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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 PROCEEDING 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 personnel 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 2 generator
technician in maintaining the unit.

Installation of the unit should be done in compliance with the installation section of this mamal.
Proper installation in accordance with the Nationa! Electric Code, Occupational Safety and Health
Administration(OSHA) and local 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
system 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

DO PRACTICE SAFETY, The life you save may be your own.

Do -

= Do perform your tasks carefully, without
undue haste

- Do provide fire extinguishers(rated ABC)

- 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 set while it is
running.

- Do keep your hands away from moving
parts.

- Do remember - Horseplay is for horses! It
has no place around machinery.

- Do disconnet batteries before starting work
on generator set.

- 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.

Don't -

- Don't allow inexperienced personnel to
work on the generator or electrical equip-
ment

- Don't 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 resuits.
Don't wear jewelry while working on
electrical equipment. If your hair is long,
wear a head covering. Hair caught in a
driff press, fan belt, or other moving
parts can cause serious injury.

- Don't stand on a wet floor while working
on electrical equipment. Use rubber
insulated mats placed on dry wood plat-
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 all the necessary steps to
ensure that you are in complete safety.



Low Voltage General Safety Precautions
Coulrolcilw_ilsutilizedbythcmatorsctmb.C. 1. Use extreme caution if holes are drilled into the
voitage. This voltage potential is not considered generator set. Holes drilled into an electrical wire
dangerous, but the large amount of current available 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
ground. correct length.

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 jewclry, watches, or rings. These
items can short cut and cause severe burns to the
wearer,



Safety Precautions

Rotating Hazards

I. Keep your hands, clothing and tools clear
of the fan and water pamp 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 aveid
contacting the rotor.

Battery Hazards
Few people realize just how dangerous a battery
can be.
The electrolyie in a lead acid battery is dilute
sulphuric acid(H,SO,). During charge or dis-
charge functions of a battery, a chemical change
takes place within the individual cells that causes
the bubbling we see through the filler hole. This
gas bubbling is hydrogen and oxygen, and it is

EXPLOSIVE. If, during this gassing action, 4 means

of ignition is present, an explosion could occur. A

defective batiery may suddenty explode even while

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

used to reduce the risk from possible explosion.

Precautions

1. Always wear cye protection when servicing bat-
teries. If electrolyte is splashed on the skin or in
Obtain medical help as soon as possible.

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

3. When disconnecting or reconnecting the generator

set battery, make sure the on-off switch is in the off

position to prevent an arc which could cause the

battery to expiode. Disconnect the ground cable first,

preferably at a point away from the battery.
Reconnect

the ground cable last, again away from the battery.

Electrical Hazards
High Voltage

Whea servicing or repairing a generator set, the pos-
sibility of serious or even fatal injury from electrical
shock exists. Extreme care st be used when
working with an operating generator. Lethal voitage
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 make anyu rapid moves. If a
tool drops, do not grab for it People do not
contact high voltage wire on parpose. It occurs
from amanpiannad movement.

2. Make sure of your footing. I you stip, you will
instinctively grab for support. This can be lethal
around a generator set. Work on robber mats or
dry wood if possible.

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
unti] a meter and wiring diagram show otherwise.

MIEDIATEwionmnstbciniﬁ'awdaﬁerapcrson
has received an electric shock

Mnacpcﬂmndicalasistanceiﬁmilabla

The source of shock mnst be immediately removed
by either shutting down the generator power or
removing the victim from the scurce. If it is not pos-
sibie to shut off the generator st, the wire shoutd be
cut with either an insulated instrament(e.g. a
wooden handled axe or cable cutters with heavy
insulated handles) or a rescoer wearing insulated
gloves. Whichever method is used, do not look at the
wire while it is being cut. The ensuing flash can
marufactared for protection from liquids. If the
victim bas to be removed from live circuitry, pall
him off. DO NOT TOUCH HIM, you could receive
a shock from current flowing through his body.
immediately for respiration and presence of pulse. If
3 pulse is present, respiration can be restored by
mouth-to-mouth resucitation.



Installation

MOUNTING

The foundation, floor or roof must be able to support the weight of the generator setand its
accessaries (such as a sub-basefuel tank}, resist dynamic loads and not transmit objec-
tionable noise and vibration. See the generator set Specification Sheet or outline drawing
tor 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
on the 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.

Bolling these generator sets directly to the floor or foundation will resuit 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



Mountmg on a Slab Floor

.-1_-, :_:#, vk

at set is mountedona concrete slab floor, a ¢oncrete pad should be poured _
on top of the gor ‘The pad should be reinforced concrete with a 28 day compresswe'ﬁ
strength of at least 2500 psi (173 kPa). It should be at Ieast 6 inches (150 mm) deep and‘

used to anchor the skzd or wbratlon |solators to the pad

Mountmg ona Sub-Base Fuel Tank

When a generator setis 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 floor
undemneath to reduce corrosion and permit visual inspections for leaks.

Mounting on a Vibration Isolating Foundation

When a generator set is 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
set itself 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 (1) and width (w) of the foundation.

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

h=—W__
: dxlxw
where d is the density of concrete, typically 145 ibs / {3 (2322 kg / rr_13).

« 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
teast 2500 psi (173 kPa).

* The total weight (TW) of the generator set, fuel and foundation usually results in a soil
bearing load (SBL) of less than 2000 Ibs / ft2 (96 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 soif analysis report for the building. Calculate the soil bearing
load by using the following formula:

sBL = W
P x w

where | and w are the length and width of the foundation.



* Type J or L bolts should be used to anchor the skid or vibration isolators to the founda-

tion.
SPRING-TYPE VIBRATION - 1/2 INCH {13 mm)
ISOLATOR ANCHORED CLEARANCE FILLED
| WmHTYPEJORLEBOLTS WITH SEALER
§ (SEE DETAIL)
\
N -\
’ 2500 PS) (173 kPA) REINFORCED
CONCRETE FOUNDATION
i 4555 £
3 e A NS m’,sés’ %
é}fis”zﬁ% AT LEAST 8 INCHES (200 mm) ;”‘;"5’ s
i:é;;;;;s!’/' OF SAND OR GRAVEL (3743634 s5385e555
55595949454 v
L $45
’%%5555;5”? ff
G
DETAIL OF TYPE J OR L BOLT
ANCHORING

FIGURE 20. TYPICAL VIBRATION ISOLATING FOUNDATION
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EXHAUST SYSTEM

The function of the exhaust system is to convey engme exhaust 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)

» Flexibie, cofrugated stainless steel exhaust tubing at least 24 inches (610 mm) long
must be connected to the engine exhaust outlet(s} to take up thermal expansuon and
generator set movementand vibration whenever the setis mounted on steel spring iso-
lators 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 atleast18 inches (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 or supports—not
by the engine exhaust outlet. 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 e,
BY NON-COMBUSTIBLE STRAPS  COMBUSTIELE WALL RAIN CAP
~— N

o~ S

II\ \jE_

T

S‘-—F N\ )

N N

N N

e . \

N e N

N
wxé CONDENSATE LONé—RADIUS
TUBING DRAIN PIPEBEND

FIGURE 21. TYPICAL EXHAUST SYSTEM
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._,_.j_Plpe bend radii should be as long as practrca! S -

that as taras i5 po ble and cons:stent mth the exhaust back
m t_the englne exhaust tubmg and plplng of the same nomi g
i as ‘the engrne ‘exhaust outiet’ be used throughout the" “exhaust system. ‘Piping ‘of .
o smaller dlameter than the exhaust outlet must never be used. Piping thatis Iarger

7_;[than,r_|‘ ces ary is more subject to corrosion due to condensate than smaller pipe and

“reduces the ¢ e'xhaust gas velocity e avarlable for dlspersmg the exhaust ¢ gases up an
3 "'the outdco wrnd stream, Also, as a rule ‘the fewer plpe drameter changes in the ex-"‘
~‘ e le: fnctton !oss L .

R It is recommended that atl exhaust papmg and muﬁters be therrnalty rnsulated to prevent
burns from accrdental contact, prevent activation of fire detection devices and sprin-
klers, reduce corrosion due to condensate and reduce the amount of heat radlated to
~ the generator room. Engrne exhaust manrfolds and turbocharger housmgs, un-
‘ ooled must neverbe msulated Domg socan result in matenal tempera-
_' f“,tures that can destroy the mamfold and turbocharger F

. -Exhaust prprng ‘muist be routed at Ieast 9 |nches (229 mm) trom combushble construc-
tion. Use approved thimbles where exhaust prpmg must pass through combustrble
walls or cerlrngs . -

Exhaust pipe (steet) expands approxlmately 0.0076 inches per foot of pipe for every
100° F rise in exhaust gas temperature above room temperature (1.14 mm per meter
per 100° C rise). It is recommended that flexible, corrugated stainless steel tubing be
used to take up expansion in fong, straight runs of pipe.

Horizonta! runs of exhaust prprng should slope downwards, away from the engine, to
the out-of- doors ortoa condensate trap.

A condensate draln trap and plug should be provrded where piping turns to rise verti-
cally

The exhaust system must termrnate 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 side of burldtngs and that it dlscharge stratght up to
maximize dtspersal

Some codes specrfy that the exhaust outlet termmate atleast 10 feet from the property
line, 3 feet from an exterior wall or roof, 10 feet from openings into the buridrng and at
Ieast 10 feet above the adjoining grade

A rarn cap should be provrded if the exhaust outlet pounts up.

A generator set should not be connected to an exhaust system serving other equip-
ment, including other generator sets. Soot, corrosive condensate and high exhaust gas
temperatures can damage idle equipment served by a common exhaust systern

12



« Exhaust back pressure must not exceed the alfowable 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 fuil-oad operation before the

set is placed in service.

Example Calculation: The layout of an exhaust system similar to 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 infet, 20 feet of 6-inch diameter pipe and one 6-inch
diameter long radius elbow. The generator set Specification Sheet indicates that the engine
exhaust gas flow is 2,715 cfm (cubic feet per minute) and that the maximum allowable ex-
haust back pressure is 41 inches WC (Water Column). ,

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

1.

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

A. Find the cross-sectional area of the muffier inlet using Table 7 (0.1963 ft2 in this
example).

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

Gas Velocity = g-%-:—a——czg = 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 r DIAMETER OF MUFFLER | AREA OF MUFFLER g
H INLET (INCHES) INLET (FT2) INLET (INCHES) INLET {FT2}
2 0.0218 5 0.1363 i
25 0.0341 6 0.1983 Aﬂ
3 0.0491 . 8 0.3491
as 0.0668 10 0.5454 i
4 0.0873 12 0.7854 4
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EXHAUST BACK PRESSURE (INCHES WATER COLUMN)
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FIGURE 22. TYPICAL MUFFLER EXHAUST BACK PRESSURE VS. GAS VELOCITY
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2. Find the eqiivalent lengths of all iitings ‘and flexible tube Sections by using Table 8.~
S ' TABLE 8. EQUIVALENT LENGTHS OF PIPE FITTINGS (FEET)
T aee o SO HOMNALETAIEI’ER{[NC!‘ES) R
" YYPEOFFMTING . - f 2 |25 | -3 . [:35 | 4 |8 |:6-]:8 -

STANDARDELBOW | 53 | 64 | 81 | 96 | 11} 14 16 | 21 | 26
MEDIUM RADIUSELBOW | 46 ) 64 | 68 | 8 | ©® | 12 | 14 .| 18 | 22 [ 26 _
LONGRADIUSELBOW | 35 | 42 | 52 |.-6 -] 7 9 | 11 | 4. 17 | 20"
45HBOW - |15 | 2 |23 |26 -3 | 4 |45] 6] 8 |9
STANDARD TEE 7 14 | 17 | 181 2 | 27 | 34 | 44 | 56 | 67
18 INCH FLEXIBLE TUBE 3 3 3 | 3 3 3 3 3 3 3
24 INCH FLEXIBLE TUBE | 4 2 | 4 | & 4 r 2 | 4 2 |4

3. Findthe back pressure atthe given exhaust flow per unitlength of pipe for each nominal
pipe diameter used in the system. In this example, 5 inch and 6 inch nominal pipe is
used. Following the dashed lines in Figure 23, 5 inch pipe causes a back pressure of
approximately 0.35 inches WC (Water Column) and 6 inch pipe approximately 0.145
inches WC. '

4. Add the back pressures for all elements of the example, as follows:

Y 8 1= S L R R R R 21.5
One 5 Inch Flexible Tube—0.35 x4 ft ... .o iiiiriiiiiiiaanns. 1.4
20 Feet of 6-Inch Pipe—0.145x 20ft ... ... .ot 29
One 6-Inch, Long Radius Ebow—0.145 x 11ft . ..... ..ot 16
TOTAL EXHAUST BACK PRESSURE (Inches WC) .........cvnninees 27.4

5. The calculation indicates that the piping layout is adequate in terms of exhaust back
pressure since the sum of the back pressures is less than the maximum allowable back
pressure of 41 Inches WC.

15
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ENGINE COOLING -

ng _,es are cooled by pumping coolant (a muxture of water and antu-freeze)
'through. passages in the engine cyhnder block and’ head(s) by means of an engune—dnven’
pummip. The' en’gme ‘pump and radiator or’ hqu1d-to-l|qund heat exchanger form & closed,
pressunzed cooling system, The most common generator set configuration has a mounted
radiafor 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-liquid heat exchanger, a
remote radlator or a remote liquid-to- -tiquid heat exchanger _

17



Factory-Mounted Radiator

A generator set with a factory-mounted radiator (Figure 24) is an integral cooling and venti-
lating system. This is the recommended configuration involving the least amount of auxit-
iary equipment, piping, control wiring and coolant. A primary consideration for installations
of this type is the necessity of moving large quantities of air through the generator room.
See Ventilation in this section.

PREVAILING WIND§ —————

ENGINE-DRIVEN FAN RADIATOR
\\ /
AlR INLET . ‘-
A
N Y |
N N
N
N B \ )
\Y— | s
ENGINE-DRIVEN

COOLANT PUMP FLEXIBLE DUCT CONNECTOR WIND/NOISE BARRIER

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 foliowing:

"« The instaltation will require a powered ventilating 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
temperature can fall below 32° F (0° C).

"« 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 fiow to remove the Heat Rejected To Coolant indi-
cated on the generator set Specification Sheet. Note that a gallon of water absorbs ap-
proximately 8 Btu each 1° F rise 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 (,—;u'%“-)

" Raw Water Required (gpm) = :
Temp Rise (A °F) x Specific Heat (_thy_)

“F-Galion
If a set rejects 19,200 Btu per minute and the raw water inlet temperature 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 cogt 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 cooling.

19



PREVAILING WINDS ————————3=

VENTILATING AIR INLET VENTILATING FAN
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ENGINE-MOUNTED FLEXIBLE RAW WATER .. RAW WATER
HEAT EXCHANGER WATER CONNECTIONS DISCHARGE SUPPLY

FIGURE 25. FACTORY-MOUNTED HEAT EXCHANGER COOLING

20




Remote Radiator

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

Itis recommended that the radiator and fan be sized on the basis of a maximum radiator
top tank temperature of 200° F (93° C) and a 115 percent cooling capacity to aliow 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
manutacturer’s instructions.

The capacity of the radiator top tank or auxiliary tank must be equivalent to at least 15
percent of the total volume of coolant in the system to provide a coolant “drawdown
capacity” (10 percent) and space for thermal 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 filled. See Fig-
ure 27. :

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

Caolant friction head extemal to the engine (pressure loss due to pipe, fitting and radia-
tor friction) and coolant static head (height of liquid column measured from crankshaft
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 shafl seal to leak.

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

Radiator hose 6 to 18 inches (152 to 457mm) long, 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.

itis 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 (whichis under pressure) slipping off. Major damage can occur
to an engine If it Is run without coolant in the block just a tew seconds.

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

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

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.
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HOT COOLANT LINE VENT 7-12 PS {48-83 kPa) REMOTE VENTILATING
TO RADIATOR LINE" PRESSURE CAP RADIATOR FAN

PREVAILING WINDS —————

VENTILATING
AR INLET

§~ »
N
N\ |—
__’.
[ H
L -~
SAE 20R1 OR EQUIVALENT \ GATE OR
HOSE DOUBLE CLAMFPED 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 WILL COLLECT COOLANT AND
PREVENT AIR FROM VENTING WHEN THE SYSTEM IS BEING FILLED WITH COOLANT.

** _ THE FILL/MAKEUP LINE MUST BE RQUTED DIRECTLY TO THE LOWEST POINT IN THE PIP-
ING SYSTEM SO THAT THE SYSTEM CAN BE FILLED FROM THE BOTTOM UP AND NOT TRAP

AlR.

FIGURE 26. REMOTE RADIATOR COOLING (DEAERATION TYPE SYSTEM, SEE FIGURE 27)
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Deaeration Type Remole Radiator System: A deaerati  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) isrouted
to the radiator top tank, above the baffle plate, where air in the coolant can separate from’

the coolant before the coolant retums to the system. Consider the following:

‘s 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 of high density

polystyrene tubing is recommended for long runs, especially i they are horizontal, to
prevent sagging between supports.

¢ The filimakeup line should also rise without any dips from the lowest point in the piping
system to the connection at the radiator top tank or auxifiary tank. No other piping
should be connected to it. This arrangement allows the system to be filled from bottom
up without trapping air 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 (18 L/Min) (approximately the flow rate of a garden hose).
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FROM ENGINE VENT LINE RADIATOR VENT TUBE

(5% OF COOLANT FLOW) SURE CAP

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

HOT COOLANT FROM DEAERATED/FILL/MAKEUP 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 auxdliary cool-
ant pump (Figure 28) can be usedif coolant friction exceeds the allowable value onthe gen-

eralor set Specification Sheet. In addition to the considerations under Remote Radialors,

» Anauxiliary pump and motormustbe sized for the coolant flow indicated on the 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 1o 0.43 PS1 of coolant
friction head (pressure loss) or one foot of coolant static head (height of liquid column).

« Abypass gate valve (globe valves are 100 restrictive) must be piumbed in parailel with
the awuxiliary pump, for the following reasons:

o To allow adjustment of the head developed by the auxiliary pump (the valve is ad-
justed to a partially-open position to recirculate some of the flow back through the
pump). :

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

o Coolant pressure at the inlet to the engine coolant pump, measured while the engine
is running at rated speed, must not exceed the maximum alfowable 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.
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AUXILIARY TANK .7-12PS1 RADIATOR
ALTERNATIVE TO A DEAERATION-TYPE RA- PRESSURE CAP VENT LINE

DIATOR. VOLUME CAPACITY MUST BE AT
LEAST 15% OF SYSTEM COOLANT VOLUME

ENGINE VENT

Bt | L
ﬁ@ |

REMOTE RADIATOR
ASSEMBLY ———

SYSTEM FILLIMAKEUP
LINE -

'

HOT COOLANT LINE

S R R

COOLANT RETURN
TOENGINE ~ ~—— . J »

GATE OR BALL VALVES TO ISOLATE TE AUXI
ENGINE FOR SERVICING VALYE COOCLANT PUMP

FIGURE 28. REMOTE RADIATOR WITH AUXILIARY COOLANT PUMP AND AUXILIARY TANK
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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 welt and radiator. A hot well system requires carefut design. In
addition to 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 auxiliary pump rust be sized ac-
cordingly. Pump head must be sufficient to overcome the sum of the static and friction
heads in the hot well/radiator circuit.

"One foot of pump head (pump manufacturer’s data) is equivalent to 0.43 PSi 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

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

'Volume required to fill the radiator and piping, plus
"Five percent of total system volume for thermal expansion

Careful design of the inlet and outlet connections and baftles is required to minimize
coolant turbulence, allow free deareation and maximize biending 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 fiil 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 should 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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VACUUM BREAK

REMOTE RADIATOR
ASSEMBLY
,:;l:
PUMP COOLANT
TO RADIATOR
BOTTOM TANK
BREATHER CAP \
HOT WELL S~- '
BAFFLES l
ENGINE
VENT UNE
HOT ENGJNE\ i )
COOLANT I S
M, .
\ — J\ t;q}‘
RETURN TeTo R
TO ENGINE
ﬁ -\‘
S % ] e
M His

I é é l AUXILIARY COOLANT PUMP FOR

HOT WELL/RADIATOR CIRCUIT

FIGURE 29. REMOTE RADIATOR WITH HOT WELL AND AUXILIARY COOLANT PUMP
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Exampie Pipe Sizing Calculations for Remote Radiatot/Heat Exchanger Systems:
The preliminary layout of piping for a remote radiator coolmg system similar to the one
shown in Figure 26 calls for 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 & PSI.

This procedure involves determining the pressure loss (friction head) caused by each ele-

ment and then comparing the sum of the pressure losses with the maximum allowabie 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.

Find the equivalent lengths of all fittings and valves by using Table 9 and add o the total
run of straight pipe.

Three Long Sweep Elbows—3x5.2 ...t 15.6
Two Gate Vaives (Open}—2x1.7 ........cneu N 34
Tee (Straight Run) ......coiiiiiiiiiiiiiiii it iiiai it iricanees 5.2
60 Feet Straight Pipe ................... Cebeeareenrrereraranenanes 60.0
EQUIVALENT LENGTHOF PIPE(FEET) ......ccovvivnancanns vens.. 842

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 approximately 1.65 psi
per 100 foot of pipe.

Calculate the pressure loss in the piping as foliows:

o C o 1.65 psi} _ .
Piping Loss = 84.2 feet x (1 00 feet) = 1.39 psi

The total system foss is the sum of the piping and radiator losses:

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

- NOMINAL DIAMETER (INCHES)
TYPE OF FITTING
45° ELBOW -— 5 3 38 5 83 75
LONG SWEEP ELBOW 28 35 42 - 52 7 9 11
CLOSE RETURN BEND - 13 15 18 24 a3t 14
TEE, STRAIGHT RUN - 35 42 5.2 7 g 11
TEE, SIDE INLET OR OUTLET 8.3 12 14 17 22 27 33
GLOBE VALVE, FULLY OPEN - 55 67 a2 10 140 -
ANGLE VALVE, FULLY OPEN - 27 33 41 5 70 -
GATE VALVE, FULLY OPEN - 12 14 1.7 23 29 - 35
GLOBE VALVE, HALF OPEN - 27 33 41 53 70 100
5.0 y 7 ) y
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FIGURE 30. FRICTIONAL PRESSURE LOSSES FOR INCH (mm) DIAMETER PIPES
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Coolant'l'reatmem

R
Anﬁﬂeeza(amybmorpmpylmglyuﬂbase)andwataramnmdmbm&nﬁmmg
point of the cooling system and to raise the bolling point. Refer to Table 10 to determine the -
mnhﬂondeﬂwbnempmpﬁmedycdmwmmmmmm
ambient expected. Antifreeze/water mixture percentages in the range of 30/70 to 60/40 are
meommendedformostapplmm

Pmpylmglycdbasedmhfmezebhsstoﬁcﬂnnemylmbasedanﬁm,oﬂemm
rior iner protection and eliminates some fluid spiltage and disposal reporting requirements.

Diesel generator sets may be equipped with replaceable coolant filter-
ing and treating elements to minimize coolant system fouling and cofrosion. They are com-
patible with most antifreeze formuiations. For smaller sets, the antifreeze should contain a
corrosion inhibitor.

TABLEiO.FREEZlNGANDBOIUNGPOINTSVS.CONCEmAﬂONOFm

MIXTURE PERCENTAGES {ANTIFREEZE/WATER)
o0 | /70 40/60 50/50 G0/40 8955

aF | #F | 1°F [ -a4°F [ e5°F | #&F
FREEZINGPOINT | 000y |16°0) | 270y | (06°C) | 540 | 13y

ETHYLENE GLYCOL
212°F | 220°F | 222°F | 26°F | 230°F | 345°F

BOILING POINT 1 (1000 €y { (104° C | (108°C) | (10e= ) | (110° €} | (1747 ©)

F 1°F -5 F -2 F -58°F | -10°F
FREEZING POINT | necy | (1200 | (-21°0) | (332 ©) | (49" C) | (87" C)

212F | 216°F | 219°F | 222°F | 225°F | 320°F
BOILING POINT | (yo0e ¢y | (102°C) | (104°C) | (106° ©) | (107°C} | (1607 ©)

MIXTURE BASE

PROPYLENE GLYCOL

Coolant Heaters

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

Engine coolant heatars must be connected to the normal power source.
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VENTILATION

Ventilation 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 minimurn air inlet and outiet opening areas. The allow-
able air flow restriction must not be exceeded. The static pressure (air fiow restric-
tion) should be measured as shown in Figures 31 and 32 to confim, 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 i air ducts are required
for the application. Note that the inlet duct must handle combustion air fiow (see the
Specification Sheet) as well as ventilating air flow and must be sized accordingly.

PREVAILING WINDS —————— =

ENGINE-DRIVEN RADIATOR THERMOSTATICALLY WINO/NOISE
FAN CONTROLLED LOUVER BARRIER

AN

2724

S

£

3

MEASURE STATIC PRESSURE
WITHIN 6 INCHES (150 mm) OF THE ~ FLEXIBLE DUCT o
RADIATOR. SEE FIGURE 32 CONNECTOR DAMPER HEIGHT OF RADIATOR

FIGURE 31. FACTORY-MOUNTED RADIATOR COOLING
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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 vangs, for example, tends to be more
restrictive than one with wide vanes. The effective open area specified by the Iouver
or screen manufacturer should be used.

The airflow through the radiator is usually sufﬁcient for generator room ventilation. See
the example 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,
itis highly recommended that combustion equipment such as the building heating boit-
ers not be focated in the same room as the generator set. If this is unavoidable, It wil
be necessary 1o determine whether there will be detrimental effects, such as backdraft,
and to provide means (extra large room inlet 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 set is 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 directly 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 shouid be located or shielded to minimize
fan noise and the effects of wind on airflow.

LEAVE THE OTHER END OF >
THE MANOMETER OPEN TO i
THE GENERATOR ROOM —_—

—STATIC PRESSURE PROBE—
1/4 IN (6 mm) COPPER TUBE WITH PLUGGED END
AND 1/18 IN (1.5 mm) CROSS-DRILLED HOLES

ORIENT THE TIP PARALLEL WITH THE AIR i~
STREAM IN RADIATOR DISCHARGE DUCT WITHIN
- F RADIATOR
S CLINED 8 INCHES (150 mm) OF THE RADIATO
MANOMETER|
0.01 INWC 5
] :

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-dtiven 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.

« Aremote radiator fan must be sized primarily to cool the radiator. Depending onits loca-
tion, it might also be used to ventilate the generator room.

« The fan and air inlet locations must be such that the ventiiating it is drawn forward over
the set.

s 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 »
\_/ \_/
L/.
VENTILATING —— 1

S =

o ,
INLET AIR )
DAMPER ' HOT AIR

/ e [

=
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o
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\‘—" poe—— / T
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N M 12 T
\ i / b
AN O M — =T =
T | / | =
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ENGINE-MOUNTED 4EAT 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 to 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 o limit the 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 Set .........cooririiiriiiiiiiiiinnnaannan. 4,100
Heat from Exhaust Pipe—10x 132 ... ... cciiiiiiiiiiiniinnnnan, 1,320
Heatfrom Muffler ....ooiiiiiii i e iiisssnsanasannnas 2.500

TOTAL HEAT TO GENERATOR ROOM (BtuIMm) sansesscanssssss 0,920

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

58 x Total Heat (%) 55 4 7,020

Required Air Flow = Tomp Fise (A°F) = %

= 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 (39) 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)
a5 (98) 96 (332) 1,408 (1,485)
4 (102) : 108 (374) ‘ 1,767 (1,864)
50127 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 (B,068)
12 (305) 263 (1,014) . 10,083 (10,638)
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FUEL SU_PPLY
Diesel Fuel ,
The followmg 'should be considered when installing a diesel fuel supply system:

» Fuel supply tank construction, location, installation, venting, piping, testing and inspec-
- 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 least a

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

» The fuel ift pump, day tank transfer pump or fioat valve seat should be protected from
fuel supply tank debris by a prefitter or sediment bowl with a 100 to 120 mesh element.

*» The supply tank must hoid enough fuel to run the set for the 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 fuel supply to be used for
any other purpose, or may specify a draw-cown 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 flexible 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,
fitings and tanks shou!d 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 fuel pumps and filters. Although copper has been used
for diesel fuel fines for many years, black iron pipe is preferred. Diesel fuel polymerizes
{thickens) in copper tubing during long pericds of standby, with the result that fuel injec-
tors can clog.
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» The generator set Specification Sheet indicates the maximum fuel infet and rotum re-
rmum hose and pipe sizes for connections to a supply tank o day tank that is relatively
close fo the set and at approximately the same elevation. Hose and pipé size shotid ~
be based on the maximum fuel flow rather than on the fuel consumption. (The maxi-
mum fuel flow is approximately twice the full-load fuel consumption on TPS genera-
tors sets rated 200/175 kW and larger.) it is highly recommended that the fuel inlet and

return restrictions be checked before the set is placed in service.
TABLE 12. MINIMUM FUEL SUPPLY/RETURN HOSE AND PIPE SIZES

FUEL SUPPLY LINE FUEL BRETURN LINE

0-10 FEET 10-50 FEET 0-10 FEEY 10-50 FEET
MAXIMUM GPH | (03 METRES) (3-15 METRES) {0-3 METRES) (3-15 METRES)

FLEX |PWELD.| FLEX |PIPELD.| FLEX |PIPELD.| FLEX |PWPELD.
HOSE | INCHES | HOSE | INCHES | HOSE | NCHES | HOSE | INCHES

SIZE | (mm) | SZE | (mm) | SZE | tom) | S@E | (mm)

516 - 1932 ane 816
0-15 No.6 | g8 | mo.s | GpS | nos | B | nos | g
1% 17 e &8
1520 no.s | (5 [Noo | 0% | nos | e Noe | ol
12 &8 172 2
20-80 NO.10 | (o P N0z | AR | Noe | re | oo | 0%

&4 7/8 1R 172
80-100 NO. 12 (15.9) NO. 18 (22.3) NO. 8 (10.3) NO. 10 (127

0 m 12 [T
100-180 NO. 18 223) NO. 18 2.3 NO. 10 127 NO. 12 (159)

7 78 & 58
100> NO.18 | pom | NO.18 | g [ NOIZ | o | NOA2 | pg
Based on four straight ftings, two 90° fittings and minimal fuel kR height

» Separate fuel return lines to the day tank or supply tank must be provided for sach gen-
srator set in a multiple-set installation to prevent the retum lines of idle sets from being
pressurized. Also, a fue! retum line must not in¢iude a shutoff device. Engine damage
wilt occur if the engine is run when the line is shut off.

« Aday tankis required whenever pipe friction and/or supply tank elevation, either below
the fuel pump inlet or above the fue! injectors, would cause an excessive fuel inlet or
retumn restriction. Some generator set models are available with an integral siad-
mounted or sub-base day tank.

For critical start applications, where generator sets 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 possibie fuel level 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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Gasoline Fuel

The following ﬂemsshouidalsobeoonsidemdwhenlnstaiﬁngagmdhemelsupuysys-
tem:

Fuel supply tank construction, focation, instaﬂaﬁon,venﬁng,piping. testing and inspec-
tion must comply with appﬂcableoodes.SeaNFPAShndardsNo.SOandNo.ST.

FueimpplytanksmustbeadequmelyvemwmprwémpmssuﬁmmW
sionsformanuazlydrainingorpwnpingoutwaterandsediment,andhavaatleasta
ﬁvepementexpansionspacempreventwspiﬂagewhentheﬂmlheatsmandex-
pands.

The fuel lift pump, day tank transfer pump or float valve seat shouid be protected from
fuelsmplytankdebrisbyapreﬁlterorsedimmbow!wiﬂwa 100 to 120 mesh element.

Approved flexible fuel hose must be used for connections at the engine to take up gen-
erator set movement and vibraticm_.

Gasoline fuel lines may be black iron or galvanized stee! pipe or Type-L copper or steel
tubing. Cast iron and aluminum pipe and fittings must not be used because they are
porous and can leak fuel, .

Most codes do not permit storage of gasoline inside bulldings. iIf storage Is permitted
inside the buiiding, 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 shouid
theretore be carefuily considered.

See the generator set Specification Sheet for the maximum permissible fuel lift, Also,
1o 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 fllustrates the typical gas ine components in an automatic-transfer, dual-fuel sys-
tem (natural gas and LPG). it is also representative of single fuel systems and the naturai
gas or LPG fuel components used when the altemate fuel is gasoline. When natifal gas or
LPG s used in combination with gasoline, the gas-air mixer is mounted on the air hom 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 service
wmrﬂhﬂs),ﬁygasﬁhﬂs)ﬂmmudmwamwmw
installer.

Natural gas generator sels are tested and rated using naturat gas having a heating velue of
approximately 1,000 Bwht3 (37.24 MW/mS), With proper fuel mixture adjustments (see the
generator set Service Manual), fuel gases of lower heating value can be used with good
results but with less maximum power oulput. Depending on the fuel, deratings witt be nec-
essary. _

The foliowing should be considered when instalfing & natural gas and/or LPG fuel systom:

o Gaseous-fuel supply system design, materials, components, fabrication, assembly, in-
staftation, testing, jon, operation and maintenance must comply with the appli-
cable codes. Sea NFPA Standards No. 30, No. 37, No. 54 and No. 58.

« The layout and sizing of the gas supply piping must be adequate for supplying the vol-
ume of gas required at full load as Indicated on the generator set Specification Sheet
while maintaining at least the minimum required supply pressure, typically 10 inches
(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. Typicaily, gas supply
pressure should not exceed 20 inches (508 mm) WC at the Iniet to the generator sat.
Depending on distribution gas pressure, mora than one stage of pressure reguiation
may be required. High pressure gas piping Is not permitted inside buildings. Gsas
pressure regulators must be vented to the out-of-doors according to code.

« Approved fiexible fue! hose must be used for connections at the engine to take up gen-
erator set movement and vibration. Some TPS generator set models are equipped
with flexible hoses that are connected to bulkhead fittings on the skid where sofid pipe
connections can be made by the installer.

. Most codes require both manual and electric (battery-powerad)_smm!ha!vesalnad
of the flexible fuel hose(s). The manual valve should be of the indicating type.

o Adryiuelﬁitarshouldbeinstaliedineadﬂlneasshownmﬁgmaﬂtomomdmam
siﬁvepmswremgdaﬁngmponentsmoﬂﬁcesdomemmmmm
substances carried along in the gas stream (rust, scale, efc.). ¢

e AnLPG tuel supplysyslemmustbededicatedformeemergencypowersystemﬂins
the required altemate fuel.
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FEDUCING FLOW  NATURAL GABBOLENOID  PROPANE GAS BOLENOID PHESSURE  OF ENGINE CONTROL  SERVICE PRESSURE
SHUTOFF VALVE) SHUTOFF VALVE) REqpUToR
ATMCSPMERIC
VENT i
REDLCING k J
FLOW VALYE |_ \ q
aAs-AR
MOXER -
v

NATURAL GAS

0 DAY VAPCRUZED LP GAS 8T MAMUAL oY
LBS. (M TOZIOKPA) IN- SHUTOFF FUEL 20 LES. (34 TO 207 kPA) SHUTOFF FUEL
FLTER WLET PHESSURE VALVE RIEA

" THE GAS PRESSURE SWITCH CAUSES THE RATURAL GAS SOLENCID VALYE TO CLOSE AND THE PROPANE GAS SOUENOID VALYE TO OPEN UPON
LS8 OF NATURAL GAS SUPPLY PREBSURE TO CONTINUE GENERATOR SET OPERATIGN WITHOUT INTERRUPTION. RETURN TO NATURAL GAS 1S
AUTORMATIC WHEN SUPPLY PRESSURE 1S RESTCRED.

FIGURE 34. TYPICAL GASEQUS FUEL SYSTEM
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+ AnLPG vaporizer heated by engine coolant is factory installed on TPS generator sets
equipped for a fiquid-withdrawal of LPG. Because high pressure gas piping (liquid

or vapar) Is not permitted Inside buiidings, generator sets equipped for iquid
withdrawal of LPG must not be installed inside the building. Weather protective
housings for outdoor instaliation 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 is to install a larger
supply tank. Table 13 can be used as a quick reference for sizing the propane tank to
account for expected low ambient temperatures.

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

YAPORIZATION
WITHDRAWAL RATE LOWEST AVERAGE WINTER TEMPERATURE
(Tank must be 10°F 0°F ~19°F —-20°F
100 ¢th 100 650
(3 mhr) (378) (568) (757) {946} {1514) (2461)
200 cth 250 300 400 600 1000 2000
(6 m*hn) (848) (1136) (1514) (2271) (3785) {1571)
300 cfh 400 600 700 1100 1800 3600
{9 m3me} (1514) (2271) (2650) (4184) (6814) (13,827
400 cth 600 200 1200 1700 2700 4500
{11 mhvr) (2271) {3407) (4542) (8435) (10221} {17,034}
500 cth 200 1300 1600 2500 00 7500
(14 mifhr) (3407) (4821) (8057) (8464) (13.627) (28,381)
600 cfh 1100 1800 2000 3000 5000 10,000
(17 mihn) {4164) (6057) (7571) (11,358) (18.927) (37.854)
700 cfth 1500 2000 2500 4000 6000 13,000
(20 m3mr) {5678) (7571) (9464} {20,820) (22.712) (49,210

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

150

1OIR fion
GAS PRESSURE i
REGULATOR

A 8
GENERATOR SETS

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

1.

5.

6.

Addupthelengmofpipetothegeneratorsetfarumstfmmmesource which is genera-
torsetB
" 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 refering 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 set B alone, suppiies 880 cth 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 foot length of pipe serving both generator sets supplies 1780 cth of 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 equ:pment, such as the building heating
boilers, are also supplied by the service pressure regulator supplying the generator sets.
Note 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 HOUR

NOMINAL IRON LENGTH OF PiPE IN FEET
PIPE SIZE :
(INCHES) 10 20 § 30 |40 | 50 | €60 70 | 80 | 950 ]| 160 | 125 | 150 } 175 | 200
—_— —— e — —
¥4 360 250 {200 [170 |51 | 138 [125 {118 [ 110|103 | 83 | 84 | 77 | 72
1 680 {485 | 375 {320 | 285 [ 260 | 240 | 220 {205 | 195 | 175 | 160 } 145 | 135
1-1/4 1400 | 950 | 770 | 860 | 580 | 530 | 490 | 460 | 430 | 400 } 360 | 325 | 300 | 260
=172 2100 1460 | 1180 | 990 | 900 | 810 | 750 § €90 | 650 550.1 500 | 460 | 430
2 3050 |2750 | 2200 11900 [ 1680 | 1520 | 1400 | 1300 | 1220 [ 1150 | 1020 | 850 | 850 | 800
1R 6300 {4350 | 3520 [3000 | 2650 | 2400 {2250 {2050 | 1950 | 1850 | 1650 | 1500 { 1370 | 1280
3 11000 | 7700 | 6250 | 5300 | 4750 | 4300 | 3900 {3700 {3450 | 3250 | 2950 | 2650 {2450 | 2280
Based on 0.5 inch (13 mm) WC 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 l 30 | a0 | s0 | 60 | 70 | 80 | 90 | 100 | 125 | 150 -
34 227 | 157 1 126 1107 | 9 | € | 78 | 74 | 62 [ 65 | 58 | 53
1 428 | 298 | 236 | 201 | 179 [ 184 | 151 [ 138 | 129 | 123 | 110 | 101
1-1/4 BB2 | 506 | 485 | 416 | 365 | 333 | 308 | 286 | 207 | 252 | 230 | 204
112 1323 [ 920 | 743 | 624 | 567 | 570 | 472 | 434 | 409 | 390 | 346 | 315
2 2488 | 1732 1 1386 | 1197 | 1058 | 958 | 682 | 819 | 768 | 724 | 642 | 588
Based on 0.5 inch {13 mm} WG pressure drop and nominal 11 inch (2680 mm) WC pressure at inlet
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ENGINE STARTING SYSTEMS

Battery Starting Systems

Battery starhng systems for generator sets are usually 12 volt or 24 volt. Figure 36 ilius-
trates typical 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
nickel-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-fype battery charger, powered by the normal
power source, must be provided to keep the batteries fully charged during standby.

* Codes usually specrfy a maximum battery charging time. The following rule-of-thumb
can be used to size battery chargers:

1.2 x Battery 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 include 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.

STARTER
SOLENOID =

POSITIVE (+) BATTERY
CABLE CONNECTION

STARTER
MOTOR

FIGURE 36. TYPICAL ELECTRIC STARTER MOTOR CONNECTIONS
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Example Calculation: A generator set has a 24 VDC starting system to be powered by two
12 volt batteries connected in series (Figure 36). Total cable 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. Caiculate the required ca-
ble size as follows:

1. Assume a resistance of 0.0002 chms for 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) = ~—F4—m—,
¢ ) I {amperes}
Allowable Cable Resistance = Allowable .Voltagg Drop — Sum of Other Resistances
Cranking Amps
= (fsg—s-) ~ (0.0002 + (6 x 0.00001)) = 0.00328 ohms

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

0040 H_Bn_n " 20 #00
e . - - v
Vs RO —_—
poss / /171 7 Z1 2
0032 A [ / A /
o0 i
o VA A A A D A Y S )mé
T ‘o024 [ L A/t A 1A P =
= ooz VWA VAV AN, ] TWO #60 _|
Q hoz0 | VRV A 4 y P et
= ‘o018 [N A/ A Pl = o
2 o01s ly// Y 7 AT L
AP IV, AVAVARD <E Py
0012 /7 }/ / .4/ / / 4/ ol
0010 [ [V L~
0008 J %4 L~
pea /1144 g e
0004 Z //’/ -
.0002 -~
100, - 200 00 400 500 €00 700
(2.54) {5.08) {7.62) (10.18) (12.70} (15.24) (17.78)

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

Figure 38 shows a piping amangement for a typical airstaner The following tems 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).

s 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.
 All valves 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 locsening and can be
a source of debris that can clog valves.
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24 VOLT AIR PRESSURE
STARTING GAUGE
VALVE
TO PUSH-
BUTTON
STARTING
SWITCH
AR INLET
|
FROM
AlIR TANK
LUBRICATOR | |
(CONNECTED !
TO INJECTOR —— AR RELAY
DHRAIN LINE) MUFFLER STARTER VALVE

FIGURE 38. TYPICAL PIPING ARRANGEMENT FOR AN AIR STARTER

46




ELECTRICAL CONNECTIONS
General

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

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).

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

If the generator 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 equai to or greater than the circuit breaker rating. See Schematic (c) in Figure 39.

(a) No Main-Line Circuit Breaker

@ 9 ) 5 ) l)

115% OF
GENERATOR
FLA

TO THE AUTOMATIC TRANSFER SWITCHES

(b) Remote Main-Line Circuit Breaker

(o) ———

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

TO THE AUTOMATIC TRANSFER SWITCHES

............ (c) Generator Mounted Main-Line Circuit Breaker

@ 5 T [) ') B N

Ay EQUAL TO OR GREATER
D THAN GENERATOR BREAKER \ l l I

TO THE AUTOMATIC TRANSFER SWITCHES

FIGURE 39, FEEDER AMPACITY
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The ampacity of the neutral conductor is generally permitied 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 supplied by TPS is equal in ampacily 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 leamned the procedures through training and
practice under close supervision.

TABLE 16.THREE-PHASE AC GENERATOR AMPERAGE AT 80 % POWER FAC'Ti)R

Kw KVA | 208V | 220V { 240V | 380V | 440V | 480V | 60OV | 2400V | 3300V | 4160V
20 25 69 66 60 38 33 30 24 - - -
35 44 122 115 105 67 57 53 42 - - -
40 80 139 131 120 76 68 60 | 48 - - -
45 58 156 148 135 ae 74 68 54 - - -
50 63 174 164 151 95 82 .75 50 - - -
60 75 <08 197 161 114 29 920 72 - - -
65 81 228 213 196 124 107 08 78 - - -
70 88 .| 243 230 21 133 18 105 84 - - -
75 84 261 246 226 143 123 113 80 - - -
80 106 278 263 243 152 13 120 896 - - -
100 125 347 328 an 190 164 151 120 - - -
125 156 434 411 376 238 205 188 151 - - -
150 188 521 493 452 285 248 226 181 - - -
175 219 608 575 827 333 287 283 21 - - -
200 250 695 857 602 380 328 301 241 - - -
230 288 799 755 692 437 378 348 n - - -
250 313 868 821 753 475 411 J76 301 - - -
275 344 955 203 828 523 452 414 3N - - -
300 375 1042 885 803 570 483 452 361 - - -
350 438 1216 1150 | 1054 ] 575 527 421 - - -
400 400 1390 1314 | 1204 781 857 602 482 - - -
450 563 1563 1478 | 1355 856 738 677 542 - - -
500 625 1737 1642 | 1505 851 821 753 602 151 109 87
800 750 2084 1971 1806 1141 585 803 723 181 131 104
750 938 2605 | 2463 | 2258 14268 | 1232 | 1129 803 226 184 130

1314 | 1204 563 241 17541 138
900 1125 | 3126 | 2986 | 2710 171t 1478 { 1355 | 1084 2n 197 158

2
;
3
s
:
B

1000 1250 | 2474 | 3284 | 30N 1901 1642 1505 1204 301 219 174

1100 1375 - ~ - 2092 1806 1656 1325 3N 241 91
1200 1500 - - - 2282 1971 1806 1445 361 263 208
1250 1563 - - - 2377 | 2053 1882 1505 376 274 27
1500 1875 - - - 2852 | 2483 | 2258 | 1806 452 328 261




Grounding

System Gmunding. As shipped, the neutral terminal of 2 TPS generator is not

grounded. If the generator is a separately-derived power source (i.e. 4-pole transfer switch)
then the neutral will have to be connected to a grounding electrode system by the installing
electrician.

if the generator neutral interconnects with a service-supplied grounded neutral, typicafly 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 breaker 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 transter switch and remote annunciators) must be runin
separate conduit from the power cables. Stranded conductors and a section of flexible con-
duit must be used for connections at the set.

Accessory Branch Circults

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 terminais 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 prowded for the battery
charger and coolant heaters, if used. See Figure 40.
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DC START AC PCWERTO DC SIGNALS

SIGNAL  ———— EMERGENCY LOADS TO GENERATOR
FROM ATS , CONTROL AND
I REMOTE
| AC POWER TO REMOTE ANNUNGIATOR
DC SIGNALS VENT OR RADIATOR FAN? ]
TOREMOTE == =
ANNUNCIATOR |l : n AT TR |
| l FUEL PUMP
SET RUNNING ___ } |
SIGNALS N} AC POWER TO
-} DAY TANK
h FUEL PUMP2
{]
7o contRoL |
BOX HEATER Tl H 4
.1:?1 NORMAL AC
| POWER TO
NORMAL AC POWER I BATTERY
TO GENERATOR [ HEATER
HEATER |
c}: DC POWER
- TO BATTERY
NORMAL AC POWER | .
TO COOLANT i - NORMAL AC
HEATER L__ ] BATTERY |___ POWERTO
CHARGER! BATTERY
: CHARGER
NORAMAL AC
POWER TO LUBE L S
OIL HEATER ANNUNCIATOR
NOTES:
1. THESE LOADS CAN BE POWERED DIRECTLY OFF THE GENERATOR (WITH APPRCPRIATE QVERCURRENT PROTECTION] OR FROM THE LOAD
SiDE OF THE FIRST PRICAITY ATS.

2. THE TTEMS IN ITALICS ARE NOT ALWAYS USED.

FIGURE 40. TYPICAL GENERATOR SET CONTROL AND ACCESSORY WIRING
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Allowable Single-Phase Load Unbalance

Single-phase loads should be distributed as evenly as possible between the three phases
of a three-phase generator setin order to fully utiiize the rated capacity (kVA and kW) of the
set and 1o limit voltage unbalance. Figure 41 can be used to determine the maximum per-
missible percentage of unbalanced single-phase load, as illustrated by the example cal-
culafion.

Single phase power can be taken upto 67 percent of the three-phase ratingon TPS gener-
ator sets not larger than 175 kW. (Nate that this will result in line 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 unbalance 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 kKVA.

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

_ {62 kVA -
Three-Phase Load Percentage = (—-———1 55 |V 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 singie-phase load:

125 KVA X 34% _
oo = 425 kVA

4. Note, as follows, that the sum of the three-phase and maximum permissible 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

104.5 KVA < 125 kVA (Rating of the Generator Set)

Maximum Single-Phase Load =

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 voitage (L4-Lp as defined in the generator
set schematic) when only one phase is used as a reference. (All three phases are used for
voltage reference on TPS PMG-excited generators) with 3 phase sensing option.
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FIGURE 41. ALLOWABLE UNBALANCED SINGLE-PHASE LOAD
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OPERATION

TOR BEF T IN Y
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 ol level, fue! level and battery fluid level.
Correct any 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 a 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 '"AUTO' position. The unit will not start in the 'AUTO’ position unless 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 voltage 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.
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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 skould 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 a 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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GENERAL DESCRIPTION

The Generstor Control System is & micro processor based, digital read out control system
congisting of.

ENGINE CONTROL BOARD |

i
z
§
-4
|
é
ik
3 .
!
:
1

AC MONITORING BOARD

WMWMWMACVM.MMWMBMM
mmaoudbkﬂomﬂymncmdtomommm,mmw

voltage.

ful
The Control System ls compatable with diessi, natursl gas, LP, snd sngines with either 12
or 24 VDC battery. mmmonpm,mmﬂm.wmtmmmy
vm.msuw«nmmadmmewmnmsuwm.mmw.m-
Lighted LCD display. Mmmmuﬂnlmwwﬂdmmemradmn. Genarator AC
Voltage, AC Amperage, and Frequency are aiso displayed on the LCD display. Current transfoomers are
provided with the Generator Control System.

The Ol Pressure, Water Temperature, Frequency, and Battery Voitage are displayed constantly, with AC
Vommmmmm.m1-2.th2-3.mdth3-1.Eﬂwmysmp.medLh\d«
Veitage, OverfUnder Frequency, Under Speed, Ovsrcurrent, Fuel Lave! festures with pre-siarm and fault
set points are available festures.

mcmmammumewumwmmmmmm
sender condition. Adlnhltnpdbuudtodmmnsem«monﬂmammﬁ.
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ENGINE SEQUENCE OF OPERATION

A.

B
c
D

With the Selector Toggle In OFF the LCD dispiay will pulse NOT IN AUTO.

. An amber Pre-alarmm LED will tumn on.

The Pre-alamm relay will close,
Engine Temperature, Fuel Levei 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 ciose battery positive (+), to the Cranking Motor Slave Reiay.
The Engine Fuel Contact will close battery positive {+) to the Fuel system.

The LCD display will read STARTING ENGINE during cranking. There are muitiple Crank and Crank
Rest cycles. The default is § cranking cycles 10 seconds on and 10 secornks of crank rest. The LCD
display will read Crank Rest between cranks. :

When Crank Termination Is reached the Start Contact will open, disengage the Cranking Motor
Siave 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 tfermination will activate and
disconnect the Cranking Motor Slave Relay. The engine will continue to run with Speed Sender
Failure pre-alarm message unit scrolied 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 Temmination the control enters il Pressure Bypass and checks for false crank
termination. The START CHECK™ feature monitors the engine speed Immediately afler crank
termination. If a faise start is detected the control will wait for zero speed and a restant
sequence will be initiated.

After Ol Pressure Bypass and START CHECK™ the engine and generator information

is displayed. .

The Oll Pressure, Fuel Level, Water Temperature, Frequency and Battery Voitage are displayed
whiie 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
wil! close.

Should a monitored Fautlt occur, the Fue! Contact will be opened and locked out. The LCD display

will display the Fault Condition with its' associated value, the red LED wilt tum on, and the Fault
Relay will close. Manual Reset Is required before a Restart can be initiated.
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Continuing to hold the RT toggle will seroll the custom message units, safety set points and sender
condiition on the LCO display. ,

J. Placing the spring loaded toggle In the SL or maintained position will lock the AC scrofiing on a
specilic phase. TheSLtogqlemustbeplacedhﬂerFFpgdﬂondum\gmhmshm.

SELECTOR IN THE AUTO POSITION

Placing the selector in the Auto position, the LCD dispiay will read the following:
A. IN AUTO with Temperature, Fuel Level, and Battery Voltage displayed.

B. Closing ground to the Remote Start Terminal will start the RUN SEQUENCE as described abave.
Removing the Remote Start signal will stop the Generator placing the controls back intc the
Automatic mode awaiting ancther Remote Start signal.

C. I any faults ocour in Auto, a manual reset Is required before a restart can be Initiated.
FAULT TEST PROCEDURE

OVERCRANK

Disconnect the Fuel system 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 will tum on, and the LCD display will read
FAULT OVERCRANK. Manual reset Is required before restart can be initiated. It is
recommended that the cranking motor also be disconnecled while doing the test o preserve
cranking battery charge.

OVERSPEED

Piace the Engine selector in the RUN position allowing the angine to run. Manually increase the
fuei until OVERSPEED speed Is achleved. The Fuel Contact will open and lock out, the Fault
Relay will closa, the red LED will tum on, and the LCD will display FAULT OVERSPEED. Manual
reset is required before another start can be [nitiated.

HIGH ENGINE TEMPERATURE FAULT

NOTE: undg the digital | as refe on the drawings, to deactivate the sender fau
featuce for testing, Place the Engine Selecior in the RUN position allowing the engine to run.

Manually ground the Engine Temperature Sender 10 the engine block. The Fuel Contact will
open and lock out, the Fault Relay will close, the red LED will tum on, and the LCD will display
FAULT HIGH ENGINE TEMPERATURE. Manual reset Is required before @ restart can be
initiated. There is a 5 second delay on this fault. (if there are not enough digital inputs to allow
sender deactivation utilizing a digital input. A fixed resistor must be ulilized in place of the
engine sender for testing. Use a 47 ohm resister for High Temperature testing)

LOW OIL PRESSURE FAULT

NOTE: Ground the digital input, as referenced on the drawings, to deaclivate the sender fault
feature for testing, lace the Engine Selector in the RUN position allowing the engine to run.
Manually remove the Oit Pressure Sender wire. The Fuel Contact will lock out, the Fauit 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 ¢ this fault.
(If there are not enough digital inputs to allow sender deactivation utilizing 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 conlact closure to ground will activate individual inputs. The inputs will be as foilows
depending upon customer definition:

A. Pre-Alam at all times or when running only.
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B. Pre-Alanm when selector is in OFF or AUTO, Fault when engine is running.

C. Fauit when engine is nustning only.

EMERGENCY §TOP

A contact closure to ground will activate Emergency Stop. The fuel will be tumed off, the fauit relay
will close, the red LED will turn 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 [s required prior
to manual reset of the controls before restart..

SENDER FAILURE
NOTE: the same procedure for stiut wit] pactivation digital ded,
Grounding the sender wil scroll & sender failure pre-alerm message on the LCD read out. The
running Time of the fallure will be stored in Sender Condition section of the custom message readout

display. The diagnostic screen will be cleared and the message unit corrected when the engine Is
started and run with in-tolerance senders.

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

AC VOLTAGE

Should AC Volts require adjustment, there is a single 20 tum pot located on the AC Monitor board.
Tuming the pot clockwise raises voltage.

AC AMPS

Should AC Amps require adjusiment, there is a single 20 tum pot adjustment located on the AC
Monitor board. Tuming the pot clockwise ralses amperage.

DC VOLTAGE

Should DC Volis require adjustment, thers Is a single 20 tum pot adjustment located on the Engine
Monitor board, assessable 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 aclivation
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
engine run. The default set paint on a 80 Hz unit would be 55 Hz for 5 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 untit shut down occurs. o

Underspeed can be tested by reducing engine speed to below the programmed set point.
OVER/UNDER VOLTAGE PROTECTION
Over/Under Voltage does not activate until the programmed set point is achieved. The default activation

sel point on a 60 Hz unit would be §5 Hz. This allows the engine 1o be started and idled without
Over/Under Voltage monitoring.
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VWhen the programmed Speed sel point and time delay are met the Over/Under Voltage protection is
sutomatically activated for the duration of the engine nun. A fypical set point would be plus 10% and
minus 45% for 10 saconds. If an OvedUnder Voltage condition exists the generator will shud down and
require manual reset. The controls will pre-aiarmn OverfUnder Voltage until shut down occurs.

wwwmmwwmmmmmnammmm.
OVER/UNDER FREQUENCY
OverUnder Frequency does not activale until the programmed spead set point is achieved. The default

activation set point on a 80 Hz unit would be 55 Hz. This afiows the engine to be started and kiled without
OvenUnder Frequency monitoring.

mmmmmmmmmdwmmmmmmrmmmb
activaled. The LCD display will indicate the pre-alann. The perceniage of Over and Under Frequency is
set the EEPROM slong with the time delay before pre-alarming. A typical setting is +/- SHz

OverfUnder Fraquency can be lested by adjusting the electronic govemer.

OVERCURRENT PROTECTION

The default sctivation et point on a 80 Hz unit would be 55 Hz. Overcurrent is automaticatly set for each
run based on the operating voltage for that run. This allows for customer changing voltage between
runs. Le. 480 or 208 Thecontrols will pre-alamm the Overcurrent untll shut down occurs.

Overcutrent can be tested by fuming the Amps calibration pot on the AC board.

SERVICE REMINDER Pre-alarm. At Crank Temmnination the hours left to service are displayed during
the oil pressure bypass time delay. When the Service Time equals ZERO the Pre-giarm message unit
will be displayed. HoldmmoRunnhmTimTogglawﬂdmmeRTpositIomwmsmnotheTmm
to sefvice screen. When the value Is zero and the Time to Service screen is displayed the time will
automatically reset 1o the original Servica Hours that in the EEPROM. The Sarvice Reminder can be
rasatanytimebyholdimtheﬂunnlngﬂma'rogglemﬂd\hmeRTposmonforSOseconds (This Is the
time required 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. |.e. Fault High Temperature 500.5. To readout
the Fauit History Log depress the nmning time toggle switch. The Faults will be listed
with the most recent first to the fifth fault If an eleventh fault occurs the oldest fault will
be eliminated form the readout.

Holding down the running time toggte 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 safety set points.

The running time and History Log can be read without starting the engine by holding
down the running fime 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
start
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Maintenance and Service

GENERAL

A well-planned program of preventive maintenance and service shoutld be integral to the
design of an on-site power system. Faflure of a standby generator set to start and run could
lead 1o 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). If the block is notwarm, the heaters
are not working and the engine might not start.

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

¢ Checking engine oil and coolant levels.

s Checking the battery charging system.
Monthly

¢ Checking for air cleaner restrictions.

o 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 keeps 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, cootant leaks, deteriorating hoses, loose and dete-
riorating fan belts, non-functioning motorized-louvers and concentration of engine
coofant conditioner.
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Checking for holes, leaks and loose connections in the air cleaner.

Checking fue! level and fuel transfer pump operation.

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

Checking all 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 readily available.
Semi-Annually
« Changing engine oil and the full-flow and the by-pass oil filters.
» Changing the filter(s) in the coolant conditioner circuit.
¢ Cleaning or replacing the crankcase breather filter(s).

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

» Checking electrical safety controls and alarms.
» Cleaning up accumulations of grease, oil and dirt on the set.

e 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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Annuatly

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 witing 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 manually 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
normally exercised at no-load or carries only light loads.

Generator insulation tests shouid be conducted annuatly throughout the life of a gener-
ator set. The initial tests should be done before final load connections are made to
serve as benchmarks for the annual tests. These tests are mandatory for medium
voltage generator sets. ANSINEEE Standard 43, Recommended Practice for Testing
Insulation Resistance of Rotating 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 g list of some of the areas overlooked when maintaining 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 a non-start of the generator set. Corrosion often starts on the inside of the cable
insulation and is not visible from the outside without testing the resistance value from one ead to
the other. Battery cable checks are listed in most operator guides and in order to keep the units
running properly the cables must be kept clean and free from corrosion.

2) Bad fuel! 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 cutage. The major factor is usually
algae or water in the fuel tank which develops from not exchanging the fuel 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)Operator 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 rodent or pest nesting which
can lead to plugging of the air ¢leaner or radiator(cap left off1). Inspect the unit carefully for
rodent or pest contamination.

6)lmproperly 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 cornes. The diesel unit
will not start properly when the coolant heater is turned off and the air temperature falls below 80
degrees Fabrenheit. '

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
Manufacturer’s Limited Warranty
Taylor Generator Sets
Taylor Power Systems extends to the original purchaser of goods for use, the following warmanty covering goods
manufactured or supplied by Taylor Power Systems, subject to the qualifications indicated.
There is no other express warranty.

Implied warranties including merchantability and fitness for a particular purpose, are limited to periods of wamanty
set forth below and to the extent permitted by law, any and all implied warranties are excluded. _

in no event is Taylor Power Systems liable for incidental or consequential damages.

NOTE: Some states do not aliow Emitations on how long an implied warranty lasts, so the above limRtations
may not apply in every instance.

1. Taylor Power Systerns warmrants to original purchaser for the pesiod set forth below that goods manufactured
or supplied by it will be free from defects in workmanship and materiat, 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-industriai Generator Set or Power Systems installa-

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

Product Period of Warranty

Commercial — Industrial Standby Generator Sets Two {2) years or 1500 hours from date of inftial Start—
Up or 30 months from date of shipment from manufac-
turer's plant, whichever comes first,

Commercial — Industrial Prime Power and Marine Gen- | One (1) year or 3000 hours from data of initial Start—-

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

Chassis Mounted and Clip—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 data of purchase, exciudes 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.

2 Taylor Power Systems liability and purchaser’s sole remedy for a failure of goods under this warranty and for
any and all ather claims arising ot of the purchase and use of goods, including negiigencs on the part of the
manufacturer, shall be iimited to the repalir 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 retumed to
Taylor Power Systems factory at 451 Highway 49 South, Richland, Mississippl 39218, or to a Taylor Power
Systems authorized distributor or its designated service representative, transportation prepaid. in the event
warranty repairs are not pesformed by a Taylor Power Systams authorized distributer or its designated service
representative, said warranty repalir clalm will be administered through Taytor Power Systems, Richland, Mis-
sissippi Warranty Department. Claimant will be reimbursed labor expenses at the rate of thirty (30) U.S. dol-
lars per hour for the time allowed for the applicable repair or for the actual labor expense, whichever Is less.
Parts will be reimbursed at Taylor Power Systems current list price, less the appiicabile discount from the
parts depot in the local geographic area, plus 5% for handling. 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 {.0.b. point of debarkation. In the event warranty repairs are
effected outside the boundaries of the United States of America, Taylor Power Systems is not responsibie for
any duties, taxes, or associated charges as may be applicable in accordance with the reguilations of the coun-
try where such warranty repair is performed.

3. Al claims must be brought to the attention of Taylor Power Systems or an authorized distributor or it desig-
nated service representative within thirty (30) days after discovery that goods or parts fail to meet this warran-
ty.
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4. ‘this warranty does not apply to:
a. Cost of maintenance, adjustments, Instaliation and start—up.
Failures due to normal wear, accident, misuse, abuse, negfigence or improper instalfation.
Damage due to faulty repairs not performed by an authorized service representative,
Products which are altered 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 goods are installed.
Failure caused by operations at speeds, load or conditions contrary to published specifications or recom-

- o Ap D

g. Negligent mamtenance such as:

1). Failure to perform scheduled maintenance.

2). Failure to provide sufficient lubricating ofl.

3). Failure to provide sufficient cocling.

4). Fallure to keep alr intake and codling fin areas clean.

5}. Fallure to properly service air cleaner.

6). Use of other than factory supplied or approved, repair parts and/or procedures.
Telephone, Telegraph, Teletype or other communicaticn expenses.
Living and travel expense of person performing service.

Rental equipment used while warranty repairs are being performed.
Overtime labor.

Batteries (Batteries are warranted by the battery manufacturer).
Starters and battery charging altemators (Warranted by Component Manufacturer).
Consumabile items including, but not restricted to:

1). Engine cil,

2). Grease and lubricants.

3). Fuel

4). Filters and filter elements.

5). Injector nozzles.

€). Glow plugs.

7). Cleaning materials.

8). Befts.

8). Light bulbs and fuses.

10). Antifreeze coolant. -

No person Is authorized to give any other warranties or to assure any other liabilities on Taylor Pawer .Systems'behalf.
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 sefler unless made or assumed in writing by seller.

5. This warranti[ gives the user specific rights, and the user may aiso have other rights which vary from state t0
state.

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

7 3
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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 power
draw. Fuel level, oil pressure, water temperature are designed to operate on Stewart
Wamer match senders. Low coolant level and fuel leak inputs are designed to operate
with normally open switches to ground.

It contains analog inputs for oil pressure, water temperature, speed (mag pickup), battery
voltage, fuel tank level, AC voltage and Amperage (single phase). 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, for a fuel solenoid and crank relay. A 10 amp relay
drives the ATS Interface Board. Four, dry contact, 10 amp relays are located on the AC
board. Fhey provide contact closures for Common Fault (R1), Generator Ready (R2),
Generator Running (R3), and Common PreAlarm (R4).

Operation:
Selector Switch in OFF
1. The control will display "NOT IN AUTO" and the engine parameters.
2. While in this mode. the unit cannot be started.
3. R4 is closed and the corresponding LED is lit.
4. Any out of tolerance value is flashed on the display to indicate a preatarm

such as low battery voltage.
Selector Switch in RUN

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

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

R3 is closed and the corresponding LED is lit.

The enginc runs withour LOAD TRANSFER,

While running, all displayed parameters are monitored.

6. If a prealarm condition exists, R4 is closed and the corresponding LED is ht
If a fault occurs, R3 will open and the corresponding LED goes out and R1
closes and the corresponding LLED is lil. The fuel relay opens and the LCD
will display the reason for the fault.

to

Lt
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8.

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.

The control will display “UNIT IN AUTO" and the engine parameters, R2is
closed and the comresponding LED is Jic.
While in this mode, the unit is capable of starting either by receiving a remote
start signal from the ATS Interface Board or starting from the Plant Excersizer
If a Remote Start signal is received, the controller will enter a “Load™ starting
sequence. There is a Time Delay to Engine Start of 3 seconds. The fuel 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 seading a signal to the transfer
switch to change to the emergency power source. Once utility power is re-
established, the controller will wait 10 minutes before opening the ATS relay
allowing the transfer switch to retum to utility power. After § minutes of cool
down, the unit opens the fuel relay, stopping the engine, and retumns to the
UNIT IN AUTO™ mode awaiting another Remote Start signal. R3 opens.
If, while generator is running in the Auto mode and the selector switch 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.

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

“PE Activated” will be displuyed upprox. every 30 seconds while in the “NOT
IN AUTO” or “UNIT IN AUTO” modes.

[t will only start and run the enginc unloaded for %2 hour each weck 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 engine, R2 and R3 will open
and R4 will close. ..~

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

14 INTRQDUCTION-

The BC16/18 range of generators is of brushless rotating field
design, available up to 660V/50Hz (1500 rpm, 4 pole and 3C00
rpr, 2 pole} or 60Hz (1800 rpm, 4 pole and 3600 rpm, 2 pole),
and built to meet B.S. 5000 Part 3 and international standards.

The BC16/18 range are self-excited with excitation power derived
from the main output windings, using either the SX460/5A463
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 specificaticn sheets are available on request.
1.2 DESIGNATION

To provide standardisation of systems with minimal change to
customers.

SENERATCR TYPE EC

SFECIFIC TYPE L = TS CR TR ENGINE f :
A = ALFHA ENGINE

INCUSTRIAL = 1) OR MARINE = (M)

SHAFT HEIGHT iN CM ON ECUC

NUMBER CF FOLES 2 or 4

CCRE LENGTH

NUMEER CF EEARINGS 1 CR 2

Blc|lL|1]l1lejsalAaln
B|C tj1]el2lo|1
Blcjall]1]|6]|2|D]|1
BlcC mltla|ajFiz
‘TJ [

1.3PACKAGED LOOSE ADAPTOR HARDWARE

Severa! adaplors sre oniv partially fitted to generatars to simphiy
removal prior to engine-generater assemtly. The remaining
hargware is contained within a piastic bag locziad in the terminal
Lex.

Adagtor Types

8AEZ

SAZ3

SALZZ Scacer Rings
AEZ

IH
]

7

1.4 SERIAL NUMBER LOCATION

Each generator has its unique serial number stamped inw the
upper section of the non-drive end frame.

Inside the terminal box two adhesive rectangular labels have
heen fixed, each carrying the generator's unique identity number.
One ta the inside of the terminal box sheet metal wark, and the
second label fixed o the main frame of the generator.

1.5 RATING FLATE AND CEMARK

The generator has been supplied with a self adhesive rating
plate label to enable fitling after final assembly and painting. It
is intended thatthis label will be stuck to the outside of the termina!
box on the [eft hand side when viewed from the drive-end. To
assist with squarely positioning the label, location protrusions
have been made in the shee! metalwork.

A CE Mark 1zbel is also supptied loose for fitment after final
assembly and painting. This should be attached to an external
surface of the Generalor at a suitable location whera it will not
be obscured by the customer's wiring or other {ittings.

The surface on the area where a label is 1o be stuck must be
flat, clean and any paint finish must be fully dry before attempting
to attach label. Recommended method for attaching label 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 against the sheet metal protrusions. Once this first
section of Izbel has been carefully located and stuck into
position the backing paper cdn be progressively remaved, &g
the label is pressed down into position. The zchesive wili
achieve 3 permanent bond in 22 heurs.



SECTION 2

PRINCIPLE OF OPERATION

2.1 SELF-EXCITED AVR CONTROLLED

GENERATORS
2.4.1 MAIN STATOR POWERED AVR
AUTCOMATIC
VOLTAGE
REGULATOR
cuThuUT
ER M_AH‘J
CIO0ES
SHAFT
0 I et 1 s s
EXCITER ROTOR
ROTCOR

The main stator provides power for excitation of the exciter field
via the SX480 (SA465) AVR which is the centrolling device
govemning the leyel of excitation provided 1o the exciter field. The
AVR responds to a voltage sensing signal derived from the main
stater winding. By conltrolling the low power of the exciter field.
cantrol of the high power requirement of the main field is achieved
through the rectified output of the exciter armature.

The AVR senses average voltage on two phases ensuring close
regutation, In addition & detects engine speed and provides voltage
fall off with speed, below a pre-selecled speed (Hz) setting,
preventing over-excitation atlow 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 accessores, can provide for parallel cperaticn
either with ‘droep’ or ‘astatic’ control and VAR/PF control.

Function and adjustment cf the accessories which can be fited
inside the generator terminal box are covered in the accessenes
section of this bock.

Separate instructions are provided with olher accesscnes avaiiatle
for control panel mounting.

2.1.2 AUXILIARY WINDING POWERED AVR

AUTCIMATIC
VCLYAGE
REGULATCR
AUXILUARY WINCINGS
CUTPUT
l .
SRR %
STATCR  Remamne STATOR
— oepsy —m—
SEAFT
MAIN
SCTIR
e
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The suxiliary winding provides power for excitation of the exciter
fietct via the SA465 AVR which is the controlling device governing
the level of excitaticn provided lo the exciter field. The AVR
respends to a voitage sensing signal derived from the main
stator winding. By controlling the low power of the exciter field,
cantrol of the high power requirement of the main field is
achieved through the rectified output of the exciter armature.
The AVR senses average voltage on two phases ensuring close
regulaticn. In addition, it detects engine speed and provides
voltage fall off with speed, below a pre-selected speed (Hz)
sefting, preventing over-excitation at low engine speeds and
softening the effect of load switching to relieve the burden an
the engine.

Under fault conditions on the main stator output the auxiliary
winding continues to generate voltage fram the harmonic content
of the magnetic field in the main stator care providing the

necessary power via the SA465 AVR, lo maintain shont circuit
fault currents.

The detailed function of the AVR circuits ana their cjusiment
are covered in the load testing section.

Function and adjustment of the accesscries which can be fitted
inside the generator terminal bax are covered in the accassories
section of this book.

Separate instructions are provided with other accesscries
available for control panel mounting.

2.2 TRANSFORMER CONTROLLED GENERATORS

TRANSFCRIMER
CONTRCL

Cu—=LT

&
RQTATIMNG SR

CICCES

SuprT

EXCGITCR ‘:12’% L

ROTCR

The main stater provides power for excitation of the exciier fisld
via atransformer ractifier urit. The transformer combines veitage
and current elemants derived from the main statcr OutELtio form
the basis of an cpen-loop control system, which is self ragulating
in nature. The system inherently compensates for lead cument
magnitude and power factor and provides short circuit
maintenancs in addition to @ good moter starting pencrmanca.

Trnree phase generators nermally have athres phase ransiormer
contrel for improved performance with ynbalanced lcads tuta

single phasge transformer opticn is availlable.

No zccesscries czn be provided with this caniret sveie™,



SECTION 3

APPLICATION OF THE GENERATOR

The generator is supplied as a component part for instailation in
a generating set. It is not, iherefore, practicable to fit all the
necessary waming/hazard labels during generator manufacture.
The additional labels required are packaged with this Manual,
together with & drawing identifying their locations.

POSIMIONS POR WARNTNG LABELS

LAEEL A

LAgSL 5

s the resgonsitiiity of the generating set manufaciurer to ensure
thetthe correct lzcels are fittad. and are glearly visible.
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The generators have been designed for usa in a maximum ambient
termperature of 40°C and altitude less than 10C0 metres above
sea level in accordance with 8S 5000,

Ambients in excess of 40°C and altitudes above 1000 metres
can be tolerated with reduced ratings - refer to the generator
nameplate far rating and ambient. in the event that the generatcr
is required to cperate in an ambient in excess of the nameplate
value or at allitudes in excess of 1000 metres ahove sea level,
refer to the factory.

The generatars are of air-venlilated screen protected drip-preof
design and are not suitable for mounting outdoors unless
adequately protected by the use of canepies. Anti-condensation
heaters are recemmended during sterage and far standby duty to
ensure winding insulation is maintained in goed condition.

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

ambient temperature of the cooling air to the generater dces not
exceed that for which the gerieralor has been rated.

The canopy sheuld be designed such that the engine air intake 1o
the canapy is separated from the generalor intake, particutarly
where the radialer cecling fanis required to draw air into the canopy.
In addition the generatar air intake to the canapy should be
designed such that the ingress of maisture is prohibited. preferakly
by use of 2 2 stage filter.

The generater air intake is through the non drive end cover and
the generating set and cancpy design must be such that the intake
is not restricted. It is recommended that a minimum clearance of
E0mmis allowed Lenween the generater airintake and any vertical
flat surface.

The air intake/outlet must be suitacle for the ar flew civen in the
fcllewing tatle with additicral pressura drers less than orequalte
those given kelow:

[ ' .
. Air Fow ‘ teztcna
| Frame (:mexa’cuten)
” . Frassure Crop
obz \ EoHz [
01ises | OEmisec |
ECiE4 -
TTEm i 31cim |
Ciimisec | OdEmYses |
BC184 !
zrem | anem |
| O1Emsec | J2ImUsen )
BCIES
[ omesem | sem |
I | 0 1gmrisee aoimdsar b
| ECian !
I booomddm i

If specifies at the time of orcening. the generatr qsz:f may ke
fitted with air filters, *

The BCL cocnstrucuen has ne fan fited to tha gena
flywhaa!l {an draws ar throueh the gan
resiIcHons Cn air Dow sucn as fiters an the
are net cermissin!




important ! Reduction in gocling air flew or
inadequate protection to the generator
can result in damage andlor failure of

windings.

Dynamic balancing of the generator rotor assembly has been
carried out during manufacture in accordance with BS 6861 Part
1 Grade 2.5 to ensure vibraticn limits of the generator are in
accordance with BS 4999 Part 142.

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

4pale  15300rp.m. 25Hz
4 pole 1800 rpm.  30Hz
2 pole 3000 rp.m. 50 Hz
2 pole 36C0rp.m B0Hz

However, vibrations induced by the engine are complex and
contain frequencies of 1, 3, 5 or more times the fundamental
frequency of vibration. Thesa induced vibrations can result in
generator vibration levels higher than those derived from the
generator itself. It is the responsibility of the generating set
designer to ensure that the alignment and stitfness of the bedptate
and meuntings are such that the vibration limits of BS 5000 Part
3 are not exceddtd.

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 18mmusec.

Two bearing generators require a substantial bedplate with
engine/generator mounting pads to ensure a good base for
accurate alignmen!. Close coupling of engine 1o generator can
increase the overall rigidily of the set. For the purposes of
establishing set design the bending moment at the engine
flywheel housing to generator adapter interface should nat
exceed 125ft.Ib. (17 kgm). A flexible coupling. designed to suit
the specific enginefgenerator cambination, is recommended ta
minimisa lorsional effects.

Bell driven applications of hwo bearing generators require the
pulley diameter and design to be such that the side load or ferce
applied to the shaft is central to the extension and does nat
exceed the values given in the table below:-

Erare Side Loag Shat \
22 Foe exensicn mm !
| ket [ N |
B | o | £00 | az
B | 173 [ 1700 | g2 !

ln insiances where shait extensions greater than specfied in
the tabie have besn suppiied. reference must be made 1o the
faciory for acpropriate loadings.

Alignment of single bearing generators is critical and vitraticn
can occur cue o the flaxing of the flanges betwesn the engine
and generatcr. As far as the generator is concerned the maximum
kending mcment at this paint must nat exceed 1257 1b (17 kgm.

Sing'e tezring generaters reguire a subsianual teaniate with
enging:canerator meunung pads 10 ensure a ceed base fer
3CIUrats augnmant,

74

It is expected that the generatocr wil be incorperated into a
generating set operaling in an envirenment, where the maximum
shock load experienced by the generator will nat exceed 3g.in
any plane. If shock 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 ara
designed to be belted to the engine

fiywheel hqusing using cap head screws.

Tarsicnal vibrations accur in all engine-driven shaft systems and
may be of a magnitude to cause damage at cenain critical
speeds. |t is therefore necessary lo consider the torsional
vibration effect cn the generator shaft and couplings.

Itis the responsibility of the generator set manufacturer to ensure
compatibility, and for this purpase drawings showing the shaft
dimensions and rolor inerlias are available for customers to
forward 1o the engine supplier. In the case of single bearing
generators coupling details are included.

tmportant | Tarsional incompatibility andior excessive
vibration levels can cause damage or
failure of generator andier engire
components.

The terminal box is constructed with removable panels fer easy
adagtalion to suit specific glanding requirements. Within the
terminal box there are insulated terminals for line and neutral
connectians and provision for earthing. A hole is provided on
the generator foot which may be taoped to give an additional
eanhing point.

Tne neutral is NQT connecied to the frame

The main stator winding has 12 'eads Srcught cut to the 12 minals
n the terminal bex.

No earth ¢connections are made on the
generator and reference to site

regulations for earthing must be mace.
Incarrect earthing or protection
arrangements c¢an result in personal injury

Warning ! or death

Fault current curves (decrement curves), together with ganerator
reactanca data. are available on request to assist the sysiem
cesigner to select! circuit breakers. calculate fault currenis and
ensyre discrimination within the load network.

Incorrect installation, service or
replacement of parts can resultin savere
persenai injury cr death, andfor
equipment darmage. Service personne!
must be qualified to perform electrical and

/N\

Warning !

mechanical service, -




SECTION 4
INSTALLATION - PART 1

41 LIFTING

Incomrect lifting or inadequate lifting
capacity can result in severe personal
injury or equipment damage. MINIMUM
LIFTING CAPACITY REQUIRED (S 250Kg.
Generator lifting lugs should NOT be used

Waraing ! for lifting the complete generator set.

Lifling lugs are provided at each end of the generator for use
with a shackle and pin type lifting aid or lifting hooks. Chains of
suitable length and lifing capacity, with spreader bar to aveid
damagr to the terminal box, must be used.

The carrect lifting arrangement is shown on a labet attached
the generater. A typical example is shown below.

IMPORTANT

REEER TO SERVICE MANUAL
BEFCRE REMOWVING COVERS.

IT IS THE GENERATOR SET
MANUFACTURERS
RESPONSIRILTY TOFIT

THE SELF ADHESIVE WARNING
LABELS SUPPLIED WITH THE
GENERATOR. THE LABEL SHEET
CAN BE FOUND WaTH THE
INSTRUCTION BQCK. _/

185 kgs MAX

RAME

F
SIZE

N

BCL generators have no fan to sugpor the drive end and are
supplied fitted with a transit strap clamping the coupling hub to
the dnve end adapior ring.

Cncs the transit sirag is removed the rotor is free to meve in the
frame. ang cara 1s neaded during coupting and alignmentto ensura
the frame is kectn the hanzemal plane.

4.2 ASSEMELY TO ENGINE

ENGINE TQ GENERATCOR COUPLING ASSEMELY

Cunng the assemely of the Generaicr fo the Engine itwil =g
recessary ic firsty carefully align. then retaie. the ¢

Gsrnerater retor - Encine ¢rankshatl azsemebw, 28 fan
cImsyuciern ore .o allow locznon, inseriicn anc

ing of the <2 cens. Tnis reg srnlic rctele

\INET
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combined assemblies exists for both single anc two bearing
units.

During the assembly of single bearing units it is necessary 1c
align the generator's coupling holes with the engine fiywhee!
holes: it is suggested that two diametrically opposite location
dowel pins are fitted to the engine flywheel. over which the
generator coupling can slide into final location into the
engine flywhee! spigot recess. The dowels must be re-
maoved and reslaced by coupling bolts before the final bolt
tightening sequencs.

While fitting and tightening the coupling boits it will be
necessary to rotate the Engine crankshaft - Generator rotor
assembly. Care should be taken to ensure that rotation is
carried out in an approved manner that ensures safe waorking
practice when reaching inside the machine {c insan or
tighten cougling bolts, and that no componem of the assem-
bly is damaged by non-approved methods cf assemowy
ratation.

Engine Manufacturers have available a preprietary 1091
designed to enable manual rotation of he crankshat assem-
bly. This too! must always be used, having teen enginesred
as an approved methed of assembly rotation. by engaging
the manually driven pinion with the engine fiywwheel starier
ring-gear.

UNDER NO CIRCUMSTANCES SHOULD A LEVER BZ USES
AGAINST THE FAN ELADES OR BAFFLE TORQTATE THE
GENERATOR ROTOR /ENGINE CRANKSHAFT ASSEMELY.

Before working-inside the generator, during !hef
aligning and fitting of coupling bolts, care |
should be taken to lock the assembly to

Danger! ensure there is no possibility of assemely

rotational movement.

4.2.1 TWO BEARING GENERATORS

A flexible caupling sheould te fitted and aligned it assordance
with the cournng manufacturer's insiruction.

If a close couchng adapter is used the alignment of machina:
facas must be ckecked by offering the generater up to the engine
Shim the generator feet if necessary. Ensure adaptor guards ar
fited afler generator/engine assembly is complete. Open courle:
sets require a suitabie guard. 1o be provided by the sal builder.

In the case cf teit driven generatars. ensure alignment of driv:
end and driven pulieys to avoid axial load on the bearings. Scre
type tensioning devices are recommendec to allow accurat
adjusiment of el tension whilst maintaining cuiley alignment.

Eeit anc pullev guards must be provided by ing s&t builcer

Important | Incorrect belt tensioning will resultin

excassive bearing wear.

Cautien | Incorrect guarding andior generater
h . . .
alignment cartresult in personal injury
and/or equipment damage.




4.2.2 SINGLE BEARING GENERATORS

Alignment¢f single beanhy generators is crilical. If necessary
shim the generator feet to ensure alignment of the machined
surfaces.

For transit and storage 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 methed for removal of this coating is to clean the
mating surface areas with & de-greasing agent based on a
petroleum soivent.

Caution{ Care should beaken notto allow any
¢eleaning agentto come into prolonged
contact with skin.

For coupling to the varicus engine flywheel housings, the
generators c¢an be supplied with an endbracket-adaptor
amangement as oullined below,

EndBracket/Adaptor

SAES
SAE4
$E3
SAE2
SAES Plus SAES Adaptor Ring

Important ! Drive end adaptors are designed foruse
with cap head screws.
BC18 generators fitted with an SAE 5 drive
end adaptor must also be fitted with a
reduced diameter fan and must be
operated at reduced output.
Fan securing screws should be tightened
to 0.59kgm {ENm 4.41b. ft}

Tne secuenca of assembly ta the engine sheuld generaiiy te a5
follows:

1. Cn tnhe engine check the distance from the counling
mating face on the flywheel to the flywheet heusing matng
{acz. This should ke within 0.5mm of nominat dimensicn.
This is necessary to ensure that a thrust is nct appries !
the 2.c. generater bearing or engine bearing.

2. Check that the boits securing the coupling disc 1o the
ccupling hub are tight and locked into positien. Torocue
ticrizning is 7.6xgm (75Nm; £5 I0'#).

(B}

Remeve covers fram the drive end of the generateric
gzin geccess 1o coupling disc and adapter bolts

N

Chezx that coupiing disc 's concentric with gcacier scigst
Tris czn be adjusted by suscerding the roter ov mears i a
reea sung throuch the sdaptor opening.

Ciierthe a.c. generztorto engine and angags &
covzing disc and heusing spigots at the same tme. §
ruling home by using the housing and couciing boits. Ls
heavy gauge washers between boll heza ana qiscs on
cisz wc flywhes! boits.

[FT)
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Important ! When fitting drive disc ensure that
flywheel fixing bolt holes fall between fan
blades to allow access for flywheel bolts,
Use engine pulley to turn rator,

4,221 SINGLE BEARING 4-POLE & 2-POLE
GENERATORS

Generators offered in the BCA range can be specified to suit
different engine build configuraticns of specific flywheel and
flywheel housing combinations.

Important I It is mostimpertant that the appropriate
generator build is ordered with prior
knowledge cf the intended engine flywheel/
housing arrangement.

Impertant !  During assembly, loss of residual voltage may
occur. Refer to subsection 7.4.3 for field
flashing.

GENERATOR TO ENGINE ASSEMELY INSTRUCTIONS
1. Remove louvered cover "A" frem non-drive endbracket "E"

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

3 Remove transit bar "K™.
4 Remove side screens “G".

If the adaptor ring is an individual item, as indicated "F™.
bolted o the generator D.E. bracket. remeve from generater
and fil to engine flywheel housing.

6 Thread two locating pins *H* into two top flywheel holes.

7 Fit two locating pins "J" into two lop holes of the engine
flywhee! heusing/adaptor location holes.

g Fick up generator by the cast lifting luns on both ends
with 1:2 ton shackles (TQ ES3032" or lifting hooxs
(Newage No.LE1230) using suitatle lifting equipment.

g F.ctata generaior rator such that twe top holes of
coupling dis¢ are in close axial alignment.

10 Fush the generater retor ferward onty half (S0mm:
tha available movement provided by lceating bar "E7. i
may te necessary 1o tap bar "E” with a hide mallet ic
ease the bearing out of hausing.

Important ! Do not push the rotor forward too far.

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

winding damage especially if any

rotational movement occurs during
alignment with gins "H".

IR Supcorn she weight of the rotar 3t the coupling end whasi
siiging the rctar fenward 1 locaie cougiing disc holes over
suppert pins "H*. Locating bar "E” will allow the reter ic
move ferward a further S0mm, the totai movement bar €7
allows bemng 100mm. With cousling discs positione:
against yvwhes! lecaton fit secunng screws anc washers
Remove pins "H” and fit hwe Andi seCuring scraws anrc
washers

12 Fush generaicr cnto engime Suiding acantar over lceating
. crie engine flvwneai housing lCCaucn. Crane

vith soraws ars wasners mamaone oins 3¢

ragigcs Wil Tl iTTews EMT WESTETS



13.  Remove 'ocating bar "E”. Replace M10 serew "C* for
barring purposes.

14, Remgve [ifling tackle and replace side screens "G” and

louvered cover "A".
® @i
.’:‘ W

7
EHG.‘:‘-IZ ENGME

FOVREEL plnflies
HOUSING

@)

4.2.2.2 5INGLE.BEARING 2-POLE GENERATOR TQ
ENGINE ASSEMELY INSTRUCTIONS
(WITH DOWELED FLYWHEELS)

1-5. Follow steps 1-5 from 4 pole instruction procedure.

6. Fit the two location dowels pins inlo appropriate
diametricaily opposite heles in engine flywheel, leaving
sufficient parailel diameter exposed to allow for positive
location of the disc-spacer-ring and coupling discs.

7. Fit the disc-spacer-ring over the twa dowe! pins and pesiticn
firmly against the fiywheel face.

8. Follow steps 6-8 from 4 pole insiruction precedure.

o

Retate generater rotor such that the two coucling disc
dowel hcles align with flywheel dowel pins, and two tco
heles ef  coupling discs are in close axial alignmeant
with the two flywhee! location pins "H",

1. Fellow step 10 frem 4 pole instruction precedure.

1. Suppcn the weight of the rotor at the coupling end whilst
sliding the roter fonward to Igcate coupling disc hcies cver
suppert pins "H*,

Important!  Ensure coupling disc dowel gin holes are

in correct alignrnent.

With the ceucling disc positioned against fivwhas! locaren
fit s=curing screws and washers.

Remaove pins "H" and fit twe final secuning serews anc
washars.

iz Fellew steps 12-14 frem 4 pele instructicon grocaoure.

77

423 TAPER SHAFT ARRANGEMENTS
This arrangement is used on the BCL style generators.

As with single bearing gsnerators alignment is critical, If
necessary shim the generater feet to ensure alignment of the
machined surfaces.

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

1. Remove louvred endcaver (3" from non drive endbracket
"H™ and M10 Hex Nut "D" fram shaft securing stud "AA".*
Remove transit bar "E" and withdraw stub shaft/shaft
securing stud "A/B" from rotor.

2. Ensure alternator, engine flywheel and fiywheel housing
lccating spigots, faces and recesses are free from paint or
preservatives.

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

engine flywhes! spiget and secure with studs "§", M12 hex.
rut "L" or tclts. Referte engine manual for terque settings. |

I

Ensure bethiapers are clean and free of bums. ¢il or grease.
Slide alternator complete with rotar towards engine,
ensuring that shaft securing stud "A” enters central hole in
reter shaft. Refer 1o engine manual for torque settings.

5. Secure altemator adaptor "F~ to engine flywheel housing.
Tap adaptor into place before tightening. Refer to engine
manufacturer for torgue setting.

E. Fit M10 Binx nut "DD" to pratruding shaft securing stud
"AAT M1Q Einx nut tightening torgue 45.0Nm (33.0 Ibs.fi).

=~

Fit louvred endcaver "G” to nen drive enctracketl "H™.

[£5]

Check ‘cr excassive wicrauen at time of .ritiz! run-ce.

(=]

(%)

o

W

B

.

SHGINE TYWHEEL
HCUSING
ENGINE FLNHEEL

4

Cautien ! incorrect guarding and/er genarator
alignment can resultin persenal injury
and/er equipment damage.




4.3EARTHING

The generator frame shotid be solidly bonded to the generating
set bedplate. If anti vibration mounts are fitted between the
generator frame and its bedplate a suitabiy rated earth conductor

{narmally one half of the cross sectional area of the main line

cables) should bridge across the anti vibration mount.

Refer to Jocal regulations to ensure that
the comrect earthing procedure has been
followed.

Waming!

4.4 PRE-RUNNING CHECKS
4.4.1 INSULATION CHECK

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

The AVR should be disconnected during this test.

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

Important | The windings have bean H.V. tested during
manufacture and further H.V. testing may
degrade the Insulation with ¢onsequent
reduction in operating life. Should it be
necessary fo demonstrate H.V. testing, for
customer acceplance, the tests must be
carried out at reduced voltage levels i.e.
Test Veltage= 0.8 {2 X Rated Voltage + 1000)

4.42DIRECTION OF ROTATION

All machines are fittad with a radial bladed fan and are suitatle
for running in either directien of rotation. The generatoris supplied
to give a phase sequence of U V W with the generator running
clockwise locking at the drive end (unless otherwise specified 2t
the time of ordering). If the generator phase rotation has to be
reversed after the generator has been dispatched apply to faciory
for appropriate wiring diagrams.

4.43 VOLTAGE AND FREQUENCY

Check that the veltage and frequency levels required for the
generating set application are as indicated ¢n the generzior
namegplate.

Three phase generatars nermally have a 12 ends aut
reccnneciacle winding. If it is necessary 10 reconnect the stztor
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for the voltage required. refer to diagrams in the Lack of this
manual.

4.4.4 AVRINITIAL SETTINGS

Ta make AVR selecticns remove the AVR caver and refer to the
following sections depending upon type of AVR fitted.

Reference to the generator namepiate will indicate AVR type.

AVR type SX460 - Refer to Section 4.4.4 1
AVR tyce SA465 - Refer to Section 4.4.4.2

Most of the AVR adjustments are factory set in positions which
will give satisfaclory performance during initial running test,

Subsequent adjustment may be required to achieve optimum

performance of the set under operating conditions. Refer to section
4.7 for details.

4,441 TYPE SX460 AVR

The following 'jumper connections on the AVR should be checked
to ensure they are correctly set for the generating sel application.

Refer to Fig. 1 for lccation of selection links.

1. Frequency selectian

S0Hz operation LINK C-50
60Hz operation LINK C-80
2. External hand trimmer selection
MNa external hand trimmer LINK 1-2

External hand trimmer required - REMOVE LINK 1-2 and
connect immer across

terminals § and 2.

3. AVR Input Selection

Righ Voltage  (220/240V) INFUT Ne Link
Lew Voltage  {110/120V) INEUT LINK 34
QLTS

HAND TRIMMER —~® e —

gsin
e L




4.4.4.2 TYPE SA465 AVR

The fallowing swilch and jumper connections on the AVR should
be~checked to ensure they are correctly set for the generating
set application.

Refer to Fig. 2 for seleclor locations.

1. Frequency selection
50Hz operation

Set Switch SW1 to position 5
60Hz operation

Set Switch SW1 to position 6

2. External Hand Trimmer selection
No extemnal hend timmer LINK 1-2
External hand timmer required REMOVE LINK 1-2 and
connect timmer
across ferminals 1 and 2.

3. AVR Input Selection
HighVoltage  {220/240V)
Low Voltage (110120}

4. Stability selection

INPUT
INPUT

No Link
LINK [L-L

Set switch SW2 {o position 4

LINKED FCR
HORMAL CPERATICN

ComEnni©

(Ml Ty IY1ES TH FX)

]
o]
|:,-.
fre]
=
[y
©
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4.4.5 TRANSFORMER CONTROLLED EXCITATION
SYSTEM

This control system is identified by the word "TRANSF' agains:
AVR type on Ihe nameplate.

The excitation cantrolis factory set for the specific veitage shown
on lhe nameplate and requires ne adjustment,

4.5 GENERATCR SET TESTING

During testing itmay be necessary to
remove covers to adjust controls
exposing ive’ terminals or components.
Only personnel qualified to perfarm
electrical service should carry out testing

Waming !
and/or adjustments.

4.5.1 TEST METERING/CABLING

Connect any instrument wiring and cabling required for initia!
test purpeses with permanent or spring-clip type connectors.

Minimum instrumentation for testing should be line - line or
line to neutral voltmeter, Hz meter, load current metering and
kW meter, If reactive load is used a power factor meter is
desirable.

Important ! When fitting power catles for load testing
purposes, 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 thatall wiring terrainations for
internal or external wiring are secure, and
fit all terminal box covers and guards.
Failure to secure wiring and/cr covers
may resultin personal injury and/or
equipment failure.




4.6 INITTIAL START-UP

During testing it may be necessary to
remove covers to adjust controls
exposing 'live' terminals or components,
Only persannel qualified to perform
electrical service should camry out testing
Waming! and/or adjustments. Refit all access
covers after adjustments are completed.

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

Impartant 1 Overspeeding ofthe generator during
initial setting of the speed governorcan
result in damage to the generator rotating
components.

In addition remove the AVR access cover {on AVR conirolled
generators) and turn VOLTS control fully anti-clockwise. Stan
the generating. set and run on no-lead at neminal frequency.
Slowly lum VOLTS ceatrol potentiometer clockwise until rated
yqltage is reached. Referto Fig. 1,2 or 3 for control potentiometer
location.

fmportant ! Donotincrease the voltage above the
rated generator voltage shown on the
generator nameplate.

The STABILITY contrel potentiomeler should be set to the
midway posilion (refer to fig 1, 2 or 3 for its location) and with
the stabililty selecticn comrectly set should not normally require
adjustment Should adjusiment be required, usually identified
by escillation of the volimeter proceed as foillows:-

On SA465 major adjustment of the stability can te made by
salection on switch SW2.

Switch pesition 8 will give SLOW AVR respense
Swilch position © will give FAST AVR respanse

1. Run the generating set on ne-ioad and check that spesd
is camrect ard stable.

2. Tumthe STAEILITY contrel potenticmeter clockwise, then
turn slowly anti-clockwise until the generatar voitage starts
to become unstable, The correct setling is slightly
cicckwise from this position (i.e. where the machine vcits
are stable but clase to the unstable region).

4.7 LOAD TESTING

During testing it may be necassary to
remaove covers to adjust controls

‘. expesing live' terminals orcomponents.
- Cniy personnel qualified to perform
. electrical service should carry outtesting
Warning! and/ar adjustments. Refit al} access

covers after adjustments are completed.
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4.7.1 AVR CONTROLLED GENERATORS -AVR AD-
JUSTMENTS

Refer to Fig. 1, 2 or 3 for contral potentiometer locaticns.

Having adjusted VOLTS and STABILITY during the initial start-
up procedure, the AVR control function UFRO should not
normelly need adjustment.

If however, poor voltage regulation on-load is experienced, refer
to the fellowing paragraph to a) check that the symptoms
observed do indicate adjustment is necessary, and b) te make
the adjustment correctly.

4.7.1.1 UFROQ (Under Frequency Roll Gff)

The AVR incorporates an underspeed protection circuit which
gives a voltage/speed (Hz) characteristic as shewn:

The UFRO contral potentiometer sets the "knee point”.

Symptoms of incorrect selling are a) the light emitting diode
(LED) indicator, adjacent to the UFRQ Control potentiometer,
teing permanently lit when the generator is on cad, and b)
poer voltage regulation on load, i.e. operaticn on the sloping
part of the characteristic.

Clockwise adjustment lowers the frequency (speed) setting of
the "knee peint™ and extinguishes the LED. For Optimum setting
the LED should illuminate as the frequency falls just below
nominal frequency, i.e. 47Hz on a §0Hz generatoror§7Hz ona
E0Hz generator.

/ Sloze
/ shown s
ca tygical
8g /-’/

7S i) 8% €0 5 100
%% Sgeed (H2)

—_—

Clockwise Anticlockwise
Adjustment Knee Adiustment
Pant

a

3

®

j§ste] ’ /

5% 1




4.1.2 TRANSFORMER CONTROLLED GENERATORS
TRANSFORMER AQJUSTMENT

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

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

Stacken the three transformer mounting bolts along the top of
the transformer, and the.twa boits 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 section
and the transformer limbs {0 obtain required voltage on no-load.
Slightly tighten the three mounting bolts. Switch lead "on’ and "off
two or three times. Application of load will normally raise the
voltage sefting slightly. With the load "off recheck the no-lead
voltage.

Readjust air gap and finally tighten mounting bolts.

Refit the access cover,

Failure to refit covers can resultin operator
persenal injury or death.

Wamning !
4.8 ACCESSORIES

Refer o the "ACCESSORIES" - Section 6 of this Manual fer setting
up procedures related to generator mounted accessories

If there are accessories for control panel mounting susclied
with the generator refer to the specific accessory fitting precagures
inserted 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 generatar Is instalted in a canopied sel with
integral switchboards and circuit breaker, on site installation wiil
be limited to connecting up the site load 1o the generating set
oulput terminals . In this case reference should be made to the
generating set manufacturer's instruction back and any pertinent
local regulations.

If the generator has been installed on a set withoul switchboard
or circuit breaker the following points relating to connecting up
the generator should be noted.

5.2 GLANDING

The terminal box will normally be supplied with the right hand
side panel, viewed frcm the non drive end, available for catle
exit. The side panel is removable for drilling/punching 1o suit
giands or glanding boxes. Should the cable exil ke required frcm
the left hand side of the generator when viewed from the n¢n
drive end, the left and-right hand panels may be interchanged.
Sufficient length of wiring to the AVR has been provided for this
purpose.

Incaming cables should be supported from either below or akcve
the box leve! and at a sufficient distance from the cantre tine of
the generating set 5o as to avoid a tight radius at the point of
entry into the terminal box panel, and allow mavement of the
generator set on His 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
test.

A 500V Megger cr similar instrument should ke used. Shcula
lhe insulation resistance be less than SMW the wingings musi

be dried cut as detailed in the Service and Mainternance secucn
of this manual.

When making connections {o the terminals the inczming catle
termination should be placed on top of the winding lesa
terminatien(s) and clamped with the nut provided.

Important! To avoid the possibility of swarf entering

any electrical components in the terminal
box, panels must be removed for drilling.

5.3 EARTHING

The neuirz:ofthe genersioris not bonded to the generator frame
&s supplied Tom the factery. An earth terminal is provided inside
the terminzi box adjacent to the main terminals. Should it ke
fequired i crerate with the neutrsi earthed a substantial eanh
canducier {ncrmally equivalent to cre half of the section of the
line concuciers) must be connected betwesn the neutral and
the eank lemminal inside the terminat box. A holeis provided ¢n
the generaizr foot which may be lapped to give an adgiticnal
esnthing caint. The fest should be already bonded to the
s2t beapiata by the generating sat tudder, but wiil

Caution ! Referance to local electricity regulations
or safety rules should be made to ensure

carrect earthing procedures have heen
followed.

5.4 PROTECTION

It is the responsibility of the end user and his contractors/ sub-
cantractors te ensure that the overall system protection mests
the needs of any inspecterate, local electricity authority or safety
rules, pertaining 1o the site Jocaticn.

To enable the system designer to achieve the necessary
protection and/er discrimination, fault current curves are available
on request from the factary, logether with generator reaciance
values o enable fault current calculations to be made..

Incarrect installation andlor pretective
systems can result in perscnal injury
and/cr equipment damage.
- Installers must be qualified to perform
Warning ! efectrical installation work.

5.5 COMMISSIONING

Ensure that all external cabling is correct and that alt the
generaling set manufaciurer's pra-running checks have keen
carried out before starting the set.

The generater AVR controls will have been adjusted during the
generating set manufacturer's tests and should normally net
require further adjustment. Should adjusiment ¢n site be
necessary refler to Secticn £ for AVR details and/er Se~ticn € for
paralleling acjusimenis.

Sheuld maifuncucn cosur dunng commissioning refar s Samvice
ana nlaintenancea secticn 'Fault Fincing procedure



SECTION 6

ACCESSORIES

Generator control accessories may be fitted, as an option, in
the generator terminal box. if fitted at the time of supply, the
wiring diagram(s) in the back of this book shows the
connections. When the oplions are suprlied separately., fitting
instructions are provided with the accessory.

Accessories available are droop transformer for parallel
operation applicable lo generatars with SA465 AVR, and
remole voltage adjust (hand timmer). The latter being availabte
for all AVR types bul net fitted on the generator.

NOTE:

Nare of the accessories can be fitted with a transformer
controlted generator.

6.1 REMOTE VOLTAGE ADJUST (all AVR types).

A remote voltage adjust can be fitted to the controf panel.

Remaove link 1-2 on the AVR and cennect adjuster to terminals
1and 2.

62 PARALLEL'OPERATION

Understanding of the following notes on parallel gperation is
useful before attempling the fitting or setting of the droop kit
accessory. When operating In parallel with ether generators ar
the mains, It Is essential that the phase sequence of the
Incoming generalor matches that of the busbar and alse that
all of the following eonditions are met befare the circuit breaker
of the Incoming generator is closed eon to the busbar (or
operational generalor).

1 Frequency must match within close Emits.
2 Voltages must match within close limits.
3, Fhase angle ¢f voltages must match within close mits.

A variety of techniques, varying from simple synchronising lamps
to fully avtomatic synchronisers, can be used to ensure thesa
conditions are met.

Important ! Failure to meet conditions 1, 2, and 3 when

closing the circuit breaker, will generate
excessive mechanical and electrical
stresses, resulting in equipment damage.

Orce connected in parallel a minimum-instrumentation level
rer generator of voltmeter, ammeter, watt meter {measurirg
tctzl power per generator), and frequency metar is requirad in
orcer {0 adjust the engine and generator controls 1o shara kWY
in ralztion to engire ratings and kVAr in relation to gererater
ratings.

Itis impertant o recognise that

1. k"W are derived from the engine, and speec governc?
characterisics determine the kW sharing benwvean sets

K M

KVArare denved from the generater, ang excitalsn oo
naraciensics detsrmine the KVAr shanng. Rare

should be made to the generating s2! manuizsiure:

irstructions “Ir sefting the gavermoer conirois.
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6.2.1 DROCP

The most commoniy used methad of kVAr sharing is to create
& generalor voltage characteristic which falls with decreasing
power factor (increasing kVAr). This is achieved with a current
transformer (C.T.}which provides a signal dependent on current
phase angle (i.e. pawer factor) 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 circuil. Increasing droop is obtained by tuming the DROOP
control potentiomater clockwise.

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

Load at pf cos &

l
I |

Gen No. 1 GenMNo. 2

KVAr

Ne. 1 Creap Greater
than No»2 Creep

KWAT

No. 1ardMo. 2
Croep Equai

(3%

Carersily 3% droer &t full ioac current zero i is sufficieniic

ensure kVAr shanng. :
If the droos ascessers has bean suoplied with the generater
will have taan tesied o ensure correct polanly anc s2t @ 2
neminal level of crooz. Tha final level of crooe will be s=
Junng generzing st commis




6.2.1.1 SETTING PROCEDURE

Depending upon available load the following setlings shoutd
be used - ail are based on rated cument [evel,

0.8P.F.LOAD
QPF.LOAD

(at full load current) SET DROCP TO 3%
{at full load current) SETDROCPTC 5%

Selting the drocp with low power factor 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 potentiometer to give droop in line with
above lable. Clockwise rotation increases amount of droop.
Referto Fig 2, Fig 3, for patentiometer location. After adjustment
check NO LOAD voltage level and adjust if necessary.

Note 1) Reverse polarity of the C.T. will raise the generator
valtage with load. The polarities 51-52 shown on the wiring
diagrams are correct for clockwise rotation of the generator
lccking at the drive end. Reversed rolation requires S1-52 to
be reversed.

Note 2) The fbs! important aspect is to sel all generators
equal. The precise leV8l of droop is less entical.

bl 2"

Note 3} A generator operated as 8 single unit with a droop
circuit set at rated load 0.8 power factor is unable to maintain
the usual % regutation. A sherling switch can be connected
acrass $1-52 to restore regulation for' single running.

Important ! LOSS OF FUEL to an éngine can cause its
generator to motor with eonsequent
damage to the generator windings.
Reverse power relays should be fitted to
trip main circuit breaker,

LOSS OF EXCITATION to the generator

can resultin large current oscillations with
consequent damage to generater
windings. Excitation loss detection
equipment should be fitted to trip main
circuit breaker.

6.22 ASTATIC CONTRCL

The 'droop’ current transformer can be used in a connection
arrangement which enables the narmal regulation of the
generalor 1o ke maintained when operating in parallel.

This feature is only supplied from the factory as a fitted droop
kit, however, if requested at the time of order, the diagrams
inside the back cover of this book will give the necessary site
connecticns. The end user is required to provide a shorting
switch for the droap current transformer secordary.

Should the generater be required to be converted from standard
draop to ‘astatic’ contrel, diagrams are available on fequest.

The selting procedure is exactly the same as for DROOP.
{Subsection 6.2.1.1).

Important I When using this connection arrangement a
shorting switch Is required across each
C.T. burden (terminals S1 and 52).
The switch must be closed a) when
agenerating setis not running and b} when
a generating set is selected for single
running.



SECTION 7
SERVICE AND MAINTENANCE

Service and fault finding procedures
present hazards which can result in
severe personal injury or death. Only
personnel qualified to perform eiectrical
and mechanical servica should carry out
these procedures.

Ensure engine starting tircuits are
disabled before commencing servics or
maintenance procedures. lsclate any

Warning !

anti-<condensation heater supply.

As partof rautine maintenance procadures pericdic attention to winding
condtion (particularfy when generators have beenidle for a long period)
and bearings is recommended. Refer 1o subsections 7.1 and 7.2
respecively,

When generzicrs are fited with at fillers regular inspection and fiter
maintenance is required. Refer to subsection 7.3.

7.1 WINDING CONDITION

The condion of temwindings can be assessed by measurement ¢f
nsulation resistance o earth,

The AVR sheuld be disconﬁeded during this test and the resistance
temperature detector leads grounded. A 500V ‘Megger or similar
instrument should be used. -

The AVR should be disconnected during this test. A 500V Megger' or
simitar instrument shedid be used.

The insutation resistance to earth of all windings should ke in excess
of LOMO

Sreuld the insulation resistances be less than these values. grying
cut of the generator windings is essential.

Dryirg cul may be camied cut by girecting warm air frcm a fan heater
or siriiar apparatus into the generator air infets and/er cuttets

Altemztively, the altematar main stater windings may be shon creutes
with a belted 3 phase short at the main terminais and the genergting
=&l nun with the AVR disconnected at terminals F1 and F2. A d.z,
Supply is connected ta the leads F1 and F2 (F 1 must te carmeced to
thepesiive of the d.c. supply and F2to the negative of the d.c. sugply).
Tre d.c. supply must ke varabie frem 0 - 24 volls and capatle ¢
sucplying1.0amp. Anac curent clipchammeter or similar insrument
is rezuired to measure the winding lead curent,

Sstthed s supply voltage to zero. Start the generating setand sicwly
incrzs2 the d.c. voltage o pass cument threugh the main statcr
winding. The cument level sheuld not exceed the rated curent of the
generzicr

INermzly - 1heur s sufficient to dry out windings by this methcd.

Impartant ! The shert circuit must not be applied with
the AVR connected in circuit. Current in
excess of the rated generator current will

cause damage to the windings.
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Alter drying out, the insulaticn resistances should be rechecked
to verify minimum resistances quoted above are achieved.

Cn re-lesting it is recommended that the main stater insulation
resistance is checked as follows:-

Separate the neulral leads

Ground VandW phase and megger U phase to ground
Ground UandW phase and megger V phase o ground
Ground UandV  phase and megger W phase to graund

If the minimum value of 1.0M0) is not obtained, drying out must
be continued and the test repeated.

7.2 BEARINGS
All bearings are sealed for tife and are not regrezsable.

During major overhaul it is recommended that seals are .
checked for wear or loss of grease and reglaced if necessary.
Periodic checks for overheating or noise during the life of the
bearing are recemmended. If excessive vibration develops
after a period of lime, this may be due to bearing wear - the
bearing should then be examined for damage or loss of
grease and replaced if necessary. In any event the bearing
should be replaced after 40000 hours in service.

Belt driven generater bearings are subjected to higher .
loadings than direct driven generators and bearings should be
replaced afler 25000 hours in service. It should ke ensured
that side loads do not exceed the levels quoted in SECTION 3
of this manual,

Important! Eearing life is subject to werking

conditions and environment.
Important ! Long stationary pericds in an environment
where there is vibration ¢an cause false
brinnelling which puts flats en the ball and
grooves on the races.
Very humid atmospheres or wet conditions
can emulsify the grease causing corrosion.
Impartant ! High axial vibraticn from the engine or
misalignment ¢f the set will stress the
bearing.

7.3 AIR FiLTERS

Remaval of filter elements enablas accass

to LIVE parts.
Only remove esiements with the generater
Danger! outofservice. :

tha sevearily

The frequency of fiiter maimananca wil decenc ur on
nsc ~ents will ba

cf the site condihiens. Regularinsczzucn of the

required (o eglaclisn wnen cléaning .5 neSessaEs




7.3 AIRFILTERS

Removal of filter elements enables access
to LIVE parts.
Only remove elements with the generater

f service.
Danger! outof se

The frequency of filter maintenance will depend upan the
severily of the site conditions. Regular Inspection of the
elements will be required to establish when cleaning is
hecessary.

7.3.1 CLEANING PROCEDURE

Remove the filler elements frem the filter frames. Immerse or
flush the element with a suitable degreasing agent untii the
element is clean.

Alternatively, after removing lhe fiter elements a high pressure
water hose with a fiat nozzle can be used. Sweep the water
spray back and forth actoss the element from the clean sice
(fine mesh side of element) hoding the nozzle firmly against
the element surface. Cold water may be adequate depending
upon type of coptamination although hot water is preferable.

The element can bé Inspected for cleanliness by looking
##¥Sugh the filter towards the light. When thoroughly clean, ne
cloudy areas will be seen.

Cry elemenis thoroughly before attempting to carry out the
recharging procedure.

7.3.2RECHARGING (Charging)

Charging is best done by totally Immersing the dry element
into & dip tank containing “Fillerkote Type K™ ar commercial
lubricating oil SAE 20/50. Oits of higher or lower viscasily are
nol recommended.

Allow elements to completely drain befere refitting the elements
into the frames and putting into service.

7.4 FAULT FINDING

Important !Beforecommencingany fault finding
procedures examine all wiring for broken

arlagse connections.

Three excitation contral systems can be fitted to lke range of
generators cavered by this manual, identified by the fast digit
of the generator frame size designation. Refer to the
nameplata then proce=d to the appropriate subsection as
indicated below:-

EXCITATICN CONTRCL SUEEZTTICN
4 SA46T AVR 744
& Transfemmer canticl 742
6 EXAETAVR e
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7.41ALLAVRTYPES - FAULTFINDING

b ng Vollaghe 1. Check spesd
ung-up when Check resi .
starting set esidual voltage. - Refer to

subsection 7.4.3,

3. Follow separate excitation test
procedure to check generator and
AVR. Refer o subsection 7.5.

Linstable voltage
Either on no-load| o
or with load

s

Check speed stability,
Check stability setting. Refer to
subsection 4.6,

_High voltage 1. Check speed.

Eﬂh?r O_'flh TG'Ead 2. Check that generator load is not
or with (oa capacitive (leading power facior).
Low voltage 1. Check speed.

no-load Check fink 1-2 or external hand
trimmer leads for continuity.
Low voltage 1. Check speed.
on-load 2. Check UFROQ selting. Refer to

subsection 4.7.1.1.
3. Faflow separate excitation procedure

lo check generator and AVR. Refer to
subsection 7.5. )

7.4 2 TRANSFORMER CONTROL - FAULT FINDING

to voltage 1. Check transformers rectifiers.
build-up when 12, Check ¥ransformer secondary windin
starting set for open eircuit,
Low veoltage |1, Check speed.
2. Check translommer air gap setting.
Refer to subsection 4.7.2.
High vollage  |1. Check speed.
2. Check transformer air gap setling.
Refer to subsection 4.7.2.
3. Check transformer secondary
winding fer shert circuited tumns.
Excessive 1. Check spead drop on-load.
voltage drep 2. Check transformer reclifiers. Check
cn-ivad transformer air gap setling. Refer to
subsection 4.7.2.

743 RESIDUAL VOLTAGE CHECK (Field Flashing)

This procedure applies to all gensraiers fitted with AVR cantrel.
With the generstor set stalionary remove AVR access cover and
teads F1 and F2 from the AVR.

Start the set and measure voltage across AVR terminals 7-8.
A minimum level of 5 voits is required at thesa terminals. f the
veltzge is less than S voits stcp the setbecause it will te
necessary lo cary out the feilowing Field Flashing procedurs.
Rerlace leads F1 and FZ on the AVR terminals. Using a 12
veitd.c. battery as a supcly, clip leads from battery negative to
AVR termingi 72, and from battery positive threugh 2 dicda te
AVR terminzi Fl. See Fig £,

)
-



1 Adicde must be used as shown helowto
ensure the AVR is not damaged.

Important

O] avr [
— F2 '
1000V A1
1A DIODE
© (€]

12 Volt Battery

Impartant !lfthe generating set battery Is used for
field flashing, the generator main stator
neutral must be diconnected from earth,

Restart the set and note output voltage from the main stator, which
should be approximately nominal vollage, or voltage &t AVR
lemminals Z-and 8 which should be between 170 and 250 volis.

Stop the set and Unclip battery supply from terminals F1 and F2.
Restar the sel. The generator should now operate nomally. If no
voltage build-up Is obtained il can be assumed a fault exists in
either the generator or the AVR circuits. Follow the SEPARATE
EXCITATION PROCEDURE to check generator windings, rotating
diodes and AVR. Refer to subsection 7.5.

7.5 SEPARATE EXCITATION TEST PROCEDURE

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

1. With the generating set staticnary remove AVR access cover
and leads F1 and F2 from the AVR. On transformer contrclled
generators remove the terminal box lid fer access and remove
leads F1 and F2 {rom the control rectifier bridge.

2. Cennect a 60W 240 volt household lamgp {or two 120V famps
in s2ries) o AVR temminats F1 and F2, {QOnly required for se<tion
7.5.2.1). On transformer controlled generators refer to
sub section 7.5.2.2 for transformer checks.

3. Cennect a 0-12 volt, 1.0 Amp d.c. supply to leads F1 and F2.
The positive of the d.c. supply is cannected 1o the lead
marked F1 and the negative t& the lead marked F2.

Tre grocedure is simplified by dividing into twe secticns:

7.5.1 GENERATOR WINDING S AND ROTATING DICDES. and

[31)
m

T

(CITATION CONTRCL TEST.

7.5.1 GENERATCR WINDINGS AND ROTATING CIODES

87

Important! The resistances quoted applytoa
standard winding. For generators having
windings or valtages ather than those
specified refer to factory for deta]ls.
Ensure all disconnected leads are isalated
and free from earth.

This procedure is carried out with leads F1 and F2 disconnected
at the AVR or transformer contral rectifier bridge and usinga 12
volt d.c. supply to leads F1 and F2.

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

Measure the voltages at the main output terminats U, V and W.

These should be balanced and within 10% of the generator
nominal vcltage.

On generators fitted with an auxitiary winding in the main stator,
applicable only with the SABE5 AVR, the voltage at AVR terminals
8 and 22 should be approximatety 150 volts a.c.

7.5.1.1 BALANCED MAIN TERMINAL VOLTAGES

If all voltages are balanced within 1% at the main terminals, it
can be assumed that all excier windings, main windings and
main rotating diodes are in good crder, and the fault is in the
AVR or transformer contrel. Refer to subsection 7.5.2 for test
procedure.

If vailages are balanced but low, there is a faul! in the main
excitation windings or rotating diode assembly. Proceed as
follows to identify: ;

Rectifier Diodes

The diodes on the main rectifier assembly can be checked with
a multimeter. The flexitle leads connected to each diede should

te disconnected atthe terminal end, and the forward and reverse
resistance checked. A healthy dicde will indicate a very high
resistance (infinity) in the reverse direclion, and a low resistance
in the forward direction. A faulty dicde will give a full ceflection
reading in toth directions with the test meter ¢n the 10,000
chms scale, or an infinity reacing in both directicns.

Replacement of Faulty Dicdes

The rectifier assemtly is sclit into two plates. the positive and
negative, and the main roter is connected acress these plates.
Each plate carries 3 dicdes, the negative plate camying negative
btiased diccdes and the positive plate carrying positive biased
diodes. Care must be taken to ensure that the correct pelarily
dicces are fitted to each respective plate. When fitting the dicdes
to the plates they must be tight enough to ensure a gecd
mechanical and electrical contact, but should net be
cvertightened. The recommended terque lichtening is 4.08 -
4 74MNm (38-1Ctb in).

Surge Suppressor

The surge suppressor is a metal-oxide varisicr cgnnaciec
across the two rectifier plates to prevent high transient reversa
veltages in the field winding frem ¢amaging the diodes. This
device Ts nct polarised and will sholv a virtually infinite reading
in both diracticns with an ordinary resisiance mater. If defectve
this will be visitle by insgection. since it will normally fail to shert
¢rcuit and shew signs of disintegration. Replaca if faulty.

Main Excitation Windings



If afte establishing and correcting any fau't on the rectifier
assembly e outpuf'is stifl low when separately excited, then
the main rotor, exciter stator and exciter rator winding

Measure esch section resistance - values sh

ot ould ke bal
and within 10% of the value given below:- @anced

resistances should be checked {see Resistance Chars), 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 ) SECTION RESISTANCES
rotor is connected to six studs which also carry the dicde lead Frame Size
terminals. The main rotor winding is connected across the two Wincing 311 Winding 05 Wincing 06
reclifier plates. The respective leads must be disconnected BC15A YT ox
before taking the readings. - . on
oy . . BC164B 03 [vic's} 015
Resistance values should be within 10% of the values given in -
the table below:- EC184C ¢3e £ 013
BC184D 03 oz 023
BC184E 020 020 013
BC184F 0.13 .
Frare Exciter Stator Exater I 014 i
Size | Main Retor Rotor BC1g4G | 0.1 o1 007
Type 1 Type2' | Typed™ EC1620 Q&8 0.0 Gss
BC164A 0.44 19 26 10 025 BC16ZE 0.42 0 C18
EC164B 043 19 26 110 025 BCIEF | 031 047 o
BC4C | os2 19 26 1o 026 BCi62G | 021 | 010 005
ECI640 0.56 19 26 16 025 B | o Yo o |
BC18<E '0,54 20 27 15 ot | T o T Yo |
ECI134F o4 22 30 127 0.23 ez o o
BC1B4G 0.8 2 0 127 0.2} - i 060
"Fieo | oer 18 . - 026 BCAIE2L 08s co3 002
BCISZE | 0.9 .18 - - 0.26 Generators fitted with auxiliary stator windings.
BC162F 095 18 - - 0.26
BCI162G 1.9 19 - . 27 AVR CONTROLLED GENERATORS
BCiaH | - 147 20 - - 0 ) AVR CONTROLLED GENERATCORS
BCW2l | 128 20 - . o21 Frame Size M Sair - P
BC182K 14 20 - N o ing 311
BCAtERL | 148 20 - - 02i BC124E 0.19- 18
* Used with 1 phase Yransfarmer controlled 3 phase or 1 phase ECt84F 0.12 144
generators BC184G | 0.1 | 1.22 |

" Used with 3 chase transformer controlled 3 phase gereraiors

Generators fitted with auxiliary stator windings.

Frame Sz= | Main Roter Excler Stater | Exctler Retor
BCIBE 05 g [ ¢t
BCi8F 0 8 | 022 !
BC1&G | 083 | 2 | 022

Incomest resistances indicate faully windings and comgponent
replacement is necessary. Refer to removal and reglacement
of carmponent assemblies, subsectiod’ 7.5.3.

7.5.1.2UNEALANCED MAIN TERMINAL VOLTAGES

If voitages are unbalanced, this indicates a faull cn the mamn
staterwinging or main cables o the circult breaxer. NOTZ, Favics
an the siaicr winding or cables may also czuse noucasole
ioac incrzase on the engine when excitzucn is atoiies
Discocnnec: the main cabies anc separata th= wincing {escs
UT-U2, US-US V1-VZL VEVE, WI-W2, WEALE 10 150i3te
winding saction.

TRANSFORMER CONTROLLED GENERATORS |
SECTION RESISTANCES !

i i 1 Fhase

| F;EEI;E 2 Phase Wndings Windirgs
e 280V | 4OV | 415V | 416V | 458GV | 240V | 240V
BCIBMA | 24 | 255 | 263 | 188 | 236 | 037 | 028
BCI648 | 168 | 175 | 1.81 | 1.3 | 1.7 | 026 | Q17
ECIBC ) 18 [ 119 | 121 | 081 | 1168 | 047 | 012 |
BCIG4D | 063 | 084 | Q87 | 074 | 093 | 0z8 | 022 |§
BCIB&4E | 029 [ CE0 | 063 | 043 | 061 | 018 | 042 |
EC184F | 041 | 043 ) 045 | 035 | 043 } Q15 | 0C8 |
ECIE4G | 033 § @31 § 036 | 028 | 033 | 0c2 | 007 |

Jdeasure insulatien resistange betwesn secucrns and ezch
sa2chicn 1o eann.

Uncalancad or incorrect wending resistances anzor low
INSuisticn resisiances to esrth Incicsie rewinding ¢ tng Sigicr
wilte necessary. Raferic removal ana reciacement ofssmoonan
asszmblies subsacion 7 5.3, o



7.5.2EXCITATION CONTROL TEST

7.5.21 AVR FUNCTION TEST
All types of AVR'S can be tested with this precedure:

1. Remove excier field leads X &XX (F1 & F2) fram the AVR
terminals X & XX (F1 & F2).

2. Cennect a 60W 24QV househald lamp 'o AVR terminals X
LXK (F1&F2).

3. Setthe AVR VOLTS controf potentiometer fully clockwise.

4. Connect a 12V, 1.0A DC supply lo the exciter fig!d leads
X & XX (F1 &F2) with (F1) to the positive.

§. Etart the generating set and run at rated speed.

€. Check that the gerierator output voltage is within +/- 10%
of rated voltage.

Veltages at AVR terminals 7-8 on SX460 AVR or P2-P3 on 8421
AVR SHOULD BE EETWEEN 170 AND 250 VOLTS. If the
generator culput vellage is correct but the voltage on 7-8 (or P2-
PJ) is low, check auxiliary leads and ccnnections tc main
terminals.

The lamp connecled across X-XX should giow, In the case of the
SX4E0 and SA465 AVRs the lamp should glow continuously.
Fadure to tumn off indicates faulty protection circuit and the AVR
should be teplaced. Tuming the "VOLTS" control potentiometer
fully anti-clockwise should tum off the lamp with all AVR types.

Sheuld the famp fail to light the AVR is faulty and must te reglacad.
Important !

After this testturn the VOLTS contral
petentiometer fully anti<lockwise.

7.5.2.2 TRANSFORMER CONTROL

Tne transformer rectifier unit can only be checked by cantinuty.
resistance checks and insulation resistance measurament.
Reclifier Dicdes

Separate primary leads T1-T2-T3-T4 and sacondary leads 10-
11. Examine windings for damage. Measure resistances across
T1-T2 and T3-T4. These will be a low value but should ke
balznczd. Check that there is resisfance in the order of 5 ohms
betwesn leads 10 and 11, Check insulaticn resistance of each
virging sectien to earth and to other winding sections.

Low insulaticn resistance, unbalancad primary resistance.
open or shert circuited winding sections. indicates the
transicrmer unit sheuld-Ee reglaced.

Three phase transformer

Separae primary lezds T1-T2-T3 and secondary lezds 6-7-8
and 10-11-12.

Exzmine windings for damaga. Measure resistances zcross
T1-72.T2.T3, T3-T1. These will be low but sheuld be talanced.
Clreck ihat resisiances are balznced across 8-10. 7-11 znd 8-
12 arzin the creer of 8 ohms.

39

Check insulation resistance of each winding section to earth
and to other winding sections.

Low insutation resistance, unbalanced primary or secondary
winding resistances, open or shont 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
urit {lead 12 is not fitted on singe phase transformer rectifier
units), check farward and reverse resistances between
terminals 10-F1, 11-F1, 12-F1, 10-F2, 11-F2 and 12-F2 with a
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 faully and should be replaced.

7.5.3 REMOVAL AND REPLACEMENT OF
COMPONENT ASSEMBLIES

Important I The following precedures assume that the

generator has been removed from the
generating set,

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

Caution!  Whenlifting single bearing generators,
care Is needed to ensure the generator
frame is keptif the horizontal plane. The
retoris free to move In the frame and can
slide outif notcorrectly lifted, -
Incorrect litting can cause serious
personalinjury. ’

7.5.3.1 REMOVAL OF BEARINGS

Impaortant ! Fosition the main rotor so thata full pole
face of the main rotor core is at the bottom
of the stator bore.

Removal of beanngs may te effected either afier the roter
essembly has been removed or simply by femoval of
endbracket(s).

Refer to main rotor assambly saction 7.5.3.2. _
The bearings are pre-packed with greasa and sezled for life.

1. The bearing(s) are z press fit on the shaft and can be_
removed with standard tecling, i.e. 2 or 3 legged manuai
cr hydraulic tearing gullers.

ra

Remove circiip from shait at nen drive enz {cnly fitted ¢n
single tearing machines).

YWhen fitting new Eezrings usa a tezring heater to expand the
bezring before filting to the shaft. Tap the bezring into place
ensuring that it contze:s the sheulder on the snaft.

Refit the retaining circiip on singiethearing genaraters.



7.5.3.2MAINROTOR ASSEMBLY

Singlé Bearing Generator

1. Remove four screws securing louvred cover at non drive

end and remove cover.
2. Remove the screws and covers on each side of adaptor.

3. Ensure that roter is supported at D.E. on a sling.

4. Tap the rotor from non-drive end bearing housing to push
the bearing clear of the endbracket and its retaining 'O’ ring.

5. Continue to push rolorthrough stater bore, gradually moving
sling along roter as i 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,

Important 1

Two Bearing Generator

1. Remove eight balts securing the close coupling adaptor lo
the drive endbracket,

2. Tap off adaptor afler supporting weight with sling.

3 Remove the screens and louvres (if fitted) on either side of
drive end adaplor. Turn rolor until & full pole face is at

bottom dead centre.

4. Remove eight cap head screws securing the drive
end bracket to the drive end adaptor.

el T

"6. Tap ofl drive &nd bracke! from drive end adaptor,

6. Support rotor at drive end with 2 sling.

7. Remove four screws securing louvred cover at non-drive
end and remove cover.

8. Tap the rotar frem non-drive end bearing housing to push
the bearing clear of the endbracket and its retaining ‘0" ring.

w0

- Continue to push retor through statar bore, graduaily moving

sling along roter, as it is withdrawn, to ensure full suppert at

all times.

Tapered Shaft Generator (BCL)

M=

ENGINE FLYWHEZL
ECUSING

ENGINE FiWhIZL

N /f

90

8.
9.

10.

11.

12.

14

16.

—y
~1

. Remove louvred endcover'G' from non drive endbracket ‘M.

Remove M10 "BINX" self locking nut "DD",

The shaft securing stud "AA" has been treated with g thread
locking agent before being screwed inta the stub shaft "B".

This may make removal of shaft securing stud "AA" difficuft,

If the shaft securing stud "AA” ¢an be removed follow sieps
§ to 12 to remove generator from engine,

If the shaf securing stud "AA" cannot be removed follow
steps 13 to 18 to remove complete generator from engine.

Locate a steel rectangular bar (or similar), with a central

15mm, hole, flush with rear vertical face of non-drive

endbracket "H'. Ensure thal hole is atigned with tapped hole
in shaft end.

fnsert M14 X 25 hex. bolt through bar hole and screw into
shaft end.

The roter will be drawn lowards non-drive end thus releasing
contact with engine taper stub shaft,

Remove M14 X 25 hed. hd. bot.

Remove 10 tolls securing adapter to engine.
Withdraw generater from engine.

Ensure rotor is supported at D.E. on a sling.

Tap the rotor from non-drive end bearing housing fo push
the bearing clear of the endbracket and a retaining 'Q" ring.

Centinue to push rotor threugh stator bore, gradually moving
sting along rator as it is withdrawn, to ensure
full support at all times,

-1Eit has not been possitle to remeve the shaft securing stud

the follewing crocedure is necessary.

.Remoeve the 10 tolls securing adapter to engine.

.Using a hice mallet tap the sides of the nen drive end bracket

in order to release the generator adaptor fram engine fly whes!
housing spigot.

Sometimes it is possible that the action of taping the sides of
the non drive end bracket with the hide mallet will in fact free
the taper-lack of the rotor shar to stub shaft.

if stator frame assemtly is freed from the engine flywheel
Fousing. yet the rotor is still firmly fixed to the stub shaft the
stator frame assemtly sheuld te supporied by a crane znd
carefully pulled back over the rotor assembly, taking care nct
to damage any winding cuthangs,

- Witk the rcter now exgased it will be possibie to acoiv a

sharp blow to the rotor pele face with a hide mallet to sheck
the roter free of the tacer stub shaf.

it may be necessary to accly the sharp blow to mere than
just cne roter pole.

To ensure the reter when releasad cannot fall and do c'er_nage.
the M10 binx nut should ke re-fited finger tight {e the shas
sacuning siuc leaving atleast scme 2 mm clearance telwesn
nut and rower shait end face.



18.With the “Taper Lock” now broken the rotor can be removed
fipm the stub-shaft, once the binx nut has been remaoved.

Care should be taken to ensure the rotor weight can be supperted
during removal in a manner which ensures no damage will oecur
to the rotor assembly. '

Replacement of rotor assemblies is a reversal of the
procedures above,

7.5.3.3RE-ASSEMBLY OF GENERATOR ENGINE

Befare corhmencing re-assembly, components shouid be
checked for damage and bearing(s) examined for loss of
grease.

Fitting of new bearing(s) is recommended during major
overhaul.

Before re-assemt':li.ng to the engine drive shafts and couplings
or drive disc shold be checked for damage or wear,

Where fitted the drive dis¢ should be examined for cracks, signs
of fatigue or elongation of fixing holes.

Ensure that the disc to shaft end fixing bolls are fitted with the
pressure plate and are torque tightened to 7.6Kgm (75Nm
55ibs.f).

Taper shadl drive end arrangemenls should be checked for
damage fo the taper on both shah and coupling hub. Ensure
both tapers are free from ol before refitting.

Refer to 4.2.3. for assembly lo engine.

NOTE:
The M10 "BINX® nut should always be renewed. Tightening
torque 4.6Kgm; (45Nm; ANibs.n)

Damaged or wom companents must be replaced.
7.6 RETURNING TO SERVICE

Aiter rectification of any faults found, remove all tes conneciions
and reconnect all control system leads.

Restart the set and adjust VOLTS control potentiometer on AVR
by slowly lumning clockwise until rated voltage is cbtained.

Refit ail terminal box coversfaccess covers and reconnect
heater supply.

Caution! Failure to refit all guards, access covers
and terminal box covers canresultin
persanal injury or death.

91



SECTION &8
SPARES AND AFTER SALES SERVICE

81 RECOMMENDED SPARES

Service parts are conveniently packaged for easy identification,
Genuine parts may be recognised by the Nupart name,

We recommend the following for Service and Maintenance. In
critical applications 4 set of these service spares should be
held with the generator,

8.1.1 AVR CONTROLLED GENERATORS

1. Diode Sel (5 diodes with surge suppressor) RSK 1101

SA465 AVR ECC0 24850
SX4E0AVR Edo0 24502
3. Nen drive end Bearing 251 01058
4. BC16 A BC18 Drive end Bearing 051 Q1032

8.1.2 TRANSFORMER CONTROLLED GENERATORS

1. Diode Set (6 diodes with surge suppressor) RSK 1101

2. Dicde Assembly E0G0 22008
3. Non drive end Beanng 051 01058
4. BC164& BC18 Drive end Bearing 051 01032

When ordering parls the machine sefial number or machine
identity number and type should be quoled, together with the
part description. For location of thesa numbers see paragraph
14,

Orders and enquiries for pars should be addressed ta:

Newage International Limiled
Nupan Depariment

PO Box 17, Bamack Road
STAMFORD

Lincoinshire

PES 2NB

ENGLAND

Telephone: 44 (0) 178¢ 424000
Fax: 44 (0} 1780 765074

Crany of cur subsidiary companies listed on the back caver.
813 ASSEMBLY TOOLS

Locating Ear (Single Bearing) AF1609.
Bmm Rachet Bcx Wrench (for M10 socket screws)  AF1ECQ,

8.2 AFTER SALES SERVICE

A full techrical advice and on-site service facility is available
from our Service Depariment at Stamford or through our
Subsidiary Cempanies. A repair facifity is also available at our
Stamifcrd Werks.
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Fig. 6
TYPICAL SINGLE BEARING GENERATOR
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Fig. 9. .
TYPICAL TWO BEARING GENERATOR
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SX460 AUTOMATIC VOLTAGE
REGULATOR (AVR)

SPECIFICATION, INSTALLATION AND ADJUSTMENTS

GENERAL DESCRIPTION

The $X460 Is a hall-wave phase-contralled thyristor type
Autcmatic Voltage Regulatar (AVR) and forms part of the
excitation system for a brushless generator.

In acdition to regulating the generater voltage, the AVR circuitry
includes underspeed and sensing loss protection 1o ensure
safe, refiable control of the generator. Extitation power is
derived directly from the generator terminals.

Positive voltage build up from residua levels is ensured by the
use of efficient semirgnductors in the power circuitry of the
AVR.

The AVR is linked with the main stator windings and the exciter
field windings to provide closed loop controf of the sutput voltage
with lead regulation of 4/- 1.5%.

In addition to being powered fram the main stator, the AVR
also derives a sample voltage from the cutput windings for
valtaga conirol purposes. In response lo this sample valtage,
the AVR contrels the power fed to the exciter field, and hence
the main field, to maintain the machine output veltage within
the specified limits, compensating tor load. speed. temperature
and power factor cf the generator.

A trequency freasuring circuit continyally menitars the
generater output and provides output underspesd protectien
of the excitation system, by reducing the output voitage
preportionally with speed below a presettable threshold. A
manuaf adjustment is provided for factory setiing of the uncer
frequency roll off peint, (UFRQ). This can eastly be changed lo
5C or 60 Hz in the lield by push-on wire link selecticn.

Feovision is made for the conneetion cf a remaote vcllace
trimmer, allowing the user fine control of the generator's cutout.

102

TECHNICAL SPECIFICATION

INPUT
Veitage 85-126Vac ¢
v Jumper Selectable
170250 Vac
Freguency §0-60 Hz nominal
FPhase 1
QUTPUT
Valtage max 30 V dc at 207 V ac input
Current Caontinuous 4 A dc

Transient 6 A for 16 seconds

Field Resistance 15 Q minimum

REGULATION (See Note 1) +/- 1.5%

THERMAL DRIFT
(after 10 min)
1% for 40°C change in AVR ambient

TYPICAL SYSTEM RESPONSE
Field current 10 0% ECms
Machine Voits 1c 7%  300ms

EXTERNAL VOLTAGE ADJUSTMENT
+/- 835 with 1 K Q thmmer

UNDER FREQUENCY PROTECTICN
Eet Poirt {See Note 20 $3% Hz
Sicpe 170% cown to 30 Hz

UNIT POWER DISSIPATICN
10 watls maximum

BUILD UP VOLTAGE
3.5Vac @ AVR termirais

ENVIRONMENTAL

Vilsraticn 20-1C0 Hz ECmm. g&c
10Q Hz-2 kHz 3.2a
Felative Hurmicity 0-20°C 857

5°
Creraling Temperatzra 0°C 1o - TO°C

Siorage Temperatura . -3EC+80C
NOTES

1. With 495 engine governing.

2. Factery set, sami-s2aled, jumper 22iectanle.



DESIGN DETAILS

GENERATOR
SUPPRESSICN
LOW _ _ .. SYNCHROMISING _  LOWPASS e
Hz DETECTOR CIRCUIT FILTER
REFERENCE POWER L
VOLTAGE "__"'"__ Tt/ o SUPPLY )
MAIN COMPARATOR
AMPLIFIER
VOLTAGE SENSE R, + L s _ =
o LEVEL POWER
= SENSING emi—eeeeee -~ .. PEDESTAL AND |
- —oTTTo - - DETECTOR AND -~ CONTROL
B RESISTORS i RAMP CIRCEJI;I’ 7 B PRLVE? T EEV'[CE37
VOLTAGE TRIM
" EXCITER
U . STATOR
STABILITY
CIRCUIT
- ToTT T T
The main functions of the AVR are: Power devices are configured as half wave thyristor and

) . freewheel diode 1o vary the amount of exciter field current in
Sensing Resistors take a:'pm'portio'h of the generator output response to the error signal produced by the main comparator.
voltage and attenuate Iit. This input chain of resistors includes
the range potentiometer and hand trimmer which adjust the Suppression components are included to prevent sub cycle
generator voltage. An operational precision rectifier converts voltage spikes damaging the AVR components and also to
the a.c. for further processing. reduce the amount of AVR thyristor noise on the main terminals

of the generator.

Main Comparatar/Amplifier compares the sensing voltage to
the "reference voltage" and amplifies the difference (error) to Power Supply components consist of zener diodes with
provide a controlling signal for the power devices. The  dropper resistor and smoothing to provide the required voltages
"pedestal and ramp” circuit and "level detector and driver" for the integrated circuits and reference voltage.
infinitely control the conduction period of the output device over
each half cycle {phase control), and hence provide the exciter
with the required power to maintain the generator voltage within
specified limits. The stability circuit provides adjustable
negative ac feedback to ensure good steady state and transient
performance of the control system.

Low Hz detector measures the pericd of each electrical cycle
and causes the reference voltage 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 synchronise the underspeed
and pedestal and ramp circuit to the generator waveform. The
circuit is preceded by a low pass filter to prevent false zero
crossing pulses caused by disterted waveforms.
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FITTING AND OPERATING

o - [ i 1
COUXX X 6 7 B |
—Toovolts T

REMOTE LINKED FOR L
VOLTAGE { NORMAL LT
TRIMMER OPERATION b
LINKFOR — 1

T ON { 1HoM20v - 1o SX460
AVR INPUT N
UFRO

= INDICATOR LED
%% __ 1@ FREQUENCY
60Hz ', '
T 190 seLecTioN
[ [
[T~ :
| W
- STABILITY
SUMMARY OF AVR CONTROLS
CONTROL FUNCTION DIRECTION
VOLTS TO ADJUST GENERATOR OUTPUT VOLTAGE CLOCKWISE INCREASES OUTPUT VOLTAGE
STABLITY TO PREVENT VOLTAGE HUNTING CLOCKWISE INCREASES STABLTY OR DAMPING EFFECT
| UFRO : TO SET UNDER FREQUENCY ROLL OFF KNEE POINT CLOCKWISE REDUCES THE KNEE POINT FREQUENCY

The AVR is fully encapsulated 1o ensure long-trouble-free
operation. It is usually fitted on a panel of the terminal box., It

adjustment is required, proceed as fcllows;

can also be separately fitted in a switchboard 1)
ADJUSTMENT OF AVR CONTROLS 2)
VOLTAGE ADJUSTMENT 3)
The generator output voltage is set at the factory, but can be 4
altered by careful 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 will be titted with a shorting link #no 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!  generator case.
&)
If a replacement AVR has been fitted or re-setting of the VOLTS
104,

Before running generator, turn VOLTS centrol fully
anti-clockwise.

Turn remote volts trimmer (if 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 ne load at nominal
frequency e.g. 50-53Hz or 60-63Hz.

If the red Light Emitting Diode (L.LED) is illuminated,
refer to the Under Frequency Rell Off {(UFRO)
adjustment.

Carefully turn VOLTS control clockwise until rated
voltage is reached.

If instability is present at rated voitage, refer to stability
adjustment, then re-adjust voltage if necessary.

Voltage adjustment is now completed.




STABILITY ADJUSTMENT

Tne AVR includes a stability or damping circuit to provide good
steady state and transient perfarmance cof the generator.

The correct setting can be found by running the generater at
no lead and slowly tuming the stability contral anti-clockwise
until the generator voltage starts o become unsiable,

The cptimum or ¢ritically damped positicn is slightly clockwise
from this point (i.e. where the machine volts are stable but close
to the unstable region).

UNDER FREQUENCY ROLL OFF (UFRO) ADJUSTMENT
The AVR incorperales an underspeed protection circuit which
gives a volts/Hz characteristic when the generator speed falls

below a presettable thresheld kricwn as the *wnee® point.

The red Light Emitting Dicde (LED) gives indication that the
UFRQ &iczuit is operating.

The UFRO acjusiment is preset and sealed and only requires
the selection of £0/60Hz using the jumper link.

For optimum setting, the LED should lluminate as the frequency
falis Just below nominal, Le. 47Hz on a 50Hz system or 57Hz
on a §0Hz system,

105

o



DA/7--1460

1SSUE

8 | IF_IN

DOUBT—ASK

FIRST W.0O.

EXCITER ROTOR

LY YT Y™,

1 i

ROTATING RECTIFIER

EXCITER STATOR

“
\Jx@z)\moﬁﬂjL DETAILS OF THE

MAIN STATOR AND
MAIN TERMINAL

TYPICAL MAIN STATOR

—YYTYTYTY

CONNECTIONS
ARE SHOWN ON
SEPARATE
WIRING DIAGRAM

T E LJ

o~

[T T = =1 :
) H [rommmmmmmemees < =2 F2/%x FI/%x 6 7 |
HAND_TRIMMER (when fitted) i [ =3 i
REMOVE LINK ACROSS 1 & 2 LOW VOLTAGE _ _
THE USE OF TWO CORE HSULATED OPERATION MODE | =4 _
SCREENED CABLE IS RECOMMENDED. FOR 110120V ! SX460
CONNECT SCREEN 10 AWR AR HPUT H
TERMNAL 2 OHLY. UMK 3 & 4 | |
e |_
CERTIFIED_PRINT FRAME - OTHER FEATURES
{ONLY IF SIGNED) CONTROL SERIES __SX460
ay POLES N
DATE No. OF ENDS —-——=
30764 B | SH, | 4:0:95 [LEAD 6 ADDED DRAWN IP.N. |5:1:93]| SENSING 2 PHASE PSSUE
3/819z] A | P 50003 | ORGNAL 155UR CHED [ 5% |« N85 | NEWAGE INTERNATIONAL Ltd DA7—1460 a
MOD. {ISS | DFN. | DATE | ALTERATION _{APPD | x| s STAMFORD , ENGLAND SHFET 1 OF 1 SHFFIS

106



155U€

DA7-A401 |

(F IN DOUBT—ASK

FIRST_w.Q. |

“MAIN STATOR (4 ENDS)

" MAIN TERMINAL CONNECTIONS

Y Y Y Y )

v (12)

? us :.._:

us (14}

(M) = MEMA EQUIVALENT

SERIES IPH 3W
ouTPUT TIRNHALS PARALLEL 1PH 2W

M VLTS WY QUTPUT TERWINALS W V.
LOw VOLTS WH. AHD H.v,

1. PARALLEL 1PH 2W CONNECTION
OHLY. AVR MUST BE LINKED
FOR 1L.OW VYOLTAGE OPERATION
DETAILS ON BASE UDIAGRAM.

2, TERMINAL ARRANGEMEMT
SERIES 1PH W PARALLEL 1PH 2W DEPENDOS ON MACHINE SIZE
UIPUT TERNINALS UIUBUZ. QUIPUT TERHINALS UT,US. 1. LEAD 6 ONLY REQUIRED

FOR MACHINES FITTED WITH
A MX321/MA325 AVl SEE
BASE CIAGRAM FOR DETAILS.

uz

us

L COMNNECTION DIAGRAM

|r.l;:;-

. - —— {CERDIFIED PRICET FRAME - GTHER_FEATURES
T i i WA € 1T —I{CHLY_IF_SIGHED] |_CONIRGL _SERIES ==~ :
i 15 M i3 @ A0 3 WEIE Ti2 1a U2 ay FULES
[ T2 e Mani sEAaRIN. Cahdiw NS CHORED DAIE Ho. OF ENOS 4

10 a0 CATAIAL LEM § AOCED FTH MIZ2L,NMAITS AVH ONLY

CRAAN

%1:9) | eRGHAL ISTUE

P.N.]5:1:93 CEMSING 2 PHASE . ISQUE
%D |38 |Nyn.| NEWAGE INTERNATIONAL Ltd DA7—A40] _ E.

ﬁb;

Ha.

LI DATE | ALTERADCH

APD | [V | —— STALIFDHD , EHGLAND SHEET 1_OF___1_GHEETS
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Cutler-Hammer 1.B. ATS-RAQ02

Instructions for Residential Automatic Transfer Swiich
for Optional Systems

i R .
iy
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1.B. ATS-RA002

A\ viarNiNG

READ AND UNDERSTAND THE INSTRUCTIONS
CONTAINED HEREINAFTER BEFORE ATTEMPTING
TO UNPACK, ASSEMBLE, OPEF!ATE OR MAINTAIN
THIS EQUIPMENT -

HAZAHDOUS VOLTAGES ARE PRESENT INSIDE
~-TRANSFER SWITCH ENCLOSURES THAT CAN
CAUSE DEATH OR SEVERE PERSONAL INJURY.
FOLLOW PROPER INSTALLATION, OPERATION
AND MAINTENANCE PROCEDURES TO AVOID
THESE VOLTAGES.

TRANSFER SWITCH EQUIPMENT COVERED BY
THIS INSTRUCTION BOQK 1S DESIGNED AND TEST-
ED TO OPERATE WITHIN ITS NAMEPLATE RAT-
INGS. OPERATICN 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 MOUNTED
EQUIPMENT NAMEPLATE AND BE FAMILIAR WiTH
THE INFORMATION PROVIDED ON THE NAME-
PLATE. A TYPICAL EQUIPMENT NAMEPLATE IS
SHOWNIN FIGUREt. T

Ex Automatic Transfer Switch
Cutter-Hammer
CatNo: RTHEFDAZ0O100WSU 8/95
E GO No: 11
tem: 1
Poles: 2 Amps: 100 Volt: 240
Phase: 1 Hertz: 60 Wire: 3

N

Figure 1 Typical Automatic Transfer Switch Equipment Nameplate

Lx
-

All possible contingencies which may arise during installation, operation or maintenance, and ail 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 mamlenancs of particular equipment,

contact a Cutler-Hammer representative.
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1.B. ATS-RAQ02

SECTION 1: INTRODUCTION

1.1 PREUMINAHY COMMENTS AND SAFETY
PRECAUTIONS

This technical decument is intended 1o cover most
aspects associated with the installation, application,
operation and maintenance of the Residential Automatic
Transfer Switch lor optional systems. This pre-packaged
transfer switch is designed to be used with pre-pack-
aged control panels. Please refer 1o the specific
WARNING angd 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-
ranties atfitness for a particular purpose of merchant-
ability, or warmanties arising from course of dealing or
usage of trade, are made regarding the information, rec-
ommendations and descriptions contained herein. In no
event will Cutler-Hammer be responsible to the purchas-
er or user in contract, in tort (including negligence), strict
liability or otherwise for any special, indirect, incidental
or consequentlal ‘damage or loss whatsoever, mc!udmg
but nol limited to'damage or loss of use of equipment,
plant or power sys!em cost of capital, loss of power,
additional expenses in the use of existing power facili-
ties. or claims against the purchaser or user by its cus-
torners resulting fram the use of the informaticn and
descripticns contained herein.

1.1.2 SAFETY PAECAUTIONS

All satety codes, safety standards and/or regulaticns
must be strictly observed in the installaticn, cperaticn
and maimtenance of this device.

A WARNING

THE WAFRNINGS AND CAUTIONS INCLUDED AS
PART OF THE PROCEDURAL STEPS IN THIS DOCU-
MENT ARE FOR PERSONNEL SAFETY AND PRO-
TECTION OF EQUIPMENT FROM DAMAGE. AN
EXAMPLE OF A TYPICAL WARNING LAEEL HEAD-
ING IS SHOWN AEOVE TO FAMILIARIZE PESSON-
NEL WITH THE STYLE OF FRESENTATION. THIS
WILL HELP TO INSURE THAT PERSONNEL ARE
ALERT TO WARNINGS, WHICH APPEAR THRQUGH-
QUT THE DOCUMENT, IN ADDITION, CAUTIONS
ARE ALL UPFZR CASE AND EC)LEJFAC‘=
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A\ crution

COMPLETELY READ AND UNDERSTAND THE MATE-
RIAL PRESENTED IN TH!S DOCUMENT BEFORE
ATTEMPTING INSTALLATION, OPERATION OR
APPLICATION OF THE EQUIPMENT IN ADDITION,
ONLY QUALIFIED PERSONS SHOULD BE PEHMIT-
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

Transfer switches are used to protect critical electrical
loads against loss of pewer. The load's normal power
source is backed up by a secondary (emergency) power
source. A transfer switch is connected to both the nor-
mal and emergency power sources and supplies the
load with power {rom ane of these two sources. In the
event that power is lost from the normal power source,
the transter 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 automatically or manualty transferred back to

Emergency
Qo I

Norma seurce

Source

cad i

-

Figure 1-1 Typicai Load Transiar Switen ycircus oréa-
erweel Schematic



.B. ATS-RAOQ2

the normal power source, again depending upon the
type of transfer equipment being used (Figure 1-1).

In automnatic transfer switch equipment, the switch's
intelligence system initiates the transfer when normal
power fails or falls beiow 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 volt-
age Is available. When normal power is restored, the
transfer switch automatically transters back and initiates
engine 'shutdown, In the event the normal power source
fails and the emergéncy power source does not appear,
the automatic transfer switch remains connected to the
normal power source until the emergency power source
does appear. Conversely, if connected to the emer-
gency power source and the emergency power source
fails while the.narmal power source is still unavailabie,
the automalic transfer switch remains connected to the
emergency power source.

Automatic transfer swilches automatically periarm the
transfer function, and include three basic elements:

{1} Main contacts to connect and disconnect the load
to and from the source of power.

{2) A mechanism to make the transfer of the mzin con-
tacts from source to source. .

(3} lnte!figénce.’supervisory circuits to constantly moni-
tor the condition of the power sources and thus pro-

vide the intelligence necessary for the switch and
related circuit operation.

Table 1.1 Transfer Switch Catalog Number Explanation

Pasilions 1-2 Position T

Pasitior 4

1.2.1 DESIGN CONFIGURATION

The Cutler-Hammer transfer switch is & rugged, com-
pact design that utilizes molded case switches to trans-
fer essential loads from one power source 1o another
(Figure 1-2). Molded case switches are interlocked to
prevent both switches from being closed at the same
time.

Mounting the enclosyre is simple using top and bottom
mounting Hlanges with elongated mounting holes.

1.3 TRANSFER SWITCH CATALOG NUMBER IDEN-
TIFICATION -

Transfer switch equipment catalog numbers pravide a
significant amount of relevant information perlaining to a
specific piece of equipment. The Catalog Number
Identification Table (Table 1.1) provides the required
interpretation information. An example is offered 1o ini-
lially simpiify the process.

Example: Catalog Number {circled numbers carrespond
to position headings in Table 1.1)

DR @ @ OB QO ®@ @6 i &

RT HEFD A 2 0100w S U

Basic Swilching Device Cantrol Switching !
Oevica Urientation Panel Device |
Residential RT l Horizontal H l Electromechanical ’ HFD -Cutler-Hammer Saries G Fo {

" Pesitiontx -

Switching Davice Ampere Veltaga/
Arrangement of Pofes Rating Freguzney Enclesure Listing
Fixsd Mount Moidag Case A Two 27 100A - 0100 120VACEIHz A NEMA 1 s | UL Lisiza ] '
Stches 1S0A ~ D1ED 40VAC, B0Hz W MEMA 37 R ‘ : ,
2004 - 0200 ] |

£ Onw avaiizz'a wnth 120 o 240 voit systems {60 Hz Only)

111



I.B. ATS-RAD02

SECTION 2: RECEIVING, HANDLING, AND
STORAGE

CrERangnt

2.1 RECEIVING

Every effort is made to ensure that the transfer switch
equipment arrives at its destination undamaged and
ready for installation. Packing Is designed to protect
intemal components as well as the enclosure. Care
should be exercised, however, to protect the equipment
from impact at all times. Do not remove protective pack-
aging until the equipment is ready for instalfation .

When transter switch equipment reaches its destination,
the customer should inspect the shipping container for
any ohvious signs of rough handling and/ or external
damage that occurred during transportation. Record any
external and internal damage for reporting to the trans-
portation carrier and Cutler-Hammer, once a thorough
‘inspection is complete. All claims shou!d be as specific
as possible &@nd include Shop Order and General Order
numbers.

A shipping label attixed to the shipping container
includes a variety of equipment and customer informa-
tion, such as General Order number and Customer
Number. Make certain that this information matches
other shipping paper information.

Each transfer switch enclosure is bolted througn its tep
and bottom mounting flanges to a rigid wooden pallet.
The pallet is open at two ends for movement by a fork-
lit. Heavy duty cardboard sides surround the enclosure
and are further supported with reinforced cardboard ccr-
ner pests. An egg crate design cardbeard protecicr cov-
ers the entire top of the enclosure with additicnal card-
board protectors aver the indicating light panet and
cperaling handle. A heavy duty cardboard lid covers the
entire opening. The shipment is secured and further pre-
tected with shrink wrap. Do nct discard the packing
material until the equioment is ready for installation.

112

Once the top packaging is removed from the shipment,
the enclosure door can be opened. A plastic bag of doc-
uments will be found in the enclosure, usually atached
to the inside of the door. Important documents, such as
test reports, wiring diagrams, appropriate instruction
leaflets and a warranty registration card, are enclosed
within the bag and shou'd be filed in a safe place.

2.2 HANDLING

As previcusly mentioned, transfer swilch equipment is
packaged for forklift movement. Protect the equipment
from impact at all times and do not double stack. Once
the equipment is in the installation lecation and ready to
be installed, packaging material can be removed. Once
the enclesure is unboited from the wooden pallet, it can
be hand moved to its instailation pesition. Be careful not
to damage the top or bottom enclosure meunting
flanges. Refer to Section 4 of this manual for specific
installation instructions,

2.3 STORAGE

Although well packaged, this equipment is not suitabie
for storage outdoors. The equipment warranty will not
be applicabie if there is evidence of outdoor storage. If
the equipment is to be stored indoars for any period of
time, it should be stored with its protective packaging
material in place. Protect the equipment at all times from
excessive moisture, construction dirt, corrosive condi-
tions, and other ccntaminants. It is strongly suggested
that the package-protected equipment be siored in a cli-
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 cther equipment cn top of a transier
switch eguipment enclosure. whether packaged er net.



1.B. ATS-RAD02

SECTION 3: EQUIPMENT DESCRIPTION

The Cutlg;Hammer Residential Automatic Transfer
Switch for opuonal systems Is assembled and tested at
the factory. It is designed to be used in conjunction with
standby power distribution equipment to provide an
alternate source of power to critical circuits in the event
that a primary power source is Interrupted

= 'J ‘téjj.-”" 3; 2 PV .
a 2 STANDABDS

Cutler-Hammer transfer switch equipment enclosed in a
INEMA 1 enclosure is listed for application by UL and
UL-C. This type automatic transfer switch is intended for
use in grdinary locations to prowde lighung and power
as tollows e

- -

a. In standby systems, in accordance with article 702
of the National Electrical Code and/or

Since Cutler-Hammer automatic transfer switches for
oplional systems use specially designed molded case
switches as the main power swilching contacts, these
devices must also be listed under the additional UL
Standard 1087. Underwriters laboralones uses two

basic Iypes of Izshng programs — Iabel service and re-
examlnatlon !

UL1087 employ a label gervice listing program which
requires an extensive follow-up lesting program for list-
ed devices. Standard UL1008 for automalic transfer
switches lists devices under the resxamination program
which enly requires a continual physical reexamination
of the compenents used in the product to ensure consis-
tency with the originally submitted device. Fallow-up
testing is not required by UL1008.

Represantative production samples of molded case
switches and molded case circuit breakers used in
Cutler-Hammer automatic transfer switches are subject-
ed to a complete test program identical to the originally
submitted devices on an ongoing periadic basis per
UL1087, The frequency of such:a re-submittal can be as
often as every quarter for a low ampere device. Any fail-
ure during one cf these periodic re-submittals could
result in a loss of the valued UL listing mark.
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SECTION 4: INSTALLATION AND WIRING

4.1 GENERAL

Transfer switches are factory wired and tested.
Installation requires salidly mounting the enclosed unit
and connecting power cables and auxiliary pilot circuits.
Physical mounting procedures and power 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

Choose a location that offers a fla, rigid mounting sur-
face capable of supporting the weight of the enclosed
transfer switch equipment (Figure 4-1). Avoid locations
that are moist, hot, or dusty, however, there are enclo-
sure designs available for special environments. If there
are any doubts as to locaticn 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
Automatic Transfer Switch (100A)
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Figure 4-2 Dimensions and Plan View of Residentia!
Automatic Transfer Switch (150-200A)
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Carefully remove all packing material from the transfer
switch at the mounting location. Even though an equip-
ment inspection was made when the equipment was
received, make another careful inspection of the encfo-
sure and the enclosed transfer switch as packing mater-
ial is removed and the enclosure readied for mounting.
Be especially alert for distoried metal, loose wires or
damaged components.

4.3 MOUNTING PROCEDURE

T 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 FUTURE MALFUNCTION ,

With the enclosed transfer switch equipment unpacked
and ready for mounting, proceed with thesa 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.

Siep 2: Install required mounting balt anchors arc the
two upcer mounting belts in the mounting sur-
face.

: Genlly iift the enclesure and guice the
leardrop-shaped holes in the upper mounting
flange over the upper mounting bolts, but de
not cempletely tighten the boits.

Step 4: While still supporting the enclosure. instali the
two lower mounting belts in the fower mounting
flange. but do nat completely tignten. Usa
shims, if required. 1o prevent deformation cf the

enclosure when the mounting suriace is distert-

ed. N

Tighten &ll feur mountirg bolts aitar any

required shimming is completec.

n
m
8]
o

n
m
L&)
[82]

: Double check to ensure that ail packing arc
shipping material has besn remeved.
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4.4 POWER CABLE CONNECTIONS

A\ warNING

POWER 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 PROE-
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 INSTALLATION
INSTRUCTIONS, REFER TO THE INSTRUCTION
LEAFLET SUPFPLIED FOR THE SPECIFIC LUGS.

A\ caution

TO HELP PREVENT COMPONENT DAMAGE OR
FUTURE MALFUNCTIONS, USE EXTREME CARE TG
KEZP CONTAMINANTS OUT OF THE TRANSFER
SWITCH EQUIPMENT WHEN MAKING POWER
CAELE CONNECTIONS.

Test all power cables prior to connection to the unitto
ensure that conductors or cable insulation has nct been
gamaged while being pulled intc position.

Fower cables are to be connected to scldertess screw
tvpe lugs located on the transfer switch switching
gavicas. Verify that the lugs suppiied will accommedate
the power cables being used. Aiso verify that the catles
cemply with local electrical codes. Standard transter
gwitch equipment, as supplied frem the factory, will
accommedate the wire sizes shewn in Table 4.1,

tie 4.1 Wire Size for Automaric Transfer Switch

Transfer Switch

T’-
'i Number of
L Ampn Rating

Wire Size Range Cables par Phasa
i
100 i #4-10 | 1
120 j #14-3.0 : 1
200 b=6 - 300MC ' 1
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Carefully strip insulation from the power cables to avoid
nicking or ringing of the conductor strands. Prepare the
stripped conductor termination end by cleaning it with a
wire brush. If aluminum conductors are used, apply an

appropriate joint compound to the clean conductor sur-

face area. .
A\ crution

IMPROPER POWER CABLE CONNECTIONS CAN
CAUSE EXCESSIVE HEAT AND SUBSEQUENT
EQUIPMENT FAILURE.

Tighten cable lugs to the torque identified on the label
affixed to the unit immediately adjacent to the lugs.

4.5 WIRIRG

4.7 PRELIMINARY CHECKS

Alter the ATS enclosure is installed and power cables
are connected to the equipment, theroughly 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 to remove any and all construction or installation
debris from the equipment.

Read and understand all labels on the equipment.
Review and understand the wiring diagrams supplied
with the equipment. Note any optional accessories that

may have been furnished with this unit and review their
operation.

Verify that the phase-to-phase line voltages of both the
normal and emergency power saurces are the same
and that they match rated voltage as indicated on the
ATS ratings label,

| A\ WarNING

A\ caution

POWER CONDUCTORS AND CONTROL WIRING
MAY HAVE VOLTAGE PRESENT THAT CAN CAUSE
SEVERE PERSONAL INJURY OR DEATH. DE-ENER-
GIZE ALL POWER OR CONTROL CIRCUIT CONDUC-
TORS BEFORE BEGINNING TO PERFORM ANY
WIRING ACTIVITY TO OR WITHIN THE TRANSFER
SWITCH EQUIPMENT.

A\ cruTion

CHECK THE TRANSFER SWITCH EQUIPMENT
NAMEPLATE FOR RATED VOLTAGE. IT SHOULD
EE THE SAME AS THE NORMAL AND EMERGENCY
LINE VOLTAGES. OPERATING THE EQUIPMENT ON

IMPROPER VOLTAGE CAN CAUSE EQUIPMENT
DAMAGE.

4.5 INSTALLATION

In a typical installaticn (Figure 4-3)-the autcmatic trans-
fer switeh (ATS) for optional systems (1) and the gener-
ator (2) are connected to the residential power supply.
The ATS for optional systems (1) ant emergency distri-
bution panel (3) receive normal power from a dedicated
breaker in the utility service panel (4). The ATS for
optional systems and emergency panel receive emer-
gency power from the generator (2). Fower from tha util-
ity feeds the utiiity panel. A line breaker Is required
Eetwesn the emergency source {generator} and the
transfer switch (Figure 4-4)

SEVERE EQUIPMENT DAMAGE CAN RESULTIF
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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), -
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7 77

Figure 4-3 Typical installation of a residential or light duty autematic transfer switch fer optional systems. The switch
(1) and generator (2) are connected to the power sucoiv. The gutomalic transiar switch is lccated benveen the smer-
gency cisiribution (3) and the utility pane! (1)
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MNormal Source Non-Critical

{Utility Power) Househald

>> @ | Loads

Walt-Hour Meter

Utility Panel

Transfer Swilch Emergency Source
Note

Generator Set
Transter Switch is nat r -_l ( }
intended as service o‘---o—-—-""‘o_—d"o—<<
entrance equipment L

Circuit Breaker

—  Critical
Household
—— lLcads

Emergency Disinbution Panel

Figure 4-4 Diagram of Typical Instaliation

¥a
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SECTION 5: MAINTENANCE

5.1 INTRODUCTION

A\ warniNG

HIGH VOLTAGES ARE PRESENT IN AND AROUND
TRANSFER SWITCH EQUIPMENT. BEFORE
INSPECTING OR MAINTAINING THIS EQUIPMENT,

- DISCONNECT LINE POWER FROM THE EGQUIPMENT
BEING SERVICED BY OPENING AND LOCKING
OUT, IF POSSIBLE, THE NEXT HIGHEST DISCON-
NECT DEVICE. FAILURE TO FOLLOW THIS PROCE-
DURE COULD CAUSE PERSONAL INJURY AND/COR
DEATH.

in general, transfer switch equipment is designed to be
relatively maintenance free under normal usage.
However, because of the variability of application condi-
tions and the impartance placed on dependable opera-
tion by this type of equipment, inspection and mainte-

119

nance checks shouid be made on a regularly scheduted
basis. Since equipment maintenance will cansist mainiy
of keeping the equipment clean, the frequency of main-
tenance will deperd, to a large extent, on the cleanli-
ness of the surroundings. If a significant amount of dust
or foreign matter is present, a more frequent mainte-
nance schedule should be lollowed,

it is suggested that visual inspections of the equipment
be made on a regular basis, not just during regularly
scheduled periods. Always be alert for an accumulation
ot dirt in and around the struclure, loose pars and/or .
hardware, cracks and/or discoloration to insulaticn, and
damaged or discolored compenents.

Figure §-1 is the wiring diagram for the residentiat auto-

matic transter switch for optional systems. Onily qualified
and experienced personnel should attempt any diagnos-
tic work using this diagram.

5.2 PROCEDURES

A suggested maintenance procedure to follow is out-
lined in Tabte 5.1.
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Ei1 E2 N1 N2

A 9 Emergency Normal & R

) )

Ground

73 :\] - C‘:
Neutral f‘[ TP N

Figure £-1 Wiring Diagram for Residential Automatic Transter Switch for coticnal sysiems
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Table 5.1 Pericdic Maintenance Procedures

Step

Action

a. Make transfer switch equipment safe for
inspection and/or maintenance.

b. Inspect structure area for safety hazards or
potential mainienance problems.

. Inspect molded case switching devices for dust,

dirt, soo!, grease, moisture or corrgsion,

d. Check for material integrity, uneven wvear.
discoleration crlcose hardwara.,

e. Checxterminals and conneciors for lcosznass
or sicns of overheating.

f. Exercise the mclded case switching devices
if they are nct often exercisad while in
cperation. This will permit wiping acticn ty ihe
contagts.

a. Return fransfer switch equipment to service.

Disconnect ling power from equipment being serviced by
coening next highest disconnect device. Make certain that
any accessory control power is switched off,

Inspect area, especially where molded case switching
devices are installed. for anry safely hazards, including
persennel safely and fire hazards. Expcsure to cenain
chemical vapors can cause deterioration of electrical
cennections.

Inspect for accumulated dirt, loose hardware or physicat
damage.

Exzmine primary insulation for evidence of cracking cr
cverheating. Overheating wiill show as discoloration,
meiting. or blistering of conductor insulation, or as pitting
or melting of conductcr surfaces due to arcing.

Inscect secondary centroi cennections for damage. and
contrel wiring for insulation integrity.

Remove dust, dint, soot, grease, moisture and corrosicn
contamination from the surface of the switching device
using a dry soft lint-free ¢loth, dry scit tristle brush and
vacuum cleaner. Do not tlew debris inte circuit trezker ¢r
nearcy breaker siructure. i corizminaiicn is founc. leek fer
e scures and fix the preolem,
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Cverneating wiil show as ciscsicratier. me:ting. 2-
Dlisigring of concucior nsuiaticn,

Cenrecuens that ce net have signs ¢f lccseness or
cverneating should not be disturtec.

If a switching device is used for frequent switchirg cunrg
rcrmal eperaticn, this sieo can te digrecarded.

Maxe cenain ail barriers ara in piaca

Fe-z2cply secondary and primary powe
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ELECTRONIC GOVERNOR CONTROL
OPERATING MANUAL
GS25
20KW RATED & 25KW RATED UNITS

122






e

G
Kf UH‘.'FWHV/"

e el
=T g

Service Information Calibration and Wiring

CALIBRATION & WIRING

FOR
DYN1-10744-000-0-12
1.0 CALIBRATION PROCEDURE
1.1 Wire the system as shown. 1.4  Turn the gain potentiometer counter-
clockwise untif stabie. If gain potentiom-
1.2 Startthe engine and adjust the speed by eter is turned fully counterclockwise,
turning the speed poientiometer clock- and engine still hunts, remove wire from
wise to increase speed. the controller gain change to battery
. . negative.
1.3 At no load, turn the gain potentiometer

C!OC.kW}SG untif engine begm.s to hunt. If 15 Removing the controlier gain change
engine does not hunt, physically upset educes the over-all aain by 25%. Re-
the governor linkage. e gain by =5%.

peat steps 1.3through 1.6 untilengine is
stable.

1.6 Recheck engine speed and adjust the
speed potentiometer accordingly.

NOTE
Controllers are factory settominimumRPM,
but for safety, it should be possible to dis-
able the engine if overspeed should occur.




Wiring Diagram for a DYN1-10744-000-0-12

_—3 = -

O = -

n 200

| =

Twisted Pair

?_én]es []I:]DU[] ‘“‘THE

%}E@D —— 1o

X

# 22 Ga. Sheided Pair # 14 Ga.
Twisted
Falr
E + )
i BATTERY
DYNA 2000/2500
MPL Linear
MAGNETIC PICKUP Actustor
—i]

J

L W

124




Linear Troubleshooting Chart for DYN1-10744-000-0-12

1. PROBLEM: SYSTEM IS COMPLETELY DEAD. ACTUATOR LEVER STAYS AT MINIMUM.
Means of Detection Corrective Action

1.1 Checkfor battery voltage at contraller on battery Check battary connections and contacts for turning power
positive and battery negative. "ON" to the controllers.

1.2  Check for proper linkage sst up. Correct and free linkage.

1.3 Magnetic pickup signal absent or too low. Measure Check pole tip gap over gear tooth. t should bse 0.37 +
AC volt across MPU A & B while cranking the engine. g 127mm (0.015" + 0.005") or adjusted to obtain 2.5 VAC or
Veltage should be at 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 there is an open or shorted coil, replace the magnetic
This should be approximately150 to 5000 ohms max. pickup.

1.5 Measure the resistance of each pin to the metal case | there is continuity to case, replace the magnetic pickup.
of the magnetic pickup. No continuity should be
evident.

16 DC SUPPLY OFF. Remove actuator leads from If the actuator still does net move to full strake, continue
terminals. Place actuator battery sysiem power leads  with steps balow.
on. Actuator should go to full stroke.

1.7 Measure actualor coil resistance: It actuator coil is open or shorted to case, replace actuator.
* 12 VDC 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 1o the It continuity is detected, replace the actuator.
actuator case should indicate an open circuit on a
low scale of the ochm mater.

1.8 While cranking the engins, the following should be

found when measuring current in series with one of
the actuator leads from actuator;
12V Acl. - 25A105.9A
24V Act.- 1.0Alo 3.0A
{Values may indicate negative if polarity of meter
reversed.)

if no output current, replace the controiler.
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2. PROBLEM: ACTUATOR LEVER GOES TO FULL STROKE WHEN DC POWER IS TURNED "ON"

(ENGINE IS NOT OPERATING.)

Means of Detection

Carrective Action

2.1 Check magnstic pickup leads for proper shielded
wire or open shield.

Verify and correct wiring as necessary.

2.2  With DC power "OFF" remove leads at actuator.
Check continuity of each terminal to heat sink, Thers
should be no continuity between any terminal and
heat sink.

If continuity is detected, repiace the controller.

2.3  Check for shorted actuator lead.

Correct or replace actuator leads as necessary.

3. PROBLEM: ERRATIC GOVERNOR OPERATION

Means of Detection

Corrective Action

3.1 Measure DC voltage at battery positive and battery
negative on controller. Nominal battery voltage
should be indicated.

If nominal voltage is present, wiring is correct.

3.2  Battery veltage must be 80% or greater for govarnor Check battery and charging system.

to operate.
3.3 RFl noise due to incorrect shielding. Correct wiring per applicable wiring diagram.
3.4 RFl noise fed through power supply leads.

Connect twisted pair power leads direct 1o 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  Improper linkage arrangement. (Stroke too short or
improper.}

See installation information.

5. PROBLEM: FAST OSCILLATION OF GOVERNOR LINKAGE

Means of Detection

Corrective Action

51 Verify calibration settings of the controlter.

Readjust settings.

6. PROBLEM: ENGINE WILL NOT START — ACTUATOR AT FULL STROKE DURING CRANKING

Means of Detection

Corrective Action

8.1 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 GS25 [20KW RATED & 25KW BATED]
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 (5) minutes to allow it to
warm up before applying a load.

STOPPING THE ENGINE
1. Decrease the engine speed back (o the normial idle speed. Disen-
page the load from the engine,

[

Atlow the engine to idle tor tour (4) 1o five (5) minutes at no
foad. This allows the engine to cool down. Alter four or live
minules. stop the engine by turning the key to the OFIF position.

ENGINE OPERATING SYSTEM MAINTENANCE

A WORD ABOUT MAINTENANCE

We, at Industrial Engine Systems, want to help you keep the LE.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 qualify
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- |
l ment for the job. If you have any doubt, have a quali- |

‘ fied technician do the work. l
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know the type of engine and how it will be used. The engine type
and operating conditions will tell you which schedule to follow. The
chart is found tater in this manual.

ENGINE SYSTEMS

COOLING SYSTEM GENERAL INFORMATION

The foliowing explains the various cooling systems and how to add
coolant when it is fow.

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 else.

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

1 o
R AN

‘Adding plain wat¢rio your
. r liquid, like alcohol, |

i . 7 T e
: r
%

“gerous. Plain water of some’othe

;gan:boil before the propgr.coolant mix will. Your: |
liengine’s coolant warningsystem is set for the proper |
lscoolant mix.:With piain water or the wrong mix, your |
| ‘engine.could get too hot but the overheat warning may |
| :hot operate. Your engine could catch fire and you or |
| ‘others could get burned. Use a 56144 mix of clean wa- |
| ‘ter and a proper antifreeze, - .. - |

0 U S O
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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 coolant, you don’t have to use
exira 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

&WARNING

You can be burned if you spill coolant on hot engine
parts. Coolant contains ethylene glycol and will burn
if the engine parts are hot enough. Don’t spill cool-
ant on a hot engine

|
|
|
I
|
I
J

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 coolant, 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

l &WARNING T

| 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:

o /N\WaARNING |
1urning the coolant pressure cap while the engine and |
[:heat exchanger expansion tank are hot can allow steam |
| and scalding liquids to blow out and burn you badly. |
“‘Never turn the pressure cap, even a little, when the en-

-gine and heat exchanger-expansion tank are hot. |

[ =T

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 I| 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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| 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- |
| ing on the engine with the air cleaner off. l

| /N\caurion |

| 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 |
j 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. Remove the cover, change

the filter, and reinstall cover and wingnut.
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3.0L INSTALLATION SETUP DATA

The following 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. If 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 oo IMPCO Model FB125M
Fuel Regulator® ... IMPCO Model IMP-53

*Recommended regulators - not supplied with engine (dealer option).

Fuel Inlet Pressure to Mixer................... 139.70 mimm Wg = 12.7 mm
(+5.5in. WC £ 0.5 in. at idle)

Base TIMing .o 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

Fuel 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.

e e e e — — — — — — —— e e — —

N

| All fuel system installations riust meet all federal, state, and |
local codes I along with apphcable NFPA regulatlons

| Specifications revised 3/28/95 """ |



PROPANE GAS (LPG) OPERATION (3.0L)
Mixer Assembly L IMPCO Model CATOOM
(Air Vaive CVI-16-2)

Fuel Regulator®
Vapor Fuel . IMPCO Model IMP33
Liguid Fuek: IMPCO Model ED or J83

w/VF130 Vacuum Fuelock Filter
*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.

‘Fuel Inlet Pressure 10 MIXCE ..ooeccvceeceen v -50.8 £ 12.7 mm Wg

(-2.0 1 0.5in. WC at idle)
Base TIMINg ...c.ooovvoveeeeeeeereeeereeeccionscssneraanes 12° BTDC at 700 RPM
Maximum Total Tiuning Advance............... 30° BTDC at 2600 RPM
Air/Fuel MIXture .......ooveveieccvieiinninnnanins 0.5 to 1.5% CO (Exhaust)

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 both the VFF30 Fuel Lockoff Valve and EB medel regulator dur-
ing full power operation

T T T T T T e e e ——m e )

l All fuel system installations must meet all federal, state, and |
local codes I along with applicable NFPA regulations.

| Specifications revised 3/28/95 |
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3.0L GENERAL SPECIFICATIONS

Engine
TYPE Lo Spark Ignition, Gaseous Fuel L4
Rating ... 55 Hp @ 2600 RPM
Displacement ... 3.0 Liter (181 c.i.d.)
BOre oo 101.6 mm (4.00 in.)
SrOKe ..o 91.44 mm (3.48 in)
Compression Ratio ... 8.2:1 or 9.25:1
Ignition System ... Delco EST
TIMING oo 12° BTDC (LPG)
16° BTDC (Nat Gas)
Spark Plugs ... AC R42T 0.037 in. gap
Firing Order ..o 1-3-4-2
!
ldle 700 RPM

3600 Intermittant
2600 Continuous Duty

Lubrication System
Oil Pressure ....................... 207-414kPa (30-60 PS3!) at 2000 RPM
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.................................................. 28 kPa (4 PSl) at idle Minimum
Qil Type ........ O 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 above -18° (0° F)
OilFilter.................._........... AC-PF25 (1 Qt) or PF932 (2 Qt)
Oil Capacity wlo Filter ... 4.7L (5 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 .............. S CRU 80487
Industrial ... CRU 80481
Crankcase Oil Separator ... CRU 80008
PCV Valve ... AC CV736C
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Cooling System

Thermostat
TUVC (160°F) CRU 80215
(as required} 82 C (180°F) ... CRU 80216

Starting System

TYPE o 12 volt negative ground
Delco SD300 (12.75" Flywheel)
Delco PG260 (14.00" Flywheel)

Battery Requirement ... 485 CCA Minimum
SHarter .. e Delco
Charging System

Alternator ... Mando 12 volt
Rating ..o 51 Amps

PRESSURE CONVERSION CHART

1 IN. WATER = 0.0735 IN. MERCURY
1 IN. WATER = 0.0361 PSI

1 IN. MERCURY = 13.6000 IN. WATER
1 IN. MERCURY = 0.4910 PSI

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 3.0L GAS ENGINES

PARTS MANUAL
20KW RATED & 25KW BATED

TAYLOR POWER SYSTEMS
461 HIGHWAY 49 SOUTH
RICHLAND, MS. 39218
PHONE (610) 932-5674
FAX (601) 932-4028
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TAYLOIR

POWER SYSTEMS P
MODEL OR SERIES COMPONENT OR ASSEMBLY NO.
TRITEL G520
SKID BASE

ITEM

PART NO.

DESCRIPTION

QTY.

VICB22235

SKID BASE

140
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TAYLOR

POWER SYSTEMS ToE720 3
MODEL OR SERIES [ COMPONENT OR ASSEMBLY NO.
TRITEL GS25
SKID BASE

ITEM

PART NO.

DESCRIPTION

QTY.

VTOB2223

SKID BASE
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COMPONENT OR ASSEMBLY NO.

POWER SYSTEMS

TAYLOR

MODEL OR SERIES
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TAYLOR

POWER SYSTEMS VIGRUD1032

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

TRITEL DS20/G520/G525

VIBRO MOUNTS

5T
e

ITEM|[ PART NO. DESCRIPTION QTY.
1 | VT2s6416 VIBRO MOUNTS 4
> |vregioiasoz SNUBBING WASHER 4
3 |vrszczsocsz 3/8 % 2 1/2 BOLT 4
4 [vrazcenezey 3/8 LOCKNUT 1
5 | VIZ7NWUSZBU 3/8 FLATWASHER 8
6 | vi31C100052 5/16 % 1 _BOLT g
7 {vraicenez 5/15 LOCKNUTS 8
8 | VI3 TNWUSZBU 5/16 FLATWASHER 8

7-17-00
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TAYLOR

POWER SYSTEMS

l—VTGRUOTG38

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL GS20/GS25

MOUNTING FEET

B2

ITEM PART NO. DESCRIPTION QTY.
1 VI08Z2231 LEFT FRONT MOUNT 1
2 {VIOBZZ232 RIGHT FRCONT MGUNT 1
3 | vT37C100CS2Z 3/8 X 1 BOLT 3]
4 | VISZ7NLOCZ 3/8 LOCKWASHER 6

71700
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TALOR

POWER SYSTEMS w@guo;smj

—_MODEL OR SERIES

COMPONENT OR ASSEMBLY NO

TRITEL GS20/GS25

FUEL SYSTEM

ITEM| PART NO. DESCRIPTION QTY
1 { VTNODOBO3A CARBURETCR MIXER 1
2 | VINGO6708A CARBURETOR ADAPTER 1
3 | VTIMPAZ 3/4" REGULATCR 1
4 VT /2CLSNIP 1/27 CLOSE NIPPLE 1
5 |vT1/2%X3/4BR 1/2" X 3//47 BELL REDUCER 1
6 |vi3/4xCLOSE 3/4" CLOSE NIPPLE 2
7 | VI8BEN 3/47 X 17 ELBOW 1
g8 | vigssN 3/4”7 X 1" STRAIGHT FITTING 1
9 |VISNC3/4 VALVE 12vDC 3/4" 1
10 | VIVAPOR 1”7 VAPOR HOSE 4 1t
11 | VT7051060 17 HOSE CLAMP 2
12 |viG119 GASKETS 2
13 {VI7051108 2" HOSE CLAMP 1
14 [ VTECCOB5002 AR CLEANER 1
15 [ VT37C100CS7 3/8 X 1 BOLT 2
16 | VIZ/NLOCZ 3/8 LOCKWASHER 2
17 | VIDYNCB0020 ACTUATOR 1
18 | VIDYN110744 CONTROLLER (INSIDE CONTROL PANEL BOX) 1
19 | VI082235 HEAT SHIELD 1

7-17-00
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TAYLOIR

POWER SYSTEMS ’ VICRUOS0 18

MCDEL OR SERIES COMPONENT OR ASSEMBLY NO.

TRITEL GS20/GS25
NEWAGE GENERATOR TO ENGINE BOLTS

ITEM| PART NO. DESCRIPTION QTY.
1 | VT370150057 3/B ¥ 1 1/2 BOLT {SECURE GENERATOR TO ENGINE) 12
7 |vis/nLocz LOCKWASHER (SECURE GENERATOR TO ENGINE) 12
= | vr2sc7scess 1/4 % 3/4 BOLT 4
4 [vrasniocs 1/4 LOCKWASHER 4
5 | VIZENBZWSSS 1/4 FLATWASHER 4
6 |vros2239 FLYWHEEL COVER 1

7-17-00
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TAYLOIS

POWER SYSTEMS VTGRUGB045

MODFEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL G5S20/0525

COOLING SYSTEM

6\V
.

ITEM PART NOG. DESCRIFTION QTY.
1 VIRS4352 RADIATOR 1
2 I VI715 RADIATOR HOSE 1
S ) VI7133 RADIATOR HOSE 1
4 I WVI7051105 CLAMP #20 Z
5 | vI/C51107 CLAMP #28 2z
6 | VIS1C7HCCSS 5/16 X 3/4 BOLT 4
7 P VT3IN7BWSSS 5718 FLATWASHER 4
8 | VT2TNLOCS 5/16 LOCKWASHER 4
9 | VT3200004 BLOCKHEATER (INCLUDES TWC HOSE CLAMPS) 1

7-17-00
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TAYLOR

POWER SYSTEMS

VTGRUO7120

MODEL OR SERIES

COMPONENT OR ASSEMBLY

NO.

TRITEL DS20/GSZ0/G525/DS25

TRANSFORMER & POWER DISTRIBUTION

/

¢ -
\//

/&

23

L7

“apm— 71

ITEM

PART NO.

DESCRIPTION QTY.
T I VIRTHMEDA2D 200A AUTOMATIC TRANSFER SWITCH 1
2 VISTI17RUN STRIP HEATER (MOUNTED INSIDE TRANSFER SWITCH) 1
3 P VTATEMNC THERMOSTAT (MOUNTED INSIDE TRANSFER SWITCH) 1
4 [VICR15BBU DUPLEX RECEPTACLE (MOUNTED ON SKID) 1
5 1VT660 HANDY BOX (MOUNTED ON SKID) 1
6 1VT2510 RECEPTACLE COVER (MOUNTED ON SKID) 1
7 pvIO0U115 BREAKER (MOUNTED INSIDE TRANSFER SWITCH) 1
8 [VIO7106% 2/3 FOWFR CORD 1
9 JVICG112125 Y 1/4 CORD GRIF 2
10 1 vT804 T 1/4 LOCKNUT 2
11 FVT071070 FOWER CORD FOR DUPLEX RECEFTACLE 1
12 fVI66E23 1/2 ROMEX CONNECTOR 1
15 EVTICGH050 1/2 CORD GRIF 1
14 ) vT801 1/2 LOCKNUT 1
15 | VTSSZ011BG TOGGLE SWITCH (MOUNTED INSIDE TRANSFER SWITCH) 1
16 | VIZEC75CCSS 1/4 X 3/4 BOLT 2
8-8-00
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TAYLOIR

POWER EYSTEMS

VIGRUO7150

MODEL OR SERIES

"COMPONENT OR ASSEMELY NO.

TRITEL D520/6520/G525/D525

TRANSFORMER & FPOWER DISTRIBUTION

ITEM| PART NO. DESCRIPTION QTY.
17 | vT25C100CCSS 1/4”% % 17 BOLT Z
18 | VT25CCFHS 1/4" NUTS 2
19 | VIZ5CCNES 1/4” LOCKNUTS 4
20 | VI25NB2WSSS 1/4" FLATWASHER 8
21 | VT10C30MSRS #10 X 1/27 SCREW 2
22 | vT10N37WSSS #10 FLATWASHER 4
23 | VT10CCNMS #10 LOCKNUT 7
24 | VIBCS5OMSRS #B X 1/27 SCREW ?
25 | VTBCCNMSS #8 LOCKNUT 2
26 | VIBNWSSS #8 FLATWASHER 4
27 | vICG75100 17 % 3/4" CORD GRIP 2
28 | vI803 1" LOCKNUTS 7
79 | VISKOZ40 DECAL PLANT EXERCISER (AROUND TOGGLE SWITCH) 1
30 | VI37C100C5Z 3/8" % 17 BOLT 4
31 | VI37CCNEZBU 3/8" LOCKNUT 4
32 | VI37NWUSZBU Z/8" FLATWASHER 8
33 F V125715 CLAMP 1
34 ) VT071091 DRY CONTACT CABLE 1
§-8-00
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TAYLOIR

POWER EYSTEMS

VIGRUO7152

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL GSZ20/GS25

BATTERY GROUP

a
2
ITEM| PART NO. DESCRIPTION QrY.
i V16026 BATTERY 1
2 | vi711931 BATTERY CABLE 2
3 |viipis J BOLT 2
4 |vicsz1g4 BATTERY HOLD DOWN 1
5 |visszis BATTERY CHARGER w
6 |vrio70 GROMMET w
7 |vioszz02 BATTERY CHARGER MOUNT 1
g |vrzsc7sccess 1/4 % 3/4 80T 4
o | VIZHCCNES 1/4 LOCKWASHER 4
10 | VI25NBZWSSS 1/4 FLATWASHER 8
7-17-00
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TAYLOR

POWER SYSTEMS

VIGRUGT7153

MODEL OR SERIES

COMPONENT OR ASSEMBELY NO.

TRITEL

GS20/GS25

CONTROL PANEL

ITEM[ PART NO. DESCRIPTION QTY.
1| vT81 3NLUGOO LOW COOLANT SWITCH ]
2 | vTog6437A CONNECTOR 1
3 1vTsDooos PRESSURE SCNDER 1
4 | VTTS4042 TEMPERATURE SENDER 1
57 [ vimspe730 MAG PICK—UP 1
6 |[vio71076 CONTROL PANEL PLATE 1
7 | vio71042 CONTROL PANEL TOP COVER 1
8 | V071068 CONTROL BOX 1

9 | vIDCMIRITEL DIGITAL CONTROL MODULE 1
10 | V147085 FUSE HOLDER 2
11 | VT46110 104 FUSE 1
12 [vr46115 154 FUSE 1

8800
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TAYLOF

POWER SYSTEMS

VIGRUO7153

MODEL OR SERIES

COMPONENT OR ASSEMELY NO.

TRITEL GS20/6S25

CONTROL PANEL

ITEM| PART NO. DESCRIPTION QTY.
13 [ VT46531 30A BREAKER 7
14 | V165010082 DIODE 2

15 [ V147308 8 TERMINAL STRIP T
16 | VTB141MS 8 TERMINAL STRIP MARKER 1
17 V112147 12 TERMINAL STRIP T
18 [ VT12141M5 12 TERMINAL STRIP MARKER 1
19 | vTz0141 20 TERMINAL STRIF 1
20 | vizo141MS 20 TERMINAL MARKER STRIP !
21 | vTgouzioo 100A BREAKER 7
22 | vioc71071 #6 SRML & 340071 TERMINAL & #6 BRFAKFR WIRFS 2
23 | vizz00%2 ADAPTER - h T

24 | VT100/5 CIS cTS 5
25 | vr1044 GROMMET h 1
26 | VT071093 ENGINE HARNESS 1
27 tvro71090 WINDOW 1

28 | VIBCZBPSMSS SCREWS 4
29 | VIBCE7MSRS #6 SCREW ] - 5
30 | VIENLOCS #6 LOCKWASHER 6
31 | VIBCH50MSRS #8 ¥ 1/27 SCREW &

32 | VIBC75SMSRS #8 X 3/4" SCREW &
33 | vigcCnMSS H#8 LOCKNUT Z
34 | VIBNLOCS #8 [OCKWASHER B
35 | VIBNWSSS #8 FLATWASHER g
36 | VIZBC500CSS 1/47 X 1/2" BOLT 11
37 | vizac75CCss 1/4” X 3/4" BOLT 1
38 | VIZENLOCS 1/47 LOCKWASHER 12
39 | VIZENBZWSSS 1/4" FLATWASHER 17

§-8-00
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TAYLOA

POWER SYSTEMS VTGRUOB1 32

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO

TRITEL G520

ENCLOSURE

ITEM| PART NO. DESCRIPTION QTY.
1| v1082236 LEFT REAR CORNER 1
2 |vicaz237 RIGHT REAR CORNER w
3 | V1082187 DOOR 3
4 |viogz198 DOOR MULL 3
5 |viosz226 FRONT COVER 1
6 |vioez224 TOP COVER 1
7 | v19221531 LATCH 3
& | v19750K67 FINISHING PLUG 1
9 | v125C75CCSS BOLT 40
10 | VI25CCNES LOCKWASHER 40
11 | VI25NB2WSSS FLATWASHER 80
12§ VI$7008 RUBBER BUMPER 12

7-17-00
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TAYLOR

POWER SYSTEMS TeRUOs 5

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL GS25

ENCLOSURE

ITEM| PART NO. DESCRIPTION QTY.
i [vroszz12 LEFT REAR CGRNER 1
2 |viosz213 RIGHT REAR CORNER 1
3 |vrosz197 DOCR 3
4 {vrog2198& DOOR MULL 3
5 [vrogz2z21 FRONT COVER 1
& |vromooo2 TOP _COVER 1
7 | V19221531 LATCH 3
8 Ivig750K67 FINISHING PLUG ]
9 |vr2sc7scess BOLT 40
10 | VT25CCNES LOCKWASHER 40
11 [ VT25NB2WSSS FLATWASHER 80
127 [vr97006 RUBBER BUMPER 12

7-17-00
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TAYLOR

POWER SYSTEMS

VIGRUCB134

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL

SOUND ATTENUATED ENCLOSURE page 1 of 2

ITEM| PART NO. DESCRIPTION QTY.
1 | vroszzas LEFT REAR CORNER 1
2 | vrog2237 RIGHT REAR CORNER i
3 | VTOE2197 DOOR 3
4 1vI082198 DOOR MULL 3
5 [VTOB2226 FRONT COVER 1
& |VI08223C TOF COVER 1
7 | v1082229 TOR SOUND RBOX 1
& |vros2204 FRONT SOUND BOX 1
9 | vT9221531 LATCH 3
10 | VI9750KB7 FINISHING PLUG i
11 | VI25C75CCSS BOLT 50
12 | VT25CCNES LOCKWASHER 59
13 | VTZENB2WSSS FLATWASHER 100

7-17-00
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TAYLOR

POWIER SYSTEMS VTGRUOS1 34

MODEL OR SERIES COMPONENT OR ASSEMELY NO.

TRITEL

SOUND ATTENUATED ENCLOSURE poge 2 of 2

S

ITEM| PART NO. DESCRIPTION QTY.
14 [v1770185¢6 WEATHER STRIP (ARODUND DOORS) 4 ROLLS
15 [ viosz247 DOOR FOAM 3
16 | V1082248 DOOR MULL FOAM 3
17 [ V1082258 L & R FRONT SOUND BOX FOAM 2
18 [ viog2261 FRONT BOX_FOAM 1
19 [ vTo82260 FRONT COVER FOAM 1
20 | viog2256 L & R FRONT CORNER FOAM 2
21 | vioaz263 TOP _BOX FOAM 1
22 | VT082251 LEFT REAR CORNER FOAM 1
23 [ vT082252 RIGHT REAR CORNER FOAM 1

7-17-00
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TAYLO=

POWER SYSTEMS

VIGRUGS136

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

TRITEL

SOUND ATTENUATED ENCLOSURE page 1 of 7

ITEM| PART NO. DESCRIPTION QTY.
1 | wvroszo17 LEFT REAR CORNER 1
2 {viog2213 RIGHT REAR CORNER i
3 | vToszi197 DOOR 3
4 | v10821598 DOOR MULL 3
5 | vIOB2221 FRONT COVER i
& | VID82228 TOP COVER 1
7 | vTee2227 TGP SOUND BOX 1
g8 [ vTCB2204 FRONT SQUND ROX 1
9 | V19221531 LATCH 3
10 | VT9750K67 FINISHING PLUG 1
11 | VI25C75CCSS BOLY 50
17 | ¥VT25CCNES LOCKWASHER 50
13 | VI2ENBIZWSSS FEATWASHER 100
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TAYLO=

POWER SYSTEMS VIGRUOB 36

MODEL OR SERIES

COMPONENT OR ASSEMBLY NO.

TRITEL

S0UND ATTENUATED ENCLOZURE page 2 of 2

-
17/
18
ITEM PART NO. DESCRIPTION QTy.
14 | VI7701856 WEATHER STRIP [ARQUND DOORS) 4 KOLLS
15 | vIo82247 DOOR FOAM 3
16 | VIQB2248 DOCR MULL FOAM 3
17 | VIOBZ2258 L & R FRONT SOUND BOX FOAM 2
18 | VIOB2261 FRONT BOX FOAM 1
19 | V1082260 FRONT COVER FOAM 1
20 | VTOB2257 L & R FREONT CORNER FOAM Z
21 [ VvIogz2e4 TOF BOX FOAM i
22 FVT082253 LEFT REAR CORNER FOAM 1
23 | VID82254 RIGHT REAR CORNER FOAM 1
7—=17-00
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TAYLOR

POWER SYSTEMS TeRLO90<S
MODEL OR SERIES COMPONENT OR ASSEMBLY NO.
TRITEL
OiL DRAIN

ITEM PART NO. DESCRIPTION QTY.
1 VIF101N DRAIN WVALVE 1
2 | VI2018266E FITTING 1
3 | VT8366 HOSE 2T
7-17-00
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TAYLOR

POWER SYSTEMS

VIGRU1(049

MODEL OR SERIES COMPONENT OR ASSEMBLY NO.

TRITEL

CRITICAL SILENCER

ITEM| PART NO. DESCRIPTION QTY.
1 fvT100172 FLEX EXHAUST 1
2 |vriocin MUFFLER 1
3 | vT3n335 2" EXHAUST CLAMP 2
4 | vT7031502 2" RAIN CAP 1
5 |vriooii4 MUFFLER MOUNTING BAND 2
6 | VI37C225CS7 3/8 X 2 1/4 BOLT 2
7 | VI37C1000CS 3/8 X 1 BOLT 4
B | VTZ7CONES 3/8 LOCKNUT 6
9 [ VI37N10D0WSSY 3/8 FLATWASHER 4

7-17-00
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TAYLOR POWER SYSTEMS
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DC WIRING DIAGRAM
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