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WELCOME

YOU HAVE PURCHASED ONE OF THE FINEST COMMERCIAL GENERATOR SETS

AVAILABLE ON THE MARKET TODAY, A
TAYLOR POWER SYSTEMS GENERATOR SET.

READ THIS MANUAL CAREFULLY AND KEEP IT CLOSE TO THE UNIT SO THAT IT
CAN BE USED WHEN NEEDED, PLEASE BEGIN YOUR OWNERSHIP PROPERLY BY

REVIEWING THE SAFETY SECTION WHICH IS DIRECTLY AFTER THIS
INTRODUCTION.






"SAFETY!

PLEASE REVIEW THE FOLLOWING BEFORE PROCﬁEDD\IG WITH INSTALLATION OR
OPERATION OF YOUR TAYLOR POWER SYSTEMS GENERATOR SET.

Think Safety first at all times and when in doubt call Taylor Power Systems and get additional
information before performing installation, operation, service or testing of the generator set. Each
section of this manual will have caution! and warning! information which should be regarded
with the utmost care. Repairs should only be done by properly trained personne! and under no
circumstances should anyone proceed with a repair when they are not sure of proper procedure.
This manual is not intended to be all that is required to properly operate this unit but is merely an
aid to performing basic service to keep the unit in proper operating condition. Included with the
unit should be an engine operator's guide and a generator operator's guide to assist a generator
technician in maintaining the unit. '

Installation of the unit should be done in compliance with the instaliation section of this mamual.
Proper installation in accordance with the National Electric Code, Occupational Safety and Health
Administration{OSHA) and loca! safety codes must be strictly complied with. Proper grounding is
essential in preventing possible electrical shock are even death. Remember, safety begins with the
owner/operator of the unit. Make sure to keep fingers, hair, jewelry and clothing away from the
revolving parts of the generator set such as belts, fan blade and generator rotor fan.

Operation of the unit should be first done by Taylor Power Systems authorized start up personnel
so that they make sure the unit was properly installed and is functioning properly with the load
system being applied to the unit. The start up personnel will instruct the owner on basic
procedures and will answer any questions the owner may have on general operation and
maintenance.

Before performing routine maintenance, disconnect the unit from the load and disable the control
systern as discussed in the maintenance section, Disabling the System. Proper maintenance is the
primary method of assuring the unit will operate when it is needed.

Review each of the sections before proceeding with installation or operation of the TAYLOR
POWER SYSTEMS generator set. The following page lists some of the safety do's and don'ts
that everyone should remember.



SAFETY DO'S AND DON'TS

PO PRACI‘ICE SAFETY, The life you _.uve may be your own.

Do - ) Don't -

- Do perform your tasks carefully, without - Don't allow inexperienced personnel to
undue haste work on the generator or electrical equip-

- Do provide fire extinguishers(rated ABC) ment

- Do provide a First Aid kit(for burns and
abrasions). Obtain medical attention.

- Do use the correct tools for the job you are
doing

- Do make sure that all fasteners are secure.

- Do use extreme care while making
adjustments on the generator st while it is

- Don' remove plastic guards or protective
devices.

- Don't wear loose clothing or jewelry in
the vicinity of moving parts. These can
get in machinery, with disastrous results.
Don't wear jewelry while working on
electrical equipment. If your hair is long,

running, wear a head covering. Hair caught in a
- Do keep your hands away from moving drill press, fan belt, or other moving
parts. parts can cause serious injury.
- Do remember - Horseplay is for horses! It - Don't stand on a wet floor while working
has no place around machinery. on electrical equipment. Use rubber
- Do disconnet batteries before starting work insulated mats placed on dry wood plat-
on generator set.

forms.

- Don't lunge after a dropped tool. To do
so may place you in a position of
extreme danger.

- Don't commence any operation until you
have taken alt the necessary steps to
ensure that you are in complete safety.

- Do use screwdrivers, pliers, diagonal
pliers,etc. with insulated handles.

- Do remember to keep one hand in your
pocket if it is necessary to work on "live
circuits. To do so will prevent passage of
electricity into one hand and out the other
which passes current across the heart.

th



Low Voltage General Safety Precautions
Control circuits utilized by the gencrator sct are D.C. 1. Use extreme caution if holes are drilled into the
vvltamT‘hisyolmgpomﬁaliswmnsihed generator set. Holes drilled into an electrical wire
dangerous, but the large amount of current svailable can cause fire, explosion, or shock hazard
{over 300 amps) can cause severe burns if shorted to 2. Be sure all mounting screws are light and are the
1. Disconnect the negative terminal of the battery if 3, Keep tools and equipment clean and in good
possible when working on the generator set. Dis- working condition. Accidents occur when you
connect the cable end that is away from the attempt procedures without the proper tools.
battery.
2. Do not wear jewelry, watches, or rings. These
items can short cut and cause severe burns to the
wearer.



Safety Precautions

Rotating Hazards

1. Keep your hands, clothing and tools clear
of the fan and water purnp belt when the
generator set is running.

2. If it is necessary to run the generator with the
end cover removed, by very careful with tools
or meters being used in that area to avoid
contacting the rotor.

Battery Hazards

Few people realize just how dangerous a battery

cambe.

The electroiyte in 2 lead acid battery is dilute

sulphuric acid(H,S0,). During charge or dis-

charge functions of 2 battery, a chemical change
the bubbling we see through the filler bole. This
gas bubbling is hydrogen and oxygen, and it is

EXPLOSIVE. If, during this gassing action, a means

of ignition is present, an explosion could occur. A

defective battery may suddenly explode even while

standing idle. Added to this danger, consider a fall-
out of highly corrosive sulphuric acid caused by the
explosion. A rubber blanket or other cover can be
used to reduce the risk from possible explosion.

Precautions

1. Always wear eye protection when servicing bat-
teries. If electrolyte is splashed on the skin or in
the eyes, flush immediately under running water.
Obtain medical help as soon as possible.

2. When charging batteries, do not remove the vent
caps.

3. When disconnecting or reconnecting the generator
sctbaﬁery,makcsnmtlzon—oﬂ'witchisinthcuﬁ'
position to prevent an arc which could cause the

battery to explode. Disconnect the ground cable first,

preferably at a point away from the batiery.
Reconnect

the ground cable last, again away from the battery.

Electrical Hazards
High Voltage

When servicing oc repairing a generaior set, the pos-
sihility of serious or even fatal injury from electrical
shock exists. Extreme care must be used when
working with an operating gencrator. Lethat voltage
potentials can exist on connections that are in the
exciter control box.

Precautions

1. When working on high voltage circuits on the
genrator set, do not malke anyu rapid moves. If a
too! drops, do not grab for it. People do not
contact high voltage wire on purpose. It occurs
from anunplanned movement.

2. Make sure of your footing. If you slip, you will
instinctively grab for support. This can be lethal
around a generator set. Work on rubber mats or
dry wood if possibie.

3, Use tools with insulated handles that are in good
condition. Never hold metal tools in your hand if

4. Treat all wires and connections as high voltage
until a meter and wiring diagram show otherwise.

IMMEDIATE action mmst be initiated after a person
has received an electric shock.

Obtain expert medical assistance 11' available.

The source of shock mnst be immediately removed
by either shuiting down the generator power or
removing the victim from the source. If it is not pos-
sible to shut off the generator set, the wire should be
cut with either an insulated instrument{e.g. 3
wooden handled axe or cable cutters with heavy
insulated handles) or a rescoer wearing insulated
gicves.WhichcvermhodiSused.donmlookanhc
wire while it is being cut. The ensuing flash can
cause blindness. Remember that insulated gloves
mannfactured for protection from liquids. If the
victim has to be removed from live circuitry, pull
him off,. DO NOT TOUCH HIM, you could reccive
a shock from current flowing through his body.
immediately for respiration and presence of pulse. If
apu]scisprmem,nspimﬁonmnbemmdby
mouth-to-mouth resucitation.



installation

MOUNTING

R } i B
The foundation, fioor or roof must be able to support the weight of the generator setand its
accessories (such as a sub-basefuel tank), resist dynamic loads and not transmit objec-

lionable noise and vibration. See the generator set Specification Shieet o outline drawing
for the weight of the generator set and its mounting points.

Vibration Isolators

Figure 19 illustrates a steel spring vibration isolator of the type required for mounting the
larger TAYLOR POWER SYSTEMS generator sets , even those models which have rub-
ber vibration isolators between the skid and the engine-generator assembly. Steel spring
isolators of this type can provide up to 98 percent reduction in the force of the vibration
transmitted. Locate the isolators as shown on the generator set outline drawing referenced
onthe Specification Sheet. The outline drawing may show configurations involving 4-, 6-, 8-
or 12-point mounting. Also, when the generator set is mounted on top of a sub-base fuel
tank. the vibration isolators must be installed between the generator set and the fuel tank.

Bolting these generator sets directly to the floor or foundation will result in excessive noise
and vibration and possible damage to the set. the floor and other equipment.

Smaller TAYLOR POWER SYSTEMS generator sets have rubber vibration isolators lo-

cated between the skid and the engine-generator assembly. They may be bolted directly to
the foundation, floor or sub-structure.

FIGURE 19. TYPICAL STEEL SPRING VIBRATION ISOLATOR



a Slab Floor

Whena generator setis mountedona concrete slab floor, a concrete pad should be poured
on top of the floor. The pad should be feinforced concrete with a 28 day compressive.
ength of At 1644t 2500 psi (173 kPa). It should be at least & inches (150 mm) déep and
extend at least 6 inches (150 mm) beyond the skid on all sides. Type J or L' boits shouild be
used to _a&nchor the skid or vibration isofators to the pad.

Mounting o

Mo'unting"()n a Sub-Baéé Fuel Tank -

When a generator set is mounted on a sub-base fuel tank, the vibration isolators must be
installed between the generator set and the fuel tank. The fuel tank must be able to support
the weight of the set and resist the dynamic loads. It is recommended that the tank be

mounted such that an air space is included between the bottom of the tank and the ficor
underneath to reduce corrosion and permit visual inspections for leaks.

Mounting on a Vibration Isolating Foundation

When a generator setis mounted on a foundation to reduce the transmission of vibrations
to the building, the weight (W) of the foundation should be at least 2 times the weight of the
setitself to resist dynamic loading. (The weight of fuel in a sub-base fuel tank should not be
considered as contributing to the weight required of a vibration isolating foundation.) Fig-
ure 20 illustrates a typical vibration isolating foundation. Consider the following:

« The foundation should extend at least 6 inches (150 mm) beyond the skid on all sides.
This determines the length (I) and width (w) of the foundation.

« Calculate the height (h) of the foundation necessary to obtain the required weight (W)
by using the following formula:

h=-—3
: dxlxw
where d is the density of concrete, typically 145 los / #3 (2322 kg / md).

« The foundation should extend at least 6 inches (150 mm) above the floor to make serv-
ice and maintenance of the generator set easier.

« The foundation must extend below the frost line to prevent heaving.

« The foundation should be reinforced concrete with a 28 day compressive strength of at
least 2500 psi (173 kPa).

« The total weight (TW) of the generator set, fuel and foundation usuaily results in a soil
bearing load (SBL) of less than 2000 Ibs / ft2 (36 kPa). Although this is within the load
bearing capacity of most soils, always find out the allowable soil bearing load by check-

ing the local code and the soil analysis report for the building. Calculate the soil bearing
load by using the following formula:

seL = W .
I xw
where | and w are the length and width of the foundation.




« Type J or L boits should be used to anchor the skid or vibration isolators to the founda-
tion. ;

SPRING-TYPE VIBBATION ' 172 INCH (13 mm)
ISOLATOR ANCHORED CLEARANCE FILLED
WITH TYPE J OR L BOLTS WITH SEALER

(SEE DETAIL) /

o
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FIGURE 20. TYPICAL VIBRATION ISOLATING FOUNDATION

10



EXHAUST SYSTEM

The function of the exhaust system is to convey engine exﬁéusi safely to the out-of-doors
and to disperse the exhaust fumes, soot and noise away from people and buildings. See
Figure 21. Consider the following (also review Location and Noise under Application).

« Flexible, corrugated stainless steel exhaust tubing at least 24 inches (610 mm} long
miust be connected to the engine exhaust outlet(s) to take up thermal expansion and
generator setmovement and vibration whenever the setis mounted on steel spring iso-
ators of the type shown in Figure 19. Smaller sets that are bolted directly to the floor
must be connected by corrugated stainless steel exhaust tubing atleasti8inches (457
mm) long. Flexible tubing must not be used to form bends or to compensate for
misaligned piping.

« To reduce corrosion due to condensate, a muffler should be installed as close as practi-
cal to the engine so that it heats up quickly.

« Mufflers and piping must be supported by non-combustible hangers of suppotts—not
by the engine exhaust outiel. Weight on the engine exhaust outlet can cause damage
to the engine exhaust manifold or reduce the life of a turbocharger.

« Schedule 40 black iron pipe is recommended for exhaust piping.

PREVAILING WINDS —
MUFFLER SUPPORTED APPROVED THIMBLE VERTICAL
INDEPENDENTLY OF THE ENGINE TO PROTECT DISCHARGE WITH

BY NON-COMBUSTIBLE STRAFS COMBUSTIBLE V_\& RAIN CAP

— e

~] ~_E

S‘—b N ) .
AN ‘ g N 2
AN N 9
N N :

N ot
§ B N =

:
|:;II!I’IIIIII

IIIIIII’IIJIIIIIII’I’lIIII!IIIIII’II[IIII’I

FLEXIBLE CONDENSATE LONG-RADIUS
TUBING DRAIN PIPE BEND

FIGURE 21. TYPICAL EXHAUST SYSTEM
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Itis. recommended_that as far as is possible and consnstent wrth the_‘ xhatist
f the engine, exhaust tubing ‘and piping of the same nomin
=2 as the engi i_exhaust ouﬂet ‘be"used: throughout the" ‘exhaust syste _ g of
- smaller diameter than the exhaust outlet must never be used. Piping’ that is larger
' r o corrosion due to condensate than small  anc
ocity an jailable for dlspersxng the exhaustgases uparg :
a a ru_le 1 Wer prpe dlameter change nthe ex-

. lt is recommended that all exhaust plplng and mufﬂers be thermally msulated 1o prevent
burns from accidental contact, prévent actlvatron of fire detection devices'and sprin-
klers, reduce corrosion due to condensate and reduce the amount of heat radlated to

~ the generator room. Engme exhaustm_anrfolds and turbocharger housmgs un-

- led, must never bei ated. Doing s0 can result in matenat tempera—
_ 'j"‘tures tha an ,destroy the rnamf l dt rbocharger .

« Exhaust] piping ‘must be routed at least g lnches (229 mm) trom combustlble construc-

tion. Use approved thimbles where exhaust plpmg ‘must pass throtigh' combustlble
walls or celllngs L o :

« Exhaust plpe (steel) expands approx1mately 0.0076 inches per | toot of pipe for every
100° F rise in exhaust gas temperature above room temperature (1.14 mm per metet
per 100° C rise). Itis recommended that flexible, corrugated stainless steel tubrng be

used to take up expansion in jong, straight runs of pipe.

. Honzontal runs of exhaust plplng should slop_e downwards, away from the engine, to
the out-ot-doors or to a condensate trap

« A condensate dram trap and plug should be provuded where plping turns to rise verti-
cally

o The exhaust system must terminate out- of doors at a location where engme exhaust
will disperse away from buildings and building air intakes and not blacken walls and
windows with soot. It is highly recommended that the exhaust system be carried up as

high as practical on the downwind srde of bu1ld|ngs and that it dlscharge strarght up to
maximize dlspersal

Some codes spec:fy that the exha ust outlet termma te at least 10 feet from the property
line, 3 feet from an exterior wall or roof, 10 feet from openings into the ‘building and at
least 10 feet above the adjo:nmg grade

« Arain cap should be prowded if the exhaust outlet pomts up

e A generator set should not be connected to an exhaust system serving other equip-
ment, including other generator sets. Scot, corrosive condensate and high exhaustgas
temperatures can damage idle equipment served by a common exhaust system.
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« Exhaust back pressure mustnot exceed the allowable back pressure on the generator
set Specification Sheet. Excessive exhaust back pressure reduces engine power and
engine life and may lead to high exhaust temperatures and smoke. Engine exhaust
back pressure should be estimated before the layout of the exhaust system s finalized
and it should be measured at the exhaust outlet under fult-load operation betore the
sel is placed in sarvice. ‘

Example Calculation: The layout of an exhaust system similar {o that shown in Figure 21
calls for a 5-inch diameter by 24-inch long flexible tube at the engine exhaust outiet, a criti-
cal grade muffler with a 6-inch diameter inlet, 20 feet of 6-inch diameter pipe and one 64nch
diameter long radius elbow. The generator set Specification Sheetindicates thatthe engine
exhaust gas flow is 2,715 cfm (cubic feet per minute) and that the maximum allowabie ex-
haust back pressure is 41 inches WC (Water Column).

This procedure involves determining the exhaust back presstre caused by each element
(flexible tubes, mufflers. elbows and pipes) and then comparing the sum of the back pres-
sures with the maximum allowable back pressure. -

1. Determine the exhaust back pressure caused by the muffler. Figure 22 is a graph of
exhaust back pressures for muttiers made available by TPS. 1f the mufiler is from
another source, it will be necessary to obtain equivalent data from the muffier manufac-
turer. To use Figure 22:

A. Find the cross-sectional area of the muffler inlet using Table 7 (0.1963 {t2 in this
example).

B. Find exhaust gas velocity in feet per minute {fpm) by dividing exhaust gas flow
(cfm) by the area of the muffier inlet, as foliows:

Gas Velocty = 2{3‘_—1’-‘9—-——23";"-2‘- = 13,831 fpm

C. In this example, the dashed lines in Figure 22 show that the critical grade muffier
will cause a back pressure of approximately 21.5 inches W.C.

TABLE 7.CROSS-SECTIONAL AREAS OF OPENINGS OF VARIOUS DIAMETER

DIAMETER OF MUFFLER |  AREA OF MUFFLER TOIAMETER OF MUFFLER | AREAOF MUFFLER
INLET (INCHES) INLET (FT?) INLET (INCHES) INLET (FT2)
2 0.0218 5 0.1363
2.5 0.0341 6 0.1963
3 00491 . a 0.3491
35 0.0668 10 0.5454 k
4 0.0873 12 0.7854 ]
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GTH

ivalont lngths o al ings arid 1 e Sectors by Using Tblo .
soFpPERTINGS (FEED

C 7ABLE 5. EGUNALENT LEN

(NCHES) -

... NOMINAL DIAMETER

- “yypeoFFmTNG . [ 2 [ 25 | 3 351 4 15, 6 |8 |10 [2:
STANDARD ELEOW =T Tea |61 06| 1| 14 |16 (21|26 ]32
EDIVM FADIUS ELEOW | 46 | 54 | 68 |8 | © 112 1.1 18 | 22 | 25 .
oG FADIUSELBOW | a5 | 42 |62 |67 | 8+ 1 TR EE
—— % EBOW - |15 25 126 | 8 | 4 |45 1-6-] 816

STANDARD TEE 13 14 17 19 { 22 27 34 44 .66 67
I8 INCH FLEXIBLETUBE | 3 e EEENERENERE
SIINCHFEXBLETURE | 4 | & | & (4 ] 414 1% 2| 4 | 4

3. Findtheback pressure attheg
pipe diameter used in the sys

used. Following the dashed lines in Figure 23,

approximately 0.35 inches WC (Water Column

iven exhaust flow per unit|
tem. In this example, 5 inc
5 inch pipe causes a back pressure of
) and 6 inch pipe approximately 0.145

ength of pipe for each nominal

h and 6 inch nominat pipe is

inches WC.
4. Add the back pressures for all elements of the example, as follows:
MUBIEE + o e e eneenameena s e s am s m T 215
One 5 Inch Flexible Tube—0.35 x 4ft ......cormmnremrermmmmemmrrrnts 1.4
20 Feet of 6-Inch Pipe—0.145x 20 ft. .. vvevrrimmvrmmnmmmmeremmrn e 2.9
One 6-Inch, Long Radius Elbow—0.145 X R B | ST 1.6
TOTAL EXHAUST BACK PRESSURE (Inches WC) ..oveaevecnnnneses 27.

5. The calculation indicates that th
pressure since the sum ofthebac

pressure of 41 inches WC.
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ENGINE COOLING

ngmes are cooied by pumpmg coolant (a mlxture of water and antl-freeze)
'through passages in the engine cyhnder block'and head(s) by means of an engnne-dnven’
pumip. The" engine, ‘pump and radiator or’ hqwd-to-ltqmd heat exchanger form a closed,
pressunzed coolmg system. The most common generator set confi iguration has a mounted
radiator and engine-driven fan to cool the coolant and ventilate the generator room. Alter-
native methods for cooling the coolant include a mounted liquid-to-fiquid heat exchanger a
remote radlator or a remote liquid-to-liquid heat exchanger

17



Factory-Mounted Radiator

A generator set with a factory-mounted radiator (Figure 24) is an integral cooling and venti-
fating system. This is the recommended configuration involving the least amount of auxil-
iary equipment, piping, control wiring and coolant. A primary consideration for installations

of this type Is the necessity of moving farge quantities of air through the generator room.
See Ventilation in this section.

PREVAILING WIND§ ———————»

ENGINE-DRIVEN FAN RADIATOR
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FIGURE 24. FACTORY-MOUNTED RADIATOR COOLING
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Factory-Mounted Heat Exchanger

The engine, pump and liquid-to-liquid heat exchanger form a closed, pressurized cooling
system. The engine coolant and raw cooling water do not mix. Consider the following:

"« The installation will require a powered ventitating system. See Ventilation in this sec-
tion.

« To obtain the net power available from the generator set, add the fan load indicated
on the generator set Specification Sheet to the power rating of the set and subtract the
power consumed by the remote radiator fan, ventilating fans, coolant pumps and other
accessories required for the set to run.

"« Apressure reducing valve must be provided if water source pressure exceeds the heat
exchanger pressure rating on the generator set Specification Sheet.

"« The heat exchanger and water piping must be protected from freezing if the ambient
temperaturs can fall below 32° F (0° Q).

"« Recommended options include a thermostatic water valve (non-electrical) to modulate
water flow in response to coolant temperature and a normally closed (NC) battery-pow-
ered shut off valve to shut off the water when the set is not running.

« There must be sufficient raw water flow to remove the Heat Rejected To Coolant indi-
cated on the generator set Specification Sheet. Note that a galion of water absorbs ap-
proximately 8 Btueach 1° Frise in temperature (specific heat). Also, it is recommended
that the raw water leaving the heat exchanger not exceed 140° F (60° C). Therefore:

'Heat Rejected (-E—“‘“;)

" Raw Water Required (gpm) = By -
Temp Rise (A °F) x Specific Heat ("8_'—')

“F-Gallon
If a set rejects 19,200 Btu per minute and the raw water inlet tempefature is 80° F,
allowing a water temperature rise of 60° F:

19,200 -
60 x 8

'Raw Water Required = = 40 gpm

Remote Heat Exchanger

Remote heat exchanger systems can become very complex, taking a variety of configura-
tions, especially if a secondary cooling system, such as a radiator, is used to cool the heat
exchanger. Most of the considerations above and on the following pages discussing remote
radiator systems apply. Careful design is required to ensure reliable, adequate coaling.

19
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FIGURE 25. FACTORY-MOUNTED HEAT EXCHANGER COOLING
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Remote Radiator

Applidatibn of a remote radiator to cool the engine requires careful design. Figures 26, 28
and 29 illustrate typical applications. Consider the following:

itis recommended that the radiator and fan be sized on the basis of amaximum radiator
top fank temperature of 200°F (93° C) and a 115 percent cooling capacity to allow for
fouling. The generator set Specification Sheet indicates the Heat Rejected To Cool-

ant and Coolant Flow Rate necessary for radiator sizing according to the radiator
manufacturer’s instructions.

The capacity of the radiator top tank or auxiliary tank must be equivalent to atleast 15
percent of the total volume of coolant in the system to provide a coolant “drawdown
capacity” (10 percent) and space for thermat expansion (5 percent). Drawdown capac-
ity is the volume of coolant that can be lost by slow, undetected leaks and the normal
relieving of the pressure cap before air is drawn into the coolant pump. Space for ther-

mal expansion is created by the fill neck when a cold system is being filied. See Fig-
ure 27.

To reduce radiator fin fouling, radiators having a more open fin spacing (nine fins or less
per inch) should be considered for dirty environments.

Coolant friction head extemnalto the engine (pressure loss due to pipe, fitting and radia-
tor friction) and coolant static head (height of liquid column measured from crankshatt
centerline) must not exceed the maximum allowable values on the generator set Speci-

fication Sheet. See the example calculation below for a method of calculating coolant
friction head.

"Excessive coolant static head (pressure) can cause the coolant pump shafi seal to leak.

Excessive coolant friction head (pressure loss) will result in insufficient engine cooling.

Radiator hose 6 to 18 inches (152 to 457mm) jong, complying with SAE 20R1, or
equivalent standards, should be used to connect coolant piping to the engine to take
up generator set movement and vibration.

it is highly recommended that the radiator hoses be clamped with two premium grade
“constant-torque” hose clamps at each end to reduce the risk of sudden loss of engine
coolant due to a hose (which is under pressure) slipping off. Major damage can occur
to an engine If it Is run without coolant in the block just a few seconds.

A drain valve should be located at the lowest part of the system

Depending on the amount of coolant in the system, ball or gate valves (globe valves
are 100 restrictive) are recommended to isolate the engine so that the entire system
does not have to be drained before servicing the engine.

To obtain the net power available from the generator set, add the fan toad indicated
on the generator set Specification Sheet to the power rating of the set and subtractthe
power consumed by the remote radiator fan, ventilating fans, coolant pumps and other
accessories required for the set to run.
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SAE 20R1 OR EQUIVALENT

GATE OR
HOSE DOUBLE CLAMPED BALL VALVES
AT BOTH ENDS WITH DRAIN VALVE AT SYSTEM COOLANT TO ISOLATE
*CONSTANT-TORQUE" LOWEST POINT FILLMAKEUP RETURN TO ENGINE FOR
HOSE CLAMPS IN SYSTEM LINE™ ENGINE SERVICING

« _THE VENT LINE MUST NOT HAVE ANY DIPS OR TRAPS THAT WitL COLLECT COOLANT AND
PREVENT AIR FROM VENTING WHEN THE SYSTEM IS BEING FILLED WITH COOLANT.

+s . THE FILLUMAKEUP UNE MUST BE ROUTED DIRECTLY TO THE LOWEST POINT IN THE PIP-

ING SYSTEM SO THAT THE SYSTEM CAN BE FILLED FROM THE BOTTOM UP AND NOT TRAP
AIR.

FIGURE 26. REMOTE RADIATOR COOLING (DEAERATION TYPE SYSTEM, SEE FIGURE 27)




Deaeration Type Remote Radlator System: A deaeration type of radiator top tank (also
known as a sealed top tank) or auxiliary tank must be provided for 150 kW and larger gen-
erator sets. In this system, a portion of the coolant flow {approximately 5 percent) is routed
to the radiator top tank, above the baffle plate, where air in the coolant can separate from
the wdqnt before the coolant retums to the system. Consider the following:

» Engine and radiator vent lines must rise without any dips or traps that will collect coolant
and prevent air from venting when the system is being filled. Rigid steel or high density
polystyrene tubing is recommended for long runs, especially if they are horizontal, to
prevent sagging between supports.

* The filimakeup line should also rise without any dips from the lowest pointin the piping
system fo the connection at the radiator top tank or auxifiary tank. No other piping
should be connected toit. This arrangement allows the system to be filled from bottorn
up without trapping alr and giving a false indication that the system is full. With proper
vent and fill line connections, it should be possible to fill the system at a rate of at least
5 gpm (19 L/Min) (approximately the flow rate of a garden hose).
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FROM ENGINE VENT LINE RADIATOR VENT TUBE FILL/PRESSURE CAP
(5% OF COOLANT FLOW)}

o A

TOP TANK VOLUME
MUST EQUAL 10% OF
TOTAL SYSTEM VOLUME
{DRAWDOWN CAPACITY)
PLUS 5% FOR
THERMAL EXPANSION

HOT COOLANT FROM DEAERATED/FILLMAKEUP COOLANT FILL NECK WITH VENT HOLE
ENGINE TO RADIATOR FROM FROM TOP TANK (ABOVE BAFFLE TO CREATE THERMAL
(BELOW BAFFLE PLATE) PLATE) TO LOWEST POINT IN SYSTEM EXPANSION SPACE

FIGURE 27. DEAERATION TYPE OF RADIATOR TOP TANK
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Remote Radlator with Auxiliary Coolant Pump: A remote radiator with an awdliary cool-

ant pump (Figure 28) can be used if coolant friction exceeds the aitowable value onthe gen-

erator set Specification Sheet. In addition to the considerations under Remate Radiaton
consider the following: '

+ Anauxiliary pump and motor must be sized for the coolant flow indicated onthe genera-

tor set Specification Sheet and develop enough head (pressure) to overcome the ex-
cess coolant friction head calculated by the method shown in the example above.

One foot of pump head (pump manufacturer’s data) is equivalent to 0.43 PS1 of coolant
frictionhead(pressureloﬂ)oronefootofcoolantstaﬂchead(helghmmquldcdum}.

« Abypass gate valve (globe valves are oo restrictive) must be plumbed in parallel with
the awxliary pump, for the following reasons:

« To allow adjustment of the head developed by the auxitiary pump (the valve is ad-
justed to a partially-open position to recircuiate some of the fiow back through the
pump). '.

» To allow operation of the generator set under partial load if the auxifiary pump fails
(the valve is adjusted to a fully open position).

« Coolant pressure at the inlet to the engine coolant pump, measured while the engine
is running at rated speed, must not exceed the maximum allowable static head shown
on the generator set Specification Sheet. Also, for deaeration type cooling systems
(150 kW and larger generator sets), auxiliary pump head must not force coolant
through the make-up line into the radiator top tank or auxiliary tank. in either case, the
pump bypass valve must be adjusted to reduce pump head to an acceptable level.

« To obtain the net power available from the generator set, add the fan load indicated
on the generator set Specification Sheet to the power rating of the set and subtract the
power consumed by the remote radiator fan, ventilating fans, coolant pumps and other
accessories required for the set to run.

i~
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AUXILIARY TANK T-12PS1 RADIATOR

ALTEANATIVE TO A DEAERATION-TYPE RA- PRESSURE CAP VENT LINE
DIATOR. VOLLIME CAPACITY MUST BE AT
LEAST 15% OF SYSTEM COOLANT VOLUME
ENGINE VENT L
[
REMOTE RADIATOR . (]
ASSEMBLY ———
SYSTEM FILL/MAKEUP . |
LINE . .
- .
HOT COOQLANT LINE .
—_._______-_-
COOLANT RETURN
N
na g7y e ———
| r
-/

e
e
s

e / . L,
GATE OR BALL VALVESTO ISOLATE BYPASS GATE AUXI

i
AR
ENGINE FOR SERVICING VALVE COGLANT PUMP

FIGURE 28. REMOTE RADIATOR WITH AUXILIARY COOLANT PUMP AND AUXILIARY TANK

26




Remote Radiator with Hot Well: A remote radiator with a hot well {Figure 29) can be used
if the elevation of the radiator above the crankshaft centerline exceeds the allowable cool-
ant static head on the generator set Specification Sheet. In a hot well system, the engine
coolant pump circulates coolant between engine and hot well and an auxiliary pump circu-
lates coolant between hot well and radiator. A hot well system requires careful design. In
additiorrto the considerations under Remote Radiator, consider the following:

The bottom of the hot well should be above the engine coolant outlet.

Coolant flow through the hot well/radiator circuit should be approximately the same as
coolant flow through the engine. The radiator and the awdliary pump must be sized ac-
cordingly. Pump head must be sufficient to overcome the sum of the stafic and friction
heads in the hot well/radiator circuit.

"One foot of pump head (pump manufacturer’s data) is equivaient to 0.43 PSl of coolant

friction head (pressure loss) or one foot of coolant static head (height of liquid column).

The liquid holding capacity of the hot well should not be less than the sum of the follow-
ing volumes: '

"o 1/4 of the coolant volume pumped per minute through the engine {eg.. 25 gallons
if the flow is 100 gpm), plus

"« 1/4 of the coolant volume pumped per minute through the radiator (eg., 25 galions
if the flow is 100 gpm), plus

“Volume required to fili the radiator and piping, pius
"Five percent of total system volume for thermal expansion

Careful design of the inlet and outlet connections and baffles is required to minimize

coolant turbulence, allow free deareation and maximize blending of engine and radia-
tor coolant flows. '

Coolant must be pumped to the bottom tank of the radiator and retumed from the top
tank, otherwise the pump will not be able to completely fill the radiator.

The auxiliary pump must be lower than the low level of coolant in the hot well so that
it will always be primed.

The radiator should have a vacuum relief check valve to allow drain down to the hot
well.

The hot well shouid have a high volume breather cap to allow the coolant level to fall
as the auxiliary pump fills the radiator and piping.

To obtain the net power available from the generator set, add the fan load jndicated
on the generator set Specification Sheet to the power rating of the set and subtract the
power consumed by the remote radiator fan, ventilating fans, coolant pumps and other
accessories required for the set to run.
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ASSEMBLY
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AUXIUARY COOLANT PUMP FOR
HOT WELL/RADIATOR CIRCUIT

FIGURE 29. REMOTE RADIATOR WITH HOT WELL AND AUXILIARY COOLANT PUMP
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Example Pipe Sizing Calculations for Remote Radiator/Heat Exchanger Systems:
The preliminary layout of piping for a remote radiator cooling system similar to the one
shown in Figure 26 calls far 60 feet of 3-inch diameter pipe, three long sweep elbows, two
gate valves to isolate the radiator for engine servicing and a tee to connect the filimakeup
line. The generator set Specification Sheet indicates that coolant flow is 123 GPM and that
the allowable friction*head is 5 PSI. .

This procedure involves determining the pressurs foss (friction head) caused by each ele-

ment and then comparing the sum of the pressure losses with the maximum aflowable fric-
tion head.

1. Determine the pressure loss in the radiator by referring to the radiator manufacturer's
data. For this example, assume the pressure loss is 1 psi at a flow of 123 gpm.

2. Findthe equivalentlengths of all fittings and vaives by using Table 9 and add to the total
run of straight pipe.

Three Long Sweep Elbows—3 X 5.2 .....ccuvvmienrrmmrrarmernecess 15.6
Two Gate Valves (Open)—2x 1.7 ......ccevnvns e rvnesriaaeraraenran 34
Tee (Straight Run) PP PP PR PR 5.2
60 Feet Straight Pipe .......coovvie-annn e eeeaiaaerererareraa e 60.0
EQUIVALENT LENGTH OF PIPE (FEET) ....c.ccvcnemecnronens ..... 842

3. Find the back pressure at the given flow per unit length of pipe for the nominal pipe di-
ameter used in the system. In this example, 3 inch nominal pipe is used. Following the

dashed lines in Figure 30, 3 inch pipe causes a pressure loss of app roximately 1 65 psi
per 100 foot of pipe.

4. Calculate the pressure loss in the piping as follows:

" - 1.66 psi\ _ ,
Piping Loss = 84.2 feet x ( 100 feet) = 1.39 psi

5. The total system loss is the sum of the piping and radiator losses:

Total Pressure Loss = 1.39 psi (piping) + 1.00 psi (radiator) = 2.39 psi

6. The calculation for this example indicates that the layout of the remote radiator cooling
system is adequate in terms of coolant friction head since it is not greater than the at-
towable friction head. If a calculation indicates excessive coolant friction head, repeat
the calculation using the next larger pipe size. Compare the advantages and disadvan-
tages of using larger pipe with that of using an auxiliary coolant pump.
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TABLE 9. EQUIVALENT LENGTHS OF PIPE FITTINGS AND VALVES (FEET)

COOLANT FLOW (U.S. GALLONS PER MINUTE)
FIGURE 30. FRICTIONAL PRESSURE LOSSES FOR INCH (mm) DIAMETER PIPES

D NOMINAL DIAMETER (INCHES)
TYPE OF FITTING 15 2 25 . 3 4 i 5
. 90° ELBOW A4 55 65 | 8 11 14
45° ELBOW - 25 3 38 5 6.3
- *LONG SWEEP ELBOW 2.8 35 42 |- 52 7 9
CLOSE RETURN BEND - 13 15 18 24 at
TEE, STRAIGHT RUN - 3.5 42 52 7 9
TEE, SIDE INLET OROUTLET | 6.3 12 14 17 2 27
GLOBE VALVE, FULLY OPEN - 55 67 82 110 140
ANGLE VALVE, FULLY OPEN - 27 33 41 53 70
GATEVALVE,FULLYQPEN | - 1.2 14 1.7 23 239
GLOBE VALVE, HALF OPEN - 27 41 53 70
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Antifreeze or propylene giycol base) and water are mixed to lower the freezing
point of the cooling system and to raise the boiling point. Refer to Table 10 to determine the
concentration of ethylene or propytene glycol necessary for protection against the coldest
ambient expected. Antifreeze/water mixture percentages in the range of 30/70 to 60/40 are
recommended for most applications.

Propylene glycol based antifreeze is less toxic than ethylene based antifreeze, offers supe-
ﬁorﬁnmmo&cﬁonaMe&nﬁnﬁessm&ﬁdspﬁageaM&posalmpmﬁngmim

Diesel generator sets may be equipped with replaceable coolant filter-
hgandteaﬁngelementsmmmkn’memdammmfouﬁngammmﬁmm
patible with most antifreeze formulations. For smaller sets, the antifreeze should contain a
cormrosion inhibitor.

TABLE‘IO.FREEZING AND BOILING POINTS VS. CONCENTRATION OF ANTIFREEZE

MIXTURE BASE

e = ———
FREEZING POINT
ETHYLENE GLYCOL =
BOILING POINT 45°
PROPYLENE GLYCOL
BOILING POINT | ZIZF | 216°F | 21°F | 22°F 1 25°F | 22 F
{100° C) {1022 C) | (104° C) | (106° C) !:W‘Q 5160"{:)
— - — SeE o T e e e
Coolant Heaters

Thermostatically controlled engine coolant heaters are usually required for starting. For
Leve! 1 emergency power systems, NFPA 110 requires that engine coolant be kept at a
minimum of 80° F (32° C}.

Engine coolant heaters must be connected to the normal power sourcs.
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VENTILATION

' ‘Venb!abon of the generator room is necessary to remove the heat and fumes dissipated by
the engine, generator and its accessories and to provide combustion air.

Factory-mounted Radiator Ventilation

In this configuration (Figure 31), the fan draws air over the set and pushes it through the
radiator which has flanges for connecting a duct to the out-of-doors. Consider the following:

» See the generator set Specification Sheet for the design airflow through the radiator,
allowable airflow restriction and minimum air iniet and outlet opening areas. The allow-
able alr fiow restriction must not be exceeded. The static pressure {air fiow restric-
tion) should be measured as shown in Figures 31 and 32 to confirm, before the set is
placed in service, that the system is not too restrictive, especially when ventilating air
is supplied and discharged through long ducts, restrictive grilles, screens and louvers.

» Refertothe ASHRAE (American Society of Heating, Refrigeration and Air Conditioning
Engineers) publications for recommendations on duct design if air ducts are required
for the application. Note that the inlet duct must handle combustion air flow (see the
Specification Sheet) as well as ventilating air flow and must be sized accordingly.

PREVAILING WINDS —————————3»
ENGINE-DRIVEN RADIATOR THEAMOSTATICALLY WIND/NGISE
FAN \ CONTROLLEK LOUVER BAF‘F‘<
. i _
INLET AIR A :
DAMPER i =
/ 5
N =
\\"-‘—" i d
N - N
.| cooL A N
§ AIR N I N
- " ' ~N
N il £
N o -
MEASURE STATIC PRESSURE
WITHIN 6 INCHES (150 mm) OF THE  FLEXIBLE DUCT
RADIATOR. SEE FIGURE 22 CONNECTOR DAMPER HEIGHT OF RADIATOR

FIGURE 31. FACTORY-MOUNTED RADIATOR COCLING
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« Louvers and screens over air inlet and outlet openings restrict air flow and vary widely

in performance. A louver assembly with narrow vanes, for example, tends to be more
restrictive than one with wide vanes. The effective open area specified by the louver
or screen manufacturer should be used. ‘ .

+ The airflow ihfbugh the radiator is usually sufficient for generator room ventilation. See
the gxample calculation for a method of determining the air flow required to meet room
air temperature rise specifications, if any.

« Because the radiator fan will cause a slight negative pressure in the generator room,
it is highly recommended that combustion equipment such as the building heating boil-
ers not be located in the same room as the generator set. If this is unavoidable, it will
be necessary to determine whether there will be detrimental effects, such as backdraft,
and to provide means (extra large room infet openings and/or ducts, pressurizing fans,
etc.) to reduce the negative pressure to acceptable levels.

« In colder climates, automatic dampers should be used to close off the inlet and outlet
air openings to keep the generator room warm when the setis not running. And, a ther-
mostatic damper should be used to recirculate a portion of the radiator discharge air
to reduce the volume of cold air that is pulled through the room when the setis running.
The inlet and outlet dampers must fully open when the set starts. The recirculating
damper should close fully at 60°F (16°C).

« Other than recirculating radiator discharge air into the generator room in colder cli-
mates, all ventilating air must be discharged directiy to the out-of-doors. it must notbe
used to heat any space other than the generator room.

« A flexible duct connector must be provided at the radiator to take up generator set
movement and vibration and prevent transmission of noise.

+ Ventilating air inlet and discharge openings should be located or shielded to minimize
fan noise and the effects of wind on airflow.

LEAVE THE OTHER END OF »
THE MANOMETER OPEN TO —
THE GENERATOR ROOM —— - :

—STATIC PRESSURE PROBE—
1/4 IN {6 mm) COPPER TUBE WiTH PLUGGED END
AND 1/16 IN (1.5 mm) CROSS-DRILLED HOLES

CRIENT THE TIP PARALLEL WITH THE AIR 9
STREAM IN RADIATOR DISCHARGE DUCT WITHIN
"~ INGLINED 8 INCHES {150 mm) OF THE RADIATOR &

MANOMETER|

0.01 INWC
ACCURACY

—

FIGURE 32. RECOMMENDED INSTRUMENTATION FOR MEASURING AIR FLOW RESTRICTION
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Heat Exchanger Or Remote Radiator Ventilation

A heat exchanger or remote radiator cooling system might be selected because of noise
considerations or because the air flow restriction through long ducts would be greater than
that allowed for the engine-driven radiator fan. Consider the following:

« Ventilating fans must be provided for the generator room. The ventilating fans must
have the capacity of moving the required flow of ventilating air against the air flow re-

striction. See the following example calculation for a method of determining the airflow
required for ventilation.

s Aremote radiatorfan must be sized primarily to cool the radiator. Depending onits loca-
tion, it might also be used 1o ventilate the generator room.

» The fan and air inlet locations must be such that the ventilating air is drawn forward over
the set.

+ To obtain the net power available from the generator set, add the fan load indicated
on the generator set Specification Sheet to the power rating of the set and subtract the
power consumed by the remote radiator fan, ventilating fans, coolant pumps and other
accessories required for the set to run.

PREVAILING WINDS >

-/q
VENTILATING — ¢

FAN [ —hﬂ:
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ENGINE-MOUNTED HEAT EXCHANGER

FIGURE 33. VENTILATION FOR A HEAT EXCHANGER COOLING SYSTEM
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Example Ventilating Air Flow Calculation: The generator set Specification Sheet indi-
cates that the heat radiated o the room from the generator set {engine and generator) is
4,100 BTU/min. The muffler and 10 feet of 5-inch diameter exhaust pipe are also located
inside the generator room. Determine the air flow required to limitthe air temperature rise to

30°F.

1. Add the heat inputs to the room from all sources. Table 11 indicates that the heat loss
from 5-inch exhaust pipe is 132 BTU per min per foot of pipe and 2,500 BTU per min
from the muffier. Add the heat inputs to the room as follows:

Heat from Generator S8t ... .....viiirinnrecacsaiiasasnnsnnnaes 4,100
Heat from Exhaust Pipe—10x 132 ... .. ioiiiiiiiianiinnennes 1,320
Heat from MUIIEr .. ..ottt ieeaceiaas i raaravaeanrsanasssneanes 2.500
TOTAL HEAT TO GENERATOR ROOM (BtwWMin) ........... vonns 1,920

2. The required air flow is proportional to the total heat input divided by the allowable room

air temperature rise:

Required Air Flow =

58 x Total Heat (%) _ 58 x 7,820

Temp Rise (A°F)

20 = 15,312 cim

TABLE 11. HEAT LOSSES FROM UNINSULATED EXHAUST PIPES AND MUFFLERS

PIPE DIAMETER HEAT FROM PIPE HEAT FROM MUFFLER
INCHES (mm) BTUMIN-FOOT (kJ/Min-Metre) BTUMIN (kJ/Min)
1.5 (38) 47 (162) 297 (313)

2 (51) 57 (197) 490 (525)
2.5 (64) 70 (242) 785 (828)

3 (76) 84 (291) 1,100 (1,160}
35 (38) 96 (332) 1,408 (1,485)
4(102) 108 (374) 1,767 (1,864)
(127} | 132 (457) 2,500 (2,638)
6 (152) 156 (540) 3,550 {3,745)
8 (203) 200 (692) 5,467 (5,768)
10 (254) 249 (862) 8,500 (8,968)
12 (305) 293 (1,014) 10,083 (10,638)







FUEL SUPPLY
Diesel Fuel _
The following should be considered when installing a diesel fuel supply system:

o Fuel supply tanlgéonstrucﬁon. focation, installation, venting, piping, testing and inspac-
tion must comply with applicable codes. See NFPA Standards No. 30 and No, 37.

+ Fuel supply tanks must be adequately vented to prevent pressurization, have provi-
sions for manually draining or pumping out water and sediment, and have at feast a

five percent expansion space to prevent fuel spillage when the fuel heats up and ex-
pands.

* The fuellift pump, day tank transfer pump or float valve seat should be protected from
fuel supply tank debris by a prefilter or sediment bow! with a 100 t0 120 mesh element.

* The supply tank must hold enough fuel to run the set forthe prescribed number of hours
{NFPA No. 110 Class designation) without refueling. Tank sizing calculations can be
based on the hourly fuel consumption rates on the generator set Specification Sheet.
Other considerations for tank sizing include the duration of expected power outages

vs. availability of fuel deliveries and the “shelf life” of the fuel. The shelf life for diesel
fuel is 1-1/2 to 2 years.

* For emergency power systems, codes might not permit the fuet supply to be used for
any other purpose, or may specify a draw-down level for other equipment that guaran-
tees the fuel supply for emergency power use.

¢ The Cetane rating of No. 2 heating oil is not high enough for dependabie starting of
diesel engines in cold weather. Therefore, separate supply tanks for emergency power
and building heating systems might have to be provided.

* Approved fiexible fuel hose must be used for connections at the enginé to take up gen-
erator set movement and vibration.

* Diesel fuel lines should be black iron pipe. Cast iron and aluminum pipe and fittings
must not be used because they are porous and can leak fuel. Galvanized fuel lines,
fittings and tanks should not be used because the galvanized coating is attacked by
the sulfuric acid that forms when the sulfur in the fuel combines with tank condensate,
resulting in debris that can clog fuet pumps and fitters. Although copper has been used
for diese! fuel lines for many years, black iron pipe is preferred. Diesel fuel polymerizes

(thickens) in copper tubing during long periods of standby, with the result that fuel injec-
tors can clog.
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sirictions, the maximum fuel flow and the fuel consumption. Table 12 Indicates mini- -
mum hose and pipe sizes for connections to a supply tank or day tank that is relatively

close to the et and at approximately the same elevation. Hose and pipé size shotild
be based on the maximum fuel flow rather than on the fue! consumption. (The maxi-
meim fusl flow is approximately twice the full-load fuel consumption on TPS genera-
torssetsratedZOOH?Skw_mdlarger.)Itlshigmyracommndedﬁ\atmeh}dmmd
retumn restrictions be checked before the set is placed in service.

TABLE 12. MINIMUM FUEL SUPPLY/RETURN HOSE AND PIPE SIZES

FUEL SUPPLY LINE FUEL RETURN LINE
0-10 FEET 10-50 FEET 0-10 FEEY 10-50 FEEY
MAXIMUM GPH | (03 METRES) {3-15 METRES) {0-3 METRES) (3-15 METRES)
FLEX |PWELD.| FLEX |PIPELD.§{ FLEX [PIPELD.| FLEX |PIPELD.
HOSE | INCHES { HOSE |INCHES | HOSE | NCHES | HOSE | RCHES
| | sze | om [ SZE | (mwm) | SR | (om) @ S _LOD).
816 - 1332 ¥1e 516
015 . NO.6 s NO. 8 (10.3) NO4 {4.8) NO. & 79
13732 12 e sne
1520 NO. 8 (10.3) NO. 10 u2n NO.4 4.8) NO. & s
12 58 12 12
&8 78 1372 12
80-100 NQ. 12 (15.9) NO. 18 (2.3) NO. 8 (10.3) NC. 10 (2.7
mn 778 1/2 88
100-180 . NO. 18 (223) NO. 18 (22.3) NO. 10 (127 NO. 12 (159)
m B L) 58
160> NO. 18 23 NO. 18 ©2.3) NO. 12 (15.9) NO.12 (15.9)
Mmmmmmmwmmwmmmw

o Separate fuel return lines to the day tank or supply tank must be provided for sach gen-
erator set in a multipte-set instaliation to prevent the retumn lines of idle sets from being
pressurized. Also, a fuel return line must not include a shutoft device. Engine damage
will occur if the engine Is run when the fine is shut off.

« Adaytankis required whenever pipe friction and/or supply tank elevation, either betow
the fuel pump inlet or above the fuel injectors, would cause an excessive fuel inlst or
return restriction. Some generator set models are available with an integral skid-
mounted or sub-base day tank.

For critical start applications, where generator sels are paralleled or must satisfy emer-
gency start-time requirements, it is recommended that a fuel tank or reservoir be lo-
cated such that the lowest possible fuel levet is not less than 6 inches (150 mm) above
the fuel pump inlet. This will prevent air from accumudating in the fusl line while the set
is in standby, eliminating the period during startup when it has to be purged.
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. Daymmtenpemwanﬁgmnwdbbecmwﬁeredhwmh@mm“ppﬂm-
tions when the warm fqelfrommeangine_isreuunegtomaaytank,ggﬂngps,_
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Gasoline Fuel

The following Hemsshou!dalsobeoonsidemdwhenimtalﬁngagasdheﬂnﬂsupplysys-
tem:

* Fuelwpﬂyhnkmnsbucﬁon,bcaﬁon,instaﬂaﬁm,venﬁngpipim.mmkmpec-
tion must comply with appiicable codes. See NFPA Standards No. 30 and No. 37.

* Fuel supply tanks mustbeadequatetyventedtoprev'entpressuﬁmﬁon,havapmvl-
slonsformnuallydrainingorpumping out water and sediment, and have at least a
ﬁvepercentexpansionspaoetopreventmaspiﬂagewhenmemeIMa!smandex-
pands.

* The fuel lift pump, day tank transtfer pump or float vaive seat should be protected from
tuel supply tank debris by a prafilter or sediment bow with a 100 to 120 mesh element.

* Approved flexible fuel hose must be used for connections at the engine to take up gen-
eralor set movement and vibration.. :

* Gasoline fuellines may be black iron or galvanized steel pipe or Type-L copper or steel
tubing. Cast iron and aluminum pipe and fitlings must not be used because they are
porous and can leak fuel. :

» Most codes do not permit storage of gasoline inside buildings. if storage is permitted
inside the building, the tank must be vented to the out-of-doors.

< Gasoline fuel storage life is only about six months. The size of the storage tank should
therefore be carefully considerad.

* See the generator set Specification Sheet for the maximum pemissible fuel lift. Also,
to prevent carburetor flooding or hydrostatic engine lock when the engine is not run-
ning, the maximum height of fuel in the day tank or supply tank should not exceed the
height of the fuel pump on the engine.
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Figure 34 flustrates the typical gas ine components in an automatic-iranefer, duak-fuel sys-
tem (natural gas and LPG). It is also reprosentative of single fuel systems and the natural
LPGs used in combination with gasofine, the gas-air mixeris mounted onthe air horn of the
gasoline.carburetor. Not shown is the LPG vaporizer supplied with TPS generator sets
equipped for liquid withdrawal of LPG (engine-mounted on outdoor sets only). The setvice

pressure regulator(s), dry gas filter(s) and manual shutof! valve(s) are typically provided by
the ks@il_er.

NaNrdgasgemmbrsetsmﬁstedmdrateduﬁ:gnawalgasmmamahgmd
approximately 1,000 Bt/ (37.24 MWm?®). With proper fuel mixture adjustments (see the

set Service Manual), fuel gases of lower heating value can be used with good
results but with less maximum power output. Depending on the fuel, deratings witt be hec-
essary. _

The tollawing should be considered when instaling a natural gas and/or LPG fuel system:

« Gaseous-fuel supply system design, materials, components, fabrication, assembly, in-
cable codes. See NFPA Standards No. 30, No. 37, No. 54 and No. 58.

. m!aymnandslzhgdﬂwgassupplypipmmmmmwmm
ume of gas required at full load as Indicated on the generator set Specification Sheet
while maintaining at least the minimum requiradwpp!yprossura.typicaly'lom
(254 mm) WC (water column). See the example pipe sizing calculation below and
associated pipe sizing tables (Tables 14 and 15). Final determination of pipe sizes

must, however, be based upon the method approved by the authority having jurisdic-
tion {(see NFPA No. 54). _

« Most installations will require a service gas pressure reguiator. Typicatly, gas supply
pressure should not exceed 20 inches (508 mm) WC at the inlet to the generator set.
Depending on distribution gas pressure, more than one stage of pressure regukation
may be required. High pressure gas piping Is not permitted inside bulidings. Gas
pressure regulators must be vented to the out-of-doors according to code.

« Approved flexible fuet hose must be used for connections ai the engine to take up gen-
erator set movement and vibration. Some TPS generator set modets are »
with flexible hosas that are connected to bulihead fittings on the skid where sokd pipe
connections can be made by the installer.

R Most codes require both manual and electric (battery-powered) shutcﬂ valves ahead
of the flexible fuel hase(s). The manual vaive shouid be of the indicating type.

) Adryfuelﬁﬂarshou&dbeinstalledheachlineasshownhﬁgme&toprotedﬂ\em
sitive pressure regulaﬁngmponentsandoﬂﬁoesdomueammwmhmgn
substances carried along in the gas stream {rust, scale, etc.). X

. AnLPGhdsupplysystemmmtbededicatedfonhaemergencypowersystemﬂﬁh
the required altemnate fuel.
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SWITCH CAUSES THE
LOSS OF NATURAL (AS SUPPLY PREBSURE TO CONTINUE GENERATOA SET OPERATION
AUTOMATIC

MANUAL DRY VAPORLED LP GAS 5 TO MAMEIAL oY
SHUTCFF FUEL 30 LBS. {34 TO 207 kPA) SHUTUFF FUEL
YALYE FLTER INLET PRESBURE VALVE FATER

MATURAL AAS SOUENOID VALYE TO CLOSE AND THE PROPANE GAS SOLENGCD YALVE TO OPEN UPON
WITHOUT INTERRUPTION. RETUAN TO NATURAL GAS IS

WHEN SUPPLY PRESSURE IS RESTORED,

FIGURE 34. TYPICAL GASEOUS FUEL SYSTEM
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o"AnLPGvaporizefheatedbyengmecoolantisfactmyhsmuedon TPS generator sets
eqnﬁppedforaﬁquﬁd-vﬁmdrawalofLPG.Bmuaemghpmssumgupipmmd
or vapar) Is not pennittedhsldebdldngs,genantorsetsequipped{wliqﬂd
withdrawa! of LPG must not be installed inside the building. Weather protective
housings for outdoor installation are available for most modeis.

« Ambient temperature affects the rate of vaporization in an LPG supply tank. In colder
climates, a way to compensate for the reduced rate of vaporization istoinstall afarger
supply tank. Table 13 can be used as a quick reference for sizing the propane tank to
account far expected low ambient temperatures.

« The required rate of vaporization can also be obtained by means of a bumer-type or
engine coolant-type L PG vaporizer located just outside the building.
TABLE 13. MINIMUM PROPANE TANK SIZE IN GALLONS (LITERS) FOR REGUIRED

VAPORIZATION
WITHDRAWAL RATE LOWEST AVERAGE WINTER TEMPERATURE
e | p | oo | dew | 0o |G | oeo
at least = n & .
100 ¢cth 100 150 200 250 400 650
(3 m¥Mr) (378) (568) (757} {948) {1514) (2461)
200 cth 250 300 400 600 1000 2000
(6 m¥h) (848) (1136) (1514) (z2n) (3785) 7s71}
300 cth 400 600 700 1100 1800 9500
(9 m3¥mr) (1514) {2271) (2650) (4184) {6814) (13,827)
400 cth 600 900 1200 1700 200 4500
(11 m¥he) (2271) (3407) {4542) (6435) (10.221) {17,034)
500 cth 800 1300 1600 2500 3600 7500
(14 m3fhr) (3407) (4821} (8057) (8464) {13,627 {28.391)
600 cfh 1100 1600 2000 2000 5000 10,000
{17 mihr) (4164) (6057) {7571) (11,358) (18,927) (37,854)
700 cfh 1500 2000 2500 4000 6000 13,000
(20 m3¥Mhr) (5678) {7571) (9484) (20,820) (22.712) (48,210)

Example Gas Pipe Sizing Calculations: An application calls for two natural gas generator
sets. The sets could be run concurrently. The fuli-oad fuel consumption indicated on the
generator set Specification Sheet for the model selected is 890 cfh {cubic feet per hour).
The two sets will be supplied by a service pressure regulator adjusted to maintam 14inches
(356 mm) WC (water column). The service pressure regulator will not serve any other load.
Figure 35 illustrates the gas piping arrangement.

ot 10 ft
GAS PRESSURE l |
REGULATOR

A B

GENERATOR SETS

FIGURE 35. GAS PIPING LAYOUT FOR A TWO-GENERATOR INSTALLATION
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Determine minimum pipe sizes as foliows:

1.

6.

Add up the length of pipe tbthegeneratorseﬂarﬁzesﬁroﬁﬂwesource,which is genera-
tor set B. .

" Total length of pipe for Set B = 150 ft + 40 ft + 10 ft = 200 ft
The length of pipe to the farthest set will be the only length used when referring to
Tables 14 and 15. In this case, refer to the 200 ft column in Table 14 (natural gas).

The 50 foot length of pipe serving generator st B alone, supplies 890 cfh of gas. This
section will therefore have to be 2-1/2 inch pipe.

. The 10 foot length of pipe serving generator set A alone, supplies 890 cfh of gas. This

section will also have to be 2-1/2 inch pipe.

. The 150 toot length of pipe serving both generator sets supplies 1780 cthof gas This

section will therefore have to be 3 inch pipe.

When piping is sized on this basis, the pressure loss should not be more than 0.5 in-
ches (13 mm) WC. ‘

This procedure can be used when other types of equipment, such as the building heating
boilers, are also supplied by the service pressure regulator supplying the generator sels.
Nota that Tables 14 and 15 cover gas supply pressures not greater than 1/2 psig. See NFPA
54 for gas pipe capacity tables for higher gas supply pressures (1, 5, 10, 20 and 50 psig).

TABLE 14. NATURAL GAS PIPE CAPACITY-—CUBIC FEET OF GAS PER HCUR

NOMINAL IRON LENGTH OF PIPE IN FEET

PIPE SIZE -

ONCHES) | 10 |20 |30 |40 | 50 | 60 |70 | 80 | 90 | 100 | 125 | 150 § 175 | 200
o aa | 960 250 | 200 [170 [ 151 758 [125 (10|10 [103 | 9 |8 | 77 | 72
| T | 630 | 465 | 375 [ 220 | 265 | 260 | 240 | 220 | 205 | 195 | 175 | 160 | 145 | 135

14 1200 | 850 | 770 | 660 | 580 | 530 | 490 | 460 [ 450 | 400 | 360 | 205 | 300 | 260
1R 5700 {1450 1160 | 690 | 900 | 810 | 750 | 690 | 650 | 620 | 550.] 600 { 460 | 430
2 5950 | 2750 | 2200 | 1900 | 1680 | 1520 | 1400 | 1300 | 1220 | 1150 | 1020 | 850 | €50 | BOC-
2172 5300 | 2350 | 3520 | 3000 | 2650 | 2400 | 2250 | 2050 | 1950 | 1850 | 1850 | 1500 | 1370 | 1280
3 17000 17700 (6250 [5300 | 4750 | 4300 | 3900 | 3700 { 3450 | 3250 | 2950 | 2650 |2450 | 2280
2503 on 0.5 e (13 mim) WG pressure drop, 0.60 specific gravity gas and nominal 1/2 psig (3.4 kPa) pressure

TABLE 15. LPG GAS PIPE CAPACITY—CUBIC FEET OF GAS PER HOUR

NOMINAL IRON LENGTH OF PIPE IN FEET
PIPE SIZE

{INCHES) 10 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 } 126 | 150~
¥4 557 1457 | 126 | 107 | 95 | &7 | 78 | 74 | €9 | &5 | 58 | 53

1 728 | 293 | 236 | 201 | 179 | 164 | 151 | 138 | 129 § 123 | 110 | 101

1-1/4 Sa0 | 508 | 485 | 416 | 265 | 333 | 308 | 289 { 207 | 252 | 230 | 204
1-172 1325 (920 | 743 | 624 | 567 | 570 | 472 | 434 | 409 | 390 | 346 | 315

2 5488 | 1732 | 1366 | 1197 | 1058 [ 958 | 882 | 819 | 768 | 724 | 642 | 598

Based on 0.5 inch (13 mm) WC pressure drop and nominal 11 inch (280 mm) WC pressure at inlet
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ENGINE STARTING SYSTEMS

Battery Starting Systems |

Battery starting systems for generator sets are usually 12 volt or 24 volt. Figure 36 illus-
mmstxptml battery-starter connections. Consider the following: '

« Batteries must have enough capacity to provide the cranking motor current indicated
on the generator set Specification Sheet. The batteries may be either lead-acid or
nickef-cadmium. They must be designated for this use and may have to be approved
by the authority having jurisdiction.

« A high output engine-driven altemator and automatic voltage regulator are provided
to recharge the batteries during operation. -

« For emergency power systems, a float-type battery charger, powered by the normal
power source, must be provided to keep the batteries fully charged during standby.

o Codes usually specify a maximum battery charging ime. The following rule-of-thumb
can be used to size baitery chargers: '

1.2 x Batiery Amp-Hours

Charging Hours

« Local codes may require battery heaters to maintain a minimum battery temperature
of 50° F (10° C) if the set is subject to freezing temperatures.

Required Battery Charging Amps =

« Standard sets inciude skid mounted battery racks and battery cables.

» Battery cable resistance must not result in a voltage drop between the battery and the
starter motor of more than 1 volt for 12 volt systems or more than 2 volts for 24 volt
systems. See the following example calculation.

STAHTER

POSITIVE {+) BATTERY
SOLENOID —

CABLE CONNECTION

STARTER
MOTOR

NEGATIVE () BATTERY
CABLE CONNECTION |

FIGURE 36. TYPICAL ELECTRIC STARTER MOTOR CONNECTIONS
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Example Calculation: A generator set has a 24 VDC starfing system to be powered by two
12 volt batteries connected in series {Figure 36). Total cabie length is 375 inches, including
the cable between the batteries. There are six cable connections. The generator set Speci-

fication Sheet indicates that cranking motor current is 565 amps. Calculate the required ca-
ble size as follows:

1. Assume a resistance of 0.0002 ohms tor the starter solenoid contact.

2. Assume a resistance of 0.00001 ohms for each cable connection (six).
3. Based on the formula that:

E (volts)

R (ohms) = T (amperes)’

Allowable Cable Resistance = (Aﬂowabie Voltage Drop) — Sum of Other Resistances

Cranking Amps

= (—5%5-) ~ (0.0002 + (6 x 0.00001)) = 0.00328 ohms

4. Refertio Figure 37 for AWG (American Wire Gauge) cable resistances. In this example,
as shown by the dashed lines, #0 AWG is the smallest cabie size that ¢can be used.

RESISTANCE (OHMS)

# 3 #2 # #0 #00
// // [/t / - // rond
/ / 1/ /. pd P
A A / / pd
WA A -
F A T ek
A A 4 A A D =
[ [/ A A~ | twos0_
| VAV, .4 p N
iVAY. AV A o AT
Y7/ Yy 7 A | AT
¥ V. AVAVARD =l
/X /A A L L4
/¥
y44%4 ped
J/e g |
////// _,/ N
(P
-
100 - 200 300 400 500 600 700
{2.54) {5.08) (7.62) {10.18) (12.70) (15.24) {17.76)

LENGTH OF CABLE IN INCHES (METRES)
FIGURE 37. RESISTANCE VS. LENGTH FOR VARIOUS AWG CABLE SIZES
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Air Starting Systems

Figure 38 shows a piping arrangementforatypmlaxrstaner Thefollowmg items should be
considered when installing an air starter system: :

+ The engine manufacturer should be consulted for recommendations regarding air
hose size and the minimum tank volume required for each second of cranking. Tank
size will depend on the minimum cranking time required. All of the starters available
from TPS have a maximum pressure rating of 150 psig (1035 kPa).

« Alr tanks (receivers) should be fitted with a drain valve of the screw-out, tapered-seat
type (other types are unreliable and a common source of air leaks). Moisture can dam-
age starter components.

o All valQeS and accessories in the system should be designed for diesel air starting ser-
vice. .

« Pipe fittings should be of the dry seal type and should be made up with thread sealant.
Teflon tape is not recommended as it does not prevent thread loosening and can be
a source of debris that can clog valves.
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T 24 VOLT AIR

STARTING
VALVE

TO PUSH-
BUTTON
STARTING
SWHTCH

- —

AIR INLET

Y - FROM
E“j AR TANK

LUBRICATOR

{CONNECTED

TO INJECTOR \ AR RELAY
DRAIN LINE) MUFFLER STARTER VALVE

FIGURE 38. TYPICAL PIPING ARRANGEMENT FOR AN AIR STARTER
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ELECTRICAL CONNECTIONS
General

Installation of electrical wiring should follow the requirements of the appicable electrical
code and be done by qualified persons.
an

AC Power Conductors

if the generator set is not factory-supplied with a main-line circuit breaker, the ampacity of
the field-installed AC phase conductors from the generator output terminals to the first over-
current device should be atleast equal to 115 percent of the generator full-load current. See
Table 16 and Schematics (a) and (b) in Figure 39. The length of run for generator tap con-

ductors to the first overcurrent device should be kept as short as possible (generally not
more than 25 feet).

Ifthe generator is supplied with leads, the size of the leads may be smaller than required for
field-installed conductors because generator leads have type CCXL insulation rated
125° C.

fthe generatbr set is factory-equipped with a main-line circuit breaker, the ampacity of the
field-installed AC phase conductors connected to the load terminals of the circuit breaker
should be equal to or greater than the circuit breaker rating. See Schematic (c) in Figure 39.

(a) No Main-Line Circuit Breaker

@ ) ooy

116% OF |
GENERATOR
FLA

TO THE AUTOMATIC TRANSFER SWITCHES

(b) Remote Main-Line Circuit Breaker

@ T T, h

115% OF EQUAL TO OR GREATEH
GENERATOR THAN REMOTE BREAKER
FLA RATING

TO THE AUTOMATIC TRANSFER SWITCHES

............ (¢} Generator Mounted Main-Line Circuit Breaker

@ 5 T b ') N

See e EQUAL TO OR GREATER
T AR THAN GENERATOR BREAKER l l I : ]

TO THE AUTOMATIC TRANSFER SWITCHES

FIGURE 39. FEEDER AMPACITY
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Therampacity of the neutral conductor is generally permitted to be equal to or greater than .
the calculated maximum single-phase unbalance of the load. Where a significant portion of
the load is non-linear, the neutral should be full size. .

The generator neutral suppfied by TPS is equal in ampacity to the phase conductors.

Flexible metal conduit and stranded conductors must be used for connections to the gener-
ator set to take up generator set movement and vibration. The flexible conduit should be at

least 18 inches (460 mm)} long.

Medium voltage cable must be installed and terminated exactly as recommended by the
cable manufacturer, by persons who have leamed the procedures through training and
practice under close supervision.

TABLE 16.THREE-PHASE AC GENERATOR AMPERAGE AT 80 % POWER FACTbR

Kw KVA | 208V | 220V | 240V |} 380V | 440V | 480V | 600V | 2400V | 3300V | 4160V
20 25 63 €6 €0 a8 33 30 24 - - -
35 44 122 115 105 67 &7 5 42 - - -
40 50 139 3 120 76 66 60 | 48 - - -
45 56 158 148 135 88 74 68 54 - - -
L) 63 174 164 151 85 82 .75 60 - - -
80 75 208 197 181 14 89 90 72 - - -
&5 81 226 213 196 124 107 98 78 - - -
70 a3 243 230 2n 133 115 105 B4 - - -
75 84 261 248 226 143 123 113 90 - - -
80 100 278 263 241 152 13 120 96 - - -
100 125 347 328 301 190 64 151 120 - - -
125 158 434 411 376 238 206 188 151 - - -
150 188 §21 493 452 285 246 226 181 - - -
175 219 608 575 527 333 287 263 211 - - -
200 250 695 657 602 | 380 328 301 241 ~ - -
230 288 799 755 692 437 378 346 2ri - - -
250 313 268 821 753 475 411 376 a0 - - -
275 344 955 803 828 £23 452 414 33t - - -
300 375 1042 885 203 5§70 483 452 361 - - -
350 438 1218 1150 1054 666 575 8§27 421 - - -
400 400 1390 1314 1204 781 €57 602 482 - - -
450 £63 1563 1478 1355 856 739 877 542 - - -
500 625 1737 1642 | 1505 851 821 753 602 151 109 87
600 750 2084 1971 1806 1141 885 903 723 181 131 104
750 538 2605 | 2453 | 2258 | 1426 | 1232 1129 503 228 184 130
800 1000 | 2779 2627 | 2408 1521 1314 1204 863 241 75} 138
800 125 3126 | 2986 | 2710 1 1478 1355 | 1084 27 197 156
1000 1250 | 3474 | 3284 301 1801 1642 1505 1204 301 219 174
1100 1375 - - - 2092 1806 1656 | 1325 331 241 191
1200 1500 - - - 2282 1971 1806 1445 361 263 208
1250 1563 - - - 2377 | 2053 1882 1505 a7e 274 217
1500 1875 - ~ - 2852 | 2483 ) 2258 | 1806 452 328 261

48



Grounding

System Gmundfng As shipped, the neutral terminal of a TPS generator is not

grounded. |f the generatoris a separately-derived power source (i.e. 4-pole transfer swiich)
thentheneutralmll have to be connected to a grounding electrode system by the installing
e!ectncuan.

lfhegemmtmneutalhlercomwdsw@asemoe-suppﬁedgrwndednm@ typically at
the neutral block of a 3-pole transfer switch, then the generator neutral should not be
grounded at the generator. The electrical code may require a sign to be placed at the ser-
vice supply indicating that the generator neutral is grounded at that location.

Equipment Grounding: A grounding terminal is provided on the skid of the generator set.
if a set-mounted circuit breaker is provided, a grounding terminal may be provided inside
the circuit breakar enclosure. The electrical code may require a grounding conductor so
that the section of flexible conduit required because of vibration is not relied on as a means
for equipment grounding.

Control Wiring

AC and DC control wiring {to the transfer switch and remote annunciators) must be runin
separate conduit from the power cables. Stranded conductors and a section of flexibie con-
duit must be used for connections at the set.

Accessory Branch Circuits

Branch circuits must be provided for all accessory equipment necessary for operation of the
generator set. These circuits must be fed either from the load terminals of an automatic
transfer switch or from the generator terminals. Examples of accessories inciude the fuel
transfer pump, coolant pumps for remote radiators, and motorized louvers for ventilation.

Branch circuits, fed from the normal power panelboard, must be provided for the battery
charger and coolant heaters, if used. See Figure 40.
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Allowable Single-Phase Load Unbalance

Single-phase loads should be distributed as evenly as possible between the three
of a three-phase generator set in order to fully utilize the rated capacity (kVA and kW) of the
set and to limit voltage unbalance. Figure 41 can be used to determine the maximum per-

missible percentage of unbalanced single-phase load, as lllustrated by the example cal-
culation.

Single phase power can be taken up tn 67 percent of the three-phase ratingon TPS gener-
ator sets not larger than 175 kW. {Note that this will resuit in fine currents for Y-connected
generators that will exceed nameplate ratings by approximately 15 percent.)

Generally, the larger the generator set, the lower the percentage of single-phase power that
can be taken. Figure 41 includes single-phase percentage lines for TPS intermediate-
size Frame-4 and Frame-5 generators. Confirm the frame size by referring to the applicable
Alternator Data Sheet referenced by the generator set Specification Sheet. For generator
sets rated more than 500kW, load unbafance should not exceed 10 percent.

Example Calculation: Find the maximum single-phase load that can be powered in con-
junction with a total three-phase load of 62 kVA by a generator set rated 100kW /125 kVA.

1. Find the three-phase load as a percentage of the generator kVA rating:

_ { 62 KVA o
Three-Phase Load Percentage = (———-—-——125 KV A) x 100% = 50%

2. Find the percentage of allowable single-phase load, as shown by the arrows in Fig-
ure 41. In this case, it is approximately 34 percent of the three-phase rating.

3. Find the maximum single-phase load:

Maximum Single-Phase Load = 125 k.;"o%oz A% - 425 KVA

4. Note, as follows, that the sum of the three-phase and maximurn permissibie single-
phase loads is less than the kVA rating of the generator set:

62 kVA (3-Phase Load) + 42.5 kVA (1-Phase Load) = 104.5 kVA
and

1045 kVA < 125 kVA (Rating of the Generator Set)

Unbalanced loading of a generator set causes unbalanced phase voltages. The levels of
load unbalance anticipated by these guidelines should not result in harm to the generator
set itself. The corresponding levels of voltage unbalance, however, may not be acceptable
for loads such as three-phase motors. )

Because of unbalanced phase voltages, critical loads should be connected to the phase
which the voltage regulator uses as the reference voltage (Ly-Lp as defined in the generator
set schematic) when only one phase is used as a reference. (Al three phases are used for
voltage reference on TPS PMG-excited generators) with 3 phase sensing option.
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OPERATION

TOR BEFORE TO TE N Y (8]
If proper start up has taken place, then the following events have already occurred.
1) The start up technician has reviewed the installation and has tested the unit by applying the
load and making sure all generator installation requirements have been met.
2) The start up technician has reviewed the overall requirements for the SAFE operation of the
unit with the personnel assigned to the daily inspection and operation of the unit.
3) The warranty forms and documentation are being processed and the unit is ready for operation.

The following should occur before any witnessed start of the unit.
1) Check fluid levels such as radiator water level, engine oil level, fuel level and battery fluid level.
Correct eny that may appear either to high or to low. Refer to the engine
manufacturers guide for assistance in determining these proper levels.
2) Inspect the unit for any noticeable loose connections or leaks. Refer to the applicable manual
for remedy of the problem or call TPS' service department for assistance.

The unit has a manual position that will start the unit as soon as the switch is placed

in the manual position. There will be & slight time delay through the control module and then the
starter will engage and crank the engine over. If everything is in proper running condition the
engine will accelerate to rated no load speed and run until the switch is returned to the 'OFF
position or the 'AUTQ' position. The unit will not start in the 'AUTO' position uniess the
automatic transfer switch is requiring it to start. If the unit starts when the control switch is placed
in the 'AUTO' position then it means that the utility is no longer supplying the transfer switch.
This is an unusual occurrence and therefore will not likely happen on testing the unit.

The unit, once running, will operate at rated speed which is generally 1800 RPM plus the droop
setting if the unit load is not applied. Initial readings on oil pressure and water temperature should
be monitored to make sure they appear to be working properly. Also, monitor the frequency and
voltage on the AC meters to verify that the generator is producing voitage at the proper level. If
any of the observations appear abnormal according to the respective operator guides, then make

note of the apparent discrepancy and turn the unit to the ‘OFF" position. Tag the unit as out of
service and call TPS' service department for assistance.



If the unit is operating satisfactorily, then you may apply the load if you wish in your normal
prescribed method. Some units may have a manual means of applying the load and some may have
an automatic transfer switch which may have a with or without load test selector switch. The start
up technician will have set the automatic exercise clock if the unit was purchased with one. This
feature starts the generator set and applies the load once a month or sometimes once a week
depending on the type of transfer switch ordered.

If the transfer switch has the test with load feature, witness of this test should be done periodically
to verify the exercise period is occurring and keeping the unit battery charged up. Some units may
also have a battery charger hooked up which is powered by the utility system to assist in
maintaining the battery in a properly charged condition. A battery charger is recommended in
automatic standby operation of 2 TPS generator set. Always replace the control switch back in
the automatic position when completing an inspection of the unit so that the automatic transfer
switch can start the unit if a utility power failure occurs. When an inspection of the unit detects

any unusual meter readings, noises or vibrations notify an authorized TPSDEALER to correct the
problem.
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GENERATOR CONTROL
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The Genesstor Control System is 2 micio procassor besed, digital read ot control system
consisting of:

ENGINE CONTROL BOARD

;
:
g
:
{
:
:
i
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Sansing, Power Supply, and Signat Conditioning. The control utilizes
sensing. mmmmmmm«mmmmaummumwmo
Amswmmmmemmmmmm.mmnmmmm
safety set point monitoring. swmammmammmummm
with snaine Cooldown are available Out of tolerance conditions are logged in EEPROM and displayed

untlf corective aclion Is taken. There is a 10 Amp dry relay closures for Pre-slam and Faul
snnunciation,

i
:
i

AC MONITORING BOARD

mACMMWMACVM.MAGCMMMMcM The AC
Monftoring Board Is internally connected to the Engine Conirol Board, and shad accapt
voltage.

fult
The Control System I8 compatable with m:.mmw.mmmmmmu
or 24 VOC battery. mmmmm.wm,m
Voltage, and Safeties are monitored on the MﬁMSup«Twiﬂ.MWram.aad-
Uighted LCD display. Automative type sanders are provided with the control system. Genarator AC
Voltags, AC Amperage, and Frequency are aiso displayed on the LCD display. Curent transfonmers are
pravided with the Generator Control System.

The O Pressure, Water Tempersture, me,mmwvmmwm.mm
Voits and AC Amps ars scrolied, Phase 1-2, Phase 2-3, and Phase 2-1. Emergency Stop, OverUnder
Voitage, OverfUnder Frequency, Under Speed, Overcurrent, Fusl Level features with pre-siarm snd fault
sel pointts are available festuces.

mc«ﬂMMapmmmmmemwﬂmwwmmmw
sender condition. A digtal Input is used to defeat the sender menitoring during test.
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ENGINE SEQUENCE OF OPERATION

A.

B
c
D

With the Seleclor Toggle in OFF the LCD display will pulse NOT IN AUTO.

. An amber Pre-alarm LED will tum on.

The Pre-alarm relay will close.

Engite Temperaturé, Fuei Level and Battery Voltage will be displayed

SELECTOR SWITCH IN RUN POSITION

Placing the Selector Switch in the RUN mode will initiate the start sequence:

A

B.
C.

The engine Start Contact will close battery positive (+}, to the Cranking Motor Slave Relay.
The Engine Fuel Contact will close battery positive (+) to the Fuel system.

The LCD display will read STARTING ENGINE during cranking. There are multiple Crank and Crank
Rest cycies. The default is 5 cranking cycles 10 seconds on and 10 seconds of crank rest. The LCD
dispiay will read Crank Rest between cranks. :

When Crank Termination Is reached the Start Contact will open, disengage the Cranking Motor
Stave Relay and lock out the starting circuit. The LCD display will read Oil Pressure Bypass. Should
the Speed Sender fail during cranking. The Secondary crank termination will activate and
disconnect the Cranking Motor Slave Relay. The engine wilt continue to run with Speed Sender
Failure pre-alarm message unit scrolled on the LCD display, and hertz reading "0°. The engine can
be restarted utilizing the secondary method of crank termination, but it is advised that the speed
sender be replaced ASAP.

Upon Crank Temnination the control enters Oil Pressure Bypass and checks for false crank
termination. The START CHECK™ feature monitors the engine speed immediately after crank
termination. |f a false start Is detected the control will wait for zero speed and a restart
sequence wiil be initiated.

After Oil Pressure Bypass and START CHECK™ the engine and generator information
is displayed. "

The Oll Pressure, Fuel Levei, Water Temperature, Frequency and Battery Voitage are displayed
while the AC volts and amperage values are scrolled. Should a monitored Pre-alarm condition occur

the Pre-alarmed value will flash on the display, an amber LED will tum on, and the Pre-alarm relay
will close.

Should a monitored Fault occur, the Fuel Contact will be opened and locked out. The LCD dispiay
will display the Fault Condition with its' associated value, the red LED will tum on, and the Fault
Relay will close. Manual Reset is required before a Restart can be initiated.

th
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Continuing to hold the RT toggie wxu scm{l the custom message umts safety set pcm and sender
con(ﬁﬁononmeLCDdisplay

J.- Placmgmespﬁngload&lowlelntheSLormaintainedposﬂlonwﬂilodtﬂmACsunﬁingona
specﬂlcptmse The SL toggle must be placadmmBOFFposttIondurtngengmstamﬂg

SELECTOR IN THE AUTO PCSITION

Placing the setector in the Auto posttion, the LCD display will read the foliowing:
A. IN AUTO with Temperature, Fuel Level, and Batlery Voltage displayed.

B. Closing ground to the Remote Start Temminal wili start the RUN SEQUENCE as described ghove,
Removing the Remole Start signal will stop the Generatlor placing the controls back into the
Automatic mode awaiting another Remote Start signal.

C. if any faults occur in Auto, a manual reset is required before a restart can be Initiated.
FAULT TEST PROCEDURE

OVERCRANK

Disconnec! the Fuel syslem and place toggle swilch in RUN position. The engine will crank 5
times with 10 seconds cranking efforts with 10 seconds rest. The crank Relay and Fuel Relay will
lock out, the Fault Relay will close, the red LED wili tum on, and the LCD display will read
FAULT OVERCRANK. Manual reset is required before restar! can be initiated. It is

recommended that the cranking motor also be disconnected while doing the lest to preserve
cranking battery chamge.

OVERSPEED

Piace the Engine selector in the RUN paosition allowing the engine to run. Manually increase the
fuel until OVERSPEED speed Is achleved. The Fue! Contact will open and lock oul, the Fautt
Relay will close, the red LED will tum on, and the LCD will dispiay FAULT OVERSPEED. Manual
reset is required before another start can be Initlated.

HIGH ENGINE TEMPERATURE FAULT

NOTE: Ground the digital in as refe on the drawings. to deactivate the sender fautt
fealure for testing. Place the Engine Seleclor in the RUN position allowing the engine to run.
Manuaily ground the Engine Temperature Sender to the engine block. The Fuel Contact will
open and lock out, the Fault Relay will close, the red LED will turn on, and the LCD will display
FAULT HIGH ENGINE TEMPERATURE. Manual reset is required before a restart can be
initiated. There is a 5 second delay on this faull. (If there are not enough digital inputs to aliow
sender deactivation utilizing a digital input. A fixed resistor must be utilized in place of the
engine sender for testing. Use a 47 ohm resister for High Temperature lesling)

LOW OIL PRESSURE FAULT

OTE: Ground the digital In as referenced on the drawi to deactivate the sender fa
featyre for testing, Place the Engine Selecior in the RUN position aliowing the engine to run.
Manually remove the Oil Pressure Sender wire. The Fuel Contact will Jock out, the Fault Relay
will close, the red LED will tum on, and the LCD will display FAULT LOW OIL PRESSURE
Manual reset is required before a restart can be Initiated. There is a 5 second delay on this faull
(If there are not enough digital inputs to allow Sender deactivation utliizing a digital input. A fixed
resistor must be utilized in place of the engine sender for testing. Use a 240 ohm resister for
Low Qil Pressure testing)

DIGITAL INPUTS

A contact closure to ground will activate individuai inpuls. The inputs will be as foilows
dspending upan customer definition:

A. Pre-Alamm at all imes or when running only.
57



B. Pre-Alarm when seleclor is in OFF or AUTO, Fauit when engine is running.
. €. Fauitwhen engine is running only.

EMERGENCY STOP

A contact ciosure to ground will activate Emergency Stop. ﬁeﬁnelwiﬂbah:medoff.thefaunrelay
will close, the red LED will tum on, and the display will read EMERGENCY STOP. if a push to

Emergency Stop and pull to reset type push button Is used, reset of the push button Is required prior
to manua! reset of the controls before restart..

SENDER FALURE
NOTE: rocequre - the deactivation gigi .
Grounding the sender will scroll a sender fa pre-afarm message on the LCD read out. The
running Time of the faflure will be stored in Sender Condition section of the custom message readout

display. The diagnostic screen will be cleared and the message unit correcled when the engine is
started and run with in-tolerance sanders.

CALIBRATION PROCEDURES
All units are calibrated at the factory. if fleld adjustment is required follow the procedure listed below.

AC VOLTAGE

Should AC Volts require adjustment, there Is 8 single 20 tum pot located on the AC Monitar board.
Tuming the pot clockwisa raises voltage.

AC AMPS

Should AC Amps require adjustment, there is a single 20 tum pot adjustment located on the AC
Monilor board. Tumning the pot clockwise raises amperage.

DC VOLYAGE

Should DC Voits require adjustment, there is a single 20 tum pot adjustment located on the Engine
Monitor board, assessabie through a hole on the AC board. Tuming the pot clockwise raises voltage.

NOTE: Depending on job specific programming the pre-alarm and fault relays may operate differently
than described above. i.e. Air Damper or Glow Plug :

TEST PROCEDURE FOR OPTIONAL FEATURES IF ACTIVATED

UNDERSPEED MONITORING AND PROTECTION
Underspeed does not activate until the programmed speed set point Is reached. The default activation

set point on a 80 Hz unit would be 55 Hz. This allows the engine to be started and idled without
Underspeed monitoring.

When the programmed set point is reached the Underspeed protection is activated for the duration of the
angine sun. The default set point on & B0 Hz unit would be 55 Hz for § seconds. Should the engine
speed drop and stay below the Underspeed set point. The engine will be shut down and require manual
reset. The controls will pre-alarm Underspeed until shut down occurs.

Underspeed can be tested by reducing engine speed to below the programmed set point.

OVER/UNDER VOLTAGE PROTECTION o
Over/Under Voltage does not activate until the programmed sst point is achieved. The default activation

set point on & 60 Hz unit would be 55 Hz. This allows the engine to be staried and idied without
OverfUnder Voitage monitoring.
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mmwmmmmmmmmmmmw&nammb
automatically activeted for the duration of the engine mun. A typical set point wold be plus 10% and
nummsmorwsgpomummmvmmmmegmmmm'm
require manual reset. The controls will pre-alarm Over/Under Voltage until shut down occurs.

OvedUnder voltage can be tested by tuing the AC vels caibration pot on the AC board.
OVER/UNDER FREQUENCY
mrmmwmaemmmwmmbmmwm

mmmmunawmmmmﬁm.msmmmmummmmwt
OverfUnder Frequency monitoring.

mmmmmmmm-mmdmmmmmeMmem-ms
activated, mmmmwmﬂwmmmmmormumummqmcm
set the EEPROM along with the time delay before pre-alarming. A typical setting is +/- S5Hz

OveariUnder Fraquency can be tested by adjusting the electronic govemor.

OVERCURRENT PROTECTION
mwmmmwmmaaoﬂzmﬂmuidbessm.o\mmmntismmaﬁwlyseﬂoread:

run based on the operating voltage for that un.  This allows for customer changing voitage between
runs. .e. 480 or 208 Thecontrols will pre-alarm the Overcurrent unill shut down occurs.

Overcurrent ¢an be lested by {uming the Amps calibration pot on the AC board.

SERVICE REMINDER Pre-alarm. At Crank Termination the hours left to service are displayed during
the ofl pressure bypass time delay. When the Service Time equals ZERO the Fre-glarm message unit
wiil be displayed. Holding the Running Time Toggle switch in the RT positions will scroll to the Time left
to service screen. When the value Is zerc and the Time lo Service screen is displayed the time will
automatically reset to the original Service Hours that In the EEPROM. The Service Reminder can be
reset any time by hoiding the Running Time Toggle switch In the RT position for 30 seconds. (This Is the
time reguired for the Service Time screen to be displayed three times)
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DATA LOGGING FAULTS ANDEMUNM

The last five faults are stored in EEPROM. As each fauit occurs the fault is stored with
the running time at the time of failure. l.e. Fault High Temperature 500.5. To readout
the Fault History Log depress the running time foggle switch. The Fauits will be listed
with the most recant first to the fifth fault. If an eleventh fault occurs the oldest fault will
be eliminated form the readout.

Holding down the running time toggle for 60 seconds can erase the stored History Log.
This is enough time for 2 complete scrolling of all data stored including custom message
units, sender faults and safsty set points.

The running time and History Log can be read without starting the engine by holding
down the running time toggle and placing the engine control switch in run. The engine
will not start as long as the running tie toggle is depressed. If the running time toggle is
released before the engine control switch is placed in the off position. The engine will
stant.
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Maintenance and Service

GENERAL

A well-planned program of preventive maintenance and service should be integral to the
design of an on-site power system. Failure of a standby generator set to start and run could
lead to loss of life, personal injury, property damage and loss of business income. Failure to
start and run due to low battery charge because of careless maintenance is the most com-
mon type of failure. A comprehensive program carried out on a scheduled basis by qualified
persons can prevent such failures and their possible consequences. The maintenance and
service programs most generator set distributors offer on a contract basis should be con-

sidered. Typically, they include performance of scheduled maintenance, repairs, parts re-
placement and service documentation.

SCHEDULED MAINTENANCE

The maintenance schedule for prime power sets should be on the basis of running time, as
published by the manufacturer. Since standby sets run infrequently, the maintenance
schedule is usually in terms of daily, weekly, monthly, semi-annual and annual tasks. See

the manufacturer's instructions for details: but scheduled maintenance shouid include at
least:

Daily
¢ Checking for oil, coolant and fuel leaks.

« Checking operation of the engine coolant heater(s). lf the block is not warm, the heaters
are not working and the engine might not start.

« Checking to see that the switchgear is in the AUTOMATIC position.
Weekly

« Checking engine oit and coolant levels.

¢ Checking the battery charging system.
Monthly

« Checking for air cleaner restrictions.

» Exercising the generator set by starting it and running it for at least 30 minutes under
not less than one-half rated load and checking for unusual vibrations, noises and ex-
haust, coolant and fuel leaks while the setis running. (Regular exercising kegps engine
parts lubricated, improves starting reliability, prevents oxidation of electrical contacts
and consumes fuel before it deteriorates and has to be disposed of.)

« Checking for radiator restrictions, coolant leaks, deteriorating hoses, loose and dete-
riorating fan belts, non-functioning motorized-louvers and concentration of engine
coolant conditioner.
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2

Checking for holes, leaks and loose connections in the air cleaner.

Checking fuel level and fuel transfer pump operation.

Checking for exhaust system jeaks and restrictions and draining the condensate trap.

Checking alt meters, gauges and indicator lamps for proper operation.

Checking the battery cable connections and recharging the batteries if specific gravity
is less than 1.260.

« Checking for ventilation restrictions in the inlet and outlet openings of the generator.
« Checking that all required service tools are readity available.
Semi-Annually

Changing engine oit and the full-flow and the by-pass ofl filters.

L 2

Changing the fitter(s) in the coolant conditioner circuit.
e Cleaning or replacing the crankcase breather fiiter(s).

» Changing the fuel filtter(s), draining sediment from fuel tanks, checking fiexible fuel
hoses for cuts and abrasions and checking the governor linkage.

» Checking electricatl safety controls and alams.
o Cleaning up accumulations of grease, oil and dirt on the set.

» Checking power distribution wiring, connections, circuit breakers and transfer
switches.

« Simulating a utility power outage. This should test the the ability of the set to start and
assume rated load and check operation of the automatic transfer switches, related
switchgear and controls and all other components in the standby power system.
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Annually
e Checking the fan hub, pulleys and water pump.
» Changing the day tank breather.
« Tightening the exhaust manifold and turbocharger capscrews.

« Tightening the set mounting hardware.

« Cleaning the generator power output and control boxes, checking for and tightening
all loose wiring connectors, measuring and recording generator winding insulation re-
sistances, checking operation of the generator heater strips and greasing bearings.

« Checking operation of the main generator circuit breaker (if used) by manuaily operat-
ing it and testing the trip unit according to the manufacturer’s instructions.

« Running the set for at least three hours, with one hour at near rated load, if the setis
nomally exercised at no-load or carries only fight loads.

« Generator insulation tests shouid be conducted annually throughout the life of a gener-
ator set. The initial tests should be done before final load connections are made to
sarve as benchmarks for the annual tests. These tests are mandatory for medium
voltage generator sets. ANSI/IEEE Standard 43, Recommended Practice for Testing
Insulation Resistance of Rolating Machinery should be referenced.
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TROUBLESHOOTING -

What are some of the most oftea found reasons for a failure of the generator set to start?
Below is a list of some of the areas overlooked when maintsining a generator set.

1) Battery cables! A battery cable often looks as if it is in good condition but in fact may be the
cause of & non-start of the generator set. Corrosion often starts on the inside of the cable
insulation and is not visible from the cutside without testing the resistance value from one end to
the other. Battery cable checks are listed in most operator guides and in order to keep the units
funning properly the cables must be kept clean and free from corrosion

2) Bad fael! Fuel systems are the second highest cause for failure to start or fail during an cutage
without being able to supply power for the full period of the outage. The major factor is usually
algae or water in the fuel tank which develops from not exchanging the fuei regularly or not
adding algae or water preventive additives to prevent this contamination. There are test
substances which allow testing of the tank to see if water is present and this should be performed
quarterly.

3) Corrosion! Electrical connections are subject to corrosion even though TPS units are treated
at the factory to help prevent corrosion from occurring. Check terminal connections periodically.
4)YOperator adjustments- Often times there is a problem with personnel adjusting units without
checking the proper method in the operator guides which lead to an unsuccessful start attempt
and damage to property or worse injury or death to personnel, DO NOT adjust the generator set
controls without the proper training in performance of the work.

5)Rodent/pest contamination- Insulation on electrical wires is often a treat for rodents which
can lead to a failure to start of the generator set. Another problem is rodeat or pest nesting which
can lead to plugging of the air cleaner or radiator(cap left off). Inspect the unit carefully for
rodent or pest contamination.

6)Improperly maintained coolant heater- The coolant heater is an integral part of an automatic
starting system and is often overlooked when checking out a unit. Generally this occurs because
the unit is turned off in the summer time and is merely left off after winter comes. The diesel unit
will not start properly when the coolant heater is turned off and the air temperature falls below 80
degrees Fahrenhet. '

7)Dead battery- This is the most unfortunate reason for a failure to start and can be prevented if
proper maintenance is performed on a scheduled basis.

Other troubleshooting is provided in each of the operator guides supplied with the unit and should
be reviewed for other problem solving.
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. Taylor Power Systems
S ' Ranufacturer's Limited Warranty
Taylor Genaerator Sots

Taylor Power Systems extends to the otiginal mmaserofgoodsfbrme.mafohmﬁngwammycovering gocds
manufactured or supplied by Taylor Power Systems, subject to the qualifications indicated.

There is no other express warranty.

implied warranties including merchantabiiity and fitness for a particular purpose, are fimited to periods of warranty
set forth below and to the extent permitted by law, any and all impfled warranties are excluded.

Inno eventis Tayior Power Systems liable for incidental or consequential damages.

NOTE: Some states do not allow fimitations on how long an implied warranty lasts, so the above limitations

1.

may not apply in every instance.

Taylor Power Systems warrants 1o original purchaser for the period set forth below that goods manufactured
or supplied by it will be free from defects In workmanship and material, provided such goods are installed,
operated, and maintained in accordance with Taylor Power Systems instructions, and further provided, that
installation inspection and initial start-up on Commercial-industrial Generator Set or Power Systems installa-

tions are conducted by a Taylor Power Systems authorized distributor or its designated service representa-
tive. .

Product Petiod of Warranly

Commercial — Industrial Standby Generator Seis

Two (2) years or 1500 hours from daie of initla) Start-
Up or 30 months from date of shipment from manutfac-
turer's plant, whichever comes first

Commgr:if! — Industrial Prime Power and Marine Gen- {One {1) year or 3000 hours from date of initial Start—
erator

Up or 18 months from date of shipment from manufac-
turer's plant, whichever comes first.

Chassis Mounted and Ctip—on Refrigeration Generator |One year from the date of original installation or 18

Sets months from date of shipment from manufacturer's
plant, whichever comes first,
Repair of Replacement Parts Ninety {90) days from date of purchase, excludes la-
) bor.

To be covered by this warranty your purchase must be registered within thirty (30) days of initial Start-Up,
warranty registration form to be provided and completed by seller.

Taylor Power Systems liability and purchaser’s scle remedy for a failure of goods under this warranty and for
any and all other claims arising out of the purchase and use of goods, including negligencs on the part of the
manufacturer, shall be limited 1o the repair of the product by the repair or replacement, at Taylor Power Sys-
tems option, of parts that do not conform to this warranty, provided that the product or parts are returned to
Taylor Power Systems factory at 461 Highway 49 South, Richland, Mississippl 39218, or to a Taylor Power
Systems authorized distributor or its designated service representative, transportation prepaid. in the svent
warranty repairs are not performed by a Taylor Power Systems authorized distributor or its designated service
representative, sald warranty repair ciaim will be administered through Taylor Power Systems, Richland, Mis-
sissippl Warranty Department. Claimarnt will be reimbursed labor expenses at the rate of thirty {30) U.S. doi-
lars per hour for the time allowed for the appilcabie repair or for the actual labor expenss, whichever is less.
Parts will be reimbursed at Taylor Power Systems current fist price, less the applicable discount from the
parts depot in the local geographic area, pius 5% for handiing. Taylor Power Systems will provide replace-
ment parts to claimants location within the continental United States. if claimant is located outside the conti-
nental United States, all parts shipments are f.0.b. point of debarkation. In the event warranty repalrs are
effacted outside the boundaries of the United States of America, Taylor Power Systems is not responsible for
any dutles, taxes, or associated charges as may be applicable in accordance with the regulations of the coun-
try whera such warranty repair Is performed.

All claims must be brought to the attention of Taylor Power Systems or an authorized distributor or its desig-
nated service representative within thirty (30) days after discovery that goods or parts faii to meet this wamran-
ty.
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4. This warranty does not apply to:

a. Cost of maintenance, adjustments, installation and start—up.
Failures due to normal wear, accident, misuse, abuse, negligenca or improper instafiation.
Damage due to faulty repairs not performed by an authorized service representative.
Products which are aitered or modified in a manner not authorized by manufacturer in writing.
Failure of goods caused by defects in the system or application in which the geods are instafled.

Failure caused by operations at speeds, load or conditions contrary to published specifications or recom-
mendations.

g Negligent maintenance such as:

1). Failure to perform scheduled maintenance.

2). Failure to provide sufficient lubricating cil.

3). Fallure io provide sufficient coofing.

4). Failure to keep air intake and coofing fin areas clean.

5). Failure to properly service air cleaner.

6). Use of ather than factory supplied or approved, repair parts and/or procedures.
h. Telephons, Telegraph, Teletype or other communication expenses.
I. Living and travel expensa of person performing service.
i. Rental equipment used while warranty repairs are being performed.
k. Overtime labor.
|. Batteries (Batteries are warranted by the battery manufacturer).
m. Starters and battery charging altemators (Warranted by Gomponent Manufacturer).
n. Consumable items including, but not restricted to:

1). Engine cil.

2). Grease and lubricants.

3). Fuel.

4). Filters and filter elements.

). Injector nozzies.

€). Glow plugs.

7). Cleaning materials.

8). Beflts,

g). Light bulbs and fuses.

10). Antitreeze coolant.

~ @ appQ

No person is authorized fo give any other warranties or to assure any other liabilities on Taylor Power _Systems.behaif,
unless made or assumed in writing by an officer of Taylor Power Systems, and no person is authorized to give any
warranties or assume any other liability on behalf of seller unless made or assumed in writing by sefler.

5. This warranty gives the user specific rights, and the user may also have other rights which vary from state to
state.

6. Check component manufacturer's warranties to determine if their coverage exceeds Taylor Power Systems’
warranty coverage.
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TAYLOR.

' POWER SYSTEMS

CELL UNIT CONTROLLER
OPERATING SECTION
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General Description of Operation for Taylor Power Cell Unit Controller

The control unit is designed to operate on 12 volt DC systems and has a constant powe‘r
draw. Fuel level, oil pressure, waler temperature are designed to operate on Stewan
Warner match senders. Low coolant level and fuel leak inputs are designed 1o operate
with normally open switches 1o ground.

It contains analog inputs for oil pressure, water temperature, speed (mag pickup), battery
voltage, fucltank level, AC voltage and Amperage (single phasc). It provides digital
inputs for Low Coolant Level, Fuel Tank Leak, and Remote Start (through the ATS
Interface Board).

it contains 30 amp, 12 v outputs, {or 4 fuel sotenoid and crank refay. A 10 amp relay
drives the ATS Interface Board. Four, dry contact, 10 amp relays are located on the AC
board. Fhey provide contact closurcs for Commeon Fault (R1), Generator Ready (R2),
Generator Running (R3), and Common PreAlarm (R4).

Operation:
Selector Switch in OFF

The control will display "NOT IN AUTO" and the engine parameters.
While in this mode. the unit cannot be started.

R4 is closed and the corresponding LED s lit.

Any out of tolerance value is flashed on the display to indicate a prealarm
such as low battery voltage.

a2 1 —

Selector Switeh in RUN

t. The contrel will begin a stariing sequence of 5 cranks for 10 seconds each
with 10 second rest in between and the fuel is energized constantly.

Once the controller measure 15 Hertz (450 rpm) the crank relay disconnects
and the control enters a RUN mode.

R3 is closed and the corresponding LED is bt

The engine runs witfiour LOAD TRANSFER,

While running, all displayed parameters are monilored. .
6. If a prealarm condition exists, R4 is ciosed and the corresponding LED is lit.
1f a fault occurs. R3 will open and the corresponding LED goes out and R1
closes and the corresponding UED is lit. The fuel relay opens and the LCD
will display the reason for the fauit.

~i
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8.

. F

If the switch is placed back into the OFF position from a running state, the

fuel relay will open stopping the engine without cool down, R3 will open und
R4 will close. The controller is now back in the “NOT IN AUTO” mode.

Selector Switch in AUTO

1.

2.

3.

The control will display “UNIT IN AUTO" and the engine parameters. R2is
closed and the corresponding LED is lit.
While in this mode, the unit is capable of starting either by receiving a remote
start signa! from the ATS Interface Board or starting from the Plant Excersizer
If a Remote Start signal is received, the controlier will enter a *Load” starting
sequence. There is a Time Delay to Engine Start of 3 seconds. The fucl and
crank relays close. Once started the crank relay opens and R3 will close.
After a 3 second “Time Delay to Emergency”, if 90% voltage and 95%
frequency is present, the ATS relay will close sending a signal to the transfer
switch to change to the emergency power source. Once utility power is re-
established, the controlicr will wait 10 minutes before opening the ATS relay
allowing the transfer switch to return to utility power. After 5 minutes of cool
down, the unit opens the fuel relay, stopping the engine, and returns o the
UNIT IN AUTO™ mode awaiting another Remote Start gignal. R3 opens.
If, while generator is running in the Auto mode and the selector swilch is
placed in OFF position, the fuel relay will open, stopping the engine without
cool down, R3 and R2 will open and R4 will close. The transfer switch will
transfer the load back to the utility source if and when the utility becomes
available. The unit is back in the “NOT IN AUTO” mode.

Plant Excersizer Mode

1.

2

L

The Plant Excersizer is activated when the toggle switch is in the “Activated”
position.

_ WPE Activated” will be displayed upprox. every 30 seconds while in the “NOT

IN AUTO" or "UNIT IN AUTO" modes.

It will only stari and run the enginc unloaded for Y4 hour cach week from the
time it was activated if the Selector Switch is in the AUTO position and it is
not already running from a remote start signal.

While running in the Plant Excersizer mode R3 will be closed.

If while the engine is running due to the Plant Excersizer cycle and the
Selector Switch is placed in the OFF position, the current PE cycle will be
cancelled, the fuel relay will open stopping the enging, R2 and R3 will open
and R4 will close. .~

If while running in the Plant Excersizer mode and the utility fuls. the PE
cvele is canceled and the load is transferred to the generator,
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SECTION 1
INTRODUCTION

14 INTRQDUCTION

The BC16/18 range of generatcrs is of brushless ratating field
.. Adesign, available-up to 660V/50Hz {1500 rpm, 4 pole and 3000
rpm, 2 pole) or 60Hz (1800 rpm, 4 pole and 3600 rpm, 2 pole),
and tuilt to meet B.S. 5000 Part 3 and international standards.

The BC16/18 range are self-excited with excilation power derived
from the main output windings, using either the SX460/SA465
AVR or transformer controlled excitation system.

The BC184 may be supplied fitted with an auxiliary winding in
the main stator, using the SA465 AVR.
Detailed specification sheets are available on request.

1.2 DESIGNATION

To provide standardisation of systems with minimal change lo
customers.

GENERATCR TYPE EC

SPECIFC TYPE L =TS OR TR ENGINE \
A = ALPHA ENGINE

INCUSTRIAL = {1} OR MARINE = (M)

SHAFT HEIGHT IN CM ON BCUC

NUMBER OF FCLES 2 or 4

CORE LENGTH

NUMEER QF EEARINGS 1 CR 2

Blc|L|r]|1]elalals
B{C 1]1]s
slclalilile]2
BlC EREAEY
[ [

1.3FACKAGED LOCSE ADAPTOR HARDWARE

Several adaptors are oniv partially fitted to generators to simplify
remova!l prior lo engine-generator assemely. The remaining
harcwere is contained within 2 plastic bag loczied in he terminal
Gex.

Adaptor Types

L S £
Fir 1 Im
o3 L )

€yt A n
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1.4 SERIAL NUMBER LOCATION

Each generator has its unigue senal number stamped inwe the
upper section of the non-drive end frame.

Inside the terminal box two adhesive rectangular labels have
been fixad, each carrying the generatcr's unigue identity number.
One to the inside of the terminal box sheet metat wark, and the
second label fixed to the main frame of the generaler.

1.5 RATING PLATE AND CEMARK

The generator has been supplied with a self adhesive rating
plate label to engble fitting afler final assembly and painting. !t
is intended that this label will be stuck to the outside of the terminal
box on the left hand side when viewed from the drive-end. To
assist with sguarely positioning the label, location protrusions
have been made in the sheet metalwork.

A CE Mark label is also supplied foose for fitment after final
assembly and painting. This should be aftached to an external
surface of lhe Generalor at a suitable location where it will not
be obscured by the customer's wiring or other fitlings.

The surface on the area where a label is l¢ be stuck must be
flat, clean and any paint finish must be fully dry before attempting
lo attach label. Recommended method for attaching tabel is
peel and fold back sufficient of the backing paper to expose
some 20mm of Iabel adhesive along the edge which is to be
located agains! the sheet metal protrusions. Once this first
section of label has been carefully located and stuck intc
position the backing paper can be progressively removed, ag
the lzhe! is pressed down into position. The zdhesive wil
achieve g permznent hond in 22 heurs.



SECTION 2

PRINCIPLE OF OPERATION

21 SELF-EXCITED AVR CONTROLLED

GENERATORS
2.1.1 MAIN STATOR POWERED AVR
AUTOMATIC
VOLTAGE
REGULATOR
CUTPUT
CICCES
SHAFT
0 O s 1 s D e
EXCITER ROTOR
RQTOR

The main stator provides power for excitatian of the exciter field
via the SX460 (SA4E5) AVR which is the controlling device
governing the lexel of excitation provided o the exciter field. The
AVR responds to a voltage sensing signal derived from the main
stator winding. By conlrolling the low powes of the exciter field,
control of the high power requirernent of the main field is achieved
through the rectified output of the exciter armature.

The AVR senses average voltage on two phases ensuring closa
regulation, In addifion it delects engine speed and provides voltage
fall off with speed, below a pre-selected speed (Hz) setting,
prevenling over-excitation at low engine speeds and softening the
effect of load switching to relieve the burden on the engine.

The detailed function of the AVR circuits and their adjustment are
covered in the load testing section.

In addition the SA465 AVR incorporates circuits which, when used
in conjunction with accessories, can provide for parailel eperation
either with ‘droap’ or ‘astatic” contral and VAR/PF centrol.

Funclion and adjustment of the accessores which can be fited
inside the generalor terminal bax are covered in the accesscries
section of this bock.

Separate instructions are provided with olher accesscries availatle
for ¢antrol panef mounting.

2.1.2 AUXILIARY WINDING POWERED AVR

AUTOMATIC
VCLTAGE
REGULATZR

AUXILLIARY WINC}NG?|

CUTPUT

&
RCTATING STATCR

EXCITER
STATIR
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The auxiliary winding provides power for excitation of the exciler
figld via the SA485 AVR which is the cantrolling device governing
the level of excitation provided to the exciter field. The AVR
respands {0 a voltage sensing signal derived from the main
stator winding. By controlting the low power of the exciter field,

-cantrol of the high power requirement of the main field is

achieved through the rectified cutput of the exciter amature.
The AVR senses average vollage on two phases ensuring close
regulation. In addition, it detects engine speed and provides
voltage fall off with speed, befow a pre-selected speed (Hz)
setting, preventing ever-excitation at low engine speeds and

softening the effect of load switching to relieve the burden on
the engine.

Under fault cenditions on the main stator output the zuxiliary
vinding conlinues to generate voltage from the harmonic content
of the magnetic field in the main stator core providing the

necessary power via the SA465 AVR, 1o maintain short circuit
fault currents.

The detailed function of the AVR circuils and their zdjusiment
are covered in the load testing section.

Function and adjustment of the accessories which can te fitted

inside the generator tarminal box are covered in the accessories
section of this book.

Separate instruclions are provided with other accessories
avaitable for control panel mounting.

2.2 TRANSFORMER CONTROLLED GENERATORS

TRANSFCRIER
CONTRCL
cumLT
£ EXCTER : A
STATCR  goTamiG $TATIR

CICCES

saFT
EXCITCR s
ROTCR i

The main stator provides power for excitation of the exciier hiald
via a transformer rectifier unit. The transformer combines vcitage
and current elements derived from the main siater outputic form
the basis of an cpen-loop contral system, which is seif reguiating
in nature. The system inherantly compensates for lcad current
macnitude and power factor and provides short circuit
maintenances in addition to 2 geod moter starting pericrmance.

Thres phase generaters normally have a thres phase transiormer
conirol for improved perfarmance wiih,gnbaianced lcads tuta

single phase transformer option is available.

Mo zczassonas can be provided with (his conircl sveem.



SECTION 3

APPLICATION OF THE GENERATOR

The generator is supplied as a compenent part for installation in
a generating set. It is not, therefore, practicable to fit ail the
necessary warning/hazard labels during generator manufacture.
The addilional labels required are packaged with this Manual,
together with a drawing identifying their locations,

i #1 = POSTTIONS FOR WARNTNG LABELS

R
T 5 s Ll oK ga,

sihe responsitiity of the generating se! manulacturer 1o ensurs
ity

ne correct lzoels are ftted and are clearly visible,

B
tn
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The generators have been designed for use in a maximum ambient
temperature of 40°C and alfituce less than 1000 metres above
sea leve! in accordance with BS 5000

Ambients in excess of 40°C and altitudes above 1000 metres
can be tolerated with reduced ratings - refer to the generator
nameplate for rating and ambient. In the event that the generator
is required lo cperate in an ambient int excess of the nameplate

value or at aftitudes in excess of 1000 metres above sea level,
refer to the factary.

The generators are of air-ventilated scresn protested drip-proof
design and are no! suitable for mounting cutdoors unless
adequately protected by the use of canopies. Anti-condensation
heaters are recommended during storage and for standby duty to
ensure winding insulation is maintained in good condition.

When instafled in a closed canopy it must be ensured that the

ambient lemperature of the cooling air to the generator does not
excead that for which the generator has beesn rated.

The canopy shoutd be designed such that the engine air intake to
the canopy is separated from the generator inlake. particularly
where the radiater cooling Tan is required te draw airinto the canopy.
In additicn the generator air intake to the canopy should be
designed such that the ingress of meisture is prohibited, preferatly
by use of a 2 slage filter.

The generalor air intake is through the nen drive end cover and
the generating set and canapy design must be such that the intake
is not restricted. It is recommended that a minimurn clearance of
S0mm s allowed tetween the generater airintake and any vertical
flat surface.

The air intake/outlet must te suitacle for the air ficws given in the
fcllewing tatle wih acditional cressure dreps lessinan or squaltc
those given telow:

i
i i A FE l
| Frame !
! S0z i EoHz ]
Qi | QiEwisec |
EC84
ZEm | sdm |
01dm¥sec | C1Emlsec l
EC184 — Zm wEiEr
ZiTdm 1 Ridm 1 vz 01
DiGrsec | Q.2imvisec i
ECH6Z :
2%8cm 220cm !
Q1Gmees 0 J22mVsec
2182 :
i Vo seem 1 e |

If specified at the tme of ordanng. the generallr uszi may ke
fitted with arr filtars >

Tre BCL construcuen has ne fan fited to the ge
vwheasa! fzn draws aur throec! c
restcuIens on air dow suen s lers enihe ¢

gz nelgermissinie




Important ! Reduction in cooling air flow or
inadequate protection to the generator
canresultin damage and/or failure of

windings.

Dynamic balancing of the generator rotor assambly has bean
carried out during manufacture in accordance with BS 6861 Part
1 Grade 2.5 to ensure vibration limits of the generator are in
accordance with BS 4999 Part 142,

The main vibration frequencies produced by the component
generator are as follows:-

4 pole 1500 rpm.  25Hz
4 poile 1800 r.p.m. 30 Hz
2 pole 3000 rp.m.  B0OHz
2 pole 3600 rpm. 60 Hz

However, vibrations induced by the engine are complex and
contain frequencies of 1, 3, 5 or more times the fundamental
frequency of vibration. These induced vibrations can result in
gererator vibration levels higher than those derived from the
generator itself. It is the responsibility of the generating set
designerto ensure that the alignment and stiffness of the bedplate
and mountings are such that the vibration limits of 85 S000 Part
3 are not exceddd.

In standby applications where the running time is limited and
reduced life expectancy is accepted, higher levels than specified
in BS 5000 can be tolerated, up to a maximum of 18mm/sec.

Two bearing generalors require a substantial bedplate with
engine/generator mounting pads to ensure a good base for
accurate alignment. Close coupling of engine to generator can
increase the overall rigidity of the setl. For the purpeses of
establishing set design the bending moment at the engine
flywheel housing to generator adaptar interface should not
exceed 125ft4b. (17 kgm). A fiexible ¢oupling. designed to suit
the specific engine/generatar combination, is recommended to
minimisa torsional effects.

Belt driven applications of hvo bearing generators require the
pulley diameter and design to be such that the side load or force
applied o the shafl is central o the extension and does nat
excead the values given in the table below:-

Frzme Sde Load Sha .
214 Poe exiensien mm '
et ! N i ;

B | @ | 500 [ 82 _
Bcie | 172 | 1700 | & !

in instancas where shail extensions greater than specfied in
he 1able have been sugplied. reference must be made to the
faciory for acpropriate loadings.

Alignment of single bearing generators is critical and vitraticn
can oczur due o tha flexing of the flanges betwesn the engine
and genaraiar, As {ar as the generatoris concerned the maximum
tanding mement &t this point must not exceed 12571b. (17 kami.

Single teznng generaters raguire a subsianua! bedplats wih
engina:gensrator MoLnung pads Lo ensure a grod base for
CCUrATe a'ignmant
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It is expected that the generater will be incerporates inte a
generating set operating in an environment, where the maximum
shock load experienced by the generator will not exceed 3g.in
any plane. Ifshock loads in excess of 3g are to be encountered,
anti-vibration mountings must be incarporated into the generating
set to ensure they absorb the excess.

The maximum bending moment of the engine flange must be
checked with the engine manufacturer.

Important ! Single bearing drive end brackets are

designed to be belted to the engine
fiywhee! housing using cap head screws.

Torsional vibrations occur in all engine-driven shaft systems and
may be of 2 magnilude to cause damage at certain critical
speeds. 1l is {herefore necessary to consider the torsicnal
vibraticn effect on the generater shatt and couplings.

Itis the responsibility of the ganerator set manufacturer to ensure
compatibility, and for this purpose drawings showing the shaft
dimensions and rotor inertias are available for customers to
forveard to the engine supplier. In the case of single bearing
generatars coupling details are included.

Important ! Torsional incompatibility andfor excessive

vibration levels can cause damage or
failure of generator andfor engine
components.

The terminal box is construcied with removable panels for easy
adaptation to suit specific glanding requirements. Within the
terminal box there are insulated terminals for ling and neutral
connections and provision far earhing. A hole is previded on
tne generator foot which may be {apped to give an additionat
earthing point.

The neutral is NOT connecied to the frame.

The main stator winding has 12 leads brought cut to the termnals
in the terminal hox.

No earth connections ara made on the
generator and reference to site

regulations for earthing must be mace.
Incorrect earthing cr protection
arrangementis can result in persenal injury

Warning !
or death.

Fault current curves (decrement curves), together with generator
reagtanca data. are availakle on reguest to assist the sysiem
dasigner to select circuit breakers. calculate fault currents and
ensure discrimination within the lead network.

/I

Warning !

lncarrect installation, service or
replacement of parts can result in severe
personal injury or death, andfor
equipment damage. Service personrel
must be qualified to perform electrical and
mechanical service. ¢




SECTION 4
: INSTALLATION - PART 1

4.1 LIFTING

Incomect lifting or inadequate lifting
capacity can result in severe personal
injury or equipment damage. MINIMUM
LIFTING CAPAGITY REQUIRED IS 250Kg.
Generator lifting lugs should NOT be used
Warning { for lifting the complete generator set.

Lifting lugs are provided &t each end of the generator for use
wilh 2 shackle and pin type fifting aid or lifting hooks. Chains of
suitable length and lifting capacity, with spreader bar tc avoid
damag~ ‘o the terminal box, must be used.

The correct lifting arrangement is shawn on a labei attached 0
_ tne generator. A typical example is shown helow.
IT IS THE GENERATOR SET

MANUFACTURERS

RESPONSIBILITY TO AT Y
THE SELF ADHESIVE WARNING
LABELS SUPPLIED WITH THE
GENERATOR. THE LABEL SHEET
CAN EE FOUND WITH THE
INSTRUCTIOH BOCK.

IMPORTANT

REEER T SERVICE MANUAL
BEFORE BEMOVING COVERS.

125 kgs MAX

BCL generators have no fan to support the drive end anc are
supplied fited with a transit strap clamping the coupling hub Lo
the drive end adaptor ring.

Onca the transit sirap is removad the rotor is fras to move inthe
frame, and cara is needed during coupling and alignmentito ensuie
tre frame is kept in the honizontal plane.

42 ASSEMELY TOENGINE

ENGINE TO GENERATCOR COUPLING ASSEMELY

zg5ary to firstiy careifully alicn. then roizte. the commres
rarater roior - Soging crankshat
B ss. te allow 1o

Cunng the assemtly of the Generaier (© the Engine it wii 2

zezambi, 25 fan
Cimgenien ana !

. R

o
o o o T
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combined assemblies exists for both single anc two bearing
units.

During the assembly of single bearing units it is necessary tc
align the generator’s coupling holes with the engine flywhes!
holes: i is suggested that twa diametrically opposite location
dowel pins are fitted to the engine fiywheei, cver which the
generator coupling can slide into final location into the
engine fiywhee! spigot recess. The dowels must be re-
maved and replaced by coupling balts before the final balt
tightening sequence.

White fitling and tightening the coupling bolts it will be
necessary to rotate the Engine crankshaft - Cenerator rotor
assembly. Care should be taken to ensure that rotation is
carried out in an approved manner that ensures safe working
practice when reaching inside the machine {o insen or
tighten coupling bolls, and that no component of the assem-
bly is damaged by non-approved methods of assemory
rotation.

Engine Manufacturers have avaitable a proprietary 109
designed to enable manual rotation of the crankshal assem-
bly. This tool must always ke used. having been enginesred
as an approved methed of assembly rotation, by engaging
the manually driven pinion with lhe engine flywhese! starier
ring-gear.

UNDER NO CIRCUMSTANCES SHOULD A LEVER BE USET
AGAINST THE FAN BLADES OR BAFFLE TOROTATE THE
GENERATOR ROTOR/ENGINE CRANKSHAFT ASSEMELY.

. |
Befare working-inside lhe generalor, during the
aligning and fitting of coupling bolls, care !
should be taken to lock the assembly to ;

Danger! ensure there is RO possibility of assambly

rotalional mavement.

4.2.1 TWO BEARING GENERATORS

A flexible coupting sheuld te fitted and alignes i &cscrdancs
with the couping manufaciurer's instructon.

If a close couclng adapter is used the alignment ¢f maching:
facas must be checked by offering the generaicrup to the engins
Shim the generatar fest if necessary. Ensure adaptor guards aft
fited afier genaratarfengine assemaly is complete. Opan coutle:
cets require a suitatle guard. 1o be provided by the se! puilder.

tn the case of bell driven generators, ensure siignment of drivs
end and driven pulieys to aveid axial load on the bearings. Scre
type tensioning devices are recommended to allow accura
adiusiment of be!t tension whilst maintaining putey ailcnment.

Eeit anc cullev guards must e provided by ine s&t puilcer.

fmportant ! incorrect telt tensioning will resultin
excassive bearing wear.
Caution ! Incorrect guarding and/or generater

alignment carfresult in personal injury
andlor ecuipment damage.




4.2.2 SINGLE BEARING GENERATORS

Alignment cf single beanhg generators is critical. If necessary
shim e generator feet to ensure alignment of the machined
surfaces.

For transit and starage purposes the generator frame spigot
and rotor coupling plates have been coated with a rust
preventative. This MUST BE removed before assembly to engine.

A practical method for remaoval of this coating is 1o clean the
mating surface areas with a de-greasing agent based on a
petroteum solvent.

Caution! Tare should be taken not to allow any
' cleaningagentto comeinto prolonged
contact with skin.

For coupling to the various engine fiywheel housings, the
generalors ¢an be supplied with an endbracket-adaptof
arangement as outiined below.

EndBracket’Adaptor

SAES
SAE4
SAE3
SAE2
SAES Plus SAE6G Adaptor Ring

tmportant ! Drive end adaptors are designed for use
with ¢ap head screws.
BC1B generators fitted with an SAE 5 drive
end adaptor must aiso be fitted with a
reduced diameter fan and must be
operated at reduced output.
Fan securing screws should be tightened
to 0.53kgm (ENm 4.41b. ft.)

The seguenca of assemtly to the engine should generaiiy te =5
follows:

1. O the engine check the distance from ke cousling
mating face on the flywheel to the fiywheel heusing mating
fzc=. This should be within 0.5mm of nominal gimensics.
This is necessary te ensure that a thrust is not applies to
the z.c. generator bearing or engine bearing.

2. Check that the bolts securing the coupling disc 10 ihe
couoting hub are tight and locked intoposition, Toreue
tigruzning is 7.6kgm (TSNm; 53 ')

L)

Ramove covars fram the drive end of the generaterio
gain access to coupling disc and adaplier boits

Chesx that coupling digg s cencentric wilh gcartor spiest
This zzn be adjusted by suscending he fo1er Cy Mezrs &2 3
reza sung through the adaplar cpening.

o

Ci‘es the a.c. generalor lo gngine ang angags toin

cLzing disc and housing spigots at the same tme. fir.ziy
puling home by using the housing and coupiing boils. w2
hezvy gauge washars benveen bolt head ang ciscs on
cigz o fywhesl beus.

(]

isz ic fywhasl Refar o engine TELS

faisc lo whesibots
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Important ! When fitting drive disc ensure that
flywheel fixing bolt hales fall between fan
hlades to allow access for flywheel bolts.
Use engine pulley to turn rotor.

4.2.2.1 SINGLE BEARING 4-POLE & 2-POLE
GENERATORS

Generators offered in the BCA range can be specified to suit
different engine build cenfigurations of specific flywhes! and
flywheet housing combinations.

important !  [tis mostimportant that the appropriate
generator build is ordered with prior

knowledge of the intended engine flywheel!
heusing arrangement.

Impartant  Guring assembly, loss of residual voltage may

occur. Refer to subsection 7.4.3 for field
flashing.
GENERATOR TO ENGINE ASSEMBLY INSTRUCTIONS

1. Remove louvered cover "A” frem non-drive endtracket"B*

2. Assemble locating bar "E” (Newage No AF1808) by
serewing into shaft.

3. Remove transil bar K"

4, Remove side screens "G

I the adaptor ring is an individual item, 85 indicated "F",
bolled to the generator D E. bracket. remove from generator
and fit to engine ywheel housing.

6 Thread twa locating pins “H™ inte two tep fiywheel holes.

7. Fit two locating pins "J" into two top heles of the engine
flywheel housing/adaptor location holes.

g Pick up ganerator by the cast lifting luas on both ends
with 1/2 ton shackles (TG ES3032 or lifting hooxs
(Newage Na.LE130) using suitatle iifung equipment.

i

Rctala generaior rofor suca (hat twe top holes of
coupling disc ara in close axial alignment.

HY Fush the generater rotar forward only half (S0mmt
{ha availzble movement provided by lccating bar "E". i
may te necessary to tap bar "E" with a hide mallet 'c
ease the bearng out of housing.

important ! Donot push the rotor forward tao far.

There is a risk that the rator will rest on the
stator winding outhang resulting in

winding damage especially if any

rotational movement occurs gunng
alignment with ping "H".

11, Supron ineweight of the rotcrat the caupling end whis:
sliging the retor {cnvard to locaie couriing disc holes over
suppoen pins "H™. Locating bar “E* will allaw the Folor ic
move forward a further SOmm. (ke total movemeni bar T
allows baing 100mm. With coupling discs positicnel
saainst fywhes! lecation fit sacunng gcrews ang washers
Remove pins "H" and fit two findi gacuring serews arc
wasners

ior emio engine guiding 3CETIDT Over locaing
¢ enic encine fywn@atiousing iccgnan, ornng
o vt seraws anc wasners Remaove TihE L

sre

N LoD SZTENWS E0LOW



13 Remave locating bar "E” Replace M10 screw "C" for
barring purposes.

14 Remave lifting tackle and replace side screens *G" and
louvered cover "A”,

SEL pnmes
FOUSING

4.2.2.2 SINGLE.BEARING 2-POLE GENERATOR TQ

ENGINE ASSEMBLY INSTRUCTIONS

{(WITH DOWELED FLYWHEELS)

1-5. Feoliow steps 1-5 from 4 pale instruction procedure.

6. Fit the two location dowels pins into appropriate
diametrically oppesite holes in engine fiywheel, leaving
sufficient paraflel diameter exposed to allow for positive
location of the disc-spacer-ring and coupling discs.

7. Fit the disc-spacer-ring over the two dowel pins ang pesiticn
firmly against the flywheel face.

8. Follaw steps 6-8 from 4 pale instruciion precedure.

c. Retale generater rotor such that the two cougling disc
dowel helas align with flywheet dowe! pins, and o tcr
holes of  coupling discs are in tlose axial alignmant
with the two flywheel location pins "H".

10.  Feliow step 10 from 4 pole instruction precedure.

11, Supportthe weight of the rotor at the coupling end whilst
sliding the rotar forward lo lqcate coupling disc heles cver
support pins "H".

Impertant ! Ensure coupling disc dowei gin holes are

in correct alignment

With the cougling disc positioned against lywreaticcaren
fit securing scraws and washers.

Remove pins "H" and Tt two final sacuring SCTews and
washers.

4=

1z Collew stens 12-14 frem 4 pele insiruction pracaaure.
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4.2 3TAPER SHAFT ARRANGEMENTS

This arrangement is used on the BCL style generalors.

.~ As with single beasing generators alignment is critical. If

necessary shim the generater feet to ensure alignment of the
machined surfaces.

The following procedure should be adopted 1o assemble the
generator to the engine:-

1. Remove louvred endcaver "G from non drive endbracket
*H* and M10 Hex Nut "D" from shaft securing stud "AA""

Remove transit bar "E” and withdraw stub shaft/shaft
securing stud "A/B" from rotor.

2. Ensure alternator, engine flywheet and fiywheel housing
locating spigots. faces and recesses are free from paintor
preservatives.

3 Locate stub shaft/shaft securing stud assembly "A"/"E” on

engine flywheel spigot and secure with studs "J", M12 hex.
nut "L or belts. Refer 1o engine manual for terque setiings. .

1=

Ensure toth tapers are clean and free of burrs. cil or grease.
Slide alternator complete with rotor towards engine,
ensuring that shaft securing stud "A” enters central hole in
rotor shaft. Refer 1o engine manual for lorque setflings.

5. Secure altermator adaplor "F” to engine flywheel housing.
Tap adaptor into place before tightening. Refer 1o enging
manufacturer for torque setting.

g. Fit M10 Binx nut "DD" to protruding shaft securing stud
AA". M10 Binx nut tightening terque 45 0Nm (33.0 Ibs.fi}.

£ lcuvrad endcover "G™ o nen drive encaracket "H”.

(L]

Chack ‘cr excassive vicratien at lime of izl run-ug.

SNGINE FLYWNRET

HCUSING
ENGINE FLY

v
b

Caution ! Incorrect guarding and/or generaior |
alignment can resultin persona! injury |
andicr equipmentdamadge. |




4 3EARTHING

The generator frame Shotld be solidly bonded to the generating
_ set bedplate. If anti vibration mounts are filtted between the
generator frame'and its bedplate a suitably rated earth conductor
{normally one half of the cross sectiona! area of the main line
cables) should bridge across the anti vibration mount.

Refer to local regulations to ensure that
the correct earthing procedure has been

followed.
Warning !

4.4 PRE-RUNNING CHECKS
4.4.1 INSULATION CHECK

Before starting the generating set, both after completing
assembly and afler installation of the set, test the insulation
resistance of windings.

The AVR should be discennected during this test.

A 500V Megger or similar instrument should be used. Disconnect
any earthing comductor_connected between neutral and earth
and megger an output lead terminal U, V or W to earth. The
i ®ulation resistance reading should be in excess of 5M toearth.
Should the insulation resistance be less than SM Lhe winding
must be dried out as detailed in the Service and Maintenance
secticn of this Manual.

Important I The windings have been H.V. tested during
manufacture and further H.V. testing may.
degrade the Insulation with consequent
reduction in operating life. Should it be
necessary to demonstrate H.V. testing, for
customer acceplance, the tests must be
carried out at reduced voltage levels ie.

Test Veltage= 0.8 (2 X Rated Voltage + 1000}

4.4.2 DIRECTION OF ROTATICN

All machines are fitted with a radia! bladed fan and are suilatle
for running in either direction of rotation, The generatar is supplied
to give a phase sequence of UV W with the generator running
clockwise looking at the drive end {unless cthervise specified at
the time of ordering). If the generator phase rotation has to be
reversad after tha generator has been dispatched apply o faciory
for approprzate winng gizgrams.

4.4.3 VOLTAGE AND FREQUENCY

Check that the voltage and frequency levels required for the
generating sat applicziion are as indicated con the generaicr
nameciate.

Three phase generaiors normaliy have a 12 ends outl
reconneciatle winding. If it is necessary lo reconnect the siatar
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for the voltage required, refer to diagrams in the back of this
manual.

4.4.4 AVR INITIAL SETTINGS

To make AVR selections remove the AVR cover and refer o the
following sections depending upon type of AVR fitted.

Reference to the generator nameplate will indicate AVR type.

AVR type SX480 - Refer to Section 4.4.4.1
AVR type SA4BS - Refer to Section 4.4.4.2

Most of the AVR adjustments are factcry set in positions which
will give satisfactory performance during iniliai running lest.
Subsequent adjustment may be required to achieve optimum

pedormance ofthe setunder operating conditions. Refer to saction
4.7 for details.

4.4.41 TYPE SX460 AVR

The following jumper connections an the AVR should be checked
to ensure they are corectly set for the generaling set application.

Refer ta Fig. 1 for location of selection links.

1. Frequency selection

£0Mz cperation LINK C-50
60Hz operation LINK C-8C
2. External hand trimmer selectjon
Ng exiarnal hand tnmmer LINK 1-2

External hand irimmer required -

REMOVE LINK 1-2 and
connect immer scro8s
terminals 1 and 2.

3. AVR Input Selection
Hicn Vollage  (220/2:0V)
Lew Voilage

INEUT Ng Link

LINK 3

(110/120V) IMEUT

LED \ i__ﬁl___l’— l“




4.4.4.2 TYPE SA465AVR

The fallowing swileh and jumper cornections en the AVR should

te<checked to ensure they are correctly set for the generating
set application.

Refer to Fig. 2 for selector locatians.

1. Frequency selection
50Hz operation

Set Switch SW1 to position 5
E0Hz cperation

Set Switch SW1 to position B

2. External Hand Trimmer selection
No extemnal hand trimimer LINK 1-2
Exernal hand timmer required REMOVE LINK 1-2 and
connect trimmer
across terminals 1 and 2.

3. AVR Input Selection
High Voltage 220,240V}
Low Voltage {110120v)

4. Stability selection

INPUT
INPUT

No Link
LINK L-L

Set switch SW2 to position 4

LINKED FCR
MNORMAL CPERATICHN
B /=
{
]

[

(-

el[v] [o][1]0 @)
AT m e W
SN2 S}W

Fig. 2
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4.4.5 TRANSFORMER CONTROLLED EXCITATICN
SYSTEM

This centrol system is identified by the word TRANSF agains:
AVR type on the nameplate.

The excitation control is factory set for the specific voltage showr
on the nameplate and requires no adjustment.

4.5 GENERATCOR SET TESTING

During testing it may be necessary to
remaove covers to adjust controls
exposing 'live’ terminals or components.
Only personne! qualified to perform

Waming! electrical service should carry out testing

andfor adjustments.

4.5.1 TEST METERING/CABLING

Connect any instrument wiring and cabling required for initiz!
test purposes with permanent or spring-clip type coanectors.

Minimum instrumentation for testing should be line - fine or
liie to neutral voltmeter, Hz meter, ioad current metering and

KW meter. If reactive load is used a power factar meter is
desirabla.

Important | When fitting power cables forload testing
purpeses, ensure cable voltage rating is at
least equal to the generator rated voltage.
The load cable termination should be
placed ontop bf the winding lead
termination and clamped with the nut
provided.

Caution! Check that all wiring terminations for
internal or external wiring are secure, and
fit all terminal box covers and guarcs.
Failure to secure wiring and/or covers
may resultin personal injury andlor
equipment failure.
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4.6 INITIAR START-UP

"Buring testing it may be necessary to
remove covers to adjust controls
exposing live' terminals or components.
Only personnel qualified to perform
electrical service should carry cuttesting
Waming! and/or adjustments. Refitall access
covers after adjustments are completed.

On comgleticn of generating set assembly and before starling
the generating set ensure that all engine manufacturer’s pre-
running pracedures have been completed, and that adjustment
of the engine govemer is such that the generator will not be
subjected to speeds in excess of 125% of the rated speed.

Important | Overspeeding of the generator during
initial setting of the speed governor can
result in damage to the generatar rotating
companents.

In addition remove the AVR access cover {on AVR contralled
generators) and turn VOLTS control fully anli-clockwise. Stan
the generating.set and run on no-Joad at nominal frequency.
Slowly turn VOLTS ceatrol polentiometer clockwise until rated

yeltage is reached. Referto Fig. 1,2 or 3 fer control potentiometer
location.

Impertant ! Do notincreasethe voltage above the
rated generator voltage shown on the
generator nameplate.

The STABILITY control potentiometer should be set to the
midway position (refer to fig 1, 2 or 3 for its location) and with
the statflity selection correctly set should not narmally require
adiustment. Should adjustment be required, usually identified
by escillation of the veltmeter proceed as follows:-

On SA4E5 major adjustment of the stability can te made by
selection on switch SW2.

Switch positicn 8 will give SLOW AVR response
Switch pesition 0 will give FAST AVR response

1. Run the generating set on no-load and check that spe=d
is ccrrect ard stable.

2. Tum the STABILITY control potentiometer clockwise, then
lum slowly anti-clockwisa until the generator veltage starts
to tecome unstable. The correct setting is sightly
clockwise fram this position (i.e. where the machine voits
are stzhle but close to the unstable region).

4.7 LOAD TESTING

/N

l Waming!

During testing it may he necessary ta
remove covers to adjust contrels
expesing live' terminals or compenents.
Oniy persennel qualified to perform
electrics] service should carry outtesting
andlor adjustments. Refit all access
covers after adjustments are cempleted.
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4.7.1 AVR CONTROLLED GENERATORS - AVR AD-
JUSTMENTS

Refer to Fig. 1, 2 or 3 for control potentiometer locations.

Having adjusted VOLTS and STABILITY during the initial start-
up procedure, the AVR contiol functien UFRO should not
normally need adjustment.

If however, poar voltage reguiation on-load is experienced, refer
to the following paragraph te a) check thal the symptoms
ahserved do indicate adjusiment is necessary, and b) to make
the adjustment correctiy.

4.7.1.1 UFRO {Under Frequency Roll Off)

The AVR incorporates an underspeed protection circuif which
gives a veltage/speed (Hz) characteristic as shown:

The UFRO conlrol potentiometer sets the "knee point™.

Symptoms of incorrect setting are 2) the light emitting dicde
(LED) indicator, adjacent to the UFRO Control potentiometer,
teing permanently it when the generfator is on fcad, and b)
poor voltage regutation on load, i.e. operation on the sleping
part of the characteristic.

Clockwise adjustment lowers the frequency (speed) setting of
the "knee point™ and extinguishes the LED. For Optimum setting
the LED should illuminate as the frequency falls just below
nominal frequency, i.e. 47Hz on a S0Hz generator or STHz on a
E0Hz generator.

Ciockowize
Adjustment

Anticlockwisa

Knee Adjustrment

Paint
i

w Volts

Sicze
ie————shown &

1 typicar

20

=1
tmn
[s'}
[&]
o
wn

D
o



4.I.2\TRANSFORMER CONTROLLED GENERATORS
TRANSFORMER AQJUSTMENT

Narmally no adjustment is required but should the no-load
voltage and/or on-load valtage be unacceptable, adjustment of
the transformer air gap can be made as follows.

Stop the generator. Remove transformer cover box. (Nermally
left hand side of the terminal box when viewed from the nen
drive end).

Slacken the three transformer mounting beits along the top of
the transformer, and the.iwa bolts holding the mounting bracket
1o the base plate.

Start the set with a voltmeter connected across the main output
terminals.

Adjust the air gap between the transformer top lamination secticn

- and the transformer limbs to obtain required voltage on no-load.
Siightly tighten the three mounting balts. Switch load "on’ and "off
twa of three times. Application of load will normally raise the
valtage setting slightly. With the load ‘off recheck the no-icad
voltage.

Readjust air gap and finally tighten mounting bolts.

Refit the access cover,

Failure to refit covers can resultin operator
personalinjury or death.

Waming !
4.8 ACCESSORIES

Refer to the "ACCESSORIES" - Section 6 of this Manual for satting
up procedures related to generator mounted accessaries.

If there are accessories for control panel mounting sucolied
with the generator refer to the specific accessory fiting preceguras
insered inside the back cover of this book.
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SECTION 5
INSTALLATION - PART 2

5.1 GENERAL

The extent of site installation will depend upon the generating
set build, e.g. if the generator is instailed in a canopied set with
integral switchbeards and circuil breaker, on site installation will
te limited to connecting up the site Joad to lhe generating set
output terminals . In this case reference should be made fo the
generating set manufacturer's instruction book and any perlinent
local regulations.

If the generator has been instalied on a set without switchboard
of circuit breaker the following points relating lo connecling up
the generator should be neted.

5.2 GLANDING

The terminal box will normally be supplied with the right hand
side panel, viewed from the nen drive end, available for catle
exit. The side panel is remavable for drilling/punching to suit
glands or glanding boxes. Shauld the cable exitte required from
the left hand side of the generator when viewed from the ncn
drive end, the left and-right hand panels may be inlerchanged.
Sufficient length of wiring 1o the AVR has been provided for this
purpose.

Incoming cables should be supported from either below of ateve
the box level and al a sufiiclent distance from the centre line of
the generating set so as to avaid a light radius at the paint of
entry into the terminal box panel, and allow mavemenl of the
generator set on its anti-vibration mountings without excessive
siress on the cable. ’

Before making final connections, test the insulation resistance

of the windings. The AVR should be disconnected during this
lest.

A 500V Megger or similar instrument should te used Sheula
the insufation resistance be less than SMW the wincings musi
be dried cut as detailed in the Servica and Maintenance sazicn
of this manual.

When making connections 10 lhe terminals he incsming catle
termination should be placed on top of the winding lead
terminationis) and clamped with the nut provided.

Important ! To avoid the possibility of swarf entering

any electrical components in the terminat
box, panels must be removed far drilling.

5.3 EARTHING

The newirzi ef the ganerstoris nat bonded to the generator frama
&5 suppliad rom the factery. An earih terminal is provided inside
Ihe lerminat box adjacent to the main termicais. Should it te
required tc coerate with the neutral earthed a substantial earth
canducier {nermally egquivalent to one half of the section of the
fine condumiars) must be connecied between the nautral and
the 2anh ieminal inside tha terminal box. A hole is crovided en
tha gen=czier foot which may be tanced to give 3n adcitional
esrthing g3nl. The fe2t should be already bondad ta inhz
2! tadnialz by the generating set bullder, But wail

. i sogiam
e < T EYEET

=it bz oonnesiad totha sis 22
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Caution ! Reference to local electricity regulations
or safety rules should be made to ensure

correct earthing pracedures have been
followed.

5.4 PROTECTION

It is the respensibiiity of the end user and his contraciors/ sub-
contractors o ensure that the overall system preleclion meets
the needs of any inspecterate, local electricity autharity or safety
rules, pertaining o the site location.

To enable the system designer to achieve the necessary
protection and/er discrimination, fault current curves are availatsle
on request from the faclory, together with generator reactance
values 1o enatle fault current calculations to be made..

Incarrect installation andlor protective
systems can resuitin personal injury
andfor equipment damaga.

- Installers must be qualified to perform
Warning ! electrical installation work.

5.5 COMMISSIONING

Ensure tha! alf external cabling is correct and that all the

generating set manufacturer's pre-tunning checks have teen
carried out before starting the set.

The generator AVR controls will have been adjusted during the
generaling set manufacturer’s lests and should normally not
require furlther adjustment. Should adjustment cn site be
necessary referto Secticn 4 for AVR details and/er Seclien €fer
paralleling adjusiments.

Srculd malfunccn cogur dunng Cemmissicning refer 15 Servica

"]

ana Llaintenancs secucn Fault Fincing grocecure



SECTION 6
ACCESSORIES

Ganerator contrel accessories may be fitted, as an cption, in
the generator terminal box. ff fitted at the time of supply, the
wiring diagram(s} in the back of this bock shows the
connections. When the options are supplied separately. fitting
instructions are provided with the accessary.

Accessaries available are droop transformer for parallel
operation applicable to generators with SA465 AVR, and
remote voltage adjust {hand timmer). The latier being available
far ail AVR types but not fitted on the generatar.

NOTE:

Nane of the accessories can be fitted with a transformer
controlied generstor.

6.4 REMOTE VOLTAGE ADJUST (alf AVR types).

A'remate voltage adjust can be fitted to the centrol panel.

Remove link 1-2 on the AVR and connect adjuster (o terminals
1and 2.

6.2 PARALLELOFERATION

Understanding of lhe following notes on paralle! operation is
useful before attempting the fitting or setling of the drocp kit
accessory. When operating In parallel with other generators ar
the mains, It s essential that the phase sequence of the
incoming generalor matches that of the bushar and also that
all of the following condilions sre met before the circuit breaker
of the Incaming generator Is closed on to the busbar {or
cperational generatar).

1 Frequency must match within close limils.
2. Voltages must match within close limils.
3 Fhase angle ¢f voltages must malch wilhin clase fimits.

Avariety of techniques, varying from simple synchronising [ames
1o fully automalic synchronisers, can be used to ensure \hese
conditicns are met.

Important 1| Failure to meet conditions 1,2,and Jwhen
closing the circuit breaker, will generate
excessive mechanical and electrical

stresses, resulting in equipment damage.

Once connected in parallel a minimum instrumentation level
per generator of vollmeter, smmeter, watt meter (measuring
tctzi power per genarator), and frequency meter is required in
crder to adjust the engine and generator controls 1o share KW
in ralasion o engine ratings and kVAr in relation o generaior
raiings.

It is imoertant to recagnise that

—

K\ are derived from the engine, ang speec governcs

charactanstcs determine the kW sharing betwean s212

SIS

WWAFara darved from the generaicr, anc excists
characiansiss delarmine the KVAr shanng.
should be made to tha generating s=!

insiucions “or salting the governcr conirdis.
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"6.2.1 DROGP

The most commonly used method of kVAr sharing is to create
a generatar voltage characteristic which falls with decreasing
power factor (increasing kVAr). This is achieved with a current
transformer (C.7.ywhich provides a signal dependent on current
phase angle {i.e. power factar) to the AVR, The current
transformer has a burden resistor on the AVR board, and a
percentage of the burden resistor voltage is summed into the
AVR circuit. Increasing droop is obtained by tuming the DROOP
controt petentiometer clockwise.

The diagrams below indicate the effect of droop in a simple two
generator system:-

Load at pf cos &

\
| |

Gen No. 1 GenNo 2

kW

KVAr

No. 1 Croop Greater
than Me=2 Crecap

RVAr

Mo 1angltle 2
Creco Egual

K

Ganerally 375 crooo &t full logs carrem z20e Pl sufficient ¢
ansure kKWAr sharning.

If the dreeo gooessery b san guoplied wilh the caneraiey i
wall have hesn iesiec o ensure corest polan 808 set i@ &
nominal lzue! of croon, Thz fina fevel of oot will be s2t
dunng genarsing set GommiIsiening.



€.2.1.1 SETTING PROCEDURE

Depending upan available load the following settings should
, - be used - all are__.pased on rated current level.

08FF.LOAD
QPF.LOAD

(at full toad current) SETDROOPTO 3%
{at full load current)  SET DRCOP TC 5%

Setling the droop with low power facter load is the most accurate.

Run each generator as a single unit at rated frequency or rated
frequency * 4% depending upon type of governor and nominal
voltage. Apply available load to rated current of the generator.
Adjust 'DROOF" control polentiometer to give droop in line with
above table. Clockwise rotation increases amount of droop.
Referto Fig 2, Fig 3, for potentiometer location. After adjustment
check NO LOAD voltage level and adjust if necassary.

Note 1) Reverse polarity of the C.T. will raise the generator
voltage with load. The polarilies §1-52 shown on the wiring
diagrams are corect for clockwise rolation of the generator
fooking at the drive end. Reversed rotation requires S1-S2 1o
be reversed.

Note 2) The fidst important aspect is to set all generatars
equal. The precise 1eVel of droap 1s less crtical.

-

Note 3) A generator operated as 8 single unit with a droop
circuit set at rated load 0.8 power factar is unabte to maintain
the ysual % regulation. A shoring swilch can be connected
across 51-52 to restare regulation for single running.

Important 1 LOSS OF FUEL to an engine ¢can cause its
generator to motar with consequent
damage tg the generator windings.
Reversa power relays should be fitted to
trip main ¢ircult breaker.

LOSS OF EXCITATION to the generator

can resultin targe current oscillations with
consequent damage to generator
windings. Excitation [oss detectian
equipment should be fitled to trip main
circuit breaker.
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6.2.2 ASTATIC CONTROL

The *droop’ eurrent transformer can be used in 2 connection
arrangement which enables the normal regulalien of the
generater to be maintained when operating in parallel.

This feature is cnly supplied fram the factory as a-fitted droop
kit, however, if requested al the time of order, the diagrams
inside the back cover of this book will give the necessary site
connections. The end user is required to provide a shorting
switch for the droop current iransformer secordary.

Should the generatar be required to be convered from standard
droop o ‘astalic’ control, diagrams are available on request.

The setting procedure is exactly the same as for DROCF,
(Subsection 6.2.1.1).

important ! When using this connection arrangement a
shorting switch [s required across each
C.T.hurden {terminals S1and S2).
The switch rust be closed a) when
a generating setis not running and b) when
a generaling set is selected for single
running.



SECTION 7
SERVICE AND MAINTENANCE

Service and fault finding procedures
present hazards which can resultin
severe personal injury or death. Only
personnel qualified to perform electrical
and mechanical service should carry out
these procedures.

Ensure engine starting circuits are
disabled before commencing service or
maintenance procedures. Isclate any
anti-condensation heater supply.

Warning !

As partofroutine maintenance procedures periodic attention ta winding
conditon (particelary when generators have beenidle for a long period)
and bearings is recommended. Refer 10 subsections 7.1 and 7.2
respecively.

When generaters are fitted with air filters regular inspection and filter
maintenance is required. Refer to subsection 7.3.

7.1 WINDING CONRITION

The condition of irewindings can be assessed by measurement cf
nsulztion resistance & earth.

The AVR should be d’smn—neded during this test and the resistance
temperature detecior leads grounded. A 500V "Megger o similar
instument should be used. -

“The AVR should be disconnecied during this test, A 500V ‘Megger' or
simitar nstrument should be used.

The nsulation resistance to earth of all windings should be in excess
of 1.0ML

Sheuld the nsufation resistances be less than hese values. cryrg
cut of the generator windings is essential.

DCryirg cut may be camied out by directing wam air frem a %zn hester
or simizr apparatus into the generatar air inlets andfor cutlets

Atemztively the stemator maln stator windings may te short crocuted
wilh a beited 3 phase short 2t the main tenminals and the generaling
set run with the AVR disconnected at tesminals F) and F2. A d.<.
suppiy is connected to the leads F1 and F2 (F1 must te connezed to
the pesisve of the d.¢. supply and F2 1o the negative of ihe d €. supply}.
Tre d.c supply must te varighle from O - 24 volts and capatie o
sueplying 1.0 2mp. An a.c. cament ¢ip-cn ammeter or similarinsremert
is recrired to measure the winding lead current.

Sztied o supply voltaga to zero. Startthe generaiing set and siowly
increzee the de. voltage Jo pass cument through the main staser
wirgir. The current level sheuld ot exce=d the rated cumeni ci e

CENErEC.

Nemmaiy - 1 heur is sufficent to dry out vangings by this methed.
lmportant !  The short circuit must not ke applied with
the AVR connected in circuit. Currantin
excess of the rated generator current will
cause damage to the windings.
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After drying out, the insulation resistances should be rechecked
to verify minimum resisiances quoled above are achisved.

On re-testing it is recommended that the main stater insulation
resistance is checked as follows:-

Separate the neutral leads

Ground VandW phase and megger U phase toground
Ground UandW phase and megger V phase toground
Ground UandV phase and megger W phase 1o ground

I{ the minimum value cf 1.0MQ is not obtained. drying out must
te continued and the lest repeated.

7.2 BEARINGS
All bearings are sealed for life and are not regreasable.

During major overhaul it is recommended that sealsare
checked for wear or loss of grease and replaced if necessary.
Periodic checks for overheating or noise during the ffe of the
bearing are recommended. If excessive vibration develops
after a pericd of time, this may be due lo bearing wear - the
bearing should then be examined for damage or loss of
grease and replaced if necessary. In any event the bearing
should he replaced after 40000 hours in service.

Ee't driven generater bearings are subjected 1o higher
loadings than direct driven generators and bearings should be
replaced after 25000 hours in service. It should be ensured
1hat side loads do not exceed the levels quoted in SSCTION 3
of this manual.

Important ! Bearing life is subject to working

conditions and enviranment.
Important ! Long stationary pericds in an environmant
where there is vibration can cause false
brinnelling which puts flats on the ball and
grooves on the races.
Very humid atmospheres or wet conditions
can emulsify the grease causing corrosion.
tmportant ! High axial vibration {from the engine or
misalignment cf the set will siress the
bearing.

7.3 AIR FILTERS

{

Remaoval of filter elements enables access

to LIVE paris.
Only remaove siaments with the cenerater
Danger ! out of servica. 2

Tha freguancy of filtar maintananca wnil decencuc
¢i the sitz conaiticns. Ragular:!
required {c 23'aplisn wnen Clezmn

e sevenly
won of the = =ments Wil B3

5§ RETEEIEN



7.3 AIRFILTERS

.Removal of filter elements enables access
"to LIVE parts.
Only remave elements with the generator

cut of service.
Danger!

The frequency of filter maintenance will depend upan the
severity of the site cenditions. Regular inspection of the
elements will be required to establish when cleaning is
necessary.

7.3.1 CLEANING PROCEDURE

Remb;te the filter elemients frem the filter frames. Immerse or
fiush the element with a suitable degreasing agent until the
element is clean.

Alternatively, afier removing the filler elements a high pressure
watef hose with a flat nozzle can be used. Sweep the water
spray back and forth actass the element from the clean side
{fine mesh side of element) hoding the nozzle firmly against
the element surface, Cold water may be adequate depending
upon type of enplamination although hot water is preferable.

The element can b& inspecied for cleanliness by looking
#%fugh the filter lowards the light. When thoroughly clezn, no
cloudy areas will be seen.

Dry elements thoroughly befare altempting to carry out the
recharging procedure.

7.32 RECHARGING {Charging)

Charging is best done by lotally immersing the dry element
into 8 dip tank containing *Filterkcte Type K™ or commaercial
lubricating oif SAE 20/50. Oils of higher or lower viscesily are
no! recommencded.

Allow elements to camnpletely drain befere refifting the elements
into the frames and putting into service,

7.4 FAULT FINDING

Important !Before commencing any fault finding

procedures examine all wiring for broken
or locse cannections.

Three excitation control systems can be fitted to the range of
generatars covered by this manuai, identified by the last digtt
of the generator frame size designation. Refer 1o the

namepiate then procesd to the appropriate subsection as
indicated below:-

SERIES EXCITATICN CONTROL SUESZITICN
4 SALB3 AVR 741
5 Transformer contic! 742
5] SKIECAVR 741
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7.41 ALL AVR TYPES - FAULT FINDING

o ng vollaghe 1. Check speed
ulld-up wnen Check residual ]
staring set esidual vaitage. - Refer to

subsection 7.4.3,

3. Follow separale excitation test
procedure to check generater and
AVR. Refer 1o subsection 7.5.

linstable voltage| 1.

Check speed stability.
Either on no-load P ability,

Check stability setting. Refer to

or with load subsection 4.6
_High voltage 1. Check speed.

Either qrhl;o'!gad 2. Check that generator load is nol
ar wiln loa capacitive (leading power factar).
Low voltage 1. Check speed.

no-load 2. Check link 1-2 or external hand
trimmer feads for continuity.
Low voltage 1. Check speed.
on-load 2.

Check UFRO setting. Refer ta
subsection 4.7.1.1.
3. Follow separate excitalion procedure

to check generatar and AVR. Referto
subsection 7.5. ’

7.4.2 TRANSFORMER CONTROL - FAULT FINDING

Nao velltage 1. Check transformers rectifiers.
build-up when 2. Check bransformer secondary windin
starting set for open circuit.

Low voltage 1. Check speed.
Check ransformer air gap seting.

Refer to subsection 4.7.2.

High voltage  |1. Check speed.
2. Check transformer air gap sefing.
Refer to subsection 4.7.2.
3. Check transformer secondary
winding for short circuiled tums.
Excessive 1. Check speed drop on-load.
voitage drep 2. Check transformer rectifiers. Check
en-load

transformer air gap setling. Refer 1o
{ subsection 4.7.2.

7.4.3 RESIDUAL VOLTAGE CHECK (Field Flashing)

This procedura applies o all generaiers fitted with AVR contrel.
With the generator set stalionary remove AVR access cover and
tezds F1 and F2 from the AVR.

Stam the sat and measure voltage across AVR terminals 7-3.
A minimum level of 5 voits is required at these termicals. If the
vcltage is less than & veits stco the setbecause it wili b2
necassary ta carry out the fellowing Field Flashing procecurs.
Feclace leads F1 and F2 cn the AVR lerminals. Using a 12
velt d.c. batiary as a surcly, clip lezds from battery necglive to
AVR terminal FZ. ard from tatary positive through a dicce tc
AVE terminzl F1. S22 Fig 2.



Important 1 Adiode mustbe used asshown below to

ensure the AVR is not damaged.

& © avr [
F2 i
1
1000V
1A DIOCE
[T} [l
-+

o T R oon [} sc i o]

12 Volt Battery

Important 1ifthe generating set battery Is usedfor
: field flashing, the generator main stater
neutral mustbe diconnected from earth.

Restart the set and nole output voltage frem the main stater, which
shouid be approximately nominal voitage, or vollage al AVR
termninals Zwand 8 which should be between 170 and 250 vells.

Stop the set and Undlip battery supply from lerminals F1 and F2.
Restart the set. The generalor should now operate nermally. If no
voltage build-up s obtained & can be assumed a fault exists in
either the generator or the AVR circuils. Follow the SEPARATE
EXCITATION PROCEDURE to check generator windings, rolating
diodes and AVR. Refer ta subsection 7.5.

75 SEPARATE EXCITATION TEST PROCEDURE

The generator windings, diode assembly and AVR can be
checked using this procedure.

1. With the generating set stationary remove AVR aczess cover
and leads F1 and F2 from the AVR. On transformer centrcilled
generators remove the terminal box lid for access and remove
lezds F1 and F2 from the control rectifier bridge.

(23]

. Connect a 60W 240 volt household lamp {or two 120V lamps
in series) to AVR terminals F 1 and F2. (Only required for section
7.5.2.1). On transformer contreiled generators refer to
sub section 7.5.2.2 for transformer checks.

3. Cennectz 0-12 volt, 1.0 Amp d.¢. supply to leads F1 and F2.
The pesitive of the d.c. supply is connected to the lead
marked F1 and the negative t& the lead marked F2.

Tre crocedure is simplified by dividing into twe secticns:

7.5.1 GENERATOR WINDINGS AND RQTATING 0ICLES. and

th

T

IZKCITATION CONTRCOL TEST.

7.5.1 GENERATOR WINDINGS AND ROTATING CIODES
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Important! Theresistances quoted apply to a
standard winding. Forgeneraters having
windings or voitages other than those
specified refer to factory for details.
Ensure all disconnected leads are isalated
and free frem earth.

This procedure is carmed out with leads Fi and F2 disconnected
atthe AVR or transformer control rectifier bridge and using a 12
voit d.c. supply o leads F1 and F2.

Starl the set and run at rated speed, on no-load.

Measure the voltages at the main cutput terminals U, V and W.
These should be balanced and within 10% of the generatar
nominal voltage.

On generators fitted with an auxiliary winding in the main statar,
applicable only with the SAB65 AVR, the voltage at AVR terminals
8 and Z2 should be approximately 150 valts a.c.

7.5.1.1 BALANCED MAIN TERMINAL VOLTAGES

If all vaitages are balanced within 1% at the main lerminals, it
can be assumed that all exciter windings, fnain windings and
main fotaling diodes are in good order, and the fault is in the
AVR or transformer control. Refer to subsection 7.5.2 for test
procedure.

if voltages are balanced but low, there is a fault in the main
excitation windings or rotating dicde assembly. Proceed as
{cilows 1o identify: ’

Rectifier Diodes

The diodes on the main rectiffer assembly can be checked with
a multimeter. The fiexible leads connected to gach diode should

be disconnected al the terminal end, and the forward and reversa
resistance checked. A healthy diode will indicate a very high
resistance (infinity) in the reverse direction. and a low resistance
in the forward direction. A fauity ciode will give a {ulf deflection
reading in teth directions with the lest meter on the 10.000
chms scale, or an infinily reading in toth directicns.

Replacement of Faulty Dicdes

The rectifier assemkly is sglit into bvo plates. the positive and
negative, and the main roter is connected acrass these plates.
Each plate carries 3 diedes, the negative plate canying negative
biased dicdes and the positive plate carrying positive biased
diodes. Care must be lakan 1o ensure that the correct polarity
diodes are fitted to each respective plate. When fiting the diodes
lo the piatas they must be tight enough o ensure a good
mechanical and electrical conlact, but should not be
avertightened. The recommended torque tianiening is 4.06 -
4 T4Mm (38-401b in).

Surge Suppressor

The surge supcressor is a metal-oxide varisior connected
acrass the twe recofier plates to prevent high transient reversa
vcltaces in the field winding from damaging the giodes. This
davice is nct polansed and will show a virtually infinite rezding
in both dirsctions with an ordinary resisiance mater. If defecive
this will be visitle by inapection. since it wil normally fail to shen
circuit and skow signs of disintegraticn. Replace i faulty.

Kain Excitation Windings



if after establishing and correcting any fzult on the rectifier
assemb!y outpulis still lew when separately excited, then
the main rolor, exciter stator and exciter rator winding

Measure each section resistance - values should be balanced
and within 10% of the value given below:-

resistanices should be checked {see Resistance Charts), as AVR CONTROLLED GENERATORS
the fault must be in one of these windings. The exciter stator *
resistance is measured across leads F1 and F2. The exciter ) SECTICN RESISTANCES
rotar is cannected to six studs which also carry the diode lead Frarre Size
terminals. The main rotor winding is connected across the two Winding 311 Winding 05 Viinding 06
rectifier plates. The respective leads must be disconnected BCIGAA YT o
before taking the readings. e 0-51 - 03
e N . 030
Resistance values should be within 40% of the values given in 015
the table below:- BC164C 0.8 o 013
BC164D 03 032 621
EC184E 020 Q20 0.13
. EC184F 013 0.14 0.
Frame Esdter Slator Exgler
Size | Main Retor Ralar BC1B4G o ot o7
Type 1 Type 2° | Typed™ EC1620 068 030 05
BC184A 0.44 19 26 e | o028 ECigzE | 042 021 0.15
ECiB4B 0.48 19 26 10 025 EC162F 03 017 0.1 |
BC164C 0.52 19 Fail 110 0.26 BOI62G 021 0.10 0055 '
EC1640 0.56 18 26 1m0 | 026 BC1EH 016 | 0075 oo l
| 27 021
BCISE | 054 20 s BC16zl | 0.13 0.06 o2 |
BC184F 04 22 30 127 | 023 | o o
BC1MG | 083 ) 30 127 023 S| ' : g |
“Fowo | om 12 - - 026 053 003 002 i
BC162E 08 | 18 . - 026 Generators fitted with auxiliary stator windings.
BC16F 0.95 18 - - 0.26
BCi62G 1.08 P N - 037 AVR CONTROLLED GENERATORS
BC1EM | - 147 20 - . 021 ) AVR CONTROLLED GENERATORS
BCiE) | 128 20 : . o021 Frame Size Main Stater - puctiny
BClEX | 14 20 . . o2 ing 318
BCAT6ZL| 1.5 20 - - ] o EC1E 0.19- 188
* Used with 1 phase transformer controlled 3 phase or 1 phase EC1B4F 013 1.44
generatars BC184G i o1 ] 132 |
™ Used with 3 phase transformer controlled 3 phase generaicrs

Generators fitted with auxiliary stator windings.

TRANSFORMER CONTROLLED GENERATORS

+

SECTION RESISTANCES
1 Fhesa
Frame 3 Pha i i
Fame Sze | MsinRoter | Excler Staler | Excler Fomer | CT-n Phase Wncings Windinas
BCeE | Dot B I PEL SIS [TZEd T a00v | 415V | BV T 4GV | 240V | 240V |
ECiaeF | 07a P 0 ! ECigsA | 24 253 | 262 ¢ 188 236 | 037 | 025
- - - : BC1eB | 1E8 | 175 | 181 | 1% | 1.7 | 06 { 017
BceG | 08 i 8 oz ECiec ] 116 | 112 | 121 ) 095 § 1.6 | 017 | 012
- - - 2
incorre resistances indicate {aulty windings and compenent E‘:‘B']D ' O'El | 0B t GE7 | 074 0'?3 L g:: Il 2%2.
replacement is necessary. Refer to removal and replacement E‘:‘E";E | 0":9 CEO | 083 | 0':‘2 061 | 0' = GICS
of component assembiies. subsectiof 7.5.3. ECiear | 041 ] 043 ) 045 | 035 ) 043 ] OB L 2
Ci18G | 033 03t f 036 t 026 | €33 t Qo8 1 00
7.5.{.2UNEALANCED MAIN TERMINAL VOLTAGES tleasure insulation resistance bewveen secucns gnd €200

If vollaces are unbalanced. this indicates a faull cn the man

staler wincing or main cakles fo the crcuit breaxer NOTZ Fauiis

on the statcr winding of Cab!ES may a[so Czuse nsucasois
I

w-U2 Uz Un V1V V* NEWEWRL WE 'w‘.u 0scialE 23
winding szzuern.

83

szchion 1Q €3n0.

Uncaiancad ¢r incorrect
IRSUISLCN reSiEIENces lo esnh ngicaie rewindt
wiil be necessary, Raferic reanvae

o s
zsszmblies subsecucn 7.8 3 >

wincing resisianc

anzreciacemen




7.52 EXCITATION CONTROL TEST

7.5.2.1 AVR FUNCTIONTEST

All types of AVR'S can be tested with this procedure:

1. Remove exciter field leads X &XX (F1 & F2) from the AVR
temminals X & XX (F1 & F2).

2. Connect a 6OW 240V household lamp to AVR terminals X
AXA(F1E&F2).

3. Setthe AVR VOLTS control potentiometer fully clockwise.

4. Connrecta 12V, 1.0ADC supply to the exciter field leads
X & XX {F1 & F2) with (F1) to the positive.

5. Start the generaling set and run at rated speed.

&. Check that the generator output voltage is within +/- 10%
of rated voltage.

Vollages at AVR terminals 7-8 on SX460 AVR or P2-P3en SK4
AVR SHODLD BE BETWEEN 170 AND 250 VOLTS. If the
generatar oulpul veitage is comect tul the voltage on 7-8 (or P2-
P3) is law, check auxiliary leads and ccnnections tc main
terminals.

The lamp connected across X-XX should glow. In the case of the
SX460 and SA465 AVRs the lamp shoutd glow continuously.
Failure to tum off indicates faulty protection circuit and the AVR
should be replaged. Tumning the "VOLTS" control potentiometer
fully anti-clockwise should turn off the famp with all AVR types.

Sheuld the lamgp fafl to fight the AVR is faulty and must be regtaced.
Important I Afterthis test tum the YOLTS control
potentiometer {ully anti-clockwise.

7.5.2.2 TRANSFORMER CONTROL

The transformer rectifier unit can only be checked by continuity,
resisiznce checks and insulation resisiance measurement.
Rectifier Diodes

Serarate primary leads 71-T2-T3-T4 and secandary leads 10-
11. Examine windings for damage. Measure resistances across
T1-T2 and T3-T4. These will be a low value but should be
balencad. Check that there is resigfance in the order of 5 ohms
betwean leads 10 and 11, Check insulaticn resistance of each
winding section to earth and to cther winding sections.

Low insulaticn resistance, unbalancad primary rasisiance,
ogen or short circuited winding seclicns. indicates the
transizrmer unit sheuld-Be replaced.

Thres phase transformer

Separaiz primary lesds T1-T2-T3 and secondary lezds 6-7-8
ang 10-11-12.

Exzming windings for damags. Measure resisiancss &cross

T1-72. 72-T3 T3-T1. These will be low but shcuid Ee Balanced.

Creck ihat resisiancas are balznced acress €-10.7-11 and 8-
2 grzin the crcer of 8 ¢chmis.
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Check insulation resistance of each winding section to earth
and tc other winding sections.

Low insulation resistance. unoalanced primary or secondary
winding resistances. open ¢r shon circuited winding sections
indicates the transformer unit should be replaced.

Rectifier units - Three phase and single phase

With the leads 10-11-12-F1 and F2 removed from the rectifier
unit {lead 12 is not fitted on single phase transformer rectifier
units), check forward and reverse resistances between
terminals 10-F1, 11-F1, 12-F1, 10-F2, 11-F2 and 12-F2 with 3
multimeter,

A low forward resistance and high reverse resistance should
be read between each pair of terminals. I this is not the case
the unit is faulty and should be replaced.

7.5.3 REMOVAL AND REPLACEMENT OF
COMPONENT ASSEMBLIES

Important ! The following procedures assume that the

generator has been removed from the
generating sel.

On single bearing generators before
removal from the engine, positionthe roter
such that a full pole face Is at bottom dead
centre. Use engine pulley to tum rotor.
Metric threads are used throughout.

Caution! Whenlifting single bearing generatars,
care Is needed to gnsure the generator
frame is kept if the horizontal plane. The
rotor is {ree to move in the frame and can
slide outif not correctly lifted.

tncomrect lifting ¢an cause sericus
personalinjury. :

7.5.3.1 REMOVAL OF BEARINGS

Important T Position the mainrotor so thatafull pale
face of the main roter core is atthe boticm
of the statar bere.

Femeval of beanngs may te efacted either afiar the rotcr
zssembly has bean ramaved or simply by removal of
endbrackel(s).

Refer to main rotor assembly saction 7.5.3.2. 3
The bearings are pre-packed with graase and sazled for lie.

1. The bearing(s) are a press fit on the shail and can bel
ramaved with standard teeling, i.e. 2 or 3 legoed manuzl
cr hydraulic bearing pullers.

2. Remove circiip from shait at non drive end enly fittzd cn
single bearing machines).

YWhen fitting new beznngs use a teznng hezerlo e;:and the
tezring before fiting to the shaft. Tap the baznng into placz
gnsuring that it czntacs the snewlear on the snad.

Rafit the retzining Groip on singieibearing canaraicrs,



7.5.3.2MAIN ROTOR ASSEMELY
: Singlé Bearing Generator

1. Remove four screws securing louvred cover at non drive
end and remave cover.

2. Remove the screws and covers on each side cf-adaplor.
3. Ensure that rotor is supported at D.E. on 2 sling.

4. Tap the rotor from non-drive end bearing housing te push
the bearing clear of the endbracket and its retaining 'O’ ring.

5. Conlinue to push roler through stator bore, gradually moving
sling along rotor as it is withdrawn, to ensure full support at
all times. :

When re-assembing position the rotor
such that full pole face is at bottom dead
centre,

Iimportant I

Two Bearing Generator

1. Remove eight boits securing the close coupling adaptor fo
the drive endbracket.

2. Tap off adaplor after supporting weight with sling.

3 Bemove lhe screens and louvres (if fitted) on either side of
drive end adaptor. Turn rotor until a full pole face is at
bottom dead centre.

4. Remove eight cap head screws securing the drive
end bracket {o the drive end adaptor.
e e g s | DZISERSEIE
"5, Tap off drive end bracket from drive end adaptor.

6. Support rotor at drive end with a sling.

7. Remove four screws securing louvred cover al nan-drive
end and remove cover.

8. Tap the rolor from non-drive end bearing housing te push
the bearing clear of the endbracket and its retaining "' ring.

. Continue to push rator through stator bore, gradually moving
sling along 7eler, as il is withdrawn, to ensure full support at

all times.

ill
i

7

Tapered Shaft Generatar (BCL)

ENGINE FLNAHESL
HCUSING

ENGINE FUWRIZL

1. Remove louvred endcaver 'G' from non drive endbracket 'H

2. -Remove M10 "BINX" self locking nut “DD".

3. The shafl securing stud "AA” has been treated with a thread
lacking agent before being screwed into the stub shaft "B",

This may make remcval of shafl securing stud "AA™ difficult.

4. If the shaft securing stud "AA™ can be removed follow steps
5 to 12 o remove generator frem engine.

if the shaft securing stud "AA" cannot be removed follow
steps 13 1o 18 to remove complete generator from engine.

5. Lacate a steel rectangular bar (or similar), with a central
15mm. hole, lush with rear vertical face of non-drive

endbracket 'H', Ensure that hole is aligned with tapped hole
in shaft end.

6. Insert M14X 25 hex. balt through bar hole and screw into
shalt end.

The rolor will be drawn towards non-drive end (hus releasing
contaci with engine taper stub shaft.

7. Remove M14 X 25 hed. hd. boll.

8. Remove 10 bolts securing adapter to engine.
9. Withdraw generalor from engine.

10. Ensure rotor is su_ppcrled at D.E. on a sling.

11. Tap the rotor from non-drive end bearing housing lo push
the bearing clear of the endbracket and a retaining 'C* ding.

12. Contirue to push roter through stator bore, gradually moving
sling along roter as il is withdrawn, 1o ensure
full suppart at ali limes. ’

13.1f it has not been pessitle to remove the shaft securing stud
the lollowing procedure is necessary.

14. Remove the 10 boks securing adapter to engine.

12, Using a hide mallet tap the sides of the non drive end bracket
in arder ta release the generator adaptor from engine fy whesl
housing spigol.

Sometimes it is pessitle that the action of taping the sides of
the non drive end bracke! with the hide maliet will in fact free
the taper-ock of the rotor shatt te siub shaft.

16. If stator frame assemtly is freed from the engine fiywhesl
Fousing, yet the rator is still firmly fixed to the stub shaflthe
siator frame assembly sheuld te supparied by a crene and
carefully pulled back over the roter assembly. laking care ncl
to damace any winding cuthangs.

y

ith the reler now exgosad it will be possible to arpwy 8
sharp blow to the retor pole face with a hide mazlle! to shoek
the roter fres of the taper siub shatt.

it may be necessary o acply the sharp blow to mere han
just ene rotor pole.

To ensure the roler witen reteased cannoet fzll and de dzmage.
the M10 Binx Aut shedld te re-fited Gnger tght to tha shak
secunng 3iud leaving &t lesst scme 2 mm clearancs Cetwesn
nut and reinr shait end face



18.With the "Taper Lock™ naw broken the roter can be removed
fom the stub-shaft, cnce the binx nut has been removed.

Care should be taken to ensure the retor weight can be supported
during remaval in a manner which ensures nc damage will occur
Io the rotor assembly. :

Replacement cf rotor assemblies is a reversal of the
procedures above.

7.5.3.3 RE-ASSEMBLY OF GENERATOR ENGINE

Before commencing re-assembly, components should be
checked for damage and bearing{s) examined for loss of
grease.

Fitting of new bearing(s) Is recommended during major
overhaul,

Before re-assembling to the engine drive shafts and couplings
cr drive disc shold be checked for damage or wear.

Where fitted the drive disc should be examined for cracks, signs
of fatigue or elongation of fixing holes.

Ensure that the disc to shafl end fixing bolts are fitted wilh the
pressure plate and are torque tightened to 7.6Kgm (75Nm
551bs.fl).

Taper shat drive end armangements should be checked for
damage to the taper on both shaft and coupling hub. Ensure
both tapers are free from oil before refitting.

Refer to 4.2.3. for assembly 1o engine.

NOTE:

The M10 "BINX" nut should always be renewed. Tightening
torque 4.6Kgm; (45Nm; 33bs.R.)

Damaged or wom mr'npdrflenl.s. must be replaced.
7.6 RETURNING TO SERVICE

Alterrectification of any faults found, remove all test connections
and reconnect all control system leads.

Restart the set and adjust VOLT S control patentiometer on AVR
by slowly tuming clackwise until rated voltage is oblained.

Refit all lerminal box cavers/access covers and reconnect
heater supply.

Caution! Failure to refit all guards, access covers
and terminal box covers canresultin
personal injury or death.
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SECTION 8
SPARES AND AFTER SALES SERVICE
8.1 RECOMMENDED SPARES

Service parts are conveniently packaged for easy identification.
Genuine paris may be recognised by the Nupar name.

We recommend the following for Service and Mainterance. In
critical applications a set of these service spares should be
held with the generator.

8.1.1 AVR CONTROLLED GENERATORS

1. Diode Set (6 dicdes with surge suppressor) RSK 1101
2. SA4E5 AVR ECOO 24650
SX460 AVR Edct 24602
3. Non drive end Bearing 051 01058
4. BC16 & BC18 Drive end Bearing 051 01032

8.1.2 TRANSFORMER CONTROLLED GENERATORS

1. Dicde Set {6 diodes with surge suppressary  RSK 1101

2. Dicde Assembly EQ00 22008
3. Non drive end Beanng 051 01053
4. BC16& BC1R Drive end Bearing 051 01032

When ordering parts the machine serial number er machine
identity number and type should be quoted, logether with the
part description, For location of these numbers see paragraph
1.4. .

Orders and enquiries for parts should be addressed to:

Newage International Limited
Nupart Depariment

PO Box 17, Bamack Road
STAMFORD

Lincolnshire

PES 2NB

ENGLAND

Teleghone: 44 (0) 1780 484000
Fax: 44 (0) 1780 766074

Or any of our subsidiary companies Tisted on the back cover,
8.1.3 ASSEMBLY TOOLS

Locating Ear (Single Bearing) AF1BCS.
8mm Rachet Box Wrench (for M10 sccket screws)  AF1588.

8.2AFTER SALES SERVICE

A full technical advice and on-site sarvice facility is availatle
frem cur Servies Departmant at Stamford er through our
Subsidiary Campanies. A repair facimy is also avalacle at our
Stamferd Werks.

2172
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Fig. 8.

TVYPIGAL SINGLE BEARING (SERIES 5) TRANSFOR

MER CONTROLLED GENERATOR
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SX460 AUTOMATIC VOLTAGE
REGULATOR (AVR)

SPECIFICATION, INSTALLATION AND ADJUSTMENTS

GENERAL DESCRIPTION

The $X460 is a hall-wave phase-contrclled thyristor type
Autematic Veltage Regulator {AVR) and forms part of the
excitation system for a brushless generator.

In zdditicn to regulating the generator voltage, the AVR circuitry
includes underspeed and sensing loss protection to ensure
sale, reliable controt of the generator. Excilatien power is
derived directly from the generator terminals,

Positive voltage build up from residual fevels is ensured by the

use of efficient semingnductors in the power circuitry of the
AVR.

The AVR s inked with the main stator windings and the exciter
field windings to provide closed locp control of the output voltage
with load regutation of +/- 1.5%.

In additon to being powered frem the main stator, the AVR
also derives a sample voltage from the output windings for
valtage centrol purposes. In response to this sample voltage.
the AV contrels the power fed o the exciler field, and hence
the main field, 1o maintain the machine output veitage within
the specified mils, compensating for load, speed, temperature
and power facter of lhe generalar.

A lrequency measuring circuit continually moritars the
generalor output and provides output uncerspeed proteclion
of {he excitation system, by reducing the oulput vollage
propartionally with speed below a presettable threshald. A
manual acjustment is provided for factory sefting of the under
frequency roll off point, (UFRQ). This can easily be changed to
50 or 60 Hz in Ihe field by push-on wire link selecticn.

Frevision is made [or the conneelicn cf a remete vollage
tnmmer, allowing the user fine condrol of the generator's cutout.
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TECHNICAL SPECIFICATION

INPUT
Voltage 83-i25Vaec o
v Jumper Selectable
170-250Vac
Frequency 50-60 Hz nominal
Phase 1
OUTPUT
Valtage max 30 V dec at 207 V ac input
Cument Continuous 4 A dc

Transient € A for 10 seconds

Field Resistarce 15 {2 minimum
REGULATION (See Nate 1) +/- 1.5%

THEAMAL DRIFT
(after 10 min)

9% for 40°C change in AVA ambrent

TYPICAL SYSTEM RESPONSE

Field currentto €0%  ECms
tachine Volts t¢ §7°: 300ms

EXTERNAL VOLTAGE ADJUSTMENT

+- 8% with 1 K 02 tnmmer

UMDER FREQUENCY PROTECTION
Sat Pcint (S22 Note 21 953°%: Hz

Sioce 170% down to 30 Hz

UNIT POWER DISSIPATION
10 watts maximum

BUILD UP VOLTAGE
3.5V ac € AVR termingts

ENVIRONMENTAL

Vitraticn 2008 =z Som
100 Hz-2 kHz 3.3¢

Relzrve Hurmcily 0-20°C ol

Ceerating Temperawre -10°

Siorage Temperaturs . B8

NOTES

1. With 4%, engine coverning,
2. Famiery set semi-sszled, jumper szienizcle.



DESIGN DETAILS

GENERATOR

SUPPRESSION

Low . SYNCHRONISING LOW PASS

Hz DETECTOR - CIRCUIT FILTER T
REFERENCE POWER

VOLTAGE TrTTTTmTr T T T SUPPLY . T

MAIN COMPARATOR

AMPLIFIER
VOLTAGE SENSE e -+ i e e e e [
. LEVEL POWER
L SENSING ¢ eeiiieoe.._.. PEDESTALAND _
e - CETECTOR AND —- CONTROL
RESISTORS ) RAMP CiRCUT ~ DRIVER DEVICES
VOLTAGE TRIM T ’
" EXCITER
L . STATOR
STABILITY
CIRCUIT
T e '
The main functions of the AVR are: Power devices are configured as half wave thyristor and

- freewheel diode to vary the amount of exciter field current in
Sensing Hesnstors take a proportlon of the generator output  response ta the error signal produced by the main comparator.
voltage and attenuate it. ThlS input chain of resistors includes

the range potenttometer and hand trimmer wh|ch adjust the Suppression components are included to prevent sub cycle
genarator voltage. An operanonai precision rectifier converts voltage spikes damaging the AVR components and alse to
the a.c. for further processing. reduce the amount of AVR thyristor noise on the main terminals

of the generator.

Main Comparator/Amplifier compares the sensing voltage to
the "reference voltage" and amplifies the difference (error) to
provide a controlling signal for the power devices. The
"pedestal and ramp" circuit and "level detector and driver”
infinitely control the conduction period of the cutput device over
each half cycle (phase control), and hence provide the exciter
with the reguired power to maintain the generatoer voltage within
specified limits. The stability circuit provides adjustable
negative ac feedback to ensure good steady state and transient
performance of the control system.

Power Supply companents consist of zener diodes with
dropper resistor and smeothing to provide the required voitages
for the integrated circuits and reference voltage.

Low Hz detector measures the period of each eiectrical cycle
and causes the reference voitage to be reduced approximately
linearly with speed below a presettable threshold. A Light
Emitting Diode gives indication of underspeed running.

Synchronising circuit provides a short pulse at zero crossing
at each half cycle and is used to synchronisea the underspeed
and pedestal and ramp circuit to the generator waveform. The
circuit is preceded by a low pass filter to prevent fajse zero
crossing pulses caused by distorted waveforms.
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FITTiNG AND OPERATING

o VOLTS -
REMOTE LINKED FOR P
VOLTAGE { NORMAL LT
TRIMMER L OPERATION Do
LINK FOR P
e TIoN { 110120V Do SX460
AVR INPUT L
UFRO
= INDICATOR LED
50Hz r 0
| 9 ' FREQUENCY
60Hz , |
77 19 sELeCTION
e [
(=) :
| S
- STABLITY
SUMMARY OF AVR CONTROLS
CONTROL FUNCTION DIRECTION
VOLTS TO ADJUST GENERATOR OQUTPUT YOLTAGE CLOCKWISE INCREASES OUTPUT VOLTAGE
STABILITY TO PREVENT VOLTAGE BUNTNG CLOCKWISE INCREASES STABWLITY OR DAMPING EFFECT i
UFRO TO SET UNDER FREQUENCY ROLL OFF KNEE POINT | CLOCKWISE REDUCES THE KNEE POINT FREQUENCY

The AVR is fully encapsulated tc ensure long-troubie-free adjustment is required, proceed as follows:

operation. It is usually fitted on a panet of the terminal box. It
can also be separately fitted in a switchboard ' 1)

ADJUSTMENT OF AVR CONTROLS

2)
VOLTAGE ADJUSTMENT 3)
The generatar output voltage is set at the factory, but can be 4)
altered by carefu! adjustment of the volts control on the AVR
board, or by the external hand trimmer if fitted. Terminals 1 and 5)
2 on the AVR wiil be fitted with a shorting link o hand trimmer
is required. Terminals 3 and 4 are used for low voltage only,
and are linked only for special low voltage applications. 6)
Do not increase the voltage above the
rated generator voltage. If in doubt, 7)
refer to the rating plate mounted on the
Warning !  9enerator case.
M 8)
If a replacement AVR has been fitted or re-setting of the VOLTS
104,

Beforé running generator, turn VOLTS control fully
anti-clockwise,

Turn remote velts trimmer (i fitted) to midway position.
Turn STABILITY contrel to midway position.

Connect a suitable voltmeter {0-300V ac) across
line to neutral of the generator.

Start generator set, and run on no load at nominal
frequency e.g. 50-53Hz or 60-63Hz.

If the red Light Emitting Dicde (LED) is illuminated,
refer to the Under Frequency Roll Off (UFRO)
adjustment.

Carefully turn VOLTS control clockwise until rated
voltage is reached.

if instability is present at rated voltage, refer to stability
adjustment, then re-adjust voltage if necessary.

Voltage adjustment is now completed.



STABILITY ADJUSTMENT

The AVR incluties a stability or damping circuit to provide goad
steady state and transtent performance of the generalcr.

The correct setling can be found by running the generator at
na load and slowly tuming the stahility control anti-clockwise
uniil the generator voltage starts to become unstable.

The optimum or critically damped position is slightly clockwise
from this point (i.e. where the machine volts are stable butclose
to he unstable region).

UNDER FREQUENCY AOLL OFF (UFRO} ADJUSTMENT

The AVR incomporates an underspeed protection circuit which
gives a volts/Hz characteristic when the generator speed falls
below a presetiable threshold known as the “knee” point.

The red Light Emitting Diode (LED) gives indication that the
UFRO gigcuit is operating.

The UFRQ adjusiment (s preset and sealed and only requires
the selection of 50/60Hz using the jumper link.

For cptimum sefting, the LED should lluminate as the frequency
falls just below nominal, Le. 47Hz on a S0Hz system or 57Kz
on a 60Hz system.
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IF IN DOUBT—ASK

fIRST W.0.

EX

m

TER ROTOR % *
]

Cl
Ve e S—
L~y

XCITER STATOR

ROTATING RECTHIER

11t

MAIN ROTOR
CYTYTY Y Y L

HAND TRIMMER {when fitted)
REMOVE LINK ACROSS 1 & 2
ML USE OF TWO CORE INSULATED
SOREENED CASLE 15 RECOMMENDED.
CONNECT SCREEN 10 AVR

TERMINAL 2 OWLY,

LOW VOLTAGE
OPERATION MODE
FOR 110120V

AVR INPUT

UNK 3 & 4

i

DETAILS OF THE
MAIN STATOR AND
MAIN TERMINAL

TYPICAL MAIN STATOR

LYY YT Y

CONNECTIONS
ARE SHOWN ON
SEPARATE
WIRING DIAGRAM

= T © ¢ T T|
ey F2/XXFI/X 6 7 8|
| =3 |

SX460 "

................. -

CERTIFIED_PRINT FRAME —— OTHER FEATURES

(ONLY IF_SIGNED) CONTROL __ SERIES SX460

BY POLES a

DATE No. OF ENDS ——= —
379767 B [SH. [ 414:08 [LEAD & AODED DRAWNIP.N, [5:1:93] SENSING 2 PilASE 1SSUE
3/a192] & [P 3193 | ORIGNAL tSsuE CHK'D_| 5. | ~ %o 5 | NEWAGE INTERNATIONAL Ltd DA/--1460 B
uoD. Ji5S | DRH.| DATE | ALTERATIGN T |aPPD_ | e [ STAMFOND , ENGLAND SHEET T OF 1 &HFFIS
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IF IN_ DOUBT—ASK

DA7-A401

FIRST W.0.

MAIN STATOR (4 ENDS)

" MAIN TERMINAL CONNECTIONS

SERIES 1PH 3w
ounruT TLRNNALS
HIQ! VLIS Wy

LOW VOLIS WH, AHD H.V.

PARALLEL 1PH 2W
OUTPUT TERUINALS W Y.

? uw (n)

uz (13}

Y Y YT e 0 (i)

ub (T4

{11) = NEWA EQUYALENT

1.

SERIES 1PH W

| OUIPUT FERNINALS UM LIS, U2

PARALLEL 1PH 2W
OUTPUT TERHIMALS ULUS. 3

PARALLEL 1PH 2W CONNECTION
OtiLY, AVR MUST BE LINKED

FOR LOW YOLTAGE OPERATION
DETAILS ON BASE DIAGRAM.

. TERMIHAL ARRAMGEMENT

DEPENDS CH MACHINE SIZE

. LEAD 6 OHLY REQUIRED

FOR MACHINES FITTED WTHI
A MX3Z1/MA325 AVR SEE
BASE DIAGRAM FORR DETAILS.

_S c..w_ ........ '
ul vz & [ us
| —
us us ur
us___ ut
|
i COMNECTION DIAGRAM
- . . o TCERDFIED PRINT_ | TRAME = OTIER_FEATURES
T [F . WG 1P Ha o |{CHLY IF_SIGHED) CONIROL _ SERIES _——= :
) Lm. T T 0T BY_ POLES
ikl e Hostl SETMAL L0 e OATE No. OF ENDS 4 o
i § | 10434 CALCHUL LEAG € AUCED 7OR MUZ,NALIS AR OHLY CRAMP.N.15:1:93] S£HSING 2 PHASE U\PN.I \PA,O_ , qmw;
31| A %1193 | CRGUIAL 1550E CHICD |30, | VyM| NEWAGE INTERNATIONAL Ltd £
1ib, |i55| G, | DAE_ [ ALTERATION — e [ —— STAMFIRD , ENGLAND SHEET ___1_OF __ 1 SHEETS
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Cutler-Hammer | 1.B. ATS-RAQ02

Instructions for Residential Automatic Transfer Switch
for Optional Systems
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[.B. ATS-RAD02

A WARNING

READ AND UNDERSTAND THE INSTRUCTIONS
CONTAINED HEREINAFTER BEFORE ATTEMPTING
TO UNPACK, ASSEMBLE, OPEHATE OR MAINTAIN
THIS EQUIPMENT B

HAZARDOUS VOLTAGES ARE PRESENT INSIDE
-TRANSFER SWITCH ENCLOSURES THAT CAN
CAUSE DEATH OR SEVERE PERSONAL INJURY.
FOLLOW PROPER INSTALLATION, OPERATION
AND MAINTENANCE PROCEDURES TO AVCID
THESE VOLTAGES.

TRANSFER SWITCH EQUIPMENT COVERED BY
THIS INSTRUCTION BOOK IS DESIGNED AND TEST-
ED TO OPERATE WITHIN ITS NAMEPLATE RAT-
INGS. OPERATION OUTSIDE OF THESE RATINGS
MAY CAUSE THE EQUIPMENT TO FAIL RESULTING
IN DEATH, SERIOUS BODILY INJURY AND/OR
PROPERTY DAMAGE. ALL RESPONSIBLE PERSON-
NEL SHOULD LOCATE THE DOOR MOUNTEDR
EQUIPMENT NAMEPLATE AND BE FAMILIAR WITH
THE INFORMATION PROVIDED ON THE NAME-

PLATE. A TYPICAL EQUIFMENT NAMEPLATE =
SHOWNIN FIGURE1. "7 RS

| B Automatic Transfer Switch
’ .
Cutter-Hammer
CatNo: RTHEFDAZ20100WSU g/a5
E GO No: 11
item: 1
Poles: 2 Amps: 100 Valt: 240
Phase: 1 Hertz: Wire: 3

-

Figure 1 Typical Automatic Transier Switch Equipment Nameplate

All possible contingencies which may arise during installation, operaticn or maintenance, and all details and
variations of this equipment do no purport to be covered by these instructions. If further information is
desired by purchaser regarding his particular installation, operation or maintenance of particular equipment.

contact a Cutler-Hammer representative.
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SECTION 1: INTRODUCTION

1.1 PRELIMINARY COMMENTS AND SAFETY
PRECAUTIQNS

This technical document is intended to cover most
aspects assaciated with the installation, application,
operation and maintenance of the Residential Automatic
Transfer Switch for optional systems. This pre-packaged
transfer switch is designed to be used with pre-pack-
aged control panels. Please refer to the specific
WARNING and CAUTION in Section 1.1.2 before pro-
ceeding. If further information is required by the pur-
chaser, a Cutler-Hammer representative should be con-
tacted.

1.1.1 WARRANTY AND LIABILITY INFORMATION

No warranties, exprassed or implied, including war-
ranlies affitness for a particular purpose of meschant-
ahility, or warranties arising from course of dealing or
usage ¢f trade, are made regarding the information, rec-
ommendations and descriptions contained herein. In no
event will Cutler-Hammer be responsible to the purchas-
er ar user in contract, in tort {including negligence), strict
liability or atherwise for any special, indirect, incidental
or consequential damage orloss whalsoever including
but not limited to'damage or loss of use of equipment,
plant or power syslem cost of capital, loss of power,
additicnal expenses in the use of existing power {acili-
ties, or claims against the purchaser or user by its cus-
tormers resulting from the use of the informaticn and
descripticns contained herein.

1.1.2 SAFETY PRECAUTIONS

All safety codes, safely standards and/or regulaticns
must be strictly cbserved in the installation, cperaticn
and maintenance of this device.

A warNING

THE WARNINGS AND CAUTIONS INCLUDED AS
PART OF THE PROCEDURAL STEPS IN THIS DQCU-
MENT ARE FOR FERSONNEL SAFETY AND PRO-
TECTION OF EQUIPMENT FROM DAMAGE. AN
EXAMPLE OF ATYPICAL WARNING LAEEL HEAD-
ING IS EHOWN ABOVE TO FAMILIARIZE PERSON-
NEL WITH THE STYLE OF FRESENTATION. THIS
WILL HELP TO INSURE THAT FERSONNEL ARE
ALESRT TO WARNINGS, WHICH APPEAR THRQUGH-
OUT THE DOCUMENT. IN ADDITION, CAUTIONS
ARE ALL UFPFER CASz AND BOLDFACE.

110

A\ cruTion

COMPLETELY READ AND UNDERSTAND THE MATE-
RIAL PRESENTED IN THIS DOCUMENT BEFORE
ATTEMPTING INSTALLATION, OPERATION OR
APPLICATION OF THE EQUIPMENT. IN ADDITION,
QONLY QUALIFIED PERSONS SHOULD BE PERMIT-
TED TO PERFORM ANY WORK ASSOCIATED WITH
THE EQUIPMENT. ANY WIRING INSTRUCTIONS PRE-
SENTED IN THIS DOCUMENT MUST BE FOLLOWED
PRECISELY. FAILURE TO DO SO COULD CAUSE
PERMANENT EQUIPMENT DAMAGE.

1.2 GENERAL INFORMATION

Transier switches are used to protect critical electrical
loads against loss of power. The load's normal power
scurce is backed up by a secondary (emergency) power
source. A transfer swilch is connected to both the nor-
mal and emergency power sources and supplies the
load with pawer fram ane of these two sources. In the
event that power is lost from the normal power source,
the transfer switch transfers the load to the secondary
(emergency) power source. Transfer can be automatic
or manual, depending upon the fype of transter switch
equipment being used. Once normal power is restored,
the load is astomatically or manually transferred back to

Emergency
Eeurce

Marmal
Source

Loag

ad Transior Swilco (CicL

H

Figure 1-1 Typoical Lo
erncel Schemarnc
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5 j N o
the normal power source, again depending upon the
type of transfer equipment being used {Figure 1-1).
In automatic transfer switch equipment, the switch's
intelligence system initiates the transfer when normal
power fails or falls below a preset voltage. If the emer-
gency power source is a standby generator, the transfer
switch initiates generator starting and transfers to the
emergency power source when sufficient generator voit-
age is available. When normal power is restored, the
transfer switch automatically transfers back and initiates
engineshutdown. In the event the nofmal power source
fails and the emergency power source does not appear,
the automatic transfer switch remains connected to the
normal power source untit the emergency power source
does appear. Conversely, if connected to the emer-
gency power source and the emergency power source
fails while the.normal power source is stjll unavailable,
the automalic transfer switch remains connected to the
EMergency power source.

Automatic transfer switches automatically perform the
transfer function, and include three basic elements:

(1) Main contacls to connect and disconnect the lcad
to and from the source of power.

{2) A mechanism to make the transfer of the main con-
tacts from source to source. .

(3 Intelligeﬁéelsupervisory circuits to constantly moni-
tor the condilion cf the power sources and thus pro-

vide the intefligence necessary lor the switch and
related circuit operation.

Tabte 1.1 Transter Switch Catalog Number Explanation

1.2.1 DESIGN CONFIGURATION

The Cutler-Hammer transfer switch is a rugged, com-
pact design that utilizes molded case switches to trans-
fer essential loads from one power source to another
(Figure 1-2). Molded case switches are interlocked to

prevent both switches from being closed at the same
time.

Mounting the enclosure Is simple using top and bottom
mounting flanges with elongated mounting holes,

1.3 TRANSFER SWITCH CATALOG NUMBER IDEN-
TIFICATION -

Transfer switch equipment catalog numbers provide a
significant amount of relevant information peraining to a
specific piece of equipment. The Catalog Number
Identification Table (Table 1.1) provides the required
interpretation information. An example is offered to ini-
lially simplify the process.

Example: Catalog Number {circled numbers correspongd
to position headings in Table 1.1)

D@ @ Qe Q@ @ i
RT HEFD A 2 0100w S U

T6Hm 4 @

- Pesifionst2. . Positian 3 ! Positlons 56 .
Basic Switching Device Cantrai Switching I
Davica QOrientalien Panei Device I
Residential RT Horizontal H l Electromechanical  E HFD *Cutler-Hammer Saries ¢ D I

- 1 Pasilion®

" Positions 812 | -

Switching Devica Humber Ampere Voltage/ i
Arrangement of Pales Raling Frequency Enclosure Listing I
Fixed Mount Moidad Case A Twe 27 100A ~ 0100 120¥ACEI4: A ‘ NEMA 1 s | ow Lisian U |
S:tchag 150A - 01SD | 240VACGOH: W HEMA IR R i < ;
2004 - 0200 ! | |

&

Onty avaiac'e wah 120 or 240 volt systems (60 Hz Only)
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SECTION 2: RECEIVING, HANDLING, AND
STORAGE

2.1 RECEIVING

Every effort is made to ensure that the transter switch
equipment arrives at its destination undamaged and
ready for installation. Packing Is designed to protect
internal components as well as the enclosure. Care
should be exercised, however, to protect the equipment

from impact at all imes. Do not remove protective pack-
aging until the equipment is ready for installation .

When transfer swilch equipment reaches its destination,
the customer should inspect the shipping container for
any obvicus signs of rough handling and/ or external
damage thal occurred during transpertation. Record any
external and internal damage for reporting to the trans-
portation carrier and Culler-Hammer, once a thorough
inspecticn is complete. All ¢claims should be as specific

as possible 3fd include Shop Order and General Order
numbers.

A shipping label affixed to the shipping container
includes a variety of equipment and customer informa-
tion, such as Generat Order number and Customer
Number. Make cerain that this information matches
other shipping paper information.

Each transfer switch enclosure is bolted through its tep
and bottom mounting flanges to a rigid wooden pallet.
The paltet is open at two ends for movement by a fork-
litt. Heavy duty cardboard sides surround the enclosure
and are further supported with reinforced cardboard ccr-
ner posts. An egg crate design cardboard protector cov-
ers the entire top of the enclosure with additicnal card-
board protectors aver the indicating light panel and
cperating handle. A heavy duty carghoard lid covers the
entire opening. The shipment is secured and further pro-
tecled with shrink wrap. Do not discard the packing
material until the equipment is ready for installation.

112

Once the top packaging is removed from the shipment,
the enclosure daor can be opened. A plastic bag of doc-
uments will be found in the enclosure, usually attached
to the inside of the door. impartant docurnents, such as
test reports, wiring diagrams, appropriate instruction
leaflets and a warranty registration card, are enclosed
withint the bag and should be filed in a safe place.

2.2 HANDLING

As previously menticned, transfer switch equipment is
packaged tor forklift movement..Protect the equipment . ..
from impact at all times and do not double stack. Once
the equipment is in the installation location and ready to
be installed, packaging material can be removed, Once
the enclosure is unbolted from the wooden pallet, it can
be hand moved to its installation positicn. Be careful not
to damage the lop cr bottom enclosure mounting
flanges. Refer to Section 4 of this manua! for specific
installation instructions.

2.3 STORAGE

Although well packaged., this equipment is not suitable
for storage cutdoors. The equipment warranty will not
be applicable if there is evidence of cutdocr storage. If
the equipment is to be stored indoors for any period of
lime, it should be stored with its protective packaging
material in place. Prolect the equipment at ali times from
excessive moisture, construction dirt, corresive condi-
tions, and other contaminants. It is strongly suggested
that the package-protected equipment be stored in a cl-
mate-controlied environment of -20°C to 65°C with a re!-
ative humidity of 80 percent or less. Do not under any
circumstance, stack other eguipment cn top of a transier
switch equipment enclosure. whether packaged or net.
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SECTION 3: EQUIPMENT DESCRIPTION

3.1 INTRODUCTION

The Cuth;Hammer Residential Automatic Transfer
Switch for ophonal systems is assembled and tested at
the factory. It is designed ta be used in conjunction with
standby power distribution equipment to prowde an
alternate source of power to critical circuits in the event
that a primary power source 1s inten’upted

e PSR A ‘ .
3.2 STANDABDS

Culler-Hammer transfer switch equnpmenl enclosed in a
NEMA 1 entlosure is listed for application by UL and
UL-C. This type automatic transfer switch is intended for
use in ord:nary locations to prowde hghtmg and power
as foliows: ;

a. in standby systems in accordance with article 702
of the National Electrical Code and/or

Since Cutler-Hammer automalic transfer switches for
optional systems use specially designed molded case
switches as the main power switching contacts, these
devices must also be listed under the additional UL
Standartd 1087. Underwriters Iaboralones uses two

basic types ol hstmg programs — tabel service and re-
exammatlon -

UL1OS7 employ a label service listing program which
reguires an extensive follow-up testing program for list-
ed devices. Standard UL1008 for automalic transfer
switches lists devices under the reexamination program
which only requires a continual physical reexamination
of the components used in the product to ensure consis-
tency with the originally submitted device. Follow-up
festing is not required by UL1008.

Representative productian samples of molded case
switches and molded case circuit breakers used in
Cutler-Hammer autematic transfer switches are subject-
ed to a complete tes! program identical to the originall y
submitied devices on an ongoing periodié basis per
UL1C87. The frequency of such:a re-submittal can be as
often as every quarter for a low ampere device. Any fail-
ure during one of these pericdic rg-submittats could
resultin a loss of the valued UL listing mark.
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SECTION 4: INSTALLATION AND WIRING
4.1 GENMERAL

Transfer switches are factory wired and tested.
Installation requires solidly mounting the enclosed unit
and connecting power cables and auxiliary pifot circuits.
Physical mounting procedures and pewer cable connec-
tions are covered in this section. Once a transfer switch
is properly installed and wired, it should be mechanically
and electrically checked for proper installation and oper-
ation. The procedures for these initial mechanical and
electrical checks are outlined in Section 5 of this instruc-
tion manual.

4.2 MOUNTING LOCATION

Choaose a location that offers a flat, rigid mounting sur-
face capable of supporting the weight of the enclosed
transfer switch equipment (Figure 4-1). Avoid iccations
that are moist, hot, or dusty, however, there are enclo-
sure designs available for special enviranments. If there
are any doubts as to location suitability, discuss it with
your Cutler-Hammer representative.

Check to make certain that there are no pipes, wires. or
other mounting hazards in the immediate mounting area
that could create a problem.
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Figure 4-1 Dimensions and Plan View of Residential
Automnatic Transter Switch {100A)
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Figure 4-2 Dimensions and Plan View of Residentia
Automatic Transfer Switch (150-2004)
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2

Carefully remove alf packing material from the transier
switch at the mounling location. Even though an equip-
ment mspechon was made when the equipment was
received, make another careful inspection of the enclo-
sure and the enclosed transfer swilch as packing mater-
ial is removed and the enclosure readied for mounting.
Be especially alert for distorted metal, loose wires or
damaged components,

4.3 MOUNTING PROCEDURE

4.4 POWER CABLE CONNECTIONS

A\ WaRNING

A\ cauTion

EXTREME CARE SHOULD BE TAKEN TO PROTECT
THE TRANSFER SWITCH FROM DRILL CHIPS, FIL-
INGS AND OTHER CONTAMINANTS WHEN MAKING
THE CABLE ENTRY HOLES AND MOUNTING THE
ENCLOSURE TO PREVENT COMPONENT DAMAGE
OR A FUTUFIE MALFUNCTION .

With the enclosed transfer switch equipment unpacked
and ready for mounting, proceed with these steps:

Step 1: The transfer switch enclosure door is hinge
mounted with removable hinge pins. To simpli-
fy the mounting procedure and avoid damage.
carefully remove the door and put it in a safe
place until mounting is complete.

Step 2: Install required mounting bolt anchors ara the

two upper mounting boits in the mounting sur-

face.

Sten 3: Gently lift the enclosure and guice ihe

leardrop-shaped holes in the upper meuntng

flange gver the upper mounting koits, but co
not completely lighten the boits.

Step 41 While siill supparting the enclosure. insizil the

two lower mounting bolts in the lower mounting

flange, but do not completely tignten. Uss
shims, if required. 10 prevent defermaticn ¢f the
enclosure when the rnoummc suriace is disicn-
ed.

T gnlen all four mounting bolts aitar any

—

required shimming is completec.

: Double check to ensure that ail pacising arc
shicping material has bean removen.

115

FOWER CONDUCTORS MAY HAVE VOLTAGE PRE-
SENT THAT CAN CAUSE SEVERE PERSONAL
INJURY OR DEATH. DE-ENERGIZE ALL POWER OR
CONTROL CIRCUIT CONDUCTORS TO BE CON-
NECTED TO THE TRANSFER SWITCH EQUIPMENT

BEFORE BEGINNING TO WORK WITH THE CON- » -

DUCTORS AND/OR TERMINATING THEM TO THE

EQUIPMENT.
A CAUTION

USE OF CABLE LUGS, NOT DESIGNED FOR THE
TRANSFER SWITCH MAY CAUSE HEATING PROB-
LEMS. BREAKER LUGS ONLY MOUNT TO THE
BREAKER, WHILE TRANSFER SWITCH LUGS
MOUNT TO BOTH THE BREAKER AND THE BUS-
BAR BEHIND THE BREAKER. FOR INSTALLATICN
INSTRUCTIONS, REFER TO THE INSTRUCTION
LEAFLET SUPPLIED FOR THE SPECIFIC LUGS.

4\ cauTion

TO HELP PREVENT COMPONENT DAMAGE OR
FUTURE MALFUNCTIONS, USE EXTREME CARE TO
KEZP CONTAMINANTS QUT OF THE TRANSFZR
SWITCH EQUIPMENT WHEN MAKING POWER
CAELE CONNECTIONS.

Test all power cakbles prior to connecticn to the unit 1o
snsure that canductors or cable insulation has nct been
damaged while being pulled into positicn.

Foawer cables are to be connecled to sclderless screw
tyce lugs located on the transfer swilch switchirg
devicas. Verify that the lugs suppiied will accommcdate
the power cables being used. Also verify that the calties
comply with focal electrical codes. Standard trangier
swilch equipment, as supplied frem the factory, wil
zccommodale the wire sizes shown in Table 4.1,

Tetie 4.1 Wire Size for Automatic Transfer Switch

:{ Transfer Switch Rumber of
i Amp Rating Wire Size Range Cables par Phase
| |

100 P FI-10 1 1

120 4-30 : 1

00 b= - Z00nC ‘ i

|
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Carefully strip insulation from the power cables to avoid
nicking or ringing of the conducter strands. Prepare the
stripped conduclor termination end by cleaning it with a
wire brush. If aluminum conductors are used, apply an

appropriate Joint cornpound to the clean ¢onductor sur-

face area. 7
A\ crution

IMPROPER POWER CABLE CONNECTIONS CAN
CAUSE EXCESSIVE HEAT AND SUBSEQUENT
EQUIPMENT FAILURE.

Tig'ht-e-h céblé lugé lo the torque identified on the labet
affixed to the unit immediately adjacent to the lugs.

4.5 WIHI_NG

4.7 PRELIMINARY CHECKS

After the ATS enclosure is installed and power cables
are connected to the equipment, thoroughly inspect the
unit to ensure that no tools were left inside and that the
cabinet is free of debris. If necessary, use a vacuum
cleaner lo remove any and alf construction or installation
debris from the equipment.

Head and understand all labels on the equipment.
Review and understand the wiring diagrams supplied
with the equipment. Note any opticnal accessories that
may have been furnished with this unit and review their
cperation.

Verify that the phase-to-phase line voltages of both the
normal and emergency power sources are the same
and that they match rated voltage as indicated on the
ATS ratings fabel,

| A\ warNiNG

A CAUTION

FPOWER CONDUCTORS AND CONTROL WIRING
MAY HAVE VOLTAGE PRESENT THAT CAN CAUSE
SEVERE PERSONAL INJURY OR DEATH. DE-ENER-
GIZE ALL POWER OR CONTROL CIHCUIT CONDUC-
TORS BEFORE BEGINNING TO PERFORM ANY

WIRING ACTIVITY TO OR WITHIN THE TRANSFER
SWITCH EQU]PMENT.

A\ crution

CHECX THE TRANSFER SWITCH EQUIPMENT
NAMEPLATE FOR RATED VOLTAGE. IT SHOULD
BE THE SAME AS THE NORMAL AND EMERGENCY
LINE VOLTAGES. OPERATING THE EQUIPMENT ON

IMPROPER VOLTAGE CAN CAUSE EQUIPMENT
DAMAGE.

4.6 INSTALLATION

In a typical instailation (Figure 4-3).the automatic trans-
fer switch (ATS) for optional systems (1) and the ganer-
ator {2) are connected to the residential power supply.
The ATS for optional systems {1} and emergency distri-
bution panal (3) recaive normal power from a dedicaied
breaker in the utility service pane! (4). The ATS fer
Optional sysiems and emergency pane! receive emer-
gency power trom the generator (2). Power fram tha util-
ity feeds the utility panel. A line breaker is required
betwesn the emergency source (generator) and the
transter switch {Fiqure 4-4)

SEVERE EQUIPMENT DAMAGE CAN RESULT IF
UNIT IS NOT APPLIED AT PROPER VOLTAGE.

DO NOT ENERGIZE EQUIPMENT IF SUPPLY VOLT-
AGES DO NOT MATCH EQUIPMENT RATINGS
LABEL. CONTACT THE FACTORY FOR INSTRUC-

TIONS TO MODIFY THE VOLTAGE RATING IN THE
FIELD.
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Figure 4-3 Typical installation of a residential or light duty autcmatic transier switch for optional svstems. The swilch
{1) and generator (2) are connected to the power surziy. The automatic transier switch is lccated benwesn the smer-
gency cisinbution (3) and the utility panel 1)
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Normal Source
{Utility Power)

P

Watt-Hour Meter

Non-Critical
Household
Loads

Utility Panel

Note
Transier Swilch is nat

intended as service
entrance equipment

Transfer Switch

O—

Emergency Source

[_ __I (Generalor Set)
S, o W
N <

Circuit Breaker

— Critigal
Househaold
— Loads

Emergency Distribution Panel

Figure 4-4 Diagram of Typical Instaflation
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SECTION 5: MAINTENANCE

5.1 INTRODUCTION

A\ VrrNiNG

HIGH VOLTAGES ARE PRESENT IN AND ARQUND
TRANSFER SWITCH EQUIPMENT. BEFORE
INSPECTING OR MAINTAINING THIS EQUIPMENT,

-DISCONNECT LINE POWER FROM THE EQUIPMENT
BEING SEARVICED BY OPENING AND LOCKING
OUT, IF POSSIBLE, THE NEXT HIGHEST DISCON-
NECT DEVICE. FAILURE TO FOLLOW THIS PROCE-
DURE COULD CAUSE PERSONAL INJURY AND/OR
DEATH.

In general, transfer switch equiprment is designed to be
relatively maintenance free under normal usage.
However, because of the variability of application condi-
tions and the imporntance placed on dependable opera-
licn by this type of equipment, inspection and mainte-

119

nance checks sheuld be made on a regularly scheduled
basis. Since equipment maintenance will consist mainiy
of keeping the equipment clean, the frequency of main-
tenance will depend, to a large extent, on the cleanlj-
ness of the surroundings. If a significant amaount of dust
or foreign matter is present, a more frequent mainte-
nance schedule should be follawed.

It is suggested that visual inspections of the equipment
be made on a regular basis, net just during regularly
scheduled periods. Always be alent for an accumulation
ot dirt in and around the structure, loose parts andfor = -
hardware, cracks andfor discoloration to insulaticn, and
damaged or discclored components.

Figure 8-1 is the wiring diagram for the residential autc-
malic transfer switch for optional systems. Only qualified
and experienced personnel should attempt any diagnios-
tic work using this diagram.

5.2 PROCEDURES

A suggested maintenance procedure 1o follow is out-
lined in Takle 5.1.
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Figure 5-1 Wiring Dizaram for Residantial Autematic Transier Swilch for crticnal Sysiems
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Takble 5.1 Periodic Maintenance Procedures

Step

Action

a. Make transfer swilch equipment safe for
inspection and/or maintenance,

b. Inspect structure area for safety hazards or
potential maintenance problems.

c. Inspect molded case switching devices for dust.

din, soot, grease, moisture or corrosion.

d. Check for matenal integrity, uneven wezr.
ciscoleration ¢r icose hardware.

e. Checxierminals and corneciors for 'coszness

o1 signs of overheating.

f. Exercise the molded case switching devices
if they are nct often exercised while in

ceeration. This will permit wiping acticn tv the

contacts.

a. Retwra transier switeh equipment to cervice.

Disconnect line power from equipment being serviced by
cpening next highest disconnect device. Make cerain that
any accessory control power is switched off.

Inspect area, especially where molded case swiiching
devices are installed. for any safety hazards, including
personne! safety and fire hazards. Expesure to canain
chemical vapors can cause deterioration of electrical
cchnections.,

tnspect for accumulated dint, loose hardware or Ehysical
damage.

Examine primary insulation for evidence of cracking or
cverheating. Qverheating will show as discotoraticn,
meiting, or blistering cf conductor insulation, or as pitting
or melling of conductor surfaces due 1o arcing.

Inscect secondary centrol connections fer damage. anc
controf wiring for insulation integrity.

Remove dust, dint, soct, grease. maisture and corrosion
contamination from the surface of the switching device
using a dry soft lint-free cloth, dry soit bristle brush and
vacuum cleaner. Do not blew debris mie circuil brezkercre
nezcy breaker strugiure. H coriamingiicn is fourc. eck fer
ine sCurce and lix the preolem.

Severe matenal cracking will reguirs
lccss hardware will nesd ‘o be tign

reCigCzment 2nd

Cuernezting will show as ciscoicraicn. maling. o
Siigienng of conducior insuiaticn,

Connections thai do net have gigns of lcosaness or
cvermezting should net be disturbec.

It z switching device is uged for frequent switehing cunng
rcoral eperation, this siag can be dlsrsgarded.
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ELECTRONIC GOVERNOR CONTROL
OPERATING MANUAL
GS25
20KW RATED & 25KW RATED UNITS
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Service Information

Calibration and Wiring

CALIBRATION & WIRING

FOR
DYN1-10744-000-0-12
CALIBRATION PROCEDURE
Wire the system as shown. 1.4  Turn the gain potentiometer counter-

Startthe engine and adjust the speed by
turning the speed potentiometer clock-
wise to increase speed.

At no load, turn the gain potentiometer
clockwise until engine begins to hunt. !f
engine does not hunt, physically upset
the governor linkage.

NOTE

Controliers are factory settominimum RPM,
but for safety, it should be possible to dis-
able the engine if overspeed should occur.

1.5

1.6

clockwise until stable. !f gain potentiom-
eter is turned fully counterclockwise,
and engine still hunts, remove wire from
the controller gain change to battery
negative.

Removing the controller gain change
reduces the over-all gain by 25%. Re-

peatsteps 1.3 through 1.6 until engineis
stable.

Recheck engine speed and adjust the
speed potentiometer accordingly.



Wiring Diagram for a DYN1-10744-000-0-12
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Linear Troubleshooting Chart for DYN1-10744-000-0-12

1. PROBLEM: SYSTEM IS COMPLETELY DEAD. ACTUATOR LEVER STAYS AT MINIMUM.
wd Means of Detection Corrective Action

1.1 Check for battery voltage at controller on battery Check battery connections and contacts for turning power
positive and battery negative. "ON" to the controllers.

1.2  Checkfor proper linkage set up. Correct and fres linkage.

1.3 Magnetic pickup signal absent or too low. Measure  Check pole tip gap over gear tooth. It should be 0.37 +
AC volt across MPU A & B while cranking the engine. g 127mm (0.015" + 0.005") or adjusted te obtain 2.5 VAC or
Voltage should be al least 2.5 VAC. ~ greater. Verify magnetic pickup wiring.

NOTE:

The voltmeter should have an impedance of 5000
ohms/volts or higher.

1.4 Measure the resistance of the magnetic pickup coil. If thers is an open or shorted cail, replace the magnatic
This should be approximately150 to 5000 ohms max.  pickup.

1.5 Measure tha resistance of each pin to the metal case  |f thers is continuity to case, replace the magnetic pickup.
of the magnstic pickup. No continuity should be
evident.

1.6 DC SUPPLY OFF. Remove actuator leads from If the actuator still does not move to full stroke, continue
terminals. Place actuator battery system power leads  with steps below.
on. Actuator should go to full stroke.

1.7 Measure actuator coil resistance: It actuator coil is open or shorted to casa, replace actuator.
* 12 VDG unit. Coil resistance 1.4 + 0.2 ohms. if governor still does not operate, continue with steps below.
» 24 VDC unit. Coil resistance 7.3 £ 1.0 ohms.

1.8 Measuring the resistance of each coil lead to the If continuity is detected, repiace the actuator.
actuator case should indicate an open circuit on a
low scale of the chm meter.

1.9

While cranking the engina, the following should be
faund when measuring current in series with one of
the actuator leads from actuatar:

12 VAct - 25A1059A

24 V Act. - 1.0Ato 3.0A
{Values may indicale negative if polarity of meter
reversed.)

If no cutput current, replace the controlier.




2 PROBLEM: ACTUATOR LEVER GOES TO FULL STROKE WHEN DC POWER IS TURNED "ON"

(ENGINE IS NOT OPERATING.)

Means of Detection

Carrective Action

21

Check magnetic pickup leads for proper shislded
wire of apep-shield.

Verify and correct wiring as necessary.

22

With DC power "OfF* remove leads at actuator.
Check continuity of each terminal to heat sink. There
should be no continuity between any terminal and
heat sink.

it continuity is detected, replace the controller,

2.3

Check for shorled actuator lead,

Correct or replace acluator leads as necessary.

3. PROBLEM: ERRATIC GOVERNOR OPERATION

Means of Detection Corrective Action
3.1 Measure DC voltage at battery positive and baltery If neminal voltage is present, wiring is correct.
negative on controller. Nominal battery voitage
should be indicated.
3.2  Battery voltage must be 80% or greatar for governor Check battery and charging system.
to operale.
3.3  RFl noise due to incorrect shielding. Correct wiring per applicable wiring diagram.
3.4  RFinoiss fed through power supply leads. Connect twisted pair power leads direct to the battery.

4. PROBLEM: SLOW, SMALL AMPLITUDE, HUNTING OF SPEED OR FREQUENCY

Means of Detection

Corrective Action

4.1

Sticking or very loose linkage.

Correct linkags.

42

Impraper linkage arrangement. (Strcke oo shart or
improper.)

Ses installation information.

5. PROBLEM: FAST OSCILLATION OF GOVERNOR LINKAGE

Means of Detection

Corrective Action

51

Verify calibration seltings of the controlter.

Aeadjust settings.

6. PROBLEM: ENGINE WILL NOT START — ACTUATOR AT FULL STROKE DURING CRANKING

Means of Detection

Corrective Action

6.1

Make sure fuel is available. Air may be trapped in
fuel line. Try to operate engine manually.

Check fuel to engine and check for correct wiring to shut

downs.




GENERAL MOTORS ENGINE MANUAL

FOR GS23 (20KW RATED & 25KW RATED)
STANDBY GENERATORS WITH
GM 3.0L GAS ENGINES
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OPERATING INSTRUCTIONS

ENGINE WARM-UP

When the engine is below normal operating temperatures, allow
the engine to idle for approximately five (58) minutes to allow it to
warm up before applying a load.

STOPPING THE ENGINE

1. Decrease the engroe speed back to the normal idle speed. Disen-
gage the load from the engine.

i)

Allow the engine (o idle for four (4) to [tve (5) minutes at no
toad. This allows the engine o cool down, Afler four or {ive
minules. stop the engine by turning the key to the OF) position.

ENGINE OPERATING SYSTEM MAINTENANCE

A WORD ABOUT MAINTENANCE

We, at Industrial Engine Systems, want to help you keep the |.E.S.
engine in good operating condition. Because of all the different ways
people operate the engines, maintenance needs will vary. You may
need more frequent checks and replacements than you find in this
booklet. If you have questions on how to keep the engine in good
condition, contact your |.E.S. Distributor or Dealer. It is a good idea

to keep your maintenance receipts as they may be needed to quatify
your vehicle for warranty repairs.

SELECTING YOUR ENGINE’S MAINTENANCE SERVICES
To find the proper maintenance schedule for the engine, you must

| Performing maintenance work on an engine can be dan- |
| gerous. In trying to do some jobs, you can be seriously |
| injured. Do your own maintenance work only if you have |
| the required know-how and the proper tools and equip- |
| ment for the job. If you have any doubt, have a quali- |
| fied technician do the work.
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know the type of engine and how it will be used. The engine type
and operating conditions wili tell you which schedule to follow. The
chart is found later in this manual. -

ENGINE SYSTEMS

COOLING SYSTEM GENERAL INFORMATION

The following explains the various cooling systems and how to add
coolant when it is low.

The proper coolant for your engine will;
* Give freezing protection down to -29°C (-20°F).
+ Give boiling protection up to 125'C (258°F).
» Protect against rust and corrosion.
* Help keep the proper engine temperature.
* Let the warning lights/gauges work as they should.

What to Use:

Use a mixture of clean water (preferably distilled) and antifreeze
that meets “GM Specification 6038M" which will not damage alumi-
num parts. Also use GM Coolant Supplement (sealer). If you use
these, you do not need to use anything eise.

if you have to add coolant more than four times a year, or if the
coolant is dirty or discolored, Have your Dealer check the cooling
system.

NOTE: If you use an improper mix, your engine could overheat

,ﬂ,&gdmg plam watgr oYy /o

gerous. Plain water. Q{ son‘v\r' 'q
I;fgg'an‘j 9 -b “pro

or ;he wrong’ mlx, your |
-engine: ..overheat warning may |
| .no operate ‘Your engine. could <catch fire and you or |
| ‘others could get burned. Use’ a 56144 mix of clean wa- |
| ter and a proper antlfreeze Ko I
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and be badly damaged. The repair cost wouldn’t be covered by
your warranty. Too much water in-the mix can result in freezing
and cracking the engine, radiator/heat exchanger, heater core
and other related cooling system parts. Some conditions, such
as trapped air in the cooling system, can affect the coolant level.
Check the coolant when the engine is cold and use the appro-
priate procedures found later in this section.

NOTE: If you use the proper coclant, you don’'t have to use
extra inhibitors or additives which claim to improve the sys-
tem. These can be harmful.

RADIATOR TYPE COOLING SYSTEMS
To Check Coolant:

When your engine is cold, the coolant should be at the COLD

| AWARNING

5
|
| You can be burned if you spill coolant on hot engine ]
parts. Coolant contains ethylene glycol and will burn }

I

|

J

I

: if the engine parts are hot enough. Don’t spill cool-
| anton a hot engine
.

mark (or a little higher) on the coolant recovery tank. When your
engine is warm, the level should be up to HOT, or a litlle higher.

To Add coolant:

If you need more cootant, add the proper mix at the coolant recov-
ery tank (if equipped). If not equipped with a coolant recovery tank,
add the proper mix at the radiator opening ONLY when the engine
is cold.

Radiator Pressure Cap

AWARNING o

|

| Turning the coolant pressure cap while the engine and |
| radiator are hot can allow steam and scalding liquids |
| to blow out and burn you badly. With the coolant re- |
| covery tank, you almost never have to never add cool- |
| ant at the radiator. Never turn the pressure cap, even a |
| little, when the engine and radiator are hot. |



NOTE: Your radiator pressure cap is a 105 kPa (15 psi} pressure-
type cap and must be tightly installed to prevent coolant loss and
possible engine damage from overheating.

HEAT EXCHANGER - EXPANSION TANK SYSTEMS
To check coolant:

/N\WwarNiNG

| Turning the coolant pressure cap. whlle the engine and |
gl;;eat exchanger expansion tapk:are hot can allow steam |
| an scaldmg liquids to’ blow‘\qut and burn you badly. I
~Never turn the pressure cap, evena little, when the en-
glg}q and heat exchanger-expansmn tank are hot. |

When your engine is cold, remove the coolant pressure cap.
The coolant level should be one inch (1") below the top of the ex-
pansion tank.

To Add coolant:

If you need more coolant, add the proper mix to the expansion
tank when cold.

Coolant Pressure Cap

NOTE: Your coolant pressure cap is a 50 kPa (7 psi) pressure-

type cap and must be tightly installed to prevent coolant loss
and possible engine damage from overheating.

]

THERMOSTAT

Engine coolant temperature is controlled by the thermostat(s) in the
engine coolant system. The thermostat(s) stop the flow of coolant
through the radiator until the coolant reaches a preset temperature.

ENGINE OIL REQUIREMENT

it is a good idea to check the engine oil every time you refuel.
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Turn off the engine and allow a few minutes for the oil to drain
back into the oil pan. If you don't, the oil indicator gauge might
not show the actual level.

What Kind of Qil to Use

ALWAYS USE "SH" QUALITY ENERGY CONSERVING 11 OILS
OF PROPER VISCOSITY.

The “SH" designation may be shown alone or in combination
with other designations such as SH/CD, SH/SG, etc. These
letters show American Petroleum Institute (API) levels of qual-
ity.

NOTE: If you use oils that don’t have the proper designation,
you can cause engine damage not covered by your warranty.

Engine Oil Additives:

Do not add anything to your oil. Your dealer is ready to advise
you if you think something should be added.

Synthetic Qils:

IMPCO Engine Systems neither disapproves nor recommends
the use of synthetic engine oils. Synthetics may offer advan-
tages in cold temperature pumpability and high temperature
oxidation resistance. However, synthetic oils have not been
proven to provide operational or economic benefits over con-
ventional petroleum-based oils in IMPCO engines. Their use
does not permit the extension of oil change intervals.
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| AWARNING

_ I
| Operating the engine with the air cleaner off can cause you |
| or others to be burned. The air cleaner not only cleans the |
| air, it stops flame if the engine backfires. If it isn't there, and |
{ the engine backfires, you could be burned. Be careful work- |
i ing on the engine with the air cleaner off. [

P ACAUTION [

| If the air cleaner is off, a backfire can cause a damaging |
| engine fire. In addition, dirt can easily get into the engine, |
| which will damage it. Always have the air cleaner in place |
| when operating the engine. : |

AIR CLEANER SERVICE

See the maintenance schedule to find out how often to inspect

and/or replace the air filter and crankcase breather on your
engine.

The dry-type air cleaner consists of a removable cover attached
to the lower air cleaner body. The body contains a replace-
able paper filter cartridge. The air passes through the paper
filter element and enters the engine. Some air cleaners may
be equipped with a restriction indicator which aids in deter-
mining the servicing intervals.

NOTE: Most dry-type air cleaners must be discarded and re-
placed at specific intervals. Before attempting to clean reuse a
dry-type element, follow the manufacturer’s recommendations
regarding reuse and follow their prescribed cleaning and in-
spection guidelines. Information regarding replacement air fil-
ter elements will be found on an information label attached to
the air cleaner body:.

Changing Filter Element

To remove the air filter on naturally aspirated engine models,
turn the wingnut counterclockwise. Remave the cover, change
the filter, and reinstall cover and wingnut.
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3.0L INSTALLATION SETUP DATA

The foilowing information lists the changes required when operat-
ing engines on different fuels. All engines shipped from Crusader
are setup to operate on natural gas fuel. {f the engine is going to be
operated on propane fuel, the engine setup must be changed (as
noted below) to prevent premature engine failure.

NATURAL GAS (NG) OPERATION (3.0L)

The following in formation on this page reflects the en-
gine setup as shipped from the factory.

Mixer Assembly ..o IMPCO Model I'B125M

Fuel Regulator® ... IMPCO Model IMP-53
*Recommended regulators - not supplied with engine (dealer option).

Fuel Infet Pressure to Mixer................... 13970 mm Wg £ 12.7 mm
(+5.5 . WC £ 0.5in. at idle)

Base TIMing ... 16° BTDC at 700 RPM
Maximum Total Timing Advance............... 36° BTDC at 2600 RPM

Air I Fuel Mixture ....... 2% O, (Exhaust) at Rated Speed and Power

Fuei Supply Inlet Pressure {(Ng):

Inlet fuel pressure (atural gas) to the regulator must be maintained
between 177-356 mm Wg (7-14" WC) during full power operation.
The low pressure regulator (LPR) is designed to supply the correct
gas pressure to the mixer. Regulators MUST NOT be mounted fur-
ther than 18 in. from mixer for best operation.

._ : N

| All fuel system installations must meet all federal, state, and |
local codes I along with applicable NFPA regulations.

| Specifications revised 3/28/95 |



PROPANE GAS (LPG) OPERATION (3.0L)
........................................ IMPCO Mode! CATOOM
(Air Valve CV1-16-2)

Mixer Asscinbly

Fuel Regulator®
Vapor Fucl ... IMPCO Maodel IMPS3
Liquid Fuel: . IMPCO Model 8B or 1B
w/VEI30 Vacuum Fuclock Filger
*Recommended regulators not supplied with engine (dealer option).

NOTE: A balance line should be installed between the gas
mixer and the regulator when operating this engine in a dusty
or dirty environment.

TFuel Intet Pressurce (0 MiXet ... eeeeeeenn e -50.8 £ 12.7 mm Wg

(-2.0 1 0.5in. WC at idle)
Base TIMING «.ooovvvrieeieee e 12° BTDC at 700 RPM
Maximum Total Timing Advance............... 30° BTDC at 2600 RPM
Air/ Fuel Mixture .....oocooiiiiis 0.5 to 1.5% CO (IExhaust)

at Rated Speed and Power

‘Fuel Supply Inlet Pressure (LPG):

« With engines operating on LPG Vapor, the fuel pressure at the
regulator inlet must be maintained between 177-356 mm WG (7-
14" WC) during full power operation. The low pressure regulator
(LPR) is designed to supply the correct gas pressure to the mixer.
Regulators must not be mounted further than 18 in. from the mixer
for best operation.

= With engines operating on Liquid LPG, require full tank pressure
to bath the VFF30 Fuel Lockoff Valve and EB model regulator dur-
ing full power operation

All fuel system installations must meet all federal, state, and |
local codes 1 along with applicable NFPA regulations.
t Specifications revised 3/28/95 [

- = =
|

135



3.0L GENERAL SPECIFICATIONS

Enaine
Type .o Spark Ignition, Gaseous Fuel L4
Rating ... 55 Hp @ 2600 RPM
Displacement ... 3.0 Liter (181 c.i.d.)
Bore . 101.6 mm (4.00 in.)
SUOKE ..o 91.44 mm (3.48 in.)
Compression Ratio ..o 8.2:1 or 9.25:1
Ignition System ... Delco EST
TIMUNG e 12° BTDC (LPG)
16° BTDC (Nat Gas)
Spark Plugs ... AC R42T 0.037 in. gap
Firing Order ... 1-3-4-2
zl!_
Idle

................................................................................... 700 RPM
3600 Intermittant
2600 Continuous Duty

Lubrication System
Qil Pressure ..................... 207-414kPa (30-60 PSI) at 2000 RPM
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................. v 28 KPa (4 PSI) at Idle Minimum

Oit Type .......... ... R SAE 10w30 SG/SH All Temperatures
SAE 30 SG/SH below 5°-27° C (40°-80" F)

SAE 40 SG/SH above 27 C (80 F)

SAE 15w40 SG/SH abave -18° (0° F)

OilFiter............... ... AC-PF25 (1 Qt ) or PF932 (2 Qt.)
Oil Capacity wlo Filter .. ... .. 4.7L (b Qts.) (small pan)

26.50L (28 Qts.) (large pan)
Add 0.95L (1 QT) w/ small filter

Fill to dipstick FULL Mark

Fuel System

Gas Mixer
Propane: ... IMPCO CA100M
Natural Gas: ................_ IMPCO FB125 W/AVI-1447 Air Valve

Air Induction System

Air Filter Element

Irrigation ... [ CRU 80487
industrial ... USRS CRU 80481
Crankcase Qil Separator ... ... . CRU 80008
PCV Valve ... ... .. U AC CV736C
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Cooling System

Thermostat
TVCQ60F) ... CRU 80215
(as required) 82°C (180°F) ... CRU 80218

Starting System

TYPE Lo 12 volt negative ground
Delco SD300 (12.75" Flywheel)
Deico PG260 (14.00" Flywheel)

Battery Requirement ... ... ... 485 CCA Minimum
Starter ... Delco
Charqing System

Alternator ... ... Mando 12 volt
Rating........co 51 Amps

PRESSURE CONVERSION CHART

IN. WATER = 0.0735 IN. MERCURY
IN. WATER = 0.0361 PS|

1
1

1 IN. MERCURY = 13.6000 IN. WATER
1IN. MERCURY = 0.4910 PS|

1 PSI = 27,7000 IN. WATER

1 PSI =2.0360 IN. MERCURY

1 PSI = 6.895 kPa

1 kPa = 0.145 PS]
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TAYLOR

POWER SYSTEMS

6525

STANDBY GENERATORS WITH
GENERAL MOTORS 3.01 GAS ENGINES
PARTS MANUAL
20KW RATED & 25KW RATED

TAYLOR POWER SYSTEMS
461 HIGHWAY 49 SOUTH
RICHLAND, MS. 39218
PHONE (610) 932-5674
FAX (601)932-4028
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TAYILOF

POWER SYSTEMS

VIOBZ2225

MCDEL OR SERIES COMPONENT OR ASSEMBLY NOG.
- » TRITEL G20

SKID BASE

ITEM PART NO. DESCRIPTION QTY.
1 VTOBZ2225 SKID BASE 1

e 17-00
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TAYLOR

POWER SYSTEMS

MTOS

L8}

)
E4

NI
(R

MODEL OR SERIES COMPONENT OR ASSEMBELY NO.

S : TRITEL GSZ5%5

__SKID BASE

ITEM PART NO. DESCRIPTION

QTY.

1 VICE2223 SKID BASE

141
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QTY.

17-00

7o

COMPONENT OR ASSEMELY NO.

3
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TAYILOR

POWER SYSTEWMS

ll'l’(:RUOW 032

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

Y

TRITEL DS20/GS20/G525

VIBRO MOUNTS

143

ITEM PART NO. DESCRIPTION QTY.
1 VT256416 VIBRG MOUNTS 4
2 | V1981014502 SNUBBING WASHER 4
3 | VT37C250C57 3/8 X 2 1/2 BOLT 4
4 | VTZ/CCNEZBU 3/8& LOCKNUT 4
5 ] VIZ7NWUSZEU 3/8 FLATWASHER B
65 | VI21C100C57 5/16 % 1 BOLT &
7 | VIS1CCNEZ 5/16 LOCKNUTS B
g ] VT3TNWUSZBU 5/16 FLATWASHER g

7—17-00



TAYILOR

POWER SYSTEMS

VIGRUGT038

MODEL COK SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL GS20/GS25

MOUNTING FEET

9]

\/

ITEM[ PART NO. DESCRIPTION QTY.
1 [vros2231 LEFT FRONT MOUNT 1
2 |vioszz3z RIGHT FRONT MOUNT 1
3 |vrz7cioncsz 3/8 X 1 BOLT 5
4 [V137NLOCZ 3/8 LOCKWASHER 6
7-17-00



TAYLOR

POWER SYSTEMS

_MODEL OR SERIES

COMPONENT CR ASSEMBLY NO

TRITEL GS20/GS25

FUEL SYSTEM

14
12
ITEM| PART NO. DESCRIPTION qQTY
1 [viNooDRD3A CARBURETOR MIXER 1
> | VINODE708A CARBURETOR ACAPTER 1
z | vrimpes2 3/4" REGULATOR 1
4 |vri/2cLsNip 1/2° CLOSE NIPPLE 1
5 |vTi/2x3/48R 1/27 % 3//4" BELL REDUCER 1
6 |vi3/axciose 3/4° CLOSE NIPPLE 5
7 L vT8BEN 3/47 X 1" ELBOW 1
g |[vrassn 3/47 X 17 STRAIGHT FITTING i
9 [visnc3/a VALVE 12VDC 3/4" 1
10 | VIVAPOR 1" VAPOR HOSE T
11 1vT7051060 17 HOSE CLAMF 7
12 VG119 GASKETS 2
13 | VT7051108 2" HOSE CLAMP 1
14 | VIECCGRS002 AR CLEANER 1
15 [ V1370100057 3/8 X | BOLT 7
16 {VT37NLOCZ 3/8 LOCKWASHER o
17 | viDyNCBoo20 ACTUATOR - 1
18 | VIDYN110744 CONTROLLER (INSIDE CONTROL PANEL BOX) 1
19 |vioaz235 HEAT SHIFLD e !
71700
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TAYLOIR

POWER SYSTEME

l VIGRUODS018

MODEL OR SERIES COMFONENT OR ASSEMBLY NO.

o .« TRITEL 6S20/G575

NEWAGE GENERATOR TO ENGINE BOLTS

ITEM| PART NO. DESCRIPTION QTY.
T | VT37C150CS7 3/8 X 1 1/2 BOLT (SECURE GENERATOR TO ENGINE) 12
7 | viainLoce LOCKWASHER (SECURE GENERATOR TO ENGINE) 12
3 [vresc7scess 1/4 %X 3/4 BOLT 4
4 [vrzsniocs 1/4 LOCKWASHER 4
5 | VT25N62WSSS 1/4 FLATWASHER 4
6 |vios2239 FLYWHEEL COVER 1

7—17-00
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TAYLOR

POWER SYSTEMSE

YIGRUCB045

MODEL OR SERIES COMPCONENT OR ASSEMBLY NO.

.2 g TRITEL GS20/G525

COOLING SYSTEM

ITEM| PART NoO. DESCRIPTION QTY.
1 [ VIRS4352 RADIATOR 1
2 |vr7is RADIATOR HOSE 1
3 |viz133 RADIATOR HOSE ]
4 V17051105 CLAMP #20 2
5 | vi7051107 CLAMP #28 2
6 |VT31C75C058 5/16 X 3/4 BOLT 4
7 | vrzin7swsas 5/16 FLATWASHER 4
8 | VIZTNLOCS 5/16 LOCKWASHER 4
o [vTzz00004 BLOCKHEATER (INCLUDES TWO HOSE CLAMPS) 1

7-17-00
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TAYLOIR

POWER SYSTEMS

VTIGRUD7150

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.
- 2 TRITEL DSZ0/GS20/G525/D525

TRANSFORMER & POWER DISTRIBUTION

13
o @/ 15
~ - @@/29
[ ]
. /7
R
4
0 Tﬁ.f’“"ﬁ 6
! W
A 24
25
/\./20
m 19/ Sr-—o
&
27
\\
\ » // 2
> 1
L
&

ITEM| PART NO. DESCRIPTION QTY.
1 | VIRTHMFDA20 2004 AUTOMATIC TRANSFER SWITCH 1
72 | vIsTJ7RUT STRIP HEATER (MOUNTED INSIDE TRANSFER SWITCH) 1
3 | VIATEMNG THERMOSTAT (MOUNTED INSIDE TRANSFER SWITCH) 1
4 | vicrR15B8BU DUPLEX RECEPTACLE (MOUNTED ON SKID) 1
5 [vreso HANDY BOX (MOUNTED ON_SKID) 1
6 fVizhio RECEPTACLE COVER (MOUNTED ON SKID) 1
7 fvrooutis RREAKER (MOUNTED INSIDE TRANSFER SWITCH) 1
g VvT071069 2/3 POWER CORD 1
a |VICG112125 1 1/4 CORD GRIP 2
10 Iviaos 1 1/4 LOCKNUT 2
11 | vio71070 POWER CORD FOR DUPLEX RECEPTACLE 1
17 |vres23 172 ROMEX CONNECTOR 1
13 | vicGaoso 1/2 CORD GRIP 1
14 | viso1 1/2 LOCKNUT 1
5 | visszoi1BG TOGGLE SWITCH (MOUNTED INSIDE TRANSTER SWITCH) 1
16 | vI25C7500SS 1/4 ¥ 3/4 BOLT 2

8—B-00
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TAYILOE

POWER SYSTEWMS

VYTIGRUGY 150

MODEL OR SERIES

COMFPONENT OR ASSEMELY NO.

U I

TRITEL D82G/GS20/06525/D525

TRANSFORMER & POWER DISTRIBUTION

149

ITEM| PART NO. DESCRIPTION QTy.
17 | VI25C100CCSS 1/47 %X 17 BOLT 2
18 | VI25CCFHS 1/47 NUTS ?
19 | VT25CCNES 1/4" LOTKNUTS 4
20 | VIZ5NB2WSSS 1/4"7 FLATWASHER )
21 | VT10C50MSRS #10 X 1/27 SCREW 2
22 | VITON37WSSS #10 FILATWASHER 4
23 | VI10CCNMS #10 LOCKNUT 2
24 | VIBC50MSRS #8 X 1/27 SCREW 2
25 | VTBCCNMSS #8 tOCKNUT 2
26 | VTBNWSSS #8 FLATWASHER 4
27 1 VICG75100 17 X 3/4" CORD GRIP 2
28 | viaos 1" LOCKNUTS 2
29 | VTSKO240 DECAL PLANT EXERCISER (AROUND TOGGLE SWITCH) 1
30 | VIZ7C100CS7 3/8" X 1" BOLT 4
31 |} VIZ7CCNEZBU 3/8" LOCKNUT 4
32 | VT37NWUSZBU 3/8” FLATWASHER 8
33 | V125716 CLAMP 1
34 | VTO710691 DRY CONTACT CABLE 1

B-8-00



TALOIR

[=) I G
POWER SYSTEMS JTGRUO7 159
MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

TRITEL GS20/G575

BATTERY GROUF

ITEM|] PART NO. DESCRIPTION QTY.
1 [viso2s BATTERY 1
2 [vr7i1933 BATTERY CABLE p)
3 |viHpis J BOLT 2
4 |vrosz194 BATTERY HOLD DOWN 1
5 |vissais BATTERY CHARGER 1
5 |vrio7o GROMMET 1
7 {vios2202 BATTERY CHARGER MOUNT 1
8 | vizsc7scces 1/4 X 3/4 BOLT 4
5 | vI25CCNES 1/4 LOCKWASHER 4
10 | vT25N62WSSS 1/4 FLATWASHER 8

7—17-00
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TAYILOR

POWER SYSTEMS

VIGRUG7153

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

. TRITEL

CS20/6525

CONTROL PANEL

ITEM| PART NO. DESCRIPTION QrY.
1| VI813NLUGOO LOW COOLANT SWITCH R
2 | vicaedzea CONNECTOR 1
3 | vTSD0006 PRESSURE SENDER 1
4 | VTTS4042 TEMPERATURE SENDER 1
5 | VIMSPE730 MAG PICK~UP 1
6 | V1071076 CONTROL PANEL PLATE 1
7 V1071042 CONTROL FANEL T10P COVER 1
g |vic71068 CONTROL BOX 1
9 | VIDCMTRITEL DIGITAL CONTROL MODULE - o 1
0 |via70es FUSE HOLDER 2
11 {VI46110 10A FUSE o 1

12 | vra6115 15A FUSL ' i

&+ 800
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TAYLOR

POWER SYSTEMS

’ VICRUGY 153

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL GS2C/G525

CONTROL PANEL

ITEM| PART NO. DESCRIPTIGN QTY.
13 1 V146531 30A BREAKER 1
4 | V165010082 DIODE 2
15 | V747308 & TCRMINAL STRIP |
16 | vT8141MS 8 TERMINAL STRIP MARKER 1
17 | VT12149 12 TERMINAL STRIF 1
18 | VT1214TMS 12 TERMINAL STRIF MARKER 1
19 | vi20141 20 TERMINAL STRIP 1
20 | VT20141MS 20 TERMINAL MARKER STRIP 1
21 | vIiQou2100 1004 BREAKFR 1
22 | vTO71071 #6 SRML & 34001 TERMINAL & #6 BRFEAKER WIRFS 2
23 | vT3200x2 ADAPTER 1
24 1 VT10D/5 CTS CTS 2
25 | vI1044 GROMMET 1
26 | VT071083 ENGINE HARNESS 1
27 | V1671090 WINDOW 1
28 | visCc2sPsMss SCREWS 4
29 | VIBCE7MSRS #6 SCREW 7
30 | vTIBNLOCS #6 LOCKWASHER &
31 | VIBCSOMSRS #8 X 1/2"7 SCREW &
32 | VTBC75MSRS #8 X 3/4" SCREwW &
33 | VIBCCNMSS #8 LOCKNUT 4
34 | VIBNLCCS #8 LOCKWASHER g
35 | VIBNWSSS #8 FLATWASHER 8
36 | VT25C50CCSS 1/47 X 1/27 BOLT 11
37 | vrzsc7sccess 1/4" X 3/4° BOLT T
38 | VI25NLOCS 1/4" LOCKWASHER 12
39 | VI25NB2WSSS 1/4" FLATWASHER 12
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TAYLOR

POVER SYSTEINS TCRUDE 22
MODEL OR SERIES COMPONENT OR ASSEMBLY NO.
2 TRITEL G320
ENCLOSURE

ITEM PART NO. DESCRIPTION QTY.
1 V1082236 LEFT REAR CORNER i
2 | VT08Z2237 RIGHT REAR CORNER 1
S [ vVTO82197 DOOR 3
4 | vT0BZ198 DOCR MULL 3
5 | VTDB2226 FRONT COVER 1
6 | VICB2224 TOP COVER 1
7| vT9221531 LATCH 5
8 | VI9750KE7 FINISHING PLUG T
9 | VI25C75CCsS BOLT 40
10 [ VTZ5CCNES LOCKWASHER 40
11 | VTZENBZWSSS FLATWASHER 80
12 | VT97006 RUBBER BUMPER 17

717 =00
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JAYLOR

POWER SYSTEMS

VIGRUOB1 35

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL G325

ENCLOSURE

ITEM PART NO. DESCRIPTION QTY.
1 VTOE2217 LEFT REAR CCORNER: 1
2 IVT082213 RIGHT RFAR CORNER 1
3 | vI0g2197 POOR 3
4 | vTo821%8 DOOR MULL 3
5 | VT0g2221 FRONT COVER 1
6 | VI082222 TOP COVER 1
7 | VT9221521 LATCH 3
8 | VT9750K67 FINISHING PLUG 1
9 | VIZ5C75CCSS BOLT 40
10 | VT25CCNES LOCKWASHER 40
11 | VIZ5NEZWSSS FLATWASHER &0
12 | V197008 RUBBER BUMPER 12

7=17--00
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= =

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

2 o TRITEL

SOUND ATTENUATED ENCLOSURE poge 1 of 2

ITEM| PART NO. DESCRIPTION QTY.
1 | V1082238 LEFT REAR CORNER 1
2 |vios2237 RIGHT REAR CORNER w
3 |vioezigy DOOR 3
4 |vioe2198 DOOR MULL 3
5 |vicazzze FRONT COVER 1
6 |vTosz230 TOP_COVER 1
7 | vi082229 TOP SOUND EOX 1
5 | vros2zo4 FRONT SOUND ROX 1
9 [vigz21531 LATCH _ 3
10§ VI9750K67 FINISHING PLUG ) 1
11 VI25C75CCSS BOLT B 50
12 | vT25ceNES LOCKWASHER 50
13 | VIZENBZWSSS FLATWASHER - 100
71700
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TAYILOR

POWER SYSTEMS

VIGRUCS1 34

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

.2 > TRITEL

SOUND ATTENUATED ENCLOSURE page 2 of 2

E] \2 | %
] W\ J9\ / b

N

ITEM| PART NO. DESCRIPTION QY.
14 | VI7701856 WEATHFR STRIP (AROUND DOORS) 4 ROLLS
15 | vTo82247 DOOR FOAM 3
16 | viog2z4a DOOR MULL FOAM 3
17 | vTog2o58 L & R FRONT SOUND BOX FOAM 2
18 [ V1082261 FRONT _BOX FOAM 1
19 { VIOBZ260 FRONT COVER FOAM 1
20 | viog2258 L & R FRONT CORNER FOAM 2
21 | V1082263 TOP_BOX_FOAM B 1

22 | viggszas: LEFT REAR CORNER FOAM w
23 1 VT087257 RIGHT REAR CORNER fOAM K

7-17-00
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TAYLOIR

POWER SYSTEMS

VTGRUOS1T 36

~ MODEL OR SERIES

~ COMPONENT OR

ASSEMELY NO.

TRITEL

SOUND ATTENUATED ENCLOSURE poge 1

ITEM PART NO.

DESCRIPTION QTY.
1 |vTo8z2217 LEFT REAR CORNER 1
2 | vioazz13 RIGHT REAR CORNER 1
3| vTD&2197 DOOR 3
4 | VTD82198 DOOR MULL 3
5 | vTDg2Z21 FRONT COVER 1
5 FVT0827728 TOP COVER 1
7 | VTOR2227 TOP SOUND BOX '
8 | VIOR2204 FRONT SOUND BOX 1
9 V19221531 LATCH 3
10 | VT9750K67 FINISHING PLUG 1
1| vi2scrscoss BOLT o 50
12 [ VT25CCNES LOCKWASHER 50
i3 | VT25MB2WSSS FLATWASHER 100
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TAYLOR
POWER SYSTEMS TCRUOS <6

MODEL OR SERIES | COMPONENT OR ASSEMBLY NO.
2 w TRITEL '

SOUND ATTENUATED ENCLOSURE page 2 of 2

DN

16 z
% 16 ;
15
5 15
<]
' 71
.
S 16 ™
N /
i|
23 19 / / 7
15 \
20
\\
177"
/<1-8
{4
ITEM PART NO, DESCRIPTION QTY.
14 I VT7701856 WEATHER STRIP (AROUND DOOR‘S) 4 ROLLS
15 | VTO82247 DOOR FOAM 3
16 | vTO8B2248 DOOR MULL FOAM ) 3
17 | VIORZ2258 L & R FRONT SOUND B0OX FOAM 2
18 | vTOB2261 FRONT BOX FOAM 1
19 | VTO82260 FRONT COVER FOAM 1
20 | vI082257 L & R FRONT CORNER FOAM z
21 | viosz264 TOP_BOX FOAM ) 1
27 FVTOR2253 LEFT REAR CORNER FOAM i
23\ VID&2754 RIGHT REAR CORNER FOAM 1
7—17-00
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TAYLOR

POWER SYSTEMS TCRLOSO 1S
B MODEL OR SERIES COMPONENT OR_ASSEMBLY NO.
B . TRITEL
- OIL DRAIN ]
3
W
ITEM| PART NO. DESCRIPTION QTY.
i | VIF101N DRAIN_VALVE 1
2 |vi30182668 FITTING 1
3 lvisiee HOSE 2 FT.

7-17-00
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TAYILO S
POWER SYSTEMS L M

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

B - TRITEL

CRITICAL SILENCER

5 Q\@\
8 \4

6 N
}/& .

9
s < ’
<\8
7
5
\

ITEM PART NOG. DESCRIPTION QTY.
1 V1100172 FLEX EXHAUST 1
2 |vricor71 MUFFLER 1
5 | vras3as 2" EXHAUST CLAMP 2
4 {VI7031502 2" RAIN CAP 1
5 |[vTioo114 MUFFLER MOUNTING BAND 2
& | VI37C225C57 3/8 X 2 1/4 BOLT 2
7 fvizsciooccs 3/8 X 1 BOLT 4
8 | VI37CCNES 3/8 LOCKNUT 5
9 P VI37/N1D0OWSSS 3/8 CLATWASHER 4

7-17-00
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