
1301 300: Mechanical Measurement and Instruments
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� Thermoelectric (Thermocouple)

� Radiation

References: �������������	
��������������������������, �������� �������������� , 
������!�������"�##�$� (%"$-&��'�))

5.1) Thermoelectric Temperature Measurement
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“Thermoelectric Effect” ���'2"����3���"�� #���'�'/�	

'455�1�

Seebeck Effect
� ������ !!"���
���0����0�
��+����
',-����
',����������1�1*��3����������

�	��*��0��
����/��0��

� Seebeck emf /����6��� �&
��� �*����	�/ !!"� ��%���0�

� ������/��7���<����*����	��*�� emf ��	 �����1�1*��3�� T1 ��	 T2 89�


�����*� Seebeck Relationship

5.1) Thermocouple5.1) Thermocouple

circuitopen

)(
��
�

��
�

�
�

�
T

emf
AB	



Seebeck Voltage
Metal A

Metal B

eAB

+

-

eAB = 	�T
	= Seebeck Coefficient (Volt/K)

T2

Metal A

Metal B

T1 T2 >T1

�T =T2 >T1

eAB = Seebeck Voltage

� �������� T1  �*
�*���� T2

� ��0�
��+����
',-���40	/�&������&� !!"� (electromotive force: emf)

� ������ !!"���40	>���'���������1�1*��3�� T1 ��	 T2
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Fundamental Thermocouple Laws: 
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5.1) Thermocouple5.1) Thermocouple

a) Homogenous Material
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Fundamental Thermocouple Laws:                 
b) Intermediate Material (������	�
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Fundamental Thermocouple Laws:                          
c) Intermediate Temperatures (��������� 	�
�)

� if two dissimilar homogeneous metals produce a thermal EMF of E1 when the 
junctions are at temperatures T1 and T2, and a thermal EMF of E2 when the 
junctions are at temperatures T2 and T3, then the thermal EMF generated when 
the junctions are temperatures T1 and T3 will be E1 plus E2.
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Thermocouple Phenomena
'���?����<
��+����
',-�
���0���������
�@�1���%���/��1���2� !!"���1*�����������*��9�6��

��	1�&�
��� �&���7�����������&�� 
����������1�1*��3����������0	����� ��3��

7�����������&����	7������ !!"� %���/��1���2���1*������@����1����� ���� �*
�*���� 
���

�2���
����1*����09�
���������3����
�@�1���3&�� '��89�������
����� !!"� (emf)

'���?����<
��+����
',-�����������������4
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Multiple-Junction Thermocouple Circuits
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Thermocouple Standards 5.1) Thermocouple5.1) Thermocouple



Thermocouple Standards
a) Copper-Constantan (T-Type)
� %�&%�/���	oxidizing��	reducing �*������69� 400
C
� 
���	/2������������������4�

� %�& �&%��*����������12�

Oxidizing �� O2 
7��
3&���

Reducing O2 ���0��+��	

5.1) Thermocouple5.1) Thermocouple

b) Iron-Constantan (J-Type)
� %�& �&%�/���	 reducing
�  �*���%�&���
��� 750 ���� /2�����/������3���%�:*

Thermocouple Standards

c) Chromel-Constantan (E-Type)

� /����6��� �&69� 870���� %�/���	/�::�������� �*������2�'?������� ����

oxidizing reducing 
�@��&��

� ����������1����0	 �*�*�%�&
�����������*��

� %�&���
����� !!"�/����/��%����*�

5.1) Thermocouple5.1) Thermocouple

d) Chromel-Alumel (K-Type)

� %�&���/���	�� �*�� oxidizing
� ����������� �&/��69� 1260 ����/2�����/������3���%�:*

Thermocouple Standards
e) Platinum-Rhodium (S-Type)

� 90% Pt & 10%Rh ��� Pt(100%)

f) Platinum-Rhodium (R-Type)
� 87% Pt & 13%Rh ��� Pt(100%)
� ��/���	1*��#���69���������*�� �&��

� �1*  H+��
0�. ���<��� ���� �+��	 ��0�2�%�&/�'�� �&

� ����������� �&/��69� 1450 ����

5.1) Thermocouple5.1) Thermocouple

g) Tungsten-Rhenium (C-Type)
� /����6��� �&/��69� 2760 ����

�  �*�����/���	 oxidation
� 
���	��0	%�&��� /�::����  H+��
0� ��	 /���	�� �*�2�'I�������
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Thermocouple Standards
� 6&�
��+����
',-�>��1��	%�&/*��>/�3����/�� �&1����1���� NIST 3��

/�����
�����  �*1&���2����'���
������'���<�*���2���%�&+�������*�

����>��7��� �*
��� ±1.0
C (�������12�69� ±0.1
C) 1��1����

5.1) Thermocouple5.1) Thermocouple

Thermocouple Standards:
Standard Thermocouples Voltage

� Type-J emf(mV) ref at 0
C

5.1) Thermocouple5.1) Thermocouple /*��'�	���3��
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� Thermocouple wire
� Extension/ compensation wire
� Metal Shealth
� Thermowell
� Plug/Connector/Accessories
� Signal conditioning component/ Readout



1. Thermocouple wire
•	
�"��5�������<�=>�� (Sensing point)

•�!�9��3��#���5�������������D�$��'2

��$�����$��� %�!�'���$�'����<��1���	����

	
��� �3E����""��!��=�����������!� 
��<�=>�� < 5�����

•'��$3����A�� #���"�?�2 
��5�D>��
�����!��3��

���$��

•#���"�?� 2 D>�����C�	���$����5�����0���

':������������5�

Thermocouple wire’s color code

2. Extension wire
•�!��5�� Thermocouple wire ���"�� Extension wire D>�	
�	��<�"��5������!��5�� 
�����������!����1�"A���� ����$�������#����"��5A�	
� Extension wire �'2��$

�!��
��������!�� Thermocouple wire ��1 �����������!����1�"A�

•�����"��	
���5������D>���!� Thermocouple wire ?

•Thermocouple wire may be used as extension wire, but extension grade 
wire may not be used in the sensing point (or probe part) of the 
thermocouple. ?

•Part numbers for extension wire typically begin with an "EX" prefix. 

Extension wire’s color code

Multipair extension wire



3. Metal shealth (����+��	)
•	
��0�������������3E����	�� ��$�"�� #���'�'/@� #�$'���5�";�5��������

•SUS 304 –"��<�=>��%���>�DA� 843 
C
•SUS 309 –"��<�=>��%���>�DA� 1053 
C

4. Thermowell

•����������3E����""� ':����������

��!�������$��$	�� thermocouple

•�$�%�!	�� fluid ���9����1thermocouple 
#�$���

•�����DD���'���$ thermocouple %��#�$

%�!�����1����11

a) Lagging Type

b) Tapered Type

c) Flanged Type

d) Straight-lagging Type

5. Connector/Plug/ Accessories



6. Signal conditioning component/ 
Readout

Digital readout

��'2�����1��&&�<5�� Thermocouple
9!� Extension wire �!��!���<�=>�� 5��

thermocouple
�����'��< 3$�$��&&�< mV 5���"�� #���'�'/@�

�$�!	��'��< �
! ��5� bridge
���������"�'��1�!�%������ �"�� ������� �!�	

��5� bridge �0����������<�=>��"��

referenced junction 	����"��

Data logger

Data Acquisition
� /����6%�& �&��4�0���&����������� ���� 1��1�4�0���&����������
�@�������/<

� ��� '���<� DAQ 0	�*��/�::���� ±5V ��	���3���/�::�� �& 100 69�

500 
�*��������	
���� 12 bit A/D

5.1) Thermocouple5.1) Thermocouple Basic Temperature Measurement 
with Thermocouple

� 7�4����3���	��������������&��
��+����
',-���������������1�1*��

�	��*���������� T1 ��	 T2

� %����'I���1� ��9�0��
����1*�0	
';�0���&�����������������������	
';�

������������& (Reference junction) 0���&���������%�&��������

3��0��
�����3@��� 0
C 
7��	�*�/����6/�&��394��� �&�*��

� /*��0��
����1*����0��0	
';�/*����%�&����������� (Sensing point)
� ������>��7��� ±0.01
C
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Reference junction 5.1) Thermocouple5.1) Thermocouple

1) Iced bath reference junction

5.1) Thermocouple5.1) Thermocouple

2) Iced point cell reference junction
�������<�=>��"�� reference junction 	����"���������";������$E

3) Ovens reference junction
�������<�=>��"�� reference junction 	����"�����$���%++:�

4) Electrical Reference Junctions

� %�&���6���42��3@�

� ��%�&%���'���<�*���*���� '

� %�& 
����/
1��<%�����*�������������1��

� ������>��7��� ±0.1
C "#� ±0.5
C
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Thermocouples Voltage Measurement

� 
����0��
��+����
',-�1&���2������������� !!"�+���� �*����	�/ !!"�

 ��%���0�

� 1&��%�&��'���<��������������*� input impedance /�� 
�*�

��'���<������������1��
�3 
7��0	%�&���*�����>��7����&����/��

5.1) Thermocouple5.1) Thermocouple $��%&-$���'&*

Pros:

- Low cost.

- No moving parts, less likely to be broken.

- Wide temperature range.

- Reasonably short response time.

-Reasonable repeatability and accuracy.

5.1) Thermocouple5.1) Thermocouple

$��%&-$���'&*

� Cons:
� Sensitivity is low, usually 50 µV/ C (28 µV/ F) or less. 

Its low voltage output may be masked by noise. This 
problem can be improved, but not eliminated, by better 
signal filtering, shielding, and analog-to-digital (A/V) 
conversion.

� Accuracy, usually no better than 0.5 C (0.9 F), may not 
be high enough for some applications.

� Requires a known temperature reference, usually 0 C
(32 F) ice water. Modern thermocouples, on the other 
hand, rely on an electrically generated reference. 

� Nonlinearity could be bothersome. Fortunately, detail
calibration curves for each wire material can usually 
be obtained from vendors.

5.1) Thermocouple5.1) Thermocouple Radiation

� Infrared Temperature 
Measurement

� %�&�������3������>*���/�

� ���������1�1*�����/����61��00��

/������/� �&���394�

5.2) Radiation5.2) Radiation






