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Thermo-Elastic-Plastic Analysis of Plate Forming Process by 
Flame Bending Method 
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Abstract: Flame bending process is one of the forming processes of steel plates. During this process, plate is formed with 
heating by gas torch flame followed by controlled cooling along specified paths. Considering simple tools used in the process, it is 
a popular and economical forming method. At present, this process is manually done on the basis of skilled technician’s 
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experience. Experimental and non-automated procedures decrease productivity of the process. In this paper, a method is proposed 
for simulation of material deformation. Regarding the physics of the process, large deformation thermoelastic-plastic analysis has 
been applied. In the simulations, a new analytical solution is used for thermal analysis of plate. The analytical solution along with 
finite element analysis of the deformation in ANSYS program is able to interpret experimental observations. The simulations 
show reasonable results, compared with the analytical results by other researchers and with experimental data. The method and 
simulation results can be used to study the process automation. 

Keywords: Plate forming, Flame bending process, Thermo Elastic Plastic Analysis 
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��	.

T8���, � (����� U� �+ 

=<I6YP H!:	?! =<X> 0�+3<(F ! {?.3<� �< ? e�<�	 .F

1�.P&�'�� H!	! �IP.P GI���a GI��@	 .C ��.D O 	.� �<F

�/ �?�p ! �+6I6YP B 	 ! ���)�(H�� ./� �<'	.h�v�qeff ?

γ�?�p B 	 ! �IP.P �F K�3' �E.<� �J? ���(<W H�<�;!

 �67� r/.�P � .W ? .}1� K	1P �=73� 	�'.O 	.� ��(�'	 0	.F

 H�<� �<o		 t ��' ? H�� 0.ID H:	�'	 *F.2P 0�; H!	! �C ��.D

H!1F .h' �� K���Y� . �� O�1P �'	]���?�5[.

! =<<I6YP�?	 ��<<F *68<<� ^<<F.� J? 1<<N\.<<E ? �

mmy55 ×y55!�� ���.D.h'��	 H.�! 0�+I�Y�� �<K�<�:

 *P�X��Y� g? �F ? �7��_� B 	 *6I6YP g? �<F 0!�<E ]�5[�

��<<�' 0	.<<FH�<<� Q.<<D H1<<p? ! J? O<<�? �3<<a ?KL!

=8�)�(H�� H!	! K�3' 	�<' .K�<�; 01<N =8<� B< 	 ! �</

 *� �hR�� !1���!0�':	 H�'1<� Q.<D �p? ! J? r/.� �_

�hY� �F �67� r/.� �/ 0	*8 !r'*� KL C 	r�	 �F �?.� �� 
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��� ������	
����� �������	 ���� �4z

���V8��� 5N+ 1�� ���- W� %�� 

���X.S��"#� �	:- ���� �*� #�- � G��6  ��][[���[.- ���� #��+ �� S��" �J- � G��6 ��][[

%��&=8	����, � (����� ��	- 1�� ���	: 	K+ �� W� �	: ]�� 

γ
(mm-2)

qeff 
(cal/s) 

v
(mm/s) 

h
(mm) 

No. 

55z4/5�z�� �5��

55��/5��5 �/���


55y�/5�y55 �/y���

55y�/5�y55 4&�&z�4#&�&�

55y�/5�y55 4&�&z��%&�&�

55y�/5�y55 4&�&z�5�
&��&�,

*<<� ? �<<�/ <<a *<<�/ �<<_�' B<< 	 :	 =73<<� r<</.� 1<<XE :	 `

)�X .�Psecyt =(��! �F.�/	�R !19 *��� .�<F �hY� B 	 :	

 �7F��! �F �?.� /b�K���/ *�.C;�/ ��;L��! ̂  .� 	��F	 

?*<<� 	�<<Ia 0�<<�/ �<<�;L `�<<� �<<�/.=8<<� ! BI<<�f�;)�(

�)<< ��� << :1P BI<<F 0	 ^�<<�!0�<<F u<<I�YP B<< 	 ! *P�X<<��Y� 

t ��']�5[��	 H�� Q�2'	 .F ���R B 	 ! �	:	0? .}1<� K	1P 

T	19* ��.D g? ! �</ !1<� *<� �<hR�� �!	1� K�)8  

YP<�'	 *6I6<���0��.D �/ �F�<YP B 	! ��<�� � �F �uI�<	� 
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��� ������	
����� �������	 ���� �4�

���^.J�*�� #+ �* �/-  ��1�� �_ �� ��� �� -���M�� E

�Q&� E�� � `�/����� ����� ]=a[

�67� r/.�P � .W2mm−55z4/5@�<F J�X_'	 �P !1� ��(�'	 

H�;�3<<<�1<<<�!.^<<<p.� ! �67<<<� r<<</.�P � .<<<W]�5[
2mm−55y�/5��	 H�� H!: BI�(P .B< 	 ! �67<� B 	.F�<�F

*� *�IF CIa .P H!.3� ���R !1�.

��' 6YP tI=.II[P uI�YP B 	 ! J? =8� j<� 	 �<F K	1<P

��' H�� Q�E	 t!^p.�]�5[��� �)!.</ .<W.�I? s�g?

F��| s�XE J1� ^p.� ! ��� 	:	 �':

−	rp	 g? :	0�<�@	1�.P �<�� \.<� �<F !?�Y� GI&

���/ �I���a?[PII�r<F =~<� .H!�<� H!���<�	 �<� H

��	.YP ���'.F 6I.<S6 v<�1� !1<9 	 =8<�.II[P ?�<P  B

H!.|?D16p i	.F I�a K!	! � :	 i. j<�.F K�� =�> H� 

s�X��Y� g? �»S�	.S�'	I;�| i.IH�*F�(�'	 «	 <F��<|

 ��	 H!.F.rp ? ��<� i�<�F C� s�U(3� <I  g? s�

 S�	.S�'	 i	.<F H�� ���E	 <I H�3<' .<|� i. 	�<'.0	.<F 	�<�

 t ��' .�3IF *�.F ��! �F H��L t �<�' �<F *<67� g? :	 

^<<p.�]�5[GI�<<�@	 1<<�.P 0!�<<E ���<</ =<<I6YP G<<  �

�<�	 H�<� H!	! �IP.P rI' GI���a .�<F B .<�P B< 	 !

 ���'.F G�/ANSYS 0�+6I6YP 0?! .; * �<�.D .<II[P ?

=8�g? �F	rp	 0H�� Q�2'	 !?�Y� �'	 .G< !r' 0	.<F

 =<I6YP �<F �<2� 	 0!�E =I6YP O 	.� K!1F �<o	 	]�5[:	 �

! H�<<I;�/ 0.<<IS�	.S�'	 s�<<'�8�	ANSYS H�<<� H!���<<�	 

��	.

−��!�7�)�(F.	00:�)��� �<� i!?? �<�.D 	��<�E H�<� 

�<<�	 .=73<<� .}1<<� K	1<<Pcal / sec�z�� r<</.�P � .<<W �

KL2mm−55y�/5=73<� �E.<� ?mm / sec�5 ! .<h' 

.D��� �'	 H��.

−T	19 ��.D? �F�} !	1� js�XE 	'�:	:

)y(

p

3

c 0.098 cal / gr. C

k 0.016 cal / mm.sec. C

0.00782 gr / mm

=

=

ρ =

o

o

BI�f�; '�~� T	19I^F�<P !	1<� j~�<�! H�<� \.<� 	�<' .!

C�<P *<�Y�� �I<� ��<7��_� B< 	 ! H�� Q�2'	 0!�E =I6YP

 �<F �<P H�<� \.� b/ GI���a �IR�' ! C'./ ���</ �<��R 

���F G !r' GI���a.

! =~�)�([PII?	: =~� .< �<F J? �?.<� �<X� i	 �	:	0

�7F jF K��:τ��	 H�� H!	! K�3' .K�<�; 1<N0B< 	 :	 �<|

 j� �hR�� =~� ! H!�� ��� !1�  ���R �� .;~K�) ��	 .

�]! J? 	��F	 ! j� e1~7� C�9 <F j<�? !1� ��<P �<F t

[P ? C�9 KL K�� Q.DII.?	: =~� �? H�<� `~E J? i	

 	���LF K��R	? 	��� ���0I�j<� =�<�| .<F�1<N0�<|

 �X .�P :	�/5τ =�7F �F�.�P  .<; k<��a �X g? ?! ? K�)<~

.�P .F	.F �Xrad55�/5��	.

=~� !)�5(	��� \�X�'	 H�� ����.' �Y�<Z 0	<F J? �

	:	0H�� ����.' �U�(� s�U�(� ! ���' b<� jW.E �+p

 ��	 H�� .B 	 !�� 	.� [P �F IIQ.<D H1<p? J? �rF =~� .

? j�3a ? H��J3|I�� ��;	19 H� .F��Y�<Z .<�+F s�<XE

�I' J? j'�I<F�p i		! r��<p !1<F �<;	19 j.	�<� :	 1<h��

 \�X�'	 s�XE��X�� s�Y�Z B 	 ��)X'	��	 .=~<� B 	 !

F�	:	0�/5τ ≥K�)<8  �7��_� ��.; �2I�' �<�	 i	.<F j<�?

 !1F �;	19 s?���� J? ��� .��| i�+'��: .�1<F.� j�Y�� !

 ��' �F t�o		]�5[! ���' \�X�'	 	��� i���	yQ�<�P i	.<F

 ��	 �X�� ���' ! H�<� Q.<D �<p? ! ^<>	? ���' j�7 B< 	 

j� O)X�� ���	 �'1� .!P1Z*�<F �|<p1=~<� �<F �)��(

3�<H�;� j�_�' !1�<� �<<p? ! J? r/.<D �<H�� Q. B 	 ! 
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��� ������	
����� �������	 ���� �44

���b8����* ��� 	��
� �O� /� �� 1�� �_ �� ��� c�	� �_> ��]=a[`�/�� M�� �

���=a8�O� /� ��d6 e _/+� �� 1�� �_ �� ��� ��]=a[`�/�� M�� �

���==8��� '� ?0 � ��� �� ����� W+	< �O� /� 

���	 C'./ �]! i�3<� *<� GI�<��a !1<� .=~<� !)��(

���a C'.|I! �J? r<|.� �<_�' ! J? ���(W i���	

 	 H�� b���.H�<� Q.<D �<p? r<|.� ! �<~� 	 �<F �<p1P �F

FI.�3 ���a C'.| BIj<��� ���<�	 H�<� g	r<D <F�.<h'

j<<� �<<�' �<<� �YP t<<Ij<<67� u\�<<X�'	 !1<<� ! �Y�<<Z 0	�

=~�)�5(�1�7� ��	 .! M.N:	 �a .<S <  ! �<X��q �<| i	 H� 

�� 	.� ��.D  i��<�	 ! �<| �<�	 B< 	 ���	 j� J��P	 j_9 C

��.D O9 <F �3<S'	 ��F �1_9 ��'�� H!�� jS���X'	 jE1' C�

j� !1p? L �.=~�)��(�a B 	 � H�Ir j<� K�3<' 	 j~ �<;! .

�YP �F �1F.� j�Y��<I=~� ! j67� u)�5(�a B 	 :?.F 	 H� 
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��� ������	
����� �������	 ���� �4�

���=C8W� �	: ]" f�	g� �� 1� � #�0�� #4�� _+� 1���� 

)'�� �- i7 *�(

��.D i�;.��	�a �F C�N1F.�aIF CIj� j� ��| .P1Z !*�<|

 �F��F �1F.� C ��.D O 	. 0!�E ���/ g? �<o		]�5[B< 	 �

*�' J��P	 H� �a ���	.

=8� !)��(j� �hR�� | jS�;�<�; b<q j6E !1�Ij<�

! a ���IF CI�' �J? H�� j�I2�g? j<67� C'.</ 0	.<F

 GI���a F j�|I:	 Ct ��' g? ? 0!�E ���/ �<o		�X<��Y� 

! H�� ]�5[���� B 	 ?	�'.<2'	 =I6YP ?! .; !Q�! �<��.D 

�7��_� B 	)*6I6YP ? 0!�E ���/ 0�+6I6YP&0!�E (T	1<9

 �<7��_� ! H�<� �<��.D .h' ! T	19 �IX� !	1� �<o	 ���)<; 	

T	19 *�7F* ��.D *8I'�8� T	19 ? �F�} s1Z �F ^F�<P 

��! H�� \.� �'	 .1<�.P H!�<� �<�� �/ s?��P B 	 �F �<�@	�I

��	 H�� ���.D .h' ! GI���a .<F��<� j<� .<h' B< 	 !

 7W1� i�> �67� .}1� ��7� C;�| �7��_� K!1F *�2I�' ! ?

�I�/ ���a C'.|I�*� C 	r�	 	 �;! .�<h�'	 .S ! M.N :	 

*� !?	���E S�	.S�'	 Ii.;�|IH�!��' 	�o	 �7��_� t<F�1<N

 �hR�� =F�> ���F .}1� 0	 .Q�<2'	 0!�<E ���</ =<I6YP t �<�'

 K�3' ����.D .�	 B 	 H��;! ���); .<F g? B< 	 �H.<I9� b<q

 g:	!.a K��:�*� 	.> .I}�P �YP 	 t ��' 0�R �P �;! .�<F ��X�	

 s�X<��Y� �<>! �<7��_� ?! ! t ��' �19 *'	1(�; �F �p1P

 .h' �F *�_��*���.

!�<7F	 �<F *<>? �=<I6YP BI�?! !mm455×�55 !.<h' 

�� ���.DH��	 .01N �7��_� B 	 ! C ��.D O 	.� ��(�'	

 �'	 H�� ^ :1P �/��!0^ :1P .F *P�X��Y� ��!0H�<� g	rD 

*� uI�YP !]�[uX_��!1� .j�]�[0:�� �IX� 0	.F �<� 	.� :	

	r�	 Q.'ANSYS K	1�E �F6YP ���'.F I����'	 .S6 �<�.D [P ?<II .

H!����	 =~�./��	 H! .' ?	I:1P r< j<�1D ^<F 	 ��<�.'.	0

0:�)��� ��	 H!.| ��(�'	 i!?? �� .! C �<�.D O 	.<� 

s�XE *� ���� 	:	 �':

eff
2

v 1.2 [mm / sec]
q 800 [cal / sec]

0.164 [cm ]−

=
=

γ =

=~� !)�y(�Y��I��! i�+&�<F �1<F.� K�<�: ?! .<;�YP <I u

H�� H!	! K�3' �'	 .K��; 1N0j<� �<hR�� �|�Y�� !1<�I�<+

 uX_�� b;.F ���| �'	.!=~�)�z(rI' 9 i�;	!1�'Ir–K�<�:

 ! J? r|.� �_�' i	.F H�<� b<� H�<� Q.<D �p? �<'	.B< 	 

j� K�3' �;	!1�' �| ��;! H�� *�IF CIa rI9 	��� ?! .<; ! 

g? !1F �;	19 K�)~ .��' :	 t�<�! �<F H�<�L !s�<hY�

	��F	 �hR�� jj��?	 e1~7� C�9 �]! J? !1�I�;	19 �

��.�?�<p :	 BI<�f�;)�(�! �67<� r</.�P � .<W 	!�<2�

 	�� ? .��/ *� g? �67� .}1� ��7� ! KL .<Ih' 	��� :	 CIF

j67� g?!���.D .h' *<� !1<�.K�<�; 01<N �<h�'	 �</

*� F !? �	:	0K	�I� G  ��! H�� *�IF CIa rI9 	��� �K�)8  

.F	.F rI'��	 .

=~�)��(�<��a C'.<| �<��1� 	���I�j<W.EJ? �<F

0	:	 j� K�3' 	 v6�(� i�+'��: �;! .' ���R B 	 !I	�<�� r

F j�| C'.|I:	 Ca 	���IF CI! H�� j��YPIj<� u�<�	 .

.�	 B 	 �6E 7W1� ! �'	1P j�K!1F *F<I[P .�3 <II =~<� .!

*67� uI�YP g? ?�' !I� �2IF C'.| K	rI�)<'	! H!�� .�3.

./�<�	 J1<� C'.</ 	�<�� K1�/�P �/ ��	 ./� =F�> <F �1<N

��	 H�3' 0.ID H:	�'	 *F.2P.

�'�p ]�[=I6YP 0	.F* ��.D �<� 	.� *<6I6YP =<R H	 :	 

��	 H!./ H!����	 ���':? .^X�� �F =73� g? B 	 ! * �<�.D 

�_�' �� 0	�*� 0:�) !1� .� .<W �< �F ��<�� B< 	 ! B 	.F�<�F

 *<F.2P ^< :1P :	 0!�<E K1I<�	.XI��/ �F 	 �67� r/.�P �<�!0

	rD ! H�� g ]�[!.</ BII7P .�?�<p! e�<�	 B< 	 .<F)�(

�67� i�;.��	�a Q1<� v< ! ! �<'�p C ��.D O 	.� .Ih'

 H!?L��H'	�.���R B 	 ! J? \.E ? �1N �<IP.P �F�55

?�55���); .��I6I� .
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���=H8 �� � (����� 8#> `�/�� 9 �*][[Q<	� ��	- #��� `�/�� ����=I.�����Q�" � (8#> `�/�� 9 �*][[Q<	� ��	- #��� `�/�� �

1�� k	: �&� �1�� k	: �& 

���=V8����� W+	< � (����� 8#> `�/�� 9 �*]Ca[Q<	� ��	- #��� `�/�� �

#0	, � ��� �� 1�� k	: �&� 

���=X8 �� � (����� 8#� _ �� � #-	l� 9 �* ���=[8Q�" #� _ �� #���� 8#��� `�/�� �� 9 �* 

m+ &]V[��� #��� `�/�� �� #� _ ��mmCay =*� 

1�� k	: �&� Q<	� 
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��� ������	
����� �������	 ���� �4�

���=^8��_� U� �+ �O� /�  - 1�� k l+� � (�* 1��� � $

m+ & #-	l�]V[

=~�)�4(��! *�Y��&K�3' 	 �'�p *P�X��Y� ? *F.2P K��:

 �;! *�.0	:	 �F�?�p 0�;.��	�a )�(=R H	 :	 H!����	 �F ?

*6I6YP �/ �F �<�! 0�<+I�Y�� �*<67� uI�YP ! ��� &! K�<�:

 =8�)�4(�'	 H�� H!	! K�3' .*F19 J�X_'	 K	rI� �=8� B 	!

 !	! �F *� �hR�� *F.2P 0�; H!1� .*<�I�(P b� r/�<� �� �<F

g? �'�p .F	.Fcal/sec �y55 �?�<p :	 �</ H�� g	rD )�(

*� �hR�� u<I�YP B< 	 ! H�<� !?L.<F b� r/�<� �� �F !1�

 K�)8 ��	 .=8�)��(9 	!1�'rI&r<|.� �<_�' i	.<F K�<�:

 ! H�<� Q.D �p? B< 	 0:�<� �IX<� j<� K�3<' 	 �<;!.r<I9 

�<<<'	H:	 D<<<I H�<<<� i. ! �<<<_�'! J? r<<</.�]�[.<<<F	.F 

mm�4/�δ =��	 .rI9 	��� jP�X��Y� �<X .�P �2� 	 !�%

H:	�'	 	��� :	 CIF ��	 H�� 0.ID .�IX<� �2I�' B 	.F��F 0:�<�

 .h' �F �1X> =F�>*��� .	!�<2� =8<� B 	 !�a< `<~E H�

 9 K��I�?	 s�hY� ! J? rI�*�IF CIaj�!1�.��~' .S ! i

=~� B 	 :	 �|!1<� *� H�;�3� �<~� 	 �3<D.F �<��R J?

j� �F.2P 	 i.�� ��| .
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