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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  

 
Part 5-7: Control circuit devices and switching elements –  

Proximity devices with analog output 
 

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

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

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

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

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

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

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

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

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

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 60947-5-7 has been prepared by subcommittee 121A: Low-voltage switchgear and 
controlgear, of IEC technical committee 121: Switchgear and controlgear and their assemblies 
for low voltage. It is an International Standard. 

This second edition cancels and replaces the first edition published in 2003. This edition 
constitutes a technical revision.  

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

a) New structure; 
b) Update and expansion of definitions on analog output properties; 
c) Expanded performance requirements on analog output; 
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d) Update and new normative references; 
e) Update of EMC requirements; 
f) Harmonization with IEC 62828 series; 
g) Harmonization with IEC 62683 and IEC 61987 definitions; 
h) Harmonization with IEC 61131-2 requirements; 
i) Update of the Annex A (former Annex G), Example of the determination of the conformity;  
j) New Annex B, Overview tests and influence quantities; 
k) New Annex C, Additional requirements for proximity switches with analog output 

incorporating a built-in communication interface complying with IEC 61131-9; 
l) New Annex D, Main characteristics for proximity devices with analog output. 

This International Standard is to be read in conjunction with IEC 60947-5-2:2019. 

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

Draft Report on voting 

121A/592/FDIS 121A/604/RVD 

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

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

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

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

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

• reconfirmed, 

• withdrawn, or 

• revised. 

 

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

Part 5-7: Control circuit devices and switching elements –  
Proximity devices with analog output 

 
 
 

1 Scope 

This part of IEC 60947 states the requirements for proximity devices that correspond to the 
scope of IEC 60947-5-2:2019 with analog output (PDAO) and/or a digital output to transmit a 
corresponding digital value representing the detected sensing input. These devices can provide 
additional parameters. Figure 1 shows the schematic principle of such a device. They might 
consist of one or more parts. 

The requirements of IEC 60947-5-2, Low-voltage switchgear and controlgear – Part 5-2: Control 
circuit devices and switching elements – Proximity switches, apply with the additions and 
modifications as stated in this document. The clause numbering in this document follows the 
clause numbering of IEC 60947-5-2, modified where necessary. 

 

Key 

evaluation unit Evaluating electronic circuitry, e.g. MCU, ASIC component… 

Figure 1 – Proximity device with analog output (PDAO), 
schematic block diagram structure 

This document does not apply to industrial process measurement transmitters according to 
IEC 62828 series. 

Examples of typical applications for in-scope products: 

• factory automation and machinery industry; 

• logistic and packaging industry; 

• conveyor belts, lifts; 

• process industry; 

• power plants. 
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Special applications (e.g. corrosive atmosphere) can cause additional requirements. 

Products covered by the scope of this document are expected to be selected, installed, and 
maintained by skilled personnel only. 

NOTE 1 Analog proximity devices can be linear or non linear. 

NOTE 2 The specific requirements, characteristics, and test procedures for an analog output interface which are 
described in Clauses 5, 6 and 9 of this document, are based on requirements written in IEC 61131-2:2017. 

2 Normative references 

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

IEC 60947-5-2:2019, Low-voltage switchgear and controlgear – Part 5-2: Control circuit devices 
and switching elements – Proximity switches 

IEC 61131-9:2022, Programmable controllers – Part 9: Single-drop digital communication 
interface for small sensors and actuators (SDCI) 

IEC 62443 (all parts), Industrial communication networks – Network and system security 

IEC TS 63208:2020, Low-voltage switchgear and controlgear – Security aspects 

3 Terms, definitions and list of abbreviated terms 

For the purposes of this document, the terms and definitions given in IEC 60947-5-2:2019 and 
the following apply. 

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

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

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

3.1 Basic definitions 

3.1.1  
proximity device with analog output 
PDAO 
device producing an output signal which varies continuously depending on the physical quantity 
(e.g. distance, speed, rotation, etc.) detected/calculated by the proximity device in relation to 
its target object(s) 

3.1.2  
lower range value 
minimum stated input value above which the output signal varies continuously 

3.1.3  
upper range value 
maximum stated input value below which the output signal varies continuously 
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3.1.4  
range of input values 
range defined by lower range value and upper range values of the sensing element detection 
capability, or calculated value (e.g. distance, speed, r/min, etc.), within which the limits of 
uncertainty of the proximity device are specified  

Note 1 to entry: A principle diagram describing the terms of 3.1.2 to 3.1.4 is given in Figure 3. 

3.1.5  
span 
range of input values 
algebraic difference between the values of the upper and lower limits of the measuring range  

Note 1 to entry: Upper and lower limits do not reflect the sensing capabilities of the device, but the relevant upper 
and lower values for the application.  

Note 2 to entry: The CDD code of this entry for Electronic Data Exchange is ABB785, modified ("other variables" 
removed).  

[SOURCE: IEC 60050-311:2001, 311-03-13, modified — Notes to entry added] 

3.2 Operation of a proximity device 

3.2.1  
linearity 
ability of a proximity device to provide an indication having a linear relationship with a defined 
quantity other than an influence quantity 

Note 1 to entry: The method of expression of lack of linearity is different for different kinds of device and is 
established in each particular instance. 

[SOURCE: IEC 60050-311:2001, 311-06-05, modified – "measuring instrument" replaced by 
"proximity device"] 

3.2.2  
conformity of the output signal curve  
ability of a proximity device to provide an indication having a specified characteristic curve 
which can be linear, logarithmic, parabolic, etc. 

3.2.3  
non-linearity 
deviation from ideal behaviour for devices that have a linear input/output relationship, 
determined from the curve plotted using the overall average of corresponding upscale and 
downscale errors  

Note 1 to entry: Non-linearity can be calculated and expressed in one of three ways: – independent: line positioned 
so as to minimize the maximum deviation; – terminal-based: line positioned so as to coincide with the actual 
characteristic curve at the upper and lower range-values; – zero-based: line positioned so as to coincide with the 
actual characteristic curve at the lower range-value.  

Note 2 to entry: The corresponding properties can be found in the CDD.  

Note 3 to entry: Linearity is defined in IEC 60050-300:2001, 311-06-06.  

Note 4 to entry: Non-linearity does not include hysteresis.  

Note 5 to entry: Conformity is often used in conjunction with non-linear curves. 

[SOURCE: IEC 61987-13:2016, modified — Notes to entry added] 
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3.2.4  
non-conformity of the output signal curve  
deviation from ideal behaviour for devices that have a non-linear input/output relationship, 
determined from the curve plotted using the overall average of corresponding upscale and 
downscale errors 

Note 1 to entry: The non-conformity is defined as the closeness with which an average error curve approximates to 
a specified characteristic curve (which can be linear, logarithmic, parabolic, etc.).  

3.2.5  
true value 
<of a physical quantity value> value consistent with the definition of a given particular quantity 

Note 1 to entry: This term is used in the "true value" approach. 

Note 2 to entry: Value that would be obtained by a perfect measurement. 

Note 3 to entry: True values are by nature indeterminate. 

Note 4 to entry: The indefinite article "a", rather than the definite article "the", is used in conjunction with "true 
value" because there can be many values consistent with the definition of a given particular quantity. 

[SOURCE: IEC 60050-311:2001, 311-01-04] 

3.2.6  
conventional true value 
<of a physical quantity value> value attributed to a particular quantity and accepted, sometimes 
by convention, as having an uncertainty appropriate for a given purpose 

Note 1 to entry: This term is used in the "uncertainty" approach. 

Note 2 to entry: The "conventional true value" is sometimes called "assigned value", "best estimate of the value", 
"conventional value" or "reference value". The term "reference value", in this sense, should not be confused with 
"reference value" in the sense used in IEC 60050-311:2001, 311-07-01. 

Note 3 to entry: Frequently, a large number of results of measurement of a quantity are used to establish a 
conventional true value.  

Note 4 to entry: An alternative concept of measurement uncertainty used for measurement instruments is described 
in IEC Guide 115:2021, Application of uncertainty of measurement to conformity assessment activities in the 
electrotechnical sector.   

3.2.7  
inaccuracy 
maximum positive and negative deviation from the specified characteristic curve observed in 
testing a device under specified conditions and by a specified procedure  

Note 1 to entry: Accuracy is defined in IEC 60050-311:2001, 311-06-08. 

[SOURCE: IEC 61298-1:2008, 3.5] 

3.2.8  
long term drift  
drift in output monitored for 30 days at 90 % of span 

[SOURCE: IEC 61987-1:2008, 3.22] 
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3.2.9  
long term stability 
drift of zero output signal in percent of full scale limit after a given period of normal operating 
conditions 

Note 1 to entry: The long term stability can be evaluated over a different period of time, e.g. 6 months, 1, 2 or 5 
years. Sometimes manufacturers declare a life-time stability. 

Note 2 to entry: Depending the type of a proximity device, the drift can be referred to an upper range limit, a fixed 
value, a full scale, etc. 

3.2.10  
repeatability 
value of variation of the output signal under specified conditions expressed as a percentage of 
the span 

Note 1 to entry: This definition is more general and not equal to the definition in IEC 60947-5-2:2019. 

3.2.11  
resolution value 
resolution of the value of the physical quantity 

Note 1 to entry: The resolution value from the digital output value and the analog output value can be different. 

3.2.12  
error 
discrepancy between a computed, observed or measured value or condition, and the true, 
specified or theoretically correct value or condition 

Note 1 to entry: An error within a system may be caused by failure of one or more of its components, or by activation 
of a systematic fault. 

[SOURCE: IEC 60050-192:2015, 192-03-02] 

3.2.13  
linearity error of the digital output 
maximum deviation between the real and the ideal curve of the digital output 

3.2.14  
linearity error of the analog output 
maximum deviation between the real and the ideal curve of the analog output 

3.2.15  
reference base for linearity error 
basis for stating the linearity error for analog output  

Note 1 to entry: The reference base can be output span, full scale or definition by the manufacturer. 

3.2.16  
upscale error 
arithmetic mean of the errors at each value of each measurement cycle with increasing input 
value 

3.2.17  
downscale error 
arithmetic mean of the errors at each value of each measurement cycle with decreasing input 
value 

3.2.18  
average error 
arithmetic mean of all upscale and downscale readings at each value 
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3.2.19  
maximum measured error  
largest positive or negative value of errors of the average upscale or downscale values at each 
point of measurement 

Note 1 to entry: Synonymous to measured error expressed as percentage ABB652 of IEC 61987.  

[SOURCE: IEC 61298-1:2008] 

3.2.20  
total probable error 
TPE 
number obtained by taking the square root of the total sum of the squares of the individual error 
factors, adopted to consistently compare the performances of two (or more) devices 

Note 1 to entry: It is assumed that the variables of the individual errors are independent of each other.  

Note 2 to entry: When combining all the error factors, the units of measure shall all be the same.  

3.3 Output element characteristics 

3.3.1  
analog current signal 
current signal which varies in a continuous manner within its range 

3.3.2  
analog voltage signal 
voltage signal which varies in a continuous manner within its range 

3.3.3  
range of an analog signal 
all values of the signal between and including defined limits 

3.3.4  
output span 
algebraic difference between the values of the upper and the lower limits of the output signal 

3.3.5  
lower limit output signal 
specified minimum value of the range 

Note 1 to entry: The lower limit may be either zero or a finite value; when zero is used, this is called "true zero"; 
when a finite value is used, this is called "live zero". 

3.3.6  
upper limit output signal 
specified maximum value of the range 

3.3.7  
load impedance 
<maximum load (current), minimum load (voltage)> impedance or impedances for which the 
output characteristics of the proximity device are specified 

3.3.8  
ripple content 
ratio between the peak-to-peak value of the AC component and the upper limit of the signal 
value 
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3.3.9  
recovery time  
time taken, following the removal of an external influence, for the output signal to return to its 
previous value within the limits of repeatability as defined in 3.2.10 

3.3.10  
warm-up time 
duration between the instant when the power supply is energized and the instant when the 
device can be used, as specified by the manufacturer 

[SOURCE: IEC 61987 DB: Identifier IECABB026, see Figure 2] 

3.3.11  
settling time 
time interval between the step change of an input signal and the instant when the resulting 
variation of the output of the signal does not deviate more than 1% from its final steady state 
value 

[SOURCE: IEC 61987 DB: Identifier IECABA999, see Figure 2] 

3.3.12  
output signal 
analog or digital representation of the physical quantity value produced by a transducer 

Note 1 to entry: A transmitter is a transducer with standardized output, see IEC 60050-351:2013, 351-56-29. 

[SOURCE: IEC 60050-314:2001, 314-04-06, modified – "measurand" replaced by "physical 
quantity value"] 

3.3.13  
transition region 
part of the output range between the specified minimum (resp. maximum) value and the lower 
(resp. upper) signal characterizing a product failure 

Note 1 to entry: A principle diagram is given in Figure 4a) and Figure 4b). 
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Figure 2 – Principle diagram of time values and their meanings 
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Figure 3 – Principle diagram of limit values and their ranges 

3.3.14  
single-drop digital communication interface (SDCI) 
digital communication interface for switching 24 V devices (e.g. IO-Link™1) defining a point-to 
point communication link for connecting sensors and actuators to a master unit 

3.4 List of abbreviated terms 
ASIC Application specific integrated circuit 
CDD Common Data Dictionary 
ECD Environmentally conscious design process 
EMC Electromagnetic compatibility 
EUT Equipment under test 
IOL IO-link 
LSB Least significant bit 
MCU Microcontroller unit 
PDAO Proximity device with analog output 
PFVP Proper functioning verification procedures 
SDCI Single-drop digital communication interface 
TPE Total probable error 

___________ 
1 IO-Link™ is a trade name of the "IO-Link Consortium". This information is given for the convenience of users of 

this publication and does not constitute an endorsement by IEC of the trade name holder or any of its products. 
Compliance to this publication does not require use of the registered logos for IO-Link™. Use of the registered 
logos for IO-Link™ requires permission of the "IO-Link Consortium". 
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4 Classification 

4.1 General 

Classification shall be in accordance with Table 1 of IEC 60947-5-2:2019, with the following 
specifications and additions in columns: 

– 4th pos./1digit "Switching Element Function (Output) 4.5": value "S" = Others 

– 5th pos./1digit Type of Output 4.6: additional value "A" = Analog Output, "C" = 
Communication / Digital output 

– Combination of output signals are described: 4th pos./1digit value S = Others 
5th pos. value S = Others 

– Insert 7th digit "n" = Number of output signals (1, 2, etc.) 

5 Analog characteristics 

5.1 General 

Characteristics shall be in accordance with Clause 5 of IEC 60947-5-2:2019 with the following 
additions. 

The main characteristics of the analog outputs for proximity sensing devices are described in 
Annex D. 

5.3 Rated and limiting values for the proximity device and output elements 

5.3.1 Voltages 

5.3.1.6 Range of analog voltage signals 

The range of analog voltage signals shall be the range given in Table 1. 

Table 1 – Range of analog voltage signals 

Lower limit a Upper limit a 

[V] [V] 

0 +10 
a  Other voltage limits may be used on specific agreement between manufacturer 

and user 
 

5.3.1.7 Ripple content of the output voltage 

The maximum ripple content shall be stated by the manufacturer. 

5.3.2 Currents 

5.3.2.5 Range of analog current signals 

The range of analog current signals shall be the range given in Table 2. 
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Table 2 – Range of analog current signals 

Lower limit a Upper limit a 

[mA] [mA] 

4 20 

a  Other current limits may be used on specific agreement between manufacturer 
and user 

 

5.3.2.6 Ripple content of the output current 

The maximum ripple content shall be stated by the manufacturer. The bandwidth of the 
measurement instrument may be provided as an additional information. 

5.3.3 Load conditions 

Analog output rated values of signals range and load impedance for corresponding analog 
outputs of control equipment shall be as specified in Table 3. 

Table 3 – Load conditions 

Output signal range Load impedance limits Normative items 

0 to 10 V ≥ 2 000 Ω a 

4 mA to 20 mA ≤ 500 Ω a 
a  Outputs shall withstand any overload from open circuit to short circuit 

 

5.3.4 Linearity 

The non-linearity shall be within ±10 % of the span (see 3.2.3). 

6 Product information 

6.1 Nature of information – Identification 

Clause 6 of IEC 60947-5-2:2019 applies with the following additions: 

6.1.1 Adding information 

The following information shall be provided in the manufacturer’s documentation if relevant. 

bc)  output characteristics acc. Table 4 and Table 5 
bd)  range of stated value (e.g. distance, speed, r/min etc.) 
be)  ripple content 
bf)  non-linearity / non-conformity (incl. curve characteristic e.g. parabolic, exponential, etc.) 
bg)  recovery time 
bh)  settling time 
bi)  warm-up time 
bj)  inaccuracy 
bk)  non-repeatability 
bl)  load conditions 
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6.1.2 Specific information of 6.1.1 bc) Output characteristics 

6.1.2.1 Information on analog output static characteristics  

The manufacturer shall provide the appropriate information from Table 4, with respect to analog 
outputs.  

Table 4 – Analog output signal static characteristics  

Static characteristics Units and examples 

Output type e.g. current, voltage 

Output signal range e.g. 4 mA to 20 mA, 0 to 10 V 

Output impedance in output signal range (manufacturer shall specify 
according to the load condition defined in Table 3) 

Ω 

Maximum measured error Limits of maximum error at (23 ± 5) °C ± % of output span 

Maximum error over full temperature range b ± % of output span 

Resolution of digital/analog-converter (DAC) a, b Number of bits 

Value of a LSB (least significant bit) at the analog output signal after D/A 
converter a 

mV, mA 

a  If applicable 
b  Only on demand 

 

6.1.2.2 Information on analog output dynamic characteristics  

The manufacturer shall provide the appropriate information from Table 5, with respect to analog 
outputs.  

Table 5 – Analog output dynamic characteristics  

Dynamic characteristics Units and examples 

Settling time for full range change a ms 

Recovery time ms 

a  Settling time can be determined by simulating the input step signal  

 

6.4 Environmental information 

Subclause 6.4 of IEC 60947-5-2:2019 is replaced by the following: 

6.4.1 Environmentally conscious design process (ECD process) 

Assistance in the consideration of environmental aspects relating to products in the scope of 
this document is given in Clause 4 of IEC TS 63058:2021 and Clause 5 of IEC TS 63058:2021. 

6.4.2 Procedure to establish material declaration 

Providing the material declaration is at the discretion of the manufacturer. When provided, 
Clause 7 of IEC TS 63058:2021 specifies content and form of the material declaration. 

7 Normal service, mounting and transport conditions 

Clause 7 of IEC 60947-5-2:2019 applies. 
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8 Constructional and performance requirements 

8.1 General 

Clause 8 of IEC 60947-5-2:2019 applies with the following modifications and additions. 

8.1.1 Load conditions 

The reference minimum and maximum load conditions during the evaluation tests shall comply 
with the given limits of Table 3 and shall be specified by the manufacturer. 

8.1.18 Security aspects 

8.1.18 of IEC 60947-5-2:2019 applies with the following addition. 

In addition to the relevant parts of the IEC 62443 series, IEC TS 63208:2020 shall apply if 
applicable.  

8.1.19 Embedded software 

If applicable information and recommended minimum requirements related to embedded 
software supporting the main functions of proximity devices with analog output can be found in 
IEC TR 63201:2019. 

8.2 Performance requirements 

8.2.1 Acceptance criteria 

Table 9 of IEC 60947-5-2:2019 applies with the following modification: 

The content of the cell:  

"Overall performance / Acceptance criteria A"  

shall be replaced by following text: 

The deviation value of the analog output signal shall not exceed ±10 % of the stated output 
span. The output signal shall return to its nominal value with the stated conformity, within the 
recovery time stated in the documentation of the proximity device. 

EXAMPLE: For a 4..20 mA analog output the output span is 16 mA, and ±10 % of output span means ±1,6 mA.  

8.5 Analog output limit values 

8.5.1 General 

The analog output value of a sensor represents the measurement information. Figure 4a) and 
Figure 4b) define the standardized failure information and the transition region in relation to the 
measured information. Failure information can be reasoned by e.g. malfunction of a 
measurement converter, error in connective wires, failure of an auxiliary energy, error out of 
range etc.. The failure information states that there is an error in the measuring system. A value 
lying outside of the limits as defined in the examples of Figure 4a) current output 4 to 20 mA 
and Figure 4b) voltage output 0 to 10 V is defined as invalid and is thus interpreted as failure 
information. Other limits for transition region and failure information may be used on specific 
agreement between manufacturer and user. 
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a) Analog output limit values, example 4..20 mA 

 

b) Analog output limit values, example 0..10 V 

Figure 4 – Limit values of analog output signals 

8.5.2 Environmental test conditions 

8.5.2.1 General 

The proximity device with analog output shall be evaluated using the limiting operating 
conditions defined by the manufacturer. In case of no specification, subclauses 7.1.3 and 7.1.4 
of IEC 60947-5-2:2019 shall apply.  

8.5.2.2 Non-repeatability 

Non-repeatability is the algebraic difference between the extreme values obtained by a number 
of consecutive measurements of the output over a short period of time, for the same value of 
the input, under the same operating conditions, approaching from the same direction, for full 
range traverses. Non-repeatability is usually expressed in percentage of ideal output span and 
does not include hysteresis. Non-repeatability is determined from the maximum difference in 
percent of the stated output span, between all values of output for any single input value. The 
maximum value is reported as non-repeatability and shall not exceed 10 % of output span.  

8.5.2.3 Inaccuracy 

Inaccuracy is determined by selecting the greatest positive and negative deviations of any 
measured value from the stated value, for increasing and decreasing inputs, for any test cycle 
separately, and reporting these deviations in percent of stated output span and shall not exceed 
±10 % of output span.  

8.5.2.4 Upper limit of the output signal 

The output signal of an analog proximity device shall not decrease when the target is moved 
up to and including beyond the upper limit value stated by the manufacturer. 

NOTE This requirement is intended to ensure that there cannot be two or more distances corresponding to the 
same output signal. 
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8.5.2.5 Non-linearity 

For sensors that have a linear input/output relationship, the non-linearity is determined from the 
curve plotted using the overall average of corresponding upscale and downscale average errors 
(see example in Annex A and corresponding Figure A.3).  

The maximum positive or negative deviation between the average curve and the selected 
straight line, expressed in percent of stated output span, is the non-linearity that is independent 
from hysteresis.  

The following different non-linearity expressions are in common use.  

a) Terminal based non-linearity  
Terminal based non-linearity is determined by drawing a straight line so that it coincides 
with the average calibration curve at the upper range value and at the lower range value.  

NOTE Where calibrations in workshops and adjustments in the field are made, only terminal based nonlinearity 
is of practical interest.  

b) Independent non-linearity (best fit) 
Independent non-linearity is determined by drawing a straight line through the average curve 
in such a way as to minimize the maximum deviation. It is not necessary that the straight 
line is horizontal or passes through the end points of the average calibration curve.  

c) Zero based non-linearity  
Zero based non-linearity is determined by drawing a straight line so that it coincides with 
the average calibration curve at the lower range value (zero) and minimizes the maximum 
deviation.  

In any statement regarding linearity and accuracy calculation the Independent non-linearity 
(case b)) shall always be used. On customer demand case a) and case c) can be considered 
by the manufacturer in addition. 

9 Tests 

9.1 General 

Clause 9 of IEC 60947-5-2:2019 applies with the following modifications and replacements.  

The conditions of 9.1.1 of IEC 60947-5-2:2019 shall apply to the test procedures and shall be 
performed at a supply voltage specified by the manufacturer. 

The tables of informative Annex B give a list of the complete set of test procedures considered 
in this clause, in relation to the standard and operating reference test conditions respectively. 
These tables summarize the procedures, highlighting the peculiarities of each test and 
indicating which tests are to be considered as type tests and/or acceptance tests and/or routine 
tests. 

9.3.1 Test sequences 

Test sequences of 9.3.1 of IEC 60947-5-2:2019 apply for proximity switches with analog output 
except the digital output specific tests e.g. digital operating cycles according to 9.5 of 
IEC 60947-5-2:2019, operating distances according to 9.4 of IEC 60947-5-2:2019 and making 
and breaking capacities according to 9.3.3.5 of IEC 60947-5-2:2019. For sample 2 to 5 instead 
of operating distance test (9.4 of IEC 60947-5-2:2019), subclause 9.8 of this document shall 
apply. For sample no. 5, the test sequences of subclause 9.6 of this document apply. 
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9.6 Verification of the electromagnetic compatibility  

9.6.1 General 

The provisions regarding emission and immunity given in 9.6 of IEC 60947-5-2:2019 apply with 
the acceptance criteria defined in 8.2. 

The tests shall be performed under the following conditions:  

– the proximity device mounted in free air shall be connected to a load impedance as specified 
in the manufacturer’s documentation and supplied with its rated operational voltage (Ue) (or 
the maximum voltage of its voltage range); 

– the connecting leads shall be 2+0,1
0  m. For proximity devices not having integral cables, the 

type of cable used shall be specified by the manufacturer and recorded in the test report; 
– the test shall be performed with the target respectively the input value set at 50 % of the 

stated output span or another meaningful position stated by the manufacturer; 
– if applicable, the defined targets according to IEC 60947-5-2:2019 shall be used related to 

the relevant sensor principle. 

For the test according to 8.2.6.2.4 of IEC 60947-5-2:2019, the following additional mounting 
conditions apply:  

– cylindrical proximity devices shall be mounted in a non-embedded manner according to 
Figure A.6 (IA, IB) b) of IEC 60947-5-2:2019. A metal washer, clamped between the lock-
nuts of the device, shall be connected to the reference ground plane;  

– rectangular proximity devices shall be mounted in a non-embedded manner on a flat metal 
plate which shall be connected to the reference ground plane;  

– the method of connection to the reference ground plane shall be in accordance with the 
manufacturer’s instructions, if given, and shall be stated in the test report. 

9.8 Additional requirements for proximity switches with analog output 

9.8.1 Requirements for test programs and proper functioning verification procedures 
(PFVPs)  

Requirements for test programmes and proper functioning verification procedures (PFVPs) to 
be provided by the manufacturer.  

During the type tests, there shall be no:  

– destruction of hardware;  
– modification of the operating system and test programmes and/or alteration of their 

execution;  
– unintended modification of system and application data stored or exchanged; erratic or 

unintended behaviour of the EUT (Equipment Under Test);  
– deviation of the analog I/Os out of the limits specified according to Table 5.  

All relevant functions and parts of the EUT (i.e. units and modules) shall be functioning in such 
a way that the information paths to/from these functions and parts are exercised.  

All the I/O and communication channels of the EUT shall be exercised.  

The type test is not meant to test every possible operating mode or capability of an EUT. The 
intent of the type test is to exercise the EUT, at the boundaries of its operating mode(s) and/or 
capability(ies). Therefore, engineering judgement is necessary to define both the configuration 
of the test and verification, to prove the overall capability. This is without actually testing all 
possibilities, i.e. a practical set of tests and results.  
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The following non-exhaustive list contains example items to consider in defining the type tests, 
with regard to exercise of the EUT.  

a) Configuration of the EUT:  

• external and internal status information reporting means; 

• displays; 

• alarm signals; 

• self-test result registers; 

• I/O; 

• test program length; 

• operation modes, e.g. start-up, shut-down, cold/warm/hot restart, normal run; 

• performance. 
b) The type test shall focus on the least favourable conditions for the EUT, to test its 

boundaries. Therefore, different test set-ups might be needed for testing the EUT 
boundaries under, for example EMC conditions, climatic conditions.  

c) For every EUT there shall be a specification of how and where the limits of proper function 
can be identified. 

9.8.2 Verification of analog output 

9.8.2.1 Operating range tests  

Verify that all requirements with relevance to the analog output and specified limits of this 
document, respectively of the technical specification according to the datasheet, are checked. 
A summary of relevant requirements is given as an example in Annex A. It is acknowledged 
that an analog output offers a more or less infinite set of verification possibilities. A simple 
practical subset shall be tested, which addresses the basic or most important capability of the 
analog output. This simplified test is not meant to eliminate the requirement that a specified 
parameter meets its specified rating, it is simply an acknowledgement of a practical subset of 
type tests.  

Example of a simple practical subset, test procedure:  

All range types offered in the manufacturer’s datasheet shall be verified. Test all range types 
for resolution and accuracy. Test at least 6 points in the range (0 to 100 % every 20 % of range). 
Test at minimum operating temperature, maximum operating temperature and (23 ± 5) °C .  

The results shall be in accordance with the equipment datasheet.  

NOTE This verification can be combined with the temperature type tests.  

All parametric specifications defined in the manufacturer´s documentation shall be verified and 
recorded in the test report.  

9.8.2.2 Analog output overload immunity test  

Measurement and verification shall be conducted in accordance with Table 6 and shall apply 
for test sequence sample no. 5 and shall be combined according to test no. 3 of 9.3.1 of 
IEC 60947-5-2:2019. 
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Table 6 – Analog output overload immunity test   

Reference test Remark 

EUT configuration According to manufacturer’s specifications 

Initial condition The load is applied until temperature(s) of any affected part(s) of the EUT stabilize (3 
temperature readings, of the affected part(s)) 

Applied load According specified maximum (resistive, capacitive or inductive) overload, specified by 
the manufacturer 

Number of reading 3 times at the affected part(s) 

Reading interval 2 minutes apart until not changing by more than 1 K 

Pass / fail No physical damage or change in performance, other than specified in manufactures 
datasheet, shall be detected 

After the test The accuracy shall be verified for the minimal and the maximum value of the range 
according to PFVP, see 9.8.1 

 

9.8.2.3 Short-circuit and open-circuit test  

The short-circuit and open-circuit test shall apply for test sequence sample no. 5 and shall be 
combined according to test no. 2 of 9.3.1 of IEC 60947-5-2:2019. 

When the short circuit or the open circuit is applied, no physical damage or abnormal 
phenomenon shall be detected. After the test, perform the PFVP (see 9.8.1). 

9.8.3 Accuracy and related factors 

9.8.3.1 Measurement cycles 

Tests shall be carried out with the span adjustment set to 100 % (equal to the upper range value 
specified by the manufacturer). The lower range value shall be set to 0 % (equal to the minimum 
value specified by the manufacturer). Measurement traverses prior to the actual testing are not 
necessary if accuracy is not influenced. 

The reference measurement instrument is considered to provide the conventional true value. 
The instrument shall have an inaccuracy better than one third and preferably one tenth of the 
permissible error of the tested equipment. The equipment under test (EUT) and the reference 
measuring instrument shall be adjusted to a common zero point. Table 7 specifies the number 
of measurement cycles and the number and positions of the measuring test points for the 
respective test procedures that follow (e.g. non-repeatability, inaccuracy determination). 

Table 7 – Number of measurement cycles and number and position of test points 

Kind of test Number of 
measurement cycles 

Number of test points Position of test point b 
(% of specified 

measuring range) 

Type test a 3 6 0, 20, 40, 60, 80, 100 

Routine test a 1 3 0, 50, 100 

Acceptance test As agreed between user 
and manufacturer 

As agreed between user 
and manufacturer 

As agreed between user 
and manufacturer 

a For technical reasons the number of test points and the position of test points can be adjusted 
(e.g. 7 test points for 360° encoder (0°, 60°, 120°, 180°, 240°, 300°, 360°)). 

b For technical reasons the measurement might be taken from 5 % to 95 % of the measurement range. 

 

In case of deviation from the defined standard test procedures, the manufacturer shall state 
and justify the changes in their technical documentation. 
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9.8.3.2 Processing of the measured values  

The errors shall be expressed as a percentage of the stated output span. It is recommended 
that the measurement value is stated relative to the true value in combination with the maximum 
absolute error expressed as an absolute value. 

If agreed between manufacturer and user, the total probable error (TPE) may be stated 
according to A.3.3. 

9.8.3.3 Determination of the accuracy 

The errors shall be expressed as a percentage of the stated output span. 

The maximum measured error is determined by selecting the greatest positive or negative value 
from the upscale errors. 

9.8.3.4 Determination of Non-Repeatability 

The difference between the largest and the smallest measured output value of the concerning 
test points according to Table 7 at the same position. 

9.9 Testing of detection capabilities of physical sizes like operating distance, speed, 
rotation speed, frequency, etc.   

9.9.1 General 

9.9.1.1 Overview 

Test specifications for all conceivable size measurements are to be described by the 
manufacturer in his technical documentation and carried out in relation to the defined measured 
variables. Following subclauses describe a test setup for a distance sensor as an example. In 
meaningful cases the input signal of the physical detection can be simulated by a signal 
generator. 

9.9.1.2 Method of measurement as example for a distance sensor 

A proximity device in new condition is mounted in accordance with the manufacturer’s 
instructions and the standard target according to 9.3.2.1 of IEC 60947-5-2:2019 is moved 
towards and away from the sensing face of the proximity device in an axial direction. The test 
points to determine the performance characteristics of a device shall be equidistant over the 
distance range. At least the no. of test points according to Table 7 are necessary. The output 
values for each given distance shall be  recorded for at least three full distance traverses of 
movement of the target. One example is shown in Annex A. 

9.9.1.3 Error tabulation  

The difference between each recorded output value and its corresponding expected output 
value shall be determined. These differences are the errors and shall be expressed as a 
percentage of the output span. A positive error denotes that the observed output value is greater 
than the expected output value. 

The following shall be calculated: 

– average error; 
– arithmetic mean of all readings at each range value. 

When the distance/output characteristic is adjustable, then the manufacturer shall state the 
characteristic used to measure the linearity/conformity of the output signal. 

One example is shown in Annex A. 
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9.9.1.4 Maximum measured error 

The maximum value (positive or negative) of all average errors shall be stated as the maximum 
measured error. One example is shown in Annex A. 

9.9.1.5 Determination of non-linearity and non-conformity 

9.9.1.5.1 General 

In case of a linear relationship between the input variable and output signal the non-linearity 
shall be determined as described in 9.9.1.5.2. For relationships which are not linear the non-
conformity as described in 9.9.1.5.3 shall be determined. 

9.9.1.5.2 Linearity 

The maximum positive or negative deviation between the average curve and the selected 
straight line, expressed in percent of stated output span, is the non-linearity. 

One example is shown in Figure A.3. 

In case that no other specification is defined, in any statement regarding linearity and accuracy 
calculation, the independent non-linearity shall be used. Otherwise the type of non-linearity 
determination method as described in 8.5.2.5 shall be stated in the user documentation. 

One example according the different non-linearity determination methods is given in Figure A.3. 

9.9.1.5.3 Conformity of the output signal 

Non-conformity shall be determined by calculation or as follows. The stated output 
characteristic shall be drawn so that it coincides with the average error curve at the upper and 
the lower range values. 

Non-conformity is the maximum deviation between the average error curve and the stated 
output characteristic. It is expressed as a positive or negative percentage of the output span. 
One example of non-conformity is shown in Clause A.2. 
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Annex A 
(informative) 

 
Example of the determination of the conformity 

A.1 Example 1 of the determination of the conformity of an angle sensor, with 
linear output characteristics 

Method of measurement: in accordance with 9.8.3, using 6 test points and three full angle 
traverses. 

One example of the error tabulation in accordance with 9.8.3 is given in Table A.1. 

Sensing angle  
Lower range value: 30 °  
Upper range value:  330 °  
Range of input values:  300 ° 

NOTE In the case of a measuring range from 0° until to 360°, 7 test points in 60° steps would also be possible. 

Output type: current  
Lower limit: 4 mA  
Upper limit: 20 mA  
Output span: 16 mA  

Table A.1 – Example table for the errors of a linear sensor 
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Figure A.1 shows the output value diagram of a linear sensor corresponding to the example 
given in Table A.1. 

 

Figure A.1 – Output values diagram corresponding to example of Table A.1 
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