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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS FOR CALCULATING THE MAIN STATIC PERFORMANCE
INDICATORS OF TRANSDUCERS AND TRANSMITTERS

FOREWORD

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.

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.

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.

In order to promote international-uniformity, |[EC/ 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'cofresponding national ér regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to 1EC marks of conformity. IEC is not responsible for any
services carried out'byindepéndent'certification bodiest

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

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.

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.

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62967, which is a technical report, has been prepared by subcommittee 65B:
Measurement and control devices of IEC technical committee 65: Industrial-process
measurement, control and automation.

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

Enquiry draft Report on voting
65B/961/DTR 65B/1016/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

This technical report provides a comprehensive illustration of the methods for calculating the
main static performance indicators of transducers, transmitters and similar measuring devices.
First of all, in order to avoid any misunderstanding, we would like to review the commonly-
accepted definition of transducers and transmitters. Generally speaking, in a measurement
field, a transducer is a measuring device which converts the non-electrical quantity to be
measured into corresponding electrical quantity, while a transmitter is a kind of transducer
which is required to provide a previously-given linear output.

The common-in-use standards [01]-[06]7 listed in the relevant documents to be considered in
this report, are useful in evaluating the main static performance indicators of measuring
instruments and other similar devices. But the relevant descriptions of calculation methods in
standards [01]-[05] are not complete and adequate in many ways. This fact was clearly stated
in the Introduction of IEC 61298 [03].

On the whole, these publications [01]-[05] mainly contain relevant technical terms and
definitions. Since in essence, they are not standards which are dedicated solely to the
calculation of performance indicators, so they contain no or only very simple and inadequate
illustrations of the calculation methods. Moreover, as these contents have existed for about
tens of years, probably now is the time to make an all-round revision and improvement of
them. Since there are many static performance indicators that should be calculated and the
calculation methods can form a rather complete system. So it is better to create a separate
report or a separate standard.

For the main static performance indicators, the existing relevant IEC standards have only
theoretical definitions, but have no‘specific calculation s-methods. This does not mean that
these methods are too simple to mention. But on the contrary, some of them are too difficult
to be used in industry. Therefore, this repornt:puts,forward, improves and simplifies the existing
relevant calculation,methods, may probably serve..asi.a goodbasis.onawhich to create a new
calculation-oriented IEC standard.

The report is intended for use by manufacturers to work out their factory-level test standards,
by users to make rigorous acceptance tests and wise applications, and by authorized
metrological establishments to verify the measuring device performance indicators of the
manufacturers or of the users.

1 Numbers in square brackets refer to the Bibliography.
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METHODS FOR CALCULATING THE MAIN STATIC PERFORMANCE
INDICATORS OF TRANSDUCERS AND TRANSMITTERS

1 Scope

This Technical Report provides guidance on the assurance of reliability data of automation
devices. If the source of this data is calculation, guidance is given on how to specify the
methods used for this calculation. If the source is through observations, guidance is given on
how to describe these observations and their evaluations. If the source is the outcome of
laboratory tests, guidance is given on how to specify these tests and the conditions under
which they have been carried out.

This document defines the form to present the data.

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 60050-300, International (Efectrotechnical Vocabulany) — Electrical and electronic
measurements and measuring instruments

Part 311: General terms._relating. to.measurements

Part 312: General terms relating to e/ectricé/ measurements

Part 313: Types of electrical measuring instruments

Part 314: Specific terms according to the type of instrument

IEC 60050-351, International Electrotechnical Vocabulary — Part 351: Control technology

IEC 60770-1:1999 Transmitters for Use in Industrial-process Control Systems — Part 1:
Methods for Performance Evaluation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-300,
IEC 60050-351 and IEC 60770-1:1999, as well as the following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1 Basic terms

3.11

static characteristics

relationship of the output of a transducer to its input, when the measurand is at the state of
stabilization or very slow variation

Note 1 to entry: There are many performance indicators under the title of static characteristics.

Note 2 to entry: Static performance indicators are applicable only under a given interval of temperature.

3.1.2
static calibration
process in which the static characteristics are obtained under given static conditions

3.1.3 Input terms

3.1.3.1
lower range-value
lowest value of the measurand

3.1.3.2
upper range-value
highest value of the measurand

3.1.3.3
measuring range
measuring region indicated by the upperiand lowr range-values of the measurand

3.1.3.4

span

span, also called the full-span input,issthe)algebraic,difference between the upper and lower
range-values of the measurand.

3.1.4 Output terms

3.1.4.1
zero-range-value output
output when measurand is at its zero range-value

3.1.4.2
lower-range-value output
output when measurand is at its lowest range-value

3.1.43
upper-range-value outpu
output when measurand is at its highest range-value

3.1.4.4

full-span output

algebraic difference between the upper-range-value output and lower-range-value output of a
device as defined by its working characteristics

3.1.5
linearity
closeness to which the output-input curve of a transducer approximates a straight line

Note 1 to entry: There should be no contribution of hysteresis and repeatability to linearity.
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3.1.6
conformity
closeness to which the output-input curve of a transducer approximates a certain curve

Note 1 to entry: There should be no contribution of hysteresis and repeatability to conformity.

3.1.7
reference characteristics
straight line, curve or equation which is used as a reference or a contrast

Note 1 to entry: Under a certain application situation, reference characteristics can be accepted as the true
characteristics of a transducer.

Note 2 to entry: In this Technical report, reference characteristics are mainly used in the calculation of linearities,
conformities, and linearity (conformity) plus hysterresis.

3.1.8
working characteristics
output-input equation or curve, which is adopted as the true characteristics of a transducer

Note 1 to entry: Working Characteristics has taken into consideration the combined contribution of linearity
(conformity), hysteresis and repeatability.

3.1.9
utilization characteristics
relationship of the measurand to the output of a transducer

3.1.10
linear transducer
kind of transducers whose working characteristics are linear

3.1.11
non-linear transducer
kind of transducers whose working characteristics are non-linear

3.2 Static calibration characteristics

3.21

up-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the up-travel

3.2.2

down-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the down-travel

3.2.3

up-travel and down-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the up- and down-travel

Note 1 to entry: It is also called the actual average characteristics (or curve) of a transducer.
3.3 Definitions of static performance indicators

3.3.1
resolution
smallest change in input that can cause observable change in output in the whole input span
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3.3.2
sensitivity
ratio of output change to its corresponding input change

3.3.3

hysteresis

for the same input and in the whole input span, difference between the values of the down-
travel actual average characteristics and the up-travel actual average characteristics

3.34

repeatability

for a short time interval and in the same working condition, degree of scatterance of a group
of readings obtained when the input is approaching the same measuring point in the same
direction for a number of test cycles

3.3.5

linearity

maximum deviation of the actual average characteristics (curve) from the reference straight
line

Note 1 to entry: Linearity is expressed as a percentage of full-span output.

Note 2 to entry: According to different reference straight lines taken, there are different kinds of linearities, with
the following as the main ones.

Note 3 to entry: When expressed simply as-linearity, itlis assumed tobe independent linearity.

Note 4 to entry: The choice of linearities: depends on the application situations of transducers.

3.3.51

absolute linearity

also called theoretical:linearity, iitiis ccalculated from‘thereference straight line or theoretical
straight line that can be specified beforethe-calibration-test is made

Note 1 to entry: Absolute linearity actually shows the linearity accuracy of a transducer and is quite different from
all the linearities that follow.

Note 2 to entry: Absolute linearity is exclusively used in transmitter applications.

3.3.5.2

terminal-based linearity

linearity calculated from the terminal-based straight line that is taken as the reference straight
line

Note 1 to entry: Terminal-based straight line coincides with the actual average characteristics (curve) at its upper
and lower limits.

Note 2 to entry: Terminal-based Linearity is easy to calculate, but its value is rather conserved.

3.3.5.3

shifted terminal-based linearity

linearity calculated from the shifted terminal-based straight line that is taken as the reference
straight line

Note 1 to entry: The shifted terminal-based straight line has the same slope as the terminal-based straight line
and can minimize its maximum deviation from the actual average characteristics (curve) by parallel shifting.

Note 2 to entry: If the device under test has a C-shaped actual average characteristics (curve), the shifted
terminal-based straight line will become the best straight line, or best line in short.

3.3.5.4

zero-based linearity

linearity calculated from the zero-based straight line that is taken as the reference straight
line
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Note 1 to entry: Zero-based straight line goes through the theoretical zero point and can minimize its maximum
deviation from the actual average characteristics (curve) by changing its slope.

Note 2 to entry: Sometimes zero-based straight line is also called the forced zero-intersecting best straight line.

3.3.5.5

front-terminal-based linearity

linearity calculated from the front-terminal-based straight line that is taken as the reference
straight line

Note 1 to entry: The front-terminal-based straight line goes through the front end of the actual average
characteristics (curve) and can minimize its maximum deviation from the actual average characteristics (curve) by
changing its slope.

Note 2 to entry: Sometimes and in some references, the front-terminal-based straight line is also called the zero-
based straight line.

3.3.5.6
independent linearity
linearity calculated from the best straight line that is taken as the reference straight line

Note 1 to entry: The best straight line is a straight-line midway between the two parallel straight lines closest
together and enclosing the actual average characteristics (curve).

Note 2 to entry: The best straight line can minimize its maximum deviation from the actual average characteristics
(curve).

3.3.5.7

least-squares linearity

linearity calculated from the least-squares straight, line which is adopted as the reference
straight line

Note 1 to entry: The least-squares straight lin€ can!guarantee that, the sum of the squares of the deviations of
the actual average chanacteristics;(curve).from it; is/a.minimum.

3.3.6
conformity
maximum deviation of the actual average characteristics (curve) from the reference curve

Note 1 to entry: Conformity is expressed as a percentage of full-span output.

Note 2 to entry: According to different reference curves taken, there are different kinds of conformities, with the
following as the main ones.

Note 3 to entry: The reference curve is usually in the form of an algebraic polynomial of a certain degree.
Note 4 to entry: When expressed simply as conformity, it is assumed to be independent conformity.

Note 5 to entry: The choice of conformities depends on the application situations of transducers.

3.3.7

absolute conformity

also called theoretical conformity, it is calculated from the reference curve or theoretical curve
that can be specified before the calibration test is made

Note 1 to entry: Absolute conformity actually shows the conformity accuracy of a transducer and is quite different
from all the conformities that follow.

Note 2 to entry: The reference curve should be specified according to the application requirement of the
transducer.

3.3.71
terminal-based conformity
conformity calculated from the terminal-based curve that is taken as the reference curve

Note 1 to entry: Terminal-based curve coincides with the actual average characteristics (curve) at its upper and
lower limits and can minimize its maximum deviation from the actual average characteristics (curve).
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