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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  var i abl e f r equency dr i ve f or  mot or s 
r at ed up t o 575 vol t s,  f or  use on el ect r i c  power  
syst ems of  600 vol t s or  l ess,  50/ 60 her t z.

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

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

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

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

**************************************************************************
NOTE:   Pul se wi dt h modul at ed ( PWM)  i s t he 
pr edomi nant  t ype of  var i abl e f r equency dr i ve ( VFD) .   
Ot her  VFD t ypes i ncl ude cur r ent  sour ce i nver t er  
( CSI ) ,  vol t age sour ce i nver t er  ( VSI ) ,  and f l ux 
vect or  dr i ve ( FVD) .  For  a descr i pt i on of  each t ype 
of  VFD,  basi c i nf or mat i on on t he pr i nci pl es of  
oper at i on of  VFD' s,  gui dance of  t he pr oper  
appl i cat i on of  VFD' s,  and i nst al l at i on gui del i nes,  
r ef er  t o Appendi x D of  MI L- HDBK- 1003/ 3,  whi ch i s 
par t  of  UFC 3- 410- 02N,  " Heat i ng,  Vent i l at i ng,  Ai r  
Condi t i oni ng and Dehumi di f y i ng Syst ems" .

**************************************************************************
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PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.  The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.
 
Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.
 
Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
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.

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

I EEE 519 ( 2014)  Recommended Pr act i ces and 
Requi r ement s f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2018)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 1 ( 2000;  R 2015)  St andar d f or  I ndust r i al  
Cont r ol  and Syst ems:  Gener al  Requi r ement s

NEMA I CS 3. 1 ( 2009;  R 2014)  Gui de f or  t he Appl i cat i on,  
Handl i ng,  St or age,  I nst al l at i on and 
Mai nt enance of  Medi um- Vol t age AC 
Cont act or s,  Cont r ol l er s and Cont r ol  Cent er s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es
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NEMA I CS 7 ( 2014)  Adj ust abl e- Speed Dr i ves

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;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

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

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

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

UL 508C ( 2002;  Repr i nt  Nov 2010)  Power  Conver si on 
Equipment

1. 2   RELATED REQUI REMENTS

Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS,  and Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl y t o t hi s sect i on wi t h addi t i ons 
and modi f i cat i ons speci f i ed her ei n.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Per f or mance Requi r ement s

1. 3. 1. 1   El ect r omagnet i c I nt er f er ence Suppr essi on

Comput i ng devi ces,  as def i ned by 47 CFR 15, MIL-STD-461  r ul es and 
r egul at i ons,  shal l  be cer t i f i ed t o compl y wi t h t he r equi r ement s f or  c l ass A 
comput i ng devi ces and l abel ed as set  f or t h i n par t  15.

1. 3. 1. 2   El ect r omechani cal  and El ect r i cal  Component s

El ect r i cal  and el ect r omechani cal  component s of  t he Var i abl e Fr equency Dr i ve 
( VFD)  shal l  not  cause el ect r omagnet i c i nt er f er ence t o adj acent  el ect r i cal  
or  el ect r omechani cal  equi pment  whi l e i n oper at i on.

1. 3. 2   El ect r i cal  Requi r ement s

1. 3. 2. 1   Power  Li ne Sur ge Pr ot ect i on

I EEE C62. 41. 1 and I EEE C62. 41. 2, I EEE 519 Cont r ol  panel  shal l  have sur ge 
pr ot ect i on,  i ncl uded wi t hi n t he panel  t o pr ot ect  t he uni t  f r om damagi ng 
t r ansi ent  vol t age sur ges.   Sur ge ar r est or  shal l  be mount ed near  t he 
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i ncomi ng power  sour ce and pr oper l y wi r ed t o al l  t hr ee phases and gr ound.   
Fuses shal l  not  be used f or  sur ge pr ot ect i on.

1. 3. 2. 2   Sensor  and Cont r ol  Wi r i ng Sur ge Pr ot ect i on

I / O f unct i ons as speci f i ed shal l  be pr ot ect ed agai nst  sur ges i nduced on 
cont r ol  and sensor  wi r i ng i nst al l ed out door s and as shown.   The i nput s and 
out put s shal l  be t est ed i n bot h nor mal  mode and common mode usi ng t he 
f ol l owi ng t wo wavef or ms:

a.   A 10 mi cr osecond by 1000 mi cr osecond wavef or m wi t h a peak vol t age of  
1500 vol t s and a peak cur r ent  of  60 amper es.

b.   An 8 mi cr osecond by 20 mi cr osecond wavef or m wi t h a peak vol t age of  1000 
vol t s and a peak cur r ent  of  500 amper es.

1. 4   SUBMITTALS

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

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

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

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

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

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

SD- 02 Shop Dr awi ngs

Schemat i c Di agr ams;  G[ ,  [ _____] ]

I nt er connect i ng Di agr ams;  G[ ,  [ _____] ]

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

  Submi t  dr awi ngs f or  gover nment  appr oval  pr i or  t o equi pment  
const r uct i on or  i nt egr at i on.   Modi f i cat i ons t o or i gi nal  dr awi ngs 
made dur i ng i nst al l at i on shal l  be i mmedi at el y r ecor ded f or  
i ncl usi on i nt o t he as- bui l t  dr awi ngs.

SD- 03 Pr oduct  Dat a

Var i abl e Fr equency Dr i ves;  G[ ,  [ _____] ]

Wi r es and Cabl es

Equi pment  Schedul e

  I ncl ude dat a i ndi cat i ng compat i bi l i t y  wi t h mot or s bei ng dr i ven.

SD- 06 Test  Repor t s

VFD Test

Per f or mance Ver i f i cat i on Test s

Endur ance Test

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

I nst al l at i on i nst r uct i ons

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

VFD Fact or y Test  Pl an;  G[ ,  [ _____] ]

Fact or y t est  r esul t s

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

Var i abl e Fr equency Dr i ves,  Dat a Package 4

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.   Pr ovi de ser vi ce and mai nt enance i nf or mat i on 
i ncl udi ng pr event i ve mai nt enance,  assembl y,  and di sassembl y 
pr ocedur es.   I nc l ude el ect r i cal  dr awi ngs f r om el ect r i cal  gener al  
sect i ons.   Submi t  addi t i onal  i nf or mat i on necessar y t o pr ovi de 
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compl et e oper at i on,  r epai r ,  and mai nt enance i nf or mat i on,  det ai l ed 
t o t he smal l est  r epl aceabl e uni t .   I ncl ude copi es of  as- bui l t  
submi t t al s.   Pr ovi de r out i ne pr event at i ve mai nt enance 
i nst r uct i ons,  and equi pment  r equi r ed.   Pr ovi de i nst r uct i ons on how 
t o modi f y pr ogr am set t i ngs,  and modi f y t he cont r ol  pr ogr am.   
Pr ovi de i nst r uct i ons on dr i ve adj ust ment ,  t r oubl e- shoot i ng,  and 
conf i gur at i on.   Pr ovi de i nst r uct i ons on pr ocess t uni ng and syst em 
calibration.

1. 5   QUALI TY ASSURANCE

1. 5. 1   Schemat i c Di agr ams

Show ci r cui t s and devi ce el ement s f or  each r epl aceabl e modul e.   Schemat i c 
di agr ams of  pr i nt ed c i r cui t  boar ds ar e per mi t t ed t o gr oup f unct i onal  
assembl i es as devi ces,  pr ovi ded t hat  suf f i c i ent  i nf or mat i on i s pr ovi ded f or  
gover nment  mai nt enance per sonnel  t o ver i f y pr oper  oper at i on of  t he 
f unct i onal  assembl i es.

1. 5. 2   I nt er connect i ng Di agr ams

Show i nt er connect i ons bet ween equi pment  assembl i es,  and ext er nal  
i nt er f aces,  i ncl udi ng power  and s i gnal  conduct or s.   I ncl ude f or  encl osur es 
and ext er nal  devi ces.

1. 5. 3   I nst al l at i on Dr awi ngs

Show f l oor  pl an of  each si t e,  wi t h V. F. D. ' s and mot or s i ndi cat ed.   I ndi cat e 
vent i l at i on r equi r ement s,  adequat e c l ear ances,  and cabl e r out es.

1. 5. 4   Equi pment  Schedul e

Pr ovi de schedul e of  equi pment  suppl i ed.  Schedul e shal l  pr ovi de a cr oss 
r ef er ence bet ween manuf act ur er  dat a and i dent i f i er s i ndi cat ed i n shop 
dr awi ngs.   Schedul e shal l  i ncl ude t he t ot al  quant i t y of  each i t em of  
equi pment  suppl i ed.   For  compl et e assembl i es,  such as VFD' s,  pr ovi de t he 
ser i al  number s of  each assembl y,  and a sub- schedul e of  component s wi t hi n 
t he assembl y.   Pr ovi de r ecommended spar e par t s l i s t i ng f or  each assembl y or  
component.

1. 5. 5   I nst al l at i on i nst r uct i ons

Pr ovi de i nst al l at i on i nst r uct i ons i ssued by t he manuf act ur er  of  t he 
equi pment ,  i ncl udi ng not es and r ecommendat i ons,  pr i or  t o shi pment  t o t he 
s i t e.   Pr ovi de oper at i on i nst r uct i ons pr i or  t o accept ance t est i ng.

1. 5. 6   Fact or y Test  Resul t s

Document  t est  r esul t s and submi t  t o gover nment  wi t hi n 7 wor ki ng days af t er  
compl et i on of  t est .

1. 6   DELI VERY AND STORAGE

Equi pment  del i ver ed and pl aced i n st or age shal l  be st or ed wi t h pr ot ect i on 
f r om t he weat her ,  humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  
ot her  cont ami nant s.
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1. 7   WARRANTY

The compl et e syst em shal l  be war r ant ed by t he manuf act ur er  f or  a per i od of  
one year ,  or  t he cont r act ed per i od of  any ext ended war r ant ee agr eed upon by 
t he cont r act or  and t he Gover nment ,  af t er  successf ul  compl et i on of  t he 
accept ance t est .   Any component  f ai l i ng t o per f or m i t s f unct i on as 
speci f i ed and document ed shal l  be r epai r ed or  r epl aced by t he cont r act or  at  
no addi t i onal  cost  t o t he Gover nment .   I t ems r epai r ed or  r epl aced shal l  be 
war r ant ed f or  an addi t i onal  per i od of  at  l east  one year  f r om t he dat e t hat  
i t  becomes f unct i onal  agai n,  as speci f i ed i n FAR 52. 246- 21 War r ant y of  
Construction.

1. 8   MAINTENANCE

1. 8. 1   Spar e Par t s

Manuf act ur er s pr ovi de spar e par t s i n accor dance wi t h r ecommended spar e 
par t s l i s t .

1. 8. 2   Mai nt enance Suppor t

Dur i ng t he war r ant y per i od,  t he Cont r act or  shal l  pr ovi de on- si t e,  on- cal l  
mai nt enance ser v i ces by Cont r act or ' s per sonnel  on t he f ol l owi ng basi s:   The 
ser vi ce shal l  be on a per - cal l  basi s wi t h 36 hour  r esponse.   Cont r act or  
shal l  suppor t  t he mai nt enance of  al l  har dwar e and sof t war e of  t he syst em.   
Var i ous per sonnel  of  di f f er ent  exper t i se shal l  be sent  on- si t e dependi ng on 
t he nat ur e of  t he mai nt enance ser vi ce r equi r ed.   Cost s shal l  i ncl ude 
t r avel ,  l ocal  t r anspor t at i on,  l i v i ng expenses,  and l abor  r at es of  t he 
ser vi ce per sonnel  whi l e r espondi ng t o t he ser vi ce r equest .   The pr ovi s i ons 
of  t hi s Sect i on ar e not  i n l i eu of ,  nor  r el i eve t he Cont r act or  of ,  war r ant y 
r esponsi bi l i t i es cover ed i n t hi s speci f i cat i on.   Shoul d t he r esul t  of  t he 
ser vi ce r equest  be t he uncover i ng of  a syst em def ect  cover ed under  t he 
war r ant y pr ovi s i ons,  al l  cost s f or  t he cal l ,  i ncl udi ng t he l abor  necessar y 
t o i dent i f y t he def ect ,  shal l  be bor ne by t he Cont r act or .

PART 2   PRODUCTS

2. 1   VARI ABLE FREQUENCY DRI VES ( VFD)

Pr ovi de f r equency dr i ve t o cont r ol  t he speed of  i nduct i on mot or ( s) .   The 
VFD shal l  i ncl ude t he f ol l owi ng mi ni mum f unct i ons,  f eat ur es and r at i ngs.

a.   I nput  c i r cui t  br eaker  per  UL 489 wi t h a mi ni mum of  10, 000 amps 
symmet r i cal  i nt er r upt i ng capaci t y  and door  i nt er l ocked ext er nal  
operator.

b.   A conver t er  st age per  UL 508C shal l  change f i xed vol t age,  f i xed 
f r equency,  ac l i ne power  t o a f i xed dc vol t age.  The conver t er  shal l  
ut i l i ze a f ul l  wave br i dge desi gn i ncor por at i ng di ode r ect i f i er s.  
Si l i con Cont r ol l ed Rect i f i er s ( SCR)  ar e not  accept abl e.   The conver t er  
shal l  be i nsensi t i ve t o t hr ee phase r ot at i on of  t he ac l i ne and shal l  
not  cause di spl acement  power  f act or  of  l ess t han . 95 l aggi ng under  any 
speed and l oad condi t i on.

c.   An i nver t er  st age shal l  change f i xed dc vol t age t o var i abl e f r equency,  
var i abl e vol t age,  ac f or  appl i cat i on t o a st andar d NEMA desi gn B 
squi r r el  cage mot or .   The i nver t er  shal l  be swi t ched i n a manner  t o 
pr oduce a s i ne coded pul se wi dt h modul at ed ( PWM)  out put  wavef or m.
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**************************************************************************
NOTE:   I f  const ant  t or que r equi r ed modi f y t o 150 
per cent  of  r at ed f ul l  l oad.

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

d.   The VFD shal l  be capabl e of  suppl y i ng 120 per cent  of  r at ed f ul l  l oad 
cur r ent  f or  one mi nut e at  maxi mum ambi ent  t emper at ur e.

e.   The VFD shal l  be desi gned t o oper at e f r om a [ _____]  vol t ,  pl us or  mi nus 
10 per cent ,  t hr ee phase,  60 Hz suppl y,  and cont r ol  mot or s wi t h a 
cor r espondi ng vol t age r at i ng.

f .   Accel er at i on and decel er at i on t i me shal l  be i ndependent l y adj ust abl e 
f r om one second t o 60 seconds.

**************************************************************************
NOTE:   Modi f y t hi s par agr aph i f  const ant  t or que 
required.

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

g.   Adj ust abl e f ul l - t i me cur r ent  l i mi t i ng shal l  l i mi t  t he cur r ent  t o a 
pr eset  val ue whi ch shal l  not  exceed 120 per cent  of  t he cont r ol l er  r at ed 
cur r ent .   The cur r ent  l i mi t i ng act i on shal l  mai nt ai n t he V/ Hz r at i o 
const ant  so t hat  var i abl e t or que can be mai nt ai ned.   Shor t  t i me 
st ar t i ng over r i de shal l  al l ow st ar t i ng cur r ent  t o r each 175 per cent  of  
cont r ol l er  r at ed cur r ent  t o maxi mum st ar t i ng t or que.

h.   The cont r ol l er s shal l  be capabl e of  pr oduci ng an out put  f r equency over  
t he r ange of  3 Hz t o 60 Hz ( 20 t o one speed r ange) ,  wi t hout  l ow speed 
coggi ng.   Over  f r equency pr ot ect i on shal l  be i ncl uded such t hat  a 
f ai l ur e i n t he cont r ol l er  el ect r oni c c i r cui t r y shal l  not  cause 
f r equency t o exceed 110 per cent  of  t he maxi mum cont r ol l er  out put  
f r equency sel ect ed.

i .   Mi ni mum and maxi mum out put  f r equency shal l  be adj ust abl e over  t he 
f ol l owi ng r anges:   1)  Mi ni mum f r equency 3 Hz t o 50 per cent  of  maxi mum 
sel ect ed f r equency;  2)  Maxi mum f r equency 40 Hz t o 60 Hz.

j .   The cont r ol l er  ef f i c i ency at  any speed shal l  not  be l ess t han 96 
percent.

k.   The cont r ol l er s shal l  be capabl e of  bei ng r est ar t ed i nt o a mot or  
coast i ng i n t he f or war d di r ect i on wi t hout  t r i ppi ng.

l .   Pr ot ect i on of  power  semi conduct or  component s shal l  be accompl i shed 
wi t hout  t he use of  f ast  act i ng semi conduct or  out put  f uses.   Subj ect i ng 
t he cont r ol l er s t o any of  t he f ol l owi ng condi t i ons shal l  not  r esul t  i n 
component  f ai l ur e or  t he need f or  f use r epl acement :

( 1)  Shor t  c i r cui t  at  cont r ol l er  out put

( 2)  Gr ound f aul t  at  cont r ol l er  out put

( 3)  Open ci r cui t  at  cont r ol l er  out put

( 4)  I nput  under vol t age

( 5)  I nput  over vol t age
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( 6)  Loss of  i nput  phase

( 7)  AC l i ne swi t chi ng t r ansi ent s

( 8)  I nst ant aneous over l oad

( 9)  Sust ai ned over l oad exceedi ng 115 per cent  of  cont r ol l er  r at ed 
current

( 10)  Over  t emper at ur e

( 11)  Phase r ever sal  

m.   Sol i d st at e mot or  over l oad pr ot ect i on shal l  be i ncl uded such t hat  
cur r ent  exceedi ng an adj ust abl e t hr eshol d shal l  act i vat e a 60 second 
t i mi ng c i r cui t .   Shoul d cur r ent  r emai n above t he t hr eshol d cont i nuousl y 
f or  t he t i mi ng per i od,  t he cont r ol l er  wi l l  aut omat i cal l y  shut  down.

n.   A s l i p compensat i on c i r cui t  shal l  be i ncl uded whi ch wi l l  sense changi ng 
mot or  l oad condi t i ons and adj ust  out put  f r equency t o pr ovi de speed 
r egul at i on of  NEMA B mot or s t o wi t hi n pl us or  mi nus 0. 5 per cent  of  
maxi mum speed wi t hout  t he necessi t y of  a t achomet er  gener at or .

o.   The VFD shal l  be f act or y set  f or  manual  r est ar t  af t er  t he f i r st  
pr ot ect i ve c i r cui t  t r i p f or  mal f unct i on ( over cur r ent ,  under vol t age,  
over vol t age or  over t emper at ur e)  or  an i nt er r upt i on of  power .   The VFD 
shal l  be capabl e of  bei ng set  f or  aut omat i c r est ar t  af t er  a sel ect ed 
t i me del ay.  I f  t he dr i ve f aul t s agai n wi t hi n a speci f i ed t i me per i od 
( adj ust abl e 0- 60 seconds) ,  a manual  r est ar t  wi l l  be r equi r ed.

p.   The VFD shal l  i ncl ude ext er nal  f aul t  r eset  capabi l i t y .   Al l  t he 
necessar y l ogi c t o accept  an ext er nal  f aul t  r eset  cont act  shal l  be 
included.

q.   Pr ovi de cr i t i cal  speed l ockout  c i r cui t r y t o pr event  oper at i ng at  
f r equenci es wi t h cr i t i cal  har moni cs t hat  cause r esonant  v i br at i ons.  The 
VFD shal l  have a mi ni mum of  t hr ee user  sel ect abl e bandwi dt hs.

r .   Pr ovi de t he f ol l owi ng oper at or  cont r ol  and moni t or i ng devi ces mount ed 
on t he f r ont  panel  of  t he VFD:

( 1)  Manual  speed pot ent i omet er .

( 2)  Hand- Of f - Aut o ( HOA)  swi t ch.

( 3)  Power  on l i ght .

( 4)  Dr i ve r un power  l i ght .

( 5)  Local  di spl ay.

s.   Pr ovi de pr oper l y s i zed NEMA r at ed by- pass and i sol at i on cont act or s t o 
enabl e oper at i on of  mot or  i n t he event  of  VFD f ai l ur e.  Mechani cal  and 
el ect r i cal  i nt er l ocks shal l  be i nst al l ed bet ween t he by- pass and 
i sol at i on cont act or s.   Pr ovi de a sel ect or  swi t ch and t r ansf er  del ay 
timer.
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2. 2   ENCLOSURES

Pr ovi de equi pment  encl osur es conf or mi ng t o NEMA 250, NEMA I CS 7, NEMA I CS 6.

2. 3   WI RES AND CABLES

Al l  wi r es and cabl es shal l  conf or m t o NEMA 250, NEMA I CS 7, NFPA 70.

2. 4   NAMEPLATES

Namepl at es ext er nal  t o NEMA encl osur es shal l  conf or m wi t h t he r equi r ement s 
of  Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS.   
Namepl at es i nt er nal  t o encl osur es shal l  be manuf act ur er ' s st andar d,  wi t h 
t he except i on t hat  t hey must  be per manent .

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   VFD Fact or y Test  Pl an

To ensur e qual i t y ,  each VFD shal l  be subj ect  t o a ser i es of  i n- pl ant  
qual i t y  cont r ol  i nspect i ons bef or e appr oval  f or  shi pment  f r om t he 
manuf act ur er ' s f aci l i t i es.   Pr ovi de t est  pl ans and t est  r epor t s.

PART 3   EXECUTI ON

3. 1   INSTALLATION

Per NEMA I CS 3. 1,  i nst al l  equi pment  i n accor dance wi t h t he appr oved 
manuf act ur er ' s pr i nt ed i nst al l at i on dr awi ngs,  i nst r uct i ons,  wi r i ng 
di agr ams,  and as i ndi cat ed on pr oj ect  dr awi ngs and t he appr oved shop 
dr awi ngs.   A f i el d r epr esent at i ve of  t he dr i ve manuf act ur er  shal l  super vi se 
t he i nst al l at i on of  al l  equi pment ,  and wi r i ng.

3. 2   FI ELD QUALI TY CONTROL

Speci f i ed pr oduct s shal l  be t est ed as a syst em f or  conf or mance t o 
speci f i cat i on r equi r ement s pr i or  t o schedul i ng t he accept ance t est s.   
Cont r act or  shal l  conduct  per f or mance ver i f i cat i on t est s i n t he pr esence of  
Gover nment  r epr esent at i ve,  obser v i ng and document i ng compl et e compl i ance of  
t he syst em t o t he speci f i cat i ons.   Cont r act or  shal l  submi t  a s i gned copy of  
t he t est  r esul t s ,  cer t i f y i ng pr oper  syst em oper at i on bef or e schedul i ng 
tests.

3. 2. 1   VFD Test

A pr oposed t est  pl an shal l  be submi t t ed t o t he cont r act i ng of f i cer  at  l east  
28 cal endar  days pr i or  t o pr oposed t est i ng f or  appr oval .   The t est s shal l  
conf or m t o NEMA I CS 1, NEMA I CS 7,  and al l  manuf act ur er ' s saf et y 
r egul at i ons.   The Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s and 
r evi ew any document at i on.   The cont r act or  shal l  i nf or m t he Gover nment  at  
l east  14 wor ki ng days pr i or  t o t he dat es of  t est i ng.   Cont r act or  shal l  
pr ovi de v i deo t apes,  i f  avai l abl e,  of  al l  t r ai ni ng pr ovi ded t o t he 
Gover nment  f or  subsequent  use i n t r ai ni ng new per sonnel .   Al l  t r ai ni ng 
ai ds,  t ext s,  and expendabl e suppor t  mat er i al  f or  a sel f - suf f i c i ent  
pr esent at i on shal l  be pr ovi ded,  t he amount  of  whi ch t o be det er mi ned by t he 
cont r act i ng of f i cer .
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3. 2. 2   Per f or mance Ver i f i cat i on Test s

" Per f or mance Ver i f i cat i on Test "  pl an shal l  pr ovi de t he st ep by st ep 
pr ocedur e r equi r ed t o est abl i sh f or mal  ver i f i cat i on of  t he per f or mance of  
t he VFD.   Compl i ance wi t h t he speci f i cat i on r equi r ement s shal l  be ver i f i ed 
by i nspect i ons,  r evi ew of  cr i t i cal  dat a,  demonst r at i ons,  and t est s.   The 
Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s,  r evi ew dat a,  and 
r equest  ot her  such addi t i onal  i nspect i ons and r epeat  t est s as necessar y t o 
ensur e t hat  t he syst em and pr ovi ded ser vi ces conf or m t o t he st at ed 
r equi r ement s.   The cont r act or  shal l  i nf or m t he Gover nment  14 cal endar  days 
pr i or  t o t he dat e t he t est  i s  t o be conduct ed.

3. 2. 3   Endur ance Test

I mmedi at el y upon compl et i on of  t he per f or mance ver i f i cat i on t est ,  t he 
endur ance t est  shal l  commence.   The syst em shal l  be oper at ed at  var yi ng 
r at es f or  not  l ess t han 192 consecut i ve hour s,  at  an aver age ef f ect i veness 
l evel  of  . 9998,  t o demonst r at e pr oper  f unct i oni ng of  t he compl et e PCS.   
Cont i nue t he t est  on a day- t o- day basi s unt i l  per f or mance st andar d i s met .   
Dur i ng t he endur ance t est ,  t he cont r act or  shal l  not  be al l owed i n t he 
bui l di ng.   The syst em shal l  r espond as desi gned.

3. 3   DEMONSTRATION

3. 3. 1   Training

Coor di nat e t r ai ni ng r equi r ement s wi t h t he Cont r act i ng Of f i cer .

3. 3. 1. 1   I nst r uct i ons t o Gover nment  Per sonnel

Pr ovi de t he ser v i ces of  compet ent  i nst r uct or s who wi l l  gi ve f ul l  
i nst r uct i on t o desi gnat ed per sonnel  i n oper at i on,  mai nt enance,  cal i br at i on,  
conf i gur at i on,  and pr ogr ammi ng of  t he compl et e cont r ol  syst em.   Or i ent  t he 
t r ai ni ng speci f i cal l y  t o t he syst em i nst al l ed.   I nst r uct or s shal l  be 
t hor oughl y f ami l i ar  wi t h t he subj ect  mat t er  t hey ar e t o t each.   The 
Gover nment  per sonnel  desi gnat ed t o at t end t he t r ai ni ng wi l l  have a hi gh 
school  educat i on or  equi val ent .   The number  of  t r ai ni ng days of  i nst r uct i on 
f ur ni shed shal l  be as speci f i ed.   A t r ai ni ng day i s def i ned as ei ght  hour s 
of  i nst r uct i on,  i ncl udi ng t wo 15- mi nut e br eaks and excl udi ng l unch t i me;  
Monday t hr ough Fr i day.   Pr ovi de a t r ai ni ng manual  f or  each st udent  at  each 
t r ai ni ng phase whi ch descr i bes i n det ai l  t he mat er i al  i ncl uded i n each 
t r ai ni ng pr ogr am.   Pr ovi de one addi t i onal  copy f or  ar chi v i ng.   Pr ovi de 
equi pment  and mat er i al s r equi r ed f or  c l assr oom t r ai ni ng.   Pr ovi de a l i s t  of  
addi t i onal  r el at ed cour ses,  and of f er s,  not i ng any cour ses r ecommended.   
Li st  each t r ai ni ng cour se i ndi v i dual l y by name,  i ncl udi ng dur at i on,  
appr oxi mat e cost  per  per son,  and l ocat i on of  cour se.   Unused copi es of  
t r ai ni ng manual s shal l  be t ur ned over  t o t he Gover nment  at  t he end of  l ast  
t r ai ni ng sessi on.

3. 3. 1. 2   Oper at i ng Per sonnel  Tr ai ni ng Pr ogr am

Pr ovi de one 2- hour  t r ai ni ng sessi on at  t he s i t e at  a t i me and pl ace 
mut ual l y agr eeabl e bet ween t he Cont r act or  and t he Gover nment .   Pr ovi de 
sessi on t o t r ai n 4 oper at i on per sonnel  i n t he f unct i onal  oper at i ons of  t he 
syst em and t he pr ocedur es t hat  per sonnel  wi l l  f ol l ow i n syst em oper at i on.   
Thi s t r ai ni ng shal l  i ncl ude:

a.   Syst em over v i ew
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b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Al ar m f or mat s

e.   Fai l ur e r ecover y pr ocedur es

f .   Tr oubl eshoot i ng

3. 3. 1. 3   Engi neer i ng/ Mai nt enance Per sonnel  Tr ai ni ng

Accompl i sh t he t r ai ni ng pr ogr am as speci f i ed.   Tr ai ni ng shal l  be conduct ed 
on s i t e at  a l ocat i on desi gnat ed by t he Gover nment .   Pr ovi de a one- day 
t r ai ni ng sessi on t o t r ai n 4 engi neer i ng per sonnel  i n t he f unct i onal  
oper at i ons of  t he syst em.   Thi s t r ai ni ng shal l  i nc l ude:

a.   Syst em over v i ew

b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Syst em conf i gur at i on

e.   Al ar m f or mat s

f .   Fai l ur e r ecover y pr ocedur es

g.   Tr oubl eshoot i ng and r epai r

h.   Mai nt enance and cal i br at i on

i .   Syst em pr ogr ammi ng and conf i gur at i on

        - -  End of  Sect i on - -
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