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Analysis of Influence Factors of Pulse Infrared
Heat Wave Detection Technology

ZHOU Yang, CAI Jing∗

(Changcheng Institute of Metrology and Measurement, Beijing 100095, China)

Abstract: The influence factors of pulse infrared heat wave detection technology were studied through

ANSYS finite element simulation and experiment. Taking glass fiber reinforced plastics, carbon fiber

and thermal barrier coating as examples, simulation was carried out. The influences of environment

and material defects on pulse infrared thermal wave detection were studied mainly. The ability of the

detection technology for glass fiber reinforced plastics and carbon fiber was determined. Test was carried

out for carbon fiber and glass fiber reinforced plastics. The influence of experiment condition on detection

was studied. The optimum experimental parameters for glass fiber reinforced plastics and carbon fiber

were also given.

Key words: influence factor; pulse infrared thermal imaging detection technology; simulation; glass

fiber reinforced plastics; carbon fiber; thermal barrier coating
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��C�h I 2 W/(m2·C) <�- 10 W/(m2·C)

8�)�+);;F,1� 0.01279 C�C�)
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�+);;FO3� 0.0485 C�O3��C	

1 1 23456789:

OQOQ RRSN PSSP

HTTT α=2.25×10−7(QR), l=0.2, r=6,d=0.5 ( 1 ( 1.5 ( 2 RRQN

UUVU α=2.25×10−7(QR),l=2,r=2 ( 2.5 ( 3 ( 4 ( 6 RRVW

XSRU α=2.25×10−7(QR),r=6,l=0.3 ( 0.5 ( 1.0 ( 1.5 ( 2.5 ( 3.0 ( 3.7 RRWN

UUVU r=6,l=0.5,α=2.25×10−7(QR),0.91×10−7(V),1.46×10−4(X),1.07×10−7(TYSWZ), RROQ

;� l– RRWN (mm);r– RRYÆ (mm) Z d– RRQN (mm) Z α– [UHV[BN (m2/s)

(a)d=0.5 mm, tmax=6.002 s (b)d=1.0 mm, tmax=7.002 s (c) d=2.0 mm, tmax=9.002 s

F 4 \\RRQN TBC ON]XF

-]Y^WX�
(-��T$�Y<�

Z��]Y^�������PKZKZ7	�

_^T$]Y^WX����
�
�_
�

����
����2&�!2�	< 6 4(-

,4
 MATLAB GJ>/U"3��_`��

�+);&;	�< 6  J����_`K��

)�+);;
)H��8=����78&

0NO3	*G���_`K��K')0��

�Z	��(V0=?�=:E[���;;�

)�,�[:	)�,�����23�;&

ÆA�� ��,
0���Z	.//:��

23�;&ÆA�4 0.02 C�/\`[:(-

�-��)�;;�� 0.02 C��/*���

,(0���Z	R/*���
�W\]a

��^�Xb	]4
/,�(-,4�)�;

;9� 0.06 C�`a 0���Z	�< 6  

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.11, Nov 2017



30 � � 2017 B 11 �

J�]Y^�����2&bc� 2 mm �CD
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�;;C� 0 �CD	
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< 12 M��gb%60��$d&4 9.6

kJ 
�(<�4 60 Hz 
�(8l"3E0F�

�<4.	�< 13  J� t=0.01 s 8[(��

�)m (l=0.3 mm) ��(���h t=0.06 s 8 

���oG(�� (l=0.5 mm) 	P/8=�l

g���2&0NO3	h t=1.15 s 8� 5 (�

�m60���Z	P/8=�0NO3��%

��W\�7���>�p`��Ie����

�f&0NFI	h t=15.10 s 8���7Bq�

:���r��<`hn��<f�-o3�

`�CD	

(a) UUVUiH (b) UUVUgH

F 10

(a) XSR�jU (TnH)

(b) XSR�jUohpkF

F 11

1 2 ?@AB:CD45

1 2 3

1 r=2.50 mm, l=1.90 mm r=2.50 mm, l=1.85 mm r=2.50 mm, l=1.75 mm

2 r=5.00 mm, l=3.00 mm r=5.00 mm, l=2.90 mm r=5.00 mm, l=2.85 mm
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(a) t =0.01 s (b) t=0.06 s (c) t=0.29 s (d) t=0.59 s

(e) t=1.15 s (f) t=2.39 s (g) t=11.56 s (h)t=15.10 s

F 12 slqpL@�miPLÆ (XSR�j)

< 13 �< 14 Æ?M��gb%60�)

2���nd (l=2.0 mm) '1&d��f&P

�(8=�<�_5�]Y^60M2f)C
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F 13 LtNoslqkPlB (XSR�j)
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	�(8="�C�+);;)�,�m,8

=	

< 15 M��1*(�4 9.6 kJ 
�(8=

4 10 s 
�(<�Æ?4 5∼65 Hz8]Y^i�

)��f�<	�< J�h��<��C (f=5

Hz) 8�[(��-���m�oG&���


s�h�><�C��� 5 Hz 8
7e��r

�	h f=15 Hz 8� �Bm��� 6 5���

R���>��f&� 	h f=39 Hz � f=65

Hz 8�:���r0�p���Z	

F 14 LtNoslqkPlB (UUV�j)

4�c���s��><�����-�

���< 16 �< 17 Æ?M��]Y^i60

M2f)C / )�����nd'1&d��

f&P�(<��<�_5�gb%60)2 /
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�<�_5	

(a) f=5 Hz (b) f=15 Hz (c) f=39 Hz (d) f=65 Hz
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Infrared (monthly)/Vol.38, No.11, Nov 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 11 � � � 33

F 16 LtNoslstPlB (UUV�j)

F 17 LtNoslstPlB (XSR�j)
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�kl�q���	��]Y^��'gb%

���M2f9Æ?�� 2.5 ' 2.4 8a($�

�$���%'��-��	

6/�-+��O��(<��$�rK

c��f&�<2�c���/�v2	R<

�O3-�2,,U���>��f&"I�_

/_+<��<���BE
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