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 SECTI ON 26 29 23

ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS
02/ 20,  CHG 1:  05/ 21

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  ASD ( al so r ef er r ed t o as var i abl e 
f r equency dr i ve ( VFD) )  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.

Coor di nat e t hi s gui de speci f i cat i on wi t h a 
mechani cal  desi gner  f or  HVAC ASD appl i cat i on.

Mi l i t ar y st andar d r equi r ement s f or  par ent  equi pment  
wi t h mot or s cont r ol l ed v i a ASDs al so appl y t o t he 
ASDs.   Exampl es i ncl ude pet r ol eum,  oi l  and l ubr i cant  
( POL)  syst ems and Mobi l e/ Tact i cal  gener at or s wi t h 
ASDs har deni ng as a par t  of  t he gener at or  equi pment  
assembl y.

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) .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pul se wi dt h modul at ed ( PWM)  i s t he 
pr edomi nant  t ype of  adj ust abl e speed dr i ve ( ASD) .   
Ot her  ASD 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 
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vect or  dr i ve ( FVD) .   For  gui dance of  t he pr oper  
appl i cat i on of  ASD' s and i nst al l at i on,  r ef er  t o 
Appendi x B of  UFC 3- 520- 01.   Si nce t he 
car r i er - f r equency pul se out put  vol t age of  a PWM 
cause r api d r i se t i mes i n t hese pul ses,  t he 
t r ansmi ssi on l i ne ef f ect s must  be consi der ed.    The 
r esul t i ng vol t age can pr oduce over vol t ages equal  t o 
t wi ce t he DC bus vol t age or  up t o 3. 1 t i mes t he 
r at ed l i ne vol t age,  put t i ng hi gh st r ess on t he cabl e 
and mot or  wi ndi ngs,  and event ual  i nsul at i on 
f ai l ur e.   Use ASD manuf act ur er  r ecommended cabl e 
t ype and maxi mum saf e cabl e di st ances bef or e usi ng 
t he ext er nal  pr ot ect i on devi ces.   Use mot or s 
desi gned f or  use wi t h ASD.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The use of  power  capaci t or s f or  power  f act or  
cor r ect i on and/ or  t he use of  sur ge pr ot ect i on 
capaci t or s on t he l oad si de of  an el ect r oni c cont r ol  
connect ed t o an i nduct i on mot or  i s not  r ecommended;  
damage t o t he cont r ol  may occur .   Cont act  t he 
cont r ol  vender  f or  sui t abi l i t y .

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

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 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.

EUROPEAN COMMI TTEE FOR STANDARDI ZATI ON ( CEN/ CENELEC)

EN 61800- 3 ( 2017)  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
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I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 519 ( 2022)  St andar d 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

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

I EC 61000- 3- 12 ( 2012)  El ect r omagnet i c Compat i bi l i t y  ( EMC)  
-  Par t  3- 12:  Li mi t s -  Li mi t s f or  har moni c 
cur r ent s pr oduced by equi pment  connect ed 
t o publ i c l ow- vol t age syst ems wi t h i nput  
cur r ent  >16 A and </ =75 A per  phase

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 1 ( 2022)  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 ( 2019)  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

NEMA I CS 7 ( 2020)  Adj ust abl e- Speed Dr i ves

NEMA I CS 7. 2 ( 2015)  Appl i cat i on Gui de f or  AC Adj ust abl e 
Speed Dr i ve Syst ems

NEMA I CS 61800- 2 ( 2005)  Adj ust abl e Speed El ect r i cal  Power  
Dr i ve Syst ems Par t  2:   Gener al  
Requi r ement s -  Rat i ng Speci f i cat i ons f or  
Low Vol t age Adj ust abl e Fr equency A. C.  
Power  Dr i ve Syst ems

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

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

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

47 CFR 15 Radi o Fr equency Devi ces
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UNDERWRI TERS LABORATORI ES ( UL)

UL 489 ( 2016;  Rev 2019)  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 61800- 5- 1 ( 2016)  Adj ust abl e Speed El ect r i cal  Power  
Dr i ve Syst ems -  Par t  5- 1:  Saf et y 
Requi r ement s -  El ect r i cal ,  Ther mal  and 
Ener gy

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es 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 and EN 61800- 3  r ul es and 
r egul at i ons,  must  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.

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

Ensur e el ect r i cal  and el ect r omechani cal  component s of  t he Adj ust abl e Speed 
Dr i ve ( ASD)  do 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,  I EC 61000- 3- 12 Cont r ol  panel  
must  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 pr ot ect i ve devi ce must  be 
mount ed near  t he 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 must  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 must  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.   Test  t he 
i nput s and out put s 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   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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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 .

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- 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[ ,  [ _____] ]

As- Bui l t  Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Adj ust abl e Speed Dr i ves;  G[ ,  [ _____] ]

Wi r es and Cabl es
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Equi pment  Schedul e

SD- 06 Test  Repor t s

ASD Test

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

Endur ance Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose a br acket ed SD- 07 i f  par agr aph 3. 3. 1 
ASD TEST wi l l  use an opt i on wi t h engagi ng qual i f i ed 
t est i ng agency' s f i el d super vi sor .

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

[ SD- 07 Cer t i f i cat es

Test i ng Agency' s Fi el d Super vi sor  NETA Cer t i f i cat e;  G[ ,  [ _____] ]

] 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

ASD Test  Pl an;  G[ ,  [ _____] ]

St andar d Pr oduct s

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

Adj ust abl e Speed Dr i ves,  Dat a Package 4

1. 5   QUALI TY ASSURANCE

1. 5. 1   Schemat i c Di agr ams

Submi t  di agr ams showi ng 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 ci 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 si 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 ASD' 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.   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.   I mmedi at el y r ecor d 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 f or  i ncl usi on i nt o t he as- bui l t  dr awi ngs.
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1. 5. 4   Equi pment  Schedul e

Pr ovi de schedul e of  equi pment  suppl i ed.  Schedul e must  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 must  i ncl ude t he t ot al  quant i t y of  each i t em of  
equi pment  suppl i ed and 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.   For  compl et e assembl i es,  such as ASD' 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   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 6   DELI VERY AND STORAGE

St or e del i ver ed equi pment  t o pr ot ect  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.

1. 7   WARRANTY

The compl et e syst em must  be war r ant ed by t he manuf act ur er  f or  a per i od of  
[ one year ]  [ [ _____]  year s] .   Repai r  or  r epl ace 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 at  no addi t i onal  cost  t o 
t he Gover nment .   I t ems r epai r ed or  r epl aced must  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  Const r uct i on.

1. 8   MAI NTENANCE

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 .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h Cont r act i ng Of f i cer  on 
whet her  t hi s par agr aph can be i ncl uded.   Edi t  as 
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r equi r ed i f  addi t i onal  spar e par t s ar e r equi r ed f or  
a speci f i c  pr oj ect .   Do not  use t hi s par agr aph f or  
Navy pr oj ect s.

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

[ Pr ovi de one [ _____]  spar e ASD of  each model  pr ovi ded f or  HVAC equi pment ,  
f ul l y  pr ogr ammed and r eady f or  back- up oper at i on when connect ed.

] 1. 8. 2   Oper at i on and Mai nt enance Dat a

Pr ovi de 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 ncl ude el ect r i cal  
dr awi ngs f r om el ect r i cal  gener al  sect i ons.   Pr ovi de addi t i onal  i nf or mat i on 
necessar y t o pr ovi de 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 cal i br at i on.

1. 8. 3   Mai nt enance Suppor t

Dur i ng t he war r ant y per i od,  pr ovi de on- si t e,  on- cal l  mai nt enance ser vi ces 
by dr i ve manuf act ur er ' s per sonnel  on t he f ol l owi ng basi s:   The ser vi ce 
must  be on a per - cal l  basi s wi t h 36 hour  r esponse.   Cont r act or  i s 
r esponsi bl e f or  t he mai nt enance of  al l  har dwar e and sof t war e of  t he syst em 
dur i ng t he war r ant y per i od.   Var i ous per sonnel  of  di f f er ent  exper t i se must  
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 must  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 ,  must  be 
bor ne by t he Cont r act or .

1. 8. 4   Techni cal  Suppor t

Pr ovi de t he ASDs wi t h manuf act ur er ' s t echni cal  t el ephone suppor t  i n 
Engl i sh,  r eadi l y avai l abl e dur i ng nor mal  wor ki ng hour s.

PART 2   PRODUCTS

2. 1   ADJUSTABLE SPEED DRI VES ( ASD)

Pr ovi de adj ust abl e speed dr i ve t o cont r ol  t he speed of  i nduct i on 
mot or ( s) .   The ASD must  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  
oper at or .

b.   A conver t er  st age per  UL 61800- 5- 1 must  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  must  
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.  
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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  
must  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 must  
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 must  change f i xed dc vol t age t o var i abl e f r equency,  
var i abl e ac vol t age f or  appl i cat i on t o a st andar d NEMA MG 1 Par t  30 
mot or  desi gned f or  use wi t h adj ust abl e f r equency power  suppl i es.   
Swi t ch t he i nver t er  t o pr oduce a s i ne coded pul se wi dt h modul at ed 
( PWM)  out put  wavef or m.

d.   The ASD shal l  be capabl e of  suppl y i ng 110 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.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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.   Exampl es of  t hese 
const ant  t or que l oads i ncl ude gener al  machi ner y,  
hoi st s,  conveyor s,  pr i nt i ng pr esses,  posi t i ve 
di spl acement  pumps,  some mi xer s and ext r uder s,  
r eci pr ocat i ng compr essor s,  as wel l  as r ot ar y 
compr esses.   Use i nver t er - dut y mot or s ( St andar d MG 1 
Par t  31)  f or  t he const ant  t or que l oads.

Exampl e of  t he var i abl e t or que l oads i ncl ude f ans,  
cent r i f ugal  bl ower s,  cent r i f ugal  pumps,  pr opel l er  
pumps,  t ur bi ne pumps,  agi t at or s,  and axi al  
compr essor s.   Use i nver t er - r at ed mot or s ( St andar d MG 
1 Par t  310)  f or  t he var i abl e t or que l oads.

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

e.   The ASD must  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.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose one of  t he br acket ed sent ences when 
mor e t han an ASD i nher ent  dynami c br aki ng t or que i s 
r equi r ed because an ASD syst em wi l l  pr oduce onl y 10 
t o 15 per cent  of  mot or  f ul l - l oad t or que as dynami c 
br aki ng r et ar di ng t or que.

Ext er nal  dynami c br aki ng ( al so may be cal l ed " Shunt  
Regul at or "  and " Snubber " )  may be used when a shor t er  
decel er at i ng t i me i s occasi onal l y r equi r ed.   Dynami c 
br aki ng met hod i s r el easi ng t he mot or  gener at ed 
ener gy i n t he f or m of  heat  t hr ough a vol t age 
r egul at ed swi t chi ng t r ansi st or  and r esi st or .

Regener at i ve br aki ng may be used wher e a shor t  
decel er at i on t i me i s needed,  a hi gh i ner t i a i s 
pr esent ,  or  l ar ge amount s of  ener gy l osses ar e 
undesi r abl e.   The r egener at i ve br aki ng met hod i s 
changi ng t he ASD DC bus ener gy i nt o f i xed f r equency 
ut i l i t y  power .

Common DC bus t i e br aki ng may be used t oget her  wi t h 
a dynami c br aki ng as an al t er nat i ve t o di ssi pat i ng 
t he ener gy by a dynami c br ake r esi st or  when sever al  
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cont r ol s ar e used i n a pr ocess and t i ed i n 
par al l el .   Dur i ng br aki ng,  ener gy i s r et ur ned t o t he 
common DC bus t i e and may be used by r est  of  
cont r ol s and a r esi st or  i f  not  al l  ener gy i s used by 
t he cont r ol s.

Dynami c,  r egener at i ve,  and common DC bus t i e br aki ng 
cannot  pr ovi de hol di ng t or que.

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

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

[ Adj ust  decel er at i ng t i me by[  pr ovi di ng an ext er nal  dynami c br aki ng 
r esi st or  desi gned t o meet  NEMA I CS 61800- 2 t o be capabl e of  decel er at i ng 
s i x t i mes t he mot or  i ner t i a wi t h no mor e t han 150 per cent  of  r at ed cur r ent  
wi t h t he mot or  at  i t s  base speed. ] [  pr ovi di ng an ASD wi t h a r egener at i ve 
br aki ng desi gned t o r et ur n some of  br aki ng ener gy f r om t he mot or  t o t he AC 
power  di st r i but i on syst em. ] [  pr ovi di ng each of  sever al  ASD used i n a 
pr ocess wi t h a common DC bus t i e desi gned t o shar e t he r egener at i ve ener gy 
bet ween t i ed i n par al l el  cont r ol s. ]   ] Requi r ed decel er at i on t i me may be 
achi eved usi ng not  onl y dynami c br aki ng r esi st or  but  wi t h ot her  met hods 
descr i bed i n NEMA I CS 7. 2- 2015 par agr aph 5. 2. 5.

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

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

g.   Adj ust abl e f ul l - t i me cur r ent  l i mi t i ng must  l i mi t  t he cur r ent  t o a 
pr eset  val ue whi ch must  not  exceed 110 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 must  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 must  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 must  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 must  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 must  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 must  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 must  not  be l ess t han 96 
per cent .

k.   The cont r ol l er s must  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 must  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 must  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
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( 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

( 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 
cur r ent

( 10)  Over  t emper at ur e

( 11)  Phase r ever sal  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cl ass 10 means t hat  t he pr ot ect i on wi l l  t r i p 
i n 10 seconds when cur r ent  wi l l  be at  600 per cent ,  
Cl ass 20 means t hat  t he pr ot ect i on wi l l  t r i p i n 20 
seconds when cur r ent  wi l l  be at  600 per cent .   Cl ass 
I I  gr ound- f aul t  pr ot ect i on i s an equi pment  
pr ot ect i on per  NEC.   Ret ai n i sol at ed over l oad al ar m 
cont act s on over l oad r el ays i f  t hey ar e r equi r ed f or  
l ocal  or  r emot e al ar m i ndi cat i on of  a t r i ppi ng 
over l oad r el ay.

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

m.   Sol i d st at e mot or  over l oad pr ot ect i on must  [ be i ncl uded such t hat  
cur r ent  exceedi ng an adj ust abl e t hr eshol d must  act i vat e a 60 second 
t i mi ng ci 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. ] [ have [ sensor  i n each phase, ] [  [ Cl ass 10]  [ Cl ass 20]  [ Cl ass 
10/ 20 sel ect abl e]  t r i ppi ng char act er i st i c sel ect ed t o pr ot ect  mot or  
agai nst  vol t age and cur r ent  unbal ance and si ngl e phasi ng, ]  [ Cl ass I I  
gr ound- f aul t  pr ot ect i on,  wi t h st ar t  and r un del ays t o pr event  nui sance 
t r i p on st ar i ng, ]  [ anal og communi cat i on modul e, ] [  [ NC]  [ NO]  i sol at ed 
over l oad al ar m cont act , ]  [ ext er nal  over l oad,  r eset  push but t on] . ]

n.   I ncl ude sl i p compensat i on c i r cui t  t hat  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 MG 1 Par t  30 desi gned f or  use wi t h adj ust abl e f r equency power  
suppl i es  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 .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ret ai n t he l ast  br acket ed sent ences i f  t he 
sel ect ed t i me del ay may not  pr event  an ASD f r om an 
aut omat i c r est ar t  af t er  a power  i nt er r upt i on unt i l  
mot or  has st opped.   Al so r et ai n t he sent ence i f  
t her e wi l l  be an ASD f i el d- sel ect ed aut omat i c and 
manual  bypass mode i n subpar agr aph 2. 1. r .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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o.   The ASD must  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 ASD 
must  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. [   
Pr ovi de Bi di r ect i onal  Aut ospeed Sear ch capabl e of  st ar t i ng t he ASD 
i nt o r ot at i ng l oads spi nni ng i n ei t her  di r ect i on and r et ur ni ng mot or  
t o set  speed i n pr oper  di r ect i on,  wi t hout  causi ng damage t o dr i ve,  
mot or ,  or  l oad. ]

p.   The ASD must  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  must  be 
i ncl uded.

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 ASD must  have a mi ni mum of  t hr ee user  sel ect abl e bandwi dt hs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thr ee- cont act or - st y l e bypass al l ows mot or  
oper at i on v i a t he power  conver t er  or  t he bypass 
cont r ol l er ;  wi t h i nput  i sol at i ng swi t ch and bar r i er  
ar r anged t o i sol at e t he power  conver t er  i nput  and 
out put  and per mi t  saf et y t est i ng and t r oubl eshoot i ng 
of  t he power  conver t er ,  bot h ener gi zed and 
de- ener gi zed,  whi l e mot or  i s oper at i ng i n bypass 
mode.

I f  a br acket ed sent ence i s chosen wi t h a 
f i el d- sel ect abl e aut omat i c and manual  bypass mode,  
r et ai n r equi r ement s f or  a Bi di r ect i onal  Aut ospeed 
Sear ch i n subpar agr aph 2. 1. o.  wi t h a r equi r ement  f or  
ASD t o 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.

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

r .   Pr ovi de pr eper l y s i zed [ NEMA] [ I EC]  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  ASD f ai l ur e[  
and f or  saf et y t r ansf er s mot or  bet ween power  conver t er  out put  and 
bypass ci r cui t  usi ng a f i el d- sel ect abl e aut omat i c and manual  bypass 
mode] .   I nst al l  mechani cal  and el ect r i cal  i nt er l ocks 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 t i mer .   Mot or  over l oad and shor t  c i r cui t  pr ot ect i ve 
f eat ur es must  r emai n i n use dur i ng t he bypass mode.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Per  NEMA I CS 7. 2,  t he ASD must  l i mi t  har moni c 
di st or t i on r ef l ect ed ont o t he ut i l i t y  syst em.   5 
per cent  i mpedance l i ne r eact or s have t he same 
benef i t s as t he 3 per cent  i mpedance l i ne r eact or s 
except  t hat  t he 5 per cent  i mpedance l i ne r eact or s 
pr ovi de maxi mum har moni c mi t i gat i on wi t hout  addi ng 
capaci t ance.   I nvest i gat e ASD vol t age per f or mance 
bef or e usi ng l i ne r eact or s.

Ret ai n Har moni c Anal ysi s Repor t  br acket ed sent ence 
i f  an anal ysi s f r om ASD manuf act ur er  i s r equi r ed.  
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I EC 61000- 3- 12,  Tabl e 4 l i mi t s t he THDI  ( t ot al  
har moni c cur r ent  di st or t i on)  pr oduced by equi pment  
connect ed t o publ i c l ow- vol t age syst ems wi t h i nput  
mor e t han 16 A and l ess or  equal  t o 75 A per  phase 
t o be l ess t han 48 per cent .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n t he l ast  br acket ed sent ence,  i nser t  
speci f i c  r equi r ement s i n addi t i on t o or  i n l i eu of  
t he manuf act ur er  pr ovi ded RFI / EMI  mi t i gat i ng met hod 
i f  t he met hod does not  compl y wi t h t he speci f i ed 
l i mi t at i ons.

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

s.   Each i ndi v i dual  ASD must  meet  t he f ol l owi ng Tot al  Har moni c Di st or t i on 
( THD)  r equi r ement s at  t he i nput  t er mi nal s t o t he f act or y assembl y of  
t he ASD or  at  t he l oad di sconnect i ng means ser vi ng t he ASD and f i l t er  
assembl y.   These measur ement s shoul d be t aken wi t h t he dr i ve set  at  90 
per cent  f r equency ( r pms)  and t he mot or  under  a mi ni mum of  50 per cent  
demand.

( 1)  The Vol t age THD shoul d not  exceed 2. 0 per cent  THD.

( 2)  The Cur r ent  THD shoul d not  exceed 15. 0 per cent  THD.

( 3)  I f  t he st andar d f act or y ASD does not  meet  or  exceed t hese 
r equi r ement s t he f act or y must  i nst al l  appr opr i at e equi pment  
( Har moni c Tr aps,  Fi l t er s,  di f f er ent  Dr i ve t echnol ogy,  et c. )  t o 
mi t i gat e t he di st or t i on t o assur e per f or mance of  t he VFD i s wi t hi n 
t he l i mi t s.

( 4)  These t est s shoul d be per f or med at  t he Manuf act ur er s Labor at or y 
f aci l i t i es and submi t t ed as par t  of  t he Pr oduct  Dat a Submi t t al s,  
i n or der  t o pr event  t he necessi t y of  addi ng mi t i gat i on equi pment  
i n t he f i el d.  I f  t he r equi r ement s l i s t ed above ar e met ,  I EEE 519 
wi l l  al so be met .

[ t .   Mi ni mum Oper at i ng Condi t i ons.   Desi gned and const r uct ed ASD' s t o 
oper at e wi t hi n t he f ol l owi ng ser vi ce condi t i ons:

( 1)  Ambi ent  Temper at ur e Rat i ng:   0 t o 120 degr ees F.

( 2)  Non- condensi ng r el at i ve humi di t y r at i ng:   l ess t han 95 per cent .

( 3)  Ambi ent  r at i ng:   Not  exceed 1, 006 met er s 3, 300 f eet .

] [ 2. 1. 1   ASD f or  I ndust r i al  Appl i cat i on

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 ASD:

a.   Manual  speed pot ent i omet er .

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

c.   Power  on l i ght .

d.   Dr i ve r un power  l i ght .
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e.   Local  di spl ay[  capabl e of  i ncl udi ng ASD st at us,  f r equency,  mot or  RPM,  
phase cur r ent ,  f aul t  di agnost i c i n descr i pt i ve t ext ,  and al l  
pr ogr ammed par amet er s] .

] [ 2. 1. 2   ASD f or  HVAC Appl i cat i on

ASDs must  have t he f ol l owi ng f eat ur es:

a.   A l ocal  oper at or  cont r ol  pr ovi di ng t he f ol l owi ng f unct i ons:

( 1)  Remot e/ Local  oper at or  sel ect i on wi t h passwor d access.

( 2)  Run/ St op and manual  speed commands.

( 3)  Al l  pr ogr ammi ng f unct i ons.

( 4)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

b.   A l ocal  oper at or  cont r ol  panel  wi t h t he f ol l owi ng dat a di spl ayed:

( 1)  ASD st at us.

( 2)  Fr equency.

( 3)  Mot or  RPM.

( 4)  Phase cur r ent .

( 5)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

( 6)  Faul t  di agnost i cs i n descr i pt i ve t ext .

( 7)  Al l  pr ogr ammed par amet er s.

c.   St andar d PI  l oop cont r ol l er  wi t h i nput  t er mi nal  f or  cont r ol l ed 
var i abl e and par amet er  set t i ngs.

d.   User  i nt er f ace t er mi nal s f or  r emot e cont r ol  of  ASD speed,  speed 
f eedback,  and an i sol at ed f or m C SPDT r el ay,  whi ch ener gi zes on a 
dr i ve f aul t  condi t i on.

e.   An i sol at ed f or m C SPDT auxi l i ar y r el ay whi ch ener gi zes on a r un 
command.

f .   An adj ust abl e car r i er  f r equency wi t h 16 KHz mi ni mum upper  l i mi t .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ne r eact or  i s based upon t he per cent  of  
l i ne i mpedance.   I nvest i gat e ASD vol t age per f or mance 
bef or e usi ng l i ne r eact or s.

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

g.   A bui l t - i n or  ext er nal  l i ne r eact or  wi t h 3 per cent  mi ni mum i mpedance 
t o pr ot ect  t he DC bus capaci t or s and r ect i f i er  sect i on di odes[ ,  r educe 
power  l i ne t r ansi ent  vol t age,  l i ne not chi ng,  DC bus over - vol t age 
t r i ppi ng and i mpr ove t he i nver t er  over - cur r ent  and over - vol t age 
condi t i ons] .
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h.   Hi st or i cal  l oggi ng i nf or mat i on and di spl ays:

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ret ai n f i r st  subpar agr aph bel ow i f  t i me and 
dat e st ampi ng i s not  accompl i shed t hr ough t he DDC 
syst em f or  HVAC.

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

[ ( 1)  Real - t i me cl ock wi t h cur r ent  t i me and dat e.

] ( 2)  Runni ng l og of  t ot al  power  ver sus t i me.

( 3)  Tot al  r un t i me.

[ ( 4)  Faul t  l og,  mai nt ai ni ng l ast  [ f our ] [ _____]  f aul t s wi t h t i me and 
dat a st amp f or  each.

] ( 5)  [ _____] .

[ i .   The ASD must  be capabl e of  aut omat i c cont r ol  by a r emot e [ 4- 20 mA] [ 0 
t o 10 VDC] [ _____]  s i gnal ,  by [ BACnet ] [ LONwor ks] [ _____]  net wor k 
command,  or  manual l y by t he ASD cont r ol  panel .

] [ j .   ASDs must  i ncl ude t he f ol l owi ng oper at or  pr ogr ammabl e par amet er s:

( 1)  Upper  and l ower  l i mi t  f r equency.

( 2)  Accel er at i on and decel er at i on r at e.

( 3)  Var i abl e t or que vol t s per  Her t z cur ve.

( 4)  St ar t i ng vol t age l evel .

( 5)  St ar t i ng f r equency l evel .

( 6)  Di spl ay speed scal i ng.

( 7)  Enabl e/ di sabl e sof t  st al l  f eat ur e.

( 8)  Mot or  over l oad l evel .

( 9)  Mot or  st al l  l evel .

( 10)  Jump f r equency and hyst er esi s band.

( 11)  PWM car r i er  f r equency.

] [ k.   ASD must  have t he f ol l owi ng pr ot ect i ve f eat ur es:

( 1)  An el ect r oni c adj ust abl e i nver se t i me cur r ent  l i mi t  wi t h 
consi der at i on f or  addi t i onal  heat i ng of  t he mot or  at  f r equenci es 
bel ow 45Hz,  f or  t he pr ot ect i on of  t he mot or .

( 2)  An el ect r oni c adj ust abl e sof t  st al l  f eat ur e,  al l owi ng t he ASD t o 
l ower  t he f r equency t o a poi nt  wher e t he mot or  wi l l  not  exceed t he 
f ul l - l oad amper age when an over l oad ASD wi l l  aut omat i cal l y r et ur n 
t o t he r equest ed f r equency when l oad condi t i ons per mi t .

( 3)  A separ at e el ect r oni c st al l  at  110 per cent  ASD r at ed cur r ent ,  and 
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a separ at e har dwar e t r i p at  190 per cent  cur r ent .

( 4)  The abi l i t y  t o shut  down i f  i nadver t ent l y st ar t ed i nt o a r ot at i ng 
l oad wi t hout  damagi ng t he ASD or  t he mot or .

( 5)  The abi l i t y  t o keep a l og of  a mi ni mum of  f our  pr evi ous f aul t  
condi t i ons,  i ndi cat i ng t he f aul t  t ype and t i me of  occur r ence i n 
descr i pt i ve t ext .

( 6)  The abi l i t y  t o sust ai n 110 per cent  r at ed cur r ent  f or  60 seconds.

( 7)  The abi l i t y  t o shut down saf el y or  pr ot ect  agai nst  and r ecor d t he 
f ol l owi ng f aul t  condi t i ons:

( a)  Over  cur r ent  ( and an i ndi cat i on i f  t he over  cur r ent  was dur i ng 
accel er at i on,  decel er at i on,  or  r unni ng) .

( b)  Over  cur r ent  i nt er nal  t o t he dr i ve.

( c)  Mot or  over l oad at  st ar t - up.

( d)  Over  vol t age f r om ut i l i t y  power .

( e)  Mot or  r unni ng over l oad.

( f )  Over  vol t age dur i ng decel er at i on.

( g)  ASD over  heat .

( h)  Load and gr ound f aul t .

( h)  Abnor mal  par amet er s or  dat a i n ASD EEPROM.

] ] 2. 2   ENCLOSURES

Pr ovi de equi pment  encl osur es conf or mi ng t o NEMA 250,  NEMA I CS 7,  and 
NEMA I CS 6,  wi t h a heat er  i f  l ocat ed out door s.   An HMCP devi ce shal l  
pr ovi de t he di sconnect i ng means.   The oper at i ng handl e shal l  pr ot r ude 
t hr ough t he door ,  but  t he di sconnect  shal l  not  be mount ed on t he door .   
The handl e shal l  i ndi cat e ON,  OFF,  and t r i pped condi t i ons.   The handl e 
shal l  have pr ovi s i ons t o accommodat e a mi ni mum of  t hr ee padl ocks i n t he 
OFF posi t i on.   I nt er l ocks shal l  pr event  unaut hor i zed openi ng or  c l osi ng of  
t he ASD door  wi t h t he di sconnect  handl e i n t he ON posi t i on.   The door  
handl e i nt er l ock shoul d have pr ovi s i ons t o be def eat ed by qual i f i ed 
mai nt enance per sonnel .

2. 3   WI RES AND CABLES

Al l  wi r es and cabl es must  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 must  conf or m wi t h t he r equi r ement s 
of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manuf act ur er ' s 
st andar d,  per manent  namepl at es f or  i nt er nal  ar eas of  encl osur es.
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2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   ASD Test  Pl an

To ensur e qual i t y,  each ASD must  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.

2. 5. 2   ASD Test  Repor t

To ensur e qual i t y,  each ASD must  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  r epor t s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

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  must  super vi se 
t he i nst al l at i on of  al l  equi pment ,  and wi r i ng.

3. 2   GROUNDI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose one of  t he br acket ed sent ences.   AC 
power  syst em gr oundi ng i s a cr i t i cal  consi der at i on.   
The cont r ol  must  be sol i dl y gr ounded t o t he mai n 
di st r i but i on syst em gr ound.   A gr ound common wi t h 
el ect r i cal  wel di ng equi pment  or  l ar ge cur r ent  
equi pment  ( 5x r at i ng of  t he cont r ol )  shoul d not  be 
used.   I f  ei t her  of  t hese t wo condi t i ons exi st ,  use 
an i sol at i on t r ansf or mer  s i zed f or  t he ASD cont r ol  
wi t h a wye secondar y neut r al  sol i dl y gr ounded.   
Wher e mor e t han one cont r ol  i s  used,  gr ound each 
di r ect l y t o t he syst em gr ound t er mi nal ,  do not  l oop 
gr ound or  i nst al l  i n ser i es.   Poor / i mpr oper  
gr oundi ng i s pr ovi di ng near l y al l  el ect r i c noi se 
i ssues.

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

Per  NEMA I CS 7. 2,  ASD must  be sol i dl y gr ounded t o t he mai n di st r i but i on.

3. 3   FI ELD QUALI TY CONTROL

Speci f i ed pr oduct s must  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.   
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 vi 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.   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 t est s.

3. 3. 1   ASD Test

A pr oposed t est  pl an must  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 must  
conf or m t o NEMA I CS 1,  NEMA I CS 7,  and al l  manuf act ur er ' s saf et y 
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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.   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.   Per f or m t he ASD t est  [ wi t h t he assi st ance 
of  a f act or y- aut hor i zed ser vi ce r epr esent at i ve] [ engagi ng a qual i f i ed 
t est i ng agency' s f i el d super vi sor  cur r ent l y cer t i f i ed by NETA t o super vi se 
on- si t e t est i ng] .

3. 3. 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 must  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 ASD.   Compl i ance wi t h t he speci f i cat i on r equi r ement s must  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.   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. 3. 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  must  commence.   The syst em must  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  0. 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 .   The cont r act or  i s not  al l owed i n t he bui l di ng dur i ng t he endur ance 
t est .   The syst em must  r espond as desi gned.

3. 4   DEMONSTRATI ON

3. 4. 1   Tr ai ni ng

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 .     Pr ovi de 
vi 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 .   Pr ovi de 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 .

3. 4. 1. 1   I nst r uct i ons t o Gover nment  Per sonnel

Pr ovi de t he ser vi ces of  compet ent  i nst r uct or s wi t h mi ni mum t wo- year  f i el d 
exper i ence wi t h t he oper at i on and mai nt enance of  s i mi l ar  ASDs 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 must  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 number  of  t r ai ni ng days of  i nst r uct i on f ur ni shed must  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 
must  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.
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3. 4. 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 vi ew

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. 4. 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 must  be conduct ed 
on si 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 f our  [ _____]  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 must  i ncl ude:

a.   Syst em over vi 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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