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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. 1 —1 995.

The obj ective of this  Standard,  in addition to  that stated in Clause  1 ,  is  to  bring Australian and New

Zealand requirements  into  line with IEC 60947-4-1 : 2000.

This  Standard is  Part 4. 1  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/NZS 3 947.4. 1 Part 4. 1 : Contactors  and motor-starters—Electromechanical contactors  and

motor-starters  (this  Standard)

AS/NZS  3 947.4. 2 Part 4. 2: Contactors  and motor-starters—A. C.  semiconductor motor

controllers  and starters

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—Electromechanical

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

This  Standard is  identical  in technical content with and has  been reproduced from

IEC 60947-4-1 : 2000,  Low-voltage switchgear and controlgear—Part 4. 1 :  Contactors and motor-

starters—Electromechanical contactors and motor-starters .
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The provisions  of AS/NZS  3947. 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 .  IEC 60947-1  is  also  referred to  as  Part 1 .

This  Standard differs  from AS  3947. 4. 1 —1 995  in the following areas:

(a)  All Australian variations  have  been removed.

(b)  Requirements  and tests  for electromagnetic  compatibility have been added.

(c)  Special  tests  in Appendix B  for discrimination between overload relays  and SCPDs have been

redefined as  ‘ Co-ordination at the  crossover current between the  starter and associated SCPD’

and an indirect method of verification has  been added.

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

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

title  page.

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

(c)  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 switchgear and  controlgear

Part 4.1 :  Contactors  and  motor-starters—Electromechanical  contactors
and  motor-starters

Any IEC table,  figure  or passage  of text that i s  s truck-through  i s  not part of th i s  Standard .  Any
Austral ian/New Zealand  table,  fi gure  or passage of text that i s  added  (and  i den ti fi ed  by
shad ing)  i s  part  of th is  Standard .

1  Scope and  object

This  part of I EC  60947  appl i es  to  the  types  of equ ipment l i sted  in  1 . 1  and  1 . 2  whose main
contacts  are  i n tended  to  be  connected  to  ci rcu i ts  the  rated  vol tage  of wh ich  does  not exceed
1  000  V a. c.  or 1  500  V d . c.

Starters  and/or con tactors  deal t  wi th  i n  th is  s tandard  are  not normal l y designed  to  i n terrupt
short-ci rcu i t currents.  Therefore,  su i table  short-ci rcu i t protection  (see  9. 3. 4)  shal l  form  part of
the  i nsta l lation  but  not necessari l y of the  contactor or the  s tarter.

I n  th is  context,  th is  standard  g ives  requ i rements  for:

– con tactors  associated  wi th  overload  and /or short-ci rcu i t  protective  devices;

– starters  associated  wi th  separate  short-ci rcu i t  protective  devices  and/or wi th  separate
short-ci rcu i t and  i n tegrated  overload  protective  devices;

– con tactors  or starters  combined ,  under speci fied  cond i tions,  wi th  thei r own  short-ci rcu i t
protecti ve  devices.  Such  combinations,  e . g .  combination  s tarters  (see  3. 2. 7)  or
protected  starters  (see  3. 2 . 8)  are  rated  as  un i ts .

Ci rcu i t-breakers  and  fuse-combination  un i ts  used  as  short-ci rcu i t  protective  devices  in
combination  starters  and  i n  protected  starters  shal l  comply wi th  the  requ i rements  of

IEC 60947-2  and  I EC 60947-3,  as  the  case  may be.

Equ ipment covered  by th is  standard  i s  as  fo l lows.

1 .1  AC  and  d .c.  contactors

AC and  d . c.  contactors  in tended  for clos ing  and  open ing  e lectric  ci rcu i ts  and ,  i f combined  wi th
su i table  relays  (see  1 . 2) ,  for protecting  these  ci rcu i ts  against operating  overloads  wh ich  may
occur therein .

NOTE   Contactors  combined  wi th  su i tab le  re l ays  and  wh ich  are  i n tended  to  provi de  short-ci rcu i t  protecti on  shal l
add i ti onal l y sati sfy the  re l evan t cond i ti ons  speci fi ed  for ci rcu i t-breakers  ( I EC  60947-2) .

This  s tandard  appl ies  a lso  to  the  actuators  of contactor relays  and  to  the  con tacts  ded icated
exclus ivel y to  the  coi l  ci rcu i t  of a  contactor.
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1 .2  AC  motor-starters

AC motor-starters  in tended  to  s tart  and  accelerate  motors  to  normal  speed ,  to  ensure
continuous  operation  of motors,  to  swi tch  off the  suppl y from  the  motor and  to  provide  means
for the  protection  of motors  and  associated  ci rcu i ts  against  operating  overloads.

Starters  the  operation  of wh ich  depends  on  thermal  e lectrical  re lays  for motor protection
complying  wi th  I EC 60255-8,  or motor-i ncorporated  thermal  protective  devices  deal t  wi th  in
IEC 60034-1 1  do  not necessari l y meet a l l  the  relevan t requ irements  of th is  s tandard .

Overload  relays  for starters,  i nclud ing  those  based  on  sol i d  s tate  technology,  shal l  meet the
requ irements  of th is  standard .

1 .2.1  Di rect-on-l ine (fu l l  vol tage)  a.c.  starters

Direct-on- l i ne  starters  in tended  to  start  and  accelerate  a  motor to  normal  speed ,  to  provide
means  for the  protection  of the  motor and  i ts  associated  ci rcu i ts  against  operating  overloads,
and  to  swi tch  off the  suppl y from  the  motor.

Th is  s tandard  appl i es  a lso  to  reversing  s tarters.

1 .2.2  Reduced  vol tage a.c.  starters

Reduced  vol tage  a. c.  s tarters  i n tended  to  start  and  accelerate  a  motor to  normal  speed  by
connecting  the  l i ne  vol tage  across  the  motor term inals  i n  more  than  one  step  or by g radual l y
increasing  the  vol tage  appl ied  to  the  term inals ,  to  provide  means  for the  protection  of the
motor and  i ts  associated  ci rcu i ts  against operating  overloads,  and  to  swi tch  off the  suppl y
from  the  motor.

Automatic change-over devices  may be  used  to  con trol  the  successive  swi tch ing  operations
from  one  step  to  the  others.  Such  au tomatic  change-over devices  are,  for example,  t ime-del ay
contactor relays  or speci fied  time  a l l -or-noth ing  relays,  under-current  devices  and  au tomatic
acceleration  con trol  devices  (see  5. 1 0).

1 .2.2.1  Star-del ta starters

Star-del ta  starters  i n tended  to  start  a  three-phase motor i n  the  star connection ,  to  ensure
con tinuous  operation  in  the  del ta  connection ,  to  provide  means  for the  protection  of the  motor
and  i ts  associated  ci rcu i ts  against operating  overloads,  and  to  swi tch  off the  suppl y from  the
motor.

The  star-del ta  s tarters  deal t  wi th  i n  th is  standard  are  not i n tended  for revers ing  motors  rapid l y
and ,  therefore,  u ti l i zation  category AC-4  does  not apply.

NOTE   I n  the  star connection ,  the  curren t  i n  the  l i ne  and  the  torque  of the  motor are  abou t  one-th i rd  of the
correspond ing  va l ues  for d el ta  connection .  Therefore,  s tar-del ta  s tarters  are  used  when  the  i n rush  cu rrent  due  to
the  starti n g  i s  to  be  l im i ted ,  or when  the  d ri ven  mach ine  requ i res  a  l im i ted  torque  for s tarti n g .  F i gure  1  i n d icates
typical  cu rves  of s tarti ng  curren t,  of s tarti n g  torque  of the  motor and  of torque  of the  d ri ven  mach i ne.

1 .2.2.2  Two-step  auto-transformer starters

Two-step  au to-transformer starters,  i n tended  to  start and  accelerate  an  a . c.  i nduction  motor
from  rest wi th  reduced  torque to  normal  speed  and  to  provide  means  for the  protection  of the
motor and  i ts  associated  ci rcu i ts  against operating  overloads,  and  to  swi tch  off the  suppl y
from  the  motor.

Th is  s tandard  appl ies  to  au to-transformers  wh ich  are  part of the  starter or wh ich  consti tu te  a
un i t special l y designed  to  be  associated  wi th  the  starter.

Auto-transformer starters  wi th  more  than  two  steps  are  not  covered  by th is  standard .
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The au to-transformer starters  deal t  wi th  i n  th is  s tandard  are  not i n tended  for i nch ing  du ty or
reversing  motors  rapid l y and ,  therefore,  u ti l i zation  category AC-4  does  not appl y.

NOTE   I n  the  starti ng  pos i ti on ,  the  cu rren t  i n  the  l i n e  and  the  torque  of the  motor re l ated  to  the  motor s tarti ng  wi th
rated  vol tage  are  reduced  approximately as  the  square  of the  rati o  (starti ng  vol tage): (ra ted  vol tage).  Therefore,
au to-transformer starters  are  used  when  the  i n rush  cu rrent  d ue  to  the  starti ng  i s  to  be  l im i ted  or when  the  d ri ven
mach ine  requ i res  a  l im i ted  torque  for s tarti n g .  F i gu re  2  i nd i cates  typical  cu rves  of s tarti ng  cu rrent,  of s tarti ng
torque  of the  motor and  of torque  of the  d ri ven  mach ine.

1 .2.3  Rheostatic  rotor starters

Starters  in tended  to  s tart an  a . c.  i nduction  motor having  a  wound  rotor by cutti ng  ou t resistors
previousl y i nserted  i n  the  rotor ci rcu i t,  to  provide  means  for the  protection  of the  motor against
operating  overloads  and  to  swi tch  off the  suppl y from  the  motor.

I n  the  case  of asynchronous  s l ip-ring  motors  (wound-rotors),  the  h ighest  vol tage  between
open  s l ip-rings  shal l  be  not greater than  twice  the  rated  i nsu lation  vol tage  of the  swi tch ing

devices  i nserted  i n  the  rotor ci rcu i t (see  5. 3. 1 . 1 . 2).

NOTE   Th i s  requ i rement i s  based  on  the  fact  that  the  e l ectri c  s tresses  are  l ess  severe  i n  the  rotor than  i n  the

stator and  are  of short  d urati on .

This  standard  appl ies  a lso  to  s tarters  for two  d i rections  of rotation  when  reversal  of
connections  is  made  wi th  the  motor stopped  (see  5. 3 .5. 5).  Operations  i nclud ing  i nch ing  and
plugg ing  necessi tate  add i ti onal  requ i rements  and  shal l  be  subject to  agreement between
manufacturer and  user.

Th is  standard  appl ies  to  res istors  wh ich  are  part of the  s tarter or consti tu te  a  un i t specia l l y
designed  to  be  associated  wi th  the  starter.

1 .3  Exclusions

This  s tandard  does  not appl y to:

– d .c.  s tarters;

– star-del ta  s tarters,  rheostatic  rotor s tarters,  two-step  au to-transformer starters  in tended
for special  appl ications  and  designed  for con tinuous  operation  i n  the  starti ng  pos i tion ;

– unbalanced  rheostatic  rotor s tarters,  i . e.  where  the  res istances  do  not have  the  same
value  i n  a l l  phases;

– equ ipment des igned  not on l y for starting ,  bu t a lso  for ad j ustment of speed ;

– l iqu id  s tarters  and  those  of the  ‘ l i qu id -vapour’  type;

– sem iconductor con tactors  and  starters  making  use  of sem iconductor con tactors  i n  the
main  ci rcu i t;

– rheostatic s tator s tarters;

– con tactors  or starters  designed  for special  appl ications;

– auxi l i ary contacts  of contactors  and  contacts  of con tactor relays.  These  are  deal t wi th  i n
IEC 60947-5-1 .

1 .4 Object

The object of th is  standard  i s  to  state:

a) the  characteristics  of contactors  and  starters  and  associated  equ ipment;

b) the  cond i tions  wi th  wh ich  con tactors  or s tarters  shal l  comply wi th  reference  to:

1 ) thei r operation  and  behaviour,

2) their d ie lectric  properties,

3) the  degrees  of protection  provided  by thei r enclosures,  where  appl icable,

4) their construction ;
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c) the  tests  i n tended  for confi rm ing  that these cond i tions  have been  met,  and  the  methods
to  be  adopted  for these tests;

d) the  i n formation  to  be  g i ven  wi th  the  equ ipment or i n  the  manufacturer's  l i terature.

2  Normative  references

The fol l owing  normative  documents  contain  provis ions  wh ich ,  through  reference  in  th is  text,
consti tu te  provis ions  of th is  part of I EC 60947.  For dated  references,  subsequent
amendments  to,  or revisions  of,  any of these  publ ications  do  not  apply.  However,  parties  to
agreements  based  on  th is  part of I EC 60947  are  encouraged  to  i nvestigate  the  possib i l i ty of
appl ying  the  most recen t ed i ti ons  of the  normative  documents  i nd icated  below.  For undated
references,  the  l atest ed i ti on  of the  normative  document referred  to  appl ies.  Members  of
IEC and  I SO  main tain  reg isters  of currentl y val id  I n ternational  Standards.

References  to  I n ternational  Standards  that are  struck through  i n  th is  Clause  are  replaced  by
references  to  equ ivalen t Austral ian  or Austral i an/New Zealand  Standards  that are  l i s ted
immed iatel y thereafter and  identi fied  by shad ing .  Any Austral i an  or Austral i an /New Zealand
Standard  that i s  i den tical  to  the  I n ternational  Standard  i t  rep laces  is  appropriatel y i denti fied .

IEC 60034-1 : 1 996,  Rotating electrical machines – Part 1: Rating and performance

AS 1 359. 1 01 ,  Rotating electrical machines—General requirements,  Part 1 01 :  Rating and
performance ( identical  to  I EC 60034-1 : 1 996)

IEC 60034-1 1 : 1 978,  Rotating electrical machines – Part 11: Built-in thermal protection –
Chapter 1 : Rules for protection of rotating electrical machines

I EC 60050(441 ): 1 984,  International Electrotechnical Vocabulary (IEV) –
Chapter 441: Switchgear,  controlgear and fuses

AS 1 852. 441 ,  International electrotechnical vocabulary,  Chapter 441 :  Switchgear,  controlgear
and fuses  ( identical  to  I EC 60050  (441 ): 1 984)

IEC 60076-1 : 1 993,  Power transformers – Part 1: General

AS 2374. 1 ,  Power transformers,  Part 1 :  General

I EC 60085: 1 984,  Thermal evaluation and classification of electrical insulation

AS 2768,  Electrical insulating materials—Evaluation and classification based on thermal
endurance

I EC 601 1 2: 1 979,  Method for determining the comparative and the proof tracking indices of
solid insulating materials under moist conditions

AS/NZS 4695. 1 1 2 ,  Fire hazard testing of electrotechnical products,  Part 1 1 2 :  Method for
determining the comparative and the proof tracking indices of solid insulating materials under
moist conditions  ( i den tical  to  I EC 601 1 2: 1 979)

IEC 60255-8: 1 990,  Electrical relays – Part 8: Thermal electrical relays

I EC 60269-1 : 1 998,  Low-voltage fuses – Part 1 : General requirements

AS/NZS 60269. 1 ,  Low-voltage fuses,  Part 1 :  General requirements  ( i den tical  to  I EC 60269-
1 : 1 998)
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I EC 60269-2 : 1 986,  Low-voltage fuses – Part 2: Supplementary requirements for fuses for use
by authorized persons (fuses mainly for industrial application)

AS/NZS 60269. 2. 0,  Low-voltage fuses,  Part 2 . 0 :  Supplementary requirements for fuses for
use by authorized persons (fuses mainly for industrial application) ( identical  to
IEC 60269-2: 1 986  and  i nclud ing  I EC Amendment 1 : 1 995 and  Corrigendum : 1 996)

IEC 60269-2-1 : 1 998,  Low-voltage fuses – Part 2-1: Supplementary requirements for fuses for
use by authorized persons (fuses mainly for industrial application) – Sections I to V: Examples
of types of standardized fuses

AS/NZS 60269. 2. 1 ,  Low-voltage fuses,  Part 2 . 1 :  Supplementary requirements for fuses for
use by authorized persons (fuses mainly for industrial application)—Sections I to V: Examples
of types of standardized fuses  ( i dentica l  to  I EC 60269-2-1 : 1 998)

IEC 6041 0: 1 973,  Sampling plans and procedures for inspection by attributes

I EC 60947-1 : 1 999,  Low-voltage switchgear and controlgear – Part 1: General rules

AS/NZS 3947. 1 ,  Low-voltage switchgear and controlgear,  Part 1 :  General rules ( iden tica l  to
IEC 60947-1 : 1 999  and  i ncorporating  I EC Amendment 1 : 2000)

IEC 60947-2 : 1 995,  Low-voltage switchgear and controlgear – Part 2: Circuit-breakers*

AS 3947. 2,  Low-voltage switchgear and controlgear,  Part 2 :  Circuit-breakers  ( i dentical  to
IEC 60947-2: 1 995  and  i nclud ing  I EC Amendment 1 : 1 997)

IEC 60947-3: 1 999,  Low-voltage switchgear and controlgear – Part 3: Switches,  disconnectors,
switch-disconnectors and fuse-combination units

AS/NZS 3947. 3,  Low-voltage switchgear and controlgear,  Part 3:  Switches,  disconnectors,
switch-disconnectors and fuse-combination units  ( i dentica l  to  I EC 60947-3: 1 999  and  i nclud ing
IEC Amendment 1 : 2000)

IEC 60947-5-1 : 1 997,  Low-voltage switchgear and controlgear – Part 5: Control circuit devices
and switching elements – Section 1: Electromechanical control circuit devices**

AS/NZS 3947. 5. 1 ,  Low-voltage switchgear and controlgear,  Part 5:  Control circuit devices and
switching elements – Section 1: Electromechanical control circuit devices  ( i den tical  to
IEC 60947-5-1 : 1 997  and  incl ud ing  I EC  Amendment 1 : 1 999  and  Amendment 2 : 1 999)

IEC 61 000-4-2: 1 995,  Electromagnetic compatibility (EMC) – Part 4: Testing and measurement
techniques – Section 2: Electrostatic discharge immunity test – Basic EMC publication***

I EC 61 000-4-3: 1 995,  Electromagnetic compatibility (EMC) – Part 4: Testing and measurement
techniques – Section 3: Radiated radio-frequency electromagnetic field immunity test****

AS/NZS 61 000.4.3,  Electromagnetic compatibility (EMC),  Part 4:  Testing and measurement
techniques—Section 3: Radiated radio-frequency electromagnetic field immunity test
( i dentica l  to  I EC 61 000-4-3: 1 995  and  i nclud ing  I EC  Amendment 1 : 1 998)

_____________________________________________________________________________________________
*        There  i s  a  consol i dated  ed i ti on  2 . 1  (1 998)  that  i ncl udes  I EC  60947-2  (1 995)  and  i ts  amendment  1  (1 997).

**       There  i s  a  consol i dated  ed i ti on  2 . 1  (1 999)  that  i ncl udes  I EC  60947-5-1  ( 1 997)  and  i ts  amendment  1  (1 999).

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

****    There  i s  a  consol i dated  ed i ti on  1 . 1  (1 998)  that  i ncl udes  I EC  61 000-4-3  (1 995)  and  i ts  amendment  1  (1 998).
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IEC 61 000-4-4: 1 995,  Electromagnetic compatibility (EMC) – Part 4: Testing and measurement
techniques – Section 4: Electrical fast transient/burst immunity test – Basic EMC publication

I EC 61 000-4-5: 1 995,  Electromagnetic compatibility (EMC) – Part 4: Testing and measurement
techniques – Section 5: Surge immunity test

AS/NZS 61 000. 4. 5,  Electromagnetic compatibility (EMC),  Part 4:  Testing and measurement
techniques – Section 5: Surge immunity test ( i den tical  to  I EC 61 000-4-5: 1 995)

IEC 61 095: 1 992,  Electromechanical contactors for household and similar purposes

I EC 61 81 0-1 : 1 998,  Electromechanical all-or-nothing relays – Part 1: General requirements

CISPR 1 1 : 1 997,  Industrial,  scientific and medical (ISM) radio-frequency equipment –
Electromagnetic disturbance characteristics – Limits and methods of measurement

3 Defin i tions

For the  purpose  of th i s  part of I EC 60947,  the  defin i ti ons  of clause 2  of I EC 60947-1  together
wi th  the  fol l owing  add i ti onal  defi n i ti ons  appl y.

3.1  Defin i tions  concern ing  contactors

3. 1 . 1
contactor (mechan ical )
mechan ical  swi tch ing  device  having  on l y one  pos i tion  of rest,  operated  otherwise  than  by
hand ,  capable  of making ,  carrying  and  breaking  currents  under normal  ci rcu i t  cond i ti ons
incl ud ing  operating  overload  cond i tions

NOTE   Contactors  may be  des i gnated  accord i ng  to  the  method  by wh ich  the  force  for cl os ing  the  main  contacts  i s
provi ded .

[I EV 441 -1 4-33]

The following notes are not included in IEV 441-14-33:

NOTE  1   The  term  ‘operated  otherwise  than  by hand ’  means  that  the  device  i s  i n tended  to  be  con trol l ed  and  kept
i n  working  pos i ti on  from  one  or more  external  suppl i es.

NOTE  2   I n  French ,  a  con tactor the  main  con tacts  of wh ich  are  cl osed  i n  the  pos i ti on  of rest  i s  u sual l y ca l l ed  a
‘ rupteu r’ .  The  word  ‘ rupteu r’  h as  no  equ i va l en t  i n  the  Eng l i sh  l anguage.

NOTE  3   A con tactor i s  usual l y i n tended  to  operate  frequentl y.

3. 1 .2
electromagnetic  contactor
con tactor i n  wh ich  the  force  for cl osing  the  normal ly open  main  contacts  or open ing  the
normal l y closed  main  contacts  i s  provided  by an  e lectromagnet

3. 1 .3
pneumatic contactor
con tactor i n  wh ich  the  force  for cl osing  the  normal ly open  main  contacts  or open ing  the
normal l y closed  main  contacts  i s  provided  by a  device  us ing  compressed  a i r,  wi thout the  use
of e lectrical  means

3. 1 .4
electro-pneumatic  contactor
con tactor i n  wh ich  the  force  for cl osing  the  normal ly open  main  contacts  or open ing  the
normal l y closed  main  contacts  i s  provided  by a  device  us ing  compressed  a i r under the  control
of e lectrical l y operated  valves
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3. 1 .5
latched  contactor
contactor,  the  moving  e lements  of wh ich  are  preven ted  by means  of a  l atch ing  arrangement
from  retu rn ing  to  the  posi ti on  of rest  when  the  operating  means  are  de-energ ized

NOTE  1   The  l atch i ng ,  and  the  re l ease  of the  l atch ing ,  may be  mechan ical ,  e l ectromagneti c,  pneumatic,  etc.

NOTE  2   Because  of the  l atch ing ,  the  l atched  contactor actual l y acqu i res  a  second  posi ti on  of rest  and ,  accord i ng
to  the  defi n i ti on  of a  con tactor,  i t  i s  not,  s tri ctl y speaki ng ,  a  con tactor.  H owever,  s i nce  the  l atched  con tactor i n  both
i ts  u ti l i zati on  and  i ts  des i gn  i s  more  cl osel y re l ated  to  con tactors  i n  general  than  to  any other cl ass i fi cati on  of
swi tch i ng  d evice,  i t  i s  considered  proper to  requ i re  that  i t  compl i es  wi th  the  speci fi cati ons  for con tactors  wherever
they are  appropri ate.

[I EV 441 -1 4-34]

3. 1 .6
vacuum contactor (or starter)
contactor (or starter)  in  wh ich  the  main  con tacts  open  and  close  wi th in  a  h i gh l y evacuated
envelope

3. 1 .7
posi tion  of rest  (of a  contactor)
posi tion  wh ich  the  moving  e lements  of the  contactor take  up  when  i ts  e lectromagnet or i ts
compressed-ai r device  is  not energ ized  [I EV 441 -1 6-24]

3.2  Defin i tions  concern ing  starters

3.2. 1
starter
combination  of a l l  the  swi tch ing  means  necessary to  start and  stop  a  motor i n  combination
wi th  su i table  overload  protection  [I EV 441 -1 4-38]

3.2.2
direct-on-l ine  starter
starter wh ich  connects  the  l i ne  vol tage  across  the  motor term inals  i n  one  step  [I EV 441 -1 4-40]

3.2.3
reversing  starter
starter i n tended  to  cause the  motor to  reverse  the  d i rection  of rotation  by revers ing  the  motor
primary connections  wh i le  the  motor may be  runn ing

3.2.4
two-direction  starter
starter i n tended  to  cause the  motor to  reverse  the  d i rection  of rotation  by revers ing  the  motor
primary connections  on l y when  the  motor is  not runn ing

3.2.5
reduced  vol tage  starter
starter wh ich  connects  the  l i ne  vol tage  across  the  motor term inals  i n  more  than  one  step  or by
gradual l y i ncreasing  the  vol tage  appl ied  to  the  term inals

3.2.5.1
star-del ta  starter
starter for a  three-phase  i nduction  motor such  that  i n  the  s tarting  posi ti on  the  s tator
wind ings  are  connected  in  star and  i n  the  fi nal  runn ing  pos i ti on  they are  connected  i n  del ta
[I EV 441 -1 4-44]
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3.2.5.2
auto-transformer starter
starter for an  i nduction  motor wh ich  uses  for starti ng  one  or more  reduced  vol tages  derived
from  an  auto-transformer [I EV 441 -1 4-45]

NOTE  (not included in IEV 441-14-45)   An  au to-transformer i s  defi ned  as  fol l ows  i n  3 . 1 . 2  of I EC  60076-1 :

‘A transformer i n  wh ich  at  l east  two  wi nd i ngs  have  a  common  part. ’

3.2.6
rheostatic starter
starter u ti l i zi ng  one  or several  res istors  for obtain ing ,  during  s tarting ,  stated  motor torque
characteristics  and  for l im i ti ng  the  curren t [I EV 441 -1 4-42]

NOTE  (not included in IEV 441-14-42)   A rheostati c  s tarter general l y consi sts  of th ree  bas ic  parts  wh ich  may be
suppl i ed  e i ther as  a  composi te  un i t  or as  separate  u n i ts  to  be  connected  at  the  p l ace  of u ti l i zati on :

– the  mechan ical  swi tch i ng  d evices  for suppl yi ng  the  stator (general l y  associated  wi th  an  overl oad  protecti ve
device);

– the  res i stor(s )  i nserted  i n  the  s tator or rotor ci rcu i t;

– the  mechan ical  swi tch i ng  d evices  for cu tti n g  ou t  the  res i stor(s )  successivel y.

3.2.6.1
rheostatic stator starter
rheostatic s tarter for a  squ i rrel  cage  motor wh ich ,  during  the  starti ng  period ,  cu ts  ou t
successivel y one  or several  resistors  previousl y provided  in  the  s tator ci rcu i t

3.2.6.2
rheostatic rotor starter
rheostatic s tarter for an  asynchronous  wound-rotor motor wh ich ,  during  the  s tarti ng  period ,
cuts  ou t successivel y one  or several  res istors  previousl y provided  in  the  rotor ci rcu i t
[I EV 441 -1 4-43]

3.2.7
combination  starter (see  fi gure  3)
equ ipment consisti ng  of a  starter,  a  manual  external l y operated  swi tch ing  device  and  a  short-
ci rcu i t protective  device,  moun ted  and  wi red  i n  a  ded icated  enclosure.  The  swi tch ing  and
short-ci rcu i t protective  devices  may be  a  fuse  combination  un i t,  a  swi tch  wi th  fuses  or a
ci rcu i t-breaker wi th  or wi thout  an  i solati ng  function

NOTE  1   A ded icated  encl osure  i s  an  enclosure  speci fi cal l y d es i gned  and  d imens i oned  for i ts  appl i cation  i n  wh ich
al l  tests  are  conducted .

NOTE  2   The  manual l y operated  swi tch ing  device  and  the  short-ci rcu i t  protecti ve  d evice  may be  j ust  one  d evice
and  may i ncorporate  the  overl oad  protection  as  wel l .

3.2.8
protected  starter
equ ipment consisti ng  of a  starter,  a  manual l y operated  swi tch ing  device  and  a  short-ci rcu i t
protective  device,  mounted  and  wired ,  enclosed  or unenclosed  accord ing  to  the  i nstructions  of
the  starter manufacturer

NOTE   The  manual l y operated  swi tch ing  device  and  the  short-ci rcu i t  protecti ve  device  may be  one  s i ng l e  d evice
and  may i ncorporate  the  overl oad  protection  as  wel l .

3.2.9
manual  starter
starter i n  wh ich  the  force  for clos ing  the  main  con tacts  is  provided  exclus ively by manual
energy [I EV 441 -1 4-39]

3.2. 1 0
electromagnetic  starter

starter i n  wh ich  the  force  for clos ing  the  main  con tacts  i s  provided  by an  e lectromagnet
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3.2. 1 1
motor-operated  starter
starter i n  wh ich  the  force  for clos ing  the  main  con tacts  is  provided  by an  e lectric  motor

3.2. 1 2
pneumatic starter
starter i n  wh ich  the  force  for clos ing  the  main  con tacts  i s  provided  by us ing  compressed  a i r,
wi thout  the  use  of e lectrica l  means

3.2. 1 3
electro-pneumatic  starter
starter i n  wh ich  the  force  for clos ing  the  main  con tacts  i s  provided  by us ing  compressed  a i r
under the  control  of e lectrical l y operated  valves

3.2. 1 4
single-step starter
starter i n  wh ich  there  i s  no  i n termed iate  accelerating  pos i ti on  between  the  OFF  and  ON
posi tions

NOTE   Th i s  s tarter i s  a  d i rect-on-l i ne  s tarter (see  3 . 2 . 2).

3.2. 1 5
two-step  starter
starter i n  wh ich  there  i s  on l y one  in termed iate  accelerating  pos i tion  between  the  OFF  and  ON
posi tions

Example:   A s tar-del ta  starter i s  a  two-step starter.

3.2. 1 6
n-step  starter (see  fi gure  4)
starter i n  wh ich  there  are  (n-1 )  i n termed iate  accelerating  pos i ti ons  between  the  OFF  and  ON
posi tions

Example:   A three-step  rheostatic  starter has  two  sections  of res istors  used  for starting .

[I EV 441 -1 4-41 ]

3.2. 1 7
phase loss  sensitive  thermal  overload  relay or release
multipole  thermal  overload  relay or re lease  wh ich  operates  i n  the  case  of overload  and  a lso  i n
case  of l oss  of phase i n  accordance  wi th  speci fied  requ irements

3.2. 1 8
under-current (under-vol tage)  relay or release
measuring  re lay or re lease  wh ich  operates  au tomatical l y when  the  curren t through  i t  (or the
vol tage  appl ied  to  i t)  i s  reduced  below a  pre-determ ined  value

3.2. 1 9
starting  time (of a  rheostatic starter)

period  of time during  wh ich  the  starting  res istors  or parts  of them  carry curren t

3.2.20
starting  time  (of an  auto-transformer starter)
period  of time during  wh ich  the  au to-transformer carries  current

NOTE  to  3 . 2 . 1 9  and  3 . 2 . 20   The  starti ng  time  of a  s tarter i s  shorter than  the  total  s tarti ng  t ime  of the  motor wh i ch
takes  i n to  account  the  l ast  period  of accel erati on  fol l owing  the  swi tch ing  operati on  ON  pos i ti on .
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3.2.21
open  transi tion  (with  an  auto-transformer starter or star-del ta starter)
circu i t arrangement such  that  the  suppl y to  the  motor i s  i n terrupted  and  reconnected  when
chang ing  over from  one step  to  another

NOTE   The  trans i ti on  s tage  i s  not  consi dered  an  add i ti ona l  s tep.

3.2.22
closed  transi tion  (with  an  auto-transformer starter or star-del ta  starter)
circu i t arrangement such  that the  suppl y to  the  motor i s  not i n terrupted  (even  momentari l y)
when  chang ing  over from  one  step  to  another

NOTE   The  trans i ti on  s tage  i s  not  consi dered  an  add i ti ona l  s tep.

3.2.23
inching  ( jogg ing)
energ izing  a  motor or solenoid  repeated l y for short periods  to  obtain  smal l  movements  of the
driven  mechan ism

3.2.24
plugg ing
stopping  or reversing  a  motor rapid l y by revers ing  the  motor primary connections  wh i le  the
motor is  runn ing

3.3  Characteristic quanti ties

3.3.1  Transient  recovery vol tage  (abbreviation :  TRV)  [I EV 441 -1 7-26]

Subclause  2 . 5. 34  of part 1  appl ies  wi th  the  fol lowing  add i tion .

NOTE  3  (not included in IEV 441-17-26)   I n  a  vacuum  contactor or s tarter,  the  h i ghest  trans i en t  recovery vol tage
may occur on  an  other pol e  than  the  fi rs t  pole  to  cl ear.

4 Classification

Subclause  5. 2  g i ves  a l l  the  data  wh ich  may be  used  as  cri teria  for class i fication .

5 Characteristics  of contactors  and  starters

5.1  Summary of characteristics

The characteristics  of a  con tactor or starter shal l  be  stated  i n  the  fol lowing  terms,  where  such
terms  are  appl icable:

– type  of equ ipment (5. 2);

– rated  and  l im i ti ng  values  for main  ci rcu i ts  (5. 3) ;

– uti l i zation  category (5.4) ;

– con trol  ci rcu i ts  (5. 5) ;

– auxi l i ary ci rcu i ts  (5. 6);

– types  and  characteristics  of re lays  and  releases  (5. 7) ;

– co-ord ination  wi th  short-ci rcu i t protective  devices  (5. 8);

– swi tch ing  overvol tages  (5. 9) ;

– types  and  characteristics  of automatic change-over devices  and  au tomatic acceleration
control  devices  (5. 1 0) ;

– types  and  characteristics  of auto-transformers  for two-step auto-transformer starters
(5. 1 1 ) ;

– types  and  characteristics  of starting  resistors  for rheostatic rotor starters  (5. 1 2) .
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5.2  Type of equ ipment

The fol l owing  shal l  be  s tated  (see  a lso  clause  6) .

5.2.1  Kind  of equipment

– contactor;

– d i rect-on- l i ne  a. c.  s tarter;

– star-del ta  s tarter;

– two-step au to-transformer starter;

– rheostatic rotor starter;

– combination  or protected  starter.

5.2.2  Number of poles

5.2.3  Kind  of current (a.c.  or d .c. )

5.2.4 Interrupting  medium (air,  o i l ,  gas,  vacuum,  etc. )

5.2.5  Operating  cond itions  of the equ ipment

5.2.5. 1  Method  of operation

For example:  manual ,  e l ectromagnetic,  motor-operated ,  pneumatic,  e lectro-pneumatic.

5.2.5.2  Method  of control

For example:

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

– non-au tomatic  (such  as  by hand  operation  or by push-bu ttons);

– sem i-automatic ( i . e .  partly au tomatic,  partl y non-au tomatic).

5.2.5.3  Method  of change-over for particu lar types  of starters

The change-over for s tar-del ta  s tarters,  rheostatic rotor starters  or au to-transformer starters
may be  au tomatic,  non-au tomatic or sem i-automatic (see  figures  4  and  5).

5.2.5.4 Method  of connecting  for particu lar types  of starters

For example:  open  transi tion  starter,  cl osed  trans i tion  s tarter (see  figure  5) .

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

The rated  va lues  establ ished  for a  contactor or starter shal l  be  stated  in  accordance wi th
subclauses  5. 3. 1  to  5. 4,  and  5. 8  and  5. 9,  bu t i t  may not be  necessary to  speci fy a l l  the  values
l isted .

NOTE   The  rated  val ues  establ i shed  for a  rheostati c  rotor s tarter are  s tated  i n  accordance  wi th  5 . 3 . 1 . 2 ,  5 . 3 . 2 . 3,
5. 3. 2 . 4 ,  5 . 3 . 2 . 6 ,  5 . 3. 2 . 7  and  5. 3 . 5. 5  bu t  i t  i s  not  necessary to  speci fy a l l  the  va l ues  l i s ted .

5.3.1  Rated  vol tages

A contactor or starter i s  defined  by the  fo l l owing  rated  vol tages.

5.3.1 .1  Rated  operational  vol tage  (Ue)

Subclause  4 . 3. 1 . 1  of part 1  appl ies.
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5.3. 1 .1 . 1   Rated  stator operational  vol tage (Ues)

For rheostatic  rotor s tarters,  a  rated  stator operational  vol tage  is  a  value  of vol tage  wh ich ,
when  combined  wi th  a  rated  stator operational  curren t,  determ ines  the  appl icati on  of the
stator ci rcu i t  i nclud ing  i ts  mechan ical  swi tch ing  devices  and  to  wh ich  are  referred  the  making
and  breaking  capaci ties ,  the  type  of du ty and  the  starting  characteristics.  I n  no  case  shal l  the
maximum  rated  operational  vol tage  exceed  the  correspond ing  rated  insu lation  vol tage.

NOTE   The  rated  stator operational  vol tage  i s  expressed  as  the  vol tage  between  phases.

5.3. 1 .1 .2   Rated  rotor operational  vol tage  (Uer)

For rheostatic  rotor s tarters,  the  va lue  of rated  operational  vol tage  is  that of the  vol tage
wh ich ,  when  combined  wi th  a  rated  rotor operational  current,  determ ines  the  appl ication  of the
rotor ci rcu i t  i nclud ing  i ts  mechan ical  swi tch ing  devices  and  to  wh ich  are  referred  the  making
and  breaking  capaci ties,  the  type  of du ty and  the  starting  characteristics.

Th is  vol tage  is  taken  as  equal  to  the  vol tage  measured  between  s l i p-rings,  wi th  the  motor
stopped  and  the  rotor open-ci rcu i ted ,  when  the  s tator is  suppl ied  at  i ts  rated  vol tage.

The rated  rotor operational  vol tage  i s  on l y appl ied  for a  short  durati on  duri ng  the  starti ng
period .  For th is  reason ,  i t  i s  perm iss ib le  that the  rated  rotor operational  vol tage  exceed  the
rated  rotor i nsu lation  vol tage  by 1 00%.

The maximum  vol tage  between  the  d i fferent l i ve  parts  (e. g .  swi tch ing  devices,  resistors,
connecting  parts,  etc. )  of the  rotor ci rcu i t  of the  starter wi l l  vary and  account may be  taken  of
th is  fact i n  choosing  the  equ ipment and  i ts  d isposi tion .

5.3.1 .2  Rated  insu lation  vol tage  (Ui)

Subclause  4 . 3. 1 . 2  of part 1  appl ies .

5.3. 1 .2 .1   Rated  stator insu lation  vol tage (Uis)

For rheostatic  rotor s tarters,  the  rated  stator i nsu lation  vol tage  i s  the  value  of vol tage  wh ich  i s
designated  for the  devices  i nserted  in  the  s tator suppl y as  wel l  as  the  un i t  they are  part of,
and  to  wh ich  d ielectric tests  and  creepage d istances  are  referred .

Un less  otherwise  stated ,  the  rated  stator i nsu lation  vol tage  i s  the  value  of the  maximum  rated
stator operational  vol tage  of the  starter.

5.3. 1 .2 .2   Rated  rotor insu lation  vol tage  (Uir)

For rheostatic  rotor s tarters,  the  rated  rotor i nsu lation  vol tage  is  the  value  of vol tage  wh ich  i s
designated  to  the  devices  i nserted  i n  the  rotor ci rcu i t  as  wel l  as  the  un i t  they are  part  of
(connecting  l inks,  res istors,  enclosure),  and  to  wh ich  d ie lectric  tests  and  creepage d i stances
are  referred .

5.3.1 .3  Rated  impu lse withstand  vol tage (Uimp)

Subclause  4 . 3. 1 . 3  of part 1  appl ies .

5.3.1 .4 Rated  starting  vol tage of an  auto-transformer starter

The rated  starting  vol tage  of an  au to-transformer starter i s  the  reduced  vol tage  derived  from
the transformer.

Preferred  values  of rated  starting  vol tage  are  50%,  65% or 80%  of the  rated  operational
vol tage.

Full document details: AS NZS 3947.4.1-2001

http://www.avadocuments.com/doc/as-nzs-3947-4-1-2001
http://www.avadocuments.com/doc/as-nzs-3947-4-1-2001


COPYRIGHT

1 3

5.3.2  Currents  or powers

A contactor or a  starter i s  defined  by the  fo l l owing  curren ts.

NOTE   I n  the  case  of a  s tar-de l ta  s tarter,  these  cu rren ts  re l ate  to  the  d el ta  connection  and ,  i n  the  case  of a  two-
step  au to-transformer or rheostati c  rotor s tarter,  to  the  ON  posi ti on .

5.3.2.1  Conventional  free ai r thermal  current (Ith)

Subclause  4 . 3. 2 . 1  of part 1  appl ies.

5.3.2.2  Conventional  enclosed  thermal  current (Ithe)

Subclause  4 . 3. 2. 2  of part 1  appl ies.

5.3.2.3  Conventional  stator thermal  current (Iths)

The conventional  stator thermal  curren t of a  starter may be  e i ther free  a i r current  Iths or

enclosed  current  Ithes,  i n  l i ne  wi th  5. 3. 2 . 1  and  5. 3 .2. 2 .

For a  rheostatic  rotor starter,  the  s tator thermal  current  i s  the  maximum  current i t  can  carry on
eight-hour du ty (see  5 .3. 4 . 1 )  wi thou t the  temperature  rise  of i ts  several  parts  exceed ing  the
l im i ts  speci fied  in  8 . 2. 2  when  tested  in  accordance wi th  9 . 3 . 3. 3.

5.3.2.4 Conventional  rotor thermal  current (Ithr)

The conventional  rotor thermal  current  of a  starter may be  e i ther free  ai r curren t Ithr or

enclosed  current  Ither,  i n  l i ne  wi th  5. 3. 2. 1  and  5. 3. 2 . 2 .

For rheostatic  rotor starters,  the  rotor thermal  curren t i s  the  maximum  current that those parts
of the  starter through  wh ich  the  rotor current  flows  i n  the  ON  posi tion ,  viz.  after cutting  out
res istors,  can  carry on  eigh t-hour du ty (see  5. 3 .4 . 1 )  wi thout thei r temperatu re  rise  exceed ing
the  l im i ts  speci fied  i n  8 . 2 . 2  when  tested  i n  accordance  wi th  9. 3. 3. 3.

NOTE  1   For those  e l ements  (swi tch i ng  d evices ,  connecti ng  l i nks ,  res i stors)  th rough  wh ich  a  cu rren t  of practi cal l y
no  val ue  fl ows  i n  the  ON  pos i ti on ,  i t  shou ld  be  veri fi ed  that,  for the  rated  du ti es  (see  5. 3. 4)  s tated  by the

manufacturer,  the  val ue  of i n teg ra l

∫
t

o

2 d ti

does  not  l ead  to  temperatu re  ri ses  h i gher than  those  appeari ng  i n  8 . 2 . 2 .

NOTE  2   When  res i s tors  are  bu i l t- i n  i n to  the  starter,  the  temperatu re  ri se  shou l d  be  taken  i n to  account.

5.3.2.5  Rated  operational  currents  (Ie)  or rated  operational  powers

A rated  operational  curren t of a  con tactor or a  starter is  s tated  by the  manufacturer and  takes
into  account the  rated  operational  vol tage  (see  5 .3. 1 . 1 ) ,  the  conventional  free  ai r or enclosed
thermal  current,  the  rated  curren t of the  overload  relay,  the  rated  frequency (see  5. 3. 3) ,  the
rated  du ty (see  5.3. 4) ,  the  u ti l i zation  category (see  5. 4)  and  the  type  of protective  enclosure,
i f any.

I n  the  case  of equ ipment for d i rect swi tch ing  of i nd ividual  motors,  the  i nd ication  of a  rated
operational  current may be  replaced  or supplemented  by an  ind ication  of the  maximum  rated
power outpu t,  at the  rated  operational  vol tage  considered ,  of the  motor for wh ich  the
equ ipment i s  i n tended .  The  manufacturer shal l  be  prepared  to  state  the  re lationsh ip  assumed
between  the  curren t and  the  power.

For s tarters,  the  rated  operational  current (Ie )  i s  the  current i n  the  ON  posi tion  of the  starter.
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5.3.2.6  Rated  stator operational  current (Ies)  or rated  stator operational  power

For rheostatic  rotor s tarters,  a  rated  stator operational  current  i s  stated  by the  manufacturer
and  takes  in to  account the  rated  curren t of the  overload  rel ay i nstal l ed  i n  th is  starter,  the
rated  stator operational  vol tage  (see  5. 3. 1 . 1 . 1 ) ,  the  conventional  free  a i r or enclosed  thermal
current,  the  rated  frequency (see  5. 3. 3),  the  rated  du ty (see  5.3 .4) ,  the  starting  characteristics
(see  5. 3. 5. 5)  and  the  type  of protective  enclosure.

The i nd ication  of a  rated  stator operational  current may be  replaced  by the  ind ication  of the
maximum  rated  power outpu t,  at  the  rated  stator operational  vol tage  considered ,  of the  motor
for wh ich  the  s tator e lements  of the  starter are i n tended .  The  manufacturer shal l  be  prepared
to  state  the  relationsh ip  assumed  between  the  motor power and  the  stator curren t.

5.3.2.7  Rated  rotor operational  current (Ier)

For rheostatic  rotor starters,  a  rated  rotor operational  curren t i s  s tated  by the  manufacturer
and  takes  in to  account the  rated  rotor operational  vol tage  (see  5. 3. 1 . 1 . 2) ,  the  conventional
free  a i r or enclosed  rotor thermal  cu rrent,  the  rated  frequency (see  5. 3. 3) ,  the  rated  du ty
(see  5. 3. 4),  the  starting  characteristics  (see  5.3. 5. 5)  and  the  type  of protective  enclosure.

I t  i s  taken  as  equal  to  the  curren t flowing  i n  the  connections  to  the  rotor when  the  latter is
short-ci rcu i ted  and  the  motor i s  runn ing  at  fu l l  l oad  and  the  s tator i s  suppl ied  at  i ts  rated
vol tage  and  rated  frequency.

When  the  rotor part  of a  rheostatic  rotor s tarter is  rated  separatel y,  the  ind ication  of a  rated
rotor operational  curren t may be  supplemented  by the  maximum  rated  power ou tput,  for
motors  having  the  rated  rotor operational  vol tage  considered ,  of the  motor for wh ich  that part
of the  starter (swi tch ing  devices,  connecting  l i nks,  re lays,  resistors)  i s  i n tended .  Th is  power
varies  in  particu lar wi th  the  breakaway torque foreseen  and  consequentl y takes  i n to  account
the  starti ng  characteristics  (see  5. 3. 5. 5) .

5.3.2.8  Rated  un interrupted  current (Iu)

Subclause  4 . 3. 2. 4  of part 1  appl ies.

5.3.3  Rated  frequency

Subclause  4 . 3. 3  of part 1  appl ies .

5.3.4 Rated  duties

Subclause  4 . 3. 4  of part 1  appl ies .

5.3.4.1  Eight-hour duty (continuous  duty)

Subclause  4 . 3. 4. 1  of part 1  appl ies  wi th  the  fol lowing  add i tion .

For a  star-del ta  starter,  a  two-step  au to-transformer starter or a  rheostatic rotor-starter,  the
continuous  du ty i s  the  duty i n  wh ich  the  starter i s  i n  the  ON  posi ti on  and  the  main  contacts  of
the  swi tch ing  devices  wh ich  consti tu te  i t,  wh ich  are  closed  i n  th is  pos i tion ,  remain  closed
wh i le  each  of them  carries  a  s teady current l ong  enough  for the  starter to  reach  thermal
equ i l ibrium ,  but  not for more  than  8  h  wi thout i n terruption .
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5.3.4.2  Un in terrupted  duty

Subclause  4 . 3. 4. 2  of part 1  appl ies  wi th  the  fol l owing  add i tion .

For a  star-del ta  starter,  a  two-step  au to-transformer starter or a  rheostatic rotor starter,  the
un interrupted  du ty i s  the  du ty i n  wh ich  the  starter is  i n  the  ON  posi ti on  and  the  main  contacts
of the  swi tch ing  devices  wh ich  consti tu te  i t,  wh ich  are  closed  i n  th is  pos i ti on ,  remain  closed
wi thout in terruption  wh i l e  each  of them  carries  a  steady current for periods  of more  than  8  h
(weeks,  months  or even  years) .

5.3.4.3  Intermittent  periodic duty or intermittent duty

Subclause  4 . 3. 4. 3  of part 1  appl ies  wi th  the  fol l owing  add i tion .

For a  reduced  vol tage starter,  the  i n term ittent  du ty i s  the  du ty i n  wh ich  the  starter i s  i n  the  ON
posi tion  and  the  main  con tacts  of the  swi tch ing  devices  wh ich  consti tu te  i t  remain  closed  for
periods  bearing  a  defin i te  relation  to  the  no-load  periods,  both  periods  being  too  short to  a l l ow
the starter to  reach  thermal  equ i l i brium .

Preferred  classes  of i n term i ttent  du ty are:

– for con tactors:  1 ,  3 ,  1 2,  30 ,  1 20,  300  and  1  200  (operating  cycles  per hour);

– for starters:  1 ,  3 ,  1 2  and  30  (operating  cycles  per hour).

I t  i s  recal l ed  that  an  operating  cycle  i s  a  complete  working  cycle  compris ing  one  clos ing
operation  and  one  open ing  operation .

For s tarters,  an  operating  cycle  comprises  starting ,  runn ing  to  fu l l  speed  and  swi tch ing  off the
suppl y from  the  motor.

NOTE   I n  the  case  of s tarters  for i n term i tten t  du ty,  the  d i fference  between  the  thermal  t ime-constant  of the
overl oad  re l ay and  that  of the  motor may render a  thermal  re l ay unsu i ted  for overl oad  protection .  I t  i s
recommended  that,  for i nstal l ati ons  i n tended  for i n term i tten t  du ty,  the  question  of overl oad  protection  be  subject  to
agreement between  manufactu rer and  user.

5.3.4.4 Temporary duty

Subclause  4 . 3. 4. 4  of part 1  appl ies.

5.3.4.5 Period ic du ty

Subclause  4 . 3. 4. 5  of part 1  appl ies.

5.3.5 Normal  load  and  overload  characteristics

Subclause  4 . 3. 5  of part 1  appl ies  wi th  the  fol l owing  add i ti ons.

5.3.5.1  Abi l i ty to  wi thstand  motor switch ing  overload  currents

Requ irements  to  meet these cond i tions  are  g iven  for contactors  i n  8 . 2 . 4. 4.

5.3.5.2  Rated  making  capaci ty

Requ irements  for the  various  u ti l i zation  categories  (see  5. 4)  are  g i ven  i n  8 . 2. 4 . 1 .  The  rated
making  and  breaking  capaci ties  are  on l y va l i d  when  the  contactor or the  s tarter is  operated  in
accordance  wi th  the  requ i rements  of 8 . 2 . 1 . 1  and  8 . 2 . 1 . 2 .
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5.3.5.3  Rated  breaking  capaci ty

Requ irements  for the  various  u ti l i zation  categories  (see  5. 4)  are  g i ven  i n  8 . 2. 4 . 1 .  The  rated
making  and  breaking  capaci ties  are  on l y va l i d  when  the  contactor or the  s tarter is  operated  in
accordance  wi th  the  requ i rements  of 8 . 2 . 1 . 1  and  8 . 2 . 1 . 2 .

5.3.5.4 Conventional  operational  performance

This  performance i s  speci fied  as  a  series  of making  and  breaking  operations  i n  8. 2 .4 . 2 .

5.3.5.5 Starting  and  stopping  characteristics  of starters  (see fi gure  6)

Typical  service  cond i tions  for s tarters  are:

a) one  d i rection  of rotation  wi th  the  motor being  swi tched  off during  runn ing  in  normal
service  cond i ti ons  (u ti l i zation  categories  AC-2  and  AC-3) ;

b) two d i rections  of rotation ,  bu t the  runn ing  i n  the  second  d i rection  is  real i zed  after the
starter has  been  swi tched  off and  the  motor has  completel y stopped  (u ti l i zation
categories  AC-2  and  AC-3);

c) one  d i rection  of rotation ,  or two  d i rections  of rotation  as  i n  i tem  b) ,  bu t  wi th  the
possibi l i ty of i n frequent i nch ing  ( j ogg ing).  For th is  service  cond i tion ,  d i rect-on-l ine
starters  are  usual l y employed  (u ti l i zation  category AC-3);

d ) one  d i rection  of rotation  wi th  frequent inch ing  ( j ogg ing).  Usual l y d i rect-on-l i ne  starters
(uti l i zati on  category AC-4)  are  used  for th is  du ty;

e) one  or two  d i rections  of rotation ,  bu t wi th  the  poss ibi l i ty of i n frequent p lugg ing  for
stopping  the  motor,  p lugg ing  being  associated ,  i f so  provided ,  wi th  rotor res istor braking
(reversing  starter wi th  braking) .  Usual l y a  rheostatic rotor starter i s  used  for th is  du ty
cond i tion  (u ti l i zation  category AC-2);

f) two d i rections  of rotation ,  bu t wi th  the  possibi l i ty of revers ing  the  suppl y connections  to
the  motor wh i le  i t  i s  runn ing  i n  the  fi rst d i rection  (plugg ing),  i n  order to  obta in  i ts  rotation
in  the  other d i rection ,  wi th  swi tch ing  off the  motor runn ing  i n  normal  service  cond i tions.
Usual l y a  d i rect-on-l i ne  revers ing  starter i s  used  for th is  du ty cond i ti on  (u ti l i zation
category AC-4).

Un less  otherwise  stated ,  s tarters  are  designed  on  the  bas is  of the  starti ng  characteristics  of
the  motors  compatib le  wi th  the  making  capaci ti es  of table  7.  These  making  capaci ti es  cover
both  the  trans ient and  steady-state  s tarting  curren ts  of the  great majori ty of standard  motors.
However,  the  s tarti ng  curren ts  for some l arge  motors  may atta in  peak values  correspond ing  to
power factors  considerabl y l ower than  those  speci fied  for the  test ci rcu i t  i n  table  7.  I n  these
cases,  the  operational  curren t of the  contactor or starter shou ld  be  decreased  to  a  value  l ower

than  i ts  rated  value  such  that the  making  capaci ty of the  contactor or starter i s  not exceeded.

5.3.5.5.1   Starting  characteristics  of rheostatic rotor starters

A d isti nction  shal l  be  d rawn  between  the  curren ts  and  vol tages  i n  the  stator and  rotor ci rcu i ts
of s l i p-ring  motors.  However,  the  changes  of the  curren t values  i n  stator and  rotor ci rcu i ts ,
caused  by the  various  steps  of the  starti ng  process,  are  nearl y proportional  under normal
operating  cond i ti ons.
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The fol l owing  defin i ti ons  deal  main l y wi th  the  characteristics  of the  rotor ci rcu i t:

Uer = rated  rotor operational  vol tage;

Ier = rated  rotor operational  curren t;

Zr = characteristic impedance of the  rotor of an  a. c.  s l i p-ring  induction  motor;

where

er

er
r

3
  

I  

U
Z

⋅
= ;

I1 i s  the  current  i n  the  rotor ci rcu i t immed iatel y before  shorting  ou t a  res istor secti on ;

I2 i s  the  current  i n  the  rotor ci rcu i t immed iatel y after shorting  out  a  res istor section ;

Im = 1 /2  (I1  +  I2) ;

Te i s  the  rated  motor operational  torque;

ts i s  the  starti ng  time (see  3. 2 . 1 9) ;

k is  the  severi ty of start  =  
er

m

I

I
.

I t  i s  recogn ized  that many rheostatic  rotor starter appl ications  have  very speci fic  starting
requ irements  wh ich  may resu l t  not on l y i n  a  d i fferent number of starting  s teps  and  d i fferent
values  of I1  and  I2,  bu t  a lso  i n  the  values  of I1  and  I2 being  d i fferent for ind ividual  res istor

sections.  Therefore,  no  attempt has  been  made  to  l ay down  standard  parameters,  bu t the
fol l owing  factors  shou ld  be  taken  i n to  consideration :

– for most appl icati ons,  between  two and  s ix s tarting  steps  are  adequate  depend ing  upon
load  torque,  i nertia  and  the  severi ty of s tart  requ i red ;

– the  res istor sections  shou ld  be  des igned  to  have adequate  thermal  ratings  bearing  i n
m ind  the  starting  time  of the  d rive,  wh ich  wi l l  be  dependent upon  l oad  torque and  load
inertia.

5.3.5.5.2 Standard  condi tions  for making  and  breaking  corresponding  to
the starting  characteristics  for rheostatic  rotor starters

These  cond i tions  are  g i ven  i n  table  7  and  appl y to  starti ng  wi th  h i gh  torque.  (For the
designation  of the  mechan ical  swi tch ing  devices,  see  fi gure  4).

NOTE   Cond i ti ons  for s tarti n g  wi th  fu l l  torque  and  ha l f torque  are  under cons ideration .

The cond i tions  for making  and  breaking  as  g i ven  i n  table  7  for AC-2  u ti l i zation  category are
considered  as  standard .

The  starter ci rcu i t  shal l  be  des igned  to  open  a l l  rotor resistor swi tch ing  devices  before  or
approximatel y s imu l taneousl y wi th  the  open ing  of the  stator swi tch ing  device.  Otherwise,  the
stator swi tch ing  device  shal l  comply wi th  AC-3  requ irements.

5.3.5.5.3   Starting  characteristics  for two-step  auto-transformer starters

Un less  otherwise  stated ,  the  au to-transformer starters  and  speci fical l y the  au to-transformers
are  des igned  on  the  cond i tion  that the  starting  time (see  3 . 2 .20)  for a l l  cl asses  of du ty
(see  5. 3.4)  shal l  not exceed  1 5  s .  The  number of s tarti ng  cycles  per hour assumes  equal
periods  between  starts  except that,  i n  the  even t of two  operati ng  cycles  being  made i n  rapid
succession ,  the  starter and  the  au to-transformer shal l  be  a l lowed  to  cool  to  ambient  a i r
temperature  before  a  further s tart i s  made.
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When  a  starti ng  time  i n  excess  of 1 5  s  i s  requ i red ,  th i s  shal l  be  the  subject  of agreement
between  manufacturer and  user.

5.3.6  Rated  cond itional  short-ci rcu i t  current

Subclause  4 . 3. 6. 4  of part 1  appl ies.

5.4 Uti l i zation  category

Subclause  4 . 4  of part 1  appl ies  wi th  the  fo l l owing  add i ti ons.

For contactors  and  starters,  the  u ti l i zation  categories  as  g i ven  i n  table  1  are  considered
standard .  Any other type  of u ti l i zation  shal l  be  based  on  agreement between  manufacturer
and  user,  bu t i n formation  g iven  i n  the  manufacturer's  catalogue  or tender may consti tu te  such
an  agreement.

Each  u ti l i zation  category i s  characterized  by the  values  of the  currents ,  vol tages,  power-
factors  or time-constan ts  and  other data  of tables  7  and  8,  and  by the  test cond i ti ons  speci fied
in  th is  standard .

For contactors  or s tarters  defined  by thei r u ti l i zation  category,  i t  i s  therefore  unnecessary to
speci fy separatel y the  rated  making  and  breaking  capaci ties  as  these  values  depend  d i rectl y
on  the  u ti l i zation  category as  shown  in  table  7 .

The  vol tage  for a l l  u ti l i zation  categories  is  the  rated  operational  vol tage  of a  con tactor or a
starter other than  a  rheostatic rotor starter,  and  the  rated  stator operational  vol tage  for a
rheostatic rotor starter.

Al l  d i rect-on- l i ne  starters  belong  to  one  or more  of the  fo l lowing  u ti l i zation  categories:  AC-3,
AC-4,  AC-7b,  AC-8a and  AC-8b.

Al l  s tar-del ta  and  two-step  au to-transformer starters  belong  to  u ti l i zation  category AC-3.

Rheostatic  rotor starters  belong  to  u ti l i zation  category AC-2.

5.4.1  Assignment of u ti l i zation  categories  based  on  the  resu l ts  of tests

a) A contactor or starter wh ich  has  been  tested  for one  u ti l i zation  category or at  any
combination  of parameters  (such  as  h i ghest operational  vol tage  and  current,  etc. )  can
be  assigned  other u ti l i zation  categories  wi thout testi ng  provided  that  the  test curren ts,
vol tages,  power-factors  or time-constan ts,  number of operating  cycles,  on  and  off times
g iven  i n  tables  7  and  8,  and  the  test  ci rcu i t for the  assigned  u ti l i zation  categories  are
not more severe  than  those  at wh ich  the  con tactor or s tarter has  been  tested  and  the
temperature  rise  has  been  veri fied  at a  current not l ess  than  the  h ighest ass igned  rated
operational  current  i n  con tinuous  du ty.

For example,  when  tested  for u ti l i zation  category AC-4,  a  con tactor may be  assigned
uti l i zation  category AC-3  provided  Ie for AC-3  is  not h igher than  1 , 2  le for AC-4  at  the

same rated  operational  vol tage.

b) DC-3  and  DC-5 con tactors  are  assumed  to  be  capable  of open ing  and  clos ing  l oads
other than  those on  wh ich  they have been  tested  provided  that:

– the  vol tage  and  current  do  not exceed  the  speci fied  values  of Ue and  Ie;

– the  energy J s tored  i n  the  actual  l oad  is  equal  to  or l ess  than  the  energy Jc stored

in  the  l oad  wi th  wh ich  they were  tested .
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The values  of the  energy stored  in  the  test ci rcu i t  are  as  fol lows:

Uti l i zation  category Stored  energy Jc

DC-3

DC-5

0, 00525  ×  Ue  ×  Ie

0, 031 5   ×  Ue  ×  Ie

The values  of the  constan ts  0 , 00525  and  0, 031 5  are  derived  from :

Jc =  1 /2  LI
2

where  the  time-constant has  been  replaced  by:

2, 5  ×  1 0
-3
 s  (DC-3)  and :

1 5  ×  1 0
-3
 s  (DC-5)

and  where  U =  1 , 05  Ue,  I =  4  Ie and  L  i s  the  inductance  of the  test  ci rcu i t.

(See  table  7  of th is  standard . )

Table  1  – U ti l i zation  categories

Kind  of cu rren t Uti l i zation  categories Typical  appl i cations

AC-1 Non -i nducti ve  or s l i gh tl y i nducti ve  l oads,  res i stance  fu rnaces

AC-2 S l i p-ri ng  motors :  s tarti ng ,  swi tch i ng  off

AC-3 Squ i rre l -cage  motors :  s tarti ng ,  swi tch ing  off motors  du ri ng

runn ing 1 )

AC-4 Squ i rre l -cage  motors :  s tarti ng ,  p l ugg i ng ,  i nch i ng

AC-5a Swi tch ing  of e l ectri c  d i scharge  l amp  con trol s

AC-5b Swi tch ing  of i ncandescen t l amps

AC-6a Swi tch i ng  of transformers

AC-6b Swi tch ing  of capaci tor banks

AC-7a3) Sl i gh tl y i nducti ve  l oads  i n  h ousehold  appl i ances  and  s im i l ar
appl i cations

AC-7b3) Motor- loads  for househol d  appl i cati ons

AC-8a Hermeti c  refri gerant  compressor motor2)  con tro l  wi th  manual
resetti n g  of overl oad  re leases

AC

AC-8b Hermeti c  refri geran t  compressor motor2)  con tro l  wi th  au tomatic
resetti ng  of overl oad  re l eases

DC-1 Non -i nducti ve  or s l i gh tl y i nducti ve  l oads ,  res is tance  fu rnaces

DC-3 Shunt-motors:  s tarti ng ,  p l ugg ing ,  i nch i ng

Dynam ic  breaki ng  of d . c.  motors

DC-5 Series-motors:  s tarti ng ,  p l u gg ing ,  i nch i ng

Dynam ic  breaki ng  of d . c.  motors

DC

DC-6 Swi tch ing  of i ncandescent  l amps

1 ) AC-3  category may be  used  for occasiona l  i nch i ng  ( j ogg ing)  or p l ugg ing  for l im i ted  t ime  periods  such  as
mach ine  set-up;  du ri ng  such  l im i ted  t ime  periods,  the  number of such  operations  shou l d  not  exceed  fi ve  per
m inu te  or more  than  ten  i n  a  1 0-m in  peri od .

2) A hermetic  refri gerant  compressor motor i s  a  combination  consi sti ng  of a  compressor and  a  motor,  both  of
wh ich  are  enclosed  i n  the  same housing ,  wi th  no  externa l  shaft  or shaft  seal s ,  the  motor operati ng  i n  the
refri geran t.

3) For AC-7a  and  AC-7b,  see  I EC  61 095.
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5.5 Control  ci rcu i ts

Subclause  4 . 5  of part 1  appl ies .

5.6  Auxi l iary circu i ts

Subclause  4 . 6  of part 1  appl ies .

5.7  Characteristics  of relays  and  releases  (overload  relays)

NOTE   I n  the  remainder of th i s  s tandard ,  the  words  ‘ overl oad  re l ay’  wi l l  be  taken  to  appl y equal l y to  an  overl oad

rel ay or an  overl oad  re lease,  as  appropriate.

5.7.1  Summary of characteristics

The characteristics  of relays  and  releases  shal l  be  stated  i n  the  fol l owing  terms,  whenever
appl icable:

– types  of re lay or re lease (see  5. 7. 2) ;

– characteristic va lues  (see  5 .7.3);

– designation  and  curren t settings  of overload  relays  (see  5. 7. 4);

– time-current characteristics  of overload  re lays  (see  5. 7.5) ;

– infl uence of ambien t a i r temperature  (see  5 .7 . 6).

5.7.2  Types  of relay or release

a) Release  wi th  shunt coi l  (shunt trip) .

b) Under-vol tage and  under-current open ing  relay or re lease.

c) Overload  time-delay rel ay the  time-lag  of wh ich  is :

1 ) substan tia l l y i ndependent of previous  l oad  (e. g .  time-delay magnetic overload
relay);

2) dependen t on  previous  l oad  (e. g .  thermal  overload  relay);

3) dependent on  previous  l oad  (e . g .  thermal  overload  rel ay)  and  a lso  sensi ti ve  to
phase  l oss  (see  3. 2 . 1 7).

d ) I nstan taneous  over-current re lay or re lease (when  appl icable) .

e) Other relays  or re leases  (e. g .  phase  loss  sensi ti ve  relay,  con trol  re lay associated  wi th
devices  for the  thermal  protection  of the  starter).

NOTE   Types  referred  to  i n  i tems  d )  and  e)  requ i re  consu l tati on  between  manufactu rer and  user accord i ng  to  the
parti cu lar appl i cation .

5.7.3  Characteristic values

a) Release  wi th  shunt coi l ,  under-vol tage (under-current)  open ing  relay or re lease:

– rated  vol tage  (current) ;

– rated  frequency;

– operating  vol tage  (current) .

b) Overload  relay:

– designation  and  curren t settings  (see  5 .7 . 4);

– rated  frequency,  when  necessary (for example  i n  the  case of a  curren t transformer
operated  overload  relay) ;

– time-current characteristics  (or range  of characteristics) ,  when  necessary;

– trip  class  accord ing  to  classi fication  in  table  2 ,  or the  va lue  of the  maximum
tripping  time,  i n  seconds,  under the  cond i ti ons  speci fied  i n  8. 2. 1 . 5 . 1 ,  table  3,
column  D,  when  th is  time exceeds  30  s ;

– number of poles;

– nature  of the  relay:  thermal ,  magnetic or sol id  state.
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