
BSI Standards Publication

Controllers with analogue 
sig als for use in industrial-
process control systems

Part 1: Methods of evaluating the performance

BS EN 60546-1:2010

n

Full document details: BS EN 60546-1:2010

http://www.avadocuments.com/doc/bs-en-60546-1-2010
http://www.avadocuments.com/doc/bs-en-60546-1-2010


National foreword

This British Standard is the UK implementation of EN 60546-1:2010. It is
identical to IEC 60546-1:2010. It supersedes BS EN 60546-1:1993, which will
be withdrawn on 1 October 2013.

The UK participation in its preparation was entrusted by Technical Committee
GEL/65, Measurement and control, to Subcommittee GEL/65/2, Elements of
systems.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application. 

© BSI 2011 

ISBN 978 0 580 62203 8 

ICS 25.040.40

Compliance with a British Standard cannot confer immunity from 
legal obligations.

This British Standard was published under the authority of the Standards 
Policy and Strategy Committee on 28 February 2011.

Amendments issued since publication

Amd. No.                  Date                     Text affected

BRITISH STANDARDBS EN 60546-1:2010

Full document details: BS EN 60546-1:2010

http://dx.doi.org/10.3403/00375522
http://www.avadocuments.com/doc/bs-en-60546-1-2010
http://www.avadocuments.com/doc/bs-en-60546-1-2010


   
EUROPEAN STANDARD EN 60546-1 
NORME EUROPÉENNE  

EUROPÄISCHE NORM October 2010 
  

CENELEC 
European Committee for Electrotechnical Standardization 

Comité Européen de Normalisation Electrotechnique 
Europäisches Komitee für Elektrotechnische Normung 

Management Centre: Avenue Marnix 17, B - 1000 Brussels 
  

  
© 2010 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members. 

Ref. No. EN 60546-1:2010 E 
  

ICS 25.040.40 Supersedes EN 60546-1:1993

English version 

Controllers with analogue signals for use in industrial-process control 
systems -  

Part 1: Methods of evaluating the performance 
(IEC 60546-1:2010) 

Régulateurs à signaux analogiques 
utilisés pour les systèmes de conduite  
des processus industriels -  
Partie 1: Méthodes d’évaluation  
des performances 
(CEI 60546-1:2010) 

Regler mit analogen Signalen  
für die Anwendung in Systemen  
der industriellen Prozesstechnik -  
Teil 1: Methoden zur Beurteilung  
des Betriebsverhaltens 
(IEC 60546-1:2010) 

This European Standard was approved by CENELEC on 2010-10-01. CENELEC members are bound to comply 
with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard 
the status of a national standard without any alteration. 

Up-to-date lists and bibliographical references concerning such national standards may be obtained on 
application to the Central Secretariat or to any CENELEC member. 

This European Standard exists in three official versions (English, French, German). A version in any other 
language made by translation under the responsibility of a CENELEC member into its own language and notified 
to the Central Secretariat has the same status as the official versions. 

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, 
the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, 
Spain, Sweden, Switzerland and the United Kingdom. 

BS EN 60546-1:2010

Full document details: BS EN 60546-1:2010

http://dx.doi.org/10.3403/00375522U
http://dx.doi.org/10.3403/00375522
http://www.avadocuments.com/doc/bs-en-60546-1-2010
http://www.avadocuments.com/doc/bs-en-60546-1-2010


EN 60546-1:2010 - 2 - 

Foreword 

The text of document 65B/659A/CDV, future edition 3 of IEC 60546-1, prepared by SC 65B, Devices & 
process analysis, of IEC TC 65, Industrial-process measurement, control and automation, was submitted 
to the IEC-CENELEC parallel vote and was approved by CENELEC as EN 60546-1 on 2010-10-01. 

This European Standard supersedes EN 60546-1:1993. 

This EN constitutes a minor technical revision made to bring terms, measurement units and references up 
to date. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent 
rights. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2011-07-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2013-10-01 

Annex ZA has been added by CENELEC. 

__________ 

Endorsement notice 

The text of the International Standard IEC 0546-1:2010 was approved by CENELEC as a European 
Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards indicated: 

IEC 60027-2:2005 NOTE   Harmonized as EN 60027-2:007 (not modified). 

IEC 60382 NOTE   Harmonized as EN 60382. 

IEC 60546-2 NOTE   Harmonized as EN 60546-2. 

__________ 
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Annex ZA  
(normative) 

  

Normative references to international publications 
with their corresponding European publications 

  

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

  
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  
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IEC 60068-2-6 - Environmental testing -  
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EN 60068-2-6 - 

 

  

IEC 60068-2-30 - Environmental testing -  
Part 2-30: Tests - Test Db: Damp heat, cyclic 
(12 h + 12 h cycle) 

EN 60068-2-30 - 

 

  

IEC 60068-2-31 - Environmental testing -  
Part 2-31: Tests - Test Ec: Rough handling 
shocks, primarily for equipment-type 
specimens 

EN 60068-2-31 - 

 

  

IEC 61000-4-2 - Electromagnetic compatibility (EMC) -  
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techniques - Electrostatic discharge immunity 
test 
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techniques - Radiated, radio-frequency, 
electromagnetic field immunity test 
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IEC 61010-1 - Safety requirements for electrical equipment 
for measurement, control and laboratory use - 
Part 1: General requirements 

EN 61010-1 - 

 

  

IEC 61298-1 - Process measurement and control devices - 
General methods and procedures for 
evaluating performance -  
Part 1: General considerations 

EN 61298-1 - 

 

  

IEC 61298-3 - Process measurement and control devices - 
General methods and procedures for 
evaluating performance -  
Part 3: Tests for the effects of influence 
quantitites 

EN 61298-3 - 

 

  

IEC 61298-4 - Process measurement and control devices - 
General methods and procedures for 
evaluating performance -  
Part 4: Evaluation report content 

EN 61298-4 - 
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INTRODUCTION 

The methods of evaluation given in this International Standard are intended for use by 
manufacturers to determine the performance of their products and by users, or independent 
testing establishments, to verify manufacturers’ performance specifications. 

Part 2 of IEC 60546 describes a limited series of tests which may be used as acceptance 
tests. 

The tests specified in this standard are not necessarily sufficient for instruments specifically 
designed for unusually arduous duties. Conversely, a restricted series of tests may be 
suitable for instruments designed to perform within a limited range of conditions. 

It will be appreciated that the closest liaison should be maintained between an evaluating 
body and the manufacturer. Note is taken of the manufacturer’s specifications for the 
instrument when the test program is being decided, and the manufacturer should be invited to 
comment on both the test program and the results. His comments on the results should be 
included in any report produced by the testing organization. 
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CONTROLLERS WITH ANALOGUE SIGNALS FOR USE IN  
INDUSTRIAL-PROCESS CONTROL SYSTEMS –  

 
Part 1: Methods of evaluating the performance 

 
 
 

1 Scope 

This International Standard applies to proportional-integral-derivative (PID) pneumatic and 
electric industrial-process controllers using analogue continuous input and output signals 
which are in accordance with current international standards. 

It should be noted that while the tests specified herein cover controllers having such signals, 
they can be applied in principle to controllers having different but continuous signals. It should 
be also noted that this standard has been written for pneumatic and electric industrial-process 
controllers with only analogue components and is not necessarily to be used for controllers 
with microprocessors. 

This standard is intended to specify uniform methods of test for evaluating the performance of 
industrial-process PID controllers with analogue input and output signals 1).  

The test conditions specified in this standard, for example the range of ambient temperatures, 
power supply, etc., are used when no other values are agreed upon by the manufacturer and 
the user. 

When a full evaluation in accordance with this standard is not required, those tests which are 
required shall be performed and the results reported in accordance with those parts of the 
standard which are relevant. The testing program should be subject to an agreement between 
manufacturer and user, depending on the nature and the extent of the equipment under 
consideration. 

2 Normative references 

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

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

IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic (12 h + 12 h 
cycle 

IEC 60068-2-31, Environmental testing – Part 2-31: Tests – Test Ec: Rough handling shocks, 
primarily for equipment-type specimens 

IEC 61000-4-2, Electromagnetic compatibility (EMC) – Part 4-2: Testing and measurement 
techniques – Electrostatic discharge immunity test 

IEC 61000-4-3, Electromagnetic compatibility (EMC) – Part 4-3: Testing and measurement 
techniques – Radiated, radio-frequency, electromagnetic field immunity test 

————————— 
1)  See IEC 60381 and IEC 60382. 
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IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and 
laboratory use – Part 1: General requirements 

IEC 61298-1, Process measurement and control devices – General methods and procedures 
for evaluating performance – Part 1: General considerations 

IEC 61298-3, Process measurement and control devices – General methods and procedures 
for evaluating performance – Part 3: Tests for the effects of influence quantities 

IEC 61298-4, Process measurement and control devices – General methods and procedures 
for evaluating performance – Part 4: Evaluation report content 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1  
proportional band 
proportional band Xp of a linear controller, expressed in per cent, given by the expression: 

 
p

p
100
K

X =  (1) 

3.2  
direct acting 
controller output, which increases with an increase in the measured value  

3.3  
reverse acting 
controller output, which decreases with an increase in the measured value  

3.4  
offset 
steady-state deviation between measured value and set point  

3.5  
controller, proportional  
P 
controller which produces proportional control action only 

3.6  
controller, proportional plus derivative (rate)  
PD 
controller which produces proportional plus derivative control action 

3.7  
controller, proportional plus integral (reset)  
PI 
controller which produces proportional plus integral control action 

3.8  
controller PID 
controller with compound action which produces proportional, plus integral, plus derivative 
actions 
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3.9  
dead band 
finite range of values within which variation of the input variable does not produce any 
measurable change in the output variable 

3.10  
average upscale error 
arithmetic mean of the errors at each point of measurement for the upscale readings of each 
measurement cycle 

3.11  
average downscale error 
arithmetic mean of the errors at each point of measurement for the downscale readings of 
each measurement cycle 

3.12  
average error 
arithmetic mean of all upscale and downscale errors at each point of measurement 

3.13  
hysteresis 
difference between the average upscale error and the average downscale error at each point 
of measurement 

4 Basic relationships 

4.1 Input/output relations of idealized controllers 

In its simplest form, the relationship may be given by an equation generally presented in one 
of the following forms: 

 Controller 

w

x – w

y 

x

PID 

IEC   1620/10  

Figure 1 – Basic signals to/from an idealized controller 
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or in the frequency domain: 

 ( ) D
I

p j
j

11j T
T

KF ω
ω

ω +⎥
⎦

⎤
⎢
⎣

⎡
+=  (4) 

These equations are valid for controllers with no interaction between factors Kp, K1 and KD. 
The equation for idealized controllers with interaction taken into account may be written as: 

 ( ) ( ) ( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −′
+−

′
+−′=− ∫

t

tA
wxT

twx
TA

wxAKyy
0

D

I
p0 d

dd1  (5) 

In this equation, A is the interaction factor that depends on the structure of the controller. It 
can often be written as: 

   
I

D1
T

T
A

′

′
+=       (6a);      

A
K

K p
p =′                    (6b) 

 
A

T
T 1

I 1+=′       (6c);                  DD TAT =′                    (6d) 

where 
t  is the time;  
y  is the output signal (correcting variable);  
y0  is the output signal at time t = 0 (controller output balance); 
x  is the measured value (controlled variable); 
w  is the set point value (reference input variable); 
Kp  is the proportional action factor (proportional action coefficient (see Note 1); 
K1  is the integral action factor (integral action coefficient (see Note 1); 
KD  is the derivative action factor (derivative action coefficient (see Note 1); 
TI  is the reset time; 
TD  is the rate time;  
x and w, and consequently also y can be functions of time t, and: 
e  is the error or controller off-set, i.e.: x – w; 

ω is the angular velocity. 

NOTE 1 For the definition of this term, see IEC 60050-351. 

NOTE 2 This standard is limited to P, PI, PD or PID controllers. 

NOTE 3 The factors Kp, K1 and KD may have the sign “plus” or “minus”; it is usual to associate “direct action” with 
the positive sign and “reverse action” with the negative sign. 

NOTE 4 Symbols with prime (K′p, T′I T′D) represent nominal values, in contrast to effective values. 

NOTE 5 Integral-action time constant and derivative-action time constant refer only to pure integral or derivative-
action controllers (IEC 60050-351)). 
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