
GENSET 

INSTALLATI NUAL 



Manual For Operation and Maintenance 

TABLE OF CONTENTS 

1. INTRODUCTION 

2. SAFETY 
2.1 General 
2.2 Installation, Handling, and Towing 
2.3 Fires and Explosion 
2.4 Mechanical 
2.5 Chemical 
2.6 Noise 
2. 7 Electrical 
2.8 First Aid For Electric Shock 

3. GENERAL DESCRIPTION 
3.1 Generating Set Description and Identification. 
3.2 Diesel Engine 
3.3 Engine Electrical System 
3.4 Cooling System 
3.5 Alternator 
3.6 Fuel Tank and Base frame 
3.7 Vibration Isolation 
3.8 Silencers and Exhaust System 
3.9 Control System (Identification) 
3.10 Output Circuit Breaker 

4. OPERATION 
4.1 General 
4.2 Pre-start checks 
4.3 Normal Manual Startup/Shutdown -Key start Panel 
4.4 Automatic Startup/Shutdown - AMF Control Panel 

5. GENERATING SET MAINTENANCE 
5.1 General 
5.2 Preventative Maintenance 
5.3 Removal of Engine And/or Alternator 

6. ENGINE DESCRIPTION AND MAINTENANCE 
6.1 Engine Description 
6.2 Engine Maintenance 
6.3 Radiator Maintenance 

7. ALTERNATOR DESCRIPTION AND MAINTENANCE 
7 .1 Alternator Description 
7.2 Alternator Maintenance 

8. CONTROL SYSTEM DESCRIPTION AND TROUBLE SHOOTING 
8.1 Control System Description and Identification 
8.2 Control system options 
8.3 Control system Fault Finding/Trouble Shooting Guide 
8.4 Load Transfer Panels 

9. BATTERY DISCRIPTION AND MAINTENANCE 
9.1 Battery Theory 
9.2 Battery Maintenance 
9.3 Charging the Battery 
9.4 Jump Starting Procedures 
9.5 Battery Charging system Fault Finding/Trouble Shooting Chart 



r~ianua; Fc)r C>peraUon and r.Tta;nt:&n::u--1ce 
---- --~----"-- ·-----·· ------~~-

1. if~TR01DUC'1-:0~\~ Disconnect '!:he b3tt(3t·y negative ,(-) le2:d pric•" to 

Thls fJenerating set is one of 2 fernf!y of generat\r:g ::ets 
designed to be recd/ tc run \ivher: it antves, requirin•:] 
on:y ~r1e 2,ddltion of e:00!2nl 1 fue! and battery acid 'Y-ears. 

of dlesei generating set ezpsrjence h2E,,e gene into th,2 

set to produce 2 qualli:y r:icurce of electrjca1 oO\AJer that is 

ef;'icieri and reliable. 

This rn2n;_;a! in consunction ·,vith the Engine P.1lanuz!j 
.t\lterr;at:Jr f\flanu2I) \Nill he!p tc ensure that the generating 

set keeps operating at rnaxiff:un1 pe1forn12nce and 

efficiency for a lor.g life. Please note that in dirty 
environments more attention must be p211d to frequent 

servicing to keep the set running properly. 

Always ensure that personnel who are authorized to do 

the work and have been properly trained do adjustments 

and repairs. 

Every generating set is uniquely defined by a model 

number and serial number indicated on a rating plate 
generally affixed to the alternator housing. This 

information is required when ordering spare parts or 

when service or warranty work is required. See Section 

3.1 for further information. 

2.1 General 

The generating set is designed to be safe when used in 

the correct manner. Responsibility for safety, however, 

rests with the personnel who install, use and maintain the 

set. The following safety precautions, if followed, will 

minimize the possibility of accidents. Before performing 

any procedure or operating technique, it is up to the user 

to ensure that it is safe. Personnel who are authorized 

and trained should only operate the generating set. 

WARNING: 
Read and understand all safety warnings before 

operating or performing maintenance on the generating 

set. 

Failure to follow the instructions, procedures, and 

safety precautions in this manual may increase the 

possibility of accidents and injuries. 

Never start the generating set unless it is safe to do. 

Do not attempt to operate the generating set with a 

known unsafe condition. 

! If the generating set is unsafe, fit danger notices and 

disconnect the battery negative (-) lead so that it cannot 

be started until the condition is corrected. 
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atten1pting any rE;pairs .J~ c!eaning inside the e;-;closu;-e, 

The fol!ovvir;g safety precautions shf)uld be nO'teci, 

IV!ake e!ectrieai cable earthling c8mp!y Vllith lees[ 
re!evant Electrlcai requirernenis. 

For stationary gensets, the storage system must 

isolated from rain, dust or other corrosion chemicals 

installed in comply with local Standards or other 

Standards whichever applicable 

Engine exhaust emission is detrimental to the health 

of personnel. The exhaust for all indoor generating sets 

must be piped outdoors via leaJl~-free piping in compliance 

with relevant Codes, Standards and other requirements. 

Ensure hot exhaust silencers, piping and turbochargers, if 
equipped, are clear of combustible material and are 

guarded for personnel protection per safety requirements. 

Ensure that fumes from the exhaust outlet will not be a 

hazard. 

Never lift the generating set by attaching to the 

engine or alternator lifting lugs. Use a sling with a 

'spreader bar' connected to the base frame. 

Ensure the lifting rigging and supporting structure is 

in good condition and has a capacity suitable for the 

load. 

Keep all personnel away from the generating set 

when it is suspended. 

Make sure all personnel are out of the generating set 

canopy or container, if equipped, before closing and 

latching enclosure doors. 

When towing a mobile generating set, observe all 

Codes, Standards or other regulations and traffic laws. 

These include those regulations specifying required 

equipment and maximum and minimum speeds. Ensure 

brakes, if fitted, are in good order. 

Do not permit personnel to ride in or on the mobile 

generating set. Do not permit personnel to stand or ride 

on the drawbar or to stand or walk between the 

generating set and the towing vehicle Do not install or 

use the generating set in any classification of hazardous 

environment unless it has been specifically designed for 

that environment. 
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2.3 Fires and Explosion 

Fuels and fumes associated with generating sets can be 
flammable and potentially explosive. Proper care in 
handling these materials can dramatically limit the risk of 
fire or explosion. However, safety dictates that fully 
charged dry fire extinguishers are kept on hand 
Personnel must know how to operate them. 

WARNING: 
! Ensure the generating set room is properly 
ventilated. 

Keep the room, the floor and the generating set clean. 
When spills of fuel, oil, battery electrolyte or coolant 
occur, they should be cleaned up immediately. 

Never store flammable liquids near the engine 

Store oily rags in covered metal containers. 

Do not smoke or allow sparks, flames or other 
sources of ignition around fuel or batteries. Fuel vapors 
are explosive. Hydrogen gas generated by charging 
batteries is also explosive. 

! Turn off or disconnect the power to the battery charger 
before making or breaking connections with the battery. 

Keep grounded conductive objects, such as tools, 
away from exposed live electrical parts, such as terminals, 
to avoid arcing. Sparks and arcing might ignite fuel or 
vapors. 

Avoid refilling the fuel tank while the engine is 
running. 

! Do not attempt to operate the generating · set with 
any known leaks in the fuel system. 

! The excessive build-up of unburned fuel gases in the 
exhaust system can create a potentially explosive 
condition. This build-up can occur after repeated failed 
start attempts, air flap valve testing, or hot engine 
shutdown. Open exhaust system purge plugs, if equipped, 
and allow the gases to dissipate before attempting to 
restart the generating set. 

2.4 Mechanical 
The generating set is designed with guards for 
protection from moving parts. Care must still be taken to 
protect personnel and equipment from other mechanical 
hazards when working around the generating set. 

! Do not attempt to operate the generating set with 
safety guards removed. While the generating set is 
running do not attempt to reach uncler or around the 
guards to do maintenance or for any other reason. 
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Keep hands, arms, long hair, loose clothing and 
Jeweler away from pulleys, belts and other moving parts. 

Attention: Some moving parts cannot be seen clearly 
when the set is running. 

! · Keep access doors on enclosures, if equipped, 
closed and locked when not required to be open. 

Avoid contact with hot oil, hot coolant, hot exhaust 
gases, hot surfaces and sharp edges and corners. 

Wear protective clothing including gloves and hat 
when working around the generating set. 

Do not remove the radiator filler cap until the coolant 
has cooled. Then loosen the cap slowly to relieve any 
excess pressure before removing the cap completely. 

Ethyl Ether starting aids must not be used on engines 
with combustion air preheating devices. In general these 
starting aids are not recommended on any engine. They 
will reduce the efficient working life of the engine. 

2.5 Chemical 
Fuels, oils, coolants, lubricants and battery electrolyte 
used in this generating set are typical of the industry. 
However, they can be hazardous to personnel if not 
treated properly. 

WARNING: 
! Do not swallow or have skin contact with fuel, oil, 
coolant, lubricants or battery electrolyte. If swallowed, 
seek medical treatment immediately. Do not induce 
vomiting if fuel is swallowed. For skin contact, wash with 
soap and water. 

! Do not wear clothing that has been contaminated by 
fuel or lube oil. 

Wear an acid resistant apron and face shield or 
goggles when servicing the battery. If electrolyte is 
spilled on skin or clothing, flush immediately with large 
'quantities of water. 

2.6 Noise 
Generating sets that are not equipped with sound 
attenuating enclosures can produce noise levels in 
excess of 105 dB (A). Prolonged exposure to noise 
levels above 85 dB (A) is hazardous to hearing. 

WARNING: 
! Ear protection must be worn when operating or working 
around an operating generating set. 

2. 7 Electrical 
Safe and efficient operation of electrical equipment can 
be achieved only if the equipment is correctly installed, 
operated and maintained. 
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WARNING: 
! The generating set must be connected to the load 
only by trained and qualified electricians who are 
authorized to do so, and in compliance with relevant 
Electrical Codes, Standards and other regulations. 
Where required, their work should be inspected and 
accepted by the inspection agency prior to operating the 
generating set. 

! Ensure the generating set, including a mobile set, is 
effectively grounded/earthed in accordance with all 
relevant regulations prior to operation. 

! The generating set should be shutdown with the 
battery negative (-) terminal disconnected prior to 
attempting to connect or disconnect load connections. 

! Do not attempt to connect or disconnect load 
connections while standing in water or on wet or soggy 
ground. 

! Do not touch electrically energized parts of the 
generating set and/or interconnecting cables or 
conductors with any part of the body or with any 
non-insulated conductive object. 

! Replace the generating set terminal box cover as 
soon as connection or disconnection of the load cables is 
complete. Do not operate the generating set without the 
cover securely in place. 

! Connect the generating set only to loads and/or 
electrical systems that are compatible with its electrical 
characteristics and that are within its rated capacity. 

! Be sure all electrical power is disconnected from 
electrical equipment being serviced. 

! Keep all electrical equipment clean and dry. Replace 
any wiring where the insulation is cracked, cut, abraded 
or otherwise degraded. Replace terminals that are worn, 
discolored or corroded. Keep terminals clean and tight. 

Insulate all connections and disconnected wires. 

Use only dry powder extinguishers on electrical fires. 

2.8 First Aid For Electric Shock 

WARNING: 
! Do not touch the victim's skin with bare hands 
until the source of electricity has been turned off. 
• Switch off power, if possible. 

• Otherwise pull the cable away from the victim. 

• If this is not possible, stand on dry insulating 
material and pull the victim clear of the conductor, 
preferably using insulated material such as dry wood. 
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• If victim is breathing, turn the victim into the 
recovery position described below. 

• If victim is unconscious, perform resuscitation as 
required: 

OPEN THE AIRWAY: 
1. Tilt the victim's head back and lift the chin upwards. 

2. Remove objects from the mouth or throat (including 
false teeth, tobacco, or chewing gum). 

BREATHING: 
1. Check that the victim is breathing by looking, 
listening and feeling for the breath. 

CIRCULATION: 
1. Check for pulse in the victim's neck 

IF NO BREATHING BUT PULSE IS PRESENT: 
1. Pinch the victim's nose firmly. 

2. Take a deep breath and seal lips around the victim's 
lips. 

3. Blow slowly into the mouth watching for the chest to 
rise. Let the chest fall completely. Give breaths at 10 per 
minute. 

4. If the victim must be left to get help, give 10 breaths 
first and then return quickly and continue. 

5. Check for pulse after every 10 breaths. 

6. When breathing restarts, place the victim into the 
recovery position described later in this section. 

IF NO BREATHING AND NO PULSE: 
1. Call or telephone for medical help. 

2. Give two breathes and starts chest compression as 
follows: 

3. Place heel of hand 2 fingers breadth above 
ribcage/breastbone junction. 
4. Place other hand on top and interlock fingers. 

5. Keeping arms straight press down 4-5 cm (1.5-2 inch) 
15 times at, a rate of 80 per minute. 

6. Repeat cycle (2 breaths, 15 compressions) until 
medical help takes over. 

7. If condition improves, confirm pulse and continue with 
breaths. Check for pulse after every 10 breaths. 

8. When breathing restarts, place the victim into the 
recovery position described below. 

Recovery position: 
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3. GENERAL DESCRIPT iON 

3.1 Generating Set Description and klentificatior, 

This generating set has been designed as a complete 

package to provide su~,erior performance and reliability. 
V 

Each generating set is provided with a Rating Label 

generally affixed to the alternator housing. This label 
contains the information needed to identify the generating 

set and its operating characteristics. This information 

includes, but is not limited to, the model number, serial 

number, output characteristics such as voltage, phase and 
frequency, output rating in kVA and kW, and rating type 

(basis of the rating). For reference, this information is 

repeated on the Technical Data Sheet provided with this 
manual. The model and serial numbers uniquely identify 

the generating set and are needed when ordering spare 

parts or obtaining service or warranty work for the set 

3.2 Diesel Engine 

The diesel engine powering the generating set has been 

chosen for its reliability and the fact that it has been 
specifically designed for powering generating sets. 

The engine is of the heavy-duty industrial type with 

4-stroke compression ignition and is fitted with all 
accessories to provide a reliable power supply. These 

accessories include, among others, a cartridge type dry 
air filter, a turbocharger fitted on some engines, and a 

mechanical or electronic close control engine speed 

governor. 

3.3 Engine Electrical System 

The engine electrical system is negative ground/earth and 

either 12 or 24 volts DC. 

This system includes an electric engine starter, battery, 
battery rack and a battery-charging alternator. 

Most sets are provided with lead-acid batteries, which are 

discussed more fully in Section 9, however other types of 
batteries may be fitted if they had been specified. 
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3.6 Fuel Tank and Bsse frame 

The engine and alternator are coupled togeti1er and 

mounted on a heavy-duty steel base frame. 

Except for the series sets, this base frame includes a fuel 

tank with a capacity of approximately 8 hours operation at 
full load. An extended capacity fuel tank of approximately 

24 hours operation may be fitted. Where a fuel tank is not 

provided with the base frame, a separate fuel tank must 

be provided. 

3.7 Vibration Isolation 

The generating set is fitted with vibration isolators, which 

are designed to reduce engine vibration being transmitted 

to the foundation on which the generating set is mounted. 
These. Isolators are fitted between the engine/alternator 

feet and the base frame. 

3.8 Silencers and Exhaust System 

An exhaust silencer is provided loose for installation 
with the generating set The silencer and exhaust 

system reduce the noise emission from the engine and 
can direct exhaust gases to safe outlets. 

3.!l Control System (Identification) 

One of several types of control systems and panels may 
be fitted to control the operation and output of the set and 

to protect the set from possible malfunctions. 

Section 8 of this manual provides detailed information on 

these systems and will aid in identification of the control 

system fitted on the generating set 

3.10 Output Circuit Breaker 

To protect the alternator, a suitably rated circuit breaker 

selected for the generating set model and output rating is 
supplied mounted in a steel enclosure. In some cases the 
output circuit breaker may be incorporated in the 
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automatic transfer system or control panel. 

4. OPERATION 

4.1 General 
These control systems allow the operator to manually or 
automatically control the generating set. They have 
protection circuits to sound an optional alarm and even 
shutdown the set if problems occur. Details of the 
capabilities of each system are contained in Section 8. 

The following procedures detail the steps required to 
prepare the set for operation, start and stop it for the first 
time after installation, and start and stop it normally, 
Section 4.2, Pre-Start Checks are applicable with all 
control systems. 

4.2 Pre-Start Checks 
The following should be performed prior to starting the 
set. 

WARNING: 

As the set may be inadvertently started without 
warning in "AUTO" mode, always ensure the 
contreller is powered off before carrying out checks. 

1. Ensure the controller is powered off. 

WARNING: 

! Do not remove the radiator cap when the coolant is 
hot. Do not add large amounts of cold coolant to a hot 
system as serious damage could result. 

2. Check the engine oil and coolant levels - replenish as 
necessary, 

Note: 
Diesel engines normally consume lube oil at a rate of .25% to 1 % of 
the fuel consumption 

\flhien adding coolant to the radiator system, always pour slowly to 
help prevent air from becoming trapped in the engine 

WARNING: 
! When filling the fuel tank, do not smoke or use an 
open flame in the .vicinity. Hydrogen gas from batteries 
is explosive. 

3. Check the fuel level -fill as necessary. 

WARNING: 

Before tightening fan belts, disconnect the 
battery or negative (-) lead to ensure the engine 
cannot accidentally started. 

4. Check the condition and tension of the fan and 
engine alternator belts-tighten as necessary. 
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5. Check all hoses for loose connections or 
deterioration -tighten as necessary. 

6. Check the battery terminals for corrosion -clean as 
necessary. 

WARNING: 

When working with the batteries, do not smoke 
or use an open flame in the vicinity. Hydrogen gas from 
batteries is explosive. 

Don't short the "+" and "-" terminals together. 

7. Check the battery electrolyte level -fill with distilled 
water . If the battery is new and has never been wet 
charged. Fill with suitable premixed electrolyte and 
charge as per instructions in section 9.2.2. 

8. Check the control panel and the generating set for 
heavy accumulation of dust and dirt -clean as 
necessary. These can pose an electrical hazard or 
give rise to cooling problems. 

9. Check the air filter restriction indicator, if fitted 
-replace the filter 

10. Clear the area around the generating set of any 
insecure items that could inhibit operation or cause 
injury. Ensure cooling air ventilation screens are 
clear. 

11. Check the entire generating set for signs of leaks 
from the fuel system, cooling system or lubrication 
seals. 

12. Periodically drain exhaust system condensate traps, if 
equipped. 

13. Ensure the Alternator Output Circuit Breaker is in the 
'OFF' (handle down) position. 

4.3 Normal Manual Startup/Shutdown -Key start 
Control Panel (Key start Series with model 
501K/GTR168/BE24 controller) 

The following procedure should be used for subsequent 
Key start on a generating set equipped with an Key 
start Series Control Panel: 

Note: 
• The generating set may be stopped at any time by 
pushing the Emergency Stop Pushbutton or turning the 
key to "O" position in "KEY" mode, or turning the mode 
selector switch to "OFF" in "AUTO" mode. 

• Pressing the Emergency Stop Pushbutton also lit ' 
EMERGENCY STOP " fault. Prior to restarting the set, 



the Ernergenc\r St.o;.1 F'u,shb 1_.itton rr;ust be t-ei(3asej oy 
i;: c.lockvvise. The f.::;uU LED rTiu:s1 al::=:~o be reset by 

!:urning i:he k:ey to ';C1" p-:::is.it:on Ir: "!'<E'/" rr1ode 1 or turni::g 

positlon in "t<EY 1
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s·,,.,itch to "'JFF" in "/\UTO" ,·node. Enta;ure the faui:s ha\i'e 

been corrected 

set. 

2.f'r1anuat Start: Ensure the E,11erge;1cy Stop Pushbutton 
and any remote Stop Pushbuttons are released. Turn the 
mode selector switch to "KEY". Then turn the key to "!!" 
position to start !he engine, release the key 1o. "I" 
position immediately after the engine fired 

If the engine does not fire, refer to the trouble-shooting 
guide in Section 8 or the Engine Manual lo determine the 
cause of failure to start. 

Warning: 
! Unburned fuel gases can build-up in ihe exhaust 
system after multiple failed attempted starts. 
Unscrew the plugs on the exhaust outlet elbows or 
stub pipes and allow the unburned fuel to dissipal:e. 
Once all signs of unburned fuel (white smoke) have 
disappeared and any other problems causing the 
failure to start have been rectified, replace the plugs 
and repeat the cranking procedure. 

WHEN ENGINE HAS STARTED 
3. Check for any abnormal noise or vibration. 

4. Check for fluid leakage in the exhaust system. 

5. Check the control panel for indications of abnormal 
operation, particularly abnormally high temperature or 
abnormally low oil pressure. The oil pressure should be in 
the normal range within about 10 seconds of starting. 

6. Switch the Alternator Output Circuit Breaker to 
'ON' (handle up). 

Note: 
~ Load can now be applied to the generating set. 
However the maximum step load that can be accepted in 
any one step is dependent on the operating temperature 
of the set. With ihe generator cold (not more than 20 ·c 
(68 ° F)) the maximum step load acceptance is 
approximately 50% of rated output However with the set 
at normal operating temperature (approximately 80 ·c 
(176 ° F)) the maximum step load can be 70-100% of the 
rated power depending on the generating sel model. 
Typically generating sets up to 100 kVA can accept a 
100% load. 

7 

C ~3,hutck.;\;'~/tr Tc s:-::ul t:v: (Y,?i-it:;:rdtin!; :•32;· ,:J')'..'\/T1 !:ur:: oY ·:·h1? 

l•::::1d. /-\!!ov\/ing ~hf; QET:set n.1nnjng on tiC \~.:;,~Kl ·;"er a fev/· 

rr:inutes ~_.c, coo!, tr'.e~, :3hu'~C:!J\1\,,in th2 set 

controtier) 

The fo1iov1ing p;-oceDure should be usec, for t.Jn3padng 2 

generating set equipped vv!th 2n ~4MF Series /\t1/lf 

Control System to be siartecl automatically in dv3 event 
of mains cutoff. 

Note: 

~ The generating set may be stopped at any time by 
pushing the Emergency Stop Pushbutton or turning the 
key io "O" position in "MAN" mode, or turning the mode 
selector switch to "OFF" in "AUTO" mode. 

1. Complete Pre-Start checks as per Section 4.2. 

Note: 
~ The engine will not be able lo start if any fauit 

presents. Reset the controller by iurning the key to 
"O" position in "MAN" mode, or tum the mode 
selector switches to "OFF" in "AUTO" mode. Ensure 
the faults have been corrected prior to attempting !o 
start the generating set 

~ Reset the faults in "AUTO" then turn the mode 
selector switch to "AUTO" mode may start the engine 
inadvertently. 

2. Automatic Start: Ensure the Emergency Stop 
Pushbutton and any remote Slop Pushbuttons are 
released. Turn the mode selector swiich to "AUTO". 

3. Switch the Alternator Output Circuit Breaker to 'ON" 
(handle up). 

The generating set is now ready lo automatically start 
when it sensing a mains outage for a preset time, and 
automatically take on load. When the mains return to 
health for the Return Timer, the set will slop before a 
cool down delay. 

Note: 

• . A Start Timer will allow the set start after a delay, 
avoiding unnecessary start if mains have momentary 
fluctuations or outages. 

'1IJ A Return Timer allows a period of time to ensure that 
the mains supply is reliable prior to transferring the 
load back. 

~ A Cool down Timer will allow the set to run for a 
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short duration to cool prior to stopping automatically. 

5. GENERATING SET MAINTENANCE 

5.1 General 
A good maintenance programmed is the key to long 
generating set life. Qualified technicians should only 
carry out maintenance and service. Records of this work 
should be kept to aid in developing an efficient 
maintenance programmed. 

In general, the generating· set should be kept clean. Do 
not permit liquids such os fuel or oil film to accumulate 
on any internal or external surfaces or on, under or 
around any acoustic material, if fitted. Wipe down 
surfaces using an aqueous industrial cleaner. Do not use 
flammable solvents for cleaning purposes. 

Any acoustic material with a protective covering that has 
been torn or punctured should be replaced immediately 
to prevent accumulation of liquids or oil film within the 
material. 

5.2 Preventative Maintenance 
Depending on the application of the generating set, 
requirement for preventative maintenance will vary. The 
preventative maintenance requirements associated with 
the engine are detailed in the Engine Manual, which 
should be reviewed in conjunction with this section. 
Maintenance intervals for the engine may be more 
frequent than those shown in this section. 

5.2.1 Daily or at Each Startup: (For standby sets these 
procedures may be performed weekly.) A walk around 
inspection should be performed on a daily basis and prior 
to starting the engine. The pre-start checks contained in 
Section 4.2 should be performed during this walk around. 

Procedures for performing the checks on the engine 
can be found in the Engine Manual, which may contain 
additional requirements to those in Section 4.2. 

5.2.2 Every Two Weeks: (For standby sets that have 
not been run.) Perform an operational check on the 
generating set by starting and running the set for only 5 
minutes. 

WARNING: 
! Do not run diesel engines at low loads for long 
periods. 

5.2.3 Every Month: (For standby sets that have not been 
run on load.) Perform an operational and load check on 
the generating set by starting and running the set on at 
least 50% load for 1 to 2 hours. 

5.2.4 Every Six Months or 250 Hours: Repeat the 
daily procedures plus the following: 

1. Check all control system safety devices by 
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electrically simulating faults. 

2. Clean all battery cap vents. 

3. Tighten all exhaust connections. 

4. Tighten all electrical connections. 

5. Perform other engine maintenance as specified in 
the Engine Manual. 

6. Start the engine and observe the instrument panel to 
ensure that all gauges and meters are operating 
properly. 

7. If a spark arrestor has been fitted, this should be 
removed and thoroughly cleaned to remove any carbon 
build-up. 

5.2.5 Alternator Preventative Maintenance: There is 
no routine maintenance required on the alternator, 
however periodic insp.ection of the alternator winding 
condition and periodic cleaning is recommended. See 
Section 7.2, Alternator Maintenance, and the Alternator 
Manual. 

5.2.6 Er;igine Preventative Maintenance: See the 
Engine Manual provided with this manual for information 
on regular maintenance required to keep the engine 
operating efficiently. 

5.3 Removal of Engine and/or Alternator 
The following procedures should be used for removal 
of the engine and/or alternator. 

1. Isolate and disconnect electrical power supply to 
auxiliary equipment such as a water heater. 

2. Isolate the battery charger supply. Disconnect the 
battery (negative lead first) and remove if necessary 

3. If the generating set is equipped with a canopy, 
remove the fixing bolts on each side, disconnect the 
exhaust system and then remove the canopy. 

4. Isolate and disconnect the control panel and remove 
together with stand from the generating set, ensuring 
that all cables have been adequately identified to 
facilitate reconnection. 

5. If the engine and alternator are both to be removed, 
they may be lifted out as one unit using the lifting eyes 
provided on both the engine and alternator. First the bolts 
holding the engine/alternator to the base frame have to 
be removed. 

5.3.1 Engine Removal Only: 
1. If only the engine is to be removed, the wiring loom 

should first be removed from the engine. 
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2. If the alternator is fitted with only one set of feet then 

the front end of the alternator will have to be firmly 
supported before removing the engine. 

3. Remove the engine fitting bolts. It may also be 
advantageous to loosen the alternator mounting 
bolts. 

4. Remove the alternator fan guards. 

5. Support the rotor assembly using a sling or wooden 
supports taking care not to damage the fan. 

6. Remove the bolts between the flexible coupling and 
the engine flywheel. 

7. Support the rear of the engine using an overhead 
crane or similar device. 

8. Remove the coupling housing bolts. 

9. The engine is now moved forward until it is clear of 
the alternator and may be lifted away from the base. 

5.3.2 Alternator Removal Only: 
1. If the alternator only is to be removed, the rear of 

the engine must be firmly supported. 

2. Remove the wiring loom. 

3. Remove the bolts holding the alternator to the base 
frame. Loosen the engine bolts as well. 

4. Remove the alternator fan covers and support the 
rotor and the front of the alternator. Ensure that the 
rotor is positioned with a pole at the bottom centerline. 
This is to avoid any damage to the bearing or exciter 
by limiting the rotor movement to that of the air gap. 

5. Uncouple the alternator from the engine as per Section 
5.3.1. 

6. Support the alternator using a sling or similar device 
and slide the complete alternator back on the base 
before lifting. 

6.ENGINE DESCRIPTION AND 
MAINTENANCE 

6.1 Engine Description 

6.1.1 General: The engine that powers the generating set 
is an industrial, heavy duty diesel engine that has been 
selected for its reliability and efficiency in operation. It is 
specifically designed and optimized to power generating 
sets. The engine is either a 4-stroke compression ignition 
type with all the accessories necessary to provide a 
reliable power supply. Full details of the engine and 
associated equipment are provided in the Engine Manual. 
This section gives a brief discussion of the major systems 
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and how they are integrated into the generating set. 

If regular preventative maintenance is performed as per 
the Engine Manual, the diesel engine will continue to 
provide reliable power for many years. 

6.1.2 Cooling System: The engine cooling system is 
comprised of a radiator, high capacity pusher fan, a 
mechanically driven water pump and a thermostat. The fan 
is a pusher type that pushes the air through the radiator. 
This system provides for cooling of the surface heat of the 
engine and alternator, and internal cooling of the engine by 
the water circulating in the radiator. The alternator also has 
an integral fan that circulates cool air inside the housing. 
The thermostat maintains coolant temperature at a level for 
efficient operation of the engine. 

It is important to pay careful attention to air flow around 
the generating set to ensure proper cooling. Following 
the installation instructions in installation manual should 
ensure satisfactory performance. 

6.1.3 Engine Governing: The engine governor is either 
a mechanical or electronic device designed to maintain a 
constant engine speed in relation to load requirements. 

The engine speed is directly related to the frequency of 
the alternator output, so any variation in engine speed 
will affect the frequency of the power output. 

The governor senses engine speed and controls the fuel 
rate. As load increases the governor will increase fuel 
flow to the engine, as load is reduced the governor 
reduces fuel flow. 

6.1.4 Fuel System: On most generating sets, the engine 
fuel system is connected directly to a fuel tank that is built 
into the base frame. This tank is designed to provide 
sufficient fuel for approximately 6-8 hours operation at full 
load unless an extended capacity tank has been fitted. In 
this case approximately 24 hours operation is possible. 

The base tank is provided with fittings to facilitate either 
manual or automatic filling from a larger bulk storage 
tank. 

On larger sets, the base frame does not include a fuel 
tank so the engine fuel system must be connected to a 
separate tank located next to the set. 

6.1.5 Exhaust System: Exhaust systems are provided 
to reduce the noise level of the engine and to direct the 
exhaust gases to where they will not be a hazard. The 
exhaust system is supplied loose for installation on site. 

6.1.6 Starting Aids: Ethyl Ether starting aids are not 
recommended. They will reduce the efficient working of 
the engine. 

6.2 Engine Maintenance 
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possible, radiators should be fii!ed wrth distilled or naturai 
soft 'Wa1er, dosed with suitable cor.osion inriibiiors, 

WARNING: 

Radic1tor coolant is normally very hot and untie, 
pressure, Do not work on the radiator or disco,mect 
pipe work until it has cooled. Do not 1'Vork on the 
radiator or remove any guarding while the fan Is In 
moi:ion. 

6.3.2 External Cleaning: In dusty or dirty conditions the 
radiaior fins can become blocked wi!h loose deb1·is, 
insects, e!e, and this fouling will have an effect on ihe 
performance of the radiator, 

For regular removal of light deposits use a low-pressure 
steam jet. More difficult deposits may need a detergent 
with a low-pressure hot water hose. Spray steam jet or 

water from the front of the radiator towards the fan. 

Spraying in the opposite direction will force debris further 
into the core, Covering the engine/alternator during this 
process will keep them clean, 

Stubborn deposits, which cannot be removed by the 
above method, may require removal of the radiator and 
immersion in a heated alkali degreasing solution for 
about 20 minutes and then washing off with a hot water 
hose, 

6.3.3 Internal Cleaning: If, due to leaky joints for 
instance, indiscriminate topping-up with hard water has 
been carried oul for some time, or if the generating set 
has been run without inhibitors the system may become 
fouled by scale, 
To rescale the radiator, use the following procedure: 

1. Drain the water system and disconnect and blank off 
the pipe connections to the engine, 

2, Prepare a 4% solution of inhibited acid solvent and 
fresh water, Add the acid to the water, never vice 
versa, 
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strength inc:re9_sed to 8%. 

7. After decaling the acid so!uticn has to be neutralized 
as follows: -

Fil! the mixing container with fresh water, heat to boiling 
point then add common washing soda crystais at the 
following strength: 0,5 kg of soda to 20 liters water (1 lb, 
soda to 4 gallons ,Nater), Fill the radiator with this solution, 
and !hen drain it back inio the container. 

8. Flush the radiator in this manner se\/eral times, 
finally leaving the radiator full for at least an hour. Drain 
until empty and, wash out the radiator with hot fresh 
water. 

9, Before putting the radiator into service again, fill with 
water and apply a test pressure equal to ,wice that of the 
working pressure. Examine carefully for any leaks, which 
may have been revealed by decaling, 

10, Prior to decommissioning, \he coolant must be dosed 
with any necessary corrosion inhibitors and/or the correct. 
proportion of antifreeze. 

7. 1!\L TERNA TOR DISCR!PTION 
MAINTENANCE 

701 Alternator Description 
7.1.1 General: The alternator fitted on the generating set 
is of the brush less self-exciiation type whicll 
eliminates the maintenance associated with slip rings 
and brushes, The control system consists of an 
automatic voltage regulator, protective circuits and the 
necessary instruments to allow monitoring of the output 
of the generating set 

701.2 Cons'i:ruction/Major Components: The alternator 
unit is completely self-contained and is designed and 
constructed to provide trouble free operation, ease of 
maintenance and long service life. 

The stator core is produced from insulated low loss 
electrical grade sheet steel laminations, These are built 
and welded under a fixed pressure to give an extremely 



Manual For Operation and Maintenance 
rigid core to withstand vibrations and load impulses. The 
complete wound stator is, after impregnation, pressed 
into the frame and pinned into position. 

A high-grade precision-machined shaft carries the rotor 
assembly, which comprises the alternator rotating field 
systems, the exciter rotator/rotating diode system and the 
cooling fan. The rotor is mechanically wedged and 
supported on the winding end to allow an overspend of up 
to 2250 RPM. The complete rotor assembly is 
dynamically balanced to ensure vibration-free running. 

At the drive end of the rotor assembly a cast-aluminum 
centrifugal fan draws cooling air through 
screens/louvered covers at the non-drive end and 
discharges it through similar side mounted covers at the 
drive end. 

7.1.3 Alternator Method of Operation: The electrical 
power produced by the generating set is derived from a 
closed loop system consisting principally of the exciter 
rotor, the main revolving field and the automatic voltage 
regulator. 

The process begins when the engine starts to rotate. The 
residual magnetism in the main rotor (item 1) produces a 
small alternating voltage (AC) in the main stator (item 2). 
The automatic voltage regulator (item 3) rectifies this 
voltage to DC and applies it to the exciter stator (item 4). 

This DC current to the exciter stator creates a magnetic 
field, which, in turn, induces an AC voltage in the exciter 
rotor (item 5). This AC voltage is converted back to DC 
by the rotating diodes (item 6). 

When this DC voltage appears at the main rotor, a 
stronger magnetic field than the original residual field is 
created which induces a higher voltage in the main 
stator. 

This higher voltage circulates through the system 
inducing an even higher DC voltage back at the main 
rotor. This cycle continues to build up the voltage until it 
approaches the proper output level of the generating set. 
At this point the automatic voltage regulator begins to 
limit the voltage being passed to the exciter stator which, 
in turn, limits the overall power output (item 7) of the 
alternator. 

This build-up process takes place in less than one 
second. 

7.1.4 Automatic Voltage Regulator: The Automatic 
Voltage Regulator (AVR) maintains a no load to full load 
steady state voltage to tight tolerances. The AVR has a 
volts/hertz characteristic, which proportionally reduces 
the regulated voltage at reduced speeds. This feature 
aids the engine during sudden large additions of load. 

The AVR can divide into a few models: SX460 which can 
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maintains a no load to full load steady state voltage to 
tight tolerances of 1.5% and SX440 which is 1 %. 

7.2 Alternator Maintenance 

Although maintenance is rarely required, periodic 
inspection and cleaning is recommended. 

Perform a winding insulation test according to 
procedures provided in the Alternator Manual before the 
initial start, after generating set storage, and every 3 to 6 
months depending on humidity levels (more often in 
higher humidity). In high humidity areas, installing space 
heaters to operate when the generating set is not running 
will -help keep the windings dry. 

Additionally the alternator should be cleaned on a 
regular basis. The frequency of such cleanings depends 
on the environmental conditions of the operating site. 
The following procedure should be followed when 
cleaning is necessary: Disconnect all power. Wipe dust, 
dirt, oil, water and any other liquids from the external 
surfaces of the alternator and from the ventilation 
screens. These materials can work their way into the 
windings and may cause overheating or insulation 
breakdown. Dust and dirt is best removed using a 
vacuum cleaner. Do not use compressed air, steam or 
high-pressure water 

The separate Alternator Manual provided with this 
manual contains more detailed information on alternator 
maintenance. It also includes a trouble-shooting guide 
for alternator faults. 
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Figure 7. l: Block Diagram of Alternalot Operation 

8. CONTROL SYSTEM DESCRIPTIONS 
AND TROUBLE SHOOTING 

8.1 Control System Descriptions and Identification 

8.1.1 Description: Key start Series Manual Control 
System is an advanced electronic control system which 
designed and installed to control and monitor the 
generating set. 

These control systems consist of two major components 
working together - a control panel and an alternator 
output circuit breaker. 
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The control panel provides a means of starting and 
stopping the generating set, monitoring its operation and 
output, and automatically shutting down the set in the 
event of a critical condition arising such as low oil 
pressure or high engine coolant temperature. 

The power output Air Circuit Breaker (ACS) serves to 
protect the alternator by automatically disconnecting the 
load in the event of overload or short circuit. It also 
provides a means of switching the generating set output. 

8.1.2 Panel Equipment: Before starting the generating 
set, the operator should become fully acquainted with the 
instruments and controls. The instruments should be 
observed from time to time while the generating set is 
running so that any abnormal readings can be detected 
before problems arise. 

Refer to the trouble shooting guide or Engine Manual to 
determine the cause of failure to start. Start will be 
inhibited until the protection circuits of the control system 
are reset. When the engine fires and is above cranking 
speed the starter motor is automatically disengaged. This 
condition is detected from the W/L terminal of the engine 
driven battery charging alternator, the generator voltage. 

Note 
• As soon as the generator starts, the power supply 
to the engine auxiliaries is disconnected by a pair of 
NC contact on relay FCR, when fitted. Whenever the 
generator stops the NC contact reconnects the 
supply to the auxiliaries. 

The beginning of the start sequence initiates the Fault 
Protection Delay. Until the delay times out (factory set at 
15 seconds) the low oil pressure and high engine coolant 
temperature protective circuits are inhibited. This will 
keep the low oil pressure of a starting engine from 
causing the protection circuits to initiate a shutdown. 

Should the oil pressure not have reached the proper 
specified operating point by the preset delay times out or, 
when running, should the pressure drop below this level 
the protective circuitry will initiate a shutdown. The "LOW 
OIL PRESSURE" fault LED will illuminate. Startup will be 
inhibited and no attempt should be made to start the set 
until the cause of the fault has been traced and remedied. 
High engine coolant temperature will shut down the 
generating set and will illuminate "HIGH ENGINE 
TEMPERATURE" fault LED. 

WARNING: 
! If at any time the generating set stops because of a 
fault, the fault should be rectified and reset before 
trying to restart the generator. 

8.1.3 Protective Circuits: the high temperature switch 
located on the engine monitors Engine coolant 
temperature. This is normally an open switch designed to 
close at 98 ·c, 102 ·c or 108 ·c. On closing, the controller 
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stops the engine and lits the "HIGH ENGINE 
TEMPERATURE" fault LED. The fault LED will remain lit 
and the engine locked out until the fault has been 
acknowledged and reset by turning the Key to "O". 

Engine lubricating oil pressure is also monitored to check 
for an excessively low-pressure condition. This is 
monitored by an engine mounted, normally closed, switch 
that opens under normal running conditions. Should the 
oil pressure fall to or below about 1.4 bars the switch will 
close. This in turn energizes a relay which self latches, 
and lit the "LOW OIL PRESSURE" fault LED. And close 
the fuel solenoid valve to shutdown the engine. Reset is 
affected by turning the Key to "O". 

8.2 CONTROL SYSTEM OPTIONS: 

8.2.1 Battery Trickle Chargers: These chargers are 
designed to ensure that the starter batteries maintain their 
charge even if the generating set is not operated for long 
periods. 

The chargers are generally available with a 5 Amp 
nominal rating and are usually mounted within the control 
panel. These chargers require a continuous electrical 
power supply of either 220/240 volts AC or 120 volts AC 
depending on the charger. 

Control switches for the chargers are not normally fitted to 
prevent inadvertent switching off of the charger. The 
control system will automatically disconnect the charger 
on startup of the generating set. While the engine is 
running the engine driven battery-charging alternator 
charges the batteries. 

8.2.2 Heaters: In addition to conventional space heaters 
that are useful in keeping the ·generating set warm and 
dry in cold or humid environments, three types of heater 
may be fitted on the generating set. 

Jacket water heaters may be fitted in the engine coolant 
system to ensure that the engine is easy to start and able 
to take load more quickly. These heaters are provided 
with an integral non-adjustable thermostat set at 
approximately 40 ·c (104 ° F). The power rating of the 
heaters (in kW) varies depending on the size of the set. 
Generally single 2 kW heaters are fitted to sets below 
1000 kV A. On larger machines two 1.5kW or 2kW 
heaters are fitted. 

Alternator anti-condensation heaters (alternator heaters) 
may be fitted to the alternator stator winding to keep them 
dry in humid conditions. These are in the form of 
"heat-tracing" tape and operate at a relatively low 
temperature so they do not require a thermostat. Panel 
anti-condensation heaters (panel heaters) may be fitted 
in the control panel to keep moisture levels down. 

Each of these heater types requires a continuous 
220/240-volt AC power source. The heaters are 
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automatically disconnected on engine start-up. 

8.2.3 Electric Fuel Transfer Pumps: Fuel transfer 
pumps are required when fuel must be transferred from a 
bulk storage tank to the generating set day tank. A 
220/240 volts AC pump may be fitted. These pumps are 
generally mounted on the base frame and float switches 
are fitted in the day tank. Control relays, switches, lamps 
and overloads are fitted in the control panel. 

The controls consist of two buttons, a MAN/AUTO mode 
selector switch and two lamps on the control panel door. 
The red button is for stop the pump. The green button is 
for start the pump. The red lamp indicates the pump's 
running, the green lamp signals the power's presence. 

To operate the pump manually, ensure the mode selector 
switch is in the "MAN" position. Press the green button to 
manually run the pump. The pump will run in the manual 
mode until the red stop button is pressed or the fuel level 
surpassed the high level. 

To operate the pump in automatic mode, just ensure that 
the mode selector switch is in the "AUTO" position. A DC 
relay inside the panel (KA) is energized by a low-level 
float switch in the day tank. This will start the pump 
running and will illuminate the red run lamp. A high level 

float switch in the day tank de-energizes relay KA when 
the tank is full. This stops the pump and turns off the 
green run lamp. 

An electrical overload is sensed if the pump draws 
significantly more current than normal. When this occurs 
the red lamp will illuminate. 
Care must be taken to ensure that the pump is primed 
with fuel prior to operation to lubricate the seals. Also, 
the pump should never be run when the bulk tanks are 
empty or when valves on the fuel fill lines are closed. 

8.2.4 Speed/Voltage Control: Clockwise adjustments to 
the speed adjust potentiometer on an electronic governor. 
Increases the speed of the engine and anti-clockwise 
adjustment decreases it. On mechanical engines, a screw 
adjusts the speed. 

The voltage adjust potentiometer on the AVR allows 
adjustments of voltage to be made. 

8.2.5 Alarm Signaling: Each fault will lit a LED on the 
front facial of controller in a first-up latch style, that is to 
say, the lit LED will exclude the other Leeds' lit-up when 
a fault occurs. 

8 3 Control 5 1stem Fault FindingfTrouble Shooting Guide 
FAULT 

Engine Fails to 

Start 

SYMPTOM 

Engine Does Not Crank 

when Manual or Auto Starts 

Required 

REMEDY 

1. Check no fault latches the starting of set. Reset, if required, 

after remedying indicated fault. 

2. Check battery voltage on control panel. If voltage is not 

registering check mini ACBs. If voltage is registering but is low 

then recharge the batteries with separate battery charger and 

reconnect to the set. (Ensure controller is in "O" position when 

disconnecting and reconnecting the battery leads.) 

3. Check supply to start relay and slave solenoid on starter motor 

- connect a DC voltmeter between this connection and the 

battery negative terminal. Try starting the engine using the 

manual start Key. If the meter registers a voltage then the 

starter motor or solenoid or start relay is faulty and must be 

replaced. If no voltage registers, check wiring from panel for 

loose connections or broken/shorted wires. 
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ne Fails To 

Engine 

Due to 

Stops 

High 

Engine Temp. 

Engine Stops 

Due to Low Oil 

Pressure 

Stops 

C:ranks But Does 

20 Seconds 

"HIGH ENGINE TEMP" Fault 

LED lit 

"LOW OIL PRESSURE" 

Fault LED lit 

Engine 

Due 

Overspeed 

to "OVERSPEED" Fault LED lit 

·1. Check fuel 

C;a.nupy External 

fitted, are not depressed 

the engine 

fv1anua! for further checks. 

7.Check output of controller to FCS. 

the ConiroHer. 

1. Check engine was not overloaded. 

2. Check radiator obstructions. 

not presEnt, 

3. Check fan belt tension immediately after engine stops. 

4. Check ambient temperature is within the design limits of the 

generating set. 

5. After engine has cooled, check coolant level. Do not add 

large amounts of cold water to a hot engine as serious damage 

could result. 

6. Refer to Engine Manual. 

7. Once the fault has been rectified, Reset by turning the key to 

"O" position in manual mode, or turning the mode selector 

switch to "OFF" position in "AUTO" mode. 

8. Cool the engine by starting and running it off-load for 10 

minutes with the circuit breaker off (handle down). 

1. Check oil level with engine stopped as soon as possible. 

2. Refer to Engine Manual. 

3. Check oil pressure switch with test gauge. Replace if faulty. 

4, Once fault has been rectified, reset by turning the key to "O" 

position in manual mode, or turning the mode selector 

switch to "OFF" position in "AUTO" mode. 

i. Check if speed setting lever has moved. Re-adjust if required. 

2. If electronic governor is fitted check linkage for free 

movement/Adjust if required. 

3. Refer to Engine Manual, 

4. Once fault has been rectified, reset by turning the key to "O" 

position in manual mode, or turning the mode selector 

switch to "OFF" position in "AUTO" mode. 

i. Check charger alternator is charging. 

Battery Charger "BATTERY CHARGER 2: Check fan belt tension immediately after the engine stops. 

Failure Alarm FAILURE" Alarm LED lit 3. Once fault has been rectified, reset by turning the key to "O" 

position in manual mode. 
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1. Check voltmeter selector switch is not in the "OFF" position. 

2. Check fuses located on the alternator terminal box. 
No Voltage 

Produced When 
3. Check voltage at alternator terminals with an independent meter. 

Generating Set is 
No Voltage On AC Voltmeter If voltage is correct check wiring between alternator and panel. 

Running 
Check voltmeter. Replace if necessary. 

4. Check AVR and rotating diodes. Refer to Alternator Manual. 

5. Check engine speed is correct. 

Generating Set Generating Set Continues 1.Check fuel control solenoid (FCS). Replace if necessary. 

Does Not Stop Running After Being Switched 

Manually Off 
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8.4 Load Transfer Panels 

When the generating set is installed for standby usage, a 
load transfer panel is required. This transfer panel is 
designed to switch the load from the failed mains to the 
generating set and then switch it back after the mains are 
return. See Figure &.9 -Load 

Generating 
set 

I 
f ....... 

Load Tntnsfer 
Pimef 

:t:11:-
Malns 

Figure 8.9: Function ofa l..oad rransfer Panel 

The Load Transfer Panel is designed for use with other 
Control Systems which haven't timer functions but have 
remote start contacts to form an automatic mains failure 
system. The Panel contains the contactors which switch 
the load between the mains supply and the generating set. 
The electronics to control the load transfer are contained 
in the Generating Set Controller which is in the generating 
set control panel (see Section 9.4.9). Typically 12 wires 
are connected between the generating set and the panel. 

Main switches: There are two types of switches-one is 
contactors and the other is ATS. There are electrical & 
mechanical interlocks between the two contactors, avoid 
the two contactors' simultaneous closing. On ATS, the 
single moving contact is driving by a motor and gear 
assembly, there is also a manual operation handle to 
operate the ATS in the event of forced transfer or circuit's 
faulty when the "MAN/AUTO" mode selector key is switch 
to "MAN" mode, A padlocking device can lock the ATS in 
position "O" with up to three locks for the safety of 
operator. 

!li!!! Description 
1. "Mains Available" Status Lamp 
2. "Mains oo Lo~d• Status Lamp 
3. "Generator on load" Stall!$ Lamp 
4. •Generator Available• Status I.amp 

Figure 8.1 o: KXSeries Load Transfer Panel Status 
Display 

Status LEDs: The front facia of the door has four 
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indicator LED as shown in Figure 8.10. They are "Mains 
On Load", "Mains Available", "Generator Available" and 
"Generator On Load" 

Controls: The control switch on the front facia has 3 
modes:-
AUTOMA TIC MODE - The normal position for automatic 
operation. 

GENERATOR MODE - Force the generator to start and 
take on load. 

MAINS MODE - Force the mains to take on load. 

9.BATTERY 
DESCRIPTION&MAINTENANCE 

9.1 Battery Theory 
9.1.1 General: The battery is an assembly of "cells' 
containing a number of plates, immersed in an electrically 
conductive fluid. The electrical energy from the battery 
comes from chemical reactions taking place within the 
cells. These reactions are reversible which means that the 
battery can be repeatedly charged and discharged. 

9.1.2 Electrolyte: The electrically conductive fluid, called 
electrolyte, in a lead-acid battery is a diluted sulphuric 
acid solution. It aids the chemical reactions occurring at 
the plates and it acts as the carrier for the electrical 
current. 

9.1.3 Specific Gravity: Specific gravity is a means for 
determining the sulphuric acid content of the electrolyte 
which compares the weight of the electrolyte compared to 
the weight of pure water. At 25 ·c (77 ° F) a fully charged 
battery should have a specific gravity of 1.270. The lower 
the concentration of sculpture acid, the lower the specific 
gravity. 

As the battery is discharged, the chemical reactions lower 
the specific gravity of the electrolyte. Therefore, this 
measurement can be used as a guide to the state of 
charge of the battery. 

9.1.4 Hydrometer: Specific gravity can be measured 
directly using a hydrometer. This device is a bulb-type 
syringe, which will extract electrolyte from the battery. A 
glass float in the hydrometer barrel is calibrated to 
indicate the specific gravity. 

Hydrometer readings should not be taken immediately 
after water is added to the cell. The water must be 
thoroughly mixed with the underlying electrolyte, by 
charging, before hydrometer readings are reliable. Also, if 
the reading is being taken immediately after the battery 
has been subjected to prolonged cranking, the reading will 
be higher than the true value. The water formed in the 
plates during the rapid discharge will not have had time to 
mix with the electrolyte above the plates. 
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9.1.5 High or low Temperatures: In tropical climates 
(frequently above 32 ·c (90 • F)) a fully charged battery 
with a lower specific gravity of 1.240 is used. This milder 
strength electrolyte increases the service life of the battery. 
If subjected to low temperatures the battery will not have 
the same cranking power due to the lower concentration of 
sculpture acid, but this situation should not occur in 
tropical climates. 
Batteries prepared for service in extremely cold weather 
use stronger electrolyte. In some instances specific gravity 
of 1.290 to 1.300 are used. The cold cranking 
performance increases as the specific gravity increases. 

9.1.6 Temperature Correction: The hydrometer is 
calibrated to indicate properly for a specified electrolyte 
temperature, often 25 ·c (77° F). For temperatures higher 
or lower than the reference temperature, a correction must 
be made. For each 5.5 ·c (10 • F) above the reference 
add 0.004 to the reading. For each 5.5 ·c (10 • F) below 
the reference, subtract 0.004 from the reading. 

9.2 Battery Maintenance 

WARNING: 
Wear an acid resistant apron and face shield or 
goggles when servicing the battery. If electrolyte is 
spilled on skin or clothing, flush immediately with 
large quantities of water. 

9.2.1 Filling: The oattery will often be shipped dry. 
Pre-mixed electrolyte of the correct specific gravity will 
have to be added. 
Remove the vent plugs and fill each cell with the 
electrolyte until the level is 8 mm (5/16 inch) above the top· 
edge of the separators. Allow the battery to stand for 15 
minutes. Check and adjust the level as necessary. 

9.2.2 Initial Charging: Within 1 hour of filling, the battery 
must be charged. This will ensure that the acid is 
sufficiently mixed within the battery. Failure to give this 
charge at this time may impair the capacity of the battery. 

The charge period may need to be extended as the 
battery storage period extended or at temperatures in 
excess of 3o·c (86" F) or humidity above 80%. 

At the end of the charging period, the electrolyte levels 
should be checked and restored if necessary by addition 
of sculpture acid electrolyte at the correct specific gravity. 
The vents should then be replaced. 

9.2.3 Topping Up: Normal operation and charging of the 
battery will cause some of the water to evaporate. 

This will require occasional topping up of the battery. 
Clean the battery first to avoid contamination and remove 
the vent plugs. Add distilled water, until the level is 8 mm 
(5/16 inch) above the separators. Replace vent plugs. 

9.3 Charging the Battery 
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WARNING: 
Always ensure battery charging is carried out in a 

well-ventilated area away from sparks and naked flames. 
Never operate a battery charger where unprotected 

from rain or snow. The charger should never be used 
near water. 
! Always switch the charger off prior to disconnecting the 
battery. 
The engine driven alternator and or a static battery 
charger, if fitted, should maintain the batteries in a 
charged state. However, if the battery has recently been 
filled or recharging is required the battery may be 
disconnected from the generating set and connected to 
an external battery charger. 

9.3.1 Charger and Battery Connections: The battery 
charger should be connected to a suitable mains supply 
(13 Amps minimum). 

Connect the batteries to the charger as per the following 
chart: 

Single Battery Parallel 

12 vort Systems 

Series 

+ 

+ 

Series/Parallel 

24 Volt Systems 

-
-



£_J.2: Cha:·ger ()pe;·ation: 1\fier the charger has be,sn 

cor1 rH::cted to the cnains arJ.} ti7(::: bcn:i:sry con:1ected {o i:he 

charget a.s indicated above, H7E= cha>glng procedure can 

Ren1ove H1e filler caps or 01e:,1t cover ch __ ;(ng cho:·gir;g. 

creek e!sctrolyte ;eve!s c::t1d c1djust e,3 necess2P/ usir-g 

o,stidscl water. 

ncrrnal operat.ion_ The charging rate depends 0:-1 th,s 

A_n1pere-h,:)ur capacity o'f tr:e b2ttery, ti-:e co;·:QJ! 1Jn cf the 

battery s.nd ihe pr·esent \e\/el of charge. The cha;·gin 1~ 

currerri vvd! decrease cs the battery starts charging and 

•lVill continue to decrease as the battefy vc,!tage rises. 

To check !he state of cha,-ge, allow the battery to settle 
for a short period vvith the charger switched off. Then 
check the specific gravity of each cell using a hydrometer. 

The battery charger should noi overcharge or damage the 
batteries. High temperature, however, can damage the 
batteries. Care should be taken when charging batteries, 
especially in hot climates, that the battery temperature never 
rises above 45°C(i13° F). 

9.4 Jump Starting Procedures 

WARNING: 
Do not attempt to jump start a batiery if the electrolyte 

is frozen or slushy. Bring the batteries up to at least 5 ·c 
(41 ° F) before attempting a Jump start. 

If the generating set battery has insufficient charge to 
start the generating set, a 'jump start' from another 
battery is possible. Use the following procedures: 

1.Remove all vent caps from the battery. Do not permit 
foreign matter to enter the open cells. 

2.Check the battery fluid level. If Low adds distilled water 
to bring it to the proper level. 

3.Attempt to jump start only with a vehicle with a negative 
ground electrical system with the same voltage and that is 
equipped with a battery or batteries of comparable size or 
larger than those supplied with the generating set. 

4.Bring the starting vehicle along side the generating set 
but do not allow metal-to-metal contact. 

5.Place the starting vehicle in neutral or park, turn off all 
non-essential accessory loads and start the engine. 

6.Connect one end of clean, heavy-duty jumper cables to 
the positive battery terminal of the starting vehicle. If 
jump-starting a 24-volt generating set and the starting 
vehicle is provided with two 12-volt batteries, then 
connect the jumper cable to the positive terminal of the 
battery that is not grounded. 
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set \/\fhen 

j:Jrrip-startir;g 2-4--volt generating sets 1 connect Lo the 

posit;ve tern1inEd cf the bat:ery thst l~; net r:roundec;_ 

connect tr;e f.Jrnp:sr c8.b;e tc '..t:e - .-.. , , .. · · -. terri:ir-s! o~· tht:: 
batt2ry that is :j:T•Llnd~sd 

9.Check the cont\ectior.s. Do no~ atternpt 1:c start a 2,1-vcit 

generating sei. Vilth one 12.-vo!t battery ln the starting 
\/ehicle. Do not. app!y 24 voHs t<J one 12-vo!t b2.Jttery 

system. 

10.Connect the other end of this second Jumper cabie too 
clean portion of the generating set engine block away from 
fuel lines, the crank case breather opening or the battery. 

·11 With the engine of the starting vehicle running, start the 
generating set in accordance with the normal procedures. 
Avoid prolonged cranking. 

12.Allow the generating set to warm up. When the set is 
warm and operating smoothly at normal RPM, disconnect 
the negative jumper cable from the engine block on the 
generating set. Then disconnect the other end of the same 
cable from the battery in the starting vehicle. Then 
disconnect the other cable for the positive terminal of the 
generating set battery and finally disconnect the cable 
from the starting vehicle battery. 

13.Replace vent caps. 

9.5 Battery Charging System Fault 
Finding/Trouble Shooting Chart 

WARNING: 
Removal of the battery charger cover will 

expose dangerously high voltage terminals. 
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FOREWORD 

This installation manual will guide you to the factors to be 
considered in the installation of your diesel generator 
system. It discusses location and mounting of the 
generating set; size of room; ventilation and air flow; 
engine cooling water supply or radiator location; exhaust 

, outlet; fuel tank and fuel transfer system. 

By following the suggestions in this installation manual, 
you will be able to plan an economical, efficient generating 
set installation with operating characteristics suitable to 
each particular application. 

You can make you work easier by enliting the aid of a 
Distributor when planning your generating set installation. 
Getting his advice early may save cost and avoid problems. 
He knows engines, electrical equipment, local laws and 
insurance regulations. With his help, you can be sure your 
generating set installation will fulfill your needs without 
unnecessary cost. 
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GENS~T INSTALLATlON f'lfANUAL 

Once the size of the generating set 2nd th·2 
required associated control panel 2nd svvitchgear 
have been estab!lshed, plans for instal!2.tion c2H1 

be prepared. Proper attention to rnechanica! a.nd 
electrical engineering detalls vv:n assure a 
satisfactory pov,er systen lnstai12:·:ic,p, 

Factors to be i_;onsider-ed \n tile insta'.lat:on ffi a 

lfJ Fioor loading. 
@ Vibration transmitted to building and 

equipment. 
Ii> Ventilation of room. 
II} Engine exhaust piping and insulation. 
!lil Noise reduction. 
® Method of engine cooling. 
Ill Size and location of fuel tank. 
Gl Local, national or insurance regulations. 
@ Smoke and emissions requirements. 

2. MOVING THE GENERA TING SET 

The generating set base frame is specifically 
designed for ease of moving the set. Improper 
handling can seriously damage the generator and 
components. 

Using a forklift, the generating set can be lifted or 
pushed/pulled by the base frame. An optional "Oil 
Field Skid" provides forklift pockets if the set will 
be regularly moved. 

f!(l 1.1. PROPER LIFTING ARRA'NGl:MEITT 
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Ne\ler Hf~ thg generating 
t.tle ,::~ngine c,r .2:Hu1~rna~or Ii 

For lifting the ge:-ierating set, lift points are 
pro;1\ded on the basc3 frarne. Sh2ck!et: and chains 
vf suitable !ength snd lifting capacity rnust be 
used and a spreader b2r ls reqiJir.:-::d to prevr-0nt 
darnaging ·~he sel .. See figure 2.1 . . (\n opt!~Jnc.d 

"single peint 

~-;enerati1lf:J set V':'1'.l be 

Ths set rnay be iccatsd in the bcist~rr1ent or on 
a:1other floor of the budding 1 on a balcony, in a 
penthouse on the roof or even in a separate 
building. Usually it is located in the basement for 
economics and fm convenience of operating 
personnel. The generator room should be large 
enough lo provide adequate air circulation and 
plenty of working space around the engine and 
alternator. 

If it is necessary io locate the generating set 
outside the building, it can be furnished enclosed 
in a housing and mounted on a skid or trailer. 
This type of assembly is also useful, whether 
located inside or outside tile building, if the 
installation is temporary. For outside installation 
the housing is normally "weatherproof". This is 
necessary to prevent water from entering the 
alternator compartment if the generating set is to 
be exposed to rain accompanied by high winds. 

4. GENERA TING SET MOUNTING 

The generating set will be shipped assembled on 
a rigid base that precisely aligns the alternator 
and engine and needs merely to be set in place 
(on vibration isolation pads for larger sets) and 
leveled. See figure 4.1 

4.1 Vibration Isolation 

It is recommended that the generating set be 

mounted on vibration isolation pads to prevent 
the set from receiving or transmitting injurious or 
objectionable vibrations. Rubber isolation pads 
are used when small amount of vibration 
transmission is acceptable. Steel springs in 
combination with rubber pads are used to combat 
both light and heavy vibrations. On smaller 
generating sets, these isolation pads should be 
located between the coupled engine/alternator 
feet and the base frame. The base frame is then 
securely attached to the floor. On larger sets the 
coupled engine/alternator should be rigidly 
connected to the base frame with vibration 
isolation between the base frame and floor. Other 
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effects of engine --Iibraifon can be 1T:inimized by 

providing flexible connecllons bet'w8en the 

engine and fuel lines, e:rhaust systen1, radiator 

air discharge duct, conduit for control and povve1~ 

cables and othe:-- e;~ternaH/ cor0ecfed st.1pport 

systems. 

floor !oading depends on the total gerieratinf_! set 

vveight (including ·fuel and vvater) and the nurnber 

a.nc! size of isolator pads. \!\/ith tht base frarne 

n1ounted directlY" on the floor, the floor loading is: 

Fioor Loading "' 
Area of Skids 

GeneraUn~1 Set \,\!eight 

With vibration isolation between the base frame 
and the floor, if the load is equally distributed 
over all isolators, the floor loading is: 

Floor Loading = 

Total Genera!ing Sei 
Weight 

Pad Area x Number of 
Pads 

Thus, floor loading can be reduced by increasing 
the number of isolation pads. 

If load is not equally distributed, the maximum 
floor pressure occurs under the pad 
supporting the greatest proportion of load 
(assuming all pads are the same size): 

Max Floor 
Pressure 

5. VENTILATION 

Load on Heaviest Loaded 
Pad 

Pad Area 

Any internal combustion engine requires a liberal 
supply of cool, clean air for combustion. If the air 
entering the engine intake is too warm or too thin, 
the engine may not produce its rated power. 
Operation of the engine and alternator radiates 
heat into the room and raises the temperature of 
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·the rocHTr sir. There-fore, ventifation D ~h0: 

genercJoi :-oor:r ·s nece:-;sar-y to ifrr::~ ;-,~;c1rn 

ternperature rise and to r-nake c!e2r,, -:oo:. ir:to.v:c 

air available tc the e;igine 

\!Vhen the enginE: is coc,Jed by a set rnounted 

radiator, thi::::: radicdor fan rnust mcr,:e: :arge 

quar:·lities of a!r throu•;;h tllE· cadlato;"" Ct)re _ ·rh2re 

rnust be enc;...,fJh ten1p~2r0ture f11ffsrer:c-e !Jc:~·'i'.;s-:?; 

the 2i: and ·the v\;atsr in the radis.tt_-;;· h.J coc! 1h~_; 

\,vater suffi(:iently before i~ re-circu!;:;;h3s through 

the engine. Ths air temr_:ier2ture at the ;·2dt2tor 

in!et depends or; the ternpe;ature rise cf air 

f!owtng through ths r-Jom frorn the roon1 inlet 

ventilator. By dra\fl.ting 3ir into the room and 

expelling it outdoors through a discharge duct, 

the radiator fan helps to maintain room 
temperature in the desirable range. 

In providing ventilation, the objective is lo 
maintain the room air at a comfortable 
temperature that is cool enough for efficient 
operation and full available power, but it should 
not be so cold in winter that the room is 
uncomfortable or engine starting is difficult. 
Though providing adequate ventilation seldom 
poses serious problems, each installation should 
be analyzed by both the distributor and the 
customer to make sure the ventilation provisions 
are satisfactory 

5.1 Circulation 

Good ventilation requires adequate flow into and 
out of the room and free circulation within the 
room. Thus, the room should be of sufficient size 
to allow free circulation of air, so that 
temperatures are equalized and there are no 
pockets of stagnant air. See figure 5.1. The 
generating set should be located so that the 
engine intake draws air from the cooler part of 
the room. If there are two or more generating 
sets, avoid locating them so that air heated by 
the radiator of one set flows toward the engine 
intake or radiator fan of an adjacent set. See 
figure 5.2. 
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5.2 Ventilators 

To bring in fresh air, there should be an inlet 
ventilator opening to the outside or at least an 
opening to another part of the building through 
which the required amount of air can enter. In 
smaller rooms, ducting may be used to bring air to 
the room or directly to the engine's air intake. In 
addition, an exit ventilator opening should be 
located on the opposite outside wall to exhaust 
warm air. See Figure 5.3 

Both the inlet and exit ventilators should have 
Louvers for weather protection. These may be 
fixed but preferably should be movable in cold 
climates. For automatic starting generating sets, 
if the louvers are movable, they should be 
automatically operated and should be 
programmed upon starting the engine. 

5.3 lnletVentilatorSize 
Before calculating the inlet ventilator size, it is 
necessary to take into account the radiator cooling air 
flow requirements and the fan static pressure available 
when the generating set is operating at its rated load. In 
standard room installations, the radiated heat is already 
taken into account in the radiator air flow. 

For generator room installation with · remote 
radiators, the room cooling airflow is calculated 
using the total heat radiation to the ambient air of 
the engine and alternator and any part of the 
exhaust system. 

Engine and alternator cooling air requirements for 
generating sets when operating at rated power are 
shown on specification sheets. Exhaust system 
radiation depends on the length of pipe within the 
room, the type of insulation used and whether the 
silencer is located within the room or outside. It 
usual to insulate the exhaust piping and silencer 
so that heat radiation from this source may be 
neglected in calculating air flow required for room 
cooling. 

After determining the required air flow into the 
room, calculate the size of inlet ventilator opening 
to be installed in the outside wall. The inlet 
ventilator must be large enough so that the· 
negative flow restriction will not exceed a maximum 
of 10 mm (0.4 in) H20. Restriction values of air 
filters, screens and louvres should be obtained from 
manufacturers of these items. 

5.4 Exit Ventilator Size 
Where the engine and room are cooled by a set 
mounted radiator, the exit ventilator must be large 
enough to exhaust all of the air flowing through 
electric motor to discharge air vertically.the room, 
except the relatively small amount that enters the 
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engine intake. 

6. ENGINE EXHAUST 

Engine exhaust must be directed to the outside 
thrnugh a properly designed exhaust system that 
does not create excessive back pressure on the 
engine. A suitable exhaust silencer should be 
connected into the exhaust piping. Exhaust system 
components located within the engine room should 
be insulated to reduce heat radiation. The outer 
end of the pipe should be equipped with a rain cap 
or cut at 60° to the horizontal to prevent rain or 
snow from entering the exhaust system. If the 
building is equipped with a smoke detection system, 
the exhaust outlet should be positioned so it 
cannot off the smoke detection alarm. 

6.1 Exhaust Piping 

For both installation economy and operating 
efficiency, engine location should make the exhaust 
piping as short as possible with minimum bends 
and restrictions. Usually the exhaust pipe extends 
through an outside wall of the building and 
continues up the outside of the wall to the roof. 
There should be a sleeve in the wall opening to 
absorb vibration and an expansion joint in the pipe 
to compensate for length ways thermal expansion 
or contraction. See figure 6.1. 

It is not normally recommended that the engine 
exhaust share a flue with a furnace or other 
equipment since there is danger that back 
pressure caused by one will adversely affect 
operation of the others. Such multiple use of a flue 
should be attempted only if ii is not detrimental to 
performance of the engine or any other equipment 
sharing the common flue. 

The exhaust can be directed into a special stack 
that also serves as the outlet for radiator discharge 
air and may be sound-insulated. The radiator 
discharge air enters below the exhaust gas inlet so 
that the rising radiator air mixes with the exhaust 
gas. See figures 6.2 and 6.3. The silencer may be 
located within the stack or in the room with its tail 
pipe extending through the stack and then outward. 
Air guide vanes should be installed in the stack to 
turn radiator discharge air flow upward and to 
reduce radiator fan air flow restriction, or the sound 
insulation lining may have a curved contour to 
direct air flow upward. 
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For a generating set enclosed in a penthouse on 
the roof or in a separate outdoor enclosure or trailer, 
the exhaust and radiator discharges can flow 
together above the enclosure without a stack. 
Sometimes for this purpose the radiator is mounted 
horizontally and the fan is driven by an electric 
motor to discharge air vertically. 

6.2 Exhaust Pipe Flexible Section 

A flexible connection between the manifold and the 
exhaust piping system should be used to prevent 
transmitting engine vibration to the piping and the 
building, and to isolate the engine and piping from 
forces due to thermal expansion, motion or weight 
of piping. A well designed flex section will permit 
operation with ± 13 mm (0.5 in) permanent 
displacement in any direction of either end of the 
section without damage. Not only must the section 
have the flexibility to compensate for a nominal 
amount of permanent mismatch between piping and 
manifold, but it must also yield readily to 
intermittent motion of the Generating Set on its 
vibration isolators in response to load changes. 
The flexible connector should be specified with the 
Generating Set. 

6.3 Exhaust Pipe Insulation 

No exposed parts of the exhaust system should be 
near wood or other inflammable material. Exhaust 
piping inside the building (and the silencer if 
mounted inside) should be covered with suitable 
insulation materials to protect personnel and to 
reduce room temperature. A sufficient layer of 
suitable insulating material surrounding the piping 
and silencer and retained by a stainless steel or 
aluminum sheath may substantially reduce heat 
radiation to the room from the exhaust system. 

An additional benefit of the insulation is that it 
provides sound attenuation to reduce noise in the 
room. 

6.4 Minimizing Exhaust Flow Restriction 

Free flow of exhaust gases through the pipe is 
essential to mtn1m1ze exhaust backpressure. · 
Excessive exhaust backpressure seriously affects 
engine horsepower output, durability and fuel 
consumption. Restricting the discharge of gases 
from the cylinder causes poor combustion and 
higher operating temperatures. The major design 
factors that may cause high backpressure are: 

• Exhaust pipe diameter too small 
• Exhaust pipe too long 
• Too many sharp bends in exhaust system 
• Exhaust silencer restriction too high 
• At certain critical lengths, standing pressure 
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waves may cause high back pressure 

Excessive restriction in the exhaust system can be 
avoided by proper design and construction. To 
make sure you will avoid problems related to 
excessive restriction, ask the distributor to 
review your design. 

The effect of pipe diameter, length and the 
restriction of any bends in the system can be 
calculated to make sure your exhaust system is 
adequate without excessive back pressure. The 
longer the pipe, and the more bends it contains, the 
larger the diameter required avoiding excessive 
flow restriction and back pressure. The 
backpressure should be calculated during the 
installation stage to make certain it will be within 
the recommended limits for the engine. 

Measur-e the exhaust pipe length from your 
installation layout. See figure 6.4. Take exhaust 
flow data and backpressure limits from the 
generating set engine specification sheet. Allowing 
for restrictions of the exhaust_ silencer and any 
elbows in the pipe, calculate the minimum pipe 
diameter so that the total system restriction will not 
exceed the recommended exhaust backpressure 
limit. Allowance should be made for deterioration 
and scale accumulation that may increase 
restriction over a period of time. 

FlO 6,4 M£ASURlNG EXHAUST PIPE LENOTff ro DETERMINE EXHAUST BACK 1'RESSURI 

Elbow restriction is most conveniently handled by 
calculating an equivalent length of straight pipe for 
each elbow and adding it to the total length of pipe. 
For elbows and flexible sections, the equivalent 
length of straight pipe is calculated as follows: 
45° Elbow: 

Length(ft) = 0. 75 x Diameter (inches) 

90° Elbow: 
Length(ft) = 1.33 x Diameter (inches) 

Flexible Sections: 



p 

Vvhsre: 

70C C21T 

2000 earn 

= .00044 for engine combus'tiori airflovv ::;f 2000 to 

5,mo cam 

L = length of exhaust pipe in feet 

R "' exhaust density in pounds per cubic foot 

41.1 
R 

Exhausi temperature °F" + 460° F 

Q = exhaust gas flow in cubic feet per minute'' 
D = inside diamete1· of exhaust pipe in inches··' 

Available from engine specification sheet 

These formulae assume that the exhaust pipe is 

clean commercial steel or wrought iron. The 

backpressure is dependent on the surface finish of 

the piping and an increase in the pipe roughness 
will increase the backpressure. The constant 41.1 is 

based on the weight of combustion air and fuel 

burned at rated load and SAE conditions. See 

engine specification sheet for exhaust gas 
temperature and airflow. Conversion tables to other 

units are provided in Section 12. 

7. EXHAUST SILENCING 

Excessive noise is objectionable in most locations 

Since a large part of the generating set noise is 
produced in the engine's pulsating exhaust, this 

noise can be reduced io an acceptable level by 
using an exhaust silencer. The required degree of 

silencing depends on the location and may be 

regulated by law. For example, the noise of an 

engine is objectionable in a hospital area but 
generally is not as objectionable in an isolated 

pumping station. 

7 .1 Exhaust Silencer Selection 
The silencer reduces noise in the exhaust system 
by dissipating energy in chambers and baffle tubes 
and by eliminating wave reflection that causes 
resonance. The silencer is selected according to 
the degree of attenuation required by the site 
conditions and regulations. The size of silencer and 
exhaust piping should hold exhaust backpressure 
within limits recommended by the engine 
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Siie:•"1 ~·:er-2 21re r·at2d :-(! thei, 
silsni.::irJ~ by such t=:::rrns a~; "!o·\".i' d,eg:·ee; Gr 

nincL.1.stric:", )!'.T'•Jc:r:;:-ate'' c:- ';resldentiatp and -:Jegr(~t::" 
Qr "crit!c3i'' 

~ LO\A.1- Deg· er;: or L7dusthai 
njdstrial :areas ;-._,.f-J-;;;-·,e:-

requiret -- 2;._;c.h a.s ~:;2rr:_,-1€slderith1l cireas V'!h·-Sfe a 
rt,oe1eraie bGckground noise is ai'-."v'a.ys pr2;::2nt 

,. High-Degree Or Critical f)dsncing - Provides 
:-naxirnurn silencing for re.skJentoL hospital, 
schooi, hoiel, store, apartrnent bL;i!ding and o1:he1· 
areas vvhere background noise !ev·cl is lov~t ,3nci 
generating set noise must be kept !c a minirnt1n1. 

Silencers normally are available i.1 bvo 
configurations •· (a) end inlet, end outlet, or (b) side 
inlet, end outlet. Having the choice of these two 
configurations provides flexibility of installation, 
such as horizontal or vertical, above engine, on 
outside wall, etc. The side-inlet type permits 90° 
change of direction without using an elbow. 80H1 
silencer configurations should contain drain fittings 
in locations !hat assure draining the silencer in 
whatever ailitude ii is installed. 

The silencer may be located ciose lo the engine, 
with exhaust piping ieading from the silencer to the 
ouiside; or it may be iocated outdoors on !he 'N2ii or 
roof. Locating the silencer close to the engine 
affords best overall noise altenuaticn because of 
minimum piping to the silencer. Servicing and 
draining of the silencer is likely lo be more 
convenient with the silencer indoors. 

However, mounting the silencer outside has the 
advantage that the silencer need no! be insulated 
(ihough it should be surrounded by a protective 
screen). The job of insulating piping within the room 
is simpler when the silence1· is outside, and the 
insulation then can aid noise attenuation. 

Since silencers are large and heavy, consider their 
dimensions and weight when you are planning the 
exhaust system. The silencer musi be adequately 
supported so its weight is not applied lo the 
engine's exhaust manifold or turbocharger. The 
silencer must fit into the space available without 
requiring extra bends in the exhaust piping, which 
would cause high exhaust back pressure, A 
side-inlet silencer may be installed horizontally 
above the engine without requiring a great amount 
of headroom. 

Silencer or exhaust piping within reach of personnel 
should be protected by guards or insulation. Indoor, 
it is preferable to insulate the silencer and piping 
because the insulation not only protects personnel, 
but it reduces heat radiation to the room and further 
reduces exhaust system noise. Silencers mounted 
horizontally should be set at a slight angle away from 
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the engine outlet with a drain fitting at the lowest 
point to allow the disposal of any accumulated 
moisture. 

8. SOUND A TTENUA llON 

If noise level must be limited, it should be specified 
in terms of a sound pressure level at a given 
distance from the generator enclosure. Then the 
enclosure must be designed to attenuate the noise 
generated inside the enclosure to produce the 
required level outside. Don't attempt to make this 
noise level unnecessarily low, because the means 
of achieving it may be costly. 

Use of resilient mounts for the generating set plus 
normal techniques for controlling exhaust, intake 
and radiator fan noise should reduce generating set 
noise to an acceptable level for many installations. 
If the remaining noise level is still too high, acoustic 
treatment of either the room or the generating set is 
necessary. Sound barriers can be erected around 
the generating set, or the walls of the generator 
room can be sound insulated, or the generating set 
can be enclosed in a specially developed sound 
insulated enclosure. See figure 8.1. 

\..;14, ;i 
'.'·-.:.:.;.::;::;-;:_~ __ ..,__)? .. >•·-·-)~.:.:- ,', · .. ·~-·. -·. ·:..:.::,-·.~{ ___ ~ :..,..-+--:-.t 

In most cases it is necessary that the air intake and 
air discharge openings will have to be fitted with 
sound attenuators. If it is desired to protect 
operating personnel from direct exposure to 
generating set noise, the instruments and control 
station may be located in a separate 
sound-insulated control room. 

9. ENGINE COOLING 

Some diesel engines are air-cooled but the 
majority is cooled by circulating a liquid coolant 
through the oil cooler if one is fitted and through 
passages in the engine block and head. Hot 
coolant emerging from the engine is cooled and 
reticulated through the engine. Cooling devices are 
commonly coolant-to-air (radiator) or 
coolant-to-raw water (heat exchanger) types. 
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In the most common generating set installation, the 
engine coolant is cooled in a set-mounted radiator 
with air blown through the radiator core by an 
engine driven fan. Some installations use a 
remotely mounted radiator, cooled by an electric 
motor-driven fan. Where there is a continuously 
available supply of clean, cool raw water, a heat 
exchanger may be used instead of a radiator; the 
engine coolant circulates through the heat 
exchanger and is cooled by the raw water supply. 

An important advantage of a radiator cooling 
system is that it is self-contained. If a storm or 
accident disrupted the utility power source, it might 
also disrupt the water supply and disable any 
generating set whose supply of raw water 
depended upon a utility. 

Whether the radiator is mounted on the generating 
set or mounted remotely, accessibility for servicing 
the cooling system is important. For proper 
maintenance, the radiator fill cap, the cooling 
system drain cocks, and the fan belt tension 
adjustment must all be accessible to the operator. 

9.1 Set Mounted Radiator 

A set-mounted radiator is mounted on the 
generating set base in front of the engine. See 
figure 9.1. An ·engine-driven fan blows air through 
the radiator core, cooling the liquid engine coolant 
flowing through the radiator. 
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WATERTO--t 
RADIATOR ! 

SHUTOFF 
W,1.1/E 

HORIZONT/\1..LY l,tCJUN'!cO llNMTOR 

FlG '>-2 REMOTE RADIATOR COJ,.'NE-CTED DIRfCTL Y 
TO ENGINE COOLING SYSTEM 

FIG 9.4 TYPlCAL HEAT EXCHANGER £NSTAUA TlON 

Set mounted radiators are of two types. One type is 
used with the cooling fan mounted on the engine. The 
fan is belt-driven by the crankshaft pulley in a 
two-point drive. The fan support bracket, fan 
spindle and drive pulley are adjustable with respect 
to the crankshaft pulley in order to maintain proper 
belt tension. The fan blades project into the radiator 
shroud, which has sufficient tip clearance for belt 
tension adjustment. 

The other type of set mounted radiator consists of an 
assembly of radiator, fan, drive pulley' and 
adjustable idler pulley to maintain belt tension. Fan 
is mounted with its center fixed in a venture shroud 
with very close tip clearance for high- efficiency 
performance. The fan drive pulley, idler pulley and 
engine crankshaft pulley are precisely aligned and 
connected in a three-point drive by the belts. This 
second type of set-mounted radiator usually uses 
an airfoil-bladed fan with the close-fitting shroud. 

The proper radiator and fan combinations will be 
provided by and furnished with the generating 
set. Air requirements for cooling a particular 
generator are given in the specification sheet. The 
radiator cooling air must be relatively clean to avoid 
clogging the radiator core. Ad 

VERTICAUY MO\JNTED AAO!ATM 

l'MTERTO 
AAOli,TOR 
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ffG 9.3 REMOTE RADIATOR lSOI..AT£0 FROM 
ENGINE COOLING SYSTEM BY HEA r 
EXCHAN6ER 

oPTIONAI.R.<M 
WoJ...VE 

fl.NN~ptJMp 

FIG 9,S HEAT EXCHANGER. COOLING SYSTEM 

avoid clogging the radiator core. Adequate filtration 
of air flowing into the room should assure relatively 
clean air. However if the air at the site normally 
contains a high concentration of dirt, lint, sawdust, 
or other matter, the use of a remote radiator, 
located in a cleaner environment, may alleviate a 
core-clogging problem. 

It is recommended that a set-mounted radiator's 
Discharge air should flow directly outdoors through 
a duct that connects the radiator to an opening in 
an outside wall. The engine should be located as 
close to the outside wall as possible to keep the 
ducting short. If the ducting is too long, it may be 
more economical to use a remote radiator. The 
airflow restriction of the discharge and the inlets 
duct should not exceed the allowable fan static 
pressure. 
When the set-mounted radiator is to be connected to 
a discharge duct, a duct adapter should be specified 
for the radiator. A length of flexible duct material 
(rubber or suitable fabric) between the radiator and 
the fixed discharge duct is required to isolate 
vibration and provide freedom of motion between the 
generating set and the fixed duct. 

9.2 Remote Radiator 
A remote radiator with electric motor-driven can be 
installed in any convenient location away from the 
generating set. See figure 9.2. 



/J... ~vei:-desi9ned remote radi2toi- has many useh.r 
features and ad:/antages that provide greatei'" 
fleyibility of gene,raVng set i:·1stallaticns in buildings. 

(v'1ore efficient ver-;ture s,hroud and f2n provide a 
substantial reduct!or1 in horsepO'.Nef required for 
engine cooling. The fan rllsy be driven b:/ a 
thern1ostztical!y conirol!ed n--:otor 1 vvhich 'NiH onty 
dra\11! pov.J8r fron1 'lfle generatin~1 set vv·he~: requirec'. 
to coo! the engine. /-\ rernote rad!slo.r r;an be !ocat.sd 
outdoors vvhere there !2 less air fiovv restrlction ancl 
air is usually cooler than c~:igit-:e roon7 eir 1 resulting 
in lllgr.er efficiency and srnaller sizf:? r2diator; and 
far: noise is removed from the bLi!ding. 

Rernote radiato:s must be cor:nected to the 
engine cooling system by coolant piping, 
including flexible sections between engines and 
piping. 

9.3 Remote Radiator/He2t 
Exchanger System 

Another type of remote radiator system employs a 
heat exchanger at the engine. See figure 9.3 and 
9.4. In this application, the heat exchanger 
functions as an intermediate heat exchanger to 
isolate the engine coolant system from the high 
static head of the remote radiator coolant The 
engine pump circulates engine coolant through the 
engine and the element of the heat exchanger. 

A separate pump circulates radiator coolant 
between the remote radiator and the heat 
exchanger tank. 

Heat exchangers also are used for cooling the 
engine without a radiator, as described in the 
Following section. 

9.4 Heat Exchanger Cooling 

A heat exchanger may be used where there is a 
continuously available supply of clean, cool raw 
water. Areas where excessive foreign material in 
the air might cause constant radiator clogging -
such as in sawmill installations - may be logical 
sites for heat exchanger cooling. A heat exchanger 
cools the engine by transferring engine coolant 
heat through passages in the elements to cool raw 
water. Engine coolant and raw cooling water flows 

are separated completely in closed systems, each 
with its own pumps, and never intennix. 

9.5 Antifreeze Protection 

If the engine is to be exposed to low temperatures, the 

cooling water in the engine must be protected from 

freezing. In radiator-cooled installations, antifreeze 

may be added to the water to prevent freezing. 

Ethylene glycol permanent antifreeze is 

recommended for diesel engines. It includes its 

own corrosion inhibitor, which eventually may have 

to be replenished. Only a non-chromate inhibitor 

should be used with ethylene glycol. 
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Si.6 1Nater Conditloning 

Soft water should always be used in the engine 
whether cooling is by radiator or by heat exchanger. 

Adding a commercial softener is the easiest and 

most economical method of water softening. Your 

Distributor can recommend suitable softeners. 

Manufacturers instructions should be carefully 

followed. 

H.l. FUEL SUPPLY 

A dependable fuel supply system must assure 

instant availability of fuel to facilitate starting and to 

keep the engine operating. This requires, at a 

minimum, a small day tank (usually incorporated 

into the generating set base frame - called a base 

tank) located close to the set. With generally only a 

capacity of 8 hours operation, this day tank is often 

backed up by an auxiliary remote fuel system 
including a bulk storage tank and the associated 

pumps and plumbing. Extended capacity base tanks 

are also generally available for longer operation 

prior to refueling. Especially for standby generating 
sets it not advisable to depend on regular delivery of 

fuel. The emergency that requires use of the 

standby set may also interrupt the delivery of fuel. 

10.1 Fuel Tank Location 

The day tank should be located as close to the 
generating set as possible. Normally it is safe to 

store diesel fuel in the same room with the 

generating set because there is less danger of fire 

or fumes with diesel than with petrol (gasoline). 

Thus if building codes and fire regulations permit, 

the day tank should be located in the base of the 

generating set, along side the set, or in an adjacent 

room. 

Where a remote fuel system is to be installed with a 

bulk storage tank, the bulk tank may be located 

outside the building where it will be convenient for 

refilling, cleaning and inspection. It should not, 

however, be exposed to freezing weather because 
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fuel flow will be restricted as viscosity increases 
with cold temperature. The tank may be located 
either above or below ground level. 

10.2 Remote Fuel Systems 

Which is higher than the base tank, remote fuel systems are 
recommended by the manufacturer: 

Fuel System1: Installations where the bulk fuel tank is 
lower than the day tank. 

Fuel System 2: Installations where the fuel tank is 
higher than the day tank. 

Fuel System 3: Installations where the generating set 
is fed directly from a high-level bulk tank. 

Fuel System 4: Installations where fuel must be 
pumped from a freestanding bulk fuel tank to the 
day tank. 
Fuel System 5: Installation where a separate day tank 
is fed via a pumped system from a bulk fuel 
tank. 

Fuel System 1: The bulk fuel tank is lower than the 
day tank. The fuel must be pumped up from the 
bulk tank to the day tank, which is integrated into 
the base frame. See figure 10.1. 

The key components are the bulk fuel tank (item 1) 
which is lower than the base tank, remote fuel 
system controls (item 2) located in the generating 
set control panel, an AC powered electric fuel pump 
(item 3), fuel level switches in the base tank (item 
4), an extended vent on the base tank (item5), the 
fuel supply line (item 6), the fuel return line (item 7), 
and a fuel strainer (item 8) on the inlet side of the 
pump. 

When set to automatic, the system operates as 
follows: the fuel level sensor senses Low fuel level in 
the base tank. The pump begins to pump fuel from 
the bulk tank to the base tank through the fuel supply 
line. To help ensure that clean fuel reaches the 
engine, fuel from the bulk tank is strained just prior 
to the electric fuel pump. When the base tank is full, 
as sensed by the fuel level sensor, the pump stops. 
If there should be any overflow of fuel in the base 
tank, the excess will drain back into the bulk tank via 
tile return line. 
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With this system, the base tank must include the 
overflow (via the return line), a 1 .4 metro extended 
vent to prevent overflow through the vent, sealed 
fuel level gauges on the base tank and no manual 
fill facility All other connections on top of the tank 
must be sealed to prevent leakage. Fuel System 1 
is not compatible with the polyethylene fuel tanks 
standard on smaller generating sets. The 
optional metal tank is required. A 2001 Series 
control system (or above) is required. 

The position of the bulk fuel tank should take into 
account that the maximum suction lift of the fuel 
transfer pump is approximately 3 meters and that 
the maximum restriction caused by the friction 
losses in the return fuel line should not exceed 
2psi. 

Fuel System 2: The bulk tank is located higher 
Than the base tank. With this system the fuel is 
Gravity fed from the bulk tank to the base tank. 
Figure 10.2. 

The key components are the bulk fuel tank (item 1), system 
controls (item 2) located in the generating set 
control panel, a DC motorized fuel valve (item3), 
fuel level switches in the base tank (item 4), an 
extended vent/return line (continuous rise) on the 
base tank (item 5), the fuel supply line (item 6), a 
fuel strainer (item 7) and an isolating valve at the 
bulk tank (item 8). 
When set to automatic, the system operates as 
follows: the fuel level sensor senses low fuel level in 
the base tank. The DC motorized valve is opened 
and fuel is allowed to flow from the high 
Level bulk tank to the base tank by the force of 
Gravity. To help ensure that clean fuel reaches the 
Engine, fuel from the bulk tank is strained just prior 
to the motorized valve. When the base tank is full, 
as sensed by the fuel level sensor, the motorized 
valve is closed. Any overflow into the base tank or 
overpressure in the base tank will flow back to the 
bulk tank via the extended vent. 

With this system, the base tank must include an 
overflow via the return line, sealed fuel level 
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gauges and no manual fill facility. All other 
connections on top of the tank must be sealed to 
prevent leakage. Fuel System 2 is not compatible 
with the polyethylene fuel tanks standard on 
smaller generating sets. The optional metal tank 
is required. A 2001 Series control system (or above) 
is required. 

Distance 'A' in Figure 10.2 is limited to 1400mm for 
all generating sets with metal base tanks. 

Fuel System 3: It is possible to have the engine base 
frame (see Figure 10.3). 

The key components are the high-level bulk fuel 
tank (item 1), the fuel supply line (item 2), a fuel 
return line (item 3) and an isolating valve at the 
bulk tank (item 4). 

The system bperates as follows: With the isolating 
valve open, fuel is gravity fed to the engine. Any 
overflow is passed back to the bulk tank via the 
return line. 
Distance 'A' in Figure 10.3 is limited to: 

Output range 

30KVA-250KVA 
275KVA-750KVA 
1550KVA-2200 KVA 

Height 

3300mm 
6000mm 
2500mm 

Note: These are maximum heights. These heights 
may need to be reduced depending on further 
restriction caused by pipeline ;Sizes, length a~ 
obstruction in the return line. 

rjljl';li&: \.,->n: ; t•'.·1•,,i t,·;(j-,. t ,·, . .!. ~.-!'.:'1+1:"''• 4 
Fuel System 4':'Sdme ihstallatibhs may require a 
system-Wnereffuel is pumped from a freestanding 
bulk tank (see Figure 10.4). This pumped system 
would only be used if gravity feed were not possible 
from the bulk tank to the base tank. 
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The key components are the above ground bulk 
fuel tank (item 1), remote fuel system controls (item 
2) located in the generating set control panel, an 
AC Fuel Pump (item 3), a DC motorized fuel valve 
(item 4), fuel level switches in the base tank (item 
q), the fuel supply line (item 6), an extended 
vent/return line (continuous rise) on the base tank 
(item 7), a fuel strainer (item 8) and an isolating 
valve at the bulk tank, (item 9). 

When set to automatic, the system operates as 
follows: the fuel level sensor senses low fuel level 
in the base tank. The DC motorized valve is opened 
and the pump begins to pump fuel from the bulk 
tank to the base tank through the supply line. To 
help ensure that clean fuel reaches the engine, fuel 
from the bulk tank is strained just prior to the 
motorized valve. When the base tank is full, as 
sensed by the fuel level sensor, the pump stops 
and the motorized valve is closed. Any overflow 
into the base tank or overpressure in the base tank 
will flow back to the bulk tank via the extended vent. 

With this system, the base tank must include an 
overflow via the return line, sealed fuel level 
gauges and no manual fill facility. All other 
connections on top of the tank must be sealed to 
prevent leakage. Fuel System 4 is not compatible 
with the polyethylene fuel tanks standard on smaller 
generating sets. The optional metal tank is 
required. 

Distance 'A' on Figure 10.4 is limited to 1400mm 
For all generating sets with metal base tanks. Note 
that the maximum restriction caused by friction 
losses and height of the return line should not 
exceed 2 psi. 

Fuel System 5: In some installations it is 
necessary to use a separate day tank supplied via 
a pumped system from a bulk tank (see Figurie 

l 
10.5). ' 

The key components are the bulk fuel tank (item 1), 
the day tank (item 2), remote fuel system controls 
(item 3) located in a separate custom built panel, an 
AC Fuel Pump (item 4), a DC motorized fuel valve 
(item 5), fuel level switches in the day tank (item 6), 
the fuel supply line to the day tank (item 7), the fuel 
supply line to the engine (item 8), a fuel return line 



(continuou.s ri02) ct· the 

isolation valve en i:he day tank ~ite1T1 ·1 ) a fue! 

stra!qs; (item. ~ 2) and 2r. iso!gt:ng vah.r~? :a.t the bu!k 

tank (itern ·:3). 
\:Vhen set to a0tornatc, the systern operates as 
Fonov1s: the fuel level sensor senses lov\' fuel teve: 

in the day t2nk. The DC rn:rior!zed \1a'.lle ;s opened 

and the pump begins to pLiff!P -fuel frcrn the bulk 

tank to the day tank throu9h the s:..:pply Hne, To hel.:. 

ensure that c!e2n fuei re2ches the engine, fuel :'rorn 

the bulk tank is strained just prior tc the rnotot-ized 

valve. V\Jhen the day tank is fu!i, as sensed by th,s 
fuel le\tei sensor, the purnp stops and the motorized 
valve is closed .. Any overflcnN into the day tank_ oi 
overpressure in the day tank wi!i flow back to the 
bulk tank via the extended vent. VVith the day tank 

isolating valve open, while ihe engine is operating 
fuel flows from the day tank to the engine and any 
overflow is returned to the day tank. 
The day tank should be designed to take into 
account the head 'A' of the bulk tank and ihe 
friction losses in the overflow line. Normally ihe 
tank design head is approximately 3 meters 
although this will vary with each layout. The day 
tank should be designed generally in accordance 
with BS799 Part 5 to take account of the design 
head. Distance 'A' in Figure 10.5 is limited to: 

Output range 

30KVA-250KVA 
275KVA-750KVA 
1550KVA-2200 KVA 

Height 

3300mm 
6000mm 
2500mm 

In the event that the bulk tank overfills the day tank, 
engines with unit injector systems may experience 
leakage into the cylinders. It is essential that before 
restarting the engine this fuel be removed from the 
cylinders. 

10.3 Tank Construction 

Fuel tanks are usually made of welded sheet steel 
reinforced plastic. If an old fuel tank is used, be 
sure it is made of a proper material. It should be 
cleaned thoroughly to remove all rust, scale and 
foreign deposits. 

Connections for fuel suction and return lines must 
be separated as much as possible to prevent 
re-circulation of hot fuel and to allow separation of 
any gases entrained in the fuel. Fuel suction lines 
should extend below the minimum fuel level in the 
tank. Where practical, a low point in the tank should 
be equipped with a drain valve or plug, in an 
accessible location, to allow periodic removal of 
water condensation and sediment. Or a hose may 
be inserted through the tank's filter neck when 
necessary to suck out water and sediment, 
The filler neck of the bulk fuel tank should be located in 
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The fuel lines can be of any fuel cornp2tibfe 
material such as steel pipe or flexible hoses that 
will tolerate environmental conditions. 

Fuel delivery and return lines should be at least as 
large as the filling sizes on the engine, and 
overflow piping should be one size larger. For 
longer runs of piping or low ambient temperatures 
the size of these lines should be increased to 
ensure adequate flow. Flexible piping should be 
used to connect to the engine to avoid damage or 
leaks caused by engine vibration. 

The fuel delivery line should pick up fuei from a 
point no lower than 50 mm (2") from ihe bottom of 
tank at the high end, away from the drain plug. 

10.5 Day Tank Capacity 

The capacity of the day tank is based on the fuel 
consumption and the expected number of hours of 
operation that is requested between refills. 
Particularly with standby generators, the availability 
of fuel delivery service will determine the number of 
operating hours that must be provided for. Don't 
depend on quick service the very day your set 
starts to operate. A power outage may hamper your 
supplier's operation also. 

In addition, the size of the day tank should be large 
enough to keep fuel temperatures down, since 
some engines return hot fuel used to cool the 
injectors. This is especially critical on larger 
generating sets, models KM825E - KM2250E where 
the returning hot fuel can raise the temperature 
sufficiently to detrimentally impact the operation of 
the engine if the fuel capacity is not large enough to 
absorb the heat. For these generating sets, the day 
tank should have the following capacity to absorb 
excess heat in addition to the fuel required for 
operation: 

Output range Extra Capacity 

With Fuel I Without Fuel 
Coolers Coolers 
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750KVA-1055 KVA 1500 Liters 

1160KVA-1500 KVA 2250 Liters 

1550KVA-2200 KVA 3000 Liters 

11. SELECTING FUEL FOR 
STANDBY DEPENDABILITY 

3000Litres 

4500Litres 

6000Litres 

The types of fuels available for diesel engines vary from 
highly volatile jet fuels and kerosene to the heavier fuel 
oils. Most diesel engines are capable of burning a wide 
range of fuels within these extremes. The following 
information will assist you in selecting the type of fuel 
that will afford the best overall performance and 
reliability of your Generating Set. 

11.1 Types Of Fuel Oil 

The quality of fuel oil can be a dominant factor in 
satisfactory engine life and performance. A large variety 
of fuel oils are marketed for diesel engine use. Their 
properties depend upon the refining practices employed 
and the nature of the crude oils from which they are 
produced. For example, fuel oils may be produced 
within the boiling range of 148 to 371°C (300 to 700°F), 
having many possible combinations of other properties. 

The additional contaminants present in low-grade 
fuels may result in darker exhaust and more 
pronounced odor. This may be objectionable in 
hospitals, offices commercial and urban locations 
Thus, location, application and environmental 
conditions should be considered when selecting 
fuel. 

The Generating Set owner may elect to use a 
low-grade fuel because high-grade fuels are not 
readily available in his area or because he can 
realize a net saving with low-grade fuels despite 
higher engine maintenance costs. In that case, 
frequent examination of lubrication oil should be 
made to determine sludge formation and the extent 
of lube oil contamination. 

Aside from the various grades of fuel oil commonly 
used in diesel engines, aircraft jet fuels also are 
sometimes used, especially in circumstances 
where the jet fuels are more readily available than 
conventional fuels. Jet fuels are lower iri B.T.U. 
content and lubrication quality than conventional 
fuels. As a result, some diesel fuel systems must 
undergo major modifications to accommodate this 
type of fuel. For use of jet fuel please consult 
Reliable operation of diesel engines may vary from 
one fuel to another, depending on many factors, 
including fuel characteristics and engine operating 
conditions. 
The fuels commonly known as high-grade fuels 
seldom contribute to the formation of harmful 
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Engine deposits and corrosion. On the other hand 
while refining improves the fuel, it also lowers th 
B.T.U. or heat value of the fuel. As a result, th 

e 

e 
hi her- rade fuels develo sli htl less ower tha g g pgy p n 
the same quantity of low-grade fuel. This is usually 
more than offset by the advantages of high-grade 
fuels such as quicker starts and less frequent 
overhauls. Before using low-grade fuels, therefore, 
some understanding of the problems and extra 
costs that may be encountered is necessary. 

Fuels with high sculpture content cause corrosion 
wear and deposits in the engine. Fuels that are not 
volatile enough or don't ignite rapidly may leave 
harmful deposits in the engine and may cause poor 
starting or running under adverse operating 
conditions. The use of low-grade fuels may require 
the use of high priced, higher detergent lubricating 
oils and more frequent oil changes. 

11.2 Fuel Selection Guide 

Specify fuel properties according to the following 
chart. 

Final Cetane Sculpture 

Boiling Number Number 

Point (Min) (Max) 

Winter 290°c (550°F) 45 0.5% 

Summer 315 °C (600°F) 40 0.5 % 

Selecting a fuel that keeps within these 
specifications will tend to reduce the possibility of 
harmful deposits and corrosion in the engine, both 
of which could result in more frequent overhauls 
and greater maintenance expense. Specify exact 
fuel properties to your local fuel supplier. 

11.3 Maintaining Fresh Fuel 
Most fuels deteriorate if they stand unused for a 
period of many months. With standby generators it is 
preferable to store only enough fuel to support a few 
days or even only eight hours of continuous running 
of the Generating Set so that normal engine testing 
will mm over a tank full within a year and a half. 

Other solutions are to add inhibitors to the fuel or to 
obtain greater turnover by using the fuel for other 
_purposes. A gum inhibitor added to diesel fuel will 
keep it in good condition up to two years. 

If the building furnace has an oil burner, it 
possible to bum diesel fuel in the furnace, 
connecting both the engine and the furnace to the 
same tank. In this way, a large supply of diesel fuel 
is available for emergency use by the Generating 
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SE~C and the fuel suppl/ is continuously turned over 
since lt !s being burned in the furnace. Th1..:s, there 

is no long-terrn storage prob!e111. 

ln some areas 1 v1,1hsre natura! gas is che8P 1 ric"lturci! 

gas spark ignttion engines are used in Generating 
Sets 'that are intended for continuous servk~e" For 

The natural ges suppiy and 1·egu!ation system E,dds 
substc1.ntiaily to the complexity of the insiaiia!km, and 
!here is little to be gained in terms of fuel cost over a 
period of iime. More important, makes the 
emergency power less dependable. Not only is such 
an engine less dependable than a diesel, bui often 
the same storm or accident that disrupts the normal 

eleciric power also cuts off gas service. Thus, a 

natural gas engine would be disabled at the very 
time it is needed. By contrast, a diesel engine, with 

its fuel in a nearby tank, is a self-contained system 

that does not depend on outside services. It is more 

dependable and affords greater standby protection 

than systems, which depend on a public utility for 

fuel. 

18 



GENSET INSTALLATION MANUAL 
12. TABLES AND FORMULAS FOR ENGINEERING STANDBY GENERA TING SETS 

Table 1. Length Equivalents 

Unit Microns Meters Kilometers Inches Feet Yards Miles 

1 Micron 1 0.000001 --- 0.00003937 --- --- ---

1 Meter 1,000,000 1 --- 39.37 3.281 1.0936 ---

1Kilometre --- 1000 1 39,370 3281 1093.6 0.621 

1 Inch 25,400 0.0254 1 0.0833 0.0278 ---
1 Foot --- 0.3048 --- 12 1 0.3333 ---

1 Yard --- 0.9144 --- 36 3 1 ---

1 Mile --- 1609 1.609 63,360 5280 1760 k 1 

One unit in the left-hand column equals the value of units under the top heading 

Table 2. Area Equivalents 

Unit ln2 Ft: Acre Mile: M2 Hectare Km2: 

1 ln2 1 0.006944 -- --- 0.00064516 --- ---
1 Ft2 144 1 u --- 0.0929 --- --

1 Acre2 --- 43,560 1 0.0015625 4,047 0.4047 0.004047 

1 Mile2 --- 27,878,400 640 1 2,589,998 258.99 2.5899 

1 M 2 1550 10.764 --- --- 1 --- ---
1 Hectare --- 107,639 2.471 0.003861 10,000 1 0.01 

1 Km 2 --- 10,763,867 247.1 0.3861 1,000,000 100 1 

One unit in the left-hand column equals the value of units under the top heading 

Table 3. Mass Equivalents 

Tons 
Unit Ounces Pounds Kilograms 

Short Long Metric 

1 Ounce 1 0.0625 0.02835 --- --- ---
1 Pound 16 1 0.4536 --- --- ---

1 Kilogram 35.27 2.205 1 --- --- ---
1 Short Ton 32000 2000 907.2 1 0.8929 0.9072 

1 Long Ton 35840 2240 1016 1.12 1 1.016 

1 Metric Ton 35274 2205 1000 1.102 0.9842 1 

One unit in the left-hand column equals the value of units under the top heading. 
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Table 4. Volume and Capacity Equivalents 

Unit lnches3 Feet3 Yards3 Meters3 
US Liquid Imperial 

Liters 
Gallons Gallons 

1 lnch3 1 0.000579 0.0000214 0.0000164 0.004329 0.00359 0.0164 

1 Ft. 3 1728 1 0.03704 0.0283 7.481 6.23 28.32 

1 Yd. 3 46656 27 1 0.765 202 168.35 764.6 

1 M3 61023 35.31 1.308 1 264.2 220.2 1000 

1 U.S.Liq.Gal 231 0.1337 0.00495 0.003785 1 0.833 3.785 

1 Imp. Gal. 277.42 0.16 0.00594 0.004546 1.2 1 4.546 

1 Litre 61.02 0.03531 0.001308 0.001 0.2642 0.22 1 

One unit in the left-hand column equals the value of units under the top heading 

Table 5. Conversion for Units of Speed 

Unit FeeUSecond FeeUMin Miles/Hr Meters/Sec Meters/Min Km/Hr 

1 FooUSec 1 60.0 0.6818 0.3048 18.288 ---
1 FooUMin 0.0167 1 0.1136 0.00508 --- ---

1 Mile/Hr 1.467 88 1 --- 26.822 1.6093 

1 Meter/Sec 3.281 196.848 --- 1 --- ---

1 Meter/Min 0.05468 --- 0.03728 --- 1 --
1 Km/Hr --- --- 0.6214 0.2778 --- 1 

One unit in the left-hand column equals the value of units under the top heading. 

Table 6. Conversions For Units Of Power 

Metric 
Unit Horsepower Foot-lb/Minute Kilowatts Btu/Minute 

Horsepower 

1 Horsepower 1 33,000 0.746 1.014 

1 Foot-lb/Minute --- 1 --- ---

1 Kilowatt 1.341 44,260 1 1.360 

1 Metric Horse0ower 0.986 32,544 0.736 1 

1 Btu. /Minute 0.0236 777.6 0.0176 0.0239 

One unit in the left-hand column equals the value of units under the top heading. 
Mechanical power and ratings of motors and engines are expressed in horsepower 
Electrical power is expressed in watts or kilowatts. 
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Table 7. Conversions for Measurements of Water 

Gal Gal Head Head 
Gay. 

Unit Feet3 Pounds Liters Lb/in2 Ton/Ft2 Ft3/Min (U.S)/ 
(U.S) (IMP) (Ft) (m) 

Hr 

Feet3 1 62.42 --- --- --- --- --- --- --- --- ---

Pounds 0.016 1 0.12 0.10 0.4536 --- --- --- --- --- ---

Gal (U.S) --- 8.34 1 --- --- --- --- --- ---

Gal (IMP) --- 10.0 --- 1 --- --- --- --- ---

Liters --- 2.2046 --- --- 1 --- --- ---

Head (Ft) --- --- --- --- --- 1 4.335 ---
0.703 

Lb/in2 --- --- --- --- --- 2.3070 1 0.02784 
9 

Ton/Ft2 --- --- --- --- --- 35.92 --- 1 ---

Head 
--- --- --- --- --- --- 1.4221 --- 1 

(Meters) 

Ft3/Min --- --- --- --- --- --- --- --- --- 1 448.92 

Gal. 
--- --- --- --- --- --- --- --- --- 0.00223 1 

(U.S)/Hr 

Table 8. Barometric Pressures and Boiling Points of Water as Various altitudes 

I I Barometric Pressure I Water Boiling Point I 
(Ft) Inches of Mercury Lb/in2 Feet Water OF oc 

Sea Level 29.92 14.69 33.95 212.0 100 

1000 28.86 14.16 32.60 210.1 99 

2000 27.82 13.66 31.42 208.3 98 

3000 26.81 13.16 30.28 206.5 97 

4000 25.84 12.68 29.20 204.6 95.9 

5000 24.89 12.22 28.10 202.8 94.9 

6000 23.98 11.77 27.08 201.0 94.1 

7000 23.09 11.33 26.08 199.3 93 

8000 22.22 10.91 25.10 197.4 91.9 

9000 21.38 10.50 24.15 195.7 91 

10,000 20.58 10.10 23.25 194.0 90 

11,000 19.75 9.71 22.30 192.0 88.9 

12;000 19.03 9.34 21.48 190.5 88 

13,000 18.29 8.97 20.65 188.8 87.1 

14,000 17.57 8.62 19.84 187.1 86.2 

15,000 16.88 8.28 18.07 185.4 85.2 

One unit in the left-hand column equals the value of units under the top heading 
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Table 9. Conversions of Units of Flow 

u.s Million U.S 
Unit Feet3 /Second Meters3/Hour Liters/Second 

Gallons/Minute Gallons/Day 

1 U.S 
1 0.001440 0.00223 0.2271 0.0630 

Gallon/Minute 

1 Million U.S 
694.4 1 1.547 157.73 43.8 

Gallons/Day 

1 Foot3/Second 448.86 0.646 1 101.9 28.32 

1 Meter3/Hour 4.403 0.00634 0.00981 1 0.2778 

1 Liter/Second 15.85 0.0228 0.0353. 3.60 1 

One unit in the left-hand column equals the value of units under the top heading 

Table 10. Conversions of Units of Pressure and Head 

Unit Mm Hg In. Hg In H2O Ft H20 Lb/in2 Kg/cm2 Atoms KPa 

1 mmHg 1 0.0394 0.5352 0.0447 0.01934 0.00136 0.0013 

1 inch 25.4 L 13.5951 1.1330 0.49115 0.03453 0.0334 3.386 

I in H2O 1.86827 0.0736 1 0.0833 0.03613 0.00254 0.0025 0.249 

1 ft H2O 22.4192 0 .8827 12 1 0.43352 0.030479 0.0295 2.989 

1 lb/in2 51.7149 2.0360 27.6807 2.3067 1 0.0703 0.0681 6.895 

1 kg/cm2 735.559 28.959 393.7117 32.8093 14.2233 1 0.9678 98.07 

Atoms. 760.456 29.92 406.5 33.898 14.70 1.033 1 101.3 

KPa 7.50064 0.2953 4.0146 0.3346 0.14504 0.0102 0.0099 1 

One unit in the left hand column equals the value of units under the top heading 

Table 11. Approximate weights of Liquids 

Pounds per U.S Gallon Specific Gravity 

Diesel Fuel 6.88 - 7.46 0.825- 0.895 

Ethylene Glycol 9.3 - 9.6 1.12- 1.15 

Furnace Oil 6.7-7.9 0.80 - 0.95 

Gasoline 5.6 - 6.3 0.67 - 0.75 

Kerosene 6.25-7.1 0.75 - 85 

Lube. Oil (Medium) 7.5 - 7.7 0.90 - 0.92 

Water 8.34 1.00 
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Table 12. Electrical formulae 

Desired Data 

Kilowatts (kW) 

Kilovolt-

Amperes kVA 

Electric Motor 

Horsepower 

Output (HP) 

Amperes (I) 

When 

Horsepower is 

known 

Amperes (I) 

When Kilowatts 

are known 

Amperes (I) 

When kVA is 

known 

\/\/here: 
V =Volts 

=Amperes 

Single Phase 

IX V X PF 

1000 

I xV 

1000 

I X V X Eff, X PF 

746 

HP x 746 

V x Eff. X PF 

KWx 1000 

Vx PF 

kVA x 1000 

V 

Eff = Percentage Efficiency 

PF = Power Factor = 
Watts 
IX V 

Three-Phase 

✓3 x Ix V x PF 

1000 

✓3 xVxE 

1000 

✓3 x Ix V x Eff.x PF 

746 

HP x 746 

✓3 x V x Eff.x PF 

kWx 1000 

✓3 x V x PF 

kVA x 1000 

✓3 xv 

23 

Direct Current 

lxV 

1000 

IX V X Eff. 

746 

HP x 746 

Vx Eff 

kWx 1000 

V 
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kVA kW 208V 220V 

6.3 5 17.5 16.5 

9.4 7.5 26.1 24.7 

12.5 10 34.7 33 

18.7 15 52 49.5 

25 20 69.5 66 

31.3 25 87 82.5 

37.5 30 104 99 

50 40 139 132 

62.5 50 173 165 

75 60 208 198 

93.8 75 261 247 

100 80 278 264 

125 100 347 330 

156 125 433 413 

187 150 520 495 

219 175 608 577 

250 200 694 660 

312 250 866 825 

375 300 1040 990 

438 350 1220 1155 

500 400 1390 1320 

625 500 1735 1650 

750 600 2080 1980 

875 700 2430 2310 

1000 800 2780 2640 

1125 900 3120 2970 

1250 1000 3470 3300 

1563 1250 4350 4130 

1875 1500 5205 4950 

2188 1750 

2500 2000 

2812 2250 

3125 2500 

3750 3000 

4375 3500 

5000 4000 

TABLE 13. kVNkW AMPERAGEATVARIOUSVOLTAGES 

(0.8 Power Factor) 

240V 380V 400V 440V 460V 480V 600V 

15.2 9.6 9.1 8.3 8.1 7.6 6.1 

22.6 14.3 13.6 12.3 12 11.3 9.1 

30.1 19.2 18.2 16.6 16.2 15.1 12 

45 28.8 27.3 24.9 24.4 22.5 18 

60.2 38.4 36.4 33.2 32.4 30.1 24 

75.5 48 45.5 41.5 40.5 37.8 30 

90.3 57.6 54.6 49.8 48.7 45.2 36 

120 77 73 66.5 65 60 48 

152 96 91 83 81 76 61 

181 115 109 99.6 97.5 91 72 

226 143 136 123 120 113 90 

240 154 146 133 130 120 96 

301 192 182 166 162 150 120 

375 240 228 208 204 188 150 

450 288 273 249 244 225 180 

527 335 318 289 283 264 211 

601 384 364 332 324 301 241 

751 480 455 415 405 376 300 

903 576 546 498 487 451 361 

1053 672 637 581 568 527 422 

1203 770 730 665 650 602 481 

1504 960 910 830 810 752 602 

1803 !150 1090 996 975 902 721 

2104 1344 1274 1162 1136 1052 842 

2405 1540 1460 1330 1300 1203 962 

2709 1730 1640 1495 1460 1354 1082 

3009 ! 920 1820 1660 1620 1504 1202 

3765 2400 2280 2080 2040 1885 1503 

4520 2880 2730 2490 2440 2260 1805 

5280 3350 3180 2890 2830 2640 2106 

6020 3840 3640 3320 3240 3015 2405 

6780 4320 4095 3735 3645 3400 2710 

7520 4800 4560 4160 4080 3765 3005 

9040 5760 5460 4980 4880 4525 3610 

10550 6700 6360 5780 5660 5285 4220 

12040 7680 7280 6640 6480 6035 4810 

24 

2400V 3300V 4160V 

6 4.4 3.5 

7.5 5.5 4.4 

9.1 6.6 5.2 

12.1 8.8 7 

15.1 10.9 8.7 

18.1 13.1 10.5 

22.6 16.4 13 

24.1 17.6 13.9 

30 21.8 17.5 

38 27.3 22 

45 33 26 

53 38 31 

60 44 35 

75 55 43 

90 66 52 

105 77 61 

120 88 69 

150 109 87 

180 131 104 

210 153 121 

241 176 139 

271 197 156 

301 218 174 

376 273 218 

452 327 261 

528 380 304 

602 436 348 

678 491 392 

752 546 435 

904 654 522 

1055 760 610 

1204 872 695 
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13. GLOSSARY OF TERMS 

ALTERNATING CURRENT (AC) - A current which periodically reverses in direction and changes its 
magnitude as it flows through a conductor or electrical circuit. The magnitude of an alternating current 
rise from zero to maximum value in one direction, returns to zero, and then follows the same variation 
in the opposite direction. One complete alternation is .one cycle or 360 electrical degrees. In the case 
of 50 eye alternating current the cycle is completed 50 times per second. 

AMBIENT TEMPERATURE - The air .temperature of the surroundings in which the operates. This may be 
expressed in degrees Celsius or Fahrenheit. 

AMPERE(A)-The unit of measurement of electric flow. One ampere of current will flow when one volt is 
applied across a resistance of one ohm. 

APPARENT POWER (kVA-VA) - A term used when the current and voltage are not in phase i.e. voltage 
and current do not reach corresponding values at the same instant. The resultant product of current 
and voltage is the apparent power and is expressed in kVA. 

AU TOMA TIC SYNCHRONIZER - This device in its simplest form is a magnetic type control relay which 
will automatically close the generator switch when the conditions for paralleling are satisfied. 

BREAK MEAN EFFECTIVE PRESSURE{BMEP) - This is the theoretical average pressure on the 
piston of an engine during the power stroke when the engine is producing a given number of 
horsepower. It is usually expressed in pounds/inch2. The value is strictly a calculation as it cannot be 
measured, since the actual cylinder pressure is constantly changing. The mean or average pressure is 
used to compare engines on assumption that the lower the BMEP, the greater the expected engine life 
and reliability. In practice, it is not a reliable indicator of engine performance for the following 
reasons. : 
The formula favors older design engines with relatively low power output per cubic inch of 
displacement in comparison with more modem designs. Modem engines do operate with higher 
average cylinder pressures, but bearings and other engine parts are designed to withstand these 
higher pressures and to still provide equal or greater life and reliability than the older designs. The 
formula also implies greater reliability when the same engine produces the same power at a higher 
speed. Other things being equal, it is unlikely that a 60 Hz generating set operating at 1800 RPM is 
more reliable than a comparable 50 Hz generating set operating at 1500 RPM. Also it is doubtful that a 
generator operating at 3000 RPM will be more reliable than one operating at 1500 RPM even if the latter 
engine has a significantly higher BMEP. The BMEP for any given generating set will vary with the rating 
which changes depending on fuel, altitude and temperature. The BMEP is also affected by generator 
efficiency which varies with voltage and load. 

CAPACITANCE(C) - If a voltage is applied to two conductors separated by an insulator, the insulator 
will take an electrical charge. Expressed in micro-farads( µ f). 

CIRCUIT BREAKER - A protective switching device capable of interrupting current flow at a 
pre-determined value. 

CONTINUOUS LOAD - Any load up to and including full rated load that the generating set is capable of 
delivering for an indefinitely long period, except for shut down for normal preventive maintenance. 

CONTINUOUS RATING - The load rating of an electric generating system which is capable of supplying 
without exceeding its specified maximum temperature rise limits. 

CURRENT (I) - The rate of flow of electricity. DC flows from negative to positive. AC alternates in 
direction. The current flow theory is used conventionally in power and the current direction is 
positive to negative. 
CYCLE- One complete reversal of an alternating current or voltage from zero to a positive maximum 
to zero to a negative maximum back to zero. The number of cycles per second is the frequency, 
expressed in Hertz(Hz). 

DECIBL(dB) - Unit used to define noise level. 
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DEL TA CONNECTION - A three phase connection in which the start of each phase is connected to 
the end of the next phase, forming the Greek letter Delta (D). The load lines are connected to the 
corners of the delta. In some cases a center tap is provided on each phase, but more often only on 
one leg, thus supplying a output. 

DIRECT CURRENT - An electric current which flows in one direction only for a given voltage and 
electrical resistance. A direct current is usually constant in magnitude for a given load. 

EFFIIENCY - The efficiency of a generating set shall be defined as the ratio of its useful power output 
to its total power rapt expressed as a percentage. 

FREQUENCY - The number of complete cycles of an alternating voltage or current per unit of time, 
usual second. The unit for measurement is the Hertz (Hz) equivalent to 1 cycle per second (CPS). 

FREQUENCY BAND - The permissible variation from a mean value under steady state conditions. 

FREQUENCY DROOP - The change in frequency between steady state no load and steady state full 
load which is a function of the engine and governing systems. 

FULL LOAD CURRENT - The full load current of a machine or apparatus is the value of current in RMS · 
or DC amperes which it carries when delivering its rate output under its rated conditions. Normally, the 
full load current is the "rated" current. 

GENERATOR -A general name for a device for converting mechanical energy into electrical energy. 

The electrical energy may be direct current (DC) or alternating current (AC). An AC generator may be 

called an alternator. 

HERTZ (Hz) - SEE FREQUENCY. 

INDUCTANCE (L) - Any device with iron in the magnetic structure has what amounts to magnetic inertia. 
This inertia opposes any change in current. The characteristic of a circuit which causes this magnetic inertia is 
know as self inductance; it is measured in Henries and the symbol is "L". 

INTERRUPTABLE SERVICE - A plan where by an electric utility, elects to interrupt service to a 
specific customer at any time. Special rates are often available to customers under such 
agreements. 

kVA - 1,000 Volt amperes (Apparent power), Equal to kW divided by the power factor. 

KW -1,000 Watts (Real power). Equal to KVA multiplied by the power factor 

POWER - Rate of performing work, or energy per unit of time. Mechanical power is often measured in 
horsepower, electrical power in kilowatts. 

POWER FACTOR - In AC circuits, the inductances and capacitances may cause the point at which the voltage 
wave passes through zero to differ from the point at which the current wave passes through zero. When the 
voltage wave precedes the current wave, a lagging power factor expressed as an angle q. Power factor is 
calculated as the cosine of the q between zero points and is expressed as a decimal fraction (0.8) or other words, 
kW= kVA x percentage (80%). It can also be shown to be the ratio of kW, divided by kVA. In other words, kW=kVA 
X P.F. 

PRIME POWER - That source of supply of electrical energy utilized by the user which is normally available 

continuously day and night, usually supplied by an electric utility company but sometimes by owner generation. 

RATED CU RR ENT - The rated continuous current of a machine or apparatus is the value of current in RMS or 

DC amperes which it can carry continuously in normal service without exceeding the allowable 
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temperature rises. 

RATED POWER - The stated or guaranteed net electric output which is obtainable continuously from a 

generating set when it is functioning at rated conditions, If the set is equipped with additional power 

product devices, then the stated or guaranteed net electric power must take into consideration that the 

auxiliaries are delivering their respective stated or guaranteed net output simultaneously, unless 

otherwise agreed to. 

RATED SPEED - Revolutions per minute at which the set is designed to operate. 

RA TED VOLTAGE - The rated voltage of an engine generating set is the voltage at which it is designed 
to operate. 

RATED SPEED-Revolutions per minute at which the set is designed to operate. 

REAL POWER-A term used to describe the product of current, voltage and power factor, expressed in 
kW. 

RECTIFIER-that converts AC to DC. 

ROOT MEAN SQUARE (RMS) - The conventional measurement of alternating current and voltage 
and represents a proportional value of the true sine wave. 

SINGLE PHASE - An AC load or source of power normally having only output terminals if a source. 

STANDBY POWER - An independent reserve source of electrical energy which upon failure or outage 
of the normal source, provides electric power of acceptable quality, and quantity so that the user's 
facilities may continue in satisfactory operation. 

STAR CONNECTION - A method of interconnecting the phases of a three phase system to form a 
configuration resembling a star (or the letter Y). A fourth or neutral wire can be connected to the center 
point. 

TELEPHONE INFLUENCE FACTOR (TIF) - The telephone influence factor of a synchronous generator measure of the 
possible effect of harmonics in the generator voltage wave on telephone circuits at the generator terminals on open 
circuit at rated voltage and frequency. 

THREE PHASE - Three complete voltage/current sine waves, each of 360 electrical degrees in length, 
occurring 120 degrees apart. A three phase system may be either 3 wire or 4 wire (3 wires and a 
neutral). 

UNINTERRUPTABLE POWER SUPPLY (UPS) - system designed to provide power without delay or 
transients, during any period when the normal power supply is incapable of performing acceptably 

UNITY POWER FACTOR - A load whose power factor 1.0 has no reactance causing the voltage wave 
lag or lead the current wave. 

WATT- Unit of electrical power. In DC, equals the volts multiply amperes. In AC, it equals the effective 
volts times the effective amps times power factor times a constant dependent on the number of 
phases. 

27 



Generating Set 

General Manual For Operation and Maintenance 


	20200106112342584
	20200106112542536
	20200106112726271
	20200106112858960
	20200106113011493



