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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 {RPAS)andGuides (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 nongovernmental
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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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
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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)
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.

International Standard IEC 60751 has been prepared by subcommittee 65B: Devices and
process analysis, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This third edition cancels and replaces the second edition published in 2008, amendment 1
(1986) and amendment 2 (1995). This edition constitutes a technical revision.

The significant technical changes with respect to the previous edition are as follows:

While the temperature versus resistance relationship remains unchanged, there are several
changes in the other chapters. Most important are:

— formula of resistance versus temperature relationship become the standard specification and nu-
merical table ceases to be the standard

— tolerance acceptance test is slightly modified;

— several changes in the individual tests;

— numerical table of resistance versus temperature is included in the annex as a reference .

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

Enquiry draft Report on voting
65B/XXX/CDV 65B/XXX

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

This publication has been drafted-in accordance with .the {SO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date1 indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,
» withdrawn,
* replaced by a revised edition or amended.
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Industrial platinum resistance
thermometers and platinum temperature

SEeNnsSors

1 Scope

This standard specifies the requirements and resistance versus temperature relationship for indus-
trial platinum resistance thermometers later referred to as "thermometers" and industrial platinum
resistance temperature sensors later referred to as “platinum resistors” whose electrical resistance
is derived by defined function of temperature.
The standard applies to platinum resistors whose temperature coefficient o, defined as

— RIOO _Ro

R, -100°C

is conventionally written as o = 3,851-10-3 °C-', where R4 is the resistance at t = 100 °C and Ry is
the resistance at t = 0 °C.

Values of temperature in this standard are in terms of the International Temperature Scale of 1990,
ITS-90. Temperatures in degrees Celsius are denoted by the symbol t, except in Table A.1 where
the full nomenclature to0/°C is used.

The standard covers platinum resistors or thermometers for all or part of the temperature
range -200 °C to +850 °C with different tolerance classes, which may cover restricted temperature
ranges.

For temperature/resistance relationships with-uncertainties less-than-0;1"°C, which are possible only
for platinum resistors or thermometers withexceptionally thigh stability and individual calibration, a

more complex interpolation equation*than“is presented-in‘this/standard may be necessary. The
specification of such equations is outside the scope of this standard.

In order for a thermometer/torbecompliantiwithithislstandardlit-shall-belmade from a platinum resis-
tor which is compliant with this standard.
2 Normative references

The following normative document contains provisions which, through reference to this text, consti-
tute provisions of this International Standard:

IEC 61515 : Process Measurement and Control devices —Mineral insulated metal sheathed thermo-
couple cables and thermocouples

IEC 61298-1: Process Measurement and Control devices — General Methods and Procedures for
Evaluating Performance — Part 1: General considerations

IEC 60068-2-6: Environmental testing - Part 2-6: Tests - Test Fc: Vibration (sinusoidal)
IEC 61152: Dimensions of metal sheathed thermometer elements

JCGM 100:2008 Evaluation of measurement data — Guide to the expression of uncertainty in
measurement (GUM).

3 Terms and Definitions
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3.1

platinum resistor

resistor made from a platinum wire or film with defined electrical characteristics, embedded in an
insulator (in most cases glass or ceramic), designed to be assembled into a platinum resistance
thermometer or into an integrated circuit

3.2

platinum resistance thermometer

PRT

temperature responsive device consisting of one or more sensing platinum resistors within a protec-
tive sheath, internal connecting wires and external terminals to permit connection of electrical
measurement instruments

Note 1 to entry; Mounting means and connection heads may be included. Not included is any separable protection tube or
thermo-well

3.3
nominal resistance
expected resistance R of a platinum resistor or resistance thermometer at 0 °C, declared by the

supplier and shown in the thermometer marking, usually rounded to the nearest ohm

Note 1 to entry; platinum resistors are often characterized by their nominal values. For example platinum resistor of Pt-
100 is a platinum resistor with Ry = 100 Q.

3.4
terminals
termination of the connections supplied-with 'the platinum-resistance thermometer

Note1 to entry: Typical types of terminals are:

. screws or clamps on the terminal socket
. pins of fixed connectors

. open ends of fixed cables or equivalents.
3.5

temperature sensitive length
length of the thermometer whose temperature directly influences the resistance measured

Note1 to entry; usually the temperature sensitive length is related to the length of the platinum resistor.

3.6
minimum immersion depth
immersion depth at which the change from the calibration at full immersion does not exceed 0,1 °C

3.7

tolerance

maximum allowable deviation of R(f) measured at temperature t from the nominal resistance versus
temperature relationship expressed as Af(t) in degrees Celsius

3.8

dielectric strength

maximum voltage between all parts of the electric circuit and the sheath of the thermometer and in
the case of a thermometer with two or more sensing circuits, between two individual circuits which
the thermometer can withstand without damage
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3.9

insulation resistance

electrical resistance measured between any part of the electric circuit and the sheath at ambient or
elevated temperatures and with a specified measuring voltage (AC or DC)

3.10

self-heating

increase of the temperature of the platinum resistor or of the platinum resistor in a thermometer
caused by the dissipated energy of the measuring current

3.1

self-heating coefficient

coefficient with the unit °C/mW is a characteristic for a platinum resistor or a thermometer and de-
scribes the temperature increase of the platinum resistor per unit power dissipated under specified
operating conditions of the platinum resistor or thermometer

3.12
thermal response time
time a thermometer takes to respond at a specified percentage to a step change in temperature

3.13

thermoelectric effect

effect of inducing electro-motive force:)(abbreviated bycemf chereafter) caused by different metals
used in the electric circuit of the thermometer and by thermoeléectric inhomogeneity of the internal
leads at the conditions of temperature gradients along the leads

3.14
hysteresis

difference between resistance measured in the middle of the temperature range after exposure the
thermometer to the lower limit and to the upper limit of the temperature range

3.15

expanded uncertainty

quantity defining an interval about the result of a measurement that may be expected to encompass
a large fraction of the distribution of values that could reasonably be attributed to the measurand

Note1 to entry: for reference see 3.16.

3.16

coverage factor

numerical factor used as a multiplier of the combined standard uncertainty in order to obtain an ex-
panded uncertainty

Note1 to entry: Coverage factor, k, is typically in the range 2 to 3.

[SOURCE: JCGM 100:2008, GUM 1995 with minor corrections. BIPM (Bureau International des
Poids et Mesures), published on-line at www.bipm.org.]

4 Characteristics

4.1 General

The nominal resistance versus temperature relationship for platinum resistors and thermometers
and their tolerance class are standardized. This specification is applied to a sensing platinum resis-
tor at its connecting points and to a complete thermometer at its terminals.
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In the case of two-wire connections (see 5.5) the resistance values of the leads between the con-
necting point of the platinum resistor and the terminals must be considered. They must be subtract-
ed from measured resistances. In some cases it also may be advisable to consider the temperature
coefficient of the lead wires, the geometrical characteristics of the wires and the temperature distri-
bution along their length. These information may be supplied to users as additional information (re-
fer to 7).

4.2 Nominal resistance versus temperature relationship
The resistance versus temperature relationships used in this standard are as follows:

For the range -200 °C to 0 °C:
R;= Rg[1 + At + B2 + C(t - 100 °C) 3]

For the range of 0 °C to 850 °C:
Ri= Ry (1 +At+Bt?)

where

Rt is the resistance at the temperature t
Ro is the resistance at t = 0 °C.

The constants in these equations are

A =3,9083 x 103 °C
=-5775x 107 °C-=?
C =-4,183 x10-12 °C.

4.3 Numerical table of resistance/values

Table A.1 is derived by applying the equations and coefficients specified in 4.2 to a thermometer or
platinum resistor of nominal resistance Ro.0f 100,Q-.

The table is applicable to any thermometer and platinum.resistor-having,any value of Ro .

In this case resistance values in the Table A.1 shall be multiplied by the factor Ry /100 Q.

Note 1 to entry; in this edition numerical table ceased to be the standard but becomes information. The specification of the
standard is the formula described in 4.2 with which user can calculate numerical value of Rt.

Note 2 to the entry; most frequently used device has Ry of 100 Q. Devices with Ry of 10 Q, 500Q or 1000 Q are used fre-
quently as well.

5 Compliance and requirements

5.1 Compliance

Platinum resistors and platinum resistance thermometers shall be tested to prove that the device
meets all the applicable requirements specified in this standard. Suppliers shall be responsible to
conducting the tests and to proving that the device is compliant with this standard before transfer-
ring the device to the user. The test method and evaluation are specified in this standard.

5.2 Tolerance classes
5.2.1 Tolerance class and its temperature range of validity

Tolerance classes for a platinum resistor are given in the Table 1 and for a platinum resistance
thermometer in the Table 2 for any value of Ro.

These tolerance classes are closely related to the operable temperature range. Therefore the tem-
perature ranges of validity of a tolerance class are shown in the adjacent column in the table. Tem-
perature ranges of validity are based on the working experience with film and wire platinum resis-
tors.

A thermometer that has wider temperature range of validity than the Table 2 can be compliant with
this standard provided that it meets all the applicable specifications and its temperature range is
declared.
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Likewise a thermometer or a platinum resistor that has a restricted temperature range of validity
compared to the Table 1 or Table 2 can be compliant with this standard provide that it meets all the
other applicable specifications and its temperature range is declared.

Thermometers or platinum resistors without a temperature range of validity of tolerance are not
permitted in this standard.

5.2.2 Tolerance class of platinum resistors

Table 1 specifies tolerance class of platinum resistors. Tolerances and ranges of validity which
differ from values given in Table 1 shall be agreed between supplier and user.

Table 1 — Tolerance class of platinum resistors

Wire wound platinum resistors Film platinum resistors
Tolerance Temperature Tolerance Temperature
range of validity range of validity Tolerance' (°C)
class A class A
(°C) (°C)

W 0,1 -100 to +350 F 0,1 0 to +150 +(0,1+0,0017 | t])
W 0,15 -100 to +450 F 0,15 -30 to +300 +( 0,15+ 0,002 | t])
W 0,3 -196 to +660 F 0,3 -50 to +500 +(0,3+0,005]t])
W 0,6 -196 to +660 F 0,6 -50 to +600 +( 0,6 +0,01]|¢])

Note The symbol | { | denotes modulus of temperature in t °C without regard to sign.

5.2.3 Tolerance classes and marking of platinum resistance thermometers
5.2.31 Tolerance classes of platinum resistance thermometers

Table 2 specifies tolerance class of platinum resistance thermometers.

Table 2'<'Tolerance class of thermometers

Temperature range of validity (°C) for
Tolerance class thermometers made using Tolerance '
Wire wound platinum | Film platinum resistors (°C)
resistors
AA -50 to +250 0 to +150 +( 0,1+ 0,0017 | t])
A -100 to +450 -30 to +300 +( 0,15+ 0,002 | {])
B -196 to +600 -50 to +500 +(0,3+0,005]|1t])
C -196 to +600 -50 to +600 +(0,6+0,01[¢t])
Note The symbol | t | denotes modulus of temperature in t °C without regard to sign.

5.2.3.2 Special tolerance classes of platinum resistance thermometers

Tolerances and ranges of validity which differ from the values given in Table 2 shall be agreed be-
tween supplier and user. Recommended special tolerance classes may be constructed as multiples
or fractions of class B tolerance. The Example 1 shown in 5.2.3.3 demonstrates this case.

It is also left to the suppliers and users to establish tolerance class for their thermometers at tem-
peratures outside the ranges in Table 2. Special tolerance classes may be defined for restricted or
extended temperature ranges. The Example 2 shown in 5.2.3.3 demonstrates this case.

Platinum resistance thermometers without specification of the temperature range of validity are not
permissible.
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