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Study of Application of Infrared Thermal Imager
in Electric Heating Glass

LIU Zheng

(Chengdu Jufeng Glass Co., Ltd., Chengdu 610300, China)

Abstract: The operation principle of infrared thermal imaging is presented. The infrared thermal imag-

ing is firstly proposed to be used in the production of electric heating glass. Its feasibility and effectiveness

are verified. Further, the application of infrared thermal imagers in the testing and examination of electric

heating glass is studied and three application examples are given. The research result shows that infrared

thermal imagers not only can be used to qualitatively analyze the heating uniformity of electric heating

glass and quantitatively measure the heating temperature difference of glass surface, but also can be used

to nondestructively test glass products, find and analyze their defects and conduct the improvement of

glass manufacturing processes.

Key words: infrared thermography; infrared thermal imager; electric heating glass; non-destructive

testing; application

0 PQ


����������������

�Æ����������	 (�
) ����

���
	���	�
�Æ	�������


��
���Æ
	�����
����

����

�Æ�������Æ

���

������������Æ�������

��� (���	) ��� (�
) Æ�����

������
�����������


���Æ��������������

�����������Æ
�������

�����2016–04–12

�����R' (1987-) �S�TUVWX�YZ[\�(]^_)`/a`bcdefghij�
E-mail: liujin9856@126.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.8, Aug 2016



42 � � 2016 * 8 +

�� ���Æ	�����������


��Æ��������!
�������

��!�
����������"����

�#
���������#���
���

������ ����
��������

�� 
�
$!%�!
������
	�

�����
Æ
����" &��"'�

�
�(Æ#�#���! $
������

&�)"%!���"#$��&����#

'$%


1 klmnopq

1.1 �� !

$(#$*�Æ�����%$&� (–273

+) �Æ&
)
�%*&',+�
$-�'

�(�),)�'
��#�,)"�%*&

'	�-
�*,+&�&+�.(��(,

-�).��

.(��(�).*()Æ,

)�'*/�/+Æ,)�'*- [1] 


��#���� �0,Æ*+-,#�

./�1�0-#0.$#�,)�1.
 

�&'�#�,)-11
 �Æ2�#�./

��/�/�0�21�02�33,) [2] Æ

��12�41.&'	4�.�-1��#

�,)Æ��25$(��233


1.2 "#$%

	�5
�6�Æ#�,)+4�/5


34�5�655�748�78���6�Æ

6478&�9)�/)�!5�5:;6�

+97#�,)��'<7 [3] 


89= 10.Æ�89:/5.(78�Æ

	�#� (0.78 ∼ 1.0 µm) �:-#� (1.0 ∼ 2.5

µm) �
-#� (3 ∼ 5 µm) �1-#� (8 ∼ 14

µm) -;� 4 </5#�:�);;<[4] (��

�#��:-#�<<;;=>$=Æ'>


	9= �<) 
	�?-;�Æ/5.($#

�,)�78$$?@Æ>#�A�>���

?Æ@
	? :/5;;<


'>#�#���! ��
�Æ��#

�B)��C��@�A91-#�-;�:/

5;;<BC4AB [5] 


D 1 DEC�FEG@:;<D

Infrared (monthly)/Vol.37, No.8, Aug 2016 http://journal.sitp.ac.cn/hw



� 37 ��� 8 � � � 43

D 2 DEC�F=@�F<D

D 3 E>FABGH��@DECD (&�FIF@JGDC?�FIH@@DECD)

1.3 ��'()*

'>D�H� FLIR KLIM�&� T610

A#���! (J= 1(c)) 
K ���N!

/O�./1�0-�!PE�B�B)�C

IÆ0�
F)&'*J5��#�,)?�


K�� �'.G= (J= 2) 


1.4 +,-./01

��HDIGJB 961–1990��
����


���%)ÆLJKE (L 10.3;ÆÆL I 	#�

N!L) Æ�+$�,LM���QIM&"#

��&��".)"


2 klmnors,-
�M?FN0.Æ#���! �)"�

M��&ON��&NP�8.O
G���%

)Æ������OPR��Æ#���! 

PM-,QR������
(
���H�I

�SJN�8�� [6] 


���Æ�����I!��S����

� �0,Æ��-� T/KQ"=��4


#���!�������"�
��ÆLT

U8* [7] RSBU.#���! 	4L��

�&A%M����Æ=�2N�.#���

!��	��"����0���VSQ [8] 


#���! ������I�TÆ=#�#

���O�.��RV��&�P�WWU8

* [9] XQ#���!��Æ#$.
����

��2Y�RC�X
'>	M*�"V�ÆS

�#$.#���! 	
�����&�)

"%!
���


2.1 +,-2345
678

ZK��S[� �Æ
����&�P

MS�. \Y
9Z���� (�?:
9Z

A<) �WT���� (�?:WTA<) <�
	


ÆMK�\Y[X 
]Æ��YT\Y
9

Z� ��S[������Æ=
	B�


�������^U
�	K�	
����

����*J�W�$�-_�9
T�Æ`

#�9
U^�[X���
]
<K"�	

��
V�VW*#0
����


2.1.1 :t;u:<=>?@AvBwx

= 3  
9ZA
�����&�M
�

X\�W$Z=


http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.8, Aug 2016



44 � � 2016 * 8 +

D 4 [Y>BGH��\�Z@DECD

D 5 E>[]]BGH��@DECD

9�L�^�YT�P �Æ��X\�

�\�A]/4_��&2XÆ=����\

\��!�E^ �]^�Z\
2�X\�

����Y�	_aÆZ�X\�M
`Z^

02Z�=Z��Z0:Æ>Z�Z_-�`�

[ba�
89= 3 0.Æ#�#���! 0

���cbX\�M
�\�0:Æ�c]0

0@^Æ��_�&�9_^


2.1.2 CDu:<=>?@AvBwx

= 4  WTA
����`���#�

�=
�=

K0.ÆG�d� Bx3 ��a

ΔT=1.2+ (ΔT �� (1)5^) ��T�
�<�

\�d� Bx1 � Bx2 ��a ΔT .b 24.6 +

� 11.4 +Æ_/�G�d� Bx3 ��a



ΔT = Tmax − Tmin (1)

�
ÆΔT  ���a
�Tmax  )"d��E

����T
min
 )"d��E���


ZK)"
K=89WT�W.a	0

0ÆT�
�<�\�d����WTe
`

�0aI��Æ(�0��O�WT�P�d

�&�a'
�(0.Æ��$WT`���"

#���!%)Æ e0��"�2b1Æ
b

fc`���	Æ���_d&�9_^Æ�

>f0�.a`���#��=Æ WT�&

�P�O�_gH9


2.2 +,-2301FG
678

2.2.1 Hu:<=>?BIJKLMNy

= 5 �e 4A0f;
�����#�

�=%!8Y
K=�	
�����
�V

W*Æ���b�dh (25 ∼ 30 +) ��4��

ghN�
�=
�%)
K0.ÆKA
��

Infrared (monthly)/Vol.37, No.8, Aug 2016 http://journal.sitp.ac.cn/hw



� 37 ��� 8 � � � 45

D 6 E>FABGH��@DECD

����?C�
��"c�


��.aK&��#�%)�=0.	(1)

&�5<.d�&���'? "i�(2) O(

)�A Li1 /d. �.d���6igB�

�*J�aÆ�a
 ΔT=1.7 +Æi"�� 

T
avg

=27.8 +�(3) e�d� Bx1 /d. �.d

Jd��*J�aÆ�a
 ΔT=1.3 +Æi"

�� T
avg

=27.5 +
�(0.Æ��#���!

 �%)Æ e0��2ab&�5<.d�

/7��VWÆ �j���_g�2H9Æ�

>f0��'%)&��*J��Æ 	Æ&

��Pk9�&_gfK


2.2.2 HuPQ:<=>?BIJKLMNy
= 6 �e 4A�"jlc
�����

#��=%!8Y
=
/d.KA�"���

�PO��M
	d�M�#�%) (J= 6(a))

�M
Æ&�^0.= 6(b) �= 6(c) 
�<�

fc
��.a���O��PÆ�+25.�

���eK�d�&� (J= 6(d)) 


���
K0.Æ= 6(b) �ed��d	

 -��
gkeÆ	
ked� El1
�E/

�a� 11.7 +�= 6(c) �ed��^0ld!

�dÆ	
�d Bx1� T
avg

=48.0+Æld Li1 �

Tavg=44.1 +
	F)Y���
V=mnh�

	Æ�+��$<<d��"%f00	(1) =

6(b) �ed�d	2ZVW
89�E�P.

a	&���Æ`.d�W
��Zm
 g

hÆ979U�W`�2Z
(2) = 6(c) �ed

�
d	=Æ�Z (ld) �=Z (�d) <�V

W
89�E�P.a	&���Æ̀ ����

����
9Z�Z_- (Φ=0.02 mm) Æ.d�

W
^�i�`�������\�>�
 

�7�fc&�
h9�?��.a0.Æ.d

�W�KA&�fc'��(o�M
�(Æ�

+i$K�W�".a'b�ÆEj���E

^.= 6(d) �e���"c�?C�&�
�

(0.Æ��#���! �%)Æ0�np�

L�E�P
d	�q�ÆQ� (�
9ZZ_

-�.dk�r8 #i��RC) Æ���2

#0$&���&e9


http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.8, Aug 2016



46 � � 2016 * 8 +

D 7 E>[Y>sjBGH��@DECD

R 1 HuCDuST:<=>?IJKUvBVWXYZ[ (\]	+)

kij Bx1 Bx2 Bx3 Bx4 Lx1 Lx2 ΔT ′ l

Max 36.9 39.6 35.9 — 41.6 m 36.8

7a Min 33.6 35.3 30.5 — 36.5 31.0 11.1

Average 35.7 37.7 33.3 — 37.5 35.5

Max 33.8 38.4 37.8 33.4 39.7 —

7b Min 29.5 36.4 33.0 28.4 37.0 — 11.3

Average 32.2 37.8 36.5 32.2 37.6 —

Max 38.9 39.8 39.4 39.6 — —

7d Min 32.7 33.7 34.6 34.0 — — 7.1

Average 36.3 37.7 37.9 38.0 — —

Max 37.5 40.3 40.6 — — —

7e Min 33.1 35.4 34.2 — — — 7.5

Average 35.3 37.6 37.7 — — —
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