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�����: ����  ���	
 ����� ��� �� ���� �� �
 ��� �
����� � ���� ���!" #� �� �� $%�� &�'

 $%��(' �� % &)
����� $�� ���� %�� . *!�!+ ���� ,� �� �� %���� �-� #�/0��� &!�  %

$�� ���1 ,���-������� �2� 3�"�4� !��� �5" � .�67��� 8�� % ���9 �:�� �� �� )m/s </> ( ��

 ,(
 �� � $�
 %���� ��@+ A�B ���C� ����� �5(� #� ���� !	DLS-DYNA ����E� F�% �� �  G&�

-���	� /�5H��� A�I�� � ��@+ .��B�2 %�
 �� ���&#��7!� �J� ���� GGK�%�L7� G��M�7� GA��	���7�   

�(�5+ ABS  85�+��+ �5+ ��B�� N��O�� A�B �(EPP31)��  !��� . ��	�0)� � /�O���� ��!� % ��� 8��

�� %�
 �� P� ���% !��% .$� #� $�Q��� �� �� �!H� P�(7� �!� 8�	R(' ����� &�' K��� �� �-��

 S���<T�� &!"% P�!� ��B�2 �U� % �6��� ��� $ .����E� F�%  V	� 8���W�� ��X �� &�

�B�2 A�I�� �W'�
 Y��� � V��
 �Z
�!X G�� �� $%����� �[�� ��%�� %�� �� �� ����� 8�� �9� ��  .

$� P�W� /�5H� %�� ��  �� $%�� �W'�
 Y��� � V��
 GV	� ���E� �
  ��E��� �\����� ��

%� ����� �������M� � ��5�� V	� G������ �� . ��	���+ ��5�� V	� &�%� ���� �D �' �-�%�] ��

�� !'��� ��(
 �� �� $%�� �W'�
 Y��� � V��
 � V	� %�!E� !��� &��(
 ������� .A�B  &�'

 � ��M�7�EPP31 �� �-	�� 8(1 $�� ���� &^��� Y@� ��"�� &�%� �� ��� !�%� )�� ���� A�-H�

�� �� $%�� �W'�
 Y��� � V	� �Z
�!X ���!H� �� ����G G��5�� V	� 8���(
 �� K�%�L7� A�B 

 ��6� �W	�MPa_/`�
 %�� �� �� $ �WO	� &^��� Y@� % P� &M�� ��5��[ $!	' P�W� �
 

�� %���� #� /"�X !��� . #� $�Q��� �� )�� A�B 8�� P��� ��� #� ��(
 �W'�
 Y��g_TT %�� �� �� 

�� 8(�� $�!H� % �
 �
 !���.  
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 ��� ����� ��� ����� ��� ����	��� ����� ���	� �� �!�"�� �#	$�� �%  
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&�%' ()*)
 + �% �	,-%� -�),� ./	0 !	�$� ��" 1�� !�  .
34)5 3�+��  6���7	480 !� �% � 9! �:4���! ;��� 4,� (< 

34= 7�� (� �*� >	�4)5 -%� .� !��34�� &�%' 6 	? #	:� 7	@

                                                                 
 ����� �� �	�
� ����/�/�� ����� �� � ������ ��/�/�� ����� �� 

�� ����� ����!.  

 "#$����%� �&'����,����� � ���	
�� 	���������� ������ ������  � 

��
��  s_rajaai@iust.ac.ir   

() *�+!�#-� ���0,� 	��� ��
���! �����"� ���	
�� 	���������� �� �

��
� � ��� ������� nezamali_bakhtiary@yahoo.co.uk  

1�
� ���2� 3��4�,"#���� $ ��%�!� �	
�� 	���������� �� ��� � ��� ����

��
�� shahab_baghaei@iust.ac.ir  

.��3��� -%� �� �! ��" #	
 (<  34= 34,	A 4�� =	� B"� -%�� 
C0 + 3��� DE�F G�	H� ���0	� -0	$ �)"� (� ��	I 

=�J)AE� � 4=	� .��� (K	$ 6� �L�	-<�0 M��4��� N!.� � !� +�
 #	� 74 B<)(��	P ���( � 4=	� (��!�R (�  S�= !	E� ���

.��4= �C0 + 34= 4�T@� !� �� B"� 34,	A #+4� UI�� ��	� 
3��� -%� �� �! ��" #	
 �% !�  -%�.  (@K	V 6�� G4, (< 	*�' ��

 ��� ����� B$
 W� 	� �!�"�� !� �% �� 3�!�+ �	,+��� X�� �����
� ���� 4=	�� �@%4= -%� 3 (< �� �� U�	 !� (C�! !	< (� � ��.
�
 ��"��+!��"��= (C��: �LK�  . -%� �.�� 34= �CY%!	< ������K'

#�C% !� (< A + B� 3�	ZC%� ��[���  ��= . �)���ABS ��� �
 #���5 (� .�� (C�	� \	$[�� 6���+�� ��� ��� + ]�!�JK' ��� �-�^�K'

www.SID.ir



Arc
hi

ve
 o

f S
ID

12                                                                                                                                                                                                                                                                � $ 3���45� ��"��6	 ����&� ��-� ���� $ 3���45� ��"��6	 ����&� ��-� ������7���8�� 9�����7���8�� 9��  

 

��� ����� ��� � 7	��/.� + ����� ��
 -_
 ���� ��"�� �	T� !
 ��[���3��� !	< (��  4��=.  

  

� . ���� ��� ����� ����  

��� ����� ���  �	,!	� -�� + 3��[� &�8 (< 4�C$, ���� ����
� ��� ����� 3�!�+  ����� G�8 �! 3�!�+ !	� ����� �� �AY� + 4�,�

� ��= 4��< . !� >̂ �)@ + 3��� 6��	� (C�$��� ��!�� ��� 6��
' !	C"	%3�Z0 	_�  6��E (� (
�� 	� + �!�� ��
+ ����%+��� �	,

3�Z0 ��� (� �!	C"	%  	� !��cellular materials��� 	�   	,
4��+�@ .��� ����� ��� X�� ���� ��!�� ����� ��	
 	� ����`
 X��<G	84�C$, X��< �� �@�%+ (��� !�  . !���)�X��` X��<

��= !� ���� 6��E)a (4= 3��� #	A�-%� 3.��� 6��  W� !� 

 (� ��%� -�	P X��plσ� (CY�$: ���C%b� 7!�8 (�   + 4��=

 W� �� X�� (���� #+4� 3�+4� 6�� !� �! 3�!�+ !	� �� �8	0 �����
 40� ��
 4�< �+	*� 6�@ �<�4 . �	� (� ��< -K	0 !� ��� 6��

W�C%^� ���`� 34�	� �	< W�C%b� =X�� !���)� + 4��`
W�C%^� ��� �c X��< �� �4�Z M�	� 	� 	_�' X��<` W�C%b�

� �	< 4=	�.  (� -@�8 !� 3��C$: 7!�8 (� ��� 6�� 3�+��
 �!�"�� �� �8	0 ����� ��
 !�d�)�A[�
 ����� ( !	< (�

� 4�+!. + #4= 3��A� �� 4@� (< -$��� ��� 6�� ���V !	C�! 
 �A[�
 ����� ��
4�!�4� �5	*�!� -�8	" �34��< �!�"�� B$
 .

34��< �!�"�� B$
 �R	" 6�), (�(impactor) e�5 -_
 !� 
-=�� 4,��Y� ��	C= . !� ��[��� !� ��� 6�� �� 3�	ZC%� 6����	��

� f5	� �!�"�� #	�  34�4� 4�< �!�"�� 	_�' (� �% �:� (< ��=
whiplash  4CZ�� g	Z����K� #��: + �% (� &�%'  4,��" �I�40 (

4�%!. 

 
��� �. ��� 	
�������
 ���� �� ���� �� 

 ����
 ���� ]�[ 

 
� .
�!"��  

��� .�! ��� " #!��$  

 !�(�.*������ +  ���	��� �	,  �� �!�+ 7	��?�%3��� �  �	,
 �C�	�!�(
�� 	� �	C= (� ��%  (%4�, + h��" #'� -%� (� 4�' .

 �	C= !� 34= �	*���% +  �� �T@�h��" �L�� (C�$��� (� (C$��+ 

#'�  4=	� .�����+4� #	)K� i4 #�!+' -%� (�  �@I�+ 3��4�� �
 .�� 	_�' i	H�� �L��LE + �% �.
� W� W� ����	� h��" ��%

-%� ��^ .h��" �(C�$���(%4�, +  ��4�� 6��  ��� 6% (� (C$��+
� 4=	�#' (� (
�� 	� + �	��� ����� !� #	$�� �% !	C�!  !� ���
6% -%� 7+	ZC >b	< j�CY �	,.  �<��< #�!+� �� 7������ 6��

k��� 	� 6% X��.�� 	� �C@��%  ��!	�=' +-%�.  6% X��.�� 	� ����
� ��)�� ��� �4�[���YC%� ��= W� �4�[���YC%� 4=! (��!�R (� 

 -%� 7+	ZC >b	< lK	� ��� W�+ #��
�� W� 	� m��<]o.[  
	$K4 + ��	% (�[= #' ��� (� �H�� h��" 	� �% �� 7	�	�� 	�

 ��
���� 4,��" 6�)��q �C0 + ��A !	�$� ��< -K	0 !� .
 �� �% (%4�, #�!+' -%� (� ���� ��< -K	0 !� 6����	��

3	LC%�  �c �Z�CY �	,CT-SCAN �MRI + CMM TP

2
PT3��� �  �	,
r"	= ]	%� �� >̂ �)@ (< �����	�' + �!�4�	C%� 6�@ �	, (@	
 

� -%� 34= 3�	ZC%� s4�=	�(C%�� W)< (� �! �% (%4�, 	�   �	,
� 6�)Y� ��T�� + �+�< 4��� .3���  ]	%� �� �����	�' �	,

� �% !� (< ��	_H"	= � -%� (� 4=	� 4�' ]t .[r"	= 6��  	,
 ��= !�o34= 3��� #	A�  -%�.  ���� X��!	�), + 6���< 6��%

 !� �% 3��4�� �P� �%!�� 	� �! �% ��< 3��4�� #' �� 3�!�+ m�= #�.�
3��� (� (
�� 3��� (/�!� �!�4�	C%� �	,  �	_H"	= ]	%� �� (< 4��

� (@	
 6�@  4=	�]u.[  
  

  
  

��� %.&'�� �(
��
 )*+� ,-� �! ��$/�   

  
(@K	V !� ���	, + &�/�= �L�� �� 3��4��  �� ��L�� �!�4�	C%� �	,

(%4�,3b< -$� !� �!  	,4���� !��I (@K	V �!� ��)�� � ]v .[
 i	% !� #	Eawxu (Chan) i	% !� -�)%� 4�: + �y�y< �awxo 

(Kenner and Goldsmith) i	% !� �!	��, + ���" �awwx    
(Khalil and Hubbard) + �+�< (C%�� �� �% (%4�, (/�!� ���� 

4���< 3�	ZC%� ��T��.   
 i	<!	 + ��!	,(Hardy and Marcal)  i	% !�awxt + ���� �

 i	<!	(Nickell and Marcal) i	% !� awxu���, + ��K �       

                                                                 
T

�
T .&�	�� �����  '�(�)� $%�*(Coordinate Measuring Machine) 
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 �� ;�< =��-< $ 3>�?��� �� ;�< =��-< $ 3>�?��� ��?	� ��?	��$�-� ����� @$� �� ��A* ��B ���C< 
?& D� �� =��7� >� ���E�� ���$�-� ����� @$� �� ��A* ��B ���C< 
?& D� �� =��7� >� ���E�� ��                                                                                                                    1F  

 
(Liu and Hosey) i	% !� awza �!�+ + (Ward) i	% !� awzo 	� 

3��� �� 3�	ZC%�  ���� ���	�' �	, 4���< 3�	ZC%� ��	$K4]{ .[
:!	-K�[�	� + �K� (Margulies and Tthiboult, 2000) i	% !� 

o||| i	% !� + awwx�E+�	 � #�!	�), + ��$(Mazuchowski 

et al, 1997) �� m��< W� �% �� ���	��� �	,!	� (@K	V ���� 
4�C$
 3�_� 3�< B�� �+4� #	)K� i4 ]o .[ ���	�' (� (
�� 	�

���+��� -Y� (�^ (% �	= ()*)
 #��YC%� ��%  �*�Z%� (�^ 
 6�� (< -%� ��+!� -Y� (�^ + ��	� (� �<��< #�!+� !� (�^ (%

� (E!	J�� 7!�8 4=	� .(�^ (% -	Y?  k��� #�!+� !� ()*)
 
� -"����� 7!�8 (� >	[���� 4=	�.����� !�   W� 3!��), .�� 	,

 -�	P -	Y?x ̀t���  34= (C��: �d� !� ()*)
 ���� �C -%� 
]{.[  

  

0�� .,1�2 3�*���� 4
�' /�5�
 �!   

�.� -�	� + ()*)
 ���� �����K��� � 4�C$, . + ��� h��"
$�
 �6% �� �@�	� �����K��� �	_C�	�-� 	_�' �� 3�!�+ !	� !	C�! + �

� =	���)� �+��� �%4�_ ��� �!	C"	% }��+! �� + 4 4��< . 6��
 W�C%^���$�+ + �V"��q �6L),	� �~+��+.����q &�q� ���

4�C$, .Y ��.
� 6�� ��	�� 7������� +���� �� 4�E �T5 W� j�C
�!�� ��
+ �����K��� �/.
. X��< 	� �% g�� t|`u| % ��" ��
� #	A� W�C%^� -�8	" � f5	� �CA�� X��< �K+ 4,�  ��=

X�� !���)�`��= �@� 7!�8 (� #' ��� ����� ]{ .[  
? !�4� .�� ()*)
 ����YC%� (�^ (% 6�� !��%'�� &�� (�^ #

� �%	) + �5	@= -_
 !� �*�Z%� (�^ �K+ -%� 7+	ZC B, 	
 -�8	" ��" �� ��+��� -Y�Transversely isotropic #	A� 

� 4,� . ��	_K� W(Mc Elhaney) i	% !� awx| �++ �(Wood) 
 i	% !�awwx X��< 9�� (� ()*)
 #��YC%� (< 4���� #	A� 

 .�� (C�$�C%^� X��< 9�� X��.�� 	� (��!�R (� -%� ]	$0
� X��.�� 4�	� . (� X��.�� 	� -$�= X�� 4= ���@ (�	A �=+!

� X��.�� .�� X��< 9��  X��< 9�� 	� ��	_� X��< (��K	0 !� 4�	�
� X,	< 4�	�. ��C$<	" + 4�Z% 3�	�  .�� �	H5� BC$�% !�

4�C$, �.<� .  
 7	_
 !� ��C$<	" 3�	 	� �!�� W��+��+.�� -�8	" 4�Z% 3�	

#	A� ��" �� ��+	ZC !	C�! j�CY�  4,� . (���� (� (
�� 	� .�
 ��!��z| %� �' B<��� ��	I ��q i	�% �c �!	C�! 4=	� 4,��" 
-=�� ]{ .[  

 i	% !� X��!	�), + 6�4K�!��awwz�% ��	$K4 ���� #	$��  �� 
3�	  (� W�C%^� ����
 va/u #	%'�� &��? 	� ��:���< t/| 3�_� 

C%� �% ����� ���� (C%�� #	)K� �� + 4�C$
4���< 3�	Z ]x .[ !�
 i	%����	%� 6���	< �W����< .C�� ����� ���� X��!	�), + 

                                                                 
3
 White and Gray Matter 

4
 Klinich K.D 

 ����	� h��" s(,	 X= m��< W� �% �� ���	��� �	,!	�
3�	 �! m��< �% ()*)
 4�C��: �d� !� W�C%^� �� ]� .[ �����

	<	�)$
 4�E ���	��� i4 X��!	�), + �E   �% ��+ �! #��: 
 ����%!���� X�� � S	�V8��!�"�� ��V% 64���� (/�!� .  h��"

�% i+4
 �[R ����� 6�� !� o34= (C��: �d� !�   -%�]z.[  
  

�"�� �. ���� /
��6 #2 �! #7� 3�*���� 4
�' 

 �*8!9
��5�"]:[  

 +�	�

,-��  

 ��%� +�	�

'	� �/"0  

 ��%� +�	�

'	� 	
��  

���)1   ����

���	��
��  

K=3.32 
GPa  

G B0
B

=8.2 
GPa  

G B∞
B

=2.29  

GPa  
3.3mm  E=5.58  

        GPa  
  

 -�	P i�+�(decay)i4 6�� !� s P

-1
P ����=β 34= (/�!�  !	C�! + -%�

-0��C%�X�� ��	%���' !	C�! 	�  �% (Relaxation behavior) 	� 
34= j��@� ��� (V��! -%�.  

  

)�(                         te)GG(G)t(G β−
∞∞ −+= 0  

  

 �E + ���<)King + Chou(  i	% !�awx{ X�� �%!�� ����
 ��	� �� �!�"�� !� ()*)
 (� 3�!�+ X�� #�.� �� �!�"�� -5�%

 W� �� �4@� (% i44���� !��I ����� �!� �! ()*)
 . 6�� !�
 i44�,� ���A� (�^ (%3  ()*)
�%s��+��� (�^  ���	�  (�^+

4= ����� W�C%^� W��+��+.�� h��" 	� ��+!� .� ���� ( -%�
 !�4� #�!+' + X��()*)
 #+!� !	A�
 W� s$ !� �
!	" B

 -5�% +�	_��+ � �!�"�� �% (� j�CY ��< . �!�"�� (�+�� B$

 �% (� (�Z8 !�Sagittal  ��� (� -[$�  	�(�+��°�� � g	Z�� �	C�� 

� ()*)
 ��+!� !	A� !�4� + ]	)� �+��� !�4� -K	0 6�� !� (
4= 3�!+' -%�] w.[  

  

���. �! �"�;� /�<
 ���/�5�
  =��� "   

 4< �� �!�"�� 34�4� ����� !�LS-DYNA 3�	ZC%� 4���: (� �% + 
3�	 #���5  �[R ����	� h��" + (%4�, 	� W�C%^���$�+ ��

4= ��	$K4 ��[I 7	@K	V . �!�"�� (�+��U�	 (� �% !� 
(�Z8Sagittal   	� +(�+��°�� ��� (� -[$� -����� �	*�� .�� !� U�

 i+4
 �[R ����	� h��" 	� 34= (C��: �d�o 4���: i4 . #�E
($�	� 1�� �� �%!��  �������� 1�� !� .
 (K�$ }���= � #	$�� 

4= (C��: �d� !�)  i+4
o( . ��� (��< ���� .�� U�	 -	Y?u 
�C ���4= ���  . �!�"�� -5�%mph av) m/sv/{ ( (� (
�� 	�

 �	*�� ��[I 7	@K	V-��: . �	= ����� 6��twao + #	)K� twuv 
��� 3�: . ��= !�t 34= 3��� #	A� U�	 	� �% �+4� #	)K� i4 

-%� .BC$�% �� 3�	ZC%� 	� 3�	 �, ���� ����� #	� 74Pentium 

Four-Full Cache 2.8 GHz, Dual Channel  �+40 o|`z-5	%  
(� i�R 4�	*��.  
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�� ������ ����� ���� �	�� � ���	
�� ������ ����� ���� �	���������� ������������ ���  
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(��� )*+�  
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.�0��� 1��2  &&/#  &&/#  &-/#%&"/#  &-/#%&"/#  -/#  

3���4 5�4  
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70��� )*+�  
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7�9: )*+�  
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� .����� �	 
�� 
 B)�.<	 ���	� i+4
 !� ����� �� �8	0t-%� 34= 3��� #	A� . 

 !� �!�"�� (d�K(��	P ��� �!	_E� g	Z��  4C�� . !� 4= 34,	A
 + ������K' U�	 	� �!�"��ABS� �% !� �!�"�� (�0	� s i�R !

 #	� i�R !� (���� 6)? �!�4� ��	*�	
 + 3��� -�	P �!�"�� #	�
 -0	$ �I�40 + X��< B)�.<	 + X�� B)�.<	 ��!�� �!�"��

��� . i�R !� -�^�K' + ]�!�JK' U�	 	� �!�"�� !� (�0	� 6�� �K+
� #	� ����� ��4 �!�"�� #	�  + ���.��  ��!�� X��< + X��

��� ��C)< .�, �% !� �C<�0 (��L��, ]�!�JK' U�	 (� �!�"�� �	L
� ^	� ��	� 3�	� (E�, + -=�4� e�5 -_
  ]	)� (�0	� -�!

� �CA�� � �CA�� U�	 !� .�� ��� ����� !�4� + 4= 4=.  ���R ��
 X�� + ��� �C:!.� U��� ��	% (� -[$� U�	 6�� !� �!�"�� (�0	�

$� U�	 6�� !� �% �� 3�!�+��� �C)< U��� �	)� (� -[ . 6���),

                                                                 
5. Alporas Foam 
6. Alulight Foam 

7. Expanded PolyPropylyne (31Kg/m3) 

 (� !�4� 6��C)< !� .�� #' �A,	< �	C= + �% �� 3�!�+ X��<
4' -%� .��=!�)u(�!�"�� (�0	� #	� ����� ]�!�JK' ��� 	�  

-%� 34= 3��� #	A�.  
  

�"�� � .�	�'�2 ��A 	� �B�C ����D� E�F��� 
  �������	
  ABS EPP31 ���	
  �����	
  

 �������

� ���

 �����  

�/����  !/"!�"  �/#�!  !"�$  ��/���  

 �������

 %�&

)Mpa(  

�/!"'  "/�!  �/!#  #/!�  �/�  

 �������

%*+�  

''$#/'  ''"�/'  ''!�/'  ''!"/'  �����	/�  

  

 
��� G. �	�'�2 /��( ��A 	� ��� E�F��� #*C�� 3��72�� 

,�9�<� " H
	�I<� =��� �2  

 

  
��� J. �K�-2 =��� " �! L�1 �**M� =��� #2 �	�'�2 L

3��*�*��<� 

  
 74 !� �% (� 3�!�+ �A,	< �	C=v !� .�� �!�"�� �� (��	P ��� 

 !���)���=){(-%� 34= 3��� #	A�  . U�	 !���)� 6�� !�
 �	C= B)��� ]�!�JK' U�	 + �A,	< �	C= B)�.<	 ������K'

3��< �!�+ �% (� �! �A,	< -%� .� #	A� !���)�  9�� (< 4,�
	< U��� ��	% �� �CA�� ������K' U�	 	� �!�"�� !� �% �	C= X,

�  + ]�!�JK' �-�^�K' U��� �K+ 4=	�EPP31 �	C= X,	< 9�� 
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 �� ��� ��	
� � ������ �� ��� ��	
� � ������ ����� ��������
� ����� ��� �� ���� ��! ���"� #�$ %� �� ���&� � ��'(�� �����
� ����� ��� �� ���� ��! ���"� #�$ %� �� ���&� � ��'(�� ��                                                                                                                    )*  

 
� �!�+ �% (� �! U�	 6�� (� -[$� ��C)�b 4��< . X�� ���	�

 U��� ���� .�� �!�"�� #	� i�R !� �!�"�� (�0	� !� �% �� 3�!�+
 !���)� !� j�CY=��)x(-%� 34= 3��� #	A� .  .�� !���)� 6�� !�

 (� �! X�� 6��CA�� 3	��< !	�$� ��	� 3�	� W� !� ������K' U�	
� �!�+ �% � #	A� �! (��? 34�4� ��?+ (� (< 4�<  6�� !� 4,�

 (< -%� �:!.� X_
 W� ��!�� #	� &$0 �� X�� !���)� U�	
 >	[����{|�P� �� 34= �	*�� X�� ����� � �%�!�JK' U�	  4=	� . ��	%

 #	� (� -[$� ��� -"����� (��� 	� ���� ��!�� .�� �L�� U���
�)� 34,	A 	_�' !� �A_
 + 4�C$, ��=. #	A� -�8	" 6�� 

� ���� ��� ����� U��� !	C�! 34�,� 4=	�.  
 !���)� !� .�� �% �� 3�!�+ X��<��=)z(-%� 34= 3��� #	A�  . 6��

 .�� !���)�� �% �� 3�!�+ X�� !���)� (�[= 4=	� . .�� !���)� 6�� !�
� 34,	A  6��C)< ]�!�JK' U�	 �� (�8	0 X��< 9�� (< ��=

 6�� (� �% �!�"�� !� .�� �% (� 3�!�+ X��< !�4� (���� 6)? 3���
� 6��C)< U��� ��	% 	� ($�	� !� U�	  U�	 (��K	0 !� 4=	�

 B)�.<	 ��!�� ������K' 3	��< !	�$� ��	� 3�	� W� !� �A_
o 
� (��	P ���  �% (� 3�!�+ X��< 9�� + 4=	� .��� �c<�40 4=	� .

� W�C%^���$�+ 3�	 W� �% (���� (� (
�� 	� 6����	��  4=	�
U��% X��< 9�� 6�� (� -[$�� >	@��% ��� -K	0 !� + 3��� ]	$0 

-$�= 4,��". � !	dC�� (< !�V�	),  U�	 -�! �*� ������K'
 -A:�� -5�% 6���), + 34= �% �� B)�.<	 X��< + X�� (�
 #	� 74 (���� 6)? 3��� U��� ��	% �� �CA�� �!�"�� �� 4@� �%

-%� 3��� �I�40 #' 	� �% �!�"�� . -�8	" 34�,� #	A� (), 	_���
� U��� ��	% (� -[$� ������K' -�[�8 + �5	*�!� 4=	� . (�

�L�� ���[@� -�8	" rebound U��� ��	% �� �CA�� U�	 6�� 
� 4=	�. � ]�!�JK' ��� #' ��	� (V��  + X�� 6��C)< (< 4=	�

� �!�+ �% �� �! X��<  + X��< + X�� 7������ (���� 6)? 4�<
 (� U�	 6�� 	� �!�"�� !� �% �	C= + -5�% 7������ 6���),

� �	*�� ��C)�b 7!�8 ����� . (< !�V�	), ����� !���)� !�
-%� 34= 3��� #	A� U��� 	� �!�"�� !� �% -5�% (� (C�� 6�� 

 ]�!�JK' U�	 (� �!�"�� �	L�, �% (< -%� #	�� ��	I ���"
 �	C= W� 	� #' -5�% + (C=�4� e�5 -_
 !� �C<�0 (��L��,

� �� #��% -)% (� -�	P >	[���� �A,	< 4�<.  �� �8	0 ��	C�
 +� 6�� U�	���" (� !4�	�%� (V��! !� ]a| [-%� 34= 34�	*�:.  

  

Comparison based on acceleration
up to 5 msec
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Comparison based on stress
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Comparison based on total strain
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�+, ).�� �� -���� ���/ ��0�� 1��� �� 2	34� 5��'� ����&�   

  

Comparison based on resultant velocity
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��� S : �! ,6�! U
�**M� H�!
 �2 VQ8+� =�
�� #5��D�

�	�'�2 	��-�� �2   
  

 i+4
 !� �!4� ��	C�o  	,!���)� ��	% +� #	A�  ��� (< 4,�
 U��� ��	% (� -[$� �! ���^	� ����� ��
 #�.� -���	I ]�!�JK'
 ���� �	* �A,	< �	C= B)�.<	 (���� (� (
�� 	� 6���), �!��

 �%gt||�   �% (� �! �A,	< �	C= 6��C)< .�� 3�	 6�� 4=	�
� �!�+  4�<(< >	C�	_� �)� �% (
�C ��V" ��=.  (
�� 	� ���R ��

 }%�� (< ����� ��
 -_
 ��� 6��C_� �	YC�� �	,!���)� (�
 ���[)< 6�%4�_]�� + � [(CES8) 34= (/�!�  .�� ��� 6�� �-%�

 ��� �A��MPav/o� �!�+ �% (�  4�< . #�.� (� (
�� 	� 6����	��
]	%� �� �% �� 3�!�+ X�� + �	C= �)�� �A,	< �	C= -��+4� 

� �@�	 6��� 6)�� ��� 6�� s3�!�+ X�� +  ����� 6�� !� (< 4=	�
-%� (C��: !��I ��	��!� �!� . �L�	�� ����� �� 34' -%� (� ��	C�
� 3�	 !	C�! �� ��	,�C�!	�  �P� �% �� 3�!�+ !	� #�.� !� (< 4=	�

                                                                 
8

- Cambridge Engineering Selector 
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)6                                                                                                                                                                                                                                                                , � ����34� 7	8��9� :7��$� ��
� ���, � ����34� 7	8��9� :7��$� ��
� ���7��&��';�� <�=7��&��';�� <�=  

 

� 4�=	� .	� (E (< ��= 6�@ -%� ��^ 6����	�� U��� �� ��	,�C�!
 X�� �% �� X�� !�4� #�!+' 6��	� + ����� ��
 #�.� !�

(C=�� 4��.  ��C�!	� (% U��� B��$� �	��C%� + (C�$�C%^� �(C�$���
�!� �!� ����� 6�� !� (< 4�C$,� !� 	_�' �P� + 4�4= UI�+ ��	

4= UI�+ �%!�� �!� �% �� 3�!�+ !	� #�.� .���� �� �8	0 ��	C� �
 �	,!���)� !�a| 	� ao X�� &$0 �� )�	��C%� ( ��� B��$�

-%� 34= 3�!+'.  !���)� (� (
�� 	���� 34,	A   X��< (< ��=
 U�	 B��$� X�� (� >	)��C$ �% �� 3�!�+-%� (C$��+ (��!�R (� 

 �% (� 3�!�+ X�� #�.� 4=	� ��C)< B��$� X�� ��!�� U�	 (E�,
-%� �C)< .�� .!���)� !� �	,�� + �� #�.� ���� 345	I 6�), .�� 

 �A,	< �	C= + �% �� 3�!�+ X��#'�[C@ .�� 4=	� � . ��	C�
� #	A� .�� ����� �� �8	0  ��� (C�$��� + (C�$�C%^� �P� (< 4,�

 .�� �% �� 3�!�+ !	� #�.� + 3��� B��$� �	��C%� �P� �c .��
�!�� 	_�' (� �)��C$ �LC$��+ .	� ���R �� -%� (� ��	C� (� (
�� 

 + -�^�K' + ]�!�JK' ��� ���� ����� �� 34'EPP31 (� (C�� 6�� 
 ����� ��� ����� !	C�! ��� 6�� (< 4= 3��� #	A� ���"����V �! 

X�� ���� + 3��� #	A� �% 	� �!�"�� 6�0` 34' -%� (� X��<
�%+ (��� !� ��� 6�� (< -%� (C�� 6�� 4�� .�� ��	C� �� �� �@

X�� !���)�` �� �8	0 �A[�
 ����� �� ��	�� !�4� X��< 
 -%� 34�	 -�	P �% �� 34= �	*�� X�� (��K	0 !� (C��: �! �!�"��

 �-�	P X�� 6��plσ 	� �!�"�� !� (< -%� ��)�� 3�+4� #	), 

-%� 34' -%� (� ]�!�JK' ��� .X�� �	,!���)�` ��� 6�� X��<
� !� �	_��= !� �% 	� �!�"�at 	� av-%� 34= 3��� #	A� .  

  
Strain Comparison

R2 = 0.9657
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Stress Comparison

R2 = 0.956
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Acceleration Comparison

R2 = 0.9614
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ALPORAS Behaviour Under Impact

y = -8E+12x6 + 4E+12x5 - 9E+11x4 + 

1E+11x3 - 6E+09x2 + 2E+08x + 18.644
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ALULIGHT Behaviour Under Impact
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�. ���� ���	
  

� #	A� ����� �� �8	0 ��	C�  -�^�K' �]�!�JK' ��� !	C�! (< 4,�
 +EPP31 ��
 ��	���� 	_�� 6�� (< -$�' 4�� (��? ����� !� 

4�!�� �! �!�"�� �� �8	0 �A[�
 ����� . ��� 6C=�� 	� ]�!�JK'
 �A[�
 ����� ��
 6)? �!�"�� i�R !� �C���	� B��$� X��

� ��� ����� ��4 �!�"�� �� �8	0  !� �! �% �� 3�!�+ X�� + 4,�
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 �� ��� ��	
� � ������ �� ��� ��	
� � ������ ����� ��������
� ����� ��� �� ���� ��! ���"� #�$ %� �� ���&� � ��'(�� �����
� ����� ��� �� ���� ��! ���"� #�$ %� �� ���&� � ��'(�� ��                                                                                                                    )*  

 
� (L� 6�) #�.� �I�40 �!�� . i�R !� -5�% 7������ !���)�

� #	A� .�� �!�"�� #	�  ��, U�	 6�� 	� �!�"�� !� �% (< 4,�
 !� �C<�0 34�4� 6����	�� + �!�4� e�5 -_
Whiplash + 

Rebound�	C�� 4,��Y� g	Z�� U�	 6�� 	� �!�"�� !�  . + -�^�K' ���
 ���EPP313�+4� !� .��   �� �8	0 �A[�
 ����� X��< �� ��

 �40 (� �% �A[�
 ����� #�E �K+ 3��< ��
 �! �!�"��
3��[�  �!�"�� ��V% 6�� �<	�V8� ����� �� (< -%� ��K 4�< ([�q

 ��
 �! �A[�
 ����� �� �C)$I �!�"�� #	� 74 !� ��� +� 6��
 34= f5	� ]�!�JK' ��� (� -[$� 	_�' ��^	� (C�$�C%^� �K+ 3��<

 34�4� (� �*� + (C��: !��I �!����!	� (%+�� !� (<Rebound �% 
 �P� 4= 34,	A ����� + 	,!���)� !� (< !�V�	), �K+ 4��=

Rebound��  #	� (� -[$� -5�% 7������ 9�� + ��� B�b �% 
 (� �C�!' �U�	 (� �!�"�� �� 4@� �% 34= f5	� �� 6�� (< ��� ��4�<

���:�� &�5 . ]�!�JK' ��� (< 4= �8	0 (*�C� 6�� ����� ��	C� ��
 �A,	< �	C= + X��< �X�� #��< �I�40 	� (��C� 6��C_� �% (�

!!	< (� U��� 6�� !� �	YC��� (C� 4=	�+  + -�^�K' U��� EPP31 
-=�� 4�,��" !��I �4@� -��K+� !�.  
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