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FOREWORD

Engline-generator power system usage in public bulldings (such as schools,
hospltals, alrports, etc.) has been a fact for many years. in more recent years, the
use of these systems have spread rapidly to other areas (such as farms, businesses
and homes). The sales of engine-generator power systems have Increased
dramatically due to several factors:

1. The public’s total dependence on electricity means that electrical blackouts
and brownouts have become more costly.

2. Loss of electrical power at manufacturing facilities has resuited in more costly
down times, due to a trend toward automation in manufacturing. : ,

3. Building and safety codes have become stricter. For example, elevators In
high rise bulidings must be operabie In the event of fire.

New developments In the design and application of engline-generator power
system components are constantly surfacing. In addition, new problems are being
created by the more sophisticated electrical systems being installed and used. As
system components and accessories become more varied and complex, the
selection of such components and accessories becomes more critical and more

difflcult.

Persons involved in the sales, distribution, Installation and servicing of
engine-generator power systems must be thoroughly famillar with the components
that make up such systems. Additionally, national, state and local laws, codes and
regulations pertaining to the Installation and servicing of these systems have
become more stringent. Installers and service techniclans must not only be
cognizant of existing laws, codes and regulations that apply to engine-generator
power systems, but must keep themselves abreast of changes, additions and
amendments to such laws, codes and reguiations.

This "INSTALLER’S GUIDE AND REFERENCE" should prove to be a useful
source of information for everyone Invoived with engine-generator power systems,
Inciuding sales personnel, dealers, distributors, installers and service techniclans.
The user should not only become thoroughly famillar with its contents, but should
keep it convenlently avallable as a quick reference to engine-generator facts and
figures. : -
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INTRODUCTION

Purpose and Scope of Manual

This “NSTALLER'S GUIDE AND REFERENCE" has
been prepared especially fo rthe purpose of familiarizing
personnel involved with engine-generator power systems
with the instaliation requirements for such systems.
Information and instructions contained hersein are not
intended to replace, supersede or supplement local, state
or national safety, electrical and building codes pertaining
to such a installations. Applicable laws, codes and stan-
dards must always take precedence over the recommenda-
tions contained herein.

It is not intended that this book should be used by any
unqualified person(s) for the purpose of installing an
engine-generator power system. Installation, inspection and
testing of such system should be attepted only by compe-
tent, qualified electricians or installation contractors who are
familiar with the equipment to be installed and with all
installation requirements.

It would be extremely difficult and impractical to
attempt a detailed coverage of every installation possibility.
For that reason, much of the information contained herein is
general in nature. Use this information as a guide only and
not as a final installation blueprint. lliustrations of tyupical
installations are not intended to serve as detailed installa-
tion plans.

Sources of Information
Installation information, requirements and recommen-
dations on the following pages are derived from the follow-
ing sources:

. Cognizant engineers, service technicians and service
representatives.

. The National Electric Code (NEC)

. National Fire Protection Association (NFPA) codes and
standards.

. Other sources as listed in the “Standards Index.”
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Standards Index

Applicable national, state or local laws, codes and reg-
ulations pertaining to the instaflation of engine-generator
power systems must be strictly complied with. In the
absence of pertinent local laws and standards, the following
published booklets may be used as a guide:

1. THE 1990 National Electric Code available from the
National Fire Protection Association, Batterymarch
Park, Quincy, MA 02169

2.NFPA 54, NATIONAL FUEL GAS CODE, obtainable
same as ltem 1.

3. NFPA No. 30, FLAMMABLE AND COMBUSTIBLE LIQ-
UIDS CODE, obtainable same as Item 1.

4. NFPA No. 58, STORAGE AND HANDLING OF LIQUE-
FIED PETROLEUM GASES, obtainable same as Item
1.

5. NFPA No. 10, PORTABLE FIRE EXTINGUISHERS,
obtainable same as ltem 1.

6. NFPA No. 37, STATIONARY COMBUSTION ENGINES
AND GAS TURBINES, obtainable same as ltem 1.

7. NFPA No. 76A, ESSENTIAL ELECTRICAL SYSTEMS
FOR HEALTH CARE FACILITIES, obtainable same as
Item 1.

8. NFPA No. 220, STANDARD TYPES OF BUILDING
CONSTRUCTION, obtainable same as Item 1.

9. NFPA No. 68, GUIDE FOR EXPLOSION VENTING,
obtainable same as ltem 1.

10. Article X, NATIONAL BUILDING CODE, available from
the American Insurance Association, 85 John Street,
New York, N.Y. 10038

11.A52.1, AMERICAN NATIONAL STANDARD FOR
CHIMNEYS, FIREPLACES AND VENTING SYSTEMS,
available from the American National Standard Institute,
1430 Broadway, New York, N.Y. 10018.

12. AGRICULTURAL WIRING HANDBOOK, obtainable
from the Food and Energy Council, 909 University
Avenue, Columbia, MO, 65201.

13. ASAE EP-364, INSTALLATION AND MAINTENANCE
OF FARM STANDBY ELECTRICAL SYSTEMS, avail-
able from the American Society of Agricultural
Engineers, 2950 Niles Road, St. Joseph, MI 49085




Chapter 1. ENGINE-GENERATOR POWER SYSTEMS

A Simple Engine-Generator System

Figure 1 Is a schematic representation of a typical engine-
generator power system. The system consists of (a) the
NORMAL or UTILITY electrical power supply, (b) the
STANDBY electrical power supply, (¢) a TRANSFER
SWITCH, and (d) interconnecting wiring.

NORMAL OR UTILITY POWER SUPPLY:
The NORMAL or UTILITY power source may be a utility

power company, a second engine-generator set, or any other

power source that normally supplies the LOADS in an electri-
cal system.

STANDBY ELECTRICAL POWER SUPPLY:
The STANDBY electrical power supply is an engine-gener-
ator set, used to supply electrical power to the LOADS in the

event that the NORMAL/UTILITY power source has falled or .

has dropped below an acceptable level.

TRANSFER SWITCH:

The usual method of isolating the NORMAL and STANDBY
power sources from each other Is by means of an approved
transfer switch. These two power sources both connect to the
transfer switch. The transfer switch must actually accomplish
two tasks:

[(Hhe switch must positively prevent the NORMAL and
STANDBY power supplies from feeding the LOAD cir-
cuits at the same time.

[Cihe switch must positively isolate the LOAD circuits from
the UTILITY power source while the engine-generator Is
supplying those circuits.

DANGER

CONNECTION OF ANY ENGINE-GENERATOR
SET TO AN ELECTRICAL SYSTEM NORMALLY
POWERED BY AN ELECTRIC UTILITY SHALL BE
BY MEANS OF A DOUBLE THROW TRANSFER
SWITCH, SO AS TO ISOLATE THEELECTRIC SYS-

TEM FROM THE UTILITY DISTRIBUTION SYSTEM

. WHILE THE GENERATOR IS RUNNING (NEC 701).

FAILURE TO ISOLATE THE SYSTEM BY SUCH
MEANS WILL RESULT IN DAMAGE TO THE GEN-
ERATOR AND MAY ALSO RESULT IN INJURY OR
DEATH TO UTILITY POWER WORKERS DUE TO
BACKFEED OF ELECTRICAL ENERGY.

Emergency Circuit isolation Method

ft may become necessary to install and use an engine-
driven generator setthatdoes nothave the wattage/amperage
.capacity to power all the loads In an electrical system at the
same time. .

Figure 1. A Simple Engline-Generator Power System
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i this is the case, only key or critical electrical loads within
the engine-generator's capacity can be powered during a
NORMAL or UTILITY source outage. Such critical loads
should be carefully selected based on their importance and
need. These critical loads are then grouped together and wired
into a separate "emergency distribution panel”. Care must be
exercised to ensure that the total power requirements of all
loads does not exceed the engine-generator’'s wat-
tage/amperage capacity. Such an arrangement, using the
emergency distribution panel, is called the "emergency circuit
isolation method". See Figure 2.

When the emergency circuit isolation method is used, the
installed transfer switch must meet the following requirements:

[CJthe transfer switch must have an ampere rating equal
to the total ampere rating of the emergency distribution
panel circuits.

[(JThe transfer switch must be installed between the
building's main distribution panel and the emergency
distribution pansel.

Total Circuit isolation Method

When all of the electrical loads In a system are to be
powered by the engine-generator during a NORMAL or
UTILITY power outage, the "total circuit” isolation method
must be used (Figure 3). The installer must make sure the
engine-generator will not be overloaded when this isolation
method is employed. He must select an engine-generator that
will deliver the required watts of power (or amperes of current),
with an additional small reserve of power (in case one or more
loads might be added to the system later).

When the total circult isolation method is used, select and
Install the transfer switch as follows:

[Clrhe ampere rating of the transfer switch must equal the
ampere rating of the normal Incoming UTILITY service.
e transfer switch must be installed between the
UTILITY service entrance and the building distribution
panel.
NOTE: A 120/240 volts, single phase elactric service Is
being supplled by the utiiity service In Figures 2 and 3.
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Figure 2. Emergency Circuit Isolation Method

TO POWER UINE
WASTER SWITCH
/”\J
WAT T-HOUR
METER
N
- STUTT ] AN DISTRIBUTION
0 - (FUSE) PANEL
RANGE 1~ ] |
i
|
l |
0 : —\— 10
WATER — ! am
HEATER —n —— ! CONDITIONER
~—o |
! —"
J‘}i’)
——
L_' —_t .
B -1 - hl V
POWER RETURN
SIGNAL LIGHT
AND SWITCH
STANDSY .
ALTERNATOR “ SWITCH &
" (SHOWN IN
NORMAL
- POSITION}
o474 =71 o
—_— e
TO LIGHTS ! b~ REFRIGERATOR
| |
—_—— TO
T0 LIGHTS __1 b~ —— SUMP PUMP
) i
TO FURNACE
TO LIGHTS ] L ~_—— BLOWER
\ 1 !
o _ . . . _ ) ceeRcENCY
DISTRIBUYION
PANEL # &

* AMPERE RATING MUST EQUAL OR EXCEED THE AMPERE
RATING OF THE EMERGENCY DISTRIBUTION PANEL. :
** AMPERE CAPACITY MUST NOT EXCEED THE ENGINE-
GENERATOR RATING. ONLY THESE ITEMS WILL BE POW-'
ERED BY THE ENGINE-GENERATOR. IF THE ELECTRICIAN
SIZES THE LOAD PROPERLY THE ENGINE-GENERATOR.
WILL NOT BE OVERLOADED.

ALL WIRING MUST CONFORM STRICTLY WITH THE NA-
TIONAL ELECTRIC CODE AND/OR WITH STATE OR LOCAL
CODES. CONSULT A QUALIFIED, LICENSED ELECTRICIAN. -

THE ABOVE ILLUSTRATION ASSUMES THAT 120/240 VAC,
1-PHASE IS BEING SUPPLIED BY THE ELECTRIC UTILITY.

Engine-Generators

A broad selection of GENERAC engine-generators is avall-
able. Units with diesel engines range from 8000 watts to
200,000 watts (8 to 200 kW) of AC power output. Models
equipped with gasoline, natural gas, or LP gas fuel systems
are rated from 12,000 to 100,000 watts (12 kW to 100 kW) of
power. A listing of GENERAC engine-generator models can
be found in the "SPECIFICATIONS AND CHARTS" chapter.
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Figure 3. Total Circult Isolation Method
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*AMPERE RATING SHOULD BE EQUAL TO OR LARGER
THAN THE MAIN (NORMAL) UTILITY SERVICE ENTRANCE
AMPARAGE.

NOTE: CAUTION MUST BE USED TO AVOID OVERLOADING
THE ENGINE-GENERATOR. TURN OFF UNNECESSARY
:LOADS TO PREVENT OVERLOADING. :

ALL WIRING MUST CONFORM TO THE NATIONAL ELEC-
TRIC CODE AND/OR STATE OR LOCAL CODES. CONSULT
. A QUALIFIED, LICENSED ELECTRICIAN.

THE ABOVE ILLUSTRATION ASSUMES THAT 120/240 VAC,
1-PHASE IS BEING SUPPLIED BY THE UTILITY.

Transfer Switches

A complete line of automatic transfer switches Is available,
ranging from 100 to 2600 amperes. These switches can be
equipped with one or more options and/or accessories, if
desired. For information on transfer switches and related
options/accessories, refer to the chapter entitted "TRANSFER
SWITCHES",
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Chapter 2. ENGINE-GENERATOR LOCATION & SUPPORT

General

The engine-generator set may be installed outdoors, out-
doors on the roof of a structure, inside a detached structure,
or in rooms within or attached to a structure. Wherever the
location might be, all applicable codes, standards and regula-
tions must be strictly complied with.

Selecting the Location

Proper planning for correctlocation of the engine-generator
will make the difference between a good installation and a
poor one. When planning the location, consider the following
factors:

[The structure on which the engine-generator will rest
must be strong enough to provide adequate support.
Clrhe proposed site must be clean, dry and not subject to

flooding.

[JThe location must permit noise and vibration to be effec-
tively isolated.

[CIthe site must provide easy access to the engine-gener-
ator for maintenance, servicing and repair.

[ The location must permit engine exhaust gases to be
piped safely away, to an area where people or animals
will not be endangered.

UJThe site must permit an adequate fuel supply to be
provided, at the least possible expense.

Ohe proposed location must permit sufficient cooling and
ventilating air flow, with a minimum of ductwork.

Clthe engine-gensrator must be close to the transfer
switch and to connected load circuits, so that wiring and
conduit lengths are not excessively long. :

Othe proposed location must provide the best possible
installation at the lowest possible cost.

Some Rules of Location

The following general rules are excerpted from NFPA No.
37, "STATIONARY COMBUSTION ENGINES AND GAS
TURBINES™

OUTDOOQR INSTALLATIONS:

See Figure 4, Page 5. Engine-generators that are installed
outdoors, or outdoors on a roof, must be located at least 5 feet
(1.5 meters} from openings in walls and at least 3 feet (0.9
meter) from structures having combustible adjacent walls.

INSTALLATIONS IN A DETACHED STRUCTURE:

Detached structures that house an engine-generator must
be of non-combustible or fire resistant construction, in accord-
ance with NFPA No. 220, "STANDARD TYPES OF BUILDING
CONSTRUCTION".

ALL INSTALLATIONS:

The engine-generator should be installed in a clean, dry,
dust-free area, away from corrosive vapors. In addition, the
area must allow adequate normal and emergency lighting to
be provided.
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Supporting the Engine-Generator

VIBRATION:

Generac engine-generator sets are supported on steel
rails. Vibration isolators are installed between the engine-gen-
erator and the rails, to drastically reduce the amount of vibra-
tion that is transmitted to the surrounding structure.

A SUPPORTING BASE:

Modern engine-generators with multi-cylinder, medium
speed engines do not require massive concrete foundations.
Fabricated steel bases have been proven to be quite satisfac-
tory for engine-generator sets. Such steel bases require no
special foundation, other than a floor or other structure that will
accommodate the welght.

Concrete, however does offer advantages in cdst and‘cn i
maintaining alignment of equipment. Like the steel base, the
concrete base must be well isolated from the supporting floor

“or sub-floor. Fiber glass blocks are effective as isolation

material for concrete blocks.

Concrete bases must be thick enough to prevent deflection.
Bases that are too thick increase sub-floor or soil foading. An
engine-generator base or foundation should never restdirectly
on natural rock formations to avoid the transmission of vibra-
tion.

A CONCRETE BASE:
When designing a concrete base, some guidelines that
should be followed are:

Clvne length and width of the concrete base should exceed
the length and width of the engine-generator by a mini-
mum of at least 12 inches (0.305 meters) on all sides.

[(JThe foundation depth should be sufficient to give the
concrete base a weight that is equal to the engine-gen-
erator set weight.

To calculate the depth of the concrete base, the following

formula may be used:

Depth of Base = w
150 xBx L

W=Total wet weight of engine-generator setin pounds (kg).

150= Density of the concrete (ﬁaunds per cubic foot).

2400= Density of concrete (kilograms per cubic foot).
B= Foundation width in feet (meters).

L= Foundation length in fest (meters).

Suggested mixture of concrete (by volume) is 1:2:3 of
cement, sand and aggregate with a maximum four inch
(100mm) slump with a 28 day compression strength of 3000
psi (200 MPa).




The concrete base should be reinforced with No. 8 gauge
steel wire fabrlc, or equivelent, horizontally placed on 6 inch
{(150mm) centers.

An alternate reinforcement method is to place No. 6 rein-
forcing bars on.12 inch (300mm) centers horlzontally. Bars
should clear the foundation surface a minimum of 3 inches
(75mm).

OTHER CONSIDERATIONS:

The floor or structure on which the engine-generator rests
must be able to support 125% of the engine-generator's
weight.

if the engine-generator is to operate in paraliel with other
units, it is possible that out-of-phase paralleling might occur.
Such out-of-phase paralléling can cause severe torque reac-
tions and demand a ‘stronger foundation. For that reason,

when units are operated in parallel, their foundation must be °

designed to hold twice the unit's wet weight.

Combustlble Floor & Roof Protection

if the engine-generator must be installed on any combus-
tible floor or roof, comply with the following rules:

Clriace a layer of non-combustible insulation, followed by
a layer of sheet metal, beneath the unit's mounting base
ralls. :

[OIBoth the layer of insulation and the shet metal must
extend beyond the engine-generator base, to a distance
of atleast 12 inches (30.5cm) on all sides.

Flgure 6. Cement Slab Construction (Typlcal)
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Chapter 3- AIR FLOW REQUIREMENTS

Introduction

Engine-genserators require a supply of clean, fresh air for
(a) cooling, (b) combustion, and (c) ventilation. Without an
adequate flow of cooling and ventilating air into the unit, as
well as unrestricted heated air flow away from the unit, serious
problems will quickly develop. '

The first noticeable effect of inadequate air flow may be
overheating of the engine-generator. This may include exces-
sively high coolant temperatures on water-cooled engine
units. Inadequate air flow through the generator portion of the
unit can result in overheating of the generator itself. Finally,
without sufficient air fiow for engine combustion, the engine
may run rough, lose power, or simply not run at all.

Air Flow Through a Water-Cooled En-
gine-Generator

As a general rule, most Generac water-cooled engine-gen-
erators are equipped with a pusher type engine cooling fan.
This type of cooling fan draws air around the engine and
generator, then expels that air outward through the engine
radiator. See Figure 8. Air flow across the radiator keeps the
engine cool by extracting heat from the engine coolant. Any
fumes given off by the engine breather system will be picked
up and expelied by engine cooling fan action, as well.

In addition to the engine cooling fan, a centrifugal blower is
attached to and driven by the generator rotor. This fan draws
cooling air into the generator through louvered or slotted
openings In the generator's AC connection (lower) panel, pulls
the air through the generator interior, and then expels the
heated air outward through a blower air outiet duct on the side
of the generator. The air from the blower air outlet duct joins
with engine cooling fan air flow, to be expelied away from the
unit through the radiator.

Overtemperature Protection

Generac engine-generators are equipped with -devices
which protect the engine against damaging high engine
coolant temperatures. These devices include (a) a high
coolant temperature switch, and (b) alow coolant level sensor.
In the event of either a high engine coolant temperature or a
low coolant level (or both), the engine will shut down automat-
ically. Refer to the OWNER'S MANUAL for your engine-gen-
erator model for additional information on these protective
devices.

NOTE: Cooling, ventilation and combustion air require-
ments for most Generac engine-generators may be found
In Chapter 13, "SPECIFICATIONS AND CHARTS".

.Outdoor Installations

If the engine-generator Is to be installed outdoors, one
having an all-metal, weatherproof enclosure is recommended.
Use of a unit with the correct factory installed compartment will
generally ensure that cooling and ventilation needs are met.
However, such factors as climatic conditions and the direction
of the prevalling wind must be considered. The following
general rules apply:

Clwhere strong prevailing winds are anticipated, face the
generator's air inlet end (opposite end from engine
radiator) into the wind.

[CJpian the installation carefully, to prevent air openings in
the compartment from becoming clogged with grass,
leaves, snow, etc.

NOTE: Ih some cases, use of a windbreak might be re-
quired, to prevent alr openings from bacoming blocked.

Figure 8. Air Flow In a Typlcal Engine-Generator
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Figure 9. Englne-Generator with Compartment (Typlcal)

Air Flow for Indoor Installations

Uit ductwork must be used, keep such ductwork as short
as possible with a minimum number of bends.

[JRecommended construction for air outlet ductwork is
self-supported sheet metal. Use a flexible length of
ductwork betwen the radiator air duct and rigid ductwork.
This will help prevent damage that might otherwise be
caused by vibration, shifting or settling.

DEnglne cooling fans produce noise and expel a large
volume of air. The alir outlet opening in a structure must
never be close to any adjacent structure or noise will be
greatly amplified.

Figure 10. Alr Outlet Ductwork (Typical)
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DUCTWORK

FLEX. SECTION

If the engine-generator is to be installed and operated
Inside a structure, the structure must be provided with (a) air
inlet openings, (b) air outlet openings, and (c) ventilation
openings. The following general rules apply:

Cwhenever possible, position the radiator air outlet open-
ing so that air flows directly and horizontally to the
outdoors. Use ductwork only when necessary (see
"DUCTING OF AIR"). .

[JThe radiator air outiet opening in the building that houses
the engine-generator must be at least as large as the
radiator air duct.

Clan air intet opening must also be provided in the struc-
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Radiator Air Duct Adapters

ture. This opening should be at least as large as the
bullding’s air outlet opening and preferably larger.

Oiocate air openings in the structure such that already

heated air and exhaust gases will not be drawn back into

When ductwork must be attached to the radiator air outlet
of an engine-generator, a radiator air duct adapter is required.
This adapter provides an extension around the outer periphery
of the radiator, for attachment of ductwork. A typical air duct

the structure.

DLouvers, screening, expanded metal and other materials
used to cover alr openings in a structure offer a restriction
to the flow of air. Such restriction must be compensated
for by making the actual air opening correspondingly
larger.

Ducting of Air

The engine cooling fan moves a lerge volume of air during
operation, This air must be properly ducted to the outside of
the structure housing the engine-generator. The following
rules apply to the ducting of air:

Owhenever possible, use no ductwork at all. Simp! posi-
tion the engine-generator's radiator air duct so that
heated air will be blown directly and horizontally to the
building exterior (outdoors).

adapter is shown in Figure 11.

Figure 11. Radlator Alr Duct Adapter Typlcal)
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Louvers, Screening, Expanded Metal

Louvers, screening or expanded metal may be used to
cover air openings in a building housing an engine-generator.
Thesa materials offer a restriction to the free flow of cooling
alr. Such restriction must be compensated for by making the
actual opening size proportionately larger.

LOUVERS:

Elther fixed or moveable louvers may be installed on air
openings in a bullding. To determine the number of louvered
openings required, proceed as follows:

1. Multiply the length of the engine-generator’s radiator airduct
by its width, to obtain the actual air opening size required in
square inches.

2. Multiply the length of a single louvered opening by the width
of the louver, to find the area (in square inches) of a single
louver.

3. Divide the actual air opening size required (Step 1) by the
area of a single louver (Step 2), to find the number of louvered
openings required.

EXAMPLE: The area of a generator’s radiator air duct Is
100 square inches (length times width). The area of a
single louvered opening Is 5 square Inches (length times
width of a single louver). Divide 100 by 5 to find the
number of louvered openings needed. In this case the alr
opening must have at least 20 louvered openings.

SCREENING AND EXPANDED METAL:

These materlals also offer a restriction to air flow. This
restriction must be compensated for by making the actual air
opening larger. Both materials are usually given a "Free Air
Inlet Area” value by the manufacturer, given as a percentage.
To find the actual size of an air opening (inlet or outlet) when
screening or expanded metal are to be used, proceed as
follows:

1. Find the area of the engine-generator’'s radiator air duct by
multiplying its length times its width.

2. Determine the "Free Air Inlet Area of the screening or
expanded metal to be used. This percentage value is available
from the screening or expanded metal manufacturer.

3. Divide the radiator air duct area (Step 1) by the "Free Air
Inlet Area” of the material to be used (Step 2), to determine
the actual area of the air opening.

EXAMPLE: The radiator air duct of an engine-generator
measures 20 by 20 Inches, giving It an area of 400 square
Inches. Screening having a "Free Alr Inlet Area” of 70
percent Is to be used to cover alr openings in the struc-
ture. Divide "400" by *0.70", to obtaln an actual minimum
alr opening size of 571.43 square Inches. An air opening
measuring 24 by 24 inches will meet this requirement (24
X 24=576 square inches).

Exhaust Fans

Some indoor installations may require that one or more
exhaust fans be used, to provide adequate ventilation. Such
fans must have the proper rated flow rate and must be located
where exhaust fumes will not be drawn into the structure.

Page 10

Figure 12. Alr Opening with Fixed Louvers

Figure 13. Alr Opening with Moveable Louvers
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Chapter 4. REMOTE RADIATOR SYSTEMS

Introduction

in some Instances, the engine-generator set must be lo-
cated inside a structure where air openings cannot be
provided. For example, an underground or basement installa-
tion where alr, ductwork would be excessively long. Such an
installation might requite the use of a remote radiator system.

When a remote .radiator system is used, the engine-
mounted radiator and cooling fan are generally omitted. In-
stead, an electrically operated cooling fan Is installed in
conjunction with the remote radiator. Engine coolant s circu-
lated through the engine water jacket, where it picks up heat
from the engine. The heated coolant is then pumped to the
remote radiator, circulated through the radiator where it is
cooled by air flow, and then retumed to the engine.

NOTE: The amount of heat rejected to the engine coolant

will vary depending on a varlety of factors. Heat rejection
fo coolant ranges from approximately 40,000 BTU's per
hour for some smaller water-cooled units to about 600,000
BTU’s per hour for larger engines. A "BTU" (British Ther-
mal Unit) Is the amount of heat required to raise the
temperature of one (1) pound of water 1° Fahrenhelt.

Types of Remote Radiators

The remote radiator used Iin any given installation must
have an adequate cooling capacity for the specific installed
engine-generator. The installer should work closely with the

engine-generator manufacturer and the remote radiator sup- .

plier, to ensure that the proper remote radiator is installed.

Two different major types of remote radiator are avallable,
.., vertical or horizontal. The type selected will depend on the
requirements of the specific installation. Figure 15 shows an
example of a typical VERTICAL remote radiator. Figure 16 is
a typical HORIZONTAL remote radiator.

General Rules for Remote Radiators

The follbwlng general rules apply to remote radiator instal-
lations: '

CJin some installations, the engine coolant pump can pro-
vide adequate coolant flow to the remote radiator and no
other pump Is required.

it the length and restrictions of cooling system lines
results in a pressure drop greater than 2 psi (pounds per
square inch), use of an AUXILIARY pump Is required.

[t the remote radiator mustbe Installed more than 21 feet
above the engine water pump, use of a "Hot Well" is
recommended. See "HOT WELL".

COhe top of the remote radiator must be the highest point
in the system or the remote radiator system will not
function properiy. .

Figure 15 Typlcal Vertlcal Remote Hadlator
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[Jrhe remote radiator’s electric fan should be connected
to the engine-generator's AC output. When this is done,
the electric fan will operate only when the engine-gener-
ator is running.

DProper sizing of the remote radiator is necesary; t@meet
the needs of the specific engine-generator.

DAlways test the remote radiator fan for cotrect diraction
of rotation, as specified by the radiator manufacturer. .

[JHoses and piping used in any remote radiator system
must be externally supported and not hung on the
radiator.

CJuse FLEXIBLE lengths of hose at the engine-generator
connection and at the remote radiator.

Oinstall a strainer or sediment trap in the coolant line to
the remote radiator.

Page 11
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General Rules for Remote Radiators (Con-
tinued)

[[IBe sure to fill the remote radiator system with the recom-
mended coolant mixture. See "RECOMMENDED
COOLANT MIXTURE".

[CJThe remote radiator is often overlooked during periodic
inspections. For this reason, the installer may wish to
consider use of "low coolant level alarms™ or "automatic
coolant makeup” controls.

A Simple Remote Radiator System

A simple remote radiator system is shown in Figure 17. The
radiator is equipped with a radiator pressure cap, for filling the
system and for venting air from the system. A strainer is
provided in the radiator inlet line, to trap dirt, scale and
impurities. An AUXILIARY PUMP Is required if line restrictions
result In a pressure drop greater than 2 psi (0.141 kg/cmz).
Rigid coolant lines may be used, except at engine and remote
radiator connection points. Maximum vertical height of the
remote radiator above the engine water pump Is 21 feet (6.4
meters).

Remote Radiator System with Surge Tank

When the remote radiator Is NOT the highest point in the
system, use of a SURGE TANK is required. See Figure 18.

The surge tank provides fill, vent and surge functions for
the system. Equip the surge tank with a coolant level sight
gauge, pressure cap, vent and with coolant makeup. Notice
that a vent line Is required between the engine-to-radiator line
and the surge tank if the engine is higher than the radiator.

The arrangement shown In Figure 18 allows radiator and
engine de-aeration and provides a positive. pressure at the
engine water pump Inlet. A strainer is used in the line between
the remote radiator Inlet and the engine coolant outlet. Be sure
to elevate the surge tank sufficiently to overcome line restric-
tions between the radiator and the engine water pump. If the
engine water pump is higher than the remote radiator, a VENT
LINE is required.

Remote Radiator with Heat Exchanger

See Figure 19. In this type of remote radiator system, the
remote radiator is used to cool heat exchanger water. The
remote radiator is NOT the highest pointin the system. A surge
tank is installed in an elevated position and is used to provide
fill, vent and surge protection. Provide the surge tank with a
glass sight gauge, overflow tube, pressure cap, a vent, and
with coolant makeup connections. The "Fill and Vent Line”
from bottom of surge tank connects to the top of the radiator.
Elevate the surge tank sufficiently to overcome the restrictions
between the remote radiator and the engine water pump.

FLEXIBLE
SECTIONS

> 2

3

21 feet MAX
VERTICAL
HEAD

REMOTE
RADIATOR

Figure 17. A Simple Remote Radlator System
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Flgure 18. Remote Radlator System with Surge Tank
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Hot Wells

if the remote radiator must be installed more than 21 feet
(6.4 meters) above the engine-generator water pump, a hot
well Is required. The hot well prevents engine gaskets and
hoses from leaking due to excessive head pressure. Locate
the hot well at the same level as the engine (Figure 20). Head
presures are confined to the hot well and coolant s circulated
through the engine at nommal temperatures and pressures.

A hot well is divided into & "hot" and a "cold" side. Heated
coolant from the engine water pump is delivered to the hot side
of the well. The hot coolant is then drawn off by an auxiliary
pump and delivered to the remote radiator, where it Is cooled
by ait flow across the radiator. From the remote radiator the
coolant flows back to the cold side of the hot well and, from
the cold side, back to the engine weater pump.

Ventilating and Combustion Air

Use of a remote radiator system does NOT eliminate the
need for adequate air flow into the structure housing the
engine-generator. Air must be provided into the structure for
engine combustion, generator cooling, and for heat and fumes
removal. Alr inlet openings into the room or structure that
houses the unit must be of adequate size. In addition, one or
more exhaust fans may be needed to move the required
volume of alr. In some cases, water-cooled exhaust manifolds
may be needed to reduce the amount of radiated heat.

Recommended Coolant Mlxturé

Recommended coolant mixture Is a 50-50 mixture of low
silicate, ethylene glycol base anti-freeze and soft water. The
soft water should be slightly alkaline, having a pH factor of "8"
or more. If desired, a high quality rust inhibitor may also be
added to the mixture. However, the rust inhibitor used must
be compatible with ethylene glycol base anti-freeze.

Some more commonly used rust inhibitors are chromates,
borates, nitrates, nitrites and soluble oil. DO NOT use any
chromate base inhibitor with ethylene glycol base anti-freeze,
or the formation of "chromium hydroxide” will resuit. Chromium
hydroxide is often called "green slime”. lts presence In the
engine cooling system will adversely affect the heat transter
rate and cause overheating. Systems that have been operated -
with a chromate base inhibitor must be chemically cleaned
before adding ethylene glycol base anti-freeze.

NOTE: Borate-nitrite solutions are compatible with
ethylene glycol base antl-freeze and can be used to
replenish the original rust inhibitors In the anti-freeze.

Radiator Selection & Installation

Radiators should be installed so that a continuous supply
of fresh air will be avallable to the radiator and so that recir-

culation of air will be prevented.
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Figure 20. Remote Radlator System with Hot Well
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When a radlator, with its cooling fan, is installed in an
opening of the building wall, the direction of prevailing wind
should be given considerartion. If the wind direction Is chan-
geable, provide an air duct outside the wall to direct the air
inlet or outlet (as the case may be) in a vertical direction. Use
a large radius "L" air duct to avoid restricted flow or air
turbulence. Horizontal remote radlators using vertical air flow
are often used to nullify the effects of changing wind direction.

Flgure 21. A Large Radlus "L" Alr Duct

Radiators should be sized to accommodate the necessary
alr flow required at the given altitude. When altitudes are
above sea level, air flow (In cubic feet per minute) should be
Increased to maintain the equivalent air flow per unit of time
required at sea level. Radiators should be sized to accom-
modate a heat rejection load at least 15 percent greater than
the established heat rejection of the engine.

NOTE: Heat refection ratings of many Generac engine-
generators may be found In Chapter 13, "SPECIFICA-
TIONS AND CHARTS".

Heat Exchanger Selection and Location

SELECTION:

As with radiators, heat exchangers should be sized to
accommodate a heat rejection rate approximately 15 percent
greater than the established engine heat rejection.

The selected heat exchanger should accommodate raw
water temperature and flow sufficient to cool the engine when
operating at maximum anticipated load. The temperature dif-
ferential between jacketwater in and out of the heat exchanger
should notexceed 20° F. (11° C.), and should not be less than
10" F. (6’ C.). The temperature of coolant entering the engine
should not be below the usually recommended 180° F. (82°
C.).

LOCATION:

Heat exchangers should always be located at a lower level
than the coolantlevel inthe surge tank, preferably several feet
lower. The surge tank must be the highest level in the circuit
and must be located downstream from the heat exchanger.

Coolant Line Sizes

Cooling system lines must be large enough to flow sufficient
coolant to and from the engine, and throughout the entire
system: In addition, the number of elbows or bends in the
system must be kept to a minimum. K lines are too small or if
too many elbows are used, the volume of coolant flowing
through the system will be inadequate.

Chapter 13, "SPECIFICATIONS AND CHARTS", contains
charts which list the coolant flow of many Generac engine-
generators, in cubic feet per minute.

Page 15




Chapter 5. CITY WATER COOLING SYSTEMS

A Simple City Water Cooling System

See Figure 22. The simple city water cooling system shown
uses water from the city water system. The water circulates
through the engine water jacket. An equal volume of water Is
forced into a sewer drain. A "thermostatic control valve” main-
tains desired operating temperature by mixing the water.

City Water System with Heat Exchanger

A more uniform control of operating temperatures may be
achieved by means of a "shell and tube” heat exchanger.
Colant in this system is circulated from the engine water pump
and through the engine water jacket, where heat is picked up
from the engine. Heated coolant from the water jacket flows
to a surge tank, through the heat exchanger, and then back to
the engine water pump.

City water Is ported through tubes in the heat exchanger.
Heated engine coolant is ported around the tubes. The city
water absorbs heat from the engine coolant. The hot city water
is then piped to a sewer drain, as regulated by a thermostatic
control valve.

Flexible Hoses

Install a flexible length of hose between the epgine-gener-
ator connection and rigid city water system piping. This will
help prevent line breakage that might otherwise be caused by
vibration, shifting or setfling of the engine-generator. The
flexible hoses must comply with the following:

[ JThe hoses must be approved for use with engine
coolant.

[(J7he hoses must be able to withstand the temperatures
and pressures to which they will be subjected.

(Al piping, flexible or rigid, must be tested for leaks. No
leakage Is permitted.

Ventilating and Combustion Air

Use of a clty water cooling system does not eliminate the
need for adequate air openings into the building for generator
cxooling, ventilaticn and engine combustion. Such air open-
ings must be of adequate size. In addition, one or more
exhaust fans might be required to move the required volume
of air through the room housing the engine-generator.
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Figure 22. A Simple Clty Water Cooling System

[ I8

l !

]

3 R

FROM
CITY WATER
A

|
L2 I

TO DRAIN y,

\_ THERMOSTATIC
CONTROL VALVE

Page 16




—Flgure 23. City Water System with Heat Exchanger and Surge Tank
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Chapter 6. THE COOLING TOWER

General

The "cooling tower” method of cooling is especially
designed for use in extremely dry, arid climates. The system
uses the evaporization method of cooling.

Description

TWO SEPARATE SYSTEMS:
The cooling tower consists of two separate systems, as
follows:

Clthe Engine System: Includes the engine water pump,
water jacket and a heat exchanger.

[CJThe Raw water System: Consists of a cooling tower,
auxiliary water pump, and the tube portion of the heat
exchanger.

OPERATION:

Raw water circulates through the heat exchanger tubes, to
absorb heat from the engine coolant that flows through the
shell portion of the heat exchanger.

Heated raw water then flows to the top of the cooling tower
and is sprayed down into the towerTower construction permits
alr to flow through the spray, thus cooling the sprayed water.
Some eveporation will occur. However, some water collects
at the base of the tower and is recirculated.

Because of the‘ evaporation process, water makeup must
be provided. .

ENGINE
WATER

“Flgure 24. Typlcal Cooling Tower
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Chapter 7. ENGINE-GENERATOR EXHAUST SYSTEMS

Introduction

Engines used to drive generators give off deadly carbon
monoxide gas through thelr exhaust systems. This dangerous
gas, if breathed in sufficlent concentrations, can cause uncon-
sclousness or even death. For that reason, engine exhaust
gases must be piped safely away from any structure housing
an engine-generator and to a well ventilated area where
people or animals will not be endangered. ‘

In addition to the dangers of carbon monoxide poisoning,
exhaust piping becomes extremely hot during operation. The
piping tends to remain very hot for a long time after shutdown.
For that reason, the following precautions are necessary:

[JAvold contact with hot engines, engine exhaust
manifolds, exhaust piping and mufflers. Contact with any
_of these can result in serious bumns.

[CIwhere exhaust piping must pass through combustible

walls or cellings, special precautions must be taken to
prevent heat damage.

[Hhe precautions outlined under "GENERAL RULES

FOR EXHAUST SYSTEMS" must be strictly complied
with.

General Rules for Exhaust Systems

When installing an exhaust system for an englno-geﬁer—
ator, the following general rules should be considered:

[JExhaust piping should be constructed of wrought iron or
steel having adequate strength and durability. :

[JExhaust FITTINGS may be of cast Iron.

COlrow points in horizontal runs of piping should be
provided with condensate traps, as well as suitable
condensate drains.

OJexhaust piping and mutflers must be properly supported
and connected.

Juse a flexible length of exhaust pipe between the engine
exhaust manifold and rigid exhaust piping. This will help
prevent breakage that might be caused by vibration,
shifting or settling.

[(JEexhaust piping must be prdperly terminated outside a
structure housing an engine-generator, in suchamanner
‘that hot gases or sparks will be discharged harmlessly
and will not blow against any combustible surface or
material.

CJexhaust piping must not terminate under loading plat-
forms, structures, or near any opening in a building.
Ownhere necessary, exhaust piping should be guarded to

prevent burns.

[JProvide a clearance of at least nine (9) inches (22.9cm)
between exhaust piping and any combustible surface.

DKeep exhaust piping well clear of fuel tanks, fuel lines,
efc.

Routing Piping Through Combustible
Walls
if exhaust piping must be routed through any combustible

wall or partition, the piping must be guarded at the point of
passage by elther of the following methods:

Flgure 25. An Englne-Generalor Exhaust System (Typical)
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1. A ventilated metal thimble that is at least 12 inches in
diameter larger than the exhaust piping, OR

2. Metal or burned fire clay thimbles bulit in brickwork that
provides not less than eight (8) inches (20.3cm) between the
clay thimble and any combustible material.

Routing Piping Through Combustible
‘ Roofs

Exhaust piping that passes through any combustible roof
must be separated from the roof by a ventilated metal thimble
that is at least 6 inches (15.2cm) larger in diameter than the
piping. The thimble must extend at least 9 inches (22.9¢m)
above and below roof construction.

Preventing Excessive Back Pressure

Excessively high back pressure in an engine exhaust sys-
tem will prevent the complete emission of exhaustgases. This,
in turn, will result in incomplete combustion on the subsequent
power stroke and engine performance will be adversely af-
fected.

High back pressure in an exhaust system can be caused
by one or more of the following:

1. Exhaust piping diameters that are too small.
2. Too many bends in the exhaust piping.

3. Exhaust piping runs that are excessively long.
4. Restrictions in exhaust piping.

As a general rule, the maximum allowable exhaust system
back pressure on Generac water-cooled engines is 1.5 inches
Hg (mercury). :

As the length of exhaust plping runs increases, pipe
diameters must be increased to prevent excessive back pres-
sure,

NOTE: A "Recommended Exhaust Pipe Dlameter” chart
may be found In Chapter 13, "SPECIFICATIONS AND
CHARTS".
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Flgure 26. Routing Exhaust Plping Through a
Combustible Wall
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Flgure 27. Routing Exhaust Piping Through a
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Chapter 8. DIESEL FUEL SYSTEMS

Introduction to Diesel Fuel Systems

Diesel fuels are less volatile than gasoline or gaseous fuels
and, for that reason, are considered safer than such fuels.
Some localities permit diesel fuel tanks of considerable size
inside a building.

Because diesel fuel s relatively safe, careless installation

practices often resutt, which can lead to serious problems with

engine-generator performance and reliability. A good fuel
system installation can often mean the difference between
good and poor engine performance.

One common problem In diesel fuel systems s the failure
to tighten fuel supply lines properly. An improperly tightened

fuel line or fitting may show no indication of leakage, but can’

permitair to enter the fuel lines. Air thatis presentin the system
will result in hard starting and rough engine operation.

The installer must ensure that all codes, standards and

regulations pertinent to diesel fuel systems are strictly com-
plied with. Then, following installation, the system must be
inspected and tested periodically to make sure all components
are in good working order.

Recommended Diesel Fuels

Generac recommends the use of Grade No. 2D diesel fuel
when amblent temperatures are above freezing; and Grade
No. 1D diesel fuel when temperatures drop below freezing. In
addition, the fuel used should have a "Cetane® number as
follows:

[CJA Cetane number of at least "50" for units capable of
automatic start.
[JA Cetane number of at least "40" for units that will be
cranked and started manually (electrically).
Diesel fuel properties are defined by the "American Soclety
of Testing and Materials” (ASTM).

Diesel Fuel System Piping

Use black Iron pipe or steel tubing in the diesel fuel supply
" system. Install a flexible length of fuel line between the gener-
ator fuel connections and rigid piping. This will help prevemt
breakage or leaks that might otherwise be caused by vibration,
shifting or settling. The flexible fuel line must be APPROVED
for use with diesel fuel.

ICAUTION!

.DONOT use any galvanized piping or tanks In the
| diesel fuel system. Dlesel fuel will react chemically

with the galvanizéd coating, causing the coating
to "flake". Such "flaking" will clog fliters or cause
injection pump fallure. T

Diesel Fuel Supply Tanks

The best location for diesel fuel supply tanks Is at the same
general level as the engine’s fuel injection pump, but lower
than the fuel injectors. If the main supply tank is located near
the engine-generator, and vertical [ift is 40 inches (1 meter) or
less, the engine's fuel injection pump will be able to deliver
sufficlent fuel to the engine. However, if vertical lift exceeds
40 inches (1 meter) and long horizontal piping runs are used,
an auxiliary pump or a day tank may be required.

NOTE: As a generalrules, an auxiliary pump will be neded
when dynamic suction and static head exceed 6 inches or
Hg (mercury).

The fuel tank must be properly vented to aliow air and gases
to escape. The vent system must prevent entry of dust, dirt
and moisture back into the tank.

Fuel return lines should enter the tank at least 12 inches
(30.5cm) from the fuel pickup or fuel dip tube, to prevent air
bubbles from entering the fuel supply line.

Allow at least 5 percent of the tank capacity for fuel expan-
sion- DO NOT OVERFILL.

Day Tanks

A DAY TANK Is a diese! fuel tank located inside a structure
that supplies diesel fuel to the engine-generator.

Day tanks that range in size from 5 to 100 gallons (21.1-
422.7 liters) are avalilable from Generac. Unless otherwise
specified, Generac day tanks are equipped with a pump
having a 2 GPM (gallons per minute) flow rate and an 18 foot
(5.5 meter) lift capacity.

The day tank draws fuel from the main supply tank and
delivers it to the engine fuel system.

NOTE: Piping diameters that are too small, bends and
other restrictions can reduce the lift capacity of the day
tank pump considerably. If the installation requires a lift
in excess of 18 feet (5.5 meters), use of a remote pumping
unit is required. .

Generac supplied day tanks may be equipped with a "Pump
Running” light, as well as a "Fuel Leve!” gauge. Other day tank
options are also available. For example, where long piping
runs (100-150 feet or 30.5-45.7 meters) are used between the
main supply tank and the day tank, use of a SOLENOID
VALVE in the day tank and a FOOT VALVE in the main supply
tank are recommended. These two options hslp prevent the
day tank from having to evacuate a large amount of air during
startup. Use of an optional fuel strainer, between the main and
day tanks, is also recommended.
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Day Tanks (Continued)

When Installing a day tank, either of two installation
methods may be used. These are iflustrated in Figures 30 and
31. The two installation methods are (a) main tank above the
day tank with gravity feed, and (b) main tank below the day
tank.

Base Mounted Diesel Fuel Tanks

Diesel powered engine-generators are available with base
mounted fuel tanks. These tanks mount directly below the
generator set and are attached to the engine-generator
mounting rails. Tank sizes and capacities depend on the
engine-generator model on which the tank Is installed. An
example of a typical base mounted tank is shown in Figure 32.
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Figure 28. A Simple Diesel Fuel System
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“Flgure 30. Maln Tank Above the Da y Tank with Gravity Feed
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Figure 32. A Typical Base Mounted Dlesel Fuel Tank
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ITEM QTYy TY DESCRIPTION
1 1 Base Tank (85 gallen tank shown) 10 1 Barbed Fitting
2 1 heck Valve 11 1 Nipple
3 1 Fuel Gauge 15 4 Capscrew
4 1 . Breather 16 8 Flatwasher
5 1 Pipe Coupling 17 4 Lockwasher
6 1 ipe le:ple 18 4 Hex Nut
7 2 Hose Clamp -
8 3 Pipe P|iltji?
9 1 Barbed Fitting




Chapter 9. GASEOUS FUEL SYSTEMS

Introduction to Gaseous Fuel Systems

Some engine-generators are equipped with fuel systems
that utilize liquefied petroleum (LP) or natural gas as a fuel.
These fuels are highly volatile and can be dangerous if hand-
led or stored carelessly.

DANGER

GASEOUS FUELS, SUCH AS LP AND NATURAL]

GAS, ARE HIGHLY "VOLATILE AND THEIR
VAPORS ARE EXPLOSIVE. LP GAS IS HEAVIER

I THAN AIR AND WILL SETTLE IN LOW AREAS.

NATURAL GAS IS LIGHTER THAN AIR AND WILL
SETTLE IN HIGH AREAS. EVEN THE SLIGHTEST
SPARK CAN IGNITE THESE FUELS AND CAUSE
AN EXPLOSION. THE USE OF LEAK DETECTORS
IS RECOMMENDED WHEN GASEOUS FUELS ARE
USED. WHEN LP GAS IS USED, INSTALL LEAK
DETECTORS LOW IN A ROOM; FOR NATURAL
GAS, INSTALL THEM HIGH IN A ROOM. FOR
SAFETY, ALL CODES, STANDARDS AND
REGULATIONS PERTAINING TO THE INSTALLA-
TION AND USE OF GASEOUS FUELS MUST BE
STRICTLY COMPLIED WITH. '

Local fuel gas codes may vary widely. For that reason, itis
recommended that a local gas distributor or installer be con-
sulted when installing a gaseous fuel supply system.

In the absence of local fusl gas codes and regulations,
booklets published by the National Fire Protection Association
(NFPA) may be used as sources of information. See "STAND-
ARDS INDEX" on Page 2.

4

Ad\iantages of Gaseous Fuels

The use of natural and LP gas may result in a slight power
loss, as compared to gasoline. However, that disadvantage Is
usually compensated for by the many advantages of gaseous
fuels. Some of these advantages are:

CJA 1ow residue cortent, resulting in minimum carbon
formation in the engine.

[LJReduced sludge buildup in the engine ol.

[JReduced valve buming as compared to gasoline.

[ONo "washdown" of engine cylinder walls during cranking
and startup.

[Oexcellent anti-knock qualities. )

[_JA nearly homogeneous mixture in the engine cylinders.

1] Fuel can be stored for long periods without breakdown.

- Gaseous Fuel System Variations

Any one of four different types of gaseous fuel system may '
be installed by the factory on engine-generators. These are:

OanLp gas vapor withdrawal type system.
Clane gas liquid withdrawal type system.
(JA natural gas system.

[CJpual natural and LP gas system.

[JA combination gas-gasoline system.

Properties of Gaseous Fuels

NATURAL GAS:
Natural gas is lighter than air. Itis found in the gaseous state

, @t normal amblent temperatures and pressures. It is highly

explosive and can be ignited at the slightest spark. For that
reason, fuel lines must be free of leaks and adequate ventila-
tion is absolutely essential.

Local fuel-gas codes usually dictate the maximum pressure
at which natural gas can enter a structure. In order to reduce
the gas pressure to that required by law, a PRIMARY
REGULATOR Is required.

LP GAS: .

Liquefied petroleum (LP) gas is heavier than air. The gas
vapors are explosive and, like natural gas, can be ignited by
the slightest spark.

LP gasis generally suppliedin pressurized tanks asa liquid.
However, it is found in gaseous form at normal temperatures
and pressures.

The gas may consists of (a) butane, (b) propane, or (c) a
mixture of the two gases. The following facts apply:

[Jin some cases, fuel in its liquid state is piped to the
engine-generator. This is called a “liquid withdrawal”
type system.

In some installations, gas vapors that form above the
liquid fuel in the tank are piped to the engine. This is
called a "vapor withdrawal™ type system.

OButane may not provide sufficient vapor pressure In cold
weather. Propane may have to be mixed with the butane,
to improve the vapor pressure.

[JThe ratio of butane to propane becomes especially im-
portant when a large outdoor supply tank is used. Be-
cause the tank is outdoors, it is exposed to cold
temperatures which reduces the vaporization rate.
Vaporization itself reduces temperature- this is especial-
ly critical in larger tanks.

Cle gas MUST be converted to its vapor state before it
enters the engine carburetor.

Page 25




The Natural Gas System

A typical natural gas system is shown in Figure 33, below.
Ther maximum pressure at which the gas can enter a building
is established by code and may vary from area to area. A
primary regulator is required, to reduce gas supply pressures
to the required safe level before the gas enters a structure.

The primary regulator may or may not be provided by the
gas supplier. The gas distribution company will usually provide
piping from the main distribution line to the engine-generator
site. It is the responsibility of the gas supplier to ensure that
sufficient gas pressure is available to operate the primary
regulator.

From the primary regulator, gas flows to the engine-gener-
ator connection. A flexible length of gas line is required be-
tween rigid piping and the gas connection at the
engine-generator. The engine-generator fuel system consists
of (a) an electrical fuel shutoff valve, (b) a secondary regulator
or pressure reducing valve, and (c) the gas carburetor.

The secondary regulator, often called a pressure reducing
valve, reduces gas pressure to about 5 inches of water column
before the gas Is delivered to the carburetor.

NOTE: Gas pressure from the primary regulator to the
engine-generator’s fuel shutoff vaive should not exceed
approximately 0.75 psl, or 20 inches of water column.
Optimum gas supply pressure to the shutoff valve is 11
inches ofwater column. Depending on the characteristics
of the specific shutoff valve In use, the valve may or may
not function at supply pressures greater than 0.50 psi (14
Inches water column).

NOTE: A "FUEL COMPARISON CHART" may be found In
Chapter 13, "SPECIFICATIONS AND CHARTS".

LP Gas Vapor Withdrawal System

See Figure 34. This type of system utilizes the vapors
formed above the liquid fuel in the supply tank. Approximately
10 to 20 percent of the tank capacity is needed for fuel
expansion from the liquid to the vapor state. The vapor
withdrawal system is generally more suited for smalier en-
gines that require less fuel. The installer should be aware of

the following:

[CIThe Generac natural gas and LP gas systems are
similar. However, the natural gas system delivers a
pressure of approximately 5.0 inches (water column) to
the carburetor. The LP gas system delivers a slightly
negative pressure (about -1 inch) to the engine car-
buretor. K ‘

[CIwhen ambient temperatures are low and engine fuel
sonsumption Is high, the vapor withdrawal system may
not function efficiently.

[CJAmbient temperatures around the supply tank must be
high enough to sustain adequate vaporization or the
system will not deliver the needed fuel volume.

[Jin addition to the cooling effects of ambient alr, the
vaporization processitself provides an additional cooling
effect.

LP Gas Liquid Withdrawal System

As its name implies, this system delivers gasn liquid form
to the engine-generator. The liquid fuel must then be
vaporized before being delivered to the carburetor. Generac
liquid withdrawal systems usually employ a "Vaporizer-
Regulator” to convert the liquid to its gaseous state.

11 in.water

optimu{_\
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FLEX. LINE

Flgure 33. A Typical Natural Gas Fuel System
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Flgure 34. Typlcal LP Gas Vapor Withdrawal System
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Dual Natural Gas/LP Gas System

See Figure 36. In some areas, the cost of natural gas may
be reduced considerably by procuring the gas on "interrupted
service" rates. Such rates can be obtained by using LP gas
as an emergency fuel when natural gas is not available.

Automatic changeover can be accomplished by using two
regulators, a line pressure regulator for natural gas and a
vacuum operated regulator for LP gas. The differences in
pressures compensates for the greater BTU value of LP gas.

During operation on natural gas, a 5 inch (water column)
pressure exists in the common line to the carburetor. This
pressure closes the LP gas regulator and prevents the flow of
LP gas. Loss of the natural gas pressure results in loss of the
line pressure. The LP gas regulator then opens to admit LP
gas into the system. A separate power mixture adjustment in
the LP gas line provides precise control of airfusl ratios for
each of the two fuels. Changeover Is automatic when the
engine Is running.

Figure 36. Dual Natural and LP Gas System

One type of vaporizer-regulator uses heated engine coolant
to vaporize the liquid fuel. The engine coolant is kept heated
even when the engine is not running, by means of an engine
coolant heater powered by the Normal (Utility) electrical
plower source.

NOTE: It Is the pollcy of Generac to include an electrical
engine coolant heater (block heater) on all engine-gener-
ators equipped with a liquid withdrawal type LP gas fuel
system, unless the buyer specifically requests that such
a8 heater not be Installed. Optional "annunciator" panels
Are avallable which inciude a "Low Coolant Temperature"
warning , should the engine coolant heater fall to keep the
coolant above a preset temperature. See "OPTIONS AND
ACCESSORIES" in Chapter 12.

Gaseous Fuel System Piping

The following general rules apply to piping used in gaseous
fuel systems:

[IThe piping should be of black iron, rigidly mounted and
protected against vibration.

Cinstalt an approved length of flexible hose between the
engine-generator connection point and rigid piping.

DPiplng must be of the correct size to maintain the re-
quired supply pressures and volume flow under varying
conditions, especlally when fuel is supplied in vapor or
taseous form.
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Gaseous Fuel System Piping (Continued)

[Jinstalted piping must be properly purged and leak-
tested, in accordance with applicable codes and stand-
ards. '

(Ouse an approved pipe sealant or joint compound on all
threaded fittings, to reduce the possibility of leakage.

NOTE: In the absence of local purging and leak test
standards, NFPA No. 54 may be used as a gulde. See
"Standards Index" on Page 1.

Gaseous Fuel Pipe Sizes

A "Gas Flow-Pipe Size Chart" Is included in Chapter 13,
"SPECIFICATIONS AND CHARTS". The chart may be used
to determine the correct diameter for plpes used in gaseous
fuel systems, where the fuel is delivered to the generator in
gaseous state. Instructions for use of the chart are also
included. To calculate the pipe sizes required the installer
must know (a) the length of the gas piping run, and (b) the
cubic feet of gas needed to sustain engine operation under full
load.

~ LP Gas System with Remote-Mounted
Components

LP gas Is highly explosive. The gas is heavier than air and
tends to settle in low areas. If leakage occurs in a structure,
the slightest spark can cause an explosion. Some Installers
may wish to provide protection against gas leakage and
possible explosion. One method of accomplishing such extra
safety is shown in Figure 37. A fuel filter, fuel lockoff solenoid
and primary regulator are housed in a compartment that is
external to the structure housing the engine-generator. A
second fuel lockoff solenoid is installed between the supply
tank and the filter. Engine coolant lines are routed from the
engine-generator to the remote primary regulator, to vaporize
the fuel before it enters the structure. Gas enters the structure
ata reduced presure of about 4.5 inches (water column). One
of the fuel lockoff solenoids will close on engine shutdown, to
prevent entry of gas into the structure during non-operating

" periods. A leak detector, mounted low inside the structure, can

be connected so as to close the second fuel lockoff solenoid
on occurence .of a gas leak. The leak detector can also be
wired in such a way that engine-generator cranking and star-
tup will not be possible if leakage exists inside the structure.

Figure 37. LP Gas System with Remote-Mounted Components for Safety (Typical)
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Chapter 10. GENERATOR AC CONNECTION SYSTEM

General

Generac engine-generators may be equipped with any
one of several different stator configurations. The electrician
who installs a standby generator, as well as service techni-
cians, must be familiar with these different stator configura-
tions and the various stator connection systems.

Each generator is assigned a "Voltage Code" which indi-
cates the rated voltage, phase and frequency of the genera-
tor. Many of the "Voltage Codes* currently in use are listed
inthe *Voltage Codes and Stator Connection Systems” chart
at the bottom of this page. Each Voltage Code uses a
specific stator connection system to obtain a certain Voitage
Code.

Single and 3-phase stator windings are connected in a
specific manner, in order to obtain a specific rated AC output
voltage. The final voltage setting is then established within
the desired range by adjusting the AC voltage regulator.

Generator AC Connection Panel

On a typical standby generator, the AC connection panel
is that sheet metal enclosure directly below the control panel.
See Figure 1. It is often called the *lower panel". The AC
output leads are routed out of the stator can and into this
"lower panel”.

Either four (4) or twelve (12) stator leads are brought out
into the lower panel. This section deals with how the stator
leads are connected to deliver a certain voltage. Connection
of the stator leads should be accomplished in accordance
with the appropriate connection diagram. Use the diagram
that is appropriate for the number of leads and the voltage
range required.

AMMETER g::l:TE
TRANSFORMERS TERMINALS
AC
CIRCUIT
BREAKER |
STATOR
LEADS

Figure 1. Generator AC Connection Panel (Typical)

Notes for Chart
* Voitage Codes "B" and "C" are obsolete but were used
prior to 1988.
** Stators with Voltage Code "D* can supply 1-phase
output at up to the full capacity of the generator. Do NOT
reconnect these units to 277/480 volts (High Wye).

Voltage Codes and Stator Connection Systems
CoDE ot voLTs PHASE HERTZ WINDINGS LEADS STATOR CONNECTION SYSTEM
A 120/240 1 60 2 4 Dual voltage, 3-wire, 1-phase
B* 120/2b8 3 60 6 12 Low Wye (Parallel Wye)
c* 240/416 3 60 6 12 High Wye (Series Wye)
D** 120/240 1&3 60 6 12 Delta
G 120/208 3 60 6 12 Low Wye (Paralle! Wye)
‘H 240/416 3 60 6 12 High Wye (Series Wye)
J 120/240 3 60 6 12 Delta
K 277/480 3 60 6 12 High Wye (Series Wye)
L 600 3 60 6 4 . Wye Connected
M - 110/220 1 50 2 4 Dual voltage, 3-wire, 1-phase
N 115)200 3 50 6 12 Low Wye (Parallel Wye)
P 100/200 3 50 6 12 Delta
R 231/400 3 50 6 12 High Wye (Series Wye)
s 480 3 50 6 12 ~ Wye Connected
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Generator AC Connection Panel (Contin-
ued)

*Stators with six windings and twelve leads coming out are
usually connected by means of “bolted junctions”. The cus-
tomer load leads brought out from these bolted junctions may
or may not be connected to a panel-mounted circuit breaker.
If a main circuit breaker is installed, the instalier need only
connect the load leads to the breaker (unless reconnection
is necessary). f required, the installer will have to install a
main circuit breaker.

Dual Winding, 1-Phase Stators
See Figure 2, below. Units with Voltage Codes "A" and "M*

have stators with dual windings. Two leads are brought out
of each winding and routed into the AC connection panel, for
a total of four (4) leads. The leads are numbered 11, 22, 33
and 44. Leads No. 11 and 44 are the two *hot" leads (E1 and
‘E3). The junction of leads 22 and 33 form the “Neutral”
connection (00).

Each winding can supply a 120 voits AC output at 60 Hertz,
or a 110 volts output at 50 Hertz. When the two windings are
connected in series, a 240 volts, 60 Hertz (or 220 volts, 50
Hertz) AC output resuits.

r‘—mo VOLTS 120 VOLTS —Pnd
00

: L‘——— 240 VOLTS =

E1 E2

Figure 2. Dual Winding, 1-Phase Stator System

Parallel Wye or Low Wye Stator
See Figure 3. Paraliel (or Low Wye) stators have six
windings and twelve (12) leads brought out into the lower
panel. This type of stator system can be used to supply the
voltages indicated in the following CHART.

_ |
TR connect | L1l 12| 13| NeutmaL
156110 | ST0-511-572
208 120 | S4-55-S6
60 [220 127
Hz|230 133 51-57 e1] e2| e3] sto-s11-s12
240 139 S4-55-S6
50 {190 110 S2-58
Hz|200 115
| e 120 $3-59 I
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Figure 3. Parallel Wye (Low Wye) Stator

High Wye LSerIes Wyeg Stator

Figure 4 shows a "High Wye" or "Series Wye" stator
connection system. The stator has six (6) windings, with
twelve (12) leads brought out into the lower panel. The
following CHART indicates how the twelve leads are con-
nected to form output feeder lines L1, L2, L3 and "Neutral®.

PR -—
VOLTAGE
L-L] L-N CONNECT L1§L2
380 219 | S10-511-512 | [ | |
416| 240
60 {440| 254 $5-S8
HZ{460| 266 E1| E2 S$10-S11-S12
480§ 277 S6-S9
3013801219 S4-S7
HZz|400] 231
416] 240

s7
L-L
s12 4510

s11

sssgflﬂf’wss :
ss,,ﬂ“H‘ \11"1\%
L‘“—_—’{ L

L
Figure 4. Series Wye (High Wye) Stator Connections




High Delta Connection System
See Figure 5. This stator has six (6) windings with twelve
(12) leads brought out into the lower panel.

CONNECT L1 NEUTRAL
S4-87
§5-S8
S$6-S9 E1
$1-S11
§2-S12
$3-S10
I
s;' s12
ss/; %\59
S8 $8 ¢
SN A A A A AA A A Sy
b St S4 | 57 S10| ‘2
]

Figure 5. High Delta Connection System

Low Delta Connection System
Units with 6-coil, 12-lead stators can be reconnected to
form a "Low Deita® system, shown in Figure 6. This type of
connection system can deliver the voltages shown in the
following CHART.

———— - ——

IVOLTAGE )
| | CONNECT L1] L2} L3
’6.'02 120 $1.87-S6-S12

139 $2-S8-S4-S10 | E1| E2} E3
50100 $3-59-S5-S11
HZ

120

—— ——

The Zig-Zag Connection System
Units having tweive lead, reconnectable stators can be
reconnected to form a "Zig-Zag" connection system (see
Figure 7).
The Zig-Zag system can be used to supply a line-to-line
voltage of 240 volts, or a line-to-neutral voltage of 120 volts
as indicated in the following CHART.

—
VOLTAGE
kL CONNECT L1]| L2 NEUTRAL
120 S3-S9
240
$1-86-§7-S12 | E2| E3 sS4
S$2-S8

$4-510-S5-S11
m—

sS4

N (1 ::::]Sz ty
S11 S8

120V ——————>1

S3

L7.

120v P

240V \an

Figure 7. Zig-Zag Connection System

Multi-Voltage Changeover Boards
GENERAL:

Some engine-generators with 12-lead, reconnectable sta-
tors may be equipped with a voltage changeover board. Such
a board permits the installing electrician to reconnect the 12
stator leads quickly and easily. By reconnecting the leads to
the proper connection system configuration, the rated voltage
and phase can be changed. The use of changeover boards
is especially desireabie in rental or other applications where
AC output #bitage needs 1o be changed frequently.
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Multi-Voltage Changeover Boards (Con-
tinued)
DESCRIPTION: .

Atypical voitage changeover board consists of (a) a STUD
BOARD, and (b) a STRAPPING BOARD as shown in Figure
8. The stator's twelve (12) AC output leads connect to studs
on the stud board. By changing the position of the strapping
board on the stud board, the connection system and the unit’s
rated voltage can be changed. Terminal studs are provided
for the connection of customer load leads E1, E2, E3 and
Neutral. .

[TTEM | Q7Y | DESCRIPTION |
4 1 Stud Board
5 1 suapglng Board
8 3 witch
14 8 Flatwasher
15°* 8 Lockwasher
17 4 Capscrew
18 30 . ud
19 105 | Flatwasher
20 105 Lockwasher
21 105 Hex Nut
* Board Mounting Hardware

Figure 8. A Typlcal Voltage Changeover Board

THE STUD BOARD:

See Figure 9. The stud board has 19 studs. The board also
mounts three (3) switches, identified as "St", “S2" and "S3".
Numbers adjacent to each stud identify the stator lead that
attaches to the stud.

THE STRAPPING BOARD:

Strapping boards are available which permit the system to
be reconnected (a) High Wye, (b) Low Wye, (c) High Delta,
or (d) Zig-Zag configuration. These are shown in Figures 10
through 13.

HIGH WYE STRAPPING BOARD:

See Figure 10. Notice that certain holes in the strapping
board are linked together by metal strips. Also, notice the
small square "window"” at the center right side of the board.
When the High Wye strapping board is installed over the
studs of the stud board, a "High Wye®" connection system
results as discussed on Page 30. See "High Wye (Series
Wye) Stator" on that page. The small square window on the
board prevents switch "S3" from being depressed when the
board is installed. Switches "S1* and “S2*, however, will be
depressed by strapping board installation.
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Figure 9. A Typical Stud Board

H'Igh Wye Strapping Board
osition on Stud Board
Switch 1 & 2 Depressed
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Figure 10. High Wye Strapping Board
LOW WYE STRAPPING BOARD:

Installation of the "Low Wye" strapping board onto the stud
board results in a "Low Wye" connection system. See *Par-
allel Wye or Low Wye Stator" on Page 30. When the Low Wye
strapping board is installed, Switches S1 and S2 are NOT
depressed; Switch 3 is depressed.
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Figure 11. The "Low Wye" Strapping Board

HIGH DELTA STRAPPING BOARD:
See Figure 12. Also see "High Delta Connection System"
on Page 31.
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Flgure 12. High Delta Strapping Board

ZIG-ZAG STRAPPING BOARD:

The zig-zag strapping board is discussed under "The
Zig-Zag Connection System® on Page 31. Figure 13 shows
the board position on the stud board. The three small, square
windows on the board indicate that no switch is depressed.

NOTE: The Installer must ensure that the selected volt-

ag: and phase are compatible with the load voltage and .

and that all leads are properly connected.

Figure 13. Zig-Zag Strapping Board

Voltage-Phase Selector Switches
Some engine-generator models may be equipped with a
VOLTAGE-PHASE SELECTOR SWITCH. See Figure 14.
The desired voltage and phase can be selected by (a) actu-

ating the switch to the desired position, and (b) connecting

the generator's AC output leads properly for the desired
voltage and phase. The unit may be equipped with either a
2-position or 3-position switch.

A. A 2-Position Switch ~ B. A 3-Position Switch

C(ZOIZAOV 1838 120/208v ”\\ (( 1207240V \\
' 1207208 ' I480V
‘ '
\ Q ) L )

Figure 14. Voltage-Phase Selector Switches (Typical)

Some Other Stator Connection Systems
GENERAL.:

"~ The stalor connection systems indicated in the CHART on
Page 29 and discussed in the pages that follow are standard
systems. From time to time, installers or technicians will
encounter some other types of stator connection systems.
Some of these other connection systems may be identified
as follows:
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Some Other Stator Connection Systems (Continued)

The 10-Lead High Wye System.

The 10-Lead Low Wye System.

The 6-Lead Wye Connected System.

The 6-Lead Delta Connected System.
The 4-Lead Wye Connected System.

The 3-Lead Delta Connected System.
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THE 10-LEAD HIGH WYE SYSTEM:

See Figure 15. These are dual voltage engine-generators
having six windings in their stator. There are either 12 or 24
cables coming out of the stator.

VOLTAGE
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Figure 16. The 10-Lead Low Wye System
T
r; THE 6-LEAD WYE CONNECTED SYSTEM:
Lol This system has a stator with six (6) windings and either 6

or 12 leads coming out of the stator. See Figure 17.
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Figure 15. The 10-Lead High Wye System

THE 10-LEAD LOW WYE SYSTEM:

These are dual voltage units having a stator with six
windings. Either 12 or 24 cables are brought out of the stator.
See Figure 16. Voltage and cable connections for this type
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of system are listed in the CHART that follows.
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Figure 17. The 6-Lead Wye Connected System

THE 6-LEAD DELTA SYSTEM:
This system has a 3-winding group in its stator, with either
6 or 12 cables brought out into the lower panel.
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Figure 18. The 6:Lead Delta System

4-LEAD WYE CONNECTED SYSTEM:

This stator has 3 windings, with one end of each winding
connected together. There are 4, 8 or 16 cables coming out
of the stator. Wiring connections are indicated in the CHART
that follows, and illustrated in Figure 19.

CE - .
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380 | 219 A
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460 | 266 ‘
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Figure 19. The 4-Lead, Wye Connected System

THE 3-LEAD DELTA CONNECTED SYSTEM:

This stator has 3 windings with one end of each winding
connected into a Delta system internally. There are 3, 6 or 12
cables (or 3 bus bars) coming out of the stator. See Figure
20. - S
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Figure 20. The 3-Lead Delta Connected System
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Chapter 11. TRANSFER SWITCHES

Introduction

A transfer switch Is required by code, as part of an engine-
generator power system, to isolate the different power sources
from each other. The NORMAL (Utility) and STANDBY (Gen-
erditor) power supplies both connect to the transfer switch,
which must function to perform the following tasks:

[Jthe transfer switch must positively prevent the two
power supplies from feeding the LOAD circuits simul-
taneously.

[JThe switch must positively isolate the LOAD circuts from
the NORMAL power supply while the engine-generator
is supplying those circults.

The transfer switch must provide for the transfer of
- critical electrical loads to a STANDBY (Emergency)
source {such as the engine-generator) when the NOR-
MAL (Utility) power supply has failed or has dropped
below an acceptable level.
NOTE: You may wish to review the Information in Chapter
1, "ENGINE-GENERATOR POWER SYSTEMS", on Pages
3 through 5.

Manually Actuated Transfer Switches

Some advantages of manually operated transfer switches
are (a) simplicity, (b) relatively low initial cost, and (c) reduced
maintenance costs.

-Figure 57 (below) shows an example of one typical manual
transtfer switch. When this type of switch is used, the operator
must crank and start the engine-generator. He must then
actuate the transfer switch comacts to supply the LOAD
clrcuits from the STANDBY power source side. When the
NORMAL power supply has been restored, he must actuate
the transfer switch contacts back to the source and then shut
the engine-generator down.

it a manual transfer switch is to be installed, the installer
must ensure that the switch Is capable of carrying full load
currents, as well as the thermal affects of short circult currents.

Figure 57. A Typical Manual Transfer Switch

GENERATOR
IN (AUX.)
TOLOAD | ..J

CIRCUITS

, , NO H
LINE (UTILITY} -
TO GROUND %ﬁ
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Automatic Transfer Switches

TRANSFER SWITCH APPLICATIONS:

Automatic transfer switches may be provided as open
devices, for use in switchboards and motor control centers.
They may also be mounted in their own enclosure or cabinet.
The installer can selecta NEMA 1 enclosure for general indoor
applications; a NEMA 3R enclosure for weather-tight cutdoor
protection; or a NEMA 12 enclosure for severe industrial
conditions. : :

An automatio transfer switch is equipped with solid state
circults which constantly monitor the NORMAL (Utility) power
source voltage. Should that power source voltage drop below
a preset level, the transfer switch will (a) signal the engine-
generator to crank and start, and (b) transfer LOAD circults to
the STANDBY (Generator) power supply. Following transfer
to STANDBY, the transfer switch continues to monitor the

- NORMAL (Utility) power supply voltage. On restoration of that

power source above a preset voitage, LOAD circuits will be
retransferred back to the NORMAL source and the engine-
generator will be shut down automatically.

A TYPICAL TRANSFER MECHANISM:

Figure 58 shows one typical transfer mechanism which
houses the main load-carrying contacts. The "Wn" type is
shown. The sliver alloy main contacts are electrically actuated
and mechanically held. The mechanism shown Is a “3-pole”
type. Transfer mechanisms equipped with 2 and 4 poles are
also avallable.

NOTE: At the time this was written, "Wn" type automatic
transfer switches (rated 600 volts) were not avallable with
2-pole transfer mechanisms. The "Y" type switches, rated
up to 250 volts, are avallable with 2, 3 or 4 poles. Whan
ordering a transfer switch, the purchaser must specify (a)
rated voltage, (b) rated phase, (c) rated current. Some
switches that are rated single phase will be equipped with

- 8 3-pole transfer mechanism. However, since the unit Is

rated for 1-phase, factory wiring to the third pole (N3, E3,
T3) is omitted and a 1-phase utllity voltage sensing inter-
face Is installed.

Figure 58, A Typlcal 3-Pole Transfqr M_ecl_ianlsm
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Automatic Transfer Switches (Continued)

HOW LOADS ARE RECONNECTED:

Load Connected to the NORMAL Power Supply: See
Figure 59. LOAD terminals are connected to the NORMAL
power source side and disconnected from the STANDBY
source side.

Figure 59. LOAD Connected to NORMAL Side

UTRITY SOURCE SELECTED
"A° POSITION ON, *B* POSITION OFF - *

STANDBY
*B” POSITION

|- 4

NORMAL
*A" POSITION

NOTE: Figures 59, 60 and 61 represent a "Wn" type trans-
fer mechanism. For "Y" type switch positions, see Page
46.

"Neutral” or "Tripped" Position: Figure 60 shows the

LOAD contacts disconnected from both the NORMAL and ,

STANDBY power source sides.

NOTE: Some automatic transfer switches ma y be
equipped with a "Time Delay at Neutral” feature. By allow-
Ing the LOAD to be disconnected from both power sup-
plles for a preset time, residual voitages generated by
heavy Inductive loads can decay to a safe level before the
LOAD Is reconnected to a power source. This feature
offers some protection against nulsance tripping of cir-

cult breakers or blowing of fuses that can occur during

rapld transfer of heavy inductive loads.
Flgure 60. "Neutral” or "Tripped" Position

NEUTRAL (TRIPPED) POSITION
A & B POSITIONS BOTH OFF

NORMAL
*A* POSITION

STANDBY
*8° POSITION

LOAD

Load Connected to STANDBY Source Side: See Figure
61. The STANDBY main contacts are connected to the LOAD
contacts. The engine-generator is supplying the LOAD.

ANGER: DIFFERENCES MAY EXIST BETWEE
RANSFER SWITCHES. BE SURE TO READ AL

LY WITH ALL INSTRUCTIONS CAN RESULT |
ERSONAL INJURY, AS WELL AS DAMAGE T
QUIPMENT AND/OR PROPERTY.

Figure 61. Load Connected to STANDBY Side |

" STANDBY SOURCE SELECTED
“B* POSITION ON, A" POSITION OFF

STANDBY ) 2R [NORMAL
-*B* POSITION *A* POSITION

Loap

Transfer Switch Selection

GENERAL: .

Transfer switches are an integral part of a unified, coor-
dinated electrical distribution system. For that reason, certain
factors should be considered when selecting the transfer
switch to be used. These factors are:

[Clpistribution system parameters.

CJFunctional circuit demands.

DSystem coordination.

[JEnvironmental or unusual operating conditions.

[satety.
DISTRIBUTION SYSTEM PARAMETERS: .

The "Transfer Switch Selection Chart” on next page is a
simplified guide for selecting a transfer switch. The Chart
includes a list of operating system parameters, switch ratings,
avallable enclosuyres and required options.

FUNCTIONAL CIRCUIT DEMANDS:

An automatic transfer switch that can monitor all phases of
the NORMAL (Utility) power supply is sald to offer complete
protection. Other transfer switches are said to offer partial ,
protection, '

SYSTEM COORDINATION:

The transfer switch must be properly coordinated with the
rest of the electrical distribution system. That is, the switch
must be carefully selected on the basis of the distribution
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Transfer Switch Selection (Continued)

system'’s voltage, continuous current, AC frequency, short
cireuit capabilities, etc.

The continuous current rating of the transfer switch should
be determined based on both the NORMAL and STANDBY
loads being supplied. Two factors are especially important
when coordinating the transfer switch with the rest of the
system: )

[JThe switch mustbe capable of carrying full load currents
and must also be able to withstand the thermal and
electro-magnetic effects of short circutt currents.

ransfer equipment and assoclated wiring must be

. provided with suitable protective devices (circuit
breakers or fuses). These devices must be able to clear
a fault without extensive damage.

Under abnormal operating condlitions where a fault exists
between the transfer switch and the LOAD, the switch may be
subjected to (a) withstand, (b) closing, and (c) interrupting
conditions as follows:

[ IWith the switch main contacts closed to the NORMAL
power source side, it must be able to WITHSTAND the
energy let-through of the NORMAL service protective
device while that device interrupts the fauit.

_JWhen the STANDBY power supply is available, the

* transfer switch could transfer the LOAD before the NOR-
MAL system's protective device clears the fault. This
requires that the transfer switch be capable of INTER-
RUPTING the protective device’s let-through current.

[JThe transfer switch might have to "close In" on a fault
and, for that reason, a CLOSING rating is required.

NOTE: Special circultry may be required to make sure the
transfer switch operates safely under interrupting, clos-
ing and withstand conditions. Publications that outline
the safe use of transfer switches sre (a) the National
Electric Code and (b) UL 1008, "Standard for Safety,
Automatic Transfer Switches".

Installation Requirements

In most cases, Generac transfer switches will be housed in
a sturdy, steel, lockable enclosure. Installation requirements
include the following: .

L—_]Mouming the enclosure.

[(Jconnection of engine-generator start/stop wires.

CJconnection of power source and load lines.

Ulinstallation/connection of any options or accessories.

DCompletlrig all required functional tests of the system, as
well as system' adjustments.

Mounting the Enclosure

Refer to the appropriate instruction manual for the transfer
switch to be Installed. Comply with mounting instructions in
that manual. Some switch enclosures are designed for wall
mounting and should be installed vertically onto a rigid sup-
porting structure. Some enciosures, especilally larger ones,
are intended for floor mounting. Handle the transfer switch
carefully and protect it againstimpact. Protect the switch from
metal chips, construction grit, lint, filings, dust, etc. Never
attempt to use a transfer switch that has become damaged.

1. SYSTEM DATA NORMAL STANDBY
Voltage
‘Frequency
Phase

No. of Wires

Current Rating

Traqsfer Switch Selection Chart

Availabie short circuit current at point where the
Transter Switch Is to be installed

Interrupting rating of the upstream protective
device ' :

2. AUTOMATIC TRANSFER ‘SWITCH RATINGS
" Voltage ‘
Continuous Current
Withsrand
Closing
Interrupting

3. TYPE OF ENCLOSURE (CHECK ONE)

) Open

) NEMA 1 General Purpose
) NEMA 3R Outdoors

) NEMA 12 Industrial

) Other (Speclfy)

A~ p— p—

4. OPTIONS OR SPECIAL EQUIPMENT




Connection of Start Circuit Wiring

Sultable, approved wiring must be properly connected to a
2-wire startterminal strip in the transfer switch enclosure and
to an identically numbered terminal strip in the engine-gener-
ator’s AC connection (lower) panel. Route these wires through
thelr own conduit, separated from wires of any other power
source. Recommended wire sizes depends on the length of
the wiring run, as follows: .

MAXIMUM WIRE LENGTH RECOMMENDED WIRE SIZE

460 feet (140 meters No. 18 AWG
730 feet (223 meters No. 16 AWG
1160 foet (354 meters No. 14 AWG
1850 feet (565 metars No. 12‘AWG

Power Source and Load Lines

Power source and load line conductors mustbe (a) properly
supported, (b) of approved insulative qualities, and (c) of the
correct wire gauge size.

When connecting power source and load lines, remove
surface oxides from stripped ends of wires with a wire brush.
#pply joint compound to stripped ends of condtctors. Tighten
terminals to the specified torque value, as glven in the instruc-
tion manual for the specific transfer switch,

Before connecting any 3-phase power supply to the transfer
switch, make sure the switch Is rated for 3-phase use. Similar-
ly, connect a 1-phase power supply only to a switch that Is
rated for 1-phase use.

ANGER: ALWAYS TURN OFF ALL POWE
UPPLY VOLTAGES TO THE TRANSFE
WITCH BEFORE ATTEMPTING TO CONNEC
NY POWER SOURCE AND LOAD LINES. BOT

E "NORMAL" AND "STANDBY" POWER SUP
LIES MUST BE POSITIVELY TURNED OFF
AILURE TO TURN OFF ALL POWER VOLTAG
UPPLIES TO THE SWITCH MAY RESULT |
ANGEROUS AND POSSIBLY LETHAL ELECTRI
AL SHOCK. - '

EAUTION: Be sure to maintain proper electrica
clearances between live electrical parts an
rounded metal. Allow at least one-half inch o
learance for 100-400 amp circuits: allow one inc
or circuits over 400 amps.

}

Multi-Volitage Transfer Switches

Multi-voltage transfer switches are available. These trans-
fer switches allow greater flexibility of use since they permit
several different voltage and phase selections by the installer.

Multi-voitage transfer switches are equipped with a "muiti-
voltage intertace panel” (Figure 62). The typlcal panel shown
permits selection of any one of five voltage/phase ratings (480

volt, 3-phase; 416 volt, 3-phase; 240 volt, 3-phass; 208 volt,
-3-phase; 240 volt, 1-phase). To select a specific voltage and
_phase rating, plug the panel connector plug into the interface
-panel receptacle indicated by the cofrect voltage and phase.

NOTE: On some butomatlc transfer switches, it may be

necessary to position a Voltage Selector switch on a
Utllity Voltage Sensor circult board to the correct voltage-
phase setting. Refer to appropriate transfer switch in-
structions.

NOTE: The transfer switch’s Utility Voltage Sensor circuit
board should be calibrated to match the ACTUAL NOR.
MAL power source voltage. Refer to appropriate instruc-

- tons.

 NOTE: A special procedure may be required when ¢on-

necting a 1-phase power supply to a 3-pole muiti-voltage
transfer switch. Refer to the appropriate Instruction
manual,

Flgure 62. A Typlcai Mulil- Voltage Interface Panel

: 480 v« '
E 3-PHASE

MULTIVOLTAGE
INTERFACE
PANEL

416 V.
c:Ja-pmxse
240V,
{ 3-PHASE
208y
[ 3-PHASE

CAavom: .
INTERFACE PHASE
MUST MATCH
UNUTY PHASE

R 240 y
E <gi-PHASE .
 — J

|
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Chapter 12. ELECTRICAL CONNECTIONS

General

All wiring In the standby slectric power system must be in
strict compliance with applicable codes, standards and regula-
tions. Such wiring must be properly supported, properly
routed, and properly connected. In addition, wiring must be
properly sized to carry the maximum load current to which it
will be subjected.

Chapter 10 discusses and illustrates many of the stator AC
connection systems used on engine-generators. When con-
necting an engine-generator into the electric system, be sure
to refer to appropriate wiring diagrams and schematics for the
specific model being installed.

A "Standby Electric System Interconnection Diagram” is
included in Chapter 13 of this manual.

Engine-Generator Connections

Customer LOAD leads must be connected in the engine-
generator's AC connection (lower) panel. In most cases, an
opening must be provided in the panel for a conduit clamp and
routing of AC leads into the lower panel interior. Before con-
necting AC cables, remove surface oxides with a wire brush.
Apply joint compound to the stripped ends of conductors, then
install the conductors and tighten terminal screws to their
specified torque. After tightening, wipe away excess joint
compound.

Some units mount a main line circuit breaker (MLCB) on
the AC connection panel side. If this is the case, connect
customer LOAD leads to the appropriate terminals on the
circuit breaker. If the unit is not equipped with a main line
breaker, an approved breaker must be provided.

Transfer Switch AC interconnections

Chapter 11 outlines some basic information pertaining to
transfer switches. Be sure to follow the instructions in the
applicable transfer switch manual.

Automatic Start/Stop Connections

A start/stop terminal strip Is provided in the engine-gener-
ator's AC connection (lower) panel. Terminals 178 and 183
are identified on the terminal strip. Connect appropriate wiring
to the engine-generator terminal strip and to identically num-
bered terminals in the automatic transfer switch enclosure.

NOTE: Also see "Connection of Start Circult Wiring" on
Page 38.
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_Chapter 13. SPECIFICATIONS AND CHARTS

Identification of Engine-Generators

DATA PLATE:

A Data Plate is prominently affixed to the standby gen-
erator set. The Data Plate provides the following informa-
tion:

- Serial number

- Rated voltage

. Rated maximum continuous current of the generator

. Rated maximum continuous power output in watts or kW
. Rated phase of generator (1 or 3-phase)

« Rated AC frequency in Hertz

. Rated RPM of the revolving field (rotor)

. Power factor of unit (usually1.0 for 1-phase units, and 0.8
for 3-phase units)

DATA CARD:

A “Data Card" is shipped with each standby generator
set. This card provides valuable information about the unit

When requesting information, asking for service, ordering:

parts, etc., you may be asked to provide information from
this card. A typical Data Card is shown at right. The Data
Card provides the following information:

GENERAC CORP.

MODEL NO. 97A 01256 S DATE 9/15/97
SG045-A164.3GIRCDYNY

GROUP DESCRIPTION ASSEMBLY NUMBERS

A Generator 00000 00000

B Control Panel 00000 00000 00000
C Mounting Base 00000 00000 00000
D Engine & Accy. 00000 00000

E Fuel Systems 00000

G Wiring Diagrams 00000 00000 00000

Generator Model Number

Date of Manufacture

Generator !dentification Code (see below)
Generator Assembly Groups and drawing numbers

Generator Identification Code

P

S G 043 A 1 6 43 N 18

c D IN%

Unit has a Main Line Circuit
Breaker (“N” indicates no MLLB)

No unit-mounted exhaust mufiei
(“Y” indicates unit has one)

_»Unlt has a compartment
(“N” indicates no compartme-?)

e ————— Direct excited with brushes

(“B” Is brushless unit)

>|ndlcates controi panel option
(A,B,C,DorP)

e———————————- D = Diesel fuel system

g Governed Speed of Rotor
(18 = 1800 rpm, 36 = 3600 rpm)

N = Natural Gas fuel system
L = LP Gas fuel system

G = Gasoline fuel system

- Engine displacement in liters

#1-%838 Unit

# Voltage Code (see Table 1)
# Rated kilowatts
| #G&s Englne (“D" for diesel)

sl Unit is rated 60 Hertz
“5” indicates 50 Hertz

(“3” indicates 3-phase)

Page 41




) Table 1. Voltage Codes

VOLTAGE RATED NO. OF NO. OF TYPE OF .

CODE vOLTS PHASE HERTZ WINDINGS LEADS STATOR CONNECTION SYSTEM

A 120/240 1 60 2 4 Dual voitage, 3-wire, 1-phase

B* 120/208 3 60 6 12 Low (Paraliel) Wye

c* 240/416 3 60 6 12 High (Series) Wye

D™ 120/240 1&3 60 6 12 Deita

G 120/208 3 60 6 12 Low (Parallel) Wye

H 240/416 3 60 6 12 High (Series) Wye

J 120/240 3 60 6 12 Delta

K 277/480 3 60 6 12 High (Serles) Wye

L 600 3 60 6 4 Wye Connected

™M 1107220 1 50 2 ) Dual voltage, 3-wire, 1-phase

N 115/200 3 50 6 12 Low (Parallel) Wye

P 100/200 3 50 6 12 Deita

R 231/400 3 50 6 12 High (Serles) Wye

S 480 3 50 6 4 Wye Connected

* Voltage codes “B" and “C" are obsolete, but were used prior to 1988. ** Units with Voltage Code “D” can supply 1-phase output at up to full
rated capacity of the generator, but cannot be reconnected to 277/480
volts (High Wye).
Table 2. General Specifications for Gas Fueled Generators
POWER ENG. SIZE
FREQUENCY| RATING IN LITERS ENGINE GENERATOR EXCITATION

MODEL (HERTZ) (NOTE 1) | PHASE (NOTE 2) RPM RPM (NOTE 3)

SG008* 60 8.0 kW 1,3 480cc 3600 3600 Direct
50 8.0 kVA 1,3 480cc 3000 3000 Direct

SG010 60 12.0 kW 1,3 1.6 1800 1800 Direct
50 12.0 kVA 1,3 1.6 1500 1500 Direct

SG015 60 15.0 kW 1,3 3.0 1800 1800 DorB
50 15.0 kVA 1,3 3.0 1500 -~ 1500 DorB

SG015 60 15.0 kW 1,3 1.6 1800 1800 Direct
50 15.0 kVA 1,3 1.6 1500 1500 Direct

SG020 60 20.0 kW 1,3 1.6 3600 3600 Direct
50 20.0 kVA 1,3 1.6 3000 3000 Direct

$G020 60 20.0 kW 1,3 3.0 1800 1800 DorB
50 20.0 kVA 1,3 3.0 1500 1500 DorB

SG025 60 25.0 kW 1,3 3.0 1800 1800 DorB
50 25.0 kVA 1,3 3.0 1500 1500 DorB

SG035 60 35.0 kW 1,3 4.3 1800 1800 DorB
50 35.0 kVA 1,3 4.3 1500 1500 DorB

SG045 60 45.0 kW 1,3 4.3 1800 1800 DorB
50 45.0 kVA 1,3 4.3 1500 1500 DorB

SG050 60 50.0 kW 1,3 57 1800 1800 Brushless
50 50.0 kVA 1,3 5.7 1500 1500 Brushless

SG070 60 70.0 kW 1,3 7.4 1800 1800 Brushless
50 70.0 kVA 1,3 7.4 1500 1500 Brushless

SG085 60 85.0 kW 3 5.7 (GD) 3000 1800 Brushless
50 85.0 kVA 3 5.7 (GD) 2500 1500 Brushless

SG100 60 100 kW 3 7.4 (GD) 3000 1800 Brushless
50 100 kVA 3 7.4 (GD) 2500 1500 Brushless

SG125 60 125.0 kW 1,3 133 1800 1800 Brushless
50 125.0 kVA 1,3 13.3 1500 1500 Brushless

SG150 60 150.0 kW 1,3 13.3 1800 1800 Brushless
50 150.0 kVA 1,3 13.3 1500 1500 Brushless

SG175 60 175.0 kW 1,3 133 1800 1800 Brushless
50 175.0 kVA 1,3 13.3 1500 1500 Brushless

$G200 60 200.0 kW 1,3 13.3 1800 1800 Brushless
50 200.0 kVA 1,3 13.3 1500 1500 Brushless

NOTE 1: All 50 Hertz models are 0.8 Power Factor, inciuding 1-phase units. Alt 60 Hertz, 1-phase units are 1.0 (Unity) Power Factor.
NOTE 2: “T” indicates “Turbocharged™; “GD" indicates “Gearbox Driven.”
NOTE 3: “D" indicates “direct excited”; “B" indicates “brushless” units.
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Table 3. General Specifications for Diesel Engine Driven Generators

POWER ENG. SIZE
FREQUENCY | RATING IN LITERS ENGINE GENERATOR EXCITATION
MODEL (HERTZ) (NOTE 1) | PHASE (NOTE 2) RPM RPM (NOTE 3)
SD008 60 8.0 kW 1,3 1.0 1800 1800 Direct
50 8.0 kVA 1,3 1.0 1500 1500 Direct
SG010 60 10.0 kW 1,3 2.4 1800 1800 DorB
50 10.0 kVA 1,3 24 1500 1500 DorB
SD015 60 15.0 kW 1,3 24 1800 1800 DorB
50 15.0 kVA 1,3 24 1500 1500 DorB
SD020 60 20.0 kW 1,3 24 1800 1800 DorB
50 20.0 kVA 1,3 24 1500 1500 DorB
SD025 60 25.0 kW 1,3 3.0 1800 1800 DorB
50 25.0 kVA 1,3 3.0 1500 1500 DorB
SD030 60 30.0 kW 1,3 3.0(M 1800 1800 DorB
50 30.0 kVA 1,3 3.0(M 1500 1500 DorB
SD035 60 35.0 kW 1,3 3.0(M 1800 1800 DorB
50 35.0 kVA 1,3 3.0(M 1500 1500 DorB
SD040 60 40.0 kW 1,3 4.0 1800 1800 Brushless
50 40.0 kVA 1,3 4.0 1500 1500 Brushless
SD050 60 50.0 kW 1,3 4.0 (M) 1800 1800 Brushless
50 50.0 kVA 1,3 4.0(T) 1500 1500 Brushless
SD060 60 60.0 kW 1,3 4.0(M 1800 1800 Brushless
50 60.0 kVA 1,3 4.0(T 1500 1500 Brushless
SDO075 60 75.0 kW 1,3 4.0 (T/A) 1800 1800 Brushless
50 75.0 kVA 1,3 4.0 (T/A) 1500 1500 Brushless
SD080 60 80.0 kW 1,3 6.4(T 1800 1800 Brushless
50 80.0 kVA 1,3 6.4(T 1500 . 1500 Brushless
SD100 60 100.0 kW 3 6.4 (T/A) 1800 1800 Brushless
50 100.0 kVA 3 6.4 (T/A) 1500 1500 Brushless
| SD125 60 125.0 kW 3 6.4 (T/A) 1800 1800 Brushless
{ 50 125.0 kVA 3 6.4 (T/A) 1500 1500 Brushless
‘ SD125 60 125.0 kW 3 7.5(T) 1800 1800 Brushless
| 50 125.0kVA | 3 7.5(T) 1500 1500 Brushless
| SD150 60 150.0 kW 3 7.5 (T/A) 1800 1800 Brushless
50 150.0 kVA 3 7.5 (T/A) 1500 1500 Brushless
SD180 60 175.0 kW 3 7.5 (T/A/GD) 2300 1800 Brushless
50 175.0 kVA 3 7.5 (T/A/GD) 2300 1500 Brushless
SD200 60 200.0 kW 3 13.3(7) 1800 1800 Brushless
50 200.0 kVA 3 13.3(T) 1500 1500 Brushiess
SD230 60 230.0 kW 3 13.3 (T/A) 1800 1800 Brushless
50 230.0 kVA 3 13.3 (T/A) 1500 1500 Brushless
SD250 60 250.0 kW 3 13.3 (T/A) 1800 1800 Brushless
50 250.0 kVA 3 13.3 (T/A) 1500 1500 Brushless
SD275 60 275.0 kW 3 13.3 (T/A) 1800 1800 Brushless
50 275.0 kVA 3 13.3 (T/A) 1500 1500 Brushless

.

NOTE 1: All 50 Hertz models are 0.8 Power Factor, including 1-phase units. All 60 Hertz, 1-phase units are 1.0 (Unity) Power Factor.
NOTE 2: “T" indicates “turbocharged” engine; “A” indicates “aftercooled” engine; “GD" indicates “Gearbox Driven.” :
NOTE 3: “D" indicates “direct excited"; “B” indiqates “brushless” units.
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Table 4. Automatic Transfer Swltches

RATED

MODEL*™ AMPS

GTS010Y
GTS015Y
GTS020Y
GTS030Y
GTS042Y

GTSO010N
GTSO015N
GTS020N
GTSO030N
GTS040N
GTSO060N
GTS080N
GTS100N
GTS120N*
GTS160N*
GTS200N*
GTS260N"*

$E2888888888 BByE

** "¥Y" type switches are rated 250 volts maxl-
mum and are avallable with 2, 3 or 4 poles. "N"
type switches are rated 600 volts maximum and
are avallable with 3 or 4 poles.

TRANSFER SWITCH STANDARD FEATURES:

Single coli design.

Time delay at neutral.

Silver plated or siiver alloy main contacts.

System controls include (a) utility voltage sensing, (b)

automatic engino startup, (c) engine warmup before

transfer (d) engine minimum run timer, (e) engine
8) woeekly exerciser.

Slngle pole doublo throw (SPDT) auxiliary contacts.

Advisory lamps show main contacts position.

A NEMA 1 enclosure with locking door.

‘0000

DDD

TRANSFER SWITCH OPTIONAL ACCESSORIES:

A programmed logic control system.
NEMA 12 dustproof enclosure.
NEMA 3R rainproof enclosure.

Quick change multi-voltage capability.

Exterior meter package (voitmeter, ammeter, frequency
meter).

Preferred source selector switch.
Manual selector switch.

Remote automatic control circuit switch.
Signal before transfer contacts.
Additional auxiliary contacts.

00000 00000
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*Y* Type Main Contacts Positions

~ unuvv

*N* Type Main Contacts Positions

UTILITY SOURCE SELECTED
"A* POSITION ON, "8° POSITION OF

= NEUTRAL (TRIPPED) POSITION
A 8 8 POSITIONS BOTH OFF
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Table 6. Allowable Ampacities of Insulated Conductors

Rated 0-2000 Volts, 60° to 90° C. (140° to 194° F.)

Not More Than Three Conductors in Raceway or Cable or Earth
(Directly Burled), Based on Ambient Temperature of 30° C. (86° F.)

Iﬁmgﬁﬂﬁuiﬂﬁ RATING OND OR (See Table 7
. . 90 C. 60" C. ‘75 C. .
(140°F.) (167°F.) (194°F.) (140° F)) (167°F.) (194°F.)
TYPES TYPES TYPES TYPES TYPES TYPES
TWt, UFt FEPW¢ TA, TBS, SA TW¢$ RI:H:i RHW¢ TA, TBS,
AWG RHt, RHW{ SIS, FEPt UFt HW¢ SA, SIS, AWG
kemil THHW¢ FEPBt THW THHN${
THW{ RHH{, RHW2 THWN THHW{t
THWN THHNt, THHW{ XHHW THW2, THWN2
XHHW THW2, THWN2 USE¢t RHHJ RHW2
USEt,ZW¢|  USE2, XHH $e2
XHHW ‘XHH, XHHW
XHHW2, 2 XHHW2, ZW2
COPPER | ALUMINUM OR COPPER-CLAD ALUMINUM
18 | e e 14 - vonee aeee s
16 | e s 18 ase venne - coene
14 201 a5t 1 ... e | e censa
12 25 25 3 20t 25 12
10 30 35 25 35 10
8 40 50 55 30 40 45 8
6 55 65 75 40 50 60 6
4 70 85 95 585 65 75 4
3 85 100 110 65 75 85 . 3
2 95 115 130 75 90 100 2
1 110 130 150 85 100 115 1
1/0 125 150 170 100 120 135 10
2/0 145 175 -195 115 135 150 2/0
30 165 200 225 130 . 155 175 " 30
a0 195 230 260 150 180 205 40
250 215 255 290 170 205 230 250
300 240 285 320 190 230 255 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500
600 355 420 475 285 340 . 385 600
:700 385 460 520 310 375 420 700
750 400 475 535 320 385 435 750
800 410 490 555 330 395 450 800
' 900 435 520 585 355 425 480 900
1000 455 545 615 375 445 500 1000
1250 495 590 665 405 485 545 1250
1500 520 625 705 435 520 585 1500
1750 545 650 735 455 545 615 1750
2000 560 665 750 470 560 630
t Unless otherwise specifically permitted in the NEC, the overcurrent ection for conductor marked with

an obelisk (1) shall not exceed 15 amperes for No. 14; 20 amperes for No. 12, and 30 amperes for No. 10 co|
15 amperes for No. 12 and 25 amperes for No. 10 aluminum and co
for ambient temperature and number of conductors have been app
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Table 6. Allowable Ampacities of Insulated Conductors (Continued)
CORRECTION FACTORS:

For amblent temperatures other than 30° C. (86" F.), multiply the allowabile Amblent
ampacities shown in Table 6 matching columns by the appropriate factor shown below Temp. " F.
1.08 1.05 1.04 1.08 1.05 1.04 70-77
1.00 1.00 1.00 1.00 1.00 1.00 78-86
0.91 0.94 0.96 0.91 0.94 0.96 8795
0.82 0.88 0.91 0.82 0.88 0.91 96-104
0.71 0.82 0.87 0.71 0.82 . 0.87 105-113
0.58 0.75 0.82 0.58 0.75 0.82 114-122
0.41 - 0.67 ~ 0.76 0.41 ' 0.67 0.76 123-131
..... 0.58 0.71 0.58 0.71
aoes 0.33 0.58 o 0.33 0.58
weeas o 0.41 coses 0.41

Max. Thickness
Operating Application or of Outer
. Provisions Insulation kemil Insulation Mils Covering*
Dry and damp locations
or .
FEPB " C. Dry locations and for Name
spocial applicationst .
F. Dry and wet locations
194° F. xide 16-10 coxror or
g&h:tal 250° C. Special applicationst -4 50 loy
athed) -482° F. 3-500 55 8t
Molisture, ° 60" c. Machine tool wiring In Flame A B A= None
Heat & OH wet locations as %r- retardant, 22-12 30 15 B= Nylon
Resistant MTWH mitted In NFPA - { moisture 10 30 20 Jacket or
Thermo- : heat & oil 8 45 30 equivalent
plastic resistant 8 60 30
thermo- 4-2 60 . 40
plastic 1-4/0 80 50
213-500 ° 95 60
501-1000 110 70
Paper ' 85’ C. For underground Lead
service conductors Paper
or by special Sheath
permission
Perfluoro- 90° C. Dry & damp Perfiuoro- 1410 20
alkoxy - PFA 194' F, locations alkoxy 8-2 30 None
200° C Dry locations 140 45
Perfluoro- PFAH 250° C. Dry areas only. . | Perfluoro- 14-10 20
alkoxy 482° F. Seo NOTE 1. alkoxy 8-2 30 None
. 1-40 45
Heat 10 45
Resistant : 8-2 60 NOTE 2
or Cross- RH 75° C. Dry and damp 14-12 20
Linked 167" F. 1-4/0 80
Synthetic 213-500 95
Polymer 501-1000 110
1001-2000 128
RHH 80° C. Dry and damp
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Table 7. Conductor Applications and Insulations (Continued)

45
Heat Resle- . 8-2 680
tant or RHW-2 194°F. Name 1-40 80 flame
Cross Link 213-600 95 retardant
Synthetic 501-1000 110 non-metal
Polymer 1001-2000 128 covering
Sificone SA 90° C. Dry and damp areas| Silicone 14-10 45 Asbestos,
Asbestos 194° F. Rubber 8-2 60 glass or
1-40 80 other
213-600 95 sultable
501-1000 110 braid
1001-2000 128 materia!
Synthetic SIS 90° C. Switchboard Heat 14-10 30
Heat 194" F. wiring only Resist. 8 45 None
Resistant Cross Link 68-2 60
nthetic 140 80
lymer
Thermo- 90° C. Switchboard Same as Thzr Asb Flame
plastic & TA 194" F. wiring only Trade Name “14-8 20 retardant
Asbestos 6-2 30 25 non-metal
1-40 40 30 covering
Thermo- 90" C. Switchboard Thermo- 14-10 30 Flame
astic & 194" F. wiring only plastic 8 . 45 retardant
brous TBS 6-2 60
Outer 140 80 covering
Brald
Extended 250° C Dry areas on Extruded 14-10 20
Polytetra- TFE 482" F. Only for leads Polytetra- 8-2 30 None
filuoro- apparatus or in fluoro- 140 45
ethylene raoeway: conn- sthylene
ected to appa-
ratus (Nickel or
nickel coated
copper only)
Heat 80" C. Dry and damp Flame 1412 15 N{Ion
Resistant THHN 184°F. Lcatlono Retard. 10 20 Jacket or
Thermo- Heat 8-8 30 equivalent
plastic Resistant 4-2 40
Thermo- 1-40 80
plastic 80
501-1000 70
Moisture & THW 75°C Dry & wet area Same as 14-10 45
Heat 167° F. Trade 8-2 80
Resistant 90° C Speclal Name 1400 - 80
Thermo- 194" F. application 213-500 95 None
plastic 501-1000 110
. , 1001-2000 125
Molsture & | THHW 75°C. Woet location 14-10 45
Heat 167°F. 8-2 60
Resistant 140 80
Thermo- 90" C. Dry location 213-500 95 None
plastic 194° F. 501-1000 110
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Table 7. Conductor Applications and Insulations (Continued)

Max. AWG Thickness .
Trade Type |Operating Application . or of Outer
Name Letter emp. Provisions Insulation kemil Insulation Mils Covering
Moisture & 75°C. Dry & wet areas Seoe Trade 14-12 18
Heat Name 10 20 Nylon
Resistant THWN .| 167°F. 8-8 30 jacket or
Thermo- 4-2 40 equivalent
plastic 1-4/0 50
250-500 60
501-1000 70
Moisture 60" C. Dry & wet areas See Trade 14-10 30
Reslistant ™ 140° F. Name 8 45
Thermo- 8-2 60
plastic 1-4/0 80 None
. 213-500 95
501-1000 110
1001-2000 125
Heat 90° C Dry & damp areas See Trade 14-10 30
Resistant . 184° F. Name 8-2 45 None
Cross- XHH 1-4/0 85
Linked 213-500 65
Synthetic 501-1000 80
Polymer . 1001-2000 96
Moisture & 90°C Dry & damp areas See 14-10 30
Heat Resist! 194" F. Trade 8-2 45 None
Cross XHHW Name 140 85
Linked 213-500 65
Synthetic 75°C. Wet locations 501-1000 80
"Polymer 187" F. 1001-2000 95
Moisture & 90°C
Heat 194° F. Dry & wet areas Soe 14-10 30
Resistant | XHHW-2 Trade 8-2 45
Cross Name 1-4/0 55 None
Linked 213-500 65
Synthetic 501-1000 80
Polymer 1001-2000 96
Modified 90" C. Dry & damp areas See 14-12 15
Ethylene 194° F. Trade 10 20 None
Tetra- r 4 Name 84 25
fluoro- 150" C Dry locations 3-1 35 \
ethylene 302° F. 1/0-40 45 ;
Modified 75°C. Wet locations See 14-10 30
Ethylene 187" F, 8-2 45 None
Tetra- W 90° C. Dry and damp areas Trade
fluoro- 194°'F.
ethylene ;gg (F: Dry locations Name

* Some insulations do not require an outer covering.
NC;.TE 1: Type PFAH Is only for lsads within apparatus or within raceways connected to apparatus (Nicke! or nickel-coated cop-
per .

NOTE 2: Type RH and RHH requires a moisture resistant, flame retardant, non-metallic covering.
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Table 8. Electrical Formulas

VALUE 1-PHASE 3-PHASE
WATTS I x ExPF 1xEx1.73x PF
KILOWATTS Exix 1.73xPF
1000 1000
AMPERES kW x 1000
E x PF Ex1.73x PF
KILOVOLT AMPERES (KVA) IxE
1000 1000
FREQUENCY (HERTZ) Botor Poles x RPM Rotor Poles x RPM
120 120
RPM
Rotor Poles Rotor Poles
NUMBER OF ROTOR POLES Herz x 120 Hertz x 120
RPM RPM
POWER FACTOR Actual Watts Actual Watts
IxE Ix1.73x E
HORSEPOWER IxExPF IXEx1.73xPF
746 x Efficiency 746 x Efficiency
AMPERES (when kilowatts is know) kW x 1000
ExPF Ex1.73 x PF
AMPERES kVA x 1000 kVA x 1000
(when kilovolt-amperes [kVA] is known E Ex1.73
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Table 9. Cooling Requirements — Gas Engine Generators

COOLING HEAT

SYSTEM COOLANT FLOW . REJECTION AIR FLOW

CAPACITY | geallons er hour) TO COOLANT Cubic feet per minute
TYPE .| ENGINE (Gallons) 60 Hz 50 Hz BTU/Hour 60 Hz 50 Hz
SGO010 1.6 liter 2.12 8.00 6.75 45,000 3000 2750
SGO15 3.0 liter 2.00 223 18.6 41,000 2160 1800
SGo15 1.6 liter 212 8.00 39.75 78,000 3500 3150
SG020 3.0 liter 2.00 223 18.6 54,000 2160 1800
SG020 1.6 liter 2.00 156.8 13.2 80,000 1590 1325
SG025 1.6 liter 237 16.75 14.25 133,000 4000 3750
S$G025 3.0 liter 2.00 223 18.6 68,000 2160 1800
S$G035 4.3 liter 5.00 23.75 19.76 180,000 7500 6250
SG045 4.3 liter 5.00 23.75 19.75 235,000 7500 6250
SG050 5.7 liter 5.00 2.75 19.75 235,000 7500 6250
SG070 7.4 liter 5.25 23.75 19.75 330,000 8800 ’ 7330
SG085 5.7 liter 5.00 50 41.75 400,000 8800 7330
SG100 7.4 liter 5.25 50 41.75 475,000 8800 7330
SG125 13.3 liter 7.66 45 375 514,000 8086 6744
SG150 13.3 liter 7.66 45 37.5 440,000 17,400 14,500
SG175 13.3 liter 7.66 45 37.5 440,000 17,400 14,500
S$G200 13.3 liter 7.66 45 37.5 467,000 17,400 14,500

Table 10. Cooling Requirements — Diesel Engine Generators

COOLING HEAT

SYSTEM COOLANT FLOW REJECTION AIR FLOW

CAPACITY allons per hour) TO COOLANT Cubic feet per minute
TYPE ENGINE (Gallons) 60 Hz 50 Hz BTU/Hour 60 Hz 50 Hz
SDo08 1.0 liter 1.75 8 6.75 35,000 1540 1285
sDo10 2.4 liter 2.00 14 12 45,500 1335 1112
SDo15 2.4 liter 2.00 14 12 52,000 1335 1112
SD025 3.0 liter 2.80 23.75 19.75 95,054 4330 3608
SD030 3.0 litert 2.80 23.75 19.75 107,452 4330 3608
SD035 3.0 litert 2.80 23.75 19.75 136,382 4330 3608
SDo4o 4.0 liter 4.00 18.75 15.50 150,000 4500 3800
SD050 4.0 litert 4.00 18.75 15.50 186,000 4500 3800
SD060 4.0 litert 4.00 18.75 15.50 220,000 4500 3800
SD060 5.0 litert 4.00 49 40 167,000 5600 4300
SDO75 4.0 liter* 4.00 18.75 15.50 250,000 4500 3800
SDo8so 5.0 litert 4.00 49 40 223,000 5600 4300
SDo8so 6.4 litert 5.29 26.50 22.00 250,000 4950 4123
SD100 5.0 liter* 4.0 49 40 303,000 4950 4123
SD100 6.4 liter* 5.29 37 32.00 303,000 4950 4123
SD125 5.0 liter* 4.0 49 49 375,000 4950 4123
SD125 6.4 liter* 5.29 37 32.00 375,000 4950 4123
SD125 7.5 litert 4.6 48.8 40 375,000 4950 4123
SD150 7.5 liter* 4.6 48.8 40 380,000 4950 4123
SD150 13.3 litert 7.66 45 375 560,000 6700 5580
SD175 13.3 litert 7.66 45 37.5 600,000 6700 5580
SD180 7.5 liter* 4.6 48.8 40 380,000 4950 4123
SD200° | 13.3litert 7.66 45.00 37.50 710,000 8086 6744
SD230 13.3 liter* 15.3 59.40 49.50 710,000 17,400 14,500
SD250 13.3 liter* 15.3 5§9.40 49.50 758,000 17,400 14,500
SD275 13.3 liter* 15.3 59.40 49.50 830,000 17,400 14,500
SD400 14.6 liter* 22.40 132 114 776,340 19,067 15,890
SD500 18.5 liter* 29.00 172 153 1,104,600 25,423 19,067
SD600 24.5 liter* 35.00 211 177 1,346,000 25,423 20,550
SD8soo 33.0 liter* 48.60 291 264 1,852,680 48,728 40,253

+ Engine Is turbocharged

* Engine is turbocharged and aftercooled
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Table 11. Fuel Consumption for Gas Engine Generators

RATED CONSUMPTION AT PERCENT OF RATED LOAD*
TYPE FREQUENCY ENGINE FUEL SYSTEM 25% 50% 75% 100%
SGO010 60 Hz 1.6 liter LP Gas 35 54 64 77
50 Hz 1.6 liter LP Gas 33 48 55 64
SGO010 60 Hz 1.6 liter Natural Gas 88 137 162 195
50 Hz 1.6 liter Natural Gas 82 121 145 162
SGO015 60 Hz 3.0 liter Gasoline 0.76 1.27 1.79 2.18
50 Hz 3.0 liter Gasoline 0.63 1.02 1.40 1.79
SG015 60 Hz 3.0 liter LP Gas 39 64.4 90.5 110
50 Hz 3.0 liter LP Gas 31.8 514 70.9 90.5
SGO015 60 Hz 3.0 liter Natural Gas 96 162 228 277
50 Hz 3.0 liter Natural Gas 80 129 178 228
SGO15 60 Hz 1.6 liter LP Gas 41 67 92 118
50 Hz 1.6 liter LP Gas 41 61 80 99
SGO015 60 Hz 1.6 liter Natural Gas 171 197 232 260
50 Hz 1.6 liter Natural Gas 104 153 201 249
S$G020 60 Hz 1.6 liter LP Gas 47 79 11 143
. 50 Hz 1.6 liter LP Gas 41 66 86 112
S$G020 60 Hz 1.6 liter Natural Gas 120 200 281 361
50 Hz 1.6 liter Natural Gas 104 168 217 281
SG020 60 Hz 3.0 liter Gasoline 0.95 1.58 2.21 2.84
50 Hz 3.0 liter Gasoline 0.82 132 1.83 233
SG020 60 Hz 3.0 liter LP Gas 48 80 112 144
50 Hz 3.0 liter LP Gas 41 67 92 118
$G020 60 Hz 3.0 liter Natural Gas 121 185 249 329
50 Hz 3.0 liter Natural Gas 102 169 233 281
SG025 60 Hz 1.6 Iiter LP Gas 57 97 136 175
50 Hz 1.6 liter LP Gas 52 88 124 159
SG025 60 Hz 1.6 liter Natural Gas 145 245 343 41
50 Hz 1.6 liter Natural Gas 118 200 279 359
S$G025 60 Hz 3.0 liter Gasoline 1.2 2.21 3.21 410
50 Hz 3.0 liter Gasoline 1.07 1.83 258 3.34
SG025 60 Hz 3.0 liter LP Gas 61 112 163 207
50 Hz 3.0 liter LP Gas 54 92 131 169
SG025 60 Hz 3.0 liter Natural Gas 169 281 410 522
50 Hz 3.0 liter Natural Gas 137 233 329 426
SG035 60 Hz 4.3 liter LP Gas 73 127 188 239
50 Hz 4.3 liter LP Gas 61 105 150 195
SG035 60 Hz 4.3 liter Natural Gas 185 320 474 603
50 Hz 4.3 liter Natural Gas 153 265 378 490
SG045 60 Hz 4.3 liter LP Gas 86 156 226 310
50 Hz 4.3 liter LP Gas 73 131 188 261
SG045 60 Hz 4.3 liter Natural Gas 201 362 522 735
50 Hz 4.3 liter Natural Gas 169 297 426 648
SG060 60 Hz 4.3 liter LP Gas 110 207 305 403
50 Hz 4.3 liter LP Gas 91 175 253 338
SGO060 60 Hz 4.3 liter Natural Gas 277 523 769 1050
50 Hz 4.3 liter Natural Gas 228 424 621 818
SG075 60 Hz 4.3 liter LP Gas 137 253 403 500
50 Hz 4.3 liter LP Gas 110 207 325 403
SGO075 60 Hz 4.3 liter Natural Gas 277 523 769 1015
50 Hz 4.3 liter * Natural Gas 227 424 621 818
SGO070 60 Hz 7.4 liter LP Gas 118 220 . 328 431
50 Hz 7.4 liter LP Gas 99 182 265 348
SG070 60 Hz 7.4 liter Natural Gas 281 522 763 1005
50 Hz 7.4 liter Natural Gas 233 426 : 619 812
SG085 60 Hz 7.4 liter LP Gas 144 2M 400 526
50 Hz 7.4 liter LP Gas 120 225 332 440
SG085 60 Hz 7.4 liter Natural Gas 360 683 1005 1320
50 Hz 7.4 liter Natural Gas 300 570 840 1100

* Gasoline consumption in GALLONS PER HOUR. LP Gas and Natural Gas consumption in CUBIC FEET PER HOUR.
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Table 11. Fuel Consumption for Gas Engine Generators

RATED _ ’ . CONSUMPTION AT PERCENT OF RATED LOAD*
TYPE FREQUENCY ENGINE FUEL SYSTEM - 25% 50% 75% 100%
SG100 60 Hz 7.4 liter LP Gas 175 335 494 654
50 Hz 7.4 liter LP Gas 144 2n 399 - 526
SG100 60 Hz 7.4 liter Natural Gas 442 844 1245 1647
50 Hz 7.4 liter Natural Gas 362 683 1005 1326
SG125 60 Hz 13.3 liter LP Gas 220.9 416.6 624.9 827
50 Hz 13.3 liter LP Gas 175.2 338.1 507.7 664.1
SG125 60 Hz 13.3 liter _ Natural Gas 556 1048 1572 2081
50 Hz 13.3 liter Natural Gas a1 851 1277 1671
SG150 60 Hz 13.3 Iiter Natural Gas 1850
50 Hz 13.3 liter Natural Gas 1400
SG175 60 Hz 13.3 liter Natural Gas 2200
50 Hz 13.3 liter Natural Gas 1675
S$G200 60 Hz 13.3 liter Natural Gas 2550
50 Hz 13.3 liter Natural Gas 1935
Table 12. Fuel Consumption for Diesel Engine Generators
RATED CONSUMPTION AT PERCENT OF RATED LOAD® .. -
TYPE FREQUENCY ENGINE FUEL SYSTEM 25% 50% 75% 100%
SD008 60 Hz 1.0 Liter Diesel 0.35 0.52° 0.63 0.84
SD008 50 Hz 1.0 Liter Diesel 0.31 0.47 0.56 0.68
SDO10 60 Hz 2.4 Liter Diesel 0.42 0.60 0.90 1.10
SDO10 50 Hz 2.4 Liter Diesel -0.34 0.50 0.72 0.84
SD015 60 Hz 2.4 Liter Diesel 0.50 0.90 1.20 1.50
SDO015 50 Hz 2.4 Liter Diesel 0.40 0.70 0.90 1.20
SD020 60 Hz 2.2 Liter Diesel 0.60 1.00 1.40 1.80
SD020 50 Hz 2.2 Liter Dlesel! 0.50 0.80 1.00 1.30
SD025 60 Hz 3.0 Liter Diesel 0.7 1.2 1.7 2.2
SD025 50 Hz 3.0 Liter Diesel 0.6 1.0 14 1.8
SD030 60 Hz 3.0 Liter Diesel Turbo 0.8 1.4 2.0 2.6
SD030 50 Hz 3.0 Liter Diesel Turbo 0.7 1.2 1.7 2.1
SD035 60 Hz 3.0 Liter Diesel Turbo 0.9 1.6 2.3 3.0
SD035 50 Hz 3.0 Liter Diesel Turbo 0.8 1.3 1.9 25
SD040 60 Hz 4.0 Liter Dlesel 1.0 1.8 2.6 3.4
SD040 50 Hz 4.0 Liter Diesel 0.8 1.5 2.1 28
SD050 60 Hz 4.0 Liter Diesel Turbo 1.2 2.2 3.2 4.2
SD050 50 Hz 4.0 Liter Dlesel Turbo 1.0 1.8 2.6 3.4
SD060 60 Hz 4.0 Liter Diesel Turbo 1.4 2.6 3.8 5.0
SD060 50 Hz 4.0 Liter Diesel Turbo 1.2 2.1 3.1 4.0
SDO075 60 Hz 4.0 Liter Diesel Turbot 1.6 3.1 4.6 6.2
SDO075 50 Hz 4.0 Liter Diesel Turbot 14 12.6 38 5.1
SD060 60 Hz 5.0 Liter (T) Diesel 2.0 28 3.6 4.7
SD060 50 Hz 5.0 Liter (T) Diesel 1.27 2.36 3.44 4.52
SD080 60 Hz 5.0 Liter (T) Diesel 2.3 3.2 4.3 6.0
SD080 50 Hz 5.0 Liter (T) Diesel 2.1 3.0 4.0 5.5
SD100 60 Hz 5.0 Liter (T/A) Diesel 22 4.2 6.2 8.9
SD100 50 Hz 5.0 Liter (T/A) Diesel 1.8 3.5 5.2 6.7
SD125 60 Hz 5.0 Liter (T/A) Diesel 29 5.6 8.4 11.02
SD125 - 50 Hz 5.0 Liter (T/A) Diesel 2.8 53 7.9 10.60
SD080 60 Hz 6.4 Liter Dilesel Turbo 1.8 34 5.0 6.6
SD080 50 Hz 6.4 Liter Diesel Turbo 15 2.8 4.2 5.5
SD100 60 Hz 6.4 Liter Dlesel Turbot 2.2 4.2 6.2 8.2
SD100 50 Hz 6.4 Liter Diesel Turbot 1.8 3.5 5.2 6.8
SD125 60 Hz 6.4 Liter Diesel Turbot 2.7 5.2 7.7 10.2
SD125 50 Hz 6.4 Liter Diesel Turbot 2.2 4.2 6.2 8.2

* Consumption given in GALLONS PER HOUR.
+ Units are AFTER-COOLED and turbocharged.
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Table 12. Fuel Consumption — Diesel Engine Generators

RATED CONSUMPTION AT PERCENT OF RATED LOAD*
TYPE FREQUENCY ENGINE FUEL SYSTEM 25% 50% 76% 100%
SD125 60 Hz 7.5T Liter Diesel 270 5.20 7.70 10.02
SD125 50 Hz 7.5T Liter Diesel 220 4.20 6.20 8.20
SD150 60 Hz 7.5TA Liter Diesel 3.40 6.70 9.80 13.80
SD150 50 Hz 7.5TA Liter Diesel 2.80 5.40 7.90 10.50
sD180 60 Hz 7.5TA Liter Diesel 4.00 7.99 11.90 15.79
SD180 50 Hz 7.5TA Liter Diese! 3.10 6.43 9.52 12.57
SD175 60 Hz 13.3 Liter Diesel Turbo 3.8 75 11.3 15
SD175 50 Hz 13.3 Liter Diesel Turbo 3.2 6.2 9.4 12.5
SD200 60 Hz 13.3 Liter Diesel Turbo 4.3 8.5 125 16.5
SD200 50 Hz 13.3 Liter Diesel Turbo 3.6 7.1 10.4 13.7
SD230 60 Hz 13.3 Liter Diese! Turbot 43 74 10.8 15
SD230 50 Hz 13.3 Liter Diesel Turbot 3.2 6.5 8.7 13.2
SD250 60 Hz 13.3 Liter Diesel Turbot 4.8 7.6 11.2 16.4
SD250 50 Hz 13.3 Liter Diesel Turbot 4.2 6.4 10.1 13.3
SD275 60 Hz 13.3 Liter Diesel Turbot 53 8.2 11.9 18.2
SD275 50 Hz 13.3 Liter Diesel Turbot 4.7 6.8 10.9 16.3
SD400 60 Hz 14.6 Liter Diesel 6.85 13.70 20.55 27.40
SD400 50 Hz 14.6 Liter Diesel 5.76 11.53 17.29 23.05
SD500 60 Hz 18.5 Liter Dlesel 8.39 16.78 25.17 33.57
SD500 50 Hz 18.5 Liter Diesel 6.95 13.91 20.86 27.81
SD625 60 Hz 24.5 Liter Diesel 9.89 19.78 29.67 39.56
SDé625 50 Hz 24.5 Liter Diesel 8.64 17.27 25.91 34.54
SD80o 60 Hz 33.9 Liter Diesel 13.79 27.58 41.38 55.17
SD80o 50 Hz 33.9 Liter Diesel 11.91 23.82 35.73 47.63

* Consumption given in GALLONS PER HOUR.
1 Units are AFTER-COOLED and turbocharged.

Page 54




PHYSICAL PROPERTIES

Table 13. Fuel Com

PROPANE

arison Chart

NATURAL GAS

GASOLINE

Normal Atmospheric State

Gas

Gas

Liquid

Bolling Point (in * F.)
Initial
End

a4
44

-259

+97
+420

Heating Value

BTU per Gallon (Net LHV*)
BTU per Gallon (Gross**)
Cublc Feet (Qas

83,340

116,400
124,600
6390

Density*™

19.50

Woelghtt

6.18

Octane Number
Research
Motor

* LHV (Low Heat Value) is the more realistic rating.
= Gross Heat Value does not consider heat lost In the form of water during combustion.

82-100
75-90

=+ Denslty Is glven In "Cublic Feet of Gas per Gallon of Liquid®.
t Waeight is given In "Pounds per Gallon of Liquid".

Table 14. Pipe Size-Gas Flow Chart
This table is based on a specific gravw‘:f 1.00 (specific gravity of air). For that reason, a correction is rqﬂ:ﬂred when the
fuel used has a different specific gravity. fuel’s specific gravity can be obtained from the fuel supplier. The table is also
based on a pressure drop of 0.3, which allows for a nominal amount of restrictions from bends, fittings, etc. An example of how
to calculate pipe size follows the table.

LENGTH
OF PIPE

JRON PIPE SIZE (IPS INCHES)

(In Feet)

1-1/4" | 1-1/2"

2-

2-1/2"

15

MULTIPLIER
1.10
1.04

1.00
0.962
0.926
0.867
0.817

1220
850
700
610
545
490
450
420
380
350

SPECIFIC
GRAVITY
1.0
12

15 P1.4
(Propane)

1.9
2.1 (Butane)

2480
1780

3850
2750

MULTIPLIER
0.775
0.707




Table 14. Pipe SIze-Gas Flow Chart (Continued)
EXAMPLE:

From Table 11, It is determined that a generator sot running at 100% of rated load on natural gas requires 545 cubic feet
of gas per hour. The unit Is located 75 feet from the supply tank and will use gas having a specific gravity of 0.65 (multiplier is
0. 962) Fnom Table 14, it is apparent that a 1-1/2 inch pipe will deliver this amount of gas. However, when the comrection factor

applied (545 x 0. 962) it becomes evident that a 1-1/2 inch pipe will deliver 524.29 cubic feet of gas per hour. The next larger

?Ipe (2 inch) will deliver 1120 cubic feet per hour and, when the comrection factor is applied, will actually deliver 1077.4 cu
oot per hour. the 2 inch Ipe is r:g:lrad at the given distance of 75 feet. Pressure drop does not have to be considered unless
an unusual number of fittin or other restrictions are used. In such unusual cases, the fuel supplier will usually speclfy

which multiplier is app
Table 15. Line Sizing Chart for Liquid Propane
uQuip PIPE LENGTH IN FEET
i | S oo aona g o o o i
(CFH) GPH
360 10 729 418
540 165 324 185
720 20 182 104 | 825 521
1440 40 48 26 | 205 129 745 504
2160 60 20 11 | 92 58 | 331 224
2880 80 1" 51 321187 1271736 837
3600 100 7 a3 21| 119 81 1470 343
HOW TO USE TABLE 15:

1. From Table 11, find the required flow of liquid propane (LP Gas) and locate this flow in the left hand column. if the flow
falis between two numbers, use the larger number.

2. Determine the total length of piping from source to point of use.

3. Read across chart from left (Required Flow) to right, to find the total length which is equali to or exceeds the distance from
source to point of use.

4. From this point, read up to find the correct pipe size.

Table 16. Size of Propane Tank (in Gallons) Rewxlred at Various Temperatures when
Kept at Least Half Full (Vapor Withdrawal Systems)

WITHDRAWAL RATE LOWEST AVERAGE WINTER TEMPERATURE

20" F,

10°F,

_OF

-10°F,

<30"F.

500 H
(125,000 BTU/Mour)

115

115

250

250

400

100 CFH

{250,000 BTU/Hour)

250

250

400

1000

150 CFH
(375,000 BTUMour)

1000

200 CFH

(500,000 BTUMour)

750

1000

{300 CFH

(750,000 BTU/Hour)
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Table 17 Number of 20-Gallon Propane Cylinders Required at Various Indicated Tem-

peratures When Kept at Least Half Full (Vapor Withdrawal Systems)

WITHDRAWAL RATE

LOWEST AVERAGE WINTER TEMPERATURE

20°F.

10'F.

0" F.

10 CFH
(25,000 BTU/MHour)

1

1

1

25 CFH

(62,500 BTU/Mour)

50 CFH ‘
(125,000 BTU/Hour)

100 CFH
(250,000 BTUMour)

'OUTLET
DIAMETER
OF ENGINE
EXHAUST
(INCHES)

Table 18. Exhaust Piping Diameters

RECOMMENDED EXHAUST PIPING DIAMETER (IN INCHES)
BASED ON LENGTH OF PIPE (IN FE

0-10 Feet

10-20 Feet

20-30 Feet

1.

1-

1-1/4*

1-12°

1-1/4"

1-1/4"

1-1/2*

2.

1-1/2°

1-1/2"

2-1/2"

2-

2-

2-1/2"

3'

2-1/2"

212"

3.

3-1/2*

3.

3.

3-1/2"

4"

3-1/2"

3-1/2*

4

5-

4"

4"

5.

Table 19. Length Equivalents

UNIT cm inch feet yard meter kilometer mile
cm 1 0.3937 0.03281 0.01094 0.01 0.00001 —
inch 2.54 1 0.0833 0.02778 0.0254 0.00003 —
feet 30.48 12 1 0.33333 0.3048 0.00030 —_
yard 91.44 36 3 1 0.9144 0.00091 —_
meter 100 39.3701 3.28084 1.09361 1 0.001 0.00062
kilometer | 100,000 39370.1 3280.84 - 1093.61 1000 1 0.62137
mile 160,934 63,360 5280 1760 1609.34 1.60934 1
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UNIT

Table 20. Conversion Table- Units of Power
HORSEPOWER

FT.-LBMIN

KILOWATT

METRIC HP

HORSEPOWER

1

33,000

0.74570

FT.-LB./MINUTE

1

WATT

44.25

0.001

KILOWATT

44, 250

1

METRIC HP

0.73549

BTU/MIN

778.2

0.01758

Table 21. Units of Pressure and Head

mm Hg in. Hg in. H20
UNIT mm of mercury Inches of mercury inches of water feet of water
mm Hg 1 0.03937 0.52525 0.0446
in. Hg 254 1 13.5954 1.13296
In. H20 1.86827 0.07355 1 0.08333
ft. H20 22.4193 0.88265 12 1
psl (pounds
per square 51.7151 2.03603 27.6807 2.30673
inch)
kg/cm2 ,
(kilograms 735.561 28.9591 393.712 32.8094
per square
centimeter)
bar 750.064 29.5301 401.474 33.4562
atmosphere 760 299213 406.794 33.8995
kPa 4.01474
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Engine Room Ventilation

GENERAL:

Approximately 6 to 8 percent of the fuel consumed by an
avera?e internal combustion engine is dissipated to the sur-
rounding air by radiation. Removal of this heat is important
and is usually accomplished by the use of induced draft or

ventilating fans.
Alr should be removed from around the engine in a
manner that will ensure an upward flow of alr. room

ventilating system should also provide sufficient air distribu-
tion and removal to prevent excessive temperatures in any
part of the engine room.

When engine noise must be contained within the engine-
generator room, ventilating air should be delivered to and
removed from the room through sound insulated air ducts.
The inlet and outlet air ducts must be proGerIy located to
provide a minimum transmission of noise. Use of louvered
openings in the wall of the room, for ventilating air inlets and
ouﬂet:r,‘elgz generally not satisfactory when noise must be
con .

SIZING OF VENTILATING FANS:

"To correclly size the ventilating fan or fans in a room
housing a generator, the following formula may be used:

CFM= 400 x HP
-

Where "CFM" = Required cubic feet per minute of air flow
*HP*=maximum engine horsepower
*T* = Room temperature rise above ambient

NOTE: Increase air flow 10% for every 2500 feet (760m)
above sea level.

During cold weather, the desired temperature rise in the
engine room ma;be as high as 80° F. (27 C.?, instead of the
usual 10° or20° F. (5.519 or 11° C.) rise that is encountered,
for example, at-10° F. (-23° C.). In such a case (theoretically),
only 1/8 of the ventilating alir is required and it is good practice
to use a number of smaller fans rather than one large fan.
This also permits correct ventilation at reduced engine-gen-
erator output,

Combustion Air

A diesel engine requires approximately 2.5 cfm or 0.09
cublic meters per minute per kilowatt produced.

A supply of cool, clean air is just as essential for good
engine performance as an adequate fuel supply. The colder
the air the higher the potential output.

Because cooler air boosts engine performance, it may
be desireable to extend the air intake piping from the engine
air cleaner(s) to a suitable outside point. Such an air intake
must be properly located to avoid contaminants such as
exhaust fumes, process fumes, dust, etc.

NOTE: When the engine room Is well ventllated, use of
air intake piping to provide cooler air to the alr cleaner Is
usually unnecessary.

if air intake piping to the engine air cleaner is to be
provided, the following rules apply:

O The air cleaner should remain attached to the engine,
where servicing is convenient.

0O withthe engine running at its rated output, restrictions in
the air intake piping should not exceed 3 inches of water.

NOTE: As a general rule of thumb, rotLulrad combustion
alr for gas engines can be calculated by multiplying fuel
consumption (in cublc feet per minute) by 10.
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Standby Electric System Interconnection Diagram
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Standby Electric System Interconnection D

lagram
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