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 Scope of this documentation 2 
 

 

This reference manual focuses mainly on the design of electrical equipment for machinery, in 
other words, on control panels and switchgear and controlgear assemblies for general use, 
and general electrical equipment for industrial machinery and systems according to 
standards IEC 60204-1 and IEC 61439-1/-2. In many respects, the primary standards series 
IEC 60364 also applies and is therefore discussed. 

Since some chapters of this reference manual are based on specifications from standards, 
the area of application is, accordingly, based on these standards as well. Details about the 
scope of the primarily relevant standards IEC 60204-1, IEC 61439-1/-2 and the IEC 60364 
series can be found in chapter Standards (Page 30).  

This manual does not discuss the following subjects: safety of machinery, functional safety of 
safety-related electronic equipment or systems, devices or protective systems in potentially 
explosive areas, explosion protection or electromagnetic compatibility.  

This reference manual cannot and should not be regarded as a substitute for the required 
standards. Instead, it attempts to give practical explanations of passages from these 
standards based on examples and background information. Electrical equipment cannot be 
designed to conform to standards unless the relevant standards are applied to the design.  
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 Organizations and standards 3 
3.1 Organizations 

This chapter provides an overview of existing European and international standardization 
bodies and institutes, and explains how they work together to draw up standards and 
directives. The technical implementation of this reference manual is based on the publication 
and implementation of directives, regulations and standards adopted within the European 
Union and internationally.  

Global standards 

The map below shows the countries/regions of the world in which important global standards 
are valid: 

 

Figure 3-1 Important standards and the countries/regions in which they apply 

Further information about North American standards can be found in the Siemens guide 
"Industrial Control Panels and Electrical Equipment of Industrial Machinery for North 
America". 
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Organizations and committees  

Listed below are the organizations and committees that have been nominated to publish 
technical specifications and standards for application internationally and in the European 
Economic Area. The official publication languages are French, English and German.  

IEC  

German: Internationale Elektrotechnische Kommission 

English: International Electrotechnical Commission 

83 states were members of the International Electrotechnical Commission in 2016. These 
"National Commitees" nominate their experts from industry, government agencies, trade 
associations and scientific institutions to participate in the electrotechnical standardization 
and conformity assessment work performed by the IEC. A list of the member states 
organized in the IEC can be found in the appendix (Page 343).  

 

DIN 
DKE 
ISO 
EN 
HD 

German Institute for Standardization 
German Commission for Electrical, Electronic and Information Technologies  
International Organization for Standardization 
European Norm 
Harmonized Document 

  
TS 
TR 

Types of published results (ISO):  
Technical Specification  
Technical Report  

Figure 3-2 Standardization (Germany as example) 
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Scope of the EU directives 

The standards that are developed by the standards organizations and then published by 
CENELEC are then also valid in the three ETFA member states Iceland, Liechtenstein and 
Norway, and in the other member states of the European Economic Area (EEA) Switzerland, 
Turkey, Andorra, San Marino and Monaco. The standards are also valid in the overseas 
dependent territories Guadeloupe, French Guiana, Martinique, Réunion, Saint-Barthélemy, 
Saint-Martin, the Azores, Madeira and the Canary Islands. 

 

Figure 3-3 European Economic Area with EFTA and other countries  
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Development and publication of harmonized standards  

The three European standards organizations are mandated by the European Commission to 
develop harmonized standards.  

The proposed standards are drafted on the basis of this mandate and largely based on IEC 
international standards. 

The CENELEC as a European Committee for Electrotechnical Standardization brings 
together the national standards institutions of various countries. Owing to the large number 
of national standards institutions and the involvement of industry, government agencies, 
trade associations and scientific bodies, it is commonly the case that several voting 
proposals are developed and submitted to the European Commission for assessment. After 
these have been assessed, they are published as a "harmonized standard". 

The country-specific committees for standards and national specifications are listed in the 
appendix (Page 347).  

 

Figure 3-4 Development and publication of harmonized standards 

The term "standard" for example is defined in DIN 820, Part 3 as: "Standardization is the 
systematic unification of material and immaterial subjects carried out by all stakeholders 
working in consensus for the benefit of society as a whole." 
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3.2 Standards 
The following chapter explains the interrelationship between European directives and 
harmonized standards using the example of the Low Voltage Directive 2014/35/EU and the 
Machinery Directive 2006/42/EC. 

Harmonized standards 

EU directives are usually transposed by the member states of the European Economic Area 
into their own national legislation as binding product safety laws or regulations. For 
Germany, for example, the Machinery Directive 2006/42/EC is implemented in the 
9th Product Safety Act for the protection of the health and safety of users. 

As part of efforts to harmonize European directives, several new directives came into force in 
2016. One of these directives - the Low Voltage Directive - was implemented in national law. 
The new version of the 1st Product Safety Act (Regulation on electrical equipment - 
1st ProdSV) came into force on April 20, 2016. 

Several directives may apply simultaneously to one product. If this is true for a particular 
product, all basic requirements of the relevant directives shall be fulfilled.  

However, the directives simply define the basic requirements for averting risks without 
specifying the means by which solutions can be engineered. The technical standards provide 
guidance in fulfilling the basic requirements for averting risks for the operator and the 
product. EU standards are available to manufacturers as "harmonized European standards". 
The European Commission grants a mandate to CENELEC to develop these standards.  

As a result of the New Approach to harmonizing standards launched in 1985, the concept of 
harmonized standards became a reality and was extended further in 2008 by the 
harmonization efforts encompassed in the "New legislative Framework" (NLF). 

Directives, regulations, legislation and standards  

Standards are used by product manufacturers as a guide for analyzing risks and meeting 
basic requirements. The list of applicable harmonized standards is published with the Official 
Journal for the relevant directive.  

By contrast with the requirements in the directives, the standards are extremely precise with 
respect to technical details and reflect the state of the art as regards protection against 
hazards at the time of publication. 

But application of these standards is still voluntary. In other words, unlike laws and 
regulations, standards are not binding. However, an obligation to apply them may arise as a 
result of legislation, administrative regulations or contractual commitments. 
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Figure 3-5 Legal standard 

The members in the standards organizations are responsible for drafting standards. A total 
of 33 members are listed for CENELEC, see appendix (Page 346). These people bear the 
responsibility for developing and interpreting standards and safety regulations applicable to 
electrical and electronic products. 

State of the art and acknowledged rule of technology 

The definition in paragraph 1.4 "State of the art in EN 45020-2006 is as follows: 
"Developed stage of technical capability at a given time as regards products, processes and 
services, based on the relevant consolidated findings of science, technology and experience" 

"Acknowledged rule of technology" is defined in paragraph 1.5 as:  
"technical provision acknowledged by a majority of representative experts as reflecting the 
state of the art"  
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German interest groups  
The Deutsche Kommission Elektrotechnik Elektronik Informationstechnik im DIN und VDE 
(German Commission for Electrical, Electronic & Information Technologies of DIN and VDE) 
- or DKE for short – is responsible for the development of standards and safety specifications 
in the areas of electrical engineering, electronics, information technologies and 
telecommunications that are largely harmonized with European and global standards. 

The DKE sends its experts to international commissions in order to represent German 
interests on standardization committees. 

 

Figure 3-6 German interest groups for electrical engineering standardization projects  

Development of a standard  
The following diagram illustrates the process of developing a standard in Germany - from the 
moment it is initially proposed until the date of its publication.  

Public experts (whether individuals or interest groups) have the option of submitting 
proposals for a specific standard either by personal or written application. The proposals are 
channeled and evaluated by the standardization committee.  
During the consultation period (between 2 and 4 months depending on the standard), public 
experts can actively participate in drafting the standard, e.g. online via the DIN Standards 
Portal (http://www.din.de/de/mitwirken/entwuerfe). The responsible working committee 
evaluates comments submitted by experts and writes the manuscript. The unit "Process 
Quality Monitoring" then checks and finally publishes the standard.  

 

Figure 3-7 Development of a standard (Germany as example)  

Details about the development of national, European and international standards can be 
found at the DIN (https://www.din.de) website. 
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Translation 

The content of published regulations, standards or harmonization documents is translated 
into German from the original document. In the Federal Republic of Germany and in many 
other European states, the content of published regulations and recommendations are 
implemented in national laws and regulations by trade associations or legislators.  

In Germany, DKE is responsible for translating content and transposing it into the DIN set of 
standards and the VDE regulatory standards. When standards are translated from the 
original text, the formulation from the original version is binding. 

Publication of standards  

The Official Journals that publish European directives list harmonized standards that make it 
possible to fulfill each respective directive's safety objectives (presumption of conformity). 
The manufacturer shall ensure that he/she applies the latest version of the standard. 

Unlike the directive, the EU Official Journals are regularly updated and made available to 
download from the Internet. 

You can find a selection of the current links for downloading directives and Official Journals 
free of change in the appendix (Page 333). 

Official Journal for the European Low Voltage Directive 2014/35/EU  

Below is an excerpt from the Official Journal for the European Low Voltage Directive 
2014/35/EU which explains the listed standards and how they should be used and 
interpreted. 

 

Figure 3-8 Excerpt from the Official Journal of the European Union  
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Source: European Commission, Official Journal OJC 249 published on July 8, 2016   

Figure 3-9 Excerpt from the Official Journal for the European Low Voltage Directive (2014/35/EU)  
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Proof of compliance with basic requirements  

The advantage of complying with a harmonized European standard (that is published in at 
least one member state via the Official Journal) is that it can be presumed automatically that 
the basic requirements of the directive to which the standard refers have been fulfilled.  

Product manufacturers are urgently advised to base their risk assessment on harmonized 
standards which provide useful guidance in performing effective risk analysis and meeting 
basic requirements. 

If the manufacturer of a product decides against providing proof of compliance on the basis 
of "harmonized standards", then he/she is required to conduct a risk analysis to provide 
separate proof that the basic requirements of the EU directive have been fulfilled.  

Although standards IEC 60204-1 and IEC 61439-1/-2 do not describe any specific methods 
of risk analysis, it is possible to manage most risks through consistent compliance with 
standards. You can find suitable risk analysis guidance with respect to low-voltage 
equipment in the CENELEC Guide 32 (Page 340) and in IEC 12100.  

It may be necessary to use the services of a third party in some cases. 

Special aspects of the Machinery Directive 

According to paragraph 1.5.1 for the electricity supply of machinery in the Machinery 
Directive 2006/42/EC, the following generally applies with respect to risks due to other 
hazards: 

"[…] Where machinery has an electricity supply, it shall be designed, constructed and 
equipped in such a way that all hazards of an electrical nature are or can be prevented. […]" 

As regards the hazards posed by electricity, the Machinery Directive specifically refers to the 
safety objectives of the Low Voltage Directive. In view of this fact, the electrical equipment of 
machinery is subject not only to the standards associated with the Machinery Directive, but 
also to those published for the Low Voltage Directive.  

You can find a selection of the electrical and mechanical standards that are valid for the 
Machinery Directive 2006/42/EC and the Low Voltage Directive 2014/35/EU in the appendix 
(Page 331). IEC 61439 is listed in the Official Journal of the Low Voltage Directive, but not in 
the Machinery Directive. 



Organizations and standards  
3.2 Standards 

 Control Panels compliant with IEC Standards and European Directives 

36 Reference Manual, 10/2017, A5E38284819002A/RS-AB/002 

Selection of harmonized standards  

Excerpts from a number of important harmonized standards and the sections relevant to the 
safety of machinery and the electrical equipment of machines are given in the table below. 

Table 3- 1 Selection of harmonized standards 

European 
standard 

German 
standard 

International 
standard 

Title 

EN 60204-1 DIN EN 60204-1 IEC 60204-1 Safety of machinery –  
Electrical equipment of machines 

EN 61439-1 DIN EN 61439-1 IEC 61439-1 Low-voltage switchgear and controlgear 
assemblies –  
General rules 

EN 61439-2 DIN EN 61439-2 IEC 61439-2 Low-voltage switchgear and controlgear 
assemblies –  
Power switchgear and controlgear 
assemblies 

HD 60364 DIN VDE 0100 IEC 60364 Low-voltage electrical installations –  
Parts 1 to 8 

EN ISO 12100 DIN EN ISO 
12100 

ISO 12100 Safety of machinery –  
General principles for design – Risk 
assessment and risk reduction 

EN ISO 13849 DIN EN ISO 
13849 

ISO 13849 Safety of machinery –  
Safety-related parts of control systems 

EN 62061 DIN EN 62061 IEC 62061 Safety of machinery –  
Functional safety of safety-related electrical, 
electronic and programmable electronic 
control systems 

See also 

Scope of applicability for IECEE  (Page 343) 
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3.3 The control panel - does the Machinery Directive or the Low Voltage 
Directive apply? 

The decision as to whether the electrical equipment of machines including the control panel 
falls within the scope of the Machinery Directive or the Low Voltage Directive has immediate 
implications for the manufacturer's obligations to provide proof with respect to technical 
documentation and the standards applied. For additional information about verification, refer 
to chapter Testing and verifications (Page 194). 

Regardless of whether the control panel falls within the scope of the Machinery or the Low 
Voltage Directive, the general principles with respect to health and safety requirements shall 
be observed. The person who places the control panel on the market shall ensure that a risk 
assessment is carried out to determine the applicable health and safety requirements. The 
party who will bear responsibility for performing the risk assessment of the control panel shall 
be agreed in advance between the machine manufacturer and the control panel 
manufacturer. 

Statement regarding safety of electrical machinery 

The German Commission for Electrical, Electronic & Information Technologies of DIN and 
VDE (DKE) published a statement regarding the application of DIN EN 60204-1, 
DIN EN 61439-1 and DIN EN 61439-2 in relation to the safety of machinery and the 
installation of electrical equipment of machines.  

In their summary, DKE stated the following:  

"The application of DIN EN 60204-1 allows the declaration of conformity with the relevant 
essential requirements of the Machinery Directive or the Low Voltage Directive (presumption 
of conformity for the requirements of Annex I to the Machinery Directive listed in Annex ZZ). 
As a result of risk assessment, manufacturers of switchgear may use technical rules, e.g. 
those given in DIN EN 61439-1 or DIN EN 61439-2, as an additional aid for design (e.g. 
consideration of heat and short-circuit). 

However, the exclusive use of DIN EN 61439-1 and DIN EN 61439-2 is not sufficient for the 
safety of machinery. 

The use of DIN EN 60204-1 is sufficient for the declaration of conformity of switchgear 
assemblies which are part of the electrical equipment of machines." 

The full wording of the statement DKE/K 225 of November 3, 2014 can be read under the 
following link (https://www.dke.de/de/normen-standards/normen-
anwenden/installationstechnik-anlagen-geraete-und-maschinen). 
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 Markings and symbols for market access 4 
 

 

Product markings  

This chapter provides an overview of the requirements and markings relating to products and 
product safety that are common in the European Economic Area (EEA) and on international 
markets.  

Markings that allow products to gain market access are common. They are proof that the 
product complies with certain legal and technical regulations. Depending on the country, 
application or product, these markings can be mandatory or voluntary. 

The following map shows a variety of countries color-coded according to international 
standards and economic regions which have specific requirements with respect to test and 
administrative marks. 

 

Figure 4-1 Example: Countries and economic regions which require test and administrative marks 
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Declaration of conformity and CE marking  

The declaration of conformity and CE marking are mandatory for products placed on the 
market for the countries of the European Union, the member states of the European 
Economic Area including those countries who have signed up to the European Free Trade 
Agreement, the European overseas dependent territories, as well as Switzerland and 
Turkey. The consistent, obligatory implementation of EU legal provisions and the strict 
observance of the safety objectives defined in EU directives for the protection of the health 
and safety of users are the basis for the declaration of conformity and CE marking. 

By affixing the CE marking to a product, the manufacturer declares that the product has 
been successfully assessed for conformity and that it legally complies with the basic 
requirements of the safety objectives defined in the relevant directive. Through compliance 
with the harmonized standards and legal provisions, the criteria for "presumption of 
conformity" are met, i.e. it is presumed that the product fulfils the safety objectives outlined in 
the directive. 

The CE marking is important proof that a product conforms to EU legal provisions. It means 
that goods can move freely within the member states of the EEA regardless of whether the 
goods were manufactured inside or outside the EEA. 

Irrespective of which of the 4 defined economic players (manufacturers, authorized 
representatives, importers and distributors) places a product on the market in the economic 
area, it is done within a uniform framework with general principles. The economic players are 
responsible for ensuring product conformity according to the appropriate EU directives for 
product safety. The obligations to be fulfilled by these players vary in terms of the burden 
they impose depending on the role of the player in the supply chain. Failure to consistently 
implement EU legal provisions or violations or shortcomings with respect to fulfillment of 
performance or function requirements can have serious consequences for the economic 
player or players and for the product placed on the market. 

 

Figure 4-2 Meaning of EU directives and legal consequences 
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The European Union plays a leading role in international cooperation in relation to technical 
regulations, standardization and conformity assessment and in eliminating technical 
obstacles to free trade with products. Furthermore, as part of its neighborhood policy, the 
European Commission has sent clear signals that it wishes to cooperate more closely on 
trade, market access and regulatory structures with neighboring countries in the east and 
south of the EU.  

Detailed information about the CE marking can be found in the "Blue Guide 
(http://ec.europa.eu/DocsRoom/documents/12661?locale=de) on the implementation of 
EU product rules 2016" (2016/C 272/01).  

Test and administrative marks 

A large number of test and administrative marks are in use outside of the EEA but within 
areas of the world in which IEC standards are applicable, for example, in Eastern and 
Southern Europe, the Middle East, Asia, China, Oceania and South America. 

 

 Note 
Changes for the countries of the Customs Union (CU) 

The Russian certification GOST or GOST-R is still valid for the Russian Federation, but is 
gradually being superseded by new technical rules and regulations. The GOST or GOST-R 
certification is not valid in the other countries in the Customs Union.  

In the case of a declaration of conformity in accordance with the technical guidelines of the 
Customs Union, the GOST-R certification is not required and is replaced by the EAC 
certification.  

 

People's Republic of China  

The 3C or CCC (China Compulsory Certificate) certification was implemented in the People's 
Republic of China in 2002 and is designed to safeguard aspects of national safety and to 
protect people, animals and the environment. For products or product groups that require a 
China Compulsory Certificate (CCC), it is usual to carry out product-specific tests and 
manufacturer-specific audits. 

As with the CE marking in the EEA, products which require a certificate may not be imported 
or sold or marketed within the scope of a business relationship in China without a CCC 
product label. Violations of CCC rules are normally penalized with fines.  
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 Control engineering - definition of terms and 
fundamental principles 5 
 

 

Important basic terms relating to switchgear manufacture and control engineering are briefly 
explained and illustrated by examples in this chapter. You can find further definitions in 
German, English and French in the online dictionary of the DKE (International 
Electrotechnical Vocabulary): DKE-IEV (https://www2.dke.de/de/Online-Service/DKE-
IEV/Seiten/IEV-Woerterbuch.aspx) 

Detailed explanations can be found in the documentation for the relevant products or in the 
relevant product standards or the application standards, e.g. IEC EN 60204-1 or 
IEC 61439-1.  
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5.1 Safety rules 
All electrically skilled persons and electrically instructed persons shall be familiar with the five 
safety rules applicable to work on electrical installations. These rules shall always be 
observed. 

5 safety rules 

Definition according to DIN VDE 0105-100 / EN 50110-1: 

All work on electrical installations shall be carried out by electrically skilled persons, or by 
persons who have received instruction in working on electrical installations, or under the 
supervision of one of the aforementioned. An installation or a section of an installation shall 
be released by the person charged with supervising the work after all five safety rules have 
been followed. Adherence with the specified rule sequence is essential. 

1. Disconnect completely 

2. Secure against re-connection 

3. Verify absence of operating voltage 

4. Carry out earthing and short-circuiting (exceptions may be made under certain 
circumstances) 

5. Provide protection against adjacent live parts 

(exceptions may be made under certain circumstances)  

Skilled person (electrically) 

Definition according to DIN EN 60204-1: 

"Person with relevant education, knowledge and experience to enable him or her to analyze 
risks and to avoid hazards which electricity could create." 

(Electrically) Instructed person 

Definition according to DIN EN 60204-1: 

"Person adequately advised by an electrically skilled person to enable him or her to avoid 
dangers which electricity may create." 
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5.2 Types of grounding system 

TN-S system  

T = Terra = directly grounded neutral  
N = low-resistance return conductor to transformer neutral point  
S = separate conductors for PE and N 

Advantage: System conforms with EMC guidelines 

Disadvantage: 5 conductors 

TN-C system  

T = Terra = directly grounded neutral  
N = low-impedance return conductor to transformer neutral point  
c = a "combined" conductor for PE and N = PEN 

Advantage: Only 4 conductors 

Disadvantage: Susceptible to electromagnetic interference because harmonics are 
discharged via the PEN which means that loads with N conductor are additionally stressed 
by harmonics. 

TN-C-S system  

With this system, a combined N and PE (PEN) conductor exits from the transformer, but at 
some point, the PEN conductor is split up into separate PE and N lines.  

PEN is nonetheless the correct description for this PE because the neutral can be separated 
out of the combined conductor at any time. Once the neutral has been separated out of the 
combined conductor, it cannot be connected to the PEN again, i.e. it must be a "spur line"!  

If a neutral conductor that had already been split from the PEN were reconnected to it, it 
would constitute a parallel connection with an incalculable impedance and thus also an 
incalculable short-circuit load. Furthermore, it can result in undesirable stray ("vagrant") 
currents.  

 

Figure 5-1 TN-C-S system 
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IT system  

I = transformer neutral point isolated or with high-impedance ground connection 
T = Terra = each item of equipment has separate low-impedance ground connection 

Advantage: First fault = conductive connection from phase to enclosure does not cause 
disconnection. 

Disadvantage: An additional monitoring system for detecting the first fault shall be installed. 

Used, for example, in situations in which high availability of electrical installations is 
essential, e.g. in hospital operating theaters, potentially explosive atmospheres. 

 

Figure 5-2 IT system 

TT system  

T = Terra = directly grounded neutral 
T = Terra = each item of equipment has separate low-impedance ground connection  

The PE connection is provided by a local ground electrode. When the transformer is located 
a long way from the equipment, the large number of series and parallel equivalent 
resistances of the ground produce a relatively low grounding resistance which means that 
this system has similar characteristics to a TN system. 

Advantage: Only 3 conductors are required 

Disadvantage: An effective system only when transformer is located a long way from 
consumers.  
Used in low-voltage networks in areas in which the substation is located at a large distance 
from consumers, i.e. in rural localities. 
Used in medium-voltage networks in conjunction with (overhead) power lines. 

 

Figure 5-3 TT system (N conductor as required) 
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5.4 Current... 

Overcurrent  

Current which exceeds the rated value.  

For conductors and cables, the rated value is their current-carrying capacity.  

The rated value for switchgear is the relevant rated current (Irated or Ir). 

Overload (of a circuit)  

Time/current relationship in a circuit which is in excess of the rated full load when the circuit 
is not under a fault condition. (Source: IEC 60204-1)  

Overload should not be used as a synonym for overcurrent.  

Short-circuit current 

Overcurrent resulting from a short circuit due to a fault or an incorrect connection in an 
electric circuit. (Source: IEV 441-11-07) 

In this case, the magnitude of the current is significantly higher than the rated value. 

Circuit under a fault condition; low-impedance connection between phase and PE / N  

Earth fault current (US: Ground fault current) 

Current flowing to earth due to an insulation fault. (Source: IEV 442-01-23) 

Earth leakage current  

Current flowing from the live parts of the installation to earth, in the absence of an insulation 
fault. (Source: IEV 442-01-24) 
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Cut-off current (let-through current) 

Maximum instantaneous value of current attained during the breaking operation of a 
switching device or a fuse.  

NOTE: This concept is of particular importance when the switching device or the fuse 
operates in such a manner that the prospective peak current of the circuit is not reached. 
(Source: IEV 441-17-12) 

If the prospective peak current of the circuit is not reached, the term "current limiting" is 
applied. In this case, the cut-off current iD corresponds to the cut-off current actually attained. 
This is specified as a peak value. 

 

iD: Cut-off current (let-through current) 
ip: Peak short-circuit current 
ts: Melting time 
tL: Arc quenching time 
UB: Arc voltage 

 

Source: Siemens AG, Handbook Switching, Protection and Distribution in Low-Voltage Networks, 
4th Edition 1997 

 

Figure 5-4 Oscillogram of a short-circuit disconnection by a fuse  
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Example of the application of finger-safety  

Finger-safety measures shall be implemented 30 mm around the pushbutton and to a depth 
of 80 mm. 

 

Source: Siemens AG, Handbook Switching, Protection and Distribution in Low-Voltage Networks, 
4th Edition 1997  

 

Figure 5-6 Test finger (dimensions in mm)  
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Example of the application of safety from touch by back of hand  

The ball shall not make any contact with live parts. 

 

Figure 5-7 Parts dangerous to touch, dimensions in mm  
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5.7 Degree of pollution 
The degree of pollution refers to the ambient conditions in which the switchgear or the 
control panel can operate. 

For devices and components in an enclosure, the degree of pollution refers to the ambient 
conditions inside the enclosure. 

The pollution degree is required in order to evaluate clearances and creepage distances. 
The higher the degree of pollution, the larger the clearances and creepage distances. 

The degree of pollution always relates to the environment directly around the equipment.  

Degree of pollution 

The table describes the 4 degrees of pollution as defined by IEC 60664-1 and the areas to 
which they are usually assigned. 

Degree of pollution 3 can be regarded as standard in industry. 

Table 5- 1 Degree of pollution 

Degree of 
pollution 

Description Areas Minimum 
values of 
width X of 
grooves1 

1 No pollution or only dry, non-
conductive pollution occurs. The 
pollution has no influence. 

Air-conditioned or clean, dry areas 0.25 mm 

2 Only non-conductive pollution 
occurs except that occasionally a 
temporary conductivity caused by 
condensation is to be expected. 

Residential, retail or commercial 
areas, precision mechanics 
workshops, laboratories, test 
stations, rooms used for medical 
purposes 

1.0 mm 

3 Conductive pollution occurs or 
dry, non-conductive pollution 
occurs which becomes conductive 
due to condensation which is to 
be expected. 

Industrial companies, commercial 
and agricultural operations, 
unheated storage areas, 
workshops, boiler rooms 

1.5 mm 

4 Continuous conductivity occurs 
due to conductive dust, rain or 
other wet conditions.  

Outdoor areas 2.5 mm 

 1 Dimensions in accordance with IEC 61439-1, Annex F, Table F.1 
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5.9 Overvoltage category 
"Numeral defining a transient overvoltage condition." (Source: IEV 581-21-02) 

The overvoltage category depends on limiting (or controlling) the values of prospective 
transient overvoltages occurring in a circuit (or within an electrical system having different 
nominal voltages) and depending upon the means employed to influence the overvoltages. 

Transient and temporary overvoltage  

 

Figure 5-10 Transient and temporary overvoltage  

Transient overvoltages 

Transient overvoltages are characterized by their very short duration (normally in the 
milliseconds range), but very high magnitude (in the kilovolts range).  

Overvoltage category III is the most common category for industrial equipment.  

If a lower overvoltage category is required, this can be achieved by installing appropriate 
components such as surge arresters or line filters that block, absorb or discharge the 
overvoltage energy to reduce the transient overvoltage down to the relevant category. 

Temporary overvoltages 

Temporary overvoltages are characterized by their relatively long duration (in the seconds 
range), but relatively low magnitude (in the volts range).  

Nominal voltage and rated impulse withstand voltage  

Table G in EN 61439-1 or IEC 61439-1 shows the correlation between the nominal voltage 
of the supply system and the rated impulse withstand voltage of the equipment. 
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5.10 Selectivity 

Selectivity 
 

 
Selectivity 

An installation with various levels of protective devices is said to 
operate "selectively" when a fault is cleared only by the protective 
device installed immediately upstream of the fault location. 
In each case, the fault is cleared within the specified clearance time 
in accordance with the application / type of grounding system. 
All of the other circuits unaffected by the fault remain operational.  

Current selectivity  

Current selectivity is achieved when the series-connected protective devices are selected 
and set in such a way that the fault is only ever cleared by the device located immediately 
upstream of the fault (without time delay).  

Time selectivity  

Time selectivity is achieved when all upstream protective devices delay tripping until the 
device immediately upstream of the fault trips.  

Total selectivity  

Total selectivity is achieved when the maximum possible short-circuit current trips only the 
device located immediately upstream of the fault, but does not trip any of the other upstream 
devices. 

Partial selectivity, as of a specific current value  

Partial selectivity is achieved when the upstream device trips at the same time as the device 
located upstream of the fault as soon as the fault current reaches a specific value. This value 
differs according to the device combination and shall be calculated separately for each 
configuration. 

Selectivity limit  

The selectivity limit is a "specific" fault current value (see "Partial selectivity") which, when 
exceeded, causes upstream protective devices to trip simultaneously.  
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5.11 Utilization categories 

Utilization category according to IEC 60947-2  

Table 5- 2 Utilization category - suitability for selectivity 

Utilization category Suitability for selectivity 

A Circuit breakers not specifically intended for selectivity under short-circuit conditions with respect to 
other short-circuit protective devices in series on the load side, i.e. without an intentional short-time 
delay provided for selectivity under short-circuit conditions and therefore without a short-time 
withstand current rating according to 4.3.5.4. 

B Circuit breakers specifically intended for selectivity under short-circuit conditions with respect to 
other short-circuit protective devices in series on the load side, i.e. with an intentional short-time 
delay (which may be adjustable), provided for selectivity under short-circuit conditions. Such circuit 
breakers have a short-time withstand current rating according to 4.3.5.3. 
NOTE   Selectivity is not necessarily ensured up to the ultimate short-circuit breaking capacity of the 
circuit breakers (for example in the case of operation of an instantaneous release), but at least up to 
the values specified in Table 3. 

... 

 Source: IEC 60947-2, excerpt from Table 4: Utilization categories; highlighting by author 

Utilization categories for contactors  

Utilization categories for contactors according to IEC 60947-4-1  

Alternating current – selection 

AC-1 Non-inductive or slightly inductive loads, resistance furnaces (IE = 1.5 x; IA = 1.5 x) 

AC-2 Slip-ring motors: starting, switching off (IE = 4 x; IA = 4 x) 

AC-3 Squirrel-cage motors: starting, switching off during operation (IE = 10 x; IA = 8 x) 

AC-4 Squirrel-cage motors: starting, plugging, inching (IE = 12 x; IA = 10 x) 

Direct current – selection  

DC-1 Non-inductive or slightly inductive loads, resistance furnaces 

DC-3 Shunt motors: starting, plugging, inching, dynamic braking of motors 

DC-5 Series motors: starting, plugging, inching, dynamic braking of motors 

DC-6 Switching of incandescent lamps 



Norman
Sticky Note
Utilization categories
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Normal and heavy-duty starting 

The graphic below illustrates the tripping times in relation to the tripping current with 3-pole 
loading from the cold state. CLASS 5 and CLASS 10 are often referred to as normal starting. 

Siemens provides combinations for CLASS 20, CLASS 30 and CLASS 40 for applications 
where a higher starting current is required for a prolonged period. These trip classes are also 
referred to as "heavy-duty starting". 

 

Source: Configuring the SIRIUS modular system, configuration manual, 09/2017  

Figure 5-11 Example: Tripping characteristics 
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5.15 Comparison of electrical characteristics 

Plant – fuses/switching devices 

Table 5- 5 Comparing characteristics from the plant to characteristics of the fuse/switching device 

 Characteristic Comments 

Plant Fuse Switching 
device 

Ik"max Rated breaking 
capacity 

Rated 
conditional 
short-circuit 
current 

R.m.s. value - rated conditional short-circuit current  
With respect to switching device, may depend on the type of 
application (load switching or merely isolation of equipment from 
supply). 

Ik"min Characteristic Unnecessary Calculated at the end of the cable or directly upstream of the next 
protective device. The fuse shall also be capable of interrupting this 
short-circuit current within 5 seconds. 

îP Unnecessary Rated short-
circuit making 
capacity 

Reference value for mechanical connections.  
Should be verified for switching devices (max. let-through value for 
fuses) 

S2k2 Operating I2tA Unnecessary The fuse requires the operating I2tA to ensure that the short-circuit 
current can be safely interrupted (pre-arcing energy + arcing 
energy). 

S2k2 conditional  îP The short-circuit current through the fuse is limited to this value. It 
is necessary for the purposes of selectivity evaluation and can be 
used to dimension the downstream cables and devices. 

 The fuse values (incl. tolerances) have to exceed the system values. 

Plant – circuit breaker  

Table 5- 6 Comparing characteristics from the plant to characteristics of circuit breakers 

Characteristic Comments 

Plant Circuit breakers 
Ik"max ICU; ICS Determines the number of possible short-circuit interrupts. 

Ik"min II; Id Current through the circuit breaker. 
When current selectivity is implemented, the setting value of the breaker 
(tolerance) should be lower than the plant value. 

Ik"min + time ICW Required for time-selectivity tasks. Determines the time period for which the 
circuit breaker can conduct the relevant short-circuit current. 

îP Icm Reference value for mechanical loading of the breaker and connections. This 
value determines the max. possible locking force of the breaker. 

S2k2 I2t; îD Let-through current of the circuit breaker.  
Applies particularly to current-limiting circuit breakers. 

 The values of the breaker (incl. tolerances) shall be higher than the values from the plant. 
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5.16 Insulation 

Exposed conductive part (of electrical equipment) 

"Conductive part of equipment which can be touched and which is not normally live, but 
which can become live when basic insulation fails." (Source: IEV 826-12-10)  

Basic insulation  

"Insulation of hazardous live parts which provides basic protection" 

NOTE: This concept does not apply to insulation used exclusively for functional purposes. 
(Source: IEV 195-06-06) 

Supplementary insulation 

"Independent insulation applied in addition to basic insulation, for fault protection. 
It shall be designed in the same way as basic insulation." (Source: IEV 195-06-07) 

Double insulation 

"Insulation comprising both basic insulation and supplementary insulation." (Source: 
IEV 195-06-08) 

Basic protection  

"Protection against electric shock under fault-free conditions." (Source: IEV 195-06-01) 

Reinforced insulation 

"Insulation of hazardous live parts which provides a degree of protection against electric 
shock equivalent to double insulation. 

NOTE: Reinforced insulation may comprise several layers which cannot be tested singly as 
basic insulation or supplementary insulation." (Source: IEV 195-06-09) 
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5.17 Classes 
Classes define measures that are designed to protect against electric shock. The classes for 
electrical equipment are specified in EN 61140 (in VDE 0140-1 for Germany).  

Classes  
 

Class Meaning 
0 No special protection against electric shock is provided apart from basic 

insulation. 
Equipment in this class cannot be connected to the protective bonding circuit. 
Shock protection shall be afforded by the installation environment of the 
equipment.  
Class 0 does not have a symbol or marking. It is planned to exclude class 0 from 
future releases of the international standard. 
Sale of equipment in class 0 is prohibited in some countries, e.g. in Germany and 
Austria. 

I 
Protective 
conductor 

All electrically conductive parts of the equipment enclosure (chassis) are 
connected to the protective bonding circuit of the permanent electrical installation 
that is at ground potential. 
Mobile devices in class I have a plug-and-socket connection with protective 
conductor contact. The connection to the protective conductor is designed such 
that the protective conductor is the first to be connected or last to be 
disconnected when the plug is inserted in or pulled out of the socket outlet. The 
entry point of the connecting cable into the device shall be equipped with a strain-
relief mechanism; when the cable is ripped out, the protective conductor shall be 
the last to be interrupted. 
When a live conductor comes into contact with the enclosure connected to the 
protective conductor, it will normally cause a "short circuit to frame" that will trip 
the fuse, a circuit breaker or a residual-current-operated circuit breaker and so 
disconnect the circuit. 
Grounding without a special grounding conductor is sometimes a feature of older 
installations, i.e. the N and PE conductors are connected in the socket. This is 
now prohibited for new installations with conductors smaller than 
10 mm² copper/16 mm² aluminum. In such cases, the N and PE conductors shall 
be routed separately. 
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Periodic duty  

In periodic duty with very short times de-energized and at rest, the thermally effective current 
may occasionally exceed the effective load current of the motor. This is generally the case if 
the period of operation and time de-energized and at rest of the motor are relatively short 
because the starting currents then affect the temperature rise. 

Annex E (Figure E6) of IEC 61439-1 contains the following method of calculating this thermal 
equivalent.  

 

t1   
t2   
t3   
t1 + t2 + t3  

Starting time at I1 
Run time at I2 
Interval time at I3 = 0 
= cycle time 

Figure 5-15 Calculation of average heating effect  
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6.2 Incoming supply conductor termination and supply disconnecting 
device 

6.2.1 Incoming supply conductor termination 

Areas of responsibility  

The incoming supply conductor termination represents the power supply, i.e. the supply of 
electrical power, for the machine.  

Unless otherwise agreed between the user and the machine supplier, the area of 
responsibility of the machine supplier begins at the point at which the machine is connected 
to the incoming supply, In other words, at the infeed terminal of the supply disconnecting 
device or, if provided, at upstream connecting terminals. 

If a switch disconnector without fuses is used as a supply disconnecting device, the outgoing 
cables at the supply disconnecting device will not have any protection. In this case, the 
supplier shall specify that the operator uses suitable fuses upstream of the control panel. 

 

Figure 6-1 Defining boundaries between areas of responsibility of user and supplier  

In order to reduce the risks associated with electrical installations, Chapter 5.1 of 
IEC 60204-1 recommends the use of only one incoming supply conductor wherever this is 
practicable. 
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Electrical equipment of a machine 

Where another supply is necessary, e.g. for circuits that operate at a different voltage 
(control circuits, etc.), that supply should be derived, as far as is practicable, from devices 
that form part of the electrical equipment of the machine. 

Depending on the complexity of the machinery, there may also be a need for more than one 
incoming supply conductor, for example, for large, complex machinery (e.g. optional 
generator operation, UPS systems). As a general rule, however, the number of supply 
conductors should be kept to the absolute necessary minimum. 

If a neutral conductor is used, a separate insulated terminal labeled "N" shall be provided. 
Such a terminal can also be part of the supply disconnecting device. In this case, there shall 
be no connection between the neutral conductor and the protective bonding circuit inside the 
electrical equipment. 

 

 Note 
Exception for TN-C and TN-C-S systems 

A connection may be made between the neutral terminal and the PE terminal at the point of 
the connection of the electrical equipment to a TN-C or TN-C-S supply system.  
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For types of grounding system (Page 47) in which an external protective conductor is routed 
to the machine, the protective conductor shall be connected to a terminal that is in the same 
terminal compartment as the associated line conductor terminals. The terminal for the 
external protective conductor shall be marked with "PE". 

 

Figure 6-2 Separate terminals for neutral conductor and protective conductor 
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Operating means of the supply disconnecting device  

The operating means of the supply disconnecting device shall be easily accessible and shall 
be external to the enclosure of the electrical equipment and located between 0.6 m and 
1.9 m above the servicing level. Recommendation: An upper limit of 1.7 m.  

Exception: Circuit breakers with a motorized operating mechanism need not be provided with 
a handle outside the electrical equipment enclosure where other means (e.g. pushbuttons) 
are provided to open the supply disconnecting device outside the enclosure. 

 

Figure 6-8 Installation height for operating means of the supply disconnecting device  

See also 

Types of grounding system (Page 47) 
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6.2.4 Devices for removal of power for prevention of unexpected start-up 
Machines or parts of machines may often need to be serviced at regular intervals. To ensure 
that maintenance engineers can work in safety, it may be necessary to shut down the 
machine or parts of the machine.  

In Chapters 5.4 and 5.5 of IEC 60204-1, a distinction is made between "Devices for removal 
of power for prevention of unexpected start-up" and "Devices for isolating electrical 
equipment (Page 98)". 

Whenever a potentially hazardous situation as a result of unexpected movement of a 
machine or part of a machine can develop, suitable "Devices for removal of power for 
prevention of unexpected start-up" shall be provided. 

This can be achieved by several methods, including by the supply disconnecting device 
itself. If only part of the machine needs to undergo maintenance while the rest remains in 
operation, it may be necessary to provide additional devices. Devices of this kind shall be 
placed in appropriate locations and be readily identifiable as to their purpose and function. 

 

Figure 6-11 Example: Device for removal of power for prevention of unexpected start-up 

 

 Note 

A permanent marking/label as to their purpose and function can also be affixed. 
 

If a device for removal of power with isolation function is required, devices also approved as 
Supply disconnecting (isolating) device (Page 86) may be used.  
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Example 

 

Figure 6-13 Example: Contactor as device for removal of power for prevention of unexpected start-up 
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6.2.6 Protection against unauthorized, inadvertent and/or mistaken connection 
IEC 60204-1 describes in Chapter 5.6 that "Devices for removal of power for prevention of 
unexpected start-up" and "Devices for isolating electrical equipment" shall be equipped with 
means to secure them in the OFF position (disconnected state) in order to prevent 
reconnection if they are located outside an enclosed electrical operating area.  

Examples 

 

Figure 6-14 Padlock to prevent reconnection 

 

Figure 6-15 Lockable door-coupling rotary operating mechanism of a 3VA... molded case circuit 
breaker  

Rule 
 

 Note 

It shall not be possible to reconnect the device either locally or remotely. 
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Other precautions against reconnection, e.g. warning notices or signs, may be sufficient for 
devices for removal of power situated inside an enclosed electrical operating area. 

Plug/socket combinations need not be lockable if they can be kept under the immediate 
supervision of the person who is carrying out the work.  
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By use of a key or tool 

 

Figure 6-19 Control panel locked by means of a key or by screw connections  

Using this method it is possible to prevent all except skilled persons from accessing the 
panel. The keys to locked enclosures shall be left in the safekeeping of authorized skilled 
persons. In the case of enclosures that are screwed shut, personnel shall be clearly 
instructed that they may only be opened by electrically skilled persons. 

Live parts, including those on the inside of doors, that can be adjusted or reset by suitable 
tools while the equipment is still connected to the power supply shall have at least degree of 
protection IP2X or IPXXB. 

It is possible for people working on the equipment with the door open to accidentally come 
into contact with live parts integrated in the door with, for example, their arm or shoulder. 
Therefore all such live parts that cannot be adjusted or reset with suitable tools shall be at 
least "safe from touch by the back of the hand" and have at least degree of protection IP1X 
or IPXXA.  

By disconnecting the equipment before the enclosure is opened 

One method of achieving this, for example, is to ensure that the control panel remains locked 
while the supply disconnecting device is closed and can only be opened when the 
disconnecting device is also open. Reconnecting may only be possible when the door has 
been closed again. 

 

Figure 6-20 Opening a control panel with a door lock interlocked with the supply disconnecting 
device 
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 Example of a molded case circuit breaker  

Table 6- 3 Excerpt from the product data sheet of the molded case circuit breaker 3VA2110-5HL36-
… 

  

 

 
 

 

 Note 
3VA2 molded case circuit breaker 

The designation for the response current of the 3VA2 molded case circuit breaker is Ii .  
The designation for this current in IEC 60204-1 is Ia. Since the short-circuit release is 
adjustable, values are specified for Ii min. and Ii max. 

 

The fault loop impedance ZS is normally measured during commissioning of the machine. 
The value can also be calculated if necessary.  

For additional information, please refer to Chapter Testing and verification in accordance 
with IEC 60204-1 (Page 194). 

 

See also 

Insulation (Page 70) 

Classes (Page 71) 

6.3.3 Protection by PELV (protective extra-low voltage) 
The abbreviation "PELV" stands for "Protective Extra Low Voltage".  

This type of circuit can be used to protect persons against electric shock from indirect 
contact, or from direct contact with a small contact surface.  

For more information, see Chapter Definition of terms (Page 71). 
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Example  

 

Figure 6-30 Example: Reducing the current-carrying capacity of conductors  

Short-circuit current rating of electrical equipment 

According to IEC 60204-1, Chapter 7.10, the short-circuit current rating of the electrical 
equipment is to be determined using design rules, calculations or tests.  

The short-circuit current rating can be determined in compliance with IEC 61439-1, 
IEC 60909-0, IEC/TR 60909-1 or IEC/TR 61912-1, for example. 

The process according to IEC 61439-1 is described in Chapter Detailed description of design 
verifications relating to construction (Page 208) of this reference manual. 



nburt
Sticky Note
Selection of over-current devices




Electrical equipment  
6.4 Design and protection of equipment 

 Control Panels compliant with IEC Standards and European Directives 

124 Reference Manual, 10/2017, A5E38284819002A/RS-AB/002 

Short-circuit current at the installation location  

The electrical equipment shall be designed for both the highest possible short-circuit current 
and the lowest possible short-circuit current. The major factor here is the prospective short-
circuit current.  

Highest possible short-circuit current 

If no separate supply terminals are used, the largest possible short-circuit that can occur 
within the control panel builder's area of responsibility (see Fig. 6-1 (Page 82)) is the 3-pole 
short-circuit on the outgoing side of the supply terminal or of the supply disconnecting 
device.  

Calculating the maximum short-circuit values at the location in which the overcurrent 
protective devices are installed involves a significant amount of engineering work. Equipment 
manufacturers design most overcurrent protective devices for high short circuits. For this 
reason, it is common practice to dimension all overcurrent protective devices according to 
the prospective short-circuit current at the incoming supply point. Furthermore, overcurrent 
protective devices shall ensure the protection of control devices such as contactors or 
frequency converters against any damage. Siemens specifies the appropriate overcurrent 
protective devices in the relevant manuals of the control devices. 

Example 

Simplest method: Design every overcurrent protective device for 50 kA. 

 

Figure 6-31 Design of overcurrent protective devices according to the maximum prospective short-
circuit current at the incoming supply point. 
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 Note 
Consideration of additional currents 

Where the short-circuit current from the supply to an overcurrent protective device can 
include additional currents (e.g. from motors, from power factor correction capacitors), those 
currents shall also taken into consideration.  

For more information, see IEC 60909-0. 
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Prospective short-circuit current at the incoming supply point to the machine  

The prospective short-circuit current at the incoming supply point to the machine is thus an 
important input quantity for configuring the control panel. This value shall also be agreed in 
advance with the operator of the machine. In the enquiry form in Annex B of IEC 60204-1, it 
is recommended that the prospective short-circuit current at the supply connection point of 
the electrical infeed is agreed. 

The prospective short-circuit current at the incoming supply point to the machine is 
dependent on two factors: 

1. The initial symmetrical short-circuit current of the supply transformer 

2. The attenuation effect of the supply cable 

 

Prospective short-circuit value at the incoming supply point to the machine as a function of the 
maximum initial symmetrical short-circuit current on the secondary side of the supply transformer and 
the supply cable to the machine. 

 

Figure 6-32 Prospective short-circuit value at the incoming supply point to the machine  

See also 

Incoming supply conductor termination  (Page 82) 
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Rated currents and initial symmetrical short-circuit currents 

Rated currents and initial symmetrical short-circuit currents of three-phase distribution 
transformers with 50 to 3150 kVA 

Table 6- 4 Rated currents and initial symmetrical short-circuit currents  

Rated voltage UrT 400/230 V, 50 Hz 

 

525 V, 50 Hz 690/400 V, 50 Hz 

Rated value of the 
short-circuit 
voltage u kr 

 4% 1) 6% 2)  4% 1) 6% 2)  4% 1) 6% 2) 

Rated power Rated 
current I r  

Initial symmetrical 
short-circuit current 
I k 3) 

Rated 
current I r  

Initial symmetrical 
short-circuit current 
I k 3) 

Rated 
current I r  

Initial symmetrical 
short-circuit current 
I k 3) 

[kVA] [A] [A] [A] [A] [A] [A] [A] [A] [A] 

50 72 1933 1306 55 1473 955 42 1116 754 

100 144 3871 2612 110 2950 1990 84 2235 1508 

160 230 6209 4192 176 4731 3194 133 3585 2420 

200 288 7749 5239 220 5904 3992 167 4474 3025 

250 360 9716 6552 275 7402 4992 209 5609 3783 

315 455 12247 8259 346 9331 6292 262 7071 4768 

400 578 15506 10492 440 11814 7994 335 8953 6058 

500 722 19438 12020 550 14810 9158 418 11223 6939 

630 910 24503 16193 693 18669 12338 525 14147 9349 

800 1154 - 20992 880 - 15994 670 - 12120 

1000 1444 - 26224 1100 - 19980 836 - 15140 

1250 1805 - 32791 1375 - 24984 1046 - 18932 

1600 2310 - 39818 1760 - 30338 1330 - 22989 

2000 2887 - 52511 2200 - 40008 1674 - 30317 

2500 3608 - 65547 2749 - 49941 2090 - 37844 

3150 4550 - 82656 3470 - 62976 2640 - 47722 

 Source: Siemens AG, Totally Integrated Power, SIVACON S8 - Technical Planning Information, 10/2015 

1) u kr = 4%, standardized according to DIN 42503 for SrT = 50 ... 630 kVA 

2) u kr = 6%, standardized according to DIN 42511 for SrT = 100 ... 1600 kVA 

3) I k  Prospective transformer initial symmetrical short-circuit current when connected to a system with unlimited short-
circuit power in consideration of the voltage and correction factor of the transformer impedance in accordance with 
EN 60909 / DIN VDE 0102 (July 2002) 

nburt
Sticky Note
Rated short circuit currents of distribution transformers
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Attenuation effect of the supply cable 

The attenuation effect of the supply cable also has a significant influence on the maximum 
possible short circuit at the incoming supply point to the machine. The length and the cross-
sectional area of the cable play a decisive role. As a general rule, the longer the cable and 
the smaller the cross-sectional area, the greater the attenuation effect.  

The diagram below demonstrates the short circuit at the end of the relevant supply cable as 
a function of the length and cross-sectional area of the cable for an initial symmetrical short-
circuit current of 52.5 kA at the secondary terminal of the supply transformer. So, for 
example, the short-circuit current through a supply cable with a cross-sectional area of 
70 mm² at its end is only around 25 kA after it has traveled 20 m through the cable. 

Example 

Short-circuit attenuation as a function of cable length and cross-sectional area 

 

Figure 6-33 Example: Short-circuit attenuation as a function of cable length and cross-sectional area  
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Influence of the cable length and cross-sectional area 

When calculating the short-circuit current at the incoming supply point to the machine, it is 
important to note that the cable length and cross-sectional area are more important factors 
than the initial symmetrical short-circuit current of the supply transformer.  

For example, in the diagram on the left, the short-circuit current at the incoming supply point 
to the machine is 8.1 kA with an initial symmetrical short-circuit current of 16.2 kA In the 
right-hand diagram, the initial symmetrical short-circuit current is 48.6 kA, the cable lengths 
and cross-sectional areas are the same as in the left-hand diagram, but the value at the 
incoming supply point to the machine is only slightly higher at 10.8 kA.  

 

Figure 6-34 Example: Influence of the cable length and cross-sectional area  

 

 Note 
Include a safety margin 

When designing the short-circuit withstand rating of the control panel, it is advisable to 
include a safety margin of 10 to 20 % above the calculated value (around 9.3 kA in the left-
hand example above).  

 



 Electrical equipment 
 6.4 Design and protection of equipment 

Control Panels compliant with IEC Standards and European Directives 

Reference Manual, 10/2017, A5E38284819002A/RS-AB/002 131 

Lowest possible short-circuit current 

The lowest possible short-circuit that can occur is the single-pole short-circuit. The longer the 
supply cable to the short-circuit location and the smaller the cross-sectional area of the 
cable, the greater the fault loop impedance and the smaller the short-circuit that occurs. It is 
essential to ensure that the short-circuit release of the upstream protection device still 
responds. Otherwise, it may not be possible to comply with the required maximum 
disconnecting time of 5 seconds (see also Chapter Fault protection (Page 110)).  

The fault loop impedance ZS is normally measured during commissioning of the machine. 
The value can also be calculated if necessary. For additional information, please refer to 
Chapter Testing and verification (Page 194) in accordance with IEC 60204-1. 

 

Figure 6-35 Largest possible and smallest possible short-circuit in the machine.  

 

Figure 6-36 Excerpt from the Siemens SIMARIS Design software, comparison of Ikmin at 20 m and 100 m cable length  
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A motor starter protector with a non-adjustable overload release is no longer suitable for the 
example on the right. This triggers at 13x nominal voltage (± 20% tolerance). According to 
the nominal current In of the motor, a Siemens motor starter protector with a rated value of 
73 A should be selected. However, at 949 A (± 20% tolerance) the response value of the 
short-circuit release is no longer suitable to disconnect within the required 5 seconds. One 
alternative here would be, for example, the SENTRON circuit breaker (article number 
3VA2…). Some types feature an adjustable short-circuit release, with which the circuit 
breaker can be set to an appropriate response value. See also Chapter Main circuit - molded 
case circuit breakers (Page 239).  

Conclusion 

Since very long supply cables are often used at machine operating sites, the short-circuit 
currents at the incoming supply point to the machine are - by contrast with installations 
supplied by low-voltage power distribution boards - often only in the single-digit or in the low 
two-digit kA range. But it is entirely possible for high short-circuit currents to be present at 
machine supply points. For example, high short-circuit currents may often occur in the 
automotive or steel industries because of the high connected loads required for these 
applications. 

Generally speaking, the operator should specify the maximum prospective short-circuit value 
at the incoming supply point to the machine. Since this value is frequently unknown, 
operators often demand an unnecessarily high short-circuit withstand rating for the control 
panel. This can significantly increase the costs of the panel. The information above can also 
be used as a guide in calculating the maximum prospective short-circuit current at the 
incoming supply point to the machine as well as the minimum short-circuit current at the 
loads. 

The maximum prospective short-circuit current at the incoming supply point to the machine, 
the minimum short-circuit current at the loads as well as fault currents at the installation site 
of the other overcurrent protective devices can be easily calculated with the SIMARIS design 
(http://www.siemens.com/SIMARIS) software.  
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6.4.1.3 Selection of overcurrent protective devices 

The overcurrent protective devices shall be dimensioned according to the maximum and 
minimum short-circuit currents at the incoming supply point to the machine. 

Example 
 

 

 

 Excerpt from the data sheet of the Siemens 3RV2021-4EA10 motor starter protector  
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Selection of overcurrent protective device according to rated current / setting current of overcurrent 
protective devices 

The rated current / setting current of overcurrent protective devices shall be as low as 
possible, but adequate for the anticipated overcurrents. It is therefore necessary to 
coordinate the tripping characteristic of the overcurrent protective device with the startup 
characteristic of the load. It goes without saying that a solution would not be sensible if the 
overcurrent protective device were to trip when a motor was switched on. 

Example 
 

 

 
 Comparison between the tripping characteristic of a 3RV20 motor starter protector and the startup 

characteristic of a 15 kW motor 

IE3 and IE4 motors 
 

 Note 

IE3 and IE4 motors can have higher starting currents than IE2 motors. In view of this fact, 
Siemens has implemented a comprehensive test program and upgraded its overcurrent 
protective devices. Overcurrent protective devices supplied by Siemens can be confidently 
deployed for IE3 and IE4 motors as well.  

 

For information, see Chapter Use of IE2 and IE3 motors (Page 299). 
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6.4.1.4 Selection of control devices 

Control devices shall also be dimensioned according to the power and nominal currents of 
the loads to be switched. Control devices shall be adequately protected against short 
circuits. Siemens specifies suitable protective devices for the relevant equipment in data 
sheets or configuration manuals. 

Example  

CLASS 10, type of coordination 2, 
short-circuit breaking capacity Iq = 150 kA 

 
 

Standard three-phase motor 
4-pole at 400 V AC 

Motor starter protector Motor protection 

Maximum permitted setting range 
overload release 

Contactor Size 

Standard output 
P 

Motor current  
(guide value) I IE1 / IE2 

motors 
IE3 / IE4 
motors 

  

kW A A A Article No. Article No. 
0.04 0.16 0.11 ... 0.16 0.11 ... 0.14 3RV2011-0AA10 3RT2015-1AP01 S00/S00 

0.06 0.2 0.14 ... 0.20 0.14 ... 0.18 3RV2011-0BA10 3RT2015-1AP01 S00/S00 

0.06 0.2 0.18 ... 0.25 0.18 ... 0.22 3RV2011-0CA10 3RT2015-1AP01 S00/S00 

0.09 0.3 0.22 ... 0.32 0.22 ... 0.28 3RV2011-0DA10 3RT2015-1AP01 S00/S00 

0.09 0.3 0.28 ... 0.40 0.28 ... 0.35 3RV2011-0EA10 3RT2015-1AP01 S00/S00 

0.12 0.4 0.35 ... 0.50 0.35 ... 0.45 3RV2011-0FA10 3RT2015-1AP01 S00/S00 

0.18 0.6 0.45 ... 0.63 0.45 ... 0.55 3RV2011-0GA10 3RT2015-1AP01 S00/S00 

0.18 0.6 0.55 ... 0.80 0.55 ... 0.7 3RV2011-0HA10 3RT2015-1AP01 S00/S00 

0.25 0.85 0.70 ... 1.00 0.7 ... 0.9 3RV2011-0JA10 3RT2015-1AP01 S00/S00 

0.37 1.1 0.90 ... 1.25 0.9 ... 1.1 3RV2011-0KA10 3RT2015-1AP01 S00/S00 

0.55 1.5 1.1 ... 1.6 1.1 ... 1.4 3RV2011-1AA10 3RT2015-1AP01 S00/S00 

... 

 Excerpt from the manual "Configuring SIRIUS Innovations" 
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Example of type of coordination 2  

For type of coordination 2, the size combination S00/S0 for motor starter protector/contactor 
is needed for motor currents of 3.6 A and above. 

 

Figure 6-38 Example: Type of coordination 2 

Multiple function equipment – Control and protective switching devices (or equipment) - CPS  

A CPS (Control and protective switching devices (or equipment)) may or may not consist of a 
single device, but is always rated as a unit.  

According to IEC 60947-6-2, "A CPS is capable of making, carrying and breaking currents 
under normal conditions, including specified operating overload conditions". A CPS is 
capable of making, carrying for a specified time and breaking currents under specified 
abnormal conditions such as those of short-circuits.  

 

 Note 

Continuity of service at all currents up to its rated service short-circuit current Ics shall be 
possible.  

In other words, the CPS can resume operation after the occurrence of an overcurrent under 
its specified conditions. 
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 Note 
Current-carrying capacity during normal operation  

Further details are described in IEC 60364-5-52 and in some national standards, or can be 
found in relevant manufacturer specifications. 

 

The following table contains a typical example of the current-carrying capacity of PVC-
insulated wiring in a steady-state condition between enclosures and individual items of 
equipment. 

Table 6- 5 Example of current-carrying capacity  

 B1 B2 C E 
Cross-sectional area 

(mm 2) 
Current-carrying capacity I Z for three-phase circuits 

(A) 

0.75 
1.0 
1.5 
2.5 
4 
6 

10 
16 
25 
35 
50 
70 
95 
120 

8.6 
10.3 
13.5 
18.3 
24 
31 
44 
59 
77 
96 
117 
149 
180 
208 

8.5 
10.1 
13.1 
17.4 
23 
30 
40 
54 
70 
86 
103 
130 
156 
179 

9.8 
11.7 
15.2 
21 
28 
36 
50 
66 
84 
104 
125 
160 
194 
225 

10.4 
12.4 
16.1 
22 
30 
37 
52 
70 
88 
110 
133 
171 
207 
240 

Control circuit pairs 
0.2 
0.5 
0.75 

 
 

4.5 
7.9 
9.5 

 
 

4.3 
7.5 
9.0 

 
 

4.4 
7.5 
9.5 

 
 

4.4 
7.8 
10 

... 

 Source: IEC 60204-1, excerpt from Table 6: Examples of current-carrying capacity (Iz) of PVC-
insulated copper conductors or cables under steady-state conditions in an ambient air temperature 
of +40 °C for different methods of installation 
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Method of installation 

The current-carrying capacity according to Table 6 also depends on the method of 
installation. Chapter D.2.2 of IEC 60204-1 differentiates between methods of installation B1, 
B2, C and E.  

Table 6- 6 Methods of installation - examples 

Method of 
installation 

Description Example 

B1 Conductors/single-core cables in conduit and cable 
trunking systems 

 

B2 Cables in conduit and cable trunking systems 
  

C Cables on walls 
  

E Cables on open cable trays 

Correction factors 

Depending on the ambient air temperature, the load on the cable may be higher or lower 
than the value stated in Table 6 of the standard. Table D.1 shows the relevant correction 
factors for the ambient air temperature. 

Table 6- 7 Ambient temperature correction factors 

Ambient air temperature  
[°C] 

Correction factor 

30 
35 
40 
45 
50 
... 

1.15 
1.08 
1.00 
0.91 
0.82 
... 

 Source: IEC 60204-1, excerpt from Table D.1: Correction factors for other ambient temperatures  
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Tripping characteristics  

 

Figure 6-40 Tripping characteristic of 3RV2021-4EA10 circuit breaker (excerpt from SIMARIS curves) 
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Assessment of the maximum admissible cable length according to voltage drop 

 

Figure 6-42 Maximum cable length for a voltage drop of maximum 5 % 

If cable lengths in excess of 199 m are required, the cross-sectional area shall be increased 
to 16 mm² (see table below).  

 

Source: DIN VDE0100, Supplement 5, Table 4: Excerpt from the table "Admissible lengths of cables 
and cords for a specific voltage drop for copper conductors, values for four-core cables and cords 
0.6/1kV"; highlighting by author with reference to example above 
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6.4.3 Protection against abnormal temperatures 
If abnormal temperatures can lead to hazardous situations, the equipment shall be protected 
accordingly.  

6.4.4 Protection against the effects of supply interruption or voltage dip followed by 
voltage recovery 

Where a power supply interruption or a voltage dip followed by voltage recovery can cause a 
hazardous situation or damage to the machine, suitable protection shall be provided 
according to IEC 60204-1, Chapter 7.5.  

Where a brief voltage dip does not impair operation of the machine, a delayed undervoltage 
trip unit can be used.  

No hazardous situations may arise on subsequent restoration of the voltage. 

6.4.5 Motor overspeed protection 
According to IEC 60204-1, Chapter 7.6, overspeed protection shall be provided where 
overspeeding can occur and could possibly cause a hazardous situation. The overspeed 
protection shall initiate appropriate control responses and shall prevent automatic restarting. 
It should operate in such a manner that the mechanical speed limit of the motor or its load is 
not exceeded. 

 

 Note 
Motor overspeed protection 

This protection can consist, for example, of a centrifugal switch or speed limit monitor. 
 

6.4.6 Ground fault/residual current protection 
In addition to the overcurrent protection provided, IEC 60204-1 states in Chapter 7.7 that 
ground fault/residual current protection can be provided. The aim here is to reduce damage 
to the equipment that is caused by ground fault currents less than the response threshold of 
overcurrent protection. The setting of the devices shall be as low as possible, consistent with 
correct operation of the equipment. 

If fault currents with DC components are possible, an RCD of type B in accordance with 
IEC/TR 60755 can be required. 
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 Note 
Identification  

Where the protective conductor can be identified by its color alone, the bicolor combination 
GREEN-AND-YELLOW shall be used throughout the length of the conductor.  
Conductors other than the protective conductor shall have a different color. 

Exception  

Where the protective conductor can be easily identified by its shape, position or construction, 
or where the insulated conductor is not readily accessible or is part of a multicore cable, 
color coding throughout its length is not necessary. However, the conductors shall then be 
clearly marked at the ends or in accessible locations. 

The following options are permitted: 
1. The letters PE 
2. Graphical symbol according to IEC 60417-5019 
3. Bicolor combination GREEN-AND-YELLOW 

 

 

Figure 6-49 Example: Symbol IEC 60417-5019 

 

Figure 6-50 Example: Bicolor combination GREEN-AND-YELLOW at the end of the grounding bar 
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Continuity of the protective bonding circuit  

Where a part is removed for any reason (for example: routine maintenance), the protective 
bonding circuit for the remaining machine parts shall not be interrupted. 

Recommendation: Point-to-point grounding 
 

 Note 

Grounding of frequency converters 

It may be meaningful to use a meshed grounding network in installations supplied by a 
frequency converter. A mesh-type grounding system, e.g. with ground connections on the 
mounting plate, and the short cable lengths over a large surface area that are associated 
with it, ensures effective discharge of noise due to low ground impedance. Furthermore, the 
differences in potential at ground potential are only minor.  

 

 

Figure 6-51 Example: Grounding of frequency converters on the mounting plate 

The current-carrying capacity of connection and bonding points shall be sufficiently stable 
and not be impaired by mechanical, chemical or electrochemical influences. 

Frequent faults in practice are, among others, loose screwed joints or painted grounding 
points, e.g. inadvertently painted grounding bolts or absent contact washers. 

 

 Note 
Aluminum or aluminum alloys 

When aluminum or aluminum alloys are used, particular consideration shall be given to the 
possibility of electrolytic corrosion. 
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Standards applicable to cables and conductors 

Table 6- 13 Standards applicable to cables and conductors 

German standard European standard Title 
DIN VDE 0207 EN 50363 Insulating, sheathing and covering materials for 

low-voltage energy cables 

DIN VDE 0250 EN 57250 Specifications for cables, wires and flexible cords 
for power installations 

DIN VDE 0281 HD 21.1 Polyvinyl chloride insulated cables for power 
installations 

DIN VDE 0282 HD 22.1 Rubber cables and flexible cords for power 
installations 

DIN VDE 0293 EN 50334 Marking by inscription for the identification of 
cores of electric cables 

DIN VDE 0295 EN 60228 Conductors of insulated cables for power 
installations 

DIN VDE 0298 Part 3 No corresponding 
standard 

Application of cables and flexible cords in power 
installations – (Part 3 "General requirements for 
cords" and Part 300 "Guidelines for harmonized 
flexible cords") 

DIN VDE 0298 Part 4 No corresponding 
standard 

Recommended current-carrying capacity for 
sheathed and nonsheathed cables for fixed 
wirings in and around buildings and for flexible 
cables and cords  

DIN VDE 0472/0473 No corresponding 
standard 

Testing of cables, wires and flexible cords 
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6.6.2 Conductor types 

Table 6- 14 Conductor types 

Type Description Round 
conductor 

Sector-shaped 
conductor 

Solid wire Comprises 1 copper wire per cross-
sectional area; not suitable for bending in 
operation, can be clamped in most 
terminals without additional treatment of the 
conductor end. 
Disadvantage:  
The larger the cross-sectional area, the 
more difficult it is to bend the conductor. 

  

Stranded wire Multiple conductors per cross-sectional 
area, most common with large cross-
sectional areas 

  

Finely stranded wire Large number of conductors per cross-
sectional area, most common with small 
cross-sectional areas, e.g. for duct wiring in 
control panels  

- - 

Highly flexible 
conductor 

Very large number of conductors per cross-
sectional area, most common for 
applications involving mechanical 
movement 

- - 

Single-conductor 
cable 

1 conductor with two layers of insulation  - - 

Multi-conductor 
cable  

Several individual conductors enclosed 
together by insulation  

- - 
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Example: PVC-sheathed cable NYM-J 3x1.5 

"N" in the designation stands for "normalized (standardized)" cable according to 
DIN VDE 0250 (EN 57250). 
"J" stands for a cable with a green-yellow protective conductor, "Y" for PVC insulation and 
"M" for stranded. 

 

Figure 6-53 Example: PVC sheathed cable with three copper cores, cross-sectional area 1.5 mm² 

Table 6- 15 Examples of commonly used cable types 

Type code Description 
NYIF Flat webbed building wire, for installation in dry rooms and under plaster;  

not suitable for installation directly below ground or in water 

NYKY Cable with plastic insulation and lead sheath, for all methods of installation 
indoors or outdoors, including installation directly below ground or in water  
Suitable for applications where cables might be exposed to solvents or other 
chemicals  

NSSHÖU Flexible rubber-sheathed cable, suitable for harsh conditions in commercial or 
industrial applications indoors or outdoors, but not for installation directly below 
ground or in water  
Also suitable for underground mining applications and in potentially explosive 
atmospheres  
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Harmonized and non-harmonized types 

A distinction is made between cable types depending on whether they are harmonized or 
non-harmonized. Harmonized cables are manufactured in accordance with European 
standards ("H").  
Non-harmonized cables are those that are recognized in accordance with national standards 
("A"). A standardized marking based on letters and numbers (type code) makes it easier to 
select cables according to their type of construction, purpose and conductor cross-sectional 
area. 

Table 6- 16 Type code (selection) - example H07RR-F3G1.5 

Specifications Marking H 07 RR  -F 3 G 1.5 
Type Harmonized 

Nationally recognized 
H 
A 

  
 

 
 
 

 
 
 
 

  
 
 
 
 
 

 
 
 
 
 
 
 

Rated voltage 
[V] 

300/300 
300/500 
450/750 

 03 
05 
07 

Insulation for 
conductor and 
sheath 

Ethylene propylene rubber 
Chloroprene rubber 

Polyurethane 
Natural and synthetic rubber 

Silicone rubber 
Polyvinyl chloride (PVC) 

  B 
N 
Q 
R 
S 
V 

Type of 
construction 

Flat, fan-out 
Not fan-out 

   H 
H2 

Conductor type Solid 
Stranded 

Finely stranded, permanently installed 
Finely stranded, flexible 

Very finely stranded 
Tinsel conductor 

    U 
R 
K 
F 
H 
Y 

No. of cores 1…n      n 

Protective 
conductor  

Without GREEN-AND-YELLOW 
With GREEN-AND-YELLOW 

      X 
G 

Conductor 
cross-sectional 
area 

0.5...500 mm2        ... 
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Selection according to connection to equipment 

Another selection criterion is specified by the manufacturer. These specifications can 
normally be found in the product data sheets. 

As part of the device approval process, the cables and their cross-sectional areas are 
determined according to the following criteria: 

1. Short-circuit withstand rating 

The combination of device and connected cables shall be capable of withstanding the 
short-time thermal and mechanical stresses imposed by the short-circuit current for which 
the device is to be approved. 

The r.m.s. value of the short-circuit current is an equivalent for the thermal stress. The 
temperature reached as a result of this thermal stress shall not exceed the maximum 
short-time temperature of the cable. 

The peak value of the short-circuit current is an equivalent for the mechanical stress; the 
connecting terminals and the specified torque shall be capable of keeping the connected 
conductors securely clamped when subjected to this stress. 

2. The nominal current of the device 

The combination of device and connected cables shall not exceed the maximum 
operating temperature of the cables, connecting terminals or the device when the nominal 
current is flowing continuously. 

3. The mechanical construction of the device and the connection points at the devices 

It is not possible to connect flexible busbars to some devices. 

Causes: 

– The forces transferred to the device by the copper ribbon cables during a short circuit 
are too high. 

– Their operating temperature is too high. 

– They are not clamped securely enough by the connecting terminals. 

 
  Note 

Flexible connection bars 

If you are using flexible connection bars, then compare their connection data with the 
data of the device! 
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Hot surfaces hazard  

Where a hot surfaces hazard exists, the primary consideration is to protect personnel. Parts 
of the installation can and may reach high temperatures during operation and thus pose a 
risk of causing skin burn injuries.  

When the equipment is erected, suitable barriers or covers shall be provided so as to 
prevent accidental contact with hot surfaces and so reduce the risk associated with them.  

Whether a warning notice is also required shall be determined according to the risk analysis 
for the installation / machine. The standards do not stipulate any limit temperatures at which 
a warning notice becomes mandatory.  

IEC 60364-4-42 discusses the subject of admissible maximum temperatures above which 
measures shall be taken to prevent accidental contact with hot surfaces. For further details, 
see Table 42.1 in IEC 60364-4-42: 

Table 6- 17 Temperature limits for accessible parts of surfaces of electrical equipment 

Accessible parts Material of accessible 
surfaces 

Maximum temperatures 

°C 
Hand-held means of operation Metallic 

Non-metallic 
55 
65 

Parts intended to be touched but not hand-
held 

Metallic 
Non-metallic 

70 
80 

Parts which need not be touched for normal 
operation 

Metallic 
Non-metallic 

80 
90 

 Source: IEC 60364-4-42, Table 42.1: Temperature limits in normal service for accessible parts of 
equipment within arm's reach 

When a warning notice drawing attention to hot surfaces is provided, the symbol used shall 
match the symbol prescribed by ISO 7010-W017: 

 

Figure 6-55 Symbol ISO 7010-W017 
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6.7.1 Functional identification 
With respect to control devices and visual indicators, it is recommended to use standardized 
symbols for functional identification. The standardized symbols are defined in IEC 60417 and 
ISO 7000.  

In the same way as warning notices, the symbols used to identify functions shall be 
explained in the operating instructions.  

Examples of functional identification on and next to operator controls 

Standard IEC 60204-1 stipulates that the functional identification shall be durable. It does not 
state, however, whether the identification should be on or next to the operator control.  

 

Figure 6-56 SIRIUS ACT pushbuttons and indicator lights from Siemens 

 

Figure 6-57 Functional identification on operator controls 

 

Figure 6-58 Functional identification next to operator controls 
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Short-circuit withstand rating of the control panel 

The control panel manufacturer shall ensure that the control panel has a sufficiently high 
short-circuit rating according to the data supplied by the operator. It is essential that the 
manufacturer and operator agree on the short-circuit rating at an early stage of the 
equipment planning and dimensioning process because this rating will not only affect the 
selection and dimensioning of overcurrent protective devices (e.g. circuit breakers, motor 
starter protectors, fuses), but also the rating of cables and control devices.  

If the short-circuit power is higher than the short-circuit withstand rating of the control panel, 
overcurrent protective devices shall be connected upstream of the panel in order to reduce 
short-circuit currents and energy to the value for which the panel was originally rated. 

Scenarios:  

1. The supply conductor and the associated overcurrent protection are not supplied by the 
manufacturer 

The supply conductor and the overcurrent protective device which protects the supply 
conductor do not fall within the scope of IEC 60204-1. Unless otherwise agreed, 
therefore, the required supply disconnecting device does not provide overcurrent 
protection for the supply conductor.  

In this case, the manufacturer of the control panel shall specify the maximum permissible 
short-circuit rating / current. These parameters are often determined by the short-circuit 
breaking capacity of the smallest downstream short-circuit protective device.  

2. The supply conductor and the associated overcurrent protection are supplied by the 
manufacturer 

Since the supply conductor and associated overcurrent protective device do not fall within 
the scope of IEC 60204-1, it is essential that the operator and the manufacturer of the 
control panel come to an agreement about them in advance.  

In this case, it is the supplier who is responsible for dimensioning the supply conductor 
correctly, for deciding whether the overcurrent protective devices need to operate 
selectively, and for specifying the maximum permissible short-circuit current of the supply 
system or the short-circuit breaking capacity of the overcurrent protective device for the 
supply conductor.  

3. Supply disconnecting device provides overcurrent protection for the control panel 

This applies if an overcurrent protective device such as a circuit breaker or a switch 
disconnector with fuses is selected as a supply disconnecting device. In this case, the 
short-circuit breaking capacity of the supply disconnecting device shall be specified.  

4. Supply disconnecting device does not provide overcurrent protection for the control panel 

This applies if a component without integral overcurrent protection (such as a switch 
disconnector without fuses) is used as a supply disconnecting device. In this case, the 
manufacturer of the control panel shall specify an overcurrent protection mechanism that 
shall be provided by the operator.  

(See Chapter "Incoming supply conductor termination" (Page 82)) 
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Figure 6-60 Example: Nameplate according to IEC 60204-1 and IEC 61439-1  

Example of reference designations 

In cases where an item of equipment needs to be replaced or removed during maintenance, 
the designation is marked on the item of equipment itself as well as on the mounting plate 
next to the equipment. 

The structuring principles and reference designations are defined in standard IEC 81346-1.  

 

Figure 6-61 Example: Reference designations on various items of equipment in the control panel  
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6.8 Wiring practices 

Protection against accidental (self-) loosening 

Protection against accidental loosening means that the prescribed contact pressure at the 
clamping point is permanently maintained even when, for example, the clamping point is 
exposed to mechanical stresses or temperature fluctuations.  

Despite the withdrawal of the standard (DIN 128), it is still the common and correct practice 
to use spring lock washers in screw-type terminations.  

As an optional alternative to screw-type terminals, it is possible to use spring-loaded 
terminals which use the spring force in the terminal to permanently maintain a constant 
contact pressure. This type of terminal is also maintenance-free.  

Soldered connections 

Soldered connections are permitted when solder cable lugs are used or when conductors 
with a small cross-sectional area are soldered to rings, e.g. in control circuits.  

Where screw-type terminals are used or in situations where movement may occur between 
the soldered components, the standard prohibits soldering of the ends of stranded or finely 
stranded conductors. 

In this case, the state-of-the-art solution is to use end sleeves.  
 

 Note 
End sleeves 

The equipment manufacturer's specifications should be consulted before a decision is made 
to use end sleeves. There are a large number of devices equipped with terminals which do 
not require the use of end sleeves even though the conductors used are finely or very finely 
stranded.  
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Example 

End sleeves are to be used to connect finely stranded conductors on devices with screw-
type terminals.  
The use of end sleeves is optional for devices with spring-loaded terminals. 

The "SIRIUS Modular System" system manual contains the following examples: 

Conductor cross-sectional area specifications for screw-type connection systems: 

Table 6- 19 Main conductors of size S00 with M3 combination screws 

  Motor starter 
protectors/circuit 
breakers 

Contactors Overload relays 1), 
current monitoring relays1) 

Tool 

 

Pozidriv size PZ 2, Ø 5 … 6 mm 

Tightening torque  0.8 to 1.2 Nm 

Solid and stranded 

 

 2 x (0.5 ... 1.5) mm² 2 x (0.5 ... 1.5) mm² 

2 x (0.75 ... 2.5) mm² 2 x (0.75 ... 2.5) mm² 2 x (0.75 ... 2.5) mm² 

Max. 2 x 4 mm² Max. 2 x 4 mm² Max. 2 x 4 mm² 

Finely stranded with 
end sleeve 

 

2 x (0.5 ... 1.5) mm² 2 x (0.5 ... 1.5) mm² 2 x (0.5 ... 1.5) mm² 

2 x (0.75 ... 2.5) mm² 2 x (0.75 ... 2.5) mm² 2 x (0.75 ... 2.5) mm² 

 1) Only 1 conductor can be clamped on the stand-alone assembly support. 

Conductor cross-sectional area specifications for spring-loaded connection systems:  

Table 6- 20 Main conductors of size S00 

  Motor starter 
protectors/circuit 
breakers, 
contactors 

Overload relays, 
current monitoring relays 

Tool 
 

Ø 3.0 x 0.5 (3RA2808-1A) 

Solid and stranded 

 

2 x (0.5 to 4.0) mm² 0.5 to 4.0 mm² 

Finely stranded without end 
sleeve 

 

2 x (0.5 to 2.5) mm² 0.5 to 2.5 mm² 

Finely stranded with end sleeve 
(DIN 46228 Part 1) 

 

2 x (0.5 to 2.5) mm² 0.5 to 2.5 mm² 
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Example  

 

Figure 6-62 Example: End sleeve 

 

Figure 6-63 Example: Use of end sleeves at clamping points on equipment 

Flexible conduits 

Liquids can enter and possibly flow through flexible conduits in electrical installations. 
IEC 60204-1 therefore stipulates that the conduit shall be installed in such a way that liquids 
shall drain away from the fittings. If the cable shall be fed in from above so that liquid may 
flow onto the fitting, additional measures shall be taken to ensure that the liquid can drain 
away.  
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Marking of terminals 

Terminals shall always be plainly marked on terminal blocks; the markings shall correspond 
with the identification used in the relevant documentation. A system of consecutive 
numbering is often used for this purpose, but functional identifiers such as "N" for the neutral 
conductor or L1 - L2 - L3 for the line conductors are also acceptable. 

Where an incorrect electrical connection is identified as a source of risk and where this 
cannot be resolved by design measures, e.g. by providing equipment with a plug-in socket, 
the terminals shall be identified by numbers, numbers and letters, color or a combination of 
all three.  

 

Figure 6-64 Example: Marking of terminals  
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