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Introduction
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as a British Standard.
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this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.
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Annotated drafts are not acceptable and will beregjected.
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an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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The text of this document is based on IEC 61010-1 ed3.1 and Amd2 CD2 66/455.
This red font indicates text that was modified by Amendment 1:2016

This blue font indicates text that is to be included as Amd2.

CONTENTSf

FOREWORD ... ettt e et e e e et e e e e e e e e ees
1 Scope and ObJECT ... e e
1.1 ST elo] o1 TP PSPPSR
1.1.1 Equipment included in SCOPE ....ouieiiiiii e
1.1.2 Equipment excluded from SCOPE ......cccvviuiiiiiiiiiie e
1.1.3 Computing eqQUIPMENT ...
1.1.4 Detectors or sensors used for Signalling or Alarms ...............ccooeenie.
1.2 10 o) 1Y o P
1.21 Aspects included iN SCOPE ...iniiie i
1.2.2 Aspects excluded from SCOPE ......coiviiiiiii i
1.3 Conformity @assessSmMeENnt .. ...
1.4 Environmental conditions .........ccooiiiiiiiiii
1.4.1 Normal environmental conditions...............cocoiiiiii
1.4.2 Extended environmental conditions ...........cccooiiiiiii,
2 NOrMative refEreNCES ......iiiii e
3 Terms and definitions ...
3.1 Equipment and states of equipment ...,
3.1.1 FIXED EQUIPMENT ... ettt ittt ete et e et e et e e e et e et e et e e e e e e et e et e e e e aeneennas
3.1.2 PERMANENTLY CONNECTED EQUIPMENT ..euuiiitiiaiieeaeeeeeaeeneeeaeeeaeeneens
3.1.3 PORTABLE EQUIPMENT ..ttiuiiteitete e teet et et ee e e e e e e ee e e ee e eeaeneanenenenanns
3.1.4 HAND-HELD EQUIPMENT 1.1 ttutiieite ettt seteteeie et e etseaeeaeaneeneenseaaeaeaneeneeneens
3.1.5 L0
3.1.6 DIRECT PLUG-IN EQUIPMENT ...iuititiiei et e et aetaee e ene e s e eaeaneeneennees
3.1.7 MOBILE EQUIPMENT ..ituittttneiieiteet et eeteee e eae et e eseesean e ene e s easesaaneaneenaees
3.2 Parts and @CCESSOMIES .. .uiu i
3.2.1 TERMINAL L.ttt et e e et e
3.2.2 FUNCTIONAL EARTH TERMINAL 1. cutttieeet et ee e e e ee e e ee e e aeeenens
3.2.3 PROTECTIVE CONDUCTOR TERMINAL ...uvnitiiiitiiiei i eieeieeet e aee e ee e
3.24 ] NTod @ 1 U = PP
3.2.5 PROTECTIVE BARRIER ...uiuittiiitit et et e e e e e
3.3 QUANTITIES .o
3.3.1 RATED (VAIUEB) .ottt
3.3.2 RATING Lottt ettt e e et e
3.3.3 WORKING VOLTAGE ..uiititiitietieie e et e e e e e e e e et e et e e e e e e et e e e e eneenns
3.4 LIS £ T PP
3.4.1 B 22 = =13 PP
3.4.2 ROUTINE TE ST e tutttttetete et e et et et e e e e e et e e e et e e en e ea e ea e e e e eaneenees
3.5 Safety 1ermMS Lo
3.5.1 ACCESSIBLE (Of @ Part) .ovoeniiiiie e
3.5.2 HARM . L.ttt e e
3.5.3 HAZARD .ottt ettt e e e
3.54 HAZARDOUS SITUATION L.ouittiiititeiit et e e e e e e et e e e ens

Full document details: 23/30479730 DC

66/810/CD

Document Sharing Hub


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79
80
81
82
83
84
85
86
87
88
89

90
91
92
93
94
95
96
97

IEC CD 61010-1 A2 © IEC 2023 3 66/810/CD

3.5.5 HAZARDOUS LIVE ... itititeie e ettt e e e e et e e e e e et e et e e e e e en e e e e eaneeneees 20
3.5.6 Y 20
3.5.7 YN I ES ] Lo U PP 20
3.5.8 PROTECTIVE IMPEDANCE ...uiuitit it etete et e et e e e e e e et e e e e e e e e et e e e e eneees 20
3.5.9 oY@ =T o AV = = T ] N ] T 20
3.5.10 NORMAL USE .. tutuitititeie e e et e et e et e e et e et e et e e et e et e et e et e e e e ea et eaeaneenaens 20
3.5.11 [NT@T 2 Y V.Y o7 1N oY T ] 20
3.5.12 SINGLE FAULT CONDITION L1ututtitittieti et e et e et et et e e e e et e e e e e e e e e e e et e e aneenns 21
3.5.13 (01212 N e = P 21
3.5.14 RESPONSIBLE BODY ..etuituttuttueit et et eteeaeene et e et et eaean e en s et et eaneaneeneensenaeaeaneeneens 21
3.5.15 (10 e Yo7 [0 N PSP 21
3.5.16 REASONABLY FORESEEABLE MISUSE ...uiiuiiiitiitieteiein et eteeeseeeaeeneennenneaeaneeneens 21
3.5.17 RIS K ettt ettt ettt et ettt ettt e e e e e e et e e e a et et e e e n e aan 21
3.5.18 IO T =2 =TI = ] <P 21
3.5.19 OVERVOLTAGE CATEGORY ..iuiitittiitinatieeneet et teaeaeaneeneeaa et et e e aneeneetaetaeaeaneenns 21
3.5.20 TRANSIENT OVERVOLTAGE «.euuittittititei et et ettt e e e e e e e e e e e e e e et e e e aeenns 21
3.5.21 TEMPORARY OVERVOLTAGE ...euuitiitntinetietn et etaeaeteaeeneensetaeae e e eenaeaastaeaneaneenns 21
3.6 IS U A O < e 21
3.6.1 BASIC INSULATION «.utitittieti et et et et et et e et s e e e e et e et e e e e e e en e et e e e e e e eaneeneens 21
3.6.2 SUPPLEMENTARY INSULATION .uttuituiinttietteiteeteteteaneeneeasesaeaeanesneensesaetaeaeaneenns 21
3.6.3 DOUBLE INSULATION «ouuittttuette ittt ettt et et et e et e et e et e e et e et e et e e e e e e e a e e e aeaneees 21
3.6.4 REINFORCED INSULATION uuiuiuittteteineeae et setseaeaeane e e et s eaaeaaaneeneensensaaeaneeneens 22
3.6.5 LTI IV o N PP 22
3.6.6 POLLUTION DEGREE ...ttt ettt e et ettt ettt e e e e et et e e e e e et n e e e eneens 22
3.6.7 POLLUTION DEGREE T ..ottt et e e e e e e e e e e e e e e e ees 22
3.6.8 POLLUTION DEGREE 2 ..ttt ettt ettt ettt e e et e e e e e e e e e e ens 22
3.6.9 LTI U o] N 0] =TT T = = P 22
3.6.10 POLLUTION DEGREE 4 ..ooiiiiiiiiiet it e et e e e e e et e e e e et e e et e e e e es 22
3.6.11 Lo = 2N N o P 22
3.6.12 CREEPAGE DISTANCE L. ttuititit ittt ettt e et e et e et e et e e e e e e e et e e e e e e e e et et e e enns 22
1= £ PP 22
4.1 (=Y 1Y = | PP 22
4.2 SEUENCE Of 18SES 1ot 23
4.3 Reference test conditions ... ..o 23
4.3.1 Environmental conditions ...... ..o 23
4.3.2 State of equIpMENt ... .o 23
4.4 Testing in single fault condition ... 25
441 GBNEIAl ..ot e 25
4.4.2 Application of fault conditions ..o 25
4.4.3 DUration Of tESES . ouiin i 28
4.4.4 Conformity after application of fault conditions ..............cooi, 28
5 Marking and documentation ....... ... 29
5.1 =Y o 4 e TP 29
5.1.1 LT a1 - 29
5.1.2 [deNtifiCatioN ... e 29
5.1.3 External electrical SUPPlY SOUICES.......cciviiiiiii i 29
514 FUS ES e 31
5.1.5 TERMINALS, connections and operating deviCes ..........ccoiiiiiiiiiiiiieiieeeee, 32
5.1.6 Switches and Circuit-breakers..........ccoouiiiiiiii i 32
5.1.7 Equipment protected by double insulation or reinforced insulation ....Doeu.ments

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 4 66/810/CD

98 5.1.8 Field-wiring TERMINAL DOXES ....cuiitiiiiiii e e 32
99 5.1.9 Other marking reqQUIr€mMeENtS .........oiuiiiiii e 33
100 5.2 Warning Markings . .....ouiuiei et 33
101 5.3 Durability of Markings ... ... 33
102 5.4 DOCUMENTAtION ... 33
103 5.4.1 LT =Y 1= T 33
104 5.4.2 EQUIPMENT RATING S ..ottt e e e e et e e e e e e e ens 34
105 5.4.3 Equipment installation ... ... ..o 35
106 54.4 Equipment operation ... ..o 35
107 5.4.5 Equipment maintenance and ServiCe .........cooeiiiiiiiii 36
108 5.4.6 Integration into systems or effects resulting from special conditions .............. 36
109 6  Protection against electric ShOCK ... 36
110 6.1 7Y =T = | 36
111 6.1.1 REQUITEMENTS Lo e 36
112 6.1.2 EXCEPHIONS . e 36
113 6.2 Determination of ACCESSIBLE PartS......cccuiiuiiiiiiiiiii et 37
114 6.2.1 L= o= = 37
115 6.2.2 EXamMINatioN ..o 37
116 6.2.3 Openings above parts that are HAZARDOUS LIVE ......ccuviuiiiiiieiei e ieieneieeneen 38
117 6.2.4 Openings for pre-set CONtrols ... 38
118 6.3 Limit values for ACCESSIBLE PaltS.....cuiuitiiiiiii it ea 38
119 6.3.1 Levels in normal condition ... ... 38
120 6.3.2 Levels in single fault condition ... 38
121 6.4 Primary means of protection ... ... 42
122 6.4.1 LT =Y 7= - | 42
123 6.4.2 ENCLOSURES and PROTECTIVE BARRIERS ....cuuititieieiieiteit et ieaneeeeneeneenaenaeaneenns 42
124 6.4.3 BASIC INSULATION .. ettt ettt ettt et e et e e et e et e et e e e et e e e e e e e e e e e e e ene e e annenees 42
125 6.4.4 L] o Y=o F=1 o [ > P 42
126 6.5 Additional means of protection in case of SINGLE FAULT CONDITIONS..........ccceueunenn.. 42
127 6.5.1 LT a1 - 42
128 6.5.2 Protective bonding ... 43
129 6.5.3 SUPPLEMENTARY INSULATION and REINFORCED INSULATION ....cvuvvieeeenienaneneannsn 46
130 6.5.4 PROTECTIVE IMPEDANCE ...\ttt ittt ettt e et ettt e e e e e et e et e et s e e e e e e en e et e eaaeaneenns 46
131 6.5.5 Automatic disconnection of the SUpPPIY ..o 46
132 6.5.6 Current- or voltage-limiting deviCe ..........ccccoiiiiiiii 46
133 6.6 Connections to external CirCUItS ...........viuiiiii e 47
134 6.6.1 LT =Y o= - | 47
135 6.6.2 TERMINALS for external CirCUItS.......oouiiii e 47
136 6.6.3 Circuits with TERMINALS which are HAZARDOUS LIVE .....cuiiieiiieiiieiieeeeeeeene 47
137 6.6.4 TERMINALS for stranded conNdUCIOrS ..........ovuiiiiiii e 48
138 6.7 Insulation reqUIrEMENTS ... ... e 48
139 6.7.1 The nature of iINSUIAtION ... 48
140 6.7.2 Insulation for MAINS circuits of OVERVOLTAGE CATEGORY Il with a nominal

141 supply voltage up t0 300 V ... 50
142 6.7.3 Insulation for secondary circuits derived from MAINS circuits of

143 OVERVOLTAGE CATEGORY Il up t0 300 V ..o, 53
144 6.8 Procedure for voltage teStS ... o 58
145 6.8.1 LT =Y o= = 58
146 6.8.2 Humidity preconditioning .........oouiiiii i 59
147 6.8.3 TSt PrOCEAUIES .o e 60
148 6.9 Constructional requirements for protection against electric shock ............ DOCUmentS

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 5 66/810/CD

149 6.9.1 LT =Y o= = 61
150 6.9.2 Insulating Materials ........ooiniii 61
151 6.9.3 (6701 [oTUT g oZe Yo 1o o [ PSPPI 61
152 6.10 Connection to the MAINS supply source and connections between parts of

153 =0 [ o] 41T o 1 PP 61
154 6.10.1 MAINS SUPPIY COPAS ..ninii e 61
155 6.10.2 Fitting of non-detachable MAINS SUPPIY COrdS .......ccoviniiiiiiiiii e 62
156 6.10.3 Plugs and CONNECIONS .. ..u i e e ens 63
157 6.11 Disconnection from SUPPIY SOUICE .....oeieiiiiiii e 64
158 6.11.1 LT =Y 7= T 64
159 6.11.2 EXCEP I ONS ..o 64
160 6.11.3 Requirements according to type of equipment...............oiii 64
161 6.11.4 DiSCONNECHING AEVICES. ...t e e 65
162 7  Protection against mechanical HAZARDS..........ouiiiiiiiiii e 65
163 7.1 7= a1 Y PP 65
164 7.2 SUrfaces, EAgES OF COMMEIS ..o et ens 66
165 7.3 MOVING DAt S .ot e e 66
166 7.3.1 L= o= = 66
167 7.3.2 EXCEPHIONS . et 66
168 7.3.3 Risk assessment for mechanical HAZARDS ........oouiiiiiiiiiiiiiiie e 66
169 7.3.4 Limitation of force and pressure ..o 67
170 7.3.5 Gap limitations between moving parts..........ccccooiiiiiiiii 68
171 7.3.6 L@ XY o 4= Y= 70
172 7.3.7 Risk of uncontrolled movement..... ..o 70
173 7.3.8 Unwanted MOVEMENt. ... e 70
174 7.4 INSEADITIY ..ot e 70
175 7.5 Provisions for lifting and Carrying ..........coouiiiiiiiiii e 71
176 7.5.1 LT =Y 7= = 71
177 7.5.2 Handles and griDS v e e e 71
178 7.5.3 Lifting devices and supporting parts ........coooiiiiiiii 72
179 7.6 Wall MOUNTING .. e 72
180 7.7 Expelled parts (Ejected ObJECES) ..vviviiiii e 72
181 7.8 Hand-transmitted vibration ... 72
182 7.9 PROTECTIVE BARRIERS @Nd ENCLOSURES ....uuiuititiieieei et eeieeteeiae e e eneeeeeaae e eneenns 73
183 7.9.1 LT =Y 1= = 73
184 7.9.2 Fixed PROTECTIVE BARRIERS ..uutuitieitiitietieete et eeet e eee et e eete e e e eaeae e eneaneneenaes 73
185 7.9.3 Movable PROTECTIVE BARRIERS ... ..uitiiieiieit it eetieiee et e et eeteeaaee e e e et aeaaeaeaneenns 73
186 8  Resistance to mechanical StreSSes ... ..o it 73
187 8.1 7Y o= = | 73
188 8.2 ENCLOSURE rigidity 1SS . iuuiii e 74
189 8.2.1 ] 2= 1A o2 (=3 74
190 8.2.2 IMIPACt fES .t 74
191 8.3 ] o o T (== P 75
192 8.3.1 Equipment other than hand-held equipment and direct plug-in

193 L= T 8110 4= o 1 P 75
194 8.3.2 Hand-held equipment and direct plug-in equipment..............cccooiiiiiiiinennnn, 76
195 9  Protection against the spread of fire ... 76
196 9.1 7= 1Y =Y P 76
197 9.2 Eliminating or reducing the sources of ignition within the equipment..................... 78
198 9.3 Containment of fire within the equipment, should it occur ........................ Do.cu.ments

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 6 66/810/CD

199 9.3.1 LT =Y o= = 78
200 9.3.2 Constructional reqUIremMeNtS .........couiiiiiii 78
201 9.4 Limited-energy CirCUIt . ... ..o e 81
202 9.5 Requirements for equipment containing or using flammable liquids ...................... 82
203 9.6 Overcurrent ProteCtioN. ... ..o, 82
204 9.6.1 LT =Y 1= T 82
205 9.6.2 PERMANENTLY CONNECTED EQUIPMENT ..uiuiitititieieiie it eet e et aetaeeeeneeteeaneaneeneennas 83
206 10 Equipment temperature limits and resistance to heat ... 83
207 10.1  Surface temperature limits for protection against burns and frostbite .................... 83
208 10.2  Temperatures of WINAiNGS ......ooouiiniiiii e 84
209 10.3 Other temperature measUremMeENtS .........oiuiiiiiiiiiii e 85
210 10.4 Conduct of temperature tests. ... ... 85
211 10.4.1 LT =Y 1= T 85
212 10.4.2 Temperature measurement of heating equipment.............coooiiiiiiinnn, 86
213 10.4.3 Equipment intended for installation in a cabinetorawall .....................nll, 86
214 10.5 Resistance to temperatures ... ..o 87
215 10.51 Integrity of clearances and creepage distances............ccooviiiiiiiiiii i 87
216 10.5.2 NON-MEtalliC ENCLOSURES ...ttt ettt e ea e e 87
217 10.5.3 Insulating material..... ..o 87
218 11 Protection against HAZARDS from fluids and solid foreign objects.................coos 88
219 Lt T O 7= o = =Y 88
220 1 T 1 =Y [ o1 o Vo PP 88
221 I T 7 oY 11 =Y = P 88
222 14 OVEIIOW e e e 89
223 11.5  Battery electrolyte ... 89
224 11.6 Equipment RATED with a degree of ingress protection (IP code).........c..cooeiiieennen. 89
225 11.6.1 GNEIAL e 89
226 11.6.2 Conditions for tEeStiNG .. . 89
227 11.6.3 Protection against solid foreign objects (including dust) ..............c..cooiiinin 90
228 11.6.4 Protection against water........ ..o 90
229 11.7  Fluid pressure and 1€aKage ..........oiuiiiiiiiiii e 90
230 11.7.1 M aX iU PrE S SUIE ...ttt et e et e et e e et e e e e e e e ens 90
231 11.7.2 Leakage and rupture at high pressure............cooiiiii 91
232 11.7.3 Leakage from [OW-pressure parts........ooooviiiiiiiiie e 91
233 11.7.4 Overpressure safety deviCe .......o.viiiiiii i 92
234 12 Protection against injury from radiation, sonic and ultrasonic pressure ......................... 92
235 L2200 T =Y o = =Y 92
236 12.2  Equipment producing ionizing radiation.............coooiiiiiiiiii e 92
237 12.21 lonizing radiation ... 92
238 12.2.2 Accelerated ElECIIONS .. .. 94
239 12.3  Optical radiation..........ooiiiii 94
240 12,4 Microwave radiation ... e 95
241 12.5 Protection against HARM from acoustiC NOISE...........cccoviiiiiiiiiiii e, 95
242 12.51 LT =Y o= = 95
243 12.5.2 0] =T o T | Tl o] L =X-T] U1 PP 96
244 L N = T Y = o TU [ o= 1= P 96
245 13 Protection against hazardous substances, explosion and implosion ...............c..cooieenie. 96
246 13.1  Hazardous SubStanCes ... 96
247 13.2  EXPloSion and imMpPloSion ... 97
248 13.2.1 COMPONENTS ..ot .-.....Documents

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 7 66/810/CD

249 13.2.2 Batteries and battery charging ... 97
250 13.2.3 Implosion of cathode ray tubes ..o 97
251 14 Components and subassemblies ... ... ..o 98
252 Lt B € 7= o 1= = | 98
253 4.2 MOBOFS oo e 99
254 14.2.1 Y o) (o g (=Y 0 0] o 1= i£= LU 1 =P 99
255 14.2.2 Series excitation MOtOrS ... ..o 99
256 14.3 Overtemperature protection deviCes ..........coiiiiiiiiiiiii e 99
257 T4. 4  FUSE NOIAEIS o e 100
258 14.5 MAINS voltage selection deviCes ..o 100
259 14.6  MAINS transformers tested outside equipment ... 100
260 14.7  Printed Wiring boards ..o 100
261 14.8 Circuits used to limit TRANSIENT OVERVOLTAGES ...uccuiiuiiiiitiiieieeneeieeiee e eaeeens 100
262 T4.9  CaAPACIIOIS ot s 101
263 15 Protection by interlOCKS ... ... e 102
264 T T 7= o = =Y Y 102
265 15.2  Prevention of reactivating ..o 102
266 15.3  REHADIITY .. 102
267 16 Protection against HARM related to the use of the equipment................coo, 102
268 G O =Y o = =Y Y 102
269 16.2  ErgonOmMIC @SPeCTS .cuuitiiiiii e 103
270 16.3  Unattended operation ... 103
271 16.4 Combination of equipment ... ... 103
272 16.5 Manually-moved MOBILE EQUIPMENT ...utuuttuttnteieeieeineee e et ae et e et e e e et e ea e eenneenns 103
273 16.6  Prevention of trapping ......c. oo 103
274 16.7 Unintended actuation of COntrols .........cooooiiiiiiii 104
275 16.8 Incorrect fitment of parts ..o 104
276 17 RISK @SS SMENT L.oeii i e e 104
277 Annex A (normative) Measuring circuits for touch current (see 6.3) ..o 106
278 A.1 Measuring circuits for a.c. with frequencies up to 1 MHz and ford.c. .................. 106
279 A.2 Measuring circuits for sinusoidal a.c. with frequencies up to 100 Hz and for

280 o o P 107
281 A.3 Current measuring circuit for electrical burns at high frequencies ....................... 108
282 A.4 Current measuring circuit for WET LOCATION ....uuiiuiiieiiiee e ee e eeeeee s 109
283  Annex B (normative) Standard test fingers (S€e 6.2) .......c.oieiiiiiiiiiiii 110
284 Annex C (normative) Measurement of CLEARANCES and CREEPAGE DISTANCES.........cceeuvunenn. 112
285  Annex D (normative) Parts between which insulation requirements are specified (see

286 8.4 AN B.5.3) 1iuiiiiiii e e 116
287  Annex E (informative) Guideline for reduction of POLLUTION DEGREES.........c.ocvviuniineineinnannns 119
288  Annex F (normative) Routing tests ... ..o 120
289 F.1 LT o= = | 120
290 F.2 ProteCtive Earth.. ... 120
291 F.3 IVIAINS CIRCUITS -ttt ettt ettt et ettt ettt et et et et et et et et e e e e e e e e ea e ea e eaaeanans 120
292 F.3.1 GNEIAL e 120
293 F.3.2 MAINS CIRCUITS with voltage limiting devices ..o, 121
294 F.4 Floating CirCUITS ... e e 121
295  Annex G (informative) Leakage and rupture from fluids under pressure............c.coeeeeeniennn. 122
296 G.1 BNl .ot 122

Documents

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 8 66/810/CD

297 G.2 Pressures above 2 MPa and a product pressure and volume greater than

298 200 KPP | e 122
299 G.2.1 BNl e 122
300 G.2.2 Conduct of hydrostatic tests for G.2.1 ..., 123
301 G.2.3 L TR E= I == 124
302 G.24 Modifications to minimize leakage ..........coeeiiiiiiiiiiii 124
303 G.2.5 Additional tests if modification succeeded in minimizing leakage ................. 124
304 G.2.6 Additional test if modifications failed to reduce leakage...................coceevnnee. 124
305 G.3 Pressures between 50 kPa and 2 MPa, and pressure times volume above

306 200 KP A T e 125
307 G4 Pressures below 50 kPa, or pressure times volume below 200 kPa-I................... 125
308 G.5 Overpressure safety deviCes ... ... 125
309  Annex H (normative) Qualification of conformal coatings for protection against

310 220 TH I U o N PPN 127
311 H.1 LT Y o= = 127
312 H.2 TechniCal ProPEIrtiES ..o i e 127
313 H.3 Qualification of COAtiNGS .......cuiiii 127
314  Annex | (normative) Line-to-neutral voltages for common MAINS supply systems................ 130
315 Annex J (informative) RISK management ... ... 131
316 J.1 RISK management ProCeAUIE ... 131
317 J.2 AChIEVING TOLERABLE RISK ...uituiiiitiitietiete et e et e e e et e e e et e e e e e e e e et e e e e e e e eaeans 132
318 J.3 An application of RISK assessment procedures..........c.ooveiiiiiiiiiiiiiiieeeeeea, 133
319 J.4 As Low As Reasonably Practicable............cooiiiii 134
320 J.5 Risk reduction using functional safety standards .................cocoiiiiiiiiiinnnn, 134
321 J.5.1 LT =Y o= = 134
322 J.5.2 Determination of the relevant SIL or PL ..., 135
323 J.5.3 ArChItEC U . 136
324 J.5.4 Application of the level ... ..o 136
325 J.5.5 Process and documentation ....... ... 136
326 Annex K (normative) Insulation requirements not covered by 6.7 ... 137
327 K.1 INsulation fOr MAINS CIRCUITS ... ..uuit e e 137
328 K.1.1 L= 1= = 137
329 K.1.2 CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS ......cccuvvvneeneenennnnn. 138
330 K.1.3 Solid insulation for MAINS CIRCUITS ...uiuieiiiiit e eae e 139
331 K.2 Insulation in secondary CirCUIS ... ..o 143
332 K.2.1 GBNEIAl .. e 143
333 K.2.2 LTI N 2N N0 =5 143
334 K.2.3 CREEPAGE DISTANCES ...ttt ettt ettt e et e e e e e et e e e e e eaeeens 146
335 K.2.4 Solid INSUIAtION ...e e 147
336 K.3 Insulation in circuits not addressed in 6.7, Clause K.1 or Clause K.2 .................. 149
337 K.3.1 GBNEIAl .. e 149
338 K.3.2 CLEARANCE calCulation .......coiiiii e 150
339 K.3.3 CLEARANCES in circuits having recurring peak voltages, or having

340 WORKING VOLTAGES with frequencies above 30 kHz ...................c.conl 153
341 K.3.4 CREEPAGE DISTANCES ... tiiiiiit ittt ee et et e e et e et e e e e e e e e e e e e e e e e eans 154
342 K.3.5 Solid INSUIAtION ..o 154
343 K.4 Reduction of TRANSIENT OVERVOLTAGES by the use of overvoltage limiting

344 Lo LT o= 155
345  Annex L (informative) Index of defined terms ... 156

346 Annex M (normative) Flammability test for magnesium alloy fire ENCLOSURES or flame

347 barriers (S€€ 9.3.2) ..o T ] .Q.Qulments

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 9 66/810/CD

348 M.1 LY o= = 158
349 M2 SaAMPIES oo e 158
350 M.3 Mounting Of SAMPIES ..o 158
351 M.4 LIS 801 = 14T 158
352 M.5 B IN=TS A o] o LT =Y o [ ] - PPN 158
353  Annex N (informative) Human Behaviour ... 159
354 N.1 LT Y o= = 159
355 N.2 LYY S Y7 o= P 159
356 N.3 0T 00 o T 1 0 o 1= 159
357 N.4 Determining Use Situations ...... ..o 160
358 N.5 Assessment of Use Conditions ........oouiiiiiiiiiiiii 160
359  Annex O (informative) Tests after repair ... 163
360 0.1 Protective @arth..... ... 163
361 0.2 Reliability of inSUlation ... 163
362 0.3 LeaKage CUITENT ... e et 163
363  Figure 1 — Measurements through openings in ENCLOSURES ......c.uviuiiuiiiinaiiieieeieeineneieeneenns 38
364 Figure 2 — Maximum duration of short-term current in SINGLE FAULT CONDITION (see

KT 1s T T T2 o ) TP 40
366 Figure 3 — Capacitance level versus voltage in NORMAL CONDITION and SINGLE FAULT

367  CONDITION (S€€ 6.3.1 C) @Nd 6.3.2 C))uutuuiininiiiiiiiii et enns 41
368 Figure 4 — Acceptable arrangement of protective means against electric shock .................... 43
369 Figure 5 — Examples of binding screw assemblies ..........c..ccviiiiiiiiiiii e 45
370 Figure 6 — Distance between conductors on an interface between two layers ....................... 52
371 Figure 7 — Distance between adjacent conductors along an interface of two insulating

372 7= PP 52
373 Figure 8 — Distance between adjacent conductors located between the same two

374 INSUIAtING LAY S . e e 53
375 Figure 9 — Detachable MAINS supply cords and connections ...........c.cooiiiiiiiiiiiiini e 62
376  Figure 10 — Impact test using @ Sphere ... 75

377 Figure 11 — Flow chart to explain the requirements for protection against the spread of
378 fire 77

379 FIQUIE 12 — Baffle oo e 80
380 Figure 13 — Area of the bottom and sides of an ENCLOSURE to be constructed as

381 SPECITIEA 1N 9.3.2 C) M) 1o e e 81
382  Figure 14 — Ball-pressure test apparatus ..... ..o 88
383 Figure 15 — Ratio between test pressure and maximum working pressure .............cccocoveeene. 91
384 Figure 16 — General requirements for equipment with ionizing radiation sources .................. 93
385  Figure 17 — Flow chart for conformity options 14.1 a), b), c)and d) ......c.ccoeiiiiiiiiiiiiniinnenn. 99
386 Figure A.1a — Measuring circuit for a.c. with frequencies up to 1 MHz and for d.c.

387 ((aLeTu e =1 eTeT Lo [} (1o o ) PPN 106
388 Figure A.1b — Measuring circuit touch current for a.c. up to 1 MHz and for d.c.

389  weighted for let go-immobilization (single fault condition)..............oi 107
390 Figure A.2 — Measuring circuits for sinusoidal a.c. with frequencies up to 100 Hz and

391 O i 107
392 Figure A.3 — Current measuring circuit for electrical burns ... 108
393 Figure A.4 — Current measuring circuit for wet contact.................cooiiiii, 109
394  Figure B.1 — Rigid 1St fiNger...cu i 110
395 Figure B.2 — Jointed test fiNger ... 111
396  Figure C.1 — Examples of methods of measuring CLEARANCES and CREEPAGE D'STAh&gguments

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 10 66/810/CD

397 Figures D.1a) to d) — Protection between HAZARDOUS LIVE circuits and ACCESSIBLE

398 = o 117
399 Figures D.1e) to h) — Protection between HAZARDOUS LIVE circuits and circuits with

400  ACCESSIBLE €XtErNal TERMINALS ....iuutiu it ittt tie et e et et ea e e e e e et e e e e e e en e ea s eaeaneaneeneeneen 117
401 Figures D.2 a) and D.2 b) — Protection between a HAZARDOUS LIVE internal circuit and

402  an ACCESSIBLE part which is not bonded to other ACCESSIBLE parts.........ccccovvviiniieinennennne. 118
403 Figures D.2 c) and D.2 d) — Protection between a HAZARDOUS LIVE primary circuit and

404 circuits which have ACCESSIBLE external TERMINALS ... ..cuuiuiiieiiet e ee e e eeaeenes 118
405 Figure D.3 — Protection of external ACCESSIBLE TERMINALS of two HAZARDOUS LIVE

406 Lo [ (o1 U 1 £ PP 118
407 Figure G.1 — Conformity verification process (S€€ G.2) ......ccoiiiiiiiiiiiiiiiii e 123
408  Figure H.1 — Test sequence and conformity ..........ocoooiiiiiii i 129
409 Figure J.1 — Iterative process of RISK Management ........c.viuiiiiiiiiiiiiiie e 131
410 Figure J.2 — RISK FeAUCTION ....uei e e e et e e e 133
411 Figure J.3 — RIsK reduction using functional safety standards ...........coccooiiiiiiiiinnnnnn, 135
412 Figure K.1 — Distance between conductors on an interface between two layers .................. 141
413 Figure K.2 — Distance between adjacent conductors along an interface of an inner

414 Y= PP 142
415 Figure K.3 — Distance between adjacent conductors located between the same two

416 2= £ 143
417 Figure K.4 — Example of recurring peak voltage ..........cooouiiiiiiiii e, 153
418 Figure N.1 - USe SitUAtIONS. ... e 161
419 Table 1 = SYMDOIS oo e 31
420 Table 2 — Tightening torque for binding screw assemblies ...........cccoocoiiiiiiiii e, 45
421 Table 3 — Multiplication factors for CLEARANCES of equipment RATED for operation at

422 altitudes UP 10 5 000 M.ttt 49
423  Table 4 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of OVERVOLTAGE

424 CATEGORY T UP 10 300 V ..ottt e et e e e e e e e enns 51
425  Table 5 — Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE

426 CATEGORY I UP 10 300 V.o iiitiiiieeeeeeeeeeeeeee e e e e e e e e enns 51
427  Table 6 — CLEARANCES and test voltages for secondary circuits derived from MAINS

428  CIRCUITS of OVERVOLTAGE CATEGORY Il up t0 300 V ..o 54
429  Table 7 — CREEPAGE DISTANCES ..uiuuittiitittiete et et e et e et e e et e e et e e e e e et e et e e e e e en e taeaneaneenns 56
430  Table 8 — Minimum values for distance or thickness (see 6.7.3.4.2106.7.3.4.4) ................... 57
431 Table 9 — Distances between TERMINALS and fOil.........ccoooiiiiiiiiiiiii e 59
432  Table 10 — Correction factors according to test site altitude for test voltages for

TR T o] T =Y 7Y Lo < 59
434  Table 11 — Values for physical tests on cord anchorages ...........coccoeiiiiiiiiiiiici i, 63
435 Table 12 — Protective measures against mechanical HAZARDS to body parts ......................... 67
436  Table 13 — Minimum maintained gaps to prevent crushing for different body parts................. 69
437  Table 14 — Maximum gaps to prevent access for different body parts .................ccoii. 69
438  Table 15 — Impact energy levels, test height and corresponding IK codes ...............ccooeeeentn. 75
439  Table 16 — Acceptable perforation of the bottom of an ENCLOSURE ............ccccviviiiiiiinninnnnnn. 80
440  Table 17 — Limits of maximum available current............coooiiii 81
441 Table 18 — Values for overcurrent protection deviCes .........coooiiiiiiiiiiiii e 82
442 Table 19a — Hot surface temperature limits in NORMAL CONDITION .....vuiiiitiinaeii i eeenaenenn 84
443 Table 19b — Cold surface temperature limits in NORMAL CONDITION......ccuiuiiiiineneneeieieanaieaenen, 84
444  Table 20 — Maximum temperatures for insulation material of windings............., . Docu.ments

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 11 66/810/CD

445  Table 21 — Lamp or lamp systems considered photobiologically safe ............c..cooiiiiinnnn. 95
446 Table 22 — Lamp or lamp systems considered photobiologically safe under certain

447 LoToT T L4 T0] o 1= PP 95
448  Table 23 — Impulse voltages for OVERVOLTAGE CATEGORY Il ..ccuiiiiiiiiiiiiiieee, 101
449 Table 24 — Bridging insulation by IEC 60384-14 subclass Y capacitors ........c.ccocevvvvininnenns 102
450 Table C.1 — DIimeNnsions Of X ..o e e e 112
451 Table E.1 — Environmental situations ....... ..o e 119
452 Table E.2 — Reduction Of POLLUTION DEGREES ...uiuuiuitiiiniineineeteetieteenaeneensensenseneenaeneennenees 119
453  Table F.1 — Test voltages for ROUTINE TESTS Of MAINS CIRCUITS ..cuvuviniiiiniineneenieeeeeneneanennens 121
454 Table G.1 — Test pressures for equipment with pressures above 14 Mpa............................ 125
455 Table H.1 — Test parameters, test conditions and test procedures................coiiiiinnn. 128
456 Table I.1 — Line-to-neutral voltages for common MAINS supply systems .............ccoeeiininnnis 130
457  Table J.1 — Severity Of HARM ...t 133
458  Table J.2 — Probability Of HARM ... 133
459 Table J.3 — Example of a RISK category matriX......ccooiiiiii e 134
460 Table J.4 — Example of RISK category matrix with ALARP ... 134
461 Table J.5 — RISK ranking MatriX. .. ..o e aeaes 136
462  Table K.1 — Multiplication factors for CLEARANCES for equipment RATED for operation at

463 AlItUAES UP 10 5 000 Mieiei e e e 138
464  Table K.2 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of OVERVOLTAGE

465  CATEGORY 11 @boVve 300 V oot 138
466  Table K.3 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of OVERVOLTAGE

487  CATEGORY oo e et 139
468  Table K.4 — CLEARANCES and CREEPAGE DISTANCES for MAINS CIRCUITS of OVERVOLTAGE

489  CATEGORY [V ot 139
470  Table K.5 — Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE

471 CATEGORY 11 @b0VE 300 V ...eiiiiiiie ettt e e e e e eaees 140
472 Table K.6 — Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE

473 L7y I =T = 1 S 140
474  Table K.7 — Test voltages for solid insulation in MAINS CIRCUITS of OVERVOLTAGE

475  CATEGORY [V ot et 140
476 Table K.8 — Test voltages for testing long-term stress of solid insulation in MAINS

A o 1 Lo 1 5 N 141
478  Table K.9 — Minimum values for distance or thickness of solid insulation............................ 142
479  Table K.10 — CLEARANCES and test voltages for secondary circuits derived from MAINS

480  CIRCUITS of OVERVOLTAGE CATEGORY Il @above 300 V .....ocoiiiiii e 144
481 Table K.11 — CLEARANCES and test voltages for secondary circuits derived from MAINS

482  CIRCUITS of OVERVOLTAGE CATEGORY 1 ..oeeiiii e 145
483  Table K.12 — CLEARANCES and test voltages for secondary circuits derived from MAINS

484 CIRCUITS Of OVERVOLTAGE CATEGORY IV .ot e e 146
485  Table K.13 — CREEPAGE DISTANCES based on the WORKING VOLTAGE ........c.vcuiuniinieneineenennenn 147
486  Table K.14 — Minimum values for distance or thickness (see K.2.4.21t0 K.2.4.4) ................ 148
487  Table K.15 — CLEARANCE values for the calculation of K.3.2 .........coiiiiiiii 151
488  Table K.16 — Test voltages based 0N CLEARANCES .......oiuiiiiiiiiiiii e e e 152
489  Table K.17 — CLEARANCES for BASIC INSULATION in circuits having recurring peak

490  voltages or WORKING VOLTAGES with frequencies above 30 kHz ..., 154
491 Table N.1 - Use scenarios for OPERATOR and Bystander. .......c.ocoviiiiiiiiiiiiiieeee 159
492 Table N.2 - Required protection for use conditions........c.cooiiiiiiiiiic Docu‘lments
493

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 12 66/810/CD

494 INTERNATIONAL ELECTROTECHNICAL COMMISSION

495

496

497 SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR

498 MEASUREMENT, CONTROL, AND LABORATORY USE -

499

500 Part 1: General requirements

501

502

503 FOREWORD

504 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
505 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
506 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
507 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
508 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
509 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
510 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
511 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
512 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
513 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
514 consensus of opinion on the relevant subjects since each technical committee has representation from all
515 interested IEC National Committees.

516 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
517 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
518 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
519 misinterpretation by any end user.

520 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
521 transparently to the maximum extent possible in their national and regional publications. Any divergence between
522 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
523 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
524 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
525 services carried out by independent certification bodies.

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

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

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

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

536 International Standard IEC 61010-1 has been prepared by IEC technical committee 66: Safety
537 of measuring, control and laboratory equipment.

538 It has the status of a group safety publication, as specified in IEC Guide 104.
539

540
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541 INTRODUCTION

542 This International Standard specifies the safety requirements that are generally applicable to
543 all equipment within its scope. For certain types of equipment, these requirements will be
544 supplemented or modified by the special requirements of one, or more than one, particular part
545 2 of the standard which must be read in conjunction with the part 1 requirements.

546
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547 SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR
548 MEASUREMENT, CONTROL, AND LABORATORY USE -

549

550 Part 1: General requirements

551

552

553

554 1 Scope and object

555 1.1  Scope
556 1.1.1 Equipment included in scope

557  This group safety publication is primarily intended to be used as a product safety standard for
558 the products mentioned in the scope, but shall also be used by technical committees in the
559 preparation of their publications for products similar to those mentioned in the scope of this
560  standard, in accordance with the principles laid down in IEC Guide 104 and ISO/IEC Guide 51.

561 This part of IEC 61010 specifies general safety requirements for the following types of electrical
562  equipment and their accessories, wherever they are intended to be used. It is intended to be
563 used in conjunction of the manufacturer’s process of RISk assessment and RISK reduction but
564 not to replace it.

565 a) Electrical test and measurement equipment

566 This is equipment which by electromagnetic means tests, measures, indicates or records
567 one or more electrical or physical quantities, also non-measuring equipment such as signal
568 generators, measurement standards, power supplies for laboratory use, transducers,
569 transmitters, etc.

570 NOTE 1 This includes bench-top power supplies intended to aid a testing or measuring operation on another
571 piece of equipment. Power supplies intended to power equipment are within the scope of IEC 61558
572 (see 1.1.2 f)).

573 This standard also applies to test equipment integrated into manufacturing processes and
574 intended for testing manufactured devices.

575 NOTE 2 Manufacturing test equipment is likely to be installed adjacent to and interconnected with industrial
576 machinery in this application.

577 b) Electrical industrial process-control equipment

578 This is equipment which controls one or more output quantities to specific values, with each
579 value determined by manual setting, by local or remote programming, or by one or more
580 input variables.

581 c) Electrical laboratory equipment

582 This is equipment which measures, indicates, monitors, inspects or analyses materials, or
583 is used to prepare materials. This equipment may also be used in areas other than
584 laboratories.

585 1.1.2 Equipment excluded from scope
586 This standard does not apply to equipment within the scope of:

587 a) IEC 60335 (Household and similar electrical appliances);

588 b) IEC 60364 (Electrical installations of buildings);

589 c) IEC 61439 (Low-voltage switchgear and control gear assemblies);

590 d) IEC 60601 (Medical electrical equipment);

591 e) IEC 62368-1 (Audio/video, information and communication technology equipment, except
592 as specified in 1.1.3);

593 f) IEC 61558 (Power transformers, power supply units and similar);

594 g) IEC 61010-031 (Hand-held probe assemblies);

595 h) IEC 61243-3 (Live working — Voltage detectors — Part 3: Two-pole low v ;!*aggﬂ)g)uments

Document Sharing Hub

Full document details: 23/30479730 DC


https://doi.org/10.3403/02523966U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/01576854U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 15 66/810/CD

596 1.1.3 Computing equipment

597 This standard applies only to computers, processors, etc. which form part of equipment within
598 the scope of this standard or are designed for use exclusively with the equipment.

509 1.1.4 Detectors or sensors used for Signalling or Alarms

600 Detectors, sensors or other devices, including controllers and analysers, which are both
601 intended to measure, sense or detect hazardous levels of physical or electrical quantities, and
602 are intended for signalling or safety alarm initiation, notification or release, shall be assessed
603 to a standard providing suitable requirements for performance and reliability in addition to IEC
604 61010-1.

605 (Examples include but are not limited to products within scope of IEC 60079-29-1 and IEC
606 62990 series).

607 1.2 Object

608 1.2.1 Aspects included in scope

609  The purpose of the requirements of this standard is to ensure that HAZARDS to the OPERATOR
610  and the surrounding area are reduced to a tolerable level.

611 Requirements for protection against particular types of HAZARD are given in Clauses 6 to 13, as
612  follows:

613 a) electric shock or burn (see Clause 6);

614 b) mechanical HAZARDS (see Clauses 7 and 7.8);

615 c) spread of fire from the equipment (see Clause 9);

616 d) excessive temperature (see Clause 10);

617 e) effects of fluids and fluid pressure (see Clause 11);

618 f) effects of radiation, sonic and ultrasonic pressure (see Clause 12);
619 g) liberated gases, explosion and implosion (see Clause 13).

620 Requirements for protection against HAZARDS arising from REASONABLY FORESEEABLE MISUSE and
621 ergonomic factors are specified in Clause 16.

622 RISk assessment for HAZARDS or environments not fully covered above is specified in Clause 17.

623 NOTE Attention is drawn to the existence of additional requirements regarding the health and safety of labour
624 forces.

625 1.2.2 Aspects excluded from scope
626 This standard does not cover:

627 a) reliable function, performance, or other properties of the equipment not related to safety;
628 b) transport packaging;

629 c¢) EMC requirements (see the IEC 61326 series);

630 d) protective measures for explosive atmospheres (see the IEC 60079 series).

631 1.3 Conformity assessment

632  This standard also specifies methods of checking conformity to the requirements of this
633  standard. These are included in the conformity statements in all clauses of the document and
634  specifically in Clause 4 Tests. The methods include inspection, testing, TYPE TESTS and ROUTINE
635  TESTS.

636 1.4 Environmental conditions

637 1.4.1 Normal environmental conditions

638  This standard applies to equipment designed to be safe at least under the following conditions:

639 a) indoor use;
640 b) altitude up to 2 000 m; D
641 c) ambient temperature 5 °C to 40 °C; ocuments
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642 d) maximum relative humidity 80 % for temperatures up to 31 °C decreasing linearly to
643 50 % relative humidity at 40 °C;

644 e) MAINS supply voltage fluctuations up to £10 % of the nominal voltage;

645 f) TRANSIENT OVERVOLTAGES up to the levels of OVERVOLTAGE CATEGORY lI;

646 NOTE 1 These levels of transient overvoltage are typical for equipment supplied from the building wiring.

647 g) TEMPORARY OVERVOLTAGES occurring on the MAINS supply

648 h) applicable POLLUTION DEGREE of the intended environment (POLLUTION DEGREE 2 in most
649 cases).

650 NOTE 2 Manufacturers may specify more restricted environmental conditions for operation; nevertheless the
651 equipment must be safe within these normal environmental conditions.

652 1.4.2 Extended environmental conditions

653 This standard applies to equipment designed to be safe not only in the environmental conditions
654  specified in 1.4.1, but also in any of the following conditions as RATED by the manufacturer of
655 the equipment:

656 a) outdoor use;

657 b) altitude above 2 000 m;

658 c) ambient temperatures below 5 °C or above 40 °C;

659 d) relative humidity above the levels specified in 1.4.1;

660 e) MAINS supply voltage fluctuations exceeding £10 % of the nominal voltage;

661 f) WET LOCATION;

662 g) TRANSIENT OVERVOLTAGES up to the levels of OVERVOLTAGE CATEGORY IIl or IV (see
663 Annex K).

664 2 Normative references

665  The following referenced documents, where applicable, are indispensable for the application of
666  this document. For dated references, only the edition cited applies. For undated references, the
667 latest edition of the referenced document (including any amendments) applies.

668 IEC 60027 (all parts), Letter symbols to be used in electrical technology

669 |EC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

670 |EC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

671 EC 60073, Basic and safety principles for man-machine interface, marking and identification —
672 Coding principles for indicators and actuators

673 IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including
674 450/750 V

675 IEC 60245 (all parts), Rubber insulated cables — Rated voltages up to and including 450/750 V
676 IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes
677 IEC 60320 (all parts), Appliance couplers for household and similar general purposes

678 EC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
679 for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
680  mixed flame

681 EC 60332-2-2, Tests on electric and optical fibre cables under fire conditions — Part 2-2: Test
682 for vertical flame propagation for a single small insulated wire or cable — Procedure for diffusion
683 flame

684 IEC 60335-2-24, Household and similar electrical appliances — Safety — Part 2-24: Particular
685 requirements for refrigerating appliances, ice-cream appliances and ice-makers.
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686 |EC 60335-2-89, Household and similar electrical appliances — Safety — Part 2-89: Particular
687 requirements for commercial refrigerating appliances with an incorporated or remote refrigerant
688 condensing unit or compressor

689 IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
690  Protection against voltage disturbances and electromagnetic disturbances
691 IEC 60364-4-44:2007/AMD1:2015

692 IEC 60384-14, Fixed capacitors for use in electronic equipment - Part 14: Sectional specification
693 - Fixed capacitors for electromagnetic interference suppression and connection to the supply
694 mains

695 IEC 60417, Graphical symbols for use on equipment

696 EC 60529, Degrees of protection provided by enclosures (IP Code)

697 EC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Use of
698 coating, potting or moulding for protection against pollution

699 |IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
700 flame test methods

701 IEC 60695-11-3, Fire hazard testing — Part 11-3: Test flames — 500 W flames - Apparatus and
702 confirmational test methods

703 IEC 60799, Electrical accessories — Cord sets and interconnection cord sets

704 , Safety of laser products — Part 1: Equipment classification and requirements
705 IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules

706 IEC 60947-2, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

707 IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectors,
708 switch-disconnectors and fuse-combination units

709  |EC 61010-031|, Safety requirements for electrical equipment for measurement, control and laboratory
710 use — Part 031: Safety requirements for hand-held probe assemblies for electrical measurement
711 and test

712 IEC 61180 (all parts), High-voltage test techniques for low-voltage equipment

713 EC 61180-1, High-voltage test techniques for low-voltage equipment — Part 1. Definitions, test
714 and procedure requirements

715 , High-voltage test techniques for low-voltage equipment — Part 2: Test equipment
716 , Electroacoustics — Sound level meters — Part 1: Specifications

717 , Electroacoustics — Sound level meters — Part 2: Pattern evaluation tests

718 , Safety of machinery - Functional safety of safety-related control systems

719 EC 62262, Degrees of protection provided by enclosures for electrical equipment against
720 external impacts (IK code)

721 IEC 62471, Photobiological safety of lamps and lamp systems

722 IEC TR 62471-2, Photobiological safety of lamps and lamp systems — Part 2: Guidance on
723 manufacturing requirements relating to non-laser optical radiation safety

724 EC 62598, Nuclear instrumentation — Constructional requirements and classification of
725  radiometric gauges

726 IEC Guide 104, The preparation of safety publications and the use of basic safety publications
727 and group safety publications Documents
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ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

ISO 306:2013, Plastics — Thermoplastic materials — Determination of Vicat softening
temperature (VST)

ISO 361, Basic ionizing radiation symbol
ISO 11228-1, Ergonomics — Manual Handling — Part 1: Lifting and carrying

ISO 3746, Acoustics — Determination of sound power levels of noise sources using sound
pressure — Survey method using an enveloping measurement surface over a reflecting plane

ISO 5349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand
transmitted vibration — Part 1. General requirements

ISO 7000, Graphical symbols for use on equipment

ISO 9614-1, Acoustics — Determination of sound power levels of noise sources using sound
intensity — Part 1: Measurement at discrete points

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

ISO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

ISO 13857, Safety of machinery — Safety distances to prevent hazard zones being reached by
upper and lower limbs

N 378-2, Refrigerating systems and heat pumps. - Safety and environmental requirements.
Design, construction, testing, marking and documentation

N 1005-2, Safety of machinery — Human physical performance — Part 2: Manual handling of
machinery and component parts of machinery

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
31 Equipment and states of equipment

3.1.1 FIXED EQUIPMENT

equipment fastened to a support, or otherwise secured in a specific location

[IEC 60050-826:2004, 826-16-07, modified]

3.1.2 PERMANENTLY CONNECTED EQUIPMENT

equipment that is electrically connected to a supply by means of a permanent connection which
can be detached only by the use of a ToOL

3.1.3 PORTABLE EQUIPMENT

equipment intended to be carried by hand

314 HAND-HELD EQUIPMENT
PORTABLE EQUIPMENT intended to be supported by one hand during NORMAL USE

3.1.5 TooOL

external device, including keys and coins, used to aid a person to perform a mechanical function

3.1.6 DIRECT PLUG-IN EQUIPMENT

equipment with a MAINS plug that is attached to the equipment housing without the use of a
MAINS supply cord so that the equipment is supported by the MAINS socket-outlet
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3.1.7 MOBILE EQUIPMENT

equipment that, once installed and placed into service, is intended to be moved from one
location to another while supported by its own wheels or equivalent means

[IEC 60050-826:2022, 826-16-04, modified]

3.2 Parts and accessories
3.21 TERMINAL

component provided for the connection of a device to external conductors

[IEC 60050-151:2001, 151-12-12, modified]

NOTE TERMINALS can contain one or several contacts and the term therefore includes sockets, connectors, etc.
3.2.2 FUNCTIONAL EARTH TERMINAL

TERMINAL by which electrical connection is made directly to a point of a measuring or control
circuit or to a screening part and which is intended to be earthed for any functional purpose
other than safety

NOTE For measuring equipment, this TERMINAL is often called the measuring earth TERMINAL.

3.2.3 PROTECTIVE CONDUCTOR TERMINAL

TERMINAL which is bonded to conductive parts of equipment for safety purposes and is intended
to be connected to an external protective earthing system

3.24 ENCLOSURE

part providing protection of equipment against certain external influences and, in any direction,
protection against direct contact

NOTE ENCLOSURES may also provide protection against the spread of fire (see 9.3.2 c)).
3.25 PROTECTIVE BARRIER

part providing protection against direct contact from any usual direction of access

[IEC 60050-195:1994, 195-06-15]

NOTE Depending on its construction, a PROTECTIVE BARRIER can be called a casing, cover, screen, door, guard,
etc.

A PROTECTIVE BARRIER can act alone; it is then only effective when it is in place. A PROTECTIVE BARRIER can also act
in conjunction with an interlocking device with or without guard locking; in this case, protection is ensured whatever
the position of the PROTECTIVE BARRIER.

3.3 Quantities
3.3.1 RATED (value)

quantity value assigned, generally by a manufacturer, for a specified operating condition of a
component, device or equipment

[IEC 60050-151:2001, 151-16-08, modified]

3.3.2 RATING
set of RATED values and operating conditions

[IEC 60050-151:2001, 151-16-11]

3.3.3 WORKING VOLTAGE

highest r.m.s. value of the a.c. or d.c. voltage across any particular insulation which can occur
when the equipment is supplied at RATED voltage

NOTE 1 Transients and voltage fluctuations are not considered to be part of the WORKING VOLTAGE.

NOTE 2 Both open-circuit conditions and normal operating conditions are taken into account.
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3.4 Tests
3.4.1 TYPE TEST

test of one or more samples of equipment (or parts of equipment) made to a particular design,
to show that the design and construction meet one or more requirements of this standard

NOTE This is an amplification of the IEC 60050-151:2001, 151-16-16 definition to cover design as well as
construction.

3.4.2 ROUTINE TEST

conformity test made on each individual item during or after manufacture
[IEC 60050-151:2001, 151-16-17]

3.5 Safety terms
3.5.1 ACCESSIBLE (of a part)
able to be touched with a standard test finger or test pin, when used as specified in 6.2

3.5.2 HARM

injury or damage to the health of people, or damage to property or the environment
[SOURCE: ISO/IEC Guide 51:2014, 3.1]

3.5.3 HAZARD
potential source of HARM

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

3.54 HAZARDOUS SITUATION

circumstance in which people, property or the environment is/are exposed to one or more
HAZARDS

[SOURCE: ISO/IEC Guide 51:2014, 3.4]

3.5.5 HAZARDOUS LIVE
capable of rendering an electric shock or electric burn

3.5.6 MAINS
low-voltage electricity supply system to which the equipment concerned is designed to be
connected for the purpose of powering the equipment
3.5.7 MAINS CIRCUIT
circuit which is intended to be directly connected to the MAINS for the purpose of powering the
equipment
3.5.8 PROTECTIVE IMPEDANCE
component or assembly of components whose impedance, construction and reliability are
suitable to provide protection against electric shock
3.5.9 PROTECTIVE BONDING
electrical connection of ACCESSIBLE conductive parts or protective screening to provide
electrical continuity to the means for connection of an external protective conductor
3.5.10 NORMAL USE
operation, including stand-by, according to the instructions for use or for the obvious intended
purpose
3.5.11 NORMAL CONDITION
condition in which all means for protection against HAZARDS are intact
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3.5.12 SINGLE FAULT CONDITION

condition in which one means for protection against HAZARD is defective or one fault is present
which could cause a HAZARD

NOTE If a SINGLE FAULT CONDITION results unavoidably in one or more other fault conditions, all the failures are
considered as one SINGLE FAULT CONDITION [IEC Guide 104].

3.5.13 OPERATOR
person operating equipment for its intended purpose

3.5.14 RESPONSIBLE BODY

individual or group responsible for the safe use and maintenance of equipment

3.5.15 WET LOCATION

location where water or another conductive liquid may be present and is likely to cause reduced
human body impedance due to wetting of the contact between the human body and the
equipment, or wetting of the contact between the human body and the environment

3.5.16 REASONABLY FORESEEABLE MISUSE

use of a product in a way not intended by the supplier, but which may result from readily
predictable human behaviour

3.5.17 RISK

combination of the probability of occurrence of HARM and the severity of that HARM

3.5.18 TOLERABLE RISK
RISK which is accepted in a given context based on the current values of society

[ISO/IEC Guide 51:1999, 3.7]

3.5.19 OVERVOLTAGE CATEGORY
numeral defining a TRANSIENT OVERVOLTAGE condition (see Annex K)

3.5.20 TRANSIENT OVERVOLTAGE

short duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

[SOURCE: IEC 60664-1:2020, 3.1.13]

3.5.21 TEMPORARY OVERVOLTAGE

power frequency overvoltage of relatively long duration

[SOURCE: IEC 60664-1:2020, 3.1.12]

3.6 Insulation

3.6.1 BASIC INSULATION

insulation of HAZARDOUS LIVE parts which provides basic protection

[IEC 60050-195:1998, 195-06-06]

NOTE BASIC INSULATION may serve also for functional purposes.
3.6.2 SUPPLEMENTARY INSULATION

independent insulation applied in addition to BASIC INSULATION in order to provide protection
against electric shock in the event of a failure of BASIC INSULATION

[IEC 60050-195:1994, 195-06-07, modified]

3.6.3 DOUBLE INSULATION
insulation comprising both BASIC INSULATION and SUPPLEMENTARY INSULATION
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[IEC 60050-195:1998, 195-06-08]

3.6.4 REINFORCED INSULATION

insulation which provides protection against electric shock not less than that provided by
DOUBLE INSULATION

NOTE REINFORCED INSULATION may be composed of several layers which cannot be tested singly as
SUPPLEMENTARY INSULATION Or BASIC INSULATION.

[IEC 60050-195:1998, 195-06-09, modified]

3.6.5  POLLUTION

addition of foreign matter, solid, liquid or gaseous (ionized gases), that may produce a reduction
of dielectric strength or surface resistivity

3.6.6 POLLUTION DEGREE

numeral indicating the level of POLLUTION that may be present in the environment

3.6.7  POLLUTION DEGREE 1
no POLLUTION or only dry, non-conductive POLLUTION occurs, which has no influence

3.6.8 POLLUTION DEGREE 2

only non-conductive POLLUTION occurs except that occasionally a temporary conductivity
caused by condensation is expected

3.6.9 POLLUTION DEGREE 3

conductive POLLUTION occurs, or dry, non-conductive POLLUTION occurs which becomes
conductive due to condensation which is expected

NOTE In such conditions, equipment is normally protected against exposure to direct sunlight, precipitation, and
full wind pressure, but neither temperature nor humidity is controlled.

3.6.10 POLLUTION DEGREE 4

continuous conductivity occurs due to conductive dust, rain or other wet conditions

3.6.11 CLEARANCE

shortest distance in air between two conductive parts

3.6.12 CREEPAGE DISTANCE
shortest distance along the surface of a solid insulating material between two conductive parts

[IEC 60050-151:2001, 151-15-50]
4 Tests

4.1 General

Tests in this standard are TYPE TESTS to be carried out on samples of equipment or parts. Their
only purpose is to check that the design and construction ensure conformity with this standard.
In addition, manufacturers shall perform the ROUTINE TESTS of Annex F on 100 % of equipment
produced which has both HAZARDOUS LIVE parts and ACCESSIBLE conductive parts.

The equipment shall at least meet the requirements of this standard. It is permissible to exceed
the requirements. If, in this standard, a lower limit is specified for a conformity value, then the
equipment may demonstrate a larger value. If an upper limit is specified for a conformity value,
the equipment may demonstrate a lower value.

Tests on subassemblies that meet the requirements of the relevant standards specified in this
standard, and used in accordance with them, need not be repeated during TYPE TESTS of the
whole equipment.

Conformity with the requirements of this standard is checked by carrying out all applicable tests,
except that a test may be omitted if examination of the equipment and design documentation
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935 demonstrates conclusively that the equipment would pass the test. Tests are carried out both
936  under reference test conditions (see 4.3) and under fault conditions (see 4.4).

937 Where conformity statements in this standard require inspection, this may include examination
938 of the equipment by measurement, examination of the markings on the equipment, examination
939  of the instructions supplied with the equipment, examination of the data sheets of the materials
940  or components from which the equipment is manufactured, etc. In each case, the inspection will
941 either demonstrate that the equipment meets the applicable requirements, or will indicate that
942 further testing is required.

943 Where the intended use or equipment functions present RISKS other than those mitigated
944 through the means and requirements in clauses 6 to 16 to the OPERATOR or to the surrounding
945  area, the manufacturers’ RISK management (see Clause 17 and Annex J) can be consulted to
946 determine tests and operating conditions to verify that such RISKS are reduced to a tolerable
947 level.

948 If, when carrying out a conformity test, there is any uncertainty about the exact value of an
949  applied or measured quantity (for example voltage) due to the tolerance:

950 a) manufacturers should ensure that at least the specified test value is applied;

951 b) test houses should ensure that no more than the specified test value is applied.

952  TRANSIENT OVERVOLTAGES, TEMPORARY OVERVOLTAGES, and POLLUTION DEGREE need not be
953 considered (i. e. these conditions need not be applied during the conformity tests of this
954  standard unless otherwise specified).

955 4.2 Sequence of tests

956 The sequence of tests is optional unless otherwise specified. The equipment under test shall
957 be carefully inspected after each test. If the result of a test causes doubt whether any earlier
958 tests would have been passed if the sequence had been reversed, these earlier tests shall be
959 repeated.

960 4.3 Reference test conditions

961 4.3.1 Environmental conditions

962 Unless otherwise specified in this standard, the following environmental conditions shall exist
963 in the test location:

964 a) a temperature of 15 °C to 35 °C;

965 b) a relative humidity of not more than 75 %, but not exceeding the limits of 1.4.1 d);

966 c) an atmospheric pressure of 75 kPa to 106 kPa;

967 d) no hoar-frost, dew, percolating water, rain, solar radiation, etc.

968 4.3.2 State of equipment

969 4.3.21 General

970 If dimensions or mass make it unsuitable to carry out particular tests on completely assembled
971 equipment, tests on sub-assemblies are allowed, provided it is verified that the assembled
972 equipment will meet the requirements of this standard.

973  These combinations of test conditions may be different for each individual test and they shall
974 be recorded together with any measurements for each test. In case of doubt, tests shall be
975 performed in more than one combination of conditions. If testing at the least favourable RATED
976  environmental conditions is necessary to allow realistic assessment of conformity criteria, the
977  tests shall be conducted under these conditions.

978  4.3.2.2 Position of equipment

979 The equipment shall be placed in any position of NORMAL USE as specified in the manufacturer's
980 instructions. Equipment intended to be built into a wall, recess, cabinet, etc., shall be installed
981 as specified in the manufacturer's instructions. For HAND-HELD EQUIPMENT, all possible
982 orientations are considered to be positions of NORMAL USE.

983 NOTE - see also requirements for equipment installation in 5.4.3.
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984 Where no information related to the positioning of equipment, or where no ventilation
985 requirements are given in the manufacturer’s instructions, the equipment shall, for the tests in
986 NORMAL CONDITION, be placed in a corner, in any orientation, while still allowing for any
987 connected cables to bend freely. On equipment sides without external connections the
988 equipment shall be as close to the corner walls as practicable.

989 Equipment which can be oriented in more than one position, shall be assessed in every position.
990 If an examination of the equipment shows that the worst-case conditions can be found in one
991 position, a single test is sufficient in that case.

992 4.3.2.3 Accessories

993  Accessories and OPERATOR-interchangeable parts available from, or recommended by, the
994 manufacturer for use with the equipment under test shall be either connected or not connected.
995 4.3.2.4 Covers and removable parts

996 Covers or parts which can be removed without using a TooL shall be removed or not removed.

997 4.3.2.5 Electrical supply source
998 The following requirements apply.
999 a) The supply voltage shall be between 90 % and 110 % of any RATED supply voltage for which

1000 the equipment can be set or, if the equipment is RATED for a greater fluctuation, at any
1001 supply voltage within the fluctuation range.

1002  b) The frequency shall be any RATED frequency.
1003 c¢) Equipment for both a.c. and d.c. shall be connected to an a.c. or d.c. supply.

1004 d) Equipment for single-phase a.c. supply shall be connected both with normal and reverse
1005 polarity.

1006 e) If the means of connection permits reversal, battery-operated and d.c. equipment shall be

1007 connected with both reverse and normal polarity.

1008 f) Equipment powered by other external means (for example: USB, 4-20 mA loop, PoE,
1009 wireless power transfer, etc.) shall be operated at RATED voltage or according to the
1010 specifications of the specific interface.

1011 g) batteries shall be at whichever state of charge that represents the least favourable
1012 condition.

1013  4.3.2.6 Input and output voltages

1014 Input and output voltages, including floating voltages but excluding the electrical supply source
1015  voltage (see 4.3.2.5), shall be set to any voltage within the RATED voltage range.

1016  4.3.2.7 Earth terminals

1017 PROTECTIVE CONDUCTOR TERMINALS, if any, shall be connected to earth.

1018 FUNCTIONAL EARTH TERMINALS shall be connected or not connected to earth.

1019 4.3.2.8 Controls

1020 Controls which an OPERATOR can adjust without the use of a TooL shall be set to any position
1021 except that:

1022  a) MAINS selection devices shall be set to the correct value;

1023 b) combinations of settings shall not be made if they are prohibited by the manufacturer’s
1024 marking on the equipment.

1025 4.3.2.9 Connections

1026 The equipment shall be connected for NORMAL USE, or not connected.

1027 4.3.2.10 Load on motors
1028 Load conditions of motor-driven parts of equipment shall be in accordance with the NORMAL USE.
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1029 4.3.2.11 Output

1030 For equipment giving an electrical output:

1031 a) the equipment shall be operated in such a way as to provide the RATED output power to the
1032 RATED load;

1033 b) the RATED load impedance of any output shall be connected or not connected.

1034 4.3.2.12 Duty cycle

1035 Equipment for short-term or intermittent operation shall be operated for the longest RATED
1036 period and shall have the shortest RATED recovery period consistent with the manufacturer's
1037 instructions.

1038 Equipment for short-term or intermittent operation that develops significant heat during the
1039 startup phase, and that relies on continued operation to dissipate that heat, shall also be
1040 operated for the shortest RATED period followed by the shortest RATED recovery period.

1041 4.3.2.13 Loading and filling

1042 Equipment intended to be loaded with a specific material in NORMAL USE shall be loaded with
1043 the least favourable quantity of the materials specified in the instructions for use, including not
1044  loaded (empty) if the instructions for use permit this in NORMAL USE.

1045 NOTE |If the specified material could cause a HAZARD during test, another material may be used provided that it can
1046 be shown that the result of the test is not affected.

1047 4.3.2.14 External Services

1048 External services such as air, coolant, etc. shall be supplied at the least favourable temperature,
1049 pressure, flow rate etc. allowed by the equipment instructions.

1050 4.4 Testing in single fault condition

1051 4.41 General

1052 The following requirements apply.

1053 a) The equipment design, specifications, and operating instructions shall be examined to

1054 identify the fault conditions which are liable to result in HAZARDOUS SITUATIONS and which,
1055 therefore, shall be applied.

1056 b) Fault tests shall be made as specified for checking conformity, unless it can be
1057 demonstrated that no HAZARD could arise from a particular fault condition.

1058 c) The equipment shall be operated under the least favourable combination of reference test
1059 conditions (see 4.3). These combinations may be different for different faults and they shall
1060 be recorded for each test. If the environmental limits of the reference test conditions (see
1061 4.3) do not allow realistic assessment of SINGLE FAULT CONDITIONS, the test shall be
1062 conducted at the least favourable RATED environmental conditions of the equipment.

1063 d) Software used in a protective function shall not be considered to provide protection during
1064 fault condition testing unless the software complies with requirements of 14.1 and 14.10.
1065 An error in a single software providing a protective function shall be considered together
1066 with the single faults identified in 4.4.1 a).

1067 NOTE - Reliability can typically be increased by redundancy, diversity, or fail-safe states

1068 4.4.2 Application of fault conditions

1069 4.4.2.1 General

1070 Fault conditions shall include:

1071 1) Any fault conditions determined as applicable through the examination of the equipment as
1072 required in clause 4.4.1.

1073 2) Applicable fault conditions specified in 4.4.2.2 to 4.4.2.15.

1074  3) Any fault condition specified in clauses 6 to 16 dealing with the protection against each
1075 hazard.
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1076 The fault conditions shall be applied only one at a time and shall be applied in turn in any
1077  convenient order. Multiple simultaneous faults shall not be applied unless they are a
1078  consequence of an applied fault.

1079 NOTE For example, fans may be stopped one fan at a time unless they share a common power or control source.
1080 In that case, the common fans should be stopped simultaneously by interrupting the power or control source.

1081 After each application of a fault condition, the equipment or part shall pass the applicable tests
1082 of 4.4.4,

1083 4.4.2.2 Protective impedance

1084 The following requirements apply.

1085 a) If a PROTECTIVE IMPEDANCE is formed by a combination of components, each component
1086 shall be short-circuited or disconnected, whichever is less favourable.

1087  b) If a PROTECTIVE IMPEDANCE is formed with a single component that meets the requirements
1088 of 6.5.4, it need not be short-circuited or disconnected.

1089 4.4.2.3 Protective conductor

1090 The protective conductor shall be interrupted, except for PERMANENTLY CONNECTED EQUIPMENT
1091 and equipment utilizing a connector meeting the requirements of IEC 60309.

1092 4.4.2.4 Equipment or parts for short-term or intermittent operation

1093 These shall be operated continuously if continuous operation could occur in a SINGLE FAULT
1094  CONDITION. Individual parts may include motors, relays, other electromagnetic devices and
1095 heaters.

1096 4.4.2.5 Motors

1097 Motors shall be stopped while fully energized or prevented from starting, whichever is less
1098  favourable.

1099 One supply phase of any multi-phase motor shall be interrupted while the motor is operating at
1100  its intended full load.

1101 4.4.2.6 Capacitors

1102 Capacitors (except for self-healing capacitors) in the auxiliary winding circuits of motors shall
1103 be short-circuited.

1104  4.4.2.7 Transformers relied upon for safety

1105 4.4.2.71 General

1106  The output windings of transformers shall be short-circuited as specified in 4.4.2.7.2, and
1107 overloaded as specified in 4.4.2.7.3.

1108 A transformer damaged during one test may be repaired or replaced before the next test.

1109 Tests for transformers tested as separate components are specified in 14.6.

1110 Switch mode transformers and other pulse driven transformers shall be tested in the circuitry,
1111 by short-circuiting an applicable component or connecting a load in parallel with the component.

1112 4.4.2.7.2 Short circuit

1113 Each untapped output winding, and each section of a tapped output winding, which is loaded in
1114 NORMAL USE, shall be tested in turn, one at a time, to simulate short circuits in the load.
1115 Overcurrent protection devices remain fitted during the test. All other windings are loaded or
1116 not loaded, whichever load condition of NORMAL USE is less favourable.

1117 NOTE - The least favourable load conditions for other windings may vary for each test depending on the winding
1118 subjected to short circuit conditions.

1119 4.4.2.7.3 Overload

1120 Each untapped output winding, and each section of a tapped output winding, is overloaded in
1121 turn one at a time. During each test any other windings shall be loaded or not loaded, to achieve
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1122  the highest current through primary or secondary overcurrent protection without them activating,
1123 whichever load condition of NORMAL USE is less favourable.

1124 NOTE - This test is to achieve the highest winding temperature of the transformer without exceeding the 1 hour
1125 characteristic of any overcurrent protection.

1126 If any overloads arise from testing in the fault conditions of 4.4, secondary windings shall be
1127 subjected to those overloads.

1128 Overloading is carried out by connecting a variable resistor across the winding or, in the case
1129  of a switch mode transformer after the output rectifier. The resistor is adjusted as quickly as
1130 possible and readjusted, if necessary, after 1 min to maintain the applicable overload. No
1131 further readjustments are then permitted.

1132 If overcurrent protection is provided by a current-breaking device, the overload test current is
1133 the maximum current which the overcurrent protection device is just capable of passing for 1 h.
1134 Before the test, the device is replaced by a link with negligible impedance. If this value cannot
1135 be derived from the specification, it is to be established by test.

1136 For equipment in which the output voltage is designed to collapse when a specified overload
1137 current is reached, the overload is slowly increased to a point just before the point which causes
1138 the output voltage to collapse.

1139 In all other cases, the loading is the maximum current obtainable from the secondary winding
1140 under test, with any other windings loaded or not loaded, whichever represents the least
1141 favourable condition.

1142 Transformers with overtemperature protection which meets the requirements of 14.3 during the
1143 short-circuit test of 4.4.2.7.2 need not be subjected to overload tests.

1144  4.4.2.8 Outputs

1145  Outputs shall be short-circuited and overloaded one at a time (see 4.4.2.7.3 for description of
1146 overload conditions).

1147 4.4.2.9 Equipment for more than one supply

1148 Equipment which is designed to be operated from more than one type of supply shall be
1149  simultaneously connected to these supplies, unless this is prevented by the construction.

1150 4.4.210 Cooling

1151 Equipment cooling shall be restricted as follows, one fault at a time:

1152 a) air-holes with filters shall be closed;

1153 b) forced cooling by motor-driven fans shall be stopped;

1154  c¢) cooling by circulation of water or other coolant shall be stopped;

1155  d) loss of cooling liquid shall be simulated.

1156  4.4.2.11 Heating devices

1157 In equipment incorporating heating devices, the following faults shall be applied one at a time:
1158 a) timers which limit the heating period shall be overridden to energize the heating circuit
1159 continuously;

1160 b) temperature controllers, except for overtemperature protection devices meeting the
1161 requirements of 14.3, shall be overridden to energize the heating circuit continuously.

1162 4.4.2.12 Insulation between circuits and parts

1163 Insulation between circuits and parts which is below the level specified for BASIC INSULATION
1164  shall be bridged to check against the spread of fire if the method of 9.1 a) is used.

1165 4.4.2.13 Interlocks

1166 Each part of an interlock system for the protection of the OPERATOR shall be short-circuited or
1167 open-circuited in turn if the system prevents access to HAZARDS when a cover, etc. is removed

1168  without the use of a TOOL. Documents
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1169 4.4.2.14 Voltage selectors

1170  Voltage selectors which an OPERATOR can set for different RATED supply voltages shall be set
1171 for each possible setting with the equipment connected to each of its RATED supply circuits.
1172 4.4.2.15 Interruption of external electrical supply and other energy sources

1173 Each of the required electrical supply or other energy supply sources shall be removed and
1174 restored. Consideration shall be given for equipment with automatic restart function such that
1175 it shall resume in a safe state.

1176 4.4.3 Duration of tests

1177 4.4.3.1 General

1178 The equipment shall be operated until further change as a result of the applied fault is unlikely.
1179 If there is an indication that a HAZARD of electric shock, spread of fire or injury to persons may
1180 eventually occur, the test shall be continued until the HAZARD occurs or until it becomes clear
1181 that a HAZARD will not occur.

1182  4.4.3.2 Current limiting devices

1183 If a device which interrupts or limits the current during operation is included to limit the
1184 temperature of parts which can easily be touched, the maximum temperature attained by those
1185 parts shall be measured, whether the device operates or not.

1186 4.4.3.3 Fuses

1187 If a fault is terminated by the opening of a fuse and if the fuse does not operate within
1188 approximately 1 s, the current through the fuse under the relevant fault condition shall be
1189 measured. The pre-arcing time/current characteristics of the fuse shall be evaluated to find out
1190  whether the minimum operating current is reached and what is the maximum time before the
1191 fuse operates. The current through the fuse may vary as a function of time.

1192 If the minimum operating current of the fuse is not reached in the test, the equipment shall be
1193  operated for a period corresponding to the maximum fusing time or continuously for the duration
1194  specified in 4.4.3.1, with the fuse replaced with a short-circuit.

1195 4.4.4 Conformity after application of fault conditions

119  4.4.41 General

1197 Conformity with requirements for protection against electric shock after the application of single
1198  faults is checked as follows:

1199  a) by making the measurements of 6.3.2 to check that no ACCESSIBLE conductive parts have
1200 become HAZARDOUS LIVE;

1201 b) by performing a voltage test on DOUBLE INSULATION or REINFORCED INSULATION to check that

1202 the protection is still at least at the level of BASIC INSULATION. The voltage tests are made
1203 as specified in 6.7 and 6.8 (without humidity preconditioning) with the test voltage for BASIC
1204 INSULATION;

1205 c) by measuring the temperature of transformer windings if the protection against electrical
1206 HAZARDS is achieved by DOUBLE INSULATION oOr REINFORCED INSULATION within the
1207 transformer. The temperatures of Table 20 shall not be exceeded.

1208 4.4.4.2 Touch temperature

1209 Conformity with requirements for temperature protection is checked by determining the
1210 temperature of the outer surface of the ENCLOSURE and of parts which can easily be touched
1211 (See Clause 10).

1212 4443 Spread of fire

1213 Conformity with requirements for protection against the spread of fire is checked by placing the
1214 equipment on white tissue-paper covering a softwood surface and covering the equipment with
1215 cheesecloth. No molten metal, burning insulation, flaming particles, etc. shall fall on the surface
1216 on which the equipment stands and there shall be no charring, glowing, or flaming of the tissue
1217 paper or cheesecloth. Melting of insulation material shall be ignored if no HAZARD could arise.
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1218 4.4.4.4 Other hazards

1219 Conformity with other requirements for protection against HAZARDS is checked as specified in
1220 Clauses 7 to 16.

1221 5 Marking and documentation

1222 5.1 Marking
1223 51.1 General

1224 Equipment shall bear markings as specified in 5.1.2 to 5.2. Except for marking of internal parts,
1225  these markings shall be visible from the exterior, or be visible after removing a cover or opening
1226  a door without the aid of a TooL, if the cover or door is intended to be removed or opened by
1227 an OPERATOR. Markings applying to the equipment as a whole shall not be put on parts which
1228 can be removed by an OPERATOR without the use of a TOOL.

1229 For rack- or panel-mounted equipment, markings are permitted to be on a surface that becomes
1230 visible after removal of the equipment from the rack or panel.

1231 Letter symbols for quantities and units shall be as specified in IEC 60027. Graphic symbols
1232 shall be in accordance with Table 1 if applicable. There are no colour requirements for symbols.
1233 Graphic symbols shall be explained in the documentation.

1234 NOTE 1 IEC or ISO symbols should be used if available.

1235 NOTE 2 Markings should not be on the bottom of the equipment, except on HAND-HELD EQUIPMENT or where space
1236 is limited.

1237 Conformity is checked by inspection.

1238 5.1.2 Identification
1239 The equipment shall, as a minimum, be marked with:

1240  a) the name or trade mark of the manufacturer or supplier;
1241 b) a model number, name or other means to identify the equipment. If equipment bearing the

1242 same distinctive designation (model number) is manufactured at more than one location,
1243 equipment from each manufacturing location shall be marked so that the location can be
1244 identified.

1245 NOTE The marking of factory location may be in code and need not be on the equipment exterior.

1246 Conformity is checked by inspection.

1247 5.1.3 External electrical supply sources

1248  The equipment shall be marked with the following information, except where electrical power is
1249 only supplied from specific equipment through either a dedicated connector or specified through
1250  marking. Where space is limited, Symbols 1 or 2 of Table 1 or DC or AC shall be marked as
1251 close as possible to the supply terminal with information as required in 5.1.3 a) to e) included
1252 in the equipment documentation.

1253  a) Nature of supply:

1254 1) a.c.: RATED MAINS frequency or range of frequencies;
1255 2) d.c.: symbol 1 of Table 1 or DC.

1256 NOTE 1 For information purposes it may be useful to mark

1257 - equipment intended for a.c. with symbol 2 of Table 1;

1258 - equipment suitable for both a.c. and d.c. with symbol 3 of Table 1;
1259 - equipment for three-phase supply with symbol 4 of Table 1.

1260 b) The RATED supply voltage(s) or the RATED range of supply voltages.

1261 NOTE 2 RATED voltage fluctuations may also be marked.

1262 c¢) The maximum RATED power in watts (active power) or volt-amperes (apparent power), or

1263 the maximum RATED input current, with all accessories or plug-in modules connected. If the

1264 equipment can be used on more than one voltage range, separate values shall be marked

1265 for each voltage range unless the maximum and minimum values do not differ by more than
Documents

Document Sharing Hub

Full document details: 23/30479730 DC


http://www.avadocuments.com/doc/23-30479730-dc
http://www.avadocuments.com/doc/23-30479730-dc

IEC CD 61010-1 A2 © IEC 2023 30 66/810/CD

1266 20 % of the mean value. The measured value shall not exceed the marked value by more
1267 than 10 %.

1268 d) Equipment which can be manually set for different RATED supply voltages shall be provided

1269 with means for the indication of the voltage for which the equipment is set. Except for
1270 PERMANENTLY CONNECTED EQUIPMENT the indication shall be visible from the exterior. If the
1271 equipment is so constructed that the supply voltage setting can be altered without the use
1272 of a TooL, the action of changing the setting shall also change the indication.

1273 e) Accessory MAINS socket-outlets accepting standard MAINS plugs shall be marked with the
1274 voltage if it is different from the MAINS supply voltage. If the outlet is for use only with specific
1275 equipment, it shall be marked to identify the equipment for which it is intended. If not, the
1276 maximum RATED current or power shall be marked, or symbol 14 of Table 1 placed beside
1277 the outlet with the full details included in the documentation.

1278 Conformity is checked by inspection and by measurement of power or input current to check
1279 the requirements of 5.1.3 ¢) have been met. The measurement is made at each RATED voltage
1280 range with the equipment in the condition of maximum power or current consumption as
1281 applicable with all accessories or plug-in modules connected. If the input current varies during
1282 the normal operating cycle, the steady-state current is taken as the mean indication of the
1283 highest measured r.m.s. value during a 10 s period of the normal operation cycle. To exclude
1284  any initial inrush current the measurement is not made until the current has stabilized (usually
1285  after 1 min). Transients are ignored.
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Table 1 — Symbols

66/810/CD

Number Symbol Reference Description

1 pE—— IEC 60417-5031 (2002-10) Direct current

2 TN IEC 60417-5032 (2002-10) Alternating current

3 N IEC 60417-5033 (2002-10) Both direct and alternating current

4 3 - IEC 60417-5032-1 (2002-10) Three-phase alternating current

5 IEC 60417-5017 (2006-08) Earth (ground) TERMINAL

6 @ IEC 60417-5019 (2006-08) PROTECTIVE CONDUCTOR TERMINAL

7 I IEC 60417-5020 (2002-10) Frame or chassis TERMINAL

8 Not used

9 ‘ IEC 60417-5007 (2009-02) On (Power)

10 O IEC 60417-5008 (2009-02) Off (Power)
Equipment protected throughout

11 D IEC 60417-5172 (2003-02) by DOUBLE INSULATION or
REINFORCED INSULATION

12 IEC 60417-6042 (2010-11) Caution, possibility of electric
shock

13 & IEC 60417-5041 (2002-10) Caution, hot surface

14 & ISO 7000-0434B (2004-01) Caution @

15 I IEC 60417-5268 (2002-10) In position of a bi-stable push
control

16 IEC 60417-5269 (2002-10) Out position of a bi-stable push
control

17 A 1ISO 361 lonizing radiation

18 & ISO 7010 — W010 (modified) Caution, risk of frostbite

19 & ISO 7010 W021 Flammable material

20 ‘ Mass of equipment

symbol is marked.

a2 See 5.4.1 which requires manufacturers to state that documentation must be consulted in all cases where this

514 Fuses

For any fuse which may be replaced by an OPERATOR, there shall be a marking beside the
fuse-holder, which will enable the OPERATOR to identify the correct replacement fuse (see 5.4.5).

Conformity is checked by inspection.

Full document details: 23/30479730 DC
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1291 5.1.5 TERMINALS, connections and operating devices
1292 5.1.5.1 General

1293 If necessary for safety, an indication shall be given of the purpose of TERMINALS, connectors,
1294 controls, and indicators, including any connections for fluids such as gas, water and drainage.
1205  Where there is insufficient space, symbol 14 of Table 1 may be used.

1296 NOTE 1 For additional information, see JEC 60444 and JEC 60447.

1297 NOTE 2 Individual pins of multi-pin connectors need not be marked.

1298 Push-buttons and actuators of emergency stop devices, and indicators used only to indicate a
1299  warning of danger or the need for urgent action, shall be coloured red and coded as specified
1300 in JEC 60073

. If the meaning of colour relates to the safety of persons or the environment,
1301 supplementary means of coding shall be provided (see |[EC 60073).
1302 NOTE 3 National authorities may require that equipment used in certain environments meet the man-machine
1303 interface requirements pertinent to that environment.

1304  Conformity is checked by inspection.

1305 5.1.5.2 Terminals
1306  TERMINALS for connection to the MAINS supply shall be identifiable.

1307  The following TERMINALS shall be marked as follows:

1308 @) FUNCTIONAL EARTH TERMINALS with symbol 5 of Table 1;
1309 b) PROTECTIVE CONDUCTOR TERMINALS with symbol 6 of Table 1, except when the PROTECTIVE

1310 CONDUCTOR TERMINAL is part of an approved MAINS appliance inlet. The symbol shall be
1311 placed on the TERMINAL or close to it;

1312 c) TERMINALS of circuits which are permitted by 6.6.3 to be connected to ACCESSIBLE conductive
1313 parts, with symbol 7 of Table 1 unless connection is self-evident;

1314 NOTE This symbol may also be considered as a warning symbol in that it indicates that a HAZARDOUS LIVE
1315 voltage must not be connected to the TERMINAL. The symbol should also be used if it is likely that an OPERATOR
1316 could make such a connection inadvertently.

1317 d) TERMINALS supplied from the interior of the equipment and which are HAZARDOUS LIVE, with

1318 the voltage, current, charge or energy value or range, or with symbol 12 (preferred) or
1319 symbol 14 of Table 1. This requirement does not apply to MAINS supply outlets where a
1320 standard MAINS socket outlet is used.

1321 Conformity is checked by inspection.

1322 5.1.6 Switches and circuit-breakers
1323 If the power supply switch or circuit-breaker is used as the disconnecting device, it shall be
1324 marked as specified in 6.11.4.2.

1325 If a push-button switch is used as the power supply switch, symbols 9 and 15 of Table 1 may
1326 be used to indicate the on-position, or symbols 10 and 16 to indicate the off-position, with the
1327 pair of symbols (9 and 15, or 10 and 16) close together.

1328  Conformity is checked by inspection.

1329 5.1.7 Equipment protected by double insulation or reinforced insulation

1330 Equipment which is only partially protected by DOUBLE INSULATION or REINFORCED INSULATION
1331 shall not be marked with symbol 11 of Table 1.

1332 NOTE Equipment protected throughout by DOUBLE INSULATION or REINFORCED INSULATION may be marked with symbol
1333 11 of Table 1.

1334 Conformity is checked by inspection.

1335 5.1.8 Field-wiring TERMINAL boxes

1336 If the temperature of the TERMINALS or the ENCLOSURE of a field-wiring TERMINAL box or
1337  compartment exceeds 60 °C in NORMAL CONDITION at an ambient temperature of 40 °C, or at the
1338 maximum RATED ambient temperature if higher, there shall be a marking to warn themge‘gments
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1339  consult the installation instructions before determining the temperature RATING of the cable to
1340 be connected to the TERMINALS. The marking shall be visible before and during connection, or
1341 be beside the TERMINALS. Symbol 14 is an acceptable marking.

1342 Conformity, in case of doubt, is checked by measurement as specified in 10.3 a) and, if
1343  applicable, by inspection of markings.

1344 5.1.9 Other marking requirements
1345  The equipment shall have the following markings as applicable:

1346  a) Protection against ingress of solid foreign objects and water as specified in 11.6.1;
1347 b) Markings as specified for lifting and carrying of equipment in 7.5.1
1348  Conformity is checked by inspection.

1349 5.2 Warning markings

1350  Warning markings specified in this standard shall meet the following requirements.

1351 Warning markings shall be visible and legible when the equipment is ready for NORMAL USE. If
1352 a warning applies to a particular part of the equipment, the marking shall be placed on or near
1353  that part.

1354  The size of warning markings shall be as follows:

1355 a) symbols shall be at least 2,75 mm high. Text shall be at least 1,5 mm high and contrast in

1356 colour with the background;
1357 b) symbols or text moulded, stamped or engraved in a material shall be at least 2,0 mm high.
1358 If not contrasting in colour, they shall have a depth or raised height of at least 0,5 mm.

1359 If it is necessary for the RESPONSIBLE BODY or OPERATOR to refer to the documentation to
1360 preserve the protection afforded by the equipment, the equipment shall be marked with symbol
1361 14 of Table 1. Symbol 14 is not required to be used if other symbols which address the safety
1362 aspects are used and explained in the documentation.

1363 If the instructions for use state that an OPERATOR is permitted to gain access, using a ToOOL, to
1364  a part or location which in NORMAL USE may present a HAZARD, there shall be a warning marking
1365 indicating that the equipment must be placed in safe state before access. Symbol 14 shall be
1366 used for this purpose with the warning text included in the documentation. Additional symbols
1367 may be marked to indicate the nature of the HAZARD such as symbol 12, 13, or 17 as appropriate.

1368 Symbols are the preferred marking method over text warnings. Supplemental text may be
1369 provided adjacent to the symbol.

1370 Conformity is checked by inspection.

1371 5.3 Durability of markings
1372 Required markings shall remain clear and legible under conditions of NORMAL USE and shall
1373 resist the effects of the cleaning agents specified by the manufacturer.

1374  Conformity is checked by performing the following test for durability of markings on the outside
1375 of the equipment. The markings are rubbed by hand, without undue pressure, for 30 s with a
1376  cloth soaked with each specified cleaning agent (or, if not specified, with 70 % isopropyl!
1377  alcohol).

1378  After the above treatment the markings shall be clearly legible and adhesive labels shall not
1379  have worked loose or become curled at the edges.

1380 5.4 Documentation

1381 5.4.1 General

1382  The following information necessary for safety purposes, as needed by the OPERATOR or the
1383 RESPONSIBLE BODY, shall be contained in the documentation provided with the equipment. Safety
1384  documentation for service personnel authorized by the manufacturer shall be made available

1385  to such personnel: Documents
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1386 a) intended use of the equipment;

1387 b) technical specification;

1388 c) name and address of the manufacturer or supplier from whom technical assistance may
1389 be obtained;

1390 d) the information specified in 5.4.2 to 5.4.6;

1391 e) information about the residual RISks and how to mitigate residual RISKS (see Clause 17);
1392 f) for equipment which for safety reasons requires specific accessories (for example probe
1393 assemblies) with specific characteristics, the documentation shall indicate that only
1394 accessories which meet the manufacturer’s specifications shall be used;

1395 g) if a HAZARD could be caused by an incorrect reading when measuring, indicating or
1396 detecting harmful or corrosive substances, or HAZARDOUS LIVE electrical quantities, the
1397 instructions shall provide guidance on how to determine that the equipment is
1398 functioning correctly;

1399 h) instructions for lifting and carrying (see 7.5.1).

1400 i) instructions for transport, handling and storage.

1401 j) instructions related to IP rating (see 11.6)

1402 Warning symbols and warning statements that are marked on the equipment shall be explained
1403 in the documentation. In particular, the documentation shall include a statement that it must be
1404 consulted in all cases where symbol 14 of Table 1 is marked, in order to find out the nature of
1405 the potential HAZARDS and any actions which have to be taken to avoid them.

1406 NOTE 1 Markings and text on equipment are considered equivalent to the documentation.

1407 NOTE 2 If NORMAL USE involves the handling of harmful or corrosive substances, instruction should be given on
1408 correct use and safety provisions. If any harmful or corrosive substance is specified or supplied by the equipment
1409 manufacturer, the necessary information on its constituents and the correct disposal procedure should also be given.

1410 Documentation may be provided on printed or electronic media, however printed information is
1411 required for all information necessary for safety that might not be available in electronic form at
1412 the time it is needed. The documentation shall be delivered with the equipment. Consideration
1413 shall be given to the ability of the RESPONSIBLE BODY to read the media.

1414 Conformity is checked by inspection.

1415  5.4.2 Equipment RATINGS

1416 Documentation shall include the following:

1417 a) the supply voltage or voltage range, frequency or frequency range, and power or current
1418 RATING;

1419 b) a description of all input and output connections as required by 6.6.1 a);

1420  c) the RATING of the insulation of external circuits as required by 6.6.1 b);
1421 d) a statement of the range of environmental conditions for which the equipment is designed
1422 including:

1423 1) indoor or outdoor use

1424 2) altitude

1425 3) temperature

1426 4) relative humidity

1427 5) MAINS supply voltage fluctuations

1428 6) OVERVOLTAGE CATEGORY, except for cord/plug-connected equipment
1429 7) WET LOCATION, if applicable

1430 8) POLLUTION DEGREE of the intended environment,

1431 e) for equipment RATED for ingress protection according to JEC 60529 the information required
1432 in 11.6.1;

1433  f) for equipment with an impact RATING less than 5 J, the information specified in 8.1 d)
1434  Conformity is checked by inspection. Documents
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1435  5.4.3 Equipment installation

1436 The documentation shall include installation and specific commissioning instructions and, if
1437 necessary for safety, warnings against HAZARDS which could arise during installation or
1438  commissioning or as a result of improper installation or commissioning of the equipment. Such
1439 information includes, if applicable:

1440 a) instructions for protective earthing;

1441 b) connections to the supply;

1442 c) for PERMANENTLY CONNECTED EQUIPMENT:

1443 1) supply wiring requirements;

1444 2) requirements for any external switch or circuit-breaker (see 6.11.3.1) and external
1445 overcurrent protection devices (see 9.6.2) and a recommendation that the switch or
1446 circuit-breaker be near the equipment;

1447 d) the required field wiring temperature rRATING (see 5.1.8)

1448 e) ventilation requirements;

1449 f) requirements and safety characteristics for special external services, for example:
1450 maximum and minimum pressure, flow rate, temperature etc. allowed by the equipment
1451 instructions or cooling liquid;

1452 g) instructions relating to sound level (see 12.5.1).

1453 h) instructions related to verification of equipment connection to potentially hazardous
1454 substances (see 13.1).

1455 NOTE It is recommended to add a statement in the documentation for the installation that the safety of any system
1456 incorporating the equipment is the responsibility of the assembler of the system.

1457 Conformity is checked by inspection.

1458  5.4.4 Equipment operation

1459 Instructions for use shall include, if applicable:

1460 a) identification and description of operating controls and their use in all operating modes;

1461 b) instructions not to position the equipment so that it is difficult to operate the disconnecting
1462 device;

1463 ) instructions for interconnection to accessories and other equipment, including indication of
1464 suitable accessories, detachable parts and any special materials;

1465  d) specifications of limits for intermittent operation;

1466  e) explanations of symbols related to safety which are used on the equipment;
1467  f) instructions for replacement of consumable materials;

1468 @) instructions for cleaning and decontamination;

1469 h) a statement listing potentially poisonous or injurious substances that can be liberated from
1470 the equipment, and possible quantities;

1471 i) detailed instructions about RISK reduction procedures relating to flammable liquids
1472 (see 9.5 ¢));

1473 j) details of methods of reducing the RISKS of burns from surfaces permitted to exceed the

1474 temperature limits of 10.1.

1475 k) additional precautions necessary related to HAZARDS associated with moisture or liquids
1476 when accessories or sub-assemblies compliant with other product safety standards are used
1477 with equipment within the scope of this standard.

1478  There shall be a statement in the instructions that, if the equipment is used in a manner not
1479  specified by the manufacturer, the protection provided by the equipment may be impaired.

1480  Conformity is checked by inspection.

Documents
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1481 5.4.5 Equipment maintenance and service

1482 Instructions shall be provided to the RESPONSIBLE BODY in sufficient detail to permit safe
1483 maintenance, inspection and testing of the equipment, and to ensure continued safety of the
1484 equipment after the maintenance, inspection and test procedure.

1485 If applicable, manufacturer’s documentation shall instruct against replacing detachable MAINS
1486  supply cords by inadequately RATED cords.

1487 For equipment using replaceable batteries, the specific battery type shall be stated.

1488  The manufacturer shall specify any parts which are required to be examined or supplied only
1489 by the manufacturer or his agent.

1490 The RATING and characteristics of replaceable fuses shall be stated.

1491 Instructions on the following subjects shall be provided for service personnel, as necessary to
1492 permit safe servicing and continued safety of the equipment after servicing if the equipment is
1493  suitable to be serviced:

1494  a) product-specific RISKS that may affect the service personnel;

1495 b) protective measures for these RISKS;

1496  c¢) verification of the safe state of the equipment after repair.

1497 d) a list of specifications of all the special equipment, TOOLS and accessories essential to
1498 enable it to be safely adjusted and maintained.

1499 e) guidance on verification of connections to hazardous substances (see 13.1)
1500 Instructions for service personnel need not be supplied to the RESPONSIBLE BODY, but shall be
1501 made available to service personnel.

1502  Conformity is checked by inspection.

1503  5.4.6 Integration into systems or effects resulting from special conditions

1504  Aspects resulting from integration into systems or effects resulting from special ambient or
1505  application conditions shall be described in the documentation.

1506 Conformity is checked by inspection of the documentation.

1507 6 Protection against electric shock

1508 6.1 General
1509 6.1.1 Requirements

1510 Protection against electric shock shall be maintained in NORMAL CONDITION and SINGLE FAULT
1511 CONDITION (see 6.4 and 6.5). ACCESSIBLE parts (see 6.2) shall not be HAZARDOUS LIVE (see 6.3).
1512 Voltage, current, charge or energy between an ACCESSIBLE part and earth, or between any two
1513  ACCESSIBLE parts on the same piece of equipment within a distance of 1,8 m (over a surface or
1514  through air), shall not exceed the levels of 6.3.1 in NORMAL CONDITION nor of 6.3.2 in SINGLE
1515  FAULT CONDITION.

1516 Conformity is checked by the determination of ACCESSIBLE parts as specified in 6.2 and by the
1517 measurements of 6.3 to establish that the levels of 6.3.1 and 6.3.2 are not exceeded, and as
1518 specified in 6.4 to 6.11.

1519 6.1.2 Exceptions

1520  If it is not feasible for operating reasons to prevent the following parts being both ACCESSIBLE
1521 and HAZARDOUS LIVE, they are permitted to be ACCESSIBLE to an OPERATOR during NORMAL USE
1522 while they are HAZARDOUS LIVE:

1523 a) parts of lamps and lamp sockets after lamp removal;

1524  b) parts intended to be replaced by an OPERATOR (for example, batteries) and which may be
1525 HAZARDOUS LIVE during the replacement or other OPERATOR action, but only if they are
1526 ACCESSIBLE only by means of a ToOL and have a warning marking (see 5.2); Documents
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1527  If any of the parts in a) and b) receives a charge from an internal capacitor, they shall not be
1528 HAZARDOUS LIVE 10 s after interruption of the supply.

1529 If a charge is received from an internal capacitor, conformity is checked by the measurements
1530 of 6.3 to establish that the levels of 6.3.1 ¢) are not exceeded.

1531 6.2 Determination of ACCESSIBLE parts
1532 6.2.1 General

1533 Unless obvious, determination of whether a part is ACCESSIBLE is made as specified in 6.2.2
1534 to 6.2.4 in all positions of NORMAL USE. Test fingers (see Annex B) and pins are applied without
1535  force unless a force is specified. Parts are considered to be ACCESSIBLE if they can be touched
1536 with any part of a test finger or test pin, or if they could be touched in the absence of a covering
1537  which is not considered to provide suitable insulation (see 6.9.2).

1538  ACCESSIBLE parts do not include those that become ACCESSIBLE when equipment having a mass
1539 exceeding 40 kg is tilted. If, in NORMAL USE, an OPERATOR is intended to perform any actions
1540 (with or without a TOOL) that could increase the accessibility of parts, such actions are taken
1541 before performing the examinations of 6.2.2 to 6.2.4.

1542 NOTE Examples of such actions include:

1543 a) removing covers;

1544 b) opening doors;

1545 c) adjusting controls;

1546 d) replacing consumable material;

1547 e) removing parts.

1548  Rack-mounted and panel-mounted equipment is installed as specified in the manufacturer's

1549 instructions before making the examinations of 6.2.2 to 6.2.4. For such equipment, the
1550 OPERATOR is assumed to be in front of the panel.

1551 6.2.2 Examination

1552 The jointed test finger (see Figure B.2) is applied in every possible position. If a part could
1553  become ACCESSIBLE by applying a force, the rigid test finger (see Figure B.1) is applied with a
1554  force of 10 N. The force is exerted by the tip of the test finger so as to avoid wedge and lever
1555  action. The test is applied to all outer surfaces, including the bottom. However, on equipment
1556  accepting plug-in modules the tip of the jointed test finger is inserted only to a depth of 180 mm
1557 from the opening in the equipment.

1558 The test finger is likewise applied to all openings in the ENCLOSURE, including holes and
1559 TERMINALS. In these cases, the ACCESSIBLE parts of the ENCLOSURE are considered to include
1560  any part of the test finger which can be inserted into the hole or TERMINAL (see Figure 1).

IEC 1007/10

1561

1562 Key

1563 A inside of equipment

1564 B outside of equipment

1565 C HAZARDOUS LIVE part

1566 D tip of test finger is considered to be ACCESSIBLE

1567 E test finger Documents
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1568 Figure 1 — Measurements through openings in ENCLOSURES

1569 6.2.3 Openings above parts that are HAZARDOUS LIVE

1570 A metal test pin 100 mm long and 4 mm in diameter is inserted into any openings above parts
1571 which are HAZARDOUS LIVE. The test pin is suspended freely and allowed to penetrate up
1572 to 100 mm.

1573 The additional safety measures of 6.5.1 for protection in SINGLE FAULT CONDITION are not
1574 required solely because a part is ACCESSIBLE only by this test.

1575 NOTE This exception is permitted because the insertion of an object similar to this test pin is considered to be a
1576 SINGLE FAULT CONDITION and one means of protection is sufficient.

1577 This test is not applied to TERMINALS.

1578  6.2.4 Openings for pre-set controls

1579 A metal test pin 3 mm in diameter is inserted through holes intended to give access to pre-set
1580 controls which require the use of a screwdriver or other TOOL. The test pin is applied in every
1581 possible direction through the hole. Penetration shall not exceed three times the distance from
1582 the ENCLOSURE surface to the control shaft or 100 mm, whichever is smaller.

1583 6.3  Limit values for ACCESSIBLE parts

1584 6.3.1 Levels in normal condition

1585  Voltages above the levels of a) are deemed to be HAZARDOUS LIVE if any of the levels of b) or ¢)
1586 are exceeded.

1587  a) The a.c. voltage levels are 30 V r.m.s., 42,4 V peak and the d.c. voltage level is 60 V. For

1588 equipment intended for use in WET LOCATIONS, the a.c. voltage levels are 16 Vr.m.s., 22,6 V
1589 peak and the d.c.voltage level is 35 V.

1590  b) The current levels are:

1591 1) 0,5 mA r.m.s. for sinusoidal waveforms, 0,7 mA peak for non-sinusoidal waveforms or
1592 mixed frequencies, or 2 mA d.c., when measured with the measuring circuit of
1593 Figure A.1a up to 1 MHz. If the frequency does not exceed 100 Hz, the measuring circuit
1594 of Figure A.2 can be used. The measuring circuit of Figure A.4 is used for equipment
1595 intended for use in WET LOCATIONS.

1596 2) 70 mA r.m.s. when measured with the measuring circuit of Figure A.3. This relates to
1597 possible burns at higher frequencies (above 30 kHz).

1598  c) The levels of capacitive charge or energy are:

1599 1) 45 uC charge for voltages up to 15 kV peak or d.c.; line A of Figure 3 shows the
1600 capacitance versus voltage where the charge is 45 uC.
1601 2) 350 mJ stored energy for voltages above 15 kV peak or d.c.

1602  6.3.2 Levels in single fault condition

1603  Voltages above the levels of a) are deemed to be HAZARDOUS LIVE if any of the levels of b) or ¢)
1604  are exceeded at the same time.

1605 a) The a.c. voltage levels are 50 V r.m.s., 70 V peak and the d.c. voltage level is 120 V. For

1606 equipment intended for use in WET LOCATIONS, the a.c. voltage levels are 33 V r.m.s, 46,7 V
1607 peak and the d.c. voltage level is 70 V .
1608  b) The current levels are:
1609 1) 5,0 mA r.m.s. for sinusoidal waveforms, 7,07 mA peak for non-sinusoidal waveforms or
1610 mixed frequencies, or 25 mA d.c., when measured with the measuring circuit of
1611 Figure A.1b up to 1 MHz. If the frequency does not exceed 100 Hz, the measuring circuit
1612 of Figure A.2 can be used. The measuring circuit of Figure A.4 is used for equipment
1613 intended for use in wet locations;
1614 2) 500 mA r.m.s. when measured with the measuring circuit of Figure A.3. This relates to
1615 possible burns at higher frequencies (above 30 kHz). For currents with a duration less
1616 than 1 sec. the measuring circuit of Figure A.3 shall be used.
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1617 For short-term currents, the maximum duration versus current is defined by Figure 2. For
1618 durations of less than 0,1 ms, the maximum current is 2,5 A peak.

1619  c¢) The levels of capacitance or energy are:

1620 1) line B of Figure 3 or
1621 2) 1,6 J stored energy for voltages above 40 kV peak or DC.
1622
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Figure 2 — Maximum duration of short-term current
in SINGLE FAULT CONDITION (see 6.3.2 b))
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Figure 3 — Capacitance level versus voltage in NORMAL CONDITION and SINGLE FAULT

CONDITION (see 6.3.1 ¢) and 6.3.2 c¢))
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6.4 Primary means of protection

6.4.1 General

Access to HAZARDOUS LIVE parts shall be prevented by ENCLOSURES or PROTECTIVE BARRIERS (see
6.4.2) and:ACCESSIBLE parts shall be prevented from becoming HAZARDOUS LIVE by one or both
of the following means (see Annex D):

a) BASIC INSULATION (see 6.4.3);

b) impedance (see 6.4.4).

Conformity is checked by inspection and as specified in 6.4.2. to 6.4.4.

6.4.2 ENCLOSURES and PROTECTIVE BARRIERS
ENCLOSURES and PROTECTIVE BARRIERS shall meet the rigidity requirements of 8.1.

If ENCLOSURES or PROTECTIVE BARRIERS provide protection by insulation, they shall meet the
requirements of BASIC INSULATION.

If ENCLOSURES or PROTECTIVE BARRIERS provide protection by limiting access, CLEARANCES and
CREEPAGE DISTANCES between ACCESSIBLE parts and HAZARDOUS LIVE parts shall meet the
requirements of 6.7 and the applicable requirements for BASIC INSULATION.

Conformity is checked as specified in 6.7 and 8.1. Rack-mounted and panel-mounted equipment
are to be installed as specified in the manufacturer's instructions before checking.

6.4.3 BASIC INSULATION

CLEARANCES, CREEPAGE DISTANCES and solid insulation forming BASIC INSULATION between
ACCESSIBLE parts and HAZARDOUS LIVE parts shall meet the requirements of 6.7.

Conformity is checked as specified in 6.7.

6.4.4 Impedance
An impedance used as a primary means of protection shall meet all the following requirements:

a) it shall limit the current or voltage to not more than the applicable level of 6.3.2;

b) it shall be RATED for the maximum WORKING VOLTAGE and for the amount of power that it will
dissipate;

C) CLEARANCE and CREEPAGE DISTANCE between terminations of the impedance shall meet the
applicable requirements of 6.7 for BASIC INSULATION.

Conformity is checked by inspection, by measuring the voltage or current to confirm that they
do not exceed the levels of 6.3.2, and by measuring CLEARANCE and CREEPAGE DISTANCE as
specified in 6.7.

6.5 Additional means of protection in case of SINGLE FAULT CONDITIONS

6.5.1 General

ACCESSIBLE parts shall be prevented from becoming HAZARDOUS LIVE in SINGLE FAULT CONDITION.
The primary means of protection (see 6.4) shall be supplemented by one of a), b), c) or d).
Alternatively one of the single means of protection e) or f) shall be used. See Figure 4 and
Annex D.

a) PROTECTIVE BONDING (see 6.5.2);

b) SUPPLEMENTARY INSULATION (see 6.5.3);

c) automatic disconnection of the supply (see 6.5.5);

d) current- or voltage-limiting device (see 6.5.6);

€) REINFORCED INSULATION (see 6.5.3);

f) PROTECTIVE IMPEDANCE (see 6.5.4).

Conformity is checked by inspection and as specified in 6.5.2 to 6.5.6.
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1681
HAZARDOUS part
6.4.1 a) 6.4.1b)
i | BASIC INSULATION Impedance
8 ! 4
< 6.5.1 e) 6.5.1 f)
=) H
2 : REINFORCED PROTECTIVE
o INSULATION IMPEDANCE
3 i -
o : ) )
: 6.5.1 b) : 6.5.1 a) 6.5.1 c) 6.5.1 d)
SUPPLEMENTARY PROTECTIVE Automatic Current- or
: INSULATION : BONDING (or disconnection of voltage-limiting
: : screen) the supply device
ACCESSIBLE part
1682 Figure 4 — Acceptable arrangement of protective means against electric shock

IEC 1010/10
1683  6.5.2 Protective bonding
1684  6.5.2.1 General

1685 ACCESSIBLE conductive parts shall be bonded to the PROTECTIVE CONDUCTOR TERMINAL if they
1686  could become HAZARDOUS LIVE in case of a single fault of the primary means of protection
1687  specified in 0. Alternatively, such ACCESSIBLE parts shall be separated from parts which are
1688 HAZARDOUS LIVE by a conductive protective screen bonded to the PROTECTIVE CONDUCTOR
1689  TERMINAL.

1690 Conformity is checked as specified in 6.5.2.2 to 6.5.2.6.

1691 6.5.2.2 Integrity of protective bonding
1692  The integrity of PROTECTIVE BONDING shall be assured as specified below.

1693 a) PROTECTIVE BONDING shall consist of directly connected structural parts or discrete

1694 conductors, or both. It shall withstand all thermal and dynamic stresses to which it could be
1695 subjected before one of the overcurrent protective means specified in 9.6 disconnects the
1696 equipment from the supply.

1697 b) Soldered connections subject to mechanical stress shall be mechanically secured
1698 independently from the soldering. Such connections shall not be used for other purposes
1699 such as fixing constructional parts.

1700  c¢) Screw connections shall be secured against loosening.
1701 d) If a part of the equipment is removable by an OPERATOR, the PROTECTIVE BONDING for the

1702 remainder of the equipment shall not be interrupted (except for a part that also carries the
1703 MAINS input connection to the whole equipment).

1704  e) Unless they are specifically designed for electrical inter-connection and meet the
1705 requirements of 6.5.2.4, movable conductive connections, for example, hinges, slides, etc.,
1706 shall not be the sole PROTECTIVE BONDING path.

1707 f) The exterior metal braid of cables shall not be regarded as PROTECTIVE BONDING, even if
1708 connected to the PROTECTIVE CONDUCTOR TERMINAL.
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1709 g) If power from the MAINS supply is passed through equipment for use by other equipment,

1710 means shall also be provided for passing the protective conductor through the equipment to
1711 protect the other equipment. The impedance of the protective conductor path through the
1712 equipment shall not exceed that specified in 6.5.2.4.

1713 h) Protective conductors may be bare or insulated. Insulation shall be green-and-yellow, except
1714 in the following cases:

1715 1) for earthing braids, either green-and-yellow or colourless-transparent;

1716 2) for internal protective conductors, and other conductors connected to the PROTECTIVE
1717 CONDUCTOR TERMINAL in assemblies such as ribbon cables, busbars, flexible printed
1718 wiring, etc., any colour may be used provided that no HAZARD is likely to arise from non-
1719 identification of the protective conductor.

1720  Equipment using PROTECTIVE BONDING shall be provided with a TERMINAL that is suitable for
1721 connection to a protective conductor and meets the requirements of 6.5.2.3.

1722 Conformity is checked by inspection.

1723 6.5.2.3 Protective conductor terminal
1724 PROTECTIVE CONDUCTOR TERMINALS shall meet the following requirements.

1725  a) The contact surfaces shall be metal.

1726 NOTE 1 Materials of PROTECTIVE BONDING systems should be chosen to minimize electro-chemical corrosion
1727 between the TERMINAL and the protective conductor, or any other metal in contact with them.

1728  b) The integral protective conductor connection of an appliance inlet shall be regarded as the
1729 PROTECTIVE CONDUCTOR TERMINAL.

1730 c) For equipment provided with a rewirable flexible cord and for PERMANENTLY CONNECTED

1731 EQUIPMENT, the PROTECTIVE CONDUCTOR TERMINAL shall be located near the MAINS supply
1732 TERMINALS.
1733 d) If the equipment does not require connection to a MAINS supply, but nevertheless has a circuit
1734 or part which is required to be protectively earthed, the PROTECTIVE CONDUCTOR TERMINAL
1735 shall be located near the TERMINALS of that circuit for which protective earthing is necessary.
1736 If this circuit has external TERMINALS, the PROTECTIVE CONDUCTOR TERMINAL shall also be
1737 external.
1738  e) PROTECTIVE CONDUCTOR TERMINALS for MAINS CIRCUITS shall be at least equivalent in current-
1739 carrying capacity to the MAINS supply TERMINALS.
1740  f) Plug-in type PROTECTIVE CONDUCTOR TERMINALS combined with other TERMINALS and intended
1741 to be connected and disconnected without the use of a ToOL, shall be designed so that the
1742 protective conductor connection makes first and breaks last with respect to the other
1743 connections. Examples include plugs and appliance couplers for MAINS cords and connector
1744 assemblies of plug-in units.
1745  g) If the PROTECTIVE CONDUCTOR TERMINAL is also used for other bonding purposes, the
1746 protective conductor shall be applied first and secured independently of other connections.
1747 The protective conductor shall be connected in such a way that it is unlikely to be removed
1748 during servicing that does not require disconnection of the protective conductor.
1749 h) For equipment in which the protective conductor is required for protection against a single
1750 fault in a measuring circuit, the following shall apply:
1751 1) the PROTECTIVE CONDUCTOR TERMINAL and protective conductor shall have at least the
1752 current RATING of the measuring TERMINALS;
1753 2) the PROTECTIVE BONDING shall not be interrupted by any switching or interrupting device.
1754 i) FUNCTIONAL EARTH TERMINALS (for example, measuring earth TERMINALS) shall allow a
1755 connection which is independent from the connection of the protective conductor.
1756 NOTE 2 Equipment may be equipped with FUNCTIONAL EARTH TERMINALS, irrespective of the protective means
1757 taken.
1758  j) If the PROTECTIVE CONDUCTOR TERMINAL is a binding screw assembly (see Figure 5), it shall
1759 be of a suitable size for the bond wire, but with a thread size no smaller than 4,0 mm, with
1760 at least three turns of the screw engaged.
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1761 k) The contact pressure required for a bonding connection shall not be capable of being
1762 reduced by deformation of materials forming part of the connection.

1763
1764

IEC 1011/10

1765 Key

1766 A fixed part

1767 B  washer or clamping plate

1768 C anti-spread device

1769 D conductor space

1770 Figure 5 — Examples of binding screw assemblies

1771 Conformity is checked by inspection. Conformity for j) is also checked by the following test.

1772 The binding screw assembly is to be tightened and loosened three times, together with the least
1773 favourable conductor to be secured, using the tightening torques specified in Table 2. All parts
1774 of the binding screw assembly shall withstand this test without mechanical failure.

1775 Table 2 — Tightening torque for binding screw assemblies
Thread size 4.0 5.0 6,0 8,0 10,0
mm
Tighten’\ilng torque 1.2 2.0 3.0 6.0 10,0
‘m
1776
1777 6.5.2.4 Impedance of PROTECTIVE BONDING of plug-connected equipment

1778 The impedance between the PROTECTIVE CONDUCTOR TERMINAL and each ACCESSIBLE part for
1779  which PROTECTIVE BONDING is specified shall not exceed 0,1 Q. If the equipment has a non-
1780 detachable power cord, the impedance between the protective conductor plug pin of the MAINS
1781 cord and each ACCESSIBLE part for which PROTECTIVE BONDING is specified shall not exceed
1782 0,2 Q.

1783  Conformity is checked by applying a test current for 1 min and then calculating impedance. The
1784 test current is the greater of

1785 a) 25 A a.c. r.m.s. at RATED MAINS frequency or d.c.,

1786  b) a current equal to twice the RATED current of the equipment.

1787 If the equipment contains overcurrent protection devices for all poles of the MAINS supply, and
1788  if the wiring on the supply side of the overcurrent protection devices cannot become connected
1789 to ACCESSIBLE conductive parts in the case of a single fault, the test current need not be more
1790 than twice the RATED current of the internal overcurrent protection devices.

1791 6.5.2.5 Impedance of PROTECTIVE BONDING of PERMANENTLY CONNECTED EQUIPMENT
1792 PROTECTIVE BONDING of PERMANENTLY CONNECTED EQUIPMENT shall be of low impedance.
1793 Conformity is checked by applying a test current of twice the value of the overcurrent protection
1794 means specified in the equipment installation instructions for the building supply MAINS CIRCUIT
1795 for 1 min between the PROTECTIVE CONDUCTOR TERMINAL and each ACCESSIBLE conductive part

1796 for which PROTECTIVE BONDING is required. The voltage between them shall not exceed
1797 10 V a.c. rm.s. ord.c.
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1798 If the equipment contains overcurrent protection devices for all poles of the MAINS supply, and
1799  if the wiring on the supply side of the overcurrent protection devices cannot become connected
1800 to ACCESSIBLE conductive parts in the case of a single fault, the test current need not be more
1801 than twice the RATED current of the internal overcurrent protection devices.

1802 6.5.2.6 Transformer PROTECTIVE BONDING screen

1803 If the transformer is fitted with a screen for PROTECTIVE BONDING purposes that is separated only
1804 by BASIC INSULATION from a winding that is connected to a HAZARDOUS LIVE circuit, the screen
1805  shall satisfy the requirements of 6.5.2.2 a) and b), and be of low impedance.

1806 Conformity is checked by inspection and by one of the following tests:

1807 a) a test current of twice the value of the overcurrent protection means of the winding is applied

1808 for 1 min between the screen and the PROTECTIVE CONDUCTOR TERMINAL. The voltage
1809 between them shall not exceed 10 V a.c. r.m.s. or d.c.;

1810  b) the test of 6.5.2.4 using test current twice the value of the overcurrent protection means of
1811 the winding. The impedance shall not exceed 0,1 Q.

1812 NOTE |If test a) or b) is carried out, a specially prepared sample transformer having an extra lead-out wire from
1813 the free end of the screen is used to ensure that the current during the test passes through the screen.

1814  6.5.3 SUPPLEMENTARY INSULATION and REINFORCED INSULATION

1815  CLEARANCES, CREEPAGE DISTANCES and solid insulation forming SUPPLEMENTARY INSULATION or
1816 REINFORCED INSULATION shall meet the applicable requirements of 6.7.

1817 Conformity is checked as specified in 6.7.

1818  6.5.4 PROTECTIVE IMPEDANCE
1819 A PROTECTIVE IMPEDANCE shall limit the current or voltage to the levels of 6.3.1 in NORMAL
1820  CONDITION and 6.3.2 in SINGLE FAULT CONDITION.

1821 Insulation between the terminations of the PROTECTIVE IMPEDANCE shall meet the requirements
1822  of 6.7 for DOUBLE INSULATION Or REINFORCED INSULATION.

1823 A PROTECTIVE IMPEDANCE shall be one or more of the following:

1824  a) an appropriate single component which shall be constructed, selected and tested so that
1825 safety and reliability for protection against electric shock is assured. In particular, the
1826 component shall be:

1827 c) RATED for twice the maximum WORKING VOLTAGE;

1828  d) if a resistor, RATED for twice the power dissipation for the maximum WORKING VOLTAGE.
1829  b) a combination of components.

1830 A PROTECTIVE IMPEDANCE shall not be a single electronic device that employs electron
1831 conduction in a vacuum, gas or semiconductor

1832 Conformity is checked by inspection, by measuring the current or voltage to confirm that they
1833 do not exceed the applicable levels of 6.3 and by measuring CLEARANCES and CREEPAGE
1834  DISTANCES as specified in 6.7. Conformity of a single component is checked by inspection of its
1835  RATINGS.

1836 6.5.5 Automatic disconnection of the supply

1837  An automatic disconnection device shall meet both the following requirements.

1838  a) It shall be RATED to disconnect the load within the time specified in Figure 2.

1839 b) It shall be RATED for the maximum RATED load conditions of the equipment.

1840  Conformity is checked by inspection of the device specification. In case of doubt, the device is
1841 tested to check that it disconnects the supply within the required time.

1842  6.5.6 Current- or voltage-limiting device

1843 A current- or voltage-limiting device shall meet all the following requirements:
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1844  a) it shall be RATED to limit the current or voltage to the levels not exceeding the values of 6.3.2;

1845 b) it shall be RATED for the maximum WORKING VOLTAGE and, if applicable, for the maximum
1846 operational current;

1847 C) CLEARANCE and CREEPAGE DISTANCE between the terminations of the current or voltage-
1848 limiting device shall meet the applicable requirements of 6.7 for SUPPLEMENTARY INSULATION.

1849  Conformity is checked by inspection, by measuring the voltage or current to confirm that they
1850  do not exceed the levels of 6.3.2, and by measuring CLEARANCES and CREEPAGE DISTANCES as
1851 specified in 6.7.

1852 6.6 Connections to external circuits

1853 6.6.1 General

1854 In NORMAL CONDITION and in SINGLE FAULT CONDITION of the equipment, no ACCESSIBLE parts of
1855 the equipment and no ACCESSIBLE parts of an external circuit shall become HAZARDOUS LIVE as
1856 a result of connecting the external circuit to the equipment.

1857 NOTE 1 External circuits are all circuits connected to TERMINALS of the equipment.
1858 NOTE 2 For connection to MAINS supply source, see 6.10.

1859 Protection shall be achieved by separation of circuits, unless short-circuiting of the separation
1860  could not cause a HAZARD.

1861 The manufacturer's instructions or equipment markings shall include the following information,
1862 if applicable, for each external TERMINAL:

1863  a) RATED conditions at which the TERMINAL has been designed to operate while maintaining

1864 safety (maximum RATED input/output voltage, specific type of connector, designated use,
1865 etc.);

1866 b) RATING of the insulation required for the external circuit to conform to the requirements for
1867 protection against electric shock, arising from the connection to the TERMINAL, in NORMAL
1868 CONDITION and SINGLE FAULT CONDITION.

1869  Conformity is checked by:

1870 1) inspection;

1871 2) the measurements of 6.3 and 6.7;

1872 3) the voltage test of 6.8 (without humidity preconditioning) applicable to the type of
1873 insulation (see 6.7).

1874 6.6.2 TERMINALS for external circuits

1875  ACCESSIBLE conductive parts of terminals that receive a charge from an internal capacitor shall
1876 not be HAZARDOUS LIVE 10 s after interruption of the supply. Unless it is self-evident, TERMINALS
1877  which are connected to ACCESSIBLE conductive parts shall be marked accordingly (see
1878  5.1.5.2 ¢)).

1879 Conformity is checked by inspection, and by the determination of ACCESSIBLE conductive parts
1880  as specified in 6.2 and in case of doubt by measurement of the remaining voltage or charge.

1881 6.6.3 Circuits with TERMINALS which are HAZARDOUS LIVE

1882 These circuits shall not be connected to ACCESSIBLE conductive parts, except for circuits which
1883 are not MAINS CIRCUITS, and which are designed to be operated with one TERMINAL contact at
1884 earth potential. In such cases, the ACCESSIBLE conductive parts shall not be HAZARDOUS LIVE.

1885 HAZARDOUS LIVE terminals shall be anchored, fitted or designed so that internal conductors and
1886  terminal mechanical mountings will not work loose when the terminals are tightened or
1887 loosened, or when connections are made.

1888  If such a circuit is also designed to be operated with one ACCESSIBLE TERMINAL contact floating
1889 at a voltage which is not HAZARDOUS LIVE, this TERMINAL contact is permitted to be connected to
1890 a common FUNCTIONAL EARTH TERMINAL or system (for example, a coaxial screening system).
1891 This common FUNCTIONAL EARTH TERMINAL or system is also permitted to be connected to other

1892 ACCESSIBLE conductive parts.
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1893  Conformity is checked by inspection.

1894 6.6.4 TERMINALS for stranded conductors

1895  TERMINALS for stranded conductors that are intended to be connected during installation,
1896 maintenance, or operation of the equipment shall be located or shielded so that there is no
1897 possibility of accidental contact between HAZARDOUS LIVE parts of different polarity or between
1898 such parts and other ACCESSIBLE parts, even if a strand of a conductor escapes from a TERMINAL.
1899  This requirement does not apply to connections that are only to be made at the manufacturing
1900 facility.

1901 Conformity is checked by inspection after fully inserting a stranded conductor:
1902 1) with the maximum length of insulation removed as specified by the equipment manufacturer,

1903 or

1904 2) with an 8 mm length of insulation removed if no specification is given by the equipment
1905 manufacturer,

1906 With one of the strands free, the free strand shall not touch parts of different polarity or other
1907  ACCESSIBLE parts, when bent in every possible direction, without tearing back the insulation or
1908  making sharp bends.

1909  TERMINALS of circuits carrying HAZARDOUS LIVE voltage or current shall be anchored, fitted or
1910  designed so that conductors will not work loose when they are tightened, loosened or when
1911 connections are made.

1912 Conformity is checked by manual test and inspection.

1913 6.7 Insulation requirements
1914 6.7.1 The nature of insulation
1915 6.7.1.1 General

1916 Insulation between circuits and ACCESSIBLE parts (see 6.2) or between separate circuits consists
1917 of a combination of CLEARANCES, CREEPAGE DISTANCES and solid insulation. When used to
1918 provide protection against a HAZARD, the insulation needs to withstand the electric stresses that
1919 are caused by the voltages that may appear on the MAINS supply or in the equipment.

1920 Electric stresses originating from MAINS include:

1921 a) WORKING VOLTAGE across the insulation. This WORKING VOLTAGE is normally the line-to-
1922 neutral voltage of the MAINS supply (also see Annex |);

1923 b) TRANSIENT OVERVOLTAGES that may occasionally appear on the line conductors. The
1924 magnitude of the overvoltages depends on the OVERVOLTAGE CATEGORY and the line-to-
1925 neutral voltage of the MAINS supply;

1926 c) short-term TEMPORARY OVERVOLTAGES that may occur between the line conductor and
1927 earth in electrical installations. These TEMPORARY OVERVOLTAGES may have a value of
1928 the line-to-neutral voltage of the MAINS supply plus 1 200 V, and may last up to 5 s;
1929 d) long-term TEMPORARY OVERVOLTAGES that may occur between the line conductor and
1930 earth in electrical installations. These TEMPORARY OVERVOLTAGES may have a value of
1931 the line-to neutral voltage of the MAINS supply plus 250 V and may last longer than 5 s.

1932 NOTE See IEC 60364-4-44, Clause 442 for additional information on these TEMPORARY OVERVOLTAGES.

1933  The requirements for insulation depend on:

1934 1) the required level of insulation (BASIC INSULATION, SUPPLEMENTARY INSULATION, oOr
1935 REINFORCED INSULATION);

1936  2) the maximum TRANSIENT OVERVOLTAGE that may appear on the circuit, either as a result of
1937 an external event (such as a lightning strike or a switching transient), or as the result of the
1938 operation of the equipment;

1939  3) the maximum WORKING VOLTAGE (including steady-state and recurring peak voltages);
1940 4) the POLLUTION DEGREE of the micro-environment;
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