


* RECOMMENDED UPPER TEMPERATURE LIMITS
FOR FINE GAUGE,BARE WIRE THERMOCOUPLES
AND THERMOCOUPLE WIRE (DEGREES F)

Type .001 .002 .003 .005 .010 .015 .020 .032
600°F 650°F 700°F 800°F 800°F 800°F 800°F 1000°F
500 600 600 700 700 700 700 900
1200 1300 1400 1400 1400 1600 1600 1800
300 300 350 400 400 400 400 500
Chromel  1200°F  1300°F  1400°F 1400°F  1400°F  1600°F  1600°F  1800°F
Alumel 1200 1300 1400 1400 1400 1600 1600 1800
Constantan 600 650 700 800 800 800 800 1000
Iron 500 600 600 700 700 700 700 900

* Adherence to the temperature limits listed above will generally provide a satisfactory thermocouple
life. In actual operation there may be instances where these limits may be exceeded for brief inter-
vals. However, since we cannot control the environment in which they are used, the above recom-
mendations cannot be taken as a guarantee of performance.

KEY TO SYMBOLS

E Chromel - Constantan
J Iron - Constantan
K Chromel - Alumel
T Copper - Constantan
B Platinum 6% Rhodium vs.
Platinum 30% Rhodium
R Platinum vs.
Platinum 13% Rhodium
S Platinum vs.
Platinum 6% Rhodium
W/W26/Re Tungsten vs.
Tungsten 26% Rhenium
W5Re/W26Re  Tungsten 5% Rhenium vs.
Tungsten 26% Rhenium
W3Re/W25Re  Tungsten 3% Rhenium vs.

Tungsten 25% Rhenium

Data sources: NBS Monograph 125 and
Hoskins Manufacturing Company

TEMPERATURE-MILLIVOLT GRAPH
FOR THERMOCOUPLES
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TEMPERATURE (FAHRENHEIT)

WIRE SIZE VS. RESISTANCE FOR THERMOCOUPLE WIRE
[RESISTANCE IN OHMS PER SINGLE FOOT AT 20°C (68°F)]

Diameter Alumel Chromel | Constantan| Copper Iron Platinum Platinum Platinum
(KN) (EP, KP) [ (EN, JN, TN) (TN) JP) (RN, SN) 13% 10%
AWG Rhodium Rhodium
Inches mm (RP) (SP)
20 .032 .8818 1729 4155 .2871 .100 .0732 .063 115 113
24 .0201 .5105 14381 1.052 7277 .2541 1.856 .160 .293 .289
26 .015 4049 .700 1.681 1.162 4006 2967 .284 521 5.13
30 .010 .2548 1.77 4.25 2.940 1.026 .7500 .640 1.173 1.154
32 .008 .2019 2.766 6.641 4.594 1.0604 1.171 1.0 1.832 1.803
36 .005 1270 7.08 17.0 11.76 4.106 3.0 2.56 4.692 4.616
40 .00315 .0799 17.838 42.832 29.63 10.34 7.56 6.45 11.824 11.633
44 .002 .0508 44.25 106.25 73.5 25.66 18.75 16.0 29.325 28.85
50 .001 .0255 177.0 425.0 294.0 102.67 75.0 64.0 117.3 115.4
56 .00049 .0124 737.193 1770.1 1224.5 428.51 312.37 266.56 488.54 480.63

Note: All resistances were calculated from data provided by the wire fabricators.










PLATINUM RESISTANCE ELEMENTS

GENERAL INFORMATION

The resistance element is the temperature sensitive
core of every resistance thermometer. Its character-
istics, together with the method of housing, define
the measuring capabilities of the thermometer.

CONSTRUCTION AND FUNCTION

The working part of a resistance element is a length
of temperature sensitive platinum, in the form of a
wire, a band or an etched thin film. This is housed
either in a ceramic or glass cylindrical body or on a
flat ceramic substrate respectively. The length of
platinum is connected to two platinum connection
leads which are also attached to the body with a
vibration proof bond.

In elements containing two or more platinum sens-
ing circuits, different lead lengths are used to
differentiate the circuits.

The measurement principle is the change in electri-
cal resistance with temperature (dR/dT). This func-
tion is the temperature coefficient and is set at
0.385 Ohm/K by IEC 751.

The resistance element records the average of the
different temperatures to which it may be exposed
along its length.

TOLERANCE AND LONG-TERM STABILITY

The basic values and tolerance classes of all the
platinum resistance elements described in the data
sheets are according to the IEC 751 standard.

This IEC standard set definitions for tolerance
classes IEC B and A in a temperature range from
-200°C to +850°C. Narrower tolerances in
restricted temperature ranges, offered by
Thermometrics are a proportional restriction of
class B (class 1/a B: At = +=1/a (0.3 + .005 [t]).

The IEC data are valid for nominal resistance values
of 100 Ohms. For resistance elements with the
nominal value n x 200 Ohms, the basic values and
tolerances also have to be multiplied by n.

The long-term stability of the resistance elements
meet or exceed the IEC requirements.

MEASURING CURRENT AND SELF-HEATING

Resistance elements heat up slightly when current
is flowing through them. The maximum measuring
current is determined by the thermal contact
between the resistance element and the medium to
be measured and also by the thermal coefficient of
the medium. A resistance thermometer used in
flowing water will, for example, tolerate a consider-
ably higher measuring current than a similar ther-
mometer in air, assuming the same self-heating
error.

In practice, measurement conditions vary widely,
therefore theoretical recommendations on the
measuring current are avoided. Instead, the self-

heating coefficients for each resistance element
type are listed.

For a given measuring current this self-heating coef-
ficient can be calculated by means of the formula:

AT=PxS
when: AT = self-heating in Kelvin
P = I2R, power consumed in mW
S = self-heating coefficient in k/mW

These resistance elements can be used for A.C.
and D.C. measurements.

The thin film elements are free from induction.

RESPONSE TIME

50% response time is the time it takes a ther-
mometer to record half of the value of a tempera-
ture source. 90% response time is defined similarly.
These two values are stated for water with 0.4 m/s
stream velocity and for air with 1 m/s velocity. They
can be calculated for every medium with a thermal
conductivity value defined by VDI/VDE 3522.

HYSTERESIS

At specific temperatures, resistance values can
deviate from their original value after having run
through a complete temperature cycle, such as
cooling down and reheating. This phenomenon is
called hysteresis.

The alterations in the measured values can be
eliminated or compensated for the opposite tem-
perature cycle. Hysteresis is also caused by tem-
perature shocks.

CHOICE AND INSTALLATION OF
RESISTANCE ELEMENT

In order to guarantee correct temperature mea-
surement with platinum resistance elements it is
necessary to adapt the mechanical and technical
characteristics of the resistance element, such as
size, shape, vibration resistance, insulation resis-
tance and response time, to the measurement task
and location. Of equal importance to the choice of
resistance element is the housing of the element in
the thermometer and the installation of the ther-
mometer. For expert advice in the area, please con-
tact our experienced application engineers.

ASSEMBLY INSTRUCTIONS

Connection of all resistance elements is possible by
welding, soldering or brazing. Flux residues should
be removed.

STANDARD PROGRAM AND DELIVERY

Different versions of resistance elements are avail-
able in our standard program. For special applica-
tions, requiring other dimensions, tolerances and
electrical connections, please contact our sales
representative.






