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Thermocouple measurement

This application note illustrates the correct measurement of thermo-
couple sensors.
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Introduction

A thermocouple is a junction between two different metals that produces
a voltage related to a temperature difference. Thermocouples are a widely
used type of temperature sensor for measurement and control.

Thermocouples measure the temperature difference between two points,
not absolute temperature. To measure a single temperature one of the
junctions — normally the cold junction — is maintained at a known refer-
ence temperature, and the other junction is at the temperature to be
sensed. Precise measurement devices like the yCAN.4.ti-BOX measure the
temperature of the input connections, with special care being taken to
minimize any temperature gradient between terminals. Hence, the volt-
age from a known cold junction can be simulated, and the appropriate
correction applied. This is known as cold junction compensation.

This application note demonstrates the effects of

® using wrong wires for thermocouple connection
® wrong sensor type configuration

® shorted inputs

in respect to the measured temperature. The tests are performed at differ-
ent ambient temperatures with the 4-channel temperature acquisition
module yCAN.4.ti-BOX.

Figure 1: uCAN.4.ti-BOX for temperature measurement
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2 Test configuration

For all tests the following input setup is used:

Thermocouple Sensor line UCAN.4.ti Configured
Simulator sensor type
DIGISTANT 4420
~
j Thermocouple K g
\ S &g
33
la)
Thermocouple K = @ > § 3
extended b‘copper line N g i;
Th K ———l) @ ; N
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=Y - Bh
Thermocouple K e
0)) = A
R o g g
[ 3 3
| SRO8 | L g2
Ny (D) e w
Shorted input | @ &%
orted inpu ) RPN
o jol |
Figure 2: Block diagram of test arrangement
Channel Input configured to Input connected to
1 Thermocouple Type K Thermocouple Type K
2 Thermocouple Type K Thermocouple Type K, extended by copper wire
3 Thermocouple Type | Thermocouple Type K
4 Thermocouple Type | shorted input, copper wire
~afl———  Thermocouple Type K

~al— Thermocouple Type K with copper wires

~g@— Thermocouple Type K
~@—— copper wire

Figure 3: Sensor connection at yCAN.4.ti-BOX
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2.1

Test at ambient temperature

For simulation of the thermocouple signals a high precision temperature
reference (DIGISTANT 4420) was used. The reference was connected to
inputs 1 to 3 simulating a value of 60°C for thermocouple type K. The am-
bient temperature was 23°C.

Measuring bqhaviour at power up, device in conditioning cabinet at 23°C, device input temperature set to 60°(
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Plot 1: Measured temperatures by yCAN.4.ti-BOX @ 23°C ambient temperature

As expected, the measured temperature on channel 1 is 60°C over the
complete period. Due to the wrong material connected to channel 2, the
initial difference is +2,5°C on that channel. As the cold junction tempera-
ture (refer to channel 4) increases during the warm up period, the tem-
perature offset between channel 1 und 2 increases also to a maximum of
4,4°C (see Plot 2: Temperature difference between channel 1 and channel
2).

Channel 2
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| | |

Plot 2: Températuré difference between channel 1 and channel 2
As a result, you should never extend thermocouple wires with copper
wires (or other material). The cold junction compensation works only
when thermocouple wires are connected to the terminal block.
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The cold junction temperature is not equal to ambient temperature.
Please keep in mind that the cold junction shows the temperature of the
electronics, which is normally higher than ambient temperature.

ambiént temperature

200

T T T T T T T T T T T T T
09:01:00  09:02:00  09:03:00  09:04:00  09:05:00  09:06:00  09:07:00  09:08:00  09:09:00 ~ 09:10:00  09:11:00  09:12:00  09:13:00  09:1

Time [hh:mm:ss]

Plot 3: Temperature difference on channel 4

As depicted in plot 3, the cold junction temperature is not equal to the
ambient temperature and it increases during the warm up cycle.
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3 Thermocouple selection

The thermoelectric coefficients of the wires depend on the thermocouple
material. The impact of wrong thermocouple type (type | for channel 3
instead of type K) is shown in plot 4.

200, Step ‘through temperaturg -40°C t0‘180°C by 10°C step‘

8 S SN S —— A S S —
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140+ I

120 !

100

Channel 3

Chalirlnel 1

40 e e L o
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14:23:45 14:23:50 14:23:55 14:24:00 14:24:05 14:24:10 14:24:15 14:24:20 14:24:25 14:24:30 14:24:35
Time Thh:mm:ssl

Plot 4: Measurement behaviour at different temperature input

The simulated input temperature is changed from -40°C to +200°C in
steps of 10°C with the calibrator DIGISTANT 4420. Channel 1 shows the
correct temperature, whereas channel 3 temperature value is too high for
negative input values. For positive input values the measured temperature
value is too low, e.g 200°C input value are measured as 146°C with ther-
mocouple type ).
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4 Influence of ambient temperature

As the ambient temperature changes, the value of the cold junction tem-
perature (i.e. the temperature of the terminal block) has to be evaluated.
The ambient temperature of the module was changed from 23°C to 80°C
in a conditioning cabinet.

4.1 Measurement values during heating-up

During the heating-up period the nominal temperature of 60°C on chan-
nel 1 changes to 62,1°C and goes back to 60°C. This effect is caused by
the cold junction temperature, which can be monitored on channel 4.

120 Device in condjtioning ca‘binet at 23°C to 80°q, device iqput temperature set‘to 60°C

1 Channel 2

| | | |
110 | | I |

T T T T T T T T T T T
11:30:00 11:35:00 11:39:59 11:44:59 11:49:59 11:54:59 11:59:59 12:04:59 12:09:59 12:14:59 12:19:59
Time [hh:mm:ss]

Plot 5: Measurement behaviour during heating-up the conditioning cabinet

Since the ambient temperature in the conditioning cabinet changes by
12°C/min, which is not typical for real life applications, the temperature
error on channel 1 can be tolerated.
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Thermocouple measurement

The effect of the cold junction temperature is quite impressive for channel
2, where the thermocouple wires are extended with copper wires. Starting
with an initial error of 4,4°C, the error grows to 57°C, showing a temper-
ature of 117°C instead of 60°C.

Channel 2

i i i
110 -ttt
I I
I
1004

90

80— |

|
704

T T Channel 1

Plot 6: Temperature‘differen‘ce between channel 1 und channel 2 after heating-up
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4.2

Measurement values at 80°C

Plot 7 depicts the measured temperatures on each channel in a settled en-
vironment

Device in conditioning cabinet at BQ°C, device input temperature set to 60°C

120,04 |
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Time [hh:mm:ss]
Plot 7: Measurement behaviour in conditioning cabinet at 80°C
Channel Input configured to Input connected to Error
1 Thermocouple Type K Thermocouple Type K 0°C
2 Thermocouple Type K Thermocouple Type K, extended by copper wire ~ +57°C
3 Thermocouple Type ] Thermocouple Type K +6,2°C
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4.3 Measurement values during cooling-down

The situation during cooling-down is similar to the heating-up period.

Devicq in conditioning cabinet, coolinq from 80°C tq 25°C, devicg input temperature set to 60°C
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Plot 8: Measurement behaviour of uCAN.4.ti-BOX during cooling-down

In contrast to the heating-up period the ambient temperature in the con-
ditioning cabinet changes slower. As result no temperature error on chan-
nel 1 can be observed.
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5 Conclusion

Thermocouples are suitable for measuring over a large temperature range,
up to 2300 °C depended on the used thermocouple type. While connect-
ing a thermocouple to a signal converter the following rules have to be
observed:

® Make sure that the configured thermocouple type of the signal input
fits the connected thermocouple type

® Never extend thermocouple wires with other material

® Make sure the polarity of the thermocouple fits the to signal input ter-
minals
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Revision history

Revision  Date Description
01 25.08.2010 Initial version
Disclaimers

Life support — Products and software described in this application note are not designed for use in
life support appliances, devices, or systems where malfunction of these products can reasonably be
expected to result in personal injury. MicroControl customers using or selling these products for use
in such applications do so at their own risk and agree to fully indemnify MicroControl for any damages
resulting from such application.

Right to make changes — MicroControl reserves the right to make changes in the products - including
circuits and/or software - described or contained herein in order to improve design and/or perform-
ance. MicroControl assumes no responsibility or liability for the use of any of these products, conveys
no licence or title under any patent, copyright, or mask work right to these products, and makes no
representations or warranties that these products are free from patent, copyright, or mask work right
infringement, unless otherwise specified.

Copyright
No part of this application note may be copied, transmitted or stored in a retrieval system or repro-
duced in any way including, but not limited to, photography, magnetic, optic or other recording

means, without prior written permission from MicroControl GmbH & Co. KG.

© 2009 MicroControl GmbH & Co. KG, Troisdorf
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