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Product and Dealer Information
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Manufacture Contact Information

Manufactured By: Caterpillar

Manufacture Representative:  Foley Equipment
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Fax: 316-943-5813
Internet Site: WWW.Foleyeqg.com
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Generator Model:
Serial Number:
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Voltage:
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KW/KVA Rating:
Amps Rating:

Automatic Transfer Switch Model
Serial Number:

ID Number:

Voltage:

Phase:

Amp Rating:

Controller:

D150-8
N6D00657
8EO023

2771480

3 Phase
150kW/187.5kVA
225amps

CTG150 CTG225
TSA20219 TSA20224
KENO0002 KENO0003
2771480 277/480

3 Phase 3 Phase
150amp 225amp
MX150 MX150
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Important Safety Information

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

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

Do not operate or perform any lubrication, maintenance or repair on this product, until you have
read and understood the operation, lubrication, maintenance and repair information.

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

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

4\ WARNING

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

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

Operations that may cause product damage are identified by “NOTICE” labels on the product and in
this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard.
The warnings in this publication and on the product are, therefore, not all inclusive. If a tool,
procedure, work method or operating technigue that is not specifically recommended by Caterpillar
is used, you must satisfy yourself that it is safe for you and for others. You should also ensure that
the product will not be damaged or be made unsafe by the operation, lubrication, maintenance or
repair procedures that you choose.

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

4\ WARNING -

When replacement parts are required for this
product Caterpillar recommends using Caterpil-
lar replacement parts or parts with equivalent
specifications including, but not limited to, phys-
ical dimensions, type, strength and material.

Failure to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.
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Foreword
Foreword Use fuel consumption or service hours to determine

Literature Information

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

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

Sorne photographs or illustrations in this manual
show details or attachments that may be different
from your engine. Guards and covers may have
been removed for illustrative purposes. Coniinuing
improvement and advancement of product design
may have caused changes to your engine which are
not included in this manual. Whenever a guestion
arises regarding your engine, or this manual, please
consult with your Caterpillar dealer for the latest
available information.

Safety

This safety section lists basic safety precautions.

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

Operation

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

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

Maintenance

The maintenance section is a guide o engine care,
The illustrated, step-by-step instructions are grouped
hy fuel consumption, service hours and/or calendar
time maintenance intervals. ltems in the maintenance
schedule are referenced {o detailed instructions that
follow.

intervals. Calendar intervals shown (daily, annually,
etc.) may be used instead of service meter infervals
if they provide more convenient schedules and
approximate the indicated service meter reading.

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

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

Maintenance Intervals

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

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

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

Overhaul

Major engine overhaul details are not covered in the
Operation and Maintenance Manual except for the
interval and the maintenance items in that interval.
Major repairs are best left to trained personnel or

an authorized Caterpillar dealer. Your Caterpillar
dealer offers a variety of options regarding overhaul
programs. If you experience a major engine failure,
there are also numerous after failure overhaul options
available from your Caterpillar dealer. Consult with
your dealer for information regarding these options.
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alifornia Proposition 8% Warning
Diesel engine exhaust and some of its consiiiuenis
are known to the State of California {o cause cancer,
birth defects, and other reproductive harm.

Baitery posts, ierminals and related accessories
contain lead and lead compounds. Wash hands
after handling.
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Safety Section

102439277

Safety Messages
SMCS Code: 1000; 7405

There may be several specific safety messages
on your generator set. The exact location and a
description of the safety messages are reviewed in
this section. Please become familiar with all safety
messages.

Ensure that all of the safety messages are legible.
Clean the safety messages or replace the safety
messages if the words cannot be read or if the
itlustrations are not visible. Use a cloth, water,
and soap to clean the safety messages. Do not
use solvents, gasoling, or other harsh chemicals.
Solvents, gasoline, or harsh chemicals could loosen
the adhesive that secures the safety messages. The
. safety messages that are loosened could drop off
of the engine.

Replace any safety message that is damaged or
missing. If a safety message is attached to a part
of the engine that is replaced, install a new safety
message on the replacement part. Your Caterpiliar
dealer can provide new safety messages.

A WARNING

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

illustrations 1 through 4 show one type of enclosed
generator set.
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Hlustration 1 g

Hustration 2 g01212063
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lllustration 4

lllustrations 5 through 7 show another type of
enclosed generator set.
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Safety Messages

A.DANGER |

. 01221851
lllustration 6 9
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Hustration 8 g01232868

View of the inside of the enclosure

flusirations 9 and 10 show an open generator set.
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lustration 10 001222960

Hlustration 11 shows the control panel and the
distribution panel.
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This safety message is Iocatec on the top of the
snclosure by the radiator cap access cover on
enciosed generator sets. This safety messaqe is
locaied toward the iop of the radigtor by the filier neck
on open gensrator sets.

Mot Susrfa

This safely message is located on top of the
anclosure, ihe sides of the enclosure and ihe side
the generator on enclosed generator sets. This sat
messaga is located on the sides of the radiztor and
the sides of the generator on open generator sefs.
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900930639

Pressurized system! Hot coolant can cause seri-
ous burns, injury or death. To open the cooling
system filler cap, stop the engine and wait until
the cooling system components are cool. Loosen
the cooling system pressure cap slowly in orderto
relieve the pressure. Read and understand the Op-
eration and Maintenance Manual before perform-
ing any cooling system maintenance.

01085803

Hot surface! Do not touch!
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Electrocution (3)

This safety message is located on the sides of the
enclosure on enclosed generator sets. This safety
message is located on the sides of the terminal box
on open generator sets. This safety message is also
located on the enclosure for the control panel and
the distribution panel on open generator sets and
enclosed generator sets.

A DANGER

900928349

' A DANGER ”

Automatic Starting (4)

This safely message is located on the sides of the
enclosure on enclosed generator sets. This safety
message is located on the sides of the terminal box
on open generator sets. This safety message is also
located on the enclosure for the control panel and
the distribution panel on open generator sets and
enciosed generator sets.

A WARN!NG

aD1154070

A WARNING

DANGER Shock/Electrocution Hazard Do not op-
erate this equipment or work on this equipment
unless you have read and understand the instruc-
tions and warnings in the Operation and Mainte-
nance Manual, Failure to follow the instructions or
heed the warnings will resulf in serious injury or
death.

A WARNING

Do not connect generator to a utility electrical dis-
tribution system unless it is isolated from the sys-
tem. Electrical feedback into the distribution sys-
tem can occur and could cause personal injury or
death.

Open and secure main distribution system switch,
or if the connection is permanent, install a double
throw transfer switch to prevent electrical feed-
back. Some generators are specifically approved
by a utility to run in parallel with the distribution
system and isolation may not be required. Always
check with your utility as to the applicable circum-
stances.

When the engine is in the AUTOMATIC mode, the
engine can start at any moment. To avoid personal
injury, always remain clear of the the engine when
the engine is in the AUTOMATIC mode.




This safety message is located on the sides of ths
anclosura foward the bottom of tha enclosure on
enclosed generator sets. This safely message is
tocated on the sides of the base on open generater
sets.

b

Universal Warning {6}

=i

his safety message is located on the door for access
the control panel or: enclosad genarator sets. This
fely message is iocaied on the enclosure for the
ontrol panal and the distribution panal an open
enerator sets and enclosed generator sets.
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g00928085

Crushing Hazard! Improper lifting could cause se-
rious injury or death. Follow the lifting instruc-
tions in the Operation and Maintenance Manual for
safe lifting procedures.

g009834493

Do not operate or work on this equipment uniess
you have read and understand the instructions
and warnings in the Operation and Maintenance
Manuals. Failure to follow the instructions or
heaed the warnings couid result in serious injury
or death.
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Electrical Shock (7)

The safety message for electrical shock is located
on the enclosure for the control panel and the
distribution panel on open generator sets and
enclosed generator sets.

01120247

| A WARNING

WARNING! ShockIEIectrocutlon Hazard! Read and
understand the instructions and warnings in the
Operation and Maintenance Manual. Failure to fol-
low the instructions or heed the warnings could
cause serious injury or death.

02482102

Additional Messages
SMCS Code: 1000; 7405

There are several specific messages on these
machines. The exact location of the messages and
the description of the messages are reviewed in
this section. Please become familiarized with all
messages.

Make sure that all of the messages are legible.
Clean the messages or replace the messages if the
words or images are unreadable. When you clean
the messages, use a cloth, water and soap. Do not
use solvent, gasocline, or other harsh chemicals to
clean the messages. Solvents, gascline, or harsh
chemicals could loosen the adheswe that secures the
messages. Loose adhesive will aliow the maessages
to fall.

Replace any message that is damaged, or missing.
If a message is aftached to a part that is replaced,
install a message on the replacement part. Any
Caterpillar dealer can provide new messages.
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This illustration shows one type of enclosed generator setf.

g01233415
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lllustration 13

g01233280
This illustration shows another type of enclosed generator set.



Hiustration 14 001233028

This ilustration shows an open generator set.
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MAX. LIFT LUGLOAD
1025 kg

lllustration 15
Typical example of a fuel tank

Lifting point (1)

Hlustration 16 g1034418

Lift the package from this point. Refer to the following
topic:

« Operation and Maintenance Manual, “Product
Lifting”

Rating for lifting equipment {(2)

This message is located on the side of the enclosure
hear the bottom of the enclosure.

g01239864

3,000 Kg
(6,600 LBS)

lllustration 17

01233472
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The \ifting equipment that is used for lfting his tvps
of generaior set must be rated for a total weight of
3000 kg (5,600 ib).

Rating for ifting sauipment (3)

This message is located on the side of the enclosurs
near the bottom of the enclosure.

4,000 Kg
{8,800 LBS)

Hllustration 18 901233040

The lifting equipment that is used for lifting this type
of generator set must be rated for a total weight of
4000 kg (8,800 Ib).

Rating for lifting equipment {4}

This message is located on the side of open
generator sets on the base.

(6,500 LBS)

Hustration 19 901233043

s aquipmeni that s ussd for i
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30900 kg (6,600 Ib).

Fuel tank vent {5}

This message is locatad orn the fuel tank by the vent.

7~ "y
~ %

ATTENTION

THIS GENERATOR TANK HAS BEEN PRESSURE TESTED
AT 3-5 PSI FORWELD INTEGRITY. HOWEVER, iT HAS
NOT BEEN DESIGNED AS A PRESSURE VESSEL AND
MUST BE VENTED FROM SUPPLIED OPENINGS.

THIS TANK WAS DESIGNED, MANUFACTURED AND
INTENDED FOR DIESEL FUEL ONLY.

THIS TANK WAS INTENDED FOR STATIONARY USE
ONLY.

MAX. LOAD CAPACITY 1180 KG.

FUEL TANK CAPACITY 557 LITRES.

WHEN FILLING THE TANK VIA A PUMP, THE OVERFLOW
FITTING OF THIS ATMOSPHERIC DAY TANK MUST BE
PLUMBED IN A CONTINUOUS DOWNWARD PATH
TOWARDS THE MAIN TANK WITHOUT DOWNSIZING TO
PREVENT A POTENTIAL FUEL SPILLAGE.

TO PREVENT FUEL AND COMPARTMENT
CONTAMINATION, IT I8 RECOMMENDED TC USE A100-
\MESH FUEL STRAINER FOR INCOMING FUEL.

2087958 4

\

lltustration 20 g01239683

This generator tank has been pressure tested at
20.6 kPa (3 psi) to 34.5 kPa (5 psi) for weld integrity.
However, if has not been designed as a pressure
vessel and must be vented from supplied openings.
This tank was designed, manufactured and intended
for diesel fuel only. This tank was intended for
stationary use only. Maximum load capacity 1180 kg
(2601 Ib) Fuel tank capacity 557 L (147 US gal).
When filling the via a pump, the overflow fitting of
this atmospheric day tank must be plumbed in a
continuous downward path toward the main fuel fank
without downsizing to prevent a potential fuel spillage.
To prevent fuel and compartment contamination, it is
recommended to use a 100 mesh fuel strainer for
incoming fuel.
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ATTENTION

THIS GENERATOR TANK HAS BEEN PRESSURE TESTED
AT 3-5 PSI FOR WELD INTEGRITY. HOWEVER, IT HAS
NOT BEEN DESIGNED AS APRESSURE VESSEL AND
MUST BE VENTED FROM SUPPLIED OPENINGS.

THIS TANK WAS DESIGNED, MANUFACTURED AND
INTENDED FOR DIESEL FUEL ONLY.

THIS TANK WAS INTENDED FOR STATIONARY USE
ONLY.

MAX. LOAD CAPACITY 2250 KG.

FUEL TANK CAPACITY 757 LITRES.

WHEN FILLING THE TANK VIA A PUMP, THE OVERFLOW
FITTING OF THIS ATMOSPHERIC DAY TANK MUST BE
PLUMBED IN A CONTINUCUS DOWNWARD PATH
TOWARDS THE MAIN TANK WITHOUT DOWNSIZING TO
PREVENT A POTENTIAL FUEL SPILLAGE.

TO PREVENT FUEL AND COMPARTMENT
CONTAMINATION, IT 1S RECOMMENDED TO USE A 100-
MESH FUEL STRAINER FOR INCOMING FUEL.

s D,

¢01239658

litustration 21

This generator tank has been pressure tested at
20.6 kPa (3 psi) to 34.5 kPa (5 psi) for weld integrity.
However, it has not been designed as a pressure
vessel and must be vented from supplied openings.
This tank was designed, manufactured and intended
for diesel fuel only. This tank was intended for
stationary use only. Maximum load capacity 2250 kg
(4960 Ib). Fuel tank capacity 757 L (200 US gal).
When filling the via a pump, the overflow fitting of
this atmospheric day tank must be plumbed in a
continucus downward path toward the main fuel tank
without downsizing to prevent a potential fuel spillage.
To prevent fuel and compartment contamination, it is
recommended to use a 100 mesh fuel strainer for
incoming fuel.

(7 )

ATTENTION

THIS GENERATOR TANK HAS BEEN PRESSURE TESTED
AT 3.5 PS| FOR WELD INTEGRITY. HOWEVER, IT HAS
NOT BEEN DESIGNED AS A PRESSURE VESSEL AND
MUST BE VENTED FROM SUPPLIED OPENINGS.

THIS TANK WAS DESIGNED, MANUFACTURED AND
INTENDED FOR DIESEL FUEL ONLY.

THIS TANK WAS INTENDED FOR STATIONARY USE
ONLY.

MAX. LOAD CAPACITY 2250 KG.

FUEL TANK CAPACITY 1485 LITRES.

WHEN FILLING THE TANK VIA A PUMP, THE OVERFLOW
FITTING OF THIS ATMOSPHERIC DAY TANK MUST BE
PL.UMBED IN A CONTINUOUS DOWNWARD PATH
TOWARDS THE MAIN TANK WITHOUT DOWNSIZING TO
PREVENT A POTENTIAL FUEL SPILLAGE.

TO PREVENT FUEL AND COMPARTMENT
CONTAMINATION, IT 1S RECOMMENDED TO USE A 100-
kMESH FUEL STRAINER FOR INCOMING FUEL.

-

2857967 _J

Hustration 22 901239678

This generator tank has been pressure tested at
20.6 kPa (3 psi) to 34.5 kPa (56 psi) for weld integrity.
However, it has not been designed as a pressure
vessel and must be vented from supplied apenings.
This tank was designed, manufactured and intended
for diesel fuel only. This tank was intended for
stationary use only. Maximum load capacity 2250 kg
(4960 ib). Fuel tank capacity 1485 L (392 US gal).
When filling the via a pump, the overflow fitting of
this atmospheric day tank must be plumbed in a
continuous downward path toward the main fuel tank
without downsizing to prevent a potential fuel spiliage.
To prevent fuel and compartment contamination, it is
recommended to use a 100 mesh fuel strainer for
incoming fuei.

Size of fuel tank vent (6)

This message is located on the fuel tank by the vent.

This tank requires Emergency Relief
not less than:

37900 cubic ft./hr.

Ilustration 23 401239938

This tank requires emergency relief not less than
37900 cubic feet per hour.

This tank requires Emergency Relief
not less than:

54485 cubic ft./hr.

Hustration 24 901239912

This tank requires emergency relief not less than
54485 cubic feet per hour.
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Ganaral Hazard information

This tank requires Emergency Ralief
not less thamn:

80525 cubic f./hr.

MAK. LIFT LUG LOAD |

1025 kg |

llustration 25 901239673 Nustration 28 901238958
This tank requires emergency relief not less than Maxdimum lift lug load 1025 kg (2260 Ib)
80525 cubic feet per hour.

02344741

Maximum Lift Lug Load {7}

This message Is located on the fuel tank by the Iifﬂng
points.

MAX. LIFT LUG LOAD
623 kg

Hlustration 26 ¢01239953

Maximum lift fug load 623 kg (1372 Ib)

MAX. LIFT LUG LOAD
1000 kg

General Hazard information

SMCS Code: 1000, 7405

Hlustration 27 901239955

Maximum lifi lug load 1000 kg (2205 ib)

lustration 29 900104545

Attach a "Do Not Operate” warning tag or a similar
warning tag to the start switch or to the controls
before the engine is serviced or before the engine is
repaired. These warning tags (Special instruction,
SEHS7332) are available from your Caterpillar
dealer. Attach the warning tags to the engine and io
each operator control station. When it is appropriate,
disconnect the starting controls.

Do not allow unauthorized personnel on the engine,
or around the engine when the engine is being
serviced.

Engine exhaust contains products of combustion
which may be harmful to your health. Always start the
engine and operate the engine in a well ventilated
area. If the engine is in an enclosed area, vent the
engine exhaust to the cutside.
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Cautiously remove the following parts. To help
prevent spraying or splashing of pressurized fluids,
hold a rag over the part that is being removed.

+ Filler caps

Grease fitlings

Pressure faps

Breathers
« Drain plugs

Use caution when cover plates are removed.
Gradually loosen, but do not remove the iast two
bolts or nuts that are located at opposite ends of
the cover plate or the device. Before removing the
Jast two bolts or nuts, pry the cover loose in order to
relieve any spring pressure or other pressure,

llustration 30 900702020

« Wear a hard hat, protective glasses, and cther
protective equipiment, as required.

« When work is performed around an engine that is
operating, wear protective devices for ears in order
to help prevent damage to hearing.

« Do not wear loose clothing or jewelry that can snag
on controls or on other parts of the engine.

« Ensure that all protective guards and all covers are

secured in place on the engine.

» Never put maintenance fluids into glass containers.
Glass containers can break.

« Use all cleaning solutions with care.
« Report all necessary repairs.

Unless other instructions are provided, perform
the maintenance under the following conditions:

« The engine is stopped. Ensure that the engine
cannot be started.

» Disconnect the batteries when maintenance
is performed or when the electrical system is
serviced. Disconnect the battery ground leads.
Tape the leads in order to help prevent sparks.

« Do not attempt any repairs that are not understood.
Use the proper tools. Replace any equipment that
is damaged or repair the equipment.

Pressurized Air and Water

Pressurized air and/or water can cause debris
and/or hot water to be blown out. This could result in
personal injury.

When pressurized air and/or pressurized water is
used for cleaning, wear protective clothing, protective
shoes, and eye protection. Eye protection includes
goggles or a protective face shield.

The maximum air pressure for cleaning purposes
must be below 205 kPa (30 psi). The maximum
water pressure for cleaning purposes must be below
275 kPa (40 psi).

Fluid Penetration

Pressure can be trapped in the hydraulic circuit long
after the engine has been stopped. The pressure can
cause hydraulic fluid or items such as pipe plugs to
escape rapidly if the pressure is not relieved correctly.

Do not remove any hydraulic components or parts
until pressure has been relieved or personal injury
may occur. Do not disassemble any hydraulic
components or parts until pressure has been refieved
or personal injury may occur. Refer to the OEM
information for any procedures that are required to
relieve the hydraulic pressure.

ustration 31 go0687600
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Always use a board or cardooars whan you chack
for & leak. Lasking fluid that is under pressure car
penetrate body iissue. Fluid penstration can cause

b

sarious injury and possible death. A pin hole leak can
cause severe injury. i fluid is injected into your skin,
you must get ireatment immediaialy. Seek treatmsnt

from a doctor that is Tamiliar with this type of injury.

Containing Fluid Spillage

Care must be taken in order {o ensure that fluids
are contained during performance of inspection,
maintenance, testing, adjusting and repair of the
engine. Prepare 1o coliect the fluid with suitable
containers before opening any compartment or
disassembling any component that contains fluids.

Refer to Special Publication, NENG2500, “Dealer
Service Tool Catalog” for the following iterms:

= TJools that are suitable for collecting fiuids and
equipment that is suitable for collecting fluids

= Tools that are suitable for containing fluids and
equipment that is suitable for containing fluids

Obey all local regulations for the disposal of liquids.

Asbestos information

llustration 32

Caterpillar equipment and replacement parts that are
shipped from Caterpillar are asbestos free. Caterpillar

recommends the use of only genuine Caterpillar
replacement parts. Use the following guidelines

when you handle any replacement parts that contain

asbestos or when you handle asbestos debris.

g00702022

Use cauilon. Avoid inhaling dust that migid be
generated when you handie components that contain
asbestos fibers. Inhaling this dust can be hazardous
to your health. The components that may contain
ashestos fibers are brake pads, brake bands, lining
material, clutch plates, and some gaskels. The
asbestos that is used in these componants is usually
bound in a resin or sealed in some way. Normal
handling is not hazardcus unless airborne dust that
contains asbeslos is generated.

If dust that may coniain asbestos is present, there
are several guidelines that should be followed:

»

Never use compressed air for cleaning.
Avaid brushing materials that coniain ashesios.
Avoid grinding materials that contain asbestos.

Use a wet method in order to clean up asbestos
materials.

A vacuum cleaner that is equipped with a high
efficiency particulate air filter (HEPA) can also be
used.

Use exhaust ventilation on permanent machining
jobs.

Wear an approved respirator if there is no other
way to control the dust.

Comply with applicable rules and regulations

for the work place. In the United States, use
Occupational Safety and Health Administration
(OSHA) requirements. These OSHA requirements
can be found in "29 CFR 1910.1001".

Obey environmental regulations for the disposal
of asbestos.

Stay away from areas that might have ashestos
particies in the air.
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Dispose of Waste Properly

Hlustration 33 900708404

Improperly disposing of waste can threaten the
environment. Potentially harmful fluids should be
disposed of according to local regulations.

Always use leakproof containers when you drain
fluids. Do not pour waste onto the ground, down a
drain, or into any source of water.

02344742
Burn Prevention
SMCS Code: 1000; 7405
Do not touch any part of an operating engine.

Allow the engine to cool before any maintenance is
performed on the engine.

A WARNING

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

After the engine has stopped, you must wait for 60
seconds in order to allow the fuel pressure o be
purged from the high pressure fuel lines before any
service or repair is performed on the engine fuel lines.

Allow the pressura to be purged in the air system, in

the hydraulic system, in the lubrication system, or in

the cooling system before any lines, fittings or related
items are disconnected.

Coolant

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

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

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

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

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

Qils

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

Batteries

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

02328452

Fire Prevention and Explosion
Prevention

SMCS Code: 1000; 7405

Hlustration 34 ¢00704000

All fuels, most lubricants, and some coolant mixtures
are flammable.
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Safety Seciion
Fire Preveniion and Explosion Prevention

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

A flash fire may result if the covers for the engine
crankcase sre removed within fflsen minutes after
an emergency shutdown.

Determine whether the engine will be operated in an
environment that allows combustible gases io be
drawn inio the ait inlet system. These gases could
cause the engine o overspeed. Personal injury,
property damage, of engine damage could rasult.

if the application involves the presence of combustible
gases, consult your Caterpillar dealsr for additional
information about suitable protection devices.

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

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

Do nat expose the engine to any flame.

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

Do not weld on lines or tanks that contain flammable
fluids. Do not flame cut lines or tanks that contain
flammable fluid. Clean any such lines or tanks
thoroughly with a nonflammable solvent prior to
welding or flame cutting.

Wiring must be kept in good condition. All electrical
wires must be properly routed and securely attached.
Check all electrical wires daily. Repair any wires
that are loose or frayed before you operate the
engine. Clean all electrical connections and tighten
all electrical connactions.

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

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

Contact with high pressure fusl may cause fluid
nenetration and burn hazards. High pressure fu-
el spray may causs a fire hazard. Fajlure to fol
low these inspection, mainienance and service in-
struclions may causa persenal injury or death.

After the engine has slopped, you must waif for 60
seconds in order to allow the fuel pressure io be
purged from the high pressure fuel lines before any
service or repair is performed on the engine fuel lines.

Inspect all lines and hoses for wear or for
deterioration. The hoses must be properly routed.
The lines and hoses must have adequate support
and secure clamps. Tighten all connections to the
recommended torque. Leaks can cause fires.

Oil filters and fuel filters must be properly installed.
The filter housings must be tightened to the proper
forque.

litustration 35 g0070405¢

Use caution when you are refueling an engine. Do
not smoke while you are refueling an engine. Do not
refuel an engine near open flames or sparks. Always
stop the engine before refueling.
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Hiustration 36 00704135

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

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

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

Do not charge a frozen battery. This may cause an
explosion.

The batieries must be kept clean. The covers

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

Fire Extinguisher

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

Ether

Ether is flammable and poisanous.

Use ether in well ventilated areas. Do not smoke
while you are replacing an ether cylinder or while you
are using an ether spray.

Do not store ether cylinders in living areas or in the
engine compartment. Do not store ether cylinders
in direct sunlight or in temperatures above 49 °C
(120 °F). Keep ether cylinders away from open
flames or sparks.

Dispase of used ether cylinders properly. Do not
puncture an ether cylinder. Keep ether cylinders
away from unauthorized personnel.

Do not spray ether into an engine if the engine is

equipped with a thermal starting aid for cold weather
starting.

Lines, Tubes and Hoses

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

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

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

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

» High pressure fuel line or lines are removed.

« End fittings are damaged or leaking.

« Quter coverings are chafed or cut.

+ Wires are exposed.

« QOuter coverings are ballooning.

. Flexible part of the hoses are kinked.

« Quter covers have embedded armoring.

« End fittings are displaced.

Make sure that all clamps, guards, and heat shields
are instatled correctly. During engine operation, this

will help to prevent vibration, rubbing against other
parts, and excessive heat.
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Crushing Prevention and Cuitin

a
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Crushing Prevention
Cutting Prevention
SHMICS Code: 1000; 7405

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

Unless ether maintenance instructions are providad,
never attempt adjusiments while the engine is
running.

Stay clear of ali rotating parts and of all moving
parts. Leave the guards in place unitil maintenance
i5 performed. After the maintenance is performed,
reinstall the guards.

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

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

Chips or other debris may fly off objects when objects

are struck. Before objects are struck, ensure that no
one will be injured by fiying debris.

01805780

Before Starting Engine
SMCS Code: 1000

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

Overspeed shutdown should occur automatically.

If automatic shutdown does not occur, press the
emergency stop button in order to cut the fuel and/or
air to the engine.

Inspect the engine for potential hazards.

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

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

*‘l’ nrotactive guards anc ad prot i

¢ instalisd i the engineg 'r*us‘r“ be star L:a order
fo perfoim service procedures. To help prevent an
accident thai is caused by paris in rotaticen, work
around the parts carefuily.

Do not bypass the automatic shutofl circuiis. Do ol
dizable the automatic shutoff circuits. The circuits are
provided in order {0 help prevent personal injury. The
circuits are also provided in order ic help prevent
angine damage.

See the Service Manuai for repairs and for
adiusiments.

Engine Starting

SMCS Code: 1000

Do not use aeroso! types of startmg alds such as
sther. Such use could result in an explosion and
personal injury.

if a warning tag is attached fo the engine start switch
or to the controls DO NQT start the engine or move
the controls. Consuit with the person that attached
the warning tag before the engine is started.

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

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

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

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

Engine exhaust contains products of combustion
which can be harmiul to your health. Always start the
engine and operate the engine in a well ventilated
area. If the engine is started in an enclosed area,
vent the engine exhaust to the ouiside.
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Safety Section
Engine Stopping

Note: The engine is equipped with a device for cold Grounding Practices
starting. If the engine will be operated in very cold
conditions, then an extra cold starting aid may be

required. Normally, the engine will be equipped with 38 5
the correct type of starting aid for your region of T—g 7
operation. T VLS t

These engines are equipped with a glow plug starting ; _:

aid in each individual cylinder that heats the intake '

air in order to improve starting. - ,
102328530 E 3

Engine Stopping o=

SMCS Code: 1000

To avoid overheating of the engine and accelerated
wear of the engine components, stop the engine
according to this Operation and Maintenance Manual, ( <

“Engine Stopping” topic (Operation Section).

Use the Emergency Stop Button (if equipped) Hllustration 37 901162916
ONLY in an emergency situation. DO NOT use the
Emergency Stop Button for normal engine stopping. ) _

After an emergency stop, DO NOT start the engine L g o aarting motor
until the problem that caused the emergency stop (3) Ground to battery

has been comrected.

Typical example

On the initial start-up of a new engine or an engine ¢
that has been serviced, make provisions to stop the ‘. |
engine if an overspeed condition occurs. AR v

To stop an electronic controlled engine, cut the power &
to the engine and/or the air supply to the engine. ==

02234578 }; i -

Electrical System
SMCS Code: 1000; 1400 e

dili
Never disconnect any charging unit circuit or battery
circuit cable from the battery when the charging unit B
is operating. A spark can cause the combustible o
gases that are produced by some batteries to ignite.

v

To help prevent sparks from igniting combustible ( j
gases that are produced by some batteries, the Hlustration 38 901162918
negative “—" cable should be connected last from the
external power source to the negative “-" terminal
of the starting motor. If the starting motor is not

equipped with a negative “~" terminal, connect the
cable to the engine block.

(4]

Typical example

{4) Ground to engine
(5) Ground to battery

Correct grounding for the engine electrical system
is necessary far optimum engine performance

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

Check the electrical wires daily for wires that

are loose or frayed. Tighten all loose electrical
connections before the engine is started. Repair all
frayed electrical wires before the engine is started.
See the Operation and Maintenance Manual for
specific starting instructions.
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Uncorndrolled elecirical clrouit paths can resuil i
damage to the crankshall bearing joumnal surfaces
and to alurminum componenis.

Engines that are installed without engine-io-frame
ground sirags can be damaged by elecirical
discharge.

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

The connections for the greunds should be tight and
free of corrosion. The engine alternator must be
grounded to the negative “-" battery terminal with

a wire that is adequate to handle the full charging
current of the alternator.

The power supply connections and the ground

conhnections for the engine electronics should always
be from the isolator to the battery.

i01489970

Generator Isolating for
Maintenance

SMCS Code: 4450

When you service an electric power generation set
or when you repair an electric power generation set,

follow the procedure below:

1. Stop the engine.

lustration 39 900104545

2. Attach a “DO NOT OPERATE” or similar warning
tag to the engine prime mover starting circuit.
Disconnect the engine starting circuit.

3. Discornneci the generator from the distribution
system.

A1)

i, Lock out the circult breaker Attach a "BG NOT

OPERATE" or similar warning tag to ihe circuit
breaker. Refer o the electrical diagram. Verily
ihat all points of possible reverse power flow have
been locked out.

. For the following sircuitry, remove ihe

transformer’s fuses:
o poOwer
o SEeNsing

e control

. Aitach a “DO NOT OPERATE" or similar warning

tag to the generator excitation controls.
Remove the cover of the generatot’s terminal box.

Use an audio/visual proximity tester in order to
verify that the generator is de-energized. This
tester must be insulated for the proper voltage
rating. Follow all guidelines in arder to verify that
the tester is operational.

. Determine that the generator is in a de-energized

condition. Add ground straps to the conductors
or terminals. During the entire work period, these
ground straps must remain connected to the
conductors and to the terminals.
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Product Information
Section

General Information

02276735

Welding on Engines with
Electronic Controls

SMCS Cade: 1000

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

Proper welding procedures are necessary in order
to avoid damage to the engine’s ECM, sensars,

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

weld the component. If removal of the component

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

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

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

1. Stop the engine. Turn the switched power fo the
OFF position.

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

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

Nlustration 40 901075638

Use the example above. The current flow from the welder to

the ground clamp of the welder will not cause damage to any

associated components,

(1) Engine

(2) Welding elecirode

{3) Keyswitch in the QFF position

(4) Battery disconnect switch in the open position

(5) Disconnected battery cables

(6) Battery

(7) Electrical/Electronic component

(8) Minimum distance between the component that is being welded
and any electrical{electronic component

(9) The component that is being welded

(10} Curren{ path of the welder

(11) Ground clamp for the welder

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

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

5. Protect the wiring harness from welding debris
and spatter.

6. Use standard welding practices to weld the
materials.
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Model View Wustrations

SMICS Code: 1000

The fcllowing model views display typical features
of the generaior sets that are desciibed in this
manual. The operator should become familiar with
the locations of these iiems. Dus to individual
applications, your generaior set may appear different

from the iliustrations.

k3
<

5

10

Husiration 41

(1) Radiator filler cap

(2) Secondary fuel filter

(3) Primary fuef filterfwater separator
(4) Breather canister

{5) Engine Control Madule (ECM)

(6) Air Cleaner

(7) Generator terminal box
(8) Control panel

(9) Distribution panel

(10) Engine oil filter

Q01223275

(11) Manual sump pump for engine o drain
(12) Engine oil level gauge (dipstick)
(13) Engine ol filler
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Product Identification
Information

02299510

Engine Identification

SNMCS Code: 1000

The engines are identified by a serial number. This
number is shown on a serial number piate that is

mounted on the left hand side of the engine block.

An example of an engine number is REUOS0001H.

RE Type of engine
U Built in the United Kingdom
0800001 Engine Serial Number
H Year of Manufacture

Caterpillar dealers need these numbers in order to
determine the components that were included with
the engine. This permits accurate identification of
replacement part numbers.

102461803

Plate Locations and Film
Locations

SMCS Code: 1000

ustration 42 401144128

Location of the serial number plate

Serial Number Plate (1)

The engine serial number plate is located on the
left side of the cylinder block to the rear of the front
engine mounting.

Caterpilier dealers need all of these numbers in order
to determine the components that were included with
the engine. This permits accurate identification of
replacement part numbers.

AT 1L No)
o) o

| BIERPILLAR

LIST No SERIAL No TYPE

lllustration 43 g01159926

Serial number plate

Emissions Certification Film

Note: This information is pertinent in the United
States, in Canada and in Europe.

A typical example is shown.
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[ i AP TAHT CHGIRE 1) TIA N e
- GATERPILAR INC. (MPORTAHT EHGIRE MTORMATION 2000 JDMOGO0T
EZ%E' EHGINE MODEL : 2116 - DISPLACEMENT : 5.6 - VALYELASH: 0.38rmm INTAKE 9.84mm  EXHAUST
KR PRGN AN | KAK FUELRNTE | ARSI BXHAUST
ADVERTISED RATED LOW IBIE : GRS IHTIAL TIRIG ERISSIDN
1 (1P SPEED (RPH) SPEED (RPI) (i ATROE) BEGREES STDE CUNTROL SYSTEM
w64 2ahy =1 875 [T} 1135 €840 TGP GAS
TS G116 ENGIE CONFORMS 10 DIRECTVE 07/60/2C FOR HOH-RUAD EHGINES. FETYPEAPPROVAL HO. clRL*97/63AA0001700
THIS 3116 EHGIRECORFORMISTO2000  U.S. EPA AND GALIFORHIA REGULATIONS LARGE HOH-RORD CURIPRESSIGH-GNITION ERGIHES,
THIS ERGIHE S CERTIFIEDTO CPERATE OF COMMERICEALLY AVANLAGLE DIESEL FUEL.
DATE OF MAWUFACTURE MIONTH : G2 —
FMIT:3508

The EPA/EU Emissions Cerlification Film
{ii applicoble) is locoled either on the side,
the top, or the front of the engine.

HFORMATION IMPORTANTE SO LE MOTEUR

CATERPILLAR INC.
RDHISSION : 0,64 mm

ECHAPPEMENT

ﬂﬁr MODELE MOTEUR : 5116 - DEBIT: 8,61  ~ JEU SDUPAPES : 0,38 mm
K (HP} 13K AR EAX| BEDT D). TiAX) BALADE
FAMILLE HAXH REGINE REGIME A PUIS. MAXE 2ATIAL DINJ. < UISPOSIEIM
LE RETEURS PUDLIES @ ROMINAL (i) RALERTI (t/mn) ; (mm¥STROKE) (PISTON) {DESAES) (AVAHTPNMIB = 1 ART-POLLUANT :
KCAAAB.EMAB 164 20 296 fzed 1 15 | FMELTL.SPLCAC

CF HOTEUR 3116 TST CORFIRIE AUX DMAEGTIVES S7/59C POUR LES MOTELRS KGR ROUBERS. 4 APPROBATION TYPE EG olRL*47/68A4° 000100
CE AOTEUR 3115 EST CUNFORME AUX REGLEMENTATIONS 2000 DE UAGENCE AMERICAINE DE PROTECTION DL LENVIRONREMERT {EPATET DE LA CALIFORKIE POUR LES iROS MOTEVAS NIN ROUTIERS A COMPHESSIQN CONTACT,

CE $GTEUR ESTHIMOLOGUZ POUR FANCTIONNER AVEC LE CANBURANT BIEST. DU COMMERCE,
DATE OE FABHICATICH [RADIS) %

Etigeatte d'homologation anti-nokuticn

L'autocollani d’homologalion du dispositef
antipoliution EPA/EU (selon &quipemeni) est situé
soit sur le cdlé du moleur, sail sur le dessus du
moiewr, soit sur le devont du moleur.
900776690

lHusiration 44

This information is pertinent in the United States and
in Canada.
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IMPORTANT ENGINE INFORMATION  BAT" Manufacturer .
Perkins Engines Co. LTD Engine Type
Engine Family: 5SPKXL04.4RH2 List: Displacement: 4.4 Factory| Resetif
Refer to seiting | Applicable
List: RH37881 Manufacturer
EPA Advertised kw.86. - » 3 23722500 O
Family Max |  Fuel Rate: 850  mm3/stk 611797/B8FA
Values Init. Timing:0 DEGATDC idle RPM: *™** 2001/63*0247*00 B2 2372/2500 O
Settings are to be made with engine at normal operating temperature = 1
with transmission in neutral. This engine canforms to 2004 U.S. EPA
non - road and California off - road Regulations for large C.1. engines O 0o
and is certified to operate on commercially available diesel fuel.
Emission Control System: | Valve Lash Cold (inch): Engine Label Use Service Tool
e w o ECM Exhaust 0.*** Inlet 0.7* to verify current
Hanger No. position (™) Label No. 3181A081 | °9"® settings
Hlusiration 45 901159850

Typical example

02293163

Generator Lead Connections

SMCS Code: 4450

- A\ DANGER -
DANGER: Shock/Electrocution Hazard-Do not op-
erate this equipment or work on this equipment
unless you have read and understand the instruc-
tions and warnings in the Operation and Mainte-
nance Manual. Failure to follow the instructions or

heed the warnings will result in serious injury or
death.

A\ WARNING

Personal injury or death can result from high volt-
age.

When power generation equipment must be in op-
eration to make tests and/or adjustments, high
voltage and current are present.

Improper test equipment can fail and present a
high voltage shock hazard to its user.

Make sure the testing equipment is designed for
and correctly operated for high voltage and cur-
rent tests being made.

When servicing or repairing electric power gener-
ation equipment:

« Make sure the unit is offdine (disconnected
from utility and/or other generators power
service) , and either locked out or tagged DO
NOT OPERATE.

« Remove all fuses.

« Make sure the generator engine is stopped.

« Make sure all batteries are disconnected.

« Make sure all capacitors are discharged.

Failure to do so could result in personal injury or

death. Make sure residual voltage in the rotor, sta-
tor and the generator is discharged.
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Accidental engine starling can causs Injury o
death to perscennel working on the sguipment,

To avoid accidental engine slarting, disconnect
the battery calbie from the negafive () baitery ter-
minal. Complstaly tape sl metal surfaces of the
tisconnsacied batlery cable end in order {0 prevent
sontact with other metal surfaces which could ac-
tivate the engine electrical system.

Place 2 Do Not Operate tag af the Start/Siop switch
focation to inform personnsi that the equipment is
being worked on.

Grounding the Frame

In any generator set instaliation, the frame of the
generator must be positively connected to an earth
ground. This connection is the first connection

that is made at the installation. This connection

is the last connection that should be removed. Iif
the generator set is on flexible mounting pads, the
ground connection must be flexible in order to avoid
possible breakage in later operation.

Ground connection cable or straps should have at
least the current carrying capacity of the largest
line lead to the connected load. Joints in cables or
straps must be clean, free of electrical resistance,
and protected from possibte oxidation. Bolted ground
connection joints eventually oxidize. The joints are
frequent sources of radio frequency interference
(RFI). Joints that are silver scldered and bolted are
preferred.

Neutral Connections

The generators with a Wye Configuration usually
have the neutral ground when the generator is
installed. Grounding the neutral is for preventing
damage to equipment.

If the neutral wire is grounded and one of the phase
leads becomes grounded, the excessive current

will open a load circuit breaker. Also, the excessive
current will cause the generator voltage to collapse.
The result depends on the following items: electrical
characteristics of the generator , type of fault, and trip
rating of the circuit breaker. An undervoltage device
may be required in order to provide an adequate
short circuit protection.

There are some cases when the neulral wire is not
grounded. An ungrounded genersior neulral lea
accepiable when the possibility of grounds o the
phase leads has been sliminated. An example of
such measures are ground fault proteciive circuits.
Ground fault protection requires the entire group

of distribution circuits to be treated a5 a sysierm.
The owner should coniact a certified consuliant if

a new distiibution system is being developed. The
owner should also contact a certified consuliant if an
existing system should be modified for the ground
fault protection.

=%
@

Single Units
Each unif should be connected to a common ground.

In a three-phase, four-wire system, the neutral wire
shouid be grounded according to local wiring codes.

Be sure to check your local wiring codes.

Connection Diagrams

1 2

o
ﬁ

Hustration 46 901148000

The generator lead connections are located in the terminal box on
the generator or in the enclosure for the controf panel.

{1) Terminal Box on the Generator
{2) Enclosure for the Control Panel

The generator lead connections are located in the
terminal box on the generator or in the enclosure for
the control panel.

Change the position of the wire terminals in order to
modify the connection. The code for the winding is
specified on the nameplate.
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Wiring Code A for Three-Phase
Configuration

LI(u)

R 438 LS voltage sensing — 0 => (T3) /220 V =>
(T2)

Wiring Code B for Single-Phase
Configuration or Three-Phase
Configuration

lllustration 49 g00952087

L3(w) L2(V)
llustration 47 g00952030
e L3(W)
- L2(Vv)
- LU}
Hllustration 48 900952058
Factory connection for “A” wiring code
Tabte 1
L-L Voltage for Wiring Code A
Winding 50 Hz 60 Hz
6 190-208 160-240
7 220-230 -
8 : - 190-208

R 230 voltage sensing — 0 => (T8} /110 V => (T11)

lHustration 50 900952196

Factory connection for “B” wiring code
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Froduct Identification in

A
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Table 2
L-L Yoltags Tor Wiring Code B
Winding 50 Hz 8¢ Hz
& 110-120 120
i 120-130 -
8 - 110-125

R 230 voltage sensing — 0=> (T8)/ 110 V¥ => {T11)

R 438 LS voliage sensing - 0 => (T3)/ MOV =>
(12)

Wiring Code D for Three-Phase
Configuration

LHU)

- h 12

L;(V)

liustration 51 900952201

14—,
N T
12— —i ) {~)7»——w~ i
Tig—r"
' g s
79 = ( o= L3(¥)
__} /f )
[ 1/ T3 /
T8 —() (129
] a
FS——— 72—
{— o L)
AN
T4 11
llustration 52 900952365
Factory connection for “D” wiring code
Table 3
i.-L. Voltage for Wiring Code D
Winding 50 Hz 60 Hz
6 380-415 380-480
7 440-460 -
8 - 380416

R 230 voitage sensing ~ 0 => (T8)/ 110V => (T11)

R 438 LS voltage sensing -~ 0=>(T3)/ 380V =>

(12)
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Wiring Code F for Single-Phase
Configuration or Three-Phase
Configuration

L2(v)
L
Hiustration 53 00952381
Voltage LM equals one half of voltage LL.
™
T6 —\
T9 —— { Y L3(W)
15—\ 13
TS_——X) T10j:}-—-—~ Lz{v)
17— T12 s LV
™
Hlustration 54 900852390
Factory connection for “F” wiring code
Table 4
L-L Voltage for Wiring Code F
Winding 50 Hz 60 Hz
6 220-240 220-240
7 250-260 -
8 200 220-240

R 230 voltage sensing ~ 0=>(T8)/ 110V => (T11)

R 438 LS voltage sensing — 0 => (T3)/ 220V =>
(T2)

Wiring Code FF for Single-Phase
Configuration

M
llustration 55 900852418
Voitage LM equals one half of voltage LL.
lliustration 56 900952430
Factory cannection for “FF” wiring code
Table §
L-L Voitage for Wiring Code FF
Winding 50 Hz 60 Hz

4] 220-240 220-240

7 250-260 -

8 200 220-240

R 230 voltage sensing - 0 => (T1)/ 110V => (T4)



ing ~ 0 => (T15) /220 =>

1000 Series Generalors, Single Phase
with 4 Leads, Winding Dedicated Type M
or Type M1

Hustration 57 900952089

Wiring diagram for a connection in series

Table 6

Voltage at
5060 Hz

L L-M L L M
220 110

12-T3
230 115 T T4 TZ2-T3

Connect. Cutput

240 | 120

R 230 voliage sensing —0=> (T1)/ 110V => (T2)

ustration 58 900953002

Wiring diagram for a paraliel connection

fabie 7

l i;qﬁi);ggii? Connest. Cutout
LL | L L L W
Mo | - 4 o112
s | - | T2T¢ etz 200
120 -

R 23% voliage sensing ~ 0 => (T1)/ 110V => (T2)

2000/3000 SeriesConnections for Exciter
Field

Connection for Series Arrangement (SHUNT)

WHT
BLU P )—j
-
5
P
) O R 230
6- | R 448
1 Rep
thustration 59 901147977
{(WHT) White
{BLU) Blue
(BLK) Black
(RED) Red

Connection for Parailel Arrangement (AREP
excitation and PMG excitation)

8L

BLK OO
o o g

ol & 1R 438
RED
Hlustration 60 guT147978
(WHT) White

(BLU) Blue
(BLK) Black
(RED) Red
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R 791 T Interference Suppression

BLK @— 11
BLK @—
BLK @
BLU @—
WHT 8

T2
T3

—
(7

ERER

. e ©
T1 T
12
13
N
.

NEEEES
S

X

ik o 3

N
=

ustration 61 400933025
Connect the interference suppression, as shown. The letters in the
circles represent the wiring codes for the generators.

(BLK) Black

(BLU) Blue

(WHT) White

(A) Wiring code “A”
(8} Wiring code “B”
(D) Wiring code “D”
(F) Wiring code “F"
(FF) Wiring code “FF”
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02472970
Product Lifting
SMCS Coder 1000; 1404, 7002

Lifting of Generator Sets

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

VWhen it is necessaty to remove a component at an
angle, only use a iink bracket that is properly rated for
the weight.

Use a hoist to remove heavy components. Use an
adjustable lifting beam, if necessary. All supporting
members (chains and cables) should be parallel
to each other. The chains and cables should be
perpendicular to the top of the object that is being
lifted.

Some removals require lifting the fixtures in order
to obtain proper balance and safety. Consult your
Caterpillar dealer for information regarding fixtures
for proper lifting of your complete package.

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

On some enclosed generator sets, it may be
necessary to remove a top panel of the enclosure in
order to access the lifting eye.

IHustration 62 901034418

The iifing tabsis are loosied on the li#ng eyss.
Theses labels designaie the proper lifing iocaticns for
the ganeraior set. Sorne geherator sets may be lifted
at the base of the generator set and other genarator
sets may have a single lifing point on top of the
generaior set.

Engine Lifting with a Fuel Tank

Do not it the unit with fuel in the fuel iank.
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102283885

Product Storage
SMCS Code: 1000; 1404; 7002

If the engine will not be started for several weeks, the
lubricating oil will drain from the cylinder walls and
from the piston rings. Rust can form on the cylinder
liner surface, which will increase engine wear which
can reduce engine service life.

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

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

« If freezing temperatures are expected, check the
cooling system for adequate protection against
freezing. See this Operation and Maintenance
Manual, “Refill Capacities and Recommendations”
(Maintenance Section).

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

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

a complete protection procedure is recommended.

Your Caterpillar dealer will have instructions for
preparing the engine for extended storage periods.

For more detailed information on engine storage, see
Special Instruction, SEHS9031, “Storage Procedure
for Caterpillar Products”,

Generator Storage

Store the generator set in a dry area in order to
minimize condensation on the windings. Use space
heaters to keep the windings dry, when possible.
Wrap the genset in plastic with bags of desiccant for
extended storage. Test the insulation of the generator
when the generator is removed from storage. Refer to
this Operation and Maintenance Manual, “Insulation
- Test”. Dry the generator if the insulation is not
acceptable. refer to this Operation and Maintenance
Manual, “Generator - Dry".



4"7
Ooeration Seclon
Ingigilation

. 02250564
Generator Set Installation

SHICE Code: 7002

Receiving Inspection

If the generator is received during cold weather,
allow the unit to reach room temperature before you
remove the proteciive packing material. Warming
the generator to room temperature will prevent the
following problems:

o Water condensation on cold surfaces

= Eatly failures due to wet windings

= Early failures due to wet insulating materials

Unpacking

Moving the Generator

improper lift rigging can allow unit to tumble caus-
ing injury and damage.

NOTICE
Do not use the engine lifting eyes to remove the en-
gine and generator together.

Unpack the equipment with care in order fo avoid
scratching painted surfaces. Move the unit to the
mounting location. The unit can be moved by either
of the following methods:

e Attach an overhead crane lo the lifting eye that is
installed on the generator package.

¢ Use a lift truck in order to lift the generator.

The hoist and the hoist cables should have a rating
that is greater than the weight of the generator.
When the unit is moved, ensure that the generator
is completely supported by the lift truck’s fork tines.
Also ensure that the generator is balanced on the
lift truck’s fork tines. Slide the fork tines beneath the
attached skid in order fo lift the generator.

The location of the generator must comply with all
iocal regulations. The locatlon of the generator must
also comply with ail special industrial reguiations.
Locaie the generator in an area that meeis the
foliowing reguirerneanis:

» Clean
= Dy

Well ventilated

3

» [asily accessible for inspection and rmainienance

Do not obstruct air inlet openings. Do not obstruct
discharge openings. Coolant flow must reach these
openings. If the generaior is exposed to harsh
environmental conditions, the generaior can be
modified in the field in crder to add filters and
space heaters. In addition, a more rigid periodic
maintenance schedule should be established.

Remote Fuel Tanks and Auxiliary
Fuel Tanks

Connect the generator to a remote fuel tank or an
auxiliary fuel tank, if necessary. The tank should have
good clean fuel and there should be provisicns for
draining water and sediment from the fuel tank. Refer
to this Operation and Maintenance Manual, "Fuel
Tank Water and Sediment - Drain”.

Connect the tank to the fuel supply fitting and the fuel
return fitting on the generator set.

Electrical Measurements

Measure the insulation resistance of each winding
if the generator was exposed fo the following
conditions:

= Rapid changes in temperature

e Freezing

L

Wet climate during shipment
= Wet climate during storage

Refer to this Operation and Maintenance Manual,
“Insulation - Test".

Note: These tests should be conducted prior to any
power connections or control connections that are
being made.
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Features and Controls

02353372

Control Panel
SMCS Code: 7451

This section describes basic operation of the control
panel. For more information, refer to Systems
Operation/Testing and Adjusting, RENR7902, “EMCP
3",

lltustration 63

(1) Display Screen (7) Lamp Test Key
(2) AC Overview Key (8} Run Key

(3) Engine Overview (9) Auto Key

(4) Yellow Warning Lamp (10} Stop Key

(8) Red Shuidown Lamp (11) Scroll Up Key
(8) Alarm Acknowledge/Silence Key (12) Escape Key

Navigation Keys

AC Overview —~ The key for AC Qverview (2}

will navigate the display to the first screen of AC
information. The AC information contains various AC
parameters that summarize the electrical operation
of the generator set.

Engine Overview - The Key for Engine Overview
(3) will navigate the display to the first screen of
engine information. The engine information contains
various engine parameters that summarize the
operation of the generator set.

901045431

(13) Scroll Right Key
(14) Enter Key

{15} Scroll Down Key
{16) Scroll Left Key

Alarm Acknowledge/Silence — Pressing the key
for Alarm Acknowledge/Silence (B) will cause the
output for the horn relay to turn off. This will silence
the horn. Pressing the key will also cause any yellow
or red flashing lights to turn off or pressing the key
will cause the lights to illuminate depending on

the active status of the alarms. The key for Alarm
Acknowledge/Silence may also be configured to send
a signal for global alarm silence on the J1939 Data
Link which will silence horns on annunciators.
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Lamp Test —~ Pressing and hoding the Lamyp Test
Key <;‘= Vit cause gl of the _ED inchcators and the
d|spidy screen pixels o Hluminate undl the ksy is
released.

RUN - Pressing the "RUN" Key (8} will cause ihe
engine io anter the "RUN" mode.

AUTS - Pressing the "AUTO" Key (9) will cause the
engine ¢ anter the "AUTGC” maode.

STOP — Pressing the "STOP” Key (10) will cause the
engine o enter the “STOP” mode.

Scroll Up Key — The"Scroll Up Key” (11) is used ©
navigate through the various menus or the screens
for monitoring. The Scrolt Up Key is also used during
entering setpoints. When data is entered, the Scroll
Up Key is used in order to increment the digits 0
through 9. If the setpoint requires selection from a list,
the Scroll Up Key is used to navigate through the list.

Escape — The Escape Key (12) is used for navigating
through the menus. Use the escape Key in arder

to navigate through the menus and the submenus.
Each keystroke causes the user to move upward
through the menus. The Escape Key is also used

in order to cancel out the screens that are used fo
enter the data for the setpoints. If the Escape Key is
pressed during the programming of setpoints, none
of the changes thal have been made on the screen
will be saved fo the memory.

Scroll Right Key ~ The Scroll Right Key (13) is used
during setpoint adjustment. The Scroll Right Key is
used to edit the digits when data is being eniered into
the system. The Scroll Right Key is also used during
certain setpoint adjustments in order to select a
check box or the Scroll Right Key is used to unselect
a check box. if a box has a check mark that is inside
the box, pressing the Scroll Right Key will cause
the check mark to disappear. This will disable the
function. if the box does not have a check mark inside
the box, pressing the Scroll Right Key will cause a
check mark to appear. This will enable the funciion.

Enter — The Enter Key (14) is used in order 1o
navigate forward in the menus and the submenus.
The Enter Key is also used during the programming
of sefpoints in order to save changes fo the setpoints.
Pressing the Enter Key during the programming of
the setpoints causes the changes to the setpoints

to be saved fo memory.

Dowsn — The Down Kay (15) is usec in order o
navigate through the various menus and monitcring
screens. The Down Key is also used during the
prograrmming of setpoints. The Down Key is used in
crder io decrement "0” through “8” when the data is
entered into the sysiem. The Down Key is used in
grder to move downward througn the list for selecting
an item for the setpoint.

Scrol Left Key — The Scroll Left Key (16) is used
during seipoini adjusiment. The Scroll Left Key is
used to choose the digit that is edited when the daia
is entered into the system. The Scroll Left Key is
also used during certain adjustments fo satpoinis in
order to select a check box or the Scrall left key is
used to unselect a check box. If a box has a check
mark inside the box, pressing the Scroll Left Key will
cause the check mark to disappear. This will disable
the function. If the box does not have a check mark
inside the box, pressing the Scroll Left Key will cause
a check mark to appear. This will enable the function.

Alarm Indicators

Yellow Warning Lamp — A flashing yellow lamp
indicates that there are active warmnings that have not
been acknowledged. A solid yellow famp indicates
that there are active warnings that have not been
acknowledged. If there are any active warnings, the
yellow lamp will change from flashing vellow to salid
vellow after the key for Alarm Acknowledge/Silence
(8 ) is pressed. If there are no longer any active
warnings, the yellow lamp will turn off after the Key
for Alarm Acknowledge/Silence (6 ) is pressed.

Red Shutdown Lamp - A flashing red lamp
indicates that there are active shutdown conditions
that have not been acknowledged. A solid red lamp
indicates that there are acknowledged shutdown
conditions that are active. If there are any active
shutdown conditions the red {amp wiil change from
flashing red to solid red after the key for Alarm
Acknowledge/Silence (8 } is pressed. Any condition
that has caused a shutdown condition must be
manually reset. If there are no longer any active
shutdown conditions, the red lamp will turn off.

Basic Operation
Engine Starting Sequence

1. The EMCP 3 receives an engine start signal. The
signal will be cne of three.

= The operator presses the "RUN” Key.

= The control is in “AUTC” and the remote initiaie
input becomes active.
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+ The-operator presses the "AUTO” Key and a
start command is sent via the R§-485 SCADA
Data Link.

2. The EMCP 3 checks the system before the crank
cycle begins. The EMCP 3 checks that no system
faults are present. The EMCP 3 checks that all
previous shutdown faults have been reset. The
EMCP 3 also checks that the engine is not already
running. If the engine is equipped with prelube,
the EMCP 3 checks the status of the prelube. if
the prelube is not complete, the EMCP 3 will not
crank the engine.

3. The EMCP 3 begins the crank cycle.

4. The EMCP 3 cranks the engine until the cycle
crank time reaches the setpoint for total crank
time or until the engine starts.

5. The EMCP 3 deactivates the starting motor
relay (SMR) when the engine speed reaches the
setpoint for crank terminate speed.

Engine Stopping Procedure

1. The EMCP 3 will receive an engine stop signal.
The signal will be cne of three.

« The operator presses the “STOP” Key.

« The control is in “AUTQO” and the remote initiate
input becomes inactive.

+ The operator presses the "AUTO” Key and a
stop command is sent via the RS-485 SCADA
Data Link.

2. After receiving the signal to stop, the EMCP 3
checks that there are no present system faults.

3. The EMCP 3 begins the cooldown period. In
order to bypass the cooldown period, hold down
the “STOP” Key. “PRESS ENTER TO BYPASS
PRESS ESCAPE TO CONTINUE” will be shown
on the display. Press the Enter Key in order to
bypass the cooldown period or press the Escape
Key in order to continue the cooldown period.

4. After the cooldown period, the EMCP 3 initiates a
engine shutdown by turning off the fuel supply.

a. The EMCP 3 deactivates the fuel control relay
(FCRY), which will stop the engine.

Viewing Events

Information from the EMCP 3 is displayed on the
display screen (1). The arrow keys on the keypad are
used in order to navigate through the main menu.
Press the UP key (11) or the DOWN key (15) in order
to highlight the main menu options. :

Press the “Enter’ key (14) in order to select one of
the main menu options. The arrow keys are used in
order to view one of the seipoints.

The EMCP 3 will power up to the screen with the
main menu. If the EMCP 3 is already powered up,
press the “Escape” key (12) in order to return to the
main menu.

The event monitoring system uses the following
terms to describe the status of an Event:

PRESENT - The condition that caused the event is
present and the condition is affacting the behavior
of the system.

ACTIVE - The event was previously present but the
condition is no longer present. The condition has
been recorded by the event monitoring system and
the event monitoring system needs to be reset before
the engine can be restarted.

INACTIVE — The event was active at some time but
the event is no longer active. The condition is not
affecting the behavior of the system.

Perform the foliowing stepé in order to view one of
the events.

1. From the main menu, highlight “Event Log".
2. Press the "ENTER” key (14).
3. Select an ECM and press the "ENTER” key (14).

4. In order to scroll through the Events, use the "UP”
and "DOWN" keys.

5, Press "ENTER” after highlighting an event in order
to see additional information such as SPN, FMI,
time and the date of the first occurrence, time
and date of the last occurrence, engine hours at
the first occurrence, and engine hours at the last
occurrence.

Resetting Events

A flashing red shutdown lamp indicates that there
is an engine shutdown event that has not been
acknowledged. The red shutdown lamp will change
from flashing red to solid red when the Alarm
Acknowledge/Silence key is pressed. Use the
following procedure in erder fo reset the event.
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4. Press the 3TOF Key {13). Enter the "EVERT
LOGET option from the main men.

. Dslect an ECM from the st

A1

[

. Scroil through the avenis in order to highlight the
active eventis,

4. Make sure that the condition that causad the evant
is no longer present.

LA

. Press the Enter Key.

e

. "RESET” will be highlighted if the condition is no
longer present and the control is in “STOP™

7. Press the Enter Key again.
The fault will be cleared and the red shutdown
lamp will be turned off, if there are no other active

shutdown conditions.

8. Press the Escape Key 3 times in order to get back
to the main menu.

02298069

Voitage Reguliators

SMCS Code: 4467

DANGER: Shock/Electrocution Hazard-Do not op-
erate this equipment or work on this equipment
unless you have read and understand the instruc-
tions and warnings in the Operation and Mainte-
nance Manual. Failure to follow the instructions or
heed the wamings will result in serious injury or
death.

Personal injury or death can resusit from high voli-

age.
When power generation equipment must be in op-
gration io make tests andior adjustiments, high
voltage and current are piesent.

improper test sguipment can fall and present a
high voltage shock hazard to its user,

Make sure the testing eguipment is designed for
and correctly operated Jor high voltage and cur-
rent fests being made.

When servicing or repailring electric power gener-
ation equipment:

o Make sure the unit is off-line {disconnected
from utility and/or other generators power
service) , and either locked out or tagged DO
NOT OPERATE.

¢ Remove all fuses.

» Make sure the generator engine is stopped.

« Make sure all batteries are disconnected.

» Make sure all capacitors are discharged.

Failure to do so could result in personal injury or

" death. Make sure residual voltage in the rotor, sia-

tor and the generator is discharged.

Accidental engine starting can cause injury or
death to personnel working on the equipment.

To avoid accidental engine starting, disconnect
the battery cable from the negative {—} battery ter-
minal. Completely tape ali metal surfaces of the
disconnectied battery cable end in order io prevent
contact with other metal surfaces which could ac-
tivate the engine electrical system.

Place a Do Not Operate tag at the Start/Stop switch
location to inform personnel that the equipment is
being worked on.

The valtage regulator is located in the enclosure
for the control panel or in the terminal box on the
generator.
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The voltage regulator is powered by two auxiliary
windings. These windings are independent from
the circuit for detection of voltage. The first winding
is labelled as “X1” and “X2". This winding has a
voltage that is proportional with the output voltage
of the generator. The second winding is labelled as
“Z1” and “Z2”, This winding has a volage that is
proportional to the current of the stator. The voltage
from the power supply.is rectified and filtered before
being used by the regulator monitoring transistor.
This principle ensures that regulation is not affected
by interference that is generated by the load.

These voltage regulators may have an optional
remote potentiometer for voltage adjustment. This
potentiometer is 450 ohms 0.5 W minimum. The
adjustment range is 5%. The voitage range is
limited by the internal potentiometer *P2". Remove
“ST4” in order to connect the potentiometer. A 1000
ohm potentiometer can also be used to extend the
adjustment range.

R230 Adjustments

Table 8

R230 Regulator

Voltage regulation +0.5%

Voltage detection range 85 to 139 V (50/60 Hz)

Rapid response time fora | 500 ms
transient voltage variation
amplitude of +20%

Voliage setting “P1?

Stability setting “p2”

8 Amp Fuse for protection | 10 amperes for 10 seconds
of the power supply

50 or 60 Hz selection with jumper “ST3"M.

Underspeed protection and adjustment of frequency
threshold via potentiometer "P3”

>

Hustration 64

The voltage regulator is located in the terminal box on the
generator or in the enclosure for the controf panel.

901148000

{1) Terminal Box an the Generatar
{2) Enclosure for the Conirol Panel

{1} The engine speed setling must be changed in order to change
the frequency of the generator set.
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R230 Voltage Regulator with components

White
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— Black
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Hiustration 66
R230 connections

g00952510

g009562495

Use the following procedure to adjust the R230
voltage regulator.

1.

Make sure that the ST3 wire is connected for 50
Hz applications. Remove the ST3 wire for 60
Hz applications. Also, the engine speed must
be changed from the factory seiting in order to
change the frequency of the generator.

Turn potentiomster P1 to the full counterclockwise
position.

Turn the potentiometer 8T4 to the middie of the
total rotation for the potentiometer |if equipped.
Run the generator at the rated speed. If the
voltage does nof increase, the field may need fo
be energized. Refer 10 the "Special Use” seciion.
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4, Turn potentiometer P1 until the rated output

voltage is obfained.

5. Adjust the stability with potentiometer P2.

6. The sealed potentiometer P3 is set at the factory

for 50 Hz or 60 Hz.

R438 and R448 Adjustments

NOTICE
8T9 must be closed for AREP excitation.

Table 9

R438 and R448 Automatic Voltage Regulators

Maximum cusrent for short
circuit

3 x In for 10 seconds

Standard power supply

Two auxiliary windings

Supply for shunt

max 48 VAC at 50/60 Hz

Rated overioad current

8 amperes for 10 seconds

Electronic protection for
overload and short circuit
opening on voltage sensing

Excitation ceiling current
for 10 seconds and return
to approximately 1 ampere
THE GENERATOR
MUST BE STOPPED

IN ORDER TO RESET

THE PROTECTION.
Fuse "F1” on input side “X1” and "X2"
Fuse "F2” on output side “E+” and “E-”

Voltage sensing

5 VAC that is isolaled by
the fransformer

Terminals for 0 o 110 VAC

95 to 140 ACV

Terminals for 0 io 220 VAC

170 to 260 ACV

Terminals for 0 to 380 VAC

340 to 520 VAC

. [ ST5 wntanlpgl wio g Ird| {5+ eycier el 6~

R se i
[ ST2 norm:fleglnbefagtnreﬁ

LAM 15%@.
( ST1 0 LAM zs«m

e —

[RY /.

Volage

(ST6

5000

110y 11—
Supply T8 ~—

F1 Slow-hiew fuse
250V 10 A

Voltage regulation

1%

location of jumper “ST2"

Rapid response time or normal response timne from the

Voltage adjustment via potentiometer “P2"(cther voltages
via the step down transformer)

Underspeed protection and adjustment of frequency
threshold via potentiometer *P4”

"P5” (4.6 to 10 amperes)

Maximum adjustment for excitation via potentiometer

50 or 60 Hz selection with jumper “ST3"M.

(1 The engine speed setting must be changed in order to change

the frequency of the generator set.

8160 Cuadrature
L1 7000 ] Droop
ST1 m L20W)¥
Singla-phase .
Detection | 340-520V 1
170-260v ;
3-ph detection
g 95-140v |
R731 Option
ST 4 External potentiometer
for voltage adjustment
01144712

lflustration 67
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R438 connections

Use the following procedure to adjust the R438
voltage regulator.

1. Remove wire ST4.

2. Connect an analog voltmeter that is calibrated for
50 VDC on terminal E+ and terminal E-.

3. Connect a voltmeter that is calibrated for 300 VAC
to 500 VAC or 1000 VAC.

4. Make sure that the ST3 wire is positioned on the
desired frequency. Also, the engine speed must
be changed from the factory setting in order to
change the frequency of the generator.

5. Turn potentiometer (F2) to a full counterclockwise
posifion.

6. Turn potentiometer (P4) to a full clockwise
position.

7. Turn potentiometer (P3) counterclockwise to about
1/3 of the total rotation for the potentiometer.

8. Start the engine and set the engine speed to a
frequency of 48 Hz for 50 Hz or 58 Hz for 60 Hz.

9. Adjust the output voltage to the correct valug
with potentiometer P2. This voltage should be
the rated voltage UN for single operation or
UN plus 2% to 4% for parallel operation. Use
potentiometer P3 to make adjustments if the
voltage oscillates. Adjust potentiometer P3 in both
directions while you observe the voltage between
E+ and E-. The voltage between E+ and E- should
be approximately 10 VDC. The best response
times are obtained at the limit of the instability.
Try cutting or replacing the wire ST2 if no stable
position can be obtained.

10. Check the LAM operation. ST5 must be closed.

11. Turn potentiometer (P4) slowly counterclockwise
until there is a significant voltage drop. The
voltage drop should be approximately 15 %.

12, Vary the frequency of both parts between 48 Hz or
58 Hz according to the operating frequency. Check
the change in the voltage that was previously
observed.

Use the following procedure in order io run the
generator set in parallel operation.

1. Preset the unit for parallel operation by connecting
the current transformer to S1 and S2 of the
connector J2. Set patentiometer P1 for quadrature
droop in the center position. Apply the rated load.
The voltage should drop for 2% to 3%. Switch the
positions of the two incoming secondary wires of
the current transformer if the voltage increases.

2. The no-load voltages should be identical for all the
generators that are operating in parallel. Connect
the generators in parallel. Try to obtain a 0 kW
power exchange by adjusting the speed of the
generator. Try to minimize the circulating currents
between generators by altering the voltage setting
with potentiometer P2 or Rhe on one of the
generators.

Note: Do not change the voltage settings after
this step.

3. Apply the available load. The setting is correct
only if a reactive load is available. Equalize the
Kilowatts or divide the rated power of the units
proportionally by altering the speed. Equalize or
divide the currents by altering the quadrature
droap potentiometer.

R438 and R448 Adjustment for
Maximum Excitation

Max. exciiation Depending on maing freguency

“ e
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N3 somg sz 24
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llustration 70 900952800
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current that is reqwad o obtain a i hree« 15E sr‘mt
CIrGL a,ura@m of 3 X IN at 50 Hz for industrial POWEN,
uniess this is specified otherwise.

The maximum Iev@l of excitation may be reduced by
& siatic method. The static msthod is safer for the
generator and the network. Use the following sigps
to reduce the maximum excitation level.

1. Disconnact the power supply wires X1, X2, Z1
and Z2.

Z. Disconnect sensing leads 0V, 110V, 220V and
380V on the generator.

3. Connect the main power supply 200V- 240‘\;’ as
shown. X1,X2:120V

4. Install a 10 Amp DC ammeter in series with the
exciter field.

5. Turn potentiometer P5 to a full counterclockwise
position and activate the power supply. If there
is no output current from the voltage regulator,
turn potentiometer P2 clockwise until the ammeter
indicates a stable current.

6. Switch off the power supply. Switch on the power
supply. Turn potentiometer P5 until the required
maximum current is obtained. The maximum
current must not be greater than 10 Amperes.

Use the following steps in order fo check the internal
protection.

1. Open switch D. The excitation current should
increase up to the preset maximum value and
the excilation current should remain at the preset
maximum value for approximately 10 seconds.
The current will decrease to less than 1 Amp.

2. Open switch A in order to reset the internal
protection.

Note: The voliage must be adjusted after the
maximum excitation current has been set.

%! g ;l S

ED =
S DEeCia

Mustration 71 900952821

The exciter is switched off by disconnacting the
power supply to the voltage regulator. The connection
is identical for resetting the internal protection for the
voltage regulator.
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Use a 12 VDC power source in order to energize the
field, if necessary. Refer to the following table.

Tabie 10

Applications B Voits Time

12 (1A) 1 - 2 seconds

Voltage build up

De-energized parallel 12 (1A) 1.2 seconds
operation

Standby paraflel )

operation 24 (2A) 5 - 10 seconds
Battery starting 48 (4A) 5 - 10 seconds

Voitage that is sustained | 48 (4A)

at overload 5 - 10 seconds
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Engine Starting

02322203

Starting the Engine
SMCS Code: 1000; 1450

Note: Do not adjust the engine speed control during
start-up. The electronic control modute (ECM) will
control the engine speed during start-up.

Starting the Engine

1. Disengage any equipment that is driven by the
engine.

2. Tum the keyswitch to the RUN position. Leave the
keyswitch in the RUN position until the warning
light for the glow plugs is extinguished.

3. When the warning light for the glow plugs is
extinguished turn the keyswitch to the START
position in order to engage the electric starting
motor and crank the engine.

Note: The operating period of the warning light for
the glow plugs will change due to the temperature
of the engine.

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

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

4. Allow the keyswitch to return to the RUN position
after the engine starts.

5. Repeat step 2 through step 4 if the engine fails
to start.

02344933

Starting with Jump Start
Cables

SMCS Code: 1000; 1401; 1402; 1900

A\ WARNING .
Improper jump start cable connections can cause
an explosion resulting in personal injury.

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

If the installation is hot equipped with a backup
battery system, it may be necessary to start the
engine from an external electrical source.

For information on troubleshooting the charging
system, refer to Special Instruction, REHS0354,
“Charging System Troubleshooting”.

Many batteries which are considered unusable are
still rechargeable. After jump starting, the alternator
may not be able fo fully recharge batteries that

are severely discharged. The batteries must be
charged to the proper voltage with a battery charger.
For information on testing and charging, refer to
the Special Instruction, SEHS7833, “Battery Test
Procedure”.

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

Do not reverse the battery cables. The alternator can
be damaged. Attach ground cable last and remove
first.

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

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

1. Turn the start switch on the stalled engine to the
QFF position. Turn off ali the engine's accessories.
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. Connect one positive end of the jump start cablz
to the positive cabis terminal of the discharge
battery. Gonnact the othar positive end of the jump
start cable o the positive cable terminal of the
slectrical source.

3. Connest one negative end of the jump start cable
0 the negatve cable terminal cf the electrical
source. Connact the other negative end of the
jump start cable to the engine block or o the
chassis ground. This procedure helps {o prevent
potential sparks from igniting the combustible
gases that are produced by some batieries.

4, Start the engine.

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

After jump starting, the alternator may not be abie to
fully recharge batleries that are severely discharged.
The batteries must be replaced or charged to the
proper voltage with a battery charger after the engine
is stopped. Many batteries which are considered
unusable are still rechargeable. Refer to Operation
and Maintenance Manual, “Battery - Replace” and
Testing and Adjusting Manual, “Battery - Test".

Refer fo the Electrical Schematic for your engine.
Consult your Caterpillar dealer for more information.
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Engine Operation

101646252

Engine Operation
SMCS Code: 1000

Proper operation and maintenance are key factors
in obtaining the maximum life and economy of
the engine. If the directions in the Operation and
Maintenance Manual are followed, costs can be

minimized and engine service life can be maximized.

The time that is needed for the engine to reach
normal operating temperature can be less than the

time taken for a walk-around inspection of the engine.

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

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

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

01457002

Fuel Conservation Practices
SMCS Code: 1000; 1250

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

of the engine.

Avoid spilling fuel.

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

L

L

Be aware of the properties of the different fuels.
Use only the recommended fuels. Refer to the
Operations and Maintenance Manual, “Fuel
Recommendations™for further information.

Avoid unnecessary idling.

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

-*

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

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

Maintain a good electrical system.

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

Ensure that the belts are properly adjusted. The
belts should be in good condition. Refer to the
Specifications manuat! for further information.

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

Ensure that the driven equipment is in good
working order,

Cold engines consume excess fuel. Utilize heat
from the jacket water system and the exhaust
system, when possible. Keep cooling system
components clean and keep cooling system
components in good repair. Never operate the
engine without water temperature regulators.
All of these iterms will help maintain operating
temperatures.
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NOTICE
Stopping the engine immediately afier it has been
working under load, can result in overheating and ac-
celerated wear of the engine componenis.

Avoid accelerating the engine prior o shutiing it down.

Avoiding hot engine shuidowns will maximize twr-
bocharger shaft and bearing life.

Note: Individual applications will have different
control systems. Ensure that the shutoff procedures
are understood. Use the following general guidelines
in order 1o stop the engine.

1. Remove the load from the engine. Reduce the
engine speed (rpm) to low idle. Allow the engine
to idle for five minutes in order to coot the engine.

2. Stop the engine afier the cool down period
according to the shutoff system on the engine and
turn the ignition key switch to the OFF position.
if necessary, refer to the instructions that are
provided by the OEM.
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Cold Weather Operation

102525190
Cold Weather Operation
SMCS Code: 1000; 1250

Caterpillar Diesel Engines can operate effectively in
cold weather. During cold weather, the starting and
the operation of the diesel engine is dependent on

the following items:

+ The type of fuel that is used

The viscosity of the engine oil

The operation of the glow plugs

*

Optional Cold starting aid

»

Battery condition

Refer to Special Publication, SEB:U5898, “Cold
Weather Recommendations for Caterpillar
Machines”.

This section will cover the following information:

» Potential problems that are caused by cold weather
operation

» Suggest steps which can be taken in order to
minimize starting problems and operating problems
when the ambient air temperature is between
0° to ~40 °C (32° to 40 °F).

The operation and maintenance of an engine in
freezing temperatures is complex . This is because
of the following conditions:

» Weather conditions
» Engine applications

Recommendations from your Carerpillar dealer are
based on past proven practices. The information that
is contained in this section provides guidelines for
cold weather operation.

Hints for Cold Weather Operation

» If the engine will stant, operate the engine until a
minimum operating temperature of 81 °C (177.8 °F)
is achieved. Achieving operating temperature will
help prevent the intake valves and exhaust valves
from sticking.

« The cooling system and the lubrication system
for the engine do not lose heat immediately upon
shutdown. This means that an engine can be shut
down for a period of time and the engine can still
have the ability to start readily.

« tnstall the correct specification of engine lubricant
before the beginning of cold weather.

+ Check all rubber parts (hoses, fan drive belts, efc)
weekly.

= Check all electrical wiring and connections for any
fraying or damaged insulation.

» Keep all batteries fully charged and warm.
+ Fill the fuel tank at the end of each shift.
» Check the air cleaners and the air intake daily.

Check the air intake more often when you operate
in snow.

« Ensure that the glow plugs are in working order.
Refer to Testing and Adjusting Manual, “Glow Plug
- Test”.

- AN WARNING |
Personal injury or property damage can result

from alcohol or starting fluids.

Alcohol or starting fluids are highly flammable and
toxic and if improperly stored could result in injury
or property damage.

A WARNING

Do not use aerosol types of startmg aids such as
ether. Such use could result in an explosion and
personal injury.

» For jump stariing with cables in cold weather,
refer to the Operation and Maintenance Manual,
“Starting with Jump Start Cables.” for instructions.

Viscosity of the Engine Lubrication
Oil

Correct engine oil viscosity is essential. Oil viscosity
affects the amount of torque that is needed to
crank the engine. Refer to this Operation and
Maintenance Manual, "Fiuid Recommendations” for
the recommended viscosity of oil.
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Recommendations for the Coclant

Pravide cocling system protection for the lowest
axpected ouiside femperature. Refer to this Operation
and Maintenance kanual, “Fluid Raecomrmendations”
for the recommended coolant mixture.

In cold weather, check the coolant often for the
correct giyeol conceniration in order to ensure
adequate freeze protection.

Engine Block Heaters

Engine block heaters (if equipped) heat the
engine jacket water that surrounds the combustion
chambers. This provides the following functions:

« Startability is improved.
« Warm up time is reduced.

An eleciric block heater can be activated once

the engine is stopped. An effective block heater is
typically a 1250/1500 W unit. Consult your Caterpillar
dealer for more information.

idiing the Engine

When idling after the engine is started in cold
weather, increase the engine rpm from 1000 to 1200
rpm. This wili warm up the engine more quickly.
Maintaining an elevated low idle speed for extended
periods will be easier with the installation of a hand
throttle. The engine should not be “raced” in order to
speed up the warm up process.

While the engine is idling, the application of a light
load (parasitic load) will assist in achieving the
minimum operating temperature. Tha minimum
operating temperature is 82 °C (179.6 °F).

Recommendations for Coolant
Warm Up

Warm up an engine that has cocled below normal
operating temperatures due to inactivity. This should
be performed before the engine is returned to full
operation. During operation in very cold temperature
conditions, damage to engine valve mechanisms can
result from engine operation for short intervals. This
can happen if the engine is started and the engine is
stopped many times without being operated in order
fo warm up completely.

Wher the engine is operatad helow normal operaling
@mbmle%ures fuel and off are not completely burned
in the combustion chambar. This fuel and oil causes
soft carbon deposits to form on the valve steims.
Generally, the deposits do not cause problems and
the deposiis are burned off during operation at
noimal enging operaling temperatures.

When ths engine is started and the engine is stopped
many times without being operated in order o warm
up completely, the carbon deposits become thicker.
This will cause the follcwing problems

* Free operation of the valves is preventad.
+ Vaives hecome stuck.
e Pushrods are bent.

o Other damage to valve train componenis can
result.

For this reason, when the engine is started,

the engine must be operated until the coolant
temperature is 71 °C (160 °F) minimum. Carbon
deposits on the valve stems will be kept at a minimum
and the free operation of the valves and the valve
components will be maintained.

In addition, the engine must be thoroughly warmed in
oider to keep other engine parts in better condition
and the service life of the engine will be generally
extended. Lubrication will be improved. There will be
less acid and less sludge in the oil. This will provide
longer service life for the engine bearings, the piston
rings, and other parts. However, limit unnecessary
idle time to ten minutes in order to reduce wear and
unnecessary fuel consumption.

The Water Temperature Regulator and
insulated Heater Lines

The engine is equipped with a water temperature
regulator. When the engine coolant is beiow the
correct operating temperature jacket water circulates
through the engine cylinder block and into the
engine cylinder head. The coolant then returns to the
cylinder block via an internal passage that bypasses
the valve of the coolant temperature regulator. This
ensures that coolant flows around the engine under
cold operating conditions. The water temperature
regulator begins to apen when the engine jacket
water has reached the correct minimum operating
temperature. As the jacket water coolant temperature
rises above the minimum operating temperature the
water temperature regulator cpens further allowing
more coolant through the radiator to dissipate excess
heat.
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‘The progressive opening of the water temperature
regulator operates the progressive closing of the
bypass passage between the cylinder block and
head. This ensures maximum coolant flow to

the radiator in order to achieve maximum heat
dissipation.

Note: Caterpillar discourages the use of all air
flow restriction devices such as radiator shutters.
Resfriction of the air flow can resuit in the following:
high exhaust temperatures, power loss, excessive
fan usage, and reduction in fuel economy.

A cab heater is beneficial in very cold weather. The
feed from the engine and the return lines from the
cab should be insulated in order to reduce heat loss
o the outside air.

Insulating the Air inlet and Engine
Compartment

When temperatures below ~18 °C (-0 °F) will be
frequently encountered, an air cleaner inlet that

is located in the engine compartment may be
specified. An air cleaner that is located in the engine
compartment may also minimize the entry of snow
into the air cleaner. Also, heat that is rejected by the
engine helps to warm the intake air.

Additional heat can be retained around the engine by
insulating the engine compartment.

102237624

Fuel and the Effect from Cold
Weather

SMCS Code: 1000; 1250

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

« No. 1
» No. 2
+ Blend of No. 1 and No. 2

No. 2 diesel fuel is the most commaonly used fuel.
Either No. 1 diesel fuel or a biend of No. 1 and No. 2
is best suited for cold weather operation.

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

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

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

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

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

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

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

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

+ Starting aids

Engine oil pan heaters
+ Engine coolant heaters

Fuel heaters

-

« Fuel line insulation

For more information on cold weather operation,
see Special Publication, SEBU5898, “Cold Weather
Recommendations”.
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Refill Capacities and
Recommendations

SMICS Code: 1348; 1395; 7560

Engine Oil

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

Cat DEOQ (Diesel Engine Qil)

Caterpillar oils have been developed and tested in
order to provide the full performance and service

life that has been designed and builf info Caterpillar
Engines. Caterpillar oils are currenfly used to fill
diesel engines at the factory. These oils are offered
by Caterpitlar dealers for continued use when the
engine oil is changed. Consuit your Caterpillar dealer
for more information on these oils.

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

s Cat DEO (Diesel Engine Oii) (SAE 10W-30)
o Cat DEO (Diesel Engine Oil) (SAE 15W-40)

Cat DEO Multigrade is formulated with the correct
amounts of detergents, dispersants, and alkalinity in
order to provide superior performance in Caterpillar
Diesel Engines.

Cat DEO Multigrade is available in various viscosity
grades that include SAE 10W-30 and SAE 15W-40.
To choose the correct viscosity grade for the ambient
temperature, see Table 11. Multigrade oils provide
the correct viscosity for a broad range of operating
temperatures. Multigrade olls are also effective in
maintaining low oil consumption and low levels of
pision deposits.

Cat DEO Muliigrade can be used 'n other diese!
ehgines and in gasoiing engines, See the engine
manufaciurer’'s guide for the recommended
specifications. Compare the specifications io the
specifications of Cat DEO Multigrades. The curreni
indusiry standards for Cat DEC are listed on the
product label and on the data sheats for the product.

Consult your Caterpillar dealer for part numbers and
for available sizes of containers.

Mote: Cat DEO in SAE 15W-40 exceeds the
perfermance requirements for the following API
categories: Ci-4, CH-4, CG-4, CF-4, and CF. Cat
DEO Multigrade exceeds the requirements of the
Caterpillar Engine Crankcase Fluid-1 (ECF-1)
specification. Cat DEG in SAE 15W-40 passes the
following proprietary iests: sticking of the piston ring,
ofl control tests, wear tests, and soot tests. Praprietary
tests help ensure that Caterpillar multigrade oil
provides superior performance in Caterpillar Diesel
Engines. In addition, Cat DEO Multigrade exceeds
many of the performance requirements of other
manufacturers of diesel engines. Therefore, this oil is
an excellent choice for many mixed fleets. True high
performance oil is produced with a combination
of the following factors: industry standard tests,
proprietary tests, field tests, and prior experience
with similar formulations. The design and the
development of Caterpiliar lubricants that are
both high performance and high quality are
based on these factors.

Note: Non-Caterpillar commercial ails are second
choice oils.

Commercial Qils

Engine Crankcase Fluid Recommendations for
all Caterpillar 3500 Series and smaller direct
injection {Dl} diesel engines

Note: If Cat DEO Muliigrade is not used, use only
commercial oils that meet the following categories.

= APl CH-4 multigrade oils and API Cl-4 multigrade
oils are acceptable if the requirements of
Caterpillar's ECF-1 specification are met. CH-4 oils
and Ci-4 oils that have not met the requirements
of Caterpillar's ECF-1 specification may cause
reduced engine life.

s APl CG-4 multigrade oils are acceptable for all
Caterpillar diesel engines. When the APl CG-4 oils
are used, the oil drain interval should not exceed
the standard oil drain interval for your engine.

Mote: When oil meets more than one AP category,
the applicable footnote is determined by the highest
API category that is met.
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Example — An oil meets both the API CH-4 and the
AP] CF oil categories. In this case, the APl CH-4
applies.

NOTICE
In selecting oil for any engine application, both the
oil viscosity and oil performance category/specifica-
tion as specified by the engine manufacturer must be
defined and satisfied. Using only one of these param-
eters will not sufficiently define oil for an engine appli-
cation.

In order to make the proper choice of a commercial
oil, refer to the foliowing explanations:

APl Cl-4 —~ API Cl-4 cils were developed in order
to meet the requirements of high performance
diesel engines that use cooled Exhaust Gas
Recirculation (EGR). APl Cl-4 oils are acceptable if
the requirements of Caterpillar's ECF-1 specification
are met.

API CH-4 — AP| CH-4 oils were developed in order
to protect low emissions diesel engines that use a
0.05 percent level of fuel sulfur. However, APl CH-4
oils may be used with higher sulfur fuels. APl CH-4
oils are acceptabie if the requirements of Caterpillar's
ECF-1 specification are met.

Note: CH-4 oils and Cl-4 oils that have not met the
requirements of Caterpillar’s ECF-1 specification
may cause reduced engine life.

NOTICE
Failure to follow these oil recommendations can cause
shortened engine service life due to deposits and/or
excessive wear.

Note: Refer to Special Publication, SEBUG251,
“Caterpillar Commercial Diesel Engine Fluids
Recommendations” for additional information that
relates to lubrication for your engine.

Lubricant Viscosity Recommendations

The proper SAE viscosity grade of oil is determined
by the minimum ambient temperature during

cold engine start-up, and the maximum ambient
temperature during engine operation.

Refer to Table 11 (minimum temperature) in order
to determine the required oil viscosity for starting a
cold engine.

Refer to Table 11 {maximum temperature) in order
to select the oil viscosity for engine operation at the
highest ambient temperature that is anticipated.

Note: Generally, use the highest oil viscosity that is
available to meet the requirement for the temperature
at start-up.

If ambient temperature conditions at engine start-up
require the use of multigrade SAE OW oil, SAE
OW-40 viscosity grade is preferred over SAE OW-20
or SAE OW-30.

Table 11

Engine Qil Viscosities for Ambient Temperatures

Ambient Temperature

Viscosity Grade Minimum Maximum
SAE 0W-20 -40 °C (-40 °F) 10 °C (50 °F)
SAE 0W-30 =40 °C (40 °F) 30 °C (86 °F)
SAE OW-40 -40 °C (40 °F) | 40 °C (104 °F)
SAE 5W-30 =30 °C (22 °F) 30 °C (86 °F)
SAE 5W-40 ~30°C (-22 °F) | 50°C (122 °F)
SAE 10W-30 -18 °C {0 °F) 40 °C (104 °F)
SAE 10W-40 -18 °C (0 °F) 50 °C (122 °F)
SAE 15W-40 -9.5°C {15 °F) | 50°C (122 °F}

Note: Supplemental heat is recommended below the
minimum recommended ambient temperature.

S-0-8 Oil Analysis

Caterpillar has developed a tool for maintenance
management that evaluates oil degradation and the
tool also detects the early signs of wear on internal
components. The Caterpillar tool for oil analysis is
called 3OS Oil Analysis and the tool is part of the
S-0'S Services program. S-0-S Oil Analysis divides
oil analysis into three categories:

» Wear Analysis
« Qil condition
« Additional tests

The wear analysis monitors metal particles, some oil
additives, and some contaminants.

Qil condition uses infrared (IR) analysis to evaluate
the chemistry of the oil. Infrared analysis is also used
to detect certain types of contamination.

Additional tests are used to measure contamination
levels from water, fuel, or coolant. Oil viscosity and
corrosion protection can be evaluated, as needed.
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Rafer io Soecial Punlication, SERUGZEY, “Caterpillay
Cormrnercial Dissel Engine Fluids Recomimendations”
or contact your tocal Caterpillar dealer for additicnal
information concerning the 5-0-S Gl Analysis
program.

Lubrication System

The refill capacities for the engine crankcase reflect
the approximaie capacity of the crankcase or sup
nlus standard oil filiers. Auxiliary oil fitter systems will
require additional oil. Referto the OEM specifications
in order to find the capacity of the auxiliary oil filier.

Table 12

[' . 1
; Engine
Refill Capacities

Compartiment or System Minimum | Maximum

135 L 16.5 L
Crankcase Oil Sump (142653 | (17.4354
qt) qt)

(1} These values are the approximate capacities for the crankcase
oil sump (aluminum) which includes the standard factory
installed ofl filtters. Engines with awxiliary oit filtlers will require
additional ail. Refer to the OEM specifications for the capacity
of the auxiliary oil filter.

i.ubricating Grease

Caterpillar provides a range of moderate greases

to extremely high performance greases in order to
service the entire line of Caterpillar products that
operate throughout the wide variety of climates. You
will always be able to find a grease that will meet your
machine’s requirements for a certain application.
Caterpiliar grease products often exceed Caterpiliar
specifications.

Before selecting a grease product for any application,
the performance requirements must be determined.
Consult the grease recommendations that are made
by the OEM for the equipment when the equipment is
operated in the expected conditions. Then, consuli
with your Caterpillar dealer for a list of greases and
the following related characteristics.

» Performance specifications
» Availabie sizes of containers
o Part numbers

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

o

i it is necessaty io choose @ single grease for us
on all of the squipment at one site, always cho
a grease that meets the req uirements of the mo
demanding application. A product that barely msseis
the minimum performance requiremarnis wiil shorten
the life of the part. Use the grease that yields the lezst
total operating cost. Base ihis cost on an anzlysis
that includes the costs of the parts, the labor, the
downtime, and the cost of the grease that (s used.

<

)

W W oW
D

Some greases are not chemically compatible.
Consult your supplier in order to determine if two or
nore greases are compaibie.

Purge the grease from a joint at the following times:
« Switching from one grease to another grease

» Switching from one supplier to another supplier
if inn doubt, Purge!

Note: All Caterpillar brand name greases are
compatible with each other.

Note: Refer to Special Publication, SEBU6251,
“Caterpillar Commercial Diesel Engine Fluids
Recommendations” for additional informaticn that
relates to lubrication for your engine.

Fuel

Diesel fuels that meet the Caterpillar Specification
for Distiliate Diesel Fuel are recommended. These
fuels will help to provide maximum engine service life
and performance. In North America, diesel fuel that
is identified as No. 1-D or No. 2-D in “ASTM D975
generally meet the specifications. Diesel fuels from
other sources could exhibit detrimental properties
that are not defined or controlled by this specification.

NOTICE
Operating with fuels that do not meet Caterpillar's rec-
ommendations can cause the following effects: start-
ing difficulty, poor combustion, deposits in the fuel in-
jectors, reduced service life of the fuel system, de-
posits in the combustion chamber, and reduced ser-
vice life of the engine.

Mote: Refer to Special Publication, SEBU6251,
“Caterpillar Commercial Diesel Engine Fluids
Recommendations” for the Caterpillar Specification
for distillate fuel and for additional information that
relates to fuel for your engine.

Refili Capacities {(Fuel System)

Refer fo the Operation and Maintenance Manual that
is provided by the OEM for capacities of the fuel
system.
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Coolant

The following two coolants are used in Caterpillar
diesel engines:

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

Acceptable — A Cat DEAC (Diesel Engine
Antifreeze/Coolant) or a commercial heavy-duty
antifreeze that meets "ASTM D4985” or “ASTM
D5345" specifications

NOTICE
Do not use a commercial coolant/antifreeze that only
meets the ASTM “D3308" spectfication. This type of
coolant/antifreeze is made faor light duty automotive
applications.

Use only the coolant/antifreeze that is recommended.

Caterpillar recommends a 1:1 mixture of water and
glycol. This mixture of water and glycol will provide
optimum heavy-duty performance as a antifreeze.

Note: Cat DEAC does not require a treatment with
an SCA at the initial fill. Commercial heavy-duty
antifreeze that meets "ASTM D4985” or “ASTM
5345 specifications MAY require a treatment
with an SCA at the initial fill. Read the label or the
instructions that are provided by the OEM of the
product.

in stationary engine applications that do not

require anti-boil protection or freeze protection, a
mixture of SCA and water is acceptable. Caterpillar
recommends a six percent to eight percent
concentration of SCA in those cooling systems.
Distilled water or deionized water is preferred. Water
which has the recommended properties may be used.

NQOTICE
All Caterpillar diesel engines equipped with air-to-air
aftercooling (ATAAC) require a minimum of 30 percent
glycol to prevent water pump cavitation.

Table 13

Coolant Service Life

Coolant Type Service Life

6000 Service Hours or

Cat ELC Six Years

3000 Service Hours or

Cat DEAC Three Years

Commercial Heavy-Duty
Andifreeze that meets
"ASTM D5345"

Commercial Heavy-Duty
Antifreeze that meets
"ASTM D4985”

Caterpillar SCA and 3000 Service Hours or
Water Two Years

300Q Service Hours or
Two Years

3000 Service Hours or
Cne Year

Comimercial SCA and 3000 Service Hours or
Water One Year

Note: Refer to Special Publication, SEBU6251,
“Caterpillar Commercial Diesel Engine Fluids
Recommendations” for additional information that
relates to coolant for your engine.

S5:0-S Coolant Analysis

Table 14
Recommended Interval
Type of Coolant Level1 |  Level2
DEAC Every 250 Hours Yearly® ]
ELC Not Required Yearly

() The Level 2 Coolant Analysis should be performed sooner ifa
probfem is identified by a Level 1 Coolant Analysis.

5:0-S Coolant Analysis (Level 1)

A coolant analysis (Level 1) is a test of the properties
of the coolant.

The following praperties of the coolant are tested:

» Glycol concentration for freeze protection and boil
protection

Ability to protect fram erosion and corrosion
. pH
» Conductivity

s Visual analysis

»

Odor analysis

The results are reported, and appropriate
recommendations are made.
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53-8 Cooiant Anslysis {Level 2}

A coolant analysis {Leve] 2) is 2 comprehensive
chemical evaluation of the coolant. This analysis is
also 2 check of the averali condition of the inside of
the cooling system.

The $-0G-S Coolant Analysis has the following
features:

o Full coolant analysis {Level 1)

» [dentiification of the source of metal corrosion and
of contaminants

s WWater hardness

= ldentification of buildup of the impurities that cause
corrosion

« identification of buildup of the impurities that cause
scaling

The results are reported, and appropriate
recommendations are made.

Refer to the Maintenance interval Schedule in
this Operation and Maintenance Manual, "Cooling
System Coolant Sample {Level 2) - Obtain” for
the maintenance interval for collecting the coclant
samples.

Testing the engine coolant is important to ensure that
the engine is protected from internal cavitation and
from corrosion. The analysis also tests the ahility of
the coolant to protect the engine from boiling and
from freezing. The 8-0-8 Coolant Analysis can be
done at your Caterpillar dealer. Caterpillar S-0-S
Coolant Analysis is the best way to moniior the
condition of your coolant and your cooling system.
S-0O'S Coolant Analysis is a program that is based
on periodic samples.

Refer to Special Publication, SEBU6251, “Caterpillar
Commercial Diesel Engine Fluids Recommendations”
for additionatl information.

Table 15
Enging
Refil! Capacities
Compariment or System Liters
Engine Only 9L{8.5102 qi)
External System Per GEMO

(M The Extermnal System includes a radiator or an expansion
tank with the foliowing components: heat exchanger and
piping. Refer to the OEM specifications. Enter the value for the
capacity of the External System in this row.
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02549017

Maintenance Interval Schedule
(Prime Power Generator Sets)

SMCS Code: 1000; 7500

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

The user is responsible for the performance of
maintenance, including all adjustments, the use of
proper lubricants, fluids, filters, and the replacement
of components due to normal wear and aging. Failure
to adhere to proper maintenance intervals and
procedures may result in diminished performance of
the product and/or accelerated wear of components.

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

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

Note: Before each consecutive interval is performed,
all maintenance from the previous interval must be
performed.

When Required

Battery - Replace ... 73
Battery or Battery Cable - Disconnect ................. 74.
Engine-Clean ... 79
Fuel System - Prime ... 86
Generator - DIY ..o A
Generator Set-Test .., %4
Rotating Rectifier - Test .....o.ccooocvvieiiiie 100
Daily

Cooling System Coolant Level - Check ................ 77
Electrical Connections - Check .........ccceveeiiiinn. 79
Engine Air Cleaner Service Indicator - Inspect ..... 80
Engine Oif Level - Check ......cocooiiiiiii . 82
Fuel System Primary Filter/Water Separator -

Drain .o e 89
Generatorboad - Check ... 93
Walk-Around Inspection ..........ccccoiiicc i, 101
Every Week
Generator-inspect ... 92

Every 50 Service Hours or Weekly
Fuel Tank Water and Sediment - Drain ................. a0

Every 100 Service Hours or 3 Months

Insulation - Test ...l 35

Every 250 Service Hours

Cooling System Coolant Sample (Level 1) -
ODbLAIN ..o SR 77
Engine Oil Sample - Obtain ...l 82

Initial 500 Service Hours

Engine Valve Lash - InspecVAdjust ... 86

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

Cooling System Coolant Sample (Level 2) -
ObBAIN Lo 78

Every 500 Service Hours

Alternator and Fan Belts - Inspect ....................... 73

Every 500 Service Hours or 1 Year

Battery Electrolyte Level - Check ... 74
Engine Air Cleaner Element (Single Element) -
RePlace .....ooooviceiieiec e 79
Engine Crankcase Breather Element - Replace ... 81
Engine Oil and Filter - Change ............c.cccene 83
Fuel System Primary Filter (Water Separator)
Element-Replace ... 88
Fuel System Secondary Filter - Replace .............. 90
Hoses and Clamps - Inspect/Replace ................. 94

Every 1000 Service Hours

Engine Valve Lash - Inspect/Adjust ................... 86

Every 1000 Service Hours or 1 Year
Rotating Rectifier - Check ...............ccccceiinninn, 99

Every 2000 Service Hours

Engine Mounts - Inspect ... 82
Starting Motor - Inspect ... 100
Turbocharger - Inspect ..o, 100

Every 2000 Service Hours or 1 Year

Alternator - Inspact ... 73
Engine Mounts - Inspect ... 82
Every Year

Cooling System Coolant Sample {Level 2) -
Obtain ..o 78

Every 3000 Service Hours or 2 Years

Coaling System Water Temperature Regulator -
Replace ..o 78
Water Pump - Inspect ... 102
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102548570

Maintenance Interval Schedule
(Standby Generator Sets)

SMCS Code: 1000; 7500

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

The user is responsible for the performance of
maintenance, including all adjustments, the use of
proper lubricants, fluids, filters, and the replacement
of components due to norrnal wear and aging. Failure
to adhere to proper maintenance intervals and
procedures may result in diminished perfermance of
the product and/or accelerated wear of components.

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

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

Note: Before each consecutive interval is performed,
all maintenance from the previous interval must be
performed.

When Required

Battery or Battery Cable - Disconnect .................. 74
Fuel System - Prime ... 86
Generator - DIy ..o 91
Generator Load - Check ... 93
Generator Set- Test ... 94
Rotating Rectifier - Test ..o, 100
Every Week _
Battery Elecirolyte Level - Check .................... 74
Coaling System Coolant Level - Check ................ 77
Electrical Connections - Check ... 79
Engine Air Cleaner Service Indicator - Inspect ... 80
Engine Qil Level - Check ... 82
Fuel System Primary Filter/Water Separator -

DIAin oo e 89
Fuel Tank Water and Sediment - Drain ................ 90
Generator - INSPeCt ... 92

Every 500 Service Hours

Engine Crankcase Breather Element - Replace ... 81

Every Year
Alternator - INSPECt ..o 73
Alternator and Fan Belts - Inspect ..................... 73
Cooling System Coolant Sampile (Level 2) -

OBLAIN oo 78

Enging - Clean ... 79

Engine Air Cleaner Element (Single Element) -

REPIACE ... oo 79
Engine Mounts - Inspect ... 82
Engine Oit Sample - Obfain ... 82
Engine Qil and Filter - Change ........... SO 83
Fuel System Primary Filter (Water Separator)

Element - Replace ..o 88
Fuel System Secondary Filter - Replace ............. 90
Hoses and Clamps - Inspect/Replace ................ 94
Insulation - Test .o 95
Rotating Rectifier - Check ...l 99
Starting Motor - Inspect ... 100
Water Pump - Inspect ... 102

Every 3 Years

Battery - Replace ... 73

Cooling System Coolant Extender (ELC) - Add ... 76

Cooling System Water Temperature Regulator -
REPIECE ..o 78

Every 6 Years
Cooling System Coolant (ELC) - Change ............ 75



Mainisnance Sestion
Alternator - Inspec:

0072207

Caterpillar recommends a schaduled inspection

of the alternator. Inspeci the alternator for loose
connections and proper batiery charging. Inspect tha
ammeter {if equippad) during engine operation in
order o ensure proper battery performance and/or
aroper performance of the electrical sysiem. Make
repairs, as required. Refer o the Service Manual.

Check the alternator and the hattery charger for
proper operation. If the batteries are properly
charged, the ammeter reading should be very near
zero. All batieries should be kept charged. The
batteries shouid be kept warm because temperature
affects the cranking power. If the battery is too cold,
the battery will not crank the engine. The battery will
not crank the engine, even if the engine is warm.
When the engine is not run for long periods of fime
or if the engine is run for short periods, the batteries
may not fully charge. A battery with a low charge will
freeze more easily than a battery with a full charge.

02320202

Alternator and Fan Belts -
inspect

SMCS Code: 1357-040

NOTICE
Ensure that the engine is stopped before any servicing
or repair is performed.

To maximize the engine performance, inspect the belt
(1) for wear and for cracking. Replace the belt if the
belt is worn or damaged.

< If the belt (1) has more than four cracks per
25.4000 mm (1 inch) the belt must be replaced.

e Check the belt of cracks, splits, glazing, grease,
and splitting.

-
lllustration 73 g01155983

Typical example

02322316

Battery - Replace
SMCS Code: 1401-510

T AN WARNING
Batteries give off combustible gases which can
explode. A spark can cause the combustible gas-

es to ignite. This can result in severe personal in-
jury or death.

Ensure proper ventilation for batteries that are in
an enclosure. Follow the proper procedures in or-
der to help prevent electrical arcs and/or sparks
near batteries. Do not smoke when batteries are
serviced.

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

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

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

1. Switch the engine to the OFF position. Remove
all electrical loads.

2. Turn off any batiery chargers. Disconnect any
battery chargers.



74
Maintenance Section
Battery Electrolyte Level - Check

SEBU8139-01

3. The NEGATIVE “-" cable connects the NEGATIVE
“." pattery terminal to the NEGATIVE “-” terminal
on the starting motor. Disconnect the cable from
the NEGATIVE “-" battery terminal.

4. The POSITIVE “+” cable connects the POSITIVE
“+” pattery terminal to the POSITIVE "+” terminal
on the starting motor. Disconnect the cable from
the POSITIVE “+" battery terminal.

Note: Always recycle a battery. Never discard a
battery. Dispose of used batteries to an appropriate
recycling facility.

5. Remove the used battery.
6. Install the new battery.

Note: Before the cables are connected, ensure that
the engine start switch is OFF. i

7. Connect the cable from the starting motor o the
POSITIVE “+” battery terminal.

8. Connect the NEGATIVE “~" cable to the
NEGATIVE “-" battery terminal.

02345713

Battery Eiectrolyte Level -
Check

SMCS Code: 1401-535

When the engine is not run for long periods of time or
when the engine is run for short periods, the batteries
may not fully recharge. Ensure a fult charge in order
to help prevent the battery from freezing. If batteries
are properly charged, ammeter reading should be
very near zero,when the engine is in operation.

A\ WARNING

All lead-acid batteries contain sulfuric acid which
can burn the skin and clothing. Always wear a face
shield and protective clothing when working on or
near batteries. '

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

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

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

3. Keep the batteries clean.

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

« A mixture of 0.1 kg (0.2 Ib) of baking soda and
1L (1 gt} of clean water

« Amixture of 0.1 L (0.11 gt) of ammonia and 1 L
(1 gt) of clean water

Thoroughly rinse the battery case with clean water.

Use a fine grade of sandpaper to clean the
terminals and the cable clamps. Clean the items
until the surfaces are bright or shiny. DO NOT
remove material excessively. Excessive removal
of material can cause the clamps to not fit properly.
Coat the clamps and the terminals with 5N-5561
Silicone Lubricant, petroleum jelly or MPGM.

02323088

Battery or Battery Cable -
Disconnect

SMCS Code: 1402-029

- A\ WARNING
The battery cables or the batteries should not be
removed with the battery cover in place. The bat-

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

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

1. Turn the start switch to the OFF position. Turn the
ignition switch (if equipped) to the OFF position
and remove the key and all electrical loads.

2. Disconnect the negative battery terminal. Ensure
that the cable cannot contact the terminal. When
four 12 volt batteries are involved, two negative
connection must be disconnected.

3. Remove the positive connection.

4. Clean all disconnected connection and battery
terminals.

5. Use a fine grade of sandpaper to clean the
terminals and the cable clamps. Clean the items
until the surfaces are bright or shiny. DO NOT
remove material excessively. Excessive removal
of material can cause the clamps to not fit
correctly. Coat the clamps and the terminals with
a suitable silicone lubricant or petroleum jelly.



SERLISTR0-0

faintenancs Sec
A

Cooling System Coslant (ELC) - Changs

7. Proceed with necessary sysiam repairs.

5. n ordar o connect the batlery, conneci the
nositive connection before the nagative cornacior.

Cooling System Coolant (ELC)
- Change

B8MCS Code: 1350-070; 1305-044

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

« The engine overheats frequently.
e Foaming is observed.

s The oil has entered the cooling system and the
coolant is contaminated.

¢ The fuel has entered the cooling system and the
coolant is contaminated.

MNote: When the cooling system is cleaned, only
clean water is needed when the ELC is drained and
replaced.

Note: Inspect the water pump and the water
temperature regulator after the cooling system has
been drained. This is a good opportunity fo replace
the water pump, the water temperature regulator and
the hoses, if necessary.

Drain

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait until the cooling system
components are cool. Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.

1. Stop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly in
order to relieve any pressure. Remove the cooling
system filler cap.

)

Cpen the cooling system drain valve (if equipped).
if the coaling system is not equipped with a drain
valve, remove the cooling systemn drain plugs.

Allow the coolaist o drain.

NCTICE
Dispase of used engine coolant propesiy of recycle.
Various mathods have bsen proposed io reclaim used
coolant for reuse in engine cooling systems. The full
distillation procedure is the only method acceptable by
Caierpillar to reclaim the used coolant.

For information regarding the disposal and the
recycling of used coolant, consuli your Caterpiliar
dealer or consuit Dealer Service Tools:

Cuiside iHlincis: 1-800-542-TOOL
Inside Hlinois: 1-800-541-TOOL
Canaga: 1-800-523-TOOL.

Flush

1. Flush the cooling system with clean water in order
to remove any debris.

2. Close the drain valve {if equipped). Clean the
drain plugs. Install the drain plugs. Refer io Torque
Specifications, SENR3130 for more information
on the correct torques.

NOTICE
Do not fill the cooling system faster than 5 L
(1.3 US gal) per minute o avoid air locks.

Cooling system air locks may resuitin engine damage.

3. Fill the cooting system with clean water. Install the
cooling system filler cap.

4. Start and run the engine at low idle until the
temperature reaches 49 to 66 °C (120 to 160 °F).

5. Siop the engine and allow the engine to cool.
Loosen the cooling system filler cap slowly
in order to relieve any pressure. Remove the
cooling system filler cap. Open the drain valve (if
equipped) or remave the cooling system drain
plugs. Allow the water o drain. Flush the cooling
system with clean water. Close the drain valve (i
equipped). Clean the drain plugs. Insiall the drain
plugs. Refer to Torque Specifications, SENR3130
for more information on the correct torques.

Fill

NOTICE
Do not fill the cooling system faster than 6 L
(1.3 US gal) per minute to avoid air locks.

Cooling system air locks may resuitin engine damage.
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1. Fill the cooling system with Extended Life Coclant
(ELC). Refer to this Operation and Maintenance
Manual, “Refili Capacities and Recommendations”
topic (Maintenance Section) for more information
on cooling system specifications. Do not install the
cooling system filler cap.

2. Start and run the engine at low idle. Increase the
engine rpm fo high idle. Run the engine at high
idle for one minute in order to purge the air from
the cavities of the engine block. Stop the engine.

3. Check the coolant level. Maintain the coolant levei
within 13 mm (0.5 inch) below the bottom of the
pipe for filling. Maintain the coolant fevel within
13 mm {0.5 inch) to the proper level on the sight
glass (if equipped).

4. Clean the cooling system filler cap. Inspect the
gasket that is on the cooling system filler cap. If
the gasket that is on the cooling system filler cap
is damaged, discard the old cooling system filler
cap and install a new cooling system filler cap. If
the gasket that is on the cooling system filler cap is
not damaged, use a 95-8140 Pressurizing Pump
in order ta pressure test the cooling system filler
cap. The correct pressure for the cooling system
filler cap is stamped on the face of the cooling
system filler cap. If the cooling system filler cap
does not retain the correct pressurg, install a new
cooling system filler cap.

5. Start the engine. Inspect the cooling system for
leaks and for proper operating temperature.

102482066

Cooling System Coolant
Extender (ELC) - Add

SMCS Code: 1352-045; 1395-081

Cat ELC (Extended Life Coolant) does not require
the frequent additions of any supplemental cooling
additives which are associated with the present
conventional coolants. The Cat ELC Exdender only
needs to be added once.

NOTICE
Use only Cat Extended Life Coolant (ELC) Extender
with Cat ELC.

Do NOT use conventional supplemental coolant addi-
tive (SCA) with Cat ELC. Mixing Cat ELC with conven-
tional coolants and/or conventional SCA reduces the
Cat ELC setvice life.

Check the cooling system only when the engine is
stopped and cool.

A\ WARNING

Personal injury can result from hot coolant, steam
and alkali.

At operating temperature, engine coolant is hot
and under pressure. The radiator and all lines
to heaters or the engine contain hot coolant or
steam. Any contfact can cause severe burns.

Remove cooling system pressure cap slowly to
relieve pressure only when engine is stopped and
cooling system pressure cap is cool enough to
touch with your bare hand.

Do not attempt to tighten hose connections when
the coolant is hot, the hose can come off causing
burns.

Cooling System Coolant Additive contains alkali.
Avoid contact with skin and eyes.

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product. Be prepared to
collect the fluid with suitable containers before open-
ing any compartment or disassembling any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog” for tools and supplies
suitable to collect and contain fluids on Caterpillar
products.

Dispose of all fluids according to local regulations and
mandates.

1. Loosen the cooling system filler cap slowly in
order to relieve pressure. Remove the cooling
system filler cap.

2. It may be necessary to drain enough coolant from
the cooling system in order to add the Cat ELC
Extender.

3. Add Cat ELC Extender according to the
requirements for your engine's cooling system
capacity. Refer to the Operation and Maintenance
Manual, “Refill Capacities and Recommendations”
article for more information.

4. Clean the cooling system filler cap. Inspect the
gaskets on the cooling system filler cap. Replace
the cooling system filler cap if the gaskets are
damaged. Install the cooling system fitler cap.
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SHICS Cods: 1385-08

Check the coolant ievel when the engine is stopped
and coot.

ustration 74 900285520

Coaling system filler cap

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filler cap,
stop the engine and wait unti! the cooling system
components are cool. Loosen the cooling system
pressure cap slowly in order to relieve the pres-
sure.

1. Remove the cooling system filler cap slowly in
order to relieve pressure.

2. Maintain the coolant level within 13 mm (0.5 inch)
of the bottom of the filler pipe. If the engine is
equipped with a sight glass, maintain the coolant
level to the proper level in tha sight glass.

lllustration 75 g00103639

Typical filler cap gaskeis

3. Clean the cooling syster: filler cag and check the
sondition of the filler cap geskets. Replace the
cooling system filler cap iT the filler cap gaskeis are
damagsd. Reinstall the conling system filler cap.

4. inspect the cooling system for leaks.

Cooling System Coolant
Sample {Level 1) - Obtain

SMCS Code: 1350-008; 1395-008; 1385-554,; 7542

Mote: Obtaining a Coolant Sampile {(Level 1} is
optional if the cooling system is filled with Cat
ELC (Extended Life Coclant). Cooling systems that
are filled with Cat ELC should have a Coclant Sample
(Level 2) that is obtained at the recommended interval
that is stated in the Maintenance Interval Schedule.

MNote: Obtain a Coolant Sampie (Level 1} if the
cooling system is filled with any other coolant
instead of Cat ELC. This includes the following
types of coolants.

Table 16
Recommended lnterval
Type of Coolant Level 1 Level 2
Every 250 T
Cat DEAC Hours Yearly@
Cat ELC Optional® Yearly®

(1) This is the recommended interval for coolant samples for all
conventional heavy-duty coolant/antifreeze. This is also the
recommended interval for coolant samples of commercial
coolants that meet the Cat EC-1 specification for engine
coolant.

@ The Level 2 Coolant Analysis should be performed sooner if a
problem is suspected or identified.

« Commercial long life coolants that meet the
Caterpillar Engine Coolant Specification -1
{Caterpillar EC-1)

+ Cat DEAC (Diesel Engine Antifreeze/Coolant)

« Commercial heavy-duty coolant/antifreeze

NOTICE

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

Note: Level 1 resulis may indicaie z need for
Level 2 Analysis.
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QObtain the sample of the coolant as close as possible
to the recommended sampling interval. In order

to receive the full effect of S-O-S analysis, you

must establish a consistent trend of data. In order

to establish a pertinent history of data, perform
consistent samplings that are evenly spaced.
Supplies for collecting samples can be obtained from
your Caterpillar dealer.

Use the following guidelines for proper sampling of
the coolant:

+ Complete the information on the label for the
sampling bottle before you begin to take the
samples.

« Keep the unused sampling bottles stored in plastic
bags.

+ Obtain coolant samples directly from the coolant
sample port. You should not obtain the samples
from any other location.

« Keep the lids on empty sampling bottles until you
are ready to collect the sample.

« Place the sample in the mailing tube immediately
after obtaining the sample in order to avoid
contamination.

« Never collect samples from expansion bottles.

« Never collect samples from the drain for a system.

Submit the sample for Level 1 analysis.

For additional information about coolant analysis,

see Special Publication, SEBUS251, “Caterpiliar

Commercial Diesel Engine Fluids Recommendations”
or consult your Caterpillar dealer.

01987714

Cooling System Coolant
Sample (Level 2) - Obtain

SMCS Code: 1350-008; 1395-008; 1395-554; 7542

NOTICE

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

Refer to Operation and Maintenance Manual,
"Couoling System Coolant Sample (Level 1} - Obtain”
for the guidelines for proper sampling of the coolant.

Submit the sample for Level 2 analysis.

For additional information about coolant

analysis, see Special Publication, SEBU6251,
"Caterpillar Commercial Diesel Engines Fluids
Recommendations” or consult your Caterpillar dealer.

00912898

Cooling System Water
Temperature Regulator -
Replace

SMCS Code: 1355-510

Replace the water temperature regulator before
the water temperature regulator fails. This is a
recommended preventive maintenance practice.
Replacing the water temperature regulator reduces
the chances for unscheduled downtime.

A water temperature regulator that fails in a
partially opened position can cause overheating or
overcooling of the engine.

A water temperature regulator that fails in the closed
position can cause excessive overheating. Excessive
overheating could result in cracking of the cylinder
head or piston seizure problems.

A water temperature regulator that fails in the open
position will cause the engine operating temperature
to be too tow during partial ioad operation. Low
engine operating temperatures during partial loads
could cause an excessive carbon buildup inside the
cylinders. This excessive carbon buildup could result
in an accelerated wear of the piston rings and wear
of the eylinder finer.

NOTICE
Failure to replace your water temperature regulator
on a regularly scheduled basis could cause severe
engine damage.

Caterpillar engines incorporate a shunt design cooling
system and require operating the engine with a water
temperature regulator installed.

if the water temperature regulator is installed incor-
rectly, the engine may overheat, causing cylinder head
damage. Ensure that the new water temperature reg-
ulator is installed in the original position. Ensure that
the water temperature regulator vent hole is open.

Do not use liquid gasket material on the gasket or
cylinder head surface.
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Refar 1o the Saivice Manual for the u;ﬂsve e
procadure of the water termperature requiaior, or
consuit your Caterpillar dealer.

kote: if only the waler teimperaiure reguiators are
replaced, drain the cooiant from the cooling system i
a level that is below the water fempsrature regulaior
hausing.

02398768
Electrical Connections -~ Check
SMCS Code: 4459-535

DANGER: ShockiElectrocution Hazard-De not op-
erate this equipment or work on this equipment
unless you have read and understand the instruc-
tions and warnings in the Operation and Mainte-
nance Manual. Failure to follow the instructions or
heed the warnings will result in serious injury or
death.

Checking the electrical connections is an important
part of the maintenance for the generator set.
Improper connections may cause the generator set
to malfunctian.

Check all exposed electrical connections jor
tighiness.

Check the following devices for loose mounting or
for physical damage:

e Transformers

s Fuses

o Capaciiors

= Lightning arresters

Check the connections for the foliowing components:
» Load cables

« Cables for the generator

s Potential transformers

o Current transformers

Check all lead wires and electrical connections for

proper clearance. Inspect all cables for chafing,
abrasion and corrosion.

02345750
g’mgma - Clean
MCS Code: 1000-070

Personal injury or death can result from high voli-
age.

Molsture can create paths of slectrical conduciiv-
fty.
Mlake sure that the electrical system is OFF. Lock

out the starting conirols and tag the controls “DO
HOT OPERATE”.

NOTICE
Accumulated grease and oil on an engine is a fire haz-
ard. Keep the engine clean. Remove debris and fluid
spills whenever a significant quantity accumulates on
the engine.

Periodic cleaning of the engine is recommended.
Steam cleaning the engine will remove accumulated
oil and grease. A clean engine provides the following
benefits:

e Easy detection of fluid leaks
« Maximum heat transfer characteristics
» Fase of maintenance

Note: Caution must be used in order to prevent
glectrical components from being damaged by
excessive water when the engine is cleaned.
Pressure washers and steam cleaners should not be
directed at any electrical connectors or the junction of
cables into the rear of the connectors. Avoid electricai
components such as the alternator, the starter, and
the ECM. Protect the fue! injection pump from fluids
in order fo wash the engine.

102242500

Engine Air Cleaner Element
(Single Element) - Replace

SMCS Code: 1051; 1054-510

NOTICE
MNever service the air cleaner element with the engine
running since this will allow dirt to enter the engine.
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SEBUS1398-01

|

0
{
{
!

0

{

00

OOO

{
OOOOOOO
0

0
0.0
0

N

[—
90000
OOOOOOOOOO
0020200
0% %0 0

0
cgo
DOG
000

!

lllustration 76 900109823

(1) Air cleaner element. (2) Clamp.

1. Loosen clamp (2} which fastens air cleaner
element (1) to the air inlet. Remove the dirty air
cleaner element and clamp.

2. Install clamp (2} on new air cleaner element (1).

3. Install new air cleaner element (1) to the air
inlet and tighten clamp (2). Refer to Torgue
Specifications, SENR3130 for the correct torque.

02335405

Engine Air Cleaner Service
Indicator - Inspect

SMCS Code: 7452-040

Some engines may be equipped with a different
service indicator.

Some engines are equipped with a differentiat gauge
for inlet air pressure. The differential gauge for inlet
air pressure displays the difference in the pressure
that is measured before the air cleaner element and
the pressure that is measured after the air cleaner
element. As the air cleaner element becomes dirty,
the pressure differential rises. I your engine is
equipped with a different type of service indicator,
follow the OEM recommendations in order to service
the air cleaner service indicator.

The service indicator may be mounted on the air
cleaner element or in a remote location.

Hlustration 77 go0103777

Typical service indicator

Observe the service indicator. The air cleaner
element should be cleaned or the air cleaner element
should be replaced when one of the following
conditions occur;

+ The yellow diaphragm enters the red zone.

+ The red piston locks in the visible position.

Test the Service Indicator
Service indicators are important instruments.

» Check for ease of resetting. The service indicator
should reset in less than three pushes.

» Check the movement of the yellow core when
the enging is accelerated to the engine rated
speed. The yeliow core should latch at the greatest
vacuum that is attained.

If the service indicator does not reset easily, or if the
yeliow core does not laich at the greatest vacuum,
the service indicator should be replaced. If the new
service indicator will not reset, the hole for the service
indicator may be restricted.

The service indicator may need to be replaced
frequently in environments that are severely dusty.
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Engine Trankcese Breather

02326
Engine Crankcase Breather
Element - Replace

15,6
SHMICS Code: 1317-510-FQ
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lilustration 78 ¢01156334

The breather assembly

(1) The O-ring for the top cover {3) The O-ring for the filter element (5) The breather body
(2) The top cover {4) The filier element (6) The side cover
1. Remove all dirt and oil from the cutside of the
NOTICE breather assembly. Remove the top cover (2) by
Ensure that the components of the breather assembly turning the top cover counterciockwise until the

lugs disengage. The breather element includes
an O ring (3). Remove the breather element (4)
by turning and lifting the element. Discard the
element. Clean the inner surfaces of the breather

are installed in the correct pesition. If installed incor-
rectly, engine damage can result.

Note: There are several vent holes under the top body (5). Clean the top cover and inspect the O
cover (2) and under the side cover (6). Keep the area ring (1) in the top cover. If the O ring in the top
around the vent holes clean. Do not restrict the vent CoVer is worn or damaged’ rep]ace the O r;ng_

holes.
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Engine Mounts - Inspect
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2. Lubricate the O ring (3) in the new filter element
(4) with clean engine lubricating oil. Carefully
insert the element into the breather body (5).
Lubricate the O ring (1) in the top cover with clean
engine lubricating oil. Carefully insert the top cover
(2) into the breather body (5). Rotate the top cover
clockwise until the lugs are fully engaged.

5 02456872
Engine Mounts - Inspect

SMCS Code: 1152-040

Inspect the engine mounts for deterioration and for
proper boit torque. Engine vibration can be caused
by the following conditions:

« Improper mounting of the engine

= Deterioration of the engine mounts

Any engine mount that shows deterioration should be
replaced. Refer to Special Publication, SENR3130,
“Torque Specifications” for the recommended
torques. Refer to the OEM recommendations for
more information.

i02335785

Engine Oil Level - Check

SMCS Code: 1348-535-FLV

© 4\ WARNING
Hot oil and hot components can cause personal

injury. Do not allow hot oil or hot components to
contact the skin.

< 1 i

{liustration 79 g01165836

(Y} “Min” mark. {X) "Max” mark.

NOTICE
Perform this maintenance with the engine stopped.

Note: Ensure that the engine is either level or that
the engine is in the normal operating position in order
to obtain a true level indication.

Note: After the engine has been switched OFF, wait
for ten minutes in order to allow the engine oil to drain
to the oil pan before checking the oil level.

1. Maintain the oil level between the “ADD" mark (Y)
and the “FULL” mark (X) on the engine oil dipstick.
Do not fill the crankcase above the "FULL" mark

(X).

NOTICE
Operating your engine when the oil level is above the
“FULL” mark could cause your crankshaft to dip into
the oil. The air bubbles created from the crankshaft
dipping into the oil reduces the oil's lubricating char-
acteristics and could result in the loss of power.

2. Remove the oil filler cap and add oil, if necessary.
Clean the oil filler cap. Install the oil filler cap.

Engine Oil Sample - Obtain

SMCS Code: 1000-008; 1348-554-SM;
7542-554-0C, SM

In addition to a good preventive maintenance
program, Caterpillar recommends using S-O-S il
analysis at regularly scheduled intervals in order

to monitor the condition of the engine and the
maintenance requirements of the engine. 5-0-S oll
analysis provides infrared analysis, which is required
for determining nitration and oxidation ievels.

Obtain the Sample and the Analysis

A\ WARNING
Hot oil and hot components can cause personal

injury. Do not allow hot oil or hot components to
contact the skin.

Before you take the cil sample, complete the Label,
PEEP5031 for identification of the sample. In order
to help obtain the most accurate analysis, provide
the following information:

« Engine model
» Service hours on the engine

« The number of hours that have accumulated since
the fast oil change
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Maintenance Section
Engine O and Filier - Changs

¢ The amount of oil that has been added since the
last oil changs

To ansure that the sample is representative of the

ail in the orankcase, obiain 3 warm, well mixed oil

sample.

To aveid contaminaticn of the ol samples, the iools
and the supplies that are used for obtaining ol
samples must be clean.

Caterpillar recommeands using the sampting valve

in order to obtain oil samples. The quality and the
consistency of the samples are better when the
sampling valve is used. The location of the sampling
valve ailows oil that is flowing under pressure o be
obtained during normal engine cperation.

The 169-8373 Fluid Sampling Botile is
recommended for use with the sampling valve. The
fluid sampling bottle includes the parts that are
needed for obtaining oil samples. Instructions are
also provided.

NOTICE

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

If the engine is not equipped with a sampling valve,
use the 1U-5718 Vacuum Pump. The pump is
designed to accept sampling botties. Disposable
tubing must be attached to the pump for insertion
into the sump.

For instructions, see Special Publication, PEHPG001,
“How To Take A Good Oil Sample”. Consult your
Caterpillar dealer for complete information and
assistance in establishing an S-O-S program for your
engine.

02325836

Engine Oil and Filter - Change

SMCS Code: 1318-510; 1348-044

Hot oil and hot components can cause personal
injury. Do not aliow hot oil or hot components to
contact the skin.

NMGTICE
Care must be taken io ensure that fluids are contained
during performancs of inspeciion, maintenance, test-
ing, adjusting and repalr of the product. Ba prepared c
collect the fluid with suitable containers beforg open-
ing ahy compartment or disassembiing any compo-
nent containing fluids.

Dispose of all Auids according to local regulations and
mandates.

NOTICE
Keep all parts clean from contaminants.

Contaminanis may cause rapid wear and shoriened
companent life.

Do not drain the engine lubricating oil when the
engine is cold. As the engine lubricating oil cools,
suspended waste particles settle on the bottom of
the oil pan. The waste particles are not removed with
draining cold oil. Drain the oil pan with the engine
stopped. Drain the oil pan with the oit warm. This
draining method allows the waste particles that are
suspended in the oil to be drained properly.

Faiiure to follow this recommended procedure wil]
cause the waste particles to be recirculated through
the engine lubrication system with the new oil.

Drain the Engine Lubricating Oil

Note: Ensure that the vessel that will be used is large
enough to collect the waste oil.

After the engine has been run at the normal operating
temperaturs, stop the engine. Use one of the
following methods to drain the engine oil pan:
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lustration 80

g01157128

Typical example

If the engine is equipped with a drain valve, turn the
drain valve knob counterclockwise in order to drain
the oil. After the cil has drained, turn the drain valve
knob clockwise in order to close the drain valve.

If the engine is not equipped with a drain valve,
remove the oil drain plug (1) in order to allow the oil
to drain. If the engine is equipped with a shallow oil
pan, remove the bottom oil drain plugs from both
ends of the oil pan. ’

After the oil has drained, the oil drain plugs should be
cleaned and installed. If necessary, replace the O
ring seal. Tighten the drain plug to 34 N-m (25 Ib ft).

Replace the Qil Filter

NOTICE

Caterpitlar oil filters are manufactured to Caterpillar
specifications. Use of an oil filier that is not recom-
mended by Caterpillar could result in severe damage
to the engine bearings, crankshaft, etc., as a resuit of
the larger waste particles from unfiltered oit entering
the engine lubricating system. Only use il filters rec-
ommended by Caterpillar.

1. Remove the oil filter with a 1U-8760 Chain

Wrench.

Note: Some oil filters may be installed horizontally.
This type of oil filier can be drained before the filter
is removed. The torque for this drain plug is 12 N-m
(8 b ).

Note: The following actions can be carried out as
part of the preventive maintenance program.

lllustration 81
Etement with debris

900588944

2. Cut the oil filter open with a 175-7546 Qil Filter

Cutter . Break apart the pleats and inspect the
ail filter for metal debris. An excessive amount
of metal debris in the oil filler may indicate early
wear or a pending failure.

Use a magnet to differentiate between the ferrous
metals and the nonferrous metals that are found in
the oil filter element. Ferrous metals may indicate
wear on the steel and cast iron parts of the engine.

Nonferrous metals may indicate wear on the
aluminum parts, brass parts or bronze parts of
the engine. Parts that may be affected include
the following items: main bearings, rod bearings,
turbocharger bearings, and cylinder heads.

Due to normal wear and friction, it is not
uncommon to find small amounts of debris in the
oil filter. Consult your Caterpillar dealer in order
to arrange for a further analysis if an excessive
amount of debris is found in the oil filter.
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llustration 82 g01157129

Typical example

3. Clean the sealing surface of the oil filter head (2).
Ensure that the union is secure in the filter head.

4, Apply clean engine oil fo the O ring seal (3) for
the new ail filter.

Mote: Some ol filiers may be instailed horizontaliy.
Refer to the illustration . This type of oil filter assembly
can be drained befare the filter is removed. The
torque for this drain piug {4) is 12 N'-m {8 Ib ft). If
necessary, install a new O ring seal (5). Start at siep 1
in order to remove the oil filter and install the oil filter.

s
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lllustration 83
Typical example

MOTICE
Do not fill the oil filfers with oil before installing them.
This oil would not be filtered and could be confaminat-
ad. Contaminaied oil can cause accelerated wear t0
engine comgpenants.

g. Install the oll filter. Tighien the oll filter to 12 N-m
(8.8 Ib ft). Do not overtighten the oil filter,

Mote: Some oil filters may be installed horizontally.
Refer io illustration 83. This type of oil filter assembly
can be drained before the oil is removed. The torgque
for the drain piug (4} is 12 N-m {8 Ib ). If necessary,
install a new O ring seal (5). Start at 1 in order to
remove the oil filter and install the «il filter.

Fill the Qil Pan

1. Remove the oil filler cap. Refer to this
Operation and Maintenance Manual, "Fluid
Recommendations” for more information on
suitable oils. Fill the oil pan with the correct
amount of new engine lubricating oil. Refer
to this Operation and Maintenance Manual,
“Refill Capacities” for more information on refill
capacities.

NOTICE
If equipped with an auxiliiary oil filter system or a re-
mote filter system, follow the OEM or the filter manu-
facture's remonmendations. Under filling or over filling
the crankcase with oil can cause engine damage.

2. Start the engine and run the engine at “LOW
IDLE” for two minutes. Perform this procedure in
order to ensure that the iubrication system has
oit and that the oil filters are filled. Inspect the oil
filter for oil leaks.

3. Siop the engine and allow the oil to drain back to
the oil pan for a minimum of ten minutes.

C T T

lllustration 84 001165836

Typical example
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4. Remove the engine oil level gauge in order to
check the oil level. Maintain the oil level between
the “MIN” and “MAX” marks on the engine oil level
gauge.

02519453

Engine Valve Lash -
Inspect/Adjust

SMCS Code: 1102-025

This maintenance is recommended by Caterpillar
as part of a lubrication and preventive maintenance
schedule in order to help provide maximum engine
life.

NOTICE
Only qualified service personnel should perform this
maintenance. Refer to the Service Manual or your
Caterpillar dealer for the complete valve lash adjust-
ment procedure.

Operation of Caterpillar engines with improper valve
adjustments can reduce engine efficiency. This re-
duced efficiency could result in excessive fuel usage
and/or shortened engine component life.

A WARNING

Ensure that the engine can not be started while
this maintenance is being performed. To help pre-
vent possible injury, do not use the starting motor
to turn the flywheel.

Hot engine components ¢an cause burns. Allow
additional time for the engine to cool before mea-
suring/adjusting valve lash clearance.

Ensure that the engine is stopped before measuring
the valve lash. To obtain an accurate measurement,
allow the valves to coal before this maintenance is
performed.

Refer to the Service Manual for more information.

02326068

Fuel System - Prime
SMCS Code: 1258-548

A WARNING

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

Refer to the Operation and Maintenance Manual ,
“General Hazard Information and High Pressure Fuel
Lines" before adjustments and repairs are performed.

Note: Refer to Testing and Adjusting Manual

, “Cleanliness of Fuel System Components”
for detailed information on the standards of
cleanliness that must be observed during ALL
work on the fuel system.

Ensure that all adjustments and repairs are performed
by authorized personnel that have had the correct
fraining.

NOTICE
Do not crank the engine continuously for more than
30 seconds. Allow the starting motor to cool for two
minutes before cranking the engine again.

If air enters the fuel system, the air must be purged
from the fuel system before the engine can be
started. Air can enter the fuel system when the
following events occur:

« The fuel tank is empty or the fuel tank has been
partially drained.

+ The fow pressure fuel lines are disconnected.
+ A leak exists in the low pressure fuel system.

« The fuel filter has been replaced.

Hand Fuel Priming Pump

Use the following procedures in order fo remove air
from the fuel system:

1. Ensure that the fuel system is in working order.
Check that the fuel supply valve (if equipped) is in
the "ON" position.
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lllustration 85 001154164

typical example

2. Operate the fuel priming pumgp (1). Count the
number of operations of the fuel priming pump.
After 100 depressions of the fuel priming pump
stop.

3. The engine fuel system should now be primed and
the engine should now be able 1o starl.

4. Operate the engine starter and crank the engine.
After the engine has started, operate the engine at
low idle for a minimuin of five minutes, immediately
after air has been removed from the fuel sysiem.

Mote: Operaiing the engine for this period of time will
help ensure that the fuel system is free of air.

Note: Do not loosen the high pressure fuel line
in order to purge air from the fuel system. This
procedure is not required.

After the engine has stopped, you must wait for

60 seconds in order to allow the fuel pressure to
be purged from the high pressure fuel iines hefore
any service or repair is performed on the engine
fuel lines. if necessary, perform minor adjustments.
Repair any leaks from the low pressure fuel system
and from the cooling, lubrication or air systems.
Replace any high pressure fuel line that has leaked.
Refer to Disassembly and assembly Manual, “Fuel
Injection Lines - Install”.

If you inspect the engine in operation, always use
the proper inspection procedure in order o avoid
a fluid penetration hazard. Refer to Operation and
Maintenarice Manual, "General hazard Information”.

Eleetric Fuel Priming Pump

1. Ensure that the fuel system is in working order.
Cheack that the fuel supply valve (If equipsed) is in
the "ON" position,

NGTICE
The slecttic usl priming pump witt opsrats for 80 sec-
onds. f necessary the eleciric fuel priming pumg can
be siopped during the 80 seconds of operation, by op-
sration of the switch.

I

. Turn the keyswitch to the “RUN" position. Gperate
the switch for the eleckric priming pump. After

90 saconds of the electric fuel priming pump
operation the fuel system will be primed and the
electric fuel priming pump will tuin off.

3. The engine should now be able to start.

4. Operate the engine starter and crank the engine.
After the engine has started, operate the engine at
low idle for a minimum of five minutes, immediately
after air has been removed from the fuel system.

Note: Operating the engine for this period of time will
help ensure that the fuel system is free of air.

Note: Do not loosen the high pressure fuel ling
in order o purge air from the fuel system. This
procedure is not required.

After the engine has stopped, you must wait for

60 seconds in order o allow the fuel pressure to
be purged from the high pressure fuel lines before
any service or repair is performed an the engine
fuel lines. If necessary, perform minor adjusiments.
Repair any leaks from the low pressure fuel system
and from the cooling, lubrication or air systems.
Replace any high pressure fuel line that has leaked.
Refer to Disassembly and assembly Manual, “Fuel
injection Lines - Install”.

if you inspect the engine in operation, always use
the proper inspection procedure in order o avoid
a fluid penetration hazard. Refer to Operation and
Maintenance Manual, "General hazard Information”.
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Fuel System Primary Filter (Water Separator) Element - Replace

02527046

Fuel System Primary Filter
(Water Separator) Element -
Replace

SMCS Code: 1260-510-FQ; 1263-510-FQ

" A\ WARNING

Fuel leaked or spilled onto hot surfaces or elec-
trical components can cause a fire. To help pre-
vent possible injury, turn the start switch off when
changing fuel filters or water separator elements.
Clean up fuel spills immediately.

Note: Refer to Testing and Adjusting Manual

, “Cleanliness of Fuel System Components”
for detailed information on the standards of
cleanliness that must be observed during ALL
work on the fuel system.

) NOTICE
Ensure that the engine is stopped before any servicing
or repair is performed.

After the engine has stopped, you must wait for

60 seconds in order to allow the fuel pressure to
be purged from the high pressure fuel lines before
any service or repair is performed on the engine
fuel lines. If necessary, perform minor adjustments.
Repair any leaks from the low pressure fuel system
and from the cooling, lubrication or air systems.
Replace any high pressure fuel line that has leaked.
Refer to Disassembly and assembly Manual, “Fuel
Injection Lines - Install”. »

1. Turn the fuel supply valve (if equipped) to the OFF
position before performing this maintenance.

2. Place a suitable container under the water
separator in order to catch any fuel that might
spill. Clean up any spilled fuel. Clean the outside
of the water separator.

901153445

lHustration 86

Typical example

3. Install a suitabie tube onto the drain (1). Open the
drain (1). Allow the fluid to drain into the container.
Remove the tube.

4, Tighten the drain (1) by hand pressure only.

5. If equipped, remove the wiring harness from the
sensor on the bottom of the glass bowl.

6. Mold the glass bowl (3) and remove the screw (2).
~ Remove the glass bowl (3) from the canister (4).

7. Use a 1U-8760 Chain Wrench in order to remove
the canister (4). Discard the old seals (5 and 6)
and the canister in a safe place.

8. Clean the glass bowl (3).
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Mah r"r“ﬁance Saction
Fual Syaiem Primary Filierater Separator - Drain

lliustration 87 901153488

Typical example

9. Do not lubricate the O ring seal on the new
canister. Install the new canister. Do not use a tool
in order to install the canister. Tighten the canister
by hand.

10. Install the new O ring seal (5) onto the setscrew
(2). install the new O ring seal (6) into the giass
bowl.

11. Align the glass bowl to the canister. Ensure that
the sensor (if equipped) is in the correct position.
install the setscrew (2). Tighten the setscrew to a
torque of 5 N'm (44 b in).

12. If equipped, install the wiring harness to the
$ENSOor.

13. Remove the container and dispose of the fuel in
a safe place.

14. The secondary filter must be replaced at the same
time as the primary filter. Refer to the Operation
and Maintenance Manual , “Fuel System Filter -
Replace”.

102334301
*@E System Primary
ter/Water Separator - Drain

o 7
s ]

SMCS Coda: 1260-543; 1263-543

Fuel leaked or spilled onto hot surfaces oF elec-
trical components can cause a fire. To help pre-
vent possible injury, turn the start swiich off when
changing fuel filters or water separator elements.
Clean up fuel spills Immediately.

NOTICE
Ensure that the engine is stopped before any servicing
or repair is performed.

NOTICE
The water separator can be under suction during nor-
mal engine operation. Ensure that the drain valve is
tightened securely to help prevent air from entering
the fuel system.

1. Place a suitable container under the water
separator in order to catch any fuel that might
spill. Clean up any spilled fuel.

Hlustration 88 g01153817

Typical example

2. Install a suitable tube onto the drain (1). Open the
drain (1). Aliow the fluid to drain into the container.

3. Tighten the drain (1) by hand pressure only.
Remove the tube and dispase of the drained fiud
in a safe place.
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02527047

Fuel System Secondary Filter -
Replace

SMCS Code: 1261-510-SE

A\ WARNING

Fuel leaked or spilled onto hot surfaces or elec-
trical components can cause a fire. To help pre-
vent possible injury, turn the start switch off when
changing fuel filters or water separator elements.
Clean up fuel spills immediately.

Note: Refer to Testing and Adjusting Manual

, “Cleanliness of Fuel System Components”
for detailed information on the standards of
cleanliness that must be observed during ALL
work on the fuel system.

NOTICE
Ensure that the engine is stopped before any servicing
or repair is performed.

After the engine has stopped, you must wait for

60 seconds in order to allow the fuel pressure ©
be purged from the high pressure fuel lines before
any service or repair is performed on the engine
fuel lines. If necessary, perform minor adjustments.
Repair any leaks from the low pressure fuel system
and from the coocling, lubrication or air systems.
Replace any high pressure fuel line that has leaked.
Refer to Disassembly and assembly Manual, "Fuel
Injection Lines - Install™.

NOTICE
Do not allow dirt to enter the fuel system. Thoroughly
clean the area around a fuel system component that
will be disconnected. Fit a suitable cover over discon-
nected fuel system component.

1. Ensure that the fuel supply valve (if equipped) is in
the OFF position. Place a suitable container under
the fuel filter in order to catch any fuel that might
spill. Clean up any spilled fuel.

lilustration 89 g01153855

Typical example

2. Clean the outside of the fuel filter. Use 1U-8760
Chain Wrench in order to remove the canister (1)
from the engine and dispose of the canisterin a
safe place.

3. Do not lubricate the O ring seal. Do not fill the new
canister with fuel before the canister is installed.

4. Install the new canister. Do not use a ool in order
to install the canister. Tighten the canister by hand.

5. Remove the container and dispose of the fluid in a
safe place. If equipped, open the fuel supply valve.

6. Prime the fuel system. Refer to the Operation and
Maintenance Manual, “Fuel System - Prime” for
more information.

02348492

Fuel Tank Water and Sediment
- Drain

SMCS Code: 1273-543-M&S

NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting, and repair of the product. Be prepared
to collect the fluid with suitable containers before
opening any compartment or disassembling any com-
ponent containing fluids.

Dispose of all fluids according to local regulations and
mandates.
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uel quality is critical fo the performance and to the
ervics life of the engine, Waler in the fuel cen cause
excessive wear io the fuel systerm.

Water can be introduced indo the fuel fank when the
fuel tank is being filled.

Condensation occurs during the heating and cooling
of fuel. The condensation occurs as the fuel passes
through the fuel system and the fue! refurns ic the
fuel tank. This causes water o accumulate in fuel
tanks. Draining the fuel tank regularly and obiaining
fuel from reliable sources can help (o eliminate water
in the fuel.

Drain the Water and the Sediment

Fuel tanks should contain sore provision for draining
water and draining sediment from the bottom of the
fuel tanks.

Open the drain valve on the bottom of the fuel tank
in order to drain the water and the sediment. Close
the drain valve.

Check the fuel daily. Allow five minutes after the
fuel tank has been filled before draining water and
sediment from the fuel tank.

Fill the fuel tank after operating the engine in
order to drive out moist air. This will help prevent
condensation. Do not fill the tank to the top. The
fuel expands as the fuel gets warm. The tank may
overflow.

Some fuel tanks use supply pipes that allow water
and sediment fo settle below the end of the fuel
supply pipe. Some fuel tanks use supply lines that
take fuel directly from the bottom of the tank. If
the engine is equipped with this system, reguiar
maintenance of the fuel system filter is important.

Fuel Storage Tanks

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

e Weekly

o Service intervals

o Refill of tha tank

This will help prevent water or sediment from being

pumped from the storage tank into the engine fuel
fank.

i & hulk storags tenk has besn rafillec or moved
racently, aliow adeguate time for the sediment 1o
setile before filling the engine fuel tank. Internal
haffles in the buik storage fank will aiso help trap
sediment. Filtering fuel that is pumped from the
storage tank helps 1o ensure the guality of the fuet
Yyhen possible, water separators shouid be used.

02280310
Generator - Dry
SMICS Code: 4450-569

NOTICE
Do not operate the generator if the windings are wet. If
the generalor is operated when the windings are wet,
damage can occur due to insulation breakdown.

When moisture is present or when moisture is
suspected in a generator, the generator must be
dried before being energized.

If the drying procedure does not restore the insulation
resistance to an acceptable value, the winding should
be reconditioned.

Note: For additional information, refer to Special
Instruction, SEHS8124 .

Drying Methods

The foliowing methods can be used for drying a
generator:

o Self-circulating air method

¢ QOven method

NOTICE
Do not allow the winding temperature to exceed 85 °C
(185.0 °F). Temperatures that are greater than 85 °C
(185.0 °F) will damage the winding insulation.

Seif-Circulating Air Method
Run the engine and disconnect the generator load.

This will help circulate air. Operate the generator
space heaters.

Oven Method

Place the entire generator inside a forced air drying
oven for four hours at 65 °C (149 °F).
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NOTICE
Use a forced air type oven rather than a radiant type
oven,

Radiant type ovens can cause localized overheating.

02263395

Generator - Inspect
SMCS Code: 4450-040

, WARNING

Personal injury or death can result from improper
troubleshooting and repair procedures.

The following troubleshooting and repair proce-
dures should only be performed by qualified per-
sonnel familiar with this equipment.

A WARNING

The high voltage that is produced by an operatmg
generator set can cause severe injury or death.
Before performing any maintenance or repairs,
ensure that the generator will not start.

Place the engine control switch in the “OFF” posi-
tion. Aftach “DO NOT OPERATE" tags to ail start-
ing conirols. Disconnect the batteries or disable
the starting system. Lock out all switchgear and
automatic transfer switches that are associated
with the generator.

Refer to Safety Section, “Generator Isolating for
Maintenance” for information regarding the procedure
to safely isolate the generator.

Proper maintenance of electrical equipment requires
periodic visual examination of the generator and
periodic visual examination of the windings. Proper
maintenance of electrical equipment also requires
appropriate electrical checks and appropriate thermal
checks. insulation material should be examined for
cracks. The insulation material should be examined
for accumulations of dirt and dust. If there is an
insulation resistance value that is below normal, a
conductive path may be present. This conductive
path may be made of one of the following materials:

» Carbon
s Salt

+ Metal dust

» Dirt that is saturated with moisture

These contaminants will develop a conductive path
which may produce shorts. Cleaning is advisable if
heavy accumulations of dirt can be seen or if heavy
accumulations of dust can be seen. If excess dirt is
the cause of a restriction in the ventilation, cleaning
is also advisable. Restricted ventilation wili cause
excessive heating.

NOTICE
To avoid the possibility of deterioration to the genera-
tor windings, do not clean the generator unless there
is visual, electrical, or thermal evidence that dirt is
present.

If harmful dirt accumulations are present, a variety
of cleaning techniques are available. The cleaning
procedure that is used may be determined by one of
the items on the following list:

« The extent of the cleaning procedure that is being
attempted

« The type of enclosure of the generator
« The voltage rating of the generator

= The type of dirt that is being removed

Cleaning (Assembled Generators)

NOTICE
Do not use water o clean the generator.

NOTICE
Do not use trichloroethane, perchiorethylene,
trichloroethane or any alkaline products to clean
the generator.

Cleaning may be required at the point of installation.
At this point, complete disassembly of the generator
may not be necessary or feasible. In this case,

a vacuum cleaner should be used to pick up the
following items: dry dirt, dust, and carbon. This will
prevent the spreading of these contaminants.

A small nenconductive tube may need to be
connected to the vacuum cleaner. This will allow the
vacuum cleaner fo clean the surfaces that are not
exposed. After most of the dust has been removed,
a small brush may be attached to the vacuum hose
in order to loosen dirt that is more firmly attached to
the surface.
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After the initizl cleaning with 2 vaguum, compressed
air may be used i remove the remaining dust and
dirt. Compressed air that is used for cleaning should
he free of moisitire and fres of oll. Air pressure
shouid be a maximum of 210 kPa (36 psi) in order W
prevent mechanical damage to the insulatior. If the
above cieaning gprocedures are not effactive, consult
a Caterpillar dealer.

Cleaning {Disassembled
Generators)

NOTICE
Do not use water to clean the generator.

NOTICE
Do not use trichloroethane, perchlorethylene,
trichloroethane or any alkaline products to clean
the generator.

An initial insulation resistance check shouid be
made on the generator in order to confirm electrical
integrity. A minimum reading of one megohm would
be expected with severely contaminated generators.
A zero megohm reading may indicate an insulation
breakdown. An insulation breakdown requires more
than cleaning. An insulation breakdown requires
repair.

Use the following for cleaning the stator, the rotor, the
exciter and the diode bridge:

Unleaded Gasoline

o

Toluene

@

» Benzene
e Ciclohexars

Avoid permitting the solvent to run info the slots.
Apply the solvent with a brush. Use a sponge on the
windings frequently in order to remove the debris.
Dry the winding with a dry cloth. Allow the solvent to
evaporate before reassembling the generator.

Allow the generator to dry at room temperature.
Check the insulation resistance. The insulation
resistance should now be normal. If the insulation
resistance is not normal, repeat the procedure.

Note: For more information on drying methods, refer
to Special Instructions, SEHS2124, *Cleaning and
Drying of Electric Set Generators”.

i01R78834

Generator Load - Check

SMCE Coder 4450-535-LA

Personal injury or death can result from high volt-
age.

YWhen power generation equipment must be in op-
eration to make tests andior adjustments, high
voliage and surrent are gresent.

improper test eguipment can fail and present a
high voltage shock hazard to its user.

Wake sure the testing equipment is designed for
and correctly operated for high voltage and cur-
rent tests being made.

During normal operation, monitor the power factor
and monitor generator loading.

When a three-phase generator is installed or when
a three-phase generator is reconnected, ensure that
the total current in any one phase does not exceed
the nameplate rating. Each phase should carry the
same load. This allows the three-phase generator
to work at the rated capacity. If one phase current
exceeds the nameplate amperage, an elecirical
imbalance will occur. An elecirical imbalance can
result in an electrical overload and an electrical
imbalance can result in overheating on three-phase
generators. This is not applicable to single-phase
generators.

The power factor can be referred 1o as the efficiency
of the load. This can be expressed as the ratic of KVA
to actual KW. The power factor can be calculated by
dividing kW by kVA. Power factor is expressed as a
decimai. Power factor is used to mean the portion

of current that is supplied to a system that is doing
useful work. The portion of the cusrrent that is not
doing useful work is absorbed in maintaining the
magnetic field in motors. This current (reactive load)
can be maintained without engine power.
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01593517

Generator Set - Test
SMCS Code: 4450-081

. A\ WARNING
Personal injury or death can resulit from high volt-
age.

When power generation equipment must be in op-
eration to make tests and/or adjustments, high
vaoltage and current are present.

Improper test equipment can fail and present a
high voltage shock hazard to its user.

Make sure the testing equipment is designed for
and correctly operated for high voltage and cur-
rent tests being made.

When servicing or repairing electric power gener-
ation equipment:

« Make sure the unit is off-line (disconnected
from utility and/or other generators power
service), and either locked out or tagged DO
NOT OPERATE.

« Make sure the generator engine is stopped.

+ Make sure all batteries are disconnected.

+ Make sure all capacitors are discharged.

Table 17
Tools Needed
Part Number Part Quantity
Gv-7070 MS:igrir:ther 1
12 VDC battery 1
Potential 1
Transformer

The generator set functional test is a simplified test
that can be performed in order to determine if the
generator is functional. The generator set functional
test should be performed on a generator set that is
under load.

The generator set functional test determines if the
following statements happen:

» A phase voltage is being generated.

» The phase voitages are balanced.

» The phase voltages change relative to engine
speed.

The generator set functional test consists of the
following steps:

1. Stop the generator. Connect the potential
transformer’s high voltage winding to the
generator terminals (T1) and (T2). Connect
the voltmeter fo the low voltage winding. If two
transformers are available, connect the high
voltage winding of the second transformer to the
generator terminals (T1) and (T3). Connect the
secondary terminals that correspond to generator
terminal (T2) of both transformers together.

2. Disconnect wires “E+” and “E-" from the voltage
regulator. Disconnect the generator from the load.

3. Connect a 12 VDBC automotive battery to wires
ILE+” and IKE_)I'

4. Measure the AC voltage across the low voltage
terminals of the transformer that correspond to the
following generator terminals: “T1" and “T2", "T2"
and “T3”, and "T3" and “T1". Record the voitages.

02349879

Hoses and Clamps -
Inspect/Replace

SMCS Code: 7554-040; 7554-510

ARG

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

If you inspect the engine in operation, always use
the proper inspection procedure in order to avoid

a fluid penetration hazard. Refer to Operation and
Maintenance Manual, “General hazard Information”.

Inspect all hoses for leaks that are caused by the
following conditions:

+ Cracking
+ Softnhess
« Lcose clamps

Replace hoses that are cracked or soft. Tighten any
loose clamps.
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Chacic for the following conditions:

o £nd fittings that are damaged or leaking

= Guter covering that is chafed or cut

» Exposed wire ihat is used for relidorcement

= Quter covering that is tallooning locally

« Flaxible part of the hiese that is kinked or crushed

o Armoring that is embedded in the ouier covering

A constant torgue hose clamp can be used in place
of any standard hose clamp. Ensure that the constant
forque hose clamp is the same size as the standard
clamp.

Due to extreme temperature changes, the hose will
harden. Hardening of the hoses will cause hose
clamps to loosen. This can result in leaks. A constant
torque hose clamp will help o prevent loose hose
clamps.

Each installation application can be different. The
differences depend on the following factors:

» Type of hose

= Type of fitting material

L)

Anticipated expansion and contraction of the hose

Anticipated expansion and contraction of the
fittings

Replace the Hoses and the Clamps

Refer to the OEM information for further information
on removing and replacing fuel hoses (if equipped).

The coolant system and the hoses for the coolant
system are not usually supplied by Perkins. The
following text describes a typical method of replacing
coolant hoses. Refer to the OEM information for
further information on the coolant system and the
hoses for the coolant system.

Pressurized System: Hot coolant can cause seri-
ous burns. To open the cooling system filier cap,
stop the engine and wait until the cooling system
components are cool. Loosen the cooling system
pressure cap stowly in order to relieve the pres-
sure.

1. Stop the engine. Allow the engine ia cool.

2. Loosen the cooling sysiem Fller cap slowly i
order o relieve any gressure. Remove the cooling
system fler cap.

iate: Drain the coolant into a suitable, clesn
container. The coolani can be reused.

3. Drain the coolant from the cooling system (0 &
jevel that is below tha hose that is being replaced.

4. Remove the hose clamps.

Disconnect the old hose.

t

&. Replace the old hose with a new hose.
7. Install the hose clamps with a torgue wrench.

Note: For the correct coolant, see this Operation and
Maintenance Manual, “Fluid Recommendations”.

8. Refill the cooling system. Refer 1o the OEM
information for further information on refilling the
cooling system. :

9. Ciean the cooling system filler cap. Inspect the
cooling system filler cap’s seals. Replace the
cooling system filler cap if the seals are damaged.
Install the cooling system filler cap.

10. Start the engine. Inspect the cooling system for
leaks.

02290325

insulation - Test

SMCS Code: 4453-081; 4454-081; 4457-081;
4470-081

The high voltage that is produced by an operating
generator set can cause severe injury or death.
Before performing any maintenance or repairs,
ensure that the generator will not start.

Place the engine control switch in the “OFF” posi-
tion. Attach “DCO NOT OPERATE” tags to all start-
ing controls. Disconnect the batteries or disable
the starting system. Lock out all switchgear and
autiomatic transfer switches that are associated
with the generator.
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Table 18
TOOLS NEEDED
Part Number Tool Quantity
142-5055 Insulation Tester 1
Megohmmeter

. A\ WARNING |
Personal injury or death can result from electfro-
cution.

The megohmmeter is applying a high voltage to
the circuit.

To avoid electrocution, do not touch the instru-
ment leads without first discharging them. When
finished testing also discharge the generator
windings.

The following materials will cause the winding
insulation fo deteriorate:

» moisture (water)

+ dust

+ grease

= other foreign matter within the generator

This deterioration reduces the resistance of the
insulation. This test will measure the resistance of
the winding insulation.

The insulation tester (megohmmeter) produces a
high potential voltage between the test leads. During
the test, a small current flows. The tester converts
this current to a resistance reading.

The insutation test is performed as part of periodic
maintenance in order to detect the deterioration of the
winding insulation. When there is a rapid decrease
in the insulation resistance in a short amount of time,
the generator needs to be cleaned.

Note: For information on generator cleaning, refer to
Special Instruction, SEHS9124.

When generators have not been used for a period
of time, moisture can accumulate. Therefore, the
insulation test should be performed on generators
that have been idle. If moisture is known to exist,
the windings must be dried prior to testing. Refer to
Testing And Adjusting, "Generator - Dry”.

The winding needs to be reconditioned or the winding
needs to be replaced in the following cases:

« The measured insulation resistance fails below the
specified amount. The cleanup procedure does not
correct the discrepancy.

« The measured insulation resistance falls below the
specified amount. The drying procedure does not
correct the discrepancy.

The specified insulation resistance is an approximate
value. 1t can be possible 1o operate the generator with
less than the specified value. However, a generator
that has a low winding insulation resistance will be
more likely to have a failure.

A WARNING

Personal injury or death can resulf from improper
troubleshooting and repair procedures.

The foilowing troubleshooting and repair proce-
dures should only be performed by qualified per-
sonnel familiar with this equipment.

The insulation test gives accurate results only when
the generator windings are free of moisture and the
generator windings are at room temperature.

Each winding must have a minimum insulation
resistance of one megohm.

Main Armature (Stator L4)

1. Remove the load from the generator by either of
the following:

» Qpen the line circuit breaker.

« Open the following load connections: T1, T2,
T3, and TO.

Prevent these wires from coming into contact
with each other and prevent these wires from
contacting ground.

2. isolate the main armature {L4) from the voltage
regulator by disconnecting the wires for voltage
sensing. If generator lead (TO) is connected to the
generator frame or ground, open the cannection.

3. Connect one test lead of the insulation tester
{(megohmmeter) to the generator enclosure
{ground).

4. Connect the other test lead of the insulation tester
(megohmmeter) to generator lead (TQ}.

5. The insulation resistance must be one megohm
or more.
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Exeder Fiald (Stator 1.1}

1. isolate exciter field {L1) from *he voliage reguiaior
by disconnediing wires 5+ and 6-. Preveni these
wires froim coming inio contact with sach other
and pravent these wires from contacting ground.

2. Connect one tesi lead of the insulation tester
(regohmmeter) to the generator enclosure
{ground).

Connect one test lead of the insulation tester
(megohmmeter) to exciter field lead (5+ or 6-).

&

4. Measurs the resistance of the exciter field winding
insulation to ground. The insulation resistance
must be a minimum of 0.25 megohim (250000
ohms).

Exciter Armature {(Rotor L2}

1. Isolate exciter armature (L.2) from the rectifier
circuit. Disconnect the three wires of the exciter
armature from the rectifier blocks. :

2. Connect one fest lead of the insulation tester
{megohmmeter) to the rotor shaft.

3. Connect one test lead of the insulation tester
(megohmmeter) to any one exciter field lead.

4. The insulation resistance must be a minimum of
0.25 megohm (250000 chms).

02298454

Overhaul Considerations
SNICS Code: 7585-043

Reduced hours of operation at full load will result in a
lower average power demand. A decreased average
power demand should increase both the engine
service life and the overhaul interval, :

The need for an overhaul is generally indicated by
increased fuel consumption and by reduced power.

The following factors are important when a decision
is being made on the proper time for an engine
overhaul:

>

The need for preventive maintenance

&

- The quality of the fuel that is being used

= The operating conditions

®

The results of the 5-0O-S analysis

il Consumption as
ndicator

Ol consumption, fuel consumpiion, and mainienancs
information can be used to estimate the total
oparating cost for your Caterpillar engine. Ol
consumption can also be used i¢ sstimate the
required capacity of 2 makeup oil tank that is suitable
for the mainienance intervals.

Oil consumption is in proportion to the percentage
of the raied engine load. As the percentage of the
engine load is increased, the amount of o that is
consumed per hour also increases.

The oll consumption rate (brake specific oil
consumption) is measured in grams per kWih {Ib per
bhp). The brake specific oil consumption (BS0C)
depends on the engine load. Consult your Caterpillar
dealer for assistance in determining the typical oil
consumption rate for your engine.

When an engine’s oil consumption-has risen io three
times the original oil consumption rate due to normal
wear, an engine overhaul should be schedulea.
There may be a corresponding increase in blowby
and a slight increase in fuel consumption.

Overhaul Options
Before Failure Overhaul

A planned overhaul before failure may be the best
value for the following reasons:

o Costly unplanned downtime can be avoided.

= Many original parts can be reused according fo the
standards for reusable parts.

s The engine’s service life can be extended without
the risk of a major catastrophe due to engine
failure.

= The best cost/value relationship per hour of
extended life can be attained.

After Failure Overhaul

Many options are available if a major engine failure
occurs. An overhaul should be performed if the
engine block or the crankshaft can be repaired.

If the engine block is repairable and/for the crankshaft
is repairable, the overhaui cost should be less than
the cost of a new engine with a similar exchange
core.

This lower cost can be attributed to these aspecis:

= Caterpillar dealer exchange components
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+ Caterpillar Inc. remanufactured exchange
caomponents

Overhaul Recommendation

To minimize downtime, Caterpillar Inc. recommends
a scheduled engine overhaul by your Caterpillar
dealer before the engine fails. This will provide you
with the best cost/value relationship.

Note: Overhaul programs vary according to the
engine application and according to the dealer that
performs the averhaul. Censult your Caterpillar
dealer for specific information about the available
overhaul programs and about overhaul services for
extending the engine life.

If an overhaul is performed without overhaul service
from your Caterpillar dealer, be aware of the following
maintenance recommendations.

Rebuild or Exchange

These components should be inspected according to
the instructions that are found in various Caterpillar
reusability publications. The Special Publication,
SEBF8029 lists the reusability publications that are
needed for inspecting the engine parts.

if the parts comply with the established inspection
specifications that are expressed in the reusable
parts guideline, the parts should be reused.

Parts that are not within the established inspection
specifications should be dealt with in one of the
following manners:

« Salvaging

» Repairing

+ Replacing

Using out-of-gpec parts can result in the following
problems:

Unscheduled downtime

L d

Costly repairs

Damage to other engine parts

+ Reduced engine efficiency

+ Increased fuel consumption

Reduced engine efficiency and increased fuel
consumption translates into higher operating costs.

Therefore, Caterpillar Inc. recommends repairing
out-of-spec parts or replacing ocut-of-spec parts.

Inspection and/or Replacement

The following components may not last until the
second overhaul.

« Piston rings

Thrust bearings

Main bearings

Connecting rod bearings

Crankshaft seals

*

Engine mounts
» Hoses

Caterpillar Inc. recommends the installation of new
parts at each overhaul period.

Inspect these parts while the engine is disassembled
for an overhaul.

Inspect the crankshaft for any of the following
conditions:

« Deflection

» Damage to the journals

« Bearing materia! that has seized to the Journals
Check the journal taper and the profile of the
crankshaft journals. Check these components by
interpreting the wear patterns on the following
components:

+ Rod bearing

« Main bearings

Note: If the crankshaft is removed for any reason,
use the magnetic particte inspection process to check
for cracks in the crankshaft.

Inspect the camshaft for damage to the journals and
to the lobes.

Note: If the camshaft is removed for any reason, use
the magnetic particle inspection process to check for
cracks in the camshatft.

Inspect the following components for signs of wear or
for signs of scuffing:

« Camshaft bearings

+ Valve lifters
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Test the following components during the overhaul.
o Fuel injeciion nozzies
« Fuel insction pump

Testing the fusl systermn during the overhaul will
ensure that vour engine operaies at peak sfficiancy.
Your Caterpillar dealer can provide these services
and components in order {o ensure that your

fuel systam is operating within the appropriaie
specifications.

Cleaning

Caterpiliar Inc. recommends the use of Hydroscly
Liguid Cleaners, Table 19 lists the Hydrosolv Liguid
Cleaners that are available from your Caterpillar
dealer.

Table 19
|
HydrosolvLiquid Cleaners |
Part o . :
Number Description Size
1U-8812 4 L (1 US gallon)
Hydrosolv4165
i1U-5490 18 L (5 US galion})
8T-7570 208 L {55 US gallon)
1U-8804 4 L (1 US galion)
Hydrosolv100
1U-5492 19 L (5 US galion)
8T-5571 208 L (55 US galton)

Obtain Coolant Analysis

The conceniration of supplemental coolant additive
(SCA) should be checked regularly with test kits
or with S-O-8 Coolant Analysis (Level |). Further
coolant analysis is recommended when the engine
is overhauled.

For example, considerable deposits are found in the
water jacket areas on the external cooling system, but
the cancentrations of coolant additives were carefully
maintained. The coolant water probably contained
minerals that were deposited on the engine over time.

L ooolant "naiysés can 3
sonditionr: of the water thai is being used in the
ing system. A full water analysis can be obizined

, .1.~=

he
Gol

C‘)

by consuliing your local water utility company of
an agnwl“u.dl agent. Private ldbormones are alsn
available for waler analysis.

Caterpillar inc. recommends an 5-0-5 Coolant
Analysis (Level [1).

S$0-8 Coolant Analysis {Level i)

An 5-O-5 Coolant Analysis (Level lf) is a
comprehensive coolant analysis which compleiely
analyzes the coolant and the effecis on the cooling
system. An S-O-S Coolant Analysis (Level Il) provides
the following information:

> Complete S-O-S Coolant Analysis (Level I}

= Visual inspection of properties

identification of metal corrosion

z

identification of contaminanis

?

L

ldentification of built up impurities (corrosion and
scale)

S-0-8 Coolant Analysis (Level il) provides a report of
the results of both the analysis and the maintenance
recommendations.

For more information about coolant analysis, see
your Caterpillar dealer.

01880286

Rotating Rectifier - Check

SMCS Code: 4465-535

The high voltage that is produced by an operating
generator set can cause severe injury or death.
Before performing any maintenance or repairs,
ensure that the generator will not start.

Place the engine control switch i the “OFF” posi-
tion. Attach “0D0 NOT OPERATE” tags to all start-
ing controls. Disconnect the batteries or disable
the starting system. Lock out all switchgear and
automatic transfer switches that are associated
with the generator.

Check the exciter armature. Ensure that the rotating
rectifier is tight. If a failure of a rectifier is suspected,
refer to Maintenance Procedure, “Rotating Rectifier -
Test™.
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102290281

Rotating Rectifier - Test
SMCS Code: 4465—081

A\ WARNING

The high voltage that is produced by an operating
generator set can cause severe injury or death.
Before performing any maintenance or repairs,
ensure that the generator will not start.

Piace the engine control switch in the “OFF” posi-
tion. Attach “DO NOT OPERATE" tags to all start-
ing controls. Disconnect the batteries or disable
the starting system. Lock out all switchgear and
automatic transfer switches that are associated
with the generator.

lllustration 90 g00992269

(1) Positive DG terminal or Negative DC terminal
{2) AC terminal
(3) AC terminal
{4) AC terminal

The following procedure tests all three diodes within
a block. Check the positive rectifier block and the
negative rectifier block. If any meter reading doés not
fall within the given ranges, replace the rectifier block.

1. Set the digital multimeter on the diode range.
Remove all ieads from the rectifier block.

2. To test the negative rectifier block, follow these
steps:

a. Place the red test lead on the negative -
terminal (1). Place the black test lead on the
following rectifier terminais: AC terminal (2), AC
terminal (3), and AC terminal (4). All readings
on the meter should be between 0.4 and 1.0.

URY

b. Place the black test lead on the negative
ferminal (1). Place the red test lead on the
following rectifier terminals: AC terminal (2), AC
terminal (3), and AC terminal (4). In all cases,
the meter should read “OL" (overload).

3. To test the positive rectifier block, foliow these
steps:

a. Place the red test lead on the positive “+”
rectifier terminal (1). Place the black test lead
on the following rectifier terminals: AC terminal
(2}, AC terminal (3), and AC terminal (4). In all
cases, the meter should read “OL" (overload).

b. Place the black test lead on the positive "+~
rectifier terminat (1). Place the red test lead on
the following rectifier terminals: AC terminal
(2), AC terminal (3), and AC terminal (4). All
readings on the meter should be between 0.4
and 1.0.

Note: A shorted diode can cause damage to the
exciter rotor. If a diode is shorted, check the exciter
rotor. Refer to the Testing and Adjusting, “Winding -
Test” and Testing and Adjusting, “insulation - Test".
Perform these tests.

02348493

Starting Motor - Inspect
SMCS Code: 1451-040; 1453-040

Caterpillar recommends a scheduled inspection of
the starting motor. If the starting motor fails, the
engine may not start in an emergency situation.

Check the starting motor for correct operation. Check
the electrical connections and clean the electrical
connections. Refer to the Systems Operation, Testing
and Adjusting Manual, “Electric Starting System -
Test” for more information on the checking procedure
and for specifications or consult your Caterpillar
dealer for assistance.

02326108

Turbocharger - Inspect
SMCS Code: 1052-040; 1052

A regular visual inspection of the turbocharger is
recommended. Any fumes from the crankcase are
filtered through the air inlet system. Therefore,
by-products from oil and from combustion can collect
in the turbocharger compressor housing. Over time,
this buildup can contribute to loss of engine pawer,
increased black smoke and overall loss of engine
efficiency.
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I the turpocharger fails during 2ngine operation,
damage io the tusbocharger compressor wheel
and/or io the engine may cccur. Darmage ic the
turbochaiger comgresser wheel can cause addilional
darmage to the pisions, the valves, and the cylindar
head.

NOTICE
Turbocharger bearing failures can cause large quanti-
ties of oil to enter the air intake and exhaust systems.
Loss of engine lubricant can result in serious engine
damage.

Minor leakage of ¢il into a turbocharger under extend-
ed low idle operation should not cause problems as
fong as a turbocharger bearing failure nas not oc-
cured.

When a turbocharger bearing failure is accompanied
by a significant engine performance loss (exhaust
smoke or engine rpm up at no load), do not continue
engine operation untif the turbocharger is renewed.

A visual inspection of the turbocharger can minimize
unscheduled downtime. A visual inspection of the
turbacharger can also reduce the chance for potential
damage to other engine parts.

Removal and installation

Note: The turbochargers that are supplied are
nonserviceable.

For options regarding the removal, installation, and
replacement, consult your Carerpillar dealer or your
Carerpillar distributor. Refer to the Disassembly and
Assembly Manual, “Turbocharger - Remove and
Turbocharger - Install” for further information.

inspecting

NOTICE
The compressor housing for the turbocharger must
not be removed from the turbocharger for cleaning.

The actuator linkage is connecied to the compressor
housing. If the actuator linkage is moved or disiurbed
the engine may not comply with emmissions legisla-
tion.

1. Remave the pipe from the turbocharger exhaust
outlet and remove the air intake pipe to the
turbocharger. Visually inspect the piping for the
presence of oil. Clean the interior of the pipes
in order to prevent dirt from entering during
reassembly.

%, Check for the presencs of o, If oll s teaking from
tha back side of the somprassar wheel, there is g
. T8 ~ ] . ! -
possibility of a failed turbocharger oil ssal.

The presence of oil may be the result of extended
engine operation at low idle. The presence of il
may also be the result of 2 restiiction of the line
for the intake air {clogged air filters), which causes
the turbocharger o slobher.

]

inspect the bore of the housing of the turbine
outlet for corrosion.

4. Fasten the air intake pipe and the exhaust outlat
pipe to the turbocharger housing.

02323020
Waik-Around Inspection
SMCS Code: 1000-040

Inspect the Engine for Leaks and
for Loose Connections

A walk-around inspection should only take a few
minutes. When the time is taken to perform these
checks, costly repairs and accidents can be avoided.

For maximum angine service life, make a thorough
inspection of the engine compartment before starting
the engine. Look for items such as oil leaks or coolant
leaks, loose bolts, worn belts, loose connecticns and
trash buildup. Make repairs, as needed:

» The guards must be in the correct place. Repair
damaged guards or replace missing guards.

« Wipe all caps and plugs before the engine is
serviced in order to reduce the chance of system
contamination.

NOTICE
For any type ofleak (coolant, iube, or fuel) clean up the
fluid. If leaking is observed, find the source and correct
the leak. If leaking is suspected, check the fluid levels
more often than recommended until the leak is found
or fixed, or until the suspicion of a leak is proved fo be
unwarranted.

NOTICE
Accumulated grease and/or oil on an engine is & fire
hazard. Remove the accumulated grease and cil. Re-
fer to this Operation and Maintenance Manual, "En-
gine - Clean” for more information.
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+ Ensure that the cooling system hoses are correctly
clamped and that the cooling system hoses are
tight. Check for leaks. Check the condition of all

pipes.
« Inspect the water pump for coolant leaks.

Note: The water pump seal is lubricated by the
coolant in the cooling system. It is normal for a small
amount of leakage to occur as the engine cools down
and the paris contract.

Excessive coolant leakage may indicate the need to
replace the water pump. Remove the water pump.
Refer to Disassembly and Assembly , “Water Pump -
Remove and Install’. For more information, consult
your Perkins dealer or your Perkins distributor.

« Inspect the lubrication system for leaks at the front
crankshaft seal, the rear crankshaft seal, the oil
pan, the oil filters and the rocker cover.

« Inspect the piping for the air intake system and the
elbows for cracks and for loose clamps. Ensure
that hoses and tubes are not contacting other
hoses, tubes, wiring harnesses, eic.

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

+ Inspect the alternator belts and any accessory
drive belts for cracks, breaks or other damage.

« Inspect the wiring harmess for damage.

Belts for muitiple groove pulleys must be replaced as
matched sets. If only one belt is replaced, the belt will
carry more load than the beits that are not replaced.

The older belts are stretched. The additional load on

the new belt could cause the belt to break.

Hig'h Pressure Fuel Lines

A WARNING

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

After the engine has stopped, you must wait for

80 seconds in order to allow the fuel pressure to
be purged from the high pressure fuel lines before
any service or repair is performed on the engine
fuel lines. If necessary, perform minor adjustments.
Repair any leaks from the low pressure fuel system
and from the cooling, lubrication or air systems.
Replace any high pressure fuel line that has leaked.
Refer to Disassembly and assembly Manual, “Fuel
injection Lines - Install’.

If you inspect the engine in operation, always use
the proper inspection procedure in order to avoid
a fluid penetration hazard. Refer to Operation and
Maintenance Manual, "General hazard Information”.

Visually inspect the high pressure fuel lines for
damage or signs of fuel leakage. Replace any
damaged high pressure fuel lines or high pressure
fuel lines that have leaked.

Ensure that all clips on the high pressure fuel lines
are in place and that the clips are not loose.

» Inspect the rest of the fuel system for leaks. Look
for loose fuel line clamps.

» Drain the water and the sediment from the fuel
tank on a daily basis in order fo ensure that only
clean fuel enters the fuel system.

+ Inspect the wiring and the wiring harnessas for
loose connections and for worn wires or frayed
wires. Check for any loose tie-wraps or missing
tie-wraps.

+ Inspect the ground strap for a good connection and
for good condition.

» Disconnect any battery chargers that are not
protected against the current drain of the starling
motor. Check the condition and the electrolyte level
of the batteries, uniess the engine is equipped with
a maintenance free battery.

» Check the condition of the gauges. Replace any

gauges that are cracked. Replace any gauge that
can not be calibrated.

02326552

Water Pump - Inspect

SMCS Code: 1381-040; 1361

A failed water pump might cause severe engine
overheating problems that could result in the following
conditions:

» Cracks in the cylinder head
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= A pision seizuie
= Other potential damage o the engine

Yisually inspect the water pump for leaks. if any
leaking is observed, replace the waler pump
assembly. Refer {o the Service Manuai for the
disassembly and assembly procedurs.

Mote: Refer to the Service Manual or consuli your
Caterpillar dealer if any repair is needed or any
replacament is needed.
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Engine Ratings

00727327

Engine Rating Conditions
SMCS Code: 1000

Al engine ratings are in compliance with the following
standard ambient air conditions of “SAE J1349™

» 99 kPa (29.3 inches of Hg)

+ 30 percent relative humidity

« A temperature of 25 °C (77 °F)

Ratings relate to the standard conditions of
“1S0Q8665”, of “ISO3046/1”, of “DING271°, and of
“BS5514”.

The engine ratings are based on the following fuel
specifications: ‘

Low heat value {LHV) of the fuel of 42 780 kd/kg
(18,390 Btu/ib) at 29 °C {84 °F)

-

Gravity (API) of 35 degrees at 15 °C (60 °F)

Specific gravity of .849 at 15 °C (60 °F)

+ Density of 850 kg/m® (7.085 Ib/US gal)
The\engine ratings are gross cutput ratings.

Gross Output Ratings -~ The total output capability
of the engine that is equipped with standard

accessories.

Standard accessories include the following
components: :

+ Qil pumps

« Fuel pumps

+ Water pumps

Subtract the power that is required to drive auxiliary
components from the gross cutput. This will produce

the net power that is available for the external load
(flywheel).

00819748
Engine Rating Definitions
SMCS Code: 1000

It is important to know the use of the engine so
that the rating will match the operating profile. The
proper rating selection is also important so that the
customer’s perception of price and value is realized.

In selecting a rating for a specific application, the
most important consideration is the time that is spent
at full throttle. These rating definitions identify the
percent of time at full throttle. The definitions also
identify the corresponding times below rated rpm.

Note: The examples of the applications are only
for reference. For an exact determination of the
appropriate rating, follow the OEM specifications or
consuit your Caterpillar dealer.

A Rating ~ This rating is used for heavy-duty
applications that are operated at rated load and at
rated rpm up to 100 percent. This rating is used for
engines that operate without interruption of load
cycling. Typical applications inciude the following
examples: pipeline pumping and ventilation.

B Rating - This rating is used when power and/or
rpm are cyclic. The engine should be run at full load.
The engine should not exceed 80 percent of the
duty cycle. Typical applications include the following
examples: irrigation, operation where normal pump
demand is 85 percent of the engine rating, oil
pumping/drilling, field mechanical pumping/drilling,
and stationary/plant air compressors.

C Rating - This rating is used when power and/or
rpm are cyclic. The horsepower and the rpm of the
engine can be utilized continuously for one hour. This
is followed by one hour of operation at the A rating
ot below the A rating. The engine should be run at
full load. The engine should not exceed 50 percent
of the duty cycle. Typical applications inciude the
following examples: agricultural tractors, harvesters
and combines, off-highway trucks, fire pumps, blast
hole drills, rock curshers, wood chippers with high
torque rise, and oil field hoisting.

D Rating — This rating is used when rated power

is required for periodic overloads. The maximum
horsepower and the rpm of the engine can be utilized
continuously for a maximum of 30 minutes. This is
followed by one hour of operation at the C rating. The
engine should be run at full load. The engine should
not exceed 10 percent of the duty cycle. Typical
applications include the following examples: offshore
granes, runway snow blowers, water well drills,
portable air compressors, and fire pump certification
power.
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£ Rating - This rating Is used when rated power

is reguired for 2 short time for initial stardng or

for sudden cverload. The rating is also used for
emergency service whern standard power is not
avallable. The horsepower and the rpm of the engine
can be utilized confintously for a maximuni of 15
minuies. This is followed by cne hour of operation

gt the C rating or by the duration of the emergency.
The engine should be run at full load. The engine
should not exceed 5 percent of the duty cycle. Typica
applications include the following examples: standby
centrifugal water pumgps, oil field weli servicing, crash
trucks, portable air compressors, and gas turbine
starting motors.

NOTICE
Operating engines above the rating definitions can re-
sult in shorter service life before overhaul.
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Customer Assistance
SNMCS Code: 1000

USA and Canada

When a problem arises concerning the operation of
an engine or concerning the service of an engine,
the problem will normally be managed by the dealer
in your area. ‘

Your satisfaction is a primary concern to Caterpiliar
and to Caterpillar dealers. If you have a problem that
has not been handled to your complete satisfaction,
follow these steps:

1. Discuss your problem with a manager from the
dealership.

2. If your problem cannot be resolved at the dealer
level without additional assistance, use the phone
number that is listed below to talk with a Field
Service Coordinator:

1-800-447-4986

The normal hours are from 8:00 to 4:30 Monday
through Friday Central Standard Time.

3. i your needs have not been met still, submit the
matter in writing to the following address:

Caterpillar Inc.

Manager, Customer Service, Engine Division
Mossville Bidg AC

P.O. Box 610

Mossville, HHinois 81552-0610

Please keep in mind: probably, your problem will
ultimately be solved at the dealership, using the

dealership’s facilities, equipment, and personnel.
Therefore, follow the steps in sequence when a

‘problem is experienced.

Outside of the USA and of Canada

If a problem arises outside the USA and outside
Canada, and if the problem cannot be resolved at the
dealer level, consult the appropriate Caterpillar office.

Latin America, Mexico, Carribean
Caterpillar Americas Co.

701 Waterford Way, Suite 200
Miami, FL 33126-4670

USA

Phone: 305-476-6800

Fax; 305-476-6801

Europe, Africa, and Middie East
Caterpillar Overseas S.A.

76 Route de Frontenex

P.O. Box 6000

CH-1211 Geneva 6

Switzerland

Phone: 22-849-4444

Fax; 22-849-4544

Far East

Caterpillar Asia Pte. Ltd.

7 Tractor Road

Jurong, Singapore 627968
Republic of Singapore
Phone: 65-662-8333

Fax: 65-662-8302

China

Caterpiilar China Ltd.
37/F., The Lee Gardens
33 Hysan Avenue
Causeway Bay

G.PO. Box 3069

. Hong Kong

Phone: 852-2848-0333
Fax: 852-2848-0440

Japan

Shin Caterpillar Mitsubishi Lid.
SBS Tower

10-1, Yoga 4-Chome
Setagaya-Ku, Tokyo 158-8530
Japan

Phone: 81-3-56717-1150

Fax: 81-3-5717-1177

~ Japan

Caterpillar Power Systems, Inc.
SBS Tower (14th floor)

4-10-1, Yoga

Setagaya-Ku, Tokyo 158-0097
Phone: 81-3-5797-4300

Fax: 81-3-5797-4359

Australia and New Zealand
Caterpillar of Australia Ltd.
1 Caterpillar Drive

Private Mail Bag 4
Tullamarine, Victoria 3043
Australia

Phone: 03-8953-2333

Fax: 03-98335-3366



Ordering Replacement Parls

SMICS Code: 7567

When replacement parts are required for this
product Caterpillar recommends using Caterpiliar
replacement parts o paris with equivalent spso-
ifications including, but not limited to, physicai
dimensions, type, sirength and material.

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

Quality Caterpillar replacement parts are available
from Caierpillar dealers throughout the world.
Caterpiliar dealers’ parts inventories are up-to-date.
The parts stocks include all of the parts that are
normally needed to protect your Caterpillar engine
investment.

When you order parts, please specify the following
information:

» Part number
e Part name
= Quantity

If there is a question concerning the part number,
please provide your dealer with a compiete
description of the needed item.

When a Caterpillar engine requires maintenance
and/or repair, provide the dealer with all the
information that is stamped on the Information Plate.
This information is described in this Operation and
Maintenance Manual (Product information Section).

Discuss the problem with the dealer. inform the
dealer about the conditions of the problem and the
nature of the problem. inform the dealer about when
the probiem occurs. This will help the dealer in
troubleshooting the problem and solving the problem
faster.
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02454636

Reference Material
SMCS Code: 1000

The following literature can be obtained through any
Caterpillar dealer.

Lubricants

Special Publication, PEHP8038, “Data Sheet -
Caterpillar Diesel Engine Qils (DEO) (CH-4) (North
America)”

Special Publication, PEHP9538, ‘Data Sheet
~ Caterpillar Diesel Engine Oil (DEQ) (CF-4)
(Internationat only)”

Special Publication, NEDG6022, “Cat Lubricating
Grease’

Special Publication, PEHP0002, “Data Sheet -
Molybdenum (MPGM) Grease”

Special Publication, NEHPG015, “Data Sheet -
Caterpillar Special Purpose Grease (SPG)’

Special Publication, SEBD0640, “Cil and Your
Engine”

Operation and Maintenance Manual, SEBU5898,
“Cold Weather Recommendations”

Special Publication, SEBUB251, “Caterpillar
Commercial Diese! Engine Fluids Recomendatians'

Special Publication, PEHP8001, "How To Take A
Good Oil Sample”

Fuels

*

Special Publication, SEBD0717, “Diesel Fuels and
Your Engine”

Special Publication, SEBU6251, "Caterpillar
Commercial Diesel Engine Fluids Recomendations

n

Coolants

Special Publication, PEHP4038, “Data Sheet -
Extended Life Coolant”

Special Publication, PEHP7057, “Data Sheet -
S-0O-S Coolant Analysis”

Special Publication, SEBD0518, “Know Your
Cooling System”

Special Publication, SEBD0970, “Coolant and Your
Engine”

Label, PEEP5027, "Extended Life
Coolant/Antifreeze”

Special Pubtication, SEBU6251, "Caterpillar
Commercial Diesel Engine Fluids Recomendations”

Miscellaneous

Service Manual, KENRG207, “C6.6 Generator Set”

Special Publication, PECP6026, “One Safe
Source” English language for use in NACD

Special Publication, PECP6027, “One Safe
Source” English language for use in COSA

Special Publication, PECP6028, “One Safe
Source” English language for use in non NAGD
and non COSA

Special Publication, LEDM56156, “Caterpilfar
Marine Parts and Service Locations Directory”

Special Publication, SEBF8029, “Index fo
Guidelines for Reusable Parts and Salvage
Qperations”

Special Publication, SEBF8062, "Procedure to
inspect and Clean Air Filters”

Special Instruction, SEHS9031, “Storage
Procedure for Caterpillar Products”

Special Publication, NEH505286, “Service
Technician Application Guide”

Special Publication, SEBU8251, “Caterpillar
Commercial Diesel Engine Fluids Recomendations”

Special instruction, SEHS7633, “Battery Test
Procedure”

Label, SEHS7332, "Danger Do Not Operate”

Emissions Warranty

This engine may be Certified and this engine

may be covered by an Emissions Warranty. A
detailed explanation of the Emissions Warranty
that is applicable to Certified engines is found

in Supplement, SEBUB981, “Emissions Control
Warranty information®. The engine is Certified if
the engine has a special label that verifies the
certification. A Caterpillar dealer can alsa inform you
if the engine is cerified.
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Maintenance Records
SWCE Code: 1000

Catarpillar Inc. recommends the retention of acouraie
maintenance records. Accurals mainienance records
can be used for the following purposes:

« Determine operaiing costs.

» Establish maintenance schedules for other engines
that are operated in the same environmerit.

« Show compliance with the reguired maintenance
practices and maintenance intervals.

Maintenance records can be used for a variely of
other business decisions that are related to engine
maintenance.

Maintenance records are a key element of a
maintenance program that is weli managed. Accurate
maintenance records can help your Caterpillar dealer
to fine tune the recommended maintenance intervals
in order to meet the specific operating situation. This
should resuit in a lower engine operating cost.

Records should be kept for the following items:

Fuel Consumption — A record of fuel consumption
is essential in order to determine when the load
sensitive components should be inspected or
repaired. Fuel consumption also determines overhaul
intervals.

Service Hours — A record of service hours is
essential to determine when the speed sensitive
components should be inspected or repaired.

Documents —~ These items should be easy {o
obtain, and these items should be kept in the engine
history file. All of the documents should show this
information: date, service hours, fuel consumption,
unit number, and engine serial number. The following
types of documents should be kept as proof of
maintenance or repair for warranty:

Keep the following types of documents as proof of
maintenance for warranty. Also, keep these types of
documents as proof of repair for warranty:

o Dealer work orders and itemized bills

= Owner’s repair costs

o« Owner's receipts

= Maintenance log
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Maintenance Log

SMCS Code: 1000

Tabie 20

01176304

Engine Model

Customer ldentifier

Serial Number

Arrangement Number

Service
Hours

Quantity
Of Fuel

Service item

Date

Authorization
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AUTOMATIC TRANSFER SWITCH

CAT

FEATURES
e Ratings 40 to 3000 amps (2, 3 or 4 poles)
e UL 1008 listed at 480 VAC

e CSA certified at 600 VAC (200-225 amp — 480 V)

e |[EC listed at 480 V

e Double throw, mechanically interlocked
contactor mechanism

e Electrically operated, mechanically held

e Designed for emergency and standby
applications

e Available in standard open transition (CTG)
or delayed transition (CTGD) models

e Ringing wave immunity per IEEE 472

(ANSI C37.90A)

e Conducted and Radiated Emissions per

EN55022 Class B (CISPR 11)

(Exceeds EN55011 & MILSTD 461 Class 3)
e ESD immunity test per EN61000-4-2 (Level 4)
e Radiated RF, electromagnetic field immunity

test per EN61000-4-3 (ENV50140) 10v/m
e Electrical fast transient/burst immunity test

per EN61000-4-4

LEXX0523-08

CTG SERIES
AUTOMATIC
TRANSFER SWITCH

The Cat® CTG Series transfer switch is
pre-configured for applications requiring the
dependability and ease of operation found in a
full feature power contactor type transfer switch.

CTG switches are equipped with the next generation
MX150 microprocessor panel, which controls the
operation and displays the status of the transfer
switch’s position, timers and available sources. As an
embedded digital controller, the MX150 offers high
reliability and ease of unattended operation across a
range of applications.

e Surge immunity test per EN61000-4-5
IEEE C62.41 (1.2 X 50 ms, 5 & 8 kV)

e Conducted immunity test per EN61000-4-6
(ENV50141)

e Voltage dips and interruption immunity
EN61000-4-11

e Seismic Compliance to IEEE-693-2005
and IBC-2003

DESIGN AND CONSTRUCTION FEATURES

e Close differential 3 phase under-voltage sensing
of the normal source — factory standard setting
90% pickup, 80% dropout (adjustable);under
frequency sensing of the normal source factory
setting 95% pickup (adjustable)

e Voltage and frequency sensing of the emergency
source — factory standard setting 90% pickup
voltage, 95% pickup frequency (adjustable)

e Test switch (fast test/load/no load) to simulate
normal source failure — automatically bypassed
should the emergency source fail

e Type 1 enclosure is standard — also available in
open style or Types 3R, 4, 4X, or 12.
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AUTOMATIC TRANSFER SWITCH

CAT

STANDARD FEATURES AND OPTIONS

STANDARD FEATURES

e Auxiliary Contact: Closed when the switch
is in the emergency position(Additional contacts
optional)

e Auxiliary Contact: Closed when the switch is in
the normal position (Additional contacts optional)

e 7,14, 28 day interval timed exerciser,
pushbutton/timer operation

e Engine Start Contact

e Indicating LED Pilot Lights:

Switch in emergency position
Switch in normal position
Normal source available
Emergency source available

e Time Delay to Engine Start: Standard setting
3 seconds, adjustable 0-10 seconds

e In-Phase Monitor, self-adjusting
(Not available on CTGD models)

e Time Delay on Retransfer to Normal: To delay
retransfer to normal source (immediate
retransfer on generator set failure); standard
setting 30 minutes, adjustable 0-60 minutes

e Pushbutton Bypass of time delay and normal
emergency

e Test Switch — Momentary

e Event Log OD 16 Event that track date, time,
reason and action taken

e \oltage and Frequency Indication for S1 and S2

e Peak Shave/Remote Load Test: Input for peak
shave or remote load test; includes automatic
return to normal if emergency source fails
and normal is present; 120 VAC

When specified for use with a CTGD Series

delayed transition switch, the control panel also

includes the following:

e Time Delay from Neutral Switch Position to
Normal on Retransfer: Standard setting
5 seconds, adjustable 0-10 minutes

e Time Delay from Neutral Switch Position to
Emergency: Standard setting 5 seconds,
adjustable 0-10 minutes

e Center-Off position/Off Delay Timing Indicators

MX150 CONTROL PANEL

e Time Delay for Engine Cool Down: Allows
engine to run unloaded after switch retransfer
to normal; standard setting 5 minutes,
adjustable 0-60 minutes

e Time Delay on Transfer to Emergency: To delay
transfer to emergency after verifying emergency
source available; standard setting 1 second,
adjustable 0-5 minutes

LEXX0523-08

e Timer and voltage/frequency settings adjustable
without disconnection from power sources

e Built-in diagnostics with LCD display for
immediate troubleshooting

e LED/LCD indicators for ease of viewing
and long life

e Nonvolatile memory (exerciser battery backup
not required for standard operation)

e Processor and digital circuitry isolated from
line voltage

e Inputs optoisolated for high electrical immunity
to transients and noise

e Communications header for network interface

OPTIONAL ATTACHMENTS

— > Plant Exerciser, clock type (load/no load):

Allows the generator to start and run unloaded
or to simulate a power failure, start generator
and run under load (7-14-28-365 days, user
selectable)

e Space heater and thermostat

e Network communications interface card
(LonWorks/ModBus)

e Maintained Test Switch

e Maintained Test Switch w/Keypad

e Service entrance configuration

e Auxiliary Contact, operates on Source 1
line failure

e Auxiliary Contact, operates on Source 2
availability

e Auxiliary Contacts: Closed when the transfer
switch is in Source 2 position

e Auxiliary Contacts: Closed when the transfer
switch is in Source 1 position

e Disconnect Switch: Permits transfer in “AUTO”
position and inhibits transfer in “INHIBIT”
position. (Standard 800A and above)

e Elevator Pre-Signal Auxiliary Contacts:
Open 0-60 seconds prior to transfer to
either direction, re-closes after transfer

e Universal Motor Load Disconnect Circuit:
Auxiliary Contact opens 0-60 seconds prior
to transfer in either direction, re-closes after
transfer. Can be configured by end user for
Pre-transfer, Post-transfer, or both.

e \oltage Imbalance Monitor (Three Phase)

e Lockable, see-through cover for ATS controller
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AUTOMATIC TRANSFER SWITCH

CAT

OPTIONAL ATTACHMENTS (continued)

POWER MEASUREMENT METERS
e M90 — EPM 2000
Digital Power Meter with Display:
Amps, Volts, and Frequency NOTE:

e M91 — EPM 6000 For applications requiring additional options or

Digital Meter with Display of Amps, Watts, Volts,

Frequency, plus THD capability with Ethernet configurable transfer switch.

DIMENSIONAL SPECIFICATIONS

other configurations, see the CTS Series fully

CTG & CTGD TRANSFER SWITCHES

NEMA 1 ENCLOSED

260 & 400 2,3 46(1168) 24 (610) 14 (356)

4 46 (1168) 24 (610) 14 (356)

176 (8
(85)

AMP HEIGHT WIDTH DEPTH REFERENCE APPLICATION
MODEL RATING POLES (A) (B) (©) FIGURE WEIGHT NOTES
40,80, 100{150% 200 43 ) 24 (610) 18 (457) 11 (279) A 69 (31) 16
4 24 (610) 18 (457) 11 (279) A 69 (31)
@25 23) 46(1168) 24 (610) 14 (356) A 69 (31) 1-5
4 46 (1168) 24 (610) 14 (356) A 75 (34)
260 2,3 46(1168) 24 (610) 14 (356) A 114 (52) 1-5
4 46 (1168) 24 (610) 14 (356) A 125 (57)
400 2,3 46(1168) 24 (610) 14 (356) A 168 (76) 1-5
4 46 (1168) 24 (610) 14 (356) A 180 (82)
600 23  66(1686) 24 (610) 19.5 (495) B 97 (44) 1-5 &7
4 66 (1686) 24 (610) 19.5 (495) B 224 (102)
800 2,3 74(1880) 40 (1016) 19.5 (495) B 460 (209)  1-5&7
e 4 74 (1880) 40 (1016) 19.5 (495) B 490 (222)
1000 2,3 74(1880) 40 (1016) 19.5 (495) B 475 (215)  1-5&7
4 74 (1880) 40 (1016) 19.5 (495) B 560 (254)
1200 2,3 74(1880) 40 (1016) 19.5 (495) B 475 (215)  1-5&7
4 74 (1880) 40 (1016) 19.5 (495) B 560 (254)
1600 2,3 90(2286) 35.5(902) 48 (1219) C 1030 (467)  1-5, 788
4 90 (2286) 35.5(902) 48 (1219) C 1180 (535)
2000 23 90(2286) 35.5(902) 48 (1219) C 1030 (467)  1-5, 788
4 90 (2286) 35.5(902) 48 (1219) C 1180 (535)
2600 2,3 90(2286) 35.5(902) 48 (1219) C 1150 (522)  1-5, 788
4 90 (2286) 35.5(902) 48 (1219) C 1400 (635)
3000 2,3 90(2286) 35.5(902) 48 (1219) C 1150 (522) 1-5, 7&8
4 90 (2286)  35.5(902) 48 (1219) C 1400 (635)
\40, 80, 100, 150, 200 & 225 2,3 46 (1168) 24 (610) 14 (356) A 127 (58)
4 46 (1168) 24 (610) 14 (356) A 133 (60)
A
A
B

2,3 66(1686) 24 (610) 19.5 (495)
66 (1686) 24 (610)

19.5 (495)

800 74 (1880) 40 (1016)
74 (1880) 40 (1016) 19 )
1000 23 7 19.5 (495)
4 19.5 (495)
cTeb 1200 2,3 19.5 (495)
4 7 19.5 (495)
1600 90 (2286)  35.5 (902)

90 (2286) 35.5(902) 48 (12
2,3 90(2286) 35.5(902) 48 (1219)
4 90 (2286) 35.5(902) 48 (1219)

)

)
3
2,3 90(2286) 35.5(902) 48 (1219
)
)
)

Py

4 90 (2286) 35.5(902) 48 (1219)
2,3 90(2286) 35.5(902) 48 (1219)

/ 4 90 (2286)  35.5(902) 48 (1219)

O0000LO0O0WWWI™WW

221 (100)
230 (104)
475 (215)
560 (254)
475 (215)
560 (254)
475 (215)
560 (254)
1030 (467)
1180 (535)

1150 (522)
1400 (635)

1-5&7

1-5&7

1-5&7

1-5&7

1-5&7-8

LEXX0523-08 3
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®
AUTOMATIC TRANSFER SWITCH BAT

Application Notes :

1. Dimensions are listed in inches (mm) and weights in pounds (kg).

2. Includes 1.25" door projection beyond base depth. Allow a minimum of 3" additional depth for projection of handle, light,
switches, pushbuttons, etc.

3. All dimensions and weights are approximate and subject to change without notice and are not for construction
use.

4. Packing materials must be added to weights shown. Allow 15% additional weight for cartons, skids, crates, etc.

5. Special enclosures (NEMA 3R, 4, 4X, 12, etc.) dimensions may differ. Consult Caterpillar for details.

6. CTG 40-200 require larger 36" H X 24" W X 14" D enclosure depending on options specified.
Consult Caterpillar for details.

7. Add 3" in height for lifting eyes.

8. Ventilation louvers on side/rear of 2600 and 3000A units require one side or rear of enclosure to be clear in order to
afford proper airflow.

et et PN T R

T * A
O P 0
\

/ ~\\
i s o / L I o
P . o | P 2 L I~
Figure A Figure B Figure C
Figure A Figure B Figure C
CTG Series Transfer Switch CTG Series Transfer Switch CTG Series Transfer Switch
(40-400 amp) (600-1200 amp) (1600-3000 amp)

LEXX0523-08 4
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CAT

AUTOMATIC TRANSFER SWITCH

TESTING STANDARDS

UL, CSA and IEC listed
Ringing wave immunity

UL 1008, CSA 22.2 No. 178, [EC 947-6-1
IEEE 472 (ANSI C37.90A)

EN55022 Class B (CISPR 11)

(Exceeds EN55011 & MILSTD 461 Class 3)
EN61000-4-2 (Level 4)

EN61000-4-3 (ENV50140) 10v/m
EN61000-4-4

EN61000-4-5 [EEE C62.41

EN61000-4-6 (ENV50141)

EN61000-4-11

Conducted and Radiated Emissions

ESD immunity test Class B
Radiated RF, electromagnetic field immunity test
Electrical fast, transient / burst immunity test

Surge immunity test
Conducted immunity test

Voltage dips and interruption immunity

AL/CU UL LISTED SOLDERLESS SCREW-TYPE TERMINALS
FOR EXTERNAL POWER CONNECTIONS

Normal, Emergency and Load Terminals
Switch Size (Amps) Cables per Pole Range of Wire Sizes
40, 80 1 #8 to 3/0 AWG

100,(150) 200 &(225 1 #6 AWG to 250 MCM*
260 & 400 1 #4 AWG to 600 MCM*

600 2 #2 AWG to 600 MCM

800, 1000, 1200 4 #2 AWG to 600 MCM
1600, 2000, 2600, 3000 8 #2 AWG to 600 MCM

*or 2 1/0 - 250 MCM may be used

—> MX150 CONTROL SETTING RANGES

Control Function Range Factory Setting
Normal Line Sensing- Under-woltage EP)EE:J):t 8755-190%ZZ ng//:
. . Dropout 75-98% 80%
Emergency Line Sensing - Under-voltage .
Pickup 85-100% 90%
Emergency Line Sensing - Under-frequency D.ropout 2 Hz below pickup Set
Pickup 90-100% 95%
Time Delay - Engine Start 0-10 seconds 3 seconds
Time Delay - Engine Cool Down 0-60 seconds 5 minutes
Time Delay - Transfer to Emergency 0-5 minutes 1 second
Time Delay - Retransfer to Normal 0-60 minutes 30 minutes
Time Delay - Motor Disconnect or Transfer Presignal (When applicable) 0-60 seconds 20 seconds
Delayed Transition Time Delays (When applicable) 0-10 minutes 5 seconds

LEXX0523-08
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AUTOMATIC TRANSFER SWITCH

WITHSTAND CURRENT DATA

Withstand Current Ratings per UL 1008
Maximum Circuit Amps Maximum Circuit Amps
When Used With When Used With
CTG Specific Current CTGD Specific
Switch Coordinated Limiting Switch Coordinated
Ratings Breaker Fuse Ratings Breaker
(Amps) Rating CTG/CTGD (Amps) Rating
40, 80, 100200@ 30,000 40, 80, 100 50,000
260 35,000 150, 225, 260 50,000
400, 600 50,000 200,000 400, 600 50,000
800 65,000 800 65,000
1000, 1200 85,000 1000, 1200 85,000
1600, 2000, 2600, 3000 100,000 1600, 2000, 2600, 3000 100,000

Information contained in this publication may be considered confidential. Discretion is recommended when distributing.

Materials and specifications are subject to change without notice.

CAT, CATERPILLAR, their respective logos, “Caterpillar Yellow,” the “Power Edge” trade dress as well as corporate
and product identity used herein, are trademarks of Caterpillar and may not be used without permission.

LEXX0523-08 (06-10)

www.Cat-ElectricPower.com

©2010 Caterpillar
All Rights Reserved.
Printed in U.S.A.
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For Cat parts and service: in the U.S. call (866) 883-3879
for Int’l (678) 746-5000 of by email to the Helpdesk@cat-iso.com

Introduction ............. .. .. .. .. il 2
Safety ...... ... .. 3
Equipment Inspection and Storage ......... 3
Final Equipment Inspection ............... 3
Installation . ............. .. ... ... .. 4
Engine Start Control Connections . ........ 4
Initial Energization ............ ... ... 45
Control Connections . ...........ovvniveen. 6
MX150 Microprocessor Controller ............. 7
OVErvIEW . ..ot 7
LCD & Keypad ..., 8
User Setting for Voltage & Frequency ....... 9
Standard Features, MSTDG Option Pkg. .. .9-10
Standard Features, MEXEG Option Pkg. ....11
Optional Accessories ..., 12
How to Set the System Clock .............. 13
CDT One Event Timer Exerciser ........ 13-14
CDP Clock Exerciser .................. ... 15
User Setup-CFGMenu .................. 16
User Setup-SET Menu .................. 17
User Setup -System Info . ................. 18

Testing . ...ttt 19
Standard Transition . .................... 19
Delayed Transition ...................... 19

Sequence of Operation ...................... 20
Standard Transition . .. .......... ... ... 20
Delayed Transition ...................... 20

Controls Power Supply (CPS) ................. 21
Schematics, Standard and Delay .......... 22

Troubleshooting & Diagnostics ................ 23

Maintenance and Testing ..................... 24
Inspection and Cleaning ................. 24
Servicing . ..o 24
Testing ... 24

Cat Transfer Switches are used to provide a continuous source of power for lighting and other critical loads by automati-
cally wansferring from source 1 power to source 2 power in the event that source 1 voltage falls below preset limits.

Voltage sensing and system control is performed via a state-of-the-art microcontroller located on the cabinet door.
It is designed to give highly accurate control of the transfer switch system.

Cat transfer switches are designed for use on emergency or standby systems, and are rated for total system or motor loads.
Transfer switches are UL Listed under Standard 1008 and GSA Certified under Standard €22.2 No. 178 and IEC Listed

under Standard 947.

NOTES: A protective device such as a molded case circuit breaker or fused
disconnect switch MUST be installed on both sources of incoming
power for circuit protection and as a disconnection device.

All references made within this manual about the term “8§1” or
“Source 1” relate to a Normal Power Source. All references made
about the term “S2” or “Source 2” relate to an Emergency

or Alternative Power Source.




HAZARDOUS VOLTAGE

(Can Cause Severe Injury or Death)

Turn OFF all power before installation, adjustment, or removal of transfer switch or any of its components.

The safe operation of your switch is IMPORTANT. The
proper storage, installation, operation and maintenance
will help increase the life of the switch.

o i

Due to hazardous voltage and current, Caterpillar rec-

ommends that a Cat Certified technician or a qualified
electrician must perform the
installation and maintenance of the switch.

Equipment Iinspection
and Storage

Once you have received the transfer switch, inspect it
for any damage. This includes damage to the enclosure,
power panel, control panel and wiring harness. If any
damage is found or suspected, file a claim as soon as
possible with the carrier and notify the freight carrier
and your Cat dealer.

Before installation, if it is necessary, store the transfer switch
in a clean dry place, protected from dirt and water. Provide
ample air circulation and heat, if necessary, to prevent
condensation.

-30°C to 40-400 AMP 5% to 95%

+75°C (molded shell) (non-con-
(-22°F to 20°C to +65°C densing)
+167°F) (4°F to +149°F)

40-4000 AMP
(all other frame
and panel types)
-20°C to +60°C
(-4°F to +140°F)

Final Equipment Inspection

Prior to energizing the transfer switch:
Remove any debris incurred, with a vacuum,
due to shipment or installation.
2. Verify that all cabled connections are
correct and that phase rotation of both
sources match.

3. Check engine start connections.

4. Verify the correct connection of all
control wires.

5. Check settings of all timers and adjust

as necessary.

6. Adjust any optional accessories as required.

7. Check the lug torque values of the power
connections.

MOTE: Lug torque values are specified

in the power panel manual.

8. Make sure that all covers and barriers are
installed and properly fastened.

NOTE: Power panels ship from GE Zenith

in Source 1 Position.

Do not use a blower since debris may
become lodged in the electrical and
mechanical components and cause damage.

Each Cat transfer switch is factory wired and
tested. A complete information package is furnished
with each switch which includes:
a. Sequence of operation.
b. Description and operation of
all accessories supplied.
c. Power panel connection diagram
and schematic.
d. Description and identification of
all customer field connections.

Installation of Cat transfer switches includes:
a.  Mounting the transfer switch cabinet.
b. Connection of Source 1, Source 2,
and Load cables or bus bars.
c. Connection of external control
circuits as required.

®r Caterpillar
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HAZARDOUS VOLTAGE
(Can Cause Severe Injury or Death)

Turn OFF all power before installation, adjustment, or removal of transfer switch or any of its components.

P Relay

(Engine Start)

Contact rating is
10 Ampere at

Engine Start
Control Connections

5” H 120VAC or 28VDC
[P Fan Gold plated
b o
Figure 3
NOTE: The controller will iluminate Source 2

The engine-start terminals are clearly identified by a
label on the microcontroller backplate. In the case of
manual transfer switches, or in other applications not
requiring the microprocessor, clearly marked terminal
blocks are provided in the upper left corner of the con-
trol panel for the engine start control wires.

Terminals for field connections to the A3 Emergency
auxiliary contacts and the A4 Normal auxiliary contacts
are also provided. These terminals are clearly marked
and appear on the side of the power panel. On 400
amp metal frame units these terminals appear on the
bracket above the operator handle.

initial Energization

Before proceeding, refer to the information package
supplied with the ATS and read and understand the
information on all accessories provided.

Unlock the enclosure.
Open the enclosure.
Verify the correct system voltage.

L8N —

NOTE: The equipment rating nameplate on
the transfer switch lists the voltage.
See Figure 3.

Close Source 1 circuit. breaker.

NOTE:The controller will illuminate Source 1
Available LED if proper voltage
is sensed.

5. Verify the phase to phase voltages at the Normal
line terminals.

6. Close the Emergency source circuit breaker.
Start the generator’s engine.

10.

12.
13.
14.

Available LED when preset voltage
and frequency levels are reached.

Verify the phase to phase voltages at Source 1

line terminals. Al

Verify that the phase rotation of Source 1 \

is the same as the phase rotation of c{ B
A

Source 2.

Shut down the generator’s engine.

Place the starting control in the Automatic position.
Complete the visual inspection of the transfer switch.
Close the enclosure.

Lock the enclosure.

s ™
— CATERPILLAR’

SERIAL NUMBER:
VOLTS -

RATING: HZ -
AMPS - PHASE -
SYSTEM VOLTS:

MODEL NUMBER:

J

Figure 4

ific

Certain
schematics, can inhibit automatic transfer.
Engine Gen-Set could start when
engine control wires are attached.

ries, per sp
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Initial Energization (contd)

After all options and accessories are checked and veri-
fied, follow these steps to set up the ATS, Refer to MX150
display Figure 5. The annunciation LEDs illuminate to
indicate (1) source availability, (2) ATS position, and (3)
MX150 control function (timing).

Figure 5 - LCD and keypad

1.
2.
3.

4.

Unlock the enclosure.
Open the enclosure.
Place the Disconnect Switch in the Inhibit.

NOTE: This step is only performed if the

“DS"” Option was purchased.
Close the external (up-stream) Source 1
circuit breaker.
NOTES: Source 1 Available and Source 1
Position LED’s will illuminate.

If Source 1 Available LED does not
illuminate, verify that Source 1 Voltage
is above the preset restore value.

The Gen-Set will start and run while
Source 2 stop Delay Timer is timing.

10.
11.

Close the External (up-stream) Source 2 line
circuit breaker.
Start the engine generator in MANUAL mode.

NOTE: When the voltage and frequency
reach preset values, the Source 2

Available LED will iluminate.

2

Verify the phase to phase voltages
at Source 2 line terminals.

Verify that the phase rotation of
Source 2 is the same as the phase
rotation of Source 1.

Shut down the generator's engine.
(Place in Automatic Mode.)

NOTE: Source 2 Available LED
will turn off.
NOTE: The engine generator will continue

to run for the duration of Source 2
Stop Delay Timer.

Place the disconnect switch to ENABLE.
Complete the visual inspection of the
transfer switch.

Close the enclosure.

Lock the enclosure.

When performing a hi-pot or
dielectric test on the power section,
DISCONNECT the control panel plugs from
the microprocessor to avoid potential damage.

& Caterpillar
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HAZARDOUS VOLTAGE

(Can Cause Severe Injury or Death)

Turn OFF all power before installation, adjustment, or removal of transfer switch or any of its components.

Control Connections

Figure 2

Engine Start
Connections

Input/Output
Connectors
to /O Modules

To Power Panel

A complete information package is furnished with
each transfer switch including a complete connection
diagram and schematic which details all necessary
control circuit field connections.

The engine start control wires connect to the engine start
relay terminals located to the left of the microprocessor.
Figure 2 shows the location of these terminals.

Clock Program
Backup Battery
Remove protective
strip to enable clock
functions

Network Connector

To RIT Box

The terminals are clearly identified by a label on the
microcontroller backplate. In the case of manual trans-
fer switches, or in other applications not requiring the
microprocessor, clearly marked terminal blocks are
provided in the upper left corner of the control panel
for the engine start control wires.

me MX150 Operation and Maintenance Manual CI-AZOM-00029-02-E

Caterpillar &



MX150 Controller

Consists of two major assemblies:

1.  The Microprocessor contains the following:

Engine Start Relay P

- MX150
A. MX150 Board - Customer Input and Output Board
(1/0) for system interface. Located on the left
hand side of the back of the unit (see figure 6)
1.  1/0O accessories that can be found here are:
a. Engine start relay P output
b. Pre-Signal to transfer T3, W3 and R
UMD output (optional) and
c.  Transfer Inhibit Q3 and Q7 input B : Cof’c‘gi:i o
(optional) y

d. Remote test Q2 input (optional)
e. Network interface ZNET
input/output (optional)

B. LCD and Keypad located on the exterior
of the door (see figure 7)
1. User accessibility to the following:
a. LED indication of source
availability
b. LED indication of transfer
switch position
¢. LCD screen indicates:
(1) timer count down (numeric)
(2) eventreporting (text)
d. Keypad provides user interface to:
[in conjunction with LCD screen]
(1) Setting sensors and timers
(2) Configuring logic accessories

II. The Controls Power Supply (CPS)

Contains transformers which drop line voltage to
control level for controller input and SCR inputs
(see figure 6).

Figure 6

MX150

Figure 7

B Caterpillar MX150 Operation and Maintenance Manual CI-AZOM-00029-02-E 7n



LCD & Keypad

These options are accessible through the LCD and
keypad (see figure below). To become familiar with the
options loaded into a particular unit, scrolling through
the SET and CFG menu will show the descriptions of
the options (sce pages 16). These menus are the very
same menus that are used to access the setting and/or
configuration of these options. The SET (setting) menu
is primarily used to show or change, time and voltage
settings. The CFG menu is primarily used to turn an
option on or off. When scrolling through these menus,

no changes can be made without entry of the access code.
The factory set six-digit access code is located on a white
label on the back of the unit (see figure 9 pgs. 16-18).

The MX150 has many logic options. Each controller is
downloaded with options at the time of manufacture.
The collection of options that any one controller has is
specified at the time of order placement. The following
pages include all the options that can reside in the
controller. Not all units include all options.

Source 2 Position LED
{Red) indicates Power
Panel (ATS) is closed
on Source 2 Position

Source 2 (Red) indicates
Source 2 is acceptable
for use

Source 1 LED {Green
indicates Soource 1 is
acceptable for use

Source 1 Position LED (Green)
indicates Power Panel (ATS) is
closed on Source 1 position

LCD Screen .

Excercise Event
_ = lmpending”

Current Time,
Day and
. Date of Display

== SET Menu

#4 or the word on the L.CD
above the key. The word above
the key changes depending on
which screen is being dis-
played.

i#3 or the word on the LCD
above the key. The word above
the key changes depending on
which screen is being displayed.

#2 or the word on the LCD above
the key. The word above the key
changes depending on which
screen is being displayed.

#1 or the word on the LCD
above the key. The word above
the key changes depending on
which screen is being displayed

Figure 8

|8
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Source 1

Voltage "Restore"

Factory Default: 90%

This adjustment determines the minimum acceptable
voltage required to transfer to Source 1.

Adjust via the SET menu. Range is 85% to 100% in
1% increments (sce page 17).

Once satisfied, the T timer will begin timing

to transfer to Source 1.

Voltage "Fail"

Factory Default: 80%

This adjustment determines the low voltage threshold.
Adjust via the SET menu. Range is 75% to 98% in 1%
increments (see page 17).

"Fail" must be a minimum of 2 % below "Restore”
setting. Once voltage falls below threshold, P timer
begins timing to signal Source 2 Generator to start.

Source 2

Voltage "Restore"

Factory Default: 90%

This adjustment determines the minimum acceptable
voltage required to transfer to Source 2.

Adjust via the SET menu. Range is 85% to 100% in
1% increments (see page 17).

Once satisfied, the W timer will begin timing

to transfer to Source 2.

Voltage "Fail"

Factory Default: 80%

This adjustment determines the low voltage threshold.
Adjust via the SET menu. Range is 75% to 98% in 1%
increments (see page 17).

"Fail" must be a minimum of 2 % below "Restore”
setting. Once voltage falls below threshold, T timer
will be bypassed to expedite the transfer to Source 1.

Frequency "Restore"

Factory Default: 95%

This adjustment determines the minimum acceptable
frequency required to transfer to Source 2.

Adjust via the SET menu. Range is 90% to 100% in
1% increments (see page 17).

Once satisfied, the W timer will begin timing

to transfer to Source 2.

Frequency "Fail"

Factory Default: 90%

This adjustment determines the low frequency threshold.
Adjust via the SET menu. Range is 88% to 98% in

1% increments (see page 17).

"Fail" must be a minimum of 2 % below "Restore” setting.
Once satisfied, the W timer will begin timing to transfer
to Source 2.

Test Switch, Momentary

A3

Auxiliary Contact: Closed when the switch is in Source 2
position.

A4

Auxiliary Contact: Closed when the switch is in Source 1
position.

Calibrate

While monitoring the actual Phase to Phase voltage lev-
els and Frequency with a calibrated test equipment, the
Phase to Phase voltage sensing and Frequency can be
adjusted accordingly. Calibration capabilities are available
for Frequency and AB, BC, CA Phase to Phase voltage for
both Sources. Adjust via SET menu (see page 18)

CDT

Load or NO-Load. One event exerciser with adjustable
Engine exercise timer. Exercise duration can be set
between 5 and 60 minutes in 1 minute increments. Can
be configured to run every 1, 7, 14, or 28 days. Factory
Default is 20minutes. When exerciser is impending,
(*E*) appears in the upper right hand corner of LCD
screen. See page 13-14 for instructions. Configured via
CFG (see page 16). Set via SET menu (see page 17).

Disconnect Switch, Auto/Inhibit,

Inhibits transfer in either direction when in inhibit.
Allows automatic operation when in Auto.
(800-4000 Amp units)

DT (Delayed Transition Only)

Time Delay from Neutral Switch position to Source 1
position. Adjustable 0-10 minutes in 1 second incre-
ments. Standard setting is 5 seconds Adjust via SET
menu (see page 17)

DW {Delayed Transition Only)

Time Delay from Neutral Switch position to Source 2
position. Adjustable 0-10 minutes in 1 second incre-
ments. Standard setting is 5 seconds.Adjust via SET
menu (see page 17)

E

Engine Start Contact

@ Caterpillar
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EL/P
Event Log: Sequentially Numbered Log
of 16 events that track
date, time, reason and action taken
System Data: Total Life Transfers (N2P)
Days Powered Up
Total Transfers to S2
Total S1 Failures
Time S1 available in Hrs
Time S2 available in Hrs. (N1P)

K/P

Frequency Indication for S1 and S2

L
LNP Center-off position LCD-Indicator
Indicating LED lights:
L1 Indicates Switch in Source 2 position.
L2 Indicates Switch in Source 1 position.
L3 Indicates Source 1 available.
L4 Indicates Source 2 available.

P1

Time Delay Source 2 Start. Adjustable 0-10 seconds.
Standard setting is 3 seconds.
Adjust via SET menu (see page 17)

Q2

Peak Shave / Remote Load Test: Input for Peak Shave
or Remote Load Test. Includes automatic return to
Source 1 if Source 2 fails and Source 1 present.

R2E

Under voltage sensing of Source 2 for single-phase.
(R17 replaces R2E for Utility to Utility switches)

R50

In Phase Monitor this feature restricts Live to Live
Source Transfers to occur unless both Sources are within
7 electrical degrees or less of each other. (live Source to
live Source transfers usually occur during transfer back
to Source 1 or during Testing). R50 does not change
the operation of the Automatic Transfer Switch in a
power failure mode. After all timer functions have
elapsed, the CHECKING FOR SOURCE SYNCHRO-
NISM will be displayed as well as the direction of
transfer ($1-S2 for example denotes transfer from
Source 1 to Source?2). When synchronism is accomplished,
transfer will take place.
Notes: - If 52 Frequency is less than S1 Frequency,

display will show a series of (----- .....) symbols.

- If 82 Frequency is greater than S1 Frequency,
display will show a series of (+++++.....} symbols.

- Each (-} or (+) symbol represents 10 electrical
degrees out of phase. A maximum of 18 symbols
(180 electrical degrees) can be monitored.

- The number of (-) or (+) symbols decrease
as the two sources approach synchronism
and increase as the two sources drift out
of synchronism.

- If S1 and S2 Frequencies are identical, the
display will show a series of alternating
symbols ($+++...) which also indicate the
approximate out of phase degrees

In the event that the Sources do not come within 7
electrical degrees of each other within 60 seconds, the
unit will display the message: SYNCH CHECKING and
will allow the user to BYPASS. If the BYPASS button is
pressed, the unit will display the message: WARNING
MAY CAUSE DAMAGE TO THE LOAD. Pressing XFR
will actually bypass the R50. Since R50 is a passive device,
the length of time it takes to reach Synchronism is de-
pendent on the frequency difference between the two
Sources. Source 1 is usually a Utility and the frequency
is not within the control of the consumer. Source 2
needs to be adjusted to create an adequate difference
in order for the transfer to happen a timely fashion.

Note: For optimum performance, Source 2
Generator should be adjusted a Maximum of
2 Hertz above or below the Utility frequency,
minimum of 0.1 Hertz. (58 to 59.9) or
(60.1 to 62) Hertz. Adjustment of Generator
to 60Hertz could cause lengthy transfer delay.

R50 Feature can be turned ON or OFF via CFG Menu
(see page 16). Factory Default if OFF.

$13

Transfer Commit. Configured via CFG menu.

(see page 16) When this Feature is set to OFF:

The transfer Switch is not committed to transfer unless
the outage duration is longer than the timers that
precede the transfer to Source 2 position. This assumes
that the outage will be an isolated event. When this
Feature is set to ON: The transfer Switch is committed
to transfer to Source 2 position once the W timer has
begun timing, even if Source 1 power returns before
the transfer to Source 2. This is to ensure that the
transfer takes place, because one outage may be
followed by another. :

T

Time Delay (S1) Source 1 Stable Timer. To delay trans-
fer to Source 1 (immediate retransfer on Source 2 fail-
ure). Adjustable 0-60 minutes in 1 second increments.
Standard setting is 30 minutes. Adjust via SET menu
(see page 17)

U

(S2) Source 2 Stop Delay Timer. Allows Engine to run
unloaded after switch retransfer to Source 1. Adjustable
0-60 minutes in 1 second increments. Standard setting is
5 minutes. Adjust via SET menu (see page 17)

W

Time Delay (52) Source 2 Stable Timer. To delay trans-
fer to Source 2. Adjustable 0-5 minutes in 1 second
increments. Standard setting is 1 second. Adjust via SET
menu (see page 17)

YEN

Bypass Timers Key utilizing Keypad. When applicable,
the system prompts the user to press a button to bypass
(T) or (W) Timers should the user so desires.

B 10 MX150 Operation and Maintenance Manual CI-AZOM-00029-02-E
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In addition to the features listed under the
MSTDG Option Package, this enhanced package
includes the following features:

A3

Additional Auxiliary contact: closed when switch is in
Source 2 position.

A4

Additional Auxiliary contact: Closed when the transfer
switch is in Source 1 position.

CDP (replaces CDT)

Clock Exerciser Load/ No Load: Allows the Generator
to start and run unloaded or to simulate a power
failure, start Generator and run under load.

Can be configured by end user for 1, 7, 14,

28, 365 day cycle.

A\

Voltage Imbalance (Three Phase)

For a three phase source, this feature monitors phase
voltage ratios based on a selected range within a
sclected time window. Should any phase fall below the
selected lower window limit or exceed the selected
higher window limit within the selected time frame,
the controller initiates transfer to the other source.

Range: 5% to 20% of Nominal voltage,

10 to 30 seconds window, user adjustable.

Resolution: 1% Increments

Minimum Differential: 2% between “Fail”

and “Restore” settings.

Factory default: 10% “Fail”, 8% “Restore, 30 Seconds.
See CFG Menu page 16 to configure ON or OFF.

See SET Menu page 17 to set Percentage and time windows

® Caterpillar
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GA

Test Switch, Maintained / Momentary

GAP

Test Switch, Maintained / Momentary, utilizing Keypad

A1

Auxiliary Contact, operates on Source 1 line failure.

A1E

Auxiliary Contact, operates on Source 2 line failure.

A3

Auxiliary Contacts: Closed when the transfer switch
is in Source 2 position.

A4

Auxiliary Contacts: Closed when the transfer switch
is in Source 1 position.

AG62

Sequential Universal Motor Load Disconnect Circuit.
Normally closed Auxiliary contacts for Motor Loads.
Open 0-60 seconds prior to transfer, after transfer, or
both in either direction then re-close in timed sequence
after transfer.

CTAP

Alarm Panel on transfer to Source 2 with Silence button.

DS

Disconnect Switch, Auto/Inhibit.

Inhibits transfer in either direction when in inhibit.
Allows automatic operation when in Auto.

(40-600 Amp units)

HT

Heater and Thermostat.

Manual
Manual Transfer Switch transfers in either direction
by depressing designated pushbuttons.

V80

Digital Power Meter with Display: Amps, Volts, and
Frequency.

mvs2

Digital Meter w/Display of Amps, Watts, Volts,
Frequency, KVA, KVAR, PF, etc.

M83A

Digital Meter w/Diplay of Amps, Watts, Volts,
Frequency, KVA, KVAR, PF, etc. Plus THD capability
w/Modbus.

T3N3

Elevator Pre-Signal Auxiliary Contacts: Open 0-60
seconds prior to transfer to either direction,
re-closes after transfer.

UMD

Universal Motor Load Disconnect Circuit: Auxiliary
Contact opens 0-60 seconds prior to transfer in either
direction, re-closes after transfer. Can be configured by
end user for Pre-transfer, Post-transfer, or both.

Vi

Voltage Imbalance (Three Phase)

For a three phase source, this feature monitors phase
voltage ratios based on a selected range within a
selected time window. Should any phase fall below the
selected lower window limit or exceed the selected
higher window limit within the selected time frame,
the controller initiates transfer to the other source.

Range: 5% to 20% of Nominal voltage,

10 to 30 seconds window, user adjustable.
Resolution: 1% Increments

Minimum Differential: 2% between “Fail”

and “Restore” settings.

Factory default: 10% “Fail”, 8% “Restore, 30 Seconds.
See CFG Menu page 16 to configure ON or OFFE.

See SET Menu page 17 to set Percentage and time
windows

ZNET

Network Communications Interface Card

m12 MX 150 Operation and Maintenance Manual CLAZOM-00029-02-E
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How to Set the System Clock

Set System Clock, time and date
If the clock is not set, the display will show
SET SYSTEM CLOCK on the second line
of the S1 OK screen.
The S1 OK screen will show time (hours and
minutes) on the second line if the system clock
has been set, (Date on third line)

Setting the System Clock

(Start from S1 OK screen)

1. Remove battery protective white plastic strip

near P relay. *

Press MORE then press SET.

3. Press MORE and scroll to SET SYSTEM CLOCK
using the MORE key.

4. Press SEL.

5. ENTER ACCESS CODE located on the white label
on the back of the controller.

6. Press SEL.

7. Use the up and down keys to change the hour value.

o

8. Press SAVE (this will enter this value and move
cursor to minutes).
9. Use the up and down keys to change the minutes.
10. Press SAVE (this will enter this value and move
cursor to month).
11. Use the up and down key up to change the month.
12. Press SAVE (This will enter this value and complete
the clock setting).
13. Use the up and down keys to change the date.
14. Press SAVE (this will enter this value and move
cursor to year).
15. Use the up and down keys to change year.
16. Press SAVE (this will enter this value and
compete the clock setting).
17.To edit settings, press SEL and repeat steps 6-16.
18.1f the setting is satisfactory, press MORE
(unit then returns to the SET menu then
press BACK, then ESC.)

*  Replacement battery part #K-4100
Battery will last 5 years and provides power to retain clock
function only (Controller functions without battery).

Load / No-Load

One event Exerciser with adjustable Timer. Exercise
duration can be sct between 5 and 60 minutes in

1 minute increments. Can be configured to run every
1,7,14, or 28 days. Factory default is 20 minutes.

How to CONFIGURE (CFG) and Set (SET)
the Timer Exerciser

1. Beginning from the S1 OK screen,
press MORE then CFG.

2. Press MORE to scroll to CONFIG TIMER

EXERCISER screen.

The third line of the CONFG TIMER EXERCISER

will show either DAILY, WEEKLY, 14 DAY, 28 DAY,

or OFF.

4. If the third line of the CONFG TIMER EXERCISER
shows DAILY, WEEKLY, 14 DAY, or 28 DAY as
desired, then proceed to step 10.

5. If the third line of the CONFG TIMER EXERCISER
shows OFF or if another timer selection is desired,
continue.

6. Press SEL.

7. Enter ACCESS code located on white label
on the back of the controller.

8. Press UP or DOWN to select DAILY, WEEKLY,

14 DAY, or 28 DAY as desired.

9. Press SAVE.

10. Press MORE to scroll to CONFG TIMER
EXERCISER (XFR) or (NO XFR).

w

11. Press Up or Down to select XFR (Load Transfer)
or NO XFR (No Load Transfer).
12. Press SAVE.
13. Press MORE repeatedly to BACK then S1 OK screen.

Set (SET) the Exerciser:
14. Beginning from the 81 OK screen,
press MORE then SET.
15. Press MORE repeatedly until
EXER 82 RUN TIME screen.
16. Press SEL
17. Enter ACCESS code located on white label
on the back of the controller.
18. Press SEL
19. Cursor is indicated as a line under character to
be changed. Change values with up and down keys.
20. Press SAVE when complete.
21. Press MORE repeatedly until SET USER SETUP
then press BACK then ESC to the S1 OK screen.
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How to Initiate CDT Exerciser and to start an

exercise cycle every 1, 7, 14, or 28 days

From S1 screen

1) Press TEST

2) Press MORE

3) Press START TEST TIMER (to initiate Test).

¢ If the CDT Exerciser is Factory configured for a
Load Exerciser, the Controller will immediately start
a load exercise. The controller will start the
generator, transfer the load to Source 2 and remain
in Source 2 for the duration set for EXER 52 RUN
TIME in the SET menu. The controller will
retransfer the load back to Source 1 after the S1
stable timer has timed out and run the generator
unloaded for the duration of the S2 stop delay timer
(Engine Cool Down Timer).

¢ If the CDT Exerciser is Factory configured for a
No-Load Exerciser, the Conuroller will immediately
start a No-load exercise. The controller will start the
generator and run it unloaded for the duration of
the S2 stop delay timer (Engine Cool Down Timer).

Exercise will be repeated at the same time as initiated
on every 1, 7, 14, or 28 days according to the selection
made in the Configure CFG menu.

How to Bypass (Cancel) an exercise during
an exercise cycle
1) Press BPASS
2) Allow the controller to complete the Engine

cool down cycle
1f the CDT Exerciser is Factory configured for a
No-Load Exerciser Or allow the controller to complete
retransfer to Source 1 If the CDT Exerciser is Factory
configured for a Load Exerciser

How to Bypass the next exercise event and Keep
the rest of scheduled events unchanged

1) Press Test

2) Press MORE

%) Press BYPASS EXER

To re-institute the next exercise event back,

press CANCL BPASS

How to initiate a new exercise start time
1) Press TEST

2) Press MORE

3) Press EXER CANCL

4) Press START TIMER TEST

How to check the next exercise event

1) From S1 OK screen, press MORE three times.

2) The unit will display the PLANT EXERCISER NEXT
event in DAYS, HOURS, and MINUTES

3) Press ESC to S1 OK Screen.

Notes:
- ¥E* appears in the upper right hand corner
of LCD screen when exercise is impending.
- For Load Exerciser, actual exercise period
(ATS in S2 position)= CDT (Exerciser)
timing period +T (S1 stable Timer) timing period.
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Load / No-Load Clock Exerciser

Allows the Generator to start and run unloaded or to

simmulate a power failure, start Generator and run under

load. Can be configured by the end user for 1, 7, 14, 28,

or 365 day cycles.

e A total of 7 independent No Load exercise periods
(up to 10 hours each) can be programmed for each
of the daily, weekly, 14-day, and 28-day exercisers.

e Atotal of 12 independent No Load exercise periods
(up to 10 hours) can be programmed for the
365-day Exerciser.

How to Configure (CFG) the Exerciser

1. Beginning from the S1 OK screen, press MORE
then CFG.

2. Press MORE to scroll to CONFIG CLOCK
EXERCISER screen.

3. The third line of the CONFG CLOCK EXERCISER
will show either DAILY, WEEKLY, 14 DAY, 28 DAY,
365 DAY or OFF.

4. If the third line of the CONFG CLOCK EXERCISER
shows DAILY, WEEKLY, 14 DAY, 28 DAY, or 365 DAY
as desired, press MORE repeatedly to BACK.

Press ESC then proceed to the SET menu to
set the EXERCISER.

5. If the third line of the CONFG CLOCK EXERCISER
shows OFF, continue.,

6. Press SEL.

7. Enter ACCESS code located on white label on
the back of the controller.

8. Press UP or DOWN to select DAILY, WEEKLY,

14 DAY, 28 DAY, or 365 DAY as desired.

Press SAVE.

Press MORE repeatedly to BACK then ESC

to 81 OK screen.

©

10.

How to set (SET) the DAILY Exerciser

1. Beginning from the 81 OK screen, press MORE
then SET.

2. Press MORE repeatedly until SET EXERCISER
screen.

3. Press SEL.

4. Enter ACCESS code located on white label
on the back of the controller.

5. Press SEL

Indicates # of
Exercise Periods

Cursor

Indicates type of Exerciser
DAILY, WEEKLY, 14-DAY,
28-DAY or 365-DAY

Indicates Exerciser start time for

DAILY Exerciser, Time and DAY

for WEEKLY Exerciser. Time, -~

Date, and 365-Day Exerciser

(24 Hr. System) " To Previous field
or to exit screen

L

o Up and Down
Use to change
;- values

6. Cursor is indicated as a line under character to

be changed. Change values with up and down keys.

Press SAVE after each entry to save value and to

move to the next value to be changed.

Press BACK when complete.

8. Press MORE repeatedly until SET USER SETUP.
Press BACK then ESC to the S1 OK screen.

~

How to Bypass (Cancel) an exercise during
an exercise cycle
1) Press BPASS
2) Allow the controller to complete the Engine

cool down cycle.
If the CD Exerciser is configured or Set for a No-Load
Exercise. Or allow the controller to complete retransfer
to Source 1. If the CD Exerciser is configured for a
Load Exerciser

How to Bypass the next exercise event and Keep
the rest of scheduled events unchanged

1) Press TEST

2) Press MORE

3) Press BYPASS EXER

To re-institute the next exercise event back,

press CANCL BPASS

How to check the next exercise event

1) From S1 OK screen, press MORE three times.

2) The unit will display the PLANT EXERCISER NEXT
event in DAYS, HOURS, and MINUTES

3) Press ESC to 81 OK Screen.

Notes: ]

¢ In the S1 OK screen, an (*E*) appears in the upper
right hand corner of LCD screen when exercise
is impending.

¢ For Load Exerciser, actual exercise period
(ATS in S2 position)= CDT (Exerciser)
timing period +T (S1 Stable Timer) timing period.

¢ A value greater than zero must be entered in the
Exerciser duration field to be accepted as a valid
exercise period.

¢ The Exercise cycle will be repeated on a regular
basis as programmed and initiated in the SET menu
depending on what Exerciser was configured
(selected) in the CFG menu.

. Load No-Load {CDP)
- Exercise Indicator.

Exerciser duration for this
event in hours and min-
utes up to 10 hours per
event

—_—

. To save value & to
move cursor to
next field to be

;. changed

B Caterpillar
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A periodic test of the transfer switch under load conditions is recommended to insure proper operation.
{See National Electric Code articles 700 and 701}

ATS Testing

Start generator and verify proper voltage, frequency and phase
sequence (match to Source 1). Shut down gen set and place in

Auto. Complete the visual inspection of the transfer switch, and

close the cabinet door.

Initiate the test by pressing the TEST button on the LCD
keypad. The controller will then prompt for your access code.
After entering the code, three test options will appear—

XFR LOAD, FAST TEST and NO XFR (See Figure 10).

¢ XFR LOAD test starts the generator and using
the current timer settings, transfers the load to
Source 2,

e FAST TEST test presets timer values to a maximum
30 seconds during the test. After completion of the
test, all timers are reset to their original values.
(T3, W3, DT and DW remain)

* NO XFR test starts the generator but does not
transfer the load to the Source 2.

Press and hold the desired test option button until the switch
transfers to Source 2 (load test) or until the generator has been
run for the desired amount of time (no load test). Releasing the
test button before W timer timeout will abort the test (Exception:
when the transfer commit option, is configured “ON”).

To test lamps, press TEST then scroll through MORE, then
press LAMP TEST. To cancel LAMP TEST press MORE.

Standard Transition

When the test is initiated, the controller initiates the Time Delay
Source 2 Start Timer (Engine Start Timer "P") cycle. A manual
CANCEL button is provided to cancel the test if desired. Upon
completion of the (P) tme delay, an Engine start Signal is sent to
Source 2. When Source 2 voltage and frequency reach the preset
"Restore" Values, the time delay to Source 2 Timer (W) begins
its timing cycle to ensure voltage and frequency stabilization
before transfer. A manual pushbutton BYPASS is provided to
bypass the "W" time delay if desired. After the (W) time delay,
the MX controller initiates a transfer signal through the SCR-E
to operate the main transfer operator. The load is now trans-
ferred to Source 2 line. The transfer switch is mechanically
locked. SN limit switch awaits the next operation to Source 1.

Restoration of Source 1 Power:

Deactivating the test switch initiates re-transfer to Source 1 sequence.
The delay to Source 1 Timer (T) begins its timing cycle to ensure
voltage and frequency stabilization before retransfer. A manual
pushbutton BYPASS is provided to bypass the "T" time delay if
desired. After the (T) time delay, the MX controller initiates a
wransfer signal through the SCR-N to operate the main transfer
operator. The load is now transferred to Source 1 line. The transfer
switch is mechanically locked. SE limit switch awaits the next
operation to Source 2.

@ Caterpillar

11020304

RIXISG

Figure 10

Immediately after re-transfer, the S2 Stop Delay Timer (Delay
to Engine Stop "U") begins its cycle to allow Source 2 Engine
to run unloaded. A manual pushbutton BYPASS is provided to
bypass the "U" time delay if desired. Upon completion of the
(U) tming cycle, the controller sends an Engine stop signal.

Delayed Transition

Source 1 Power Failure:

When the test is initiated, the controller initiates the Time Delay
Source 2 Start (Engine Start Timer "P") cycle. A manual CANCEL
button is provided to cancel the test if desired Upon completion
of the (P) time delay, an Engine start Signal is sent to Source 2.
When Source 2 voltage and frequency reach the preset "Restore”

values, the time delay to open Sowrce 1 timer (W) begins its timing
cycle to ensure volage and frequency stabilization before re-transfer.

" A manual pushbutton BYPASS is provided to bypass the "W” time

delay if desired. After the (W) time delay, the MX controller initiates
a transfer signal through the SCR-NO to operate the main transfer
operator. The load is now wansferred to the Open position. The time
delay to Source 2 timer (DW) begins its timing cycle. After the
(DW) time delay, the MX controller initiates a transfer signal through
the SCR-E to operate the main transfer operator. The load is now
transferred to Source 2 line. The wransfer switch is mechanically
locked. SN limit switch awaits the next operation to Source 1.

Restoration of Source 1 Power:

Deactivating the test switch initiates re-transfer to Source Isequence.
The delay to open Source 2 Timer (T) begins its timing cycle to
ensure voltage and frequency stabilization before retransfer. A
manual pushbutton BYPASS is provided to bypass the "T" time delay
if desired. After the (T) time delay, the MX conuroller initiates a
transfer signal through the SCR-EO to operate the main transfer
operator. The load is now transferred to the Open position. The
dme delay to Source 1 dmer (DT) begins its timing cycle. After the
(DT) ume delay, the MX controller initiates a transfer signal through
the SCR-N to operate the main transfer operator. The load is now
transferred to Source 1 line. The transfer switch is mechanically
locked. SE limit switch awaits the next operation to Source 2.

Immediately after re-transfer, the 82 Stop Delay Timer (Delay
to Engine Stop "U") begins its cycle to allow Source 2 Engine
to run unloaded. A manual pushbutton BYPASS is provided to
bypass the "U" time delay if desired. Upon completion of the
(U) timing cycle, the controller sends an Engine stop signal.

MX150 Operation and Maintenance Manual CI-AZOM-00029-02-E
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Standard Transition

Source 1 Power Failure:

When Source 1 voltage or frequency has fallen below the
preset "Fail” values, the controller initiates the Time Delay
Source 2 Start Timer (Engine Start Timer "P") cycle. Upon
completion of the (P) time delay, an Engine start Signal
is sent to Source 2. When Source 2 voltage and frequency
reach the preset "Restore” Values, the time delay to
Source 2 Timer (W) begins its timing cycle to ensure voltage
and frequency stabilization before transfer. A manual
pushbutton BYPASS is provided to bypass the "W" time
delay if desired. After the (W) time delay, the MX controller
initiates a transfer signal through the SCR-E to operate the
main transfer operator. The load is now transferred to
Source 2 line. The transfer switch is mechanically locked.
SN limit switch awaits the next operation to Source 1.

Restoration of Source 1 Power:

When Source 1 power reach the preset "Restore” values,
the controller initiates re-transfer to Source lsequence.
The delay to Source 1 Timer (T) begins its timing cycle
to ensure voltage and frequency stabilization before
retransfer. A manual pushbutton BYPASS is provided to
bypass the "“T" time delay if desired. After the (T) time
delay, the MX controller initiates a transfer signal through
the SCR-N to operate the main transfer operator. The
load is now transferred to Source 1 line. The transfer
switch is mechanically locked. SE limit switch awaits the
next operation to Source 2.

Immediately after re-transfer, the S2 Stop Delay Timer
(Delay to Engine Stop "U") begins its cycle to allow
Source 2 Engine to run unloaded. A manual pushbutton

BYPASS is provided to bypass the "U" time delay if desired.

Upon completion of the (U) timing cycle, the controller
sends an Engine stop signal.

Timer Designations as they appear in the SET menu

Delayed Transition

Source 1 Power Failure:

When Source 1 voltage or frequency has fallen below the
preset "Fail" values, the controller initiates the Time Delay
Source 2 Start (Engine Start Timer "P") cycle. Upon
completion of the (P) time delay, an Engine start Signal
is sent to Source 2. When Source 2 voltage and frequency
reach the preset "Restore” values, the time delay to open
Source 1 timer (W) begins its timing cycle to ensure voltage
and frequency stabilization before re-transfer. A manual
pushbutton BYPASS is provided to bypass the "W" time delay
if desired. After the (W) time delay, the MX controller
initiates a transfer signal through the SCR-NO to operate
the main transfer operator. The load is now transferred to
the Open position. The time delay to Source 2 timer (DW)
begins its timing cycle. After the (DW) time delay, the MX
controller initiates a transfer signal through the SCR-E to
operate the main transfer operator. The load is now
transferred to Source 2 line. The transfer switch is
mechanically locked. SN limit switch awaits the next
operation to Source 1.

Restoration of Source 1 Power:

When Source 1 power reach the preset "Restore” values,
the controller initiates re-transfer to Source 1 sequence.
The delay to open Source 2 Timer (T) begins its timing
cycle to ensure voltage and frequency stabilization before
retransfer. A manual pushbutton BYPASS is provided to
bypass the "T" time delay if desired. After the (T) time
delay, the MX controller initiates a transfer signal through
the SCR-EO to operate the main transfer operator. The
load is now transferred to the Open position. The time
delay to Source 1 timer (DT) begins its timing cycle. After
the (DT) time delay, the MX controller initiates a transfer
signal through the SCR-N to operate the main transfer
operator. The load is now transferred to Source 1 line.
The transfer switch is mechanically locked. SE limit switch
awaits the next operation to Source 2.

Immediately after re-transfer, the S2 Stop Delay Timer
(Delay to Engine Stop "U") begins its cycle to allow Source
2 Engine to run unloaded. A manual pushbutton BYPASS
is provided to bypass the "U" time delay if desired. Upon
completion of the (U) timing cycle, the controller sends
an Engine stop signal.

Table 3

ATS Type P w T DT U
Standard Time Delay Time Delay Time Delay S2 Stop
52 Start 52 Stable ? S1 Stable 3 Delay
Delay Time Delay Time Delay ATS Open Time Delay ATS Open 52 Stop
§2 Start 52 Stable Time to 52 51 Stable Time to S1 Delay
Source 1 Transfer to Source 2 Source 1 Transfer to Source 1 Engine
Fails > Returns » Cooldown

m 20 MX150 Operation and Maintenance NManual CI-AZOM-00029-02-E
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Standard and Delay Transition

Each MX150 microprocessor based ATS controller
requires a Controls Power Supply (CPS) to apply line
voltage to the ATS operator via SCRs. Also required is
power for the MX150 printed circuit board and an
application of sensing voltage proportional to line voltage.

This is accomplished by the Controls Power Supply (CPS).
This method of switching operator voltage and applying
power and sensing voltage to the printed circuit board
isolates the MX150 from the line voltage, further protecting
the controller from harmful line transients.

Part No. . No.
120V 50P-1224 50P-1200
208-220V 50P-1225 50P-1201
230-240V 50P-1226 50P-1202
277V 50P-1227 50P-1203
380-400V 50P-1228 50P-1204
416-440V 50P-1229 50P-1205
480-480V 50P-1230 50P-1206
575-600V 50P-1231 50P-1207

. CPS
- Assemhbly

B Caterpillar
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HAZARDOUS VOLTAGES CAN CAUSE SEVERE INJURY OR DEATH.

These charts may indicate problems that require authorized Caterpillar service personnel.
Hazardous voltages may exist on termination plugs other than those that go into the MX150.

General Troubleshooting

The following troubleshooting guide is used to recognize,
and determine basic faults. When using this guide, it will
ask several questions about the condition of the switch.

This guide will then list an order of the possible faults.

You will then look at the first suspected fault to determine
if it is the problem. If it is not a fault, you go to the

Engine does not START

SOURCE 2

Engine start wires not

second suspected fault. If you go through all of the
suspected faults, or the chart instructs you to, call your
Cat dealer for further assistance.

NOTE: When you use the troubleshooting charts,
the Annunciation column refers to the LED’s on
the control panel.

Check engine start connections

“TD Engine Cool Down”

AVAILABLE terminated properly
LED off T — N .
Generator is in OFF position Investigate why Engine Control
Switch was turned off
Engine does not stop LCD Display - U timing cycle not complete Check U timer sefting

SOURCE 1 POSITION, and
SQURCE 1 and SOURCE 2
AVAILABLE LEDs on,

but U timer has timed out

Engine start wires not
terminated correctly

Check Engine Start Connections

Generator in MANUAL

Place generator in AUTO

ATS will not transfer
to SOURCE 2

ZTG Series

SOURCE 2°AVAILABLE
LEDeoff

SOURCE 2 voltage or frequency
not within acceptable parameters

Check: Engine Start Connections,
Generator Breaker, Generator Output,
and Engine Control Switch

None Power supply connector unplugged | Plug in connector
LCD Display - W timing cycle not complete Check W Timer setting
"S1____TDXFR 81>52

”

Time Remaining _ _ _ _

ATS will not transfer
to SOURCE 1

ZTGD Series

LCD Display -
“ATS Open
Time Remaining _ _ _ _

"

DW timing cycle not complete

Check DWTimer setting

SOURCE 1°AVAILABLE
LEDeoff

SOURCE 1 voltage or frequency
not within acceptable parameters

Check utility and utility breakers

None Power supply connector unplugged | Plug in connector
LCD Display - Limit switch or RT box Call Technical Services
“Diagnostic Code 001" connector unpliugged
LCD Display - T timing cycle not complete Check TTimer setting
“S1 0K
Time Remaining _ _ _ _

Bypass”
L.CD Display - TD timing cycle not complete Check DT Timer setting
“ATS Open

"

Time Remaining _ _ _ _

B Caterpillar
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Due to hazardous voltage and current, Caterpillar rec-
ommends that a Caterpillar Certified technician or a
qualified electrician must perform the
installation and maintenance of the switch.

L R R i
Both power sources must be disconnected
before manual operation of the switch.

A preventive maintenance program will insure high
reliability and long life for the transfer switch. The
preventive maintenance program for the transfer
switch should include the following items:

Inspection and Cleaning

The switch should be inspected for any accumulation
of dust, dirt, or moisture, and should be cleaned by
vacuuming or wiping with a dry cloth or soft brush.
do not use a blower since debris may become lodged
in'the electrical and mechanical components and
cause damage.

Remove the transfer switch barriers and check the
condition of the contacts. Any surface deposits must
be removed with a clean cloth (do not use emery
cloth or a file). If the contacts are pitted or worn
excessively, they should be replaced. A general
inspection of mechanical integrity should be made
to include loose, broken or badly worn parts.

Servicing

All worn or inoperative parts must be replaced
using Caterpillar recommended replacement
parts. Please contact your Cat dealer for specific
part information and ordering procedures.

The operating mechanism of the transfer switch

is lubricated with Lubriplate 105. The lubricant
applied at the factory provides adequate lubrication for
the lifetime of the switch. Should debris contaminate
the mechanism, clean and apply additional Lubriplate.

Caterpillar can provide complete preventative main-
tenance services. Please contact the Technical Services
Department for additional information.

CDT battery replacement - lithium batteries may
last up to 10 years, however it is recommended
that battery replacement be included in a 3-5 year
service cycle. The battery maintains the exerceser
memory only and does not otherwise affect the
operation,

Testing

A manual operator handle is provided with the
transfer switch for maintenance purposes only.
Manual operation of the switch must be checked
before it is operated electrically. Both power sources
must be disconnected before manual operation
of the switch. Insert the handle and operate the
transfer switch between the Source 1 and Source 2
positons. The transfer switch should operate smoothly
without binding. Return the switch to Source 1
position, remove the handle, and return it to

the holder provided.

After completing the inspection, cleaning and servicing
of the transfer switch, reinstall the switch cover,
and close and lock the cabinet door. Reclose the
circuit breakers feeding the utility and generator
sources to the switch.

Initiate the electrical transfer test by activating the
TS test switch. P timer will time out and the micro-
controller will send an engine start signal. When
the W dme has elapsed, the switch will complete
its transfer by closing into Source 2.

Deactivating the test switch will start retransfer to
Source 1. The switch will complete its retransfer
to Source 1 after the time delay of the T timer.
The U engine overrun timer allows the engine
generator to run unloaded for a preset cool
down period.

NOTE: A periodic test of the transfer switch
under load conditions is recommended
to insure proper operation. {See National

Electric Code articles 700 and 701).

When performing a hi-pot or dielectric test
on the power section, DISCONNECT the
control panel plugs from the microprocessor
to avoid potential damage.

m|24
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(Refer to LERE5255 for a printable .pdf file.)

SYSTEM BATTERY

— 12 R 24 VIC
( EMCP 32 CONTROL — . ~
BATTERY () {52 16 AVG HIHHE
1 I ] 1
BATTERY ¢-> (65 16 AVG =
BAG P/U
HAGNETIC PICKUP INPUT (=) |67 p—mr———18 AVG H-19
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Figure 4: EMCP 3.2 Control Electrical Connections
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