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Inverse Problem Identification of Thermal Defects of
Fault Components in Electric Control Cabinet Based

on Infrared Temperature Measurement

YAN Guang-hui, YANG Li, FAN Chun-li

(Department of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: The method and standard for judging overheated components in an electric control cabinet

are established according to the related GB in China. The thermal radiation emitted from the overheated

components to the inner surface in an electric control cabinet is analyzed according to the infrared

radiation theory. The heat flux distribution of the inner surface in the cabinet is obtained and a two-

dimensional heat transfer model for the heated cabinet casing is built. On the basis of the infrared

imaging temperature measurement data obtained, a L-M algorithm is used to study the inverse heat

conduction problem and the heating temperature of the overheated component with different thermal

defects in an electric control cabinet is solved accurately. Finally, the severity of the thermal defects

of the component in the electric control cabinet is identified by using a surface temperature judgment

method. The result shows that the method is useful for the fault diagnosis of the overheated components

in electric control cabinets.

Key words: inner thermal defect; temperature identification; surface temperature judgment method;

infrared thermal imager; inverse heat conduction problem
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(1) �!���	(�	��6F4� 10

∼ 20 SQ�
0 C��-	R��� 3�

?	��4��6�T>!'%0+EP�

(�ST��+UR


(2)�����	/�6F4� 40 ∼ 70SQ

���S=G��� 80 ∼ 110SQ���+UR

>9
?��UTU0����V������

Q0��WX


(3) �����	(�	��6F4V�

70 S��SH%��TV� DL/T664–2008)<

4�?,$H%P�B
�+YWGZ[�%R

�S���\VTU


.E���
����	J!�(�

N9/��#(��;V4	�VG(��

�� 40 S
= 1 ):������4C4


C 1 DEFGHIJKLMNOPQ

XW]YW

XZ^_` YZ^_` aX^_`

[^]Y [^]Y [^]Y

≤ 55 \ ≥ 80 \ > 110 \
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b 1 Y^Zd[_\]ceb
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�;���	��^0��`'%

52/�d_e&��=452�/
V�?'

%52/��`f4/�/4`� ΔA �aM4

�T4`� dy �aSQ��bc� L �f4

/g2b y Uch4`(�52� q(y)�Æ ΔA

40 dy 4�/�0 L �de N� θ0 � θ 
f

%���	�(���� T ���	0&�

�=4�bc (gd+bc) � d �0e4��

bc (gijbc) � h 
2Tf4/^0�h

f52/���hf52/�52UR�<�@

bf4/ ΔA �52k�	

I = L0 cos θ0ΔA (1)

3;� L0 �52i�


f4/ ΔA �&��=4gl�52�?

#��

q(y) =
dp

dA
=

I cos θ

L2
= L0ΔA

cos θ0 cos θ

L2
(2)

�52/=40�9D&�hj��<5

R� θ0 = θ ��

q(y) = L0ΔA
cos2 θ

L2
= L0ΔA

d2

L4
(3)

3;� L2 = (h − y)2 + d2 ��

q(y) = L0ΔA
d2

[(h − y)2 + d2]2
(4)

hf52/�52i� L0 0�� T ��m

� L0 = σT 4/π[9] 
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�9D&�h� y = 0  y = Ly =4(�

���� x = 0 =4(��?1��� x = Lx =

4(��?#� (52) 6��&����0n

6��=4�1�moji�*��/
 T�

&����O#0n7�k3�

∂

∂x

(
k

∂t

∂x

)
+

∂

∂y

(
k

∂t

∂y

)
= 0 (5)

i+-	�

−k
∂t

∂y
= 0, y = 0 (6)

−k
∂t

∂y
= 0, y = Ly (7)

−k
∂t

∂x
= α(t − t∞), x = 0 (8)

−k
∂t

∂x
= q(y), x = Lx (9)

3;� k �&����7�mo� α � x = 0 4

(��?1�mo� q(y) � x = Lx 4(��?

#���*3 (4) DE@b�/;l��
�;

��	�(��� T 


m!�Q�`/�3 (5) ∼ 3 (9) ��DE

CI��F@&�=4��� >� T���

O�DEMJK�*L
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V�&��=4��?#� > q(y) t

o�g��	�(��� T to�*)3 (5)

;�/dmojTo�a��=4��� >

�1�'%�+E�@
2a��=4(�c

u��B=:� Yi(i = 1 ∼ ni) 
 T�2MJ

Kpv�	��&�=4�'%��o�qC

�=4��?#� >�:"4�CI���

	�(���


L–M CI9/ [10] �

fn+1 = fn + (ΦT Φ + µnI)−1ΦT (Y − T ) (10)

Φ =
[
∂T

∂f

]T

(11)

3;�(C n � T  N=:nopo�rpq

-� f(x) �pv�
���	�(����

moB� T ��� f(x) �qCB1�3 (5) �

�VJKCI@b�a��=4��B� I �

chrp� Φ �r�3rp


3 (10) �no7s-	�

J [f
g
(x)] < ε (12)

3;� ε �t`q4�uf�Vo


1� L–M I/noDE��	�(��

��CI9/�R	

(1) ���U�(���OrwV��@b

fn �rwB�;2/O�xy�wnoCI�

(2) 1��Q�`9/�3 (5) ��DE�

:"@b T n
i
�

(3)�sno7s-	�tvs�z fn vs

7s-	�@{t�t@wu�

(4) 1�vpDEVJK@br�3rp�

MJ1�3 (10) D@ fn+1 �;uxbv (2) w

wu��CI


3 8l{:c|}~�qd�

��Py�MJKDE�G����	

�(��� (T) �4rwB�MJ��w,no

DE
1��&�=4��'%0+���@b

(����qCB�;���
���	�

��4C4z�#	�����


�9D&�h�xy� 0.005 m×0.5 m �7

�mo� 50 W/(m · K)�&�%e�?����

20 S��?1�mo� 10 W/(m2· K) 


�(�	�4` ΔA = 0.02 m×0.02 m=

4×10−4 m2 �d+bc d =0.05 m �ijbc

h =0.15 m 
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V�	�VGNO�� T =40S�@&�

h%=4���z >�Y 3):
:Y 3;�

�^��&�h%=4�HQ�H� 0.52 S�

%)�+E���{+��B 0.1 S� T?

	�VGNO<5��1�'%�+E��F
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�CI@b�=4��z����cu.�

@b�a��=4(cu���B
�4rw

too��! L–M I/��7�MJKCI�

@bNO��B T ′
0

=39.78 S�/jj �}H

E
rror

=0.5 % 
H|">�?9/
}DE�
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T ′ =54.65 S�/jj �}H E
rror
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1 � M J K D E @ b � ( � � � B

T ′ =79.78 S�/jj �}H E
rror
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3.4 RS[T\U^zhn|Æjkg`k`

abl?J

V���	����� T =110 S�@&

�h%=4���z >�Y 6 ):
:Y 6 ;

��^��&�h%=4�HQ�H� 1.16S�

%)�+E���{+��B 0.1 S� T?
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1�MJKDE@b�(���B T ′ =

108.92 S�/jj �}H E
rror

=0.98 % 


Y 3 �Y 4 �Y 5 �Y 6  N��
���

	��C(�>�~���BLOH|
H

|=> ��C(�>~���=4�� >Y
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3.5 ?J}op~_U^ÆjklmnJ@�

`qr

.E1�2�`~D}H�bVJK�~

�CIH|;�LO9E�}H�=G'%�

��/B	

Y = Y
exact

+ ωσ (13)

3;� Y
exact

��� f(x) DE3 (5) @b�~�

���=4��B�σ �=G�/�C4�H�

ω � –1.0 � 1.0 Q��~Do


= 2 ):� σ @�CB>�	(���

C 2 σ stuvwKxyz{

σ/ \ f(x) T = 40 (\) Error /% T = 55 (\) Error /% T = 80 (\) Error /% T = 110 (\) Error /%

0.02 fg (x) 39.88 0.3 55.24 0.44 80.35 0.44 109.79 0.19

0.5 fg (x) 40.99 2.47 55.53 0.96 82.77 3.46 112.02 1.84

1 fg (x) 45.04 12.6 62.98 14.51 76.78 4.02 119.22 8.38

2 fg (x) 46.78 16.96 72.20 31.27 82.29 2.86 132.88 20.80
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