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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  swi t chgear  and swi t chboar ds of  
speci al  desi gn or  conf i gur at i on.   For  pr i mar y- uni t  
subst at i ons,  use Sect i on 26 11 16 SECONDARY UNI T 
SUBSTATI ONS;  f or  mot or  cont r ol  cent er s,  use Sect i on 
26 24 19. 00 40 MOTOR CONTROL CENTERS;  f or  power  
panel boar ds,  use Sect i on 26 24 16. 00 40 
PANELBOARDS.   Show swi t chgear / swi t chboar d el evat i on,  
di mensi ons,  devi ces,  i nst r ument s,  and i nst al l at i on 
on dr awi ngs.

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) .

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

PART 1   GENERAL

**************************************************************************
NOTE:   I f  Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL 
MATERI ALS AND METHODS i s not  i ncl uded i n t he pr oj ect  
speci f i cat i on,  i nser t  appl i cabl e r equi r ement s 
t her ef r om,  and del et e t he f ol l owi ng par agr aph.

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

Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS appl i es t o 
wor k speci f i ed i n t hi s sect i on.
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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  ar e aut omat i cal l y  
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 
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.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A1008/ A1008M ( 2016)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

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

I EEE 4 ( 2013)  St andar d Techni ques f or  Hi gh 
Vol t age Test i ng

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 C37. 121 ( 2012)  Amer i can Nat i onal  St andar d f or  
Swi t chgear - Uni t  Subst at i ons -  Requi r ement s

I EEE C37. 20. 1 ( 2015)  St andar d f or  Met al - Encl osed 
Low- Vol t age Power  Ci r cui t - Br eaker  
Switchgear

I EEE C57. 12. 90 ( 2015;  Cor r  2017)  Test  Code f or  
Li qui d- I mmer sed Di st r i but i on,  Power ,  and 
Regul at i ng Tr ansf or mer s

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

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;  
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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

UNDERWRI TERS LABORATORI ES ( UL)

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

1. 2   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,  use 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 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  
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.

 An " 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  r evi ews 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 t o 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 
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SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Swi t chgear  Assembl i es[ ;  G[ ,  [ ____] ] ]

SD- 02 Shop Dr awi ngs

Swi t chgear  Assembl i es[ ;  G[ ,  [ ____] ] ]

Buses[ ;  G[ ,  [ ____] ] ]

Swi t chgear  Component s[ ;  G[ ,  [ ____] ] ]

Aut omat i c/ Manual  Tr ansf er  Swi t ch[ ;  G[ ,  [ ____] ] ]

Space Heat er s[ ;  G[ ,  [ ____] ] ]

Encl osur es[ ;  G[ ,  [ ____] ] ]

Weat her pr oof  Encl osur es[ ;  G[ ,  [ ____] ] ]

I nst al l at i on Dr awi ngs[ ;  G[ ,  [ ____] ] ]

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance Dat a[ ;  G[ ,  [ ____] ] ]

Equi pment  Foundat i on Dat a[ ;  G[ ,  [ ____] ] ]

Swi t chgear  Assembl i es[ ;  G[ ,  [ ____] ] ]

Encl osur es[ ;  G[ ,  [ ____] ] ]

Buses[ ;  G[ ,  [ ____] ] ]

Swi t chgear  Component s[ ;  G[ ,  [ ____] ] ]

Weat her pr oof  Encl osur es[ ;  G[ ,  [ ____] ] ]

Aut omat i c/ Manual  Tr ansf er  Swi t ch[ ;  G[ ,  [ ____] ] ]

Space Heat er s[ ;  G[ ,  [ ____] ] ]

SD- 06 Test  Repor t s

El ect r i cal  Accept ance Test s[ ;  G[ ,  [ ____] ] ]

Hi gh- Vol t age Test s[ ;  G[ ,  [ ____] ] ]

Cur r ent  Test [ ;  G[ ,  [ ____] ] ]

I nsul at i on- Resi st ance Test [ ;  G[ ,  [ ____] ] ]

Weat her pr oof  Test [ ;  G[ ,  [ ____] ] ]

El ect r i cal  Cur r ent  and Vol t age Test s[ ;  G[ ,  [ ____] ] ]

Rat i o and Pol ar i t y Test s[ ;  G[ ,  [ ____] ] ]
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Hi gh- Vol t age ( Hi - Pot )  Wi t hst and Test [ ;  G[ ,  [ ____] ] ]

Fi nal  Test  Dat a[ ;  G[ ,  [ ____] ] ]

SD- 07 Cer t i f i cat es

Cer t i f i cat es[ ;  G[ ,  [ ____] ] ]

SD- 08 Manuf act ur er ' s I nst r uct i ons

Swi t chgear  Assembl i es[ ;  G[ ,  [ ____] ] ]

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

Swi t chgear  Assembl i es[ ;  G[ ,  [ ____] ] ]

Tr ansf er  Swi t ches[ ;  G[ ,  [ ____] ] ]

Space Heat er s[ ;  G[ ,  [ ____] ] ]

1. 3   MAI NTENANCE MATERI AL SUBMI TTALS

Submi t  manuf act ur er ' s i nst r uct i ons f or  t he swi t chgear  assembl i es i ncl udi ng 
speci al  pr ovi s i ons r equi r ed t o i nst al l  equi pment  component s and syst em 
packages.   Pr ovi de speci al  not i ces t hat  det ai l  i mpedances,  hazar ds,  saf et y 
pr ecaut i ons,  and i nst al l at i on i nst r uct i ons.

1. 4   QUALI TY CONTROL

1. 4. 1   Manuf act ur er  Qual i f i cat i ons

Pr ovi de mat er i al  and equi pment  under  t hi s speci f i cat i on t hat  i s  t he 
st andar d cat al og pr oduct  of  a manuf act ur er  r egul ar l y engaged i n t he 
manuf act ur e of  swi t chgear  assembl i es and t hei r  component  par t s and 
equi pment .   Pr ovi de equi pment  t hat  i s  of  t he l at est  st andar d desi gn f or  
[ i ndoor ]  [ out door ]  ser vi ce and t hat  has been i n r epet i t i ve manuf act ur e f or  
at  l east  [ 50]  [ _____]  uni t s.

1. 4. 2   Engi neer  Qual i f i cat i ons

Per f or m el ect r i cal  power  syst em' s c i r cui t  l oadi ng r equi r ement s and anal yses 
by a pr of essi onal  el ect r i cal  engi neer  r egi st er ed wi t h t he Nat i onal  Soci et y 
of  Pr of essi onal  Engi neer s ( NSPE) .   Sel ect  a pr of essi onal  engi neer  who has 
conduct ed el ect r i cal  coor di nat i on st udi es and t est s f or  not  l ess t han f i ve 
pr oj ect s of  compar abl e s i ze and compl exi t y.   Per f or m wor k by or  under  t he 
di r ect  super vi s i on of  t he r egi st er ed pr of essi onal  el ect r i cal  engi neer .

Submi t  cer t i f i cat es t o ver i f y t he qual i f i cat i ons of  t he Regi st er ed 
Pr of essi onal  El ect r i cal  Engi neer .

1. 4. 2. 1   Engi neer i ng Ser v i ces

Sel ect  an el ect r i cal  engi neer  hol di ng a val i d st at e l i cense as a 
Pr of essi onal  Engi neer  i n t he j ur i sdi ct i on wher e t he pr oj ect  i s  bei ng 
const r uct ed,  and who speci al i zes i n r el ays and coor di nat i ng syst ems 
associ at ed wi t h el ect r i c- power  appar at us f or  t he manuf act ur er  of  t he 
equi pment ,  t o coor di nat e al l  c i r cui t - i nt er r upt i ng devi ces bef or e t he 
subst at i on i s ener gi zed.   Dut i es and r esponsi bi l i t i es of  t he engi neer  
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i nc l ude t he f ol l owi ng wor k.

a.   Pr el i mi nar y Sur vey and Syst em Coor di nat i on St udy

Revi ew necessar y shor t - c i r cui t  cal cul at i ons t o det er mi ne t he mi ni mum and 
maxi mum val ues of  shor t - c i r cui t  cur r ent  f or  f aul t s  anywher e i n t he syst em.   
Revi ew val ues of  f aul t  cur r ent  t o be expect ed at  each pr ot ect i ve devi ce 
shown on t he one- l i ne di agr ams.

Pr epar e one- l i ne di agr ams t hat  i ndi cat e by means of  s i ngl e l i nes and 
si mpl i f i ed symbol s t he cour se and component  devi ces of  an el ect r i c  c i r cui t  
or  syst em of  c i r cui t s and t hei r  el ect r i cal  char act er i st i cs.

I nspect  equi pment  and det er mi ne t he i nt ended f unct i on of  each 
ci r cui t - i nt er r upt i ng devi ce and t he manner  i n whi ch i t  i s  connect ed t o 
pr ovi de a pr oper l y coor di nat ed el ect r i cal  power  syst em under  nor mal  l oad 
and f aul t  condi t i ons.

Check and compar e wi r i ng di agr ams f ur ni shed by t he manuf act ur er  wi t h act ual  
connect i ons of  t he equi pment  t o ver i f y t hat  each devi ce i s pr oper l y  
connect ed t o per f or m i t s i nt ended f unct i on.

b.   Ti me/ Cur r ent  Cur ves and Set t i ngs

Pl ot  t i me/ cur r ent  cur ves on a s i ngl e sheet  of  gr aph paper  or  el ect r oni c 
f or mat  f or  t hose devi ces t hat  ar e t o oper at e sel ect i vel y i n ser i es wi t h 
each ot her  usi ng a common cur r ent  scal e,  wi t h cur r ent  r at i ngs at  t he 
l owest - vol t age l evel .   Pl ot  cur ves pr ogr essi vel y as each ci r cui t  i s  
st udi ed,  st ar t i ng wi t h t he devi ce f ar t hest  f r om t he sour ce.   Make each 
cur ve on t he gr aph i ncl ude t ol er ance band and show degr ee of  coor di nat i on 
wi t h each successi ve devi ce.   Coor di nat e adj ust abl e and nonadj ust abl e 
pr ot ect i ve devi ces t o oper at e on t he mi ni mum cur r ent  t hat  per mi t s 
di st i ngui shi ng bet ween f aul t  and l oad cur r ent  i n a mi ni mum amount  of  t i me.

Sel ect  t i me and cur r ent  set t i ngs f or  t he adj ust abl e devi ces t hat  oper at e i n 
sequence wi t h t he nonadj ust abl e devi ces t o i sol at e a f aul t  wi t h a mi ni mum 
of  di st ur bance t o t he unf aul t ed por t i on of  t he syst em.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Submi t  swi t chgear  assembl i es t hat  conf or m t o I EEE C37. 20. 1.

Submi t  equi pment  and per f or mance dat a f or  el ect r i cal  equi pment  consi st i ng 
of  t he f ol l owi ng:

a.   One- l i ne di agr am of  el ect r i cal  equi pment  and syst em.

b.   Shor t - c i r cui t  cal cul at i ons and a t abl e of  shor t - c i r cui t  f aul t  cur r ent s 
at  cr i t i cal  poi nt s i n t he el ect r i cal  syst em.

c.   Spar e Par t s Dat a

d.   Ti me/ cur r ent  coor di nat i on cur ves on 270 by 380 mi l l i met er  10 1/ 2 by 15 
i nch t r ansl ucent  t r aci ng paper  f or  each r el ay devi ce.

e.   Tabl e of  r ecommended r el ay set t i ngs.
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Submi t  equi pment  f oundat i on dat a f or  swi t chgear  assembl i es t hat  i nc l udes 
pl an di mensi ons of  f oundat i ons and r el at i ve el evat i ons,  equi pment  wei ght  
and oper at i ng l oads,  hor i zont al  and ver t i cal  l oads,  hor i zont al  and ver t i cal  
c l ear ances f or  i nst al l at i on,  and si ze and l ocat i on of  anchor  bol t s.

2. 1. 1   Desi gn Requi r ement s

Submi t  connect i on di agr ams i ndi cat i ng t he r el at i ons and connect i ons of  t he 
f ol l owi ng i t ems:   swi t chgear  assembl i es,  buses,  swi t chgear  component s,  
aut omat i c/ manual  t r ansf er  swi t ch,  and space heat er s.   Show t he gener al  
physi cal  l ayout  of  al l  cont r ol s,  t he i nt er connect i on of  one syst em ( or  
por t i on of  syst em)  wi t h anot her ,  and i nt er nal  t ubi ng,  wi r i ng,  and ot her  
devices.

Submi t  f abr i cat i on dr awi ngs consi st i ng of  f abr i cat i on and assembl y det ai l s  
t o be per f or med i n t he f act or y f or  t he f ol l owi ng i t ems:   swi t chgear  
assembl i es,  buses,  swi t chgear  component s,  aut omat i c/ manual  t r ansf er  swi t ch,  
encl osur es,  and space heat er s.

2. 2   FABRICATION

2. 2. 1   Swi t chgear  and Auxi l i ar y Compar t ment s

**************************************************************************
NOTE:   Abi l i t y  t o r emove access cover s i s r equi r ed 
f or  mai nt enance act i v i t i es.   I n addi t i on,  access may 
be r equi r ed t o i nspect  t hi s devi ce whi l e c i r cui t s 
ar e ener gi zed ( f or  exampl e,  usi ng i nf r ar ed i magi ng) .  
Mi ni mum di st ances t o ener gi zed c i r cui t s i s  speci f i ed 
i n OSHA St andar ds Par t  1910. 333 ( El ect r i cal  -  
Saf et y- Rel at ed wor k pr act i ces) .   OSHA St andar ds ar e 
avai l abl e on t he i nt er net .

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

St at i onar y mount  swi t chgear  assembl i es and auxi l i ar y equi pment  i n 
sel f - suppor t i ng,  sel f - cont ai ned,  sheet  met al  encl osur es wi t h f r ont - hi nged 
door s and hi nged r ear  cover s.   Joi n sheet  met al  compar t ment s t oget her  t o 
f or m a cont i nuous st r uct ur e.   Pr ovi de sheet  met al  bar r i er s,  encl osur es,  and 
ext er nal  cover s and door s t hat  ar e const r uct ed f r om col d- r ol l ed 
car bon- st eel  sheet s of  commer ci al  qual i t y  not  l ess t han [ 1. 9]  [ _____]  
mi l l i met er  [ 14]  [ _____] - gage,  wi t h st r et cher - l evel  f l at ness i n accor dance 
with ASTM A1008/ A1008M.

Pr ovi de uni t  sheet  met al  t hat  encl oses one or  mor e ver t i cal l y  mount ed power  
c i r cui t  br eaker s or  auxi l i ar y equi pment  i n i ndi v i dual  sheet  met al  
compar t ment s and a f ul l  hei ght  r ear  compar t ment .   Pr ovi de housi ng t hat  i s  
appr oxi mat el y 2300 mi l l i met er  90- i nches hi gh wi t h i ndi v i dual  vent i l at ed 
[ f r ont ]  [ r ear ] - hi nged panel s and bol t ed t op and r ear  cover s.   Pr ovi de r ear  
compar t ment  t hat  cont ai ns t he mai n bus,  mai n bus- t ap connect i ons,  cabl e 
connect i ons,  and i nst r ument  t r ansf or mer s.

2. 2. 2   Compar t ment  Det ai l s

Compl et el y wi r e compar t ment s wi t h cabl e t er mi nal s,  cabl e c l amps,  cont r ol  
bus,  cont r ol  power  swi t ch,  and t er mi nal  bl ocks.   Pr ovi de t er mi nal  bl ocks 
t hat  ar e r eadi l y  accessi bl e f or  t he ext er nal  connect i ons of  met al - c l ad 
switchgear.

Run l ow- vol t age wi r i ng f or  cont r ol s and accessor i es t o t er mi nal  bl ocks 
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havi ng number ed poi nt s,  as i ndi cat ed,  t o i dent i f y c i r cui t s.  Run l ow- vol t age 
wi r i ng i n condui t  or  wi r i ng r aceways t o i sol at e t he wi r i ng f r om 
hi gh- vol t age ci r cui t s.   I dent i f y wi r i ng connect i ons.

I dent i f y each compar t ment  of  t he swi t chgear  assembl y by an i dent i f i cat i on 
pl at e engr aved wi t h c i r cui t  and f unct i on desi gnat i ons.

Pr ovi de r emovabl e el ement s of  t he same t ype and r at i ng i n t he swi t chgear  
assembl y t hat  ar e physi cal l y  and el ect r i cal l y  i nt er changeabl e i n 
cor r espondi ng compar t ment s.   Pr ovi de f r ont - hi nged panel  t hat  i s  sui t abl e 
f or  mount i ng i nst r ument s,  r el ays,  cont r ol  swi t ches,  and i ndi cat i ng l amps.

Pr ovi de bar r i er s bet ween a sect i onal i zed bus wi t h bus sect i onal i z i ng 
br eaker s i n a compar t ment  t hat  ar e sheet  st eel  not  l ess t han [ 3. 1]  [ _____]  
mi l l i met er  [ 11]  [ _____]  gage.   Pr ovi de ot her  cover s,  bar r i er s,  panel s,  and 
door s t hat  ar e not  l ess t han [ 1. 9]  [ _____]  mi l l i met er  [ 14]  [ _____]  gage.

Rei nf or ce each compar t ment  wi t h st r uct ur al  member s and wel d t oget her .   
Gr ound wel ds t o a smoot h f l at  sur f ace bef or e pai nt i ng.

2. 2. 3   Buses

Compl et el y bus swi t chgear  assembl i es ut i l i z i ng el ect r i cal  gr ade,  hi gh 
conduct i v i t y,  sol i d copper  bus bar  havi ng a r ect angul ar  cr oss sect i on.   
Uni f or ml y posi t i on and phase sequence,  r i ser  and bus t ap connect i ons i n 
accor dance wi t h I EEE C37. 20. 1.   Suppor t  and br ace buses t o wi t hst and bot h 
el ect r i cal l y  and mechani cal l y t he shor t  c i r cui t  cur r ent  r at i ngs.

Si l ver pl at e t er mi nat i on and connect i on poi nt s by an el ect r opl at i ng pr ocess 
f or  al l  bus bar  used i n t he swi t chgear .   Si l ver  coat i ng met hods t hat  do not  
use t he f l ow of  el ect r i cal  cur r ent  as par t  of  t he pr ocess ar e not  
accept abl e.   Af t er  pl at i ng,  do not  sand or  ot her wi se abr ade t he cont act  
sur f ace,  but  c l ean i t  wi t h a sof t  c l ot h i mmedi at el y pr i or  t o f i nal  assembl y.

Make al l  bus bar  connect i ons usi ng s i l i con br onze bol t s wi t h wi de f l at  
s i l i con br onze washer s under  t he bol t  head and nut .   Ti ght en and check 
t hese connect i ons by use of  a cal i br at ed t or que wr ench.   Ot her  connect i on 
desi gns ar e al l owed wi t h t he wr i t t en agr eement  of  t he Cont r act i ng Of f i cer .

[ Pr ovi de mai n bus t hat  i s  r eadi l y accessi bl e f or  connect i on of  f ut ur e 
swi t chgear  assembl i es at  ei t her  end.   Pr ovi de mai n and auxi l i ar y cont r ol  
dr awout  t ype connect i ons t hat  ar e s i l ver - t o- s i l ver  cont act ,  posi t i ve 
pr essur e,  sel f - al i gni ng,  wi t h encl osur e- t o- encl osur e st at i onar y mechani sm 
when br eaker  i s  i n dr awout  posi t i on.

] Pr ovi de vol t age r at i ng and i nsul at i on l evel  of  swi t chgear  assembl i es as 
speci f i ed and t hat  conf or m t o I EEE C37. 20. 1.

Pr ovi de t emper at ur e l i mi t s f or  buses and bus- t ap connect i ons i n swi t chgear  
assembl i es t hat  ar e i n accor dance wi t h I EEE C37. 20. 1.

Pr ovi de a cont i nuous r i gi d copper  gr ound bus t hat  ext ends t hr oughout  t he 
ent i r e assembl y and t hat  gr ounds t he st at i onar y st r uct ur e and equi pment .   
Pr ovi de gr ound bus t hat  i s  capabl e of  car r y i ng t he r at ed shor t  c i r cui t  
cur r ent  of  t he pr ot ect i ve devi ces i n t he swi t chgear  assembl y f or  a mi ni mum 
per i od of  one second.

Compl et el y wi r e compar t ment s wi t h cabl e t er mi nal s,  cabl e c l amps,  cont r ol  
bus,  cont r ol  power  swi t ch,  and t er mi nal  bl ocks.   Pr ovi de t er mi nal  bl ocks 
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t hat  ar e r eadi l y  accessi bl e f or  t he ext er nal  connect i ons of  met al - c l ad 
switchgear.

Run l ow- vol t age wi r i ng f or  cont r ol s and accessor i es t o t er mi nal  bl ocks 
havi ng number ed poi nt s,  as i ndi cat ed,  t o i dent i f y c i r cui t s.  Run l ow- vol t age 
wi r i ng i n condui t  or  wi r i ng r aceways t o i sol at e t he wi r i ng f r om 
hi gh- vol t age ci r cui t s.   I dent i f y wi r i ng connect i ons.

I dent i f y each compar t ment  of  t he swi t chgear  assembl y by an i dent i f i cat i on 
pl at e engr aved wi t h c i r cui t  and f unct i on desi gnat i ons.

**************************************************************************
NOTE:   Del et e t he f ol l owi ng par agr aphs when t he 
swi t chgear  uni t s  ar e not  bus connect ed.

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

Pr ovi de met al - encl osed bus of  non- segr egat ed gr oup phase const r uct i on t hat  
i ncl udes r i gi d i nsul at ed conduct or s and suppor t s i n a gr ounded met al  
encl osur e wi t h associ at ed vent i l at i on and space- heat er  encl osur es,  
condensat i on bar r i er s,  expansi on and connect i on j oi nt s,  and f i t t i ngs i n 
accor dance wi t h I EEE C37. 20. 1.

Compl et el y bus encl osur es wi t h an i nsul at ed sol i d r i gi d copper  bus bar  of  
r ect angul ar  cr oss sect i on.   Uni f or ml y posi t i on and phase sequence bar  and 
connect i ons wi t hi n t he encl osur e f or  adapt at i on t o met al - c l ad swi t chgear  
assembl i es and power  t r ansf or mer s,  i n accor dance wi t h I EEE C37. 20. 1.

Suppor t  and br ace bus bar  t o wi t hst and shor t - c i r cui t  st r esses wi t h 
moment ar y cur r ent  r at i ngs,  i n accor dance wi t h I EEE C37. 20. 1.   Si l ver pl at e 
and bol t  t oget her  cont act  sur f aces of  al l  bus connect i ons t o ensur e maxi mum 
conduct i v i t y.   Pr ovi de vol t age and cur r ent  r at i ngs t hat  conf or m t o 
I EEE C37. 20. 1.

Pr ovi de i nsul at i ng suppor t s t hat  consi st  of  t r ack- r esi st ant ,  
f l ame- r et ar dant  I EEE Cl ass 130 el ect r i cal  i nsul at i ng mat er i al s.   Pr ovi de 
vol t age r at i ng and i nsul at i on l evel  t hat  conf or m t o I EEE C37. 20. 1.

Pr ovi de sheet  met al  weat her pr oof  encl osur es t hat  ar e const r uct ed f r om 
car bon st eel  sheet s of  commer ci al  qual i t y ,  not  l ess t han [ 1. 9]  [ _____]  
mi l l i met er  [ 14]  [ _____]  gage.   Rei nf or ce each sect i on wi t h st r uct ur al  
member s and bol t  t oget her .   St r uct ur al l y  suppor t  compl et e assembl y as 
indicated.

2. 2. 4   Aut omat i c/ Manual  Tr ansf er  Swi t ch

Make pr ovi s i on f or  t he aut omat i c t r ansf er  of  l oad on l oss of  vol t age,  l ow 
vol t age,  s i ngl e phasi ng,  r ever se phase r ot at i on of  ei t her  sour ce,  and t he 
aut omat i c t r ansf er  of  l oad upon r est or at i on of  nor mal  ser vi ce wi t hout  a 
ser vi ce i nt er r upt i on.   Under  nor mal  oper at i on,  c l ose bot h mai n secondar y 
br eaker s wi t h t he mai n bus t i e br eaker  open and t he aut omat i c/ manual  
t r ansf er  cont r ol  swi t ch i n t he aut omat i c posi t i on,  and ener gi ze and l oad 
each sour ce of  suppl y.

El ect r i cal l y  oper at e mai n and bus t i e br eaker s wi t h r emot e pushbut t on 
cont r ol s el ect r i cal l y  i nt er l ocked so t hat  onl y t wo of  t he t hr ee br eaker s 
c l ose by oper at i on of  t he r espect i ve br eaker - c l osi ng mechani sms when t he 
aut omat i c/ manual  t r ansf er  cont r ol  swi t ch i s i n t he manual  posi t i on.

Ensur e mai n secondar y br eaker  compar t ment s i ncl ude under vol t age and 
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phase- sequence r el ays wi t h adj ust abl e t i me- del ay bet ween 30 and 200 cycl es.

Pr ovi de auxi l i ar y r el ays t hat  aut omat i cal l y  open t he pr oper  mai n secondar y 
br eaker  and cl ose t he mai n bus t i e br eaker  under  f aul t  condi t i ons.   I ncl ude 
pr ovi s i ons f or  t he aut omat i c r ecl osi ng of  t he mai n secondar y br eaker s 
bef or e openi ng t he mai n bus t i e br eaker  when nor mal  ser vi ce i s r est or ed.

Pr ovi de l ockout  r el ays t hat  pr event  aut omat i c t r ansf er  of  l oad f r om 
under vol t age caused by over l oad or  t r ansi ent  condi t i ons.   Pr ovi de l ockout  
r el ay cont r ol s t hat  ar e connect ed i nt o t he c l osi ng c i r cui t  of  t he mai n t i e 
br eaker  t o pr event  oper at i on under  l ockout  condi t i ons and t hat  ar e t he 
hand- r eset  t ype.

Pr ovi de mai n bus t i e br eaker  compar t ment  t hat  i ncl udes an aut omat i c/ manual  
t r ansf er  swi t ch whi ch di sconnect s t he aut omat i c t r ansf er  f eat ur es when i n 
t he manual  posi t i on.   Pr ovi de mai n secondar y and bus t i e br eaker s t hat  ar e 
manual l y i noper abl e when t he aut omat i c/ manual  t r ansf er  cont r ol  swi t ch i s i n 
t he aut omat i c posi t i on.

Pr ovi de a bypass swi t ch t o per mi t  manual  moment ar y par al l el i ng of  t he t wo 
sour ces of  suppl y i n r est or i ng nor mal  ser vi ce wi t hout  i nt er r upt i on.

Pr ovi de mai n secondar y and bus t i e br eaker s t hat  ar e manual l y oper abl e when 
t he aut omat i c/ manual  t r ansf er  cont r ol  swi t ch i s i n t he manual  posi t i on.

Pr ovi de a cont act or  f or  t he aut omat i c t r ansf er  of  cont r ol  power .   Pr ovi de 
cont r ol  power  t r ansf or mer s t hat  capabl e of  f ur ni shi ng power  t hr ough t he 
sel ect i ve cont act or  f or  t he bus t i e br eaker ,  f eeder  br eaker s,  compar t ment  
heat er s,  i nt er i or  l i ght i ng,  ut i l i t y  out l et s,  bat t er y char ger s,  and ot her  
mi scel l aneous equi pment .

Suppl y secondar y swi t chgear  assembl y or  assembl i es f r om t wo separ at e 
sour ces,  wi t h each sour ce nor mal l y car r y i ng l oad as i ndi cat ed.   Under  
nor mal  oper at i on,  c l ose bot h mai n secondar y br eaker s wi t h t he mai n bus t i e 
br eaker  open.   Do not  oper at e t wo sour ces of  suppl y i n par al l el .

2. 2. 5   Swi t chgear  Assembl i es

Pr ovi de gener al  ar r angement  of  t he number  of  compar t ment s and each 
compar t ment ' s component s as shown.

[ Pr ovi de bus sect i onal i z i ng swi t chgear  compar t ment s t hat  i ncl ude a 
met al - encl osed l ow- vol t age power  c i r cui t  br eaker .

][ Pr ovi de secondar y f eeder  swi t chgear  compar t ment s t hat  i ncl ude t he f ol l owi ng 
equipment:

[ a.   Met al - encl osed l ow- vol t age power  c i r cui t  br eaker

][ b.   Pr ovi s i ons f or  t er mi nat i ng cabl es of  t he met al - encl osed bus

]][ Pr ovi de auxi l i ar y st at i on power  compar t ment s t hat  i ncl ude t he f ol l owi ng:

[ a.   Cont r ol - power  t r ansf or mer  and pr i mar y f uses

][ b.   Ci r cui t  over l oad pr ot ect i on

][ c.   Pot ent i al  t r ansf or mer s f or  r el ayi ng pur poses
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][ d.   Lamp gr ound det ect or s

][ e.   Bat t er i es and bat t er y char ger

][ f .   Ci r cui t  br eaker  cont r ol  t r ansf or mer

]][ Pr ovi de auxi l i ar y met er i ng compar t ment s t hat  i ncl ude t he f ol l owi ng:

[ a.   Cur r ent  t r ansf or mer s

][ b.   Ammet er s and ammet er  swi t ches

][ c.   Pot ent i al  t r ansf or mer s

][ d.   Vol t met er s and vol t met er  swi t ches

][ e.   Wat t - hour  met er s

][ f .   Rever se cur r ent  di r ect i onal  r el ays

][ g.   Lamp gr ound det ect or s

][ h.   Cool i ng f ans

]][ Pr ovi de auxi l i ar y bus sect i onal i z i ng compar t ment s t hat  i ncl ude a cont act or  
f or  aut omat i c t r ansf er  of  cont r ol  power  and auxi l i ar y devi ces.

][ Pr ovi de swi t chgear  compar t ment s f or  f ut ur e use t hat  ar e f ul l y  equi pped t o 
r ecei ve t he r emovabl e el ement  wi t h compl et e bus connect i ons,  di sconnect i ng 
devi ces,  r ai l s ,  and cel l  i nt er l ocks.

][ Pr ovi de f i l l er  compar t ment s i nci dent al  t o t he swi t chgear  assembl y t hat  ar e 
empt y compar t ment s wi t h hi nged cover  pl at es.

][ Pr ovi de mai n and f eeder  power  c i r cui t  br eaker s t hat  ar e sui t abl e f or  f ul l y  
r at ed [ nonsel ect i ve]  [ sel ect i ve]  t r i p syst ems i n accor dance wi t h 
I EEE C37. 121.

] 2. 2. 6   Weat her pr oof  Const r uct i on

Pr ovi de swi t chgear  assembl i es f or  out door  appl i cat i ons t hat  ar e 
weat her pr oof  NEMA Type 3R encl osur es,  wi t h vent i l at ed [ f r ont ]  [ and 
r ear ] - hi nged door s,  base,  and r oof  sect i ons.   Pr ovi de f l anged access door s 
t hat  c l ose agai nst  r ubber  or  s i mi l ar  gasket i ng mat er i al .  Pr ovi de vent i l at ed 
openi ngs wi t h f i l t er ed cover s and scr eened vent s f or  pr ot ect i on agai nst  t he 
weat her  and i nsect s.   Equi p door s wi t h l at ch,  st ops,  and door - l ocki ng 
mechanism.

Pr ovi de r oof  sect i on t hat  i s  uni t  const r uct i on wi t h r emovabl e s l opi ng cover  
and over hangi ng r oof  dr i p edge.   Pr ovi de base sect i on t hat  i s  uni t  
const r uct i on and t hat  suppor t s met al - encl osed swi t chgear  [ 150]  [ _____]  
mi l l i met er  [ s i x]  [ _____] - i nches above t he concr et e f oundat i on.

[ Pr ovi de swi t chgear  encl osur es t hat  i ncl ude a r emovabl e st eel  f l oor  pl at e 
whi ch i s dr i l l ed f or  condui t  and cabl e dur i ng i nst al l at i on.   Under coat  
f l oor  and r oof  of  t he swi t chgear  wi t h a heavy r ubber i zed pr ot ect i ve seal i ng 
mat er i al  at  l east  [ 0. 79]  [ _____]  mi l l i met er  [ 1/ 32]  [ _____] - i nch t hi ck.

][ Equi p each encl osur e subj ect  t o an out s i de or  humi d envi r onment  wi t h 
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t her most at i cal l y  cont r ol l ed el ect r i c  space heat er s and cool i ng f ans t o 
mi ni mi ze condensat i on.   Make pr ovi s i ons f or  t er mi nat i ng i ncomi ng and 
out goi ng under gr ound cabl es.

] 2. 2. 7   Painting

**************************************************************************
NOTE:   For  al l  out door  appl i cat i ons and al l  i ndoor  
appl i cat i ons i n a har sh envi r onment  r ef er  t o Sect i on 
09 96 00 HI GH- PERFORMANCE COATI NGS.   Hi gh 
per f or mance coat i ngs ar e speci f i ed f or  al l  out door  
appl i cat i ons because ul t r avi ol et  r adi at i on br eaks 
down most  st andar d coat i ngs,  causi ng a phenomena 
known as chal k i ng,  whi ch i s t he f i r st  st age of  t he 
cor r osi on pr ocess.  For  addi t i onal  i nf or mat i on 
cont act  The Coat i ngs I ndust r y Al l i ance,  speci f i c  
suppl i er s such as Keel er  and Long and PPG,  and NACE 
I nt er nat i onal  ( NACE) .

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

Af t er  f abr i cat i on,  pr epar e and pai nt  exposed f er r ous- met al  sur f aces of  
swi t chgear  assembl i es and component  equi pment .   Pr ovi de st andar d f i ni sh by 
t he manuf act ur er  on assembl i es and component  equi pment  when used f or  most  
i ndoor  i nst al l at i ons.   For  har sh i ndoor  envi r onment s ( any ar ea subj ect ed t o 
chemi cal  and/ or  abr asi ve act i on) ,  and al l  out door  i nst al l at i ons,  r ef er  t o 
Sect i on 09 96 00 HI GH- PERFORMANCE COATI NGS.

2. 3   SWI TCHGEAR COMPONENTS

2. 3. 1   Ai r  I nt er r upt er  Swi t ches

Pr ovi de t he manual l y gr oup- oper at ed t hr ee- pol e,  gang- oper at ed,  st at i onar y 
t ype ai r  i nt er r upt er  swi t ches i n accor dance wi t h I EEE C37. 121 and 
I EEE C37. 20. 1,  t hat  car r y t he r at ed cur r ent  cont i nuousl y.

Pr ovi de st or ed ener gy t ype qui ck- make/ qui ck- br eak oper at i ng mechani sm wi t h 
posi t i ve act i on f or  f aul t  c l osi ng and l oad- i nt er r upt i ng capabi l i t y .   
Pr ovi de a handl e speed t hat  i s  i ndependent  of  oper at i on.

[ Pr ovi de t he st or ed ener gy t ype oper at or ,  desi gned f or  easy i nspect i on wi t h 
a basi c i mpul se l evel  ( BI L)  of  [ 95 at  14. 4 k i l ovol t s]  [ 110 at  35 
k i l ovol t s] .   Mechani cal l y i nt er l ock access door  wi t h a swi t ch mechani sm.   
Pr ovi de [ 2. 7]  [ _____]  mi l l i met er  [ 12]  [ _____] - gage mi ni mum sheet  st eel  
swi t ch encl osur e.   Pr ovi de swi t ch gear  t o swi t ch connect i ons t hat  pr event  
gr ound t r ansmi ssi on t o swi t ch.

][ Make pr ovi s i on f or  t er mi nat i ng under gr ound cabl es and f or  bus connect i ons 
t o t he pr i mar y of  t he t r ansf or mer  t r ansi t i on box.   Use f l exi bl e connect i ons 
bet ween pr i mar y pot heads and t he i nt er r upt er  swi t ch wi t h adequat e br aci ng 
pr ovi ded f or  shor t  c i r cui t  st r esses.

] Pr ovi de swi t ch t hat  has pr ovi s i ons f or  padl ocki ng i n t he open and c l osed 
posi t i ons.   Cl ear l y and per manent l y mar k open and cl osed swi t ch posi t i ons 
on t he out s i de of  t he encl osur e.   Pr ovi de a mechani cal  i ndi cat or  t hat  shows 
t he swi t ch posi t i on.

Pr ovi de swi t ch wi t h pr ovi s i on t o add el ect r i cal  oper at i on wi t h auxi l i ar y 
cont act s,  and i s  a [ t wo- posi t i on,  s i ngl e- t hr ow]  [ dupl ex dual  f eeder s]  
[ sel ect or ]  t ype.
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[ Equi p i nt er r upt er  swi t chgear  wi t h t hr ee cur r ent - l i mi t i ng [ CLE t ype]  [ RBA 
bor i c aci d]  power  f uses capabl e of  i nt er r upt i ng t he avai l abl e shor t  c i r cui t  
cur r ent  wi t h t he swi t ch car r y i ng f ul l  l oad r at ed cur r ent .   Pr ovi de a 
mechani cal  i nt er l ock t o pr event  access t o t he power  f uses when t he 
i nt er r upt er  swi t ch i s c l osed.

] 2. 3. 2   Power  Ci r cui t  Br eaker s

Pr ovi de ai r  c i r cui t  br eaker s of  t he [ manual l y]  [ el ect r i cal l y ]  oper at ed t ype 
as i ndi cat ed,  conf or mi ng t o Sect i on 26 05 70. 00 40 HI GH VOLTAGE OVERCURRENT 
PROTECTI VE DEVI CES and Sect i on 26 05 71. 00 40 LOW VOLTAGE OVERCURRENT 
PROTECTI VE DEVI CES.

2. 3. 3   Mol ded- Case Ci r cui t  Br eaker s

Pr ovi de mol ded- case ci r cui t  br eaker s t hat  conf or m t o Sect i on 26 05 70. 00 40 
HI GH VOLTAGE OVERCURRENT PROTECTI VE DEVI CES and Sect i on 26 05 71. 00 40 LOW 
VOLTAGE OVERCURRENT PROTECTI VE DEVI CES.

2. 3. 4   I nst r ument s and I nst r ument  Tr ansf or mer s

Pr ovi de i ndi cat i ng i nst r ument s,  pr ot ect i ve r el ays,  cur r ent  and pot ent i al  
t r ansf or mer s,  i nst r ument  t r ansf er  swi t ches,  and cont r ol - power  t r ansf or mer s 
t hat  conf or m t o t he appl i cabl e r equi r ement s of  Sect i on 26 05 70. 00 40 HI GH 
VOLTAGE OVERCURRENT PROTECTI VE DEVI CES and Sect i on 26 05 71. 00 40 LOW 
VOLTAGE OVERCURRENT PROTECTI VE DEVI CES.

2. 3. 5   Cont r ol - Power  Ci r cui t  Over cur r ent  Pr ot ect i on

Pr ovi de br anch- c i r cui t  br eaker s t hat  pr ovi de c i r cui t  over l oad pr ot ect i on t o 
compar t ment  heat er ,  l i ght s,  conveni ence out l et s,  t r ansf or mer  f ans,  and 
ot her  devi ces.

2. 3. 6   Aut omat i c/ Manual  Tr ansf er  Swi t ch

Pr ovi de t he r ot ar y snap- act i on t ype aut omat i c/ manual  t r ansf er  swi t ch wi t h 
s i l ver - pl at ed cont act s.   Pr ovi de a manual l y oper at ed t wo- posi t i on t r ansf er  
swi t ch devi ce desi gned t o i nt er r upt  t he aut omat i c t r ansf er  and cl ose- back 
f eat ur es of  t he syst em when t he t r ansf er  swi t ch i s  i n t he manual  posi t i on.   
Ensur e swi t ch per mi t s t he t r ansf er  of  al l  l oad t o a par t i cul ar  swi t chgear  
assembl y wi t hout  a ser vi ce i nt er r upt i on when t he t r ansf er  swi t ch i s  i n t he 
aut omat i c posi t i on.

2. 3. 7   Cont r ol - Power  Ci r cui t  Cont act or

Pr ovi de a cont act or  f or  aut omat i c t r ansf er  of  cont r ol - power  t hat  i s  
desi gned f or  120/ 240- vol t ,  s i ngl e- phase,  60- Hz ser vi ce wi t h cur r ent  
r at i ng.   Pr ovi de cont act or  t hat  i s  t he open t ype,  t wo- pol e,  doubl e- t hr ow 
wi t h sol i d neut r al  connect i ons and t hat  aut omat i cal l y  t r ansf er s i t s  l oad 
c i r cui t s t o t he al t er nat e power  suppl y upon l oss of  power  i n t he nor mal  
suppl y.   Pr ovi de a devi ce t hat  i s  el ect r i cal l y  oper at ed and mechani cal l y 
hel d and t hat  obt ai ns i t s  oper at i ng cur r ent  f r om t he sour ce t o whi ch t he 
l oad i s t r ansf er r ed.   Pr ovi de cont act or s f or  aut omat i c t r ansf er  of  cont r ol  
power  t hat  i s  sui t abl e f or  i nst al l at i on i n met al - c l ad swi t chgear .

2. 3. 8   Ser vi ce and Mai nt enance Devi ces

I ncl ude t he f ol l owi ng ser vi ce and mai nt enance devi ces as a par t  of  t he 
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substations:

a.   A manual  handl e f or  oper at i ng t he ai r  and power  c i r cui t  br eaker  
i sol at i ng mechani sm

b.   Removabl e manual  mai nt enance cl osi ng devi ces f or  ai r  and power  c i r cui t  
breakers

c.   Tr ansf er  t r ucks f or  ai r  and power  c i r cui t  br eaker s

d.   Faci l i t i es f or  oper at i ng ai r  and power  c i r cui t  br eaker s i n t he t est  or  
r emoved posi t i on

e.   Faci l i t i es f or  wi t hdr awi ng ai r  and power  c i r cui t  br eaker s f or  
i nspect i on or  mai nt enance

f .   Test  pl ugs and cabl e f or  met er s and r el ays

2. 3. 9   Pr ot ect i ve Rel ays and Devi ces

Pr ovi de pr ot ect i ve r el ays and devi ces t hat  compl y wi t h Sect i on 
26 05 70. 00 40 HI GH VOLTAGE OVERCURRENT PROTECTI VE DEVI CES and Sect i on 
26 05 71. 00 40 LOW VOLTAGE OVERCURRENT PROTECTI VE DEVI CES.

2. 3. 10   Space Heat er s

**************************************************************************
NOTE:   I ncl ude t he f ol l owi ng par agr aphs f or  out door  
swi t chgear  assembl i es and i ndoor  assembl i es whi ch 
ar e i n humi d envi r onment s.   Pr ovi de space heat er s t o 
pr event  moi st ur e bui l d- up i n vent i l at ed compar t ment s.

Wat t age suppl i ed by heat er s i s one- f our t h of  heat er  
namepl at e r at i ng when 240- vol t  heat er s ar e oper at ed 
at  120 vol t s.

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

Equi p each sect i on of  t he swi t chgear  assembl y wi t h ext er nal l y ener gi zed 
space heat er s pr ovi di ng appr oxi mat el y 40 wat t s per  squar e met er  4 wat t s per  
squar e f oot  of  out er  sur f ace ar ea.   Pr ovi de heat er s t hat  have a power  
densi t y t hat  does not  exceed 4 wat t s per  650 squar e mi l l i met er  per  squar e 
i nch of  heat er  el ement  sur f ace.   Pr ovi de heat er s r at ed at  240 vol t s  f or  
connect i on t o 120 vol t s.   Locat e heat er s at  t he l owest  por t i on of  each 
space t o be heat ed.   Cover  t er mi nal s.   Use t her most at s t o r egul at e t he 
temperature.

Pr ovi de heat er s t hat  ar e i nst al l ed and oper abl e at  t he t i me of  shi pment  so 
t hat  t he heat er s can be oper at ed i mmedi at el y upon ar r i val  at  t he s i t e,  
dur i ng st or age,  or  bef or e i nst al l at i on.   Pr ovi de connect i on l ocat i ons t hat  
ar e mar ked pr omi nent l y on dr awi ngs and shi ppi ng cover s and t hat  have 
t empor ar y l eads f or  st or age oper at i on.   Make l eads easi l y accessi bl e 
wi t hout  havi ng t o r emove shi ppi ng pr ot ect i on.

2. 3. 11   Ext er nal  Vol t age Sour ce

Gr oup t oget her  al l  ext er nal l y power ed wi r i ng t o t he swi t ch as much as 
possi bl e and connect ed t o a t er mi nal  bl ock whi ch i s mar ked wi t h a l ami nat ed 
pl ast i c namepl at e havi ng 5 mi l l i met er  3/ 16- i nch hi gh whi t e l et t er s on a r ed 
backgr ound as f ol l ows:
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DANGER -  EXTERNAL VOLTAGE SOURCE

Pr ovi de ext er nal l y power ed wi r i ng t hat  i ncl udes 120- vol t  uni t  space heat er s.

2. 4   FACTORY TESTI NG

Make f act or y t est s on t r ansf or mer s and swi t chgear  assembl i es i n accor dance 
wi t h t he appl i cabl e pr ovi s i ons of  t he r ef er enced st andar ds.

Per f or m t est s on t r ansf or mer s t hat  i ncl ude r esi st ance measur ement s of  
wi ndi ngs,  r at i o t est s,  pol ar i t y and phase- r ot at i on t est s,  no- l oad l oss at  
r at ed vol t age,  exci t at i on cur r ent  at  r at ed vol t age,  i mpedance vol t age and 
l oad- l oss at  r at ed cur r ent ,  i nsul at i on power  f act or  t est s,  and di el ect r i c  
t est s.   Conduct  t est s i n accor dance wi t h I EEE C57. 12. 90.

Per f or m t est s on swi t chgear  assembl i es t hat  i ncl ude mechani cal  oper at i onal  
t est s,  el ect r i cal  oper at i on and cont r ol - wi r i ng t est s,  r el ayi ng and met er i ng 
c i r cui t  per f or mance t est s,  and di el ect r i c  t est s.   Conduct  t est s i n 
accor dance wi t h I EEE 4.

PART 3   EXECUTI ON

3. 1   INSTALLATION

Submi t  i nst al l at i on dr awi ngs f or  t he swi t chgear  assembl i es.   Pr ovi de 
dr awi ngs t hat  i ncl ude compl et e det ai l s  of  equi pment  l ayout  and desi gn.

Make i nst al l at i on conf or m t o I EEE C2 and NFPA 70.

El ect r i cal l y  and mechani cal l y connect  compl et e assembl y t oget her  at  t he 
s i t e f r om coor di nat ed subassembl i es shi pped i n compl et e sect i ons f r om t he 
manuf act ur er .   Pr ovi de i nst al l at i on t hat  i s  car ef ul l y  al i gned,  l evel ed,  and 
secur ed t o t he f oundat i on and t hat  conf or ms t o t he manuf act ur er ' s 
recommendations.

I nst al l  noncur r ent  car r y i ng par t s and encl osur es of  t he swi t chgear ;  bonded 
t oget her  and gr ounded t o t he gr ound gr i d wi t h a maxi mum r esi st ance t o 
gr ound of  20 ohms.   Exot her mi cal l y wel d i naccessi bl e gr ound connect i ons i n 
accor dance wi t h UL 467.   The mi ni mum si ze of  gr ound conduct or  i s  11. 7 
mi l l i met er  di amet er  4/ 0 AWG.

**************************************************************************
NOTE:   The f ol l owi ng appl i es t o hi gh- vol t age 
swi t chgear  onl y.

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

Pr ovi de swi t chgear  wi t h an ear t h gr ound r esi st ance pad as shown on t he 
dr awi ngs.   Pr ovi de a swi t chgear  r esi st ance t o gr ound t hat  does not  exceed 
t he f ol l owi ng val ues:

5, 000 kVA and above      3 ohms

5, 000 kVA and bel ow      5 ohms

For  swi t chgear  assembl i es separ at ed f or  shi ppi ng,  car ef ul l y  j oi n assembl i es 
t o pr esent  a neat  appear ance.   Ti ght en mai n and gr ound bus j oi nt s t o 
manuf act ur er ' s r ecommended t or que val ues.   Handl e assembl i es wi t h l i f t i ng 
devices.
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3. 2   FI ELD TESTI NG

Subj ect  mai n bus of  swi t chgear  assembl i es t o i nsul at i on r esi st ance and 
hi gh- vol t age,  60- her t z wi t hst and t est s af t er  i nst al l at i on i s compl et ed and 
r eady f or  oper at i on.   Per f or m el ect r i cal  cur r ent  and vol t age t est s i n 
accor dance wi t h r ef er enced st andar ds i n t hi s sect i on.

Pr ovi de t est  equi pment ,  l abor ,  and t echni cal  assi st ance t o per f or m t he 
el ect r i cal  accept ance t est s as her ei n speci f i ed.

Di sconnect  i ncomi ng sect i on mai n bus f r om t he power  suppl y and pr i mar y 
f eeder  cabl es,  and gr ound t he swi t chgear  encl osur e bef or e t he i nsul at i on 
and hi gh- vol t age t est s ar e conduct ed.

Di sconnect  out goi ng sect i on mai n bus f r om t he secondar y f eeder  cabl es and 
f r om t he power  suppl y and pr i mar y f eeder  cabl es.   Gr ound t he swi t chgear  
encl osur e bef or e conduct i ng i nsul at i on and hi gh- vol t age t est s.

Conduct  an i nsul at i on- r esi st ance t est  on t he mai n bus of  t he i ncomi ng 
sect i on wi t h a [ 5, 000]  [ 2, 500] - vol t  i nsul at i on- r esi st ance t est  set .

Conduct  an i nsul at i on- r esi st ance t est  on t he mai n bus of  t he out goi ng 
sect i on wi t h a [ 1, 000]  [ 2, 500]  [ 500] - vol t  i nsul at i on- r esi st ance t est  set .

Appl y t est  f or  not  l ess t han f i ve mi nut es and unt i l  t hr ee equal  consecut i ve 
r eadi ngs,  one mi nut e apar t ,  ar e obt ai ned.   Recor d r eadi ngs ever y 30 seconds 
dur i ng t he f i r st  t wo mi nut es and ever y mi nut e t her eaf t er .   Mi ni mum 
accept abl e r esi st ance r eadi ng i s 100 megohms.

Upon sat i sf act or y compl et i on of  t he i nsul at i on- r esi st ance t est ,  subj ect  t he 
mai n bus t o a hi gh- vol t age ( hi - pot )  wi t hst and t est .   Pr ovi de t est  vol t age 
t hat  i s  equal  t o [ 100 per cent  f or  60 Hz]  [ 75 per cent  f or  dc]  of  t he val ues 
shown i n I EEE C37. 20. 1 f or  met al - c l ad swi t chgear  and met al - encl osed 
l ow- vol t age power - c i r cui t - br eaker  swi t chgear .   Appl y t est  f or  one mi nut e.

Upon sat i sf act or y compl et i on of  t he hi gh- vol t age wi t hst and t est ,  gi ve t he 
mai n bus a second i nsul at i on- r esi st ance t est  as bef or e.   Resul t s of  t he 
second t est  ar e r equi r ed t o be wi t hi n f i ve per cent  of  t he f i r st  t est  and 
i ndi cat e no evi dence of  per manent  i nj ur y by t he hi gh- pot ent i al  t est .

Subj ect  weat her pr oof  encl osur e and swi t chgear  assembl y t o a weat her pr oof  
t est  conduct ed at  t he s i t e i n t he pr esence of  t he Cont r act i ng Of f i cer  i n 
accor dance wi t h I EEE C37. 20. 1.

Pr ovi de t est s on swi t chgear  assembl i es t hat  i ncl ude el ect r i cal  and 
mechani cal  oper at i onal  t est s,  cont r ol - wi r i ng t est s,  r el ayi ng and met er i ng 
c i r cui t  per f or mance t est s,  and di el ect r i c  t est s.   Conduct  t est s i n 
accor dance wi t h I EEE 4.

Fi nal  accept ance depends upon t he sat i sf act or y per f or mance of  t he equi pment  
under  t est .   Pr ovi de f i nal  t est  dat a t o t he Cont r act i ng Of f i cer .   Pr ovi de 
dat a wi t h a cover  l et t er / sheet  c l ear l y mar ked wi t h t he Syst em name,  Dat e,  
and t he wor ds " Fi nal  Test  Dat a -  For war d t o t he Syst ems Engi neer / Condi t i on 
Moni t or i ng Of f i ce/ Pr edi ct i ve Test i ng Gr oup f or  i nc l usi on i n t he Mai nt enance 
Database."

SECTI ON 33 75 00. 00 40  Page 18



3. 3   SYSTEM STARTUP

3. 3. 1   Rel ay Set t i ngs And Test s

Pr oper l y coor di nat e c i r cui t - i nt er r upt i ng devi ces bef or e t he swi t chgear  
assembl i es ar e ener gi zed.   Thor oughl y i nspect  and adj ust  r el ays at  t he s i t e 
i n t he pr esence of  and at  t he di scr et i on of  t he Cont r act i ng Of f i cer .

3. 3. 2   Pr el i mi nar y I nspect i on

Conduct  pr el i mi nar y i nspect i on of  el ect r i cal  equi pment .   Make r el ay 
set t i ngs and t est s onl y af t er  t he pr el i mi nar y sur vey and syst em 
coor di nat i on sur vey have been compl et ed.   Pr ovi de pr el i mi nar y i nspect i on,  
r el ay set t i ngs,  and t est s as f ol l ows:

a.   I nspect  equi pment  f or  damage or  mal adj ust ment  caused by shi pment  or  
i nst al l at i on.   Remove wedges,  t i es,  bl ocks,  and ot her  packi ng mat er i al  
i nst al l ed by manuf act ur er  t o pr event  damage i n shi pment .

b.   Ver i f y pr ot ect i ve r el ays,  auxi l i ar y r el ays,  t r i p coi l s ,  t r i p c i r cui t  
seal - i n and t ar get  coi l s ,  f uses,  and i nst r ument  t r ansf or mer s t o be of  
t he pr oper  t ype and r ange.

c.   Per f or m el ect r i cal  cont i nui t y  t est s on cur r ent ,  pot ent i al ,  and cont r ol  
circuits.

d.   Per f or m Rat i o and pol ar i t y t est s on cur r ent  and pot ent i al  t r ansf or mer s.

e.   Per f or m i nsul at i on t est s on r el ays,  wi r i ng,  i nst r ument - t r ansf or mer  
secondar y wi ndi ngs,  and i nst r ument s.

Remove each adj ust abl e r el ay f r om i t s case and cal i br at e separ at el y as an 
i nst r ument ,  usi ng a var i abl e al t er nat i ng- cur r ent  sour ce and an accur at e 
t i mi ng devi ce.   Ver i f y wi t h t hi s pr ocedur e t hat  t he r el ay has not  been 
damaged i n shi pment  and t hat  i t  per f or ms i n accor dance wi t h pr evi ousl y 
pr epar ed t i me- cur r ent  coor di nat i on cur ves at  speci f i ed cur r ent  t ap and t i me 
di al  set t i ngs.

Wi t h t he r el ay di sconnect ed and t he mai n cur r ent  t r ansf or mer  ef f ect i vel y 
open,  appl y a cur r ent  t est  t o t he r emai nder  of  t he secondar y c i r cui t  t o 
det ect  any open or  shor t - c i r cui t  connect i ons.

Rei nst al l  and connect  r el ays i nt o t hei r  cur r ent - t r ansf or mer  secondar y and 
cont r ol  c i r cui t s .

Repor t  any def ect s i n el ect r i cal  equi pment ,  pr ot ect i ve devi ces,  wi r i ng,  or  
ot her  condi t i ons t hat  pr event  compl et e coor di nat i on and t he successf ul  
oper at i on of  equi pment  t o t he Cont r act i ng Of f i cer  bef or e pr oceedi ng wi t h 
t he wor k.

Af t er  t he i nst al l at i on has been t hor oughl y t est ed and cer t i f i ed t o be i n 
sat i sf act or y condi t i on,  wi t h r el ays cal i br at ed and adj ust ed t o t he pr oper  
cur r ent  t ap and t i me di al  set t i ng,  r equest  per mi ssi on t o ener gi ze t he 
equi pment  at  syst em vol t age f or  f i nal  t est i ng.

3. 3. 3   Ener gi z i ng Swi t chgear  Assembl i es

**************************************************************************
NOTE:   When r equi r ed by t he pr oj ect ,  r epl ace t he 
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f ol l owi ng par agr aphs wi t h t he st at ement  " Swi t chgear  
assembl i es wi l l  be ener gi zed by Gover nment  
personnel."

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

Do not  ener gi ze swi t chgear  assembl y unt i l  i t  i s  compl et el y i nst al l ed,  
t est ed,  appr oved by t he Cont r act i ng Of f i cer ,  and r eady f or  oper at i on.   
Conduct  s i t e t est i ng and obt ai n appr oval  f r om t he Cont r act i ng Of f i cer .

Usi ng ammet er ,  vol t met er ,  and wat t met er  or  phase- angl e met er ,  measur e and 
compar e t he val ues and pol ar i t i es of  vol t age and cur r ent  wi t h t hose 
expect ed i n t he var i ous r el ay c i r cui t s.   I nspect  and not e posi t i ons of  
di r ect i onal  el ement s and t he vol t age r el ays.

Af t er  i nspect i on and sat i sf act or y t est s have been compl et ed on al l  act i ve 
r el ay c i r cui t s under  a no- l oad condi t i on,  gi ve each r el ay an oper at i onal  
t est  wi t h di ver t ed l oad cur r ent s or  s i mul at ed gr ound f aul t s.

Pr epar e a r epor t  wi t h r ecor ds of  connect i ons,  el ect r i cal  const ant s,  
set t i ngs,  t est  val ues,  oper at i ng per f or mance,  and f ai l ur es or  weaknesses 
f ound on t est .

Per f or m t est s and pr ocedur es f or  t est i ng i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons,  as appr oved by t he Cont r act i ng Of f i cer .   
Pr ovi de f i nal  t est  r epor t s t o t he Cont r act i ng Of f i cer .   Pr ovi de r epor t s 
wi t h  a cover  l et t er / sheet  c l ear l y mar ked wi t h t he Syst em name,  Dat e,  and 
t he wor ds " Fi nal  Test  Repor t s -  For war d t o t he Syst ems Engi neer / Condi t i on 
Moni t or i ng Of f i ce/ Pr edi ct i ve Test i ng Gr oup f or  i nc l usi on i n t he Mai nt enance 
Database."

        - -  End of  Sect i on - -
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