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���'!h= )f� H��� ���� .� ,

  پژوهشي مواد پرانرژي -مجله علمي

 89بهار و تابستان  -9شماره پياپي  -1شماره  -سال پنجم

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ���	
 � ���� ��� ��� �������� ������ �
�� �	��� 

 

���� ���	 
 ���� ��	 ������ ����� ����� ��� ���  ���!� ����� �"� ��#$ �  %�&'$�()"  �* 


� �Z!" )*B�,�
�
" /�� 1^  �� ��3 H
�!  i
fjS� ' ��'
.� YZ
� ,� 
3

 1
3'!*� ' 
�!J ���'!*� �
�2 !*I
� ��� 4�
" �4�� 
@�= kj" 
� ���(!�

�� ��!K �"!��� �� ��
� �!*J . 4���' 1
3�
� )%�� ��
���� ��
� 4�
" /��!�
��


.� �
�2 �� ��
� $�
%� )�
.� �� �!�%@� ,%3 �� ' 4��� ���� �� ��N ��']l[ .

,�"�0 �j( !*W �
�2� �N
�
� ,����"� 1
3  !I� ' � �
( �
�2 ��� �� 1�

 �"� 4��%� �"�!� �"��3 dK���]n .[ M'� ,6B
j� ,� H��
\%3 ' �&B�3

 $�!N G�
��� !*W ;�!*I
� /�2!J !P� �� 
� 7�
6� ��
%&0 $�� ,]"
��

,�"�0 ,�(��!0 )�
N ' dK
� 1
3  ���]p .['� H
���&�� �4�� 4�
" �Q�!8 M

 �� 1�!� ��*K ' dK��� ;�!*I
� /�2!J !P� �� 
� ' �
� �
� ��� ,�"�0 O�

4��� ,h���  �"�]q .[,�"�0 $�
%N �� R��� �
�2� ' $�
%N /a ' /�  1
3

 ��!K ,6B
j� ���� � �
( �
�2 ' 1���� `N!� �
� ��� �� dK
� ' )�
N

4���  ���]r[�
�2� /�� ������ H
�� 
@�= �  ,*B'� dK��� ' 1��sJ�
� �,"��3 ,�

���� ���&� . H
%B� 7�� ' �3
���
��= M'� `*�N�� ' 
��C+J /*�?%3

 �8'!9� dK
� ,�"�0 $� �'���'  ,]"
�� �@  �� M�0!" ,��%� �
@a

 �1��Z ' �:
�� R�
�� 
� H= ,&�
.� ' O*�"t0 ' O*�"^� $�
%N u"
0

4��� ,6"��  ���]v .[���
\%3 ' '�*2�"e'!9� ;
]I ' ;
�
6��� $  )�
N 1
3

 
� �� O*�
�"'��*3 �
�2 ' �:!Z �(���\� 1��sJ�
� 
� �O*0'!����� dK
� '

4��� ��!K �"�!� ���� /*N!+J M'� �� 4�
T�"�  ���]w .[ ;�!*I
� /*�?%3 
@�=

���
� �T+�9� 1
3!����
0 :�]&� �x�
� 7'�� ;�!**<�  ' �"��3 1
3

�]&� �� ���� y��( 1
3 4��%� ,6B
j� $�
%N 1'!*� !� ��� . GB
a
� ' H'�!�

��T" 1�
" `"
��� 
� ,�^��a �8'!9� ,�"�0 1�
" ,�*@� ,�  `��!: ' 
3

,�(��!0 E
\��"� /�!��*� H��'= �"�� �@  ����!Q e
&]��  ���]�z .[

4��� H
�� H��
\%3 ' {'�
� ����  �8'!9� ,�TS �!T�!|��� ,"��3 �+Z ,�

 !P� �� 
� 'M'� /�2!J ,�"�0 �?*0 ,��� 1
3  ,� �V�
�S �� �,�^ ��a 1
3

�%� ��T" ��
I `��!: �2
� �"� H��� ]�b '��.[  

 ,�"�0 $�
%N 1'!*� CN���= ' �+2�+J g�!*(�  �� 
� �� ,�^��a �8'!9� 1
3

4��%� �"�!� ��T" `��!: ;�!**<� /�2!J !P� ��� ]�l.[ �+2�+J  '

,�*@� $���
\%3 $���= 1�
" ,�^ O� ,�"�0 �� 
3  ,�^ ��a �8'!9� 1
3

,��� 4��%� �"�!� �� $�
%N 1'!*� >%�CN
� e!� 
� 4�� �?*0  ���]�n .[

E!� �� 4�
T�"� 
� �� $�
%N -*K� 1'!*�  ��C2�)STAGS-A ( ' 4��%� ,]"
��

,�*@� ,+�&� ����%� )Q �� kj" u"
0 M'� �� 4�
T�"� 
� 1�
".  


" �)*+�� ,B
.� /�� �� ,� ��
K ,N �������
� ��� !" ��!�� ,6B
j� ' �(

 ,�2!J ��!K �"�!� ���� ���
� d9�� 1���� 1'!*� ' �j*�� �
�2 )%��

�"� . ��
���� ' ,&�
.� ��������
N ��� !" H���= ' )*+�� �� )S
Q R�
��

4�� �"� . M'� ,� ��� !" �(
" 1�'
�2 �-*.�� /�� >@� R�
�� ��

,��� �� �?*0 ��
�.  

  

., �/�� 0 ��1 "&2 	 ��34" 5�&67  

 ' ��
9: �D
*B� $?*0 M'� ,� �������
� ��� !" �(
" ,� , �� 
�

�%� ��
I 4�� �*B�� �������
� ��� !" ,�'��  ��� !" 7
� 7�8 �� ' ��
�

�� !**<� ��
%� . ��
9: �Oa�N !jK �%" ,� ��C� !jK �%" �� �N!Q 
�

�� !" 7
� ,� �]&� ,�'�� ' $��C2��� $3
N �� ��
� . )\� ��)� (

 1�!� Vj.� !3 �� !*<�� ,�'�� ' ��
9: /**6� 1�!� �
*� ���� 1
3!����
0

�"� 4�� 4��� H
�� D
*B� $?*0 M'� ,� 4�� ,�(
" ��� !" . ;�!**<�

�� ,]"
�� !�� F��'� -]8 ��
9: ' ,�'��  ���!J]�p[.  

  

 )1 ( ( ) ( )1
1

S
( ) arcsin sin

S
i iSθ θ 

=  
 

 

 )2 ( 
( )

( ) ( ) 1 1
1 ( )

cos
( )

cos

i
i i

i

S
t S t

S

θ

θ
= 

  

��2 ,B�
6� �� ( )
1

it Oa�N !jK �%" �� ��
9: kj" !� �� Vj.� ��
�.  

  
  

  

 8��+ �  ��� !" ,"��3 ' �
*� ���� 1
3!����
0]n[.  

  

9 ,+, �/�� 0 ��1 "&2  

 )\� ��)b ( ��� ' �(���\� 1���� �
� ��� �8'!9� ,�"�0 O�

 �
�2 ' H�
.��
� 1���� �
��"� 4�� 4��� H
�� � �
(.  

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ��� �! �"#�� $� � %�	& �	���  

 

���� ���	 
 ���� ��	 ������ ��� ������� ����� �  ���!� ����� �" %�&'$�( � ��#$ �)"  �+ 

  
 8��9 ,  �8'!9� ,�"�0(a)  �(���\� 1���� �
� ���(b)  1���� �
� ���

 � �
( �
�2 ' H�
.��
�]�q[. 

  

 )\� ��)l ( ' �'
��J ���=!� ��� ' '!*� ���=!� ��� �8'!9� ,�"�0 H
%B�

�"� 4�� 4��� H
�� ��!� 1'!*� ���=!� . kj" �� �
���� ' $�!N ;�!**<�

��� k�!�� !�� F��'� �� 4�
T�"� 
� �8'!9� ,�"�0 ��
*  ��!J]�q:[  
2

1

2x
U W

x x
ε

∂ ∂ = +  ∂ ∂ 
    )l(  

2
sin cos 1 1 1

( ) ( ) 2 ( )x
U W V W

R x R x R x x

α α
ε

φ
 − ∂ ∂

= + +  ∂ ∂ 
)n   (  

1 sin
2

( ) ( )

1

( )

x x
U V V

R x R x x

W W

R x x

φ φ
α

γ ε
φ

φ

∂ ∂
= = − + +

∂ ∂

∂ ∂

∂ ∂

  )p(  

2

2x
W

x
χ

∂
= −

∂
     )q(  

2

2 2

sin 1

( ) ( )

W W

R x x R x
φ

α
χ

φ

∂ ∂
= − −

∂ ∂
   )r(  

1

( )x
W

x R xφχ
φ

 ∂ ∂
= −  ∂ ∂ 

    )v(  

 

  
  

 8��: ,  �8'!9� ,�"�0 H
%B�(a)  '!*� ���=!� ���(b)  ���=!� ���

 ��!� 1'!*� ���=!� ' �'
��J]�q[.  

 

9 ,9, ��&� ;<�	� 	 �$7 �$�)&<  

 �� 4�
T�"� 
� O*0'!����� ,�^ '!*� ���=!� ���3 H��
K �� 4�
T�"� 
�

{ } { }Qσ ε∗ =    ��
9: �!2 
� '{ } { }N tσ=  !�� ;��S ,�

�� �"��  ���=]�q:[  

11 12

21 22

66

11 12

21 22

66

0 0 0 0

0 0 0 0

20 0 0 0 0

0 0 0 0

0 0 0 0

20 0 0 0 0

x x

x x

x x

x x

N A A

N A A

N A

M D D

M D D

M D

φ φ

φ φ

φ φ

φ φ

ε

ε
ε
χ

χ
χ

    
    
    
       

=     
    
    
    
        

)w      (  

 

G�!�
�  ��9" 1
3ijA  '( , 1,2,6)ijD i j =  1�!� 
� O*0'!����� ,�^

�� ,]"
�� !�� F��'� �� 4�
T�"� ���:  

11 12

21 22

66

33

11 12

3 3

21 22

3

66

1 1

1 1

12(1 ) 12(1 )

12(1 ) 12(1 )

12

x xx

x x x x

x

x x x x

x

x xx

x x x x

x

x x x x

x

v E tE t
A A

v v v v

v E t E t
A A

v v v v

A G t

v E tE t
D D

v v v v

v E t E t
D D

v v v v

G t
D

φ

φ φ φ φ

φ φ φ

φ φ φ φ

φ

φ

φ φ φ φ

φ φ φ

φ φ φ φ

φ

= =
− −

= =
− −

=

= =
− −

= =
− −

=

          )�z(  

 ��2 ;^�
6� ��t �� ,�"�0 ��
9: ��
�.  

 �!Z �Q�' !� 1���� 1�
�2 �
� ��� �8'!9� ,�"�0aP �
�2 �

 � �
(q  ��%( �'
��J 'aM ���� ��!K .�sB:  

  

cosx a bN P P φ= +              )��(  

>���� /*�?%3:  

2( )
a

b
M

P
R xπ

=               )�b(  

���� >*3��( 1��sJ�
� /*�a ���:  

0
0

2

0

2 ( sin ) sin

2 ( )cos

cos
( )cos

( )

cos

x

a

P q R x x
N

R x

M

R x

qR x
Nφ

π α α
π α

φ
π α

α

+ +
= +

=

           )�l(  

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ���	
 � ���� ��� ��� �������� ������ �
�� �	��� 

 

���� ���	 
 ���� ��	 ������ ����� ����� ��� ���  ���!� ����� �"� ��#$ �  %�&'$�()"  �, 

 ��2 ;^�
6� ��            ���!�� �B
Q �� �!Z �Q�' !� ��
�W 1
3'!*�

�� ���
�.  

N 1�!�4�
T�"� 
� 1���� $%( ' �
�2 ��� �8'!9� ,�"�0 $�
%  ��

���� >*3��( ��+N )*&�
�0 1�!�� >%*�*� )S� ' )��� ��
� ,�"�0 1����:  

  

22

2 2

2

0 02

sin 1
( ) 0

( ) ( )

2sin 1
0

( ) ( )

1
[ ( ) ] sin

( )

2
[ ( ) ] cos

( )

1 1
[ ( ) ] [ ] 0

( ) ( )

xx
x

x
x

x

x

x

NN
N N

x R x R x

N N
N

x R x R x

M M
R x M

x R xx

R x M N
R x x

W W
N R x N

R x x x R x

φ
φ

φ φ
φ

φ φ

φ φ

φ

α
φ

α
φ

α
φ

α
φ

φ φ

∂∂
+ − + =

∂ ∂

∂ ∂
+ + =

∂ ∂

∂ ∂∂
− + +

∂∂ ∂

∂
+ +

∂ ∂

∂ ∂ ∂ ∂
+ =

∂ ∂ ∂ ∂

    )�n(  

  

:, �<&=7 0 "�)  

: ,+, >� "  

 �N 
� �&N�0� ��� �� 4�
T�"� ���� /���5052 
3 �N!�/�C��١  D
*B� '

���.�  ��� �� 4���N-E Glass �"� .,|9��  ������
N �\*�
\� 1
3

,�*��  7'�  �� �&N�0�)� (4���!J ,h��� ���.  

  

 ?	�%+  , ,�*� ������
N �\*�
\� y��(� �&N�0�]�p[. 

23G  

GPa 
12 13G G=  

GPa 
23ν  13ν  12ν  33E  

GPa 
22E  

GPa 
11E  

GPa 

+ @/@  :/B  9C/B  9C/B  +9 +9 @C 

23τ  

MPa 
12 13τ τ=  

MPa 
3
Cσ  

MPa 
3
Tσ  

MPa 
2
Cσ  

MPa 
2
Tσ  

MPa 
1
Cσ  

MPa 
1
Tσ  

MPa 

@B @B +@B :@ +@B :@ CCB +BBB 

  

: ,9,  �� �� ��� �	�  

 �(
" 1�!���� !" �� 7���� ,� �
*� �������
N  _
9��� ��'� ���
�

�"� 4���!J k�!�� ,���� �� ,�*@� A!8 .  

  

                                                 
1  � Huntsman 

��� ��� ��4D <  �D	> ?��$"  E� � &FD ��G� �> �2/� 
�  

A!8 �� 4���!J 4�3
�� ;t\�� 
� ,��%� �� ��
:� E�Z ' �+]K 1
3  1
3

+K'� 7���� �1�*B��,����"� �%&K 
� �  Oa�N !jK ,*Q
� �� �2
:� 1�

 )\� -�
j�)n (�"� 4�� ,�(
" ' �Q�!8 .,��%�  /�� 
� 4�� ,�(
" 1
3

�� d.� ' `*Z �� gt�
N 7���� ��� ���
� . ���T�= E�Z �� H
�*%8� 1�!�

 #a�� !jK ,*Q
� �� D
*B� $���=��� !",��%� 7�8 �  �� ,6jK ' !���+� 
3

4�� d9�� )��  )\� ��)n (4�� 4��� M!� �"� .  

 

  

 8��@  , ,����"� �%&K 
� �+K'� 7���� Oa�N !jK ,*Q
� �� �2
:� 1�.  

  

A!8 �"�!� 
�  
� �+K'� 7���� A!8 ,\��� ,� , �� 
� ' 7���� U+�9� 1
3

,����"� �%&K  �2
:� 1�) )f�n ( $���= ���9�� >3 ,� /�!�%� 1����

 ,*B'� ���� C�� �'� ' D
*B� H= 7���� ' _
9��� �(
" �@  A!8 /�� 4���

���!J ,*@� �J ' ,B�B �� 4�
T�"� 
� . )\� ,� �J �� 4�
T�"� 
� ,B�B 1'�

�"� 4�� ,�(
" e'!9�.  

/*�
� �� G0  ' 4�*��0 H'!N�� ,a�
0 �� 4�
T�"� 
� 7���� 1'�!� 1�
N

,��� ;
*+%Z G�" �"� 4���!J ��! � �?*0 . ��� !" $?*0 1�!�

���
N�"� 4�� 4�
T�"� 1���= , �� ," 
� D
*B� $?*0 4
��"� �� ���� .

 , �� )@a �7
� ,� �]&� ��� !" Oa�N !jK �%&K �� $?*0 ,�'��

�� ��
� .,�^ ���6�  ,�^ '� 7�
6� ��!T�� ,�^ �
@a 4�� 4�*?*0 1
3α± 

�"� .�+*� �
@a Oa�N !jK �%&K �� ��� !" ��
9: �"� !�� . 1�!�

 7!��N )�
K 1
�� 
� �\�!�\B� 4��N �� 4�*?*0 ,��%� ��90 >��� 1�! �

�"� 4�� 4�
T�"� .,��%� �90 >���  F*�� 1
�� �� �'� O� 
3)bp  , ��

��!�*��
" ( '�p  1
�� �� �Z
"pz �"� 4��� ��!�*��
" , ��.  

  

  

  

��  F(�$ 

0 0,xN Nφ 

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ��� �! �"#�� $� � %�	& �	���  

 

���� ���	 
 ���� ��	 ������ ��� ������� ����� �  ���!� ����� �" %�&'$�( � ��#$ �)"  �- 

: ,:, ��"�) H�I�J=7  

 �
�2 ��� ��� !" H���= E
��� 1�!� )\� -�
j� �O*�
�"�'��*3)p (

�"� 4�� ,�(
" ' �Q�!8 H���= ;�C*@��.  H���= �� ,�2� �
\� ;�C*@��

�� ����
]Z:  

�� ��
� �
� 4� �
�2 )%�� ,� ��
K ,N 1C+2 �
�2 ��� HC9�  

b� _= ,&*N H�\*+*" O*�"^ G�  �� 1��� 

l� R�+2 _�� 1��]�= 1�!� !�%*+*� 4� Vj.� !jK 
� x���'� 

n� +2HC9� 1'� 4�� 1�
\��  R� 

p� R�+2 ��� !" `|� 1�!� 4�
T�"� ���� 1
3 

q� 4����� �Z
" 1!*J 

r� ���\*+*" `&a 

v� �
�2 ;�!**<� {!� 7!��N �*+�
K 
� �
�2 !�&� 

w�  �K� 
� �
�2 R*J�/z �
�  

�z� $�!N R�"  

: ,@, ��"�) �	�  

���'��� ' F��!� ,� , �� 
� �(
" ,�*@� ,�'�� C*@�� 1
3 ��(
" ;�nz 

�� , ��  D
*B� ,�'�� 
� ,��%� �sB ���
�nz  )f� ���
� , ��)q ( 4�*?*0

�"� 4�� . ' ���
( H= �� 7���� ��������
N ��� !" �90 ' $?*0 �� G0

/*�
� ��� !" /*�
0 ' ^
� !jK ,*Q
� �"� 4���!J 1�
N . 
� ��� !"

x��� ,� �&N�0� `&a �� 4�
T�"� &a /*�
0 ' ^
� 1
3�"� 4�� 4��
] . ��

_= ,&*N ,����  ' 4�� 4�*�N ��� !" 1'�!� �4���!J 4�
�= )]K �� ,N 1���

�*0 /�&� ' x���'� H��� ��!K 
� ��
@� ��  �&� 4�
�= ,6jK �,8��!� 1
3

�� ��!J . �_= 
� �� HC9� )(�� 4�� ,�&� �
�2 7
%Z� x�+*� ,N �+�� ��

 ' 4�� ,�&� �
�2 7
%Z� x�+*� G�" ' !04����� �Z
" ��Z '� 
� O�  1!*J

 `|� ��*�
0 R�+2 UN �� !�^
� !�%*��
" 4� �'�Q ' ��� !" )(�� ��

�� ��!J . !�N��Q ��
I ;�!**<� {!� 
� �
�2p/z  !3 �� ' $��C2� ,.*K� !� �
�

b/z 4����� �Z
" ;�!**<� ��
�2 $��C2� �
� �"� 4���!J �]I 1!*J .  

  

  

     

                                                a)(                                                                                 b)(  
 8��C ,  H���= E
��� ;�C*@��  

 (a   O*�
%� )\�(b �
�2 H���= ;�C*@�� 4�!%3 ,� 4�� ,�(
" ,��%�.  

  

  

  

  

  

  

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ���	
 � ���� ��� ��� �������� ������ �
�� �	��� 

 

���� ���	 
 ���� ��	 ������ ����� ����� ��� ���  ���!� ����� �"� ��#$ �  %�&'$�()"  �. 

  

     

                                                a)(                                                                                 b)(  
  

 8��K  , ,����"� �%&K 
� �+K'� 7����  Oa�N !jK ,*Q
� �� �2
:� 1�(a)   $?*0 H
�� ��(b) $?*0 E
%��.  

  

  

@ , >	�L" 0�M� ?�"  

E!� 
� H���� ,\�= 1�!� C � ��C2� �� �� ��
9: ' ,�'�� ;�!**<� ��'��� 1�

 F��'� ,� , �� 
� ' >*&.� �%&K 4� ,� ��� !" kj" ���%� 7�� 7
� 7�8

)� ( ')b (�%&K /�� �� O�!3 1�!�  ' ��
I ��
9: O� ' ,�'�� O� �
3

�"� 4�� ,�2!J !P� �� d9��.  

 )\�)r (�� H
�� �� 4�� �*B�� �%&K 4� �3� . 7'�  ��)b (� ;�!**<� ,�'�

�"� 4�� 4��� H
�� �4�� �*B�� �%&K 4� 1�!� ��
9: '.  

 

  
  

 8��N , �%&K 4� ,� ��� !" ,"��3 )��]�.  

  

,\]� 1�!� E!� �� �'��� H
%B� 7�� 1���  ��C2�ANSYS  H
%B� ��shell99  ,N

�� �������
N H
%B� O� �"� 4�� 4�
T�"� ���
� . ��C� !jK �%&K ��

� 1���= ;
 �� ,%3 ��� !"4!J �B
.��  
3(U, V, W)  !jK �%&K �� '

�� C  ,� C*� ��� !" Oa�N  4�� ,�&� 1���= ;
 �� !��� ����� 1
�"��

�"� . �
�2(bar) n�"� 4�� 7
%Z� ��� !" ��'!*� A�j" 1'�!� �.  

  

 ?	�%9 , ��%&K 4� 7�� �� ��
9: ' ,�'�� ;�!**<�. 

��6D " 
?�" ��	��  
 ���4D �>)�%�>( 

?�" �"Q/  
 �> ���4D)&�����"( 

� zn/nw � 
b �z/pb vwr/z 
l qw/pn v�q/z 
n wb/pq rpz/z 
p vr/pv qwq/z 
q pw/qz qnw/z 
r �l/qb qzw/z 
v pz/ql prn/z 
w rn/qn pnn/z 
�z vr/qp p�q/z 

 

C, RL< 	 S���  

C,+, >	�L" 0�M� 8��L7 �� 8TG S���  

7�� E
��� �� G0  ' O*�
�"� )*+�� ' 1�
" ��������
N ��� !" $�
%N

,�'�� �$?*0 ,�*@� ,�'�� /**6� 1�!� ,�2!J ��!K �"�!� ���� U+�9� 1
3  

�"� .�+*� �
@a ��� !" Oa�N !jK �� ��
9: ,�^ ���6� ' !��  
� '� 
3

α±�"� 4�� ,�2!J !P� �� �!T�� ,�^ �
@a 7�
6� � .,�'��  !P� �� 1
3

�� ,�2!J�� ��� !" Oa�N !jK �%&K ,� e��!� 4 ���
� .,�'��  �� 1
3

, �� 4� )]K ,+Q!� ,� �]&� ,+Q!� !3 �� 4�� ,�2!J !P�   ' ,�2
� $��C2�

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ��� �! �"#�� $� � %�	& �	���  

 

���� ���	 
 ���� ��	 ������ ��� ������� ����� �  ���!� ����� �" %�&'$�( � ��#$ �)"  �/ 

 )\� �� )*+�� /�� �� )S
Q R�
��)v (�"� 4�� 4��� H
�� . �� ,N ��j�
%3

 )\�)v (�� 4�3
��  
� $?*0 ,�'�� $��C2� 
� ���!Jpz  �
*6� �, ��

\��� $3
N �&  !P� �� H
�*%8� `�!: $��C2� E�@T� ,� ,� ���
�

�� �\*�
�"� ��
� . �� $�
%N �
�2 �$?*0 ,�'�� $��C2� 
� $�
%N !P� ��

�� ��*0 �B'C� ��'� ,���� �� �B' ,�2
� $��C2� �%N �
*&� ���.� ,� ����� ��N .

 )\� ,� , �� 
�)v (�� d9�� 0 ,�'�� �\*�
�"� !P� �� ,N ��!J $?*

 ,�*@�pz  $�
%N !P� �� ' , ��rz �� , �� ��
� .����S ��  '� !3 ,N

 $?*0 ,�'�� ���
� !P� �� $�
%N ' O*�
�"� �B
Qpz �"� `"
�� , �� .  

 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 10 20 30 40 50 60 70 80 90

Winding Angle (o)

B
uc

kl
in

g 
P

re
su

re
 (

ba
r)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Sa
i-

W
u 

N
um

be
r

Buckling Presure
Sai-Wu Noumber

  

 8��U , ���
%N ' �\*�
�"� )*+�� !� $?*0 1
��'� !*I
�.  

  

C,9, ���7��� 8��L7 S���  

 ,�'�� 1�!� ��� !" �&\� �
*6� !��
.�nz  )\� �� , ��)w ( ����
� '

 )\� �� ���� 1
�"�� �� �������
N ��� !" )f�!**<�)�z ( 4��� H
��

�"� 4��. 

  

 
8V� W , 1
" �&f� �
*6� �������
N ��� !" �� ''.  

  

  
 8��+B  , 1���� 1
�"�� �� �������
N ��� !" )f�!**<�. 

  

H
%3  )f� �� ,N ��8)�z ( ���.� !�N��Q �4�� 4��� H
�� !� �&\� �
*6�

1
" �
*6� 	
"�  ''lpq/z ��  H�*"� 
� ��6� �4�
" �&\� �!� 
� ,N ���
�

 ����
0 �\*�
�"� !P� �� 4�
" ' 4��� ," �'�Q H
�*%8� `�!: �O� ��Z ,�

�"� . )S
Q R�
�� �!�� ���!J �"�!� $�
%N !P� �� ��
� ��� !" ,�*�� ��

�%� O*�
�"� )*+�� �� !*J ��!K 
�]� ������. 

  

C,:, ���� 8��L7 S���  

7�� �� G0 E!� F"�� �������
N ��� !" $�
%N )Q ' 1�
"  H
%B� ��C2�

���!J )S
Q !�� R�
�� �'��� .»$�
%� �
� ,� 4�
" �
� �]&� « �
�2 '

 7'� �� $�
%N 7'� ��� R�0 1�!� $�
%N)l (�"� 4�� 4��� H
�� . �]&�

%N �
�2 `�!: �� 4�
" �
� ,� $�
%N �
��� $�
 ���
�.  

  

 ?	�%: , $�
%N 7'� ��� R�0 1�!� $�
%N �
�2 ' ���
%N �
�2 `�!:.  

 

5�>� 
 
�> "

���� 

 �X2 Y�&/

���� 

 ���� �X2

)bar( 

� � wnvv/z v/l 

b b wnvv/z v/l 

l l wqvp/z vr/l 

n n wqvp/z vr/l 

p p wrrv/z w/l 

  

H
%3  4�3
�� ,N��8��  /�!�%� ��� /*B'� ���» �
� ,� 4�
" �
� �]&�

$�
%� «�� H
�� �� ���!�� ,�*�� �� ,N ��3� �� ���� �� ���.� /�!� ��
� . �
�

 ��Ns� ��Z _!: )S
Q �� $�
%�)wnvv/z 7
�� /�� �� ( ,� �B
%Z� �
� ��

www.SID.ir



Arc
hi

ve
 o

f S
ID

��� ������ �
�� �	�������� ���	
 � ���� ��� ��� ����� 

 

���� ���	 
  ��� ������� ��	 ���������� ����� �  ���!� ����� �" %�&'$�( � ��#$ �)"  �0 

  

           

  

                                                   a)(                                                                                 b)(  

 8��++  , (a   ��� !" $�
%N 7'� ���(b  �&� E
��� �� G0 ��� !" )f� !**<�.  

  

" 4�
) 7�
6�v/l �
� (�� )S
Q ��� . )f�!**<� ' $�
%N 7'� ��� )f�

�� �&� E
��� �� G0 �������
N ��� !"  )\�)�� (�"� 4�� 4��� H
��.  

,� �� C*� �� !��� 1
3��� )\� `*�!� /*%3 ��%� 4�3
�� H��� . 1
3��� ��

	�K ���6� !�^
�  ��� !" kj" 1'�!� 4��= �� ' ,� 1
3) ' ���2�'!2

�J��=!� kj" 1
3 (�� $��C2� ��
� .H
*� ,+�&� /��  !��*� 1'!*� ,� �
*� !J


��� 1�!� !�^
� 1
3�� ��)f�!**<� /*�a � �� ��
3 ��
�. 

  

C,@ , Z<&=7 ��"�) S���  

)*+�� R�
�� ��
���� 1�!�  ��� !" 1'�!� ��\*�
��� ' �\*�
�"� 1
3

�"� ,�2!J ;��S � �
( �
�2 H���= �������
N . '� 1'�!� H���= /��

 )\� �� ,+S
Q R�
�� ' E
��� ,��%�)�b (�"� 4�� 4��� H
�� .  

 )\� �� ,N ��j�
%3)�b (�� 4�3
��  $�
%N �
�2 �O� ,��%� �� ���!J

v/b  $�
%N �
�2 �'� ,��%� �� ' �
�b/l  �
�2 /*��
*� ,�*�� �� ' �
�

�� �
� ," H���= �� )S
Q $�
%N ��
� .�B
Q ��  �"�� $�
%N �
�2 ,N

 )*+�� �� 4��=v/l  Dt�(� !��
*� `+j� /�� ' ��"� �
�bp  R�
�� 1�S��

 R�
�� 
� H���=�� )*+�� ��
� .,��%� ����� �
�2� ;'
T�  ,j.� �� �6� 
3

$�!� !*J��!K )�� �+Z ,� �$�
%�  ��� !" kj" '� !� R�") )��

kj" �J��=!� 
� ' ���2�'!2 (�� ��
�. 

 H
\�� �H���= E
��� ' ,��%� �(
" 1^
� ,��C3 )*B�� ��"� !N� ,� E�^

,��%� �(
" H���= 1�! � ' !��*� 
3 � 1
3H
\�� �2
: �%� !�s0 ��
�. 

  

  

  

 8V�+9 , � �
( �
�2 `&Q!� �������
N ��� !" ���
%� )\�!**<�.  

K, �=��� 
&�[  

 1
3�
� ��� ��������
N ��� !" )*+�� �� )S
Q R�
�� ,B
.� /�� ��

E!� ,+*"�� ,N �� �
( �
�2 ' 1����  �'��� H
%B� ��C2�ANSYS  ;��S

�= �� )S
Q !��
.� 
� �,�2!J�"� 4���!J ,*"
.� �4�� ,�(
" ,��%� $�
� .

 !� $�
%N 1'!*� U+�9� !��
.� �D
*B� 1
��'� !**<� 
� �'��� H
%B� 7�� ��

�� �"�� $?*0 ,��'� `&Q ��= . `&Q!� $�
%N 1'!*� ;�!**<� �����

 1���� 1
3�
� ��� �,�*@� 4�
" 7�|Q 1�!� �� `"
�� ,�'�� �$?*0 ,�'��

�� ,h��� ��
%� . ��7�� �"�!� 
� �6� ,+Q!�  `"
�� ��� �7���� U+�9� 1
3

 �,*B'� ���� C�� �'� ' D
*B� $���= �� ���T�= /�!�%N ,� ��
*�"� 1�!� H=

www.SID.ir



Arc
hi

ve
 o

f S
ID

 ��� �! �"#�� $� � %�	& �	���  

 

���� ���	 
 ���� ��	 ������ ��� ������� ����� �  ���!� ����� �" %�&'$�( � ��#$ �)"  �1 

�� ,�(
" ' /**6� . ,�(
" ,��%� $�
��= 1�!� -*.�� /�� �� /*�?%3

 �
�2 /**6� �*+�
K ,N �� �
( �
�2 7
%Z� H���= 1�!� E�^ ;�C*@�� �4��

 $�
%N�� ,�(
" ' �Q�!8 ���
� ���� C*� �� . ,� ��
*�"� 	
"� /�� !�

 F"�� �!P� ���� ,��%� $�
��= ' 4�
" �(
" ' )*+�� ��Q�!8 ���=!2

�"� ,� R��� ��"� 4�� ,�(
" ' �Q�!8 ��P�� /*%3 ,� ,N ���C*@��  ��
�

 ,�,��� M'� 
� ���� !" �(
" 1�'
�2 �"� 4���!J �?*0 . Dt�(�bp 

� 1�S�� ���!�� $�
��= R�
�� ' �'��� H
%B� )*+�� �� )S
Q R�
�� H
*

�� 4�
" �Q�!8 1
3!����
0 �(!� �� ;'
T� )*B�� ��
� . /�� �� ;'
T�

4����� 1
j( ,� e��!� !��*� 
3!����
0  y��( /**6� �� 1����!0� ' 1!*J

�� ���
��= ,��%� 1�!� ,�2� �
\� ���� ��
�.  

 
\%�&"  

 [1]. Lubin, G. “Hand Book of Composite Materials.”; Van Nostrand 

Reinhold Co., First Ed., 1982. 

[2]. Rosato, D. “Filament Winding its Development, Manufacture, 

Application and Design.”; John Wiley & Sons, USA, First Ed., 

1964. 

[3]. Anderson, J. D. “Modern Compressible Flow: With Historical 

Perspective.”; McGraw Hill, 2004 (Translated by Emarati A., 

Persian, aero space publisher)., 2006. 

[4]. Yamaki, N. “Elastic Stability of Circular Cylindrical Shells.”; 

Amsterdam, North-Holland., 1984. 

[5]. Holst, F. G.; Rotter, J. M.; Calladine, Ch. R. "Imperfection in 

Cylindrical Shells Resulting from Fabrication Misfits."; J. Eng. 

Mech. 1999, 125(4), 410–418. 

[6]. Ansourian, P. “On the Buckling Analysis and Design of Silos and 

Tanks.”; J. Construct. Steel Res. 1992, 23(1–3), 273–294. 

[7]. Shen, H. S.; Chen, T. Y. “Buckling and Post Buckling Behavior of 

Cylindrical Shells Under Combined External Pressure and Axial 

Compression.”; J. Thin-Walled Struct. 1991, 12, 321–334. 

[8]. Golzana, H.; Showkatib, B. S. “Buckling of Thin-Walled Conical 

Shells Under Uniform External Pressure.”; J. Thin-Walled 

Structures. 2008, 46, 516–529. 

[9]. Sofiyev, A. H.; Korkmaz, K. A.; Mammadov, Z.; Kamanli, M. 

“The Vibration and Buckling of Freely Supported Non-

Homogeneous Orthotropic Conical Shells Subjected to Different 

Uniform Pressures.”; International Journal of Pressure Vessels 

and Piping. 2009, 86, 661–668. 

[10]. Brown, R. T.; Nachlas, J. A. “Structural Optimization of 

Laminated Conical Shells.”; AIAA J. 1985, 23(5), 781–787. 

[11]. Baruch, M.; Arbocz, J.; Zhang, G. Q. “Laminated Conical Shells-

Considerations for The Variations of Stiffness Coefficients.”; 

Report LR-671, Faculty of Aerospace Engineering, Delft 

University of Technology, the Netherlands; April., 1992. 

[12]. Baruch, M.; Arbocz, J.; Zhang, GQ. “Laminated Conical Shells-

Considerations for the Variations of the Stiffness Coefficients.”; 

Proceeding of the 35th AIAA / ASME / ASCE / AHS /ASC 

S.S.D.M conference, Hilton Head, SC, 1994, 2505–2516. 

[13]. Goldfeld, Y.; Arbocz, J. “Buckling of Laminated Conical Shells 

Taking into Account the Variations of the Stiffness Coefficients.”; 

AIAA J. 2004, 42(3), 642–649. 

[14]. Goldfeld, Y.; Arbocz, J.; Rothwell, A. “Design and Optimization 

of Laminated Conical Shells for Buckling.”; J. Thin-Walled 

Structures. 2005, 43, 107–133. 

[15]. ASM International Handbook Committee, “Engineered Materials 

Handbook.”; Volume 1 – Composites., 1987. 

[16]. Youngjin, Ch. “Buckling of Composite Conical Shells 

Undercombined Axial Compression, External Pressure, and 

Bending.”; Ph.D. Thesis, New Jersey Institute of Technology, 

Newark, Jul., 2001. 

 

 

www.SID.ir


