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Introduction

Exceptional value is built into every Caterpillar engine. Whether the application is electric power
generation, marine propulsion, industrial, or petroleum; the goal of the Caterpillar factory and dealer
network resources is to provide the end-user with years of dependable, economical service. One of the
key factors involved in ensuring optimum service life and operating efficiency is the suitability of the
installation. The engine must be properly installed in an environment where it functions as designed and is
properly maintained.

This booklet is designed to be used as an on-the-job reference guide in conducting Caterpillar engine
installation audits, commissionings, and performance analyses. Its use is intended only for engineers and
technicians knowledgeable of the concepts and principles contained in the reference publications. The
publications on the following page should be consulted if detailed information on the subject is desired.
Additionally, whenever engine performance data such as heat rejection and air flow is available in the
Caterpillar Technical Marketing Information (TMI), it should be used instead of the Rules of Thumb
contained in this guide.

An additional pocket reference for servicemen working with electrical equipment is "Ugly's Electrical
Reference"”, FORM #SEBD0983.

A pocket reference for Marine Applications is available. It is called "The Marine Analyst Service
Handbook", FORM #LEBWV4830.

Materials and specifications are subject to change without notice.
June, 1990 - First Edition

September, 1992 - Second Edition

July, 1994 - Third Edition

May, 1996 - Fourth Edition

October, 1997 - Fifth Edition

Reference Publications

Marine Engine Application and Installation Guide LEKM9213
Marine Engine Sea Trial Guide LEBM6302

Generator Set Application and Installation Guide LEBX6213



Petroleum Engines Application and Installation Guide LEBW5119
Spark Ignited Application and Installation Guide LEBH6154

3600 Application Guide LEKX1002

Generator Set Electrical Fundamentals LEHQ8054

On-Site Power Generation Handbook LEBX4457

Service Information Manual for EPG Products SEBU6126

Operation and Maintenance Management Manual by engine model 1

Maintenance Manual for Spark Ignited Engines SEBU6127

Engine Performance Book by engine mode 2
Truck Performance Diagnostic Guide SEBD0808
Oil and Your Engine SEBD0640

Diesel Fuels and Your Engine SEBD0717
Coolant and Your Engine SEBD0970

Cooling System Field Test LEKQ7235

IListed in Engine Publications List, SEFD3442-52

2|isted in Engine Division Advertising and Training Support Directory
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Cooling System

Delta T-Flow Relationship
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Piping Design - Flow Relationships

Recommended Coolant \elocities

Jacket Water: 2-8 FT./SEC. (0.6-2.5 M/SEC.)

Sea Water: 2-6 FT./SEC. (0.6-1.9 M/SEC.)

Maximum Fresh Water \elocities for 3600 Engines
Pressurized Lines: 14.8 FT./SEC.) (4.5 M/SEC.) Max.

Suction Lines: 4.9 FT./SEC. (1.5 M/SEC.) Max.

Pipe Dimensions - Standard Iron Pipe
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Resistance of Valves and Fittings to Flow of Fluids
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This chart is for illustrative purposes only. Do not attempt to use this for measurement. Refer to
Application Installation Guides for full scale measurements.

Flow Restriction of Fittings Expressed as Equivalent Feet of
Straight Pipe




Flow Restriction of Fittings Expressed as Equivaleri Feet of Strai?ht Pipe
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Strainers:

As a general rule of thumb, strainers should be of adequate capacity to create no more than 1.5-2.0 psi
(10-14 kPa) of pressure drop under clean strainer conditions at maximum flow.

Typical Friction Losses of Water in Pipe - (Old Pipe) (Nominal Pipe
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Typical Friction Losses of Water in Pipe (cont.)
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Velocity vs Flow

VELOCITY vs FLOW
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VELOCITY vs FLOW

TUBE SIZES FROM 1" TO 5" 0.D.{25.4 mm to 127 mm}
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Coolant Chemical and Physical Properties

Minimum Acceptable Water Characteristics for Use in Engine Cooling Systems

Coolant Chemical and Physical Frupt:erties
Minimum Acceptable Water Characteristics for Use In Engine Cooling Systems

" Properties Limits ASTM® Test m.ath.:ﬁs: o
Chiorice (CI3, grigal (ppm) 2.4 (40) max, 512k, D51 :—":, E:; #
Sulfate {504), grigal (ppm}) 5.9 {100} max, 05160, D516d, 2

Tolal Hardness, gr/gal (ppm) 190 (170 max E: ; Eg;
Total Solids, grigal {ppm) 20 (340 max. o

H ) 5.5-0.0 01293
p 5

' American Society for Testing and Matarials

Boiling Point of Coolant at Varying Antifreeze Concentrations




Boiling Point of Coolant
at Varymg Antifreeze Concentrations

”_"_—__"_'_I';mperature at Which
% Coolant with Ethylene
____Concentration | Glycol Will Boil’
20 ‘ 103°C (217°F)
30 104°C (219°F)
40 106°C (222°F)
50 108°C (226°F)
80 111°C (231°F)
70 114°C {238°F)
At sea Ievel

Protection Temperatures for Antifreeze Concentrations?

Protection Temperatures
for Antifreeze Concentrations’

___ Protection to: Concentraton
—15°C (B°F) 30% antifreeze, 70% water
—24"C {—12"F) 40% antifreeze, 60% water
—37"C (-34°F) 50% antifreeze, 50% water
—52°C (—62°F) 60% antifreeze, 40% water

' Ethylene glycol-based antifreeze.

1Ethylene glycol-based antifreeze.

Barometric Pressures and Boiling Points of Water at Various
Altitudes

Barometric Pressure



Altitycle Inches Mercury Lbk. per Square Inch Feet YWater Point Water Beiling
Sea Level 2882 In, ’ 1468 RS 3395 FL 21z°F
1000 Ft. 28.856 In. 1416 PS.L 32,60 . 210.1°F
2000 Ft. 27.82In. 13866 P51 31 .42 FL 206.3°F
3000 Ft. 26.81 In, 1316 P51 30.28 Ft. 206.5°F
4000 FL 25.84 In. 1268 PS.L 2920 Ft. 204.6°F
5000 Ft. 2489 1In. 1222P51 2810 Ft 202.8°F
G000 Ft. 2398 In. : 11.77 PS5, 27.08 Ft. 201.0°F
TO00 Ft. 23.09 In. 11.33 P& 28.08 Fi. 199.2°F
GO0 Ft. 22.22 In. | 10,81 RS, 2510 Ft. 197 4°F
9000 Ft. 21.38 In, | 10.50 P51 2415 Ft 195.7°F
10000 Ft. 20.58 In. ‘ 1010 RS 2325 FL. 194.0°F
11000 Ft. 18.75 In. i 2.71 PS.L 2230 Ft. 192.0°F
12000 FL 19.03 In. | 9.34 BS. 2148 Ft 190.5°F
13000 Ft. 1829 In. ' 597 P51 20.65 Ft. 188.8°F
14000 Ft. 17.57 In. BEZPS 19.84 Ft. 187.1°F
15000 FL. 16.88 In. 828 RS., 13.07 Ft. 185.4°F

Caterpillar Diesel Engine' Antifreeze Protection Chart (Fahrenheit)

Caterpiliar Diesel Engine!
Antifreaze Protection Chart
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1Also for use in natural gas engines

Caterpillar Diesel Engine’ Antifreeze Protection Chart (Celsius)




Caterpillar Diese! Engine?
Antitraeze Protection Chart
(Ceisiusg)
Gallons or Quarts Antifresza Concentrate
_? 1 4 5 B 7 H.E. 10 1.1._12 ‘_13 t4 1_5I1l- 17 _iﬂ 19__
i-15]-57 _ I I N N
28| -44 : ] :
22|ar] o
S1E | -20 44

1

R =

LL=T -]
c D)
i
1
:
|
[N T —
=
e

%0 [is[es,ar|sz|
& 2alaciaz [T T | ' J
5.12 A ST ETE T ‘ T T
5 13 [16]-22 31 a2 oo T T
PL | 81:-28 3T |47
- P 18] 25| az]-a1 sz T
Rl 16]-22 29,37 -4 ] ]
=] 18]-76;-32| 41 -1
Ewl ] 1 T S
£ 15| 2a[29) 57 44| S
@ 13 LIETETAR 1 ETIETI I N
o 20 1919 |24 -30|-37 |44 -5% Hoq .
o 8leafaalaeas|arl T ) T 4‘
E 22j 17 -21(-28|-30[-a7 [42]-5 " : ’ ;
% o 15 18|28 z8|a3|aalee] T | T
'::134 f ; 1822 a7 a1 a7 [4z] s
£ A7 21|24 28,33 |20 a5 |2
- j_{ | eivs]e2 2w a7z lae : |
g A _~‘ i 18e2 2l o 33]agi-da] s . _‘
w s . [7]er|ea e8| wt [ar ] | a7
mt T | | L [18]-18| 22, 26| 30] | 3e] 4 [ 51 .
¥ ! AR B A R R A T o
- r e _|ar]e]es:27[-30[2a |30 |-4a @]
| S 16 1822 26(2% 32(37 41|46 &1

'Alac for use in natural gas englies

1Also for use in natural gas engines

pH Scale for Coolant Mixture
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Temperature Regulators

Temperature Regulatars

CAT Opening Fully Open
Part No. Temperature* Temperature
4W0018 27°C (81°F) 37°C (39°F)
7C0311 45°C (113°F) 55°C (131°F)
7E1237 68°C (154°F) 81°C (178°F)
4P0301 68°C (154°F) 81°C (178°F)
4W4011 77°C {170°F) 89°C (182°F)
7E6210 77°C (171°F) 89°C (192°F)
7N0208 79°C (175°F) 91°C (196°F)

~ ON2824 79°C (175°F) 92°C (197°F)
7E7933 83°C (181°F) 92°C (198°F)
AWA4794 84°C (183°F) 92°C {198°F)
7N8469 88°C (190"F) 96°C (205°F)
7C3095 88°C (190°F) 98°C (208°F)
AW4842 88°C (190°F) | 98°C (208°F)
7W0371 95°C (203°F) | 104°C (219°F)
3Y7022 100°C (212°F) | 110°C (230°F)
9YB966 110°C {230°F) | 129°C (265°F)

* Normally stamped on regulator

New Temperature Requlators - 1330, 1355; 3606 (8RB), 3608 (6MC), 3612 (9RC), 3616




(1PD) Industrial Engines

The 3600 Family of Engines has three sets of temperature regulators. The regulators are the jacket water
(JW) inlet control, the oil cooler and aftercooler (O/C and A/C) inlet control, and the oil cooler oil
temperature control. The chart identifies the new and former regulators. The recommended service hours
of temperature regulators is every 6000 service meter hours or annually, whichever occurs first.

Mew Regulator | Former Regulator Nominal Temperatune

Application Part Mo. Part No. Temperature"C (°F) Range“C ["F)
JW Inlet Control Distilats Fusl Bl4857° _ 4W4rs4 20 {154)° | 85-85 (185-203)
JW Inlet Control Distillate Fuel Bl49a0? W47 87.5(189.5) Bz-82 {1?9.5-19?.65"
JW Irlet Contral Residual Fuosl Gl4956 TC3085 93 {199.4)¢ 86-58 (190.4-208.4)
OYC-AC Inlet Control Distillate Foel Bl4052 o311 45 (118) 48-50 (114.8-122)
CHG-AC Inlet Contrel Residual Fuel 6l4063% 4Wota 32 (69.6) 27-37 (B0.8-98.6)
{Two Slep) Bl4951 TE1237 75 (167) 68-81 (154.4-177.8)
Cit Cooler BlBEA: FEBZ10 B3 (181.4) 76-89 {(168.8-192.2)
il Cooler | Bl4955 4P0301 75 (167) 68-81 (154.4-177.8)
MOTES: 1. Jacket walar tharmaostate contral jJackat water inlst temparaturs, while water tsmperature gauge réads outlet

temperaturs,
If the2 exiernal cooling syslem has the proper restriction and the engine is cperating at wull load, the outlet tom-
perature will be apprax. 9°F abowve inlat tamperature.

2. These part numbers are recommended for inland tow boat applications.

3. Aemate thermostats used if aoplication has an outler tempearature of 210°F

Diagnostic Tooling

Self-Sealing Probe Adapters:

Diagnostic Tooling
Self-Sealing Probe Adapters:

- Size | CAT Part No.
' 4 NPT 5P2720
- A NPT 5P2725
h 14" O-ring 4C4547
B s Q-ring 5P3591
B %" O-ring | ACA4545 B

Pressure Probe l _ sP2718 _

Coolant Expansion Rates
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As a rule of thumb, expansion tanks should have a capacity of 16% of the total system coolant volume for
expansion plus reserve.

Densities of Liquids [at 60°F (16°C)]

Densities of Liguids [at 60°F (16°C)]

.I_q'quld

IS, gal Ibfcu ft kofou meter | Specific Gravity
Watar, Fresh a3 621 034 6 1.00
wWater, Saa ARG 63.6 1018.3 1.02
WaterGlyoo B.55 G 0 1024 .4 1.03
o el Fuel 71 531 8307 0 85_5
Lube il 7.6 HE B 90%.7 0816
Kérase na | & T &0 8027 Q807

Supplemental Coolant Additive (Conditioner or Inhibitor)

0% - B0 Anlifrooze solut or
Water 07y coalam ..

Caterpillar recommends using antifreeze in the coolant mixture to get maximum life from cooling system

components. 30% is minimum recommendation.

SCA %
3% 10 6%

6% lo A%
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Exhaust System Formulas

Water Cooled Exhaust

There are two basic types of exhaust systems used. The two systems are "wet" (water cooled) and dry
exhaust systems. The main consideration is to design the system to remove the exhaust gases from the
engine room and limit the backpressure to a minimum.

The limits for a given engines' exhaust backpressure can be located in the TMI system. In general terms
the backpressure limit is 27 inches of water for all Caterpillar turbocharged/turbocharged aftercooled
engines. 34 inches of water is the limit for naturally aspirated engines. The 3600 series of engines have a
limit of 10 inches of water. Some special rating, such as the 435 Hp 3208 E rating have a limit of 40 inches
of water. You need to determine the limit of your engine, rating and then size the exhaust system to be
below the limit. Remember that the closer you get to the limit the more affect the exhaust backpressure
will have on the performance of the engine.

Many "wet" exhaust systems utilize an exhaust riser to help prevent sea water from entering the engine
through the exhaust system when the engine is not operating or when the boat is "backed down" quickly.
As a general rule of thumb the riser should be at least 22 inches above the level of the sea water to the
lowest portion of the riser.

The minimum water flow requirements to a wet exhaust system can be calculated by using the following
formula.

v

— Vi " :

Flow - X8 = Ne cioe = YO XN
EBC00 B

~ e
E_BE‘FEE = Metri

Flow = Gallons per minute (L/min)

Vd = Engine displacement [cubic inches (liters)]
Ne = Rated speed (rpm)

66,000 = constant for gallons

285.785 = constant for liters

A water lift muffler is also common in some of the smaller pleasure craft. If a water lift muffler is to be
used the following are some points to pay close attention to.



1. Size the muffler outlet for a minimum exhaust velocity (gas only) of 5000 ft/min at rated engine
power and speed. The following formula will give the maximum pipe diameter, "De" that can be
used to insure the 5000 ft/min velocity.

My — 77 A4 Ay
De -019 v Qe De = 2867 Q¢ = Metric

De = The maximum water lift exhaust outlet pipe diameter [inches (mm)]

Qe = Exhaust flow rate from the muffler [cfm (m3/min)]

2. The tank itself should be of sufficient size. A rule of thumb would be at least 8 cubic inches per
rated horsepower.

3. The inlet pipe to the tank should be truncated near the top of the tank.

4. The outlet pipe should extend to near the bottom of the tank (about 1 inch from the bottom) and
should be angle cut (mitered) to increase exit gas velocity at lower loads and flow rates.

5. A siphon break should be installed between the exhaust elbow and the high point of the outlet
pipe from the muffler.

Dry Exhaust

The dry exhaust system has some typical points that need to be considered as well.

1. A flexible connection at the engine exhaust outlet. No more than 60 pounds of exhaust piping
weight should be supported on the flexible connection.

2. Flexible connection(s) are installed on the horizontal portion and on the vertical stack of the
exhaust system.

3. Horizontal portions of the exhaust system are sloped away from the engine.

4. A spray shield/rain trap is used on the exhaust outlet.

The exhaust gas flow rate for a given engine and rating can be obtained from the TMI system. It can
be closely estimated by using the following formula.

_{Te +460) x Hp e ATe+ 273) X Y
- 214 312652

= Metric

(e

Qe = Exhaust gas flow rate [cfm (m3/min)]
Te = Exhaust gas temperature [°F (°C)]
Hp = Engine rated horsepower (kW)

After you have determined the exhaust gas flow rate the exhaust system backpressure can be calculated
using the following formula.

Lo x 8 x Gke”
it x 56 x Qe X JE00000

. = Metric
187 ~ o o

ar =

P = Exhaust system backpressure [inches of water] or kPa



Lte = Total length of piping for diameter "d" [ft (m)]
d = Duct diameter [inches (mm)]

Lte is the sum of all the straight lengths of pipe for a given diameter "d", plus, the sum of equivalent
lengths, "Le", of elbows and bends of diameter "d". Straight flexible joints should be counted as their
actual length if their inner diameter is not less than "d".

Le = equivalent length of elbows in feet of straight pipe
Standard elbow - Le (ft) = 2.75 x d (inches)

Long elbow - Le (ft) = 1.67 x d (inches)

45° elbow - Le (ft) = 1.25 x d (inches)

NOTE: "Le" results are in feet but "d" must be in inches
Le = equivalent length of elbows in meters of straight pipe
Standard elbow - Le = 0.033 x d = (metric)

Long elbow - Le = 0.020 x d = (metric)

45° elbow - Le = 0.015 x d = (metric)

NOTE: "Le" results are in meters but "d" must be in mm

Qe = Exhaust gas flow [cfm (m3/min)]

Se = Specific weight (density) of exhaust gas [Ibs/cu. ft. (kg/m®)]

The specific weight of the exhaust gas is calculated using the following formula.

ahE 357 :
De = : Se - ————— = hletric
(Te + Anl) F Ta + 2731 °C

Se = Specific weight [Ibs/cu. ft./kg/m3)]
Te = Exhaust gas temperature [°F (°C)]
d = pipe diameter [inches (mm)]

The values of Lte, Se, Qe, and d must be entered in the units specified above if the formula is to yield
valid results for backpressure.

To get the total exhaust pressure you must add to the answer from the above formula the pressure drop of
the muffler. The pressure drop for Caterpillar mufflers is available in the TMI system.

Exhaust gas velocity should also be checked. If the velocity is too high, excessive noise or whistle may
occur and inner pipe and wall surfaces may erode at an unacceptable rate. As a rule of thumb, the velocity
is best kept to 18,000 ft/min or less. The velocity can be calculated using the following formula:



183 = Qo 1270691 82 % Qo
"-JC' :_ﬁl"— Ve fiel d
= :

= Mefrio

\e = Exhaust gas velocity [ft/min (m/min)]

Qe = Exhaust gas flow rate [cfm (m3/min)]

d = Pipe diameter [inches (mm)]
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Exhaust System

Thermal Growth Allowance

Thermal growth of exhaust piping must be planned to avoid excessive load on supporting structures. Steel
exhaust pipe expands 0.0076 inches per foot of pipe for each 100°F rise of exhaust temperature (1.13 mm
per meter for each 100°C). This amounts to 0.65 in (16.5 mm) expansion for each 10 ft (3.05 m) of pipe
from 100° to 950°F (35° to 510°C).

Exhaust Bellows Installation Limitations

Exhaust Bellows
Installation Limitations

= FREE LENGTH —

1
1
|
|
ot
[

L

i
=
g
—r



If bellows-type exhaust fittings are distorted beyond limits in table while engine is operating at full
throttle, service life will be greatly reduced. Flanges must be parallel.

Exhaust Bellows Installation Limitations

Exhaust Bellows Installation Limitations

A = Max Oifsel B = Max Compression C = Max Extension
Betwesan Flanges From Free Length Flmm Free Length
in. {mmj) in. {mm} in. (mm)
8 in, (200 mm b 0 150 38.1 1.00 254
{and : 012 3.05 0.90 Egg Egg %?1
10 in. {254 mm {.25 B.35 060 15, ; .
( J 0.36 $.60 040 10.2 0.20 5.08
70 Evin 0.50 12.7 023 5.8 0 0
Spring Rale 0.75 191 o 0 1] Q
[ 0 1.50 381 égg ?gf
12 in. 12 aA.405 .90 2249 ] 7
Sl .25 6.35 0en 152 0.258 11
194 Ikiin 0,38 865 0.40 102 a0 g.ﬂ'ﬂ
Spring Rate 050 12.7 .23 5.8 ] 5
0.75 181 0 0 o

Exhaust Bellows installation Limitations (cont.)

A = Max Offset B - Max Compression C = Max Extension

Between Flanges From Free Length From Free Length
in. imm) | in. {mm) in. {mm)
¥ 0 3.80 80.08 E.EE g%gg

14 in. (356 mm 012 3.08 285 72.38 2. ;

; ] 025 6.35 1.70 4318 2.06 52 32
100 1brin 0.38 3.8% 0.55 13.97 :20'6 ?F'.'JE
Spring Hate 0.44 11.2 0 0 2.08 52.32
0.50 127 0 Q 2.06 ?532
075 19.1 o 0 2.08 52.32

] 0 £.30 160.0 3.28 SE:;]

18 in. {457 mm 0.12 3.05 546 138.7 3.28 3.31

{ } 0.25 G.35 4.55 1126 3.28 83.2

110 Ibfin 0,38 9.65 3.64 Q2.46 376 B3.31
Spring Rate .44 11.2 2.80 71.12 328 B3.31
Q.50 18.05 1.05 26.67 3.28 B23.31

0.75 2Z.B6 ¢ d 328 83.31

Piping - Back Pressure

Pressure drop includes losses due to piping, muffler, and rain cap.

Calculate backpressure by:

L X3S > 0

P {psi) =
P B X D

LxS = {Fx 10000

S o b
C.O0Z2/7787 = D

P = Backpressure (psi) (kPa).
psi = 0.0361 x inches water column.

kPa = 6.3246 x mm water column.




L = Total equivalent length of pipe (feet) (meters).
Q = Exhaust gas flow (cfm) (m3/min).
D = Inside diameter of pipe (inches) (mm).

S = Specific weight of gas (Ib/ft3) (kg/m3).

—— 39.6
SO s o . _
Exhaust Ternperalure + 460°F
S l::L(__E.]J'IIH-‘lf} i 352.05

Exhaus: Terr*.perature v 273.167C

To obtain equivalent length of straight pipe for each bend:

=33 % 2 Stam_j:.ard £ Dw
IHadiis = Diamear)

X
L long Elbow

X {Radus Geeater Than » *.5 Diameter)
D

b

Suare Elbow

Where x = 12 in. or 1000 mm.

Exhaust Pipe Diameter to Meet Back Pressure Limits (English Units System)

Cfisa
- \ 147 P

P = Backpressure Limit (inches of water column)
D = Inside diameter of pipe (inches)
Q = Exhaust Gas Flow (ft3/min.) See engine performance curve

L = Length of pipe (feet) Includes all of the straight pipe and the straight pipe equivalents of all elbows

S = Specific weight of gas (Ib/ftS)



S {lbeft) =

Exhaust Pipe Diameter to Meet Back Pressure Limits (Metric Units System)

-~ \b 3600000 L5Q
" [
P = Backpressure Limit (kPa)
D = Inside diameter of pipe (mm)
Q = Exhaust gas flow (m3/min.) See engine performance curve
L = Length of pipe (meters) Includes all of the straight pipe and the straight pipe equivalents of all elbows
S = Specific weight of gas (kg/mq)

3o

Exh.
Temp.

Sk =

N :J—..-B:-C

Smoke Measurement

~ Typical Smake Guidelines* — % Opacity

; Standby Generator Sets
Test Standard Engine and
Conditions Ratings Other High
Performance Engines
High Idle 15% 20%%
Full Load 10% 20%

" General guidelings only. Do not consider as rigid specifications.
Sen Special Instruction SEHSE731 for mare information.
Smoke Meter Group: 873140

Smoke Meter Conversion Chart (Sample)



OPACITY

0 T 1
BOSCH — 15

100G | 1
20% BOSCH —
S.DU_.-'D $

\ BOSCH - 30
40y \ :
5000 |

BOSCH - 40
v ] { ‘
OPAGITY BOSCH - 50
VS
.. | STACK DIAMETER
70 ™ (DATA FROM A\
SMOKE METER
CONVERSION
CHART)

800

| i

] !

C 5 10 15 20 25§

STACK DIAMETER
i nches)
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Heat Recovery Systems

NOTE: Use only TIF heat rejection data for heat recovery calculations, DO NOT USE RULES OF
THUMB.

Conversions:

One Boiler HP = 558 BTU/min = 33,475 BTU/hr = 9.8 kW

One Refrigeration Ton = 200 BTU/min = 12,000 BTU/hr = 3.5 kW

Recoverable Exhaust Heat:

Heat recovery mufflers economically recover about half the engine exhaust heat. Exhaust exit
temperature above 300°F (149°C) discourages condensation in ducting.

Recoverable heat is obtained from the engine manufacturers but can be estimated by:
Q=CpM (T1-Tp)
Where:
Q = Recoverable Heat (Btu/h)
Cp = Specific Heat (Btu/lb per °F)
Diesel Engines - 0.258
Gas Engines - 0.279

T1 = Exhaust Gas Stack Temperature °F
T, = Exhaust Gas Exit Temperature °F (300°F Minimum)
M = Exhaust Mass Flow (Ib/h)

M = Exhaust Flow (cfm) x 60 x 326
B T- (°F) + 460°F

or



Q=CpM (T1-Tp)
Where:

Q = KJ/h

Cp = Diesel Engines - 1.081 KJ/kg per °C

Gas Engines - 1,169 KJ/kg per °C

M = Exhaust Mass Flow (kg/h)

mmin = 60 x 353.0

M = _
2 E
Enthalpy Table:
Enthalpy of Steam
Enthalpy of
Temp. Vaporization,

Psia | kPa “F °'C Biu/lb. kJfkg
14 6596 101 212 100 970.3 2257
15 103 | 213.03 100.65 969.7 2255
16 110 216.32 102,48 3676 2250
17 117 218.44 10422 965.5 2245
18 124 22241 10587 | 9636 2241
19 131 225 24 107.44 961.9 2237
20 138 22756 108.95 2601 2233
21 144 8 230357 110.29 B58.4 2228
22 1917 23307 111.78 8956.8 2225
23 1586 | 23549 11314 855.2 2221
24 1654 | 23782 11443 953.7 218
25 1724 | 24007 11569 952.1 2214
26 1793 | 24225 116.80 950.7 2211
27 186.2 | 24436  118.07Y 94583 2207
28 193 248 41 119.21 947.8 2204
29 200 248 40 12032 946.5 2201
30 . 208.9 | 250.33 121.35 9453 2198

Ebullient and Solid Water Cooled Engines:

Make-up Water Characteristics (max concentrations):

Iron 0.1 ppm
Copper 0.05 ppm

Total hardness 0.3 ppm

Feed Water Characteristics (max concentrations):

as CaCO3




Silica concentration 150 ppm as Si02
Total Alkalinity 700 ppm as calcium CaCO3
Specific Conductance 3500 micro ohm per centimeter

Total Suspended Solids 10 ppm

Feed Water Chemical Treatment Program:

1. Maintain oxygen scavenger to remove oxygen from the feed water with sufficient reserve to remove all
oxygen from the water.

2. Maintain 200 to 400 ppm as CaCO3 equivalent of hydroxide alkalinity in the feed water. The reserve
alkalinity prevents corrosion and causes precipitates of iron and silica in a form that can be removed by
blow down.

3. A blend of dispersants to adequately condition and suspend the precipitated solids in the water. The
dispersants keep the solids suspended until they are removed during blow down.

4. Appropriate treatment of the stream to provide condensate returning to the boiler that meets the feed
water specifications.
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Ventilation System Formulas

As a rule of thumb, the installer should provide ventilation air flow of about 8 cfm (.22656 m3/min) per
installed horsepower. If combustion air is to be drawn from the engine room increase that figure to
91/4cfm (.26196 m3/min).

If you wish to compute more exact engine room air requirements it is necessary to determine the following
factors:

H = Heat radiated to the engine room
This data is available from the TMI system for Caterpillar engines. Add in 4 Btu/min per generated
0.07032 kW for the normal maximum auxiliary generator load. Miscellaneous heat loads from other

sources (pumps, motors, etc.) can be ignored if they are not exceptional.

Ta = Maximum ambient air temperature the vessel is expected to operate in during its whole life. [Usually
assume 110°F (43.3°C).]

Sa = Density of the air at the maximum ambient air temperature.

Density of Air at Various Temperatures

Density of Air at Various Temperatures

Ere | tosicu. ft/kgime | CFFC | losiou. ft/kg/m’
0i-18 (.086/1.38 70/21 0.075/1.20
1012 0.0841.35 80/27 0.074/1.18
T opi7 0.083/1.33 90/32 0.072/1.15
3011 0.081/1.30 100/38 0.071/1.14
a0i4 | 0.0791.27 110/43 0.070/1.12
50110 0.078/1 25 120/49 0.068/1.09
60118 0.076/122 | 130/54 0.067/1.07

dT = Maximum desired air temperature in the engine room. (Usually assume 10°F (5.6°C) rise above
ambient)

When these factors have been determined, the ventilation air requirements in cubic feet per minute (cfm)



can be calculated by the following formula:

]
e 024 % dT

[}a - ?‘
t:

=
ot

H

e e o NlEIHE
Saae OEE T

Da

Qa = \Wwlume of inlet air required in cfm (m3/min)
H = Radiated heat [btu/min (kW)]

Sa = Inlet air density [Ibs/cu. ft. (kg/m3)]

0.24 = Specific heat of air (btu/lbs/°F)

0.017 = Specific heat of air (kwW-min/kg:°C)

dT = Temperature rise from ambient air to engine air [°F(°C)]
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Ventilation Air Duct Sizing

Before the duct cross-sectional area can be calculated you must determine two elements.
Qcfm = Amount of \entilation air and Combustion air (combine system) in cfm.
Va = Desired inlet air velocity [Not to exceed 2,000 feet per minute (609.6 m/min)]

Once these two elements have been determined then the following formula can be used to determine the
minimum cross-sectional for both intake and exhaust ducts or openings.

144 % Q, 39.365.7 X Q,
= s Av =
V. V.

=

Ay = Metric

Av = Duct cross sectional area in square inches (mm)
Q, = Quantity of air flow in cubic feet per minute (m3/min)

V, = Melocity of air in the duct in feet per minute (m/min)
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Combustion Air Formulas

If combustion air is to be drawn from the engine room, a slight modification is in order. Since the air used
for combustion takes some engine room heat with it, it can be counted partially as ventilation air. This can
be added into the calculation by adding about half of the combustion air required (1/2 Qc) resulting in the
following equation:

H 1
(1A = + — Qc
2 Sax024 xdT 2
Qa i + i QOc = Metric

T 83 x 0017 x dT | 2

Qa = \Wwlume of inlet air required in cfm (m3/min)

H = Radiated heat [btu/min (kW)]

Sa = Inlet air density [Ibs/cu. ft. (kg/m3)]

0.24 = Specific heat of air (btu/lbs/°F)

0.017 = Specific heat of air (kW-min/kg:°C)

dT = Temperature rise from ambient air to engine air [°F (°C)]
Qc = Combustion air required in cfm (m3/min)

For combustion air requirement a good rule of thumb is to multiply the horsepower in the engine room by
2.5. Remember to include all engines in the engine room space for this calculation. If you need more exact
combustion air figures then you can get that information from the TMI system. However, the 2.5 times
rule is usually adequate for sizing purposes.

If the rule of thumb of 8 cfm/.22656 m3/min of air per installed horsepower is applied, the minimum duct
cross sectional area (Av) per installed horsepower would be:

Av = 0.6 in?/Hp (3.87 cm?/kW) @

Va = 2000 fpm (609.6 m/min)

Av = 0.9 in?/Hp (5.81 cm?/kW) @



Va = 1200 fpm (365.8 m/min)
If you included combustion air into the ventilation system [used 9.25 cfm (.262 m3/min)]:

Av = 0.7 in?/Hp (4.52 cm?/kW) @

VA = 2000 fpm (609.6 m/min)

Av = 1.0 in?/Hp (6.45 cm?/kW) @
Va = 1200 fpm (365.8 m/min)

Remember air should enter the engine room freely. It is far better to have extra air than not enough. This
installation parameter is second only to sufficient liquid cooling capacity in importance. If the rules of
thumb are adhered to they will normally be sufficient, however, they are not overly conservative ... Don't
Cheat!
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Sizing Combustion Air Ducts

Obtain the actual air requirement from the TMI system or use the rule of thumb (2.5 x Hp) to calculate
the air required. The formula used to calculate the ventilation cross-sectional area can then be applied by
using the appropriate combustion air volume and a velocity. (8000 fpm maximum)

This will most likely yield a cross-sectional area smaller than that of the factory connection to the air
cleaner, however, be sure to keep the duct size equal to, or greater than, that of the factory connection.

If the straight length of duct is long, (over 25 x the diameter or diagonal of the factory connection) or
includes more than two right angle bends, it would be wise to calculate the pressure drop at full air flow.
This can be done using the following formula:

Le x S x CF
4P - le X 5 x Q¥ i SSDF}DUO - Motric
187 x o o

dP = Pressure loss [inches (kPa) of water]
Q = Air flow [cfm (m3/min)]
d = Duct diameter [inches (mm)]

Le = Equivalent duct length [ft (m)]

S = Density of combustion air [Ibs/cu.ft. (kg/m?3)]
Use the following method to determine Le:
Standard elbow = 2.75 x d

Long Sweep elbow = 1.7 x d

45° elbow = 1.25 x d

d = value must be in inches

Standard elbow = 0.033 x d = meter

Long Sweep elbow = 0.020 x d = meter

45° elbow = 0.015 x d = meter



d = value must be in mm
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Formula for Calculating Horsepower

2ml = TORGUE » 3P
Sa00

Horsspowner -

This formula was established by James Watt in the 1800's and requires some known values:

Average horse walks at 21/2 MPH

Average horse pulls with a force of 150 pounds

1 mile = 5,280 feet

With this background, we will be able to establish the Horsepower formulas used today.
5,280 feet x 21/2 MPH = 13,200 FEET per HOUR

15000 FTiAR

B = 220 Pl T pes W
Al MWiroies H UTE

220 FT/MIN x 150 POUNDS = 33,000 FT LBS per MINUTE

2n = 6.2831853

sl Bes

A3

[ "'J e

B.2831803

Thus we get the familiar formula used today in calculating Hp.

LEBV09150010



Torque < RPW

o . : GIBXPIesses anciher way as
Sla
Hpsoa Haes
Taraue - B 3

I

= Radius from centerline of rotating shaft. Usually measured at a distance of one foot out from centerline.
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Fuel System

Day Tank Sizing

Tan< Size _ Rated BSFC (Ib/hpehv) Rared, Load
(9al) 7.076 (Ib/gal) “ HP " Factor

* Houdrs Between Refilimg
+ Reserve Requirement

OR

Rule of Thumb for tank size with 25% reserve

0.056 x Ave. BHP demand x Hours between refills x 1.25 = gal.
0.27 x Ave. BKW demand x Hours between refills x 1.25 = liters

NOTE: Additional tank capacity required for cooling of recirculated fuel in unit injected engines. Tank
should be located below level of injectors or nozzles.

Piping

Fuel Supply Line Maximum Restriction™:
3600 ... -38.8 kPa (11.6 in Hg)(Vacuum)
3400, 3500 ... -30 kPa (9 in. Hg) (Macuum)

3300 ... -20 kPa (6 in. Hg) (Vacuum)
3208 ... -27 kPa (8 in. Hg) (Vacuum)
Fuel Return Line Maximum Restriction:”
3600 ... 350 kPa (51 psi)

3300 ... 20 kPa (3 psi)



3208, 3400, 3500 ... 27 kPa (4 psi)

*Locate day tank and design piping to meet these requirements.

Fuel Properties

Fuel Properties
Distilate Fuel Chart

Caterpillar
Prefarmad Fuel
Feguiremeants
(s Delivered
Ter Fuel System)
Aromabics, S Max 5%
(ASTM D1215)
Ash. = Waight Max. 2%
(ASTM Dag2)
Carbon Residue on Max 1.05

10% BoHoms, 9

(ASTM D524)

Cetane Mumbor I".-1|r:|. . -EEF‘CHG DI
HBSTM.DEA)

Cloud Point. “C [°F) Max Mol Above

(ASTM DTy o Ambient

Copper Strip Corrosion Max M. 3

(ASTM D13D)

Cistillaton — 105 °C (°F) e 282°C {(5A0FF)

— 0% G (“F) Max 350°C (BBO°F)

TASTN DBE, D158 or D2a5)

FHlash Point, *C [*F) min Legal

(ASTM D83

Gravity aPI lir. an

(ASTM D287} Max .
F'f:L Pmﬂt. = [°F) 1 Mi'q.' ' 15 ['IUJ

(ASTH D7y Below Ambient

Suffur, Tetal % Waight Max | 0.05% max over the road

(ASTRA DETBE or D365 055, max commercial

or M 552) )

Wiscosity, Kinemahc, oSt Max 20.0

[ASTM D445 T min 1.4

Water and Sgdirr-anl. Max . 0.1

e Volume

[AST_'M D179

Watar, %4 Volume Max. Q.1

Sediment. % Weight hax. .05




Fuel Properties

Blended Fuel Chart

The Fuel System

Parmissible Fuels As Delivered To

amF:IuE L;:;ﬁrrtllseﬂgns 3500 ] 3500
Water and Sadiment %% volume Max. 0.5 0.5
{ASTM [1796)

Sulfur Max. 4% 5%,
(ASTM D27588 or D305 or DIESEZ)

Viscosily flin. 1.4 o5t 4 o5t
Viscosity to the Unit Injacton Mz 180 20
(ASTH D45} cBYs0 _
Carbon Residua (CCR} Max. 15 22
ASTM D182 g
Wanadium PPM Mex, 2650 PPM 00 PPR
Aluminum PPM Max. 1 PPR B0 PPM
[ASTM D2788 or D3G0S)

Slileon Max. 1 PP 20 PFM
(ASTM D2788 or D36O5)

PPM = parls per million

Blended (Heavy) fuels are usually described by their viscosity, expressed either in "centistokes™ (cSt) or
"Seconds Redwood". The Redwood scale at 100°F is being phased out and replaced by the centistokes
scale at 50°C. The centistoke viscosity may be preceded by the letters IF for "intermediate fuel” or IBF
for "intermediate bunker fuel”. For example, IF 180 fuel has a viscosity of 180 cSt at 50°C. The following
table gives the approximate relationship between the two scales.

Fuel Properties

cStat50°C | Seconds Redwood at 100°F

30 ' 200

40 278

60 439

80 J 810

100 i 780
120 950
150 1250
180 1500
240 2400
280 ! 2500
EE 3500




Crude 0il Chart

Permisslhle Fuels as Delivered to the

Fuel Properties
- and Characleristics Fuel System
Catane Mumbear or Cetaine Index Min. 35
(ASTM D613 or calculated index) (PC Engines)
(DI Engines) Min. 4o
Water and Sediment % volume (ASTM O1788) Max. 0.5%
Pour Point (ASTM D97) Min. &*C {10°F) Below Ambient Tampearaturg
Cloud Point (ASTM DAT) Min. Mot Higher than Ambient Temperatura
Sulfur (ASTM D27EE or D3605 or D1552) [LETS 0.5%
Wigcosity at 38°C (100°F) (ASTM D445 Min, 1.4 ¢St
[ 20 eSSt
AP Gravity (ASTM D287) Min. 45
Maix, 30
Specific Gravily (ASTM D287) Min. 0.8017
_ Mae. 875
Gasoline and Naphtha Fraction Max. 5%
(Fraglions Boiled off below 200°0C)
Keroseng and Dislillate Fraction Min. W%
(Fractions boiled off betwaen 200°C and cracking point)
Fuel Properties
Crude il Chart (cont.)
Fuel Properlies Permissible Fuels as Delivered to the
and Characleristics Fuel System
Caren Hesidue (Ramsbottomy (ASTI DR24) Max. 38%
Distllabon - 109 T Ma, P82 C [540°F)
— %% fAax. I J80°C [716°F}
— Cracking % M. 60%
— Rasidue (ASTM DEE, 0158 or D2A5) Max, 10 T
Reid Vapor Pressure (ASTM D323 Max. 20 pa (kPal
<alt (ASTM DA230 ] Max. 100 b per 1000 Barrols
Gums ana Resins (ASTM D381} Mz 10 myg per 100 mil
Coppar Smip Coragion 3 Hrs @ 100°C (ASTM D130 fdax Mo 3
_ Flaghpoint *C/F (ASTM D93) Fust oe logal limit
Ash 3L WL (ASTM D482 haw. 0.1%
Aromarics % (ASTM D1319) Max. 35 -
Vanadium PPM (ASTM D2788 or 3605} Mz, 3 4 PPM
Sodium PPY {ASTM D2788 or D3G05) Max 10 PPM
Nickal PPM (ASTM D278R or DAB05) Wa. | PP
Aduminum PPM (ASTM D27E8 or D3E05) hlax. 1 FPM
_ Silicon (ASTM D2788 or DI605) Max. 1 PP . 5

Density and Specific Gravity




Density and Specific Gravity
Specific Gravities and Densities of Fuel

Gravity Density

Specific
Degrees Gravity Pounds
APl at at per
15°C {60°F) 15°C {60°F) gallen
25 9042 7.529
25 -x_ 8984 7.489
27 1 8927 7.434
28 8871 7.387
29 8816 7.341
30 aree 7.296
1 A708 7.251
32 8654 i F 208
33 8602 7163
34 Ash0 7118
35 3498 7.076

36 . B44d 7038
a7 233238 E.953
38 R348 6.951
39 g29%9 B.810
40 8251 6,870
] 41 8203 6.830
42 8155 6.790
43 B105 i 6.752
4 | Boes | 6713
45 8017 6675
46 rete 6.637
47 TEET 6600
44 FRHE3 6. 563
49 - 7839 6.526

Fuel API Correction Chart - API Gravity Corrected to 60°F




Fuel APl Correction Chart
API Gravity Cormrected 1o 60°F

{Measured Fuel Temperature °F)

Measured
"API 0° | 10 | 20° 30" | 40° | 50° | 60° | 7O¢ | B0° | 80° [100° 110" [120° |130° | 140° |150°
Gravity | | i
_ ~APl Gravity At 60°F
29° 33 (32532 | 31 |30 |30 |20 |28 |28 |27 265 26 | 25 |245| 24 [235
30 34 |335, 33 |32 [315|31 |30 | 28 | 29 |28 |275| 27 | 26 |255| 25 [245
il 35 (345|234 | 33 (32532 | 31 | 30 | 30 | 28 25| 2B | 27 |P65| 26 | 25
32 35 (355| 35 | 34 (335|383 |32 | 31 |305| 30 |29 |20 |28 |275| 27 | 26
33 37 |365| 38 | 35 (345|344 [ 33 | 32 (215 31 | 30 |205| 29 [2R85 | 28 | 27
340 85| 32 [ 37y | 36 (355! 35 | 34 | 33 (325 32 | 3 (3085 30 |20 | 29 | 26
35° 39.5| 39 | 38 | 37 (365 36 35 | 34 (335 | 33 | 32 (315 31 | 30 |295| 29
38" 41 | 40 | 39 | 38 1375 37 | 36 | 35 |345| 34 2 [325| 32 | 31 |305| 30
are 42 | 41 | 40 | 39 (385 38 | 37 | 36 (356 | 35 | 34 [335| 33 | 32 [315| 31
382 43 | 42 | 41 (4057395 39 | 35 | 37 |365| 36 | 35 [345| 34 | 33 | 32 | 32
ag® 44 | 43 | 42 |15 /405 40 | 39 | 38 |375| 37 | 38 | 35 |345| 34 | 33 | 325
40" 45 | 44 | 43 |425 415 41 | 40 | 39 |385| 38 | 27 | 36 (355 A5 | 34 | 335
41° 46 | 45 (445|435 425 42 | 41 | 40 (395 | 35 | 38 | 37 (365 36 | 35 345
42° 47 | 4B |455|445 44 | 43 | 42 | 41 |405 (395 | 39 | 38 (375 37 | 36 | 35
453 485 |475|465 (455 45 | 44 | 43 | 42 |415 (405| 40 | 39 | 38 |375| 27 | 36
44" 42.5 48514751465 46 | 45 | 44 | 43 | 42 |415| 41 | 40 | 389 385 38 | 37
Fue! API Correction Chart (cont.)
d . : i —
“E?fg[e o |10 | 20° | 30° | a0 | s0° | 80" | 70°  mov | 90° |100° [110° (120" (130
Gravily e G s sessme © il :
APl Gravity At 60°F .
r 8% 4 47 | 46 |45 | 44 | 43 [425, 42 41 40 [39.5|385| 38
pr 5;:2.5!4;11.':, :E 49 | a5 | a7 | 46 | 45 | 42 |435 [425] 42 | 41 | 20 |38 | g
47" F3 52 | 51 |50 | 40 |48 | 47 | 46 ° 45 (445|435 | 43 | 42 | 41 1405 40
ag" G4 53 | 52 | 51 | &0 | 45 | 48 | 47 48 | 45 |445 | 44 | 43 " 42 | 41 [405
49° l 55 | 84 | 53 52 '8t '50 49 | 48 | 47 | 46 |455| 45 | 44 1 43 | 42 415
50 56 | B | 54 | 53 52 51 50 48 | 48 ' 47 465 |455) 45 | 44| 43 | 42
51° 575|568 | 55 | 54 | 53 (52 | 81 50 | 49 4B 47 485455 45 | 44 i::
52¢ 585|575 66 | 55 | 54 | 53 | 52 | 51 | 50 | 49 | 48 | 47 1465 |49.5) 45 a3
53" 80 '585,57 | 56 | 55 | 54 | 53 | 62 | 51 | 50 | 49 | 48 [475 /465 ] 46 |
Tooling: Fuzl Thormo-nydrometer 1P7408 Tes| Breacar 1F74308

Distillate Fuel Temperature

Maximurn Fuel Suoply Temperature:
Without Power Raduction: B57F (2990} _ o .
Draynr 6 racuead 1% for cack 107F 6690 anoye 100°F (38°0) T ongina 15 runningG sua0an st fuel stop

— Withaut Injector Damage: 150°F (857C)

Tooling: Fuel Thermo-hydrometer 1P7408

Test Breaker 1P7438

Distillate Fuel Temperature

Maximum Fuel Supply Temperature:
- Without Power Reduction: 85°F (29°C)
Power is reduced 1% for each 10°F (5.6°C) above 100°F (38°C) if engine is running against fuel stop.

- Without Injector Damage: 150°F (65°C)

Performance Analysis Rules of Thumb

Correction Factors:



Correction Factors:

Fuell:l'em-pe rature
Correction Factors

Fuel Correction

ar
Ternr.\_ "F i . Fn;t{}5
12 810
- 315
g 820
10 B ) 925
- ! 930
. : 935
= ' 940

i
ar 845
jE 850

] J - —

: ' 955
jg 960
50 : 965
e : 470
s - 075
' 980

(513
0 985
75 9560
A0 405

I

85 o 1000
' e 1.005
gg 1.010
’ ' 1.015
105 ! 1.020
110 |I 1.005
1.080
w |
124 : 1.040
1iu : 1.045
135 } 1.050
140 : 1.055
145 : 1.060
150 : 1.085
155 ; 1.070
180 _ 1.075

"Standard vaiue



Fuel Density (APIY
Correction Factors

AP Correction
_ at GO°F __Fat.tar
320 uay
325 e
330 951
334 a5
0 35
5 998
25 o 1.000
5 1003
6.0 1.008
65 1008
7.0 1011
75 1.014
8.0 1017
385 1.020
9.0 : 10024
ngs i 1 027
40.0 : 1.031
40,5 i 1.035
41.0 : 1.030
41.5 : 1.043
420 . 1.047
42,5 : 1082
430 . 1.058
435 ; 1.061
I . 1.068
445 : 1,072
450 | 1.077
455 : 1083
4510 . 1.0849
_ 485 | 1.058
470 : 1,102
475 . 1,108
4810 | 1,116
48.5 i 1.124
4910 1 1.131
49.5 ; 1.139
50.0 - 1.148

‘The maasurad tuel AP and corresponding temperature must be
correciad to 60°F betore selecting an AF| correction factor, Use
the Fosl AP Corrsction Chart on pages 87 and 83 to datermine
the AP at 4i°F
‘Standard valua.



Air Pressure
Correction Factors

- Air Pressure Correction
" Hg _ Factor
31.0 | 995
357 ; 1.000
J0.0 | 1,004
0.5 : 1.007
290 ] 1.011
8.5 1.015
280 1.019
275 10235
27.0 1.027
26.5 1.031
26.0 1.036
255 1.040
25.0 1.045
245 1.04%
240 1.054
23.5 1.055
23.0 1.064
2245 1.06%
2210 1.075
215 1080
21.0Q 1.086
0.5 1.092
20.0 1.098

30.5 " Hg is used as the standard vaII;Je to account far the air
cleaner restriction and vapor pressure (humidity).

Power Calculation:

Power Calculation: -
| ue Rate (GPH) » Fusl Dersaity ( GAI_)
HP - - ,
- LB )
Ay L HP«HI3
['GFU-‘«M]
Fue. Rate (1L/HR) » ['uel Density | LITER
W = —- T Gran
B oW

BSFC



CSFC (GRARMS W HR)
454

= LBS/W HR

LSk HR
134

. = BSFZ (LRSMHP HR}

Tolerances

Performance curves represent typical values obtained under normal operating conditions. Ambient air
conditions and fuel used will affect these values. Each of the values may vary in accordance with the
following tolerances:

Exhaust Stack Temperature +42 DEG C
+75 DEG F

Intake Manifold Pressure-Gage £10 kPa
+3 in Hg

Power +3 Percent

Fuel Consumption +6 g/kW-hr

+.010 Ib/hp-hr

Fuel Rate +5 Percent

Conditions

Ratings are based on SAE J1349 standard conditions of 100 kPa (29.61 in Hg) and 25°C (77°F). These
ratings also apply at 1SO 3046/1, DIN 6271 and BS 5514 standard conditions of 100 kPa (29.61 in Hg),
27°C (81°F) and 60% relative humidity.

Fuel Rates are based on fuel oil of 35° API [16°C (60°F)] gravity having an LHV of 42 780 kJ/kg (18,390
Btu/Ib) when used at 29°C (85°F) and weighing 838.9 g/liter (7.001 Ibs/U.S. gal).

Additional Formulas Used to Develop Marine Par Curves

For Torque Check GPH proceed as follows:

Torque Check GPH = TQ COR. Fuel Rate (G/MIN) + 454 x 60 = LBS/HR
LBS/HR + 7.076 = GPH

For BSFC proceed as follows:

BSFC = Adjusted CSFC (G/kW HR) + 454 = LBS/kW HR

LBS/kW HR + 1.34 = BSFC (LBS/HP HR)



Recommended ""Guide Line'" Gas Supply Pressures for Caterpillar
Gas Engines - All Values in PSIG (kPag) Natural Gas

Recommended “Guide Line” Gas Supply Pressures for Caterpillar Gas Engines
All Values in PSIG {I:Fag} Natural Gas

TA Lo Emission TA Low Emission TA STD TA STD
Model ; High Pressure Low Presaure High Preszure Low Preasure MA& STD
i Max Flin Max Min Max Rlim : Max i Min Max

Pzig (kPa) | Psig (kPa} | Psip (kPa) | Psig (kPa) | Pelg (kPa) | Psig (kPa) | Psip (kPaj | Psig (kPaj } Pzig (kPa} | Psig (kPa)
3300 : 12 (83 25017E | 150700 100E% 1 2{14) 200138
2400 oI | P07 | 181 S|3g 4 1 {138)
FRO0D1 & &1 | 35{2d1} ;. &042TE) [ 1.5 Bidl)
E500 111 35 1241] 40 [ATE) 1.5 0101 AR R i |
350091 FIil 250178 | 2s T 2 14i 161 |54 2014 101 {69
500 Doltoc 15110 7 (48] I i
CLEY 48 (430 | 180 1030) i
£ 25 BOHE 28(193) | 30207 1z (83 | as{ivy 2itd) 20138
Gade 17 [83) PEOTH 2004 20 (138)

i the regulaicr Supply prezsure [ Inacecguate, poar reeponse and oW power wuels may recull. To datarmine tha minirmum regulais supoly
predsune requingd 1o oblamn rated power. use the follewing lormula lor bath NaA ard FA engines.
Min Gas Supply Prassure [psegh = {[{Boost Pressurab « (A3 s {Transiend Factor):] — iCorrecled Sile Almosphenc Plo= 48312 pranin Hy.
1 - Bogsl Fressure = For MA engines = Full Load Carb ain sl pressure (Absolule inchas of Hg Abs) at coeraling allisde.

For TA sngings = JFuil Load boogst pressurs ininshes o Hyg Abs + 5% Wlsranss) al opasting allitude,

2 — 3AP3 ="Met EX Supgply Pressure’ corvented o nenes of Ha. This establishes fuel flow across a ¢iven regulstor and orilics and can be found
an pp 8283 of formn LEBYIO15-01 . o 26 of form LEKC2MET, arim gae angine cless hancout - Sas Beqgulalor Capaaty Chart, lorm PSHCR042,

A = Trangant facior — for Sofl loads = 0, for Transiend loads = 4.07 In Hg.

4 = Canectad She Atmosphens Prassura — |Standard Daramestar {2992 in Hgh — Alitugs 08 00 0001 in Ham)

Gas Regulator Capacity Chart

Gas Regulator Capacity Chart

7 ' ’ APl | 4F3 — Flow in SGFH for varying
i | Delivary Met EHective Supply Pressures —OPSI [Ir; IE|I=DJ [mﬁh;r].
SUrE 5w .
B Orifica Pressure: 0125  0.2% o
Regulator sT:&,'I Size Cat Part Range (3.45) (6.89) (13.78) (20.67) (27.56) (53.12) [13::;3:}
Modsl | NPT | In.{mm} | Mumber Engine i pnchesclhdd | (B8] (171 [34] I [511 [88) 137 [3425 )
5y : LG 35 : 510 11240 1
el : 12 - FLEGE 23300 E5-4 10 |
\'::éer 114 516 2WS02E £330 2.5-6 750 | 90 1|1+1£; lmnj ; ng
&30 115 | s~ 78 | Foovan | GMOELOSP| 3565 /0 | 1850 '#m 2] b
v510 11:2 e IMEEI0 | GELDRAZLE | 1-3 Neg 1400 | 1750 . 2100 | 2800 | 4500
YEID 117 a4 SZADIT | GRA0ELP 4B Nag 1400 | 1750 :_1E_I3 2600 | 450
YE10 i1z 4 APEREE | (G406 LP 1-3Neg ! 4w | 17 % 2100, | oentt | 4300
201 112 304 BLAI04 | 3300 Series T5BES el I cIe N Seo | sand
5201 BER LY | TwEasd | Gmapenz 565 1600 | om0 | PEDO | S 52
e t4m 0 13 5565 1800 | 2250 . 27ho | 2800 ) BIOD
S 2 1| ewrere &3S0 3565 2200 | 700 | 3200 | 5500 195.3;3;("
5201 2 {36 | eZsam |GostELOPR|  a3565 2a00 | 3100 | 2800 Ezgg qucn
|AdCSE4D | 2 T8 1 | 7ERa07 | Ga500LE 3665 pign | aoun | 3R | F :
b = e _
1AL . ol Rl I 3.5-6.5 7000 | 10000 | 13000 | 20000 | 000
47130040 Flange | 167 {100 SASM =
_D:;E:pa?faa sd7d | GTIn | 7415 | 1osea | e
[l o o ne =T, {":’.er 1
il e i Sl T 14126 | 17658 | 19777 | 27546 | M
: G158y | 124.8003 G350 | i -
ol e L3 PR-COSA DEEOT | PEAAS | 31077 | A4ZITE) NA

Gas Regulator Capacity Chart {cont.)

aP1 AP3 —= Flow in SCFH for Varying

: Delivery Nel Effective Supply Pressures — PSI {In H:O) [mbar]

Body | Orifice ! ! Pressure | 0128 025 005 073 10 20 54
Regulalor | Size Size Cat Part Fange (3.45) (680} (13.78) (2067} (27.56) (35.12) (137.8)
Hadel NPT | Im {mm) | Number Engine  [imchesofiHoy | (8.6] (171 1341 [51]  [esl  [137]  [343]

Oy FNE s Rt L= A "y Che - 4 = i :

4800100 | flango | 3841001 | 1107872 Ju:nﬁ:g%em 01 211ap | 7aesa | avoe | 245010 | 49442 {67100 | MU
93-503 2 1 1w - elmee G0 4555 pu : ' 7200
sl 2§ 1UE | aPzied | G360 45E5pai ; | 120010




Comments hate 35314 ou ool

= &) FTRESES

Model manutacturer Max Gas Supply Presaure |
Y& Fishe 25 pei
¥a10 Fiabier 25 [

S3 Fizhir 25 P

S201 Fistu varigs with orifice

133L Fisher A5 ps

o8-903 Fisher 150 psi

28-901 Fishor 150 pst

L4CSE-40 Bpragua 150 pl

4110040 Durdgs A0 pe

4110063 Durygs Alps

4.1 10080 Curqs a0ps
4360100 Crom Schrocder il ps

12 s with 1 37416 orifice. 25 psl with 1" arfioe, and 40 pai with
38" o

Fuel Gas Methane Numbers

Fuel Gas Methane Numbers

Gas or Representative _Gas Mix

Methane Number

Methane

Ethane

Propane

Butane {Commercial)
n-Butane

Hydrogen

Pipeline Gas

Field Gas (dry)
HDS5 Propane’
Digester or Landfill ,

100
44
34
15
10

0
65-90
30-85

33
120

* Propane of 85% purity, HD-5 specification, should be usad in
low campression ratio engines. High campression ratig {HCR),
naturally aspirated (NA} engines are limited to non-lug applica-
tions ang many HCR turbocharged-aftercocled {TA) engines
cannot burn propane or need to be derated. Consult factory for

advice.

Physical Constants of Gases:




Physical Constants of Gases:

: _ ) : Heal Walue: &1 60°F T Fiam mality -
_ Gag ﬂEl..'i.Ih'. G0°F. 13695 psia Blunl | Btueuht iy Limity Yoiume
Bailing | Specific cu it Vapor al Vaporat | Bluidk | Bleigal | Required tar | FErcentin
h Paintat | Grawily | cult (Gasfgal | Ib/gal | 14.696 psia | 14.636 psia | Liguid | Lamin | Gombustion | Al Misture
lsas  Formule | 14.696 ps| | (Air=1) | GasAb | Liguid | Liguid (LHY) THHV) (LMY} | (LHW} | (ew'wou M) ) Lower| Higher
E-1|.".I'.-:r'-= Zh. —I5R B 05550 | 27 G100 - = a1 miz — = 0.5% 500 | 15.00
hane UH 12753 | 1oie | 125200 i B30 1,763 2l & 16.67 a7 | 124
Proparz  CH 1572 TG 470 | 2aE0 | advan | ZamE 2337 19887 | e 14 28 297 | 95
I:ir-:rq -n.n 26070 aEF [ ansm | 48830, am * 560 fupn | 95418 .8 EE | A
Fentare CHO D SBGEI [ P4005 | 52601 | 2PeA0 [spseR | mogwe Lo .t | 02481 A 140 | 780
S T ~165.73 PHT4E | 408 [ 2381 (58T | 44 A TRET 10,588 [ 108,002 EER fon | A
: ; | aaam |7 5 : 5 0 558 f 5 L )
.'IL\.E‘:IFE I." M Mg T4501 ¢ SFETS | A1 7t | 5708 B 5803 18300 | 1MHEFS 52 41 -.o0 .G
:‘“‘:f b ¥e 1254 1% 38432 | savd D188F7 |Gaes | sTere GAalt | 19280 | 1M33E 5 55 oHd | 320
oT: il =
Moncxde i [ 1A6E0 | DO670 | 13 BROG J20.80 B — - 23 F S id 3
Vi | 324, ST B 231 150 [ 740
Maxide [Ha =108 1h14d | BERSQ _— — T s e
Hydragen - -~z 90 | N0R% |18seTen] — - #7300 124.00 = — 234 74
Horogen 7 14, 239 Ao ra:n
Sgnide Fes TE.AD Prrgs | 10600 | — B21.00 Gr1.00 i To0 4 A5E
Dymen . 207 41 110a7 | agan | — . - — — - = ju 1::.
lilruten M, -320.40 EGE7E | 1345370 - — - - — —
At | 770 | 11000 | 130ee0| — i - - | - i

T Approgimate Valus

Air-Fuel Ratio Adjustment for Initial Start-up:

™~ Air-Fuel Ratio Adjustment for Initial Start-up:

KPA WATER
25

5.25 -

575 s CARBURETOR
CES

ars _|
425 |
378 1
3,25
275
2.25 —
1.7%
1.25 — 5

75

23

ALIRETOR

PROFANE CARBLIRETOR

10

DIFFEREMTIAL PRESSURE

25
T3

-1.25 ]

S i
2 4 & B8 10 12 ta 16 18 20 22 a 6 28 30 3T 34 IE  (u 1gp BTLWFTH

lx 100 KJiLb
1 F 3 A L] L] T B g 10 11 1.2 14

LOWER HEATING VALLUE

Fuel Consumption Calculation

Published fuel consumption values are for 905 BTU/FT3 LHV. To calculate fuel consumption for other
fuel gas, the following equation can be used:



Specific fue consamption in Blu
(LHV) % Hp load

L L_ e |""|'l' - o
- - LHY of fLel s¢ be Lsed
Specific fue' congamption in kJ
(LEW) > KW load
Mm:= — - —

LEY ol ‘uel to bhe used

Special Lube Oil Information for Gas Engines:

Condemning limits

Alternate Oil Analysis (additional test procedures for more data)

Vigcosity (ASTM D445] 2 cStincrease irom new il
Total Base Numbear E0% of origina: TBN
{TBMNY {ASTR D2836) N
O pH. (ASTM 667 4.0 ririnmium
Tetal Acid Number (TAN), 3.0 increase of
(ASTM 664} Tew oil number
Solids or irsolvabiles I.O0% maximum

ASTM DEO3 or equivalent
-1

Differential infrared analysis of used oil must not exceed the following
absorbance/CM:

Scheduled Oil Sampling

Parameter Limit
Cxidator 20 Absorbance/cm at
Wave Nu~ber of 1710 or
100% as defired oy Se0e5
Milration 20 Absornancefom at
Wiave Number of 1630 ar
100% as defined by Se0es

Wiator 0. 5% Maximum
S RHele] (}% _
YWeas Metals Troend Analysis

If analysis of the used oil at the recommended oil change interval exceeds the condemning limits, the
following courses of action can be taken:

1. Modify the jacket water temperature and/or adjust the air-to-fuel to minimize the oil degradation rate.
2. Shorten the oil change interval.

3. Work with your oil supplier to arrive at an oil that will not exceed the limits.



Maximum PPM (Parts Per Million) of Wear Metals Detected at
750 Hours to Achieve Projected Overhaul Interval

Qil Failure

Causes and Avoidance

Symptoms of oil failure are stuck piston rings, heavy piston deposits, sludged oil, plugged oil filters, rapid
ring and liner wear, and high copper concentrations in oil analysis.

It is important that oil analysis measure oxidation and nitration since they result in corrosive wear and
accelerate oil degradation. Oxidation and nitration cause oil to thicken and form lacquer and maroon-
colored deposits.

The nitration rate of an oil is associated with the air-to-fuel ratio for the engine. There is evidence that
suggests operating the engine with an air-to-fuel ratio between 10:1 and 11:1 promotes rapid nitration of
the oil. This is the normal air-to-fuel ratio range for most Caterpillar Natural Gas Engines and permits the
optimum fuel consumption at rated power. In this range, nitrous oxide (NOy) as measured in the exhaust

stream is at its highest level. This range may cause the oil to degrade at an unacceptable rate.

If nitration is determined to be the principal reason for oil degradation, it may be necessary to adjust the
air-to-fuel ratio either higher or lower to minimize the nitration rate.

If the air-to-fuel ratio is changed, it must be done with care because it may have a negative effect on the
power of the engine or result in excessive exhaust temperature which could affect the service life of the
engine.

Engine Data Sheet 195.0 Form LEKQ2364, of the Caterpillar Technical Manual shows the effects of
different air-to-fuel ratio settings on various engine functions. The graphs included in that publication are
for 6.25 inch bore natural gas engines, but the general shapes of the curves are similar for all natural gas
engines.

The chart on page 52 illustrates how fuel consumption, exhaust temperature, exhaust emissions, and
engine power vary with air-fuel ratio. The air-fuel ratio which produces the lowest fuel consumption
generally produces the maximum oxides of nitrogen (NOy). This level of NOy can cause rapid

deterioration of lube oil through nitration.
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At air-fuel ratios within the nitration range, engine jacket water temperature becomes very important. Cooler temperature allows
moisture to condense within the crankcase creating acids which result in corrosive wear to piston rings and liners. The jacket
water temperature must be kept as warm as possible to improve oil life and reduce wear. Radiator-cooled systems should be

maintained between 93°C to 99°C (200°F to 210°F). Ebullient-cooled engines have high jacket water temperatures and usually
deteriorate the oil at a slower rate.
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Lubrication System

Oil TBN vs. Fuel Sulfur Content
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Graph for determination of necessary TBN. Find the fuel sulfur percentage on bottom of the graph. Find
point where the new oil TBN line intersects the sulfur content line, and read the required TBN at the left

side of the chart.

Rule of Thumb: New oil TBN should be 10 times fuel sulfur content. Change oil when TBN drops to 1/2

its original value when using APl CF-4 oil and you are using a DI engine.

Additives

There are chemical substances added to a petroleum product to impart or improve certain properties.

Additives strengthen or modify certain characteristics of the base oil. Ultimately, they enable the oil to

meet requirements quite beyond the abilities of the base oil.

The most common additives are: detergents, oxidation inhibitors, dispersants, alkalinity agents, anti-wear

agents, pour-point depressants and viscosity improvers.

Here is a brief description of what each additive does and how.

Detergents help keep the engine clean by chemically reacting with oxidation products to stop the

formation and deposit of insoluble compounds.

Oxidation inhibitors help prevent increases in viscosity, the development of organic acids and the

formation of carbonaceous matter.



Dispersants help prevent sludge formation by dispersing contaminants and keeping them in suspension.
Alkalinity agents help neutralize acids.
Anti-wear agents reduce friction by forming a film on metal surfaces.

A pour-point depressant keeps the oil fluid at low temperatures by preventing the growth and
agglomeration (the gathering together into a mass) of wax crystals.

Viscosity improvers help prevent the oil from becoming too thin at high temperatures.

Anti-Wear Additive

This is an additive in a lubricant that reduces friction and excessive wear.

API (American Petroleum Institute)

This is a trade association of petroleum producers, refiners, marketers, and transporters, organized for the
advancement of the petroleum industry by conducting research, gathering and disseminating information,
and maintaining cooperation between government and the industry on all matters of mutual interest. One
API technical activity has been the establishment of API Engine Service Categories for lubricating oils.

API Engine Service Categories

Gasoline and diesel engine oil performance levels are established jointly by API, SAE, and ASTM called
API Engine Service Classifications. API Service Categories are as follows:

Diesel Engine Oils

Diesel Engine Qils

API Letter

Designation API Engine Service Description
Key:
X Obsolete Test Technigues
G Active Test Techniques

CA X Diesel Engine Service {Obsolete)

CE X Diesel Engine Service {Obsclete)

ce o X Digsel Engine Sarvice



cto O Diasal Engine Service
The category CD denctes service typical of
rertain naturally aspirated, urbocharged, or
supercharged diesel engines whare highly
affgctive control of wear and deposits is vital
ar when using fuels of 2 wide quality range,
including high sultur fuels. Qils designed for
this service were introduced in 1955 and pro-
vide protection lrom bearng cormosion
and from high-temperature depasits in these
diesel engines.

CD-l © oevare Duty Two-Stroke Cycle
Diesel Engine Service typical of bwo-slroke
eycle diesel engines requiring hghly effective
control over wear and deposits. Olls designed
for this service also meel all parformance
requirements of AP Service Category CD

CE H 1983 Diesel Engine Service
Service lypical of certain turbocharged ar
supercharged heavy-duty diesel engines
manufactured since 1983 and operated undor
Both low-spaed, high-load and high-speed,
high-load conditions. Qils designed for this
service may also be used whan API Enging
Service Calagory CD is recommended for
diesal englres,

CF4 0O 1390 Diggal Enging Service
Service typical of certain Iwrhocharged or
supercharged heavy-duty diesel engines
manuiactured and cperated under both low.
specd. high-load and high-speed. high-load
sonditions. Oils designed tor this service may
Alsa be used when API Engine Service
Sategory CD and CE are recommended for
diesel engines.

0G4 13995 Diesel Engine Service
Service for engine wear and deposits issues
Inked to fuel specifications and engine
designs that are required o accommodate
"994 EPA emission regulatons for low sulfur
el 5%,

Gasoline Engine Oils



API Letter

Designation AF| Engine Service Description
SA (Mo test Formerly for Litility Gaecline and
required ) Diesel Engine Service {Ohsolete)

58 X Minimum Duty Gascohne Enaine
Service (Obsolete)

5C X 1964 Gasoline Engine Warranty
Maintenance Sevice (Dhsoletz)

500 X 1268 Gasoling Engine Warranty
Maintenance Sarvice |Obsolate)

SE ot 1872 Gasoling Engine Warranty
Maintenance Service (Dbsolate Starling
in 1989)

= 1980 Gasoline Engine Warranty

Maintenance Barice

SG 0O 1989 Gasoline Engine Warranty
Maintenance Serace
The calegory SG dancles sarvice lypical of
piesent gasaling enQines in pASSEnger Cars,
vans, and light-duly trucks operating under
manufacturers’ recommancded maintenance
procedures. Category SG quality oils include
ihe performance properies of APl Service
Category CC. (Certain manufacturers of gaso-
ling engines require oils also meeting
the higher diesel engine Category CD). Oils
developad for this service provide improved
contrel of engine deposits, cil oxidation, and
engine waar relative 10 oils davelopad for pre-
wious categories. These oils also provide pro-
tection against rust and corrosion. Oils
meeling AP Service Category 3G may be
used when &P Service Categorles SF, SE,
SFCC, or SECC are recommended

5H O AP category for use in service typical of
gasoling anginas in present and earlier vehi-
cles. These oils have been tested according o
the CMA product appraval code of practice
and may be used whera API calegory 3G and
earlier categores have been recommendead.
They must mest all AP SG raquirgments and
use Muliple Test Acceptance Critaria (MTAC).

Anti-Wear Additive

This is an additive in a lubricant that reduces friction and excessive wear.

Ash Content

This is the noncombustible residue of a lubricating oil or fuel. Lubricating oil detergent additives contain
metallic derivatives, such as barium, calcium, and magnesium sulfonates, that are common sources of ash.
Ash deposits can impair engine efficiency and power. See detergent.

ASTM (American Society for Testing and Materials)

This organization is devoted to "the promotion of knowledge of the materials of engineering and the
standardization of specifications and methods of testing." A preponderance of the data used to describe,
identify, or specify petroleum products is determined in accordance with ASTM test methods.



Base Stock

Base stock is a primary refined petroleum fraction, usually a lube oil, into which additives and other oils
are blended to produce finished products.

Bid Oil

This is oil produced by an oil company which just meets the minimum of the diesel engine oil performance
specifications. These oils are usually the least expensive because they have only the minimum amount of
additives to just get by. These oils might be acceptable for lightly loaded applications but could cause
problems in more severe machine application.

Blow-By

This comes from an internal combustion engine where seepage of fuel and gases past the piston rings and
cylinder wall into the crankcase, results in crankcase oil dilution and sludge formation.

BMEP

Brake mean effective pressure is the theoretical average pressure that would have to be imposed on the
pistons of a frictionless engine (of the same dimensions and speed) to produce the same power output as
the engine under consideration; a measure of how effectively an engine utilizes its piston displacement to
do work.

Borderline Pumping Temperature °C (ASTDM D3829)

This is the temperature at which the oil becomes too viscous (thick) and cannot be moved when force is
applied. The oil, however, is not yet a solid (pour point).

Bulk Delivery

This is a large quantity of unpackaged petroleum product delivered directly from a tank truck, tank car, or
barge into a consumer's storage tank.

Colloid

A colloid is a suspension of finely divided particles 5 to 5000 angstroms in size in a gas or liquid, that do
not settle and are not easily filtered. An Angstrom is a unit of wave length of light equal to one ten
billionth of a meter which carries a positive or negative charge.

Colloids are usually ionically stabilized by some form of surface charge on the particles to reduce the
tendency to aggolomerate (gather into a ball or mass). A lubricating grease is a colloidal system, in which
metallic soaps or other thickening agents are dispersed in, and give structure to, the liquid lubricant.

Color Scale

These scales serve primarily as indicators of product uniformity and freedom from contamination. The
scale is a standardized range of colors against which the colors of petroleum products may be compared.
There are a number of widely used systems of color scales, including: ASTM scale (test method ASTM D



1500), the most common scale, used extensively for industrial and process oils.

Crude Oil

Crude oil is a complex, naturally occurring fluid mixture of petroleum hydrocarbons, yellow to black in
color, and also containing small amounts of oxygen, nitrogen, and sulfur derivatives and other impurities.
Crude oil was formed by the action of bacteria, heat, and pressure on ancient plant and animal remains,
and is usually found in layers of porous rock such as limestone or sandstone, capped by an impervious
layer of shale or clay that traps the oil. Crude oil varies in appearance and hydrocarbon composition
depending on the locality where it occurs. Crude is refined to yield petroleum products.

Demerit Rating

This is an arbitrary graduated numerical rating sometimes used in evaluating engine deposit levels
following testing of an engine oil's detergent-dispersant characteristics. On a scale of 0-10, the higher the
number, the heavier the deposits. A more commonly used method of evaluating engine cleanliness is merit
rating. See Engine Deposits.

Detergent

This is an important component of engine oils that helps control varnish, ring zone deposits, and rust by
keeping insoluble particles in suspension and in some cases, by neutralizing acids. A detergent is usually a
metallic compound. Because of its metallic composition, a detergent leaves a slight ash when the oil is
burned. A detergent is normally used in conjunction with a dispersant.

Dispersant

A dispersant is an engine oil additive that helps prevent sludge, varnish, and other engine deposits by
keeping soot particles suspended in a colloidal state (prevents these particles from gathering into a ball or
mass).

Engine Deposits

These are hard or persistent accumulations of sludge, varnish, and carbonaceous residues due to blow-by
of unburned and partially burned (partially oxidized) fuel, or from partial breakdown of the crankcase
lubricant. Water from condensation of combustion products, carbon, residues from fuel or lubricating oil
additives, dust, and metal particles also contribute. Engine deposits can impair engine performance and
damage engine components by causing valve and ring sticking, clogging of the oil screen and oil passages,
and excessive wear of pistons and cylinders. Hot, glowing deposits in the combustion chamber can also
cause pre-ignition of the air-fuel mix. Engine deposits are increased by short trips in cold weather, high
temperature operation, heavy loads (such as pulling a trailer), and over-extended oil drain intervals.

EPA (Environmental Protection Agency)

The EPA is an agency of the federal executive branch, established in 1970 to abate and control pollution
through monitoring, regulation, and enforcement, and to coordinate and support environmental research.

Fighting Grade Oil

See Bid Qil.



Flashpoint

This is the lowest temperature at which the vapor of a combustible liquid can be made to ignite
momentarily in air. Flash point is an important indicator of the fire and explosion hazards associated with a
petroleum product.

Lubrication

Lubrication is the control of friction and wear by the introduction of a friction-reducing film between
moving surfaces in contact. The lubricant used may be a fluid, solid, or plastic substance.

Merit Rating

This is an arbitrary graduated numerical rating commonly used in evaluating engine deposit levels when
testing the detergent-dispersant characteristics of an engine oil. On a scale of 10-0, the lower the number,
the heavier the deposits. A less common method of evaluating engine cleanliness is demerit rating. See
Engine Deposits.

Mineral Qil

This is any petroleum oil, as contrasted to animal or vegetable oils. Also, a highly refined petroleum
distillate, or white oil, used medicinally as a laxative.

OSHA (Occupational Safety and Health Administration);
Oxidation

Oxidation is the chemical combination of a substance with oxygen. All petroleum products are subject to
oxidation. This degrades their composition and lowers their performance. The oxidation process is
accelerated by heat, light, metal catalysts (agents which bring about a chemical reaction) and the presence
of water, acids or solid contaminants.

These substances react with each other to form sludges, vanishes and gums that can impair equipment
operation.

To minimize oxidation and its effects, carefully select a good base stock oil, insure an oxidation inhibitor is

added to the base stock and maintain equipment and change oil to prevent contamination and excessive
heat.

Oxidation Inhibitor

This is any substance added in small quantities to a petroleum product to increase its oxidation resistance,
thereby lengthening its service or storage life; also called anti-oxidant. An oxidation inhibitor may work in
one of three ways (1) by combining with and modifying peroxides (compounds high in oxygen) to render
them harmless, (2) by decomposing the peroxides, or (3) by rendering an oxidation catalyst (metal or
metal-ions) inert; that is, lacking in a chemical reaction. See Oxidation.

Oxidation Stability

This is the resistance of a petroleum product to oxidation; hence, a measure of its potential service or
storage life. There are a number of ASTM tests to determine the oxidation stability of a lubricant or fuel,



all of which are intended to simulate service conditions on an accelerated basis. In general, the test sample
is exposed to oxygen or air at an elevated temperature, and sometimes to water or catalysts (usually iron
or copper). Depending on the test, results are expressed in terms of the time required to produce a
specified effect (such as pressure drop), the amount of sludge or gum produced, or the amount of oxygen
consumed during a specified period.

Pass-Qil

See Bid Qil.

Pour Point

Pour point is the lowest temperature at which an oil or distillate fuel is observed to flow, when cooled
under conditions prescribed by test method ASTM D97. The pour point is 3°C (5°F) above the
temperature at which the oil in a test vessel shows no movement when the container is held horizontally
for five seconds. Pour point is lower than wax appearance point or cloud point. It is an indicator of the
ability of an oil or distillate fuel to flow at cold operating temperatures.

Ring L.and

This is the area on the surface of the piston that is between either the top of the piston and first ring
groove or between two adjacent ring grooves.

Ring Sticking

Ring sticking is freezing of a piston ring in its groove, in a piston engine or reciprocating compressor, due
to heavy deposits in the piston ring zone. This prevents proper action of the ring and tends to increase
blow-by into the crankcase and to increase oil consumption by permitting oil to flow past the ring zone
into the combustion chamber. See Engine Deposits.

SAE (Society of Automotive Engineers)

The Society of Automotive Engineers reviews the total automotive engine and lubricant situation and
defines the requirement for new oil specifications.

SAE Qil Viscosity Classification

Because of the important effects of oil viscosity the Society of Automotive Engineers (SAE) has
developed a system for classifying lubricating oils in terms of viscosity only; no other physical or
performance characteristics are considered.

The viscosity numbers without the letter W are based upon 210°F viscosities. Viscosity at that temperature
correlates with oil consumption and other oil performance characteristics influenced by viscosity at
normal engine operating temperatures. The viscosity numbers with the letter W are based on 0°F
viscosities.

The 0°F viscosities for W-numbered oils were selected because they correlate with the cranking
characteristics of motor oils in the average automobile engine under low-temperature starting conditions.

Viscosity Grades for Engine Oils




Viscosity Grades for Engine Oils

Boderling™ l

SAE Viscosity (cP}= | pumping V'Eﬁcésu'f?':""’ -
Viscosity | at temp. (°C) temp. at {c31)
grade max (“C} max ) min max
W 3250 at —30 -35 38 —
5 3500 at 25 =30 3.8 —
10W 3500 at =20 -25 4.1 —
15 3500 at -15 -20) 58 —
200 4500 at —10 1= 5.6 —=
25W 6000 at -5 10 5.3 —
20 = — 56 |< 9.3
30 = — 93 <125
40 — — 12.5 <16.3
50 - - 163 =21.8
EC i . 219 =261

Note: 1eP = 1m-l3-‘a g, 1cSt=1 mm’'s
TASTM D 2602 {cold cranking simulator)
SASTM O 4684 (MRY TP-1}

TASTM D 445 (capillary viscometar)

Single-Grade Oil

This is the engine oil that meets the requirements of a single SAE viscosity grade classification. i.e., SAE
10W, 30 and 40.

Scote

Scote stands for single cylinder oil test engine. Cat developed, tested and supports the single cylinder oil
test engine for the CF-4 engine oil service category. This test is known as the Cat 1K Scote.

Shear Stability

Shear stability is the ability of a multiviscosity oil to resist shear forces (sudden and abrupt changes in
movement) on the oil that would cause it to revert to the base oil and become too thin to provide adequate
lubrication.

Sludge

In diesel engines, sludge is a soft, black, mayonnaise-like emulsion of water, other combustion
by-products, and oil formed during low-temperature engine operation. Sludge plugs oil lines and screens,
and accelerates wear of engine parts. Sludge deposits can be controlled with a dispersant additive that
keeps the sludge constituents finely suspended in the oil. See Engine Deposits.

Soot



This is unburned fuel. Black smoke and a dirty air filter indicate its presence. It causes oil to turn black.

Svynthetic Lubricant

A synthetic lubricant is a lubricating fluid made by chemically reacting materials of a specific chemical
composition to produce a compound with planned and predictable properties. The resulting base stock
may be supplemented with additives to improve specific properties. Many synthetic lubricants - also
called synlubes - are derived wholly or primarily from petrochemicals; other synlube raw materials are
derived from coal and oil shale, or are lipochemicals (from animal and vegetable oils). Synthetic lubricants
may be superior to petroleum oils in specific performance areas. Many exhibit higher viscosity index (V.1.)
better thermal stability (heat resistance) and oxidation stability, and low volatility (which reduces oil
consumption). Because synthetic lubricants are higher in cost than petroleum oils, they are used
selectively where performance or safety requirements may exceed the capabilities of a conventional oil.

Total Base Number (TBN)

Understanding TBN requires some knowledge of fuel sulfur content. Most diesel fuel contains some
degree of sulfur. How much depends on the amount of sulfur in the crude oil from which it was produced
and/or the refiner's ability to remove it. One of the functions of lubricanting oil is to neutralize sulfur
by-products, namely sulfurous and sulfuric acids and thus retard corrosive damage to the engine.
Additives in the oil contain alkaline compounds which are formulated to neutralize these acids. The
measure of this reserve alkalinity in an oil is known as its TBN. Generally, the higher the TBN value, the
more reserve alkalinity or acid-neutralizing capacity the oil contains.

Toxicology

This is a science that deals with poisons and their affect and with the problems involved (as clinical,
industrial or legal).

Viscosity

Viscosity is one of the more critical properties of oil. It refers to an oil's thickness or its resistance to flow.
Viscosity is directly related to how well an oil will lubricate and protect surfaces that contact one another.
Regardless of the ambient temperature or engine temperature, an oil must flow sufficiently to ensure an
adequate supply to all moving parts.

The more viscous (or thicker) an oil is, the thicker the oil film it will provide. The thicker the oil film, the
more resistant it will be to being wiped or rubbed from lubricated surfaces. Conversely, oil that is too thick
will have excessive resistance to flow at low temperatures and so may not flow quickly enough to those
parts requiring lubrication. It is therefore vital that the oil has the correct viscosity at both the highest and
the lowest temperatures at which the engine is expected to operate.

Viscosity Index (VI)

Oil thins out as temperature increases. The measurement of the rate at which it thins out is called the oil's
viscosity "index" (or VI). New refining techniques and the development of special additives which
improve the oil's viscosity index help retard the thinning process.

The Society of Automotive Engineers (SAE) standard oil classification system categorizes oils according
to their quality (via an alphabetical designation, like CD) and viscosity (via a number).



Zinc

This is widely used as an anti-wear agent in motor oils to protect heavily loaded parts, particularly the
valve-train mechanisms (such as the camshaft and cam followers) from excessive wear. It is also used as
an anti-wear agent in hydraulic fluids and certain other products.
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Starting System

Electric Starters

Cable Size

The start circuit between battery and starting motor, and control circuit between battery, switch, and
motor solenoid must be within maximum resistance limits shown.

Maximum Allowable Resistance

Magnetic Switch and Solenoid Starting
Series-Parallel Circult | Switch Circuit; Motor Clreult

12 Volt System, 0.048 ohm | 0.0067 ohm 0.0012 ohm
24 volt Systemn, 0.10 ochm 0.030 ohm 0.002 ohm
32 Volt System, 0.124 ohm 0.070 ohn 0.002 chm

Not all this resistance is allowed for cables. Connections and contactors, except the motor solenoid
contactor, are included in the total allowable resistance. Additional fixed resistance allowances are:

-Contactors (Relays, Solenoid, Switches)-0.0002 ohm
-Connections (Each Series Connectors)-0.00001 ohm

The fixed resistance of connections and contactors is determined by the cable routing. Fixed resistance
(Ry) subtracted from total resistance (Ry) equals allowable cable resistance (R¢): Rt - Rf = Rq.
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Battery Performance




Battery Performance

- Specific Gravily vs.Voitage -
Freezes
o T
Sp. Gravity 2 Charge V per Cell | _:: ¥ i
o 1.260 T 100 210 . 70 -
1 .23'0 75 207 —39 o
| 2.04 15 7
1.200 50 & :
1.970 25 2.0 -7 2:
1.110 Discharged 1.95 #17
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Battery Performance {cont.)

Suggested Minimum Batlery Cold Cranking Amps

Battery Voltage |~ 127 ! 24-32 1-motar _ 30-32 2 motor
__ Minimum “F " 20 | 30 | e . -20 | o 6 | 20 | 0 | &0
3304 I-'15-.’J_|.- T 225 "-!_'925_ 735 | T§ =
3306 i | 1450 1225 | 835 | 725 |
306 _ | | 1225 ' ops i
3408 | | | 1300 | 12es | o2s | |
3412 ! 15300 1225, 925
3508 | ' 1300 1225 ars | |
3512 | | | 1300 910 725
3516 | - = 1300 | 910 | 725
;;Z: | ‘ | 1300 910 ‘ 725 :
5 1300 910 | 725
B~ S R I B _ I 1300 ‘ o10 | 725

MNOTE; Usc aicds below 0°F (=187

Air Starters

Air Storage Tank Sizing

Many applications require sizing air storage tanks to provide a specified number of starts without
recharging. This is accomplished as follows:

Ve w T = Pa

E - P~in

V. =

Where:
VT = Air storage tank capacity (ft3 or m3)

Vs = Air consumption of the starter motor (ft3/sec or m3/sec) - see air starting requirements chart on next
page.



T = Total cranking time required (sec). If 6 consecutive starts are required, use 7 sec for 1st start, (while
engine is cold), and 2 sec each for remaining 5 starts, or a total cranking time of 17 sec.

Pa = Atmospheric pressure (psia or kPaa) - normally, atmospheric pressure is 14.7 psia or 101 kPaa.

Pt = Air storage tank pressure (psia or kPaa) - this is the storage tank pressure at the start of cranking.

Pmin = Minimum air storage tank pressure required to sustain cranking at 100 rpm (psia or kPaa) - see air
starting requirements chart on next page.

Air Starting Requirements

—Ng—

___ Misec (m'fsec) of Free Ajr

Air Starting Requirements
Air Consumption of the Air Start Motor

Air Storage Tank Pressure

— P —

Minimum Tank

Engine 115 psia (793 kPaa) 141} psia (965 kKPaa) 165 s
_ psia (1137 kPaa — Pmin —
Model 100 psig (630 kPag) 125 psig (862 kPag) 150 psig (1034 m,ﬁ psia (kPaa)
33304306 5.8 (0 16} 6.8 (0.20) 77 (0.21) 1 50 (345
Lt 5.9 (0.17) B.9 {0 20 7.8 [0.22) 51 (332)
406 8.2 (0.17) 7.300.21) 8.3(023 55 (379)
3408 64 {0.18) 7.5 (0.21) 88 (0.24 a4 (372
&= 3em i i s
S 3{0.23) i0. 10,8 (0.30 51 {351
D343 9.2 (0.26) 10.5 (0.30 1.8 (455)
- | : 510, 2 {6.33) BB (455)
BT e T ze
2.3 (0.26) B0 126 {0.25 '
Bg% 18.3 [0.28) 11.4(0.32) 13.3 0.35? gg }31113:
: 508 5(0.30) 12,10 34} 14,7 {0.40) 65 (448)
2% e e Ben Sel
- [ 25 : . 13,3 (0. |
3518 10.5 {0.30) 121 {0.34) 14.1 .:3_433} | EE Eﬂ;*
WNOTE: Mo ciypinea oy Jpped witr- it preivto: add 1 Fises (1003 misoe) i cor BUfpEen

3600 Air Start Tank Sizing



3600 Air Start Tank Sizing
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Mounting and alignment

Available Installation and Alignment Instructions

Eng e Data Installatior /A 'gnment Instruct cns

Sheet 102.2 far Ca:erpillar Engines with
Re.1jes Frec Stanoing Marine
Gears and Vulzan Rac F'exible
Ccuolings

Spec al Insruction  Instal ation and Algnment of 3606
SEHS9070 ard 3608 Manne Engines on
Resi ert Mounts

A&l Sude 3600 Procedure for Aligning Single
LEKX 1002 Bearing Generators 1o 3600
Engines

AL Guice 3600 Procedure fer Aligning Two
|LEKX 1002 Bearing Generators ‘o 3600
Ergires

Special Instrucsion  Alignment — General Irstrucliors
SErS7654

Spacia Instruction  Alignment of Caterpi .ar Marire
S=HS7456-01 Transmissions and Marine
Eng nes

Spec al Insti-uction  Alignmeril of Caterpillar Diesel
SEHS7956 Engines to Calerpillar Marine
Transmission {727 1-36W)

Special Instructor  Alignment of Two Bearing
SEHS7073 Generato s



Allowance for Expansion due to Thermal Growth

Cast iron has a thermal expansion coefficient of 0.0000066 in. per in. per Degree F (0.000012 mm per mm
per Degree C). Steel has an average thermal expansion coefficient of 0.0000063 in. per in. per Degree F
(0.000011 mm per mm per Degree C).

The engine mounting system must allow for this expansion through the proper use and placement of
clearance bolts, fitted bolts, and dowels. Failure to allow for thermal expansion will result in driven
equipment misalignment and engine block distortion.

Compensation offsets must be incorporated into alignment procedures to accommodate this growth when
alignment is performed cold.

Thermal expansion = Expansion Coefficient x Linear Distance”™ x Delta T

*Linear distance is the length or width of engine for horizontal growth and the distance between the
mounting surface and the crankshaft centerline for vertical growth.

Examples: 3606 - Cast Iron Block, Length of block between rear fitted bolt and front clearance bolt in
87.6 in. (2226 mm). Delta T = 130°F (72°C). Expansion allowance required is:

0.0000066 (0.000012) x 87.6 in. (2226 mm) x 130°F (72°C) = 0.075 in. (1.9 mm)

Collision Blocks for Marine Engines

When marine classification societies or local marine practice requires the use of collision blocks, they
should be located with sufficient clearance to allow for thermal growth of the engine. Prefabricate the
collision blocks and install them while the engine is at operating temperature with approximately 0.005 in
(0.12 mm) hot clearance. Collision blocks are recommended to resist the shock loads encountered in hard
docking collisions and groundings.

Types of Misalignment

Parallel or bore misalignment occurs when centerlines of driven equipment and engine are parallel but not
in the same plane.
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Dial Indicator Quick Check

FACE OR ANGULAR
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When both shafts are rotated together, the algebraic sum of the readings at D and B should equal the
reading at C. This check is useful for identifying improper indicator setup or procedure. The example
shown is out of alignment.

Required Foundation Depth for Stationary Installations

Calculate foundation depth to equal generator set weight by:

WY

EE = o
DxEBE » L

FD = foundation depth in feet (meter)

W = total wet weight of generator set in pounds (kg) Use 125% of actual weight if vibration isolators are
not used.

D = density of concrete in pounds per cubic foot (kg/m?3)
NOTE: Use 150 for English unit and 2402.8 for metric unit.
B = foundation width in feet (meter)

L = foundation length in feet (meter)

Pressure on Supporting Material




. W P¢
i uumc_is_} (P < kg
A {inchasg) m”
plad)
A

Where: P = Pressure in psi (kpa)
W = Weight in pounds (kg)
A = Area in square inches (m?)

Pressure imposed by the generator set weight must be less than the load-carrying capacity of supporting
material.

General Torque Specifications

The following charts give general torque values for fasteners of SAE Grade 5 or better and Metric 1ISO
Grade 8.8.

Torques for Bolts and Nuts with Standard Threads

Torques for Bolts and
Nuts with Standard Threads

Thread Size Standard Torgue -
o Inch Nemn* Ib ft
j 7 1224 9+3
2h+7 1845
45+7 ' 3245
70415 5010 )
__ 10015 75+10
] b 15020 110215
» 200-25 | 150:20
- 360=50 26535
___ . 570480 420+60
- 1 875-100 T BdDzBO
- 1% 11002150 | 800100
_ et _ 13604175 ' 1000120
i 1600+200 1200150
1% 2000+275 1480+200

"1 Newton meter (Nem) is gpproximately the same as 0.1 k.

Torques for Taperlock Studs




Torques for Taperlock Studs

'Thread Size. Standard Torque

) Inch | Nem* ! Ib ft
. T 843 642
T 15344
3515 264
B 4510 337
B 85210 48+7
N 90415 65211
110415 | 80211
: 170220 125415
o N 260430  190:22
- 1 400040 30030
T 500240 370430
i 650450 480237

14 750450 550+37
1 _870s50 | 640za7

*1 Newton rﬁeter (M) ié approximately the same as 0.1 mkg.

Metric ISO Thread

Metric I1ISO Thread

Thread Size Standard Torque

| C Nem* h it

) ME ‘ . 1244 - ‘ 913

W8 2547 1845

M10  E5x10 T 40+7

T M2 95215 7010
M14 {80420 110215

- Twis 230230 160420
s 425450 240435
B M20 450470 330450
T M2 60080 ' 440465
B M2d 7754100 570175
O mz 11504150 8405110
M30 ' 1800e200 1175+150
M3 20004275 1480200
M3 2700:400 | 2000300
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Vibration

Vibration Summary

Vibrations can have many causes such as those listed in A through F:

A. Unbalance of rotating or reciprocating parts.
B. Combustion forces.

C. Misalignment of engine and driven equipment.
D. Inadequate anchoring of equipment.

E. Torque reaction.

F. Resonance with the mounting structure.

Causes of vibrations can usually be identified by determining if:

1. Vibration forces increase with speed. These are caused by centrifugal forces bending components
of the drive train.

These are normally caused by A, B, or C.

Forne of Unbalance
Yibration Misalignment

Engine Speed

2. Vibrations occur within a narrow speed range. This normally occurs on equipment attached to the
engine-pipes, air cleaners, etc. When vibrations "peak out” in a narrow speed range, the vibrating
component is in resonance.

These vibrations can be modified by changing the natural frequency of the part by stiffening or
softening its mounting. A defective viscous vibration dampener can also cause this.

These are normally caused by A, C, or F.



Amplitude
of
Vibration

Resonance

Engine Speed

3. Vibrations increase as load is applied. This is torque reaction and can be caused by insecure
mounting of engine or driven equipment, or by a base or foundation which is not sufficiently rigid to
withstand the driving torque of the engine or defective worn couplings.

These are normally caused by D or E.

Amplitude |
of
Yibration

Torque Reaction

Enging Load

Order of Vibration

_ Vibration Freguency (Hz)
Engine RPM/60

Ordar

Order of Firing Frequency

Fir ng Frequency  Nu~ber of Cylinders

(4 Cyclo Engines) ~ 0

Data Interpretation




Order of Vibration:
C.5 Order

1.0 Order

20 Order

Order = Firng Freguency

Possible Cause:

Misfira of one or more
cylinders

Cut of balance component
rotating at crankshaft
speed

Out of t me balancer gears
rotatirg at twice engine
speed. Misaligned U-Joint,
Fiston or upper end of
connecting rod is too light
Of 100 Naavy,

MNormal, may also ocour at
0.5 orders adjacent to
firing frequency

First Order Vibration Frequencies for Standard Rated Speeds

RFM

-equaency (Hz
qQuzncy ] 50



Engine RPM
700
720
800
200

1000
1200
1225
1300
1350
1500
1600
1800
2000
2100
22010
2400
2600
2800
2900

First Order Frequency (Hz)

.7
12
13.3
15
16.7
20
20.4
21.7
22.5
25
287
30
33.3
35
36,7
40
43.3
46.7
48.3

Relationships of Sinusoidal Velocity, Acceleration, Displacement

Englizh

Metric

V = giD

W= B1.44 g
g=0.0511FD
9= 00162 Vi
D= 0.3183V
D= 19.57 g*

D = inches pk-to-pk
¥ = Inchesfsecond

¢ = 3B6.1 infsec”

f = Hz {cps) or RPMEB0

V= D

V= 1.58 gt D = meters pk-to-pk
g=2013FD V= meterssecant

g = 041 VI = Hz {cps) or APM/ED
D= 0.31B3 VA {) = 9.806 65 msec

[ = 04968 g
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Electrical Fundamentals™

Ohm's Law

E=IR

where E = voltage in volts
I = current in amperes

R = resistance in ohms

By simple algebra this equation may be written:

Power

P=1IE

where P = power in watts
I = current in amperes

E = voltage in volts

This equation for power may also be transposed to:

Date Updated -26/04/2006

LEBV09150016
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From Ohm's law it is known that E = IR. If this expression for voltage is substituted in the power law, we
can derive the additional equation: P = IR

If we use the equation for current from Ohm's law, I = E/R, the equation for power becomes:

P =

T[]

*See "Ugly's Electrical Reference" (SEBD0983) for additional information.

Resistance

Series Circuits RT=Rj; + Ry + Ry + ... Ry

Farzlle Tircag R -

where Ry = resistance in the individual resistors

Rt = total resistance in circuit

Reactance

X,=2nfL
where X7 = inductive reactance in ohms

f = frequency in hertz
L = inductance in henries

n=3.1416

where X = capacitive reactance in ohms

f = frequency in hertz



C = capacitance in farads

n=3.1416

Impedance

7~ VR KX

where Z = impedance in ohms

R = resistance in ohms

X, = inductive reactance in ohms
X = capacitive reactance in ohms

Note that the impendance will vary with frequency, since both X and Xy are frequency dependent. In
practical AC power circuits, X¢ is often small and can be neglected. In that case, the formula above
simplifies to:

FA R = T

Transformer Voltage Conversion

N, o N
M

where Vg = secondary voltage
Vp = primary voltage
Ng = number of secondary turns

Np = number of primary turns

Power Factor

Acllal Power (walls)
Apparen: Power (Veh,)

Fowyor Factor =

In mathematical terms, the power factor is equal to the cosine of the angle by which the current leads or
lags the voltage. If the current lags the voltage in an inductive circuit by 60 degrees, the power factor will
be 0.5, the value of the cosine function at 60 degrees. If the phase of the current in a load leads the phase
of the voltage, the load is said to have a leading power factor; if it lags, a lagging power factor. If the
voltage and current are in phase, the circuit has a unity power factor.

Equation Summary Diagram
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Three Phase Connection Systems:

” T i it P o w g
1%{ A0 VOLTS j 1}%_\ 240 VOLTS
[ a g fir
@’_W—I- 240 VOLTS fLigaede. + O
& TR | 240 VOLTS
o { i ! {
g ) L ! L e — ' —— S
THREE :'H-l‘SE..lHqFE WIRE [WYEI| THREE-FHASE, THREE-WIRE iDEL TA|
B
— g5 ermm o — 5
: ] R . .
g — 1 . ..
126 WIOOLTS
(Q’f@ ! 216 WOLTS 'ég- :
;o ikl iR 2N VOLTS
% 175 u-:n_rsl. g/ :
A e — | -1 216 vOLTS &
125 VOLTS | F-ﬁ‘-‘-tﬂﬂiﬂ-mué‘r D +' 230 VOLTS
. ; VOLTS
216 VOLTS ' ! — 230 vOLTS J
j | 15 vaLTs
_ 2 AR MR 1
THAREE PHASE. FUUR WiKE [WYE) THREE PHASE FUUR WIRE (DEL T4

C

Electrical Enclosure Protection = IEC

The degrees of protection provided within an electrical enclosure is expressed in terms of the letters IP
followed by two numerals. Mechanical protection against impact damage is defined by an optional third
numeral.



First Numeral

Frovection darjainst

Py —

oo

Mon-protecisd
Qbect = S0 mm L a
Qbject = 12 mm Dea,

{Objcct » 2.5 mm Dia
Dojoct = 1.0 mim Lia
Musi-protected

F Dhast Tighd

Second Numeral Third Numeral

Froleclion against: Weighl Drop Imoact
k0 11 J
0 Mon-protacted 0 Mon-protectod
1 Drpoing Wate: t o C1E 215 (05
2 Drpoing Water 2. 015 0. Fh n.Aa7s
(il up 1o 157)
2 Rain {tHlt up to 07} R bR .20 0.50
4 Splasking Watcr
L Water Jets 4 DA0 0.40 Z
& Heavy Soas
7 lmmmersian Eflsels T+ 1h .40 &
8 Submersion Efecis
g 50 0,40 20

Example: An IP55 enclosure protects its contents against dust and spray from water jets.

Reference: DIN 40050 of July 1980, IEC 144 of 1963, IEC 529 of 1976, NF C 20-010 of April 1977

Electrical Enclosure Protection - NEMA

Type Use
i [ oer
Z intesrior
3 Ctoionr
AR Chaletcnor
35 Ll
4 [ndoor of QLo
AH, Indoor or Outdoor
! |m=ericr
£ [midcor or Ouicdeons
aF [rcdeson o Chulgdoe
11 [door
12 Indoor
12K Indoor
13 Iglnlately

Electrical Tables

Protection against

Conach with enelosco Souipmant,

Limied armcunts of 13l irg water and dirt

Windbiown dust, rain slzet, and extarma ice lorredaliong

Fadirgg ram, slesl, and exlamarics larmralicn

Winctblown dust, rain. sleel and externar ice tormation (Frovisior for axternal
mechanis operavon wWhen e laden)

Windtlown dust and rain, spiazihrig and hose-directed waler

Corrosion, windblown dust and ra.n. 2plashing and hose-cirsclog walor,
Must and falling dirt

Crzasional termporary subrnersion sl lroiled dopse

Ceasional prolengoed submarsion at a limmited depth,

Corrozive llquids and gascs [protection accomplished by oil immersion).
Diust, Faling dirt, and dripping non-corrosive liguids,

Dust, faling dirt, and dripping non-corrosive liguids except al knockaouts,
{krockauts permitted)

Lint. dust, seepage. external condensation and spraying watcr. oil, and norn-
corrosive liguids.

Table 1 Electrical Formulae

Mlern'aling Current

Ta Obtain

Kilenaea s
A

Harsrpzeer ey
whian K < ncess
foneratort

AN Inpol whon HR
kraen (hiator]
Amperes whan [P
I

Arnerss whes
O Ko
Ampsres wian
e d Lo

Single-Phase Three-Phase | Direct Currernt
¥ ¥ % PE 1732 % W x| % PF. - Vo | )
1950 1004 1000
Mol 1722 %V = |
10 o
By [hT b

A x BFE (0N,

HE = EFE [Gen

745 % CFF (Gen)

R w746 HE = 4 HF = 740

EFF. Mit, CFF. {tdeel.) CTT. (Aot

HE = 746 . HE % faf HP = F4E
Wox FF w EFF T732 =V = FFF. < PF W ox LT

EA = 1000 B w1000 | X ¢ 100D

Yo PF 1732 = ¥ x PF v
iy ed s |00 RAwA w1000
W 1732 » W




Table 1 — Electrical Farmulae (cont.)

Frequency g s Priles x BF
1235
Foeant wo KVed (0dAR, | Yoo le WOIE)
14104
T iy T
e Wltaoe Seglatan A0 ot A

kS

Fres « HPRS

=| %

The follewing acbrevigtions ara used In the table:

V = wollags invols large or small, prefixes are uften added 1o the tarms which denote those
| = current in amoeres urits. The prafixes have the affect of multiplying or gividing the QuAntity
KW = power it kilowalts {actuzal power) by some factor, usually one thousand or ong miliion. “kilo—" i used,
KVeA = wilovoll-amperes (apparant powsr for instanice, to axpress a muitiplication of ane thousand. A kilovoit (k)
HF = horsepcwer Is therofore 1000 volts. A mifiampere (mA)Y is ane thousandih of an
APM = ravolutions per minute amper. The commonly-usad prafixes, their multiplying factors and their
KVAR = reactive kilovoll-amperas anorevialions ans tanuated Delow:
EFE = eiliciency as & docimal factor Profi
ML = no load L Factos Symbal
FL = full load dle - = 1000 k
megs— = 1,000,000 it
milli— 1000 m
mioro— = 1,000,000 i
Table 2 KV-A of AC Circuits
Tanla 2
Kisf of AC Circuits
_ LINE _ e R P RS S
Single-Phase, Two-Wire o) 355
UNE — e — —— ()= —
Kvaaa L1
1000 LIME_ _ __ _ —e — A1}y = —-
e v R
Single-Phage, Thrae-Wire — Balanoed NE - -
LINE s efsdde et
ok | e
Buei = - =" =
rone UNE _ _ — —— — —— (-
"||I'|
: - MEUTRAL. _ ¢  —— — —— — —
Single-Phage, Thres-Wire — Unbaianced e
- T
{..url - I-.'__{Illllr_' x_’!}- L‘NE S hiew SN L I.F"
Wheh = - 1000
Table 2 — KV=A of AC Circuits (cont.)
Three-Phase Threes-Wire — Balanoed LINE s {:}
= TS
foypmg = L73Z W x| LINE @
1000
LINE ..
I hrea-Fhase, Three-Wire — Linbalanced LiNe I () W .
('- +h+ 's) LINE )
K"n"-r!\ —— iﬂz # l"'lr 3— Mo I:‘_'Lf:l
LIME '
1000 _®_ T

Because 1he basc units of electncal quaniities ars often i."n:l:ln'rerlentl*g.-'




Table 2 — KVsA of AC Circuits {(cont.)

Trree-Phase, Four-Wire — Balancsd

Kieh =

173 = ¥ = |

1000

Three-Phase, Eour-wire — Unbalancsd

-

MELTHAL __ 3
LINE @ = _.._:";'}_ =

LINE

LANE

MEUTRAL _
LIKE

C..L+Lj
173 Y » \ 3
KVeA = - 1000

Table 3 Copper Wire Characteristics

T ——

H{Ire |
Size | Diam.
AWG | in
(B&S) | Mils |
' a3
7| W7E
201 4
4 | 2040 |
5 | 'sig
£ | B2 ||
S R
g | 1284 |
Ty ||
1w | ogn
ol aoT |
2 | 4007 |
3 | 0 |
i | &4 I|
s 0 wee |
wo | oips l
7| ama |
8 | apa
I BT
20 | Ar |
—— ]

Table 3
_ Copper Wire Characteristics

Circular

mil
_ Area

23600

tB370)
52640
41740}
23100
2E250)
20820
16511)
T 3090
G380
5234
65530
D178
1107

3427

LIME _

iIWE

Tonms T~ T

per Nearest
1000 ft. | Diam British
25°C in SWG
E?ﬂ mm No.
_‘.’JE-fr—i_,?SﬂH_. 1
1595 | 6.544 3
2009 | 5807 4
2533 | 5.180 4
| a1en 4621 7
{ 4028 | 4115 g
ACED | 3668 ’ g
| 405 | 3984 19
( H077 | 2O0e 4
1C18 | 2588 ' 2
| 1ze4 | pacs 13
’ 1619 }?.G:ﬁ&- ‘4
2042 | 1428 1h
| 575 | 1620 6
’ 3.047 ’ 1.450 s
1082 | 1.29: 18
| 5163 | 1150 18
| £5i0 , 1.024 28
| 8210 | @12 20
l g _'81?_|__21__

Y _®

®  _ __

Table 4 Single-Phase AC Motors Full Load Currents in Amperes

=

ABE o i o



Table 4
Single-Phase AC Motors
Full Load Currents in Amperes

HP | 115V 208V 230V 440 V
v, | 58 32 | 29
7.2 4.0 3.6
98 5.4 4.9
13.8 7.6 5.9
1 16 4.8 8
1, 20 11 10
2 24 13.2 12
3 34 19 17
5 56 31 o8
7 80 44 40 21
10 100 55 . 50 26

Table 5 Three-Phase AC Motors - 80% Power Factor Full Load Current in Amperes -
Induction-Type, Squirrel Cage and Wound Rotor

Table &
Three-Phase AC Motors — 80% Power Facto
" 3 r
FIIJ|| Load Current in Amperes — induction-Type, Squirrel Cage and Wound Rotor

~__ HP 1tlov. | zggy ] “T1  sapoNT
— _| - | = | 230y 440 v 550\ 2300V
__. | 5 2.1 bl 1 0 T
5 : 3.0 24 .4 i
: : | s | 2 | 4 l.
! 7 | 3 | a5 | 18 | 1.4
o n [
5 | s ad & 245 20}
: _ & | £.9 | 6.5 33 | 28
3 | 9.5 : g 4.5 ]
: d K
o | £ | i5 | 7.5 I
0 . | = b | 5
e | | 29 27 | 14 11
a
0 | i phs 2 1
| e *' 2 2
el b, 64 32 26 7
o i il g 31 63
104 52 41 19,5
50 133 12 :
a3 132 & i B0 ta
=4 | 150 i G} 18




Table 5 — Three-Phase AC Matars (cont.}

HP
75
100
1265
160
200
250
300
as0
AQ0
450
SO0
500
F00
200
SO0
1000

1oV

208V
| S
262
330
380
R0
597
837
a7
1114
1254
1393
1672
18540
2220
2504
27859

Table 6 Direct Current Motors Full Load Current in Amperes

220V 440V 550V 2300 V
TS a3 74 12
246 123 0 25
310 155 124 21
360 189 144 a7
480 240 182 48
657 328 Dg2 857
700 3645 315 788
022 461 368 g2 2
1051 526 471 105.2
1192 52 473 118.3
1317 657 526 130
1578 789 632 157
1842 821 737 184
2103 1051 842 210
2385 1194 947 233
2639 1316 1050 265



Table 6
Direct Current Motors
Full Load Current in Amperes

WP 115V 230V 550V
b 3 1.5
7 3.8 19
y 5.4 27
, 7.4 17 1.6
1 96 4.8 2.0
17. 13.2 6.6 27
2 17 85 3.6
3 25 12,5 5.2
5 40 20 a3
7V, 58 29 12
10 76 38 16
15 112 56 23
20 148 74 31
25 184 52 38
30 220 110 46
40 292 146 | B1
50 . 380 180 | 75
60 430 215 90
75 536 268 11
100 355 148
125 . 443 184
150 534 220
200 712 295

Table 7 Conduit Sizes for Conductors



Table 7
Conduit Sizes for Conductors

Size
AWG ;
or Number of Conductors in One Conduit ar Tubing®
MCM L 2 3 4 ' 5 6 7 B )
ia I"."' 4 I'{r T o L 4 o i 2,
15 T L L i, I, 14 £ W ERA
'I 4 4 1-f_. -l_..-? '."; '!_ ar q qi -
14 R 1 A ¥, a7 1 1 1 14
10 i £ i, ¥ 1 1 1% 1
a #, i 1 1 1 1%, 1%, 1%
& L 1 1 1% 1% 1%, 2 2 2
9 s [ 1 1k 1% 2 2 2 24
3 L 1% 1Y 1% 2 2 2 a2y, 2%
2 % 1 I 2 2 2 2 2%, 2
1 Y 1% 1 2 2 2 2% 3 3
0 # 14 2 2 ; 24 24 2 3 3
oo 1 2 2 2% 2 3 3 3 35
00 1 2 2 2 J 3 3 3 3
0ooo 14 a 21 3 3 3 3 34 4
250 14 214 2 3 2 ke B “ 4 =]
300 1'% 2 2 3 3 4 4 -] &
Table 7 — Conduit Sizes for Conductors {eent.)
Size
AWG
Mor Mumber of Conductars in One Conduit of Tubing™
(:_M 11 | 2 3 4 5 L] 7 8 4
400k !__-? 3 2 K A 4 4 5] 3 4
g% 2 E . é g' 4 5 5 5 &
4 3 5 B
700 2 3, 3 5 5 5 6 : ®
;EE 2 3% 3 5 5 5] 6 G
ar}g g E j : 2 . :
5
1000 2 4 4 5 2 g g
1250 R 5 5 6 6
1500 3 5 5 A
1750 3 5 8 2
200K} 3 | ] &

1 l’ghr.:reia &:Er;.-llce fun of mbn;luﬁ or melallic ubing foes net sxcacd 50 feet (15,3 mi In length and does not conlain more than the
uiRICrF of bao quaner bends from end o end, two Ne. 4 insulatod and one Mo, 4 bare e fled in 14
g e el conducters may be installed in 1-ineh

Table 8 Allowable Current-Carrying Capacities of Insulated Copper Conductors



Table 8
Allowable Current-Carrying Capacities of Insulated Copper Conductors”

| 60°C | 75°C | a5°C [ 110°C | 125°C 200°C
_ Types of Insulatian
Rubber Paper Asbestos
Sire R. RW, RU, RUW Var-Cam-Type V Impregnated
AWG 14-2 80-C Thermoplastic Var-Cam Type Al Type A
or Thermoplastic | Type RH, Asbestas-Th Type AVA 14-8 14-8
MCK T, TW ! RHW | Asbestos-Var-Cam-AYE Type AVL AlA AA
14 15 15 25 30 30 20
12 20 20 30 35 40 40
10 30 30 40 45 S 5
il 40 45 Ll Gl 55 7o
G 58 &5 Tk a0 85 a5
4 Fi as B | 105 115 120
3 BO TN 105 120 13D 145
2 Q5 15 120 135 145 185
1 110 120 140 160 170 180
4] 125 150 155 190 200 225
o0 145 175 185 215 230 250
00 165 200 210 245 265 285
({00 185 230 235 275 310 340

* With nid more then three conductors in a raceway or cable and a room tempearature of 30°C (BF7F).

Table § -
el- Alrawablc Currentvl;‘arrwng Capamties of ins 'Insulated Copper Conductors* {cont.)

T . =
300 | 20 ] = </ 315 i
350 | 260 S | 800 | 345 | agg
4050 an0n | g J25 200 i2
500 0 das | 360 I+ S R
. 520 380 s e 5t
600 | ; 405 | 470
o 355 | 420 | 4o e _ 500
I 385 6y | | = | 545
750 400 | 4 480 560 £000
800 410 45? | EDE | Ha0 | f20
S00 | 435 =20 219 00 £40
520 | 555 |
10 455 | &es
1250 | 495 | 500 | ;fg gan | 730
EESEES - P N
— Correction Faclors for Room Temperalures Over 30°C
S | S S NP

49

o ”? |[ 3 ?1 82 | oss ] 0.50 | osa T Toes —

i | s 0.62 0.85 0.80 0.92
0 . 058 075 080 o8 | om

" 'l"nm nat roee {5
an three con ...uc:mnr ina racewsy or coble aRd & room Wmpacatoe of 300 (857F)

Table 9 Code Letters Usually Applied to Ratings of Motors Normally Started on Full Voltage

Table &
Code Letters Usually Applied to Ratings
of Motors Normally Started on Full Voltage

Code Letters | F G 'H| J K | L
Horse- 3-phase | 15-up | 1074 | 5 3 2-1% | 1
power 1-phase | — 5 3| 2-1% | 180 | 4

Table 10 Identifying Code Letters on AC Motors



Table 10
Identifying Code Letters on AC Motors®

NEMA
Code Letter Starting KVeA per HP

A 0.00-3.14
3.15-3.54
3.556-3.88
4.,00-4.49
4.50-4.83
5.00-5.58
2.60-6.29
€.30-7.09
7.10-7.99
8.00-8.99
8.00-9.95

10.00-11.19

11.20-12.49
12.50-13.99
14.00-15.99
16.00-17.99
18.00-19.99
20.00-22.39
v 22.40-

C 4 Do 2= X - I mmao m

* Wound rotor motor has na code [etter.
NOTE: Code letters apply to mators up ta 200 HR,

Table 11 Conversion - Heat and Energy



Table 11
Conversion — Heat and Energy

1 — Kilowatt = 1.341 horsepower
44,254 foot pounds/minute
56.883 Blu/minute

1 — Kilowatt Hour — 1.341 horsepower hours
2,655,217 foot pounds

3413 Btu

F77.97 foot pounds

1054.8 waltt seconds
0.000293 kilowatt hours
0.293 watt hours

0.000393 horsepower hours

1 — Horsepower Hour - { 0. 7457 kilowatt hours

1 . British Thermal
Unit {Btu) =

1.980,000 foot pounds
2545 Btu

(.7457 kilowaitt

7457 watts

233,000 foot pounds/minute
42 418 Btu/minute

1.013%9 metric horsepower

1 - Horsepower =

Table 12 Approximate Efficiencies - Squirrel Cage Induction Motor



Table 12
Approximate Efficiencies —
Squirrel Cage Induction Motor

Full Load Full Load

» HP KW Required Efficiency
0.6 68%
% 0.8 1%
1 1.0 75%
14 1.5 8%
2 1.8 BO%
3 2.7 B2%
& 4.5 B3%
i 6.7 B3%
10 B8 B5%
15 13.0 BE%:
20 16.8 B9%:
25 21.0 B9%
30 24.9 0%
40 33.2 BO%%
50 41.5 D0%
50 43,2 91%
75 61.5 1%
100 81.2 D2%
125 1015 92%
150 122.0 2%
200 182.5 92%
250 203.0 92%
300 243.0 92%
350 281.0 B3%
A00 321.0 93%
450 262.0 93%
=00 4.0 D3%
00 428.0 B3%

NOTE: Effiziencies listed are approximate only for new or near
new motors, For accurate efficiency figures check metor
nameggte data with motor manufaciurer or manuiaciurer’s
represantatie,

Table 13 - Approximate Electric Motor Efficiency to Use in Calculating Input



Table 13 — Approximale Electric Motor Efficiency to Use in Caleulating Input

Motor |
ST Y — s Slzes 1to 3 HP b o 15 HP a0 ta 60 HP
boad | 4% (% 1M T wT %R [ % | %, %, %

Diracl Currant
(4] Shunt wound ‘
(o) Compound wound . . T 78 ° Bz a3 | Aol B3 45 a8

Lol Serios woung
Alernating Current o : 1
Single-Phase
[a) Commutsler tvpe fif 72 75
Twg- or Three-Phase T )
Sguirrel Cage
(&) General Purposs

lir

5T

88

75 78 | 8O '

IE:j«:urrr'la- starting current

armal starting forgue 72 2o a0 Hah !

{b) Low slaring current ; | FL L O | SRR |
Marmal starting erque £ B3 a3 a8 BG 5]

High stariing torque 23 a3 2

e : J Az HA 2% | 89
_ Slip Aing Moter 81 |82 |3 | a | 88 | o0
__Synchranous Motar : ] [ | 85 88 | 89
ILis 1o be noted that sfficiency of electic malors vares with speed, | e : ;

g 2 ¥ gl 2l type and line veltaga. The ab 3 r
nppr.‘ﬂ:umale and are intendad only 1o gssist in saleulatng inpul. Where the ma repity of go.m- T;Idg;f rsfur Fi:gs}gaersn?arﬁ‘zqiﬁggnls
i= shown to be quite clase, it is well 1o cbtain mue efficiancy al molos fram modor rmanutacturer, .

(c) Low starting aurrent |

Table 14 Reduced Voltage Starters

Table 14
Reduced Voltage Starters
Line Current Starting Torgque

Type of Moter Voltage % Full Voltage % of Full Voltage
Starter % Lime Voltage Starting Current. B Starting Torque
Ful Voltage Startar 100 100 100
Avute Transformear

807 tap a0 i) ==

65% tap &5 46 42

507 tap 50 30 25
Aesistor Starter

Single Step (adjusted for motor 80 80 B4

voltage to e 80% of line valtage)
Reacior

507 tap &0 a0 25

45% tap 45 45 20

a7.5% tap ar.s 3ra 14
Fart Yinding

{low speed molors cnly)

R winding 100 75 75

A% winding 104 50 50
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Marine Engine Performance Analysis

3600 Performance Analysis Rules of Thumb

Air Intake System:

Air Temp at Air Cleaner ... ...

Inlet Air Restriction ... ... ..

intake Manifold Air
Temparature. ... ... ... ...

Intake Manifold Air
Pressure - sy s it

Crankcase Pressure/

. 49°C (120°F) Max.
15 in—HEDafE in Naw Max,

65°C {150°F) Neminal
92°C (197°F} Alarm

. Nominal Values in Perf Book

Measure at part and fuli load

Vaguum s s -1 10+ 2in-H,0
{~0.25to + 0.5 kPa}
2.5in-H,0 (1 kPaj Alarm

Exhaust System:

Exhaust Stack Temperature. .

individual Cyl Exhaust
Port Temperature

Exhaust Back Pressure

- Nominal Temp in Perf Book

560°C (1022°F) Alarm

50°C (122°F) Maximum
Variation between Gyl

10 in-H,0 (2.5 kPa) Max.
0.8% Loss in fuel sconomy
(increase in BSFC) for each
10 in-H,O above 10 in-H,O

Lubrication System:

Engine Qil to Bearing
Temperature. ... ....... .

Engine il to Bearing
Bressure evaemss s

il Filter Pressure
Diﬁerential.ﬂ..........._..

. 85°C (185°F) Nominal

92°C (197°F) Alarm

. 450 kPa (65 psi) Nominal

320 kPa (46 psi) Alarm

100 kPa (15 psi) Max.




T — S

Fuel SysteF__—_——-_—__—__—
Fuel Pressure
e S 425-550 kPa (62-80 psi
Fuel Supply Temperature, | “Distillate Fue(I P

29°C (B5"F} Max. Desired 1%
Power reduction for each 6°C
(10°F} increase above 29°C
(85°F) 55°C (150°F) Max. 1o

. revent inj
Fuel Filter Pressyra P eordamaog

Df ’E‘I‘E‘ﬂﬁa] 7 (= ]
| TS -39 |'i d { DSI} Max.
HE‘E“ iCﬁU” HE

oo -390 kPa (51 psi} Max,

Cooling System:

Heat Exchanger S '
| ystem External Resistance
({Combined & Separate Circut)
— Measure at enging outlet an
outlet (before regulators)

— Temperature Requlat *
o gulators 100% OPEN (blocked)

d compare 10 heat Sxchanger

1000 RPM 90 kPa {13 psi)

900 RPM 73 kPa (11 psi)

————_ _720RPM 47 kPa (7 psi)
SEralREE L

Aftercaoler Water inlet
Temperature. .. ... ... .. 50°C (122°F} Nominal
*65°C (150°F) Max. under
certain special conditions
Aftercocler Water Outlet

Tempearature. .. ... ... ... .. 50°C (122°F) + Delta T
Qil Cooler Water Inlet
Temperature . . .. .. ... ... . 50°C (122°F) Nominal

*65°C (150°F) Max. under
certain spacial conditions
il Cooler Water Gutlet

Temperature . ... ... ... . ... . S50°C (122°F) + Delta T
Jacket Watsr Pump Inlet

Temparature . .. ... ... ... . B5°C {185°F} Narninal
Jacket Water Block Outlet

Temperature .. . ... ... . ... . B5°C {185°F) + Delta T
A/C B O/C Water Pump

Inlet Pressure. . .. ... ... ... . -5 kPa (20 in-H,O) Min.

Jacket Water Pump Inlet
Pressure. .. ... __ ... ... . ... 30 kPa (5 psi} Min.
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Cat Marine/Industrial Engine Diagnostic Codes

ey 4 Ml

catrels B el

Lol S sul

Ceomnhe & Fayl

i 5 Feul:

e ngd b Tl

Sileob U2 Sodewwz o pae Croal
Slhen SF Seseng o Shar G il
Ok i See sor Saleation
epmmsage Do Powe

Tk TR Dhpen 0 iz

o ETM Shze Coreit

Lrss o Rack Sensor Signa

Hoos denson S Orowit

Fioooe een Shot Gl

[ e Sz Fa

Msaliel tack Bonsar 2 gosl

Howck Sensor Hate of Chasgge

oo ooy Aboye Monrs

oy iy Benny Mormal

ik Eng ney Ovsrspeeo War ing
Lessg ool Bz Engic-o APM 5 g-al
Mnckop Eroee speec Cut of Rangs
SUnEdy AT P Bensor Low Pres
Benncty A Sansr eaeezhoet i bal’
Locrory Abn Er Zengon shorl o grouss
SeC oy Al PrSenses Rate of Chango
Hig AL Saotan: lemp War-ng

sl Tl s Signa

oo Sensar Hacs of Charge

17 w1 sensar Cal bracioe

Ad
22
22
22

4.3

2
21
21
a4
33

a7
3z
2R
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Flash

Code Description Code
94-001 Lo buir Pressurc Warning 63
o233 Fuel Pressure Sensor Oper Circuil 37
34-00 el Pressure Serser Sho Crouil a7
85-00 Fuel Filter Restr ction Warning
95-01  Low Enging Oil Levsl Waraing
g9o-C0  Enging O FHiler Restrotion Waning
100-07% | o Ol Pressurs Warn ng A
100008 Ol Presssre Sensor Oper Cirouilt 24
100-04 Ol Prassure Sensor Shot Cirgwit 24
- 10 N Pressuee Scrsor Rale of Change 24
00 11 Very Low O Pressure di
1000-14 Lo Gil Pressues Shutawn
0100 high Crankcase Air Pressute Warning
101-14  High Crankcase Air Pressura Shuldown
102-00  Boost Pressure Reading Sluce High 20
0201 Boos! Pressure Reanirg Stack Low 25
102 (33 Boost Prassure Sensor Open Circuit 25
10%14  Boost Pressure Sensor Snort Cirguil 25
122-10 Turbo Surge
213 Bocsl Pressure sensor Calibraticn 42
105 (0 kigh n Manifala Terng Warning fd
1562 In Manifold femp Sensor Opa= G4l 38
105 04 i Maniloto Temp Se~scr Short Ckl a8
195-11  Very H gh In Manifold Termp B4
1LE-CT 1 ow Almospheris Pressure Reading 26
10605 At Pressure Sensar Opar Circlait 26
106 04 At Prossore Secser Shors Groall 26
106 10 Al Prasswe Sensor Rate of Change 26
108-04  Amosphenc: Pr Sensor Open Siroui 05
‘0204 Atrrospheric Fr Zansor Short Circu't 26
11G-000 Hig~ Coolant Tempearature Waraing E1



Flash

Code Description Code
172407 _owy Coolact Temrpara’.ra

17003 Ceolast Temp Sensor Open Croait 27
17000 Coalart Tamys Senscon Shonl Circuy 2v
-1 oy Hige Coolans lempearalure ol
“16-14  H.gh Coclan: Terperature Shotdown

TG Lo Gonant Leval sNaring 62
“11-GF  Cooland | evel Scnscr =ault 12
T1-11 Wiory Loy Cookant _eve Ty
127-CC High Trans Gil Pressare YWarning BE
127-C Lo Trans Qi Pressuse Warri=g a6
127 (34 Trans 2312 Sensor Open Crol, b4
127-0< Trzns 21 ™ Sensar S-ort Circuit B
47 10 Treanes O Pr Sensor Rale of Shange nd
127-11  vamy Low Trans (il Pressure a6
B8 (1 Batlery Wollage Below Normal 17
18807 -rtaernctast Batery 51
[22.000 Fagh 1=l20 A Temn Wami-y 4
172205 kst Ar Temz Sensor Open Circai 38
172-04 inlet A Tempn Senseor Shot St 38
144 00 high Duel Terngs War-ing 55
17405 Duel lemin Sonson Gpen Ciroui "3
17400 Fael lemp Sansor Short Ciecut "3

175-00  High Eng ne Ol TEmpsersiure Waiming
1A 00 s =agice S lemperature

[75-053  Engine 2 Teryr apsndshon o bals
R0 Enggire: <1 Temrp short to ground
1751 High Eng ne Qi Temperature Shutdown

177-00 High Trans O Terpesaluse ¥arrieg a1
14900 Tears Ol Tirnp Soesee Opon Cleout G7
177 04 Trars 231 lomp Sacscs Shos G ot &7

127 10 My High Tra-s G Temgeratiy s g1



Flash

Code Description Code
190-00  Fnging Overspeed Warnitg 35
“a0 07 Loss of Enging RPM Signal 34
190-04  Engno Speed Cut of Range 33
190-10  Engine Speed Rate of Ghnange 34
1890-14  Engine Cverspeed Shutdown
242.03 5 Vol Supply Above Normal 2]
2532 (4 5ol Suppry Be ow Morma, 21
241-00 5 Volt Open Circ.ui 21
245-01 0 Vol 8hort Circuit 21
241-02 B valt Open Circuit 21
241 03 Vo L Short Circur 21
Z28-0%  CAT Data Link Faun 59
262-1"  lncorrect Engine Scttware 20
25272 Parspnality Madule Falt he
25202 Check Cuslomer ar Sysiem Paramaters 3]s,
Pod-12  FCM rault a3



Flash Code _ Description

12 anlsEnl L evel Secsor Fault
13 Muci Termperature Sensar Faull
21 Brnsor Sapply Vo taoe Fadlt
22 Hi:< Bosit on Sensor Fault
24 Ll Pressure Sanzor Faull
25 Chovizst Pressurs Sansor Sault
2€ Armnospheric Pressune Scnsor Fault
27 waolant Ternpernalune Sensor Fadll
H Uhecs Throttle Sensor Acpusimeant
3 Throfle Position Sensor Signal Faull
33 E-gine HPM Sigra Cut of Range
54 E~guie RP Signa Faull
35 [rgine Overapaed Waning
37 Pl.l Presaure Sensor Fau
Kt lile: Manitold Ternperatare Sansor Fadll
42 Check Sense Calibrations
3 Sack Subsysten Fault
IE Shot 07 Solanc d Fault
46 Lows Ol Fressure Warning
A8 ExiEssive Engire Power
1 Mfernite~t Banary
a2 Furseaal ty Macule Fawlt
53 ECR =aull
b Mo Delestos Fauts
5 Cher« Customer ¢ Systom Parame'ers
e CAT | iata Limk Faull
54 IncorresT cngi-e Sottwars
6 High Cec anl Temperature Warning
B2 Lowe Coolan. cove Warning
63 | oy Fuel Prosscere Waning
g4 High nel Maritcld Temperature Waraing
B4 mansmission Cil Fressure Sensor Faull
&5 Hig~ Fue Tormporature Warrisg
&7 “ansm Ssice 00 Temperalure Sonsor Fadt
iz Cvlnder 1or 2 Faclt
fe Coylirder 5 or d Fauall
T4 Cyirde 5 or & Faull
£ Figh T-ansmigsion Oil femp War~ing

HE Tznamission O Pressare Warm ng
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Engine Jacket Water System:

JW Temp (From Cooler):
All except 3208 (355/375 HP) ... 99" C-DeltaT * Cf
210° F-Dalta T F Max,
3208 (355 and 375 HP) .. .. ... 102° C-Delta T+ Cf
215 F-Dalta T * F Max.

JW Outlet Temp (Belore Req):
All except 3208 (355375 HF) .. 89" C/210° F Max.
3208 (355 and 375 HP) ... . ... . 102" C/215" F Max.

JW Temp (After Water Fump):
All except 3208 (355/375 HP) ... 99° C-DeltaT " C/f
210" F-Delta T ° F Max.
3208 (355and 375 HP) .. ... ... 102° C-DeltaT " C/
215" F-Delta T * F Max.

Engine Lubrication System:
Oil Tamperature to Bearings:

3200 ... e T G240 F Max,
3300, 3400, 3500, 3114/3116 . . . 110" C/230° F Max.
. e e e 1047 GR220° F Max,
Oil Manifold Pressure:
3143116 .. ................ 200 kPa/36 psi Min.
;=3 [N ... 345 kPa/s0 psi Min.
D o e & e e 207 KPaf30 psi Min,
300, 3400, 3500. . ... ... 276 kPa/AD psi Min,
Engine Fuel System:
Fuel Transfer Pump Pressure:
Al except 3500 .. .. ... .. 172 kPa/25 psi Min.
500 o R 379 kPa/55 psi Min.

Engine Exhaust Back Pressure:
Exhaust Back Frassure;

Naturally Aspirated. . ... ... ... 8.5kPa/34 in-H,0 Max,
Turbocharged .. ... ... ... ... 6.7 kPa/27in-H,0 Max.
3208 @ 435 HF . ... .. e 10,0 kPa'40 II'I—HZCF
316 @ 300HP .. .. .. .. ... 10.0 kPa/40 in-H,O

"Excluding 3600,



Marine Engine Performance Specifications*® (cont.)
Engine Crankcase Pressure:

Crankcase Pressure:
All except 3208 .
SEDB

.. 0.5 kPai2 r'n—H?'Ii:iI fdax.
1.0 KkPasa in-HED LIRS

Engme Air System

Inlet Air Temp & Air Cleaner
Engine Raomn Temparature .

et Air Restriction .|

A9 CAH2Y F Max.

8" G {* F above ambient
(B.52C)

.4 kPass ir1—H?CF

Inlet Air Manifold Temp:

Naturally Asprrated. ..
1837 CJ325° F Max.
1187 G/245° F Max.

Turbocharged . .. .

Turbocharged JWAC .. .. .
Turbocharged SCAC B85 F. .
Turbocharged SCAC 100° F, .

3208 High Performance

435 and 375 HP). .. .. .

49° CH20¢ F Max.

527 2R F Max.
66 CHAB0C F Max,

60° C/140° F May,

Engine Aftercooler System:

Aftercooler Iniet H, KRG Temp
Turbocharged JWAC

Turbocharged SCAC 85+ F. .
Turbocharged SCAC 110" F. ..,

Aftercooler Qutlet H,G Temp.
Turbocharged Jwal .

3208 {355 and 375 HF‘} ——

99° C-Delta T = Crf

210° F-Defta T * F Max.
. 29% /85" F Max,

43* GA110° F Max.

98 C210° F Max,

52 125" F Max,
66° CA50° F Max,
60° C/140° F Max.

‘E—x::rudlng 3600,
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English Units

Air Compressors:

BHP = 1/4 x cu. ft. per minute at 100 psi
Increase BHP 10% for 125 psi

Decrease BHP 10% for 80 psi

AMA HP for U.S.A. Tax Purposes:

ND
25

Where: N = No. of Cylinders

D = Piston Diameter in inches

Brake Mean Effective Pressure:

732,000 x BHF
RPM x Displacemean|
_ 396,000 x BHP
" RPM x Displacement

BMEP {4-cycle) =

BMLP {2-cyo'e)

BMEP {4-cycle) = 15Q.8 x Torgue
Disolacement

Conveyors: 15 to 20° incline.

BHP - Vertical it in feet % 1ons per hour
500 -

Date Updated -26/04/2006

LEBV09150020



Heat Exchanger Flow Rate

Raw water to jacket water 1:1 to 2:1
Submerged Pipe Cooling

1/2 Sq. ft. surface area per HP

With 85°F flowing raw water

Electricity:

Generator Capacity Required:

Motors:

1 kW per nameplate HP (motor running cool or warm to touch)
11/4 KW per nameplate HP (motor running hot to touch)
Horsepower Requirements:

11/2 BHP per kW of load or

kW
0746 = Gon. Eff

Electric Sets:

Motor Starting Requirements:

Inrush kVa (Code F motor) = 5.5 x BHP

Inrush Current (Code F motor)= 6.2 x Full load rated current
1 kVa per HP at full load

Generator full load rated current capacity:

Voliage Rated Current
120 6.01 X kW
208 347 > kW
240 301 = KW
480 1.50 » kW

240G 0.30 x kw
4160 017 x AW

Generator Cooling Requirements:
Air Flow - 150°CFM per kW loss x efficiency

Circuit Breaker Trip Selection:



1.15to 1.25 x full load generator amp rating
Single Phase Rating of 3-Phase Generator:
60% of 3-phase rating

Generator Temperature Rise:

Increase 1°C for each 330 feet above 3300 feet

Fuel Consumption

BHF = GPH [uelx19 Digse. 111G gal. per BHP-Hr.
BHP = GPH fuelx 11 Gasoling  1/11 gal. per BHP-Hr.
BHP:= Cu:Ft Hr Natural 8108 cu. ft, per

fuel x 1/8 Gag* BHP-Hr.
kW =GPHfuelx 14  Diesel 1114 gal. per KW-Hr.
‘906 BT gas.

Gas Compressor:

BHP =22 RcVS
Where: Rc = Stage Compression Ratio
V = Million cu. ft./day

S = Number of Stages

Heat Rejection

% of Fuel Energy Consumed

SHF 2A3%
Jac<el Water 0%,
Exhianst A0%
Fadiztion 7,
Jacket Water

Prechambered engines
BTU/min = 36 x BHP
Direct injection engines

BTU/min = 27 x BHP



O Cooor RTU N 5 x BHP

Wiatercoalod Marifold BTL >~ 1. 7 = BHP
Toxroue Conve-te: BTL/min. = 42 4 = BHP nput
("GO0 - conv. eff.)

1005

Hours Per:

Year = 8760 (365 Days)
Week = 168 (7 Days)

Month = 720 (30 Days)

Oilfield Drilling:

Hoisting
P - wioigt « FPM (zssumes 160 i uaknown)
| 33,000 x 0.85 (eff)
Mud Pumps
= GPM = b gan ~ (fest of head)
T 33,000 ~ pump e¥iciency (sce oumps)
Rotary Table
Jealt e BHF Rcguired
(- 40030 FAE
A000- BOGD 100
BO00- 12000 150
1P000- 16000 200

On Site Power Requirements:

Based on 100,000 sqg. ft. of office bldg., etc., and 40°N. latitudes
Electric Requirements:

600 kW continuous load

(air conditioning is absorption)

Use three - 300 kW units (2 prime and 1 standby)
Air Conditioning Compressor

400 tons prime load

Use two - 200 HP engines (No standby)



Pumps:

BhopitE B el pzr 1000 GPM

Pipe Line BHP = Barrels per hour x psi x 0.00053

GPM -9 fgal.
Aryy Liauid BEP = - _l:LIG]L_IC_“_f fe_Et Gf_ h_ead__.
33.000 x pamp afficenay”

“Efficiency

Ge-rriﬂ:gal

Single imocker, double suction £5-80%
Simple impe ler, side suclion 55-75%
Coep well tubing 5-80%
Recinrocaling 5%

Refrigeration

One ton refrigeration = 200 BTU/Min. = 12,000 BTU/Hr.

One boiler HP = 33,475 BTU/Hr.

One ton compressor rating = One Engine HP

Auxiliary air conditioning equipment requires 1/4 HP per ton of compressor rating
Ice Plant:

Complete power requires 4-5 HP per daily ton capacity

Sawmill:

11/2 BHP per inch of saw diameter at 500 RPM
Increase or decrease in proportion to RPM

Swing Cut-Off Saw

Ad-qin 3 BHF
30- 1Ch 7 BHP
42-1eh BRI

Table Trimmer 71/2 to 10 BHP
Blower Fan 12-foot sawdust 3 to 5 BHP

Planer Mill 2 to 4 BHP per 100 board feet per hour 24 to 30-inch planers 15 to 25 BHP



Edgers

2saws 21o "hBHP
3 saws 15 to 25 BHP
slab saw 16 BHP
lack Ladder 1G BHP

Approximate fuel consumption:
Softwood 1 gal. per 1000 board feet

Hardwood 1 gal. per 750 board feet

Propellor Shaft Size Selection:

For intermediate shaft and tailshaft in marine installations

- _he
AR S

oy

= 53847 \;

Where: D = Diameter in inches
HP = Horsepower

S = Torsional stress in PSI (usually 5000)

Shovels and Draglines:

Use manufacturer's recommendations.

Torque: (4 cycle only)

D splacemant x BMEF
508
22562 BER
RFM

Tirlk. It =

T b ft. -

Torque Converters:

Peak output shaft horsepower:

Normally 80% of input horsepower for either single or three-stage converter

Output shaft speed at peak output horsepower:
Single-stage - 0.7 to 0.85 engine full load speed
Three-stage - 0.5 to 0.6 engine full load speed

Torque multiplication at or near stall:



Single-stage - 2.2 to 3.4 times engine torque

Three-stage - 3.6 to 5.4 times engine torque

Ventilation:

Natural 1/2

net square inch for each BHP

Blown 1/3 net square inch for each BHP

Metric

Units

Air Compressors:

110 KW = 1 m3/min @ 850 kPa

100 kW = 1 m3/min @ 675 kPa

90 kW =1

m3/min @ 550 kPa

AMA Power for U.S.A. Tax Purposes:

ARA [Powior =

MND-
16129

Where: N = No. of Cylinders

D = Piston

Diameter in millimeters

Brake Mean Effective Pressure:

«Pa [4-cycle) =

120,000 = kv

RFPM > L
kiPa (2-tyole) = OUEIER wi

RPM > L
kba {4-oycle) - 19'3?? il

Conveyors:

15 to 20° incline.

K — Ver! Al nft in meler_s A melr ¢ tons per hadr

-

Cooling:

138

Heat Exchanger Flow Rate

Raw water

to jacket water 1:1 to 2:1



Submerged Pipe Cooling

1 m? surface area per 16 kW with 30°C flowing raw water

Electricity:
Generator Capacity Required:
Motors:
11/3 kW per nameplate kW (motor running cool or warm to touch)
12/3 kW per nameplate kW (motor running hot to touch)
Engine Power Requirements:

i engiwé k."-.""l.-'-r- FL—'r hl;*u:"a'*'uul'.wl[t Llir_.aad Gl kW

Gen. Eff,

Electric Sets:

Motor Starting Requirements:

Inrush kVa (Code F motor) = 41/8 x nameplate KW

Inrush Current (Code F motor) = 6.2 x full load rated current
11/3 kVa per kW at full load

Generator full load rated current capacity:

Wil E e Rated Current
120 E.01 » kW
iats: 2AT7 = kW
B .01 < kW
48C "B

LR 030w W
AR 017 = kW

Generator Cooling Requirements:

Air Flow = 41/4 m?3 per kW loss x efficiency
Circuit Breaker Trip Selection:

1.15to 1.25 x full load generator amp rating
Single Phase Rating of 3-Phase Generator:
60% of 3-Phase rating

Generator Temperature Rise:

Increase 1°C for each 100 meters above 1000 meters



Fuel Consumption

ki — LA ‘el o ezl 7oLk ek
fififomed hefl ] o @ G 2080 ne WL kW e
AR e satural GGass L Mk eh
e c =

3

*33 720 kJ/m

Gas Compressor:

kW =777 Rc VS
Where : Rc = Stage Compression Ratio
V = Millions cubic meters per day

S = Number of Stages

Heat Rejection:

¥ Of Fuel Enargy Consumed

KW {outout) 33%
Jacket Water J%
Fxhalst 30%
Aac alon 75

Jacke: Water
Prechambered ongines
kdfmin = 50 > kW
Jircel injection engines
kdimiin = 38 = KW

O Cnoier kdimin, = 7 x kW
Hf"a‘aT:—‘:rcc:u:n'ed Mandola kdimin, = 10 X kW
crous Convertor kaimin, = 60 x kW input
(100 — conv. ef’)
100
Hours Per:

Year = 8760 (365 Days)
Week = 168 (7 Days)

Month = 720 (30 Days)

QOilfield Drilling:




Heisting
nry ig X mivin (assume 30 if Lnknown)
6120 x 0.85 (eff.)

Mud Pumps

g Limir » kgil x {~cters of head)
6120 % pu~p efficiency {see pumps)

Rotary Table
Depth in melers KW required
0 1200 55
1200-2400 5
2A00-53600 bl
IG00-4800 150}

On Site Power Requirements:

Based on 10 000 m? of office bldg., etc. and 40°N latitude.
Electric Requirements:

650 kW continuous load (air conditioning is absorption)

Use three units approximately 325 kW each (2 prime and 1 standby)
Air Conditioning Compressor:

325 kW prime load

Use two engines approximately 170 kW each (No standby)

Pumps:

Deep Well kW = (meters of lift x L/min x 4640)

Pipe Line ki - —. Loarrelsinour x «Pg
17 400

Fipe Ling kKW — LA % k=g x 2 775 000

Pipe Line kW = L/H x kPa x 2 775 000

Limin = kgiL (1 quia) x
. I Mag
Aryy Licaid kKW = - 2 Blefs Chhoad)
G120 % oump efficiency*

“Efficiency



TETIGHE CY
Certirugal

Sindle impe ler. douole siLotion 65-80%
Simple impe 'er, s do suetion oh-75%
Desp well lubire B5-80%
Ras procal g £

Refrigeration:

One ton refrigeration = 3.5 kW

One boiler hp = 9.8 kW

One ton compressor rating = 0.75 kW

Auxiliary air conditioning equipment requires 1/5 kW per ton of compressor rating
Ice Plant:

Complete power requires 3.25-4.25 kW per daily ton capacity

Sawmill:
1 kW per 20 to 25 mm saw diameter at 500 RPM
Increase or decrease in proportion to RPM

Swing Cut-Off Saw

65{21 M AU
800 rm S KW
1050 ~m £ kW

Table Trimmer 51/2 to 71/2 kW

Blower Fan 4 meter sawdust 21/4 to 33/4 kW

Planer Mill 5-10 kW m3 per hour 600-750 mm planers 11 to 19 kW
Edgers

2 saws 9 to 11 kW

3 saws 11 to 19 kW

Slab saw 7.5 kW

Jack Ladder 7.5 kW

Approximate fuel consumption:

Sertwood 016 L;'m‘*'
Hargwocd 0.21 L/m?



Shaft Size Selection:

For intermediate shaft and tailshaft in marine installations

D = 365 \; i
RPM x 5

Where: D = Diameter in millimeters

kW = Power in kilowatts

S = Torsional stress in MPa (usually 35)

Shovels and Draglines:

Use manufacturer's recommendations.

Torque: (4-cycle only)

L (D splacemert) X kPa (BMEP)
o 12,57

[? (k) = 9550
R

Ne~— =

Nem =

Torque Converters:

Peak output shaft kilowatts:

Normally 80% of input power for either single or three stage converter
Output shaft speed at peak output kilowatts:

Single-stage - 0.7 to 0.85 engine full load speed

Three-stage - 0.5 to 0.6 engine full load speed

Torque multiplication at or near stall:

Single-stage - 2.2 to 3.4 times engine torque

Three-stage - 3.6 to 5.4 times engine torque
Ventilation:

Natural 41/2 cm2/kW

Blown 3 cm2/kW

English to Metric Conversion Factor




English to Mefric Conversion Factor

Symbol When you Know Multiply By To Find Symbol
Btu BRITISH THERMAL UNIT 1055.06 JOULE J
Btuhpsh | BRITISH THERMAL UNIT; MEGAJOULES/KILOWATT-
| HORSEPOWER-HOUR 0.00142 HOUR MUk Wish
Biu'h BRITISH THERMAL UNIT/HOUR | 105506 JOULESHOUR Jih
Bruimin BRITISH THERMAL UNITMINUTE | 0.01758 KILCVWATT kW
Bt BRITISH THERMAL UNIT/ KILOGALORIES/GUBIC
CUBIC FOOT £.8906434 METER Kcalim®
c CELSIUS (DEGREES) li1.8 Gy + 22] | FAHRENHEIT (DEGREES) | °F
ru ft GUBIC FEET 0.02832 CUBIC METER e
cu fith CUBIC FEET/HOUR 0.02832 CUBIC METCAMCUR v/
cfm GUBIC FEETMINUTE 002832 CUBIC METERMINUTE mmin
cuir GUBIC INCH 001630 LITER L
cu i CLUBIC INCH 0.00002 CUBIC METER m’
‘F FAHREMHEIT (DEGREES) [0.555 (F-32)] | GELSIUS (DEGREZS) “G
fimin FEET/MINUTE 0.3048 METERMINUTE imin
fi FEET 0.3048 METER m
ft H.O FEET OF WATER 298608 KILOPASCAL kPa
qph GALLON/HOUR 3.78541 LITERHOUR Lh
gpm GALLONMINLTE 3.78541 LITERMINUTE Lfmin
Engtish to Metric Conversion Factor (cont.) B
Symbol | When you Know Multiply By | To Find Symbol
hp HORSEPOWER 0.7457 KILOWATT KW
in HG INCH OF MERCURY 397638 . KILOPASCAL kPa
in MCH 284 MILLIMETER mrm
in HO INCH DF WATER 0.24008 KILOPASTAL KPa
kw KILOWATT 56 86903 BRITISH THERMAL Biuimir
UNIT/MINUTE _
| LITER G1.0237 CUBIG INCH cuin
i MICRON 1.0 MICROMETER urm
b POUN 0.45350 KILOGRAM {MASS) ko
b POUND 4.448272 MEWTON {FORGE) M
Ib it {ft-lb) | POUND FOQT 135587 MEWTON METER Mot
Ib ir {in-lo} | POUND INGH 0.11299 NEWTON METER_ M
Ibvin POUNDS/ING H 0.17513 NEWTONMILLIMETER Nimm
Ibin POUNDS/INGH 175127 NEWTONMETER Nim
Ib#HP-h POLINDYHORSEPOWER-HCUR 608.277 GRAMKILOWATT HOUR | gkweh
Ibén POUND/HOUR 0.45350 KILDGRAMHOUR kgt
e CUBIC METER 61023.7 CUBIC INCH cuin
ps POUNDS/SCUARE INCH 6.89476 <||T.E§ASEAL l:F‘a
Us gt US QUART 0.94635 Ll 1
g SGUARE FEET 0.0929 SOUARE METER "W
e SOUARE INCH 6.4516 SQUARS CENTIMETER em®
US gal US GALLON 3.78541 LITER L
Energy
Energy
Unit Btu Cal #-1b J Therm Kcal
Brifish Thermal Unit 1 252 778 1055.056 0.00001 0252
Calorie 0.00357 1 308886 4,185 0.002515 0001
Foat-Pound 0.001285 0.323765 1 1.356 (. O00R 16 0063080
_ Joule 0000945 0.23395 0.73745 1 001055 00002 E0
Kilocalarie 29625 1000 3089 4185.0 2519 | 41

1 Then = 100,008 Biu
Biu por sg (ool per min = 31220 watls aor sguare inch

Power

Blu per cu fool = B.ASE kg-gulim?®
Blu por pound = 5556 kg-calkg



Pow

ar

_ Unit | Btu/min | #t-lbimin | hp | dimin | Metric hp | kW W
Btu/min 1 7782 | 0.02358 10550 | 0.02391 0.017584 17 6843
b | oaoizd | C.00003 13504 | 000008 0.00002 0026

_ Horsepower | 4224 | 33000 i 4479 1014 0.74570 7457
Joulesimin | 0.00085 | 07405 0.0000223 1 0.0000226 | 0000066 | 0016668
Meticnp | 41827 | azseo 0.9853z2 44127 1 0 73548 735,498

_ Kilowatt 568690 | 24250 134102 59507 1 35982 1 1000
Walt | DOs6E7 | 4425 0.00134 59.99&8 0.00138 0001 | 1
Length
Length
Unit mm in o yd m ! km mile
mr | 1 0.03837 0.003281 0.001094 0.001 0 00001 —
in 25,4 1 0.08233 0.02778 00254 0.00003 —
fi 304.5 12 1 0.33333 0.3048 0.00030 =
v 914.4 % 3 1 0.9144 0.00081 =
m 1000 39,3701 3.28084 109361 1 0.001 0.00062
«m 1000000 393701 3208 84 163361 1000 1 0.62137
mile 1608340 63360 5280 1760 1609.34 160934 1
Yolume and Capacity
Volume and Capacity
Unit L T mm T me US gal | Impgal liter
in’ B 00058 | 0.00002 162671 000002 | 00043 | 000861 | 001839

L BREE 1 C.03704 | 28.3166x106 | 0.02832 | 748057 | 622863 | 283169
yat' 46656 27 1 764554 076455 | 201874 | 168178 | 764.556

" e B1x%10° . 40x10° = 1 e D 26x10° | 22x107 | 1.0x 107

~m' | 510237 | 353147 | 130785 1000000 1 264.172 | 219.968 1060
U3 gal 23 | 013388 | 0.00485 3765410 0.00378 i 0832687 | 278541
Impoal | 277419 | 018054 | 0.00585 4540060 0.00455 | 1.20095 i 4,54600

e 810237 | 003531 | 0.00131 1000000 0.001 0.26417 | 021857 1
acre-ft — 43560 | 161333 — | 123s4s | assest | 271335 —

1 board-ool = 144 jne
1 sushel - 1.2484 717
1 bashet 4 pecks
Weight
Weight
i Qunces Founds Tons
Unit Kilograms Avoirdupols Avoirdupois Short | Long Matric
i Kilogram 1 35.27 2205 - — —_
1 Ounce 002835 1 0.0825 = T
1 Pound 0 45328 16 1 = L
1 Short Ton 907 2 " 32.000 2,000 3 0.3929 0.9072
| Long Ton 1016 35840 2240 | 112 | 1 1016
i MetricTon | 1000 35274 2.205 1.102 08842 1 '

1 graim = 0 064703 yram




Angle

T guadran! = 90 deqrees
1 quadranl = 1.57 radians
1 radian - 57.3 degrecs

Pressure and Head

1 degrce = 60 mirutes
1 mirute = 2.9 x 10+ radian

Pressure and Head

mmmhg | inthg | in HO ft H:0 ! Atmospheres
Unit | (0°C) | {0°C) | (39°F) {30°F) Iblin® | kgiem? bar {14.7 psi) kPa | MPa
mmhg | 1 [0.03937] 053526 | 00446 | 0.01934 | 0.00136 | 0.00133 | 0.001315 — =
inihg 25.4 1 135356 1.13208 | 0.49115 | 0.03453 | 0.03386 | 00334z
inH.0 |1.86827|0.07355| 1 | 0.08333 | 003513 | 000254 | 000249 | 000246 | 0248 | —
fiH.0 |22 4192|0882es| 12 1 0.43352 | 0.030479 | 0.02980 @ 002950 2988 | —
iy |51.7149|2.03802| 276807 | 23067 | 1 007031 | 0.06e95 | o.oss0s B.BO5 | 00080
kgiom¥ | 735 550 | 28.959 | 393,71171 | 32.80931 | 142033 1 008CET | 008784 | 9B.067 | 0.098
bac | 750062 | 29.530 | 407 4742 | 3345618 | 14.504 | 1.01972 1 088632 | 101.325| 0.1
kPa | 7.50082(0.29530 | 4.014742 | 03345618 | 0.145038 |0.0101972| 0.010000 | 0.00986920 | 1 | 0.001
MPz | 7500 | 2953 | 40147 | 3348 195 | 1020 10 987 | 1000 | T
Flow
Flow
! Million
Unit LS. galfmin ' U.S. galiday ft'fs mh L's
1 US. gpm 1 0.001440 0.00223 0.2270 0.0631
~ 1 Million galiday 6945 1 1.547 157 73 438
1fi/s 448 8 0.646 1 101.9 2832
1 mh 4403 £.00634 0.00081 1 0.2778
S 15.85 0.0228 0.0353 3.60 |
PCFD = 1000 cubic feet per day
MMCFD = 1 000 000 cubic feet per day
Ib'bhp-fr = 807,73 = gldw-hr
Area
Arag
E‘H_t ]| I'I‘II"I'I.F ind I m : h"’
ik 1 0.155 C =N
i 4516 1 000064515 0.006244
m 10000 1550 1 10,764
o 52900 144 © pogzg 1
Canrile =BG aces
| g — 8405y
Terml=7854 « 10 0
Tarml = 7854 My
Yananl = 5067 ¢ 0 o



Temperature Conversion

F-C
1

260 J '
250 —& . 120
240
230 - 110
220
212 100
200
190 80
180 80
170
160 - 70
1580 -
140 60
130
120 o0
110
100 40
80

s 30
70 - 20
60

50 10
40

v 0
20

10 -10
0
ap b -20
=g -30

°F = (18 x °C) + 32

“G = 0.5555 (°F - 32)
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General Service Information

ENGINE INSTALLATION & SERVICE HANDBOOK
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Mathematical Formulas

Trigonometric Relations

st:E
.
X
Gos O = —
;
tanO:E
A

Sine i+ cosT 0 = 1
2 =2050+ gin0D = VA

Law of Cosines

2+ -Zabcos Q) =gf

Date Updated -26/04/2006

LEBV09150021
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Physics Formulas

. Distance g
Velocity = —— —~ Distance = {Velocity)XTime)
Time '
Difference
. Crstarce ' loci
Time = —_':-j Acceleration = — i Uelo.utyt
Velocity Difference in Time
Force

Force = (Mass){Acccleration) Mass = ———
Acceleratian

—

) Force
Acceleration = ——
Mass

Momentum = {Mass){Velocity)

Work —~ (Force) Distance)
Work = (Mass){Acceleration)(Distance)

Wark
Time

Power =

Heat = (Mass)(Specific Heat)(Temperature Change) or Heat = (M)(C)(Delta T)
Where:

M = Mass

C = Specific Heat

Delta T = Temperature Change

Btu = Heat required to raise 1 pound of water 1°F.

Calorie = Heat required to raise 1 gram of water 1°C.

Absolute zero is the temperature at which matter has given up all thermal energy.



Absolute zero = 0° Kelvin(K) or -273° Centigrade(C) or -459° Fahrenheit(F)
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Caterpillar Numerical Code

The Caterpillar numerical code contains the date of shipment. This date is translated to a format of day,
month, and the last two digits of the year and then coded into a six-digit sequence with no spaces in
between digits. When the day or month is less than ten, a zero is inserted before the number to maintain
the six-digit sequence.

Use the following legend to decode the date:

a0 112
N U M|E|R|A|L|K|O|D

[y
L
)
)
)
e
)

Example:
December 18, 1985, is translated to 181285 which is coded UOUMOA

September 7, 1985, is translated to 070985 which is coded NKNDOA




Diesel Engines

ABS
Akasaka
BMW
Caterpillar
Cummins
Detroit
Doosan-Daewoo
Ford
Grenaa
Hanshin
Hino
Hyundai
Isuzu
John-Deere
Kioti
Kubota
Lister
MAK
Mercedes
Mirrlees BS
MTU
Niigata
Perkins
Rolls / Bergen
Ruston
Shibaura
SKL
Sole
VM-Motori
Volvo Penta
Wichmann

ABG
Akerman
Astra
Atlas Weyha.
Bell
Bigjoe
Bomag
Carelift
Caterpillar
Challenger
Claas
Combilift

Daewoo-Doosan

Deutz-Fahr

Agco-Sisu
Baudouin
Bukh

CHN 25/34

Daihatsu
Deutz
Fiat
GE
Guascor
Hatz
Honda
Isotta
lveco
Kelvin
Komatsu
Liebherr
Lombardini
MAN B&W
Mercruiser
Mitsubishi
MWM
Paxman
Pielstick
Ruggerini
Scania
Sisu-Valmet
Smit-Bolnes
Stork
Volvo
Westerbeke
Yanmar

Airman
Ammann
Atlas Copco
Atlet
Bendi
Bobcat
BT
Case
Cesab
Champion
Clark
Crown
Demag
Dressta

Drott
Extec
Fendt
Fiatallis
Furukawa
Genie
Halla
Hangcha
Hanomag
Haulpack
Hidromek
Hitachi
Hyundai
Ingersoll-rand
JLG
Jungheinrich
Kato
Kleeman
Komatsu
Kubota
Landini
Linde
Manitou
Mccormick
Mitsubishi
Mustang
New-Holland
Nissan
OM-Pimespo
Pel-Job
Poclain
Same
Sandvik
Schaefer
Sennebogen
Shibaura
Steinbock
Still
Super-pac
Takeuchi
Terex
Valpadana
Versatile
Volvo
Wirtgen
YAM

Tech Library http://engine.od.ua

Machinery
Dynapack
Faun
Fiat
Flexicoil
Gehl
Grove-gmk
Hamm
Hanix
Hartl
Hiab
Hino truck
Hyster
IHI
JCB
John-Deere
Kalmar
Kioti
Kobelco
Kramer
Lamborghini
Liebherr
Link-belt
Massey-Ferg.
MDI-Yutani
Moxy
Neusson
Nichiyu
OK
others-tech
PH-mining
Powerscreen
Samsung
Scania
Schramm
Shangli
Steiger
Steyr
Sumitomo
Tadano
TCM
Toyota
Venieri
Vogele
Weidemann
Yale
Yanmar



http://engine.od.ua/
http://engine.od.ua/abs
http://engine.od.ua/agco-sisu
http://engine.od.ua/akasaka
http://engine.od.ua/baudouin
http://engine.od.ua/bmw
http://engine.od.ua/bukh
http://engine.od.ua/caterpillar
http://engine.od.ua/chn
http://engine.od.ua/cummins
http://engine.od.ua/daihatsu
http://engine.od.ua/detroit
http://engine.od.ua/deutz
http://engine.od.ua/daewoo
http://engine.od.ua/fiat
http://engine.od.ua/ford
http://engine.od.ua/ge
http://engine.od.ua/grenaa
http://engine.od.ua/guascor
http://engine.od.ua/hanshin
http://engine.od.ua/hatz
http://engine.od.ua/hino
http://engine.od.ua/honda
http://engine.od.ua/hyundai-himsen
http://engine.od.ua/isotta
http://engine.od.ua/isuzu
http://engine.od.ua/iveco
http://engine.od.ua/john-deere
http://engine.od.ua/kelvin
http://engine.od.ua/kioti
http://engine.od.ua/komatsu
http://engine.od.ua/kubota
http://engine.od.ua/liebherr
http://engine.od.ua/lister
http://engine.od.ua/lombardini
http://engine.od.ua/mak
http://engine.od.ua/man
http://engine.od.ua/mercedes
http://engine.od.ua/mercruiser
http://engine.od.ua/mirrlees-blackstone
http://engine.od.ua/mitsubishi
http://engine.od.ua/mtu
http://engine.od.ua/mwm
http://engine.od.ua/niigata
http://engine.od.ua/paxman
http://engine.od.ua/perkins
http://engine.od.ua/pielstick
http://engine.od.ua/rolls-royce-bergen
http://engine.od.ua/ruggerini
http://engine.od.ua/ruston
http://engine.od.ua/scania
http://engine.od.ua/shibaura
http://engine.od.ua/sisu-valmet
http://engine.od.ua/skl
http://engine.od.ua/smit-bolnes
http://engine.od.ua/sole
http://engine.od.ua/stork
http://engine.od.ua/vm-motori
http://engine.od.ua/volvo-ce-engine
http://engine.od.ua/volvo-penta
http://engine.od.ua/westerbeke
http://engine.od.ua/wichmann
http://engine.od.ua/yanmar
http://engine.od.ua/abg
http://engine.od.ua/airman
http://engine.od.ua/akerman
http://engine.od.ua/ammann
http://engine.od.ua/astra
http://engine.od.ua/atlas-copco
http://engine.od.ua/atlas-weyhausen
http://engine.od.ua/atlet
http://engine.od.ua/bell
http://engine.od.ua/bendi
http://engine.od.ua/bigjoe
http://engine.od.ua/bobcat
http://engine.od.ua/bomag
http://engine.od.ua/bt
http://engine.od.ua/carelift
http://engine.od.ua/case
http://engine.od.ua/cat
http://engine.od.ua/cesab
http://engine.od.ua/challenger
http://engine.od.ua/champion
http://engine.od.ua/claas
http://engine.od.ua/clark
http://engine.od.ua/combilift
http://engine.od.ua/crown
http://engine.od.ua/daewoo-tech
http://engine.od.ua/demag
http://engine.od.ua/deutz-fahr
http://engine.od.ua/dressta
http://engine.od.ua/drott
http://engine.od.ua/dynapack
http://engine.od.ua/extec
http://engine.od.ua/faun
http://engine.od.ua/fendt
http://engine.od.ua/fiat-tech
http://engine.od.ua/fiatallis-bulldozer
http://engine.od.ua/flexicoil
http://engine.od.ua/furukawa
http://engine.od.ua/gehl
http://engine.od.ua/genie
http://engine.od.ua/grove-gmk
http://engine.od.ua/halla
http://engine.od.ua/hamm
http://engine.od.ua/hangcha
http://engine.od.ua/hanix
http://engine.od.ua/hanomag
http://engine.od.ua/hartl
http://engine.od.ua/haulpack
http://engine.od.ua/hiab
http://engine.od.ua/hidromek
http://engine.od.ua/hino-truck
http://engine.od.ua/hitachi-tech
http://engine.od.ua/hyster
http://engine.od.ua/hyundai-tech
http://engine.od.ua/ihi
http://engine.od.ua/ingersoll-rand
http://engine.od.ua/jcb
http://engine.od.ua/jlg
http://engine.od.ua/john-deere-tech
http://engine.od.ua/jungheinrich
http://engine.od.ua/kalmar
http://engine.od.ua/kato
http://engine.od.ua/kioti-tech
http://engine.od.ua/kleeman
http://engine.od.ua/kobelco
http://engine.od.ua/komatsu-tech
http://engine.od.ua/kramer
http://engine.od.ua/kubota-tech
http://engine.od.ua/lamborghini
http://engine.od.ua/landini
http://engine.od.ua/liebherr-tech
http://engine.od.ua/linde
http://engine.od.ua/link-belt
http://engine.od.ua/manitou
http://engine.od.ua/massey-fergusson
http://engine.od.ua/mccormick
http://engine.od.ua/mdi-yutani
http://engine.od.ua/mitsubishi-tech
http://engine.od.ua/moxy
http://engine.od.ua/mustang
http://engine.od.ua/neusson
http://engine.od.ua/new-holland
http://engine.od.ua/nichiyu
http://engine.od.ua/nissan
http://engine.od.ua/ok
http://engine.od.ua/om-fiat-pimespo
http://engine.od.ua/others-tech
http://engine.od.ua/pel-job
http://engine.od.ua/ph-mining
http://engine.od.ua/poclain
http://engine.od.ua/powerscreen
http://engine.od.ua/same
http://engine.od.ua/samsung
http://engine.od.ua/sandvik
http://engine.od.ua/scania-truck-bus
http://engine.od.ua/schaefer
http://engine.od.ua/schramm
http://engine.od.ua/sennebogen
http://engine.od.ua/shangli
http://engine.od.ua/shibaura-tech
http://engine.od.ua/steiger
http://engine.od.ua/steinbock
http://engine.od.ua/steyr
http://engine.od.ua/still
http://engine.od.ua/sumitomo
http://engine.od.ua/super-pac
http://engine.od.ua/tadano
http://engine.od.ua/takeuchi
http://engine.od.ua/tcm
http://engine.od.ua/terex
http://engine.od.ua/toyota-tech
http://engine.od.ua/valpadana
http://engine.od.ua/venieri
http://engine.od.ua/versatile
http://engine.od.ua/vogele
http://engine.od.ua/volvo-ce
http://engine.od.ua/weidemann
http://engine.od.ua/wirtgen
http://engine.od.ua/yale
http://engine.od.ua/yam
http://engine.od.ua/yanmar-tech

	Introduction
	Cooling System
	Exhaust System Formulas
	Exhaust System 2
	Heat Recovery Systems
	Ventilation System Formulas
	Ventilation Air Duct Sizing
	Combustion Air Formulas
	Sizing Combustion Air Ducts
	Formula for Calculating Horsepower
	Fuel System
	Lubrication System
	Starting System
	Mounting and alignment
	Vibration
	Electrical Fundamentals
	Marine Engine Performance Analysis
	Cat Marine - Industrial Engine Diagnostic Codes
	Caterpillar Sea Trial Rules of Thumb - Marine Engine Performance Specifications
	General Rules of Thumb
	Mathematical Formulas
	Physics Formulas
	Caterpillar Numerical Code



