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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 4-1: Contactors and motor-starters —

Electromechanical contactors and motor-starters

INTERPRETATION SHEET 1

This interpretation sheet has been prepared by subcommittee 121A: Low-voltage switchgear
and controlgear, of IEC technical committee 121: Switchgear and controlgear and their
assemblies for low voltage.

The text of this interpretation sheet is based on|the followingdocuments:

DISH Report on voting
121A/336/DISH 121A/342/RVDISH

Full information on the voting for the approval of this interpretation sheet can be found in the
report on voting indicated in the above table.

Interpretation of the first paragraph of 6.2

The reference to 5.2 of IEC 60947-1:2007, IEC 60947-1:2007/AMD1:2010 is intended to cover
the whole subclause where its first paragraph can be discarded.

In particular, the third paragraph of this Subclause 5.2 requiring the marking on the equipment
of manufacturer's name or trademark and type designation or serial number is covering items
a) and b) of 6.1.1 of IEC 60947-4-1:2018.

Interpretation of footnotes " and © of Table 7

The standard making conditions for the utilization category AC-3e are defined by the ratio
1/ 14 equal to 12 with the corresponding value of Cos ¢ in footnote ©.

Footnote " provides the possibility to select an alternate value of the ratio 7/ I, between 12
and 13, and gives the corresponding equations to determine the value of Cos ¢.

ICS 29.120.99; 29.130.20
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Interpretation of the rated operational current of Table 13 and Table 14

Tables 13 and 14 are intended to be used for contactors and starters specified for motor
loads. If the contactor or starter is specified with more than one motor load utilization category
(AC-2, AC-3, AC-3e or AC-4), the rated operational current /, corresponding to the utilization

category AC-3 is preferred for determining the prospective current “»” for the test.

The utilization category AC-3 is considered as the most representative use case and is
deemed to cover the other motor utilization categories.



-2- IEC 60947-4-1:2018 © |IEC 2018

CONTENTS

FOREWORD ...ttt et ettt e et et e ettt e et e e et e e et e e et e e et e e et e et e et e et e e eans 10
INTRODUGCTION ..ot e e e et e e e e e et e et e e e e e e e e e et e et e e s e e e eenns 13
1 RS ToTo] o 1= PP 14
2 NOIMALIVE FEFEIENCES ...t et ees 15
3  Terms, definitions, symbols and abbreviated terms.............o 16
3.1 LT =Y o= ¥ S 16
3.2 Alphabetical iNndex of terMS ... ..o 16
3.3 Terms and definitions concerning contactors ..........c.ocoiiiiiiiiii 18
3.4 Terms and definitions concerning starters...........oooii i 19
3.5 Terms and definitions concerning characteristic quantities.......................coo. 25
3.6 Terms and definitions concerning safety aspects ... 26
3.7 Symbols and abbreviated terms ..o 27
L0 F= T ) o= 1[0 o 28
5  Characteristics of contactors and starters ...........coooiiiiiiiiiiii 28
5.1 Summary of characteristics ..o 28
5.2 TYPE Of EQUIPMENT .o e e 29
5.2.1 [ QT Lo le] A=Y LU TT o] T o | 29
5.2.2 Number of ‘poles- ... 4 o L L 29
5.2.3 Kind of current (ACORDC). capepll ae i e can i de e 29
5.2.4 Interrupting medium (air, oil, gas, vacuum, etC.) ........ccooiiiiiiiiiiiiiiiiie e, 29
5.2.5 Operating conditions of the equipmentig...coooo i, 29
5.3 Rated andlimitingvaluesiforimainrcircuits/hA494309-70aldleh-9033 i, 29
5.3.1 Rated voltages .../ 0000 o O 29
5.3.2 CUITENTIS OF POWETS ..ottt e e e e e eeaas 31
5.3.3 (=T o I =Y o LU L= o o3P 32
5.3.4 Rated dULIeS ..o 32
5.3.5 Normal load and overload characteristics ............cooiiiiii i 33
5.3.6 Short-circuit characteristics .........oiiiiiii 35
5.3.7 Pole impedance of a contactor (Z) .......c.ovveiiiiiiiii e 36
5.4 UtiliZation Category ..o 36
5.4.1 LT o= = | P 36
5.4.2 Assignment of utilization categories based on the results of tests................... 36
5.5 (0T 014 o] I o7 1 oV 11 = 38
5.6 F T DT =T VA o o] TP 39

5.7 Characteristics of relay and release of overload relays and motor protective
SWItChing device (MPSD) ... e 39
5.7.1 Summary of characteristiCs. ... ... 39
5.7.2 Types Of relay OF rElEASE ......cvieii e 39
5.7.3 Characteristic Values ... ... 39
5.7.4 Designation and current settings of overload relays............ccocooeiiiiiiiininnnnss 41
5.7.5 Time-current characteristics of overload relays...........cc.coooiiiiiiiiiiii i, 41
5.7.6 Influence of ambient air temperature............. 42
5.8 Co-ordination with short-circuit protective devices...........ccooviiiiiiiiiiiiee, 42
5.9 Y2 oYL PP 42

5.10 Types and characteristics of automatic change-over devices and automatic

acceleration CoONtrol EVICES ... ... 42



IEC 60947-4-1:2018 © IEC 2018 -3-

5.10.1 74 1= 42
5.10.2 CharacteriStiCS oo 42
5.11 Types and characteristics of auto-transformers for two-step auto-transformer
£ €= T (=T PPN 43
5.12 Types and characteristics of starting resistors for rheostatic rotor starters ............ 43
6 Product information ... 43
6.1 Nature of iINformation ... ... .o 43
6.1.1 IdentifiCation .. ..o 43
6.1.2 Characteristics, basic rated values and utilization................coocoiiiiis 43
6.2 =T 1 e T PPN 44
6.3 Instructions for installation, operation, maintenance, decommissioning and
AISMANTIING oo 46
6.4 Environmental information ... 46
Normal service, mounting and transport conditions ... 46
Constructional and performance requirements ....... ... 47
8.1 Constructional reqUIrEMENES ..o 47
8.1.1 LT o= = | P 47
8.1.2 M At ErialS .o 47
8.1.3 Current-carrying parts and their connections ...........ccoooiiiiiii, 48
8.1.4 Clearances and creepage diStanCes ........c.ooiuiiiiiiiiiiiiii e 48
8.1.5 Actuator L. @0 oA A o L L L 48
8.1.6 Indication of the contact POSItioN; . ..o g iei i 49
8.1.7 Additional requirements for ‘equipment suitable/for isolation........................... 49
8.1.8 1= .01 = 49
8.1.9 Additional requirements for equipment provided with a neutral pole............... 49
8.1.10 Provisions for protective earthing, oo 7. 1ol f e 49
8.1.11 Enclosures for equipment ... ..o 49
8.1.12 Degrees of protection of enclosed equipment .............coooiiiiiiiiiiiiieie e, 50
8.1.13 Conduit pull-out, torque and bending with metallic conduits ........................... 50
8.1.14 Limited energy SOUICE ... e 50
8.1.15 Stored charge energy CirCUIt .. ..o 52
8.1.16 Fault and abnormal conditions ... 52
8.1.17 Short-circuit and overload protection of ports...........ccoooiiiiiiiiiiii 53
8.2 Performance requiremMents ... ... e 53
8.2.1 Operating CoNditioNS ... ..o 53
8.2.2 BI=] 0] o= = A0 ST o 1T T 59
8.2.3 Dielectric Properties ... e 61
8.2.4 Normal load and overload performance requirements .............coccoeeviiiiiinnnnns. 62
8.2.5 Co-ordination with short-circuit protective devices ...........c.ooiiiiiiiii. 68
8.3 Electromagnetic compatibility (EMC).......c.oiiiiiiii e 71
8.3.1 LT o= = | P 71
8.3.2 0 0 10T 2N 71
8.3.3 B IS S ON . 72
LS T I = P 72
9.1 KiNAS Of 108t . e 72
9.1.1 GBNEIAL .. 72
9.1.2 LI ¢ L= (= 1= £ P 73

9.1.3 ROULING 18STS i e 73



-4 - IEC 60947-4-1:2018 © |IEC 2018

9.1.4 SaAMPIING 1O et 73
9.1.5 SPECI Al 1SS i e 74
9.2 Compliance with constructional requirements...............oiiii e, 75
9.2.1 GBNEIAL . 75
9.2.2 Electrical performance of screwless-type clamping units...................cooen. 75
9.2.3 Ageing test for screwless-type clamping units.............coooiiiiiiiiiciie e, 75
9.2.4 Limited energy source test. ... .o 76
9.2.5 Breakdown of COMPONENES .....couiiiiiiiii e 76
9.3 Compliance with performance requirements...........cccooiiiiiiiiiii i, 77
9.3.1 =TS =T =T [ U= g o= T 77
9.3.2 General test CONAItIONS .. .c.uiiiii 78
9.3.3 Performance under no load, normal load and overload conditions.................. 78
9.3.4 Performance under short-circuit conditions ..............cooiiiiiiiiii 90
9.3.5 Overload current withstand capability of contactors ...............coooeeiiiiiinn. 95
9.3.6 Routine tests and sampling tests . ... 95
9.4 E M G S oottt 97
9.4.1 LT o= = | P 97
9.4.2 0 0 10T 12 97
9.4.3 B M S S ON . 99
Annex A (normative) Marking and identification of terminals of contactors, starters and
associated overload relays. ig.. S L AL L AL LR L L L L A 101
A1 LT =Y o= =T 101
A.2 Marking and identification“of terminals~of main Circuits..................cocoeiiinn. 101
A.3 Marking and identification of terminals of overload relays .............cocceevviiiinnnnn.. 101
Annex B (NOrmative) SPECIal 1ESES .....cuii o e rennrme o oo s oe g gt e e e e s e enneenneenneens 103
B.1 General.......oooiiiii 79062880106 e 00T A L2 0T R e 103
B.2 Mechanical durability ... 103
B.2.1 L= a1 =Y PPN 103
B.2.2 Verification of mechanical durability............ccooooiii 103
B.3 Electrical durability ... 105
B.3.1 LY o =T = | 105
B.3.2 Results to be obtained ... ... 106
B.3.3 Statistical analysis of test results for contactors or starters.......................... 106
B.4 Coordination at the crossover current between the starter and associated
ST 02 = 5 PP 107
B.4.1 General and definitioNS ......oooi i 107
B.4.2 Condition for the test for the verification of co-ordination at the
crossover current by a direct method ... 108
B.4.3 Test currents and test CirCUItS ... 108
B.4.4 Test procedure and results to be obtained ... 108
B.4.5 Verification of co-ordination at the crossover current by an indirect
0 T= o o To 108
Annex C (informative) Typical characteristics of starters............ccoooiiiiiii i 111
Annex D (informative) Items subject to agreement between manufacturer and user ........... 118
ANNEX E (V0I0) oot e 119
Annex F (normative) Requirements for auxiliary contact linked with power contact
[aa L1 ol g oo ] 41 2= L] L PPN 120
F.1 Application and ODJECT. ... 120

F.1.1 APPIICATION .. 120



IEC 60947-4-1:2018 © IEC 2018 -5-

F.1.2 L] o) 1= o1 P 120
F.2 Terms and definitioNs. ... 120
F.3 CharaC i iCS o i 120
F.4 Product information ... ... 120
F.5 Normal service, mounting and transport conditions ..., 121
F.6 Constructional and performance requirements .............cooiiiiiiii i, 121
F.7 T O S i 121
F.7.1 L= a1 =Y PPN 121
F.7.2 Tests on products in a new condition ... 121
F.7.3 Test after conventional operational performance (defined under Table
S ) PP 122
Annex G (informative) Rated operational currents and rated operational powers of
switching devices for electrical MOtOrS ... ..o 123
GA1 LCT=Y o 1-Y - | DO PPN 123
G.2 Rated operational powers and rated operational currents..............c.coooviiiiiin.. 123
Annex H (normative) Extended functions to electronic overload relays..............ccoocoviennn. 127
H.1 L= a1 = Y USSP 127
H.2 Terms and definitioNs. ... 127
H.3 Limits of operation of control functions............cccooiiiiiiiii 127
H.3.1 GBNEIAl e 127
H.3.2 Limits of electronic oyerloadirelay with main eircuit under-voltage
restarting fuNCLION ... ..o 127
H.4 Test of the control functions .. Ll LUl L L oL el e, 128
Annex | (informative) AC-1 contactors for use with semiconductor controlled motor
0ad .o WL GO0 A L2 L 129
Annex J (Void) ... 130
Annex K (normative) Procedure to determine data for electromechanical contactors
used in functional safety appliCationS ... 131
K.1 LCT=Y o 1=Y - | PPN 131
K.2 T eSSt FEQUITEMENES ..ot 131
K.3 Characterization of a failure mode ... 131
K.4 Failure ratios of @ contactor ... 131
Annex L (normative) Assessment procedure for electromechanical overload protection
used in safety applications and especially in explosive atmospheres .............cccocceiiiiinnn. 133
L.1 Application and ODJECT ... 133
L.1.1 2N o] o o1 ] o R 133
L.1.2 (0] o) =Y o1 PP 133
L.2 Terms, definitions and SYMDbDOIS .......cooiiiiii 133
L.2.1 Terms and definitions ... 133
L.2.2 Symbols and abbreviations ..o 134
L.3 PrOCEAUIE .. e e 135
L.3.1 L= a1 =Y PPN 135
L.3.2 Safety deSigN PrOCESS ...uivniieii i 135
L.4 LYo {01 =Y 0 0= 0 136
L.4.1 L= a1 =Y PPN 136
L.4.2 Safety PlaN oo 136
L.4.3 D L= T | o S 137
L.4.4 Failure mode and effects analysis of the safety function .............................. 137

L.4.5 DESIGN Plan ..o e 138



-6 - IEC 60947-4-1:2018 © |IEC 2018

L.4.6 VeMIICALION Lo 138
L.4.7 FUNCHION @SSESSeA .. e e 138
L.5 DO CUMENTA I ON ... 138
L.5.1 Technical safety documentation..............ooooiiii i, 138
L.5.2 Safety INStrUCLIONS . ... 138
L.6 €= 1 S 139
L.6.1 architecture descCription ... 139
L.6.2 IV E A e 140
Annex M (normative) DC contactors for use in photovoltaic (PV) applications..................... 148
M.1 2N o] o] T 10 o 1St 148
M.2 L@ o =T o1 S P 148
M.3 Terms and definitions. .. ... 148
M.4 ClasSIfICAtION L. e 149
M.5 CharaCteriStiCS e 149
M.5.1 L= a1 =Y PPN 149
M.5.2 Rated impulse withstand voltage...........ccoooiiiii 149
M.5.3 UtiliZation Category ..o 149
M.6 Product information ... ... 150
M.7 Normal service, mounting and transport conditions ..., 150
M.7.1 LCT=Y a1 Y PP 150
M.7.2 Ambient aictemperature XL L L L Y L 150
M.7.3 PN 4] 10 Lo = S S SRS [ S I U PP 150
M.8 Constructional and performance requirements .......0....i i 151
M.8.1 Constructional reqQUIrEMENTS . .o euesvmryamseeneemmenrenaenaenaaeaeeaeeeneenaenaeeaeeaenaenens 151
M.8.2 Performance. reQUIr€MENES /i rwdsrte ke ksfy by A k0 30y 0ns 7y Josdeb oy sGe 3 e n e ensennasnesneeneenns 151
M.8.3 Electromagnetic compatibility/ (EMC) -4 12018 i 152
M.9 LIS £ PP 152
M.9.1 GBNEI Al e 152
M.9.2 I ¢ L= (=1 £ PP 152
M.9.3 Making and breaking capacities and conventional operational
| OT=T {0151 1= 1 Lo PP 153
M.9.4 Thermal cycling test. ... i 153
M.9.5 (O3 170 = Lo (=] P 153
M.9.6 DieleCtriC teSt o 153
M.9.7 Critical load current test. .. ..o 154
M.9.8 MechaniCal ProPertiesS. ... 155
M.9.9 Degree of protection of enclosed contactors ... 156
MO 10 EMC e 156
M.9.11 Clearance and creepage diStanCes ........ooouiiiiiiiiiiiiii e 156
Annex N (normative) Additional requirements and tests for equipment with protective
£ST=T 0 X= 1 =1 1] o 157
N.1 LCT=Y o 1=Y - | D PPN 157
N.2 D e INITIONS ..t 157
N.3 LYo {01 =Y 0 0= 0 157
N.3.1 Test method for implementing protective impedance...............ccocociiiiaie. 157
N.3.2 Touch current MeasuremMeNt ... ... 158
Annex O (informative) Load monitoring indicators ...........c..coiiiiiiiiiii e, 160
01 LCT=Y o 1=Y - | D PPN 160

0.2 [T Lo [Ter=1 (oY g3 113 PP 160



IEC 60947-4-1:2018 © IEC 2018 -7-

0.3 L0 L gToT =5 e= 11 01 2PN 162
04 L= £ 163
041 ROULINE 1SS e 163
0.4.2 BT TSI (= £ P 163
Annex P (normative) Short-circuit breaking tests of MPSD ..o, 165
P.1 General test CONAItioNS ... e 165
P.2 Rated service short-circuit breaking capacity ...........ccooviiiiiii 165
P.21 GBNEIAL .t 165
P.2.2 Test of rated service short-circuit breaking capacity...........cooocoiiiiiiii. 166
P.2.3 Verification of operational performance capability .................coooiinll 166
P.2.4 Verification of dielectric withstand............... 166
P.2.5 Verification of temperature-rise..........oooi 167
P.2.6 Verification of overload releases..........cooiuiiiiiiiiiiiii 167
P.3 Rated ultimate short-circuit breaking capacity ...........coooiiiiiiiii 167
P.3.1 L= a1 =Y PPN 167
P.3.2 Verification of overload releases ... 167
P.3.3 Test of rated ultimate short-circuit breaking capacity ............c.ccocoiiiinll 168
P.3.4 Verification of dielectric withstand................oooii 168
P.3.5 Verification of overload releases ... 168
P.4 Test of MPSD for 1T SYStemM ..ot 168
P.4.1 General LI L AV LN AV ANV N L Y L Y 168
P.4.2 Individual pole SHOMt-CirCUIL ... Bl e et s orm et e e eeeeene e e et e een e ene e eneeneneenaes 168
P.4.3 Verification of dielectric withstand................ . 169
P.4.4 Verification of overload rele€aSES ... v ueeeeeemeae e 169
P.4.5 MATKING) e ecles sie ke suidmserleye b rd sy b fe sly by Arbhd 3 ehn 7 fym s el s Dhe 33w e e wenneaneenannennen 169
Annex Q (normative) Co-ordinatiomunderishort<circuit-conditions between a MPSD
and another short-circuit protective device associated in the same circuit........................... 170
Q.1 APPIICATION e 170
Q.2 L@ o =T o1 SR 170
Q.3 General requirements for the co-ordination of a MPSD with another SCPD ......... 171
Q.31 General considerations ... ... 171
Q.3.2 Behaviour of Cq in association with another SCPD ...................................... 171
Q.4 Type and characteristics of the associated SCPD ..........ccooiiiiiiiiiiiiiiie, 171
Q.5 Verification of selectivity ... 172
Q.51 LCTCY 7= -1 172
Q.5.2 Consideration of selectivity by desk study...........coooiiiii 172
Q.5.3 Selectivity determined by test .........coooiiiiiii i 173
BB O G AP Y e 178

Figure 1 — Multiple of current setting limits for ambient air temperature compensated

time-delay overload relays ... ... 56
Figure 2 — Thermal memory teSt ... e 57
Figure 3 — Examples of co-ordination characteristics of a starter.................c..coooiiiin. 70
Figure 4 — Voltage drop measurement at contact point of the clamping terminal .................. 75
Figure 5 — Example of a pole impedance measurement for a 3 pole contactor ..................... 81
Figure A1 — Main CIFCUIL .. .oun e 101

Figure A.2 — OVEr0ad FEIAYS ...ivuiiiiii e e e e e e 102



-8 - IEC 60947-4-1:2018 © |IEC 2018

Figure B.1 — Examples of time-current withstand characteristic......................cooon 110
Figure C.1 — Typical curves of currents and torques during a star-delta start (see

K e PP 111
Figure C.2 — Typical curves of currents and torques during an auto-transformer start

(S8 B4, ) e 112
Figure C.3 — Typical variants of protected starters, combination starters, protected

switching devices and combination switching devices ..., 113

Figure C.4 — Example of three-phase diagram of a rheostatic rotor starter with three
starting steps and one direction of rotation (in the case when all the mechanical

switching devices are CONtACIONS) .. ... e 114
Figure C.5 — Typical methods and diagrams of starting alternating-current induction

motors by means of auto-transfOrmMers ... ... 116
Figure C.6 — Examples of speed/time curves corresponding to cases a), b), ¢), d), e)

E= o I T X TR 0 T e PR 117
Figure F.1 — MIrror CONtaCT. .. ..o e 121
Figure L.1 — Safety deSign PrOCESS . ..cuiiiiiii e e 136
Figure L.2 — Typical structure of a thermal overload relay ............c.coooiiiiiiiiiiiii 139
Figure L.3 — typical structure of MPSD ... 140
Figure M.1 — Critical CUITENt. .. ..o e 154
Figure N.1 — Protection by means of protective impedance .............cccceevveiiiiiiiiiiiiincen, 158
Figure N.2 — Measuring instrument £ .. A L 159
Figure O.1 — Example of quantification of ajprocess Changel. i b i 162
Figure Q.1 — Over-current co-ordination between a MPSD and a fuse or back-up

protection by a fuse: operating characteristics /. d 12018 i 175
Figure Q.2 — Total selectivity' between MPSD" and’ circuit-breakers = Case’ 1 ....................... 176
Figure Q.3 — Total selectivity between MPSD and circuit-breakers — Case 2....................... 176
Figure Q.4 — Back-up protection by a circuit-breaker — Operating characteristics —

L= 1=t S 177
Figure Q.5 — Back-up protection by a circuit-breaker — Operating characteristics —

L2 T PP 177
Table 1 — Utilization Categories .. ... 38
Table 2 — Trip classes of Overload relays ... 41
Table 3 — Limits of operation of time-delay overload relays when energized on all

o 1= PP 55
Table 4 — Limits of operation of three-pole time-delay overload relays when energized

ON TWO POIES ONIY ettt e e 58
Table 5 — Temperature-rise limits for insulated coils in airand inoil ......................L. 60
Table 6 — Intermittent duty test cycle data...........coiiiii i 61

Table 7 — Making and breaking capacities — Making and breaking conditions according
10 ULIHZAtiON Cale oIy e e e e 63

Table 8 — Relationship between the test current and off-time for the verification of rated
making and breaking CapacCities ... ... 65

Table 9 — Operational current determination for utilization categories AC-6a and AC-6b
when derived from AC-3 rating S .....iuiiii e 65

Table 10 — Conventional operational performance — Making and breaking conditions
according to Utilization CategOry ... ... i 66

Table 11 — Overload current withstand requirements ..., 68



IEC 60947-4-1:2018 © IEC 2018 -9-

Table 12 — Specific acceptance criteria for immunity tests ...........coooiiiiiii i, 72
Table 13 — Value of the prospective test current according to the rated operational

oW1 1= o X O N 92
Table 14 — Value of the prospective test current according to the rated operational

current (harmonized table) ... ..o i 92
Table 15 — Test conditions for Igg......coooeeeeiiiiiii 70
Table 16 — EMC immuUNity 18STS....iu i e 97
Table 17 — Terminal disturbance voltage limits for conducted radio-frequency emission

(eI 1A F= T g E T oY = T PSPPI 99
Table 18 — Radiated emission test limits ... 100
Table 19 — Limits for limited energy sources without an over-current protective device ......... 51
Table 20 — Limits for limited energy sources with an over-current protective device.............. 51
Table 21 — Limits for limited energy source with current limiting impedance......................... 52
Table B.1 — Verification of the number of on-load operating cycles — Conditions for

making and breaking corresponding to the several utilization categories............................. 106
Table B.2 — Test CONAItIONS.....ou i 109
Table F.1 — Test voltage according to altitude ... 122
Table G.1 — Rated operational powers and rated operational currents of motors................. 124
Table K.1 — Failure mode of CoNtactors . .........oiiuiiiiiii e 131
Table K.2 — Typical failure-ratios fornormally epen-contactors. ...« .0 i, 132
Table L.1 — Severity ..o L 10 0 B T 1B e 140
BLIE=1 o] TN I @ T o1 U 4 =Y o o] T 141
Table L.3 — Detection levels............... i i i 141
B IE=1 o L= IR e @ o Ty o] 10 E-] 1 o U 142
Table L.5 — Example of failure mode and effects analysis for thermal overload relay .......... 143
Table M.1 — Rated impulse voltage levels for PV contactors ............coooiiiiiiiiiii 149
Table M.2 — Utilization Categories ..o 149
Table M.3 — Ambient air temperature conditions ...........c.coiiiiiiiii 150
Table M.4 — Verification of rated making and breaking capacities — Conditions for

making and breaking corresponding to the DC-PV category ..........ccovviiiiiiiiiiiiniincineeenn, 151
Table M.5 — Conventional operational performance — Making and breaking condition
corresponding to the DC-PV Category . ..o 152
Table M.6 — Overall scheme of teSt SEQUENCES ......iviiiiiiii e, 153
Table M.7 — Number of operating cycles corresponding to the critical load current.............. 155
Table M.8 — Critical load current performance ... 155
Table O.1 — AC monitoring indicators list ..........cooiiiiiii e, 161
Table O.2 — Different possibilities authorized for verification of indicators.......................... 163
Table O.3 — Reference for verification conditions ... 164

Table O.4 — HarmMONIC [EVEIS ... e 164



1

2)

3)

4)

5)

6)

7)

8)

9)

-10 - IEC 60947-4-1:2018 © |IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4-1: Contactors and motor-starters —
Electromechanical contactors and motor-starters

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have jthe'form of fecommendations [forlinternational' Useandare’ accepted by IEC National
Committees in that sense. While 'all reasonable’efforts*are made ‘to-ensure‘that the technical content of IEC
Publications is accurate, IEC cannot ,be held responsible, for, the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible, in, their .national and regional publications. Any divergence
between any IEC Publication and the corresponding national or-regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation ‘of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60947-4-1 has been prepared by subcommittee 121A: Low-voltage
switchgear and controlgear, of IEC technical committee 121: Switchgear and controlgear and
their assemblies for low voltage.

This fourth edition cancels and replaces the third edition published in 2009 and its
Amendment 1:2012. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Scope structure and exclusions
Editorial correction of notes and hanging paragraphs
Reference to IEC 62683-1

Motor protective switching device (MPSD) with its requirements
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o Safety aspects related to:
— General aspects;
— Limited energy circuits;
— Electronic circuits;

— Assessment procedure for electromechanical overload protection used in safety -
applications (new Annex L)

e Introduction of provisions covering the impact of higher locked rotor current to achieve
high efficiency class

e Mention of dedicated wiring accessories
e Pickup power measurement

e Alignment to IEC 60947-1:2007, IEC 60947-1:2007/AMD1:2010, and
IEC 60947-1:2007/AMD2:2014

e Direct current requirements for covering photovoltaic application (new Annex M)
e Load monitoring indicators (new Annex O)
e Short-circuit breaking tests of MPSD (new Annex P)

e Co-ordination under short-circuit conditions between a MPSD and another short-circuit
protective device associated in the same circuit (new Annex Q)

The text of this International Standard is based on the following documents:

FDIS Report on-voting
121AI224]EDIS 121A/2338/RVD

Full information on the voting for the approvalof this dnternational Standard can be found in
the report on votingiindicated initheiabove-table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60947 series can be found, under the general title Low-voltage
switchgear and controlgear, on the IEC website.

This document shall be read in conjunction with IEC 60947-1:2007,
IEC 60947-1:2007/AMD1:2010, IEC 60947-1:2007/AMD2:2014, Low voltage switchgear and
controlgear — Part 1: General rules. The provisions of the general rules are applicable to this
document, where specifically called for.

The provisions of the general rules dealt with IEC 60947-1 are applicable to this part of
IEC 60947 series where specifically called for. Clauses and subclauses, tables, figures and
annexes of the general rules thus applicable are identified by reference to IEC 60947-1:2007,
IEC 60947-1:2007/AMD1:2010, and IEC 60947-1:2007/AMD2:2014. For example, 4.3.4.1 of
IEC 60947-1:2007, Table 4 of IEC 60947-1:2007, or Annex A of IEC 60947-1:2007.
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