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INTERNATIONAL ELECTROTECHNICAL COMMISSION 88 
____________ 89 

 90 
INDUSTRIAL-PROCESS CONTROL SYSTEMS – 91 

Methods of evaluating the performance of valve positioners 92 
with pneumatic outputs 93 

 94 

FOREWORD 95 

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising 96 
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote 97 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 98 
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is 99 
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may 100 
participate in this preparatory work. International, governmental and non-governmental organizations liaising with 101 
the IEC also participate in this preparation. The IEC collaborates closely with the International Organization for 102 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 103 

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an 104 
international consensus of opinion on the relevant subjects since each technical committee has representation 105 
from all interested National Committees. 106 

3) The documents produced have the form of recommendations for international use and are published in the form 107 
of standards, technical specifications, technical reports or guides and they are accepted by the National 108 
Committees in that sense. 109 

4)  In order to promote international unification, IEC National Committees undertake to apply IEC International 110 
Standards transparently to the maximum extent possible in their national and regional standards. Any divergence 111 
between the IEC Standard and the corresponding national or regional standard shall be clearly indicated in the 112 
latter. 113 

5)  The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 114 
equipment declared to be in conformity with one of its standards. 115 

6)  Attention is drawn to the possibility that some of the elements of this International Standard may be the subject 116 
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights. 117 

International Standard IEC 61514 has been prepared by subcommittee 65B: Devices, of IEC 118 
technical committee 65: Industrial-process measurement and control. 119 

The text of this standard is based on the following documents: 120 

FDIS Report on voting 

65B/394/FDIS 65B/403/RVD 

 121 
Full information on the voting for the approval of this standard can be found in the report on 122 
voting indicated in the above table. 123 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3. 124 

The committee has decided that the contents of this publication will remain unchanged 125 
until 2006. At this date, the publication will be  126 
• reconfirmed; 127 
• withdrawn; 128 
• replaced by a revised edition, or 129 
• amended. 130 

131 
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INDUSTRIAL-PROCESS CONTROL SYSTEMS – 132 

Methods of evaluating the performance of valve positioners 133 
with pneumatic outputs 134 

1 Scope and object 135 

This International Standard specifies tests designed to determine the static and dynamic 136 
performance of single-acting or double-acting analogue positioners. The tests may be applied 137 
to positioners which receive standard analogue input signals (as specified in IEC 60381 and 138 
IEC 60382) and have a pneumatic output. 139 

Positioners with pulsed or digital input signals, positioners with digital controllers and 140 
positioners with pulsed outputs are outside the scope of this standard. 141 
 142 

Testing may be conducted either on a positioner alone, independently of an actuator, or on a 143 
positioner mounted and connected to a specific actuator, as a combined unit. The text makes 144 
clear where different approaches are required. 145 

The methods of evaluation given in this standard are intended for use by manufacturers to 146 
determine the performance of their products, and by users, or independent testing establish-147 
ments, to verify manufacturers' performance specifications. 148 

The closest liaison should be maintained between the evaluating body and the manufacturer. 149 
Note should be taken of the manufacturer's specifications for the instrument when the test 150 
programme is being decided, and the manufacturer should be invited to comment on both the 151 
test programme and the results. His comments on the results should be included in any report 152 
produced by the testing organization. 153 

This standard is intended to provide definitions of positioner elements, actions, and 154 
characteristics, to specify uniform methods of measuring performance errors and effects of 155 
influence quantities on those characteristics, and to describe methods of reporting and 156 
evaluating the results of the measurement data obtained. 157 

The test conditions described in this publication (for example range of ambient temperatures 158 
and power supply) relate to conditions which commonly arise in use. Consequently, the values 159 
specified shall be used where no other values are specified by the manufacturer or user. If other 160 
values are used, they should be stated. It is recognized that the manufacturer's specifications 161 
and instructions for installation and operation should apply during all steps. 162 

The tests specified in this standard are not necessarily sufficient for instruments specifically 163 
designed for unusually arduous conditions. Conversely, a reduced series of tests may serve 164 
adequately for instruments designed to perform within a more limited range of conditions. 165 

When a full evaluation, in accordance with this standard, is not required or possible, those tests 166 
which are required should be performed and the results reported in accordance with the relevant 167 
parts of this standard. In such cases, the test report should state that it does not cover the full 168 
number of tests specified herein. 169 

2 Normative references 170 

The following documents, in whole or in part, are normatively referenced in this document and 171 
are indispensable for its application. For dated references, only the edition cited applies. For 172 
undated references, the latest edition of the referenced document (including any amendments) 173 
applies. 174 
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IEC 60050, International Electrotechnical Vocabulary (IEV):  175 

- Part 311: Electrical and electronic measurements - General terms relating to electrical 176 
measurements 177 
- Part 351: Control technology 178 
IEC 60068-2-1, Environmental testing – Part 2-1: Tests. Test A: Cold 179 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests. Test B: Dry heat 180 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests. Test Fc: Vibration (sinusoidal) 181 

IEC 60068-2-31, Environmental testing - Part 2-31: Tests - Test Ec: Rough handling shocks, 182 
primarily for equipment-type specimens  183 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests. Test Cab: Damp heat, steady state 184 

IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres 185 

IEC 60381-1, Analogue signals for process control systems – Part 1: Direct current signals 186 

IEC 60381-2, Analogue signals for process control systems – Part 2: Direct voltage signals 187 

IEC 60382, Analogue pneumatic signal for process control systems 188 

IEC 60529, Degree of protection provided by enclosures (IP Code) 189 

IEC 60534-1, Industrial-process control valves – Part 1: Control valve terminology and general 190 
considerations 191 

IEC 60654 (all parts), Operating conditions for industrial-process measurement and control 192 
equipment 193 

IEC 60721-3, Classification of environmental conditions – Part 3 Classification of groups of 194 
environmental parameters and their severities 195 

IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and 196 
laboratory use – Part 1: General requirements 197 

IEC 61032, Protection of persons and equipment by enclosures – Probes for verification 198 

IEC 61326-1:2020, Electrical equipment for measurement, control and laboratory use – EMC 199 
requirements 200 
 201 
IEC 62828-1: 2017, Reference conditions and procedures for testing industrial and process 202 
measurement transmitters – Part 1: General procedures for all types of transmitters 203 

3 Definitions 204 

For the purpose of this standard, the terms and definitions given in IEC 60050 Part 311 and 205 
351 as well as the following definitions shall be applied. 206 

3.1 207 
positioner 208 
position controller connected to the moving part of a final control element or its actuator; 209 
automatically adjusts its output signal Y to the actuator in order to maintain a desired travel 210 
signal X that bears a predetermined relationship to the input signal W 211 
NOTE In this standard, only positioners with pneumatic output signals Y are considered. The input signal W may 212 
be an air pressure (pneumatic positioner), or an electric current or voltage (electro-pneumatic positioner). 213 
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3.1.1 214 
single-acting positioner 215 
positioner (see figure 1a) having one output signal Y which acts on one side of the actuator. 216 
The returning force for the actuator is usually provided by springs 217 

3.1.2 218 
double-acting positioner 219 
positioner (see figure 1b) providing two output signals YD and YR connected to opposite sides 220 
of the actuator diaphragm or piston 221 
 222 

Actuator

Input signal WTravel
signal

X

Supply
Ps

Friction

Positioner

Output
signal
Y

 223 
 224 

Figure 1a – Single-acting positioner/actuator 225 
 226 

Output
signal Y

 

R 

Friction

signal
YD

Output

Travel
signal

X

Supply
Ps

Input signal W
Positioner

Actuator

 227 
Figure 1b – Double-acting positioner/actuator 228 

Figure 1 – Single- and double-acting positioner/actuator 229 

3.2 230 
input signal W 231 
reference input signal which represents the desired position of the associated control element 232 

3.3 233 
travel signal X 234 
signal which results from the linear or angular travel caused by movement of the final control 235 
element or its actuator 236 

3.4 237 
output signal Y 238 
air pressure delivered to the actuator of the final control element 239 

IEC   340/2000 

IEC   341/2000 
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3.5 240 
supply pressure Ps 241 
air pressure at the supply connector of the positioner 242 

3.6 243 
action 244 
action is direct when the output signal Y increases as the value of the input signal W increases. 245 
The action is reverse when the output signal Y decreases as the value of the input signal W 246 
increases 247 

3.7 248 
split ranging 249 
special adjustment in which the full travel of the actuator is achieved from only part of the whole 250 
input range (for example 0 % to 50 % or 50 % to 100 %) 251 

3.8 252 
gain characteristic 253 
relationship between input signal W and output signal Y with travel signal X kept constant (i.e. 254 
locked stem); see figure 2 255 

Incremental gain ∆Y/∆W varies with pressure and the related pressure shall be stated. 256 

3.9 257 
proportional (average) gain factor Kp 258 
gain over the full range of the actuator. The proportional gain factor for a single-acting positioner 259 
may be derived from the gain characteristic (figure 2a): 260 

max

max
p Δ

Δ
W
Y

K =  261 

where ∆Wmax is the change of input signal W as a percentage of span required to change the 262 
output signal over the whole range (∆Ymax for 100 %). In this case ∆Wmax (%) corresponds to 263 
the proportional band Xp (%). The output signal range ∆Ymax is taken to be the nominal range 264 
stated by the manufacturer.  265 

For a double-acting positioner, a gain factor for each output may be derived separately (see 266 
figure 2b): 267 

 maxD

max
pD W

YK
∆
∆

=
 maxR

max
pR W

YK
∆
∆

=  268 

The proportional gain factor Kp for a double-acting positioner may then be calculated as the 269 
summation of the two individual gain factors, i.e.: 270 

  pRpDp KKK +=  271 

or derived from the differential pressure characteristic (YD – YR); see figure 2b. 272 

The balance pressure YB is the cross-over point of the direct YD and reverse YR characteristics. 273 
Generally, this value depends on the supply pressure applied to the positioner. 274 
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∆WRmax

∆WDmax

WW

∆Wmax

∆Ymax

100 %

0 %

Y

100 %

0 %

Y

YR

YD

YB

(YD R - )Y

 275 
  276 
Figure 2a – Single-acting positioner Figure 2b – Double-acting positioner 277 

Figure 2 – Gain characteristic 278 

3.10 279 
proportional band Xp 280 
the proportional band Xp is defined as 281 

p
p

%100(%)
K

X =  282 

3.11 283 
local gain factor Kl 284 
slope of the gain characteristic at a specific input value 285 

3.12 286 
travel characteristic 287 
closed-loop relationship of a positioner/actuator between the input signal W and the travel 288 
signal X 289 

The intended relationship between input signal W and travel signal X (for example linear or 290 
equal percentage) determines the ideal characteristic. 291 

3.13 292 
travel factor U 293 
ratio between the travel span and the corresponding input span. This may be adjustable. 294 

3.14 295 
maximum measured error 296 
largest positive or negative value of error of the average up-scale or down-scale value at each 297 
point of measurement 298 

4 General conditions for tests 299 

4.1 Environmental test conditions 300 

The tests shall be performed under the ambient test conditions recommended below: 301 

  302 

IEC   342/2000 
IEC   343/2000 
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 303 

Table 1 – Environmental conditions 304 

Atmospheric test conditions Temperature 

°C 

Relative humidity 

% 

Atmospheric pressure 

kPa 

Standard reference 
atmosphere 

20 65 101,3 

Recommended limits 15 to 25 45 to 75 86 to 106 

Referee measurements a: 

 b: 

20 ± 2 

23 ± 2 

65 ± 5 

50 ± 5 

86 to 106 

86 to 106 

 305 
The test values shall be corrected back to the standard reference atmosphere conditions listed 306 
above. The standard reference atmosphere is equivalent to the normal reference operating 307 
conditions commonly identified by the manufacturer.  308 

It is recognized that there may not be a factor to correct for humidity. When measurements 309 
within the recommended range of ambient conditions are unsatisfactory, and the correction 310 
factors to adjust parameters to the standard atmosphere are unknown, repeat measurements 311 
(referee measurements) may be conducted under the conditions listed in table 1, a or b, or 312 
other reference operating conditions identified by the manufacturer. 313 

NOTE Special equipment may be required to maintain the basic test conditions within the limits specified. 314 

4.1.1 Recommended limits of ambient conditions for test measurements 315 

Electromagnetic field: value to be stated, if relevant. 316 

Maximum rate of change of ambient temperature permissible during any test: 1 °C in 10 min, 317 
but not more than 3 °C/h. 318 

4.2 Supply conditions 319 

4.2.1 Reference values 320 

Electrical supply: the values specified by the manufacturer. 321 

Pneumatic supply: the values specified by the manufacturer, or a supply pressure of 4,0 bar 322 
(400 kPa). 323 

4.2.2 Tolerances 324 

The tolerances given below apply, unless closer tolerances are agreed between user and 325 
manufacturer. 326 

a) Electrical supply 327 
– Rated voltage: ±1 %. 328 
– Rated frequency: ±1 %. 329 
– Harmonic distortion (AC supply): less than 5 %. 330 
– Ripple (DC supply): less than 0,1 %. 331 

b) Pneumatic supply 332 
– Rated pressure: ±3 %; 333 
– Supply air temperature: ambient temperature ±2 °C. 334 
– Supply air humidity: dew-point at least 10 °C below device body 335 

temperature. 336 
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