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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  pr ocur ement  of  3- phase ver t i cal  
i nduct i on mot or s f or  dr i v i ng st or m- wat er  pumps f or  
l ocal  f l ood- cont r ol  pumpi ng st at i ons.   Thi s sect i on 
was or i gi nal l y devel oped f or  USACE Ci vi l  Wor ks 
pr oj ect s.

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 
pr esent .

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:   Thi s sect i on cover s mot or s wi t h speci al  
f eat ur es of  const r uct i on whi ch ar e consi der ed 
necessar y t o pr ovi de maxi mum i nsur ance agai nst  
f ai l ur es wher e t he mot or s ar e t o be oper at ed onl y 
f or  shor t  per i ods of  t i me,  at  i nf r equent  i nt er val s,  
and at  l ocat i ons wher e t he aver age r el at i ve humi di t y 
of  t he ai r  i s  hi gh.   Wher e oper at i ng char act er i st i cs 
or  f eat ur es of  mot or  const r uct i on di f f er  f r om t hi s 
speci f i cat i on but  ar e consi der ed desi r abl e,  t hi s 
speci f i cat i on may be modi f i ed accor di ngl y.   The 
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desi gner  must  al so consi der  unusual  ser vi ce 
condi t i ons such as di r ect  exposur e t o t he sun,  
ver mi n i nf est at i on,  or  hi gh al t i t ude.

I n adapt i ng t hi s speci f i cat i on t o any pr oj ect ,  t he 
f or m and phr aseol ogy wi l l  be changed as necessar y t o 
pr oper l y speci f y t he wor k cont empl at ed.   When 
devi at i ons f r om t hi s speci f i cat i on ar e consi der ed 
necessar y,  pr i or  appr oval  f r om HQ USACE wi l l  be 
obt ai ned.

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

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 si 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 
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.

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM B344 ( 2020)  St andar d Speci f i cat i on f or  Dr awn or  
Rol l ed Ni ckel - Chr omi um and 
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Ni ckel - Chr omi um- I r on Al l oys f or  El ect r i cal  
Heat i ng El ement s

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

I EEE 43 ( 2013)  Recommended Pr act i ce f or  Test i ng 
I nsul at i on Resi st ance of  Rot at i ng Machi ner y

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

NETA ATS ( 2021)  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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

1. 2   SUMMARY

The wor k under  t hi s sect i on i ncl udes pr ovi di ng al l  l abor ,  equi pment ,  and 
mat er i al  and per f or mi ng al l  oper at i ons r equi r ed t o desi gn,  manuf act ur e,  
assembl e,  t est ,  and package and del i ver  t he ver t i cal  i nduct i on mot or s f or  
dr i v i ng pumps speci f i ed under  Sect i on 35 45 01 VERTI CAL PUMPS,  AXI AL- FLOW 
AND MI XED- FLOW I MPELLER TYPE.

a.   Suppl y mot or s compl et e wi t h al l  accessor i es,  spar e par t s,  t ool s,  and 
manuf act ur er ' s dat a and i nst r uct i ons as speci f i ed her ei n.

b.   Submi t  compl et e i nst r uct i ons f or  t he pr oper  i nst al l at i on,  i nspect i on,  
and mai nt enance of  t he machi nes pr ovi ded f or  t hi s par t i cul ar  ser vi ce.   
Submi t  i nst r uct i on manual s t o t he Cont r act i ng Of f i cer  not  l at er  t han 
t he dat e t he equi pment  i s shi pped f r om t he manuf act ur er ' s pl ant .   I n 
t he i nst r uct i ons,  i ncl ude a cr oss- sect i onal  dr awi ng i ndi cat i ng t he 
maj or  component  par t s of  t he mot or  and t he pr ocedur e f or  di sassembl y.

c.   Wi t h t he i nst r uct i on manual ,  submi t  a compl et e l i s t  of  r enewal  par t s 
wi t h pr i ces f or  each di f f er ent  r at i ng of  mot or .

1. 3   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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 .
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For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat 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 code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

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

Long Ter m St or age;  G[ ,  [ _____] ]

Ant i r ever se Devi ce Al t er nat e;  G[ ,  [ _____] ]

SD- 02 Shop Dr awi ngs

Mot or s;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

I nsul at ed Wi ndi ngs;  G[ ,  [ _____] ]

Dut y Cycl e;  G[ ,  [ _____] ]

Mot or s;  G[ ,  [ _____] ]

Gover nment  St udy

Spar e Par t s

SD- 06 Test  Repor t s

St ar t i ng Capabi l i t i es

Fact or y Test s
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Accept ance Checks And Test s;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Ef f i c i ency

Fact or y Test s

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

I nst r uct i ons;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

1. 4. 1   Cor r osi on Pr event i on and Fi ni sh Pai nt i ng

The equi pment  pr ovi ded under  t hese speci f i cat i ons wi l l  be subj ect ed t o 
sever e moi st ur e condi t i ons.  Desi gn t he equi pment  t o r ender  i t  r esi st ant  t o 
cor r osi on f r om such exposur e.   The gener al  r equi r ement s t o be f ol l owed t o 
mi t i gat e cor r osi on ar e speci f i ed bel ow.   Any addi t i onal  speci al  t r eat ment  
or  r equi r ement  consi der ed necessar y f or  any i ndi v i dual  i t ems i s speci f i ed 
under  t he r espect i ve i t em.   However ,  ot her  cor r osi on- r esi st i ng t r eat ment s 
t hat  ar e t he equi val ent  of  t hose speci f i ed her ei n may,  wi t h t he appr oval  
of  t he Cont r act i ng Of f i cer ,  be used.

1. 4. 1. 1   Fast eni ngs and Fi t t i ngs

Wher e pr act i cabl e,  al l  scr ews,  bol t s,  nut s,  pi ns,  st uds,  spr i ngs,  washer s,  
and ot her  s i mi l ar  f i t t i ngs must  be of  cor r osi on- r esi st i ng mat er i al  or  must  
be t r eat ed i n an appr oved manner  t o r ender  t hem r esi st ant  t o cor r osi on.

1. 4. 1. 2   Cor r osi on- Resi st i ng Mat er i al s

Cor r osi on- r esi st i ng st eel ,  copper ,  br ass,  br onze,  copper - ni ckel ,  and 
ni ckel - copper  al l oys ar e accept abl e cor r osi on- r esi st i ng mat er i al s.

1. 4. 1. 3   Cor r osi on- Resi st i ng Tr eat ment s

Hot - di p gal vani z i ng must  be i n accor dance wi t h ASTM A123/ A123M or  
ASTM A153/ A153M as appl i cabl e.   Ot her  cor r osi on- r esi st i ng t r eat ment s may 
be used i f  appr oved by t he Cont r act i ng Of f i cer .

1. 4. 1. 4   Fr ames

Cl ean r ust ,  gr ease,  mi l l scal e,  and di r t  f r om mot or  f r ames,  end bel l s,  
cover s,  condui t  boxes,  and any ot her  par t s,  i f  of  st eel ,  and i f  t hey wi l l  
be coat ed dur i ng t he pr ocess of  i nsul at i ng t he wi ndi ngs.   Then t r eat  and 
r i nse i n accor dance wi t h manuf act ur er ' s st andar d pr ocess.   I f  any of  t he 
above- l i s t ed par t s ar e not  coat ed dur i ng t he pr ocess of  i nsul at i ng t he 
wi ndi ngs t hen,  i n addi t i on t o t he above,  gi ve t he par t s one coat  of  pr i mer  
and t hen t wo coat s of  manuf act ur er ' s st andar d moi st ur e- r esi st ant  coat i ng,  
pr ocessed as r equi r ed.

1. 4. 1. 5   Cor es

Thor oughl y c l ean and i mmedi at el y pr i me t he assembl ed mot or  cor e by 
appl y i ng a mi ni mum of  t wo coat s of  a moi st ur e- r esi st i ng and oi l - r esi st i ng 
i nsul at i ng compound.   Gi ve ai r  gap sur f aces a mi ni mum of  one coat .
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1. 4. 1. 6   Shaf t s

Cl ean r ust ,  gr ease,  and di r t  f r om exposed sur f aces of  mot or  shaf t s.   
Except  f or  bear i ng sur f aces,  gi ve mot or  shaf t s one coat  of  a z i nc 
mol ybdat e or  equi val ent  pr i mer  and t wo coat s of  a moi st ur e- pr oof  coat i ng,  
each cur ed as r equi r ed.   Shaf t s of  a cor r osi on- r esi st i ng st eel  may be used 
i n l i eu of  t he above t r eat ment .

1. 4. 1. 7   Fi ni sh Pai nt i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  sever el y moi st  condi t i ons exi st ,  a 
separ at e pai nt  syst em shoul d be speci f i ed usi ng 
Sect i on 09 97 02 PAI NTI NG:   HYDRAULI C STRUCTURES,  
syst em 21,  epoxy f i ni sh or  equi val ent .   When such 
pai nt i ng i s speci f i ed,  car e must  be t aken t o speci f y 
a pai nt  t hat  wi l l  adher e t o and not  be i nj ur i ous t o 
t he pr ot ect i ve pai nt i ng pr ovi ded under  t hese 
speci f i cat i ons.

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

Fi ni sh pai nt i ng of  al l  equi pment  must  be i n accor dance wi t h t he st andar d 
pr act i ce or  r ecommendat i on of  t he manuf act ur er  f or  t he i nst al l ed 
condi t i ons,  as appr oved by t he Cont r act i ng Of f i cer .

1. 4. 2   Gover nment  St udy

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I t em d.  may be used onl y when t he pump and 
mot or  ar e f ur ni shed under  t he same pr ocur ement .

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

Submi t  t he speci f i ed dat a.   Suppl y t o t he Gover nment ,  f or  compl et i on of  
i t s  Mot or  Tor que and Accel er at i ng Ti me St udi es ( MTATS) ,  t he f ol l owi ng dat a:

a.   Compl et e equi val ent  c i r cui t  dat a r ef er r ed t o t he st at or  wi t h f r i c t i on,  
wi ndage,  and st r ay l oad l osses.

b.   Cur r ent ,  power  f act or ,  and t or que ver sus speed ( 0- 100 per cent ,  
i ncl usi ve,  i n 1 per cent  i ncr ement s up t o 95 per cent  and i n 0. 1 per cent  
i ncr ement s above 95 per cent )  and l oad ( 0- 125 per cent ,  i ncl usi ve,  i n 25 
per cent  i ncr ement s)  as a f unct i on of  l i ne vol t age ( f r om 80 per cent  t o 
110 per cent ,  i ncl usi ve,  i n 5 per cent  i ncr ement s) ,  f or  r at ed and 90 
per cent  of  r at ed vol t age at  st ar t er .   Onl y t abul at ed dat a wi l l  be 
r equi r ed.

c.   Load i ner t i a,  Wk2 of  mot or  r ot at i ng par t s,  pound- f oot s.

[ d.   Load i ner t i a,  Wk2 of  pump r ot at i ng par t s ( wet ) ,  pound- f oot 2. ]

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p each mot or  i n t he ver t i cal  posi t i on wi t h t he r ot or  bl ocked i nsi de t he 
st at or  t o pr event  damage t o t he bear i ngs.  Secur el y mount  t he mot or  on a 
ski d or  pal l et  of  ampl e s i ze.  Box al l  smal l  par t s or  el ement s.  Per f or m t he 
ski d mount i ng and boxi ng i n a manner  whi ch wi l l  pr event  damage or  
di st or t i on t o t he mot or  dur i ng l oadi ng,  shi pment ,  unl oadi ng,  i ndoor  
st or age,  and subsequent  handl i ng.  Pr ovi de weat her pr oof  cover s as necessar y 
t o pr ot ect  t he mot or  and appur t enances dur i ng shi pment .  [ Fur ni sh f or  
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unl oadi ng and handl i ng at  t he dest i nat i on any eyebol t s,  speci al  s l i ngs,  
st r ongbacks,  or  ot her  devi ces used i n l oadi ng t he equi pment  at  t he 
manuf act ur er ' s pl ant ,  and t hese i t ems must  become t he pr oper t y of  t he 
Gover nment . ]

[ 1. 5. 1   I mpact  Recor der

Shi p each mot or  wi t h a t hr ee- way t empor ar y i mpact  r ecor der  t o measur e 
magni t ude and di r ect i on of  l ongi t udi nal  ( Y) ,  l at er al  ( X) ,  and ver t i cal  ( Z)  
i mpact s suf f er ed dur i ng shi pment .  I f  t he r ecor der  i ndi cat es i mpact s equal  
t o or  gr eat er  t han l i mi t s det er mi ned by t he Cont r act or  pr i or  t o shi pment  
f or  any of  t he t hr ee di r ect i ons speci f i ed her ei n,  i nspect  and t est  mot or  
t o det er mi ne ext ent  of  damage,  i f  any,  and r epai r  or  r epl ace any damaged 
equi pment .

] [ 1. 5. 2   Long Ter m St or age

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t hi s par agr aph onl y
when t her e i s no avai l abl e Gover nment  st or age.

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

St or e al l  pr ovi ded equi pment  pr ovi ded f or  [ _]  [ days] [ mont hs] .  The st or age 
si t e must  meet  t he manuf act ur er ' s r ecommendat i ons f or  i ndoor  st or age.  The 
equi pment  wi l l  be subj ect  t o per i odi c i nspect i on by t he Gover nment  t o 
ensur e t hat  pr oper  st or age condi t i ons ar e mai nt ai ned.  Submi t  t he st or age 
si t e descr i pt i on,  l ocat i on,  descr i pt i on of  envi r onment al  cont r ol s,  and 
means of  access.

] 1. 6   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es.

PART 2   PRODUCTS

2. 1   NAMEPLATES

Pr ovi de namepl at es f or  each mot or  wi t h mot or  char act er i st i cs i n accor dance 
wi t h NEMA MG 1.  Namepl at es must  i ncl ude r at ed vol t age,  r at ed f ul l - l oad 
amper es,  r at ed hor sepower ,  ser vi ce f act or ,  number  of  phases,  RPM at  r at ed 
l oad,  f r equency,  code l et t er ,  l ocked- r ot or  amper es,  dut y r at i ng,  
i nsul at i on syst em desi gnat i on,  and maxi mum ambi ent  desi gn t emper at ur e.

2. 2   GUARDS AND PROTECTI VE ENCLOSURES

For  al l  movi ng,  ener gi zed,  or  ot her  par t s wher e acci dent al  cont act  mi ght  
be hazar dous t o per sonnel ,  equi p wi t h adequat e guar ds,  r ai l s,  or  ot her  
sui t abl e encl osur es t o pr event  acci dent al  cont act .  For  al l  l ubr i cat i on 
f i t t i ngs,  pi pe t o conveni ent  l ocat i ons wher e f i t t i ngs can be ser vi ced.

2. 3   MOTORS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  weak sour ce ( hi gh Theveni n sour ce 
i mpedance) ,  t he el ect r i c ut i l i t y  must  be cont act ed 
t o det er mi ne st ar t i ng r est r i ct i ons,  maxi mum i nr ush,  
or  vol t age di p l i mi t s.   Thi s i s especi al l y cr i t i cal  
f or  mot or s over  75kW 100 hp.    The desi gner  must  
t hen per f or m a Mot or  Tor que and Accel er at i ng Ti me 
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St udy ( MTATS)  t o eval uat e t he mot or  st ar t i ng t or que 
and vol t age di p r equi r ement .   The sel ect i on of  a 
r educed vol t age st ar t er  must  t hen be based on t he 
el ect r i c ut i l i t y  r equi r ement s and t he mot or  pump 
ar r angement .

NEMA MG 1,  Par t  31,  cover s def i ni t e pur pose 
i nver t er - f ed pol yphase mot or s r at ed 5000 hor sepower  
or  l ess at  7200 vol t s or  l ess.   I f  t he desi gner  
det er mi nes t he need t o speci f y i nver t er - dut y mot or s;  
due t o const ant  t or que r equi r ement s,  a speed r ange 
beyond st andar d dut y namepl at e,  wher e speed 
synchr oni zat i on or  ot her  r easons,  t he desi gner  must  
ensur e t he mot or  meet s speci f i cat i ons i n NEMA MG 1 
Par t  31.

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

The mot or s t o be suppl i ed under  t hese speci f i cat i ons must  be of  t he 
ver t i cal  shaf t  t ype as r equi r ed by t he pump manuf act ur er ,  nor mal  or  l ow 
st ar t i ng t or que,  l ow st ar t i ng cur r ent ,  squi r r el - cage i nduct i on t ype,  
desi gned f or  f ul l  vol t age st ar t i ng,  of  dr i p- pr oof  const r uct i on,  and  
conf or mi ng t o t he appl i cabl e r equi r ement s of  NEMA MG 1,  except  as 
her ei naf t er  speci f i ed.

a.   Submi t  equi pment  f oundat i on di mensi ons;  out l i ne dr awi ngs wi t h wei ght s,  
namepl at e dat a,  and det ai l s showi ng met hod of  mount i ng and anchor i ng 
t he mot or .   Obt ai n Cont r act i ng Of f i cer ' s appr oval  i n wr i t i ng pr i or  t o 
t he commencement  of  manuf act ur e of  mot or s.

b.   Submi t  compl et e descr i pt i ve speci f i cat i on of  each t ype and si ze mot or  
pr ovi ded,  wi t h necessar y cut s,  phot ogr aphs,  and dr awi ngs t o c l ear l y 
i ndi cat e t he const r uct i on of  t he mot or ,  t he mat er i al s and t r eat ment s 
used t o pr event  cor r osi on of  par t s,  bear i ng const r uct i on,  and t ype of  
i nsul at i on used on al l  wi ndi ngs.

c.   Submi t  al l  i nf or mat i on r equi r ed f or  sel ect i on of  pr ot ect i ve and 
cont r ol  equi pment  and f or  oper at i onal  set t i ng,  such as,  but  not  
l i mi t ed t o,  nor mal  and maxi mum oper at i on t emper at ur e f or  wi ndi ngs and 
bear i ngs,  over l oad t r i p set t i ng f or  mot or  at  pump maxi mum head 
condi t i on and st ar t i ng t i mes f or  st ar t i ng at  r at ed and 90 per cent  
st ar t er  vol t age.

2. 3. 1   Rat i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   NEMA MG 1,  Par t s 10 and 20,  cover  medi um and 
l ar ge i nduct i on mot or s,  r espect i vel y.   Any mot or  
speci f i ed by speed and hor sepower  wi l l  be i ncl uded 
i n ei t her  Par t  10 or  Par t  20.   Ref er ences t o bot h 
par t s ar e l i s t ed i n some cases,  as ei t her  or  bot h 
par t s may appl y t o a par t i cul ar  pr oj ect .

Consul t  t he l ocal  el ect r i c ut i l i t y  f or  t he expect ed 
vol t age unbal ance t hat  wi l l  be pr esent .  I f  t he val ue 
exceeds 1 per cent ,  ask t he ut i l i t y  t o f ur ni sh t hei r  
pl ans t o i mpr ove t he vol t age unbal ance.  Use NEMA MG 
1 t o der at e t he mot or  i f  t he vol t age unbal ance 
exceeds 1 per cent .  Vol t age unbal ance must  not  exceed 
5 per cent .  Consul t  mot or  manuf act ur er s f or  vol t age 
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unbal ance l i mi t s whenever  mot or s have speci f i ed 
l i mi t s on l ocked- r ot or  cur r ent s,  par t i cul ar l y t he 
500- per cent  l i mi t .

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

Wi nd each mot or  f or  t hr ee- phase,  60- Hz,  al t er nat i ng cur r ent ,  and f or  t he 
r espect i ve oper at i ng vol t age l i s t ed bel ow:

PLANT PUMP SERVI CE MOTOR OPERATI NG
VOLTAGE

[ _____] [ _____] [ _____] [ _____]

[ _____] [ _____] [ _____] [ _____]

Desi gn t he mot or  f or  oper at i on i n a 40 degr ees C 105 degr ees Fambi ent  
t emper at ur e,  and al l  t emper at ur e r i ses must  be above t hi s ambi ent  
t emper at ur e.   The r at ed hor sepower  of  t he mot or  must  be not  l ess t han 110 
per cent  of  t he det er mi ned maxi mum l oad r equi r ement  of  t he pump.   [ Suppl y 
vol t age unbal ance wi l l  be [ _]  per cent ,  and t he mot or  must  pr ovi de t he 
i ndi cat ed hor sepower  af t er  t he vol t age unbal ance der at i ng of  NEMA MG 1 
par agr aph 20. 24.   ] Mot or s must  have a ser vi ce f act or  of  1. 0 or  must  be 
appl i ed usi ng a ser vi ce f act or  of  1. 0 i f  st andar d ser vi ce f act or  i s 
gr eat er  t han 1. 0.   The t emper at ur e r i se above t he ambi ent  t emper at ur e f or  
cont i nuous r at ed f ul l - l oad condi t i ons and f or  t he c l ass of  i nsul at i on used 
must  not  exceed t he val ues gi ven i n NEMA MG 1,  par agr aph 12. 42 or  
par agr aph 20. 8.

2. 3. 2   Oper at i ng Char act er i st i cs

2. 3. 2. 1   Tor ques

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The " Oper at i ng Char act er i st i cs"  speci f i ed ar e 
t o l i mi t  t he l ocked- r ot or  cur r ent  t o a val ue 
suf f i c i ent l y l ow t o per mi t  f ul l - vol t age st ar t i ng.   
Manuf act ur er ' s st andar d i s t o l i mi t  l ocked- r ot or  
cur r ent  t o 600 per cent  of  desi gn f ul l - l oad cur r ent .   
However ,  i f  l ocal  condi t i ons ar e such t hat  l ower  
st ar t i ng cur r ent  i s desi r abl e,  t he l ocked- r ot or  
cur r ent  may be speci f i ed not  t o exceed 500 per cent  
of  t he desi gn f ul l - l oad cur r ent .   When 500 per cent  
i s speci f i ed,  t he br eakdown t or que of  150 per cent  of  
f ul l - l oad t or que wi l l  be used.   The desi gner  wi l l  
not e t hat  t hese per cent ages ar e f or  desi gn f ul l - l oad 
cur r ent  at  r at ed power  f act or  and wi l l  var y based on 
act ual  l oad and suppl y condi t i ons.   Desi gner  shoul d 
consul t  l ocal  ut i l i t y  f or  act ual  r equi r ement s f or  
l i mi t at i ons on i nr ush cur r ent s.   When i nr ush cur r ent  
cannot  be suf f i c i ent l y l i mi t ed by mot or  desi gn,  a 
r educed vol t age st ar t er  wi l l  be used.

When r educed vol t age st ar t i ng i s r equi r ed,  c l osed 
t r ansi t i on aut ot r ansf or mer  t ype r educed vol t age 
st ar t er s shoul d be used.   These st ar t er s pr ovi de t he 
most  f l exi bi l i t y  dur i ng i nst al l at i on s i nce bot h 
i nput  vol t age and i nr ush cur r ent  may be adj ust ed.

Thi s speci f i cat i on i s not  meant  t o l i mi t  t he 
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sel ect i on of  a r educed vol t age st ar t er  t o onl y 
aut ot r ansf or mer  t ype.   The use of  a wye- del t a or  
sol i d- st at e t ype st ar t er  may be appr opr i at e i n 
cer t ai n s i t uat i ons.   The r educed st ar t er  cost  f or  
use of  ot her  t han aut ot r ansf or mer  t ype st ar t er s must  
be wei ghed agai nst  t he i ncr eased cost  i n mot or  
desi gns;  however  each desi gn shoul d be eval uat ed f or  
t he most  sui t abl e t ype st ar t er .   Al l  r educed vol t age 
st ar t er s wi l l  r educe t he mot or  st ar t i ng t or que,  so 
t he desi gner  shoul d eval uat e t he l oad 
char act er i st i cs t o ensur e t hat  mot or  t or que wi l l  be 
suf f i c i ent  under  al l  st ar t i ng condi t i ons.   I f  
r educed- kVA st ar t er s ar e r equi r ed,  EM 1110- 2- 3105 
shoul d be consul t ed f or  f ur t her  gui dance and 
possi bl e pump desi gn consi der at i ons.

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

St ar t i ng t or que must  be suf f i c i ent  t o st ar t  t he pump t o whi ch t he mot or  
wi l l  be connect ed under  t he maxi mum condi t i ons speci f i ed,  but  i n no case 
must  t he st ar t i ng t or que be l ess t han 60 per cent  of  f ul l - l oad t or que.   
Br eakdown t or que must  be not  l ess t han [ 200]  [ 150]  per cent  of  f ul l - l oad 
t or que.

2. 3. 2. 2   Locked- Rot or  Cur r ent

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The obj ect i ve of  t hi s speci f i cat i on i s t o 
l i mi t  t he l ocked- r ot or  cur r ent  t o a val ue 
suf f i c i ent l y l ow t o per mi t  f ul l - vol t age st ar t i ng.  
The mot or  hor sepower  r at i ng i s t o be a mi ni mum of  
110 per cent  of  t he maxi mum pump l oad at  a ser vi ce 
f act or  of  1. 0.  Manuf act ur er ' s st andar d i s t o l i mi t  
l ocked- r ot or  cur r ent  t o 600 per cent  of  f ul l  l oad 
cur r ent .  However ,  l ocal  ut i l i t i es may have 
addi t i onal  l i mi t at i ons on i nr ush cur r ent s and shoul d 
be consul t ed t o suppl y i nf or mat i on r equr i ed i n t hi s 
par agr aph.  Mot or  desi gn wi l l  per mi t  some r educt i on 
i n i nr ush cur r ent  i n whi ch case 500 per cent  shoul d 
be used.  I f  t hi s i s not  suf f i c i ent ,  r educed- vol t age 
st ar t i ng shoul d be used.  The i nr ush cur r ent  l i mi t  
shoul d be speci f i ed whenever  possi bl e.  The 
r equi r ement s f or  l ocked- r ot or  cur r ent  ( i nr ush)  must  
be coor di nat ed wi t h power  f act or  and ef f i c i ency 
r equi r ement s bel ow.

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

The l ocked- r ot or  cur r ent  must  not  exceed [ 600]  [ 500]  per cent  of  nor mal  
f ul l - l oad r unni ng cur r ent .   [ The l ocked- r ot or  cur r ent  must  not  exceed 
[ _____]  amps at  90 per cent  of  r at ed vol t age dur i ng any poi nt  i n t he 
st ar t i ng cycl e under  wor st  case st ar t i ng condi t i ons.   For  r educed vol t age 
st ar t i ng,  appl y t he above cr i t er i a t o suppl y s i de of  t he st ar t er . ]

2. 3. 2. 3   St ar t i ng Capabi l i t i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fr equency of  st ar t i ng must  al ways be 
consi der ed i n mot or  appl i cat i ons.   The st ar t i ng 
capabi l i t i es t o be met  by al l  mot or s ar e set  f or t h 
bel ow.   However ,  t he act ual  mot or  dut y cycl e shoul d 
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be speci f i ed i n par agr aph DUTY CYCLE,  al ong wi t h t he 
r equi r ement  f or  t he speci al  mot or  st ar t i ng 
namepl at e.   Undoubt edl y,  t hese st ar t i ng capabi l i t i es 
wi l l  be adequat e i n most  cases si nce t he act ual  l oad 
i ner t i a,  WK2 of  t he pumps i s much l ess t han t he NEMA 
val ues,  t he l oad t or que i s l ow,  and t he f r equency of  
st ar t i ng ( number  of  st ar t s per  uni t  of  t i me)  i s 
l ow.   When t he f r equency of  st ar t i ng i s sever al  
t i mes per  hour ,  or  t he l oad t or que i s hi gh,  a 
t hor ough st udy and per haps a modi f i ed mot or  may be 
r equi r ed.   To ensur e t hat  al l  r equi r ement s of  t he 
speci f i cat i ons ar e met ,  submi t t al  of  t he oper at i ng 
dat a shoul d be r equi r ed.   I t  i s  possi bl e t hat  wi t h 
hi gher  st ar t i ng f r equenci es t he r ot or  may have t o 
oper at e at  t emper at ur es hi gher  t han t ypi cal ,  so t hat  
modi f i cat i ons woul d be r equi r ed.

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

Lar ge mot or s,  on t he basi s of  t he l oad t or que char act er i st i cs and t he l oad 
i ner t i a Wk2 l i s t ed i n NEMA MG 1,  par agr aphs 20. 10 and 20. 11,  must  as a 
mi ni mum be capabl e of  maki ng t he st ar t s r equi r ed i n NEMA MG 1,  par agr aph 
20. 12.   Smal l er  mot or s must  conf or m t o t he r equi r ement s i n NEMA MG 1,  
par agr aph 12. 54.   Submi t  cer t i f i ed t est  r epor t s,  when avai l abl e,  of  t est s 
pr evi ousl y per f or med on mot or s of  each t ype and si ze speci f i ed or  
cal cul at ed dat a t o subst ant i at e t he mot or ' s capabi l i t y  t o conf or m t o t he 
speci f i ed r equi r ement s.

2. 3. 2. 4   Dut y Cycl e

Submi t  an anal ysi s t o ver i f y t hat  t he mot or ,  when oper at ed i n accor dance 
wi t h t he dut y cycl e speci f i ed,  wi l l  not  under go i nj ur i ous t emper at ur e 
r i se.   I f  t he dut y cycl e cannot  be met  wi t h a st andar d NEMA desi gn mot or ,  
t he mot or  manuf act ur er  must  pr ovi de a descr i pt i on of  pr oposed 
modi f i cat i ons t o pr ovi de such compl i ance.   Each mot or ,  when oper at i ng at  
r at ed vol t age and f r equency and on t he basi s of  t he connect ed pump l oad 
i ner t i a Wk2 and t he speed- t or que char act er i st i cs of  t he l oad dur i ng 
st ar t i ng condi t i ons as f ur ni shed by t he pump manuf act ur er ,  must  be capabl e 
of  per f or mi ng on a cont i nuous basi s t he f ol l owi ng mot or  dut y cycl e wi t hout  
i nj ur i ous t emper at ur e r i se:   [ oper at i on at  r at ed l oad over  a per i od of  
appr oxi mat el y [ _____]  [ hour s]  [ days] ]  [ a r unni ng per i od at  r at ed l oad of  
not  l ess t han [ _____]  [ mi nut es]  [ hour s]  and a st andst i l l  per i od of  not  
l ess t han [ _____]  [ mi nut es]  [ hour s] . ]   Pr ovi ded on each mot or  a st ar t i ng 
i nf or mat i on namepl at e set t i ng f or t h t he st ar t i ng capabi l i t i es.   Thi s 
namepl at e must  al so i ncl ude t he mi ni mum t i me at  st andst i l l  and t he mi ni mum 
r unni ng t i me pr i or  t o an addi t i onal  st ar t .

2. 3. 2. 5   Bal ance

The bal ance f or  each mot or  when measur ed i n accor dance wi t h NEMA MG 1,  
Par t  7,  must  not  exceed t he val ues speci f i ed.   [ Each mot or ' s 
char act er i st i cs must  meet  t he pr ovi s i ons of  Sect i on 35 45 01 VERTI CAL 
PUMPS,  AXI AL- FLOW AND MI XED- FLOW I MPELLER- TYPE. ]

2. 3. 2. 6   Noi se

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  The Depar t ment  of  Def ense ( DoD)  consi der s 
hazar dous noi se exposur e of  per sonnel  as equi val ent  
t o 85 deci bel s or  gr eat er  A- wei ght ed sound pr essur e 
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l evel  ( dBA)  f or  8 hour s i n any one 24- hour  per i od.   
On t he assumpt i on t hat  pumpi ng pl ant  oper at i ng 
per sonnel  may be exposed t o noi se l evel s appr oachi ng 
or  exceedi ng t hat  def i ned by t he DOD as hazar dous,  
t he mot or  noi se l i mi t  shoul d be speci f i ed not  t o 
exceed 85 dBA.   The addi t i onal  cost  of  pr ovi di ng 
mot or s meet i ng t hi s r equi r ement  shoul d be 
i nvest i gat ed and wei ghed agai nst  an al t er nat e of  
pr ovi di ng a r oom t o i sol at e t hese per sonnel  f r om t he 
noi se exposur e.

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

Al l  mot or s must  oper at e at  a noi se l evel  l ess t han 85 deci bel s A- wei ght ed 
mean sound pr essur e l evel  ( dBA) .   Det er mi ne noi se i n accor dance wi t h 
NEMA MG 1 Par t  9.   The speci f i ed noi se l i mi t  appl i es f or  a r ef er ence 
di st ance of  one met er  f or  f r ee- f i el d condi t i ons.

2. 3. 2. 7   Ef f i c i ency

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The Ener gy Pol i cy Act  of  2007 ( as amended)  
r equi r es NEMA MG 1 pr emi um ef f i c i ency f or  many 
gener al  pur pose el ect r i c mot or s up t o 200 HP.  
Cl ose- coupl ed pump mot or s up t o 200 HP and NEMA 
Desi gn B mot or s f r om 200 HP up t o 500 HP must  be 
NEMA MG 1 ener gy ef f i c i ent .

Ener gy ef f i c i ent :  NEMA MG 1,  Tabl e 12. 11
Pr emi um ef f i c i ent :  NEMA MG 1,  Tabl e 12. 12

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

The t est ed f ul l  l oad ef f i c i ency must  meet  or  exceed t he mi ni mum val ue 
l i s t ed i n NEMA MG 1 Tabl e 12. [ 11] [ 12] .   The namepl at e f ul l  l oad ef f i c i ency 
must  meet  or  exceed t he nomi nal  val ue l i s t ed i n NEMA MG 1 Tabl e 12[ 11] [ 12] .

2. 3. 3   Fr ames and Br acket s

Fr ames and end br acket s must  be of  cast  i r on,  cast  st eel ,  or  wel ded 
st eel .   The mount i ng r i ng,  unl ess ot her wi se appr oved,  must  be bui l t  
i nt egr al  wi t h t he f r ame or  l ower  end br acket  and ar r anged f or  di r ect  
mount i ng on t he pump,  or  st at i on f l oor ,  or  as r equi r ed by t he i nst al l at i on 
condi t i ons.   Tr eat ment  agai nst  cor r osi on must  be as speci f i ed i n par agr aph 
QUALI TY ASSURANCE.

2. 3. 3. 1   St at or  Fr ame

The st at or  f r ame must  be r i gi d and suf f i c i ent l y st r ong t o suppor t  t he 
wei ght  of  t he upper  bear i ng br acket  l oad,  t he wei ght  of  t he st at or  cor e 
and wi ndi ngs,  and t o sust ai n t he oper at i ng t or ques wi t hout  per cept i bl e 
di st or t i on.   Suppor t  t he st at or  f r ame,  i f  not  di r ect l y mount ed on t he 
pump,  on a mot or  base or  dr i ve pedest al  whi ch i n t ur n wi l l  be suppor t ed on 
sol e pl at es or  ot her  sui t abl e st r uct ur e i nst al l ed i n t he concr et e 
f oundat i on const r uct ed as par t  of  t he pumpi ng st at i on st r uct ur e.   Pr ovi de 
t he mot or  base or  dr i ve pedest al  wi t h bol t s and dowel s f or  f ast eni ng t o 
t he sol e pl at es or  suppor t i ng st r uct ur e f or  pr eser vi ng t he al i gnment .

2. 3. 3. 2   Suppor t i ng Br acket

The upper  br acket  suppor t i ng t he t hr ust  bear i ng and upper  gui de bear i ngs 
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must  have suf f i c i ent  st r engt h and r i gi di t y t o suppor t  t he wei ght  of  t he 
ent i r e r ot at i ng el ement  of  t he mot or ,  t oget her  wi t h t he pump i mpel l er  and 
shaf t ,  and t he hydr aul i c t hr ust  of  t he pump i mpel l er .

[ 2. 3. 3. 3   Over speed Al t er nat e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   NEMA MG 1 par agr aphs 12. 48 and 20. 44 speci f y 
t hat  over speeds ar e f or  emer genci es l ast i ng no 
l onger  t han t wo mi nut es.   Usi ng t hi s opt i on wi l l  add 
cost s due t o r equi r ement s wel l  beyond st andar d 
l i mi t s.

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

Desi gn each mot or  t o wi t hst and i ndef i ni t el y,  wi t hout  i nj ur y,  t he maxi mum 
over speed t o whi ch t he mot or  wi l l  be subj ect ed when t he pump t o whi ch i t  
i s  connect ed i s act i ng as a hydr aul i c t ur bi ne under  t he maxi mum head wi t h 
t he pump di schar ge pi pe open.

] 2. 3. 3. 4   Ant i r ever se Devi ce Al t er nat e

I nst al l ed as an i nt egr al  par t  of  t he mot or  a sel f - act uat ed backst op devi ce 
or  ant i r ever si ng r at chet ,  t o pr event  r ever se r ot at i on of  t he pump due t o 
l oss of  power  or  f ai l ur e of  t he el ect r i c pr i me mover .   Submi t  t he desi gn 
of  t he devi ce f or  appr oval  by t he Cont r act i ng Of f i cer .   The desi gn must  
have suf f i c i ent  capaci t y t o pr event  r ever se r ot at i on wi t h a back- f l ow 
t hr ough t he pump due t o a [ ___]  f oot  di f f er ent i al  head.   I f  t he devi ce 
r equi r es a l ubr i cat i on syst em,  pr ovi de an oi l  r eser voi r  i ndependent  of  t he 
one used f or  t he t hr ust  bear i ng and compl et e wi t h v i s i bl e oi l  l evel  gauge 
and 120- vol t  a. c.  r at ed hi gh and l ow l evel  cont act s.   Ter mi nat e al l  
el ect r i cal  l eads i n t he accessor y t er mi nal  box speci f i ed i n par agr aph 
MOTOR TERMI NALS AND BOXES.   The l ubr i cant  f or  t he ant i r ever se devi ce must  
cont ai n a cor r osi on i nhi bi t or .   Show t he t ype and gr ade of  l ubr i cant  on a 
speci al  namepl at e at t ached t o t he f r ame adj acent  t o t he l ubr i cat i ng 
f i l l i ng devi ce.

2. 3. 3. 5   Eyebol t s

Pr ovi de eyebol t s,  l ugs,  or  ot her  appr oved means f or  assembl i ng,  
di smant l i ng,  and r emovi ng t he mot or ,  i f  r equi r ed,  f r om above usi ng an 
over head cr ane.   Pr ovi de wi t h t he mot or  al l  l i f t i ng devi ces r equi r ed f or  
use i n conj unct i on wi t h t he cr ane.

2. 3. 4   Cor es

The cor es f or  t he st at or s and r ot or s must  be bui l t  up of  separ at el y 
punched t hi n l ami nat i ons of  l ow- hyst er esi s l oss,  nonagi ng,  anneal ed,  
el ect r i cal  s i l i con st eel ,  assembl ed under  heavy pr essur e,  and cl amped i n 
such a manner  as t o ensur e t hat  t he assembl ed cor e i s t i ght  at  t he t op of  
t he t eet h of  t he l ami nat ed cor e.   Pr oper l y i nsul at e l ami nat i ons f r om each 
ot her .   Use onl y l ami nat i ons f r ee f r om bur r s,  and r emove al l  bur r s or  
pr oj ect i ng l ami nat i ons f r om t he sl ot s of  t he assembl ed cor es.   Cor es must  
be keyed,  dovet ai l ed,  or  ot her wi se secur ed t o t he shaf t  or  f r ame i n an 
appr oved manner .   Tr eat ment  agai nst  cor r osi on must  be as speci f i ed i n 
par agr aph QUALI TY CONTROL.

2. 3. 5   I nsul at ed Wi ndi ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   I f  mot or  t emper at ur e r i se i s of  par t i cul ar  
concer n,  t he desi gner  may speci f y Cl ass F i nsul at i on 
wi t h a Cl ass B t emper at ur e r i se i nst ead of  Cl ass F 
i nsul at i on wi t h 110 per cent  cont i nuous over l oad 
f act or .   Use f i nal  sent ence of  i t em f .  onl y when t he 
pump and mot or  ar e f ur ni shed under  t he same 
pr ocur ement .

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

Al l  mot or s must  have a nonhygr oscopi c,  seal ed,  f ungus- r esi st i ng 
i nsul at i on  of  a t ype desi gned and const r uct ed t o wi t hst and sever e 
moi st ur e condi t i ons,  and i nsof ar  as pr act i cabl e,  t o oper at e af t er  l ong 
per i ods of  i dl eness wi t hout  pr evi ous dr yi ng out .   Al l  wi ndi ngs and 
connect i ons must  be of  t he seal ed t ype as def i ned i n NEMA MG 1 par agr aph 
1. 27. 2.   I f ,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  t he i nsul at i on 
pr oposed i s not  of  t he qual i t y speci f i ed,  t he mot or s wi l l  not  be 
accept ed.   Submi t  mot or  desi gn cur ves and mot or  speed- t or que cur ves,  as 
speci f i ed.   Unl ess ot her wi se appr oved,  compl et el y assembl e i nsul at ed 
wi ndi ngs i n t he mot or  cor e bef or e i mpr egnat i ng wi t h t he i nsul at i ng 
compound.   The compound must  consi st  of  100 per cent  sol i d r esi n.

a.   I mpr egnat i on of  t he wi ndi ngs wi t h t he i nsul at i ng compound must  be by 
vacuum i mpr egnat i on met hod f ol l owed by baki ng.   Repeat  t he pr ocedur e 
as of t en as necessar y t o f i l l  i n and seal  over  t he i nt er st i ces of  t he 
wi ndi ng,  but  i n no case must  t he number  of  di ps and bakes be l ess t han 
t wo di ps and bakes when t he vacuum met hod of  i mpr egnat i on i s used.   
The compl et ed st at or  must  be of  a t ype t hat  i s capabl e of  passi ng t he 
submer ged or  spr ayed wat er  t est ,  as appl i cabl e,  r equi r ed by NEMA MG 1 
par agr aph 12. 62 and 20. 18.

b.   Random wound coi l s may be used on mot or s suppl i ed i n NEMA f r ame si ze 
445 TP and smal l er .   The component s of  t he i nsul at i on syst em and t he 
conduct or  i nsul at i on of  t he coi l s must  be Cl ass F i nsul at i on wi t h a 
1. 15 ser vi ce f act or  as def i ned i n NEMA MG 1 par agr aph 1. 66.   Af t er  
wi ndi ng,  encapsul at e t he compl et el y wound st at or  wi t h an i nsul at i ng 
r esi n as def i ned i n NEMA MG 1 par agr aph 1. 27. 1.

c.   Use f or m wound coi l s on mot or s suppl i ed i n NEMA f r ames l ar ger  t han 445 
TP.   The component s of  t he i nsul at i on syst em and t he coi l  i nsul at i on 
of  t he r ect angul ar  conduct or s must  conf or m t o Cl ass F i nsul at i on wi t h 
a 110 per cent  cont i nuous over l oad f act or  as def i ned i n NEMA MG 1,  
par agr aph 1. 66.   The compl et ed st at or  wi ndi ngs and connect i ons must  be 
of  t he seal ed t ype as def i ned i n NEMA MG 1par agr aph 1. 27. 2.

d.   I nsul at i on t o gr ound must  be pr ocessed on t he coi l .   Sl ot  t ubes or  
cel l s ar e not  accept abl e.   The i nsul at i on must  be of  adequat e 
t hi ckness and br eakdown st r engt h t hr oughout  t he l engt h of  t he coi l .   
Use mi ca i n t he s l ot  por t i on,  and mi ca must  be of  adequat e t hi ckness 
t o wi t hst and t he di el ect r i c t est s speci f i ed i n par agr aph FACTORY 
TESTS.   For m wound coi l s must  be of  such uni f or mi t y t hat  t he st at or  
wi ndi ngs on mot or s of  equal  r at i ngs must  be al i ke,  i n shape and si ze,  
and be i nt er changeabl e.

e.   Submi t  mot or  desi gn ( char act er i st i c)  cur ves or  t abul at ed dat a ( t est  or  
cal cul at ed) ,  i ndi cat i ng t he speed,  power  f act or ,  ef f i c i ency,  cur r ent ,  
and ki l owat t  i nput ,  al l  pl ot t ed or  t abul at ed agai nst  t or que or  per cent  
l oad as absci ssa.   The base val ue must  be gi ven whet her  ANSI  or  I EEE 
st andar d syst em i s used.   Pr ovi de t he maxi mum al l owabl e r ever se 
r ot at i on speed f or  t he mot or .
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f .   Submi t  [ pump and]  mot or  speed- t or que cur ves f or  t he pump st ar t i ng 
oper at i on.   Pl ot  t he mot or  speed- t or que cur ves f or  t he f ol l owi ng 
val ues of  vol t age at  t he mot or  t er mi nal s:   The out put  of  t he [ c l osed 
t r ansi t i on aut o- t r ansf or mer - t ype r educed vol t age]  [ _____]  st ar t er  
suppl i ed at  r at ed and 90 per cent  of  r at ed mot or  vol t age [ and connect ed 
on i t s 65 per cent  and 80 per cent  t aps] .   [ Pl ot  t he pump t or que cur ve 
f or  st ar t i ng and accel er at i ng agai nst  maxi mum head.   Fur ni sh 
comput at i ons t o demonst r at e t hat  t he mot or  f ur ni shed wi l l  car r y t he 
pump l oad under  al l  t he f or egoi ng condi t i ons. ]

g.   Coi l s of  al l  wi ndi ngs must  be f ul l y br aced so t hat  v i br at i on i s 
v i r t ual l y el i mi nat ed dur i ng r epeat ed st ar t s as r equi r ed by t he dut y 
cycl e speci f i ed as wel l  as dur i ng nor mal  oper at i on.   I f  a t i ed syst em 
i s used i t  must  be such t hat  no t i e depends upon t he i nt egr i t y of  any 
ot her  t i e wi t hi n t he syst em.

2. 3. 6   Ther mal  Pr ot ect i on

For  mot or s r at ed 6000 hp or  gr eat er ,  pr ovi de r esi st ance t emper at ur e 
det ect or s ( t wo per  phase)  i n accor dance wi t h NEMA MG 1,  par agr aph 20. 27.   
Det ect or s must  have a copper  r esi st ance el ement  havi ng a r esi st ance of  10 
ohms at  25 degr ees C 76 degr ees F.   Ter mi nat e l eads on t he t er mi nal  bl ocks 
speci f i ed i n par agr aph MOTOR TERMI NALS AND BOXES.   For  mot or s r at ed l ess 
t han 6000 hp,  embed r esi st ance t emper at ur e dect or s ( one per  phase)  i n t he 
wi ndi ngs.   The det ect or s wi t h al l  necessar y addi t i onal  equi pment ,  as 
r equi r ed,  must  pr event  mot or  oper at i on when t he cr i t i cal  t emper at ur e i s 
r eached.   Ter mi nat e al l  out goi ng wi r i ng on t he t er mi nal  bl ocks speci f i ed 
i n par agr aph MOTOR TERMI NALS AND BOXES.

2. 3. 7   Wi ndi ng Heat er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i ncl usi on or  omi ssi on of  " Wi ndi ng Space 
Heat er s"  wi l l  depend upon t he deci s i on r eached af t er  
gi v i ng due consi der at i on t o t he pr obl em of  
pr event i on of  moi st ur e condensat i on on t he st at i on 
equi pment .   I f  wi ndi ng space heat er s ar e not  
r equi r ed,  t hi s par agr aph,  i ncl udi ng al l  
subpar agr aphs,  must  be del et ed.

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

Wr ap heat er s ar ound t he wi ndi ng end t ur ns.   Desi gnat e heat er s f or  
oper at i on on 120 vol t s,  1- phase,  60 Hz,  al t er nat i ng cur r ent  and of  
suf f i c i ent  capaci t y or  wat t age t hat ,  when ener gi zed,  t hey wi l l  hol d t he 
t emper at ur e of  t he mot or  wi ndi ngs appr oxi mat el y 10 degr ees C above t he 
ambi ent  t emper at ur e.   Desi gn heat er s f or  cont i nuous oper at i on and t o 
wi t hst and at  l east  10 per cent  over vol t age cont i nuousl y.   The r at e of  heat  
di ssi pat i on must  be uni f or m t hr oughout  t he ef f ect i ve l engt h of  t he 
heat er .   Heat er s i nst al l ed ar ound t he wi ndi ng end t ur ns must  consi st  of  
t he r equi r ed t ur ns of  heat i ng cabl e wr apped ar ound t he end t ur ns and 
secur ed i n pl ace bef or e t he wi ndi ng i s i mpr egnat ed.

2. 3. 7. 1   Heat i ng El ement

Heat i ng el ement  must  conf or m t o t he r equi r ement s of  ASTM B344 f or  an 80 
per cent  ni ckel  and 20 per cent  chr omi um al l oy.
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2. 3. 7. 2   Sheat h

Sheat h must  be of  a cor r osi on- r esi st i ng,  nonoxi di z i ng met al  and must  have 
a wal l  t hi ckness not  l ess t han 0. 625 mm 0. 025 i nch.

2. 3. 7. 3   I nsul at i on

I nsul at i on must  be a gr anul ar  mi ner al  r ef r act or y mat er i al ,  hi ghl y 
r esi st ant  t o heat ,  and must  have a mi ni mum speci f i c  r esi st ance of  1, 000 
megohms per  i nch cubed at  535 degr ees C 1, 000 degr ees F.   I nsul at i on f or  
t he heat i ng cabl e ( wi ndi ng wr apar ound t ype)  t ype heat er s must  be sui t abl e 
f or  a conduct or  t emper at ur e of  180 degr ees C 356 degr ees F.

2. 3. 7. 4   Ter mi nal s

Ter mi nal s of  t he heat er ,  i ncl udi ng t he l eads,  must  be wat er t i ght .  Pr ovi de 
heat er  t er mi nal s wi t h l eads sui t abl e f or  maki ng connect i ons t o t he 
dr i p- pr oof  t er mi nal  box pr ovi ded i n par agr aph MOTOR TERMI NALS AND BOXES.   
[ The t er mi nal  box must  be r eadi l y accessi bl e t hr ough t he cr at i ng so t hat  
wi ndi ng heat er s can be ener gi zed whi l e mot or s ar e i n st or age. ]

2. 3. 8   Shaf t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Hol l ow shaf t  pumps must  be used whenever  
possi bl e,  s i nce t hey ar e mor e r eadi l y adj ust ed.   
Pumps r equi r i ng l ar ge mot or s ( above 746 kW 1, 000 hp)  
ar e l i mi t ed by t he avai l abl e mot or s.   The exact  
mot or  capabi l i t i es and sour ces of  suppl y must  be 
i nvest i gat ed when usi ng hol l ow shaf t s wi t h mot or s 
above 746 kW 1, 000 hp.   Sol i d shaf t s must  be used 
onl y when t he avai l abl e mot or  desi gns r equi r e t hei r  
use.

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

Shaf t s must  be made of  hi gh gr ade st eel ,  f i ni shed al l  over ,  and of  ampl e 
s i ze t o dr i ve t he pumps under  maxi mum l oad condi t i ons.   Shaf t s must  be of  
[ hol l ow]  [ sol i d]  t ypes as r equi r ed by t he pump manuf act ur er .   See 
par agr aph QUALI TY ASSURANCE f or  t r eat ment  agai nst  cor r osi on.   Coor di nat e 
t he connect i on wi t h t he pump shaf t .

2. 3. 9   Bear i ngs

2. 3. 9. 1   Loadi ng

Bear i ngs must  be capabl e of  wi t hst andi ng al l  st r esses i nci dent al  t o t he 
nor mal  oper at i on of  t he uni t  [ and t he maxi mum speed of  t he pumpi ng uni t  
when oper at i ng i n t he r ever se di r ect i on] .

2. 3. 9. 2   Thr ust  Bear i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I f  t he t hr ust  r equi r ement s exceed t he st andar d 
publ i shed r at i ngs of  commer ci al l y avai l abl e 
ant i - f r i c t i on t hr ust  bear i ngs,  pl at e- t ype bear i ngs 
shoul d be used.   Shoul d t hi s condi t i on exi st ,  a 
speci f i cat i on f or  pl at e- t ype bear i ngs may be 
obt ai ned f r om CDR USACE ( DAEN- CWE- E)  WASH  DC 20314.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Thr ust  bear i ngs must  be of  t he ant i f r i c t i on t ype of  ei t her  t he bal l  or  
r ol l er  t ype.   Do not  use t andem or  ser i es bear i ng assembl i es.   
Ant i f r i c t i on bear i ngs must  conf or m t o t he r equi r ement s of  ABMA 9 an d 
ABMA 11.

2. 3. 9. 3   Gui de Bear i ngs

Gui de bear i ngs must  be of  t he s l eeve or  ant i f r i c t i on t ype of  ei t her  t he 
bal l  or  r ol l er  t ype or  a combi nat i on of  s l eeve and ant i f r i c t i on bear i ngs.

2. 3. 9. 4   Lubr i cat i on

Bear i ngs must  be ei t her  oi l  or  gr ease l ubr i cat ed,  and t he l ubr i cant  used 
must  cont ai n a cor r osi on i nhi bi t or .   Show t he t ype and gr ade of  l ubr i cant  
used on a speci al  namepl at e whi ch must  be at t ached t o t he f r ame of  t he 
mot or  adj acent  t o t he bear i ng l ubr i cant  f i l l i ng devi ce.   I n addi t i on t o 
t he quant i t y of  l ubr i cant  r equi r ed t o f i l l  each mot or ' s l ubr i cat i ng syst em 
i ni t i al l y ,  pr ovi de spar e l ubr i cant  i n suf f i c i ent  quant i t y t o pur ge and 
r ef i l l  each mot or ' s l ubr i cat i ng syst em.

2. 3. 9. 5   Bear i ng Housi ngs

Bear i ng housi ngs must  be of  a desi gn and met hod of  assembl y t hat  wi l l  
per mi t  r eady r emoval  of  t he bear i ngs,  pr event  escape of  l ubr i cant  and 
ent r ance of  f or ei gn mat t er ,  and pr ot ect ed by t he l ubr i cant  when t he mot or  
i s i dl e.   Except  f or  pr el ubr i cat ed ant i f r i c t i on bear i ngs of  an appr oved 
t ype,  pr ovi de sui t abl e means t o appl y and dr ai n t he l ubr i cant .   For  
oi l - l ubr i cat ed bear i ng housi ngs,  pr ovi de r eadi l y v i s i bl e oi l - l evel  
i ndi cat or  gauges.

2. 3. 9. 6   Cool i ng

Al l  bear i ngs must  be sel f - cool i ng unl ess ot her wi se speci f i cal l y appr oved 
by t he Cont r act i ng Of f i cer .   I f  t he use of  cool i ng i s appr oved,  t he means 
empl oyed must ,  unl ess ot her wi se appr oved by t he Cont r act i ng Of f i cer ,  
r equi r e no auxi l i ar y pumpi ng equi pment ;  and pr ovi de sui t abl e means t o 
i ndi cat e t he bear i ng t emper at ur e,  act uat e an al ar m when t he bear i ng 
t emper at ur e i s above nor mal ,  and act uat e a devi ce t o shut  down t he mot or  
when t he maxi mum saf e oper at i ng t emper at ur e of  t he bear i ng i s r eached.   
Cool i ng coi l s must  be of  copper  t ubi ng and desi gned f or  t he oper at i ng 
pr essur e used t o c i r cul at e t he cool i ng wat er .   Cool i ng wat er  t emper at ur e 
wi l l  be [ _____]  degr ees C.

2. 3. 9. 7   Rat i ng

Ant i f r i c t i on bear i ngs must  be r at ed on t he basi s of  a mi ni mum l i f e f act or  
of  8, 800 hour s,  based on t he l i f e expect ancy of  90 per cent  of  t he gr oup,  
unl ess ot her wi se appr oved by t he Cont r act i ng Of f i cer .

2. 3. 9. 8   Shaf t  Cur r ent s

I nsul at e or  ot her wi se pr ot ect  bear i ngs agai nst  t he damagi ng ef f ect s of  
shaf t  cur r ent s.
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2. 4   SURGE PROTECTI ON

2. 4. 1   Sur ge Capaci t or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  To obt ai n t he most  r el i abl e pr ot ect i on f or  
2, 300-  and 4, 000- vol t  mot or s,  sur ge capaci t or s and 
ar r est er s,  mount ed at  t he mot or  t er mi nal s,  shoul d be 
speci f i ed.   I n addi t i on,  i t  i s  r ecommended t hat  
st at i on- t ype ar r est er s be i nst al l ed on t he l i ne s i de 
of  t he suppl y t r ansf or mer s.   For  480- vol t  syst ems,  
sur ge pr ot ect i on i s not  gener al l y war r ant ed i f  t he 
st at i on syst em i s connect ed t o t he ut i l i t y  l i ne 
t hr ough a t r ansf or mer  whi ch has adequat e sur ge 
pr ot ect i on on t he hi gh si de.   Each 480- vol t  
i nst al l at i on shoul d be i nvest i gat ed,  however ,  t o 
det er mi ne whet her  sur ge pr ot ect i on i s r equi r ed,  
especi al l y wher e excessi ve swi t chi ng vol t ages may 
occur  or  wher e t he l i ght ni ng i nci dence r at e i s hi gh.

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

Pr ovi de a t hr ee- pol e capaci t or  uni t ,  equi pped wi t h bui l t - i n di schar ge 
r esi st or s and usi ng a non- pol ychl or i nat ed bi phenyl  ( PCB)  i nsul at i ng 
medi um,  i n t he mai n t er mi nal  box.   Each pol e must  be r at ed [ 0. 5 mi cr of ar ad 
and [ 2, 400]  [ 4, 160]  vol t s l i ne- t o- l i ne]  [ 1. 0 mi cr of ar ad and 650 vol t s 
l i ne- t o- l i ne] .   Pr ovi de r emovabl e bus l i nks f or  mot or  t est i ng.   These 
l i nks must  be t r eat ed t o r esi st  cor r osi on,  desi gned t o mai nt ai n a posi t i ve 
cont act ,  and have l ow cont act  r esi st ance.

2. 4. 2   Sur ge Ar r est er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ar r est er  maxi mum cont i nuous oper at i ng vol t age 
( MCOV)  r at i ng must  be 3, 000 vol t s l i ne- t o- gr ound f or  
2, 400- vol t  syst ems and f or  ef f ect i vel y gr ounded 
4, 160- vol t  syst ems,  4, 500 vol t s l i ne- t o- gr ound 
oper at i ng vol t age f or  ungr ounded or  
r esi st ance- gr ounded 4, 160- vol t  syst ems,  or  ot her  
r at i ngs as r equi r ed.   An ef f ect i vel y gr ounded syst em 
i s def i ned as one i n whi ch X0/ X1 i s posi t i ve and 
l ess t han 3 and R0/ X1 must  be posi t i ve and l ess t han 
1 f or  al l  syst em condi t i ons at  t he poi nt  of  
appl i cat i on of  t he sur ge ar r est or .

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

I n t he mai n t er mi nal  box,  pr ovi de sur ge ar r est er s of  t he st at i on t ype wi t h 
por cel ai n t ops.   The ar r est er s must  be of  t he met al - oxi de t ype r at ed 
[ 3, 000]  [ 4, 500]  [ _____]  vol t s maxi mum cont i nuous oper at i ng vol t age ( MCOV)  
l i ne- t o- gr ound.   Pr ovi de r emovabl e bus l i nks f or  mot or  t est i ng.   These 
l i nks must  be t r eat ed t o r esi st  cor r osi on,  desi gned t o mai nt ai n a posi t i ve 
cont act ,  and have l ow cont act  r esi st ance.

2. 4. 3   Space Heat er

I f  r ecommended by t he sur ge pr ot ect i on manuf act ur er ,  pr ovi de a space 
heat er  of  adequat e capaci t y and r at ed 120 vol t s.   Space heat er s must  have 
a maxi mum wat t  densi t y of  20 wat t s per  squar e i nch.
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2. 5   MOTOR TERMI NALS AND BOXES

2. 5. 1   St at or  Ter mi nal  Box

Suppl y dr i p- pr oof  cast  i r on or  st eel  condui t  t er mi nal  boxes,  t r eat ed as 
speci f i ed  f or  f r ames i n par agr aph QUALI TY ASSURANCE,  f or  housi ng t he 
st at or  l ead connect i ons [ sur ge capaci t or s]  [ and sur ge ar r est er s] .   Boxes 
must  have adequat e space t o f aci l i t at e t he i nst al l at i on and mai nt enance of  
cabl es and equi pment .   Boxes must  have a [ bol t ed]  [ hi nged secur abl e]  cover  
pr ovi di ng unr est r i ct ed access,  be mount ed on t he mot or  f r ame,  and have an 
auxi l i ar y f l oor  suppor t i ng st r uct ur e,  when r equi r ed,  suppl i ed by t he mot or  
manuf act ur er .   Condui t  ent r ance must  be f r om t he bot t om.   Desi gn t he boxes 
t o per mi t  r emoval  of  mot or  suppl y l eads when t he mot or  i s r emoved.   
[ Pr ovi de a " HI GH VOLTAGE -  [ _____]  VOLTS"  war ni ng si gn on t he cover  of  t he 
box. ]   [ When l ooki ng down on t he mot or / pump assembl y,  t he t er mi nal  box 
must  be l ocat ed bet ween [ _____]  degr ees and [ _____]  degr ees cl ockwi se f r om 
t he di schar ge el bow of  t he pump. ]

2. 5. 2   St at or  Ter mi nal s

I nsul at ed t er mi nal  l eads must  r ecei ve a t r eat ment  equal  t o t hat  of  t he 
mot or  wi ndi ng.   Br i ng l eads out  of  t he st at or  f r ame and pr ovi de wi t h 
t er mi nal  l ugs f or  connect i on t o t he mot or  suppl y wi r i ng.

2. 5. 3   Gr oundi ng

I n t he st at or  t er mi nal  box,  pr ovi de a gr ound bus and means f or  ext er nal  
connect i on t o t he st at i on gr oundi ng syst em when sur ge pr ot ect i on i s 
pr ovi ded.

2. 5. 4   Accessor y Leads and Boxes

Br i ng t er mi nal  l eads f or  mot or  wi ndi ng space heat er s,  [ sur ge pr ot ect i on 
equi pment  space heat er ] ,  [ r esi st ance t emper at ur e det ect or s]  [ t her mi st or s]  
and any ot her  auxi l i ar y equi pment  i nt o conveni ent l y l ocat ed t er mi nal  
boxes.  Pr ovi de t er mi nal  l eads wi t h t er mi nal  bl ocks f or  ext ensi on by 
ot her s.   The t er mi nal  boxes must  be dr i p- pr oof  and t r eat ed as speci f i ed 
f or  f r ames i n par agr aph GENERAL REQUI REMENTS.   Al l  auxi l i ar y wi r i ng must  
be st r anded copper  conduct or s wi t h 600- vol t  f l ame- r et ar dant  i nsul at i on,  
except  t emper at ur e det ect or  l eads may be i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce.   Legi bl y and accur at el y i dent i f y al l  
wi r i ng and t er mi nal s.

2. 6   WRENCHES,  TOOLS,  AND SPECI AL EQUI PMENT

Pr ovi de al l  nonst andar d and speci al  equi pment  r equi r ed f or  di smant l i ng,  
r eassembl y,  and gener al  mai nt enance of  t he mot or  uni t s.   Pr ovi de one 
compl et e set  of  l i f t i ng at t achment s such as det achabl e eyebol t s or  speci al  
s l i ngs f or  handl i ng var i ous par t s wi t h a hoi st .

2. 7   FACTORY TESTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d car ef ul l y consi der  
whet her  t o al l ow t he Cont r act i ng Of f i cer  t o wai ve 
t hese t est s.   Deci s i on shoul d be based on exper t i se 
i n t he f i el d wi t hi n t he Di v i s i on or  Di st r i ct .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Gi ve one mot or  of  each r at i ng t ype,  sel ect ed at  r andom by t he Cont r act i ng 
Of f i cer ,  a compl et e t est .   Gi ve t he r emai ni ng mot or s a check t est .

a.   Submi t  t est  r epor t s r ecor di ng al l  dat a obt ai ned dur i ng t he t est s 
speci f i ed t o t he Cont r act i ng Of f i cer  f or  each mot or  used.   Test  
r epor t s must  i ncl ude per f or mance cur ves i ndi cat i ng t he r esul t s of  
subpar agr aph COMPLETE TEST bel ow.

b.   Submi t  cer t i f i ed r esul t s of  a " Compl et e Test "  f or  dupl i cat e 
equi pment .   I t  wi l l  be accept ed i n l i eu of  t he " Compl et e Test "  as 
speci f i ed i n subpar agr aph COMPLETE TEST bel ow f or  equi pment  of  t he 
r espect i ve r at i ng and t ype.

c.   No subst i t ut e wi l l  be accept ed f or  t he " Check Test . "   The base val ue 
must  be gi ven whet her  ANSI  or  I EEE st andar d syst em i s used.   Al l  
compl et e t est s must  be [ wi t nessed by t he Cont r act i ng Of f i cer ]  [ unl ess 
wai ved i n wr i t i ng] .

2. 7. 1   Compl et e Test

A compl et e t est  of  a mot or  must  i ncl ude t he f ol l owi ng:

2. 7. 1. 1   Exci t at i on Test

I ncl udi ng a pl ot  of  vol t s as absci ssa ver sus amper es and wat t s as 
or di nat es.

2. 7. 1. 2   I mpedance Test

I ncl udi ng a pl ot  of  vol t s as absci ssa ver sus amper es and wat t s as 
or di nat es.

2. 7. 1. 3   Per f or mance Test

I ncl udi ng a pl ot  of  t or que or  per cent  l oad as absci ssa ver sus ef f i c i ency,  
power  f act or ,  amper es,  wat t s,  and RPM or  per cent  s l i p as or di nat es.

2. 7. 1. 4   Speed- Tor que Test

Pony br ake or  ot her  equi val ent  met hod.   I ncl udi ng a pl ot  of  t or que i n 
f oot - pounds as absci ssa ver sus speed i n RPM as or di nat e.

2. 7. 1. 5   Temper at ur e Test

Made on compl et i on of  par agr aph c above.   ( I f  scr eens ar e pr ovi ded over  
openi ngs,  t est  wi l l  be made wi t h scr eens r emoved and by t her momet er ) .

2. 7. 1. 6   I nsul at i on Resi st ance- Temper at ur e Test

Per f or m t he t est  af t er  a heat  r un,  r eadi ngs bei ng t aken at  appr oxi mat el y 
10 degr ees C i nt er val s.   Det er mi ne t emper at ur e by t he r esi st ance met hod.   
Pl ot  t est  r esul t  val ues on semi l ogar i t hmi c gr aphs,  t he i nsul at i on 
r esi st ance val ues as l ogar i t hmi c or di nat es,  and t he t emper at ur e val ues as 
uni f or m absci ssas.   For  compar i son pur poses,  on t he same sheet  wi t h t he 
i nsul at i on r esi st ance- t emper at ur e t est  cur ve,  pl ot  a cur ve i ndi cat i ng t he 
saf e oper at i ng val ue of  i nsul at i on r esi st ance.
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2. 7. 1. 7   Col d and Hot  Resi st ance Measur ement

2. 7. 1. 8   Di el ect r i c Test

2. 7. 1. 9   Sound Level  Test

I n accor dance wi t h EM 385- 1- 1.

2. 7. 1. 10   Vi br at i on Measur ement

I n accor dance wi t h NEMA MG 1 Par t  7.

2. 7. 1. 11   Conf or mance Test s

I n accor dance wi t h NEMA MG 1 par agr aph [ 12. 62] [ 12. 63] [ 20. 18] .

2. 7. 2   Check Test

A check t est  of  a mot or  must  i ncl ude t he f ol l owi ng:

2. 7. 2. 1   Rout i ne Test

Test  i n accor dance wi t h NEMA MG 1 par agr aph [ 12. 55] [ 20. 16. 2] [ 31. 6. 2] .

2. 7. 2. 2   Col d Resi st ance Measur ement

2. 7. 2. 3   I nsul at i on Resi st ance and Wi ndi ng Temper at ur e

I nsul at i on r esi st ance and wi ndi ng t emper at ur e at  t i me t he i nsul at i on 
r esi st ance was measur ed.

[ 2. 7. 2. 4   Conf or mance Test

I n accor dance wi t h NEMA MG 1 par agr aph [ 12. 62] [ 12. 63] [ 20. 18] .  

] 2. 7. 2. 5   Vi br at i on

Vi br at i on measur ement  i n accor dance wi t h NEMA MG 1 Par t  7.

2. 7. 3   For m Wound Coi l  Test

Test  al l  f or m wound coi l s,  ei t her  bef or e or  af t er  t hey ar e pl aced i n t he 
s l ot s,  f or  shor t  c i r cui t s bet ween t ur ns of  t he i ndi v i dual  coi l s by 
appl y i ng a hi gh f r equency vol t age of  not  l ess t han 75 per cent  of  t he 
vol t age f or  whi ch t he machi ne i s i nsul at ed,  or  by appl y i ng a sur ge t est  
vol t age of  equi val ent  val ue t o t he t er mi nal s of  each coi l .   Equi val ent  
sur ge vol t age must  be a wave whose peak val ue i s equal  t o 1. 06 t i mes t he 
vol t age f or  whi ch t he mot or  i s i nsul at ed.

2. 7. 4   Wi ndi ng Space Heat er  Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t hi s t est  onl y wher e wi ndi ng space 
heat er s ar e speci f i ed.

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

At  t he f act or y,  t est  each wi ndi ng space heat er  uni t  f or  successf ul  
oper at i on and di el ect r i c st r engt h.
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PART 3   EXECUTI ON

3. 1   FI ELD QUALI TY CONTROL

Per f or m t he f ol l owi ng accept ance checks and t est s i n accor dance wi t h 
NETA ATS sect i on 7. 15. 1.

3. 1. 1   Vi sual  and Mechani cal  I nspect i on

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

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

( 3)  I nspect  anchor age,  al i gnment ,  and gr oundi ng.

( 4)  I nspect  ai r  baf f l es,  f i l t er  medi a,  st at or  wi ndi ng,  st at or  cor e,  r ot or ,  
cool i ng f ans,  s l i p r i ngs,  br ushes,  br ush r i ggi ng,  and bear i ngs.

( 5)  I nspect  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance usi ng a 
l ow- r esi st ance ohmmet er .   Cor r ect  val ues whi ch devi at e by mor e t han 50 
per cent  of  t he l owest  val ue.

( 6)  Ver i f y t he appl i cat i on of  appr opr i at e l ubr i cat i on and l ubr i cat i on 
syst ems.

( 7)  Ver i f y t hat  r esi st ance t emper at ur e det ect or  ( RTD)  c i r cui t s conf or m t o 
dr awi ngs.

3. 1. 2   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on- r esi st ance t est s i n accor dance wi t h I EEE 43.  Test  
dur at i on must  be [ 10 mi nut es] [ one mi nut e] .   The [ pol ar i zat i on 
i ndex] [ di el ect r i c- absor pt i on r at i o]  must  be at  l east  [ 2. 0] [ 1. 4] .

( 2)  Per f or m i nsul at i on- r esi st ance t est  on i nsul at ed bear i ngs i n accor dance 
wi t h manuf act ur er ’ s publ i shed dat a.

( 3)  Test  sur ge pr ot ect i on devi ces.

( 4)  Test  mot or  st ar t er .

( 5)  Per f or m r esi st ance t est s on r esi st ance t emper at ur e det ect or  ( RTD)  
c i r cui t s.

( 6)  Ver i f y oper at i on of  machi ne space heat er .

. . .     - -  End of  Sect i on - -
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