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/Ŷ�ƚŚŝƐ�ĞǆĞƌĐŝƐĞ�ǇŽƵ�ǁŝůů�ĐƌĞĂƚĞ�ĂŶ�ĂŶĂůǇƚŝĐ�ƐŽůŝĚ�ŵŽĚĞů�ŽĨ�Ă�ĐůĞǀŝƐ�ďǇ�ĚĞĨŝŶŝŶŐ�D^�⁄PATRAN�points,�curves,�surfaces,�solids,�and�
Ă�ƵƐĞƌ�ĚĞĨŝŶĞ�ĐŽŽƌĚŝŶĂƚĞ system.�Throughout�this�exercise�you�will�become�more�familiar�ǁŝƚŚ�ƚŚĞ�ƵƐĞ�ŽĨ�ƚŚĞ�D^�⁄PATRAN�select�
ŵĞŶƵ͘�^ŚŽǁŶ�ďĞůŽǁ�ŝƐ�Ă�ĚƌĂǁŝŶŐ�ŽĨ�ƚŚĞ�ŵŽĚĞů�ǇŽƵ�ǁŝůů�ďƵŝůĚ�and�suggested�steps�for�its�construction.�
�

�

������������������������ǣ�
�

ϭͿ �ƌĞĂƚĞ�Ă�ŶĞǁ�ĚĂƚĂďĂƐĞ�ĂŶĚ�ŶĂŵĞ�ŝƚ��ůĞǀŝƐ͘Ěď͘�
ϮͿ Create�a�surface�model�of�the�top�half�of�ƚŚĞ�ĐůĞǀŝƐ�

ĂƐ�ƐŚŽǁŶ�ŝŶ�ƚŚĞ�ĨƌŽŶƚ�ǀŝĞǁ�ŽŶ�ƚŚĞ�ƌŝŐŚƚ�ƐŝĚĞ͘�WůĂĐĞ
the�center�of�the�hole�at�[0,0,0].�

ϯͿ Create�solids�that�represent�the�first�third�of�the�
ƐŽůŝĚ�ŵŽĚĞů͛Ɛ�ƚŽƚĂů�ǁŝĚƚŚ

ϰͿ �ƌĞĂƚĞ�ƚŚĞ�ďŽƚƚŽŵ�ŚĂůĨ�ŽĨ�ǇŽƵƌ�ŵŽĚĞů�ďǇ�ŵŝƌƌŽƌŝŶŐ�
Ăůů�ŽĨ�ƚŚĞ�ƐŽůŝĚƐ�ĂďŽƵƚ�ƚŚĞ�ǇͲaxis�mirror�plane�
ůŽĐĂƚĞĚ�Ăƚ�ǇсϬ͘�

ϱͿ Create�the�remaining�solids�that�represent�the�last�
ƚǁŽ�ƚŚŝƌĚƐ�ŽĨ�ǇŽƵƌ�ŵŽĚĞů�ŝŶ�ƚŚĞ�ZLGWK�GLUHFWLRQ�������
�]�GLUHFWLRQ���
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/Ŷ� ŽƌĚĞƌ� ƚŽ� ĐƌĞĂƚĞ� Ă� ŶĞǁ� ĚĂƚĂďĂƐĞ�
zŽƵ�ŚĂǀĞ�ƚŽ�ĚŽ�ĂƐ�ĨŽůůŽǁƐ͗��

Ă͘ &ŝůĞ� ͬ� EĞǁ͘͘͘� Žƌ� ŽŶ� Ă� ƐǇŵďŽů�
EĞǁ� � ŝŶ� ,ŽŵĞͬ�ĞĨĂƵůƚƐ�
ƐĞĐƚŝŽŶ�

ď͘ �ŶƚĞƌ� ĐůĞǀŝƐ� ĂƐ� ƚŚĞ� &ŝůĞ� ŶĂŵĞ�
ĂĚĚ��ůŝĐŬ�K<�
�

ͬ�EĞǁ�DŽĚĞů�WƌĞĨĞƌĞŶĐĞ
�
Đ͘ ^ĞůĞĐƚ�^ƚƌƵĐƚƵƌĂů�ĂŶĚ��ůŝĐŬ K<�

Ă�

ď�
Đ�
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Creating�a�Surface�model�of�a�top�half�of�the�clevis.�
Ă͘ �ůŝĐŬ�ŽŶ�'ĞŽŵĞƚƌǇ�ƐĞĐƚŝŽŶ�
ď͘ �ƌĞĂƚĞ�Ͳх�WŽŝŶƚ�Ͳх�yz��or�chose�the�method�from�the�list,�

enter�the�value�[�1�0�0]�and�hit��������ʹ�ƉƉůǇͲ�
Đ͘ 'Ž�ƚŽ�WƌĞĨĞƌĞŶĐĞƐͲх'ĞŽŵĞƚƌǇ�
Ě͘ �ŚĞĐŬ��ǆƉŽƌƚĂďůĞ�ƚŽ�EĞƵƚƌĂů�&ŝůĞ�and�hit�Apply�
Ğ͘ /Ŷ�ŽƌĚĞƌ�ƚŽ�ĐƌĞĂƚĞ�Ă�ĐƵƌǀĞ�ĨƌŽŵ�ƚŚĞ�ĐƌĞĂƚĞĚ�point�select�

�ƌĞĂƚĞͲх�ƵƌǀĞ ZĞǀŽůǀĞ͕� ŝŶ� ZĞǀŽůǀĞ� WĂƌĂŵĞƚĞƌƐ� � ŝŶƐĞƌƚ� ϭϴϬ�
as�the�value�of�Total�Angle�and�ϰ��ĂƐ�Ă�ǀĂůƵĞ�ŝŶ�ƐĞĐƚŝŽŶ��ƵƌǀĞƐ�
per�Point�

Ĩ͘ �ŚŽŽƐĞ�WŽŝŶƚ�ϭ�ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�
�
The�final�effect�should�looks�like�on�the�picture�above.��

Ă� Đ�
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zŽƵ�ǁŝůů�ŶŽǁ�ƵƐĞ��ƵƌǀŝůŝŶĞĂƌ�ƚƌĂŶƐĨŽƌŵĂƚŝŽŶ�ƚŽ�ĐƌĞĂƚĞ�ƚŚĞ�ŽƵƚĞƌ�
ƌĂĚŝƵƐ�ŽĨ�ƚŚĞ�ůƵŐ�ďǇ�ƌĂĚŝĂůůǇ�ƚƌĂŶƐůĂƚŝŶŐ�ƚŚĞ�ĐƵƌǀĞƐ�ƚŚĂƚ�ĚĞĨŝŶĞ�Ă
ƋƵĂƌƚĞƌ�ŽĨ�ƚŚĞ�ŚŽůĞ͘
dŽ�ĂĐĐŽŵƉůŝƐŚ�ƚŚŝƐ�ǇŽƵ�ǁŝůů�ĨŝƌƐƚ�ŶĞĞĚ�ƚŽ�ĐƌĞĂƚĞ�Ă�ĐǇůŝŶĚƌŝĐĂů�
ĐŽŽƌĚŝŶĂƚĞ�ĨƌĂŵĞ�ůŽĐĂƚĞĚ�Ăƚ�ƚŚĞ�ĐĞŶƚĞƌ�ŽĨ�ƚŚĞ�ŚŽůĞ͘�

Ă͘ �ƌĞĂƚĞͲх�ŽŽƌĚͲхϯƉŽŝŶƚ��ĐŚŽƐĞ��ǇůŝŶĚƌŝĐĂů�as�a�Type�of�
�ŽŽƌĚ�ĂŶĚ�Śŝƚ�ʹ�ƉƉů �

ď͘ dƌĂŶƐĨŽƌŵͲхĐƵƌǀĞͲхdƌĂŶƐůĂƚĞ�ĐŚĞĐŬ��ƵƌǀŝůŝŶĞĂƌ�ŝŶ�ZĞĨĞƌ͘�
�&͕�ĐůŝĐŬ�ŽŶ�ŶĞǁůǇ�ĐƌĞĂƚĞĚ�ĐŽŽƌĚ�Ͳ��ŽŽƌĚ�ϭ�ĂƐ�Ă�ƌĞĨĞƌĞŶĐ
ĐŽŽƌĚŝŶĂƚĞ�ĨƌĂŵĞ��ĂŶĚ�hŶĐŚĞĐŬ��Auto�Execute�͘�

Đ͘ Show�labels�by�pressing������������in�,ŽŵĞͬ�ŝƐƉůĂǇ�ƐĞĐƚŝŽŶ͘�
Ě͘ /ŶƐĞƌƚ��ƵƌǀĞ�ϭ�ĂŶĚ��ƵƌǀĞ�Ϯ�ƚŽ�ƚŚĞ�ĐƵƌǀĞ�ůŝƐƚ�
�

/Ŷ�ŽƌĚĞƌ�ƚŽ�ĐŚŽŽƐĞ�ŵŽƌĞ�ƚŚĂŶ�ŽŶĞ�ĐƵƌǀĞ�,K>��
ĚŽǁŶ�>͘^ŚŝĨƚ��ǁŚŝůĞ�ƐĞůĞĐƚŝŶŐ�ĐƵƌǀĞ

�

d/W�

Ă� ď�

Ě�
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zŽƵ�ŚĂǀĞ�ŶŽǁ�ĐƌĞĂƚĞĚ�Ăůů�ƚŚĞ�ĐƵƌǀĞƐ�ƚŚĂƚ�ǇŽƵ�ǁŝůů�ŶĞĞĚ�ƚŽ�
complete�your�clevis�model.�Next,�you�will�create�the�
ŶĞĐĞƐƐĂƌǇ�ƐƵƌĨĂĐĞƐ�ĨŽƌ�ƚŚĞ�ŵŽĚĞů͘�zŽƵ�ǁŝůů�ƐƚĂƌƚ�ďǇ�ĐƌĞĂƚŝŶŐ�Ă�
ϰǆϮ�;ŝŶ�ǆ Surface�that�defines�part�of�the�upper�half�of�the�
ĐůĞǀŝƐ�ďŽĚǇ

Ă͘ �ƌĞĂƚĞͲх^ƵƌĨĂĐĞͲхyz��ŝŶƐĞƌƚ�ǀĂůƵĞ фͲϰ�Ϯ�Ϭх�ƚŽ�ĚĞĨŝŶĞ�
Vector,�and�΀ͲϮ�Ϭ�Ϭ΁ to�define�point�of�origin�and�hit�ʹ
�ƉƉůǇͲ�

The�next�series�of�Surfaces�will�be�created�using�the��ƵƌǀĞ�
DĞƚŚŽĚ͗�

ď͘ �ƌĞĂƚĞͲх^ƵƌĨĂĐĞͲх�Ƶƌ ͕�ƵŶĐŚĞĐŬ��ƵƚŽ��ǆĞĐƵƚĞ�ĂŶĚ�
ƐĞůĞĐƚ��ƵƌǀĞ�ϭ�ĂŶĚ��ƵƌǀĞ�Ϯ�ŝŶ�Ă ^ƚĂƌƚŝŶŐ��ƵƌǀĞ�>ŝƐƚ�
ƐĞĐƚŝŽŶ��ĂŶĚ��ƵƌǀĞ�ϱ�ϲ�ĂƐ�Ă��ŶĚŝŶŐ�ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�

�ůŝĐŬ�ŽŶ�����������ŝŶ�ƚŚĞ�,ŽŵĞͬDŝƐĐ͘��section�to�display�the�lines.�
�
To�create�the�next�surface�you�will�use�the�Select�Menu�to�help�
ǇŽƵ�ĚĞĨŝŶĞ�ĂŶ�ĞǆŝƐƚŝŶŐ�ĐƵƌǀĞ�ĂŶĚ�ƐƵƌĨĂĐĞ�ĞĚŐĞ�ĂƐ�ƚŚĞ�
ďŽƵŶĚĂƌŝĞƐ�ŽĨ�ƚŚĞ�ŶĞǁ�ƐƵƌĨĂĐĞ͘�
�

Đ͘ �ŚŽƐĞ��ƵƌǀĞ�ϰ�ĂƐ ^ƚĂƌƚŝŶŐ��ƵƌǀĞ͕�ĐůŝĐŬ������ĂŶĚ�ů͘ĐůŝĐŬ�ŽŶ�
ĞĚŐĞ�ϵͲϭϬ�ŽĨ�Ă�ƐƵƌĨĂĐĞ�ϭ�ĂŶĚ�Śŝ ʹ�ƉƉůǇͲ�

Ě͘ �ŚŽƐĞ��ƵƌǀĞ�ϯ�ĂƐ� ^ƚĂƌƚŝŶŐ��ƵƌǀĞ͕�ĐůŝĐŬ������ĂŶĚ�ů͘ĐůŝĐŬ�Ž
WŽŝŶƚƐ�ϴ�ĂŶĚ�ϭϬ�ǁŚŝůĞ�ŚŽůĚŝŶŐ�ů͘ƐŚŝĨƚ�ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�

Ă� ď�
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You�will�now�use�the�Surfaces�you�have�just�created�as�patterns�to�define�
ƐŽůŝĚƐ�;ϯͲĚŝŵĞŶƐŝŽŶĂů�ĞŶƚŝƚŝĞƐͿ�

Ă͘ �ƌĞĂƚĞͲх^ŽůŝĚͲ EŽƌŵĂů�͕��ŝŶƐĞƌƚ�Ϭ͘Ϯϱ�as�a�Thickness,��hŶĐŚĞĐŬ��Auto�
ĞǆĞĐƵƚĞ�

ď͘ �ŚŽƐĞ�Ăůů�ƐƵƌĨĂĐĞƐ��ĂŶĚ�ĐůŝĐŬ�ʹ�ƉƉůǇͲ�
�
�ŚĂŶŐĞ�ƚŚĞ�ǀŝĞǁ�ƚŽ�/ƐŽ�ϭ�ŝŶ�,ŽŵĞͬKƌŝĞŶƚĂƚŝŽŶ��ƐĞĐƚŝŽŶ�
�ĂŶĚ &ŝƚ�ǀŝĞǁ��

Ă�

ď�
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Creating�the�lower�part�of�the�clevis�

Ă͘ dƌĂŶƐĨŽƌŵͲх^ŽůŝĚͲхDŝƌƌŽƌ�
ď͘ To��ĞĨŝŶ DŝƌƌŽƌ�WůĂŶĞ�EŽƌŵĂů�ĐůŝĐŬ�ƚŚĞ��ŽŽƌĚ�Ϭ��
Đ͘ �ůŝĐŬ�ŽŶ�ƚŚĞ�&ƌĂŵĞ��ŝƌĞĐƚŝŽŶ�Ϯ�ŽŶ�ƚŚĞ�^ĞůĞĐƚ�DĞŶƵ�to�point�out�ƚŚĞ�

ĚŝƌĞĐƚŝŽŶ�ŽĨ�Ă�ǀĞĐƚŽƌ�ŶŽƌŵĂů�ƚŽ�ƚŚĞ�ŵŝŶŽƌ�ƐƵƌĨĂĐĞ͘�
Ě͘ hŶĐŚĞĐŬ��ƵƚŽ��ǆĞĐƵƚĞ͕�ƐĞůĞĐƚ�Ăůů�ƐŽůŝĚƐ�^ŽůŝĚ�ϭ͗ϱ�and�press�ʹ�ƉƉůǇͲ�

Click�Display�Line�in�Home/Misc.�section��

�This�way�of�representing�indicates�the�two�important�things:�
ǁŚŝĐŚ��ŽŽƌĚ�ŝƐ�ďĞŝŶŐ�ƵƐĞĚ�ĂŶĚ ǁŚŝĐŚ�ĂǆŝƐ�ŝƐ�ƵŶĚĞƌ�ĐŽŶƐŝĚĞƌĂƚŝŽŶ�

d/W�

Ă�

ď�

Đ�

Ě�
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�фϬ�Ϭ�ͲϬ͘Ϯϱх�

�^ŽůŝĚ�ϭ�ϲ�

The�remaining�solids�will�be�ĐƌĞĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ƚƌĂŶƐůĂƚĞ�ŵĞƚŚŽĚ͘

Ă͘ dƌĂŶƐĨŽƌŵͲх^ŽůŝĚͲхdƌĂŶƐůĂƚĞ�
ď͘ �ŶƚĞƌ�фϬ�Ϭ�ͲϬ͘Ϯϱ �ŝŶ�Ă��ŝƌĞĐƚŝŽŶ�sĞĐƚŽƌ�ƐĞĐƚŝŽŶ�
Đ͘ Repeat�Count:�Ϯ�
Ě͘ hŶĐŚĞĐŬ��ƵƚŽ��ǆĞĐƵƚĞ,�ĐŚŽŽƐĞ�^ŽůŝĚ�ϭ�ĂŶĚ�ϲ��and�press�ʹ�ƉƉů �

Your�last�construction�step�is�to�
ƚƌĂŶƐůĂƚĞ�copies�of�the�solids�that�
ƐƵƌƌŽƵŶĚ�ƚŚĞ�ŚŽůĞ�ƚŽ�ĐƌĞĂƚĞ�ƚŚĞ�ĨŝŶĂů�
ƐŽůŝĚƐ͘��ůŝĐŬ�ŝŶ�ƚŚĞ�dƌĂŶƐůĂƚŝŽŶ�sĞĐƚŽƌ�
ĚĂƚĂďŽǆ�ĂŶĚ�ĐůŝĐŬ�ŽŶ�������������ŝŶ�^ĞůĞĐƚ�
DĞŶƵ�

Ě͘ To�define�the�translation�
vector,�pick�Point 10 ƚŚĞŶ�
Point 40 ĂƐ�ƐŚŽǁŶ�ďĞůŽǁ͘ hƐĞ�
View Corners ĨƌŽŵ�Viewing 

to�zoom�in.�After�selecting�the�
points�use�Fit View   ĨƌŽŵ�
Viewing ƚŽ�ǌŽŽŵ�ŽƵƚ͘�

Ğ͘ Repeat�Count:�ϭ�
Ĩ͘ ^ĞůĞĐƚ�^ŽůŝĚƐ�Ϯ�ƚŽ�ϱ�ĂŶĚ�ϳ�ƚŽ�ϭϬ�

^ŽůŝĚ�Ϯ͗ϱ�ϳ͗ϭϬ�ĂŶĚ�Śŝƚ�ʹ�ƉƉů �

To�disable�the�grid�View�and��enable�Body�
press��������������������������������������������in�display�������������������������������������
͘�����������������������������������������������������ŵĞŶƵ�

Ě�

Ă�

ď�

�Ϯ�
Đ�

�Ϭ͘Ϯϱ�
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To�save�the�figure�ŽĨ�ƚŚĞ�ŐĞŽŵĞƚƌŝĐĂů�ŵŽĚĞ
ĂͿ &ŝůĞͬ/ŵĂŐĞƐ͘͘͘
ďͿ ^ŽƵƌĐĞ͗��ƵƌƌĞŶƚ�sŝĞǁƉŽƌƚ�
ĐͿ �ŚŽŽƐĞ�/ŶĐƌĞŵĞŶƚ�
ĚͿ �ůŝĐŬ��ƉƉůǇ�
�
A�ǁŚŝƚĞ�ďĂĐŬŐƌŽƵŶĚ�ŽĨ�Ăůů�ĨŝŐƵƌĞƐ�ŝƐ�ŽďůŝŐĂƚŽƌǇ͘�
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• Apply�a�nonͲƵŶŝĨŽƌŵ�ŵĞƐŚ�ƐĞĞĚ�ŶĞĂƌ�Ă�ĐƌŝƚŝĐĂů�ůŽĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ŵŽĚĞů͘�
• Apply�a�global�mesh�to�the�seeded�model.�
• Apply�material�and�element�properties.��
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In�this�exercise�you�will�define�a�finite�element�mesh�for�the�Clevis�model�you�developed�earlier.�You�will�use�mesh�seeding�ƚŽ�ĐƌĞĂƚĞ�
a�refine�mesh�with�a�higher�mesh�density�near�the�bottom�of�the�hole�where�you�will�apply�Ă�ĨŽƌĐĞ�ůŽĂĚ�ŝŶ�Ă�ĨƵƚƵƌĞ�ĞǆĞƌĐŝƐ

�

Suggested Exercise Steps: 
 
 

ϭ͘ Database�opening��/�creating�a�new�View��
Using�an�isometric�view�of�your�model,�zoom�in��
ŽŶ�ƚŚĞ�ůŽǁĞƌ�ŚĂůĨ�ŽĨ�ƚŚĞ�ĐůĞǀŝƐ�ŚŽůĞ͘�^ĂǀĞ�ƚŚŝƐ�ǀŝĞǁ�ĂƐ�
�Ă�ŶĂŵĞĚ�ǀŝĞǁ͘�hƐĞ�ƚŚĞ�ŶĂŵĞ�zoom_in͘�
�

Ϯ͘ �ƌĞĂƚĞ�ƚŚĞ�ŵĞƐŚ�ƐĞĞĚƐ�ŶĞĞĚĞĚ�ƚŽ�ŝŶĐƌĞĂƐĞ�ƚŚ
�ĚĞŶƐŝƚǇ�ŝŶ�ƚŚĞ�ĂƌĞĂ�ǁŚĞƌĞ�ƚŚĞ�ĚŝƐƚƌŝďƵƚĞĚ�ůŽĂĚ�ǁŝůů�
�be�applied.�
�

ϯ͘ �ƌĞĂƚĞ�Ă�ĨŝŶŝƚĞ�ĞůĞŵĞŶƚ�ŵĞƐŚ�ƵƐŝŶŐ�ƚŚĞ�ĞůĞŵĞŶ
topology�and�size�listed�in�the�diagram�ŽŶ�ƚŚĞ�ƌŝŐŚƚ
�

ϰ͘ �ƌĞĂte�an�Isotropic�material,�named�^ƚĞĞů�ǁŚŝĐŚ�ƵƐĞƐ� >ŝŶĞĂƌ��ůĂƐƚŝĐ�
Constitutive�Model.�The�Steel’s�Elastic�Modulus�and�Poisson’s�Ratio�are�
respectively�30E6�and�0.30.�
�
�

ϱ͘ �ƌĞĂƚĞ�Ă�ϯͲD�element�property�named,�Solid_Elements_Steel,�for�the�entire�
ŝŶĐůƵĚĞƐ�ƚŚĞ�ƐƚĞĞů�ŵĂƚĞƌŝĂů�ĚĞĨŝŶŝƚŝŽŶ
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ϭ͘ New�View�

Assuming�that�you�have�already�opened�database�
�ůĞǀŝƐ͘Ěď�,�use�the�sŝĞǁŝŶŐͬ�^ĞůĞĐƚ��ŽƌŶĞƌƐ����������
option�to�zoom�a�model�in�a��specific��ĂƌĞĂ͘��

Ă͘ 'Ž�ƚŽ�sŝĞǁŝŶŐͬEĂŵĞĚ�sŝĞǁ�KƉƚŝŽŶ��
ď͘ Create��a�new�View,�name�it�ǌŽŽŵͺŝŶ��ĂŶĚ�Śŝƚ��

Ͳ�ƉƉůǇͲ�

Ă�

ď�

To�simplify�the�View�you�
can�always�hide�or�display�
lines�by�pressing�ʹ�ŽŶůǇ�
ŵŽĚĞů͛Ɛ��ďŽƵŶĚĂƌŝĞƐ�ĂƌĞ�
ƐŚŽǁŶ͘�
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Ϯ͘��ƌĞĂƚŝŶŐ�ŵĞƐŚ�ƐĞĞĚƐ�

Ă͘ �ůŝĐŬ�ŽŶ�DĞƐŚŝŶŐ��ĂŶĚ�ĂƐ�ĨĂůůŽǁƐ�͗��ƌĞĂƚĞͲхDĞƐŚ�ƐĞĞĚͲхKŶĞ�tĂǇ��ŝĂƐ��Žƌ�ũƵƐƚ
ĐůŝĐŬ�ŽŶ���

ď͘ /ŶƐĞƌƚ�ϲ�ĂƐ�Ă�EƵŵďĞƌ� ;ŶƵŵďĞƌ�ŽĨ�ƐĞĞĚƐ�ŽŶ�ƚŚĞ�ĐƵƌǀĞͬĞĚŐĞͿ� �Ă Ϯ�ĂƐ�Ă�>Ϯͬ>ϭ�
ǁŚŝĐŚ�ŝŶĚŝĐĂƚĞƐ��ƐĞĞĚƐ��ǀĂƌǇŝŶŐ�ƐŝǌĞ�ĂůŽŶŐ�ĂŶ�ĞĚŐĞ͘��hŶĐŚĞĐŬ���ƵƚŽ��ǆĞĐƵƚĞ�ĂŶĚ�
ŚŽůĚŝŶŐ�>͘^ŚŝĨƚ�ĐŚŽŽƐĞ�ƚŚ �ϭƐƚ�ƉĂŝƌ�ŽĨ�ĞĚŐĞƐ�ƐŚŽǁŶ�ŝŶ�Ĩŝgure�and�press�ʹ�ƉƉůǇͲ�

�Ž�ƚŚĞ�ƐĂŵĞ�ĨŽƌ�ƚŚĞ�ϮŶĚ�pair�of�ĞĚŐĞƐ�ďƵƚ�ŝŶǀĞƌƚ�ƚŚĞ >Ϯͬ>ϭ�ƚŽ�ŵĂŝŶƚĂŝŶ�ƐǇŵŵĞƚƌǇ�ŽĨ�ƚŚĞ�
ƐĞĞĚƐ,�thus�Number:�ϲ,�L2/L1:�Ϭ͘ϱ�ĂŶĚ�ĐŚŽŽƐĞ�ϮŶĚ�ƉĂŝƌ�ŽĨ�ĞĚŐ �and�press�ʹ�ƉƉůǇͲ�

/Ŷ�ŽƌĚĞƌ�ƚŽ�ƐĞůĞĐƚ�ĞĚŐĞ��ĐůŝĐŬ�ŽŶ���������������ŝŶ�ƐĞůĞĐƚ�ŵĞŶƵ

�

ϭƐƚ�pair� ϮŶĚ�pair�

This�arrow�indicates��ƚŚĞ�
ĚŝƌĞĐƚŝŽŶ�ŽĨ�ƚŚĞ�ĞĚŐĞ�

Ă�

ď�
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ϯ͘��ƌĞĂƚŝŶŐ�DĞƐŚ�

Ă͘ �ƌĞĂƚĞͲхDĞƐŚͲх^ŽůŝĚ��or�simply�click�on�
ď͘ Change�element�shape�to�,Ğǆ�
Đ͘ Select�all�solid�parts�
Ě͘ hŶĐŚĞĐŬ� �ƵƚŽŵĂƚŝĐ� ĐĂůĐƵůĂƚŝŽŶ� ĂŶĚ� ŝŶƐĞƌƚ� sĂůƵĞ� Ϭ͘ϱ�

ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇ ��

If� project� is� unreadable�
zŽƵ� ŚĂǀĞ� ƚŽ� ŚŝĚĞ� >ĂďĞůƐ��
ĂŶĚ� ĚĞĐƌĞĂƐĞ� ƚŚĞ� ƐŝǌĞ� ŽĨ�
nodes�by�pressing�in�,ŽŵĞ�
ƐĞĐƚŝŽŶ͗��

Ă�

ď�

Đ�

Ě�
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Now�that� you� have� created�your� finite� element�mesh,� it� is� time� to� determine�whether� you� need� to�
͆equivalence�the�model”.�To�do�this:�

Ă͘ sĞƌŝĨǇͲх�ůĞŵĞŶƚͲх�ŽƵŶĚĂ �ĐŚĞĐŬ�ƚŚĞ�&ƌĞĞ��ĚŐĞƐ�ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�

As�you�can�see�Your�model�consist�of�a�group�of�solids�rĞƐŝĚŝŶŐ�ŶĞǆƚ�ƚŽ�ĞĂĐŚ�ŽƚŚĞƌ�ŝŶ�ƚŚƌĞĞ�ĚŝŵĞŶƐŝŽŶĂ
space.� Since� you� do� not� want� your� model� to� be� in� pieces,� you� must� equivalence� your� model.�
Equivalencing�results�in�all�the�nodes�coexisting�in�the�same�location,�to�be�reduced�to�the�node�with�
ƚŚĞ�ůŽǁĞƐƚ�/��ŶƵŵďĞƌ�ŝŶ�ƚŚĂƚ�ůŽĐĂƚŝŽ

ď͘ �ƋƵŝǀĂůĞŶĐĞͲх�ůůͲхdŽůĞƌĂŶĐĞ��ƵďĞ�͕��ĐŚĞĐŬ�ƚŚĞ�&ƌĞĞ��ĚŐĞƐ��ĂŶĚ�ʹ�ƉƉů �

zŽƵ�ŶŽǁ�ŚĂǀĞ�ŽŶĞ�ĐŽŶƚŝŐƵŽƵƐ�ŵŽĚĞů�ŽĨ�ĨŝŶŝƚĞ�ĞůĞŵĞŶƚƐ͘�To�check�ǁŚĞƚŚĞƌ�ƚŚŝƐ�ŝƐ�ƚƌƵ :�Repeat�the�step�
described�in�point�Ă͘���;zŽƵƌ�ŵŽĚĞů�ƐŚŽƵůĚ�ůŽŽŬƐ�ůŝŬĞ�ƚŚĞ�ŽŶĞ�ďĞůŽǁ�Ăƚ�ďůƵĞ�ďĂĐŬŐƌŽƵŶĚͿ

Ă�

ď�
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4.� Create� an� Isotropic� material,� named� Steel,� which��
ƵƐĞƐ�Ă�>ŝŶĞĂƌ��ůĂƐƚŝĐ��ŽŶƐƚŝƚƵƚŝǀĞ�DŽĚĞů͘

Ă͘ �ůŝĐŬ�ŽŶ�WƌŽƉĞƌƚŝĞƐ�ͬ�/ƐŽƚƌŽƉŝĐ�
ď͘ /ŶƐĞƌƚ�^ƚĞĞů��ĂƐ�ƚŚĞ�ŶĂŵĞ�ŽĨ�ŵĂƚĞƌŝĂů�ĂŶĚ�ĐůŝĐŬ�

/ŶƉƵƚ�WƌŽƉĞƌƚŝĞƐ���
Đ͘ �ŶƚĞƌ�sĂůƵĞ�ϯϬĞϲ�ŝŶ��ůĂƐƚŝĐ DŽĚƵůƵƐ�ĨŝĞůĚ�ĂŶĚ�

Ϭ͘ϯ�in�Poisson’s�Ratio�and�hit�K<�
Ě͘ �ŚĞĐŬ� ŝŶ� DĂƚĞƌŝĂů� ^ƚĂƚƵƐ� ŝĨ� ƚŚĞ� ƐƚĞĞů� ŝƐ� ŝŶ�

ACTIVE� material� zone� press� ʹ�ƉƉůǇͲ� � ĂŶ ʹ
�ƉƉůǇͲ�ŝŶ�DĂƚĞƌŝĂůƐ��ǁŝŶĚŽǁ�

Ă�

ď�

Đ�

Ě�
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ϱ͘� �ƌĞĂƚĞ� Ă D� element� property� named,� SŽůŝĚͺ�ůĞŵĞŶƚƐͺ^ƚĞĞů͕� Žƌ� ƚŚĞ� ĞŶƚŝƌĞ�ŵŽĚĞů�
ǁŚŝĐŚ�ŝŶĐůƵĚĞƐ�ƚŚĞ�ƐƚĞĞů�ŵĂƚĞƌŝĂů�ĚĞĨŝŶŝƚŝŽ

Ă͘ WƌŽƉĞƌƚŝĞƐ� � �ƌĞĂƚĞͲхϯ�Ͳх�^ŽůŝĚ � ŝŶƐĞƌƚ� � ^ŽůŝĚͺ�ůĞŵĞŶƚƐͺ^ƚĞĞů�ĂƐ� Ă�WƌŽƉĞƌƚǇ� ^Ğƚ�
EĂŵĞ�

ď͘ /ŶƉƵƚ�WƌŽƉĞƌƚŝĞƐ���ůŝĐŬ�ŽŶ���������ĂŶĚ�ĐŚŽŽƐĞ�ƐŽŽŶĞƌ�ĐƌĞĂƚĞ ^ƚĞĞů�ĂŶĚ�Śŝƚ�K<�
Đ͘ �ůŝĐŬ�ŽŶ�^ĞůĞĐƚ��ƉƉůŝĐĂƚŝŽŶ�ZĞŐŝŽŶ��ŵĂƌŬ�ǁŚŽůĞ�ƐŽůŝĚ�ĐůŝĐŬ��ĚĚͲх�K<��ĂŶĚ�ʹ�ƉƉ �

Ă�

ď�

Đ�
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����������ǣ�
 Apply�ĐŽŶƐƚƌĂŝŶƚƐ�ƚŽ�ǇŽƵƌ�ŵŽĚĞů͘�

�
 Create�and�apply�D�WƌĞƐƐƵƌĞ

�������������
ϭ͘ �ƌĞĂƚĞ�Ă�WƌĞƐƐƵƌĞ�ĐĂƐĞ��
Ϯ͘ Create�a�nodal�displacement�boundary�

ĐŽŶĚŝƚŝŽŶ�ŶĂŵĞĚ��ůĂŵďĞĚ�
ϯ͘ �ƌĞĂƚĞ�Ă�WƌĞƐƐƵƌĞ�ďŽƵŶĚĂƌǇ�ĐŽŶĚŝƚŝŽŶ

�

�����������������ǣ�
/Ŷ�ƚŚŝƐ�ĞǆĞƌĐŝƐĞ�ǇŽƵ�ǁŝůů�ĐƌĞĂƚĞ�Ă�ůŽĂĚŝŶŐ�ĐŽŶĚŝƚŝŽŶ�ĂŶĚ�Ă�
constraint�set�for�the�clevis�model.�The�base�of�the�lug�will�be�
clamped.�The�hole�will�be�ƵŶĚĞƌ�ƋƵĂĚƌĂƚŝĐĂůůǇ�ǀĂƌǇŝŶŐ
pressure��P�с�6900 *(1-x2).�

�

Area��under�pressure��

WсϲϵϬϬΎ;ϭͲǆϮͿ�
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ϴ�ƐƵƌĨĂĐĞƐ�

ϭ͘ Creating�a�pressure�case�(ATTENTION:�‘X,�below,�is�EKd�TYPED,�it�is�chosen�
from�the�list�of�Independent�Variables!!)͗��

Ă͘ >ŽĂĚͬ��Ɛ�ͬͬ�>���&/�>�^Ͳх�ƌĞĂƚĞ�ƐƉĂƚŝĂů�ĨƵŶĐƚŝŽŶ�ŝŶƐĞƌƚ�WƌĞƐƐƵƌĞͺĨŝĞůĚ��ĂƐ�
ŶĂŵĞ�ĐŚĞĐŬ�^ĐĂůĂƌ�ĂŶĚ�ZĞĂů�ĂŶĚ�ŝŶƐĞƌƚ�ϲϵϬϬΎ;ϭͲ͚yΎΎϮͿ�ĂƐ�Ă�^ĐĂůĂƌ�&ƵŶĐƚŝŽŶ�
ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�

ď͘� � � �ůĞŵĞŶƚ� sĂƌŝĂďůĞͬ� WƌĞƐƐƵƌĞ͕� �ŶƚĞƌ�
Pressure� as� a� name,� change� target� to�ϯ��
ĂŶĚ�ĐůŝĐŬ�/ŶƉƵƚ��ĂƚĂ͘�

Đ͘���ŽƵďůĞ�ĐůŝĐŬ�ŽŶ�WƌĞƐƐƵƌĞͺĨŝĞůĚ �ĂŶĚ�ŽŬ�

Ě͘� � �^ĞůĞĐƚ��ƉƉůŝĐĂƚŝŽŶ� ZĞŐŝŽŶ� Ͳх� ŚŽůĚŝŶŐ�
>͘^ŚŝĨƚ�ƐĞůĞĐƚ�Ăůů�ϴ�ƐƵƌĨĂĐĞƐ��ƚŚĂŶ�ĐůŝĐŬ��ĚĚͲ
х�K<�ĂŶĚ�ʹ�ƉƉůǇͲ�

Ă�ď�

Đ�

Ě�
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2.��Create�a�Nodal�Displacement�boundary�condition:�

Ă͘ >ŽĂĚͬ�ŽƵŶĚĂƌǇ��ŽŶĚŝƚŝŽŶƐ���ƌĞĂƚĞͲх��ŝƐƉůĂĐĞŵĞŶƚ
ͲхEŽĚĂů��ƐĞƚ�ŶĂŵĞ�ĂƐ �ůĂŵƉĞĚ�

ď͘ �ůŝĐŬ� ŽŶ� /ŶƉƵƚ� ĚĂƚĂ� ĂŶĚ� ŝŶƐĞƌƚ� фϬ͕Ϭ͕Ϭх� ĂƐ� Ă�
dƌĂŶƐůĂƚŝŽŶ�ĂŶĚ�фϬ͕Ϭ͕Ϭх�ĂƐ ZŽƚĂƚŝŽŶƐ��ĂŶĚ K<�

Đ͘ ^ĞůĞĐƚ� �ƉƉůŝĐĂƚŝŽŶ� ZĞŐŝŽŶͲх� � ĐŚĂŶŐĞ� ƚŚĞ� ĨŝůƚĞƌ� ƚŽ�
^ƵƌĨĂĐĞ� ĂŶĚ� �ĚĚ� ĂŶĚ� ƐĞůĞĐƚ� ƐƵƌĨĂĐĞƐ� ĂƐ� ƐŚŽǁŶ� ŝ
ĨŝŐƵƌĞ͕�ĐůŝĐŬ�ŽŶ��ĚĚ͕��K<��ĂŶĚ�ƚŚĞŶ�ʹ�ƉƉůǇͲ�

Ă�

ď�
Đ�
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�ŝƐƉůĂǇ�ďŽƚŚ�ƚŚĞ�ĚŝƐƉůĂĐĞŵĞŶƚ�
ĂŶĚ� ĨŽƌĐĞ� ŽŶ� ƚŚĞ� ĨŝŶŝƚĞ�
ĞůĞŵĞŶƚ�ŵŽĚĞů �
ĂͿ �ŝƐƉůĂǇͬ>ŽĂĚͬ��ͬ�ůĞŵ͘�

WƌŽƉƐ͘͘͘� ĂŶĚ� ĐŚĞĐŬ� ^ŚŽǁ� ŽŶ�
&�D�ŽŶůǇ�ĂŶĚ�Śŝƚ�ʹ�ƉƉůǇͲ�

ďͿ After� that,� ŝŶ� >ŽĂĚƐͬ��Ɛ� ƚĂď�
ĐŚŽŽƐĞ� WůŽƚ� ŵĂƌŬĞƌƐ� � ĂƐ� Ă
�ĐƚŝŽŶ�

ĐͿ ,ŝŐŚůŝŐŚƚ �ŝƐƉůͺ�ůĂŵƉĞĚ�ĂŶ
ʹ�ƉƉů �͘�/Ĩ�ǇŽƵ�ǁĂŶƚ�ƚŽ�ƐŚŽǁ�
ŽŶ� ƚŚĞ� ŵŽĚĞů� ĂůƐŽ� Ă�
pressure,� ŚŝŐŚůŝŐŚƚ� Ăů
WƌĞƐƐͺWƌĞƐƐƵƌĞ� � ďĞĨŽƌĞ� ǇŽƵ�
Śŝƚ�ʹ�ƉƉůǇͲ�



WĂŐĞ�Ϯϯ�ŽĨ�Ϯϲ�
�

�

� �

To�save�the�figure�ŽĨ�ƚŚĞ�ĨŝŶŝƚĞ�ĞůĞŵĞŶƚ�ŵŽĚĞů͗
ĞͿ &ŝůĞͬ/ŵĂŐĞƐ͘͘͘�
ĨͿ ^ŽƵƌĐĞ͗��ƵƌƌĞŶƚ�sŝĞǁƉŽƌƚ�
ŐͿ �ŚŽŽƐĞ�/ŶĐƌĞŵĞŶƚ�
ŚͿ �ůŝĐŬ��ƉƉůǇ�
�
A�ǁŚŝƚĞ�ďĂĐŬŐƌŽƵŶĚ�ŽĨ�Ăůů�ĨŝŐƵƌĞƐ�ŝƐ�ŽďůŝŐĂƚŽƌǇ͘�



WĂŐĞ�Ϯϰ�ŽĨ�Ϯϲ�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Run�a�linear�analysis:�

ϭ͘ �ůŝĐŬ���ŶĂůǇƐŝƐ��ƚĂď�
Ϯ͘ ^Ğƚ��ŶĂůǇƐŝƐͬ�ŶƚŝƌĞ�DŽĚĞůͬ�&Ƶůů�ZƵŶ�
ϯ͘ �ůŝĐŬ�^ŽůƵƚŝŽŶ�dǇƉĞ�
ϰ͘ �ŚĞĐŬ�>ŝŶĞĂƌ�ƐƚĂƚŝĐ�
ϱ͘ �ůŝĐŬ�K<�
ϲ͘ �ůŝĐŬ�ʹ�ƉƉůǇͲ�

ϭ�

Ϯ�

ϯ�

ϲ�

ϰ�

ϱ�
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Attach�the�result�file,��when�the�
analysis�job�is�completed:�

ϭ͘ �ůŝĐŬ�y���
Ϯ͘ �ůŝĐŬ�^ĞůĞĐƚ�ZĞƐƵůƚ�&ŝůĞ�

ĂŶĚ�ƐĞůĞĐƚ��ůĞǀŝƐ�͘ǆĚď�ŝĨ�
ŶĞĐĞƐƐĂƌǇ��

ϯ͘ �ůŝĐŬ�ʹ�ƉƉůǇ �

Bellow� there� is� a� fragment� of�
ƚŚĞ�ĨϬϲ�ĨŝůĞ�ǁŚŝĐŚ�ĐŽŶƚĂŝŶƐ�ŽĨ�Ă
in/output� data.� This� fragment�
ŝůůƵƐƚƌĂƚĞƐ� ĚŝƐƚƌŝďƵƚŝŽŶ� ŽĨ�
ƚŚĞ�ůŽĂĚƐ͘�,ŝŐŚůŝŐŚƚĞĚ�ǀĂůƵĞ� ŝƐ� Ă�
ǀĂůƵĞ�ŽĨ�ƌĞƐƵůƚĂŶƚ�ĨŽ �ǁŽƌŬŝŶŐ�
ŝŶ�&Ǉ�ĚŝƌĞĐƚŝŽŶ�

ϭ�

Ϯ�

ϯ�

HDF5

h5
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 To�postͲprocess�stress�results�from�MSC/NASTRAN�
 To�use�MSC/PATRAN�to�create�fill�and�fringe�plots�to�

determine�if�the�analyzed�part�will�meet�a�customer�
defined�criteria�or�whether�the�part�needs�to�be�

ƌĞĚĞƐŝŐŶĞĚ�ĂŶĚ�ƌĞͲĂŶĂůǇǌĞĚ

�

�

�

�

�

�

�

�

�

�

�
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