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 9: 7:33, 1/20/98

LS-TAURUS 936.02 Jul96

 time =  4.62000E+03
 fringes of eff. plastic strain

min= 0.000E+00 in element 256
max= 8.152E-02 in element 1
outer shell surface values
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 9: 9:18, 1/20/98

LS-TAURUS 936.02 Jul96

 time =  8.47000E+03
 fringes of eff. plastic strain

min= 0.000E+00 in element 256
max= 2.280E-01 in element 1
outer shell surface values
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��0 � HO �

%21 � � �� � 
 �43&5 °�%�� O%±
<����(�L .-0�&(6#0!�-0��46 U�&# �E46/�($- >'�ST�&#c)��& 6,<!$ �)�ST�&#��&��+�, �� 3AF46 .-�!B:.- �43��1<F!D)��&# ho4$-0�& .-0�C!$/C!$ .-0�&��/
°�%�� O%±B :'�#���7 (	!$/�/i)��&%]AF46 .-�!B:.-0�&%��&�� ��& Da?�&�X-0#0!$( R&'�7 S �&%0!$7k-0dT4$-0�& .-0�C!$/iS�#��� �(6�& `%�46/�/ �:2���#�))���� 4 S�%>-�!$ �)�% �E'� L:.-0��46 7� � �� `�&�� ��gho�& ��;-0#0!�-0��46 �% �E'� L:.-0��46 @'�7 �E46#�7c'�/����&#>-37A�X-�/
�� � �98 � � � � � � bb � � � � b � °�%�� %.±

HPH O



� ª��/ª �&"$���������&"$��� �����

) � , � �@>'�#<�&�� ��& JAF46 .-�!B:.-�!$S�%>-�!$ �)�� � �Xb �6�&#�%�+�,.2��� �)��;-,°�%�� O%± � <��&#)AF46 .-�!B:.-0)�#�'�+N: � � 2���#�) �>!$,��&#�'� �(6%>2?�&��%��V7A�X- �<��/��E���&�� ��&%<ho�& 5!$/X- �@h�!$#0!$7A�;-0�&#�%�� � ST�&#��&+�,� ��;-�/
� �6� � � �� � 5 °�%�� ��±

	8�� ���	8# �@>'�/�/�'� �(*)��&# ,<!$ �)�ST�&)��� �(6'� �( � � ��bA2���#�) �@>'�#��&�� ��& 1��7 �^�&#�,�>!$/X-0 ���% R&'�# S �&%0!$7k- �%>-0�&�!�5(P:$�&�X-F,�46,��& '_�&#>- �@>'�#�� � �&#�#��&��+�,.-/�i) � , � �&�� ��c� ��!B:.-0� 	8# �@>'�/�/�'� �(*)��&# ,<!$ �)�ST�&)��� �(6'� �(�&# �E46/�($- �@>'�#�� ���	� � 	8�� R&'=,�46,��&# '_�&#>- �@>'�#�� � �@>'�,�#>-g!$ST�&#�R&'= :'�7A�&#���%�+�,��& � +�,.2����&#���( �
:$�&�X-0�& � 	8�� �R&�&/� �� 	8�� .-0#T>!$(6�F�� 9)��&# � -0�&�!�5(P:$�&�X-0%�7*!�-0#�� �*2?>'�#�)��& @)5!$ � �6�&#�,�>!$/X-0 ���%�7J>!�
6��(c(6#�4�
��7A�X-F)��&# (546/�(6�c�&�� ��&#g,�46,��& 7AF46 �)��X-0��46 �%�R"!$,�/ �@>'�#g)���� � -0�&�!�5(P:$�&�X-0%�7*!�-0#�� � %�4 2����*h8#�46S�/��&7A�& ST�&�<)��&# S /��&��+�,:'� �(6%�/ >46%�'� �(�� 	8%*��%>-9!$/�%�4_%>-0�;-0% �&�� �� ::/��&�� �� 	8�� �)�#��� �(6'� �(_R&'�R&'�/C!$%�%��& R�3) � , ��&% 7c'�%�%9�&�� AF467Ad�#�467A��%�%AR;2���%�+�,��& -046/��&#����&#�S5!$#��&#*ho�& ��;-0#0!�-0��46 '� �)  :'�7A�&#���%�+�, %>-�!$S���/��&#
S /��&��+�,:'� �(6%�/ >46%�'� �(_(6� �E'� �)��& b2?�&#�)��& �Y<���� 'U!$,�/ )��&%9ho�& 5!$/X- �bh�!$#0!$7A�;-0�&#�%A2���#�) !$ �,5!$ �) :'�7A�&#���%�+�,��&#<a?�&��%�d����&/��F�� `)��& �E46/�(6�& �)��& 4 S�%�+�,� ��X-�-0�& D�&#T>46#>-0�&#>-"�

 	 ������(���	
�� � ��� 
 ��� 	�� % ��� �

<���� >'�S�/���+�,�� �^46#�(6�&,��& �%>2?�&��%��gR&'�#$	8�� :S�#��� �(6'� �(c)��&#`AF46 .-�!B:.-0ST�&)��� �(6'� �(6�& `��%>-3�&�� �� :: �4$-0�& �2?�&��%�� (546#�7c'�/����&#�'� �(��o) � , �p)���� AF46 .-�!B:.-0ST�&)��� �(6'� �( 2���#�) !$ )��& AF �4$-0�& !$S�(6�&d�#B>'�� -"� �<7�&�� �� (6/��&��+�,�7J>!�
6��(6� �^�&#>-0�&��/�'� �(9)��&%FAF46 .-�!B:.-0)�#�'�+N:$�&%kR&'=�&#�#��&��+�,��& R�Y��%>-F�&�� �� �& .-0%�d�#��&+�,��& �)��
S �;2���+�,.-0'� �(V)��&#DAF �4$-0�& �646#�R&'� ��&,�7A�& R�:)���� �646 A)��&# 4  �R"!$,�/5)��&#B)��&72AF �4$-0�& AST�& 5!$+�,:S5!$# �-0�& 6	8/��&7A�& .-0�*�o)��&#�	8/��&7A�& .-0(6�&467A�;-0#����A'� �) ST�&�?)��& 3\:'5!$)�#0!�-0��%�+�,��& 4  �%T>!�-0R&�& !$'�+�, �6467
AF �4$-0�& %��&/�S�%>-�°�	8+N: ��� � �&�X-0�& �7A�X-�-0�& �W4�)��&#&^@�X-�-0�& L:: �4$-0�& �±9!$S�,�>!$ �($-"� �<7 �&�� ��0:$46#�#��a:.-0�
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Kontaktsegment

¡)¢H¢R£N¤�¥R¦H§8¨ � ª��/« <F!$#�%>-0�&/�/�'� �(g)��&#DAF46 .-�!B:.-0%��&(67A�& .-0�*­ 4 '�%>2?�&#>-0'� �(c)��&#DAF46 .-�!B:.-0ST�&)��� �(6'� �(!$ `)��& JAF �4$-0�& 
� �^�&#>-0�&��/�'� �(�� )��&##AF46 .-�!B:.-0%�d5!$ � :'� �(g!$'��5)����DAF �4$-0�& cR&'c�&#�7J>46(6/���+�,��& R�"2?�&#�)��& �& .-0%�d�#��&+�,��& �))��&# 4  �%0!�-0R&46#�)� :'� �( )��&# �6�&#>2?�& �)��;-0�& � � 46/���) � � ,��&/�/ � 	8/��&7A�& .-0��� �pS�R;2g� G � AF �4$-0�& AF46 .-�!B:.- ��&/��&7A�& .-0� �& .-L2���+N:$�&/X-"��<����&%�� �� 4 S�S � %�� H �6�&#0!$ �%�+�,5!$'�/���+�,.-0�& �AF46 .-�!B:.-0�&/��&7A�& .-0�W)����& ��& !$/�%>�<ST�&#�(.!$ �(6%��&/��&7A�& .-0�*!$ U)��&# � +�,5!$/��& �46ST�&# �+>!$+�,��9!$'��e)��&#FAF46 .-�!B:.-0%��&�X-0�$� 	8�� ��A%�46/�+�,��&% �^�&# �
��!$,�#��& )��&#?AF46 .-�!B:.- �E46#�7c'�/����&#�'� �(17A�X-��<��/��E� �646 AF46 .-�!B:.-0%��&(67A�& .-0�& 2���#�) >!$,� �/���+�, !$'�+�,�� :$467A7A�&#�R&���&/�/��& ( 	 �jh8#�46(6#0!$7A7A�& D2���� R$� a � 4�a 4��
� � � H �^�&�� �(6�&%��;-0R;-"��<���� 4 '�%>2?�&#>-0'� �(

HPH %
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�646 �°�%�� O%±c�&# �E46/�($-A%�467A�X-A!$'�� 	8/��&7A�& .-0�&ST�& ��*�B�� .-0�&(6#����&#>- 2���#�)�>'�ST�&#A)���� (�/ >!$+�,��@)��&% AF46 �-�!B:.-0%��&(67A�& .-0�&%�� ; )��&#V!B:.-0'��&/�/��& �AF46 ��5(6'�#0!�-0��46 R� '�7 )���� (�/ >!$+�,��& �>!$ �)��&#�'� �(@2F>!$,�#��& �)_)��&#
<�� �E46#�7*!�-0��46 9R&'DST�&#B>'�+N::%���+�,.-0��(6�& �W<��&# ho�& 5!$/X- � �o�&#�7 / >!$%�%>-<%���+�,D%�467A�X-<!$'��
	8/��&7A�& .-0�&ST�& ��)5!$#�%>-0�&/�/��& `!$/�% /
� ;3 � HO � � ��Z�� � ;� � ;� 
 �� ; 5 °�%�� Q%±

¯ !$+�,.-0�&��/5)��&# 'U!$,�/�)��&# 	8/��&7A�& .- �+>!$+�,���)��&#B!B:.-0'��&/�/��& ;AF46 ��5(6'�#0!�-0��46 �� ; !$/�% �L .-0�&(6#0!�-0��46 �%�(6���S����;-^��%>-/�:)5!$%�%B)����&%��<��7�E��� ��"!$#���%����&#�'� �(6%�d�#�46R&�&%�%BST�&#B>'�+N::%���+�,.-0��($-?2?�&#�)��& 7c'�%�%
�:)5!V)���� S #T>4�
6�)��&# (�/ >!$+�,�� �6467 7A467A�& .-�!$ ��& �^�&#�%�+�,����&S�'� �(6%�R&'�%>-�!$ �) !$S�,�>!$ �($-"� �<7 )����&%*R&' '�7A(6�&,��& R�2���#�)�� ; ��7 �E46/�(6�& �)��& )�'�#�+�, )���� 	8/��&7A�& .- �+>!$+�,�� �� ; )��&% �646#���(6�& !$'�%=:$46 �6�&#�(6���&#>-0�& EY!$%>- �%�+�,�#��X-�-0�&% �&#�%��;-0R;-/� )����V�� � ��&#�,5!$/�SD)��&# S /��&��+�,�(6�;2���+�,.-0%��X-0�&#0!�-0��46 D)��&%�!B:.-0'��&/�/��& EY!$%>-0%�+�,�#��X-�-0�&%!$/�%":$46 �%>-�!$ .-?ST�;-0#0!$+�,.-0�;-B2���#�)W'� �)*%�467A�X-8ST�&�5)��&# E��� ��"!$#���%����&#�'� �(g ���+�,.-BST�&#B>'�+N::%���+�,.-0��($-^2?�&# �)��& @7c'�%�%&� <���� �B!$#��C!�-0��46 �646 �°�%�� Q%±? 5!$+�,@)��&7 AF �4$-0�& �6�&#�%�+�,����&S�'� �(6% �6�a:.-046# 	��F/���� �E�&#>-�/
� � ;3 � � � �

�Z�� � ;� � � ;� 
 �� ; � � � � 	��
$�

� $
$�

� $ �
;� ] �	� � ;� ��
� ] � �

� ] � �>
6l.
.m 5 °�%�� �.±

<F!$ST�&�$�&# �E46/�($-�)���� �L .-0�&(6#0!�-0��46 >'�ST�&#Y)����
	8/��&7A�& .- �+>!$+�,��U>'�ST�&#Y)���� �o#0!$ �% �E46#�7*!�-0��46 �)��&#�(�/ >!$+�,��!$'����&�� K\:'5!$)�#0!�-0��%�+�,��&% 	8�� �,��&�X-0%��&/��&7A�& .-�7A�X-�)��&# � �&�X-0�& �/ >!$ �(6� � � O�� <���� S �&467A�;-0#����"!$d�d�#�4������7*!�-0��46 �
� ST�&#��&+�,� ��;-8%���+�,c7A�X- �<��/��E�B)��&##EY!$(6#0!$ �(6� 4  �%0!�-0R �E'� L:.-0��46 ��& � ��'� �)c)��& 	8/��&7A�& .- �:: �4$-0�& L:$4�46#�)��� 5!�-0�& �
� � )��&% �6�&# �E46#�7k-0�& 7	8/��&7A�& .-0�&%3)��&%e!$'�%=:$46 �6�&#�(6���&#>-0�& �646#�,��&#�(6�&,��& �)��& 
EY!$%>-0%�+�,�#��X-�-0�&%�R&'

� ��� 
� � °�%�� ² ±

7A�X-3)��&#)^D!�-0#�� �9)��&# 4  �%0!�-0R �E'� L:.-0��46 ��& 
� � �� � $ b b � � b 5�5�5
b b

b � $ b b � � 5�5�5 � G b
b b � $ b b 5�5�5
b � G

�� 5 °�%�� * ±
<���� E��� ��"!$#���%����&#�'� �( �646 %�� � �@>'�,�#>- !$'�� /
N � � ;3 � ) � � ;3) 	�� � � � � 	��

$�
� $

$�
� $ � � ;� ] �	� � ;� ] �	�   � ;� ] �	� �	� � ;� � ��
� ] � ��
� ] � �j
6l.
.m 5 °�%�� G ±

<F!$#0!$'�%k�&#�(6�&ST�& %���+�, 7A�X-��<��/��E�A)��&# S !$'�%�%.�L .-0�&(6#0!�-0��46 U)����*-�!$ �(6�& .-0���&/�/�� 	8/��&7A�& .-0%>-0�&�!�5( �
:$�&�X-0%�7*!�-0#�� � ���g'� �)@)5!$%&,��&%���)�'�'�7 O � /
��� � � �

$�
� $

$�
� $ � � ;� ] �	� � ;� ] �	�   � ;� ] �	� �	� � ;� � ��
� ] � ��
� ] � �>
6l.
.m

HPH �
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Kontaktsegment

¡)¢H¢R£N¤�¥R¦H§8¨ � ª ©*« <F!$#�%>-0�&/�/�'� �(g)��&#DAF46 .-�!B:.-0%��&(67A�& .-0�*­ 4 '�%>2?�&#>-0'� �(c)��&#DAF46 .-�!B:.-0ST�&)��� �(6'� �(!$ `)��& �L .-0�&(6#0!�-0��46 �%�d�'� L:.-0�& 

� � ���� ��� $ °�� � � ] �	��� � � ] �	�   � � � ] �	� �	��� � �<± ��
� ] � ° l/� � m �D± ��
� ] � ° l/� � m �D± � � � °�%�� H b.±
O � � 
 � � $�

� $
$�

� $ �
;� ] �	� � ;� ��
� ] � �

� ] � �>
6l.
.m

� 
 � ���� ��� $ � � � ] �	��� � � ��
� ] � ° l/� � m �D± �

� ] � ° l/� � m �D± � � � � °�%�� HPH ±
7A�X-p)��& A)���%=::#��;-0�& 4 S�%>-�!$ �)�%>2?�&#>-0�& �� � �T �46#�7*!$/�R&'�# AF46 .-�!B:.- �+>!$+�,��<!$7 S !$'�%�%�d�'� L:.-  '� �))��& ' ��+�,.-0'� �(6% ��!B:.-046#��& )��&# S !$'�%�% �L .-0�&(6#0!�-0��46 � � � S #�'� �)�%T>!�-0R&/���+�,U/C!$%�%��& %���+�,U)����34 S �%>-�!$ �)�%>2?�&#>-0�	� � !$ �
��&)��&7 ST�&/����&S���(6�& `h8'� L:.- )��&%&	8/��&7A�& .-0�&%<!$'�%�)��& AF �4$-0�& L:$4�46#�)��� 5!�-0�& �� c)��&# �6�&# �E46#�7k-0�& ?AF46 ��5(6'�#0!�-0��46 �� � '� �) )��&7 R&'�(6�&,�>46#���(6�& ?AF46 .-�!B:.-0d�'� L:.-�� # � ST�&#��&+�,� ��& /
� � � �"!$# 
'°�� � 
 � # �F± 5 °�%�� H O%±

���9'� �) O � 2?�&#�)��& �& .-0%�d�#��&+�,��& �) S /�(��Q°�%�� %.± �@>'�# '_�&#>-0� �646 �� � ���-b R&' ¯ '�/�/3(6�&%��;-0R;-"�
<���� AF4�46#�)��� 5!�-0�&  � ���&#�(6�&ST�& %���+�, !$'�%c)��&7 (5�&/�)_)��&#?AF �4$-0�& L:$4�46#�)��� 5!�-0�& �
 � '� �) )��& 
AF �4$-0�& �6�&#�%�+�,����&S�'� �(6�& �	��$�1�L =)����&%��&# 4 #�ST�&�X-�2?�&#�)��& R&'�#Fa?�&#��&+�,� :'� �(D)��&# 4 S�%>- >!$ �)���� � �R;2?�&� �B!$#��C!$ .-0�& �646#�(6�&%�+�,�/C!$(6�& /
��� 
�� ��
*��	�� � � ��!������ ��& �	� 
�� � ��
 �
<���� >�<ST�&#�d�#B>'��E'� �(g)��&# AF46 .-�!B:.-0ST�&)��� �(6'� �(FS�R;2g�.)���� 4 '�%>2?�&#>-0'� �(k)��&#54 S�%>-�!$ �)�% �E'� L: �-0��46 � � �&# �E46/�($-/�^2����=!$'�+�, �� � * ��� �646#�(6�&%�+�,�/C!$(6�& R�3)���#��a:.-@!$ )��& S !$'�%�%�d�'� L:.-0�& R�!$ �%�+�,5!$'�/���+�, )5!$#�(6�&%>-0�&/�/X-W�� 4 S�S ��%�� O�� <����&% ,5!�-A)��& �& .-0%�+�,��&��)��& �)��& �^46#>-0�&��/ ��)5!$%�%�&�� ���� �^�&# �E�&�� ��&#�'� �(��^)��&%;AF46 .-�!B:.-0�&%A7J>46(6/���+�,U2���#�)R�pR$� a � �@>'�#W)��& (	!$/�/ �o)5!$%�%W2����`�� 
4 S�S � %�� %7AF46 .-�!B:.-9(6�&(6�& �&�� ��& AF46 .-�!B:.-V:W>46#�dT�&#9!$S�(6�&d�#B>'�� - 2?�&#�)��& %�46/�/ �^)��&# %��&,�#
::/��&�� @��7 �^�&#�,�>!$/X-0 ���%�R&'�#4	8/��&7A�& .-0(6#T>4�
6�V��%>-"� � 46/�+�,�� (Y>!$/�/���%�46/�/X-0�& D!$ST�&#<��7 4 /�/�(6�&7A�&��� ��& �6�&#�7A���&)��& @2?�&#�)��& R�i�� �)��&7 )��&# (5�&�� �,��&�X-0%�(6#0!$)@)��&% ( 	 � ¯ �;-0R&�&% �& .-0%�d�#��&+�,��& �) !$ )���� S �&467A�;-0#�����)��&# AF46 .-�!B:.- �+>!$+�,���!$ �(6�&d5!$%�%>-32���#�) �2	8%?7c'�%�%3!$'�+�, ST�"!$+�,.-0�;-32?�&#�)��& R�

HPH Q
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FE−Modell
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0.3−1.4mm
0.025−0.05mm
0.3−1.4mm
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-0�&#k%��� �) )��&# ��!$ST�&/�/�� %�� ,DR&'U�& .-0 ��&,�7A�& �"<����*h�!$#0!$7A�;-0�&# �@>'�#k)��& �&/C!$%>-0��%�+�,��& a?�&#��&��+�, �'� �) � 2?�&#�)��& !$'�%�)��& D�&/C!$%>-0��%�+�,�� � -04 �W:$46 �%>-�!$ .-0�& ;: � O H bPbPb �433 �65 '� �);< � b 5 % �@>'�# � -�!$,�/ST�&#��&+�,� ��;-"��()>'�#g)��& =*�/C!$%>-0��%�+�,��& Ua?�&#��&��+�,U��%>-V)���� 4  ���!$ �(6% �5��� 
6%,*5!$ � :'� �( ! � (6�&(6�&ST�& �1<������%�4$-0#�40*T� � >!�-�-0��(6'� �(6% �6�&# �E�&%>-0��(6'� �(F2���#�)W)�'�#�+�,*)��& �^�&# �E�&%>-0��(6'� �(6%�7A4�)�'�/ �d�$)���� � >!�-�-0��(6'� �(6% �
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