Contents

2.1

211
212
2.2

221
2.2.2
2.2.3

2.4

2.5
2.6

3.1
3.2
3.2.1
3.3
3.4

4.1
411
412
4.2
421
422
423
4231
4.2.3.2
424

431

Introduction ... .. . 15
Protection of Electrical Installations and Equipment . ......... 19
Common Aspects for Installations and Equipment .............. 19
Scope Of IEC 61140 ... ..ot 19
Fundamental Rule of Protection Against Electric Shock .......... 19
Elements of Protective Measures . ................ ... ... ..... 20
Basic Protection ........... .. 20
Fault Protection . ........ ..o 20
Enhanced Protective Provisions ....................con... 21
Protective MEasuUres . .........uuuviniii i 21
Co-Ordination of Electrical Equipment and of Protective Provisions
Within an Electrical Installation .. ........................... 22
Special Operating and Servicing Conditions ................... 22
Protective Measures Implementation by Protective Provisions . . ... 23
Types of Distribution Systems According to IEC 60364-1 . ..... 25
Types of System Earthing . ........... .. .. . i 26
TN SYStem 27
Single-Source Systems . ... ... . 27
T Sy M o 29
T SyStem o 30
Electrical Installations and Protective Measures According to

IEC 60364-4-41 .. ... 35
Automatic Disconnection of Supply . ........... ... ... . ... .. 37
Residual Current Monitors (RCMs) in Electrical Installations .. ... 37
Requirements for Basic Protection ........................... 38
Requirements for Fault Protection ........................... 38
Protective Earthing . .......... . i 38
Protective Equipotential Bonding ... .............. ... ... .... 38
Automatic Disconnection in Case ofaFault ................... 38
Disconnection Times for TN and TT Systems .. ................ 38
Disconnection Times for IT Systems in the Event of a Second Fault 38
Additional Protection . ......... ... ... 39
TN SYStem 40
Protective Devices in TN Systems . ............. .o, 40



4.4
441
4.5
451
4.6
4.6.1
4.7
4.7.1
4711
4712
4.7.1.3
4.7.14

4.9

4.10
4.10.1
4.10.2
411

51
52
521

53
53.1
53.2
54
54.1
5.4.2
5421
543
54.4
544.1

54.4.2
5443

54.5

10

T Sy M L 41

Protective Devices in TT Systems . .........cooiiiiiniinan. 41
T SYStemM 42
Protective Devices and Monitoring Devices in IT Systems .. ...... 42
Additional Protective Measures .............c.oovuirininnnn... 44
Functional Extra-Low Voltage (FELV) ....................... 44
Protective Measure: Double or Reinforced Insulation . ........... 44
Requirements for Basic Protection and Fault Protection .......... 45
Electrical Equipment . ... ... ... 45
ENCIOSUIES . .. oo 45
Installation .. ..... ... 45
Wiring SYsStemS . . oot 46
Protective Measure: Electrical Separation ..................... 46
Protective Measure: Extra-Low-Voltage Provided by SELV

and PELV . ... . 46
Additional Protection ......... ... ... 46
Additional Protection; Residual Current Protective Devices (RCDs) 47
Additional Protection: Supplementary Equipotential Bonding ... .. 47
Appendices of IEC 60364-4-41 . ......... ..., 48
Unearthed IT Systems ...t 49
Example of IT Systems with Equipotential Bonding and Insulation
MONItOFING . .o 50
Supplementary Protective Equipotential Bonding in the

T SYStemM 53
Minimum Cross-Sections for Supplementary Protective

Equipotential Bonding . ........... i 53
Testing of IT Systems According to IEC 60364-6 ............... 54
TEStINg - oot 54
Verification for IT Systems . .......... ... .. . i, 55
Protection Against Overcurrent in All Distribution Systems . ... ... 56
Protection of Line Conductors ............. ... i .. 56
Protection of the Neutral Conductor .. ........................ 56
TTor TN SYStems ... e e 56
IT SYSteMS 57
Protection Against Overload . .......... ... .. 57
Co-Ordination Between Conductors and Overload

Protective DEVICES .. ...ttt 57
Omission of Devices for Protection Against Overload ........... 58
Position or Omission of Devices for Protection Against Overload

INIT SYStemMS . ..o 58
Cases where Omission of Devices for Overload Protection shall be
Considered for Safety Reasons . ............. ..., 59



5.5
551
5.5.2
6

6.1
6.2
6.3
6.4
6.5
6.5.1
6.5.2
6.5.3
7

7.1
7.1.1
7.1.2
7.1.21
7.1.3
7.2
7.2.1
7.2.2
7.2.3
7.2.4

7.3
7.3.1

7.3.2
7.3.3
7.3.4
7.3.5
7.4
74.1
7.4.2
7.4.3
7.4.4
74.4.1

Connection of Insulation Monitoring Devices (IMDs) ...........
Coupling and Fuse Protection .. ............. . ...,
Auxiliary Supply and Fuse Protection ........................

Special Features and Advantages of IT Systems ..............
Higher Operating Safety . ......... ... ... ...
Improving Fire Safety . ........ .. ..
Improving Accident Prevention with Limited Touch Voltages .. ...
Higher Permissible Earthing Resistance . ... ...................
Information Advantage with IT Systems ......................
Maintenance of Electrical Supply Systems ....................
Maintenance Terminology . ............c.c.c i,
Maintenance Strategy in IT Systems .........................

Applications of IT Systems ........... ... . ...
IT Systems in the Mining Industry ...........................
Protective Measures in Underground Mining ..................
Standards for Underground Mining ..........................
DIN VDE 0118-1 (VDE 0118-1):2001-11 .. ...................
Protection Against Electric Shock in Underground Mining ... ... ..
IT Systems with Insulation Monitoring on Board Ships ..........
Standards and Regulations . .......... ... ... ... i
Permissible System Types Onboard Ships (Marine/Qil) ..........
TN and IT Systemson Board Ships .. ........................
IT Systems on Ships of the German Navy

(Bundeswehr/Germany) ............uiiiiiiini
IT Systems with Insulation Monitoring in Railway Application . . ..
Examples of Applications for IT System with

Insulation Monitoring . .......... i
Application Fields for IT Systems with Insulation Monitoring . .. ..
Requirements on Insulation Monitoring Systems ...............
Accummulator-Backed Safety-Oriented d.c. System ............
Converters in Main Circuits ............. oo,
IT Systems in Electric Vehicles ............ ... ... ... ... ...
Protective Measures in Electric Vehicles ......................
Distribution Systems of Electric Vehicles .....................
Recharging Stations of Electric Vehicles ......................
International Standard for Charging Stations of Electric Vehicles . . .
Insulation monitoring devices according to UL 2231 ............

7.4.4.1.1UL 2231-1, General Requirements . ..................o...
7.4.4.1.2UL 2231-2, Supply CirCuUits . ...

11



8.1
8.2
8.3
8.4
8.5
8.5.1
8.5.2
8.5.3

8.6

9.1

9.1.1
9.1.2
9.1.3
9.14
9.15
9.2

9.3
9.4

10
10.1

10.2
10.3

10.3.1

10.3.2

10.3.3

10.4

10.5

12

Insulation ResiStance ...t 103

Early Safety Regulations in Germany (1883) .................. 105
Insulation Resistance —a Complex Matter . .................... 106
Definitions . ... .. 106
Influence Quantities .......... ... i 107
Insulation Measurement and Monitoring ...................... 108
Measurements in De-Energized Systems ...................... 108
Residual Current Monitoring in TN and TT Systems ............ 108
Continuous Monitoring of the Absolute Insulation Value

INIT SYSteMS . .o 109
Complete Monitoring in IT Systems ......................... 110
Effects of Shock Currenton Humans . ...................... 113
The Effects of Current on Human Beings and Livestock ......... 114
Scope and Object of IEC 60479 ........... ..., 115
Electrical Impedance of the HumanBody ..................... 116
Sinusoidal alternating Current 50/60 Hz for Large Surface Areas

of Contact . ... .. o 117
Threshold of Ventricular Fibrillation ......................... 118
Description of Time/Current Zones fora.c. 15 Hzto 100Hz ... ... 121
Electro-pathological realisations . ............................ 121
Protective Measures Against Shock Current ................... 122
Accidents Involving Electrical Current ....................... 122
International Standards for Insulation Monitoring Devices .... 125
Insulation Monitoring Devices (IMD) for Monitoring a. c. Systems

in Accordance with IEC 61557-8 ........... ... .. ... 125
Insulation Monitoring Devices (IMD) in Accordance with

IEC 60364-5-53 . ...t 127
Insulation Monitoring Devices (IMD) in Accordance with

the American ASTM Standards ............... ..., 130

ASTM F 1207M-96:2002, Standard Specification for Electrical
Insulation Monitors for Monitoring Ground Resistance in Active

Electrical Systems . . ... 130
ASTM F 1669M-96:2002, Standard Specifications for Insulation
Monitors for Shipboard Electrical Systems .................... 130

ASTM 1134-94:2002, Standard Specifications for Insulation Resistance
Monitor for Shipboard Electrical Motors

and GeNeratorsS ... ....vi it 130
Difference between Insulation Monitoring Devices and

Residual Current Monitors in Accordance with IEC 62020 ....... 131
Equipment for Insulation Fault Location in IT Systems .......... 131



11

111
1111
11.1.2
11.2
11.2.1
11.2.2
11.3
11.3.1
11.3.2
11.4

1141

11.4.2

115
1151
1152

1153

11.6
12

13
13.1
13.1.1
13.1.2

13.1.3

13.2
13.3
1331
13.3.2

13.3.3
13.3.4
13.3.5
13.3.6

Technical Implementation of Insulation Monitoring Devices

And Earth Fault Monitors ............. .. ... ... ... 135
Insulation Monitoring of a.c. and Three-Phase IT Systems ....... 135
Measurement of Ohmic Insulation Faults ..................... 135
Measurement of the Leakage Impedance ...................... 138
AC Systems with Directly Connected Rectifiers or Thyristors . .. .. 139
Measuring with an Inverter . ........... ... i 139
Measurement by Pulse Superimposition ...................... 141
DC Systems . ... 142
Asymmetric Measurement . ......... ... 142
Measurement by Pulse Superimposition ...................... 143
Measuring Principles for the General Application in a.c. and

d.C T SYStemMS . .o 144
Microprocessor-Controlled AMP Measurement Process for the

General Applicationina.c.and d.c. IT Systems ................ 145
Microprocessor-Controlled Frequency-Code Measurement Method

for IT Systems with Extreme Interference ..................... 146
Insulation-Fault-Location System in a.c. and d.c. IT Systems .. ... 148
Insulation-Fault-Location Systems for d.c. IT Systems .......... 149
Insulation-Fault Location Systems for a.c. and

d.C. IT SYStems . . ..o 149
Portable Insulation-Fault-Location System for a.c., d. c. and

Three-Phase IT Systems .. ... i 150
SUMMAIY o 153
Response Values of Insulation Monitoring Devices (IMDs) .. ... 155
Physics of the IT System ...... ... ... .. ... ... .. ... 157
Leakage Currentsinthe IT System ............... ... ... ..... 157
Calculation of Leakage Currentsin IT Systems . ................ 158
Determination of the Leakage Capacitances in the

De-Energized System . ... 158
Determination of the Leakage Capacitances in the

Energized System . ... .. 159
\oltage Ratio inthe a.c. ITSystems ......................... 161
Overvoltage in a.c. and Three-Phase a.c. IT Systems . ........... 163
Sourcesof Overvoltage . ... ... ... 163
Transient Phenomena at Single-Pole Low Ohmic

Insulation Faults ........ ... .. i 164
Stationary Voltage Rise . ... ... o 166
Intermittent Low Ohmic Insulation Fault . ..................... 166
Insulation Faults in Supply Systems .. ........................ 167
Switching of Inductivities .. .......... ... ... ... 167

13



13.3.7
13.3.8
13.3.9
13.4

13.4.1

14
14.1

14.2

14.3

144

14.5

14.6

15
151

16
17
18

14

Switching of Wires and Capacitors ............. ... ...,
Resonance and Harmonics . ........... ...,
\oltage Rise at Short-Circuit Disconnection ...................
IT Systems and the Second Fault . ...........................
Fault Constellations ina.c. ITSystems .......................

Standard References to IT Systems ........................
IEC 60364-4-41:2005-12, Low-voltage electrical installations

— Part 4-41: Protection for safety — Protection against electric shock . . .
IEC 60364-4-43:2005-07, 64/1557/CDV,

Low-voltage electrical installations — Part 4-43: Protection

for safety — Protection against overcurrent . .......................
IEC 60364-5-53, Ed. 4/CDV:2005-11, IEC 64/1516/CDV,
Low-voltage electrical installations — Part 5-53: Selection and
erection of electrical equipment — Protection, isolation, switching,
control and monitoring . ...........c. i
IEC 60364-6:2005, Low-voltage electrical installations

—Part 6: Verification . ........ .. ... .
IEC 60364-7-710:2002-11, Electrical installations of buildings

— Part 7-710: Requirements for special installations or locations
—Medical locations .. ........ ..
IEC 60092-507 Electrical installations in ships — Part 507:

Small VESSEIS . . oo

Definitions for Insulation Monitoring . ......................
Definitions in accordance with IEC 61557-8:2006 ...............

Abbreviations . .......... ..





