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The challenge

Electrical, electronic or programmable electronic systems in-
creasingly carry out safety functions.  These systems are usu-
ally complex, making it impossible in practice to fully
determine every failure mode or to test all possible behaviour.
It is difficult to predict the safety performance, although test-
ing is still essential.  

The challenge is to design the system in such a way as to pre-
vent dangerous failures or to control them when they arise.
Dangerous failures may arise from:
● incorrect specifications of the system, hardware or soft-  

ware;
● omissions in the safety requirements specification (e.g. fail-

ure to develop all relevant safety functions during different  
modes of operation);

● random failures of hardware;
● systematic failures of hardware and software;
● common cause failures;
● human error;
● environmental influences (e.g. electromagnetic, tempera-

ture, mechanical phenomena);
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Functional safety is part of the overall

safety that depends on a system or

equipment operating correctly in 

response to its inputs
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Recent developments include network based safety-related
systems, often facilitated by internet technology.  An example
is the remote monitoring, operation or programming of a net-
work-enabled water treatment plant.

An E/E/PE safety-related system covers all parts of the sys-
tem that are necessary to carry out the safety function (i.e.
from sensor, through control logic and communication sys-
tems, to final actuator, including any critical actions of a
human operator). 

An E/E/PE system may be safety-related even if it does not
have any direct control over potentially hazardous equipment.
For example an information-based decision support tool might
be safety-related if erroneous results affect safety.

Objectives

The standard aims to:
● release the potential of E/E/PE technology to improve 

both safety and economic performance;
● enable technological developments to take place within an 

overall safety framework;
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● supply system voltage disturbances (e.g. loss of supply, re-
duced voltages, re-connection of supply).

IEC 61508 contains requirements to minimize these failures
in E/E/PE safety-related systems.

E/E/PE safety-related systems

IEC 61508 covers functional safety of safety-related systems
that use electrical and/or electronic and/or programmable
electronic (E/E/PE) technologies.  The standard applies to
these systems irrespective of their application.  

An example E/E/PE safety-related system using electrical (or
electro-mechanical) technology is the guard interlocking and
emergency stopping system for machinery.

Many safety-related systems that would have used electro-
mechanical technology or solid-state electronics now use pro-
grammable electronics instead.  Devices such as
programmable controllers, programmable logic controllers
(PLCs) and digital communication systems (e.g. bus systems)
are part of this trend.  Furthermore, enabling technologies,
such as application specific integrated circuits (ASICs), micro-
processors, and intelligent sensors, transmitters and actuators,
are increasingly being integrated into products and systems.  

Example applications include crane safe load indicators, vari-
able speed motor drives used to restrict speed for protection,
systems for interlocking and controlling the exposure dose of
medical radiotherapy machines, or the indicator lights, anti-
lock braking, and engine-management systems on automo-
biles.

Other examples are emergency shutdown systems in haz-
ardous chemical plants, railway signalling systems and fly-by-
wire operation of aircraft flight control surfaces.
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— the development of conformity assessment services if 
required.

Parts framework of IEC 61508
The standard consists of 7 parts:
● IEC 61508-1, General requirements;
● IEC 61508-2, Requirements for electrical/electronic/pro-

grammable electronic safety-related systems;
● IEC 61508-3, Software requirements;
● IEC 61508-4, Definitions and abbreviations;
● IEC 61508-5, Examples of methods for the determination 

of safety integrity levels;
● IEC 61508-6, Guidelines on the application of                

IEC 61508- 2 and IEC 61508-3;
● IEC 61508-7, Overview of measures and techniques.

IEC 61508 as a stand-alone standard
IEC 61508 can be used directly by industry as a stand-alone
standard, including use:
● as a set of general requirements for E/E/PE safety-re-

lated systems where no application sector or product stan-   
dards exist or where they are not appropriate;

● by suppliers of E/E/PE components and subsystems for 
use in all sectors (e.g. hardware and software of sensors, 
smart actuators, programmable controllers);

● by system builders to meet user specifications for E/E/PE 
safety-related systems;

● by users to specify requirements in terms of the safety 
functions to be performed together with the performance   
requirements of those safety functions;

● to help with maintaining the "as designed" safety integrity 
of E/E/PE safety-related systems;

● to provide the technical framework for conformity assess-
ment and certification services;

● as a basis for carrying out assessments of safety lifecycle 
activities.

8

● provide a technically sound, system-based approach, with 
sufficient flexibility for the future;

● provide a risk-based process for determining the required 
performance of safety-related systems;

● provide a generically-based standard that can be used di-
rectly by industry but can also help with developing sector 
standards (e.g. machinery, process chemical plants, medical 
or rail) or product standards (e.g. power drive systems);

● provide a means for users and regulators to gain confi-
dence when using computer-based technology;

● provide requirements based on common underlying princi-
ples to facilitate:
— improved efficiencies in the supply chain for suppliers of 

subsystems and components to various sectors,
— improvements in communication and requirements (i.e. 

to increase clarity of what needs to be specified),
— the development of techniques and measures that could 

be used across all sectors, increasing available re-
sources,
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IEC 61508 as a basis for other standards
Parts 1, 2, 3 and 4 of IEC 61508 are IEC basic safety publica-
tions.  One of the responsibilities of IEC technical committees
is, wherever practicable, to make use of these parts of IEC
61508 while preparing their own sector or product standards
that have E/E/PE safety-related systems within their scope.
For more details see IEC Guide 104, The preparation of safety
publications and the use of basic safety publications and
group safety publications and ISO/IEC Guide 51, Safety as-
pects – Guidelines for their inclusion in standards.

IEC 61508 is the basis for a published nuclear sector stan-
dard.  It is also currently being used as a basis for developing
other sector standards (e.g. machinery, process) and product
standards (e.g. power drive systems).  It is therefore influenc-
ing the development of E/E/PE safety-related systems and
products across all sectors.  

Many requirements of IEC 61508, particularly in parts 2 and
3, are not repeated in the application sector or product stan-
dards but are referenced instead.  The result is that most
users will need IEC 61508 also.

The market for any product, component or subsystem that
complies with IEC 61508 is potentially very large since in
principle they are capable of meeting the requirements of any
sector standard based on IEC 61508.

Further information

You can find further information on IEC 61508 and functional
safety, including details on how to obtain the standard, in the
Functional Safety Zone of the IEC web site
(http://www.iec.ch/functionalsafety).

The IEC

The IEC has served the world's electrical industry since 1906,
developing international standards to promote quality, safety,
performance, reproducibility and environmental compatibility of
materials, products and systems.

The worldwide use of IEC standards supports the transfer of 
electrotechnology, assists conformity assessment (for example,
certification) and promotes international trade of uniform high-
quality products and services. International standards establish
objective specifications that both buyer and seller can rely on. For
buyers, they widen the range of choices and lower costs, primarily
because they often increase the number of competitors. For 
sellers, global standards broaden the number of potential 
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customers and reduce the cost of meeting their needs. In short,
for everyone in society, international standards raise the overall 
efficiency and productivity of the economy.

The IEC membership, which now comprises more than 60
countries, includes all the world's major trading nations. This
membership collectively represents about 85 percent of the
world's population and 95 percent of the world's electrical
generating capacity.

The worldwide use of IEC standards 

supports the transfer of electrotechnol-

ogy, assists certification and promotes

international trade of uniform 

high-quality products and services.
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