SECTI ON -16208

DI ESEL ENG NE- GENERATOR SET

PART 1 - GENERAL
1.1 APPLI CABLE PUBLI CATIONS: The publications |listed below forma part of
this specification to the extent referenced. The publications are referred
to in the text by the basic designation only.
1.1.1 Federal Specifications (Fed. Spec.):
V- F- 800D (1) Fuel G I, Diesel

WM T- 799F Tube, Copper, Seam ess, Water (for use with Sol der -,
Fl ared-, or Conpression-Type Fittings)

1.1.2 Mlitary Specifications (MI|. Spec.):

M L-T-152B Treat ment, Mi sture-and-Fungus- Resi stant, of
(Notice 1) Conmuni cations, El ectronic, and Associ at ed
El ectrical Equi prment
M L-V-173C Var ni sh, Mbi st ure-and- Fungus- Resi stant (for
(Notice 1) Treat ment of Communi cations, Electronic, and
Associ at ed Equi pnent)
M L- T- 5544B Thread Conpound, Anti -Seize, Gaphite Petrol eum
(Notice 2)
M L-T-5624M Tur bi ne Fuel, Aviation, Gades JP-4 and JP-5

M L-V-12003F(1) Valves, Plug, Cast-Iron or Steel, Mnually Operated

M L-S-16165E Shi el di ng, Harnesses, Shielding Itens and Shiel ding
Encl osures for Use in the Reduction of Interference
from Engi ne El ectrical Systens

M L-C-17596E(l1) Conpressor, Reciprocating or Rotary, Power Driven
(EMD), Air, Base Mounted, 10 KP to 300 KP

M L-P-17608C Punmp, Rotary, Power Driven, Viscous Liquids
ML-G 17713C Gauge, Liquid Level Measuring, Tank

M L-V-18436F Val ves, Check, Bronze, Cast-lron, and Steel Body
M L-V-18634B Val ve, Safety, Relief, and Safety-Relief

M L-T-22361(1) Thread Conpound, Antiseize, Zinc Dust- Petrol atum
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M L-1-24092B(1) Insulating Varnish, Electrical, |npregnating,
Sol vent Cont ai ni ng

M L-T-83133B  Turbine Fuel, Aviation Kerosene Type, G ade JP-8
Mlitary Standard (M L-STD):
461C El ectromagneti ¢ Em ssion and Susceptibility
Requi rements for the Control of El ectronagnetic
Interference

Code of Federal Regul ations (CFR):

CFR 29 perational Safety and Health Adm nistration,
Chap. XVl Departnent of Labor

American National Standards Institute, Inc. (ANSI) Publications:

B 1.01-82 & Unified Inch Screw Threads (UN and UNR Thr ead
Supp. B1-1-84 Form

B15.01- 84 Mechani cal Power Transmni ssion Apparat us

B16. 01- 75 Cast-lron Pipe Flanges and Fl anged Fittings C ass
25, 125, 250, and 800

B16. 03- 85 Mal | eabl e Iron Threaded Fittings

B16. 05- 81 Pi pe Fl anges and Fl anged Fittings

B16. 09- 86 Fact ory- Made Wought Steel Buttwelding Fittings

B16. 11- 80 Forged Steel Fittings, Socket-Welding and Threaded

B16. 39- 86 Mal | eabl e 1ron, Threaded Pi pe Unions C asses 150,

250, and 300

B18.02. 1-81 Square and Hex Bolts and Screws Inch Series
I ncluding Hex Cap Screws and Lag Screws

B31.01- 86 Power Pi pi ng

C37.13-81 Low- Vol tage AC Power Circuit Breakers Used in
Encl osures

C37.16-80 Preferred Ratings, Related Requirenments, and

Appl i cati on Reconmendati ons for Low-Voltage Power
Crcuit Breakers and AC Power Circuit Protectors

C37.17-79 Trip Devices for AC and General Purpose DC Low-
Vol tage Power Circuit Breakers
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C39.01-81
C57.13-78
1.1.6 American Society

PTC 26-62

SEC 8-D-1-86
1.1.7 Amrerican Society

A53- 87

Al26- 84

Al1811A181M 85

A193/ A193M- 87

A194/ A194M- 87

A234/ A234M- 87

A307- 86

El ectrical Analog Indicating Instruments
I nstrunment Transforners
of Mechani cal Engi neers (ASME) Publications:

Speed- Governi ng Systens for Internal Conbustion
Engi ne- Generator Units

Pressure Vessels - Division 1
for Testing and Materials (ASTM Publicati ons:

Pi pe, Steel, Black and Hot - D pped, Zi nc-Coat ed,
VWl ded and Seani ess

Gray Iron Castings for Valves, Flanges, and Pipe
Fittings

Forgi ngs, Carbon Steel, for General -Purpose Piping

Al'l oy-Steel and Stai nless Steel Bolting Materials
for H gh-Tenperature Service

Carbon and Alloy Steel Nuts for Bolts High- Pressure
and Hi gh- Tenperature Service

Piping Fittings of Wought Carbon Steel and Al oy
Steel for noderate and El evated Tenperatures

Carbon Steel Bolts and Studs, 60,000 psi Tensile
Strength

1.1.8 Diesel Engine Manufacturers Association (DEMA) Publications:

(Sixth Edition Stationary Di esel and Gas Engi nes

1972)

1.1.9 Institute of Electrical and El ectroni cs Engineers (I|EEE)

Publ i cati ons:

115- 83
126- 59( R83)

421- 86

Test Procedures for Synchronous Machi nes
Speed Coverning of Internal Combustion Engine -
Generator Units

Definitions for Excitation Systenms for Synchronous
Machi nes

1.1.10 Instrument Society of Anerica (15A) Publication:

518. 1- 79( R85)

Annunci at or Sequences and Specifications
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1.1. 11 I nternational

Conference of Building Oficials (I1CBO Publication:

Uni form Bui | di ng Code - (Latest Edition)

1.1.12 Manufacturers Standardi zati on Society of the Valve and Fittings
I ndustry (MSS) Publications:

SP 70-84
SP 80-87

SP 83-76

SP 85-85

1.1. 13 Nati onal

250-87

AB1- 75( R81)

| CS6- 83(

R86)

MGL - 78( R85)

PB2- 84

SG3-81

1.1. 14 Nati onal

30-84
37-84

70-87

1.1.15 Underwiters'

429- 82( R85)

489- 86

891-84

1236- 86

(R 86)

Cast-lron Gate Val ves, Flanged and Threaded Ends
Bronze Gate, d obe, Angle and Check Val ves

Carbon Steel Pipe Unions, Socket-Wlding and
Thr eaded

Cast Iron d obe and Angl e Val ves, Fl anged and
Thr eaded Ends

El ectrical Manufacturer's Association (NEMA) Publications:

Encl osures for Electrical Equipment (1,000 Volts
Maxi mum

Mol ded Case Circuit Breaker
Industrial Controls and Systens

Mot ors and Generators

Deadfront Distribution Sw tchboards

Low- Vol t age Power G rcuit Breakers

Fire Protection Association (NFPA) Publications:

Fl ammabl e and Combusti bl e Li qui ds Code
Stationary Conmbustion Engi nes and Gas Tur bi nes

Nati onal El ectrical Code

Laboratories, Inc. (UL) Publications:

El ectrically Operated Val ves

Mol ded-Case Circuit Breakers and Grcuit Breaker
Encl osures

Dead- Front Swi t chboards

Battery Chargers
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1.2 CGENERAL REQUI REMENTS: Section "Electrical CGeneral Requirenents”
applies to this section with the additions and nodifications specified
her ei n.

1.3 EXPERI ENCE REQUI REMENTS: Engines installed shall neet all of the
operating experience requirenents |isted bel ow

a. Only electric generation service is considered as equival ent
experience. Engines driving punps or conpressors, or those in marine
propul sion or railroad service, are not acceptable.

b. Only experience for the sane engine nodel is acceptable. Engine
nmodel is considered to be a given series or class with identical bore
and stroke and of the same type of engine, such as In-line or Vee.
In-l1ine and Vee engines with identical bore and stroke are consi dered
as two separate nodel s of engines.

c. Only experience at the identical or higher rotative speed as that
which is specified is acceptable.

d. Only experience at the identical or higher brake nean effective
pressure (BVMEP) as that which is specified is acceptable.

e. Only experience with diesel -fuel ed engines is acceptable.
1.4 SUBM TTALS

1.4.1 Certificates of Operating Experience: Furnish certificate(s) within
30 days after award certifying that not |ess than two engines of identica
nunber of cylinders and cylinder size, identical or higher rotative speed up
to a maxi mum of 1,800 rpm and ideentical or higher BVMEP, and of the sane
basic configuration (In-line or Vee) as the engine to be provided, shall have
driven generators which have produced, in satisfactory operation, not |ess
than 1,000 kilowatt-hours of electricity for each kWof generator naneplate
capability within a 2-year period. Certificate(s) shall include:

a. Alist of at least two engine-generator set installations neeting the
experience requirenments set forth in the paragraph "Experience
Requi rement s".

b. Oaner and | ocation of each such installation.

c. Date of initial operation of each such installation.

d. Number of kW produced per kin of generator net rated capacity of each
engi ne installation

e. Horsepower rating, kWrating, and rotative speed of each set.
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f. Brake nean effective pressure rating of each engi ne

g. Design characteristics of each unit, such as bore and stroke, nunber
of cylinders, and configuration (In-line or Vee)

1.4.2 Manufacturer's Data: Submt the follow ng data pertaining to each
engine and to the auxiliary equi pment proposed to be furnished:

1.4.2.1 Engine-CGenerator. Set Data:

Manuf act urer of engine

Type or nodel of engine

&G oss bhp rating of engine

Net bhp rating of engine

Strokes per cycle

Nurmber of cylinders

Bore and stroke, inches

Engi ne speed, rpm

Maxi mum pi st on speed, fpm

BVMEP at full load (psig)

kin rating of generator

kVA rating of generator and power factor
G oss kWrating of engi ne-generator set
Net kin rating of engine-generator set
Make of turbocharger(s)

Altitude basis for ratings

Maxi mum safe lubricating oil tenperature from engine

LTOS3TATIFTQ@Tea0T

G oss rating shall be the total rated power output before deducting power
requi rements of any electric notor -driven equipnment. Net ratings shall be
equal to gross ratings mnus the total power requirenments of electric

not or -driven accessories normally constituting part of "Engi ne Assenbly" as
defined in DEVMA publication "Standard Practices for Stationary D esel and Gas
Engi nes” and hereinafter referenced as DEVMA requirenents. Net ratings shal

i ncl ude a deduction in power output for the follow ng exanpl es of parasitic

| oads:

a. Scavenging blower with auxiliary equi pnment for two-cycle engines
only.

b. Lubricating oil punps for lubricating oil circulation and piston
cool i ng service

c. Fuel oil booster punp.

d. cooling system power requirenents including punps, radiator fans, and
any ot her power consum ng devices required to provide engi ne cooling
as specified. Sone of these devices may be either electric
nmot or -driven or engine-driven. Engine net output rating shall be
reduced by the horsepower required to operate the engi ne-driven
devi ces where not al ready done so by. the engi ne manuf acturer
Corrections shall be nmade to engine output (or generator output) for
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the electric notor-driven devices to determ ne the net rating of the
engi ne-generator set. It may not be possible to estimate

engi ne-driven | oads for a manufacturer's standard plant test. In
this case the net rating shall be further reduced by applying
corrections for the cooling systemprovided to obtain a net power

out put exclusive of all parasitic |oads.

1.4.3 Factory Tests: Submit certified factory test report within 15 days
after conpletion of the tests. Provide in accordance with the requirenents
set forth in the paragraph "Factory Test and | nspection Requirements” for the
fol | ow ng:

a. Engine Tests.
b. Cenerator Tests.

1.4.4 Shop Drawi ngs: Submit shop drawings as |isted bel ow

1.4.4.1 Submt drawings pertaining to the engi ne-generator set and
auxi liary equi prent, including the foll ow ng:

a. Certified outline plan, general arrangenent (setting plan), and
anchor bolt details. Draw ngs shall show the total weight and center
of gravity of the assenbl ed equi pment on the structural steel
subbase.

b. CGeneral arrangenent, size, and location of all electrical interface
points and detail ed el enentary, schematic, wring, and
i nterconnection diagranms of the generator, exciter, governor, and
other integral devices.

c. Dinmensional drawi ngs or catal og cuts of exhaust and intake silencers,
intake filters, punps, tanks, oil filters, starting equi pnent, and
other auxiliary equipnent.

d. Ceneral arrangenent or assenbly draw ngs showi ng | ocation of najor
auxiliary equipnment in relation to the engi ne-generator set.

e. Heat bal ance di agrans of the cool ant system and operating tenperature
| evel s.

f. Piping schematics for fuel oil and engi ne cool ant show ng pi pe sizes
and val ve' | ocati ons.

g. Engine-generator control panel

1.4.5 Plan for Acceptance Test a: Furnish a witten acceptance test plan
at least 10 days prior to the acceptance test date. The plan shall delineate
the inspections and testing procedures required to denonstrate conpliance
with the requirements specified in the paragraph titled "Engi ne - Generator Set
Accept ance Tests". The test plan shall indicate how the systemis to be
tested, what variables will be nonitored during test, nanes of individuals
performng tests, and what criteria for acceptance shoul d be used.
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1.4.6 Covernment Approval: CGovernnent approval is required for the diese
engi ne-generator set.

1.4.7 Tools, Testing Equi pnent, and Spare Parts: Submt a recommended

list for each itemof equipnent. Include all special tools and w enches
required for the installation or erection, maintenance, and operation of the
equi pnent. Include part nunber, draw ng nunber, current unit prices, and

source of supply.

1.4.8 Posted Qperating Instructions: Submt proposed operating
i nstructions which shall be | am nated between matte-surface thernoplastic
sheets and be suitable for placenent adjacent to applicable equipnent. After
approval , operating instructions shall be returned to the Contractor for
install ati on where directed.

1.4.9 Manuals: Provide five sets of operation and mai nt enance manual s for
equi pnent as listed. ldentification synbols for all replaceable parts and
assenblies shall be included. Information in manuals shall be conprehensive
and specific and provide, but not be limted to, all data submtted
previ ously.

a. Engine-generator sets and associ ated equi pment, i ncludi ng governor
vol tage regul ator, and control panel. Mnual shall include fue
adj ust ment procedures.

1.4.10 Field Test Reports: Submt test and inspection reports for all work
requi red under the paragraph "FlI ELD TESTS AND | NSPECTI ONS"

1.5 FACTORY TESTS AND | NSPECTI ONS: Perform and report on factory tests
prior to shipnment. Provide certified copies of all manufacturer’s test data
and results. Notify Contracting Oficer before performng tests.

Contracting Oficer or his representative reserves the right to witness al
tests. Test procedures shall conformto ASME, |EEE, and ANSI Standards, and
the DEMA requirenents on testing, as appropriate and applicable. Equi pnent
necessary for test shall be provided by the manufacturer perform ng the
tests, and all measuring and indicating devices shall be certified correct or

correction data furnished for the device. Tests shall indicate satisfactory
operation and specified performance. |If satisfactory, equipnment tested wll
be given a tentative approval. Contractor shall not ship equi pnent w thout

approval of the factory test reports.

1.5.1 Engine Tests: Performcustomary commercial factory tests on each
engi ne, including, but not necessarily limted to, the follow ng:

a. Performhydrostatic test on water jackets and piping to ensure that
wat er seals and water jackets are water tight. Test report shal
i ndi cate pressure at which test was nade and the results.
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b. Place engine-generator set in continuous operation wthout stoppage
for a period of not |less than 8 hours. Operate not |ess than one
hour at each load point (1/2, 3/4, and full load). |f stoppage
becomes necessary during this period, repeat the 8-hour run. Record
the following data for all sets at the start, at 15-mnute intervals,
and at the end of each load run: Fuel consunption; exhaust
tenper atures; engi ne cool ant tenperatures; |ubricating oi
tenmperatures and pressures; and any other data of inportance.

1.5.2 GCenerator Tests: Tenperature tests on one generator's w ndi ngs
shal |l be performed by the manufacturer of the generator in his own plant.
Temperature tests shall be in accordance with I FEE 115. Cenerator tests
shall include insulation resistance and dielectric resistance. Prototype
tests for generators that are physically and electrically identical to those
provi ded under the Contract are acceptable. Calculations of the subtransient
reactance shall be included in the test report.

1.5.3 Test for Radio Frequency Interference (RFl): Conduct test in
accordance with MI. Spec. ML-S 16165 and ML-STD-461. All testing
equi pnent, instrunents, personnel for naking the tests, the test |ocation
whi ch shall be reasonably free fromradi ated and. conducted interference, and
ot her necessary facilities shall be furnished by the Contractor. Tests for
RFl will not be required for itens that are physically and electrically
identical to those that have previously met the requirements of the above
speci fications.

1.6 SAFETY REQUI REMENTS: Design and install devices to conply with the
foll owi ng requirements:

a. Power Transm ssion Apparatus: QGuard in accordance with ANSI B15.1

b. FEectrical Installations: Conformto NFPA 70.

c. Operator Protection: Quard in accordance with CFR 29 as foll ows:
(1) Fan Bl ades: Fart 1910.212(a)(5).

d. Mercury: Use of mercury in instrunents, contacts, and nmanoneters is
not permtted

1.7 DELIVERY AND STORACGE: The equi pment specified herein shall be
delivered on pallets or blocking and with each entire unit or palletized unit
wrapped in heavy-duty plastic wapping, sealed to protect all parts and
assenblies fromnoisture and dirt. Al piping, conduit, exhaust, and air
i nt ake openi ngs shall be plugged and sealed shut. Batteries shall be
protected and prepared for shipment as recomended by the battery
manufacturer. All equipnent and allied equi pnent shall be stored at the site
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in covered encl osures, protected from atnospheric noisture, dirt, and ground
water. Each package shall be properly identified on the exterior of the
wrapping as to the identity of the encl osed equi pnent, contract nunber,

manuf acturer, and purchaser. The manufacturer's standard practice in product
protection and identification, meeting the above requirenents, wll be
accept abl e.

1.8 SITE CONDITIONS: The conponents of the engi ne-generator set,
i ncl udi ng cooling system conponents, punps, fans, and simlar auxiliaries,
shal |l be suitable and capable of the specified outputs in the foll ow ng
envi ronment :

a. Site Location: [ O]

b. Site Elevation: [ ] feet above nmean sea | evel
c. Anbient Tenperatures:

(1) Maxi mum [ ] Fdry bulb | ] Fwet bulb
(2) Mnimm]| ] F dry bulb.

d. Seismc zone: [ ] as defined by [the Uniform Buil di ng Code]
[ l.

e. Design Wnd Velocity: [ ] nph.

f. Prevailing Wnd Direction: [ ]
g. Atnospheric Conditions: Mist.
NOTE: ADD OTNER S| TE CONDI TI ONS WHI CH | MPACT SET CHARACTERI STI CS

1.9 MANUFACTURER S REPRESENTATI VE:  Furni sh the service of one or nore
Di esel - Generator representative or technicians, experienced in the
installation and operation of the type of systens being provided, to
supervise the installation, testing, adjustnent of the system and to
i nstruct Governnment personnel.

PART 2 - PRODUCTS

2.1 MATERIALS: Use materials and equi pnment essentially the standard
cat al ogued products of manufacturers regularly engaged in production of such
materials or equi pnent, and the manufacturer's |atest standard design that
conplies with specification requirenents. Were two units of the sane class
of equi pnent are required, these units shall be products of a single
manuf act urer; however, component parts of the system need not be products of
the same manufacturer. Each major conponent of equi pnent shall have the
manuf acturer's nane, address, and nodel and serial nunber on a nanepl ate
securely affixed in a conspicuous place; naneplate of the distributing agent
wi Il not be acceptable. Naneplates shall not be painted.
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2.2 ENG NE- GENERATOR SET: Provi de engi ne-generator set correctly
coordi nated by the engi ne-generator manufacturer to assure an installed
rating in the environnent described in the paragraph "Site Conditions". The
set shall consist of a diesel engine direct -connected to an
al ternating-current generator having a brushless excitation system and shall
be provided with all necessary accessories, auxiliaries, appurtenances,
control equipnment, and cooling systems, resulting in a conplete set and,
except for external service connections, ready for operation
Engi ne- generator set shall be mounted on a structural steel subbase sized to
support the engi ne; generator -exciter, engine-generator control panel
lubricating oil filters, heat exchangers and punp; fuel oil filters, fue
tank, and punps; jacket cool ant heat exchangers and punps; and
i nterconnecting piping and wiring for all systems. Engine unit -nmounted
radi ators and auxiliaries shall also be mounted on the engi ne -generator set
subbase. The engi ne-generator set shall include the electric starter
controls, and related wiring for electric starting. The batteries, battery
racks and charger assenbly shall be nounted on the set subbase. The
structural subbase shall be provided with vibration isolators suitable for
the |l oads and lateral forces involved in seismc zones. |Isolators shall be
as recomended by the engi ne-generator set and isol ator manufacturer to suit
t he specific equipnment involved. E ectrical and nechanical field connections
shall be made with flexible connectors. Engine and generator shall be
factory aligned on the subbase and securely bolted into place in accordance
with the manufacturer's standard practice. The engi ne-generator set, after
assenbly, shall be painted overall with [the manufacturer's standard paints
and col ors] [ ]. After tests and before shipping, the set shall be
t horoughly cl eaned and the painting retouched as necessary to provide
conplete protection to the set. The manufacturer shall provide one gallon of
the identical paint in the paint manufacturer's sealed containers with the
engi ne-generator set. The engine-generator set shall be capable of renote
-starting, coming up to synchronous speed, and providing full rated power
within 10 seconds after start-up initiation. Engine-generator set shall be'
conpl etely housed in a weat herproof enclosure for outdoor installation

2.2.1 \Watherproof Enclosure: The enclosure shall consist of a roof,
underfrane, two side walls and two end walls of prepainted al um num stressed
skin construction and shall conply with the followi ng design criteria:

2.2.1.1 Weatherproof, walk-in type encl osure.

2.2.1.2 Rigidity wind test equal to 150 miles per hour

2.2.1.3 Roof |oad equal to 50 pounds- per square foot.

2.2.1.4 Floor |oading 200 pounds per square foot of equally distributed
| oad.

2.2.1.5 Rain test equal of 5 inches per hour.

2.2.1.6 Flooring: 3/4 inch tongue and groove exterior for plywod
subfloor with 1/8 inch dianmond plate steel floor
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2.2. 1.7 Personnel Door: A umnumfrane with prepainted al um num panel s
fully gasket ed.

2.2.2 Equipment Rating and Capability: The engine-generator set shal
have a net continuous rating capacity of not |ess than 600kWat 0.8 power
factor and shall be designed to supply 480Y/ 277 -volt, 60-hertz alternating
current output. Al auxiliary equi prment furnished shall be designed for
conti nuous duty at 100 percent of rated net capacity of the engine -generator
set. Al cooling system conponents and auxiliaries shall be properly sized
relative to the engi ne cool ant specified under cooling system The
engi ne-generator set shall be able to start the |largest notor |oad while al
other | oads are operating with no nore than 15 per cent voltage dip at the
engi ne-generator set output termnals.

2.2.3 Citical Speeds: The conplete engi ne-generator set shall be free of
critical speeds of either a major or minor order that will endanger
satisfactory operation of the set. Satisfactory operation will be considered
endangered, if torsional vibration stresses exceed 5,000 psi within 10
percent above or bel ow rated engi ne speed.

2.3 DESIGN AND CONSTRUCTI O\ Rotating or reciprocating parts, or other
parts that may present a hazard to operating personnel, shall be isolated or
shi el ded to m nimze danger

2.3.1 Space Heaters: Space heaters shall De thernostatically controlled
and shall be provided in the enclosures of generators and exciters. Heaters
shall be 120-volt AC, single- phase, of ratings as recommended by the
manuf acturer for the atnosphere specified under the paragraph "Site
Condi ti ons".

2.3.2 Diesel Engines: Conply with MI. Spec. ML-S-16165 relative to
radiated radio interference. For generators and other devices capable of
producing radio interference conply with ML-5TD-461 rel ative to radi ated and
conducted radio interference.

2.3.3 Fungus Control: For electrical conponents, fungus control is
required as foll ows:

a. FEectrical conponents such as switches, fuses, contacts, and heater
el ements shall not be treated. Qher materials and conmponents which
are inherently fungus-resistant or are protected by hermetic sealing
need not be treated.

b. drcuit elenents, not covered above and whi ch have a tenperature rise
of not nore than 75 degrees. F when operating at full |oad, shall be
coated with a fungus-resistant varnish conforming to MI. Spec.

M L-V-173. The nethod of treatnment shall be i n accordance with M| .
Spec. ML-T-152. Circuit elenents include, but are not limted to,
cable, wire, terminal and junction bl ocks, junction boxes,
capacitors, and coils.
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c. Grcuit elements, such as motor coils, generator and transforner
wi ndi ngs, and simlar electrical conmponents, which have a tenperature
ri se exceeding 75 degrees F when operating at full |oad, shall not be
coated with a fungitoxic conpound. |nstead, such conponents shall be
given two initial coats of varnish and one seal coat 9f varnish, al
conformng to MI. Spec. ML-I-24092, Cass 220, Type M The coats
shall be applied by the vacuum-pressure inmersion, centrifugal
pul sating pressure, or built -up nethod so as to fill all interstices
in the coils and preclude the entrapment of air or noisture.

2.4 DI ESEL ENA NES AND ACCESSORI ES: Engi ne shall be four -cycle,
t urbocharged and not intercooled or turbocharged and intercool ed; vertica
In-line or vertical Vee type; designed for continuous duty, stationary
service. Design and construct the engine so as to elimnate undue heating,
vi bration, and wear and be efficient and trouble free in operation. Engine
shal | be capabl e of operating on diesel fuel oil conformng to Fed. Spec.
W-F-800 (Grade DF-2) [and] [MI. Spec. ML-T-5624 (Grade iP-4)] [MI. Spec
M L-T-5624 (G ade JP-5)] [MI. Spec. ML-T-83133 (JP-8)]. [If fuel additives
are required in order to safely operate on Grade JP-4, a conspicuous warni ng
shal |l be permanently attached to the engi ne-generator set. The warning shal
state the requirement for additive(s) in mnimum21 inch high lettering. In
addition, a warning shall be permanently attached to the fuel filler cap.]
Limting characteristics of the engines shall be as foll ows:

a. Mxi mum brake nean effective pressure, psi:

Tur bochar ged Turbo char ged
Not And

I nt ercool ed I nt ercool ed
150 185

b. Maxi num engi ne speed, RPM 1,800

2.4.1 Ceneral Construction: Engine shall be constructed to w thstand
sudden changes fromno load to rated | oad, and to preserve alignnment of
i ntegral conponents under all conditions of operation. The design shal
i ncorporate pressure lubrication of bearings and wist pins, and the bearing
journal s shall be hardened or chrom um plated to provide a hand
shock-resistant surface with ductile core. Crankshafts shall be
count erbal anced to reduce vibration to a mnimum Crankshaft and connecting
rod bearings shall be the repl aceabl e precision sleeve type. Cylinders shal
be provided with replaceable liners. The piston rings shall be constructed
of a heat-resisting alloy steel or chromumplated cast-iron. Canshafts
shal |l be gear driven, and shall be high wear - resistant, at cans and
journals. Timng marks shall be clearly indicated on the crankshaft and
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gears. Valves shall have renovabl e stem gui des and seat inserts. The

fl ywheel shall be bal anced, and shall be capable of being rotated 50 percent
above the maxi numrated engine rotative speed w thout danger of breaking or
expl odi ng. Fl ywheel housing shall be provided with a drain hole at the

| owest point. Means for turning the crankshaft manually shall be provided.

The turbocharger lubricating oil systemshall not be a separate system but

shall be a part of the engine lubricating oil system

2.4.2 Assenbly: Conpletely factory-assenble each engi ne. Mount
turbocharger and intercooler and all piping integral with the engine, on the
engi ne.

2.4.3 Engine Speed Governing System (ANSI Device 65): Provide each engine
with a speed governing systemand an independently driven overspeed limting
engi ne shutdown device. The speed governing systemshall conformto | EEE
126, Section II1, except as nodified herein. Provide an adjustable
i sochronous governor, wth suitable speed sensing. The governor shall
mai ntai n specified stability wi thout hunting, cycling, or other
irregularities. Governor shall include provisions for adjusting speed droop
load limt, and speed while the unit is in operation. Governor
characteristics shall conformto the follow ng

a. Mninmmrange of speed changer (expressed as a percent of rated
speed): mnus 15 to plus 5 percent.

b. bserved speed band shall not exceed (expressed as a percent
deviation of rated speed): plus or mnus 0.25 percent.

c. Transient speed deviation shall not exceed (expressed as a percent of
rated speed): plus or mnus 3.0 percent.

d. Time toreturnto limts of b. above nust not exceed (after sudden
| oad change of c. above): 3 seconds.

e. Mninmm manual speed regul ati on range adj ustnent (expressed as a
percent of rated speed): O percent to 5 percent.

Provi de governor with reversible synchronizing, direct -current notor or speed
changer suitable for the starting battery voltage. Connect governor to the
speed adjusting nechanismby a slip coupling to permt renote manua

operation for nechanical governors or equival ent renote operation for

el ectrical governing systens.

2.4.4 Engine Protective Devices: Provide engine with protective devices
as follows:
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a. Engine Shutdown: Equip engine with shutdown devices listed. These
devi ces shall shut down the engine by shutting off the fuel supply to
the fuel injectors. Shutdown devices shall be positive, direct in
action and i ndependent of the governor. Shutdown devices shall have
factory-set fixed set-points, and shall be equi pped with either
auxiliary electrical contacts and cranking circuitry, relays or
equi val ent device. Auxiliary contacts shall be suitable for starting
battery voltage. Shutdown shall open the generator main circuit
breaker. Provide the follow ng shutdown devices:

(1) COverspeed. device which operates if the engine and turbocharger
lubricating oil pressure drop bel ow a preset val ue.

(2) Pressure switch which operates if the engine and turbocharger
lubricating oil pressure drop bel ow a preset val ue.

(3) Tenperature snitch which operates if jacket cool ant tenperature
exceeds a preset val ue.

(4) Qher shutdown devices as recomended or normally provided by the
engi ne manuf act urer

b. Eectrical Interlocks and Alarnms: Equip throttle valves or starting
mechani smwith auxiliary contacts for interlocking with the generator
mai n breaker control circuit as determ ned by manufacturer
Auxiliary contacts shall be suitable for starting battery voltage.

2.4.5 Engine Alarm Contact Devices: Equip each engine wth alarm devices,
relays, and auxiliary contacts, as required, to actuate alarmsystemon “the
associ ated engine control panel. Auxiliary contacts shall be suitable for
the starting battery voltage. Al arm devices shall have factory -set fixed
setpoints. Provide the follow ng al arm contact devi ces.

a. Throttle valve limt switch or starting nechani smcontacts or
equi val ent device operating to energize a portion of alarm system
only when the engine is running and not during cranking or shutdown.

b. Pressure switch in jacket coolant manifold piping at the engine to
op rate if jacket cool ant pressure drops bel ow a preset val ue when
the engine i s running.

c. Pressure switch in engine and turbocharger lubricating oil system
pi ping fromengine to operate if pressure drops bel ow a preset val ue
due to failure of engine-driven lubricating oil punp.

d. Tenperature switch in the jacket cool ant di scharge piping fromthe
engine to operate if tenperature exceeds a preset value. Device
shall have an adjustabl e range between 100 and 212 degrees F.

e. Tenperature switch in lubricating oil piping manifold |eaving the
engine to operate if tenperature exceeds a preset value, or as
recommended by t he manufacturer.
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O her al arm devi ces as recommended by the engi ne manuf acturer.

A separate dry contact closure when any one of the alarm conditions
|isted above exists. The contact shall provide signhal to the PCP
annunci ator in the control house.

2.4.6 Engine Accessories: Provide the follow ng accessories for
engi ne- generator set where reconmended by the manufacturer

a.

Pi pi ng on engi ne-generator set to inlet and outlet connecti ons,
i ncludi ng all nonstandard conpani on fl anges.

Foundation bolts, nuts, isolators, and sleeves for engi ne- generator
set.

Level jack screws or shins (if applicable).

Chocks and shins for installation and | eveling of engine- generator
set subbase (if applicable).

Provi de manual |y operated barring gear

I ndicating thernonmeter or tenperature indicator per manufacturer s
standard on engi ne coolant inlet and outlet and, where it is a
Separate circuit, provide an indicating thernoneter on the
turbocharger intercooler outlet.

Drilled and tapped holes for attachnment of manoneter to measure
crankcase pressure or vacuum if standard with the manufacturer

Rermovabl e guard or housing, if required, around flywheel, generator
and exciter. Support guard or housing entirely on either the engine
or the subbase and to suit manufacturer's standard.

2.4.7 Ar Intake and Exhaust Systens: Provide air intake and exhaust

system

Air intake system shall be nounted on or supported formthe engi ne

subbase assenbly. Include piping, fittings, and expansion joints necessary
to interconnect equiprment with the engine.

a.

Air Intake Filters: Provide dry type filter for the engine as
standard with the engi ne manufacturer. Filter shall be capable of
renoving a m ni mumof 92 percent of dirt and abrasive 3 mcrons and
larger, fromintake air. Size filter to suit engine requirenents at
100 percent of rated full load. The unit shall be designed to pernit
easy access to the filter for maintenance purposes.
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Exhaust Silencers: Provide an exhaust silencer for engine to reduce
t he exhaust sound spectrumto, or below, the following listed |evels,
when nmeasured with a sound | evel neter conformng to ASA 47, 75 feet
fromthe outlet, under full engine | oad and clear weather: Silencer
shall be conplete with handhol e openings and all necessary brackets
for supporting purposes. Sizing of silencer shall be in accordance
with the engine and sil encer manufacturer's recomendations. Fl anged
inlet and outlet connections shall be provided. Silencer shall be
nount ed above the roof of the outdoor enclosure.

Frequency Range

- Hertz Maxi mum Sound Level - Decibels
20 to 75 87
75 to 150 77
150 to 300 70
300 to 600 64
600 to 1200 61
1200 to 2400 60
2400 to 4800 60
4800 to 10000 62

Expansi on (Fl exible) Joints: Provide suitable sections of multiple
corrugated stainless steel expansion joints with liners in the engine
exhaust piping for engine to absorb expansion strains and vibration
inthe piping. Flexible joints in exhaust piping shall be suitable
for continuous operation at 200 degrees F above the nornmal exhaust
gas tenperature at 100 percent |load. Air intake expansion joints
shall be as specified for exhaust piping or may be nmetal reinforced
rubber type suitable for the service. Joints shall be of the same
size as the pipe and provided with flanged connecti ons conformng t~
drilling dinensions of ANSI B16.1 for 125 pound flanges. Air intake
expansi on joints may be for plain end pipe.

Air Intake Piping: Conformto the manufacturer's recomendations as
to size, type, and connecti ons.

Exhaust Piping: Provide piping for engi ne conplete with necessary
fittings, flanges, gaskets, bolts, and nuts. Pipe shall be

| ap-wel ded, or seamnl ess steel pipe conformng to ASTM A53. Exhaust
pi pi ng shall be Schedul e 40 pipe for sizes 12 inches and smaller and
for larger sizes shall have wall thickness not |ess than 0.375-inch.
Exhaust piping shall slope away from engine. Flanges shall be

150- pound slip-on forged steel welding flanges conformng to ANS
B16.5, with material in accordance with ASTM A181, Gade |I. Fittings
shall be butt- welding conform ng to ASTM A234, with wall thickness
sane as adjoining piping. Built-up mter welded fittings may be
used. Fittings shall be of sane material as pipe. Mter angles of
each individual section shall not exceed 22.5 degrees' total and not
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more than 11.25 degrees relative to the axis of the pipe at any one
cut. Caskets for piping shall be of high tenperature asbestos -free
material suitable for the service. Bolting materials for exhaust
flanges shall be alloy-steel bolt-studs conformng to ASTM Al 93, and
alloy-steel nuts conforming to ASTM A194. Bolts shall be of
sufficient length to obtain full bearing on the nuts and shal

project not nore than two full threads beyond the nut.

2.5 GENERATORS AND EXCI TATI ON AND VOLTAGE REGULATI ON SYSTEM

2.5.1 Cenerator: Provide 0.80 power factor, synchronous,
alternating-current, brushless-excited revolving field, air-cool ed,
self-ventilated unit conforming to NEMA M5 1 and rated as specified in
Paragraph 2.2.2, entitled "Equipnent Rating and Capability”. Enclosure frane
shal |l be dripproof. Match generator speed to that of the engine. Drive
generator directly fromthe engi ne crankshaft in a manner approved by both
t he engi ne and generator nmanufacturers. Generator shall be capabl e of
carrying at rated voltage and 0.8 power -factor, a |oad equal to the net kW
rating of the engi ne without exceeding the tenperature limts specified in
NEMA M5 1 for continuous duty. For addition of load up to and including 100
percent of rated |load, at 0.8 power factor, the transient voltage dip shal
not exceed 35 percent of rated voltage. The voltage shall recover to and
remain within the steady state band in not nore than 5.0 seconds. Wnding
insulation shall be dass Bor F. An anortisser winding shall be provided
and the generator and flywheel shall have sufficient flywheel effect to neet
the requirements of regulation specified. GCenerator field. voltage shall be
the manufacturer' s standard voltage. The generator neutral and enclosure
shal | be grounded as indi cat ed.

2.5.2 Excitation and Vol tage Regul ation Systens: Conply with |EEE 421

2.5.2.1 Exciter: The exciter shall be integral with the generator and
shall be of the synchronous, rotating armature, rotating rectifier type. The
rotating rectifier assenbly shall be mounted in a manner to provide ready
access for inspection and replacenment of the rectifier diodes. Sem conductor
rectifiers shall have m ninmum factor of safety of 300 percent for peak
i nverse voltage, and forward current ratings for all operating conditions,
i ncl udi ng 100 percent generator output at 40 degrees C anbient. Safety
devices for the protection of the rectifiers against overload currents and
vol tages shall be provided unless the design provides this protection
i nherently. The acceptable ratio of exciter ceiling voltage to exciter
nom nal voltage shall be not less than three to two Exciter shall be
equi pped with surge protection devices. Qutput of exciter alternator shal
be t hree-phase and shall be rectified by full -wave solid-state rotating
rectifier nmounted on the generator shaft. Rotating rectifier shall consist
of hermetically seal ed di odes connected between exciter and generator field
wi t hout intervening brushes, slip-rings, or commutators. Exciter field shall
be stationary.
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2.5.2.2 Voltage Regul ator (ANSI Device 90): The voltage regul ator shal
be solid state and shall automatically control the generator field current
t hrough action on the exciter. The reference voltage shall be three -phase
averaged and shall be obtained fromthe generator output transforners, if
required. The voltage regul ator shall enable manual adjustnment of the set
out put voltage, while the set is operating, by potentioneter adjustnent at
the generator control panel. Provide automatic field flashing using power
fromthe starting battery and suitable nmeans to limt the flashing current to
a safe value with controls for the circuit, to be installed in the generator
control panel

a. Munting: Install instrunent transformers and the voltage regul ator
in the generator control panel along with a manual voltage setting
control systemconsisting of a manual voltage adjusting rheostat or
vari abl e autotransfornmer and a manual - automatic-off switch.

b. Regulation: The voltage regulator/excitation systens shall be
capabl e of voltage regulation within plus or mnus 1/2 percent from
no-load to full -1oad, and capable of maintaining a long- tine voltage
stability of within plus or minus 1 percent. A 5 percent variation
in frequency and the effects of field heating shall not affect the
units regul ation performance. Provide full -field-forcing series
boost excitation system supplied as necessary and in conjunction with
the voltage regulator to furnish a relatively constant voltage to the
regul ati on power stage during all operating conditions including
generator overload and short circuit.

c. EM Suppression: Provide as an integral part of the regul ator
el ectromagnetic interference (EM) suppression for conducted and
radi ati on em ssions conplying with ML-STD- 461, dass

2.6 FUEL AL SYSTEM Conformto NFPA 30 and NFPA 37 and the requirenents
her ei n.

2.6.1 Fuel G| Tanks: Provide subbase-mounted tank with a mininum
capacity of 350 gallons. Construct tank of not |ess than 3/16 inch stee
plate, with welded joints and necessary stiffeners on exterior of tank and
provi de an adequately braced structural steel framework support. Provide
tank with a | evel gauge and nmakeup control valve. |nclude connections of the
i ndi cated sizes for inlet, outlet, overflow, vent, drain, and |evel
controller and high and | ow | evel al arm switches.

2.6.1.1 Level Alarm Switches: Provide tank-top nounted or external fl oat
cage, single-pole, single-throw type designed for use on fuel oil tanks.
Arrange high level alarmswitches to close on rise of liquid |level, and | ow
| evel alarmswitches to close on fall of liquid level. Munt float cage
units, where used, with isolating and drain valves. Contacts shall be
suitable for the starting battery voltage.
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2.6.1.2 Tank Gauges: Provide tank gauges conformng to MI. Spec.
ML-G 17713 for the fuel oil tank. Gauges for fuel oil tanks shall be
buoyant force type, with dial indicator not less than 4-inch in size and
arranged for side mounting. Each reading dial or scale shall be calibrated
for its specific tank to read fromenpty to full, with intermedi ate points
of 1/4, 1/2, and 3/4.

2.6.2 Duplex Fuel Gl Stainer: Provide the type having two straining
chanmbers and arranged to divert the flow fromone chanber to the other
wi thout interruption at any point of the change over. Design shall allow for
cleaning by permtting renmoval of the strainer basket not in use while the
ot her strainer basket is in use. Construct strainer baskets of
corrosion-resistant nmetal. Strainer nesh, type, and free area shall be as
recommended by the engi ne manuf acturer.

2.6.3 Fuel Gl Meters: Provide positive displacenment type. Maxi num
variation from absol ute accuracy neasurenent over entire range of neter shal
be not greater than two-tenths of one percent. Provide neters with
hori zontal setback registers and calibrated to read in gallons and tenths of
gallons. Construct neters with cast -iron bodies, with working parts nmade of
corrosion-resistant steel to resist wear, friction, and corrosion and
suitable for handling oil containing a small percentage of sul phur.

2.7 LUBRI CATING A L SYSTEM

2.7.1 Auxiliary Lubricating G| Punps: Were reconmended by the engi ne
manuf acturer, provide one punp suitable for "before-and-after™ lubricating
and cooling service as required by the engine. Equip punp with a bypass
relief valve

2.7.2 Lubricating Gl Filtration: Provide engine with a pressurized
lubricating oil filtration systemcapable of filtering the full rate of oi
flow fromthe oil punp(s) at the maxi num engi ne speed in accordance with the
standard practice of the engine manufacturer. Means shall be provided to
ensure delivery of lubricating oil to vital wearing surfaces regardl ess of
the condition of the filter(s) wi thout removing the engine from service.
Additionally, the filter(s) must provide nmeans of automatically bypassing the
filter if it should beconme flow-restricting. Al filter elenents shall be of
the throwaway type with filter el enents as recommended by the engine
manufacturer. Two spare replacenent elements in their original containers
shall be provided for each filter with each unit.

2.7.3 Lubricating Gl Coolers: |If recommended by the engi ne manufacturer
cool ers shall be provided for engine to maintain the lubricating oil within
the tenperature limts recommended by the engi ne manufacturer under al
operating conditions. The cool ant system and conmponents shall be as normally
speci fied by the engi ne manufacturer for use with the class of engi ne being
provi ded, and the cooling nediumto be used. Engine jacket coolant fromthe
radi ator shall be used as cooling medium Each thernostat used in the oil
cooling systemshall be of the nonadjustable type and factory set at the
tenmper ature reconmended by the engi ne manuf act urer
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2.7.4 Thernostatic Control Valves: |f recommended and standard practice
wi th the engi ne manufacturer for the proposed engine, provide a valve
installed in the lubricating oil systemfor each engine to maintain a
constant lubricating oil temperature fromthe engine. Valve shall be as
specified in the paragraph "Thernostatic Control Valve". Valve shall be
capabl e of passing the total lubricating oil flow requirenent of the engine
as determ ned by the engine manufacturer with a pressure drop across the
val ve not the exceed 5 psi

2.8 COOLI NG SYSTEM  Cooling systens shall be of the type specified. |If
t he engi ne manufacturer considers that a different arrangenent is nore
suitable for the engine to be installed, the Contractor may submt to
Contracting Oficer informati on on the proposed cooling system arrangenent.
I f proposed arrangenent is approved by the Contracting Oficer, the
Contractor shall provide the proposed systemat a suitable reduction in
contract price. Coolant shall be as specified in the paragraph Radi ators

2.8.1 Jacket Cool ant Punps: Provide one punp for each engine driven from
engi ne-generator set unit crankshaft or canshaft. Each punp shall have anple
capacity to circulate the required fl ow of coolant. specified through the
systemto renove the total heat rejected fromthe engine and, where provided
by design, fromthe lubricating oil and intercoolers. Heat shall be rejected
to the jacket coolant to nmaintain optimumjacket cool ant tenperature |eaving
and entering engi ne as recomended by the engi ne manuf acturer.

2.8.2 Expansion Tanks: Provide one jacket water expansion- tank. Tank
shall be the standard design as provided by the engi ne manufacturer. |If the
engi ne manuf acturer has adopted use of a standpipe in lieu of the el evated
expansi on tank, the standpipe as sized by the engi ne manufacturer will be
acceptable. Provide tank or standpipe with a gauge gl ass and pet cock
assenbl y.

2.8.3 Radiators: Provide one radiator unit for engine-generator set.
Provi de engi ne subbase nounted radiator of the forced draft type with
hori zontal air discharge as standard with the engi ne manuf acturer

2.8.3.1 Design Conditions: Radiator unit shall have anple capacity to
renove not |less than the total Btu per hour of heat rejected by the engine at
100 percent full-rated load to the jacket coolant and |lubricating oil system
and that necessary for turbocharger intercooler. Radiator capacity shall be
rated a-t optimum tenperature of cool ant |eaving the engine and intercooler as
recommended by the engi ne manufacturer, with a dry bulb air tenperature of
[110] [___] degrees F. Pressure drop through the radiator shall not exceed 6
psi when circul ating the maxi mumrequired cool ant flow, Radiator air
vel ocity shall be a maxi num of 900 feet per mnute. Coolant solution shal
be a m xture of clean water and a conmerci al standard ethyl ene gl ycol based
cool ant providing protection to [O][___] degrees F. Mxture shall be to the
proportions recommended by the engi ne manufacturer to neet site conditions.
Provi de an antifreeze solution tester suitable for the solution used.
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NOTE: USE TUE MAXI MUM DRY-BULB TEMPERATURE OF THE SI TE PLUS 15 DEGREES, BUT
NOT' LESS THAN 110 DEGREES FOR TUE FI RST TEMPERATURE. USE ZERO DEGREES EXCEPT
WHERE M NI MUM DRY- BULB TEMPERATURE PERM TS USE OF A H GHER TEMPERATURE FOR
THE SECOND TEMPERATURE

2.8.3.2 Engine Subbase-Munted Radi ator Construction: The radiator fan
shall direct the air flow fromthe engi ne outward through the radiator. The
fan may be driven directly fromthe engi ne crankshaft through V-belt drive.
The radi ator shall have sufficient capacity to neet the design conditions
against a static restriction of 0.5-inch of water as may be inposed by
| ouvers and ductwork. Cooling section shall have a tube and fin type core.
Engi ne-driven fans shall be the engine manufacturer's standard units,
selected for quiet vibration-free operation. Provision shall be nmade for
cool ant expansion either by self -contai ned expansion tanks or separately
nmount ed expansi on tanks, as standard with the manufacturer. Provide suitable
guards for each fan and drive.

2.8.4 Thernostatic Control Valves: |f reconmended and standard with the
engi ne manufacturer for the proposed engine, provide a valve installed in the
j acket coolant systemfor the engine to maintain a constant jacket cool ant
temperature fromthe engine. Valve shall be capable of passing cool ant fl ow,
as determ ned by the engi ne manufacturer.

2.8.5 Starting Aids: A factory-installed, electrically-operated, jacket
cool ant heating systemshall be provided to ensure rapid starting. The
heater shall be thernostatically controlled at the tenperature recomended by
t he engi ne manufacturer. Power |eads shall be brought to a junction box
whi ch shall provide fusing and manual di sconnection of the heater
Installation shall include all necessary equi pnent, piping, controls, wring,
and accessories. Heater shall be 208V., 60 Hz.

2.9 ELECTRIC STARTING SYSTEM A [24] [__] volt direct -current starting
battery installation shall be provided for starting of the engi ne -generator
set utilizing an electric cranking system The electric cranking system
shal |l be capable of rotating the engine at a speed sufficient for rapid
starting in an anbient tenperature of [20] [___] degrees F. The signal for
starting shall come fromthe engine- generator set control system

2.9.1 Canking: The el ectric cranking systemshall be energized fromthe
starting batteries' negative polarity grounded, direct -current (DC)
electrical circuit. The cranking notor(s) shall be of the heavy -duty type
wi th adequate capacity to crank the engi ne continuously to start the engine.
The drive nechani smfor engaging the starting notor(s) with the engi ne
fl ywheel shall be designed to inherently engage and rel ease w t hout bi nding.
VWhen the engine starts, a "stop cranking" switch shall be engine -speed
actuated and shall cause di sengagenent of the starting gearing and the
shutdown of the starting notor(s). The automatic cranking panel shall crank
t he engi ne as specified under the paragraph "Engi ne C anking Rel ay".
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2.9.2 Starting Battery Installation: Lead acid storage batteries shall be
provi ded and shall be of sufficient size and capacity in a fully charged
condition to start the engine-generator set six consecutive tinmes. Suitable
battery racks or enclosures, properly ventilated shall be provided for the
batteries and charger. Al necessary cabling shall be provided.

2.9.3 Starting Battery Charger: The battery charger shall be encl osed,
automatic, dual -rate, solid-state, constant voltage type having AC voltage
conpensati on, DC voltage regul ation, and shall be current limting. The
charger shall enmploy transistor-controlled magnetic anplifier circuits to
provi de continuous taper charging. Charger shall have two ranges, float and
equalize, with 0 to 24 hour equalizer time, DC cranking relay, silicon diode
full -wave rectifiers, automatic surge suppressers, DC ammeter, DC voltneter
and fused inputs and outputs. Charger shall have a continuous rated output
of not less than 10 amperes. Battery charger shall conformto UL 1236

2.10 PIPI NG SYSTEMS:

2.10.1 Fuel G| and Lubricating Ol Piping System Piping systens shal
conformto the foll owi ng, except that factory-installed piping may conformto
t he engi ne-generator set manufacturer's standards:

2.10.1.1 Pi ping: Provide seam ess steel, conform ng to ASTM A53, G ade A
Screwed piping, 1-1/2 inch and snaller, shall be Schedul e 80; all other

pi pi ng shall be Schedul e 40. The Contractor may substitute Fed. Spec.
WM T- 799 Type K copper tubing with wought copper, high- tenperature sol dered
or threaded fittings, where the use of copper piping is standard with the

unit manufacturer. Threaded adapters or flanges shall be used at all valves
and equi prent connecti ons.

2.10.1.2 Fittings and Flanges: Fittings for steel piping, 1-1/2 inch and
smal l er, shall be 3,000-pound forged steel socket welding, conformng to ANS
B16.11. Fittings, 2-inch and larger, shall be steel butt-welding, conformnng
to ANSI B16.9. Flanges shall be per ANSI B16.5 for 150 -pound slip-on or
wel di ng neck forged steel welding flanges, material conform ng to ASTM Al 81
Provide flat face flanges for connecting to 125-pound standard cast-iron

val ves, fittings, and equi pnent connecti ons.

2.10.1.3 Unions: For steel piping, 1-1/2 inch and smaller, unions shal
conformto M5SS SP-83 with socket welding ends. For piping 2-inch and |arger
a pair of flanges may be used in lieu of a union.

2.10.1. 4 Plug Valves: Utilize lubricated tapered plug type in conformance
with MI. Spec. ML-V-12003, 125 pound class. Valves, 4 inch and snaller
shall be wench-operated. Valves, 1-1/2 inch and smaller, shall have screwed
ends. Valves 2 inch and larger, shall have flanged ends.

2.10.1.5 Gaskets: Provide woven nonasbestos fibers with fluorocarbon
pl asti c binder or conpressed with nitrile or neoprene binder suitable for
either diesel fuel oil or lubricating oil

2.10.2 Bolts, Studs, and Nuts:
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2.10.2.1 For Tenmperatures Up to 450 Degrees F: Material for bolts or
studs shall be ASTM A307, Grade B, and for nuts ASTM Al194, G ade 2. Threads
and di mensions for bolts or studs shall conply with ANSI B18.2.1 for square
head di nensi ons.

2.10.2.2 For Tenperatures over 450 Degrees F: Materials for bolts or
studs shall be ASTM A193, Grade B7, and for nuts ASTM A194, Grade 7. Threads
and di mensions for bolts or studs shall conmply with ANSI B18.2.1 for square
head di mensions and with ANSI Bl.1 coarse-thread series, for one inch and
smal | er.

2.11 ENG NE- GENERATOR SET CONTROLS: Provi de an engi ne-generator contro
panel nmounted on the engi ne-generator set subbase, and a renote al arm panel

2.11.1 Construction: Provide an encl osed panel fabricated of not |ighter

t han 14-gauge sheet steel in conpliance with NEVA 250, Type 3R  Construct
cabinet with angle iron framework, if required, for proper stiffness and
support. Size the cabinet to acconmpbdate the equi prent specified herein when
arranged in an orderly and approved manner. Factory-nmount panel on the
engi ne unit subbase. Use isolation nounting material between the subbase and
the panel to isolate the panel fromengine vibrations. Provide all
panel - mount ed, devices with suitable namepl ates of |am nated bl ack

gl oss-finished plastic with white engraved lettering. Provide all connecting
pi pi ng, tubing, and wiring installed in conduit where not otherw se encl osed.

2.11.1.1 Engi ne Control Panel: Provide devices of the type standard with
the manufacturer utilizing mninum2 inch nom nal dianeter gauges.
Instrunents subject to rapid pressure surges shall be provided w th danpening
devices to give a steady reading. Provide the follow ng panel -nounted
devices as a m ni num

a. Engine Controls: Engine controls shall be installed on the generator
control panel, except provide an energency stop switch on the engine
control pane

b. Engine Instrunentation

(1) Fuel oil pressure gauge.
(2) Lube oil pressure gauge.
(3) Cool ant tenperature gauge.
(4) El apsed tinme neter

(5) Lube oil tenperature gauge.

c. Engine Safety Circuit Devices: Provide the follow ng devices to stop
t he engi ne-generator set and to sinultaneously open its main circuit
breaker. The stop switch may be connected to this safety circuit if
so recomended by the manufacturer. Source of energy for the engine
safety circuit shall be the starting battery.
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(1) COvercranking.

(2) Over speed.

(3) Excessive cool ant tenperature.

(4) Dangerously low lubricating oil pressure.

2.11.1.2 Generator Control Panel: Install these controls in the
engi ne-generator control panel. GCenerator controls and instrunmentation shall
be provided as foll ows:

a.

CGenerator Controls:

(1) GCenerator circuit breaker (ANSI Device 52).
(2) Voltage regul ator and associ ated control s.

CGenerator Instrunentation:

(1) Voltmeter and control swtch

(2) Ameter and control switch

(3) Three current and three voltage (potential) transforners.
(4) Frequency neter

Engi ne Starting and Stopping Controls and Protective Equi pnent

(1) Engine starting switch
(2) Engine cranking rel ay.
(3) Engine shutdown rel ay.
(4) Surge arrester and capacitor assenbly.

Rermote Al arm Panel: Provide a renote al arm panel suitable for
operation on the starting battery voltage. The panel shall consist
of a factory-installed annunciator conplying with 15A S 18.1. The
annunci ator shall be of the back |ighted nanepl ate wi ndows nodul ar
relay type. Relays shall be hernetically sealed of plug-in
construction and nanepl ate wi ndows shall be nominally 2 inch high by
3 inch wide and equipped with two long-life |anps per w ndow audi bl e
alarmshall be a single-bell projector type having a noise |evel of
not |less than 95 decibels at 10 feet and provided with sil encing
switch. Provide the following alarns with preal arnms provided only
for tenperature and pressure conditions and shutdown alarns for al
condi ti ons:

(1) H gh jacket cool ant temperature

(2) Hgh lubricating oil tenperature

(3) Low lubricating oil temperature

(4) Low fuel oil pressure

(5) Engine shutdown due to overspeed

(6) Engine starting failure

(7) Normal voltage supply failure

(8) Restoration of normal supply voltage

(9) Control battery summary al arm

(10) O her engine-generator set abnormal conditions as reconmended by
t he manuf acturer
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2.11.3 Cenerator Control Panel Devices: Conformto the follow ng
requi rements for each device.

2.11.3.1 CGenerator Crcuit Breaker (ANSI Device 52): Provide a circuit
breaker having a solid-state tripping device with adjustable long-tine and
short-tine tripping characteristics. Provide a stored- energy cl osing
mechani smfor rapid and safe closing of the circuit breaker against fault
currents within the short-tine rating of the circuit breaker independent of
the operator's strength or effort in closing the handle. Size the circuit
breaker for the 100 percent full - | oad capacity of the engine-generator set
and provide lugs for the indicated el ectrical connection.

a. Type: Provide a nolded-case circuit breaker conform ng to NEVA ABl
and UL 489 and having 100-percent rating. Switchboard construction
shall conformto NEVMA PB2 and UL 891

b. Qperation: Al circuit breakers shall be manual ly operated.

2.11.3.2 CGenerator Voltage Adjustnment: Install the manual voltage setting
control system as specified under the paragraph Vol tage Regul at or

2.11.3.3 Covernor Renote Control: Provide a governor "raise-|ower"
control switch to manually operate the electric motor or pneunatic speed
changer specified under the paragraph "Engi ne Speed Governi ng Systen'.

2.11.3.4 Instrunent and Control Switches: Uilize rotary -enclosed,
rear-nounted swi tches having positive neans of maintaining contacts, which
shall be silver-to-silver type, identifying escutcheon plates, and handl e
targets to indicate switch position. Uilize knurled handl es for instrunment
swi tches, standard pistol grip handles for circuit breaker and governor
control switches. Provide red and green indicating lights for circuit
breaker control sw tches

2.11.3.5 Indicating Lights: Provide front renovable, |ow drain,
push-to-test, indicating |lights equipped with dropping resistors suitable for
120-volt AC service, as required and col or caps as specified.

2.11.3.6 Instrunents: Provide sem flush-nounted, rectangular, sw tchboard
instruments with rear connecting termnals and conformng to ANSI C39. 1.
Construct with taut-band suspension nmovernent and 250-degree scales in' a

nom nal 4.5-inch square case. Design and calibrate for vertical or

hori zontal nounting, as required. Elapsed tine neters shall totalize engine
running time to 9999.9 hours total

2.11.3.7 Instrunent Transformers: Provide indoor, dry-type conformng to
ANSI C57. 13.
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2.11.3.8 Engine Starting Switch: The switch shall be a four -position
rotary, enclosed rear nounting type. The switch shall be the

mai nt ai ned-position type. The switch positions shall be "Renote Start”,
"OfFf", "Test", and "Manual". The control wiring shall be coordinated with
the Transfer Switch to provide the foll ow ng:

a. In the "Renote Start"” position, the engi ne-generator set shall start
in response to renote start station signal

b. Inthe "Of" position, the engine-generator set starting circuits
shall not function.

c. In the "Test" position, the engine may be started and brought up to
speed, but the engine-generator set cannot be put on line.

d. In the "Manual" position, the switch shall start and bring the

engi ne-generator set up to speed.
2.11.3.9 Engi ne Cranking Relay: Provide to operate as foll ows:

a. \When actuated, device shall close contacts to actuate the engine
starting system

b. - Should the engine fail to start at once, cranking shall continue for
25 seconds (adjustable) after which a 10-second "off" period
(adj ustable) shall occur, followed by a 7-second starting period
(adj ustabl e) and another 7-second "off" period (adjustable).
Durations of cranking and "off" periods |isted above may be nodified
in accordance with the engi ne manufacturer's recomendati ons.

c. The above cranking cycle shall be repeated for three starting

attenpts.

d. If the engine still fails to start, the cranking device shall [|ock
out further starting attenpts until it is manually reset. Wen the
cranking relay | ocks out, an alarmlight shall be energized on the
panel and remain lighted until it is manually reset.

2.11.3.10 Engi ne Shutdown Rel ay: Provide and actuate by the engi ne
protective devices as specified in the paragraph "Engine Safety Crcuit
Devi ces". Shutdown relay shall disable all engine starting circuits unti
manual |y reset. Provide reset pushbutton

2.11.3.11 Surge Arrester and Capacitor Assenblies: Surge arrester and
capacitor assenblies shall be installed and shall be designed for the

engi ne-generator set voltage level. Surge arresters shall be of the

net al - oxi de type designed for a maxi mum 10-Kki |l oanpere di scharge. Surge
capacitors shall be specifically designed for use with the associ ated surge
arrester. Capacitors for generators shall be provided with built - in
resistors and shall be specifically designed for rotating machi ne protection
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2.12 MOTORS: Provide continuous-duty electric nmotors conplying with NEVA
M31, unless notors are specified to be engine driven. Naneplate horsepower
ratings shall be as required to drive associ ated equi pnent under the nmaxi mum
specified conditions of operation w thout consideration of service factor.
Provide induction notors with Cass B insulation. Mtors shall have genera
pur pose drip-proof enclosures or shall be totally enclosed fan-cool ed as
specified or shown. Mtors shall have sl eeve bearings or grease-|ubricated
bal I beari ngs.

2.12.1 Thr ee- phase Mdtors: Provide single- or two-speed notors as
specified or shown, squirrel cage type rated at the engi ne-generator set
vol tage level for 1/2 horsepower and | arger units.

2.12.2 Si ngl e- Phase Mdtors: Provide notors rated 115 volts, 60-hertz for
1/ 3 horsepower and smaller units.

2.13 MOTOR CONTROL: Conply with the requirenents specified in Section
entitled "Interior Wring Systens".

2. 14 M SCELLANEQUS ENG NE SYSTEM REQUI REMENTS

2.14.1 Fl ange Connections: \Were not otherw se indicated, flange piping
connections in accordance with ANSI B16.1 for 125 pound fl anges.

2.14.2 Thernostatic Control Valves: Valves shall be nodul ating type
utilizing self-contained thernostats w thout the use of external bulbs, and
equi pped with three-way valve action. Provide valves with one or nore

i nterchangeabl e thernostatic el ements. Thernostat shall be nonadjustable
type, and the operating tenperature shall be factory-set at the tenperature
recommended by the engi ne manufacturer. Design the valve to failsafe,
permtting flow through the engine. Provide flanged connections in
accordance with the paragraph "Fl ange Connecti ons".

PART 3 - EXECUTI ON

3.1 |INSTALLATION: Installation shall be in strict accordance with
manuf acturer's instructions. The Contractor shall provide all |abor, tools,
equi pnent, etc., for erection and installation of the equipnent. Use
cribbing and shoring as required to protect construction fromnoving-in
damage.

3.1.1 Installation of Engine-Cenerator Set: Install engine- generator set
on a concrete foundation as indicated. Provide vibration isolators to
i solate vibrations fromthe engi ne-generator set to the foundation. Type,
nunber, and arrangenent of the isolators shall be as reconmended by the
manuf act urer of the engi ne-generator set.
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3.1.2 Piping: Piping connecting to engi ne and equi pnent nounted on the
engi ne- gener at or subbase shall be factory installed and shall conformto the
manuf acturer's standards for the set sizes involved. Al piping extensions
fromthe engi ne-generator and subbase to fuel oil systemshall conply with
Di vi si on 15 Mechani cal Specifications.

3.2 FI ELD TESTS AND | NSPECTI ONS: Performand report on all field tests
and trial operations, and conduct all field inspections (except final field
i nspection). Provide all labor, calibrated and approved test equi pnent,
i ncludi ng i nductive | oad bank(s), recording volt, anp, and frequency neters
of sufficient accuracy for the tests, and other incidentals required for the.
tests. Contracting Oficer will witness all field tests and trial operations
and will conduct final field inspections. Gve the Contracting Oficer 5
wor ki ng days notice of the dates and tines scheduled for tests, tria
operations, and inspections. Al deficiencies found shall be rectified and
wor k affected by such deficiencies shall be conpletely retested at the
Contractor's expense.

3.2.1 Prelimnary Operation: Mke all necessary alignnment and adjustnents
to equi prent to assure proper operation as instructed by the manufacturers of
t he equi prrent. Lubricate equi pnent prior to operation in accordance with the
manufacturer's instructions. Upon approval by the Contracting Oficer or his
aut hori zed representative, operate engi ne-generator sets at varying | oads
t hr oughout the |l oad range for a sufficient time to denmobnstrate that operation
is proper and that all pressures and tenperatures are nornmal and within the
specified limts. Operate engines for a period of tinme sufficient to assure
that the units are ready to carry the test |oads specified in paragraph
"Engi ne- Cenerator Set Acceptance Tests" w thout damage to any of the engi ne
parts. During this prelimnary operation, check the operation of al
auxi liary equi prent furni shed under this contract to determne that it is
functioning properly, and make necessary adjustnents to all equipnent to
place it in first-class operating condition in conformance with the contract
requirements.

3.2.2 Hectrical Equi pment and Materials Tests:

a. Phase Relationship Tests: Check connections to all equipnent for
proper phase relationship. During such check, disconnect all devices
whi ch coul d be damaged by the application of voltage or reversed
phase sequence.

b. Control Panel Tests: Test and adjust neters and rel ays in accordance
with the applicable referenced -specifications.

c. Insulation Resistance Tests: Test all cables and equi pnent
furnished. M ninum acceptabl e val ues of insulation resistance of
circuits and equi prent shall be as recomrended by the manufacturer
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3.2.3 Engi ne-CGenerator Set Acceptance Tests: Wien installation is
conplete and in operating condition, notify the Contracting Oficer in
witing that the engine-generator set and auxiliary equi pnent are ready for
final field tests. The Contracting Oficer or his authorized representative
will witness final acceptance tests. Conduct fuel consunption tests on the
engi ne-generator sets to determ ne conpliance with the specification
requirements. Perform such other tests as necessary or desirable to nake
certain that all equipnment is functioning properly. Test shall include the
fol | ow ng:

a. Atest to determne generating unit speed regul ati on under a gradua
change fromzero to full |oad

b. Atest to determ ne generating unit instantaneous speed change wth
25 percent load on or off.

c. Atest to assure proper functioning of the overspeed trip.
d. An individual test of each al arm device.

e. Atest to assure that the generating unit can start the | argest notor
load while all other |oads are operating and that the resulting
voltage dip at the unit output termnals is no nore than 15 per cent.

f. A continuous operation test for not |ess than one hour at 25, 50, 75
and 100 per cent of full load. Record the follow ng data at the
start, at 15-minute intervals, and at the end of each |oad run:
engi ne cool ant tenperatures, lubricating oil tenperatures and
pressures; and any ot her data of inportance.

3.2.3.1 Test Reruns: |If the specified performance is not indicated by
these tests, nake such adjustnments and changes, as necessary, and conduct
addi tional tests, as necessary, to further check the performance of the
equi pnent. Contractor shall bear all costs of such additional tests,

i ncl udi ng cost of fuel used.

3.2.3.2 Failure to Meet Requirenents: |In the event any of the equi pnent
fails to nmeet specified performance or fails to operate satisfactorily, the
Covernment shall have the right to operate the equipnment until the defects
have been corrected. Any equi pment proved to be faulty or inadequate for the
service specified will be rejected, but the Governnent shall have the right
to operate the rejected equi pnment until such tinme as new equi pnent is

provi ded by the Contractor to replace the equipnment rejected.

-- END OF SECTICN --
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