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�©JÑ
�«|^��ªóÀ9¤�{ÿþ"��Ý!9*ÑXê½"�.¡9Å��Xê��{. Äk,

0�
óÀ9¤�{�Ä��n±9½þÿþ�{. Ùg, |^ 304 ØCg��
².�Á�¿ýî
o«ØÓÔ
�¿?1
¢�, �Ñ3ØÓ^�eé"��Ý!9*ÑXê½"�.¡9Å��Xêÿþ�(J. ¢�(Jw«
¢Sÿþ��Ù¦�{ÿþ�Ä�ÎÜ, Ø���3 ± 5%±S, ¿?Ø
K�ÿþ°Ý��Ï.

'�c: óÀ9¤�, ½þÿþ, "��Ý, 9Å��Xê

PACS: 42.30.–d

1 Ú ó

óÀù	9¤�Ã�uÿEâCc5uÐ×
�, duÙuÿ�Ý¯!*ÿ¡È�±9ü���
>�`³3Ê�ÊU!>f±9#á��+�Ñ
k2��A^. Ø
éL¡e�«"��uÿ�µ
�, ��±¢yéá�þÝ!"��Ý±9L¡e
á�Ú(�A�£O [1−4].

�©JÑ
�«|^��ªóÀ9¤�{ÿ
þ"��Ý!9*ÑXê½"�.¡9Å��X
ê��{. Ù¥, "��Ý½ö�ÿ�þÝÿþ�
�'ÿþ�{�õ, �Ü©�Ýÿþ�{Ñ´ÏL
¼�§Ý�m­�¥�,A��m?1O�. 9é
'Ý¸��{æ^"�«�~Kë�«�§Ý­
��¸�����A��m [5]. 9é'ÝCzÇ¸
�{æ^"�«�~Kë�«�§Ý­����
�©¸�����A��m [6]. éê§Ý - éê�
m­�©l{æ^éê§Ý - éê�m­�¥"�
Ú�"�«��©l����A��m [7]. éê­
����©¸�{±éê§Ý - éê�m­���

��©¸��m��A��m, T�{ØI�ë�
­� [8]. ýé�©¸��{é�©9Åü§­�¦
±éA��²��, J�Ù���©¸��m��
A��m, T�{�ØI�ë�­� [9]. þãÊ«
�{¤éA�A��mþ�"��Ý½Á�þÝ
²�¤�5'X. óÀù	9ÅEâÿþ�{�k
'X��éü§­��5ã?1[Ü��ÿþ [10]

½=��ª�ÿþ [11]. ±þ"��Ý½þÿþ�
{=�é"�.¡��í.¡, �©ò�ÄØÓ"
�.¡�"��Ý½þÿþ¯K.

9*ÑXêÿþ�{Ì�k­�{Ú�­�
{, �­�{duÙ�Ý¯, �éA^�õ. ~�k
-1óÀ{�^uÿþØÓ§Ý���9*ÑÇ,

±9ð1�óÀ{^u�Ý�� (½�9Å²1�
�) 9*ÑXê�ÿþ, 8cÌ�æ^ß�ªóÀ
�{?1ÿþ [12−14]. �9*ÑXêÚ"��Ý�
�®��, Balageas |^éê§Ý - éê�m­�
����©�¸�Ú���©¸���?1,	
��ëê�½þÿþ [15]. ÿþÁ��.á��"
�.¡9Å��Xê�m�ÿþ"�O9Xê, 

8céO9Xê�ÿþ�{Ñ´��ÿþ½ö´
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ÿþõ�(�á���NL*O9Xê. óÀ9Å
Eâ^uÿþ"�9��Xê��{��, �öæ
^óÀù	9ÅEâ3�íë���Ä:þ¢y

"�9��Xê�ÿþ [4].

�©¥À� 304 ØCgá��� 4 � 1.1 mm

Ú 4 � 2 mm �².�Á�, �Ó"��Ý�².
�SW\ØÓá�Ô��[ØÓ"�, ±óÀù	
9ÅEâ�¢��Y. duéê­����Ú��
�©É­�[ÜëêK���, �©JÑ�«��
Äu�©ü§­��O��{, 3A½^�e�¢
y�ÿÁ�SÜýî"���Ý½þÿþ!"�
.¡9Å��Xê½þÿþ±9é�Ý��9*
ÑXê�½þÿþ.

2 óÀù	9¤��n

óÀù	9¤��{±9ÅnØ�nØ�â,

ÏLÌÄé�uÔNL¡�\��²1uÔNL
¡�þ!óÀ¡9
, ù�¡9
±9Å/ª�Á
�SÜDÂ, ���ü«0�.¡�òu)u�Ú
ß�, Ï~�¹e, �ÿÔNSÜ�"�½(�E
¤�9á5�É¬K�Ù�AL¡�§|Cz. Ó
�¦^p�ù	9�¤ëY&ÿÚP¹�uÁ�
�L¡§ÝCz, ²Lêâ©ÛÚ?n��¢yé
ÔNSÜ"�½�ú�½þÿþ, Xã 1 ¤«.

3¢SA^¥, �ÔNL¡e�3"�½(
�Øþ!�, �b�{z�ü�0�²��., Ù
¥1����.á�, 1���"�½�ú. n�
^�e, ÔNL¡É�þ!\9�, 9þ�ÔNS
ÜD�L§�{z¤��9D�L§, ÷vFp

��§

k
∂2T (x, t)

∂x2
= ρc

∂T (x, t)
∂t

, (1)

Ù¥, T (x, t) ´ t �� x ?�§Ý, k(W/m • K) ´
9D�Ç. �Ý ρ(kg/m3) �'9 c �¦È´0�
á��N9N. 9*ÑXê� α = k/(pc). é,�
A½0�, ���¹e α �À�~ê.

ÔNL¡É�96Uþ�~ê q �óÀ9

-y�, b�1��0�L¡��áÂ9U, 9þ
ò±9Å�/ª�á�SÜDÂ, ���ü«á�
��ý9.¡�¬u)��Úß�. ùpb�9Å
��£1��á�L¡>.�vkUþ��, u)
���, @oá�L¡§Ý�±ÏLé��1��
á�L¡.¡?�¤k©þ¦Ú��, Ïd��Ñ
ÔNL¡§Ý T ��m t Cz�)Û)� [16]

∆T (0, t) =
q

e
√

πt

[
1 + 2

∞∑
n=1

Rn exp
(
−n2L2

αt

)]
.

(2)

Ù¥, L �"��Ý½1��(�á��þÝ, n �
9ÅDÂ�ü«á�.¡u)���gê, R �9
Å��Xê,

R =
e1 − e2

e1 + e2
, (3)

Ù¥ e1 ��ÿÄNá��O9Xê, e2 �"�á
��O9Xê. 8c��ªóÀù	9ÅEâ¥"
��Ý½þÿþÄ�þÄu (2) ª, ²L,«Cz

¼�A��m¢y�Ýÿþ. nØþ, ��ÿÁ
�9"��9A5ÚAÛA5®��, � (2) ª¥
�ëê¥=k��ëê���, ���d (2) ª¦
)ÑT��ëê.

ã 1 óÀù	9Å¢��nã
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éu¢�êâ, (2) ª¥ëê q �O(��J
(½, §É¤¦^�ð1�Uþ!Á�L¡9á
ÂXêÚ9Ë�Xê��K�. Ï
, �J|^ (2)

ª��¦)��ëê R, L ½ α. �
�K��ë
ê q, �é�O��,�ü§­�, �ü�ØÓ�
� t1, t2, ¿J�ùü���éA�§Ý ∆T (0, t1)

Ú ∆T (0, t2). t1 ��éA (2) ªØ± t2 ��é
A (2) ª, ���

∆T (t1)
∆T (t2)

=
√

t2√
t1

·
1 + 2

∞∑
n=1

Rn exp
(

−n2L2

αt1

)
1 + 2

∞∑
n=1

Rn exp
(

−n2L2

αt2

) , (4)

ª¥, kn�ëê: "��Ý L!��Xê R Ú9
*ÑXê α. 3A½^�e, =�ùn�ëê¥?
¿ü�ëê�®��, �ÏL (4) ª��O���
,	��ëê. éu�Ü©ÿþA^, "�.¡þ
��í.¡, = R = 1, ½ö� R �®��, XJá
�9*ÑXê®�, d��ÏL (4) ª��¦Ñ"
��Ý L. éu,
���í.¡"�uÿ�, '
X·¶(�ÈYÈh�A^uÿ, ��þÝ�Ò´
"��Ý L Ú���9*ÑXê®�, d��Ï
L (4) ª��¦Ñ��Xê R, ��±ÏL (3) ªm
�¦Ñ"�á��O9Xê��L¡e£O�8
�. éu9*ÑXêÿþ, �Iÿþ�ÿ�þÝ�
��Xê R � 1 ½�®��, �d (4) ª��¦Ñ
á��9*ÑXê.

3 Á �

¢�À� 304 ØCgá���Á��.á
�, Á�º�� 260 mm×235 mm×20 mm, 3Ù�
¡\ó
l��»�Ó (φ25), ü«�Ý (1.1 mm

Ú 2 mm) �².��, ü��m�må9���Á
�>��måþ� 40 mm, 3².��¥©OW÷
Y!h!0Ú�í, Ù¥0Lz�W\².�²�
ze%�2?1¢�, ±�y"�.¡�;�(Ü
Ý. Á��OXã 2 ¤«, �².��.å�uL
¡��ÝXL 1 ¤«.

ã 2 Á��O«¿ã

L 1 1—10 Ò².��.å�uL¡�pÝ±9ýîÔ�

SÒ 1 2 3 4 5 6 7 8 9 10

�Ý/mm 1.95 1.98 1.93 2.02 2 1.1 1.1 1.1 1.1 1.1

Ô� h �í Y 0 — — 0 h �í Y

4 ½þÿþ©Û

4.1 ¢¢¢���©©©ÛÛÛ

uÿ¢�C�æ^
 TWI úiû�óÀù	
9¤�XÚ, dü�pU (kJ þ?) ð1���)�
þ!��1é�uÁ��L¡¢�9-y, ¦^ù
	9�¤ëY&ÿÚP¹�uÁ��L¡§ÝC
z, 9�¤ó�ªÇ��� 60 Hz, ¼�óÀ\9�
Á�L¡�ëY9ãS�, ÏLæ8�9ãS��

±¼��ÿÁ��².�«�¤éA�L¡ü§
­�. ±�í�ÚY��~, ©OÀ� 1.1 mm �í
�ÚY�!2 mm �í�ÚY�±9Ã"�«�©
O��óÀ\9���AL¡«��ü§­�, Ù
éAéê§Ý-éê�m­�Xã 3 ¤«. ��ÿÁ
�á�À½�, 'X¤À½�ØCgÁ�, (2) ª¥
�9*ÑXêÚO9Xê®(½. Ï
, §ÝCz
5Æd"��Ý L Ú"�a., 9 R (½. dã 3

�wÑ, �Ý�f�².�éA­��@ l “�
~” ­�,  l�m�"��Ý�', 3©l:�c
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�L¡§ÝCz­��Ó; 3©l:��, ØÓV
õÔ«�¤éA�ü§­�Czª³�Ø�Ó. é
u�Ý�Ó�².�, ÙéAL¡«�§Ý�=�
9Å��Xê R k', R ���, Ùü§�é�¯.

ã 3 Á��í-Y-�~«�éAL¡§Ý-�méê­�

4.2 t1 ÚÚÚ t2 ������ÀÀÀ���

dcã��, �"��Ý L!��Xê R Ú9
*ÑXê α n�ëê¥?¿ü�ëê�®��, �
ÏL (4) ª��O���,	��ëê. Ié�O
�ü§­�, À�ü�ØÓ�� t1, t2, ¿J�ùü
���éA�§Ý ∆T (0, t1) Ú ∆T (0, t2). t1 Ú t2

�ÀJû½O��O(Ý, du (4) ª´dü�Ø
Ó��§Ý�'
��, Ï
, À�ØÓ t1 Ú t2 �
|Ü�U���Ó'�. �
)ûT¯K, Äkë
�ã 3 ¤«éê§Ý-éê�m­�, ÙÐ©ã´�
Ç� –1/2 ���ã, �éÃ"�«��f"� l
�m�@, 3 l�m±cêâÚÃ"�«��Ó.

Ä�g´´ t1 ��ATÀ�©l��c, ØÓa.
"�ÙéA§Ý3T����; 
 t2 ��ATÀ
3©l���, ØÓa."�ÙéAü§®k�É,

ÏLT�É�±��|^ (4) ª¦),��ëê.

éu t1 �ÀJ, ë�ã 3, AT�½3m©�©l
��. du¤æ^óÀ9¤�XÚóÀ�mØ´n

��óÀ
, éÐ©§ÝE¤�½K�, 3�©¥
À½�éê§Ý-éê�m­�©l��c 1 ½ö
c 2 v. éu t2 �ÀJ, AT3 l���, dun
�9*ÑK�, T��ØU���, ���ë�ã 3

¥�?n­��ë�Ã"�­���§���, �
±��§���9Ùc¡eZv���� t2.

± 2 mm ��~, t1 ��À½�1 9 v, t2 �
�©OÀ½� t1 ��� 200 v. |^ (4) ª?1"
��ÝO�, ª¥, 9��Xê¤�9O9Xê|
^\<� Mathis Tci �9ÿÁ¤ÿþ��, YÚ�
í�O9XêlÙ¦©z��; ØCg�9*ÑX
ê�dúª α =

√
k/e ¦Ñ, �'êâXL 2 ¤«.

|^ (3) ª¤O����9��XêÚ9*ÑXê
�\ (4) ª?1O�, ã 4 '�
 4 «ØÓa."
��/�¤���"��Ý�. dTã�±wÑ,

��C t1 ��¤O����"��Ý�¢S�Ý
 �; 
3k���mãS, 'Xã 4 ¥ 50—200 v
S, ¤O���"��Ý��­½. �X�m�O
�, dun�9*Ñ�K�, ¢S9Åü§­��
énØ­�k�½ �, l
E¤|^ (4) ªO�
����k��Ø�. 'XéuY�, duÙ9�
�Xê�éÙ¦ 3 ����, ÙéA§�¸���

ã 4 ÿþ�Ý� t2 'X­�

L 2 �[ØÓ"�a.á�9Æëê

ØCg Y h 0 �í

O9Xê/(J/K·cm2·s0.5) 0.798 0.159 3.7×10−2 7.28×10−2 5.7×10−4

9*ÑXê/(cm2/s) 4.8×10−2 — — — —
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���c, �é�@�m�N´É�n�9*ÑK
�, ¤±lã 4 �±wÑY�éA(J3 150—200

v®Ñy�½ �. Ï
, t2 ��À�ØU��c,

�ØU���. lã 4 ��±wÑ, O�(JÉD
(K�Ñy�½ÅÄ, �
~�D(éO�°Ý�
K�, ¢SO��, � t2 ���§���9Ùc¡
eZv ('X 10 v) éO�(J�²þ����ª
ÿþ�.

4.3 ¢¢¢���êêêâââOOO���

|^þã�{éØCg².�SýîY!
h!0Ú�í�Á�?1óÀù	9Å¢�, l

¼�Á�L¡9Åü§êâS�. J�z�².
�éAL¡¥%:9Åü§­�, Uìþã�{À
� t1 Ú t2. �¢�¥"��Ý L!9��Xê R

Ú9*ÑXê α þ�®�, yb½Ù¥ü�ëê®
�, ,	��ëê��, ± (4) ª?1½þÿþO�,

¿^®�ëê?1�y.

L 3 "��Ýÿþ(J

nØ�/mm ÿþ�/mm Ø�/%

�í�
1.1 1.112 1.091

1.98 2.006 1.308

h�
1.1 1.104 0.327

1.95 1.986 1.836

0�
1.1 1.117 1.500

2.02 2.090 3.446

Y�
1.1 1.076 –2.145

1.93 1.908 –1.150

�9��Xê R Ú9*ÑXê α ®��, |
^ (4) ª?1"��Ý½þÿþ, �A(J�3L 3

¥. ��ªóÀù	9ÅEâ¥yk"�½þÿ
þ�{þb½9��Xê� 1 ��¹, ¢SA^
¥�U�3"����í.¡, 'X¦Y,�Ý,

L 3 (J`²� R �®����{¤O�"��
ÝØÉ"�.¡ëêK�. �"��Ý L Ú9*
ÑXê α ®��, |^ (4) ªO�"�.¡9��
Xê R. �ë�ã 3 ��¼�§�����, ½�
d t = 2L2/α O���§�����, ��¦)

¼�"�.¡9Å��Xê R, (J�3L 4 ¥.

�¤a,�«�.¡9��XêÚ"��Ý�®
��, ���O�Ñ�.á�3�Ý��þ�9*

ÑXê, (JXL 5 ¤«, ÙØ���^ Tci ÿþ�
�'�(J. dL 3— L 5, |^��{ÿþ�"�
�Ý, 9Å��Xê±99*ÑÇÿþ(J�Ù¦
�{�ÿþ��', ÿþ�Ø�þ3 ± 5%±S.

L 4 9Å��Xêÿþ(J

1.1 mm 2 mm

nØ� ÿþ� Ø� ÿþ� Ø�

�í� 1.000 0.993 –0.710 0.962 –3.800

h� 0.911 0.911 –0.085 0.898 –1.435

0� 0.833 0.806 –3.170 0.808 –2.990

Y� 0.668 0.683 2.320 0.672 0.702

L 5 9*ÑÇÿþ(J (Tci ÿþ� 4.8×10−2 cm2/s)

ÿþ�/10−2 Ø�/%

1.1 mm �í� 4.7277 1.71

2 mm �í� 4.7664 0.91

4.4 ÿÿÿþþþ°°°ÝÝÝKKK���ÏÏÏ���

(2) ª´Äu��9D�nØ�.b�3).
�óÀ¼ê-y�^eé9D��§?1í��
��)Û). ¢S¢�¥, |^ð1�é�uÔN
?1óÀ-y, Ï~äk�½�óÀ°Ý, ð1�
-y�¼��ceZvêâÉ�K�, Ïd, 3¢
Sÿþ� t1 ���À�A�Ä�ð1�óÀ°Ý
�K�. d	, p9*ÑÇp9�Ç�á�Éð1
�ó°�K��é��.

þãnØ�.b�9Å��£1��á�L
¡>.�vkUþ��, =÷vá�>.ý9^�,

¢S¢�¥du�íé6�Ï�K�, >.kUþ
��, cÙéu�þ�á�±9$�9Ç$9*Ñ
Ç�á�K���.

þãü�0�nØí��.b�ÔNL¡É
�óÀ9
-y�31��0�L¡áÂ9U, /
¤¡9
. ù«b�Ï~éu��1Øß²á�´
�(�, �éu�
�ß²á�, 'X,
æ�á
�, ��1éá�ì��¢S´3á�L¡e�½
�Ý/¤��N9
, ¬K�9D�L§±9L¡
§|©Ù. �©¥æ^
1Øß²á�, ��ÑN
9
�K�.
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d	, du9�¤D(��§Ý!n�9*
Ñ�A±9¢��¸�Ï�þ¬éÿþ°ÝE
¤K�.

5 ( Ø

�©}Á|^��ªóÀ9¤�{?1CL
¡9L¡e½þÿþ, éØCgÁ�ýîo«Ø
Ó"�?1
nØ©ÛÚ¢�ïÄ, ©Oé"��
Ý!"�.¡9Å��Xê±9á�9*ÑXê

3Ù¥ü«ëê®�^�e, é1n�ëê?1

ÿþ, ÿþØ�þ3 ± 5%±S, �y
óÀ9�{
3½þÃ�µdA^¥��15. T�{é"��
Ý�ÿþ�Ù¦�{�', ØI�ë�­��Ú\,

�ÄØÓ"�.¡�K�, Ó��y
�p�ÿþ
°Ý. é9Å��Xê�ÿþØI�ë�­��Ú
\, �m�¦Ñ"�á��O9Xêl
��L¡
e£O�8�. éá�9*ÑXê�ÿþ�Ù¦�
{�', æ^��ªü¡ÿþ��{, ØI���
�º��¬, �k|u¢SuÿA^.
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Abstract

In this paper, a new method using reflective pulsed thermography to measure defect depth, thermal wave reflection coefficient

and thermal diffusivity is presented. First, a brief description of the pulsed thermography in terms of theoretical background and

quantitative measurement is given. One stainless steel 304 structure machined several flat-bottom holes in which it is filled with

different materials are used as experimental sample, the measured results of defect depth, thermal diffusivity and reflection coefficients

at defect interface under different conditions are given. The agreement between the results obtained by using pulsed thermography and

the value presented in the literature or measured by other techniques appears satisfactory within errors of ± 5%, and possible reasons

for affecting the measurement precision are discussed.
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