7

THE PROCEDURES (2-7} ARE NOT NECESSARY FOR DOING A SMALL QUANTITY OF PLATES.
THESE PROCEDURES WILL INCREASE SPEED OF REGASKETING OF 1.ARGE QUANTITIES OF PLATES.

PREPARATORY PROCEDURES

1. Pull the old gasket off the plate and
clean the groove, if necessary.

2. Place a flat sheet of plywood (some-
what larger than the PHE plate) on
the table.

; : 6. biill holes approx. 7mm dia and 10

3. 3 mm deep in the plank at the marked
spots. The plank is now a practical tool
for regasketing of larger numbers of
plates.

3. Place the PHE plate on the board
with gasket groove upwards and fix

firmly. Placing cylindrical pins in the
plank at the carrying bar slots.

7. Replace PHE plate on the board in
exaclly the same location as at 3
above.

4. Make marks in the plank at all loca- 7.8
tions for gasket "snap-on”.



7 Regasketing of Snap-0On Gaskets

FASTENING OF THE “SNAP-ON” GASKET

8. Place the gasket, with the “snap-on” 11. Push the projection through the hole in
projections downwards, in the gasket the plate.

groove.

112

9. Place the ring gaskets in the groove and 12. Remave the fcol point, and the
fix them with the T-flap. projection is now “snapped on”.
13.
10, | ?
g-'_ E
HELES B L]
Wy R _ !

13. Repeat for all projections, and the
gasket is “snapped on”.

NOTE!

BEFORE CLOSING OF THE EQUIP-
MENT: CHECK THAT THE T-FLAPS
ARE IN CORRECT POSITION.

10. insert the tool point into the recess in the

projection.
7.9



PARALLEL FLOW UNITS

The End Plate 1l Gasket is formed by cutting (2) channel gaskets
{as shown below)} and gluing the gaskeis to the first plate.

A
it
h &
Lhannet 4 | Channel =
Gashket Gatha|

cli exd

G

The (2) half channel gaskets should be glued to the end plate
with GC-8 glue: or double sided tape (GC-1). The (4} port
gasket areas are critical because these gaskets will be in
contact with the process fluids.

7.10



7 DIAGONAL FLOW UNITS

The End Plate I Gasket is formed by cutting (2) channel gaskets
(as shown below) and gluing the gaskets to the first plate.

Ut
;,.«"‘\
=yl
"B “AT Emxd
Chatnel + Channel - Playg
Sashal 5asked - i
a1 —

Pe

casl

The (4) parts of the channel gaskets should be glued to the end
plate with GC-8 glue: or double sided tape (GC-1). The (4) port
gasket areas are critical because these gaskets will be in
contact with the process fluids.

7.11



Fault detection

M
/J |

D)

i
[

ACTION

SYMPTOM _
LEAKAGE between plates and frame.

CORRECTIONS

Mark with a felt tip or similar marker, mark the
area where the leakage seems to be, and open
the heat exchanger

1. Investigate the gasket condition of the end
plate and the connection if applicable, look
for dislocation, foreign objects, scars and
other damage to the gasket surfaces.

2. Check the surface of the pressure plate for
unevenness, foreign objects sticking to it,
etc. that might spoil the joint between the
gasket and the adjacent surface,

3. Check the plate itself for cracks or holes.

ACTION

1.« Relocate gasket.
= remove foreign matter,
* replace connection lining if applicable.

Remove anything disturbing the joint
between gasket and pressure plate surface.

A perforated end plaie must be replaced.

SYMPTOM
LEAKAGE between flange and frame.

CORRECTIONS

1. Disconnect the flange, and look for
misalignment between f{lange and
connection, dislocated or damaged
gasket, foreign objects on the surace of
the gasket or the flange.

1. « Rearrange the pipe in order to eliminate

stress and to correct alignment.

» relocate gasket

* replace damaged gasket

« replace connection lining if applicable

* rermove foreign matter from flange
and gasket

* reassemble, taking care to avoid
misalignment

8.1



NOTE:

Fault detection

On a Plate Heat Exchanger specially designed for high temperature duties, extreme

and sudden temperature drops may sometimes cause a temporary leakage. A typical
example is a sudden shutting-off of the hot medium flow., The heat exchanger will
normally seal again, as soon as the temperatures of the equipment have stabilized.

S AR N WA B

g 4
NS SR

-

ACTION

SYMPTOM

LEAKAGE between plates to
the outside.

CORRECTIONS

Mark the leakage area with a felt tip marker on
the two plates next to the leakage, check and
note the length of the plate pack between inside
frame plate and inside pressure plate, and then
open the heat exchanger.

8.2

Check for Joose, dislocated or damaged
gasket.

Check for plate damage in the area, and
also check plate pack length against the
drawing 1o see if possible plate or gasket
damage could be caused by overtightening
of the plate pack, or if the leakage iiself may
simply be caused by insufficient tightening.

Check hanger recess at both plate ends
for deformations, which could cause
misalignment between the plates.

Make sure that the plates are hanging
correctly as A-B-A (see SECTION 4A or
4B).

Check for
{corrosion).

perforation of the plate

1.

* Relocate gasket.
* Re-cement [oose gasket, if applicable.
* Replace damaged gasket.

A damaged plate must in most cases be
taken out for repair or replacement. If it is
a regular plaie with 4 holes: take the dam-
aged plate and the 4-hole plate just in front
or just behind it out of the plate pack. The
heat exchanger can now be reassembled
and put back in service PROVIDED THE
PLATE PACK IS TIGHTENED TO A NEW
MEASUREMENT, WHICH 13 EQUAL TO
THE ONE ON THE DRAWING, REDUCED
BY TWO TIMES THE SPACE REQUIRED
PER PLATE. CONTACT ALFA LAVAL FOR
ASSISTANCE IN THE RECALCULATION
IF NECESSARY.

The small reduction of the heat transfer
area is normally of no importance, at least
not for a short period of time.

* Insufficient tightening must be corrected

- see the drawing.

Damaged hanger recesses must be
repaired if possible, or the plate replaced.
For temporaty arrangement with reduced
number of plates - see paragraph 2 above.

Incorrect sequence of plates must be cor-
recied (A-B-A-B-..). MAKE SURE THAT
NO PLATE HAS BEEN DAMAGED,
BEFORE REASSEMBLING THE PLATE
PACK!

Perforated plates must be replaced. For
temporary solution, see paragraph 2.



Fault detection

SYMPTOM
LEAKAGE between plates.

ACTION

CORRECTIONS

1. Check that the piping is connected to the
heat exchanger at correct locations.

2. Openthe lower connection on one side, raise
pressure on the other side and by looking
into the open connection try to detect any
liquid from the pressurized side leaking in,
and if so - approximately how far inic the
plaie pack the leakage is located. If no
leakage is detected, the reason for the mixing
of media must be sought elsewhere. (see
paragraph 5).

3. |f a leakage was detecied, note the position
of the leakage along the plate pack and then
open the plate heat exchanger.

4. Before starting on the plates themselves,
check that the corner areas between the ring
and the field gaskets are clear, that the
leakage slots are open. This ensures that any
leakage is out of the plate heat exchanger
and is to atmosphere. Therefore no pressure
can build up to force the media across the
gasket sealing off the other fiquid.

5. If it has not been possible fo locate the
leakage as described in par. 2 above, it will
be necessary to check each single plate for
possible perforations, using any of the
following methods:

«put a strong light behind the plate and
watch for light coming through fine holes
or cracks.

* use a magnifying glass to check suspect
area.

* use a chemical penetrant, after having
cleaned the plates well.

1. Relocate piping to correct connections.

4. All deposits or material which can block
the free exit from the area must be
removed. If the leak channels of the
gasket have been destroyed, they musi be
reopened with a suitable tool, or the
gasket replaced.

5. Plates with holes must be replaced. The
PHE may be temporarily operated with a
reduced number of plates. See “LEAK-
AGE between plaies to the outside”.

8.3



SYMPTOM
PRESSURE DROP PROBLEMS,

Pressure drop has increased

ACTION

Fault detection

CORRECTIONS

Check that all valves are open including
non return valves.

Measure the pressure just before and
just after the heat exchanger, and the
flow rate. For viscous media a mem-
brane manometer with a diameter of at
least 30 millimeters should be used.
Measure or estimate the flow rate if pos-
sible. A bucket and a watch showing
seconds may be sufficient for smal! flow
retes. For larger flow rates, some type of
flowmeter is required. Compare the pres-
sure drop observed with the one speci-
fied for the actual flow rate. (see plate
print out)

1. | the pressure drop is higher than
specified, the temperature program
should also be checked:

11 If the thermometer readings
correspond to those specified, the
heat transfer surface is probably
clean enough, but the inlet to the
heat exchanger may be clogged by
some objects,

1.2 If the thermometer readings are
NOT corresponding 1o those
specified, heat transfer is obviously
dropping below specifications,
because of deposits on the heat
transfer surface, which at the same
time also increase the pressure
drop, since the passage becomes
narrower.

2. If the pressure drop corresponds to

the specifications, there is no need
for any action.

3. if the pressure drop is lower than

8.4

specified, the pump capacity is too
smalt or the observation is wrong.

1.1

1.2

See next paragraph,

Open the PHE and take out
whatever is clogging the
passage, or use the back-flush
system - if there is one - to rinse
out the cloggings.

If a “cleaning-in-place” system
is available, follow the
instruction and use it 1o wash
out the deposits. If not, open
the PHE and clean the plates.

See pump instruction manual,

AT



Fault detection

SYMPTOM: HEAT TRANSFER PROBLEMS

The heat transfer capacity is dropping

ACTION

CORRECTIONS

Measure temperatures at inlet and outlets
and also flow rates on both media, if
possible. At least on one of the media, both
temperatures and the flow rate must be
measured. Check to see if the transferred
amount of heat energy corresponds to the
specifications.

If great precision is important, it will be
necessary to use laboratory thermometers
with an accuracy of 0.2 degrees Fahrenheit,
and also to use the best equipment
available for flow measurements.

If the heat transfer capacity of the equipment
has dropped below specified values, the
heat transfer surface must be cleaned. Either
use the “cleaning-in-place” arrangement if
provided or open the heat exchanger for
visual inspection and manual cleaning.

NOTE: Contact the Alfa Laval Sales &
Service Division for CIP recommendations
(See Section 1).

8.5



9.1

Example only

Supplementary Parts

THE PARTITION PLATE - for special cases only.

If for instance, the thermal program requires that at
least one of the media is to flow in more than one
group through the plate package, there will be heat
transfer plates with fewer than 4 holes.

To prevent the thin metal collapsing under the
differential pressure, un-punched corners require
extra support.

The extra support is provided hy a partition plate -
approximately the size of a channel plate - made of
about 1/4" - 3/4" thick plate material with lined holes
where a free passage is required.

The partition plate is suspended from the carrying
bar. Where partition plates are required, in units
with 8" ports or larger, there will be one at every
turning point in a multi-grouped plate package.

.
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HAWTHORNE PACIFIC CORP. - OAHU
94-025 Farrington Hwy.

Waipahu, HI 96797

Fax: 676-0264

Department | Phone Hours of Operation

Sales 676-0205 07:30 - 04:00 p.m. Monday - Friday

Parfs 676-0200 07:00 - 04:00 p.m. Monday - Friday

Service 676-0312 07:00 - 03:30 p.m. Monday - Friday
or -0313

Aiter Hours, Weekends, and Holidays

Parts 676-0233

Service 864-4916 676-0313

Dave Andrews
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CALIFORNIA EMISSION CONTROL WARRANTY STATEMENT
YOUR WARRANTY RIGHTS AND OBLIGATIONS

The California Air Resources Board and Caterpillar Inc. {"Catergillar”) are pleased to explain the
emission contral system warranty on your 2011 and fater engine, In California, new off-road engines
must be designed, built, and equipped to meet the State’s stringent anti-smog standards. Calerpillar
must warrani the emissicn control system on your engine for the periods of $me listed below provided
here has been no abuse, neglect or improper maintenance of your engine. Caterpliiar must warrant the
smissien eonisol system on your engine for the periods of Sime listed below provided there has been no
abuse, neglect or improper maintenance of your engine,

‘four emissicn control system may include parts such as fuekinjection system and the air induction
system. Also included may be hoses, belts, connectors and ather emission-related assemblies.

Where a warrantable condition exists, Caterpillar will repair your heavy-duty off-road engine at ne
cost fo you including diagnosis, paris, and labor.

MANUFACTURER'S WARRANTY COVERAGE:

The 2011 and laler heavy-duty off-road engines are warranted for the warranty petiod set forth
befow, I any emission-related part on your engine is defeclive, the part will be repaired or replaced
by Caterpillar.

OWNER’S WARRANTY RESPONSIBILITIES:

—As the off-read engine owner, you are respansible for the performance of the required
maintenance fisled in your owner's manual. Caterpiliar recommends Lhat you retain ali receipts
covering maintenance on your cff-road engine, but Catermillar cannot deny waranty salely for
the lack of receipts o for your fallure to ensure the performance of all scheduled maintenance,

—As lhe off-road engine owner, you should however be aware that Caterpillar may deny you warranty
coverage if your off-road engine or a part has failed due to abuse, neglect, improper maintenance or
unapproved modifications.

~four engine is designed to cperate on diesel fuel only. Use of any other fuet may result in your
engine no longer operating in compliance with California’s emissions reguirements.
—ou are respensible for initiating the wamranty process. The ARB suggests that you present yaur

off-road engine to a Caterpiflar dealer as soan a8 & problem exists, The warranly repairs should
be complated by the dealer as expeditiously as pessible.

if you have any questions regarding your warranty rights and responsibiities, you should contact
Caterpillar Inc., Warranty Manager at 1-309-675-1000,

Emission Control Warranty for California

Caterpillar Inc. (Caterpillar) warrants fo the ulimale purchaser and each subseguent purchaser that
new nonroad diesel engines {including Tier 1 and Tier 2 marine propulsion engines < 37 kW and Tier 1
lhrough Tier 4 maring auxiliary engines < 37 kW, but excluding lecomotive and olher marine engines)
operated and serviced in Califomia, including all parts of their emission centrol system (“emission
related components™), are:

1. Designed, buill, and equipped so as to canform, at the time of sale, to alf applicable regulaticns
adopted by the California Air Resources Board (ARB),
2. Free from defects jn materials and werkmanship which cause the failure of an emission related

camponent to be identical in all maleria! respects to the component deseribed in Caterpillar's
application for certificalion for the warranly peried.

Warranty Period
The warranty period shall be the period of years or hours of operation specified in the following
{able, whichever occurs first, after the date of delivery to the ullimate purchaser.

cored povarin | At ed spead sz | [ S RN P
\c’:::;':l‘s';ﬁ‘:i"’ KW <19 Any speed 1,500 hoties or bwo yaars
Conslant speed 19 <KW <37 3,000 rpm or higher .50 hours or two years
Caonslant speed 18 <KW <37 Less than 3,000 rpm 3,000 haours o five yaars
Variable spead 18 <kW <37 Any speed 3,000 hours of five years
g::‘::lhal:tssie:c‘f{m kw > 237 Any speed 3,000 hours or five years

Any warranted part that is scheduled for replacement as required mainlenance is warranted for the
period of fme prior to the first scheduled replacement point for that part,

Any part repaired or replaced under warranty is warranted for the remainder of the warranty period..

Warranty Coverage
This Emission Centrol Warranly covers:

= All componenls whose failure would increase the engine's emissions of any poliutant, including
* Fuel Metering System
» Fuel injection system
* Air Induction System
= Controfied hot air intake system
= |nfake mantfold
= Turbocharger systems
= Charge air cooling systems
* Exhaust Gas Recirculation {EGR) Syslem
» EGR valve body
= £GR rate feedback and control sysiem
* Calalyst or Thermal Reactor System
= Catalylic converter
= Exhaust manifold
* Pariiculate Controls
= Traps, fiters, precipialors, and any other davice used to capture pariculale emissions
= Regenerators, oxidizers, fue} addilive devices, and any other device used io regenerate or
aid in {he regeneration of the particulate conlrol device
= Control device enclosures and manifolding
= Smoke Puft Limilers
= Advanced Oxides of Nitregen (NOx) Contrals
= Seleclive Calalyst Reduction
» Reductant {ureafluel) containersidispensing systems
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* Positive Crankcase Ventilalion {PCV) System
* FCV valve
= Qilfiller cap
* Miscelaneous |tems Lsed in Above Systems
* Vacuum, temperature, and time sensilive valves and switches
= Electronic controf units, sensors, solencids, and wiring hamesses
= Heses, belts, connecters, assemblies, clamps, fittings, lubing, sealing gaskets
or devices, and mounting hardware
= Pulleys, belts and idlers
» Emission contra] infarmation labefs
= Any olher part with the primary purpose of reducing emissions or that can increase
emissions during failure without significanlly degrading engine performance

= Components fram any other system developed o control emissions

« Damages to other engine components caused by a failure under warranty of any warranted pari.
This Eméssion Conlrol Warranty does not cover companents whose failure wauld not

increase the engine’s emissions of any pollutant.

Caterpillar Responsibilities

During the warranty pericd, if a defect in materials or workmanship is found which causes the
failure of an emission related component to be idenlica! in all material respecls 1o the componeni
as described in Caterpillar's application for certification, Caterpiliar will provide the fellowing at no
charge through a Cat dealer or ofher source approved by Caterpillar:

= New, remanufaclured, or repaired components (at Caterpillar's choice) required to correct
the defect. Note: emission related components replaced under warranty become the property
of Caterpiltar.

* Reasonable or customary laber, during normal werking hours, needed to comect the defect,
including labor for remaval and installation when necessary to make the repair

I an emergency, repairs may be performed at any service establishmanl, or by the user.
Caterpillar will reimburse the user for their expenses including diagnoestic charges for such
emergency repair These expenses shall not exceed Caterpillar's suggested relail price for all
warranted emission refated components replaced, and 1abor charges based on Calerpiliar’s
recommended time allowance for the warranly repair and 1he geographically appropriate hourly
labor rate. An emission refated component not being available wilhin 30 days or a repair not
being complete within 30 days conslitutes an emergency,

User Responsibilities

During the warranlty period the user is responsible for the following:

= Praviding proof of defivery date to the vllimate purchaser

= Parts shipping charges in excess of those lhat are usual and cusiomary.
= Premium or gvertime labor costs,

= {ocal taxes, if applicable.

= Costs to investigate complaints which are not caused by a defect in Calerpillar material or
werkmanship,

Providing timely nafice of a warrantable failure and premptly making the preduct available for
repair The warranly repairs should be completed in a reasonable amount of fima, nat te exceed
30 days,

Presenting replaced emission related components and validated invoices at a place of business
of a Cat dealer or other source approved by Caterpiliar, as a condition of reimbursement,

* Proper maintenance of the engine, at the owner's expanse, including ali recommended
maintenance and fluid changes at scheduled intervals, and use of proper fugl, oil, lubricants,
coolant, and fiters, Caterpillar recommends that you retain all receipls and records covering
the maintenance on your engine, but cannot deny warranty solely for the lack of receipts and
records of for your faifure to ensure the performance of alf scheduled maintenance.

Malnienance, replacement, or repair of the emission control devices and systems may be performed
by any eff-road engine repair establishment or individual using certiffed aff-road engine parts, The vser
should ensure that such paris are equivalent in design and durabifity to genuine Cat parts. Use of non-
genuine Cat parls doas net invatidate the waranty, However, Calerpillar is nol liable tor parts that are
not genuine Cat parts,

Limitations

In addition to any othar limitations stated herein, Caterpillar is not responsible fer failures of emission
related compenents dua to:

* Any use or installation thal Caterpillar judges improper.
« Attachments, systems, accessories, components or paris not sold nor approved by Caterpillar
* The use of add-on or medified parts that are not exempted by the ARB,

luding the in ion

= Abuse, neglect, vandalism, or impraper engine mai e ar repar, i
of parls or assembled compornents in contaninated systems.

Fire, accident, acts of God or other events beyond the cantral of Caterpiltar

User’s defay in maling the product available after being notified of a potential product problem.
Unautharized repairs or adjusiments and unauthorized fuel setting changes.

Calerpillar is nol responsible for damages to paris, fidiures, housings, attachments, and accessory
items that are not part of the engine {inciuding any products of other manufaclurers packaged and
sold by Caterpitlark.

This warranly is in addition te Caterpillar's standard warraniy, applicable to Ihe off.road diese! engine
product involved,

NEITHER THE FOREGOING EXPRESS WARRANTY NOR ANY OTHER WARRANTY BY
CATERPILLAR, EXPRESS OR IMPLIED, S APPLICABLE TO ANY ITEM CATERFILLAR
SELLS THAT IS WARRANTED DIRECTLY TQ THE USER BY 175 MANUFACTURER.

THIS WARRANTY IS EXPRESSLY IN LIEU OF ANY OTHER WARRANTIES, EXPRESS
CR IMPLIED, [NCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR
APARTICULAR PURPOSE. REMEDIES LINDER THIS WARRANTY ARE LIMITED TO THE
PROVISION OF MATERIAL AND SERVICES, AS SPECIFIED HEREIN, CATERPILLAR IS
NOY RESPONSIBLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES.

Customer Assistance

Caterpillar aims to ensure that lhe Emissian Centrol Systems Warranty is properly adminislered. In
the evenl that you de not receive the warranty service to which you believe you are entitied under the
Emission Contral Systems Warranty, write: Caterpillar Inc., 100 N, E. Adams St., Peoria, 1L USA 61629,

Effective for engines manufactured on or after 01 June 2010

.



Federal Emission Cantrol Warranty

Catesplllar Inc, (Calerpillar) wamrants ta the ullimate purchaser and each subsequent purchaser that
new nonroad diesel engines and staticnary diesel engines fess than 16 liters per cylinder (including
Tier 1 and Tier 2 marine engines < 37 KW, but excluding locomotive and other marine engines)
operated and serviced in the United States and Canada, including all parts of their emission

cantrol systems (“emission related companents”), are:

1. Designed, buill, and equipped sc as 1o conform, at the time of sale, wilh applicable emission
standards preserbed by the United Stales Environmental Protection Agency (EPA) by way
of regulation.

2. Free from defecls in materials and workmanship in emission refated components 1hat can cause the
engine {e fall to conferm te applicable emissicn standards for the warranty period.
VWarranty Period

The waranty periad shall be the period of years or hours of cperation specified in the following table,
whichaver occurs first, atter the engine is first placed inlo service,

H your engine i And its maximum . .. Than its warranty period s
certified as: powaer is; And its rated speed ist {whichever occurs first):
Variakle speed or KW <18 Any speed 1,500 howrs ar lwrs years
constant speed

Canstant speed 19 <KW <37 3.000 rpm or higher 1,500 hours or byo years
Congtant speed 19 <KW <27 L.ess than 3,000 pm 2,000 heurs or five yaars
Variabie speed 15 < kW <37 Any =peed 3,000 havrs or five yeais
Variable speed of

sonstant speed KW 37 Any speed 3,000 hours or five years

Any warranied part that js scheduled for replacement as required maintenance is warranted for the
peried of time prior 1o the first scheduled reptacement point for that part.

Any parl repaired or replaced under wamanly is warranted far the remainder of the warranty period.
Warranty Coverage

This Emission Control Warranty covars:

* All cemponents whose falfure would increase the engine's emissions of any pollutant, incud-
ing any engine parts related to the fallowing systems: 5

1. Air-induction system

2. Fuel system

3. Ignition system

4. Exhaust gas recirculation systems
= The following paris are also covered;

1, Afterfreatment devices

2. Crankcase ventilation valves

3. Sensors

4, Electronic contral units

= Companents whose only purpese is to reduce emissions or whose failure wilt increase emis-
sians without significantly degrading englne performance,

= Components from any other system developed o coniral emissions,

This Emission Control Warranty does nol cover components whose failure would net increase
the engine’s emissions of any poliutant.

Caterpillar Responsibilities

During the warranly period, if a defect in materials or workmanship is found in an emission
related cormnponent that can cause the engine to fai ta conform ta applicable emission standards,
Caterpillar wil pravide the fallawing at na charge through a Cat dealer ar ather source approved
by Caterpillar:

= New, remanufaclured, or repaired components (at Caterpiilar's choice) required fo corect
the defecl. Note: emission related components replaced under warsanty become the property
of Caterpiflar.

= Reasonable of custamary Jabor, during normal working hours, needed to correct the defect,
including laber for removal and instaflalion when necassary e make the repair.

In an emergency, repairs may be performed at any service establishment, or by the user. Caterpillar
will reimburse the user for their expenses including diagnastic charges fer such emergency repair.
These expenses shall not exceed Calerpillar's suggested retail price for all warranted emission
selated companents replaced, and labor charges based on Caterpillar's recommended lime
allowance for the warranty repair and the gecgraphically appropriate hourly labor rale. An emission
related component ot being available wilhin 30 days or a repair not being complete within 20 days
canstitutes an emergency.
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User Responsibilities
During the wamanty pericd the user is responsitle for the following:
* Providing proof of date the engine was first placed into service,
* Paris shipping charges in excess of those that are usual and customary,
= Premium or overlime labar cests.
Local taxes, if applicable. { )
Costs to investigale complaints which are not caused by a defect in Catarpillar malerial
or werkmanship.

Praviding mely notice of a warrantable failure and prampily making the product available
for repair. The warranly repairs should be completed in a reasanable amount of lime, nat fo
exceed 30 days.

Presenting replaced emission related components and validated invoices al a place of business
of a Cat dealer or other source approved by Caterpillar, as a condition of reimbursement,

Proper maintenanice of the engine, at the ownar's expense, including all recommended mainte-
nance and fluid changes af scheduled intervals, and use of proper fusl, off, lubricants, coslant,
and fillers, Calarpillar recommends that you retain all receipts and records covering the main.
tenance on your engine, but cannot deny warzanly solely for the fack of receipts and recerds or
for your failure {6 ensure the perfarmance of all scheduled maintenance,

HMaintenance, replacement, or repair af the emission cenlrol devices and systems may be
performed by any nonroad engine repair establishment or individual using cerlified nonraad
engine paris. The user should ensure that such paris are equivalent in design and durability
to genuine Cat parts. Use of nan-genuine Cat parts does nol invalidate the wamanty. However,
Caterplllar is not liable for parts that are not genuine Cal pats..

Limitations

In addition to 2ny olher limitations stated herein, Calerpillar Is not responsible for failures of
emission refated components due to:

" Any use or installation that Caterpillar judges improper,

= Abuse, naglect, vandalism, or impraper engine maintenance or repalr, includifig the installation
of parts or assembled compenents in contaminated systems.

* Fire, accident, acts of God cr ofher events beyond the control of Caterpillar.
» User’s delay in making the product available after being notiied of a potential preduct problem,
* Unauthorized repalrs or adjusiments znd unauthorized fuel setting changes.

Calerpillar is not responsible for damage to parts, fixtures, housings, allachments, and accessory
itemns 1hat are not part of the engine {including any products of other manufaclurers packaged and
sold by Caterpillar),

This Emission Contrel Warranly is in addition to Caterpillar's standard warranty, applicable tc the
nenroad or statienary diesel engine product invalved. Caterpiliar is not zesponsible for damages to
other engine components caused by a failure of an emission related component, unless otherwise
coverad by standard warranty,

NEITHER THE FOREGOING EXPRESS WARRANTY NOR ANY GTHER WARRANTY BY
CATERPILLAR, EXPRESS OR IMPLIED, IS APPLICABLE TO ANY ITEM CATERPILLAR
SELLS THAT IS WARRANTED DIRECTLY TO THE USER BY |TS MANUFACTURER.

THIS WARRANTY IS EXPRESSLY IN LIEU OF ANY OTHER WARRANTIES, EXPRESS

OR IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR
APARTICULAR PURPOSE, REMEDIES UNDER THIS WARRANTY ARE LIMITED TO THE
PROVISION QF MATERIAL AND SERVICES, AS SPECIFIED HEREIN, CATERPILLAR IS

NOT RESPCONSIBLE FOR INCIDENTAL OR GONSEQUENTIAL DAMAGES, §L

Customer Assistance

Calerpiltar aims 1o ensure that the Emission Control Warranty is propery adminislered. In the
event that you do nol receive the warranly service to which you believe you are enfitled under the
Emission Centrol Warranty, write: Caterpillar Inc., 100 N. E. Adams St,, Peoria, IL USA 81629,
Authorized dealers are recornmended for maintenance and repalr work as they are staffed with
trained personnel, proper tools, and are aware of the latest maintenance melhods and procedures.
Owners and alhers who desire to perform their own work sheutd oblain current service infermaticn
from their Cat dealer.

Effective for engines manufactured on or afier 01 June 2010
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