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i i

PREFACE

This Standard was prepared by the Joint S tandards Australia/S tandards New Zealand Committee
EL/6 on Industrial Switchgear and Controlgear.

This S tandard is the result of a consensus among representatives on the Joint Committee to produce
it as an Australian Standard.

This Standard is Section 2 of Part 4 of a series which consists of the following:

AS

3947 Low voltage switchgear and controlgear

3947.1 Part 1 : General rules

3947.2 Part 2: Circuit breakers

3947.3 Part 3 : Switches, disconnectors, switch-disconnectors and fuse-combination units

3947.4 Part 4: Contactors and motor- starters

3947.5 Part 5 : Control circuit devices and switching elements

3947.6 Part 6: Multiple function equipment

3947.7 Part 7: Ancillary equipment

This Standard is identical with and has been reproduced from IEC 947-4-2:1 995, Low-voltage

switchgear and controlgear Part 4: Contactors and motor-starters Section 2: AC semiconductor

motor controllers and starters and supersedes AS 1 202.5 —1985, A.C. motor starters (up to and

including 1000 V) , Part 5: Semiconductor (solid state) starters .

The objective of this Standard, in addition to that stated in Clause 1 , is to bring the superseded
Standard into agreement with IEC 947-4-2 and to renumber it as part of a series of Standards for
low-voltage switchgear and controlgear.

As this S tandard 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 International Standard’ should read ‘ this Australian Standard’ .

(c) A full point substitutes 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.

References to International Standards should be replaced by equivalent Australian Standards, as
follows:

References to International Standard Australian Standard

IEC AS

50 International Electrotechnical
Vocabulary (IEV)

50(161 ) Chapter 1 61 : Electromagnetic
compatibility

—

410 Sampling plans and procedures for
inspection by attributes

—

439 Low-voltage switchgear and
controlgear assemblies

3439 Low-voltage switchgear and

controlgear assemblies

439-1 Part 1 : Type-tested and partially
type-tested assemblies

3439. 1 Part 1 : Type-tested and partially
type-tested assemblies
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IEC AS

801 Electromagnetic compatibility for
industrial-process measurement and
control equipment

801 -1 Part 1 : General introduction —

801 -2 Part 2: Electrostatic discharge
requirements

—

801 -3 Part 3 : Radiated electromagnetic
field requirements

—

801 -4 Part 4: Electrical fast transient/burst
requirements

—

947 Low-voltage switchgear and
controlgear

3947 Low voltage switchgear and

controlgear

947-1 Part 1 : General rules 3947. 1 Part 1 : General rules

1000 Electromagnetic compatibility (EMC)

1000-2 Part 2: Environment

1000-2-1 Section 1 : Description of the
environment—Electromagnetic
environment for low-frequency
conducted disturbances and
signalling in public power supply
systems

—

1000-3 Part 3 : Limits

1000-3 -2 Section 2: Limits for harmonic
current emissions (equipment input
current ≤1 6 A per phase)

—

1000-4 Part 4: Testing and measurement
techniques

1000-4-3 Section 3 : Radiated, radio-
frequency, electromagnetic fields
immunity tests

—

1000-4-5 Section 5: Surge immunity tests —

1000-4-6 Section 6: Conducted disturbances
induced by radio-frequency fields
immunity tests

—

1000-4-1 1 Section 1 1 : Voltage dips, short
interruptions and voltage variation
immunity tests—Basic EMC
publication

—

IEC/CISPR AS /NZS

11 Limits and methods of measurement
of electromagnetic disturbance
characteristics of industrial, scientific
and medical (ISM) radio-frequency
equipment

2064 Limits and methods of measurement
of electromagnetic disturbance
characteristics of industrial scientific
and medical (ISM) radio-frequency
equipment

2064. 1 General requirements

2064.2 Additional requirements for Australia
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IEC/CISPR AS /NZS

14 Limits and methods of measurement
of radio disturbance characteristics of
electrical motor-operated and thermal
appliances for household and similar
purposes, electric tools and electrical
apparatus

1044 Limits and methods of measurement
of radio disturbance characteristics of
electrical motor-operated and thermal
appliances for household and similar
purposes, electric tools and similar
electric apparatus

22 Limits and methods of measurement
of radio disturbance characteristics of
information technology equipment

3548 Limits and methods of measurement
of radio interference characteristics
of information technology equipment
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vii

I NTRODUCTION

Th i s standa rd covers l ow-vol tage a. c. sem icondu ctor motor contro l le rs and starters, th a t
have many capab il it i es and fea tu res beyond the simpl e sta rti ng an d stopp in g of an
in d uction motor, such as con tro l le d sta rti ng an d stopp in g, man oeuverin g an d control le d
ru nni ng.

Th e gen eri c term, con trol l er, i s u sed in th is stan da rd wherever the un iq ue featu res of the
power semicond uctor swi tch in g el ements are th e most sig ni fi can t poi nts of i nterest. Th e
generi c term, sta rte r, i s u sed wherever the consequences of operat in g the power
semicond uctor swi tch in g el ements, toge the r wi th su itabl e overl oad protective means are
th e most si gn ifi can t po in ts of in te rest. Speci fi c d esi gn ati on s (for exampl e form 1 , form HxB,
etc.) are u sed wherever the un i qu e featu res of vari ous confi gu ra tion s comprise sig n ificant
po i nts of i nterest.

Th e provi sions of I EC 947-1 , Gene ral Rul es, are app li cab l e to th is stan dard, whe re
speci fical l y cal led for. Clau ses an d subclauses thu s app l i cab le , as we l l as tabl es, fig u res,
an d ann exes are i d en ti fied by refe ren ce to I EC 947 -1 , for exampl e subclau se 1 . 2 .3 , tabl e 4
of I EC 947-1 or ann ex A of I EC 947 -1 .
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1

AUSTRALIAN STANDARD

Low-voltage switchgear and controlgear

Part 4.2:
Contactors and motor-starters—A.C. semiconductor motor
control lers and starters

1 Scope and object

Th i s standa rd app li es to con trol l ers an d sta rte rs, wh i ch may i ncl ud e a series mechan ical
swi tch in g devi ce, i n tended to be conn ected to circui ts, th e ra ted vol tag e of whi ch does no t
exceed 1 000 V a. c.

Th i s stan da rd cha racterizes con tro l l ers an d starte rs for u se wi th an d withou t bypass
swi tch in g devi ces.

Con tro l l ers and starters dea l t with in th is standa rd are not normal l y desi gn ed to i nterrupt
short-ci rcu it cu rrents. The refore , su i tabl e short-circui t pro tection (see 8 .2 .5 ) shou ld form
part of the in sta l l a ti on , bu t no t necessari l y of th e contro l le r or starter.

In th is con text, th is stand ard g ives requ iremen ts for con tro l l ers and sta rte rs associ ated wi th
separa te short-circui t protecti ve devi ces.

Th i s stand ard does no t appl y to :

— con ti n uous ope ra tion of a . c. motors at motor speeds othe r than th e norma l speed;

— semicond uctor equi pment , in clu di n g semicondu ctor con tactors (see 2 .2 . 1 3 of
IEC 947-1 ) control l in g non-motor l oad s;

— el ectron ic a .c. power contro l le rs covered by I EC 1 46 .

Con tactors and con tro l ci rcu i t d evi ces u sed i n control l ers an d sta rters shoul d comply with
th e requ i remen ts of th ei r rel evant prod uct stand ard . Where mechani cal switch i ng devices
are u sed , th ey shou l d meet th e req u irements of thei r own IEC product stand ard , an d th e
ad d it i on al req ui rements of thi s standa rd.

Th e obj ect of thi s stan dard is to sta te as fo l lows:

— the cha racte ristics of con tro l l ers and starters and associated equ i pmen t;

— the con d it ions wi th whi ch con tro l le rs and starters shal l compl y with refe ren ce to :

a) th e ir ope rat i on and behaviou r;

b) th e ir d ie l ectri c prope rti es;

c) th e deg rees of protection provided by th e ir enclosures where app li cab l e;

d) th e ir con stru ction ;

— the tests i nten ded for confi rmin g tha t these condi ti ons have been met, and th e
methods to be ad opted for these tests;

— the i nformat i on to be g iven wi th the eq u ipmen t, or i n th e man u factu rer’s l ite ra tu re.

COPYRI GHT
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2 Normative references

The fo ll owi ng normative documents contai n provisions wh ich , throug h reference in thi s

text, con sti tu te provi sion s of th i s pa rt of I EC 947 . At the time of pub li cat i on the ed it i on s

in d ica ted were val id . All n ormat i ve documen ts are subj ect to revis i on , and parties to

ag reemen ts based on th is pa rt of I EC 947 are en cou rag ed to i n vesti ga te th e possib i l i ty of

app lyi ng the most recent ed it ions of the normative documen ts i nd i cated bel ow. Members of

IEC an d I SO main tai n regi ste rs of curren tl y va li d In ternat ional Standa rds.

IEC 50(1 61 ) : 1 990 , In te rna tiona l E l ectrotechn ica l Vocabul ary (I EV) — Chapter 1 6 1 :

El ectromag net i c compat i bi l ity

IEC 41 0 : 1 973 , Sampl in g p l an s and procedures for i nspecti on by attri bu tes

IEC 439 -1 : 1 992 , Low-vol tage swi tchgea r an d con tro lg ear assembl i es — Part 1 : Type -

tested an d partia l l y type- tested assembl ie s

IEC 801 -1 : 1 984 , El ectromagne ti c compa tib i l i ty for in d ustri al -process measurement and

con tro l eq ui pmen t — Part 1 : Gen era l in trod ucti on

IEC 801 -2: 1 99 1 , El ectromagne ti c compa tib i l i ty for in d ustri al -process measurement and

con tro l eq ui pmen t — Part 2: E lectrostat ic d i scharge requ iremen ts

IEC 801 -3: 1 984 , El ectromagne ti c compa tib i l i ty for in d ustri al -process measurement and

con tro l eq ui pmen t — Part 3: Rad ia ted e lectromagn eti c fie l d req u irements

IEC 801 -4: 1 988 , El ectromagne ti c compa tib i l i ty for in d ustri al -process measurement and

con tro l eq ui pmen t — Part 4: E lectrica l fast transi en t/burst req u irements

IEC 947-1 : 1 988, Low-vol tage swi tchg ear an d con tro lg ea r — Part 1 : Genera l ru l es

Amendmen t 1 (1 994)

IEC 1 000-2 -1 : 1 990 , Electromagn eti c compat i bi l i ty (EMC) — Part 2: Environment —

Secti on 1 : Descri pt i on of the envi ronment — El ectromagnet i c envi ronment for low

frequ ency con ducted d istu rbances and sign a l l i ng i n pub l ic power supp l y systems

IEC 1 000-3-2 : 1 995 , Electromagn eti c compat ib i l i ty (EMC) — Part 3 : L imi ts — Secti on 2 :

Limits for harmon ic current em i ssions (eq u ipmen t in put cu rren t ≤ 1 6A per phase)

IEC 1 000 -4-3: 1 995 , El ectromag net i c compa ti b i l i ty (EMC) — Part 4 : Testin g and

measuremen t techn iq ues — Secti on 3 : Rad ia ted , rad io -freq uen cy, el ectromagne tic fi el d s

immun i ty tests

IEC 1 000 -4-5: 1 995 , El ectromag net i c compa ti b i l i ty (EMC) — Part 4 : Testin g and

measuremen t techn iq ues — Section 5 : Surge immuni ty tests

IEC/D I S 1 000-4 -6, Electromagne ti c compati b i l ity (EMC) — Part 4 : Testi ng and measu ri n g

techn i qu es — Secti on 6: Con ducted d i stu rban ces in d uced by radi o- frequency fi el d s

immun i ty tests

IEC 1 000-4 -1 1 : 1 994 , Electromagne tic compa tib i l i ty (EMC) — Part 4: Testi ng and

measurin g techni q ues — Section 1 1 : Vo ltag e d ips, short i n te rru pt i on s and vo ltage vari at ion

immun i ty tests — Basic EMC publ icati on
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CISPR 1 1 : 1 990, L im i ts and methods of measu remen t of e lectromagn eti c d i sturban ce

characte ri sti cs of i nd ustri a l , scien ti fi c and med i cal (I SM) rad i o-frequ ency eq u ipmen t

CISPR 1 4 : 1 993 , L im its and meth ods of measurement of radi o d istu rbance cha racte ristics

of el ectri cal motor-ope rated an d thermal appl ia nces for househo ld and sim i la r pu rposes,

el ectric tool s and e lectric appara tus

CISPR 22 : 1 993 , L im its and methods of measurement of radi o d isturbance cha racteristics

of i nformati on techno l og y equi pment

3 Defin i tions

For the pu rpose of th i s standa rd, re l evan t defi ni t ions of clause 2 of I EC 947-1 appl y, wi th

th e fol l owin g ad d it ional d efi ni t ions.

3. 1 Defi n it i on s concerni ng a. c. semicon ductor motor con tro l devices

3. 1 .1 AC semicon ductor motor control le rs and starters (see fig ure 1 )

3. 1 .1 . 1 a. c. semiconductor motor con trol ler: A semicon ductor swi tch in g devi ce

(see 2 .2 .3 of I EC 947-1 ) th at provi des the sta rti ng fu ncti on for an a .c. motor an d an OFF-

sta te .

NOTE — Because dangerous levels of l eakage currents (see 3.1 .1 3) can exi st in a semi conductor motor

contro l l er i n the OFF-state, the load term inal s shoul d be consi dered to be l ive at all t im es.

3. 1 .1 . 1 . 1 semiconductor motor control ler (form 1 ) : An a. c. semicond uctor motor

con tro l l er, in whi ch th e sta rti ng fu ncti on may compri se an y sta rti ng method specified by the

manufacturer, an d th a t provid es con tro l fun cti on s wh ich may i n cl ud e any comb in at i on of

manoeuveri n g, control l ed acce le rat ion , run ni n g or con tro l l ed decel era ti on of an a. c. motor.

A FULL-ON state may a lso be provid ed.

3. 1 .1 . 1 . 2 semiconductor soft-s tart motor con trol ler (form 2) : A specia l form of a .c.

semicond uctor motor control l er, i n wh ich the sta rti ng fun cti on i s l im i ted to a vol tag e and/or

curren t ramp wh i ch may in clu de con tro l l ed acce le ra tion , an d where the add i ti ona l control

fu ncti on i s l im i ted to provid in g FULL-ON .

3. 1 .1 . 1 . 3 semiconductor di rect on l in e (DOL) motor control l er (form 3): A specia l

fo rm of a. c. semicon du ctor motor control le r, in wh ich the startin g fu nction i s l im i ted to a

fu l l-vol tage, un ramped sta rti ng method on ly, and where th e addi ti ona l con tro l fu nction i s

l i mited to provid i ng FULL-ON.

3. 1 .1 . 2 semiconductor motor starter (form 1 , form 2 , form 3) : An a .c. semicon ductor

motor con tro l l e r with sui tab le overl oad protecti on , ra ted as a uni t.
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Device

Semi conductor

motor control ler

(a l l forms)

Semi conductor

motor starter

(a l l forms)

Hybrid motor

contro ll er

HxA*

where x = 1 , 2 or 3

Hybrid motor

contro ll er

HxB**

Hybrid motor

starter

Form H1 A or H 1 B

wi th motor overl oad

protecti on

Form H2A or H2B

wi th motor overl oad

protecti on

Form H3A or H3B

wi th motor overl oad

protecti on

* Two separate control s for the control ler and the seri es mechan ical switching device.

** One control onl y for the seri es mechani cal switching devi ce.

Fi gure 1 — Graph ical poss ibi l it ies of semiconductor

motor control devices
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Table 1 — Functional poss ib i li ties of semiconductor

motor control devices

Device Form 1 Form 2 Form 3

Semi conductor

motor control ler

— OFF state

— Starti ng functi on

— Manoeuveri ng

— Contro ll ed accel erat ion

— Running

— FULL ON

— Contro ll ed decel eration

— OFF state

— Starti ng fu ncti on

— Contro l l ed accel eration

— FULL ON

Not avai labl e

Semi conductor DOL

motor control ler

Not avai labl e Not avai labl e — OFF state

— Starti ng functi on

— FULL ON

Semi conductor

motor starter

Form 1 control ler with

motor overl oad protecti on

Form 2 control ler with

motor overl oad protecti on

Not avai labl e

Semi conductor

DOL motor starter

Not avai labl e Not avai labl e Form 3 DOL motor

contro ll er with motor

overload protecti on

Hybrid motor

contro l l er HxA*

where x = 1 , 2 or 3

H1 A:

— Open

— OFF state

— Starti ng functi on

— Manoeuveri ng

— Contro ll ed accel erat ion

— Running

— Full ON

— Contro ll ed decel eration

H2A:

— Open

— OFF state

— Starti ng fu ncti on

— Contro l l ed accel eration

— FULL ON

H3A:

— Open

— OFF state

— Starti ng functi on

— FULL ON

Hybrid motor

contro l l er HxB**

where x = 1 , 2 or 3

H1 B:

— Open

— Starti ng functi on

— Manoeuveri ng

— Contro ll ed accel erat ion

— Running

— FULL ON

— Contro ll ed decel eration

H2B:

— Open

— Starti ng fu ncti on

— Contro l l ed accel eration

— FULL ON

H3B:

— Open

— Starti ng functi on

— FULL ON

Hybrid motor starter Form H1 A or H 1 B wi th

motor overl oad protecti on

Form H2A or H2B wi th

motor overl oad protecti on

Form H3A or H3B wi th

motor overl oad

protecti on

* Two separate control s for the control ler and the seri es mechanical switch ing device.

** One control on ly for the seri es mechan ical switch ing device.

3. 1 .2 Hybrid motor contro l le rs and sta rte rs (see fig u re 1 )

3. 1 .2 . 1 hybrid motor controll ers or starters, form HxA (where x = 1 , 2 or 3) : A form

1 , 2 or 3 semicon ductor motor con tro l l er or starter in series with a mechan ical swi tch in g

device , a l l rated as a uni t. Separa te control command s are provid ed for th e series

mechan ical swi tch i ng device and th e semicon ductor motor control l er or sta rte r. Al l the

con tro l fun cti on s app rop ria te to th e form of motor con tro l l er or starter specifi ed are

provided , toge th er wi th an OPEN posi ti on.
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3. 1 .2 . 2 hybrid motor con troll ers or starters, form HxB: A form 1 , 2 or 3

semicond uctor motor control l er or starter in seri es with a mechani cal swi tch in g device, a l l

ra ted as a un i t. A sing l e con trol command i s provi ded for both the seri es mechani cal

swi tch in g device an d th e semicond uctor motor con tro l l e r or starter. Al l th e contro l fu nction s

appropri ate to the form of motor con tro l l er specifi ed are provid ed, with the except i on of an

OFF sta te .

3. 1 .2 . 3 OPEN pos i ti on: The condi tion of a hybri d semicon du ctor motor control l er or

starter when the serie s mechan ica l switchi n g devi ce i s in th e OPEN posi t ion (see 2 .4 .2 1 of

IEC 947-1 ).

3. 1 .3 curren t-l imi t function : The abi l ity of the con tro l l e r to l im i t the motor curren t to a

speci fied val u e. I t d oes not i nclu de the ab il i ty to l imi t the in stan taneous cu rren t u nde r

condi tions of short ci rcu it .

3. 1 .4 manoeuvre: Any del i be rate ope rat ion th a t causes cu rrent changes wh i ch must be

characte ri zed an d con tro l l ed (for exampl e j og gi n g, braki ng ).

NOTES

1 Starti ng i s a mandatory manoeuvre that is recogni zed separatel y.

2 Braking operations performed by the a. c. semi conductor motor contro ll er or starter are considered to

be a manoeuvre withi n the scope of th is standard .

3. 1 .5 con trol led acce leration : The con tro l of motor pe rformance wh il e i ncreasin g

motor speed by acti ng on the motor suppl y.

3. 1 .6 con trol led dece leration : The con tro l of motor pe rformance wh i le decreasin g

motor speed by acti ng on the motor suppl y.

3. 1 .7 con trol led runn ing: The con tro l of motor pe rformance by acti ng on the motor

suppl y whi le the motor i s ru nni n g at no rma l speed (for exampl e energy savin g) .

3. 1 .8 prospecti ve locked rotor curren t, ( I LRP): The prospective current (see 2. 5. 5 of

IEC 947-1 ) th at wou l d fl ow when the ra ted vol tage i s appl ie d to the motor wi th a locked

rotor.

3. 1 .9 ON-state: The con d it i on of a con trol l er when th e cond uction curren t can fl ow

th rou gh its mai n ci rcui t.

3. 1 .1 0 FULL-ON (state of control l ers) : The con di tion of a control l er when th e

con tro l l in g fun cti on s are set to provi de normal ful l vo ltag e excitat i on to the load.

3. 1 .1 1 minimum load cu rrent: The min imum operat i on a l current in th e mai n ci rcui t

wh i ch is necessary for correct acti on of a con tro l l er in the ON-sta te.

NOTE — The m in imum load current shou ld be g iven as the r.m .s val ue.
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3. 1 .1 2 OFF-state : The con d it ion of a contro l le r when no control sig na l i s app l ied, and

no curren t exceedi n g the OFF-sta te l eakage cu rrent flows throug h th e mai n circu i t.

3. 1 .1 3 OFF-state leakage cu rrent (I L): The curren t wh i ch flows th rou gh the mai n circui t

of a contro l le r in th e OFF-sta te .

3. 1 .1 4 operation (of a control l er) : The transi ti on from the ON-state to the OFF-sta te,

or the reverse.

3. 1 .1 5 operating cyc le (of a con troll er) : A succession of opera ti on s from one sta te to

th e oth er and back to the fi rst sta te .

NOTE — A successi on of operations not formi ng an opera ti ng cycl e i s re ferred to as an operatin g seri es.

3. 1 .1 6 operating capabi li ty: Und er prescri bed cond it i on s, th e ab i l i ty to perform a serie s

of ope rat i ng cycles wi th out fa i l ure .

3. 1 .1 7 overload cu rrent profi le : A curren t- time co-ord in a te speci fyin g the req u irement

to accommoda te overl oad currents for a pe ri od of time . See 5. 3 .5 .1 .

3. 1 .1 8 rati ng index: Rati ng i nformat i on organ i zed in a prescribed format, u ni fyi ng rated

opera tiona l cu rrent and th e correspon di n g u ti l iza ti on category, overl oad cu rren t profi l e, and

th e duty cycle or OFF-time . See 6. 1 e) .

3. 1 .1 9 trippi ng operation (of a control ler or starter) : An operat i on to estab l i sh an d

mai nta in an OFF-state (or open posit ion in the case of a form HxB con tro l le r or sta rter)

in i ti a ted by a con trol si gn al .

3. 1 .20 trip-free con troll er or starter: A con tro l l er or starte r whi ch estab l ishes and

susta i ns an OFF-sta te cond i ti on, wh ich can not be overri dd en i n the presence of a trip

condi tion.

NOTE — I n the case of form HxB, the term “OFF-state condi ti on” i s repl aced by the term “OPEN posi ti on”.

3. 1 .2 1 phase loss sensi tive thermal overload relay or release : A mul tipol e th ermal

overl oad re lay or rel ease whi ch opera tes i n case of overl oad and a lso i n case of l oss of

ph ase i n accordance wi th specified requi remen ts.

3. 1 .22 ON-time: The pe riod of time du rin g wh i ch the con trol l er i s on- l oad for exampl e

as in fi gu re F .1 of ann ex F.

3. 1 .23 OFF-time: The period of time du ri ng whi ch the control l er is off-l oad for exampl e

as in fi gu re F .1 of ann ex F.
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3. 2 EMC defin i ti ons

Variou s EMC de fin it i on s are g iven i n I EC 50 , pa rti cu l arl y Chapter 1 61 . Furthe r

exp lanat ion s are gi ven i n IEC 1 000-2-1 . For conveni ence an d to avo id con fu sion , some of

th e key de fi n it i on s from IEC 50(1 61 ) are reprodu ced he re.

3. 2 .1 electromagneti c compatibil i ty EMC (abbreviati on) : The ab i l i ty of an equ i pmen t

or system to fu nction sat i sfactori ly i n i ts el ectromag net i c envi ronment withou t i n trodu cing

in tol erabl e e lectromagn eti c d i sturban ces to anythi n g i n tha t environment. [I EV 1 61 -01 -07 ]

3. 2 .2 electromagneti c emissi on : The ph en omenon by wh ich e l ectromagne ti c en ergy

emana tes from a source. [ IEV 1 61 -01 -08 ]

3. 2 .3 electromagneti c d istu rbance: Any e lectromagn et i c phen omenon wh ich may

deg rade the performan ce of a device, eq ui pment or system, or ad versel y affect l i vin g or

in ert matter. [ IEV 1 6 1 -0 1 -05]

NOTE — An electromagnetic d istu rbance may be an el ectromagneti c noi se, an unwanted signal, or a change

in the propagation medi um itself.

3. 2 .4 rad io (frequency) d is turbance : Electromagn eti c d i sturban ce havi ng compon ents

in the rad io frequency ran ge. [IEV 1 61 -01 -1 3 ]

3. 2 .5 rad io frequency interference, RFI (abbreviati on) : Degrada tion of the recept i on

of a wanted si gn al caused by rad i o frequ ency d i stu rban ce. [I EV 1 6 1 -0 1 -1 4]

NOTE — The Engl ish word s “i nterference” and “d istu rbance” are often used i nd iscrim inatel y. The expression

‘rad io-frequency i nterference’ is al so commonly appl i ed to a rad io-frequency di sturbance of an unwanted

si gnal .

3. 2 .6 transi ent (ad jecti ve and noun) : Pertai n in g to or designa tin g a phen omenon or a

qu ant i ty wh i ch varie s between two con secut i ve stead y states du ri n g a time i n te rva l short

compared with the time-sca le of in terest. [ I EV 1 61 -02-01 ]

3. 2 .7 burst (of pu l ses or oscil la tions) : A sequ ence of a l imi ted number of di sti nct

pu l ses or an osci l la ti on of l im ited du ra ti on. [I EV 1 61 -02 -07 ]

3. 2 .8 vol tage surge: A transien t vol tage wave propagat in g a l on g a l in e or a circui t an d

characte ri zed by a rap i d i n crease fol lowed by a sl ower decrease of the vol tage.

[I EV 1 6 1 -08-1 1 ]

4 Class i fi cation

Subclause 5. 2 gi ves al l d ata whi ch cou ld be used as cri teri a for classi fi cat ion .
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5 Characteris ti cs of a. c. semiconductor motor control l ers and starters

5. 1 Summary of characteri sti cs

The characteristics of con trol l ers an d starte rs shal l be sta ted in the fo l lowi ng te rms, where

such terms are app li cab le :

— type of equ i pmen t (5 .2 ) ;

— ra ted and li mit i ng va lu es for mai n ci rcu i ts (5 . 3) ;

— uti l i zat ion categ ory (5 . 4) ;

— con tro l ci rcu its (5 . 5) ;

— au xil i ary circu i ts (5. 6 );

— types and characteri stics of re lays and re leases (5 . 7) ;

— co-ord in at i on with sho rt-ci rcu i t protective devices (5 .8 ) ;

— swi tch in g overvol tages (5. 9) .

5. 2 Type of equi pment

The fol l owin g shal l be sta ted :

5. 2 .1 Form of equ ipmen t

Forms of contro l le rs an d starte rs (see 3. 1 . 1 and 3. 1 .2 )

5. 2 .2 Number of po les

5. 2 .2 . 1 Number of ma in po les

5. 2 .2 . 2 Number of mai n po l es where the ope rat ion i s con trol l ed by a semicon ductor

swi tch in g e lemen t.

5. 2 .3 Kin d of curren t

AC on l y.

5. 2 .4 I nterrupt in g medi um (ai r, vacuum, etc. )

App li cab le on l y to mechan ica l swi tch in g devi ces of hybri d con tro l l ers and sta rte rs.

5. 2 .5 Operat i ng con di tion s of the equi pment

5. 2 .5 . 1 Method of ope rat ion

For example :

— symmetri ca l ly con tro l l ed con tro l l e r (such as a semicon du ctor with ful ly con trol l ed

ph ases);

— non -symmetrica l l y contro l led con tro l l e r (such as thyri sto rs and d iodes) .
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5. 2 .5 . 2 Method of con tro l

For example :

— au tomati c (by p il o t swi tch or sequence con tro l) ;

— non -au tomatic (tha t i s push -bu tton s);

— semi-automati c (th a t i s partly au tomatic, partly non -au tomatic) .

5. 2 .5 . 3 Method of con necti n g

For example (see fig ure 2 ) :

— motor i n de lta , th yri stors i n serie s with a wi nd i ng ;

— motor i n star, th yri sto rs in de lta;

— motor i n de lta , th yri stors conn ected be tween wi nd i ng and supp ly.

5. 3 Rated an d l imi ti n g val ues for mai n ci rcu its

The ra ted and l im it i ng val ues estab li shed for contro l le rs and sta rters shal l be sta ted i n

accordan ce wi th 5. 3. 1 to 5 .3 . 6, but i t may no t be necessary to establ ish a ll app li cab l e

val ues by tests.

5. 3 .1 Rated vol tages

A control le r or starter i s de fin ed by th e fo l lowin g rated vo ltages.

5. 3 .1 . 1 Rated ope rat i on al vol tag e (Ue)

Subclause 4. 3 .1 .1 of I EC 947-1 app li es.

5. 3 .1 . 2 Rated i nsu la tion vol tage (U i)

Subclause 4. 3 .1 .2 of IEC 947 -1 app l ies.

5. 3 .1 . 3 Rated impu lse withstan d vo ltage (U imp)

Subclause 4. 3 .1 .3 of IEC 947 -1 app l ies.
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Fi gure 2a — Motor i n del ta — Thyristors in series with a windi ng

Fi gure 2b — Motor in star — Thyristors in del ta

Fi gure 2c — Motor i n del ta — Thyristors connected between wi nding and suppl y

Fi gure 2 — Connecting methods
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5. 3 .2 Curren ts

A control le r or starter i s de fin ed by th e fo l lowin g curren ts:

5. 3 .2 . 1 Conven ti on a l free a i r the rmal cu rrent (I th)

Subclause 4. 3 .2 .1 of IEC 947 -1 app l ies.

5. 3 .2 . 2 Conven ti on a l en closed th ermal cu rren t ( I the)

Subclause 4. 3 .2 .2 of IEC 947 -1 app l ies.

5. 3 .2 . 3 Rated ope rat i on al curren t ( I e)

The rated operati on a l cu rrent , I e , o f control l ers and starte rs is the normal opera tin g current

when the devi ce is in th e FULL-ON state, an d takes in to accoun t the ra ted ope ra tional

vol tage (see 5 .3 . 1 . 1 ) , th e ra ted frequ ency (see 5. 3 .3 ), th e ra ted du ty (see 5. 3. 4 ), the

ut i l i zat ion category (see 5 . 4) , the overload characteristics (see 5 . 3. 5 ), and th e type of

protecti ve encl osure , if any.

5. 3 .2 . 4 Rated uni n te rru pted cu rrent ( I u)

Subclause 4. 3 .2 .4 of IEC 947 -1 app l ies.

5. 3 .3 Rated frequ ency

Subclause 4. 3 .3 of I EC 947 -1 appl ies.

5. 3 .4 Rated duty

The rated dut i es con sid ered as norma l are as fo ll ows:

5. 3 .4 . 1 8 h duty

A duty i n whi ch th e control le r or starte r remai ns i n the FULL-ON state whi l e carryin g a

stead y curren t l ong enou gh for the equ ipmen t to reach the rmal equ i l i bri um , but not for

more th an 8 h , withou t i nterrupt ion .

5. 3 .4 . 2 Un i nterrup ted du ty

A duty i n whi ch th e control le r or starte r remai ns i n the FULL-ON state whi l e carryin g a

stead y cu rrent wi th ou t in terrupti on for pe riod s of more th an 8 h (weeks, mon ths, or even

years).

5. 3 .4 . 3 In termitten t pe ri odi c du ty or i n te rmi ttent d u ty

Subclause 4. 3 .4 .3 of IEC 947 -1 app l ies, except tha t the fi rst paragraph is changed to read :

“A du ty wi th on- l oad period s i n wh i ch the con tro l l e r or starter rema in s i n th e FULL-ON

state , havin g a de fin i te rel at i on to off- l oad periods, bo th pe riod s bei n g too short to a l low

th e equ i pmen t to reach thermal eq ui l ib rium. ”

COPYRI GHT

Full document details: AS 3947.4.2-1997

http://www.avadocuments.com/doc/as-3947-4-2-1997
http://www.avadocuments.com/doc/as-3947-4-2-1997


1 31 3

5. 3 .4 . 4 Temporary du ty

Du ty i n wh i ch th e con tro l le r or starter remai n s i n th e FULL-ON state for pe riod s of time

in sufficien t to a l low th e equ i pmen t to reach th ermal equ i l i b ri um , th e curren t-carryin g

pe riod s bei ng sepa rated by off-l oad pe riods of suffi cien t du rat i on to restore equ a l i ty of

temperature wi th the coo l in g med ium. Stand ard val u es of temporary duty are:

30 s, 1 min , 3 mi n, 1 0 mi n, 30 min , 60 min and 90 min .

5. 3 .4 . 5 Period ic du ty

Subclause 4. 3 .4 .5 of IEC 947 -1 app l ies.

5. 3 .4 . 6 Du ty cycl e val ues an d symbo ls

For the pu rpose of thi s stan da rd, the du ty cycle i s expressed by two symbo l s, F an d S.

Th ese describe th e du ty, and a lso set the time that must be al l owed for coo l in g.

F i s th e ra ti o of the on- load peri od to the total pe ri od expressed as a pe rcentage .

The preferred va lu es of F are:

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

S i s th e number of opera ti ng cycles per hour. The preferred val ues of S are :

S = 1 , 2 , 3, 4, 5 , 6 , 1 0, 20 , 30 , 40 , 50, 60 opera ti n g cycles per hou r

NOTE — Other val ues of F and/or S may be decl ared by the manufactu rer.

5. 3 .5 Normal load and overload characteri sti cs

Subclause 4. 3 .5 of I EC 947 -1 appl ies, wi th the fo l l owi ng ad d it ions.

5. 3 .5 . 1 Overl oad curren t profi le

The overload current profi le g ives th e cu rren t-t ime co-ord i na tes for th e control le d overl oad

curren t. I t i s expressed by two symbol s, X and T
x
.

X den otes the overl oad current as a mu l ti pl e of I
e
sel ected from the array of va lu es i n

tab le 4, and represents the maximum va lu e of operat i ng curren t du e to sta rti ng , opera tin g,

or man oeu verin g und er overload cond it i on s. X = I
LRP

/I
e
when no curren t l im i t fu nction i s

provided .

De l ibera te overcu rrents no t exceed in g 1 0 cycl es (for examp le boost, ki cksta rt, e tc. ), wh ich

may exceed th e sta ted val ue of X· I
e
, a re d i sreg arded for the overl oad cu rrent profi l e.

T
x
den otes the sum of du rat ion times for the con tro l l ed overl oad currents d uri ng sta rti ng ,

opera tin g, and manoeuveri ng . See tab l e 4 .

For a starter, T
x
is th e mi nimum operati n g time al l owed by the to le ran ces of the overload

re l ay for th e cu rrent X· I
e
in the col d sta te .
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