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Temperature measurements with resistance thermometer
The measuring principle of temperature measurement with resi-
stance thermometers is based on the property of all conductors to 
alter its electrical resistance as a function of temperature. The rela-
tive change in electrical resistance in dependence on the tempera-
ture is called the temperature coefficient. Unfortunately, his value 
does not remain constant over the entire temperature range.
The limit deviations are calculated:

• Class AA: dT = 0,1 °C + 0,0017 • |t|
• Class A: dT = 0,15 °C + 0,002 • |t|
• Class B*: dT = 0,30 °C + 0,005 • |t| (*Standard)
• Class C: dT = 0,6 °C + 0,01 • |t|

Example of preferred class B: At 200 ° C deviations of the measured 
value will be accepted up to ± 1.3 ° C.
The limit deviations are smaller compared with those in standard 
thermocouples, which constitutes a significant advantage.

Tolerances of the Pt measuring resistors

1/3 DIN B (AA) = ± 0,10% at 0°C = 1/3 von Class B

During the actual measurement process, it is necessary to send 
an electrical current (0,1-6mA)  through the sensing resistor itself. 
This generates heat and thus distort the measurement result  by 
so-called „self-heating“. Through appropriate wiring it is therefore 
desirable to keep this error, which depends on the square of mea-
sure current as low as possible. At two circuits the inner conduc-
tor  of the resistance and the resistance of the pipelines affect the 
measurement result. Appropriate measures such as three-wire and 
four-wire circuits or a resistance compensation can be preventive. 
The basic values ​​for technical resistance thermometers are defined 
in IEC 60751.

Responsiveness
If the sensor is used at a sudden change in temperature, it takes a 
certain time until it has accepted the new temperature. This time de-
pends on the sensor type and the environmental conditions such as 
flow rate and the measured medium. The information in this catalog 
refer to measurements in water circulated at a flow rate of 0.4 m / 
s. The response times for other media can be measured using the 
heat transfer coefficient as per VDI/VDE3522. In the figure below the 
typical course of the response (transfer function) is displayed. The 
times are determined, in which the sensor has reached 50 or 90% 
of the final value. The transfer function (the history of the measured 
value in the form of changed track temperature at the temperature 
sensor) gives information about that,
To determine the transfer function the sensor temperature will be 
flowed through by warm water or air.
Two periods characterize the transition function.
- Half-life t 0,5
It specifies the period in which the measured value reaches 50% of 
the final value, and the
- Nine-tenths of the time t 0,9
in the 90% of the final value is reached.

Installation length in pipes
In small diameter tubes, the ideal installation length can often only 
be achieved by the installation of the thermometer group at an angle 
to the tube axis or in pipe bends. In this case, the thermometer group 
is always installed against the flow direction. The table provides infor-
mation on the installation length in a pipe of a given diameter.

The thermometer should be installed in place of medium where the 
temperature is to be measured in such a depth that the heat transfer 
of the medium along the protective tube to the outer wall is limited to 
a minimum value, so cooiling errors can be avoided. Otherwise, the 
temperature at the measuring point is lower than the average value. 
On the other hand, the surface which is touched by the medium has 
to be sufficiently large to ensure a good temperature recording. A 
good compromise is achieved by the following measures: in water 
and generally in liquids, the installation length should be 5 to 6 times 
larger than the diameter of the protective tube plus the sensitive 
length of 50 mm. In steam, air and gases, the installation length 
should be 10 to 15 times larger than the diameter of the protective 
tube plus the sensitive length of 50 mm. The shorter the installation 
depth, the greater the temperature difference to the actual medium 
temperature by the temperature derivative.
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a) the pipe bend against the flow direction
b) in small pipes diagonal against the flow direction
c) perpendicular to the flow direction

Typical arrangement to reduce temperature dissipation
a) Isolation
b) Pipe
c) Thermowell with measuring insert
d) Outer shell

Resistance Thermometers - Internal wiring

Connection types of Resistance thermometers
When measuring temperature with resistance thermometers, the 
measurement result is influenced by the lead resistance. In the two-
wire connection of resistance is detected fully from the measuring 
circuit of the bridge circuit. The influence can be compensated by a 
temperature-independent compensation resistor at a fixed supply 
temperature. The application of the three-wire circuit allows mea-
surements over much greater distances and leads to a reduction 
of the temperature influence of the feed line. The most accurate 
measurements are possible with the four-wire circuit. Both the effect 
of temperature on the line, and the lead resistances are omitted 
completely.
Temperature measurement with
Two-wire transmitter (4-20mA)
Transmitters are required when various physical quantities are to 
be processed together in automatically monitored manufacturing 
processes. The by platinum resistance thermometer electrically pro-
cessable signal is reshaped by the transmitter in a standardized, 
unit immune to interference signal (load-independent current 4 ... 
20 mA). The voltage source required to power the converter is con-
nected in series with the load (subsequent electronics) in the output 
circuit in this case. Since the separate lines for supplying power to 
the transmitter be omitted, the internal consumption needs to be 
covered even after span beginning from the output circuit. The initial 
span can not begin at 0 mA, but only according to the specifications, 
at 4 mA. This arrangement results in the further requirement that 
the output current of 4 ... 20 mA of the terminal voltage on the two-
wire transmitter (about 12-30 V DC) must be independent.

Temperature measurement with three-wire transmitters 
As an alternative to the two-wire systems these signal converter 
are also available with 0...10V voltage signal or with 20mA current 
signal and a PNP switching output.

Temperature measurement with Profibus
Transmitter with PROFIBUS PA for converting various input signals 
into a digital output signal according Fieldbus standard EN 50170 
and IEC 61158-2.

Temperature measurementAllgemeines
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Basic values in ohms of -200 ... + 850 ° C for platinum resistance thermometer Pt100
according to IEC 60751
The basic values are calculated according to the International Temperature Scale ITS 90. For Pt500 or Pt1000 
the basic values must be multiplied by a factor of 5 or 10.

Basic values in ohms of -200 ... + 850 ° C
for platinum resistance thermometer Pt100
according to IEC 60751



| 6 |	 ACS-CONTROL-SYSTEM GmbH | www.acs-msr.de | info@acs-controlsystem.de | Eggenfelden | Germany     

Temperature measurementGrundwerte

Basic values in ohms of -200 ... + 850 ° C
for platinum resistance thermometer Pt100
according to IEC 60751
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