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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  1800 r pm di esel  engi ne- gener at or  
set s wi t h r at i ngs up t o 2000 kW at  0. 8 power  f act or  
i nt ended f or  use i n l ow vol t age,  non par al l el i ng,  
emer gency el ect r i cal  power  syst ems meet i ng 
r equi r ement s of  NFPA 70,  NFPA 99,  and MI L- HDBK- 1191.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on wi l l  r equi r e 
modi f i cat i on f or  appl i cat i ons wher e aut omat i c 
t r ansf er  swi t ches ar e not  used.   When gener at or s ar e 
t o be oper at ed i n par al l el  wi t h ut i l i t y  or  wi t h 
ot her  gener at or s,  and f or  medi um vol t age ( gr eat er  
t han 600 vol t )  syst ems,  cont act  t he r esponsi bl e 
Faci l i t i es Engi neer i ng Command ( FEC)  f or  
det er mi nat i on as t o whi ch speci f i cat i on or  sampl e 
speci f i cat i on i s  t o be used.   I f  Echel on I I I  
Reach- back Suppor t  f or m NAVFAC LANT or  NAVFAC PAC i s 
r equi r ed f or  shop dr awi ng r evi ew or  f i el d accept ance 
t est i ng,  t he FEC t echni cal  r epr esent at i ve 
( el ect r i cal  engi neer )  edi t i ng t hi s document  f or  a 
speci f i c  pr oj ect  must  cont act  t he appr opr i at e 
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Capi t al  I mpr ovement s El ect r i cal  Engi neer i ng Of f i ce 
f or  consul t at i on dur i ng t he desi gn st age of  t he 
project.

**************************************************************************

**************************************************************************
NOTE:   On dr awi ngs,  show:

1.   Engi ne- gener at or  set  f oundat i on desi gn and 
details.

2.   Pi pi ng f or  vent i l at i on of  engi ne cr ankcase t o 
at mospher e wher e r equi r ed.

3.   Det ai l s  of  exhaust ,  cool i ng wat er ,  and f uel  
pi pi ng,  i ncl udi ng penet r at i ons t hr ough wal l s and 
r oof s showi ng pi pi ng s l eeves and ext er i or  f l ashi ng 
wher e appl i cabl e.

4.   Di esel  f uel  day t ank capaci t y  wher e appl i cabl e.

5.   Locat i on of  r emot e al ar m annunci at or  wher e 
applicable.

6.   Ci r cui t i ng f or  t he j acket  cool ant  heat i ng 
syst em,  el ect r i c  mot or  dr i ven r adi at or  f an wher e 
appl i cabl e,  di esel  f uel  suppl y syst em,  st ar t i ng 
bat t er y char ger ,  r emot e al ar m annunci at or  st or age 
bat t er y char ger  wher e appl i cabl e,  and gener at or  
space heat er .

7.   Gr oundi ng pl an.   For  appl i cat i ons usi ng t r ansf er  
swi t ches,  t he t r ansf er  swi t ch must  be f our  pol e and 
t he gener at or  must  be gr ounded as a separ at el y 
der i ved syst em.

**************************************************************************

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
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r ef er ences i n t he publ i sh pr i nt  pr ocess.
**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASME I NTERNATI ONAL ( ASME)

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 21 ( 2016)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Flanges

ASME B16. 3 ( 2016)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2012)  St andar d f or  Fact or y- Made Wr ought  
St eel  But t wel di ng Fi t t i ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A126 ( 2004;  R 2014)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM A181/ A181M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs,  f or  Gener al - Pur pose Pi pi ng

ASTM A193/ A193M ( 2017)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2017a)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A234/ A234M ( 2018)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Service

ASTM A53/ A53M ( 2018)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM D975 ( 2018)  St andar d Speci f i cat i on f or  Di esel  
Fuel  Oi l s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 115 ( 2009)  Gui de f or  Test  Pr ocedur es f or  
Synchr onous Machi nes:   Par t  I  Accept ance 
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and Per f or mance Test i ng;  Par t  I I  Test  
Pr ocedur es and Par amet er  Det er mi nat i on f or  
Dynami c Anal ysi s

I EEE C2 ( 2017;  Er r at a 1- 2 2017;  I NT 1 2017)  
Nat i onal  El ect r i cal  Saf et y Code

I EEE C50. 12 ( 2005;  R 2010)  St andar d f or  Sal i ent  Pol e 
50 HZ and 60 Hz Synchr onous Gener at or s and 
Gener at i on/ Mot or s f or  Hydr aul i c Tur bi ne 
Appl i cat i ons Rat ed 5 MVA and above

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2018)  I nt er nat i onal  Bui l di ng Code

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2017;  Er r at a 2017)  St andar d f or  
Accept ance Test i ng Speci f i cat i ons f or  
El ect r i cal  Power  Equi pment  and Syst ems

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 60034- 2A ( 1974;  ED 1. 0)  Rot at i ng El ect r i cal  
Machi nes Par t  2:   Met hods f or  Det er mi ni ng 
Losses and Ef f i c i ency of  Rot at i ng 
El ect r i cal  Machi ner y f r om Test s ( Excl udi ng 
Machi nes f or  Tr act i on Vehi c l es)  
Measur ement  of  Losses by t he Cal or i met r i c 
Method

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 3046 ( 2002,  2006,  2009,  2001)  Reci pr ocat i ng 
I nt er nal  Combust i on Engi nes -  
Per f or mance- - Par t  1,  3,  4,  5,  6

I SO 8528 ( 1993;  R 2018)  Reci pr ocat i ng I nt er nal  
Combust i on Engi ne Dr i ven Al t er nat i ng 
Cur r ent  Gener at or  Set s- - Par t  1,  2,  3,  4,  
5,  6,  7,  8,  9,  10,  12,  13

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2009)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 71 ( 2011;  Er r at a 2013)  Gr ay I r on Swi ng Check 
Val ves,  Fl anged and Thr eaded Ends

MSS SP- 80 ( 2013)  Br onze Gat e,  Gl obe,  Angl e and Check 
Valves
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MSS SP- 85 ( 2011)  Gr ay I r on Gl obe & Angl e Val ves 
Fl anged and Thr eaded Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA C50. 10 ( 1990)  Rot at i ng El ect r i cal  Machi ner y -  
Synchr onous Machi nes

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 30 ( 2018)  Fl ammabl e and Combust i bl e Li qui ds 
Code

NFPA 37 ( 2018)  St andar d f or  t he I nst al l at i on and 
Use of  St at i onar y Combust i on Engi nes and 
Gas Tur bi nes

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-DTL-16884 ( 2017;  Rev P)  Fuel ,  Naval  Di st i l l at e

MIL-DTL-5624 ( 2016;  Rev W)  Tur bi ne Fuel ,  Avi at i on,  
Gr ades JP- 4 and JP- 5

MIL-STD-461 ( 2015;  Rev G)  Requi r ement s f or  t he Cont r ol  
of  El ect r omagnet i c I nt er f er ence 
Char act er i st i cs of  Subsyst ems and Equi pment

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 52557 ( 2001;  Rev A;  Not i ce 1)  Fuel  Oi l ,  Di esel ;  
f or  Post s,  Camps and St at i ons

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 60 St andar ds of  Per f or mance f or  New 
St at i onar y Sour ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 1236 ( 2015;  Repr i nt  Mar  2016)  UL St andar d f or  
Saf et y Bat t er y Char ger s f or  Char gi ng 
Engi ne- St ar t er  Bat t er i es

UL 142 ( 2006;  Repr i nt  Jul  2013)  St eel  Abovegr ound 
Tanks f or  Fl ammabl e and Combust i bl e Li qui ds
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UL 429 ( 2013)  El ect r i cal l y  Oper at ed Val ves

UL 467 ( 2013;  Repr i nt  Jun 2017)  UL St andar d f or  
Saf et y Gr oundi ng and Bondi ng Equi pment

UL 489 ( 2016)  UL St andar d f or  Saf et y Mol ded- Case 
Ci r cui t  Br eaker s,  Mol ded- Case Swi t ches and 
Ci r cui t - Br eaker  Encl osur es

1. 2   RELATED REQUI REMENTS

Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS,  and Sect i on 
26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl y t o t hi s sect i on except  as 
modi f i ed her ei n.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Engi ne- Gener at or  Set  Dat a

Submi t  dat a per t ai ni ng t o t he di esel  engi ne- gener at or  set  and t o t he 
auxi l i ar y equi pment  i ncl udi ng but  not  l i mi t ed t o t he f ol l owi ng:

a.   Make of  engi ne.

b.   Type or  model  of  engi ne.

c.   Gr oss bhp r at i ng of  engi ne must  be t he t ot al  r at ed power  out put  bef or e 
deduct i ng power  r equi r ement s of  el ect r i c  mot or - dr i ven equi pment  or  
engi ne dr i ven r adi at or  f an.

d.   Net  br ake power  r at i ng of  engi ne must  i ncl ude deduct i ons f or  t he t ot al  
power  r equi r ement s of  el ect r i c  mot or - dr i ven or  engi ne- dr i ven 
accessor i es as def i ned i n I SO 3046.   Net  r at i ngs must  i ncl ude a 
deduct i on i n power  out put  f or  cool i ng medi a syst em power  r equi r ement s 
i ncl udi ng r adi at or  f ans and any ot her  power  consumi ng devi ces r equi r ed 
t o pr ovi de cool i ng as speci f i ed.

e.   St r okes per  cycl e.

f .   Number  of  cy l i nder s.

g.   Bor e and st r oke,  mm i nches.

h.   Engi ne speed,  r pm.

i .   Pi st on speed,  m/ s f pm.

j .   kW power  r at i ng of  engi ne- gener at or  set  as def i ned i n t he par agr aph 
ENGI NE- GENERATOR SET RATI NGS AND PERFORMANCE.

k.   I nduct i on met hod ( nat ur al l y  aspi r at ed,  t ur bochar ged) .

l .   I nt er cool er  t ype ( ai r - t o- ai r  or  j acket  wat er ) .

m.   Gover nor  t ype,  make,  and model .

n.   Make and model  of  t ur bochar ger s.
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1. 3. 2   Engi ne- Gener at or  Set  Ef f i c i enci es

**************************************************************************
NOTE:   I ncl ude t he br acket ed opt i on bel ow f or  
pr oj ect s l ocat ed out s i de t he cont i nent al  Uni t ed 
St at es ( OCONUS)  

**************************************************************************

Submi t  dat a per t ai ni ng t o t he di esel  engi ne- gener at or  set  i ncl udi ng but  not  
l i mi t ed t o t he f ol l owi ng:   Loads must  be cal cul at ed on basi s of  r at ed 
engi ne- gener at or  set  power .

a.   Fuel  consumpt i on at  0. 80 power  f act or ,  l i t er s per  hr  gal l ons per  hr .

( 1)  1/ 2 l oad

( 2)  3/ 4 l oad

( 3)  Ful l  l oad

b.   Gener at or  ef f i c i ency at  0. 80 power  f act or  ( per cent ) [  i n accor dance wi t h 
I EC 60034- 2A].

( 1)  1/ 2 l oad

( 2)  3/ 4 l oad

( 3)  Ful l  l oad

c.   Radi at or  capaci t y at  desi gn condi t i ons.

( 1)  Cool ant  must  be ant i f r eeze mi xt ur e as speci f i ed under  par agr aph 
COOLI NG SYSTEM.

( 2)  L/ s gpm of  cool ant

( 3)  L/ s cf m of  ai r  t hr ough r adi at or

( 4)  kW Bt u per  hr  of  heat  exchange based on opt i mum cool ant  
t emper at ur e t o and f r om engi ne.

1. 3. 3   Di esel  Engi ne Dat a

Submi t  dat a cer t i f i ed by t he engi ne manuf act ur er  i ncl udi ng but  not  l i mi t ed 
t o t he f ol l owi ng:   Loads must  be cal cul at ed on basi s of  r at ed 
engi ne- gener at or  set  power .

a.   Appr oxi mat e exhaust  t emper at ur e degr ees C F at  f ul l  l oad

b.   Wei ght  of  exhaust  gas at  f ul l  l oad kg per  hr  l b per  hr

c.   Wei ght  of  i nt ake ai r  at  f ul l  l oad kg per  hr  l b per  hr

d.   Tot al  heat  r ej ect ed at  f ul l  l oad kW Bt u per  hr

( 1)  To j acket  cool ant  syst em

( 2)  To f uel  oi l  cool i ng syst em
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e.   Emi ssi ons kg per  hr  l b per  hr  at  f ul l  l oad

( 1)  Tot al  Suspended Par t i cul at e

( 2)  Par t i cul at e mat t er  wi t h an aver age aer odynami c di amet er  of  10 
mi cr ons ( PM- 10)

( 3)  Sul f ur  di oxi des

( 4)  Ni t r ogen Oxi des ( as N02)

( 5)  Car bon Monoxi de

( 6)  Vol at i l e Or gani c Compounds

f .   Vi s i bl e Emi ssi ons ( per cent  opaci t y)  at  f ul l  l oad

1. 3. 4   Gener at or  and Exci t er  Dat a

Submi t  dat a cer t i f i ed by t he gener at or  manuf act ur er  i ncl udi ng but  not  
l i mi t ed t o t he f ol l owi ng:

a.   Make and model  number  of  gener at or

b.   kW r at i ng of  gener at or

c.   Gener at or  r eact ances

( 1)  Synchr onous r eact ance,  Xd

( 2)  Tr ansi ent  r eact ance,   X' d

( 3)  Subt r ansi ent  r eact ance,  X" d

( 4)  Negat i ve sequence r eact ance,  X2

( 5)  Zer o sequence r eact ance,  Xo

1. 3. 5   Capaci t y Cal cul at i ons f or  Engi ne- Gener at or  Set

Cal cul at i ons must  ver i f y t hat  t he engi ne- gener at or  set  power  r at i ng i s 
adequat e f or  t he l oad descr i bed i n t he par agr aph LOAD PROFI LE.

1. 3. 6   Tor si onal  Vi br at i on St r ess Anal ys i s Comput at i ons

Tor si onal  v i br at i onal  st r esses i n t he cr ankshaf t  and gener at or  shaf t  of  
assembl ed di esel  engi ne and dr i ven gener at or  must  not  exceed 34, 450 kPa 
5000 psi  when engi ne i s dr i v i ng gener at or  at  r at ed speed whi l e assembl ed 
uni t  i s  l oaded t o r at ed engi ne- gener at or  set  power .   Comput at i ons must  be 
based on a mat hemat i cal  model  of  t he assembl ed gener at or  set  pr ovi ded or  
based on cal cul at i ons usi ng measur ed val ues f r om t est s on a uni t  i dent i cal  
t o t he one pr ovi ded.   Cal cul at i ons based on model s of ,  or  measur ed dat a 
f r om,  t he unassembl ed engi ne and gener at or  wi l l  not  be accept abl e.   
Cal cul at i ons must  i ncl ude:

a.   A descr i pt i on of  t he syst em r el at i ng i nf or mat i on per t i nent  t o anal ysi s 
such as oper at i ng speed r ange and i dent i f i cat i on pl at e dat a.

b.   A mass el ast i c assembl y dr awi ng,  showi ng t he ar r angement  of  t he uni t s 
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i n t he gener at or  set  and di mensi ons of  shaf t i ng,  i ncl udi ng mi ni mum 
di amet er s ( or  sect i on modul i )  of  shaf t i ng i n t he syst em.

c.   A l abel ed l i ne di agr am of  t he mass el ast i c syst em i ndi cat i ng val ues of  
masses,  st i f f ness,  equi val ent  l engt hs,  and equi val ent  di amet er s 
i ncl udi ng basi c assumpt i ons and def i ni t i on of  t er ms.

d.   Sampl e comput at i ons showi ng pr ocedur es used t o obt ai n r esul t i ng st r ess 
values.

e.   Comput at i ons i ndi cat i ng assembl ed engi ne- gener at or  speed of  1800 r pm 
wi t h assembl y l oaded t o r at ed gener at or  power  and t he r esul t i ng 
comput ed cr i t i cal  t or s i onal  st r ess val ues i n t he assembl ed engi ne 
cr ankshaf t  and gener at or  shaf t .

1. 3. 7   Capaci t y Cal cul at i ons f or  Bat t er i es

Cal cul at i on must ver i f y t hat  t he engi ne st ar t i ng bat t er y capaci t y exceeds dc 
power  r equi r ement s.

[ 1. 3. 8   Tur bochar ger  Load Cal cul at i ons

**************************************************************************
NOTE:   When t he engi ne- gener at or  set  i nst al l at i on 
i ncl udes f i el d i nst al l ed exhaust  syst em ( i . e. ,  t he 
engi ne- gener at or  set  i s  i nst al l ed i nt er nal  t o a 
bui l di ng i n l i eu of  i n a sel f  cont ai ned out door  
encl osur e) ,  i ncl ude t he f ol l owi ng par agr aph.

**************************************************************************

When t he pr oposed exhaust  syst em l ayout  i s  di f f er ent  f r om t hat  shown on t he 
cont r act  dr awi ngs,  submi t  cal cul at i ons showi ng t hat  t he ext er nal  l oads f r om 
t he exhaust  syst em such as wei ght  and t her mal  expansi on do not  exceed t he 
engi ne manuf act ur er ' s maxi mum al l owed f or ces and moment s on t he 
turbocharger.

] 1. 4   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a " G"  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
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Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Engi ne- Gener at or  Set  and Auxi l i ar y Equi pment ;  G[ ,  [ _____] ]

[ Auxi l i ar y Syst ems;  G[ ,  [ _____] ]

] SD- 03 Pr oduct  Dat a

Engi ne- Gener at or  Set  Dat a;  G[ ,  [ _____] ]

Engi ne- Gener at or  Set  Ef f i c i enci es;  G[ ,  [ _____] ]

Di esel  Engi ne Dat a;  G[ ,  [ _____] ]

Gener at or  and Exci t er  Dat a;  G[ ,  [ _____] ]

Di esel  Engi ne- Gener at or  Set ;  G[ ,  [ _____] ]

Auxi l i ar y Syst ems and Equi pment ;  G[ ,  [ _____] ]

Remot e Al ar m Annunci at or ;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

Capaci t y Cal cul at i ons f or  Engi ne- Gener at or  Set ;  G[ ,  [ _____] ]

Tor si onal  Vi br at i on St r ess Anal ysi s Comput at i ons;  G[ ,  [ _____] ]

Capaci t y Cal cul at i ons For  Bat t er i es;  G[ ,  [ _____] ]
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[ Tur bochar ger  Load Cal cul at i ons;  G[ ,  [ _____] ]

] SD- 06 Test  Repor t s

Accept ance Checks and Test s;  G[ ,  [ _____] ]

Funct i onal  Accept ance Test s;  G[ ,  [ _____] ]

Funct i onal  Accept ance Test  Pr ocedur e;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Vi br at i on I sol at i on Syst em Cer t i f i cat i on;  G[ ,  [ _____] ]

Fuel  Syst em Cer t i f i cat i on;  G[ ,  [ _____] ]

St ar t - Up Engi neer  Qual i f i cat i on Resume;  G[ ,  [ _____] ]

I nst r uct or ' s Qual i f i cat i on Resume;  G[ ,  [ _____] ]

[ Di esel  Engi ne Emi ssi on Li mi t s;  G[ ,  [ _____] ]

] SD- 09 Manuf act ur er ' s Fi el d Repor t s

Engi ne Test s;  G[ ,  [ _____] ]

Gener at or  Test s;  G[ ,  [ _____] ]

Assembl ed Engi ne- Gener at or  Set  Test s;  G[ ,  [ _____] ]

SD- 10 Oper at i on and Mai nt enance Dat a

Di esel  Engi ne- Gener at or  Set ,  Dat a Package 4;  G[ ,  [ _____] ]

Auxi l i ar y Syst ems and Equi pment ,  Dat a Package 4;  G[ ,  [ _____] ]

Pr el i mi nar y Assembl ed Oper at i on and Mai nt enance Manual s;  G[, 
[_____]]

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA and t he par agr aph ASSEMBLED OPERATI ON AND 
MAI NTENANCE MANUALS.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons;  G[ ,  [ _____] ]

Tr ai ni ng Pl an;  G[ ,  [ _____] ]

1. 5   QUALI TY ASSURANCE

1. 5. 1   Dr awi ng Requi r ement s

1. 5. 1. 1   Engi ne- Gener at or  Set  and Auxi l i ar y Equi pment

Submi t  dr awi ngs per t ai ni ng t o t he engi ne- gener at or  set  and auxi l i ar y 
equi pment ,  i ncl udi ng but  not  l i mi t ed t o t he f ol l owi ng:

a.   Cer t i f i ed out l i ne,  gener al  ar r angement  ( set t i ng pl an) ,  and anchor  bol t  
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det ai l s .   Show t ot al  wei ght  and cent er  of  gr avi t y of  assembl ed 
equi pment  on t he st eel  subbase.

b.   Det ai l ed el ement ar y,  schemat i c wi r i ng,  and i nt er connect i on di agr ams of  
t he engi ne st ar t i ng syst em,  j acket  cool ant  heat i ng syst em,  engi ne 
pr ot ect i ve devi ces,  engi ne al ar m devi ces,  engi ne speed gover nor  syst em,  
gener at or  and exci t at i on syst em,  and ot her  i nt egr al  devi ces.

c.   Det ai l ed el ement ar y,  schemat i c wi r i ng;  and i nt er connect i on di agr ams of  
t he di esel  f uel  syst em,  st ar t i ng bat t er y syst em,  engi ne- gener at or  
cont r ol  panel ,  gener at or  c i r cui t  br eaker [ ,  and r emot e al ar m 
annunciator].

d.   Di mensi onal  dr awi ngs or  cat al og cut s of  exhaust  s i l encer s,  r adi at or ,  
di esel  f uel  day t anks,  f uel  oi l  cool er ,  val ves and pumps,  i nt ake 
f i l t er s,  v i br at i on i sol at or s,  and ot her  auxi l i ar y equi pment  not  
i nt egr al  wi t h t he engi ne- gener at or  set .

[ 1. 5. 1. 2   Auxi l i ar y Syst ems

**************************************************************************
NOTE:   When t he engi ne- gener at or  set  i nst al l at i on 
i ncl udes f i el d i nst al l ed exhaust ,  ai r  i nt ake,  f uel  
oi l  cool er ,  or  j acket  cool ant  wat er  syst ems ( i . e. ,  
t he engi ne- gener at or  set  i s  i nst al l ed i nt er nal  t o a 
bui l di ng i n l i eu of  i n a sel f  cont ai ned out door  
encl osur e) ,  i ncl ude t he f ol l owi ng par agr aph.

**************************************************************************

Submi t  dr awi ngs showi ng f l oor  pl an ar r angement  of [  exhaust , ] [  ai r  i nt ake, ] [  
f uel  oi l  cool er , ] [  and] [  j acket  cool ant  wat er ]  syst ems i ncl udi ng 
ar r angement  of  pi pi ng and pi pe s i zes.

] 1. 5. 2   Vi br at i on I sol at i on Syst em Cer t i f i cat i on

Submi t  cer t i f i cat i on f r om t he manuf act ur er  t hat  t he v i br at i on i sol at i on 
syst em wi l l  r educe t he v i br at i on t o t he l i mi t s speci f i ed i n t he par agr aph 
VI BRATI ON I SOLATI ON SYSTEM.

1. 5. 3   Fuel  Syst em Cer t i f i cat i on

When t he di esel  f uel  syst em r equi r es a f uel  oi l  cool er  as descr i bed i n t he 
par agr aph FUEL OI L COOLER,  submi t  cer t i f i cat i on f r om t he engi ne 
manuf act ur er  t hat  t he f uel  syst em desi gn i s sat i sf act or y.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  equi pment  on pal l et s or  bl ocki ng wr apped i n heavy- dut y pl ast i c,  
seal ed t o pr ot ect  par t s and assembl i es f r om moi st ur e and di r t .   Pl ug 
pi pi ng,  condui t ,  exhaust ,  and ai r  i nt ake openi ngs.   Pr ot ect  and pr epar e 
bat t er i es f or  shi pment  as r ecommended by t he bat t er y manuf act ur er .   St or e 
auxi l i ar y equi pment  at  t he s i t e i n cover ed encl osur es,  pr ot ect ed f r om 
at mospher i c moi st ur e,  di r t ,  and gr ound wat er .

1. 7   SI TE CONDI TI ONS

Pr ot ect  t he component s of  t he engi ne- gener at or  set ,  i ncl udi ng cool i ng 
syst em component s,  pumps,  f ans,  and si mi l ar  auxi l i ar i es when not  oper at i ng 
and pr ovi de component s capabl e of  t he speci f i ed out put s i n t he f ol l owi ng 
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environment:

a.   Si t e Locat i on:   [ _____]

b.   Si t e El evat i on:   [ _____]  met er s[ _____]  f eet  above mean sea l evel

c.   Ambi ent  Temper at ur es:

**************************************************************************
NOTE:   Ambi ent  t emper at ur es,  desi gn wi nd vel oci t y,  
and pr evai l i ng wi nd di r ect i on must  be as def i ned by 
UFC 3- 400- 02,  Desi gn Engi neer i ng Weat her  Dat a.

**************************************************************************

( 1)  Maxi mum [ _____]  degr ees C[ _____]  degr ees F dr y bul b,  [ _____]  
degr ees C[ _____]  degr ees F wet  bul b.

( 2)  Mi ni mum [ _____]  degr ees C[ _____]  degr ees F dr y bul b.

[ d.   Desi gn Wi nd Vel oci t y:   [ _____]  km/ h[ _____]  mph.

][ e.   Pr evai l i ng Wi nd Di r ect i on:   [ _____] .

] f .   Sei smi c Zone:   Zone [ _____]  as def i ned by I CC I BC.

1. 8   MAINTENANCE

1. 8. 1   Ext r a Mat er i al s

1. 8. 1. 1   Paint

Fur ni sh 4 l i t er s one gal l on of  i dent i cal  pai nt  used on engi ne- gener at or  set  
i n manuf act ur er ' s seal ed cont ai ner  wi t h each engi ne- gener at or  set .

1. 8. 1. 2   Filters

Fur ni sh f our  spar e r epl acement  el ement s i n t hei r  or i gi nal  cont ai ner s f or  
each f i l t er  wi t h each uni t .

1. 8. 2   Post ed Oper at i ng I nst r uct i ons

Pr ovi de pr oposed oper at i ng i nst r uct i ons f or  t he engi ne- gener at or  set  and 
auxi l i ar y equi pment  l ami nat ed bet ween mat t e- sur f ace t her mopl ast i c sheet s 
and sui t abl e f or  pl acement  adj acent  t o cor r espondi ng equi pment .   Af t er  
appr oval ,  i nst al l  oper at i ng i nst r uct i ons wher e di r ect ed.

PART 2   PRODUCTS

2. 1   DI ESEL ENGI NE- GENERATOR SET

Pr ovi de di esel  engi ne- gener at or  set s consi st i ng of  a wat er  cool ed di esel  
engi ne di r ect  connect ed t o an ac gener at or  wi t h a br ushl ess exci t at i on 
syst em and accessor i es.   Equi pment  and mat er i al s must  be t he manuf act ur er ' s 
st andar d pr oduct s of f er ed i n cat al ogs f or  commer ci al  or  i ndust r i al  use.

2. 1. 1   Engi ne- Gener at or  Set  Rat i ngs and Per f or mance

I SO 8528.   Each engi ne- gener at or  set  must  have a power  r at i ng of  not  l ess 
t han [ _____]  kW at  0. 8 power  f act or  and suppl y[  208Y/ 120] [  480Y/ 277] [ _____]  
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- vol t ,  t hr ee- phase, [  60] [  50] - Hz ac out put .   Coor di nat e t he 
engi ne- gener at or  set  t o ensur e an i nst al l ed r at i ng i n t he envi r onment  
descr i bed i n par agr aph SI TE CONDI TI ONS.   The power  of  t he engi ne- gener at or  
set  i s  def i ned as t he power  out put  avai l abl e at  t he gener at or  t er mi nal s 
excl udi ng t he el ect r i cal  power  absor bed by t he essent i al  i ndependent  
auxi l i ar i es.   Essent i al  i ndependent  auxi l i ar i es ar e i t ems of  equi pment  
whi ch ar e essent i al  f or  t he cont i nued or  r epeat ed oper at i on of  t he engi ne 
whi ch uses power  suppl i ed f r om a sour ce ot her  t han t he engi ne.

2. 1. 1. 1   Di esel  Engi ne Capaci t y

The engi ne capaci t y must  be based on t he f ol l owi ng:

**************************************************************************
NOTE:   Cont act  t he act i v i t y t o f i nd out  f uel  t ype t o 
be used.

**************************************************************************

a.   Engi ne bur ni ng di esel  f uel  conf or mi ng t o[  CI D A- A- 52557,  Gr ade DF- 2, ] [  
MIL-DTL-16884 ,][ ASTM D975,  Gr ade 2- D, ]  or  [ MIL-DTL-5624 ,  Gr ade JP- 5]  
at  an ambi ent  t emper at ur e of  29 degr ees C 85 degr ees F.   For  st at i onar y 
engi nes oper at ed i n t he Uni t ed St at es,  di esel  f uel  r equi r ement s ar e 
f ound i n 40 CFR 60 Subpar t  I I I I .

b.   Engi ne cool ed by a r adi at or  f an mechani cal l y dr i ven by t he di esel  
engi ne or  r emot e wi t h a mot or  dr i ven f an.

c.   Engi ne cool ed by cool ant  mi xt ur e of  wat er  and et hyl ene gl ycol ,  50 
per cent  by vol ume of  each.

[ 2. 1. 1. 2   Di esel  Engi ne Emi ssi on Li mi t s

**************************************************************************
NOTE:  I ncl ude t he f ol l owi ng par agr aph when an ai r  
pol l ut i on per mi t  i s  r equi r ed by l ocal ,  st at e,  or  
f eder al  l aw t o i nst al l  and oper at e t he di esel  engi ne 
gener at or  set .   Cont act  t he engi ne- gener at or  set  
manuf act ur er  f or  achi evabl e l i mi t s.   Cont act  t he 
act i v i t i es  envi r onment al  depar t ment  r epr esent at i ve 
t o det er mi ne per mi t  r equi r ement s.

**************************************************************************

Engi ne must  be cer t i f i ed by t he manuf act ur er  t o meet  appl i cabl e EPA 
emi ssi on st andar ds f ound i n 40 CFR 60 Subpar t  I I I I .   I n addi t i on,  engi ne 
must  meet  any appl i cabl e st at e or  l ocal  emi ssi on r equi r ement s ( ex:  
Cal i f or ni a SCAQMD) .

] 2. 1. 1. 3   Per f or mance Cl ass

**************************************************************************
NOTE:   See t he f ol l owi ng gui del i nes and t abl e f or  
sel ect i ng t he appr opr i at e per f or mance cl ass:

1.   Sel ect  Cl ass G1 wher e t he connect ed l oads ar e 
such t hat  onl y basi c par amet er s of  vol t age and 
f r equency ar e needed,  e. g. ,  gener al  pur pose l i ght i ng 
and ot her  s i mpl e el ect r i cal  l oads.

2.   Sel ect  Cl ass G2 wher e t he demands on vol t age 
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char act er i st i cs ar e ver y much t he same as f or  t he 
commer ci al  power  syst em,  e. g. ,  l i ght i ng syst ems,  
pumps,  f ans,  hoi st s.

3.   Sel ect  Cl ass G3 wher e t he connect ed equi pment  
may make sever e demands on f r equency,  vol t age,  and 
wavef or m char act er i st i cs,  e. g. ,  t el ecommuni cat i ons 
as t hyr i st or - cont r ol l ed l oads.

4.   Sel ect  Cl ass G4 wher e t he demands on t he 
f r equency,  vol t age,  and wavef or m char act er i st i cs ar e 
except i onal l y sever e,  e. g. ,  dat a pr ocessi ng 
equi pment  or  comput er  syst ems.   Per f or mance val ues 
f or  Cl ass G4 must  be det er mi ned by t he desi gner  and 
an appr opr i at e t abl e s i mi l ar  t o t he f ol l owi ng t abl e 
must  be i nser t ed i nt o t he Speci f i cat i on.

Parameter Per f or mance Cl ass

G1 G2 G3

100 Per cent  Load I ncr ease Fr equency Devi at i on 
(Percent)

<-15 <-10 <-7

100 Per cent  Load Decr ease Fr equency Devi at i on 
(Percent)

<+18 <+12 <+10

100 Per cent  Load Change Fr equency Recover y Ti me 
(Seconds)

<10 <5 <3

100 Per cent  Load I ncr ease Vol t age Devi at i on 
(Percent)

<-25 <-20 <-15

100 Per cent  Load Decr ease Vol t age Devi at i on 
(Percent)

<+35 <+25 <+20

100 Per cent  Load Change Vol t age Recover y Ti me 
(Seconds)

<10 <6 <4

Fr equency Dr oop ( Per cent ) <-8 <-5 <-3

St eady- St at e Fr equency Band ( Per cent )  ( pl us or  
minus

<2.5 <1.5 <0.5

St eady- St at e Vol t age Regul at i on ( Per cent )  ( pl us 
or  mi nus)

<5 <2.5 <1.0

**************************************************************************

The vol t age and f r equency behavi or  of  t he gener at or  set  must  be i n 
accor dance wi t h I SO 8528 oper at i ng l i mi t  val ues f or  per f or mance Cl ass[  G1] [  
G2] [  G3] [  G4 as f ol l ows] .

2. 1. 1. 4   Load Pr of i l e

The di esel  engi ne- gener at or  set  must  be of  adequat e capaci t y necessar y f or  
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t he f ol l owi ng l oad pr of i l e:

[ a.   Li ght i ng [ _____]  kW

][ b.   Comput er  [ _____]  kW

][ c.   Uni nt er r upt i bl e power  suppl i es ( UPS)  [ _____]  kVA, [  3] [  6] [  12] [  24]  
pulse

][ d.   Var i abl e f r equency dr i ves ( VFD)  [ _____]  kVA, [  3] [  6] [  12] [  24]  pul se

][ e.   Mot or  st ar t i ng sequence

Starting 
Order

Si ze ( hp) Locked Rot or  
NEMA Code

St ar i ng Met hod Maxi mum Vol t age Di p

[_____] [_____] [ F]  [ _____] [ Ful l  Vol t age]  [ _____] [ 25]  [ _____]  Per cent

[_____] [_____] [ F]  [ _____] [ Ful l  Vol t age]  [ _____] [ 25]  [ _____]  Per cent

[_____] [_____] [ F]  [ _____] [ Ful l  Vol t age]  [ _____] [ 25]  [ _____]  Per cent

][ f .   Ot her  l oad:   [ _____]  kW at  0. 8 p. f .

] 2. 1. 2   Di esel  Engi nes and Accessor i es

**************************************************************************
NOTE:  As of  8/ 98 maj or  manuf act ur er s ar e bui l di ng 
onl y f our - cycl e engi nes i n or der  t o meet  Feder al  
emi ssi ons r equi r ement s.  Two- cycl e engi nes must  not  
be speci f i ed.

**************************************************************************

I SO 3046.   Di esel  engi nes must  be f our - cycl e nat ur al l y  aspi r at ed,  or  
t ur bochar ged,  or  t ur bochar ged and i nt er cool ed;  ver t i cal  i n- l i ne or  ver t i cal  
Vee t ype;  desi gned f or  st at i onar y ser vi ce.   Engi nes must  be capabl e of  
i mmedi at e accel er at i on f r om r est  t o nor mal  speed wi t hout  i nt er medi at e 
i dl e/ war m up per i od or  pr el ubr i cat i on t o pr ovi de essent i al  el ect r i cal  
power .   Two- cycl e engi nes ar e not  accept abl e.

2. 1. 2. 1   Subbase Mount i ng

Mount  each engi ne- gener at or  set  on a st r uct ur al  st eel  subbase si zed t o 
suppor t  t he engi ne,  gener at or ,  and necessar y accessor i es,  auxi l i ar i es and 
cont r ol  equi pment  t o pr oduce a compl et e sel f - cont ai ned uni t  as st andar d 
wi t h t he manuf act ur er .   Desi gn t he st r uct ur al  subbase t o pr oper l y suppor t  
t he equi pment  and mai nt ai n pr oper  al i gnment  of  t he engi ne- gener at or  set  i n 
t he speci f i ed sei smi c zone.   I n addi t i on,  pr ovi de subbase wi t h bot h l i f t i ng 
r i ngs and j acki ng pads pr oper l y l ocat ed t o f aci l i t at e shi ppi ng and 
i nst al l at i on of  t he uni t .   Fact or y al i gn engi ne and gener at or  on t he 
subbase and secur el y bol t  i nt o pl ace i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce.   Cr ankshaf t  must  have r i gi d coupl i ng f or  connect i on t o 
t he gener at or .

2. 1. 2. 2   Assembly

Compl et el y shop assembl e each engi ne- gener at or  set  on i t s st r uct ur al  st eel  
subbase.   Pai nt  ent i r e uni t  wi t h manuf act ur er ' s st andar d pai nt s and 
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col or s.    Af t er  f act or y t est s and bef or e shi ppi ng,  t hor oughl y c l ean and 
r et ouch pai nt i ng as necessar y t o pr ovi de compl et e pr ot ect i on.

2. 1. 2. 3   Turbocharger

I f  r equi r ed by t he manuf act ur er  t o meet  t he engi ne- gener at or  set  r at i ng,  
pr ovi de t ur bi ne t ype dr i ven by exhaust  gas f r om engi ne cyl i nder s,  and 
di r ect  connect ed t o t he bl ower  suppl y i ng ai r  t o t he engi ne i nt ake mani f ol d.

2. 1. 2. 4   Intercooler

Pr ovi de manuf act ur er ' s st andar d i nt er cool er  f or  engi ne s i ze speci f i ed.

2. 1. 2. 5   Cr ankcase Pr ot ect i on

**************************************************************************
NOTE:   I ncl ude det ai l s  on t he dr awi ngs f or  t he 
cr ankcase vent i l at i on pi pi ng and associ at ed 
penet r at i ons t hr ough wal l s and r oof s showi ng t he 
pi pi ng s l eeve and ext er i or  f l ashi ng when t he 
r adi at or  i s  r emot e and t he engi ne- gener at or  set  i s  
t o be i nst al l ed i nsi de a bui l di ng.

**************************************************************************

Pr ovi de manuf act ur er ' s st andar d met hod of  pr event i ng cr ankcase expl osi ons 
and st andar d met hod of  cr ankcase vent i l at i on.   [ Pr ovi de vent i l at i on of  
cr ankcase vi a pi pi ng t o t he at mospher e as i ndi cat ed on t he dr awi ngs. ]

2. 1. 2. 6   Engi ne Lubr i cat i ng Oi l  Syst em

Pr ovi de each engi ne wi t h t he manuf act ur er ' s st andar d f ul l  pr essur e 
l ubr i cat i ng oi l  syst em ar r anged t o cool  t he pi st ons and t o di st r i but e oi l  
t o movi ng par t s of  t he engi ne.   Pr ovi de oi l  t ype and oi l  f i l t er s as 
r ecommended by t he engi ne manuf act ur er .

2. 1. 2. 7   Engi ne Cool i ng Syst em

Pr ovi de each engi ne wi t h t he manuf act ur er ' s st andar d j acket  wat er  pump.   
Pr ovi de a t her most at i c cont r ol  val ve i n t he j acket  cool ant  syst em f or  each 
engi ne- gener at or  set  t o mai nt ai n a const ant  j acket  cool ant  t emper at ur e t o 
t he engi ne.

2. 1. 2. 8   Engi ne Fuel  Syst em

**************************************************************************
NOTE:   Sel ect  t he opt i ons f or  dupl ex f i l t er s when 
changi ng of  t he f i l t er  wi l l  be r equi r ed whi l e t he 
engi ne- gener at or  set  i s  oper at i ng.   Do not  pr ovi de 
dupl ex f i l t er s when t he engi ne- gener at or  set  i s  t o 
be i nst al l ed i n an encl osur e or  pr ovi ded wi t h an 
engi ne- dr i ven r adi at or .

**************************************************************************

Pr ovi de each engi ne wi t h t he manuf act ur er ' s st andar d f uel  syst em i nt egr al  
wi t h t he engi ne,  compl et e wi t h necessar y pi pi ng,  f i t t i ngs,  and val ves f or  
connect i ng i t ems of  equi pment  whi ch ar e a par t  of  t he syst em.   Pr ovi de 
engi ne manuf act ur er ' s st andar d hand pr i mi ng pump.   Pr ovi de manuf act ur er ' s 
st andar d[  s i mpl ex] [  dupl ex]  f i l t er  f or  each engi ne,  of  t he t hr owaway f i l t er  
el ement  t ype,  consi st i ng of  shel l  f i l t er  el ement s,  dr ai ns,  and necessar y 
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connect i ons and f i t t i ngs. [   Ar r ange dupl ex f i l t er  such t hat  f l ow may be 
di ver t ed f r om one chamber  t o t he ot her  wi t hout  i nt er r upt i on at  any poi nt  of  
t he changeover . ]

2. 1. 2. 9   Engi ne I nt ake Fi l t er

Pr ovi de i nt ake f i l t er  assembl i es f or  each engi ne of  t he oi l  bat h or  dr y 
t ype,  as st andar d wi t h t he manuf act ur er .   Fi l t er s must  be capabl e of  
r emovi ng a mi ni mum of  92 per cent  of  di r t  and abr asi ve 3 mi cr ons and l ar ger  
f r om i nt ake ai r .   Si ze f i l t er s t o sui t  engi ne r equi r ement s at  100 per cent  
of  r at ed f ul l  l oad.   Desi gn uni t  f or  f i el d access f or  mai nt enance pur poses.

2. 1. 2. 10   Engi ne St ar t i ng Syst em

St ar t i ng must  be accompl i shed usi ng an adequat el y s i zed dc st ar t er  syst em 
wi t h a posi t i ve shi f t  sol enoi d t o engage t he st ar t er  mot or  and t o cr ank t he 
engi ne cont i nuousl y f or  60 seconds wi t hout  over heat i ng.

2. 1. 2. 11   Jacket  Cool ant  Heat i ng Syst em

Pr ovi de a f act or y- i nst al l ed, [  120] [ _____]  vol t s ac,  j acket  cool ant  heat i ng 
syst em t o ensur e r api d st ar t i ng.   Ther most at i cal l y  cont r ol  heat er  at  t he 
t emper at ur e r ecommended by engi ne manuf act ur er .   I ncl ude necessar y 
equi pment ,  pi pi ng,  cont r ol s,  wi r i ng,  and accessor i es.

2. 1. 2. 12   Engi ne Pr ot ect i ve ( Shut down)  Devi ces

Equi p each engi ne wi t h devi ces t o shut  down t he engi ne by shut t i ng of f  t he 
f uel  suppl y t o t he engi ne v i a a f uel  shut of f  sol enoi d.   Auxi l i ar y cont act s 
must  be sui t abl e f or  act i vat i ng a r emot e al ar m syst em.   Shut down must  open 
t he associ at ed gener at or  c i r cui t  br eaker .   Pr ovi de t he f ol l owi ng shut down 
devices:

a.   Over speed devi ce whi ch oper at es when engi ne speed exceeds nor mal  
synchr onous speed by 18 per cent  or  as r ecommended by manuf act ur er .    
Devi ce must  r equi r e manual  r eset .

b.   Pr essur e swi t ch whi ch oper at es when l ubr i cat i ng oi l  pr essur e t o engi ne 
dr ops bel ow a pr eset  val ue.

c.   Temper at ur e swi t ch whi ch oper at es when j acket  cool ant  t emper at ur e 
exceeds a pr eset  val ue.

d.   Devi ce whi ch oper at es when t he cool ant  l evel  i n t he r adi at or  dr ops 
bel ow a pr eset  l evel .

e.   Ot her  shut down devi ces as r ecommended by t he engi ne manuf act ur er .

2. 1. 2. 13   Engi ne Al ar m Devi ces

Equi p each engi ne wi t h al ar m devi ces.   Auxi l i ar y cont act s must  be sui t abl e 
f or  act i vat i ng a r emot e al ar m syst em.   Al ar m devi ces must  have 
f act or y- f i xed set  poi nt s.   Pr ovi de t he f ol l owi ng al ar m cont act  devi ces:

a.   Pr essur e swi t ch whi ch oper at es when l ubr i cat i ng oi l  pr essur e dr ops 
bel ow a pr eset  val ue.

b.   Temper at ur e swi t ch whi ch oper at es when j acket  cool ant  t emper at ur e 
exceeds a pr eset  val ue.
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c.   Temper at ur e swi t ch whi ch oper at es when j acket  cool ant  t emper at ur e i s 
t oo l ow.

d.   Ot her  al ar m devi ces as r ecommended by t he engi ne manuf act ur er .

2. 1. 2. 14   Mi scel l aneous Engi ne Accessor i es

Pr ovi de t he f ol l owi ng engi ne accessor i es wher e t he manuf act ur er ' s st andar d 
desi gn per mi t s:

a.   Pi pi ng on engi ne t o i nl et  and out l et  connect i ons,  i ncl udi ng nonst andar d 
compani on f l anges.

b.   St r uct ur al  s t eel  subbase and vi br at i on i sol at or s,  f oundat i on bol t s,  
nut s,  and pi pe s l eeves.

c.   Level  j ack scr ews or  shi ms,  as r equi r ed.

d.   Rai l s,  chocks,  and shi ms f or  i nst al l at i on of  subbase on t he f oundat i on.

e.   Removabl e guar d,  ar ound f an.   Suppor t  guar d,  on engi ne subbase,  t o sui t  
manuf act ur er ' s st andar d.

2. 1. 2. 15   Engi ne Speed Gover nor  Syst em

Pr ovi de a f or war d act i ng t ype engi ne speed gover nor  syst em.   St eady- st at e 
f r equency band and f r equency r egul at i on ( dr oop)  must  be i n accor dance wi t h 
t he oper at i ng l i mi t  val ues of  t he per f or mance cl ass speci f i ed i n t he 
par agr aph PERFORMANCE CLASS.

2. 1. 3   Gener at or  and Exci t at i on Syst em

2. 1. 3. 1   Generator

**************************************************************************
NOTE:   Use t he f ol l owi ng gui del i nes f or  speci f y i ng 
generators:

1.   Sel ect  dr i ppr oof  guar ded opt i on f or  gener at or s 
wi t hout  weat her pr oof  encl osur es.

2.   Sel ect  NEMA MG 1,  Par t  16,  st andby dut y,  and 
t emper at ur e r i se of  130 degr ees C f or  
engi ne- gener at or  set s whi ch ar e expect ed t o oper at e 
f or  l ess t han 300 hour s per  year .   Sel ect  NEMA MG 1,  
Par t  22,  cont i nuous dut y,  and t emper at ur e r i se of  
105 degr ees C f or  engi ne- gener at or  set s expect ed t o 
oper at e 300 hour s or  gr eat er  per  year  or  r at ed 300 
kW and above.

3.   Sel ect  2/ 3 pi t ch desi gn opt i on f or  
engi ne- gener at or  set s r at ed 300 kW and above.

4.   Sel ect  10- 12 l ead r econnect abl e f or  
engi ne- gener at or  set s r at ed 300 kW t o 800 kW.

5.   For  appl i cat i ons r equi r i ng hi gh SCR l oadi ng or  
i n har sh envi r onment s l aden wi t h sal t s and 
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chemi cal s,  sel ect  vacuum pr essur e i mpr egnat i on ( VPI )  
i nsul at ed coi l s.   When engi ne- gener at or  set s ar e 
r at ed 800 kW and l ar ger ,  al so sel ect  f or m wound 
coils.

**************************************************************************

Pr ovi de sal i ent - pol e t ype,  ac,  br ushl ess- exci t ed,  r evol v i ng f i el d,  
ai r - cool ed,  sel f - vent i l at ed, [  dr i ppr oof  guar ded, ]  coupl ed t ype,  synchr onous 
gener at or  conf or mi ng t o NEMA MG 1,  Par t [  16] [  22] ,  NEMA C50. 10,  and 
I EEE C50. 12.   Gener at or  must  be r at ed f or [  s t andby] [  cont i nuous]  dut y at  
100 per cent  of  t he power  r at i ng of  t he engi ne- gener at or  set  as speci f i ed i n 
par agr aph ENGI NE- GENERATOR SET RATI NGS AND PERFORMANCE.   Temper at ur e r i se 
of  each of  t he var i ous par t s of  t he gener at or  must  not  exceed[  130] [  105]  
degr ees C as measur ed by r esi st ance,  based on a maxi mum ambi ent  t emper at ur e 
of  40 degr ees C.   Wi ndi ng i nsul at i on must  be Cl ass H.

a.   St at or :   St at or  wi ndi ngs must  be[  2/ 3 pi t ch desi gn] [ , ] [  10- 12 l ead 
r econnect abl e] [  wi t h VPI  i nsul at ed[  and f or m wound]  coi l s ] .

b.   Rot or :   The r ot or  must  have connect ed amor t i ser  wi ndi ngs.

c.   Gener at or  Space Heat er :   Pr ovi de[  120] [ _____]  vol t  ac heat er s.  Heat er  
capaci t y must  be as r ecommended by t he gener at or  manuf act ur er  t o ai d i n 
keepi ng t he gener at or  i nsul at i on dr y.

d.   Gr oundi ng:   Pr ovi de non- cor r osi ve st eel  gr oundi ng pads l ocat ed at  t wo 
opposi t e mount i ng l egs.

e.   Fi l t er s:   Pr ovi de manuf act ur er ' s st andar d gener at or  cool i ng ai r  f i l t er  
assembly.

2. 1. 3. 2   Exci t at i on Syst em

**************************************************************************
NOTE:   Sel ect  al l  opt i ons f or  engi ne- gener at or  set s 
r at ed 300 kW and above.

**************************************************************************

Pr ovi de a br ushl ess exci t at i on syst em consi st i ng of  an exci t er  and r ot at i ng 
r ect i f i er  assembl y[ ,  and per manent  magnet  gener at or ]  i nt egr al  wi t h t he 
gener at or  and a vol t age r egul at or .   I nsul at i on c l ass f or  par t s i nt egr al  
wi t h t he gener at or  must  be as speci f i ed i n par agr aph GENERATOR.   Syst em 
must  pr ovi de a mi ni mum shor t  c i r cui t  of  300 per cent  r at ed engi ne- gener at or  
set  cur r ent  f or  at  l east  10 seconds.   St eady st at e vol t age r egul at i on must  
be i n accor dance wi t h t he oper at i ng l i mi t  val ues of  t he per f or mance cl ass 
speci f i ed i n t he par agr aph PERFORMANCE CLASS.

a.   Exci t er  and Rot at i ng Rect i f i er  Assembl y:   Rect i f i er s must  be pr ovi ded 
wi t h sur ge vol t age pr ot ect i on.

[ b.   Per manent  Magnet  Gener at or :   Pr ovi de a vol t age spi ke suppr essi on devi ce 
f or  per manent  magnet  gener at or  ( PMG)  exci t at i on syst ems.

] c.   Vol t age Regul at or :   Vol t age r egul at or  must  be sol i d st at e or  di gi t al ,  
aut omat i c,  t hr ee- phase sensi ng,  vol t s per  her t z t ype r egul at or . [   
Regul at or  must  r ecei ve i t s i nput  power  f r om a PMG. ]   Vol t age var i at i on 
f or  any 40 degr ee C change over  t he oper at i ng t emper at ur e r ange must  be 
l ess t han pl us or  mi nus 1. 0 per cent .   Oper at i ng t emper at ur e must  be 
mi nus 40 degr ee C t o pl us 70 degr ee C.   Vol t age adj ust  r ange must  be 
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pl us t o mi nus 5. 0 per cent  of  nomi nal .   I nher ent  r egul at or  f eat ur es must  
i ncl ude over exci t at i on shut down.

[ 2. 1. 3. 3   El ect r omagnet i c I nt er f er ence ( EMI )  Suppr essi on

**************************************************************************
NOTE:   I ncl ude el ect r omagnet i c i nt er f er ence ( EMI )  
suppr essi on f or  engi ne- gener at or  set  i nst al l at i ons 
i n t he pr oxi mi t y of  sensi t i ve el ect r oni c equi pment .

**************************************************************************

Pr ovi de as an i nt egr al  par t  of  t he gener at or  and exci t at i on syst em,  EMI  
suppr essi on compl yi ng wi t h MIL-STD-461 .

] 2. 2   ENGI NE- GENERATOR SET AUXI LI ARY SYSTEMS AND EQUI PMENT

Pr ovi de auxi l i ar y syst ems and equi pment  desi gned f or  cont i nuous dut y at  100 
per cent  of  t he power  r at i ng of  t he engi ne- gener at or  set  as speci f i ed i n t he 
par agr aph ENGI NE- GENERATOR SET RATI NGS AND PERFORMANCE.

2. 2. 1   Vi br at i on I sol at i on Syst em

I nst al l  t he subbase on v i br at i on i sol at or s t hat  ar e secur ed t o a sui t abl e 
concr et e f oundat i on.   Pr ovi de i sol at or s as r ecommended by t he 
engi ne- gener at or  set  and i sol at or  manuf act ur er s and pr ovi de i nt egr al  or  
ext er nal  l at er al  suppor t  t o l i mi t  l at er al  movement  and over t ur ni ng moment s.  
The i sol at i on syst em must  r educe t he v i br at i on t r ansmi t t ed t o t he adj acent  
f l oor  s l ab t o a maxi mum of  0. 038 mm 0. 0015 i nch t ot al  ampl i t ude t hr oughout  
t he f r equency r ange down t o 65 Hz.

2. 2. 2   Exhaust  Syst em

Pr ovi de exhaust  syst ems f or  each engi ne.

2. 2. 2. 1   Exhaust  Si l encer s

**************************************************************************
NOTE:   The nor mal  val ues gi ven i n t he t abl e f or  
exhaust  sound r educt i on ar e f or  i nst al l at i ons i n 
r esi dent i al  appl i cat i ons.   I f  t he i nst al l at i on i s i n 
a cr i t i cal  envi r onment  ( such as a hospi t al ) ,  mor e 
st r i ngent  cr i t er i a must  be appl i ed,  i ncl udi ng engi ne 
noi se dampeni ng,  and t he at t enuat i on val ues i n t he 
t abl e f or  cr i t i cal  c l ass shoul d be sel ect ed.

**************************************************************************

A[  r esi dent i al  c l ass] [  cr i t i cal  c l ass]  s i l encer  must  be pr ovi ded f or  each 
engi ne whi ch wi l l  r educe t he exhaust  sound spect r um by t he f ol l owi ng l i s t ed 
val ues at  a 23 m 75 f oot  r adi us f r om t he out l et ,  wi t h gener at or  set  l oaded 
t o r at ed capaci t y and cl ear  weat her .   I nl et  and out l et  connect i ons must  be 
flanged.

Oct ave Band Cent er  Fr equency ( Her t z)

Mi ni mum Si l encer  At t enuat i on 
Decibels

63 125 250 500 1000 2000 4000 8000
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Oct ave Band Cent er  Fr equency ( Her t z)

[ Resi dent al  Cl ass] [10] [25] [32] [30] [25] [25] [24] [23]

[ Cr i t i cal  Cl ass] [15] [32] [37] [36] [30] [36] [37] [37]

[ 2. 2. 2. 2   Fi el d I nst al l ed Exhaust  Pi pi ng Syst em

**************************************************************************
NOTE:   I ncl ude t he f ol l owi ng par agr aph when t he 
engi ne- gener at or  set  i s  i nst al l ed i nt er nal  t o a 
bui l di ng i n l i eu of  i n a sel f  cont ai ned out door  
encl osur e.   The desi gner  i s  r esponsi bl e f or  ensur i ng 
that:

1.   Ext er nal  l oads f r om t he exhaust  syst em,  such as 
wei ght  and t her mal  expansi on do not  exceed t he 
engi ne manuf act ur er ' s maxi mum al l owed f or ces and 
moment s on t he t ur bochar ger ,  and;

2.   The exhaust  pi pi ng syst em pr essur e l oss i s 
coor di nat ed wi t h t he v i s i bl e emi ssi on l i mi t s of  t he 
engi ne- gener at or  set  when ai r  pol l ut i on per mi t t i ng 
i s r equi r ed.

**************************************************************************

Fi el d i nst al l ed exhaust  pi pi ng must  conf or m t o t he f ol l owi ng:

a.   Exhaust  Pi pi ng:   Pr ovi de f l anges f or  connect i ons t o di esel  engi nes,  
exhaust  muf f l er s,  and f l exi bl e connect i ons.   Pr ovi de st eel  pi pe 
conf or mi ng t o ASTM A53/ A53M f or  each engi ne compl et e wi t h necessar y 
f i t t i ngs,  f l anges,  gasket s,  bol t s ,  and nut s.   Exhaust  pi pi ng must  be 
Schedul e 40 pi pe f or  300 mm 12 i nches and smal l er ,  st andar d wei ght  f or  
s i zes 350 mm 14 i nches t hr ough 600 mm 24 i nches,  and 6 mm 0. 25 i nch 
wal l  t hi ckness f or  s i zes l ar ger  t han 600 mm 24 i nches.   Fl anges must  be 
Cl ass 150 sl i p- on f or ged st eel  wel di ng f l anges i n accor dance wi t h 
ASME B16. 5,  wi t h mat er i al  i n accor dance wi t h ASTM A181/ A181M,  Gr ade I .   
Fi t t i ngs must  be but t wel di ng conf or mi ng t o ASTM A234/ A234M,  wi t h wal l  
t hi ckness same as adj oi ni ng pi pi ng.   Fi t t i ngs must  be of  same mat er i al  
and wal l  t hi ckness as pi pe.   Bui l t - up mi t er  wel ded f i t t i ngs may be 
used.   Mi t er  angl es of  each i ndi v i dual  sect i on must  not  exceed 22. 5 
degr ees t ot al  and not  mor e t han 11. 25 degr ees r el at i ve t o t he axi s of  
t he pi pe at  any one cut .   Gasket s f or  exhaust  pi pi ng must  be of  hi gh 
t emper at ur e asbest os- f r ee mat er i al  sui t abl e f or  t he ser vi ce and must  be 
ASME B16. 21,  composi t i on r i ng,  1. 6 mm 0. 0625 i nch t hi ck.   Bol t i ng 
mat er i al  f or  exhaust  f l anges must  be al l oy- st eel  bol t - st uds conf or mi ng 
to ASTM A193/ A193M,  Gr ade B7 bol t s  and al l oy- st eel  nut s conf or mi ng t o 
ASTM A194/ A194M,  Gr ade 7.   Bol t s must  be of  suf f i c i ent  l engt h t o obt ai n 
f ul l  bear i ng on t he nut s and must  pr oj ect  not  mor e t han t wo f ul l  
t hr eads beyond t he nut .   Pr ovi de st ai nl ess st eel  count er bal ance t ype 
r ai n caps at  t er mi nat i on of  each exhaust  pi pe.

**************************************************************************
NOTE:   Sel ect  opt i on f or  l i ner s i n expansi on j oi nt s 
when r equi r ed t o r educe exhaust  pr essur e dr op.

**************************************************************************
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b.   Expansi on ( Fl exi bl e)  Joi nt s:   Pr ovi de sect i ons of  mul t i pl e cor r ugat ed 
st ai nl ess st eel  expansi on j oi nt s[  wi t h l i ner s]  i n t he engi ne exhaust  
pi pi ng f or  each engi ne t o absor b expansi on st r ai ns and vi br at i on 
t r ansmi t t ed t o t he pi pi ng.   Fl exi bl e j oi nt s must  be sui t abl e f or  
oper at i on at  93 degr ees C 200 degr ees F above nor mal  exhaust  gas 
t emper at ur e at  100 per cent  l oad,  10, 000 cycl es,  mi ni mum.   Joi nt s must  
be f l anged and l ocat ed bet ween engi ne exhaust  mani f ol d and exhaust  
pi pi ng,  must  be t he same si ze as exhaust  pi pi ng s i ze,  and must  be 
desi gned and const r uct ed f or  di esel  engi ne exhaust  ser vi ce.

c.   Hanger s and Suppor t s:   MSS SP- 58.

**************************************************************************
NOTE:   I ncl ude on t he dr awi ngs a det ai l  of  t he 
exhaust  pi pi ng penet r at i ons t hr ough wal l s and r oof s 
showi ng t he pi pi ng s l eeve and ext er i or  f l ashi ng.

**************************************************************************

d.   Pi pi ng Sl eeves:   Pr ovi de wher e pi pi ng passes t hr ough masonr y or  
concr et e wal l s,  f l oor s,  r oof s,  and par t i t i ons.   Sl eeves must  be pl aced 
dur i ng const r uct i on.   Unl ess i ndi cat ed ot her wi se,  pi pe s l eeves must  
compl y wi t h f ol l owi ng r equi r ement s:   s l eeves i n out s i de wal l s bel ow and 
above gr ade,  i n f l oor ,  or  i n r oof  s l abs,  must  be st andar d wei ght  z i nc 
coat ed st eel  pi pe.   Sl eeves i n par t i t i ons must  be z i nc coat ed sheet  
st eel  havi ng a nomi nal  wei ght  of  not  l ess t han 4. 4 kg per  squar e met er  
0. 90 pound per  squar e f oot .   Space bet ween pi pi ng i nsul at i on and t he 
s l eeve must  not  be l ess t han 6 mm 0. 25 i nch.  Sl eeves must  be hel d 
secur el y i n pr oper  posi t i on and l ocat i on dur i ng const r uct i on.   Sl eeves 
must  be suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  wal l s ,  
par t i t i ons,  or  s l abs.   Sl eeves i n f l oor  s l abs must  ext end 50 mm 2 i nches
 above t he f i ni shed f l oor .   Space bet ween t he pi pe and t he s l eeve must  
be f i r ml y packed wi t h i nsul at i on and caul ked at  bot h ends of  t he s l eeve 
wi t h pl ast i c wat er pr oof  cement .

e.   Pi pi ng I nsul at i on:   Pr ovi de exhaust  pi pi ng i nsul at i on i n accor dance 
wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

] 2. 2. 3   Cool i ng Syst em

Pr ovi de t he speci f i ed cool i ng wat er  syst em.   Pr oper l y s i ze equi pment  t o 
handl e t he f l ow r at e and pr essur e l osses of  t he cool ant  mi xt ur e speci f i ed 
i n t he par agr aph DI ESEL ENGI NE CAPACI TY,  and at  t he s i t e el evat i on 
speci f i ed i n t he par agr aph SI TE CONDI TI ONS.

2. 2. 3. 1   Radiators

**************************************************************************
NOTE:   Gener al l y  ut i l i ze t he engi ne subbase r adi at or  
as t he l ess expensi ve opt i on.   I n cases wher e 
i nsuf f i c i ent  cool i ng ai r  or  space or  addi t i onal  
r el i abi l i t y  i s  necessar y ( r equi r i ng cr oss- connect i ng 
of  r adi at or s) ,  pr ovi de r emot e r adi at or s.

**************************************************************************

**************************************************************************
NOTE:   At  t he t ext  bel ow,  use t he maxi mum dr y- bul b 
t emper at ur e of  t he s i t e pl us 8 degr ees C 15 degr ees F
 f or  t he f i r st  t emper at ur e,  but  not  l ess t han 43 
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degr ees C 110 degr ees F.   Use mi nus 18 degr ees C 0 
degr ees F,  except  wher e mi ni mum dr y- bul b t emper at ur e 
per mi t s use of  a hi gher  t emper at ur e.

**************************************************************************

Pr ovi de f or  each engi ne- gener at or  set ,  as st andar d wi t h t he manuf act ur er .

a.   Desi gn Condi t i ons:   Each r adi at or  uni t  must  have ampl e capaci t y  t o 
r emove not  l ess t han t he t ot al  kW Bt u per  hour  of  heat  r ej ect ed by i t s  
r espect i ve engi ne at  100 per cent  f ul l - r at ed l oad t o t he j acket  wat er ,  
f uel  oi l ,  and l ubr i cat i ng oi l  syst em,  and i nt er cool er .   Radi at or  
capaci t y must  be r at ed at  opt i mum t emper at ur e of  cool ant  l eavi ng t he 
engi ne and i nt er cool er  as r ecommended by t he engi ne manuf act ur er  wi t h 
an ambi ent  dr y bul b ai r  t emper at ur e out s i de t he encl osur e of  [ _____]  
degr ees C [ _____]  degr ees F maxi mum,  and [ _____]  degr ees C [ _____]  
degr ees F mi ni mum at  t he s i t e el evat i on speci f i ed i n t he par agr aph SI TE 
CONDI TI ONS,  and wi t h t he cool ant  mi xt ur e speci f i ed i n t he par agr aph 
DI ESEL ENGI NE CAPACI TY.   Pr essur e dr op t hr ough t he r adi at or  must  not  
exceed 41. 34 kPa 6 psi  when ci r cul at i ng t he maxi mum r equi r ed cool ant  
f l ow.   Radi at or  ai r  vel oci t y must  be a maxi mum of  7. 6 met er s per  second 
1500 f eet  per  mi nut e.

[ b.   Engi ne Mount ed Radi at or  Const r uct i on:   Radi at or  f an must  di r ect  ai r f l ow 
f r om t he engi ne out war d t hr ough t he r adi at or .   Fan must  be V- bel t  
dr i ven di r ect l y f r om t he engi ne cr ankshaf t .   Radi at or  f an must  have 
suf f i c i ent  capaci t y t o meet  desi gn condi t i ons agai nst  a st at i c 
r est r i c t i on of  [ _____]  Pa [ _____]  i nch of  wat er .   Fan st at i c capaci t y 
must  be adj ust ed t o sui t  t he duct wor k f ur ni shed.   Cool i ng sect i on must  
have a t ube and f i n- t ype cor e consi st i ng of  copper  or  copper  base al l oy 
t ubes wi t h nonf er r ous f i ns.   Sel ect  engi ne- dr i ven f ans f or  qui et  
v i br at i on- f r ee oper at i on.   Make pr ovi s i on f or  cool ant  expansi on ei t her  
by sel f - cont ai ned expansi on t anks or  separ at el y mount ed expansi on 
t anks,  as st andar d wi t h t he manuf act ur er .   Pr ovi de sui t abl e guar ds f or  
each f an and dr i ve.

]
**************************************************************************

NOTE:   Radi at or  f an cycl i ng cont r ol s shoul d be 
consi der ed f or  engi nes t o be oper at ed above 500 
hour s per  year .

**************************************************************************

[ c .   Remot e Radi at or  Const r uct i on:   Pr ovi de r adi at or s as descr i bed above,  
except  r adi at or s must  be r emot el y pi ped and pr ovi ded wi t h el ect r i c  
mot or  dr i ven f an.   Dr i ve must  be mul t i pl e V- bel t  or  r educt i on gear s.   
Expansi on t anks must  be separ at el y mount ed.   Ai r  f l ow must  be ver t i cal  
or  hor i zont al  as i ndi cat ed.   I nt er l ock f an wi t h engi ne oper at i on such 
t hat  f an must  oper at e when engi ne oper at es when r ecommended by engi ne 
manuf act ur er . [   Pr ovi de cont r ol s and cont r ol  devi ces compl et e whi ch 
must  cycl e f an on and of f  based upon cool ant  t emper at ur e. ]   Pr ovi de 
mot or s,  cont r ol l er s,  cont act or s,  and di sconnect s i n accor dance wi t h 
par agr aph ELECTRI CAL SUPPORT EQUI PMENT.

] d.   Cool ant  sol ut i on must  be a mi xt ur e of  c l ean wat er  and et hyl ene gl ycol ,  
50 per cent  by vol ume each.   Pr ovi de an ant i - f r eeze sol ut i on t est er  
sui t abl e f or  t he mi xt ur e.

[ 2. 2. 3. 2   Jacket  Cool ant  Wat er  Pi pi ng Syst ems

**************************************************************************
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NOTE:   I ncl ude t he f ol l owi ng par agr aph when 
pr ovi di ng cool i ng syst em wi t h a r emot e r adi at or .

**************************************************************************

Fi el d i nst al l ed j acket  cool ant  wat er  pi pi ng must  conf or m t o t he f ol l owi ng:

a.   Pi pi ng:   Pr ovi de seaml ess st eel  pi pe,  Schedul e 40,  conf or mi ng t o 
ASTM A53/ A53M,  Gr ade A.

b.   Fi t t i ngs and Fl anges:   Fi t t i ngs,  40 mm 1 1/ 2 i nches or  smal l er ,  must  be 
mal l eabl e i r on conf or mi ng t o ASME B16. 3 f or  Cl ass 300 t hr eaded t ype.   
Fi t t i ngs,  50 mm 2 i nches and l ar ger ,  must  be st eel  but t wel di ng 
conf or mi ng t o ASME B16. 9.   Ut i l i ze ei t her  ASME B16. 1 or  Cl ass A of  
ASTM A126 f or  Cl ass 125 cast - i r on f l anged f i t t i ngs.   Fl anges must  be 
Cl ass 150 sl i p- on f or ged st eel  wel di ng f l anges i n accor dance wi t h 
ASME B16. 5,  wi t h mat er i al  i n accor dance wi t h ASTM A181/ A181M,  Gr ade I .   
Pr ovi de f l at  f ace f l anges f or  connect i ng t o Cl ass 125 st andar d 
cast - i r on val ves,  f i t t i ngs,  and equi pment  connect i ons.

c.   Val ves

( 1)  Gat e Val ves:   For  val ves,  40 mm 1 1/ 2 i nches and smal l er ,  pr ovi de 
doubl e di sk,  r i s i ng st em,  i nsi de scr ew,  uni on bonnet  t ype,  Cl ass 
125 br onze mat er i al  conf or mi ng t o MSS SP- 80.   For  val ves,  50 mm 2 
i nches and l ar ger ,  pr ovi de doubl e- di sk,  par al l el  seat  t ype,  
hydr aul i c- r at ed,  Cl ass 125,  out s i de scr ew and yoke t ype wi t h 
f l anged ends and br onze t r i m conf or mi ng t o MSS SP- 70.   Pr ovi de 
st em packi ng of  mat er i al  compat i bl e wi t h t he syst em cool ant .

( 2)  Gl obe Val ves:   For  val ves,  40 mm 1 1/ 2 i nches and smal l er ,  pr ovi de 
r i s i ng st em,  i ns i de scr ew,  uni on bonnet  t ype,  Cl ass 125 br onze 
val ves conf or mi ng t o MSS SP- 80.   For  val ves,  50 mm 2 i nches and 
l ar ger ,  pr ovi de Cl ass 125 cast  i r on,  f l anged ends,  br onze t r i m 
gl obe val ves conf or mi ng t o MSS SP- 85.   Val ves must  have r enewabl e 
composi t i on or  cast  i r on di scs compat i bl e wi t h t he syst em cool ant .

( 3)  Check Val ves:   MSS SP- 71 or  MSS SP- 80,  swi ng check t ype.

d.   Hanger s and Suppor t s:   MSS SP- 58.

**************************************************************************
NOTE:   I ncl ude on t he dr awi ngs a det ai l  of  t he 
cool i ng pi pi ng penet r at i ons t hr ough wal l s and r oof s 
showi ng t he pi pi ng s l eeve and ext er i or  f l ashi ng.

**************************************************************************

e.   Pi pi ng Sl eeves:   Pr ovi de wher e pi pi ng passes t hr ough masonr y or  
concr et e wal l s,  f l oor s,  r oof s,  and par t i t i ons.   Pl ace s l eeves dur i ng 
const r uct i on.   Unl ess i ndi cat ed ot her wi se,  pi pe s l eeves must  compl y 
wi t h f ol l owi ng r equi r ement s:   Sl eeves i n out s i de wal l s bel ow and above 
gr ade,  i n f l oor ,  or  i n r oof  s l abs,  must  be st andar d wei ght  z i nc coat ed 
st eel  pi pe.   Sl eeves i n par t i t i ons must  be z i nc coat ed sheet  st eel  
havi ng a nomi nal  wei ght  of  not  l ess t han 4. 4 kg per  squar e met er  0. 90 
pound per  squar e f oot .   Space bet ween pi pi ng i nsul at i on and t he s l eeve 
must  be not  l ess t han 6 mm 0. 25 i nch.   Sl eeves must  be hel d secur el y i n 
pr oper  posi t i on and l ocat i on dur i ng const r uct i on.   Sl eeves must  be of  
suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  wal l s,  
par t i t i ons,  or  s l abs.   Sl eeves i n f l oor  s l abs must  ext end 50 mm 2 i nches
 above t he f i ni shed f l oor .   Space bet ween t he pi pe and t he s l eeve must  
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be f i r ml y packed wi t h i nsul at i on and caul ked at  bot h ends of  t he s l eeve 
wi t h pl ast i c wat er pr oof  cement .

] 2. 2. 4   Di esel  Fuel  Syst em

NFPA 30 and NFPA 37 and t he r equi r ement s her ei n.

2. 2. 4. 1   Di esel  Fuel  Pi pi ng Syst em

Fact or y i nst al l ed pi pi ng must  conf or m t o t he engi ne manuf act ur er ' s st andar d.

2. 2. 4. 2   Di esel  Fuel  Suppl y Syst em

Pr ovi de[  120] [ _____]  vol t  ac di esel  f uel  suppl y syst em.   I ncl ude necessar y 
equi pment ,  pi pi ng,  cont r ol s,  wi r i ng,  and accessor i es.

**************************************************************************
NOTE:   Use t he f ol l owi ng gui del i nes f or  speci f y i ng 
di esel  f uel  i nt egr al  base t anks:

1.   Sel ect  i nt egr al  base t ank i n ski d wher e 
appl i cabl e and avai l abl e.   Tank capaci t y avai l abl e 
var i es f r om 100 gal l ons t o 5, 000 gal l ons.

2.   See NFPA 37 f or  al l owabl e t ank s i zes and 
restrictions.

3.   Pr ovi de an over f l ow or  r et ur n l i ne bet ween t he 
di esel  f uel  day t ank and st or age t ank i n accor dance 
wi t h NFPA 37 i f  t he gener at or  i s  equi pped wi t h bot h 
an ext er nal  suppl y t ank and a day t ank.

4.   Tank capaci t y must  be i n accor dance wi t h t he 
f ol l owi ng t abl e f or  f aci l i t i es compl yi ng wi t h 
MI L- HDBK- 1191,  " DOD Medi cal  and Dent al  Tr eat ment  
Faci l i t i es Desi gn and Const r uct i on Gui de. "

50 KW -  100 KW GEN SET   :   25 MI N -  50 MAX GAL
101 KW -  200 KW GEN SET  :   50 MI N -  75 MAX GAL
201 KW -  300 KW GEN SET  :   75 MI N -  100 MAX GAL
OVER 300 KW GEN SET     :   100 MI N -  250 MAX GAL

**************************************************************************

a.   Al l  Tanks:   UL 142.   Pr ovi de[  i nt egr al  i n ski d] [  f r ee st andi ng]  doubl e 
wal l  ( 110 per cent  cont ai nment )  di esel  f uel  t anks wi t h a[  mi ni mum 
capaci t y of  [ _____]  hour s of  engi ne- gener at or  set  oper at i on at  
f ul l - r at ed l oad] [  capaci t y as i ndi cat ed] .   Epoxy coat  day t anks i ns i de 
and pr i me and pai nt  out s i de.   Const r uct  t anks of  not  l ess t han 4. 76 mm 
3/ 16 i nch st eel  pl at e wi t h wel ded j oi nt s and necessar y st i f f ener s on 
ext er i or  of  t ank.   Pr ovi de a br aced st r uct ur al  st eel  f r amewor k 
suppor t .   Wel d t ank t op t i ght .   Pr ovi de 114 mm 4 1/ 2 i nch squar e 
i nspect i on por t  wi t h a 2 i nch NPT f i l l  connect i on and spi l l  box.   
Pr ovi de pr oper  nor mal  and emer gency vent i ng f or  t he pr i mar y t ank and 
emer gency vent i ng onl y f or  t he secondar y t ank /  cont ai nment  basi n i n 
accor dance wi t h UL 142 r equi r ement s. [   Pr ovi de an over f l ow or  r et ur n 
l i ne bet ween t he di esel  f uel  day t ank and st or age t ank i n accor dance 
with NFPA 37.]

b.   Fl oat  Swi t ches f or  Day Tanks:   Pr ovi de t ank- t op mount ed or  ext er nal  
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f l oat  cage,  s i ngl e- pol e,  s i ngl e- t hr ow t ype desi gned f or  use on f uel  oi l  
t anks.  Ar r ange hi gh l evel  f l oat  swi t ches t o c l ose on r i se of  l i qui d 
l evel ,  and l ow l evel  f l oat  swi t ches t o c l ose on f al l  of  l i qui d l evel .   
Mount  f l oat  cage uni t s wi t h i sol at i ng and dr ai n val ves.   Cont act s must  
be sui t abl e f or  t he st at i on bat t er y vol t age.

( 1)  Cr i t i cal  l ow l evel  f l oat  swi t ch whi ch must  act i vat e at  5 per cent  
of  nor mal  l i qui d l evel  must  shut  engi ne of f .

( 2)  Low- l ow l evel  f l oat  swi t ch whi ch must  act i vat e al ar m at  30 per cent  
of  nor mal  l i qui d l evel .

( 3)  Low l evel  f l oat  swi t ch whi ch must  open t he f uel  oi l  sol enoi d val ve 
and st ar t  t he[  r emot e]  f uel  t r ansf er  pump at  75 per cent  of  nor mal  
l i qui d l evel .

( 4)  Hi gh l evel  f l oat  swi t ch whi ch must  c l ose t he f uel  oi l  sol enoi d 
val ve and st op t he[  r emot e]  f uel  t r ansf er  pump at  90 per cent  of  
nor mal  l i qui d l evel .

( 5)  Cr i t i cal  hi gh l evel  f l oat  swi t ch whi ch must  act i vat e al ar m at  95 
per cent  of  nor mal  l i qui d l evel .

c.   Leak Det ect or  Swi t ch f or  al l  t anks:   Act uat es when f uel  i s  det ect ed i n 
cont ai nment  basi n,  st ops f uel  t r ansf er  pump,  and c l oses t he f uel  oi l  
sol enoi d val ve.

d.   Cont r ol  Panel  f or  al l  t anks:   Pr ovi de NEMA I CS 6,  Type[  1] [ _____] ,  
encl osed cont r ol  panel  f or  each day t ank.   Cont r ol  panel  must  i ncl ude 
t he f ol l owi ng accessor i es.

( 1)  Power  avai l abl e LED ( gr een) .

( 2)  Cr i t i cal  l ow f uel  al ar m cont act s f or  shut  down of  engi ne.

( 3)  Low- l ow l evel  f uel  al ar m LED.

( 4)  Low- l ow l evel  f uel  al ar m cont act s f or  r emot e annunci at or .

( 5)  Cr i t i cal  hi gh l evel  f uel  al ar m LED.

( 6)  Leak det ect i ng al ar m LED.

( 7)  Al ar m hor n.

e.   Tank Gagesf or  al l  t anks:   Pr ovi de buoyant  f or ce t ype gages f or  di esel  
f uel  t anks wi t h di al  i ndi cat or  not  l ess t han 100 mm 4 i nches i n s i ze 
and ar r anged f or  t op mount i ng.   Cal i br at e each r eadi ng di al  or  scal e 
f or  i t s  speci f i c  t ank t o r ead f r om empt y t o f ul l ,  wi t h i nt er medi at e 
poi nt s of  1/ 4,  1/ 2,  and 3/ 4.

[ f .   I nt egr al  Base t anks used as Pr i mar y t ank:  Pr ovi de a 2 i nch openi ng at  
t he t ank f i l l por t ,  f i t t ed an over f i l l  pr event i on val ve ( OPV) .   
Addi t i onal l y,  t he f i l l  openi ng must  be per pendi cul ar  t o t he t ank i n 
or der  t o al l ow oper at i on of  t he OPV.  I nt egr al  base t ank must  be s i zed 
and conf i gur ed such t hat  t he f i l l i ng and vent i ng nozzl es ar e out s i de 
t he gener at or  cabi net  f or  ease of  accessi bi l i t y ,  i nspect i on,  and 
mai nt enance.   Level  gage must  be i n t he l i ne of  s i ght  f r om t he f i l l  
port.
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][ g.  I nt egr al  Base Tanks l ocat ed i nsi de bui l di ngs:   The t ank vent s must  
di schar ge out s i de t he bui l di ng i n accor dance wi t h NFPA 30 and NFPA 37.   
The f i l l  pi pe must  t er mi nat e out s i de t he bui l di ng.   The f i l l  pi pe 
connect i on poi nt  must  be housed i n a seal ed spi l l  box.   Hi gh l evel  
al ar ms or  l evel  gauges used as over f i l l  pr ot ect i on mechani sms must  
annunci at e at  t he f i l l  connect i on poi nt .   Pr ovi de an over f i l l  
pr event i on val ve ( OPV)  at  t he t ank wi t h a check val ve mount ed on t he 
f i l l  l i ne i n t he spi l l  box.   The f i l l  connect i on poi nt  must  be l abel ed 
wi t h t ank cont ent s and capaci t y.

][ h.  Ext er nal  Tanks( al l  non- i nt egr al  base t anks)  ar e speci f i ed i n Sect i on 33 
56 10 Fact or y- Fabr i cat ed Fuel  St or age Tanks.   

] [ 2. 2. 4. 3   Fuel  Tr ansf er  Pump[ s]

**************************************************************************
NOTE:   Del et e t hi s par agr aph when r emot e f uel  
t r ansf er  pump( s)  ar e pr ovi ded.   Sel ect  dupl ex pumps 
f or  f aci l i t i es compl yi ng wi t h UFC 4- 510- 01,  " Desi gn:  
Medi cal  Mi l i t ar y Faci l i t i es" .

**************************************************************************

Fuel  t r ansf er  pumps may be mount ed on t he day t ank.   Pump[ s]  must  be[  
dupl ex, ]  hor i zont al ,  posi t i ve di spl acement .   Di r ect - connect  pump t o mot or  
t hr ough a f l exi bl e coupl i ng.   Equi p each pump wi t h a bypass r el i ef  val ve,  
i f  not  pr ovi ded wi t h an i nt er nal  r el i ef  val ve.   Pr ovi de mot or  and 
cont r ol l er  i n accor dance wi t h par agr aph ELECTRI CAL SUPPORT EQUI PMENT.

] 2. 2. 4. 4   Fuel  Oi l  Sol enoi d Val ve

UL 429.   Pr ovi de el ect r i c  sol enoi d t ype cont r ol  val ve f or  each day t ank.   
Sol enoi d must  be r at ed f or  st ar t i ng bat t er y vol t age.   Val ve body must  have 
a mi ni mum wor ki ng pr essur e r at i ng of  1033 kPa 150 psi g at  93 degr ees C 200 
degr ees F.   Val ve must  be capabl e of  passi ng 0 t o 0. 63 L/ s 0 t o 10 gpm of  
f uel  oi l .   Val ves must  be t wo- way,  di r ect  act i ng,  nor mal l y c l osed ( open 
when ener gi zed,  c l osed when de- ener gi zed) ,  wi t h br ass st ai nl ess st eel  body 
and r esi l i ent  seat  mat er i al .   Sol enoi d encl osur es must  be NEMA I CS 6,  Type 
1.   Body connect i ons must  be same si ze as connect i ng pi pi ng.   Val ve must  be 
i n l i ne bef or e t he f uel  pump.

2. 2. 4. 5   Strainer

**************************************************************************
NOTE:   Sel ect  t he opt i ons f or  dupl ex f i l t er s when 
changi ng of  t he f i l t er  wi l l  be r equi r ed whi l e t he 
engi ne- gener at or  set  i s  oper at i ng.   Do not  pr ovi de 
dupl ex f i l t er s when t he engi ne- gener at or  set  i s  t o 
be i nst al l ed i n an encl osur e or  pr ovi ded wi t h an 
engi ne- dr i ven r adi at or .

**************************************************************************

[ Si mpl ex] [ Dupl ex]  st r ai ner s must  compl y wi t h Sect i on 33 52 10 FUEL SYSTEMS 
PI PI NG ( SERVI CE STATI ON) .

[ 2. 2. 4. 6   Fuel  Oi l  Met er s

**************************************************************************
NOTE:   Pr ovi de f uel  oi l  met er s when r equi r ed by t he 
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usi ng act i v i t y.
**************************************************************************

Fuel  oi l  met er  must  compl y wi t h Sect i on 33 52 10 FUEL SYSTEMS PI PI NG 
( SERVI CE STATI ON) .

] 2. 2. 4. 7   Fuel  Oi l  Cool er

Pr ovi de an ai r  cool ed f uel  oi l  cool er  i f  t he t emper at ur e of  t he f uel  
r et ur ned t o t he t ank f r om t he engi ne wi l l  cause over heat i ng of  t he t ank 
f uel  above t he maxi mum f uel  t emper at ur e al l owed by t he engi ne manuf act ur er  
when oper at i ng at  maxi mum r at ed gener at or  power  out put  and l ow f uel  l evel  
i n t he t ank.   The f uel  oi l  cool er  must  be f ur ni shed by t he engi ne 
manuf act ur er  f or  t he appl i cat i on and t he i nst al l at i on must  be compl et e 
i ncl udi ng pi pi ng and power  r equi r ement s.

2. 2. 5   St ar t i ng Bat t er y Syst em

**************************************************************************
NOTE:   St ar t i ng bat t er y syst em must  be 24- vol t  dc 
f or  engi ne- gener at or  set s gr eat er  t han 100 kW and 
12- vol t  dc f or  engi ne- gener at or  set s r at ed 100 kW 
and l ess.

**************************************************************************

Pr ovi de a[  24] [  12] - vol t  dc st ar t i ng bat t er y i nst al l at i on f or  st ar t i ng of  
each engi ne- gener at or  set  ut i l i z i ng an el ect r i c  cr anki ng syst em.

2. 2. 5. 1   Engi ne St ar t i ng Bat t er y

**************************************************************************
NOTE:   The ambi ent  t emper at ur e sel ect ed must  be t he 
l owest  t emper at ur e at  whi ch t he engi ne mi ght  be 
cr anked.   Bat t er y conf i gur at i on must  be t wo par al l el  
set s of  t wo 12- vol t  bat t er i es f or  engi ne- gener at or  
set s r at ed 750 kW and above.

**************************************************************************

Pr ovi de mai nt enance f r ee,  seal ed,  l ead- aci d,  SAE Type D di esel  engi ne 
st ar t i ng bat t er i es. [   Bat t er y conf i gur at i on must  be t wo par al l el  set s of  
t wo 12- vol t  bat t er i es. ]   Bat t er i es must  have suf f i c i ent  capaci t y t o pr ovi de 
60 seconds of  cont i nuous cr anki ng of  t he engi ne i n an ambi ent  t emper at ur e of
 [ _____]  degr ees C [ _____]  degr ees F.

2. 2. 5. 2   St ar t i ng Bat t er y Char ger

UL 1236.   Pr ovi de[  120] [  ____]  vol t  ac,  encl osed,  aut omat i c equal i z i ng,  
dual - r at e,  sol i d- st at e,  const ant  vol t age t ype bat t er y char ger  wi t h 
aut omat i c ac l i ne compensat i on.   Dc out put  must  be vol t age r egul at ed and 
cur r ent  l i mi t ed.   Char ger  must  have t wo r anges,  f l oat  and equal i ze,  and 
must  pr ovi de cont i nuous t aper  char gi ng.   The char ger  must  have a cont i nuous 
out put  r at i ng of  not  l ess t han 10 amper es and must  be s i zed t o r echar ge t he 
engi ne st ar t i ng bat t er i es i n a mi ni mum of  8 hour s whi l e pr ovi di ng t he 
cont r ol  power  needs of  t he engi ne- gener at or  set .   Encl osur e must  be 
NEMA I CS 6,  Type[  1] [ _____] .   The f ol l owi ng accessor i es must  be i ncl uded:

a.   Dc ammet er

b.   Dc vol t met er
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c.   Equal i ze l i ght

d.   Ac on l i ght

e.   Low vol t age l i ght

f .   Hi gh vol t age l i ght

g.   Equal i ze t est  but t on/ swi t ch

h.   Ac c i r cui t  br eaker

i .   Low dc vol t age al ar m r el ay

j .   Hi gh dc vol t age al ar m r el ay

k.   Cur r ent  f ai l ur e r el ay

l .   Ac power  f ai l ur e r el ay

2. 2. 6   Engi ne- Gener at or  Cont r ol  Panel

Provide NEMA I CS 6,  Type[  1] [ _____] ,  encl osed cont r ol  panel  mount ed on t he 
engi ne- gener at or  set  wi t h v i br at i on i sol at or s.   Pr ovi de t he f ol l owi ng 
cont r ol  panel  mount ed devi ces and cont r ol  f eat ur es.

2. 2. 6. 1   Cont r ol  Panel  Mount ed Devi ces

a.   Engi ne Cont r ol  Swi t ch ( ECS) :   Pr ovi de a t hr ee posi t i on cont r ol  swi t ch 
wi t h " MANUAL START"  -  " OFF/ RESET"  -  " AUTO START"  posi t i ons.

b.   Emer gency St op Push But t on ( ESPB) :   Pr ovi de a r ed,  mushr oom head,  
t wi st - t o- r eset ,  mai nt ai ned cont act  t ype push but t on.

c.   Gener at or  Met er i ng:   Pr ovi de ac met er i ng package t hat  di spl ays ac 
vol t age,  cur r ent ,  and f r equency of  one phase of  t he gener at or  out put  
s i mul t aneousl y.   Met er i ng package must  i ncl ude a vol t met er / ammet er  
phase sel ect or  swi t ch t o al l ow vi ewi ng of  each phase.

d.   Gener at or  Vol t age Adj ust  Pot ent i omet er  ( VAP) :   Pr ovi de a pot ent i omet er ,  
l ocki ng scr ewdr i ver  t ype,  t o adj ust  gener at or  vol t age.

e.   Engi ne I nst r ument at i on:   Pr ovi de i nst r ument at i on package t hat  di spl ays 
t he f ol l owi ng engi ne i nf or mat i on:

( 1)  Engi ne oi l  pr essur e

( 2)  Engi ne cool ant  t emper at ur e

( 3)  Engi ne speed ( r pm)

( 4)  Engi ne r unni ng hour s.  Engi ne hour  met er  must  be non- r eset t abl e.

f .   I ndi cat i ng Lamps:   Pr ovi de LED t ype i ndi cat i ng l amps and a l amp t est  
swi t ch.   Lamps must  i ndi cat e t he f ol l owi ng al ar m and shut down 
conditions:

( 1)  Low engi ne l ubr i cat i ng oi l  pr essur e al ar m
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( 2)  Low engi ne l ubr i cat i ng oi l  pr essur e shut down

( 3)  Hi gh engi ne cool ant  t emper at ur e al ar m

( 4)  Hi gh engi ne cool ant  t emper at ur e shut down

( 5)  Engi ne over cr ank shut down

( 6)  Engi ne over speed shut down

( 7)  Emer gency st op shut down

( 8)  St ar t i ng bat t er y syst em t r oubl e al ar m

( 9)  Day t ank l ow f uel  shut down

( 10)  Low engi ne cool ant  t emper at ur e al ar m

( 11)  Low cool ant  l evel  shut down

( 12)  Hi gh f uel  l evel

( 13)  Leak dect i on basi n

g.   Al ar m Hor n:   Pr ovi de an al ar m hor n and a hor n s i l ence swi t ch.

h.   Panel  Lamp:   Pr ovi de a panel  l amp and l amp " ON- OFF"  swi t ch.

2. 2. 6. 2   Cr ank Cycl e/ Ter mi nat e Rel ay

Pr ovi de cr ank cycl e/ t er mi nat e r el ay wi t h adj ust abl e cr ank/ r est  per i ods of  1 
t o 60 seconds ( i ni t i al l y  set  f or  15 seconds)  and adj ust abl e t ot al  cr ank 
t i me of  30 seconds t o 10 mi nut es ( i ni t i al l y  set  f or  75 seconds) .

2. 2. 6. 3   Engi ne Cool down Rel ay

Pr ovi de cool down r el ay wi t h adj ust abl e cool  down t i me of  0 t o 30 mi nut es 
( i ni t i al l y  set  at  engi ne manuf act ur er ' s r ecommended t i me) .

[ 2. 2. 7   Remot e Al ar m Annunci at or

**************************************************************************
NOTE:   I ncl ude opt i on f or  r emot e al ar m panel  l ocat ed 
i n a l ocat i on r eadi l y obser ved by oper at i ng 
per sonnel  when t he engi ne- gener at or  set  i s  not  i n a 
r eadi l y obser ved l ocat i on.   For  most  appl i cat i ons 
t he r emot e al ar m annunci at or  shoul d be power ed f r om 
t he engi ne st ar t i ng bat t er y syst em.   When a separ at e 
bat t er y power  sour ce i s necessar y,  sel ect  t he opt i on 
f or  " St or age Bat t er y. "

**************************************************************************

Provide NEMA I CS 6,  Type[  1] [ _____] ,  encl osed r emot e al ar m annunci at or [  
power ed by t he engi ne st ar t i ng bat t er y syst em] .   The annunci at or  must  have 
a l amp t est  swi t ch and LED t ype i ndi cat i ng l amps.   The annunci at or  must  
gi ve v i sual  and audi bl e war ni ngs f or  t he f ol l owi ng oper at i ng and al ar m 
conditions:
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a.   Pr ovi de l amps f or  t he f ol l owi ng oper at i ng condi t i ons:

( 1)  Oper at i ng power  sour ce,  nor mal  or  emer gency

( 2)  St ar t i ng bat t er y syst em t r oubl e

b.   Pr ovi de l amps and an audi bl e s i gnal  f or  t he f ol l owi ng al ar m condi t i ons:

( 1)  Low engi ne l ubr i cat i ng oi l  pr essur e

( 2)  Low engi ne cool ant  t emper at ur e

( 3)  Hi gh engi ne cool ant  t emper at ur e

( 4)  Low f uel

( 5)  Engi ne over cr ank shut down

( 6)  Engi ne over speed shut down

[ 2. 2. 7. 1   St or age Bat t er y

Pr ovi de st or age bat t er i es of  sui t abl e r at i ng and capaci t y t o suppl y and 
mai nt ai n power  f or  t he r emot e al ar m annunci at or  f or  a per i od of  90 mi nut es 
mi ni mum wi t hout  t he vol t age appl i ed f al l i ng bel ow 87. 5 per cent  of  nor mal .    
Pr ovi de a[  120] [ _____]  vol t  ac aut omat i c bat t er y char ger .

] ] 2. 2. 8   Gener at or  Ci r cui t  Br eaker

UL 489,  mol ded case,  adj ust abl e t her mal  magnet i c t r i p t ype c i r cui t  br eaker .  
The ci r cui t  br eaker  cont i nuous cur r ent  r at i ng must  be adequat e f or  t he 
power  r at i ng of  t he engi ne- gener at or  set  and t he c i r cui t  br eaker  must  be 
r at ed t o wi t hst and t he shor t  c i r cui t  cur r ent  pr ovi ded by t he gener at or  set .  
Pr ovi de c i r cui t  br eaker  i n a NEMA I CS 6,  Type[  1] [ _____]  encl osur e mount ed 
on t he engi ne- gener at or  set .

2. 2. 9   El ect r i cal  Suppor t  Equi pment

Fur ni sh wi t h r espect i ve pi eces of  equi pment .   Mot or s,  cont r ol l er s,  
cont act or s,  and di sconnect s must  conf or m t o Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de el ect r i cal  connect i ons under  Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de cont r ol l er s and cont act or s wi t h 
maxi mum of  120- vol t  cont r ol  c i r cui t s,  and auxi l i ar y cont act s f or  use wi t h 
cont r ol s f ur ni shed.   When mot or s and equi pment  f ur ni shed ar e l ar ger  t han 
s i ze i ndi cat ed,  t he cost  of  pr ovi di ng addi t i onal  el ect r i cal  ser vi ce and 
r el at ed wor k must  be i ncl uded under  t hi s sect i on.

[ 2. 2. 10   Weat her pr oof  Encl osur e

Pr ovi de f or  each engi ne- gener at or  set  and f abr i cat e f r om zi nc coat ed or  
phosphat i zed and shop pr i med 16 gage mi ni mum sheet  st eel  i n accor dance wi t h 
t he manuf act ur er ' s st andar d desi gn.   Pr ovi de a compl et e,  weat her pr oof  
encl osur e f or  t he engi ne,  gener at or ,  and auxi l i ar y syst ems and equi pment .   
Suppor t  exhaust  pi pi ng and si l encer  so t hat  t he t ur bochar ger  i s  not  
subj ect ed t o exhaust  syst em wei ght  or  l at er al  f or ces gener at ed i n 
connect i ng pi pi ng t hat  exceed t he engi ne manuf act ur er ' s maxi mum al l owed 
f or ces and moment s.   The housi ng must  have suf f i c i ent  l ouver ed openi ngs t o 
al l ow ent r ance of  out s i de ai r  f or  engi ne and gener at or  cool i ng at  f ul l  
l oad.   Desi gn l ouver ed openi ngs t o excl ude dr i v i ng r ai n and snow.   Pr ovi de 
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pr oper l y ar r anged and si zed,  hi nged panel s i n t he encl osur e t o al l ow 
conveni ent  access t o t he engi ne,  gener at or ,  and cont r ol  equi pment  f or  
mai nt enance and oper at i onal  pr ocedur es.   Pr ovi de hi nged panel s wi t h spr i ng 
t ype l at ches whi ch must  hol d t he panel s c l osed secur el y and wi l l  not  al l ow 
t hem t o v i br at e.   Br ace t he housi ng i nt er nal l y t o pr event  excessi ve 
v i br at i on when t he set  i s  i n oper at i on.

] 2. 3   SPECI AL WRENCHES AND TOOLS

Wr enches and t ool s speci f i cal l y  desi gned and r equi r ed t o wor k on t he new 
equi pment ,  whi ch ar e not  commer ci al l y  avai l abl e as st andar d mechani c ' s 
t ool s,  must  be f ur ni shed t o t he Cont r act i ng Of f i cer .

2. 4   I DENTI FI CATI ON OF EQUI PMENT

Pr ovi de pl at es and t ags s i zed so t hat  i nscr i pt i on i s r eadi l y l egi bl e t o 
oper at i ng or  mai nt enance per sonnel  and secur el y mount ed t o or  at t ached i n 
pr oxi mi t y of  t hei r  i dent i f i ed cont r ol s or  equi pment .   Let t er i ng must  be 
nor mal  bl ock l et t er i ng,  a mi ni mum of  6. 4 mm 0. 25 i nch hi gh.

2. 4. 1   Materials

Const r uct  I D pl at es and t ags of  16 gage mi ni mum t hi ckness br onze or  
st ai nl ess st eel  sheet  met al  engr aved or  st amped wi t h i nscr i pt i on.   
Const r uct  pl at es and t ags not  exposed t o t he weat her  or  hi gh oper at i onal  
t emper at ur e of  t he di esel  engi ne of  l ami nat ed pl ast i c,  3. 2 mm 0. 125 i nch 
t hi ck,  mat t e whi t e f i ni sh wi t h bl ack cent er  cor e,  wi t h l et t er i ng accur at el y 
al i gned and engr aved i nt o t he cor e.

2. 4. 2   Cont r ol  Devi ces and Oper at i on I ndi cat or s

Pr ovi de I D pl at es or  t ags f or  cont r ol  devi ces and oper at i on i ndi cat or s,  
i ncl udi ng val ves,  of f - on swi t ches,  v i sual  al ar m annunci at or s,  gages and 
t her momet er s,  t hat  ar e r equi r ed f or  oper at i on and mai nt enance of  pr ovi ded 
mechani cal  syst ems.   Pl at es or  t ags must  be mi ni mum of  13 mm 0. 5 i nch hi gh 
and 50 mm 2 i nches l ong and must  i ndi cat e component  syst em and component  
function.

2. 4. 3   Equipment

Pr ovi de I D pl at es of  a mi ni mum si ze of  75 mm 3 i nches hi gh and 130 mm 5 
i nches l ong on pr ovi ded equi pment  i ndi cat i ng t he f ol l owi ng i nf or mat i on:

a.   Manuf act ur er ' s name,  addr ess,  t ype and model  number ,  ser i al  number ,  and 
cer t i f i cat e of  compl i ance wi t h appl i cabl e EPA emi ssi on st andar ds;

b.   Cont r act  number  and accept ed dat e;

c.   Capaci t y or  s i ze;

d.   Syst em i n whi ch i nst al l ed;  and

e.   Syst em whi ch i t  cont r ol s.

2. 5   ASSEMBLED OPERATI ON AND MAI NTENANCE MANUALS

The cont ent s of  t he assembl ed oper at i on and mai nt enance manual s must  
i ncl ude t he manuf act ur er ' s O&M i nf or mat i on r equi r ed by t he par agr aph SD- 10,  
OPERATI ON AND MAI NTENANCE DATA and t he manuf act ur er ' s O&M i nf or mat i on 
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speci f i ed i n Sect i on 26 36 23. 00 20 AUTOMATI C TRANSFER SWI TCHES.

a.   Manual s must  be i n separ at e books or  vol umes,  assembl ed and bound 
secur el y i n dur abl e,  har d cover ed,  wat er  r esi st ant  bi nder ,  and i ndexed 
by maj or  assembl y and component s i n sequent i al  or der .

b.   A t abl e of  cont ent s ( i ndex)  must  be made par t  of  t he assembl ed O&M.   
The manual  must  be assembl ed i n t he or der  not ed i n t abl e of  cont ent s.

c.   The cover  sheet  or  bi nder  on each vol ume of  t he manual s must  be 
i dent i f i ed and mar ked wi t h t he wor ds,  " Oper at i on and Mai nt enance 
Manual."

2. 6   SOURCE QUALI TY CONTROL

**************************************************************************
NOTE:   I ncl ude t he br acket ed opt i on bel ow f or  
pr oj ect s l ocat ed out s i de t he cont i nent al  Uni t ed 
St at es ( OCONUS)  

**************************************************************************

Per f or m and r epor t  on f act or y t est s and i nspect i ons pr i or  t o shi pment .  
Pr ovi de cer t i f i ed copi es of  manuf act ur er ' s t est  dat a and r esul t s.   Test  
pr ocedur es must  conf or m t o ASME,  I EEE, [  I EC, ]  and ANSI  st andar ds,  and t o 
I SO r equi r ement s on t est i ng,  as appr opr i at e and appl i cabl e.   The 
manuf act ur er  per f or mi ng t he t est s must  pr ovi de equi pment ,  l abor ,  and 
consumabl es necessar y f or  t est s and measur i ng and i ndi cat i ng devi ces must  
be cer t i f i ed t o be wi t hi n cal i br at i on.   Test s must  i ndi cat e sat i sf act or y 
oper at i on and at t ai nment  of  speci f i ed per f or mance.   I f  sat i sf act or y,  
equi pment  t est ed wi l l  be gi ven a t ent at i ve appr oval .   Equi pment  must  not  be 
shi pped bef or e appr oval  of  t he f act or y t est  r epor t s f or  t he f ol l owi ng t est s.

2. 6. 1   Engi ne Test s

Per f or m cust omar y commer ci al  f act or y t est s i n accor dance wi t h I SO 3046 on 
each engi ne and associ at ed engi ne pr ot ect i ve devi ce,  i ncl udi ng,  but  not  
l i mi t ed t o t he f ol l owi ng:

a.   Per f or m dynamomet er  t est  at  r at ed power .   Recor d hor sepower  at  r at ed 
speed and nomi nal  char act er i st i cs such as l ubr i cat i ng oi l  pr essur e,  
j acket  wat er  t emper at ur e,  and ambi ent  t emper at ur e.

b.   Test  and r ecor d t he val ues t hat  t he l ow oi l  pr essur e al ar m and 
pr ot ect i ve shut down devi ces act uat e pr i or  t o assembl y on t he engi ne.

c.   Test  and r ecor d val ues t hat  t he hi gh j acket  wat er  t emper at ur e al ar m and 
pr ot ect i ve shut down devi ces act uat e pr i or  t o assembl y on t he engi ne.

2. 6. 2   Gener at or  Test s

**************************************************************************
NOTE:   I ncl ude t he br acket ed opt i on bel ow f or  
pr oj ect s l ocat ed out s i de t he cont i nent al  Uni t ed 
St at es ( OCONUS)  

**************************************************************************

Test s must  be per f or med on t he compl et e f act or y assembl ed gener at or  pr i or  
t o shi pment .   Conduct  t est s i n accor dance wi t h I EEE 115, NEMA C50. 10[, 
I EC 60034- 2A] ,  and NEMA MG 1.
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2. 6. 2. 1   Rout i ne Test s

Per f or m t he f ol l owi ng r out i ne t est s on t he gener at or s and t hei r  exci t er s:

a.   Resi st ance of  ar mat ur e and f i el d wi ndi ngs

b.   Mechani cal  bal ance

c.   Phases sequence

d.   Open ci r cui t  sat ur at i on cur ve and phase ( vol t age)  bal ance t est

e.   I nsul at i on r esi st ance of  ar mat ur e and f i el d wi ndi ngs

f .   Hi gh pot ent i al  t est

2. 6. 2. 2   Desi gn Test s

Submi t  t he f ol l owi ng desi gn t est s made on pr ot ot ype machi nes t hat  ar e 
physi cal l y  and el ect r i cal l y  i dent i cal  t o t he gener at or s speci f i ed.

a.   Temper at ur e r i se t est

b.   Shor t  c i r cui t  sat ur at i on cur ve and cur r ent  bal ance t est

2. 6. 3   Assembl ed Engi ne- Gener at or  Set  Test s

**************************************************************************
NOTE:   Sel ect  t he f i r st  opt i on f or  engi ne- gener at or  
set s r at ed up t o 250 kW.   Sel ect  t he second opt i on 
f or  engi ne- gener at or  set s r at ed gr eat er  t han 250 kW.

**************************************************************************

[ Submi t  t he f ol l owi ng t est s made on pr ot ot ype machi nes t hat  ar e physi cal l y  
and el ect r i cal l y  i dent i cal  t o t he engi ne- gener at or  set  speci f i ed. ] [ Per f or m 
t he f ol l owi ng t est s on t he assembl ed engi ne- gener at or  set . ]

2. 6. 3. 1   I ni t i al  St abi l i zat i on Readi ngs

Oper at e t he engi ne- gener at or  set  and al l ow t he set  t o st abi l i ze at  r at ed kW 
at  r at ed power  f act or ,  r at ed vol t age,  and r at ed f r equency.   Dur i ng t hi s 
per i od r ecor d i nst r ument  r eadi ngs f or  out put  power  ( kW) ,  t er mi nal  vol t age,  
l i ne cur r ent ,  power  f act or ,  f r equency ( r pm)  gener at or  ( exci t er )  f i el d 
vol t age and cur r ent ,  l ubr i cat i ng oi l  pr essur e,  j acket  wat er  t emper at ur e,  
and ambi ent  t emper at ur e at  mi ni mum i nt er val s of  15 mi nut es.   Adj ust  t he 
l oad,  vol t age,  and f r equency t o mai nt ai n r at ed l oad at  r at ed vol t age and 
f r equency.   Adj ust ment s t o l oad,  vol t age,  or  f r equency cont r ol s must  be 
r ecor ded on t he dat a sheet  at  t he t i me of  adj ust ment .   St abi l i zat i on must  
be consi der ed t o have occur r ed when f our  consecut i ve vol t age and cur r ent  
r ecor ded r eadi ngs of  t he gener at or  ( or  exci t er )  f i el d ei t her  r emai n 
unchanged or  have onl y mi nor  var i at i ons about  an equi l i br i um condi t i on wi t h 
no evi dent  cont i nued i ncr ease or  decr ease i n val ue af t er  t he l ast  
adj ust ment  t o t he l oad,  vol t age,  or  f r equency has been made.

2. 6. 3. 2   Regul at or  Range Test

Remove l oad and r ecor d i nst r ument  r eadi ngs ( af t er  t r ansi ent s have 
subsi ded) .   Adj ust  vol t age t o t he maxi mum at t ai nabl e val ue or  t o a val ue 
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j ust  pr i or  t o act uat i on of  t he over vol t age pr ot ect i on devi ce.   Appl y r at ed 
l oad and adj ust  vol t age t o t he mi ni mum at t ai nabl e val ue or  a val ue j ust  
pr i or  t o act i vat i on of  t he under vol t age pr ot ect i on devi ce.   The dat a sheet s 
must  i ndi cat e t he vol t age r egul at i on as a per cent  of  r at ed vol t age and t he 
maxi mum and mi ni mum vol t ages at t ai nabl e.   Vol t age r egul at i on must  be 
def i ned as f ol l ows:

Per cent  Regul at i on = ( ( No- Load Vol t age)  -  ( Rat ed- Load Vol t age) )  x 100
                                     ( Rat ed- Load Vol t age)

2. 6. 3. 3   Fr equency Range Test

Adj ust  t he engi ne- gener at or  set  f r equency f or  t he maxi mum at t ai nabl e 
f r equency at  r at ed l oad.   Recor d i nst r ument  r eadi ngs.   Adj ust  t he 
engi ne- gener at or  set  f r equency f or  t he speci f i ed mi ni mum at t ai nabl e 
f r equency at  r at ed l oad.   Recor d i nst r ument  r eadi ngs.   Reduce t he l oad t o 
zer o and adj ust  t he engi ne- gener at or  set  f r equency f or  t he maxi mum 
at t ai nabl e f r equency.   Recor d i nst r ument  r eadi ngs.   Adj ust  t he 
engi ne- gener at or  set  f r equency f or  t he mi ni mum at t ai nabl e f r equency.   
Recor d i nst r ument  r eadi ngs.   The dat a sheet  must  show t he maxi mum and 
mi ni mum f r equenci es at t ai ned at  r at ed l oad,  and at  no l oad.

2. 6. 3. 4   Tr ansi ent  Response Test

Dr op t he l oad t o no l oad and r e- appl y r at ed l oad t hr ee t i mes t o ensur e t hat  
t he no l oad and r at ed l oad vol t age and f r equency val ues ar e r epeat abl e and 
t hat  t he f r equency and vol t age r egul at i on i s wi t hi n t he l i mi t s speci f i ed.    
Recor d gener at or  t er mi nal  vol t age and f r equency usi ng a hi gh speed st r i p 
char t  r ecor der .   The dat a sheet  must  show t he f ol l owi ng r esul t s:

a.   Fr equency

( 1)  St abi l i t y  bandwi dt h or  devi at i on i n per cent  of  r at ed f r equency.

( 2)  Recover y t i me.

( 3)  Over shoot  and under shoot .

b.   Vol t age

( 1)  St abi l i t y  bandwi dt h or  devi at i on i n per cent  of  r at ed vol t age.

( 2)  Recover y t i me.

( 3)  Over shoot  and under shoot .

PART 3   EXECUTI ON

3. 1   INSTALLATION

I nst al l at i on must  conf or m t o t he appl i cabl e r equi r ement s of  I EEE C2 NFPA 30, 
NFPA 37,  and NFPA 70.

3. 2   GROUNDING

**************************************************************************
NOTE:   Wher e r ock or  ot her  soi l  condi t i ons pr event  
obt ai ni ng a speci f i ed gr ound val ue,  ot her  met hods of  
gr oundi ng shoul d be speci f i ed.   Wher e i t  i s  
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i mpr act i cal  t o obt ai n t he i ndi cat ed gr ound 
r esi st ance val ues,  make ever y ef f or t  wi t hi n r eason 
t o obt ai n gr ound r esi st ance val ues as near  as 
possi bl e t o t he i ndi cat ed val ues.

**************************************************************************

NFPA 70 and I EEE C2,  except  t hat  gr oundi ng syst ems must  have a r esi st ance 
t o sol i d ear t h gr ound not  exceedi ng 5 ohms.

3. 2. 1   Gr oundi ng El ect r odes

Pr ovi de dr i ven gr ound r ods as speci f i ed i n[  Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON] [  and] [  Sect i on 33 71 01 OVERHEAD TRANSMI SSI ON AND 
DI STRI BUTI ON] .   Connect  gr ound conduct or s t o t he upper  end of  gr ound r ods 
by exot her mi c wel d or  compr essi on connect or .   Pr ovi de compr essi on 
connect or s at  equi pment  end of  gr ound conduct or s.

3. 2. 2   Engi ne- Gener at or  Set  Gr oundi ng

Pr ovi de separ at e copper  gr oundi ng conduct or s and connect  t hem t o t he gr ound 
syst em as i ndi cat ed.   When wor k i n addi t i on t o t hat  i ndi cat ed or  speci f i ed 
i s r equi r ed t o obt ai n t he speci f i ed gr ound r esi st ance,  t he pr ovi s i on of  t he 
cont r act  cover i ng " Changes"  must  appl y.

3. 2. 3   Connections

Make j oi nt s i n gr oundi ng conduct or s by exot her mi c wel d or  compr essi on 
connect or .   Exot her mi c wel ds and compr essi on connect or s must  be i nst al l ed 
as speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON 
par agr aph r egar di ng GROUNDI NG.

3. 2. 4   Gr oundi ng and Bondi ng Equi pment

UL 467,  except  as i ndi cat ed or  speci f i ed ot her wi se.

3. 3   START- UP ENGI NEER

Pr ovi de t he ser v i ces of  a qual i f i ed f act or y t r ai ned st ar t - up engi neer ,  
r egul ar l y empl oyed by t he engi ne- gener at or  set  manuf act ur er .   The st ar t - up 
ser vi ces must  i ncl ude conduct i ng pr el i mi nar y oper at i ons and f unct i onal  
accept ance t est s.   The st ar t - up engi neer  must  be pr esent  at  t he engi ne 
gener at or  set  i nst al l at i on s i t e,  f ul l - t i me,  whi l e pr el i mi nar y oper at i ons 
and f unct i onal  accept ance t est s ar e bei ng conduct ed.

3. 4   PREREQUI SI TES FOR FUNCTI ONAL ACCEPTANCE TESTI NG

Compl et i on of  t he f ol l owi ng r equi r ement s i s mandat or y pr i or  t o schedul i ng 
f unct i onal  accept ance t est s f or  t he engi ne- gener at or  set  and auxi l i ar y 
equipment.

3. 4. 1   Pi pi ng Test s

Compl et e as speci f i ed i n Sect i on 33 52 10 FUEL SYSTEMS PI PI NG ( SERVI CE 
STATION).

3. 4. 2   Per f or mance of  Accept ance Checks and Test s

The accept ance checks and t est s must  be accompl i shed by t he t est i ng 
or gani zat i on as descr i bed i n Sect i on 26 08 00 APPARATUS I NSPECTI ON AND 
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TESTING.

3. 4. 2. 1   Gener at or  Set s

Compl et e as speci f i ed i n t he par agr aph ACCEPTANCE CHECKS AND TESTS.

3. 4. 2. 2   Aut omat i c Tr ansf er  Swi t ches

Compl et e accept ance checks and t est s as speci f i ed i n Sect i on 26 36 23. 00 20 
AUTOMATI C TRANSFER SWI TCHES.

3. 4. 3   Pr el i mi nar y Oper at i ons

The st ar t - up engi neer  must  conduct  manuf act ur er  r ecommended st ar t - up 
pr ocedur es and t est s t o ver i f y t hat  t he engi ne- gener at or  set  and auxi l i ar y 
equi pment  ar e r eady f or  f unct i onal  accept ance t est s.   Gi ve t he Cont r act i ng 
Of f i cer  15 days'  advance not i ce t hat  pr el i mi nar y oper at i ons wi l l  be 
conduct ed.   Af t er  pr el i mi nar y oper at i on has been successf ul l y  conduct ed,  
t he st ar t - up engi neer  wi l l  not i f y  t he Cont r act i ng Of f i cer  i n wr i t i ng 
st at i ng t he engi ne- gener at or  set  and auxi l i ar y equi pment  ar e r eady f or  
f unct i onal  accept ance t est s.

3. 4. 4   Pr el i mi nar y Assembl ed Oper at i on and Mai nt enance Manual s

Pr el i mi nar y assembl ed oper at i on and mai nt enance manual s must  have been 
submi t t ed t o and appr oved by t he Cont r act i ng Of f i cer .   Manual s must  be 
pr epar ed as speci f i ed i n t he par agr aph ASSEMBLED OPERATI ON AND MAI NTENANCE 
MANUALS.

3. 4. 5   Funct i onal  Accept ance Test  Pr ocedur e

Test  pr ocedur e must  be pr epar ed by t he st ar t - up engi neer  speci f i cal l y  f or  
t he engi ne- gener at or  set  and auxi l i ar y equi pment .   The t est  agenda must  
cover  t he r equi r ement s speci f i ed i n t he par agr aph FUNCTI ONAL ACCEPTANCE 
TESTS.   The t est  pr ocedur e must  i ndi cat e i n det ai l  how t est s ar e t o be 
conduct ed.   A st at ement  of  t he t est s t hat  ar e t o be per f or med wi t hout  
i ndi cat i ng how t he t est s ar e t o be per f or med i s not  accept abl e.   I ndi cat e 
what  wor k i s pl anned on each wor kday and i dent i f y t he cal endar  dat es of  t he 
pl anned wor kdays.   Speci f y what  addi t i onal  t echni cal  suppor t  per sonnel  i s  
needed such as f act or y r epr esent at i ves f or  maj or  equi pment .   Speci f y on 
whi ch t est i ng wor kday each t echni cal  suppor t  per sonnel  i s  needed.   Dat a 
r ecor di ng f or ms t o be used t o document  t est  r esul t s ar e t o be submi t t ed 
wi t h t he pr oposed t est  pr ocedur e.   A l i s t  of  t est  equi pment  and i nst r ument s 
must  al so be i nc l uded i n t he t est  pr ocedur e.

3. 4. 6   Test  Equi pment

Test  equi pment  and i nst r ument s must  be on hand pr i or  t o schedul i ng f i el d 
t est s or ,  subj ect  t o Cont r act i ng Of f i cer  appr oval ,  evi dence must  be 
pr ovi ded t o show t hat  ar r angement s have been made t o have t he necessar y 
equi pment  and i nst r ument s on s i t e pr i or  t o f i el d t est i ng.

3. 5   FI ELD QUALI TY CONTROL

**************************************************************************
NOTE:   I ncl ude t he br acket ed opt i on bel ow f or  NAVFAC 
pr oj ect s.   coor di nat e Echel on I I I  Reach- back Suppor t  
wi t h NAVFAC LANT CI 44 Of f i ce or  NAVFAC PAC CI 44 
Of f i ce dur i ng t he desi gn st age of  t he speci f i c  
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project.
**************************************************************************

Gi ve Cont r act i ng Of f i cer [  NAVFAC [ _____] ,  Code [ _____] ]  30 days not i ce of  
dat es and t i mes schedul ed f or  t est s whi ch r equi r e t he pr esence of  t he 
Cont r act i ng Of f i cer .   The Cont r act i ng Of f i cer  wi l l  coor di nat e wi t h t he 
usi ng act i v i t y and schedul e a t i me t hat  wi l l  el i mi nat e or  mi ni mi ze 
i nt er r upt i ons and i nt er f er ence wi t h t he act i v i t y oper at i ons.   The 
Cont r act or  must  be r esponsi bl e f or  cost s associ at ed wi t h conduct i ng t est s 
out s i de of  nor mal  wor ki ng hour s and wi t h i ncor por at i ng speci al  ar r angement s 
and pr ocedur es,  i ncl udi ng t empor ar y power  condi t i ons.   The Cont r act or  must  
pr ovi de l abor ,  equi pment ,  di esel  f uel ,  t est  l oad,  and consumabl es r equi r ed 
f or  t he speci f i ed t est s.   The t est  l oad must  be a cat al oged pr oduct .   
Cal i br at i on of  measur i ng devi ces and i ndi cat i ng devi ces must  be cer t i f i ed.   
Ref er  t o Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS,  f or  
r equi r ement s f or  a cat al oged pr oduct .   Per f or m t he f ol l owi ng f i el d t est s.

3. 5. 1   Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  and i ncl ude 
t he f ol l owi ng v i sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 5. 1. 1   Ci r cui t  Br eaker s -  Low Vol t age I nsul at ed Case/ Mol ded Case

a.   Vi sual  and mechani cal  i nspect i on

( 1)  Compar e namepl at e dat a wi t h speci f i cat i ons and appr oved shop 
drawings.

( 2)  I nspect  c i r cui t  br eaker  f or  cor r ect  mount i ng.

( 3)  Oper at e c i r cui t  br eaker  t o ensur e smoot h oper at i on.

( 4)  I nspect  case f or  cr acks or  ot her  def ect s.

( 5)  Ver i f y t i ght ness of  accessi bl e bol t ed connect i ons and cabl e 
connect i ons by cal i br at ed t or que- wr ench met hod.   Ther mogr aphi c 
sur vey i s not  r equi r ed.

( 6)  I nspect  mechani sm cont act s and ar c chut es i n unseal ed uni t s.

b.   El ect r i cal  Test s

( 1)  Per f or m cont act - r esi st ance t est s.

( 2)  Per f or m i nsul at i on- r esi st ance t est s.

( 3)  Adj ust  Br eaker ( s)  f or  f i nal  set t i ngs i n accor dance wi t h 
engi ne- gener at or  set  manuf act ur er ' s r equi r ement s.

3. 5. 1. 2   Cur r ent  Tr ansf or mer s

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.
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( 3)  Ver i f y cor r ect  connect i on.

( 4)  Ver i f y t hat  adequat e c l ear ances exi st  bet ween pr i mar y and 
secondar y c i r cui t .

( 5)  Ver i f y t i ght ness of  accessi bl e bol t ed el ect r i cal  connect i ons by 
cal i br at ed t or que- wr ench met hod.   Ther mogr aphi c sur vey i s not  
required.

( 6)  Ver i f y t hat  al l  r equi r ed gr oundi ng and shor t i ng connect i ons 
pr ovi de good cont act .

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on- r esi st ance t est s.

( 2)  Per f or m pol ar i t y t est s.

( 3)  Per f or m r at i o- ver i f i cat i on t est s.

3. 5. 1. 3   Met er i ng and I nst r ument at i on

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  Ver i f y t i ght ness of  el ect r i cal  connect i ons.

b.   El ect r i cal  Test s

( 1)  Det er mi ne accur acy of  met er s at  25,  50,  75,  and 100 per cent  of  
f ul l  scal e.

( 2)  Cal i br at e wat t hour  met er s accor di ng t o manuf act ur er ' s publ i shed 
data.

( 3)  Ver i f y al l  i nst r ument  mul t i pl i er s.

( 4)  El ect r i cal l y  conf i r m t hat  cur r ent  t r ansf or mer  secondar y c i r cui t s 
ar e i nt act .

3. 5. 1. 4   Bat t er y Syst ems

a.   Vi sual  and mechani cal  i nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  Ver i f y t i ght ness of  accessi bl e bol t ed el ect r i cal  connect i ons by 
cal i br at ed t or que- wr ench met hod.   Ther mogr aphi c sur vey i s not  
required.

( 4)  Measur e el ect r ol yt e speci f i c  gr avi t y and t emper at ur e and vi sual l y 
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check f i l l  l evel .

( 5)  Ver i f y adequacy of  bat t er y suppor t  r acks,  mount i ng,  anchor age,  and 
clearances.

b.   El ect r i cal  t est s

( 1)  Set  char ger  f l oat  and equal i z i ng vol t age l evel s.

( 2)  Ver i f y al l  char ger  f unct i ons and al ar ms.

( 3)  Measur e each cel l  vol t age and t ot al  bat t er y vol t age wi t h char ger  
ener gi zed and i n f l oat  mode of  oper at i on.

( 4)  Per f or m a capaci t y l oad t est .

3. 5. 1. 5   Engi ne- Gener at or  Set

a.   Vi sual  and mechani cal  i nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  I nspect  f or  cor r ect  anchor age and gr oundi ng.

b.   El ect r i cal  and mechani cal  t est s

( 1)  Per f or m an i nsul at i on- r esi st ance t est  on gener at or  wi ndi ng wi t h 
r espect  t o gr ound.   Cal cul at e pol ar i zat i on i ndex.

( 2)  Per f or m phase r ot at i on t est  t o det er mi ne compat i bi l i t y  wi t h l oad 
requirements.

3. 5. 1. 6   Gr oundi ng Syst em

a.   Vi sual  and mechani cal  i nspect i on

( 1)  I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
specifications.

b.   El ect r i cal  t est s

( 1)  Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he 
f al l - of - pot ent i al  met hod.   On syst ems consi st i ng of  i nt er connect ed 
gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e compl et e.   
On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s bef or e 
any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y weat her ,  
not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
t est i ng megger  i n accor dance wi t h manuf act ur er ' s  i nst r uct i ons t o 
t est  each gr ound or  gr oup of  gr ounds.   The i nst r ument  must  be 
equi pped wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons 
t her eof  t o i ndi cat e t he gr ound val ue of  t he gr ound r od or  
gr oundi ng syst ems under  t est .

3. 5. 2   Funct i onal  Accept ance Test s

**************************************************************************
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NOTE:   I ncl ude t he br acket ed opt i on bel ow f or  NAVFAC 
projects.

**************************************************************************

The t est s must  be per f or med by t he st ar t - up engi neer .   Upon successf ul  t est  
compl et i on,  t he st ar t - up engi neer  must  pr ovi de t he Cont r act i ng Of f i cer  wi t h 
a wr i t t en t est  r epor t  wi t hi n 15 cal endar  days showi ng t he t est s per f or med 
and t he r esul t s of  each t est .   The r epor t  must  i nc l ude t he compl et ed 
appr oved t est  dat a f or ms and cer t i f i cat i on f r om t he st ar t - up engi neer  t hat  
t he t est  r esul t s  f al l  wi t hi n t he manuf act ur er ' s r ecommended l i mi t s and meet  
t he speci f i ed r equi r ement s per f or mance.   The r epor t  must  be dat ed and 
si gned by t he st ar t - up engi neer ,  and submi t t ed f or  appr oval  by t he 
Cont r act i ng Of f i cer .   The Cont r act i ng Of f i cer [  and NAVFAC [ _____] ,  Code 
[ _____] ]  wi l l  wi t ness f i nal  accept ance t est s.   Test i ng must  i ncl ude but  not  
be l i mi t ed t o:

a.   Ver i f y pr oper  f unct i oni ng of  each engi ne pr ot ect i ve shut down devi ce and 
pr e- shut down al ar m devi ce.   Test i ng of  t he devi ces must  be accompl i shed 
by s i mul at i ng devi ce act uat i on and obser vi ng pr oper  al ar m and engi ne 
shut down oper at i on.

b.   Ver i f y pr oper  f unct i oni ng of  t he engi ne over speed t r i p devi ce.    
Test i ng of  t he over speed t r i p devi ce must  be accompl i shed by r ai s i ng 
t he speed of  t he engi ne- gener at or  set  unt i l  an over speed t r i p i s  
experienced.

c.   Ver i f y pr oper  f unct i oni ng of  t he cr ank cycl e/ t er mi nat e r el ay.    Test i ng 
of  t he r el ay must  be accompl i shed by engagi ng t he st ar t er  mot or  wi t h 
t he engi ne bei ng pr event ed f r om r unni ng.   Obser ve t he compl et e 
cr ank/ r est  cycl e as descr i bed i n t he par agr aph CRANK CYCLE/ TERMI NATE 
RELAY.

d.   Ver i f y pr oper  f unct i oni ng of  t he f ol l owi ng aut omat i c and manual  
oper at i ons.   Test i ng must  i ncl ude but  not  be l i mi t ed t o:

( 1)  Loss of  Ut i l i t y :   I ni t i at e a nor mal  power  f ai l ur e wi t h connect ed 
t est  l oad of  r at ed kW at  1. 0 power  f act or .   Recor d t i me del ay on 
st ar t ,  cr anki ng t i me unt i l  engi ne st ar t s and r uns,  t i me t o come up 
t o oper at i ng speed,  vol t age and f r equency over shoot ,  and t i me t o 
achi eve st eady st at e condi t i ons wi t h al l  swi t ches t r ansf er r ed t o 
emer gency posi t i on.

( 2)  Ret ur n of  Ut i l i t y :   Ret ur n nor mal  power  and r ecor d t i me del ay on 
r et r ansf er  f or  each aut omat i c t r ansf er  swi t ch,  and t i me del ay on 
engi ne cool down and shut down.

( 3)  Manual  st ar t i ng

( 4)  Emer gency st op

e.   Oper at e t he engi ne- gener at or  set  at  r at ed cur r ent  ( amper es)  unt i l  t he 
j acket  wat er  t emper at ur e st abi l i zes.   St abi l i zat i on wi l l  be consi der ed 
t o have occur r ed when t hr ee consecut i ve t emper at ur e r eadi ngs r emai n 
unchanged.   Cont i nue t o oper at e t he gener at or  set  f or  an addi t i onal  2 
hour s.   Recor d i nst r ument  r eadi ngs f or  t er mi nal  vol t age,  l i ne cur r ent ,  
f r equency ( Hz) ,  engi ne speed r pm,  l ubr i cat i ng oi l  pr essur e,  j acket  
wat er  t emper at ur e,  and ambi ent  t emper at ur e at  5 mi nut e i nt er val s f or  
f i r st  15 mi nut es and at  15 mi nut e i nt er val s t her eaf t er .
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[ 3. 5. 3   Emi ssi ons Test s

**************************************************************************
NOTE:  I ncl ude t he f ol l owi ng par agr aph when 
ver i f i cat i on of  di esel  engi ne emi ssi on l i mi t s ar e 
r equi r ed by ai r  pol l ut i on per mi t .  

**************************************************************************

Pr ovi de on s i t e t est i ng by a cer t i f i ed t est i ng or gani zat i on of  each 
engi ne- gener at or  set .   Test i ng must  be i n accor dance wi t h an EPA appr oved 
method, 40 CFR 60,  ( Appendi x,  Met hod 7,  7A,  7B,  7C,  7D or  7E) .   Emi ssi ons 
at  r at ed f ul l  l oad must  be wi t hi n t he l i mi t s speci f i ed i n t he par agr aph 
DI ESEL ENGI NE EMI SSI ONS LI MI TS.

] 3. 6   DEMONSTRATION

Upon compl et i on of  t he wor k and at  a t i me appr oved by t he Cont r act i ng 
Of f i cer ,  t he Cont r act or  must  pr ovi de i nst r uct i ons by a qual i f i ed i nst r uct or  
t o t he Gover nment  per sonnel  i n t he pr oper  oper at i on and mai nt enance of  t he 
equi pment .   [ _____]  Gover nment  per sonnel  must  r ecei ve t r ai ni ng compar abl e 
t o t he equi pment  manuf act ur er ' s f act or y t r ai ni ng.   The dur at i on of  
i nst r uct i on must  be f or  not  l ess t han one 8 hour  wor ki ng day f or  
i nst r uct i on of  oper at i ng per sonnel  and not  l ess t han one 8 hour  wor ki ng day 
f or  i nst r uct i on of  mai nt enance per sonnel .

3. 6. 1   I nst r uct or ' s Qual i f i cat i on Resume

I nst r uct or s must  be r egul ar  empl oyees of  t he engi ne- gener at or  set  
manuf act ur er .   The i nst r uct i on per sonnel  pr ovi ded t o sat i sf y t he 
r equi r ement s above must  be f act or y cer t i f i ed by t he r el at ed equi pment  
manuf act ur er  t o pr ovi de i nst r uct i on ser vi ces.   Submi t  t he name and 
qual i f i cat i on r esume of  i nst r uct or  t o t he Cont r act i ng Of f i cer  f or  appr oval .

3. 6. 2   Tr ai ni ng Pl an

Submi t  t r ai ni ng pl an 30 cal endar  days pr i or  t o t r ai ni ng sessi ons.   Tr ai ni ng 
pl an must  i ncl ude schedul i ng,  cont ent ,  out l i ne,  and t r ai ni ng mat er i al  
( handout s) .   Cont ent  must  i ncl ude but  not  l i mi t ed t o t he f ol l owi ng:

3. 6. 2. 1   Oper at i ng Per sonnel  Tr ai ni ng

Thi s i nst r uct i on i ncl udes oper at i ng t he engi ne- gener at or  set ,  auxi l i ar y 
equi pment  i ncl udi ng aut omat i c t r ansf er  swi t ches i n al l  modes,  and t he use 
of  al l  f unct i ons and f eat ur es speci f i ed.

3. 6. 2. 2   Mai nt enance Per sonnel  Tr ai ni ng

Tr ai ni ng must  i ncl ude mechani cal ,  hydr aul i c,  el ect r i cal ,  and el ect r oni c 
i nst r uct i ons f or  t he engi ne- gener at or  set  and auxi l i ar y equi pment  i ncl udi ng 
aut omat i c t r ansf er  swi t ches.

a.   Mechani cal  Tr ai ni ng:   Must  i ncl ude at  l east  t he f ol l owi ng:

( 1)  A r evi ew of  mechani cal  di agr ams and dr awi ngs.

( 2)  Component  l ocat i on and f unct i ons.

( 3)  Tr oubl eshoot i ng pr ocedur es and t echni ques.
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( 4)  Repai r  pr ocedur es.

( 5)  Assembl y/ di sassembl y pr ocedur es.

( 6)  Adj ust ment s ( how,  when,  and wher e) .

( 7)  Pr event i ve mai nt enance pr ocedur es.

( 8)  Revi ew of  f l ow di agr am.

( 9)  Val ve l ocat i ons and f unct i on.

( 10)  Val ve and hydr aul i c equi pment  adj ust ment  and mai nt enance 
procedures.

( 11)  Hydr aul i c syst em mai nt enance and ser vi c i ng.

( 12)  Lubr i cat i on poi nt s,  t ype,  and r ecommended pr ocedur es and 
frequency.

b.   El ect r i cal  and El ect r oni c Mai nt enance Tr ai ni ng:   Must  i ncl ude at  l east  
t he f ol l owi ng:

( 1)  A r evi ew of  el ect r i cal  and el ect r oni c syst ems i ncl udi ng wi r i ng 
di agr ams and dr awi ngs.

( 2)  Tr oubl eshoot i ng pr ocedur es f or  t he machi ne and cont r ol  syst ems.

( 3)  El ect r i cal  and el ect r oni c equi pment  ser vi c i ng and car e.

( 4)  Use of  di agnost i cs t o l ocat e t he causes of  mal f unct i on.

( 5) Pr ocedur es f or  adj ust ment s ( l ocat i ng component s,  adj ust ment s t o be 
made,  val ues t o be measur ed,  and equi pment  r equi r ed f or  maki ng 
adjustments).

( 6)  Mai nt enance and t r oubl eshoot i ng pr ocedur es f or  mi cr opr ocessor  or  
mi ni comput er  wher e appl i cabl e.

( 7)  Ci r cui t  boar d r epai r  pr ocedur es wher e appl i cabl e ( wi t h schemat i cs 
provided).

( 8)  Use of  di agnost i c t apes.

( 9)  Recommended mai nt enance ser vi c i ng and r epai r  f or  mot or s,  swi t ches,  
r el ays,  sol enoi ds,  and ot her  auxi l i ar y equi pment  and devi ces.

        - -  End of  Sect i on - -
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