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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  

 
Part 8: Control units for built-in thermal protection (PTC)  

for rotating electrical machines 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

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

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

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

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

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

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

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

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

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

IEC 60947-8 has been prepared by subcommittee 121A: Low voltage switchgear and 
controlgear, of IEC technical committee 121: Switchgear and controlgear and their assemblies 
for low voltage. It is an International Standard. 

This second edition cancels and replaces the first edition published in 2003, Amendment 1:2006 
and Amendment 2:2011. This edition constitutes a technical revision.  

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

a) safety aspects related to: 

• general aspects; 

• limited energy circuits; 

• electronic circuits; 
b) alignment to IEC 60947-1:2020; 
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c) wire break detection function; 
d) the term detector is replaced by thermistor; 
e) reference to IEC 60738-1-4. 

The provisions of the general rules dealt with IEC 60947-1 are applicable to this part of 
IEC 60947 series where specifically called for. Clauses and subclauses, tables, figures and 
annexes of the general rules thus applicable are identified by reference to IEC 60947‑1:2020. 

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

FDIS Report on voting 

121A/424/FDIS 121A/436/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

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

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates that it 
contains colours which are considered to be useful for the correct understanding of its 
contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

Thermal protection systems which are based on the principle of monitoring the temperature of 
the protected parts constitute a simple and effective means of protecting rotating electrical 
machines, called also electric motors, against excessive temperature rises, including those 
caused by faults in the cooling system, or excessively high ambient temperature, whereas 
systems of protection based only on monitoring the current absorbed do not ensure this type of 
protection in every circumstances. 

Since the operating temperature and response times of thermal protection systems are fixed in 
advance, they are not often adjusted in relation to the conditions of use of the machine and, 
hence, they are not completely effective for all fault conditions, or improper use of the machine. 

A thermal protection system in accordance with this document can consist of a characteristic 
change thermal detector which has an associated control unit to convert a point on the 
characteristic of the detector to a switching function. A very large number of thermal protection 
systems are in use and, in all cases, the machine manufacturer will fit the detectors in the 
machine. The machine manufacturer will either supply the control unit with the machine or 
specify particulars of the control unit to be used. 

It is also customary for the control units to be considered as part of the control system and not 
necessarily supplied with the machine. For this reason, it is considered useful to have an 
interchangeable system, where the characteristics of association between the detector and the 
control unit are specified. This particular system is not considered superior in any way to other 
systems complying with the requirements of this document, but in some fields the practice is 
likely to be that this interchangeable system will be used, as indicated by the designation 
“Mark A”. 
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  
 

Part 8: Control units for built-in thermal protection (PTC)  
for rotating electrical machines 

 
 
 

1 Scope 

This part of IEC 60947 series specifies requirements for control units, which control a switching 
device in response to the PTC thermistors incorporated in rotating electrical machines and the 
industrial application. 

It specifies requirements for that type of system comprising a positive temperature coefficient 
(PTC) thermistor having particular characteristics, and its associated control unit. 

This document includes: 

– the characteristics, construction, performance and tests of the control unit; and 
– its association with a PTC thermistor designated “Mark A”. 

This document does not cover: 

– the incorporation of thermal protections into rotating machines and their maximum winding 
temperature. See IEC 60034-11; 

– use of the product within explosive atmospheres (see IEC 60079 (all parts)); 
– software and firmware requirements; 

NOTE 1 Guidance on embedded software is given in IEC TR 63201. 

– cyber security aspects (see IEC TS 63208). 

NOTE 2 It is not possible to specify all the requirements for the operating characteristics of a control unit, as they 
are dependent on some aspects of the PTC thermistors. Some aspects of the requirements of the thermal protector 
system can only be specified when account is taken of the characteristics of the rotating machine to be protected 
and the method of installation of the PTC thermistor within the machine. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

CISPR 11:2015, Industrial, scientific and medical equipment – Radio-frequency disturbance 
characteristics – Limits and methods of measurement  
CISPR 11:2015/AMD1:2016 

IEC 60068-2-6:2007, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-27:2008, Environmental testing – Part 2-27: Tests – Test Ea and guidance: Shock 

IEC 60417, Graphical symbols for use on equipment (available at http://www.graphical-
symbols.info/equipment) 

IEC 60445, Basic and safety principles for man-machine interface, marking and identification – 
Identification of equipment terminals, conductor terminations and conductors 
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IEC 60730-1, Automatic electrical controls – Part 1: General requirements 

IEC 60738-1:2006, Thermistors – Directly heated positive temperature coefficient – Part 1: 
Generic specification  
IEC 60738-1:2006/AMD1:2009 

IEC 60738-1-4:2008, Thermistors – Directly heated positive step-function temperature 
coefficient – Part 1-4: Blank detail specification – Sensing application – Assessment level EZ 

IEC 60947-1:2020, Low-voltage switchgear and controlgear – Part 1: General rules 

IEC 60947-5-1:2016, Low-voltage switchgear and controlgear – Part 5-1: Control circuit devices 
and switching elements – Electromechanical control circuit devices 

IEC 61140:2016, Protection against electric shock – Common aspects for installation and 
equipment 

ISO 2859-1:1999, Sampling procedures for inspection by attributes – Part 1: Sampling schemes 
indexed by acceptance quality limit (AQL) for lot-by-lot inspection  
ISO 2859-1:1999/AMD1:2011 

3 Terms and definitions, symbols and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60947-1:2020, as 
well as the following terms and definitions, apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/  

• ISO Online browsing platform: available at http://www.iso.org/obp  

3.1.1   
built-in thermal protection 
protection of certain parts (called protected parts) of a rotating electrical machine against 
excessive temperatures resulting from certain conditions of thermal overload, achieved by 
means of a thermal protection system, the whole or part of which is a thermally sensitive device 
incorporated within the machine 

3.1.2   
thermal protection system 
system intended to ensure the thermal protection of a rotating electrical machine by means of 
a built-in PTC thermistor together with a control unit 

3.1.3   
control system 
system to translate a particular point on the characteristic of a PTC thermistor to a switching 
function on the supply to the rotating electrical machine 

Note 1 to entry: The system is capable of being reset (either manually or automatically) when the temperature falls 
to the reset value. 

3.1.4   
protected part 
part of a rotating electrical machine, the temperature of which is limited to a predetermined 
value by the action of the thermal protection system 
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3.1.5   
abrupt characteristic change PTC thermistor 
PTC thermistor for which the abrupt change in resistance for one fixed temperature is able to 
initiate a switching operation in the control system 

3.1.6   
control unit 
device which converts into a switching function the variation of the characteristic of a PTC 
thermistor 

Note 1 to entry: The control unit can be part of other devices or systems. 

3.1.7   
control circuit 
circuit controlling the switching device which makes and breaks the power supply 

3.1.8   
PTC thermistor operating temperature 
<TNF> thermistor temperature at which, during an increase variation of the characteristic 
related to the temperature is such as to cause operation of the associated control unit 

3.1.9   
system operating temperature 
<TFS> thermistor temperature at which, during an increase of temperature, the thermistor and 
control unit together cause the operation of the control unit 

3.1.10   
reset temperature 
thermistor temperature at which, during a decrease variation of the characteristic related to the 
temperature is such that it permits the resetting of the control unit 

3.1.11   
positive temperature coefficient thermistor 
PTC thermistor 
thermistor, the resistance of which increases with its increasing temperature throughout the 
useful part of its characteristic 

[SOURCE: IEC 60738-1:2006, 3.4, modified – Addition of alternative term.] 

3.1.12   
mark A thermistor 
PTC thermistor having the particular characteristics described in Annex A 

3.1.13   
mark A control unit 
control unit having the particular characteristics specified in this document and intended for 
operation in conjunction with a mark A thermistor 

3.1.14   
short-circuit detection 
control unit capable of detecting short-circuited thermistor circuits 

3.1.15   
wire break detection 
control unit capable of detecting wire breaks within the PTC thermistor circuits 
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3.2 Symbols and abbreviated terms 
EMC Electromagnetic compatibility 
Ie Rated operational current (5.3.3) 

Ith Conventional free air thermal current (5.3.3) 

PTC Positive temperature coefficient 
Q Amplification factor (9.3.3.14.3) 
TFS System operating temperature (3.1.9) 
TNF PTC thermistor operating temperature (3.1.8) 
Ue Rated operational voltage (5.3.2) 

Ui Rated insulation voltage (5.3.2) 

Uimp Rated impulse withstand voltage (6.1) 

Ur Rated voltage of the thermistor circuit (6.1) 

Us Rated control circuit supply voltage (6.1) 

4 Void 

5 Characteristics of control units for built-in thermal protection (PTC) 

5.1 Summary of characteristics 

The characteristics of a control unit shall be stated in the following terms, where such terms are 
applicable: 

– type of equipment (see 5.2); 
– rated electrical values of the control unit (see 5.3); 
– rated electrical values of the characteristic of the PTC thermistors and its circuit (see 5.4); 
– rated electrical values of the control supply circuit (see 5.5). 

5.2 Type of equipment 

5.2.1 Operating temperatures of protection systems 

Each PTC thermistor, or PTC thermistor with control unit, shall have either a declared rated 
operating temperature in accordance with 5.2.2 (TNF), or a declared rated system operating 
temperature in accordance with 5.2.3 (TFS), or both. 

EXAMPLE 

a) Abrupt characteristic change PTC thermistor: TNF to be declared; TFS is not applicable. 

b) Abrupt characteristic change PTC thermistor with its control unit: TFS can be declared. For such systems the 
value of TFS can coincide with the value of TNF for the PTC thermistor itself. 

5.2.2 Rated PTC thermistor operating temperature 

In the case of an abrupt characteristic change PTC thermistor, the value of the TNF shall be 
declared under item o) of 6.1. 

It is recommended that the normal value of TNF, expressed in degrees Celsius, be selected 
from the series of numbers which are multiples of five. 
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5.2.3 Rated system operating temperature 

When the PTC thermistor and the control unit are supplied as a combined unit, the TFS shall 
be declared under item o) of 6.1. 

The tolerance on the declared value of the TFS shall be ±6 K unless otherwise specified. 

NOTE The tolerance is the sum of the tolerances of the PTC thermistor and the control unit. 

Routine tests shall be carried out to verify correct operation under normal operating conditions 
in accordance with 8.2.1.1. 

5.2.4 Maximum permissible rated operating temperature for the system 

The maximum permissible value of the TFS depends on both the particular PTC thermistor and 
the control unit. It shall be declared under item o) of 6.1. 

NOTE For any particular device, the maximum value of the TFS will be dependent on the characteristics and the 
materials used in the manufacture of the PTC thermistor, or by the limits on the characteristics of the PTC thermistor 
which can be modified by the range of settings available with the control unit design. 

5.2.5 Control unit with reset temperature 

When the reset function is provided, the reset temperature value and tolerances shall be 
provided under item o) of 6.1. 

The reset temperature is verified in accordance with 9.3.3.8. 

To restart the machine (electric motor) after the tripping of the control unit (switched off), it is 
important for the machine winding and the PTC thermistor to cool sufficiently to permit normal 
machine acceleration without nuisance tripping, especially with a high inertia load. The 
temperature value for restarting depends on installation and service conditions. The control unit 
can be designed in order to permit a selection of different temperature values. 

For a manual restarting system, the maximum temperature should be considered. For automatic 
restarting systems, the machine manufacturer should consider the minimum and maximum 
differential temperatures which result from choices of TNF or TFS and reset temperature with 
the declared tolerance values. Differential values which are too narrow might not permit 
sufficient cool-down for restarting without nuisance tripping. Differential temperatures that are 
too wide can result in an excessively long machine cooling down time or resetting can be 
prevented in high ambient temperatures. 

5.2.6 Control unit with sensor short-circuit detection 

Control unit can be declared with sensor short-circuit detection. PTC thermistors have a low 
resistance and therefore a special measure is necessary to recognize a reduction of the 
resistance to nearly zero by a short-circuit. For safety applications, or to increase the lifetime 
of a rotating electrical machine, it is recommended to establish a short-circuit detection system 
within the PTC thermistor circuit. The safety of the thermal protection, in particular, is increased 
by such a short-circuit detection. 

Such a short-circuit detection only identifies a short-circuit but it does not automatically cover 
a defined action. All following actions depend on the configuration of the control unit and the 
application. 

5.2.7 Control unit with sensor wire break detection 

Control unit can be declared with sensor wire break detection. The wire break detection shall 
monitor the PTC thermistor circuit, detect any interruption and give a corresponding signal. 
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The wire break detection is based on the evaluation of the steepness of the resistance-rise in 
the PTC thermistor circuit, caused by wire break in the PTC thermistor cable or caused by 
improper temperature-rise of the motor. In both cases the resistance in the PTC thermistor 
circuits can be higher than 100 kΩ. 

5.3 Rated electrical values of the switching device of the control unit 

5.3.1 Rated electrical values of switching devices 

The rated electrical values of the switching devices of control units shall be declared in 
accordance with 5.3.2 to 5.3.4, as appropriate. 

5.3.2 Rated voltages of a control unit 

The rated voltages of a control unit are the rated insulation voltage (Ui) and the rated operational 
voltage (Ue) as defined in 5.3.1.2 and 5.3.1.1 of IEC 60947-1:2020. 

5.3.3 Rated currents of a control unit 

The rated currents of a control unit are the conventional free air thermal current (Ith) and the 
rated operational current (Ie) as defined in 5.3.2.1 and 5.3.2.3 of IEC 60947-1:2020. 

NOTE A control unit can be assigned a number of combinations of rated operational voltage and rated operational 
current. 

5.3.4 Rated making and breaking capacities of a control unit 

For a control unit to which a utilization category is assigned, the utilization category shall be 
declared according to 4.4 of IEC 60947-5-1:2016 and it is unnecessary to specify rated making 
and breaking capacities, since these values depend directly on the utilization category and on 
the rated operational voltages and currents. 

5.4 Rated electrical values of characteristic variation related to PTC thermistors 

5.4.1 General 

The rated electrical values of the characteristic variation related to PTC thermistors shall be 
declared. 

5.4.2 Electrical data/ratings and characteristics related to the PTC thermistor 

The detail specification of IEC 60738-1-4:2008 shall be used as sensor input reference for 
control units, tolerances or limiting values for the following parameters. If necessary, electrical 
data can be listed in tabular form, with reference to styles and codes as follows: 

– upper/lower category temperatures (UCT/LCT); 
– operating temperature range at maximum voltage; 
– maximum voltage (Umax); 

– zero-power resistance (RT); 
– lowest resistance value (Rmin); 

– resistance RNF at TNF (if applicable, see Figure 2 of IEC 60738-1:2006); 
– isolation test voltage (insulated PTC thermistors only); 
– insulation resistance (insulated PTC thermistors only); 
– response time. 
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5.4.3 Rated voltage of the PTC thermistor circuit of the control unit 

The rated voltage of the PTC thermistor circuit (Ur) intended to be used with characteristic 
variation related to PTC thermistors having a defined rated operational voltage shall be 
declared. 

The voltage Ur is the maximum value of voltage which appears between each pair of terminals 
intended for the connection of a PTC thermistor circuit when a resistance, determined as below, 
is connected between these terminals and when the control unit is supplied at its rated voltage. 

The resistance to be used corresponds to the value of the characteristic curve when the control 
unit is switched off and takes into account the number of PTC thermistors in the circuit. This 
may be a maximum or minimum value depending upon the shape of the characteristic curve. 

NOTE If the circuit is an AC circuit, the rated voltage is the peak value of voltage, indicated by Ûr. 

5.5 Control supply circuit 

Subclause 5.5.1 of IEC 60947-1:2020 applies with the following additions. 

The list of characteristics given in 5.5.1 of IEC 60947-1:2020 shall be completed by: 

– limited energy (if the source is in accordance with 8.1.14); 
– SELV (PELV) supply (in accordance with Annex N of IEC 60947-1:2020). 

NOTE In the USA and Canada, control circuits are characterised as Class 2 sources as defined in NFPA 70, 
National Electrical Code and CSA C22.1, Canadian Electrical Code (CE Code). 

5.6 Auxiliary circuits 

Subclause 5.6 of IEC 60947-1:2020 applies, with the following additions: 

Under normal conditions, auxiliary circuits are characterized in the same way as control circuits 
and are subject to the same requirements. 

Digital inputs and/or digital outputs contained in control units, and intended to be compatible 
with PLCs, shall fulfil the requirements of Annex S of IEC 60947-1:2020. 

6 Product information 

6.1 Nature of information 

The following information shall be given: 

Identification 

a) manufacturer’s name or trade mark; 
b) type designation or serial number; 
c) number of this document. 

Additional marking of Mark A control units: 

The control unit shall be marked with the letter “A” additional to the number of this document. 

Characteristics, basic rated values and utilization 

d1) rated control circuit supply voltage Us (5.4.3); 
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d2) for each relevant circuit, suitability for use with SELV/PELV circuit with the corresponding 
maximum rated operational voltage (see IEC 61140 and Annex N of IEC 60947-1:2020); 

e) rated frequency of the control circuit supply voltage (5.5); 
f) rated operational voltage Ue of the control unit (5.3.2); 

g) rated operational current Ie of the control unit (5.3.3); 

h) utilization category, or making and breaking capacities (5.3.4); 
i) circuit diagram which specifies the terminal marking and the connections of the PTC 

thermistors, the control unit and the supply; 
j) rated insulation voltage Ui of the control circuit (5.3.2); 

k) type of PTC thermistors with which the control unit is to be used and, if applicable, the rated 
voltage Ur of the PTC thermistor circuit (5.4.3); 

l) IP code in case of an enclosed equipment; 
m) environment A or environment B (see 8.3.1 of IEC 60947-1:2020); 
n) rated impulse withstand voltage Uimp; 

o) rated operating temperatures (5.2.1, 5.2.4) and, reset temperature if any (5.2.5); 
p) sensor short-circuit and sensor wire break detection function if any (5.2.6, 5.2.7); 
q) ratings of the auxiliary circuits (5.6). 

6.2 Marking 

Subclause 6.2 of IEC 60947-1:2020 applies with the following additions. 

Data under d) to q) above shall, be marked on the equipment or in the manufacturer's published 
literature. 

Data under c) and l) above shall be marked on the equipment. 

6.3 Instructions for installation, operation and maintenance, decommissioning and 
dismantling 

Subclause 6.3 of IEC 60947-1:2020 applies with the following addition. 

Information shall be provided in the manufacturer’s instructions to advise the user on the 
measures to be taken with regard to the equipment in connection with the requirements for 
EMC. 

6.4 Environmental information 

Subclause 6.4 of IEC 60947-1:2020 applies. 

NOTE IEC TS 63058 gives the method for assessing the environmental impact of switchgear and controlgear. 

7 Normal service, mounting and transport conditions 

Clause 7 of IEC 60947-1:2020 applies. 
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8 Constructional and performance requirements 

8.1 Constructional requirements 

8.1.1 General 

Subclause 8.1.1 of IEC 60947-1:2020 applies with the following addition: 

Measures shall be provided to reduce the likelihood of injury and property damage, under 
installation, maintenance, normal operation conditions, abnormal operation conditions and 
reasonably foreseeable misuses. The requirements of this document are generically providing 
these measures. 

Protection against hazards caused by the electronic circuits shall be maintained under normal 
and single fault conditions, as specified in this document. 

Components used in the construction of the equipment, compliant with a relevant IEC product 
standard do not require separate evaluation. Components or assemblies of components, for 
which no relevant product standard exists, shall be tested according to the requirements of this 
document. Where mechanical switching devices are used, they should meet the requirements 
of their own IEC product standard, and the additional requirements of this document. 

Where the product is intended to be used together with specific auxiliary equipment and 
dedicated wiring accessories, the safety evaluation and test shall include this auxiliary 
equipment and accessories unless it can be shown that it does not affect the safety of any 
equipment. 

The accessible part of the device and especially the operating means shall not present sharp 
edges and corners which can injure the operator. 

The user manual shall give details of all safety-relevant measures intended for the user. Clear 
warning shall be provided in the user manual where adjustments or settings could lead to a 
hazardous situation. 

Annex O of IEC 60947-1:2020 should be considered carefully especially for substitution or 
reduction in use of hazardous substances or if not possible for providing measures to prevent 
emission and contact with them. 

Connection devices (e.g. terminals), when fitted, shall be able to accept single strand 
conductors from 0,5 mm2 to 1,5 mm2, and shall be sufficient in number to permit the connection 
of the PTC thermistor circuit(s). 

Terminals for connection to a single PTC thermistor circuit shall be marked T1 and T2. 

Terminals for connection to several PTC thermistor circuits shall be marked 1T1 and 1T2, 2T1 
and 2T2, etc. 

Terminals intended to be at frame or earth potential shall be marked with the appropriate symbol 
as specified in IEC 60417. 

The installation shall be made in accordance with the manufacturer’s instructions, including 
permissible shock and vibration levels and limitations on mounting positions. 
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8.1.2 Materials 

8.1.2.1 General materials requirements 

Subclause 8.1.2.1 of IEC 60947-1:2020 applies with the following additions: 

Parts of insulating materials located in electrical circuits sourced from limited energy sources 
according to 8.1.14 are not required to comply with the requirements of this subclause. 

NOTE Fire hazard aspects are detailed in IEC TR 63054. 

8.1.2.2 Glow wire testing 

Subclause 8.1.2.2 of IEC 60947-1:2020 applies with the following addition: 

When tests on the equipment or on sections taken from the equipment are used, parts of 
insulating materials necessary to retain current-carrying parts in position shall conform to the 
glow-wire tests of 9.2.2.1 in IEC 60947-1:2020 at a test temperature of 850 °C. 

8.1.2.3 Test based on flammability category 

Subclause 8.1.2.3 of IEC 60947-1:2020 applies. 

8.1.3 Current-carrying parts and their connections 

Subclause 8.1.3 of IEC 60947-1:2020 applies. 

8.1.4 Clearances and creepage distances 

Subclause 8.1.4 of IEC 60947-1:2020 applies with the following additions: 

Clearance and creepage distances within the circuits sourced from limited energy sources as 
defined in 8.1.14, including those on printed wiring boards (PWBs), are not required to comply 
with the requirements of this above subclause. 

Where SELV and PELV circuits are accessible, they shall be separated from other hazardous-
live-part according to the requirements of Annex B for protective impedance in addition to 
Annex N of IEC 60947-1:2020. 

NOTE If some circuits are only accessible under maintenance or similar conditions, they can, depending on the risk 
level (severity of harm and the probability of occurrence), be considered under normal service conditions (see 6.1), 
and use only basic insulation. 

8.1.5 Vacant 

8.1.6 Vacant 

8.1.7 Vacant 

8.1.8 Terminals 

8.1.8.1 General 

Subclause 8.1.8 of IEC 60947-1:2020 applies with, however, the following additional 
requirements. 
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8.1.8.2 Terminal identification and marking 

Subclause 8.1.8.4 of IEC 60947-1:2020 applies with the following addition: 

Equipment may be provided with means for connection to earth for functional purposes only (as 
distinct from protective earth). They shall have a marking or other identification in accordance 
with IEC 60445. 

8.1.9 Vacant 

8.1.10 Provisions for protective earthing 

Subclause 8.1.10 of IEC 60947-1:2020 applies. 

8.1.11 Dedicated enclosures for equipment 

Subclause 8.1.11 of IEC 60947-1:2020 applies. 

8.1.12 Degrees of protection of enclosed equipment 

Subclause 8.1.12 of IEC 60947-1:2020 applies. 

8.1.13 Conduit pull-out, torque and bending with metallic conduits 

Subclause 8.1.13 of IEC 60947-1:2020 applies. 

8.1.14 Limited energy source 

8.1.14.1 General 

A limited energy source can be implemented as a secondary circuit derived from circuits 
connected to the hazardous-live-part with the following separation means: 

a) galvanic separation; 
b) current limiting impedance. 

NOTE Class 2 sources as defined in NFPA 70, National Electrical Code and CSA C22.1 Canadian Electrical Code 
(CE Code) have the same electrical output characteristics as limited energy sources with galvanic separation. 

8.1.14.2 Limited energy source with galvanic separation 

A limited energy source with galvanic separation incorporates an isolating component such as 
a transformer between the primary circuit and the limited energy output. It shall comply with 
one of the following requirements: 

a) the output is inherently limited in compliance with Table 1; or 
b) a linear or non-linear impedance limits the output in compliance with Table 1. If a positive 

temperature coefficient device (e.g. PTC) is used, it shall pass the applicable tests specified 
in IEC 60730-1; or 

c) a regulating network limits the output in compliance with Table 1, both with and without a 
single fault in the regulating network; or 

d) an over-current protective device is used and the output is limited in compliance with 
Table 2. 

NOTE Where an over-current protective device is used, it can be a fuse or non-adjustable electromechanical device. 

Compliance to determine the maximum available power is checked by test of 9.2.4. 
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In case of external power supplies without overcurrent protective devices, they shall not exceed 
the values given in Table 1. In case of external power supplies with over-current protective 
devices they shall not exceed the values given in Table 2. 

Table 1 – Limits for limited energy sources without an over-current protective device 

Output voltage a  Output current b, d  Maximum power c  

Uoc Isc S 

AC DC   

≤ 30 V RMS ≤ 30 V ≤ 8 A 100 VA 

- 30 V < Uoc ≤ 60 V e 
oc

150 A
U

≤  100 VA 

a Uoc: Output voltage measured in accordance with all load circuits disconnected. Voltages are for substantially 
sinusoidal alternating current and ripple-free direct current. For non-sinusoidal alternating current and direct 
current with ripple greater than 10 % of the peak, its peak value shall not exceed 42,4 V.  

b Isc: Maximum output current with any non-capacitive load, including a short-circuit. 

c S (VA): Maximum output apparent power with any non-capacitive load as determined by 9.2.4. 
d Measurement of Isc is made 5 s after application of the load if protection is by an electronic circuit or a positive 

temperature coefficient device (e.g. PTC), and 60 s in other cases. 
e In the USA, the limit is 60 V DC continuous or direct current switching outside of 10 Hz to 200 Hz, 24,8 V DC 

switching at 10 Hz to 200 Hz. 

 

Table 2 – Limits for limited energy sources with an over-current protective device 

Output voltage a  Output current b, d  Maximum power c, d  Current rating of  
over-current 

protective device e Uoc Isc S 

AC DC    

≤ 20 V ≤ 20 V 

oc

1000 A
U

≤  250 VA 

≤ 5 A 

20 V < Uoc ≤ 30 V 20 V < Uoc ≤ 30 V f 
oc

100 A
U

≤  

- 30 V < Uoc ≤ 60 V f 
oc

100 A
U

≤  

NOTE The reason for making measurements with over-current protective devices bypassed according to d is to 
determine the amount of energy that is available to cause possible overheating during the operating time of the over-
current protective devices. 

a Uoc: Output voltage measured with all load circuits disconnected. Voltages are for substantially sinusoidal 
alternating current and ripple free direct current. For non-sinusoidal alternating current and for direct current with 
ripple greater than 10 % of the peak, its peak value shall not exceed 42,4 V. 

b Isc: Maximum output current with any non-capacitive load, including a short-circuit, measured 60 s after 
application of the load. 

c S (VA): Maximum output apparent power with any non-capacitive load measured 60 s after application of the load 
as determined by 9.2.4. 

d Current limiting impedances remain in the circuit during measurement, but over-current protective devices are 
bypassed. 

e The current ratings of over-current protective devices that break the circuit within 120 s with a current equal to 
210 % of the current rating specified in the table. 

f In the USA, the limit is 60 V DC continuous or direct current switching outside of 10 Hz to 200 Hz, 24,8 V DC 
switching at 10 Hz to 200 Hz. 
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8.1.14.3 Limited energy source with current limiting impedance 

A limited energy source with current limiting impedance has the following characteristics: 

a) the output voltage is limited in compliance with Table 3, and 
b) a linear or non-linear impedance limits the output in compliance with Table 3, both with and 

without a single fault. 

A limited energy source with current limiting impedance can be derived from either mains or 
from a galvanically separated circuit e.g. the secondary of a transformer. 

Table 3 – Limits for limited energy source with current limiting impedance 

Output voltage a  Output current b, d  Maximum power c  

Uoc Isc S 

AC DC   

≤ 30 V RMS ≤ 30 V 0,5 A 15 VA 
a Uoc: Output voltage measured in accordance with all load circuits disconnected. Voltages are for substantially 

sinusoidal alternating current and ripple-free direct current. For non-sinusoidal alternating current and direct 
current with ripple greater than 10 % of the peak, its peak value shall not exceed 42,4 V. 

b Isc: Maximum output current measured across the output of the limited energy source. 

c S (VA): Maximum output apparent power as determined by 9.2.4. 
d Measurement of Isc is made 5 s after application of the short-circuit. 

 

8.1.15 Stored charge energy circuit 

Parts including stored charge (capacitors) that are accessible during installation or 
disconnection shall present no risk of electric energy hazard after disconnection. 

Capacitors connected to accessible hazardous live parts shall be discharged to an energy level 
less than 0,5 mJ within 5 s after the removal of power. Otherwise, a readily visible warning 
notice shall be provided on the product, indicating the time of discharge to the limit values or a 
preferable method how to discharge the capacitor before touching the connecting parts. 

8.1.16 Fault and abnormal conditions 

The product shall be designed to avoid operating modes or sequences that can cause a fault 
condition or component failure leading to a hazard, unless other measures to prevent the hazard 
are provided by the installation and are described in the installation information provided with 
the product. The requirements in this clause also apply to abnormal operating conditions as 
applicable. 

Circuit analysis or testing shall be performed to determine whether or not failure of a particular 
component (including insulation systems) would result in hazard. 

This analysis shall include situations where a failure of the component or the insulation (basic 
and supplementary) would result in: 

– an impact on the risk of electric shock; 
– a risk of degradation resulting in emission of flame, burning particles or molten metal of the 

fire. 
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The analysis or testing shall include the effect of short-circuit and open-circuit conditions of the 
component. Testing is necessary unless analysis can conclusively show that, in short-circuit 
and open circuit conditions, no electrical shock and fire hazard will result from failure of the 
component. Compliance shall be checked by the test of 9.2.5. 

Components evaluated for their reliability according to relevant product standards are 
considered to meet these requirements and do not need any further investigation, if tested 
under conditions that fulfil the conditions for which the product is designed. 

8.1.17 Short-circuit and overload protection of ports 

Where the power source for a signal port or power port that is external to the device does not 
comply with the requirements for limited energy sources in 8.1.14, the product shall not present 
a hazard under short-circuit or overload conditions. Instructions for the installation of external 
overcurrent protection shall be made available in accordance with 6.3. 

Compliance shall be checked by inspection and where necessary, by simulation of single fault 
conditions. 

8.2 Performance requirements 

8.2.1 Operating conditions 

8.2.1.1 Normal conditions of service 

Control units shall operate satisfactorily under all the conditions of Clause 7 and the following 
conditions when used with the appropriate PTC thermistors: 

– supply voltage between 85 % and 110 % of the rated control circuit supply voltage (Us); 

– frequency of the control circuit supply voltage (for AC units) 50 Hz or 60 Hz; 
– clean air and a relative humidity not exceeding 50 % at a maximum of 40 °C; 
– DC units, ripple and form factor is given in the manufacturer’s instructions. 

NOTE Conditions of service which are outside the above limits can be given in the manufacturer’s instruction. 

8.2.1.2 Limits of operation 

When the control unit operates under the normal conditions of service and the PTC thermistor 
circuit is connected to the terminals of the control unit, the following conditions shall be met to 
comply with Mark A characteristics. Compliance shall be verified by the tests specified in 
9.3.3.10. 

a) the control unit shall switch on, or be able to be reset, when the resistance of the PTC 
thermistor circuit is 750 Ω or less; 

b) the control unit shall switch off when the resistance of the PTC thermistor circuit is increased 
from 1 650 Ω to 4 000 Ω; 

c) the control unit shall switch on, or be able to be reset, when the resistance of the PTC 
thermistor circuit falls from 1 650 Ω to 750 Ω; 

d) when a resistance of 4 000 Ω is connected between each pair of terminals intended for the 
connection of a PTC thermistor circuit, and when the control unit operates at its rated 
voltage, the voltage per pair of terminals shall not exceed 7,5 V (direct or alternating peak 
voltage); 

e) there shall be no significant modification in the operation of the control unit when the 
capacitance of the PTC thermistor circuit is not greater than 0,2 μF. 
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8.2.2 Abnormal conditions of service 

The control unit shall be able to withstand without damage the conditions produced when it is 
supplied at its rated voltage and also: 

– when a short-circuit link is placed across each pair of PTC thermistor circuit terminals; 
– when each pair of PTC thermistor circuit terminals is open-circuited. 

This shall be verified by the test specified in 9.3.3.2. 

8.2.3 Dielectric properties 

Subclause 8.2.3 of IEC 60947-1:2020 applies. 

The power frequency dielectric tests for the PTC thermistor circuit of the control unit shall be 
based on the rated insulation voltage Ui of the control circuit given in item j) of 6.1 or if not 
available, at the value of 690 V. 

8.2.4 Temperature rise 

Auxiliary circuits of an equipment including auxiliary switches shall be capable of carrying their 
conventional thermal current without the temperature-rise exceeding the limits specified in 
Tables 2 and 3 of IEC 60947-1:2020, when tested in accordance with 9.3.3.3. 

8.2.5 Conditional short-circuit current 

The switching element shall withstand the stresses resulting from short-circuit currents under 
the conditions specified in 9.3.4. 

8.2.6 Making and breaking capacities for control and auxiliary circuits 

The utilization category shall be declared as AC-15 and DC-13 as defined by IEC 60947-5-1 
and verified by tests in 9.3.3.5. 

8.2.7 Additional requirements and tests for equipment with protective separation 

Annex N of IEC 60947-1:2020 applies with the additional requirements stated in Annex B of this 
document. 

8.2.8 Operating temperature variation 

The operating temperatures of the PTC thermistor (TNF or TFS as applicable) before and after 
the tests to verify the rated making and breaking capacities of the switching component under 
normal and abnormal conditions of use shall meet the requirements according to the 
requirements of 5.2.3. 

This shall be verified by the test specified in 9.3.3.6. 

8.2.9 Damp heat 

The damp heat test of the control unit may be performed according to Annex Q of 
IEC 60947-1:2020. 

8.2.10 Shock and vibration 

8.2.10.1 Shock 

The control unit shall be tested in accordance with IEC 60068-2-27 with the parameters of 
Table Q.1 of Annex Q of IEC 60947-1:2020, category E. 
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8.2.10.2 Vibration 

The control unit shall be tested in accordance with IEC 60068-2-6 with the parameters of 
Table Q.1 of Annex Q of IEC 60947-1:2020, category D, with the output activated and not 
activated. 

8.2.11 Requirements for short-circuit detection within the PTC thermistor circuit 

When the control unit operates under normal conditions of service and the PTC thermistor circuit 
is connected to the terminals of the control unit, the following conditions shall be met: 

a) the control unit shall be switched on, or be able to be reset, when the resistance of the PTC 
thermistor circuit is between X Ω and 750 Ω; 

b) the control unit shall switch off as the resistance falls, before it reaches 10 Ω; 
c) the control unit shall switch on, or be able to be reset, when the resistance of the PTC 

thermistor circuit is increased, before it reaches X Ω; 
d) there shall be no significant modification in the operation of the control unit when the 

capacitance of the PTC thermistor circuit is not greater than 0,2 μF. 

Compliance shall be verified by tests specified in 9.3.3.12. 

The value X shall be provided under item p) of 6.1. 

NOTE The resistance value of the PTC can be as low as 20 Ω. 

8.2.12 Requirements for wire break detection within the PTC thermistor circuit 

The inspection range for the wire break evaluation shall be above the operating value provided 
under item o) of 6.1 (switch off value according to 9.3.3.10 b)). 

A safe wire break detection is ensured if a rise rate of the resistance in the PTC thermistor 
circuit greater than 300 kΩ/s is measured. 

NOTE With the assumption that the temperature-rise of the motor is 10 K/s and a PTC-resistance has a rise of 
3 000 Ω/K, the maximum resistance-rise results in 30 000 Ω/s. At a wire break the resistance-rise will be minimum 
10 to 100 times higher than by the temperature-rise of a motor. 

8.3 Electromagnetic compatibility (EMC) 

8.3.1 General 

Subclause 8.3.1 of IEC 60947-1:2020 applies with the following addition: 

For EMC test, the minimum system to be considered is the control unit interconnected with a 
PTC thermistor connected with the maximum specified cable length. 

8.3.2 Immunity 

Subclause 8.3.2 of IEC 60947-1:2020 applies with the following additions: 

The appropriate tests to verify the compliance with these requirements are given in 9.4.2. 

The performance criteria, based on the acceptance criteria given in Table 24 of 
IEC 60947‑1:2020, shall be criterion A in general, except for electrostatic discharges, surges, 
voltage dips and short-time interruptions for which criterion B shall be fulfilled. 

Equipment utilizing electronic circuits, in which all components are passive (for example diodes, 
resistors, varistors, capacitors, surge suppressors, inductors), is not required to be tested. 
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8.3.3 Emission 

Subclause 8.3.3 of IEC 60947-1:2020 applies with the following additions: 

The appropriate tests to verify the compliance with these requirements are given in 9.4.3. 

If the equipment is only verified for environment A, the following warning shall be given to the 
user (for example in the instruction manual) stipulating that the use of this equipment in 
environment B can cause radio interference in which case the user can be required to employ 
additional mitigation methods. 

NOTICE 
This product has been designed for environment A. The use of this product in 

environment B can cause unwanted electromagnetic disturbances in which case the user 
can be required to take adequate mitigation measures. 

 

9 Tests 

9.1 Kinds of tests 

9.1.1 General 

Subclause 9.1.1 of IEC 60947-1:2020 applies. 

9.1.2 Type tests 

Type tests are intended to verify compliance of the design of control units with this document. 

They comprise the following verifications: 

a) dielectric properties (see 9.3.3.4); 
b) operational performance (see 9.3.3.1 and 9.3.3.2); 
c) making and breaking capacities (see 9.3.3.5); 
d) temperature-rise limits (see 9.3.3.3); 
e) constructional requirements (see 9.2); 
f) short-circuit behaviour (see 9.3.4); 
g) EMC (see 9.4); 
h) verification of the operating temperature variation (see 9.3.3.6); 
i) verification of rated system operating temperature (TFS) (see 9.3.3.7); 
k) verification of reset temperature (see 9.3.3.8); 
l) tests for equipment with protective separation (see 9.3.3.9); 
m) verification of switch on and switch off of Mark A control units (see 9.3.3.10); 
n) verification of the rated voltage of the PTC thermistor circuit of the control unit 

(see 9.3.3.11); 
o) verification or the short-circuit detection within the PTC thermistor circuit (see 9.3.3.12); 
p) verification or the wire-break detection within the PTC thermistor circuit (see 9.3.3.13). 
q) verification or the shock and vibration requirements (see 9.3.3.14). 

9.1.3 Routine tests 

Subclause 9.1.3 of IEC 60947-1:2020 applies where sampling tests are not made instead. 
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