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i i  

PREFACE 

This  Standard was prepared by the Joint Standards Australia/Standards New 

Zealand Committee EL-006,  Industrial Switchgear and Controlgear to supersede 

AS  3 947. 4. 2—1 997.  

The objective of this  Standard is  to provide characteristics,  constructional and performance 

requirements  and tests  to verify performance for a. c.  semiconductor motor controllers  and 

starters  for rated voltage up to 1 000 V a. c.  

This  Standard is  Part 4. 2  of a series  which,  when complete,  will consist of the following:  

AS(/NZS) 3 947  Low-voltage switchgear and controlgear 

AS/NZS  3 947. 1  Part 1 :  General rules  

AS  3 947. 2  Part 2:  Circuit-breakers  

AS/NZS  3 947. 3  Part 3 :  Switches,  disconnectors,  switch-disconnectors  and fuse-

combination units  

AS/NZS  3 947. 3  

Supp1  

Part 3 :  Switches,  disconnectors,  switch-disconnectors and fuse-

combination units,  Supplement 1 :  Fuse-switch-disconnectors 

and switch-disconnectors for use with low voltage aerial 

bundled cables 

AS  3 947. 4. 1  Part 4. 1 :  Contactors  and motor-starters—Electromechanical 

contactors  and motor-starters  

AS/NZS  3 947. 4. 2  Part 4. 2:  Contactors  and motor-starters—A. C.  semiconductor motor 

controllers  and starters  (this  Standard)  

AS/NZS  3 947. 4. 3  Part 4. 3 :  Contactors  and motor-starters—A. C.  semiconductor 

controllers  and contactors  for non-motor loads 

AS/NZS  3 947. 5 . 1  Part 5 . 1 :  Control circuit devices and switching elements—Electro-

mechanical control circuit devices  

AS/NZS  3 947. 5 . 2  Part 5 . 2:  Control circuit devices and switching elements—Proximity 

switches  

AS/NZS  3 947. 5 . 3  Part 5 . 3 :  Control circuit devices and switching elements—

Requirements  for proximity devices  with defined 

behaviour under fault conditions  

AS/NZS  3 947. 5 . 4  Part 5 . 4:  Control circuit devices and switching elements—Methods 

of assessing the performance of low-energy contacts–

Special tests  

AS/NZS  3 947. 5 . 5  Part 5 . 5 :  Control circuit devices and switching elements—Electrical 

emergency stop devices  with mechanical latching function 

AS/NZS  3 947. 5 . 6  Part 5 . 6:  Control circuit devices and switching elements—D. C.  

interface for proximity sensors  and switching amplifiers  

(NAMUR) 

AS/NZS  3 947. 6. 1  Part 6. 1 :  Multiple function equipment—Automatic transfer 

switching equipment 

AS/NZS  3 947. 6. 2  Part 6. 2:  Multiple function equipment—Control and protective 

switching devices  (or equipment)  (CPS) 

AS/NZS  3 947. 7. 1  Part 7. 1 :  Ancillary equipment—Terminal blocks for copper 

conductors  

AS  3 947. 7. 2  Part 7. 2:  Ancillary equipment—Protective conductor terminal 

blocks for copper conductors  

AS/NZS  3 947. 7. 3  Part 7. 3 :  Ancillary equipment—Safety requirements  for terminal 

blocks for the reception of cartridge fuse-links 

Full document details: AS NZS 3947.4.2-2000
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This  Standard is  identical with and has  been reproduced from IEC 60947-4-2:1 999,  Low-

voltage swtichgear and controlgear,  Part 4-2:  Contactors and motor-starters—AC 

semiconductor motor controllers and starters .  

This  Standard covers  low-voltage a. c.  semiconductor motor controllers  and starters,  that 

have many capabilities  and features  beyond the simple starting and stopping of an induction 

motor,  such as  controlled starting and stopping,  manoeuvring and controlled running.  

The generic term,  controller,  is  used in this  Standard wherever the unique features  of the 

power semiconductor switching elements  are the most significant points  of interest.  The 

generic term,  starter,  is  used wherever the consequences of operating the power semi-

conductor switching elements,  together with suitable overload protective means are the 

most significant points  of interest.  Specific designations  (for example form 1 ,  form HxB) 

are used wherever the unique features  of various configurations  comprise significant points  

of interest.  

The provisions  of AS/NZS  3 947. 1 ,  General rules,  are applicable to this  Standard,  where 

specifically called for.  Clauses  and subclauses  thus  applicable,  as  well as  tables,  figures,  

and annexes  are identified by reference to IEC 60947-1 ,  for example subclause 1 . 2. 3  of 

IEC 60947-1 ,  table 4  of IEC 60947-1  or annex A of IEC 60947-1 .  

This  Standard differs  from AS  3 947. 4. 2 — 1 997  in the following:  

(a)  Requirements  and tests  for dielectric properties  have been revised and clarified.  

(b)  Requirements  for coordination with short-circuit protective devices,  a test to verify 

performance under short-circuit conditions  and information relating to discrimination 

between overload protective devices and short-circuit protective devices  have been 

added.  

(c)  The conducted radio frequency emission test and its  associated terminal disturbance 

voltage limits  have been revised.  

A reference to an International Standard identified in the Normative References  Clause and 

the Bibliography by strikethrough (example)  is  replaced by a reference to the Australian or 

Australian/New Zealand Standard(s)  listed immediately thereafter and identified by shading 

(example).  Where the struck-through referenced document and the referenced Australian or 

Australian/New Zealand Standard are identical,  this  is  indicated in parenthesis  after the title 

of the latter.  

As  this  Standard is  reproduced from an International Standard,  the following applies:  

(i)  Its  number does  not appear on each page of text and its  identity is  shown only on the 

cover and title page.  

(ii)  In the source text ‘ this  standard’  should read ‘ this  Australian/New Zealand Standard’ .  

(iii)  A full point should be substituted for a comma when referring to a decimal marker.  

The terms ‘ normative’  and ‘ informative’  have been used in this  Standard to define the 

application of the annex to which they apply.  A ‘ normative’  annex is  an integral part of a 

Standard,  whereas  an ‘ informative’  annex is  only for information and guidance.  
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND 

_________ 

Austral ian /New Zealand  Standard  

Low-vol tage  swi tchgear and  controlgear 

 

Part  4.2:   Contactors  and  motor-starters— 

A.C.  semiconductor motor control lers  and  starters  

_________  

Any I EC tabl e,  fi gu re  or passage  of text  that  i s  struck-through  i s  not  part  of th i s  Standard .  Any 
Austral i an /New Zeal and  tabl e,  fi gure  or passage  of text  that  i s  added  (and  i denti fi ed  by 
shad i ng)  i s  part  of th i s  S tandard .  

1  Scope  and  object 

Th i s  standard  appl i es  to  control l ers  and  starters,  wh i ch  may i ncl ude  a  seri es mechan i cal  
swi tch i ng  dev i ce,  i n tended  to  be  connected  to  ci rcu i ts,  the  rated  vol tage  of wh i ch  does not  
exceed  1  000  V a. c.  

Th i s  standard  characteri zes control l ers  and  starters  for use  wi th  and  wi thout  bypass swi tch i ng  
dev i ces.   

Control l ers and  starters  deal t  wi th  i n  th i s  standard  are  not  normal l y desi gned  to  i n terrupt  
short-ci rcu i t  currents.  Therefore,  su i tabl e  short-ci rcu i t  protecti on  (see  8. 2 . 5)  shou l d  form  part  
of the  i nstal l ati on ,  bu t  not  necessari l y  of the  control l er or starter.  

I n  th i s  context,  th i s  standard  g i ves requ i rements for control l ers and  starters associ ated  wi th  
separate  short-ci rcu i t  protecti ve  dev i ces.  

Th i s  standard  does not  appl y to:  

– conti nuous operati on  of a . c.  motors at  motor speeds other than  the  normal  speed ;  

– semiconductor equipment,  i ncluding  semiconductor contactors (see 2. 2. 1 3  of I EC 60947-1 )  
control l i ng  non-motor l oads;  

– el ectron i c a. c.  power control l ers  covered  by I EC 601 46.  

Contactors and  control  ci rcu i t  dev i ces used  i n  control l ers  and  starters  shou l d  compl y wi th  the  
requ i rements of thei r re l evant  product  standard .  Where  mechan i cal  swi tch i ng  dev i ces are  
used ,  they shou l d  meet  the  requ i rements of thei r own  I EC product  standard ,  and  the  
add i ti onal  requ i rements of th i s  standard .  

The  obj ect  of th i s  standard  i s  to  state  as  fol l ows:  

– the  characteri sti cs  of control l ers  and  starters  and  associ ated  equ i pment;  

– the  cond i ti ons wi th  wh i ch  control l ers  and  starters  shal l  compl y wi th  reference  to:  

a)  thei r operati on  and  behav i our;  

b)  thei r d i e l ectri c  properti es;  

c)  the  degrees of protecti on  prov i ded  by thei r encl osures where  appl i cabl e;  

d)  thei r constructi on ;  
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– the  tests  i n tended  for confi rm i ng  that  these  cond i ti ons have  been  met,  and  the  methods 
to  be  adopted  for these  tests;  

– the  i n formati on  to  be  g i ven  wi th  the  equ i pment,  or i n  the  manufacturer's  l i terature.  

2  Normative  references  

References to  I n ternati onal  S tandards that  are  struck through  i n  th i s  Cl ause  are  repl aced  by 
references to  equ i val ent  Austral i an  or Austral i an /New Zeal and  S tandards that  are  l i sted  
immed i atel y  thereafter and  i denti fi ed  by shad i ng .  Any Austral i an  or Austral i an /New Zeal and  
Standard  that  i s  i denti cal  to  the  I n ternati onal  S tandard  i t  repl aces i s  appropri atel y  i denti fi ed .  

The  fol l owi ng  normati ve  documents contai n  prov i si ons wh i ch ,  th rough  reference  i n  th i s  text,  
consti tu te  prov i si ons of th i s  part  of I EC 60947.  For dated  references,  subsequent  
amendments to,  or rev i si ons of,  any of these  publ i cati ons do  not  appl y.  However,  parti es  to  
agreements based  on  th i s  part  of I EC 60947  are  encouraged  to  i nvesti gate  the  possi b i l i ty of 
appl yi ng  the  most  recent  ed i ti ons of the  normati ve  documents i nd i cated  bel ow.  For undated  
references,  the  l atest  ed i ti on  of the  normati ve  document referred  to  appl i es.  Members of I EC 
and  I SO  mai n tai n  reg i sters  of currentl y  val i d  I n ternati onal  S tandards.  

I EC 60034-1 : 1 996,  Rotating  e lectrical  mach ines  – Part  1 :  Rating  and  performance 1 )  

AS  1 359. 1 01 ,  Rotating  e lectrical  mach ines—General  requ i rements,  Part  1 01 :   Rating  and  
performance  

I EC  60050(1 61 ) : 1 990,  I n ternational  E lectrotechn ical  Vocabu lary ( IEV)  – Chapter 1 61 :  E lectro-
magnetic  compatibi l i ty   

I EC  60269-1 : 1 998,  Low-vol tage  fuses  – Part  1 :  General  requ i rements  

AS/NZS  60269. 1 ,  Low-vol tage  fuses,  Part  1 :  General  requ i rements  ( i denti cal  to  
I EC  60269-1 : 1 998)  

I EC  6041 0: 1 973,  Sampl ing  p lans  and  procedures  for i nspection  by attribu tes  

I EC 60439-1 : 1 992,  Low-vol tage  swi tchgear and  controlgear assembl ies  – Part  1 :  Type-tested  
and  partia l l y  type-tested  assembl ies  

AS  3439. 1 ,  Low-vol tage  swi tchgear and  controlgear assembl ies,  Part  1 :  Type-tested  and  
partia l l y  type-tested  assembl ies  

I EC 60664  (al l  parts) ,  I nsu lation  coord ination  for equ ipment  wi th in  l ow-vol tage  systems  

I EC 60947-1 : 1 999,  Low-vol tage  swi tchgear and  controlgear – Part  1 :  General  ru les  

AS/NZS  3947. 1 ,  Low-vol tage  swi tchgear and  controlgear ,  Part  1 :  General  ru les  

I EC/TR3  61 000-2-1 : 1 990,  Electromagnetic  compatibi l i ty  (EMC)  – Part  2 :  Envi ronment – 
Section  1 :  Description  of the  envi ronment – E lectromagnetic envi ronment for l ow-frequency 
conducted  d istu rbances  and  s ignal l i ng  i n  publ i c  power supply systems  

                                                                    
1 )  There exi s ts  a  consol i dated  ed i ti on  1 0 . 2  ( 1 999)  that  i nc l udes  I EC  60034-1  ( 1 996) ,  i ts  amendment 1  ( 1 997)  and  

amendment  2  ( 1 999) .  
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I EC 61 000-3-2: 1 995,  Electromagnetic  compatibi l i ty (EMC)  – Part  3 :  L im i ts  – Section  2 :  L im i ts  

for harmon ic current  em issions  (equ ipment  i npu t  current  ≤1 6  A per phase) 2)  

AS/NZS  61 000. 3. 2 ,  Electromagnetic compatibi l i ty (EMC),  Part  3 . 2 :  L im i ts—Lim i ts  for 
harmon ic current  em issions  (equ ipment  i npu t  current  l ess  than  or equal  to  1 6  A per phase)  

I EC 61 000-4-2: 1 995,  Electromagnetic compatibi l i ty  (EMC)  – Part  4 :  Testing  and  measurement  
techn iques  – Section  2 :  E lectrostatic  d i scharge  immun i ty test  – Basic EMC publ ication 3)  

I EC 61 000-4-3: 1 995,  Electromagnetic compatibi l i ty  (EMC)  – Part  4 :  Testing  and  measurement  
techn iques  – Section  3 :  Rad iated ,  rad io-frequency,  e lectromagnetic  fi e ld  immun i ty test 4)  

AS/NZS  61 000. 4. 3,  Electromagnetic  compatibi l i ty (EMC),  Part  4 . 3:  Testing  and  measurement  
techn iques—Rad iated ,  rad io-frequency,  e lectromagnetic  fi e ld  immun i ty test ( i denti cal  wi th  
I EC 61 000-4-3  consol i dated  Ed i ti on  1 . 1  (1 998)  

I EC 61 000-4-4: 1 995,  Electromagnetic compatibi l i ty  (EMC)  – Part  4 :  Testing  and  measurement  
techn iques  – Section  4:  E lectrical  fast  transient/burst  immun i ty test  – Basic EMC publ ication  

I EC 61 000-4-5: 1 995,  Electromagnetic compatibi l i ty  (EMC)  – Part  4 :  Testing  and  measurement  
techn iques  – Section  5:  Surge  immun i ty test  

AS/NZS  61 000. 4. 5,  Electromagnetic  compatibi l i ty  (EMC),  Part  4 . 5:  Testing  and  measurement  
techn iques—Surge  immun i ty test  ( i denti cal  to  I EC 61 000-4-5: 1 995)  

I EC 61 000-4-6: 1 996,  Electromagnetic compatibi l i ty  (EMC)  – Part  4 :  Testing  and  measurement  
techn iques  – Section  6:  Immun i ty to  conducted  d i sturbances,  i nduced  by rad io-frequency 
fie lds  

AS/NZS  61 000. 4. 6,  Electromagnetic  compatibi l i ty  (EMC),  Part  4 :  Testing  and  measurement 
techn iques— Immuni ty to  conducted  d i sturbances,  i nduced  by rad io-frequency fi e lds  ( i denti cal  
to  I EC  61 000-4-6: 1 996)  

I EC 61 000-4-1 1 : 1 994,  Electromagnetic  compatibi l i ty (EMC)  – Part  4 :  Testing  and  measuring  
techn iques  – Section  1 1 :  Vol tage  d ips,  short  i n terruptions  and  vol tage  variations  immun i ty 
tests   

CISPR 1 1 : 1 997,  I ndustria l ,  scien ti fic  and  med ical  ( ISM)  rad io-frequency equ ipment  –
Electromagnetic  d isturbance  characteristics  – Lim i ts  and  methods  of measuremen t 5)  

AS/NZS  2064,  Lim i ts  and  methods  of measurement  of e lectromagnetic  d isturbance  
characteristics  of i ndustria l ,  scien ti fic  and  med ical  ( ISM)  rad io-frequency equ ipment  

CISPR 1 4-1 : 1 993,  Electromagnetic  compatibi l i ty  – Requ i rements  for household  appl iances,  
e lectrical  tools  and  s im i lar apparatus  – Part  1 :  Em ission  – Product  fam i ly  standard  

AS/NZS  1 044,  Lim i ts  and  methods  of measurement  of rad io  d isturbance  characteristi cs  of 
e lectrical  motor-operated  and  thermal  appl iances  for household  and  s im i lar purposes,  e lectric  
tools  and  s im i lar e lectric  apparatus  

C I SPR 1 4-2: 1 993,  Electromagnetic  compatibi l i ty  – Requ i rements  for household  appl iances,  
e lectrical  tools  and  s im i lar apparatus  – Part  2 :  Immun i ty – Product  fam i ly  standard  

                                                                    

2 )  There exi s ts  a  consol i dated  ed i ti on  1 . 2  ( 1 998)  that  i ncl udes  I EC  61 000-3-2  ( 1 995) ,  i ts  amendment 1  ( 1 997)  and  
amendment  2  ( 1 998) .  

3 )  There exi s ts  a  consol i dated  ed i ti on  1 . 1  ( 1 999)  that  i nc l udes  I EC  61 000-4-2  ( 1 995)  and  i ts  amendment 1  ( 1 998) .  

4 )  There exi s ts  a  consol i dated  ed i ti on  1 . 1  ( 1 998)  that  i nc l u des  I EC  61 000-4-3  ( 1 995)  and  i ts  amendment  1  ( 1 998) .  

5 )  There exi s ts  a  consol i dated  ed i ti on  3 . 1  ( 1 999)  that  i n cl udes  C I SPR 1 1  ( 1 997)  and  i ts  amendment 1  ( 1 999) .  
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3 Defin itions  

For the  purposes of th i s  standard ,  re l evant  defi n i t i ons of cl ause  2  of I EC 60947-1  and  the  
fol l owi ng  add i ti onal  defi n i t i ons appl y.  

3. 1  Defin i ti ons  concern ing  a. c.  semiconductor motor control  devices   

3 . 1 . 1  AC  semiconductor motor con trol l ers  and  starters  (see  fi gure  1 )  

3 . 1 . 1 . 1  
a. c.  semiconductor motor control l er 
sem iconductor swi tch i ng  dev i ce  (see  2 . 2 . 3  of I EC 60947-1 )  that  prov i des the  starti ng  functi on  
for an  a. c.  motor and  an  OFF-state  

NOTE  Because dangerous  l evel s  of  l eakage curren ts  (see 3 . 1 . 1 3)  can  exi s t  i n  a  sem iconductor motor con trol l er i n  
the OFF-s tate,  the l oad  term inal s  shou l d  be cons i dered  to be l i ve  at  al l  t imes .   

3. 1 . 1 . 1 . 1  
semiconductor motor con trol l er (form  1 )  
a. c.  sem i conductor motor control l er,  i n  wh i ch  the  starti ng  functi on  may compri se  any starti ng  
method  speci fi ed  by the  manufacturer,  and  that  prov i des control  functi ons wh i ch  may i ncl ude  
any combi nati on  of manoeuvri ng ,  control l ed  accel erati on ,  runn i ng  or control l ed  deceleration  of 
an  a. c.  motor.  A FULL-ON  state  may a l so  be  prov i ded  

3. 1 . 1 . 1 . 2  
semiconductor soft-start  motor control l er (form  2)  
speci al  form  of a . c.  sem i conductor motor control l er,  i n  wh i ch  the  starti ng  functi on  i s  l im i ted  to  
a  vol tage  and /or current  ramp wh i ch  may i ncl ude  control l ed  accel erati on ,  and  where  the  
add i ti onal  control  functi on  i s  l im i ted  to  prov i d i ng  FULL-ON  

3. 1 . 1 . 1 . 3  
semiconductor d i rect on  l i ne  (DOL)  motor control l er (form  3)  
speci al  form  of a . c.  sem i conductor motor control l er,  i n  wh i ch  the  starti ng  functi on  i s  l im i ted  to  
a  fu l l -vol tage,  unramped  starti ng  method  on l y,  and  where  the  add i ti onal  control  functi on  i s  
l im i ted  to  prov i d i ng  FULL-ON  

3. 1 . 1 . 2  
semiconductor motor starter (form  1 ,  form  2,  form  3)  

a. c.  sem i conductor motor control l er wi th  su i tabl e  overl oad  protecti on ,  rated  as  a  un i t  
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Device   

 

 

 

Semiconductor 
motor con trol l er 

(al l  forms)  

 

 

 

 

 

 

Semiconductor 
motor s tarter 

(al l  forms)  

 

 

 

 

 

 

H ybri d  motor  
con trol l er 
H xA*  

where x =  1 ,  2  or 3  

 

 

 

 

 

 

H ybri d  motor 
con trol l er 

H xB**  
 

 

 

 

H ybri d  motor 
s tarter 

Form  H 1 A or H 1 B  
wi th  motor overload  

protecti on  

Form  H2A or H 2B  
wi th  motor overload  

protecti on  

Form  H3A or H3B  
wi th  motor overload  

protecti on  

 *  Two separate con trol s  for the con trol l er and  the series  mechan ical  swi tch ing  device.  

* *  One con trol  on l y for the series  mechan ical  swi tch ing  device.  

 

Figure  1  – Graph ical  possibi l i t i es  of sem iconductor motor control  devi ces  

I EC    1 73 1 /99  

I EC    1 732 /99  

I EC    1 733 /99  

I EC    1 734 /99  
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Table  1  – Functional  possibi l i ties  of sem iconductor motor control  devices  

Device  Form  1  Form  2  Form  3  

Semiconductor 
motor con trol l er 

– OFF  

– S tarti ng  functi on  

– Manoeuvri ng  

– Con trol l ed  accel erati on  

– Runn ing  

– FULL  ON  

– Con trol l ed  decelerati on  

– OFF  s tate 

– S tarti ng  functi on  

– Con trol l ed  accel erati on  

– FULL  ON  

N ot  avai l ab le  

Sem iconductor DOL  

motor con trol l er 

N ot  avai l ab le N ot  avai l ab le  – OFF  s tate 

– S tarti ng  functi on  

– FULL  ON  

Sem iconductor 

motor s tarter 

Form  1  con trol l er wi th  motor 

overload  protecti on  

Form  2  con trol l er wi th  

motor overload  protecti on  

N ot  avai l ab le  

Sem iconductor DOL  

motor s tarter 

N ot  avai l ab le  N ot  avai l ab le  Form  3  DOL motor con -

trol l er wi th  motor overload  
protecti on  

H ybri d  motor 
con trol l er H xA*  

where x =  1 ,  2  or  3  

H 1 A:  

– Open  

– OFF  s tate 

– S tarti ng  functi on  

– Manoeuvri ng  

– Con trol l ed  accel erati on  

– Runn ing  

– Fu l l  ON  

– Con trol l ed  decelerati on  

H 2A:  

– Open  

– OFF  s tate 

– S tarti ng  functi on  

– Con trol l ed  accel erati on  

– FULL  ON  

H 3A:  

– Open  

– OFF  s tate 

– S tarti ng  functi on  

– FULL  ON  

H ybri d  motor 
con trol l er H xB**  

where x =  1 ,  2  or  3  

H 1 B :  

– Open  

– S tarti ng  functi on  

– Manoeuvri ng   

–  Con trol l ed  accel erati on  

– Runn ing  

– FULL  ON  

– Con trol l ed  decelerati on  

H 2B :  

– Open  

– S tarti ng  functi on  

– Con trol l ed  accel erati on  

– FULL  ON  

H 3B :  

– Open  

– S tarti ng  functi on  

– FULL  ON  

H ybri d  motor s tarter Form  H 1 A or H 1 B  wi th  motor 

overload  protecti on  

Form  H2A or H 2B  wi th  

motor overload  protecti on  

Form  H3A or H 3B  wi th  

motor overload  protecti on  

 *  Two separate con trol s  for the con trol l er and  the series  mechan ical  swi tch ing  device.  

* *  One con trol  on l y for the series  mechan i cal  swi tch ing  device.  

 

3. 1 . 2  Hybrid  motor control l ers  and  starters  (see  fi gure  1 )  

3 . 1 . 2 . 1  
hybrid  motor control l ers  or starters,  form  HxA (where  x =  1 ,  2  or 3)  
form  1 ,  2  or 3  sem i conductor motor control l er or starter i n  seri es wi th  a  mechan i cal  swi tch i ng  
dev i ce,  a l l  rated  as  a  un i t.  Separate  control  commands are  prov i ded  for the  seri es mechan i cal  
swi tch i ng  dev i ce  and  the  sem i conductor motor control l er or starter.  Al l  the  control  functi ons 
appropri ate  to  the  form  of motor control l er or starter speci fi ed  are  prov i ded ,  together wi th  an  
OPEN  posi ti on  

3. 1 . 2. 2  
hybrid  motor con trol l ers  or starters,  form  HxB 
form  1 ,  2  or 3  sem i conductor motor control l er or starter i n  seri es wi th  a  mechan i cal  swi tch i ng  
dev i ce,  a l l  rated  as a  un i t.  A si ng l e  control  command  i s  prov i ded  for both  the  seri es 
mechan i cal  swi tch i ng  dev i ce  and  the  sem i conductor motor control l er or starter.  Al l  the  control  
functi ons appropri ate  to  the  form  of motor control l er speci fi ed  are  prov i ded ,  wi th  the  exception  
of an  OFF  state  
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3. 1 . 2. 3  
OPEN  posi tion  
cond i ti on  of a  hybri d  sem i conductor motor control l er or starter when  the  seri es mechan i cal  
swi tch i ng  dev i ce  i s  i n  the  OPEN  posi ti on  (see  2 . 4. 21  of I EC 60947-1 )  

3. 1 . 3  
cu rren t-l imi t  function  
abi l i ty  of the  control l er to  l im i t  the  motor current  to  a  speci fi ed  val ue.  I t  does not  i ncl ude  
the  abi l i ty to  l im i t  the  i nstantaneous current  under cond i ti ons of short  ci rcu i t  

3. 1 .4 
manoeuvre  
any del i berate  operati on  that  causes current  changes wh i ch  must  be  characteri zed  and  
control l ed  ( for exampl e  j ogg i ng ,  braki ng)  

NOTE  1  S tarti ng  i s  a  mandatory manoeuvre that  i s  recogn ized  separatel y.  

NOTE  2  B raking  operati ons  performed  by the a. c .  semiconductor motor con trol l er or s tarter are cons idered  to be 

a  manoeuvre wi th i n  the scope of th i s  s tandard .  

3. 1 .5  
control l ed  acceleration  

control  of motor performance  wh i l e  i ncreasi ng  motor speed  by acti ng  on  the  motor suppl y 

3. 1 .6  
control l ed  deceleration  

control  of motor performance  wh i l e  decreasi ng  motor speed  by acti ng  on  the  motor suppl y 

3. 1 . 7  
control l ed  runn ing  
control  of motor performance by acti ng  on  the  motor suppl y wh i l e  the  motor i s  runn i ng  at  
normal  speed  ( for exampl e  energy sav i ng)  

3. 1 . 8  

prospective  l ocked  rotor current,  ( ILRP)  

prospecti ve  current  (see  2 . 5. 5  of I EC 60947-1 )  that  wou l d  fl ow when  the  rated  vol tage  i s  
appl i ed  to  the  motor wi th  a  l ocked  rotor 

3. 1 . 9  
ON-state  

the  cond i ti on  of a  control l er when  the  conducti on  current  can  fl ow through  i ts  mai n  ci rcu i t  

3. 1 . 1 0  
FULL-ON  (state  of con trol l ers)  
the  cond i ti on  of a  control l er when  the  control l i ng  functi ons are  set  to  prov i de  normal  fu l l  
vol tage  exci tati on  to  the  l oad  

3. 1 . 1 1  
min imum  load  current  
min imum  operati onal  current  i n  the  mai n  ci rcu i t  wh i ch  i s  necessary for correct  acti on  of 
a  control l er i n  the  ON-state  

NOTE  The m i n imum  l oad  cu rren t  shou l d  be g i ven  as  the r.m . s  val ue.  
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3. 1 . 1 2  
OFF-state  
the  cond i ti on  of a  control l er when  no  control  si gnal  i s  appl i ed ,  and  no  current  exceed i ng  
the  OFF-state  l eakage  current  fl ows through  the  mai n  ci rcu i t  

3. 1 . 1 3  

OFF-state  l eakage current  ( IL)  

the  current  wh i ch  fl ows through  the  mai n  ci rcu i t  of a  control l er i n  the  OFF-state  

3. 1 . 1 4 
operation  (of a  control l er)  

transi ti on  from  the  ON-state  to  the  OFF-state,  or the  reverse  

3. 1 . 1 5 
operating  cycle  (of a  control l er)  

successi on  of operati ons from  one  state  to  the  other and  back to  the  fi rst  state  

NOTE  A success ion  of  operati ons  not  form ing  an  operati ng  cycle  i s  referred  to as  an  operati ng  seri es .  

3. 1 . 1 6  
operating  capabi l i ty 

under prescri bed  cond i ti ons,  the  abi l i ty  to  perform  a  seri es of operati ng  cycl es wi thout  fa i l u re  

3. 1 . 1 7  
overload  current profi l e  
current-time  coord i nate  speci fyi ng  the  requ i rement  to  accommodate  overl oad  currents  for a  
peri od  of t ime  (see  5. 3. 5. 1 )  

3. 1 . 1 8  
rati ng  i ndex 
rati ng  i n formati on  organ i zed  i n  a  prescri bed  format,  un i fyi ng  rated  operati onal  current  and  the  
correspond i ng  u ti l i zati on  category,  overl oad  cu rren t  profi l e,  and  the  du ty cycl e  or OFF-time  
(see  6. 1 e))  

3. 1 . 1 9  
tripping  operation  (of a  control l er or starter)  
operati on  to  establ i sh  and  mai n tai n  an  OFF-state  (or open  posi ti on  i n  the  case  of a  form  HxB  
control l er or starter)  i n i t i ated  by a  control  si gnal  

3. 1 . 20  
trip-free  control l er or starter 
control l er or starter wh i ch  establ i shes and  sustai ns an  OFF-state  cond i ti on ,  wh i ch  cannot  be  
overri dden  i n  the  presence  of a  tri p  cond i ti on  

NOTE  I n  the case of form  H xB,  the term  "OFF-s tate cond i ti on "  i s  rep l aced  by the term  "OPEN  pos i ti on " .   

3. 1 . 21   
phase l oss  sensi tive  thermal  overload  rel ay or release  
a  mu l ti pol e  thermal  overl oad  rel ay or rel ease  wh i ch  operates i n  case  of overl oad  and  a l so  i n  
case  of l oss of phase  i n  accordance  wi th  speci fi ed  requ i rements 

3. 1 . 22  
ON-time 

peri od  of t ime  duri ng  wh i ch  the  control l er i s  on- l oad ,  for exampl e  as  i n  fi gure  F . 1  of annex  F  
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3. 1 . 23  
OFF-time 
the  peri od  of t ime  duri ng  wh i ch  the  control l er i s  off- l oad ,  for exampl e  as  i n  fi gure  F . 1  of 
annex  F  

3.2 EMC defin i ti ons  

Vari ous EMC defi n i ti ons are  g i ven  i n  I EC 60050,  parti cu l arl y chapter 1 61 .  Further 
expl anati ons are  g i ven  i n  I EC 61 000-2-1 .  For conven i ence  and  to  avoi d  confusi on ,  some of 
the  key defi n i t i ons from  I EC 60050(1 61 )  are  reproduced  here  

3.2. 1  
el ectromagnetic  compatibi l i ty EMC (abbreviation )  
abi l i ty  of an  equ i pment  or system  to  functi on  sati sfactori l y  i n  i ts  e l ectromagneti c  env i ronment  
wi thout  i n troduci ng  i n tol erabl e  e l ectromagneti c  d i sturbances to  anyth i ng  i n  that  env i ronment  
[ I EV 1 61 -01 -07]  

3.2.2  
el ectromagnetic  emission  

phenomenon  by wh i ch  e l ectromagneti c energy emanates from  a  source  [ I EV 1 61 -01 -08]  

3.2.3  
el ectromagnetic  d i sturbance 
any e l ectromagneti c  phenomenon  wh i ch  may degrade  the  performance  of a  dev i ce,  
equ i pment  or system ,  or adversel y affect  l i v i ng  or i nert  matter [ I EV 1 61 -01 -05]  

NOTE  An  el ectromagneti c  d i s tu rbance may be an  el ectromagneti c  noi se,  an  unwanted  s i gnal ,  or  a  change i n  the 
propagation  med ium  i tsel f.  

3.2.4 
rad io  (frequency)  d i sturbance 

el ectromagneti c  d i sturbance  hav i ng  components  i n  the  rad i o  frequency range  [ I EV 1 61 -01 -1 3]  

3.2.5  
rad io  frequency i n terference,  RFI  (abbreviation )  
degradati on  of the  recepti on  of a  wanted  si gnal  caused  by rad i o  frequency d i sturbance  
[ I EV 1 61 -01 -1 4]  

NOTE  The Eng l i sh  words  " i n terference"  and  " d i s tu rbance"  are often  u sed  i nd i scrim inatel y.  The express ion  ` rad i o-
frequency i n terference'  i s  al so common ly appl i ed  to a  rad i o-frequency d i s tu rbance of an  u nwan ted  s i gnal .   

3.2.6  
transien t (ad j ective  and  noun )  
pertai n i ng  to  or desi gnati ng  a  phenomenon  or a  quanti ty  wh i ch  vari es between  two  
consecuti ve  steady states duri ng  a  t ime  i n terval  short  compared  wi th  the  t ime-scal e  of i n terest 
[ I EV 1 61 -02-01 ]  

3.2.7  
burst (of pu lses  or osci l l ations)  

sequence of a l imited number of distinct pulses or an  osci l lation of l imited duration [IEV 1 61 -02-07]  

3.2. 8  
vol tage  surge  
transi ent  vol tage  wave  propagati ng  a l ong  a  l i ne  or a  ci rcu i t  and  characteri zed  by a  rapi d  
i ncrease  fol l owed  by a  sl ower decrease  of the  vol tage  [ I EV 1 61 -08-1 1 ]  
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4 Classification  

Subcl ause  5. 2  g i ves a l l  data  wh i ch  cou l d  be  used  as  cri teri a  for cl assi fi cati on .  

5 Characteristics  of a .c.  semiconductor motor control lers  and  starters  

5. 1  Summary of characteristi cs  

The  characteri sti cs  of control l ers and  starters  shal l  be  stated  i n  the  fol l owi ng  terms,  where  
such  terms are  appl i cabl e:  

– type  of equ i pment  (5. 2) ;  

– rated  and  l im i ti ng  val ues for mai n  ci rcu i ts  (5. 3) ;  

– u ti l i zati on  category (5. 4) ;  

– control  ci rcu i ts  (5. 5) ;  

– auxi l i ary ci rcu i ts  (5. 6) ;  

– types and  characteri sti cs of rel ays and  rel eases (5. 7) ;  

– coord i nati on  wi th  short-ci rcu i t  protecti ve  dev i ces (5. 8) ;  

– swi tch i ng  overvol tages (5. 9) .   
 

5.2 Type of equ ipment 

The  fol l owi ng  shal l  be  stated :  

5.2. 1  Form  of equ ipment 

Forms of control l ers  and  starters (see  3. 1 . 1  and  3 . 1 . 2)  

5.2. 2  Number of poles  

5. 2. 2. 1  Number of main  poles  

5. 2. 2.2  Number of main  poles  where  the  operation  i s  control l ed  by a  semiconductor 
swi tch ing  el ement 

5. 2. 3 Kind  of current 

AC on l y.  

5.2.4 I n terrupting  med ium  (ai r,  vacuum,  etc. )  

Appl i cabl e  on l y to  mechan i cal  swi tch i ng  dev i ces of hybri d  control l ers  and  starters.  

5.2.5 Operating  cond i tions  of the  equ ipment 

5. 2. 5. 1  Method  of operation  

For exampl e:  

– symmetri cal l y  control l ed  control l er (such  as  a  sem i conductor wi th  fu l l y  control l ed  
phases);  

– non-symmetri cal l y  control l ed  control l er (such  as  thyri stors  and  d i odes) .  
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5.2.5.2  Method  of control  

For exampl e:  

– au tomati c  (by p i l ot  swi tch  or sequence  control ) ;  

– non-au tomati c  ( that  i s  push-bu ttons);  

– sem i -automati c ( that  i s  partl y au tomati c,  partl y  non-au tomati c) .  

5.2.5.3 Method  of connecting  

For exampl e  (see  fi gure  2) :  

– motor i n  del ta,  thyri stors  i n  seri es wi th  a  wi nd i ng ;  

– motor i n  star,  thyri stors  i n  del ta;  

– motor i n  del ta,  thyri stors  connected  between  wi nd i ng  and  suppl y.  

5.3 Rated  and  l imi ti ng  values  for main  ci rcu i ts  

The  rated  and  l im i ti ng  val ues establ i shed  for control l ers  and  starters  shal l  be  stated  i n  
accordance  wi th  5. 3. 1  to  5. 3. 6,  bu t  i t  may not  be  necessary to  establ i sh  a l l  appl i cabl e  val ues 
by tests.  

5.3. 1  Rated  vol tages  

A control l er or starter i s  defi ned  by the  fol l owi ng  rated  vol tages.  

5.3. 1 . 1  Rated  operational  vol tage  (Ue)  

Subcl ause  4 . 3. 1 . 1  of I EC 60947-1  appl i es.  

5.3. 1 . 2  Rated  i nsu lation  vol tage  (U i )  

Subcl ause  4 . 3. 1 . 2  of  I EC 60947-1  appl i es.  

5.3. 1 . 3 Rated  impu lse  wi thstand  vol tage  (U imp)  

Subcl ause  4 . 3. 1 . 3  of I EC 60947-1  appl i es.  

5.3. 2  Currents  

A control l er or starter i s  defi ned  by the  fol l owi ng  currents:  

5.3. 2. 1  Conventional  free  ai r thermal  curren t ( I th )  

Subcl ause  4 . 3. 2 . 1  of I EC 60947-1  appl i es.  

5.3.2. 2  Conventional  enclosed  thermal  current ( I the)  

Subcl ause  4 . 3. 2 . 2  of I EC 60947-1  appl i es.  

5.3. 2.3 Rated  operational  current ( Ie)  

The  rated  operati onal  current,  Ie,  of control l ers  and  starters i s  the  normal  operati ng  current  

when  the  dev i ce  i s  i n  the  FULL-ON  state,  and  takes i n to  account  the  rated  operati onal  vol tage  
(see  5. 3. 1 . 1 ) ,  the  rated  frequency (see  5. 3. 3) ,  the  rated  du ty (see  5. 3. 4) ,  the  u ti l i zati on  
category (see  5. 4) ,  the  overl oad  characteri sti cs  (see  5. 3. 5) ,  and  the  type  of protecti ve  
encl osure,  i f  any.  

5.3.2.4 Rated  un in terrupted  curren t ( Iu )  

Subcl ause  4 . 3. 2 . 4  of I EC 60947-1  appl i es.  
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Figure  2a  – M otor i n  del ta  – Thyristors  i n  series  wi th  a  wind ing  

 

Figure  2b  –  M otor i n  s tar – Thyristors  i n  del ta  

 

Figure  2c  – M otor i n  del ta  – Thyri stors  connected  between  wind ing  and  supply  

Figure  2  – Connecti ng  methods  

I EC    1 735 /99  

I EC    1 736 /99

IEC    1 737 /99  
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5.3. 3 Rated  frequency 

Subcl ause  4 . 3. 3  of I EC 60947-1  appl i es.  

5.3.4 Rated  du ty 

The  rated  du ti es  consi dered  as  normal  are  as  fol l ows:  

5.3.4. 1  8  h  du ty 

A du ty i n  wh i ch  the  control l er or starter remai ns i n  the  FULL-ON  state  wh i l e  carryi ng  a  steady 
current  l ong  enough  for the  equ i pment  to  reach  thermal  equ i l i bri um ,  bu t  not  for more  than  8  h ,  
wi thout  i n terrupti on .  

5.3.4. 2  Un in terrupted  du ty 

A du ty i n  wh i ch  the  control l er or starter remai ns i n  the  FULL-ON  state  wh i l e  carryi ng  a  steady 
current  wi thout  i n terrupti on  for peri ods of more  than  8  h  (weeks,  months,  or even  years).  

5.3.4. 3 I n termi tten t period ic du ty or i n termi tten t du ty 

Subcl ause  4. 3. 4. 3  of I EC 60947-1  appl i es,  except  that  the  fi rst  paragraph  i s  changed  to  read :  

"A du ty wi th  on- l oad  peri ods i n  wh i ch  the  control l er or starter remai ns i n  the  FULL-ON  state,  
hav i ng  a  defi n i te  rel ati on  to  off- l oad  peri ods,  both  peri ods bei ng  too  short  to  a l l ow the  
equ i pment  to  reach  thermal  equ i l i bri um . "  

5.3.4.4 Temporary du ty 

Duty i n  wh i ch  the  control l er or starter remai ns i n  the  FULL-ON  state  for peri ods of t ime  
i nsuffi ci en t  to  a l l ow the  equ i pment  to  reach  thermal  equ i l i bri um ,  the  current-carryi ng  peri ods 
bei ng  separated  by off- l oad  peri ods of su ffi ci en t  durati on  to  restore  equal i ty  of temperature  
wi th  the  cool i ng  med i um .  Standard  val ues of temporary du ty are:  

30  s,  1  m i n ,  3  m i n ,  1 0  m i n ,  30  m i n ,  60  m i n  and  90  m i n .    
 

5.3.4.5 Period ic du ty 

Subcl ause  4 . 3. 4. 5  of I EC 60947-1  appl i es.  

5.3.4.6 Du ty cycle  values  and  symbols  

For the  purpose  of th i s  standard ,  the  du ty cycl e  i s  expressed  by two  symbol s,  F  and  S .  These  
descri be  the  du ty,  and  a l so  set  the  t ime  that  must  be  a l l owed  for cool i ng .  

F  i s  the  rati o  of the  on- l oad  peri od  to  the  total  peri od  expressed  as  a  percentage.   

The  preferred  val ues of F  are:   

F  =  1  % ,  5  %,  1 5  %,  25  %,  40  %,  50  %,  60  %,  70  %,  80  %,  90  %,  99  %  

S  i s  the  number of operati ng  cycl es per hour.  The  preferred  val ues of S  are:  

S  =  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  1 0 ,  20 ,  30,  40,  50,  60  operati ng  cycl es per hour  
 

NOTE  Other val ues  of  F  and /or S  may be d eclared  by the manu factu rer.   
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5.3.5 Normal  l oad  and  overload  characteri stics  

Subcl ause  4 . 3. 5  of I EC  60947-1  appl i es,  wi th  the  fol l owi ng  add i ti ons.  

5.3.5. 1  Overload  curren t profi l e  

The  overl oad  current  profi l e  g i ves the  current-time  coord i nates  for the  control l ed  overl oad  
current.  I t  i s  expressed  by two  symbol s,  X  and  Tx.  

X  denotes the  overl oad  current  as  a  mu l ti pl e  of Ie  se l ected  from  the  array of val ues i n  tabl e  4 ,  

and  represents  the  maximum  val ue  of operati ng  current  due  to  starti ng ,  operati ng ,  or 
manoeuvri ng  under overl oad  cond i ti ons.  X =  ILRP/Ie  when  no  current  l im i t  functi on  i s  prov i ded .   

Del i berate  overcurrents  not  exceed i ng  1 0  cycl es (for exampl e  boost,  ki ckstart,  etc. ) ,  wh i ch  

may exceed  the  stated  val ue  of X ×  I e,  are  d i sregarded  for the  overl oad  current  profi l e.  

Tx  denotes the  sum  of durati on  times for the  control l ed  overl oad  currents duri ng  starti ng ,  

operati ng ,  and  manoeuvri ng .  See  tabl e  4 .  

For a  starter,  Tx  i s  the  m i n imum  operati ng  t ime  a l l owed  by the  tol erances of the  overl oad  rel ay 

for the  current  X ×  I e  i n  the  col d  state.  

5.3.5.2  Operating  capabi l i ty 

Operati ng  capabi l i ty  represents  the  combi ned  capabi l i t i es  of:  

– cu rren t  commutati on  and  current  carryi ng  i n  the  ON-state;  and  

– establ i sh i ng  and  sustai n i ng  the  OFF-state  (bl ocki ng),  

 at  fu l l  vol tage  under normal  l oad  and  overl oad  cond i ti ons i n  accordance  wi th  u ti l i zati on  
category,  overl oad  cu rren t  profi l e  and  speci fi ed  du ty cycl es.  

Operati ng  capabi l i ty i s  characteri zed  by:   

– rated  operati onal  vol tage  (see  5. 3. 1 . 1 ) ;  

– rated  operati onal  current  (see  5. 3. 2 . 3) ;  

– rated  du ty (see  5. 3. 4) ;  

– overl oad  current  profi l e  (see  5. 3. 5. 1 ) ;  

– u ti l i zati on  category (see  5. 4) .  

Requ i rements are  g i ven  i n  8 . 2 . 4. 1 .  

5.3.5.3 Starting ,  stopping  and  manoeuvring  characteri sti cs   

Typi cal  serv i ce  cond i ti ons for control l ers and  starters control l i ng  squ i rrel  cage  and  hermeti c  
refri gerati on  motors are  as fol l ows:  

5.3.5.3. 1    Starti ng  characteristi cs  of squ i rrel  cage  and  hermetic refrigeration  motors  

a)  One d i rection  of rotation  wi th  the i nclusion  of phase-control  capabi l i ty to provide any 
combination  of control l ed  acceleration  to normal  speed,  control l ed  deceleration  to 
standsti l l ,  or an  occasional  manoeuvre wi thout de-energizing  the control ler (AC-53a,  
AC-58a).  

b)  One  d i recti on  of rotati on  wi th  the  i ncl usi on  of phase-control  capabi l i ty  to  prov i de  
control l ed  accel erati on  to  normal  speed .  Control l ers and  starters  are  rated  for starti ng  
du ty on l y;  for exampl e  after starti ng ,  the  suppl y to  the  motor i s  connected  i n to  a  ci rcu i t  
that  bypasses the  power sem i conductors (AC-53b,  AC-58b).   
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Two d i recti ons of rotati on  may be  accompl i shed  by reversi ng  the  connecti ons to  the  control l er 
or motor by means that  are  beyond  the  scope  of th i s  standard ,  bu t  are  covered  by the  rel evant  
product  standard  for the  sel ected  means.  

Two d i recti ons of rotati on  may a l so  be  accompl i shed  by phase  reversi ng  wi th i n  the  control l er 
or starter.  The  requ i rements for th i s  operati on  wi l l  vary wi th  each  appl i cati on .  Therefore,  th i s  
i s  subj ect  to  agreement between  manufacturer and  user.   

Due  to  the  control  capabi l i ty  of control l ers and  starters,  the  current  duri ng  starti ng ,  stoppi ng ,  
and  any manoeuvre  wi l l  d i ffer from  the  conventi onal  val ues of the  prospecti ve  l ocked  rotor 
current  l i sted  i n  tabl e  6 .   

5.3.5.3.2    Starti ng  characteristi cs  of rheostatic  rotor starters  wi th  control l ers  
energ izing  the  stator (AC-52a,  AC-52b)  

Starters can  be  used  to  prov i de  reduced  vol tage  exci tati on  to  the  stator wi nd i ngs of a  sl i p  ri ng  
motor,  and  thereby reduce  the  number of swi tch i ng  steps requ i red  i n  the  rotor ci rcu i t.  For 
most  appl i cati ons,  one  or two  starti ng  steps are  adequate  depend i ng  upon  l oad  torque  and  
i nerti a,  and  the  severi ty  of start  requ i red .  

NOTE  Starters  and  con trol l ers  covered  by th i s  s tandard  are not  i n tended  for u se i n  the rotor c i rcu i t  and  therefore,  
the rotor c i rcu i t  mus t  be con trol l ed  by trad i ti onal  means .  The rel evan t  product  s tandards  for the rotor c i rcu i ts  of  
rheos tati c  rotor s tarters  shou l d  appl y.   

 

5.3.6 Rated  cond i tional  short-ci rcu i t  current 

Subcl ause  4 . 3. 6. 4  of I EC 60947-1  appl i es.  

5.4 U ti l i zation  category  

Subcl ause  4 . 4  of I EC 60947-1  appl i es,  wi th  the  fol l owi ng  add i ti on .  

For control l ers and  starters,  the  u ti l i zati on  categori es as  g i ven  i n  tabl e  2  are  consi dered  
standard .  Any other type  of u ti l i zati on  shal l  be  based  on  agreement  between  manufacturer 
and  user,  bu t  i n formati on  g i ven  i n  the  manufacturer's  catal ogue  or tender may consti tu te  such  
an  agreement.  

Each  u ti l i zati on  category (see  tabl e  2)  i s  characteri zed  by the  val ues of the  currents,  vol tages,  
power-factors and  other data  of tabl es 3 ,  4 ,  5  and  6 ,  and  by the  test  cond i ti ons speci fi ed  i n  
th i s  standard .  

The  fi rst  d i g i t  of the  u ti l i zati on  category i denti fi cati on  desi gnates a  sem i conductor motor 
control l er or starter.  The  second  d i g i t  desi gnates a  typi cal  appl i cati on .  The  a-suffi x  desi gnates 
the  capabi l i ty  of a  control l er to  perform  any of the  functi onal  possi bi l i t i es  l i sted  i n  tabl e  1 .  The  
b-suffi x  desi gnates the  capabi l i ty  of a  control l er where  i t  i s  restri cted  to  perform i ng  a  transi tion  
from  an  OFF-state  to  a  starti ng  functi on  of durati on  Tx,  and  immed i atel y  return i ng  to  the  OFF-

state  to  compri se  a  du ty cycl e  i n  accordance  wi th  the  requ i rements of 8 . 2 . 4 . 1 .  

5.4. 1  Assignment of ratings  based  on  the  resu l ts  of tests  

A desi gnated  control l er or starter wi th  a  rati ng  for one  u ti l i zati on  category wh i ch  has been  
veri fi ed  by testi ng  can  be  assi gned  other rati ngs wi thou t  testi ng ,  prov i ded  that:  

– the  rated  operati onal  current  and  vol tage  that  are  veri fi ed  by testi ng  shal l  not  be  l ess 
than  the  rati ngs that  are  to  be  assi gned  wi thout  testi ng ;   

– the  u ti l i zati on  category and  du ty cycl e  requ i rements for the  tested  rati ng  shal l  be  equal  
to  or more  severe  than  the  rati ng  that  i s  to  be  assi gned  wi thou t  testi ng ;  the  rel ati ve  
l evel s  of severi ty  are  g i ven  i n  tabl e  3 ;   
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– the  overl oad  current  profi l e  for the  tested  rati ng  shal l  be  equal  to  or more  severe  than  
the  rati ng  that  i s  to  be  assi gned  wi thout  testi ng ,  i n  accordance  wi th  the  rel ati ve  l evel s  of 
severi ty  i n  tabl e  3 .  On l y val ues of X  l ower than  the  tested  val ue  of X  m ay be  assi gned  
wi thout  testi ng .  

 

Table  2  – U ti l i zation  categories  

Uti l i zation  
category  

Typical  appl i cation  

AC-52a Con trol  of  s l i p  ri ng  motor s tators  

AC-52b  Con trol  of  s l i p  ri ng  motor s tators  wi th  the con trol l er bypassed  du ri ng  runn ing  

AC-53a Con trol  of  squ i rrel  cage motors  

AC-53b  Con trol  of  squ i rrel  cage motors  wi th  the con trol l er bypassed  du ri ng  runn ing  

AC-58a Con trol  of  hermeti c  refri geran t  compressor motors  wi th  au tomati c  resetti ng  of  overload  rel eases  

AC-58b  Con trol  of  hermeti c  refri geran t  compressor motors  wi th  the con trol l er bypassed  du ri ng  runn i ng  
and  wi th  au tomati c  resetti ng  of  overload  rel eases  

NOTE  1  The means  of bypass ing  the semiconductor con trol l er may be i n tegral  wi th  the con trol l er/s tarter or  
i n s tal l ed  separatel y.  

NOTE  2  H ermeti c  refri geran t  compressor motor i s  a  combinati on  cons i s ti ng  of  a  compressor and  motor,  both  

of  wh ich  are enclosed  i n  the same hous ing ,  wi th  no external  shaft  or shaft  seal s ,  the motor operati ng  i n  the 
refri geran t.  

 

Table  3  – Relative  l evels  of severi ty 

Severi ty  
l evel  

 
U ti l i zation  category  

Overload  current  profi l e  

(X-TX)  

Time  related  
requ i rement  

 AC-52a 

 AC-53a 

AC-58a 

H ighes t  val ue of  

(XIe )
2  ×  Tx (note 1 )  

H i ghes t  val ue of  

F  ×  S  ( note 2 )  
Most  severe 

AC-52b  

 AC-53b  

 AC-58b  

H ighes t  val ue of  

(XIe )
2  ×  Tx (note 1 )  

Lowest  val ue of  

OFF-time (note 3)  

NOTE  1  When  the h i ghest  val ue of  (XIe )
2  ×  Tx  occu rs  at  more than  one val ue of  XIe ,  then  the h i ghes t  

val ue of  XIe  s hal l  apply.  

NOTE  2  When  the h i ghes t  val ue of  F  ×  S  occurs  at  more than  one val ue of  S ,  then  the h i ghest  val ue of  
S  s hal l  app ly.  

NOTE  3  W hen  the h i ghes t  val ue of  (XIe )
2  ×  Tx  occu rs  at  more than  one val ue of  OFF-time,  then  the 

l owest  val ue of  OFF-time shal l  appl y.  

 

5.5 Control  ci rcu i ts  

Subcl ause  4 . 5. 1  of I EC  60947-1  appl i es,  wi th  the  fol l owi ng  add i ti ons:  

Refer to  annex  G  for exampl es and  i l l ustrati ons.  The  characteri sti cs  of e l ectron i c control  
ci rcu i ts  are:  

– ki nd  of current;  

– power consumpti on ;  

– rated  frequency (or d . c. ) ;  

– rated  control  ci rcu i t  vol tage,  U c  (nature:  a . c. /d . c. ) ;  

– rated  control  suppl y vol tage,  U s  (nature:  a . c. /d . c. ) ;  
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