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 Abstract  

̞Ǹ ɳʔɶɳɐɾǸ ɐȒ ʌțȡɾ ǱɐǪʔɃǸɅʌ ȡɾ ʌɐ ɶǸǱʔǪǸ ʌțǸ ǸȒȒɐɶʌ ɐȒ ȓǸʌʌȡɅȓ ɾʌǍɶʌǸǱ ʭȡʌț ȡɃɳȺȡǪȡʌ 

ǍɅǍȺʳɾȡɾ ʔɾȡɅȓ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṣ =ǍɾȡǪ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ɐɅ ǸȺǸɃǸɅʌ ʌʳɳǸɾṞ 

ǪɐɅʌǍǪʌ ȒɐɶɃʔȺǍʌȡɐɅɾṞ ȺɐǍǱɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ɳɶɐʬȡǱǸǱṞ Ǎɾ ʭǸȺȺ Ǎɾ ɾɐɃǸ ɾɃǍȺȺ 

ǸʲǍɃɳȺǸɾṣ 

 

̞ȡɾ ǱɐǪʔɃǸɅʌ ȡɾ ʔɅǱǸɶ ǪɐɅʌȡɅʔɐʔɾ ǱǸʬǸȺɐɳɃǸɅʌṞ ǍɅǱ ȒʔʌʔɶǸ ȡɃɳɶɐʬǸǱ ɶǸʬȡɾȡɐɅɾ ʭȡȺȺ ǩǸ 

ɶǸȺǸǍɾǸǱṣ 

 

  

 

ÿțǸ ɳʔɶɳɐɾǸ ɐȒ ʌțȡɾ ǱɐǪʔɃǸɅʌ ȡɾ ʌɐ ɶǸǱʔǪǸ ʌțǸ ǸȒȒɐɶʌ ɐȒ ȓǸʌʌȡɅȓ ɾʌǍɶʌǸǱ ʭȡʌț ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ 

ʔɾȡɅȓ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṣ =ǍɾȡǪ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ɐɅ ǸȺǸɃǸɅʌ ʌʳɳǸɾṞ ǪɐɅʌǍǪʌ ȒɐɶɃʔȺǍʌȡɐɅɾṞ 

ȺɐǍǱɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ɳɶɐʬȡǱǸǱṞ Ǎɾ ʭǸȺȺ Ǎɾ ɾɐɃǸ ɾɃǍȺȺ ǸʲǍɃɳȺǸɾṣ 

 

ÿțȡɾ ǱɐǪʔɃǸɅʌ ȡɾ ʔɅǱǸɶ ǪɐɅʌȡɅʔɐʔɾ ǱǸʬǸȺɐɳɃǸɅʌṞ ǍɅǱ ȒʔʌʔɶǸ ȡɃɳɶɐʬǸǱ ɶǸʬȡɾȡɐɅɾ ʭȡȺȺ ǩǸ ɶǸȺǸǍɾǸǱṣ 

 

Disclaimer  

By using this Guideline, you hereby consent to this disclaimer and agree to its terms.  

All the information in this Guideline, comprised of this document and the 

accompanying simulation models, is published in good faith and for general 

information purposes only. Neither Synopsys, Ansys , DYNAmore nor the authors make 

any warranties about the completeness, reliability, and accuracy of the information in 

this Guideline. Any action you take upon the information you find in this Guideline is 

strictly at your own risk. Neither Synopsys, Ansys , DYNAmore nor the authors will be 

liable for any losses and/or damages in connection with the use of the Guideline. It is 

always up to the user of this Guideline to verify the r esults.   
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1 uɅʌɶɐǱʔǪʌȡɐɅ 
̞Ǹ ɳʔɶɳɐɾǸ ɐȒ ʌțǸ ɳɶǸɾǸɅʌ ǱɐǪʔɃǸɅʌ ȡɾ ʌɐ ɳɶɐʬȡǱǸ Ǎ ɾʌǍɶʌȡɅȓ ɳɐȡɅʌ1 Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɅ 

!Ʌɾʳɾ ¬ñẁEĥ¸!Ἅ ɾɐȒʌʭǍɶǸṞ ʭȡʌț ɶǸɾɳǸǪʌ ʌɐ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾṞ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾṞ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ 

ǸʌǪṣ ñɐɃǸ ǸȺǸɃǸɅʌǍɶʳ ǸʲǍɃɳȺǸɾ ǍɶǸ ǍȺɾɐ ɳɶǸɾǸɅʌǸǱṣ uʌ ȡɾ ǍɾɾʔɃǸǱ ʌțǍʌ ʌțǸ ɶǸǍǱǸɶ țǍɾ ɾɐɃǸ ɳɶǸʬȡɐʔɾ 

ȶɅɐʭȺǸǱȓǸ ɐȒ ¬ñẁEĥ¸!ṣ  

uʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ǍɅ ȡɅǪȺʔǱǸẁ̟ ȺǸ ɾʌɶʔǪʌʔɶǸ Ȓɐɶ ʌțǸ fMẁɃɐǱǸȺ ̟ȺǸɾṞ Ǎɾ ɐʔʌȺȡɅǸǱ ȡɅ fȡȓʔɶǸ ṣɳ =ʳ ʌțȡɾṞ 

ʌțǸ ɳɶɐʬȡǱǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾ ṵǱɐʭɅȺɐǍǱ ʌțǸ ʽȡɳ ǍɶǪțȡʬǸ ȒɶɐɃ țʌʌɳɾṝṩṩȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁ

ǩǍɾǸṩȡɃɳȺȡǪȡʌṩṶ Ȓɐɶ ǪɐɅʌɶɐȺ ǍɅǱ ǱǍʌǍǩǍɾǸ ǪǍɶǱɾ ǪǍɅ ǩǸ ʔʌȡȺȡʽǸǱ ǱȡɶǸǪʌȺʳṣ ̞Ǹ ̟ȺǸɾ ǍɶǸ ȡɅʌǸɅǱǸǱ Ȓɐɶ ʔɾǸ ʭȡʌț 

¬ñẁEĥ¸! éᶯᶰṣᶰṣᶯṞ éᶯᶲṣᶯṞ éᶯᶳṣᶮṣᶰṞ éᶯᶴṣᶯṣᶯ ṳᶯṴṞ ɐɶ ȺǍʌǸɶṣ ̞Ǹ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ țǍʬǸ ǩǸǸɅ ǱǸʬǸȺɐɳǸǱ ǍɅǱ 

ʌǸɾʌǸǱ Ȓɐɶ ǸʬǸɶʳǱǍʳ ʔɾǸ ǍɅǱ ȒɐʔɅǱ ʌɐ ʭɐɶȶ ʭǸȺȺ Ȓɐɶ Ǎ ʭȡǱǸ ɶǍɅȓǸ ɐȒ ǍɳɳȺȡǪǍʌȡɐɅɾṣ ñʌȡȺȺ ʌțǸɶǸ ɃǍʳ ǩǸ 

ɾɳǸǪȡ̟Ǫ ɾȡʌʔǍʌȡɐɅɾ ʭțǸɶǸ ɃɐǱȡ̟ǪǍʌȡɐɅɾ ɐȒ ʌțǸ ɳɶɐʬȡǱǸǱ ǩǍɾȡǪ ɾǸʌʌȡɅȓɾ ʭȡȺȺ ǩǸ ɶǸɵʔȡɶǸǱṣ ̞ǸɅ Ǎʌ ȺǸǍɾʌṞ ʌțǸ 

ɳɶɐʬȡǱǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾ ɃǍʳ ɾǸɶʬǸ Ǎɾ Ǎ ɾʌǍɶʌȡɅȓ ɳɐȡɅʌ Ȓɐɶ ȒʔɶʌțǸɶ ɃɐǱȡ̟ǪǍʌȡɐɅɾṣ  

fɐɶ ʔɾǸɶɾ ʭȡʌț ǸʲɳǸɶȡǸɅǪǸ ȒɶɐɃ ɐʌțǸɶ ȡɃɳȺȡǪȡʌ fMẁɾɐȺʬǸɶɾṞ ʌțǸ ǸʲʌǸɅɾȡʬǸ ʔɾǸ ɐȒ ǪɐɅʌɶɐȺẁǪǍɶǱɾ ȡɅ ¬ñẁEĥ¸!Ṟ 

ɾʔǪț Ǎɾ *CONTROL_IMPLICIT_ṣṣṣṞ ʭȡʌț ɃǍɅʳ ǱȡȒȒǸɶǸɅʌ ɳǍɶǍɃǸʌǸɶ ɾǸʌʌȡɅȓɾṞ ɃǍʳ ɾǸǸɃ ɐʬǸɶʭțǸȺɃȡɅȓṣ !ȺȺ 

ʌțǸ ʬǍȺʔǸɾ ǍɅǱ ̠Ǎȓɾ ʌțǍʌ Ƀʔɾʌ ǩǸ ɾɳǸǪȡ̟ǸǱ Ƀȡȓțʌ ǩǸ ɾǸǸɅ Ǎɾ Ǎ ʌțɶǸɾțɐȺǱ ʌɐ ɅǸʭ ¬ñẁEĥ¸! ʔɾǸɶɾṣ =ʳ 

ʔɾȡɅȓ ʌțǸ ɾʔɳɳȺȡǸǱ ȡɅǪȺʔǱǸẁ̟ ȺǸɾ ʭȡʌț ɾʔȓȓǸɾʌǸǱ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾṞ ʌțǸ ǸȒȒɐɶʌ ɐȒ ȓǸʌʌȡɅȓ ɾʌǍɶʌǸǱ ʭȡʌț 

ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɅ ¬ñẁEĥ¸! ȡɾ țɐɳǸȒʔȺȺʳ ɶǸǱʔǪǸǱṣ  

̞Ǹ ɳɶǸɾǸɅʌ ǱɐǪʔɃǸɅʌ ȡɾ ǍȡɃǸǱ Ǎʌ ȓǸɅǸɶǍȺ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ʭȡʌțɐʔʌ ǍɅʳ ɾɳǸǪȡ̟Ǫ ǍɳɳȺȡǪǍʌȡɐɅ ȒɐǪʔɾṣ  

fɐɶ ʌțɐɶɐʔȓț ǱǸʌǍȡȺɾ ɶǸȓǍɶǱȡɅȓ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱɾ ǍɅǱ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾṞ ʌțǸ ɶǸǍǱǸɶ ȡɾ ɶǸȒǸɶɶǸǱ ʌɐ éǸȒ 

ṳᶯṴṳᶰṴṣ !ɳɳǸɅǱȡʲ æ ɐȒ ʌțǸ ©ǸʳʭɐɶǱ ɃǍɅʔǍȺ ṳᶯṴ ǪɐɅʌǍȡɅɾ Ǎ ǱǸʌǍȡȺǸǱ ǱǸɾǪɶȡɳʌȡɐɅ ɐȒ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɅ 

¬ñẁEĥ¸!ṣ 

!Ʌ ǸʲʌǸɅɾȡʬǸ ǩǸɅǪțɃǍɶȶ ɐȒ ȺȡɅǸǍɶ ǍɅǱ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɅ ¬ñẁEĥ¸! ǍǪǪɐɶǱȡɅȓ ʌɐ E¸Ğ 

éǸǪɐɃɃǸɅǱǸǱ æɶǍǪʌȡǪǸ >ᶰᶮᶶ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ éǸȒṣ ṳᶵṴṣ !Ʌ ɐʬǸɶʬȡǸʭ ɐȒ ʌțǸ ȡɃɳȺȡǪȡʌ ǪǍɳǍǩȡȺȡʌȡǸɾ ɐȒ !Ʌɾʳɾ 

¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ ǍȺɐɅȓ ʭȡʌț ǩǸɅǪțɃǍɶȶ ɶǸɾʔȺʌɾ ǍɅǱ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ éǸȒṣ ṳᶲᶵṴṣ 

fɐɶ ȓǸɅǸɶǍȺ ɾʔɳɳɐɶʌṞ ɾǸǸ ȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁǩǍɾǸṩṣ ĆɾǸȒʔȺ ɳʔǩȺȡǪǍʌȡɐɅɾ ȒɶɐɃ ¬ñẁEĥ¸! ʔɾǸɶɾ 

ǍɅǱ ǱǸʬǸȺɐɳǸɶɾ ɃǍʳ ǩǸ ȒɐʔɅǱ ɐɅ ȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩǪɐɅȒǸɶǸɅǪǸẁɳǍɳǸɶɾṩṣ MʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸɾ ǪǍɅ ǩǸ 

ȒɐʔɅǱ Ǎʌ ȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁǩǍɾǸṩȡɃɳȺȡǪȡʌ ǍɅǱ ȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁǩǍɾǸṩɅʬțẁ

ȒǍʌȡȓʔǸṣ fɐɶ ȒʔɶʌțǸɶ ɵʔǸɾʌȡɐɅɾṞ ɐɶ ȡȒ Ǹɶɶɐɶɾ ǍɶǸ ȒɐʔɅǱ ȡɅ ʌțȡɾ ǱɐǪʔɃǸɅʌṞ ɳȺǸǍɾǸ ǪɐɅʌǍǪʌ ʳɐʔɶ ȺɐǪǍȺ !Ʌɾʳɾ 

¬ñẁEĥ¸! ɾʔɳɳȺȡǸɶṣ   

ÿɶǍȡɅȡɅȓ ǪɐʔɶɾǸɾ ǍɅǱ ʭǸǩȡɅǍɶɾ ȡɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ʔɾȡɅȓ ¬ñẁEĥ¸! ǍɶǸ ǍʬǍȡȺǍǩȺǸ Ǎʌ ʌțǸ !Ʌɾʳɾ ¬ǸǍɶɅȡɅȓ 

oʔǩṞ ɐɶ ɐɅ ǱǸɃǍɅǱ ȒɶɐɃ ʳɐʔɶ ȺɐǪǍȺ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾʔɳɳȺȡǸɶṣ >ɐʔɶɾǸɾ ȡɅ ǪɐɅʌǍǪʌɾ ǍɅǱ ɃǍʌǸɶȡǍȺ 

ɃɐǱǸȺȺȡɅȓ ǍɶǸ ǍȺɾɐ ǍʬǍȡȺǍǩȺǸṣ ̞ Ǹ ɳɶǸɾǸɅʌ ǱɐǪʔɃǸɅʌ ȡɾ ǩǍɾǸǱ ɐɅ ʌțǸ ǪɐʔɶɾǸ ɅɐʌǸɾ ṳᶲṴ ǱǸʬǸȺɐɳǸǱ ǩʳ 

Eɶṣ ̞ɐɃǍɾ =ɐɶɶʬǍȺȺ ǍɅǱ ɐʌțǸɶɾṣ  

 
 

1 uʌ Ƀȡȓțʌ ʬǸɶʳ ʭǸȺȺ ǩǸ ʌțǸ ǪǍɾǸ ʌțǍʌ ɃɐǱȡ̟ǪǍʌȡɐɅɾ ɐɶ ǍȺʌǸɶɅǍʌȡʬǸ ɾǸʌʌȡɅȓɾ ǍɶǸ ɶǸɵʔȡɶǸǱ ʌɐ ǩǸʌʌǸɶ 
̟ʌ Ǎ ɳǍɶʌȡǪʔȺǍɶ ǍɳɳȺȡǪǍʌȡɐɅṣ 

https://lsdyna.ansys.com/knowledge-base/implicit/
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https://lsdyna.ansys.com/knowledge-base/
https://lsdyna.ansys.com/conference-papers/
https://lsdyna.ansys.com/knowledge-base/implicit
https://lsdyna.ansys.com/knowledge-base/nvh-fatigue
https://lsdyna.ansys.com/knowledge-base/nvh-fatigue
https://www.ansys.com/services/ansys-learning-hub
https://www.ansys.com/services/ansys-learning-hub
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̞Ǹ ɳɶǸɾǸɅʌ ǱɐǪʔɃǸɅʌ ʭǍɾ ǱǸʬǸȺɐɳǸǱ ǩʳ Eɶṣ !ɅǱǸɶɾ ¦ɐɅɾɾɐɅṞ ʭȡʌț ǪɐɅʌɶȡǩʔʌȡɐɅɾ ȒɶɐɃ ¶ǍɶǪʔɾ ¬ȡȺȲǍṞ !̡ǸȺ 

oǍȺȺǹɅṞ ¶ǍɶǪʔɾ gʔɾʌǍʬɾɾɐɅṞ ǍɅǱ ɐʌțǸɶɾṣ 

 

Figure 1. Recommended include -file structure for convenient use of the provided control cards files.  

 

ᶯṣᶯ ğɐɶȶ̠ɐʭɾ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ 

oȡɾʌɐɶȡǪǍȺȺʳṞ ȶǸʳʭɐɶǱẁǩǍɾǸǱ ṵɐɶ ʌǸʲʌ ȡɅɳʔʌṶ ǍɳɳɶɐǍǪțǸɾ țǍʬǸ ǩǸǸɅ ʭȡǱǸȺʳ ǍɳɳȺȡǸǱ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ǍɅǍȺʳɾǸɾ 

ʔɾȡɅȓ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ɃǸɾț ȡɾ ǪɶǸǍʌǸǱ ȡɅ ɾɐɃǸ ɳɶǸɳɶɐǪǸɾɾɐɶ ǍɅǱ ʌțǸɅ 

țǍɅǱȺǸǱ Ǎɾ Ǎ ɾǸɳǍɶǍʌǸ ȡɅǪȺʔǱǸ ̟ȺǸṞ ɾǸǸ fȡȓʔɶǸ ṣɳ Ǹ̞ ɃǍȡɅ ȶǸʳʭɐɶǱ ̟ȺǸ ǪɐȺȺǸǪʌɾ ȡɅǪȺʔǱǸ ̟ȺǸɾ ǍɅǱ ǪɐɅʌǍȡɅɾ 

ʌțǸ ȺɐǍǱ ǪǍɾǸ ǱǸɾǪɶȡɳʌȡɐɅṞ ǪɐɅʌǍǪʌɾṞ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǸʌǪṣ ̞Ǹ ɃǍȡɅ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ ʌțǸɅ ɃɐǱȡ̟ǸǱ 

ʔɾȡɅȓ Ǎ ʌǸʲʌ ǸǱȡʌɐɶṣ ̞Ǹ ȶǸʳʭɐɶǱẁǩǍɾǸǱ ǍɳɳɶɐǍǪț ȡɾ ǍɾɾʔɃǸǱ ȡɅ ʌțȡɾ gʔȡǱǸȺȡɅǸṞ ǩʔʌ ǍȺʌǸɶɅǍʌȡʬǸȺʳ gĆuẁ

ǩǍɾǸǱ ǍɳɳɶɐǍǪțǸɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸṞ ʭțȡǪț ȓʔȡǱǸɾ ʌțǸ ʔɾǸɶ ʌțɶɐʔȓț ʌțǸ ɾǸʌʔɳṞ Ȓɐɶ ǸʲǍɃɳȺǸ ʌțǸ ñɐȺʔʌȡɐɅ 

MʲɳȺɐɶǸɶ ɐȒ ¬ñẁæɶǸæɐɾʌṞ ɾǸǸ ñǸǪʌȡɐɅ ɳ ṣᶯṣᶯṞ ÿǸɃɳȺǍʌǸ =ǍɾǸǱ ɾǸʌʔɳ ʔɾȡɅȓ ¬ñẁæɶǸæɐɾʌṞ ɾǸǸ ñǸǪʌȡɐɅ ᶯṣᶯṣᶰṞ ɐɶ 

!Ʌɾʳɾ ğɐɶȶǩǸɅǪțṞ ɾǸǸ ñǸǪʌȡɐɅ ɳ ṣᶯṣᶱṣ   

ᶯṣᶯṣᶯ ¬ñẁæɶǸæɐɾʌ ñɐȺʔʌȡɐɅ MʲɳȺɐɶǸɶ 

fɶɐɃ ʬǸɶɾȡɐɅ ᶲṣᶴ ɐȒ ¬ñẁæɶǸæɐɾʌṞ ʌțǸ ñɐȺʔʌȡɐɅ MʲɳȺɐɶǸɶṞ Ǎ ǱǸǱȡǪǍʌǸǱ gĆu Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ 

ṳᶯᶷṴ ȡɾ ǍʬǍȡȺǍǩȺǸṞ ɾǸǸ fȡȓʔɶǸ ṣɴ uɅʌǸȓɶǍʌǸǱ ɳɐɾʌɳɶɐǪǸɾɾȡɅȓ ǍɅǱ Ȳɐǩ ɾʔǩɃȡɾɾȡɐɅ ʬȡǍ ¬ñẁéʔɅ ǍɶǸ ǍȺɾɐ 

ȡɅǪȺʔǱǸǱṣ ̞Ǹ ñɐȺʔʌȡɐɅ MʲɳȺɐɶǸɶ ȡɾ ǩǍɾǸǱ ɃǍȡɅȺʳ ɐɅ ȓǸɅǸɶǍȺ ǸɅȓȡɅǸǸɶȡɅȓ ǪɐɅǪǸɳʌɾṞ ǩʳ ʭțȡǪț ʌțǸ ʔɾǸɶ 

ǪǍɅ ɾǸʌ ʔɳ ǱȡȒȒǸɶǸɅʌ ʌʳɳǸɾ ɐȒ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ʔɾȡɅȓ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸ ʭȡʌțɐʔʌ ǱǸʌǍȡȺǸǱ 

ȶɅɐʭȺǸǱȓǸ ɐȒ ǸǍǪț ȶǸʳʭɐɶǱṣ ̞Ǹ ʔɾǸɶ ʭȡȺȺ ǩǸ ȓʔȡǱǸǱ ʭȡʌț ɶǸȓǍɶǱɾ ʌɐ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓṞ ǸȺǸɃǸɅʌ 

ʌʳɳǸɾṞ ǪɐɅʌǍǪʌɾ ǸʌǪṣ ĆɾȡɅȓ ʌțǸ ñɐȺʔʌȡɐɅ MʲɳȺɐɶǸɶṞ ʌțǸ ɶǸǪɐɃɃǸɅǱǸǱ ɾǸʌʌȡɅȓɾ ǍǪǪɐɶǱȡɅȓ ʌɐ !ɳɳǸɅǱȡʲ æ ɐȒ 

éǸȒṣ ṳᶯṴ ʭȡȺȺ ǩǸ ɐǩʌǍȡɅǸǱṞ ǍȺɐɅȓ ʭȡʌț ɶǸǪɐɃɃǸɅǱǸǱ ǪɐɅʌǍǪʌ ɾǸʌʌȡɅȓɾṞ ǸȺǸɃǸɅʌɾṞ ɃǍʌǸɶȡǍȺɾ ǸʌǪṣ Ȓɐɶ ȡɃɳȺȡǪȡʌ 

ǍɅǍȺʳɾǸɾṣ 
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Figure 2. Screenshot of the Solution Explorer  in LS-PrePost 4. 13. 

ᶯṣᶯṣᶰ ÿǸɃɳȺǍʌǸ ǩǍɾǸǱ ɾǸʌʔɳ ȡɅ ¬ñẁæɶǸæɐɾʌ 

fɶɐɃ ʬᶲṣᶯᶱṣ ɸɐȒ ¬ñẁæɶǸæɐɾʌṞ Ǎ ɅǸʭ ǍɳɳȺȡǪǍʌȡɐɅẁɐɶȡǸɅʌǸǱ ʭɐɶȶ̠ɐʭ ʔɾȡɅȓ ʌǸɃɳȺǍʌǸɾ ṳᶳᶲṴ ȡɾ ǍʬǍȡȺǍǩȺǸṞ ɾǸǸ 

fȡȓʔɶǸ ṣɵ  

 

Figure 3. The use of templates for setting up a nonlinear implicit analysis.  
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̞Ǹ ʌǸɃɳȺǍʌǸɾ ǍɶǸ ǸǍɾʳ ǪʔɾʌɐɃȡʽǍǩȺǸ ǍɅǱ ǍɶǸ ɳɐʭǸɶȒʔȺ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ɾʌǍɅǱǍɶǱȡʽǸǱ ʭɐɶȶ̠ɐʭɾṣ 

ÿǸɃɳȺǍʌǸɾ ɳɶɐʬȡǱǸ Ǎ ǪɐɅʬǸɅȡǸɅʌ Ǎ ʭǍʳ ɐȒ ɶǸǱʔǪȡɅȓ ʌțǸ ǸȒȒɐɶʌ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ɾȡɃȡȺǍɶ ǍɅǍȺʳɾǸɾṞ ʭțǸɅ ɐɅȺʳ 

ɾɃǍȺȺ ǪțǍɅȓǸɾ ʌɐ ʌțǸ fMẁɃɐǱǸȺ ṵȓǸɐɃǸʌɶʳṞ ɃǸɾțṞ ɃǍʌǸɶȡǍȺ ṟṶ ǍɶǸ ɃǍǱǸṣ 

! ʌǸɃɳȺǍʌǸ ǪɐɅʌǍȡɅɾ Ǎ ɾǸʌ ɐȒ ɾʌǍɅǱǍɶǱȡʽǸǱ ̟ȺǸɾṞ ǪɐȺȺǸǪʌǸǱ ȡɅ Ǎ ʽȡɳ ǍɶǪțȡʬǸṞ ɾǸǸ fȡȓʔɶǸ  ɸǍɅǱ éǸȒṣ ṳᶳᶲṴ Ȓɐɶ Ǎ 

ǱǸʌǍȡȺǸǱ ǱǸɾǪɶȡɳʌȡɐɅṣ ğȡʌț ʌțȡɾ gʔȡǱǸȺȡɅǸṞ ɾɐɃǸ ʬǸɶʳ ȓǸɅǸɶǍȺ ʌǸɃɳȺǍʌǸɾ Ȓɐɶ ɅɐɅȺȡɅǸǍɶ ɾʌǍʌȡǪṞ ȺȡɅǸǍɶ ɾʌǍʌȡǪ 

ǍɅǱ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ǍɶǸ ɳɶɐʬȡǱǸǱṣ Ǹ̞ ɳɶɐʬȡǱǸǱ ʌǸɃɳȺǍʌǸɾ ǪɐɅʌǍȡɅ ɐɅȺʳ ʌțǸ ǩǍɾȡǪ ǪɐɅʌɶɐȺ 

ǪǍɶǱ ɾǸʌʌȡɅȓɾ ǍɅǱ ǱǍʌǍǩǍɾǸ ɶǸɵʔǸɾʌɾṣ Ǹ̞ ɃɐɶǸ ɾɳǸǪȡ̟Ǫ ʌțǸ ʌǍɾȶ ȡɾṞ ʌțǸ ɃɐɶǸ ɳɐʭǸɶȒʔȺ ʌțǸ ʔɾǸ ɐȒ 

ʌǸɃɳȺǍʌǸɾ ǩǸǪɐɃǸɾṣ ! ʌǸɃɳȺǍʌǸ ǪɐʔȺǱ ǍȺɾɐ ǪɐɅʌǍȡɅ ǍȺɾɐ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾṞ ȺɐǍǱȡɅȓɾṞ ǪɐɅʌǍǪʌ 

ǱǸ̟ɅȡʌȡɐɅɾ ǸʌǪṣ  

 

Figure 4. The template is contain ed in a zip archive (impl_nonlin.zip). Contents are stored in files with 

standardized names.  

ᶯṣᶯṣᶱ !Ʌɾʳɾ ğɐɶȶǩǸɅǪț  

uʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ʔɾǸ !Ʌɾʳɾ ğɐɶȶǩǸɅǪț ṩ !Ʌɾʳɾ ¶ǸǪțǍɅȡǪǍȺ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ȡɃɳȺȡǪȡʌ ¬ñẁEĥ¸! ǍɅǍȺʳɾǸɾṞ ɾǸǸ 

fȡȓʔɶǸ ṣʂ ÿɐ ǍǪʌȡʬǍʌǸ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṞ ɾǸȺǸǪʌ !ɅǍȺʳɾȡɾ ñǸʌʌȡɅȓɾ ồ MʲɳȺȡǪȡʌ ñɐȺʔʌȡɐɅ ÃɅȺʳ ồ ¸ɐṣ >ʔɶɶǸɅʌȺʳṞ ȡɅ 

ᶰᶮᶰʃéᶯṞ ʌțǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ɳɶɐʬȡǱǸǱ ǩʳ ǱǸȒǍʔȺʌ ǩʳ !Ʌɾʳɾ ¶ǸǪțǍɅȡǪǍȺ ǍɶǸ Ʌɐʌ ȡɅ ȺȡɅǸ ʭȡʌț ʌțǸ 

ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ɐȒ ʌțȡɾ gʔȡǱǸȺȡɅǸ ǍɅǱ !ɳɳǸɅǱȡʲ æ ɐȒ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ©ǸʳʭɐɶǱ ¶ǍɅʔǍȺṣ Ǹ̞ 

ǱǸȒǍʔȺʌ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ȒɶɐɃ !Ʌɾʳɾ ¶ǸǪțǍɅȡǪǍȺ ǪǍɅ ǩǸ ǱȡɾǍǩȺǸǱṞ ǩʳ !ɅǍȺʳɾȡɾ ñǸʌʌȡɅȓɾ ồ !ǱʬǍɅǪǸǱ ồ 

EǸȒǍʔȺʌ ñɐȺʬǸɶ >ɐɅʌɶɐȺ >ǍɶǱɾ ồ ÃɃȡʌṣ uɅǪȺʔǱǸ ̟ȺǸɾ ǪǍɅ ǍȺɾɐ ǩǸ ʔɾǸǱ ȡɅ ʌțǸ ʌɶǸǸẁǩǍɾǸǱ ǍɳɳɶɐǍǪț ɐȒ !Ʌɾʳɾ 

¶ǸǪțǍɅȡǪǍȺṞ ǩʳ ǍǱǱȡɅȓ ©ǸʳʭɐɶǱ ñɅȡɳɳǸʌɾ ṵ!ɅǍȺʳɾȡɾ ñǸʌʌȡɅȓɾ ồ uɅɾǸɶʌ >ɐɃɃǍɅǱṶṞ ɾǸǸ fȡȓʔɶǸ ṣʃ =ʳ ʌțȡɾ 

ǍɳɳɶɐǍǪțṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ʔɾǸ ʌțǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ȡɅǪȺʔǱǸ ̟ȺǸɾ ɳɶɐʬȡǱǸǱ ǩʳ ʌțȡɾ gʔȡǱǸȺȡɅǸ ǍȺɾɐ ʭțǸɅ ʔɾȡɅȓ 

!Ʌɾʳɾ ğɐɶȶǩǸɅǪț ǍɅǱ ¶ǸǪțǍɅȡǪǍȺ Ȓɐɶ ɃɐǱǸȺ ɾǸʌʔɳṣ  



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ  ʊ

 

Figure 5. Implicit setup in the Ansys Mechanical  GUI. A zoomed -in view of the Analysis Settings is shown.  

 

Figure 6. Inserting a Keyword Snippet makes it possible to work with include files also in Ansys Mechanical . 

 

 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶯ ɲ

2 ÃʬǸɶʬȡǸʭ 
uɅ ñǸǪʌȡɐɅ Ṟɵ ɐʔʌɳʔʌ ɐɳʌȡɐɅɾ ǍɶǸ ǩɶȡǸ̠ʳ ǱȡɾǪʔɾɾǸǱṣ oɐʭ ʌɐ ɾǸʌ ʔɳ ɾɐɃǸ ǪɐɃɃɐɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ ȡɾ 

ɳɶǸɾǸɅʌǸǱ ȡɅ ñǸǪʌȡɐɅ ɸṣ uɅ ñǸǪʌȡɐɅ ʂṞ ɾɐɃǸ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ɶǸȓǍɶǱȡɅȓ ǸȺǸɃǸɅʌ ʌʳɳǸɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ 

ǍɅǍȺʳɾǸɾ ǍɶǸ ȓȡʬǸɅṣ EȡȒȒǸɶǸɅʌ ǪɐɅʌǍǪʌ ʌʳɳǸɾ ǍɶǸ ǱȡɾǪʔɾɾǸǱ ȡɅ ñǸǪʌȡɐɅ ṣʃ uɅ ñǸǪʌȡɐɅ Ṟƫ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ Ȓɐɶ 

ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ǍɶǸ ǱȡɾǪʔɾɾǸǱṣ ¬ɐǍǱɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ǩɶȡǸ̠ʳ ʌɶǸǍʌǸǱ ȡɅ ñǸǪʌȡɐɅ ṣʉ 

! ȺȡɾʌȡɅȓ ɐȒ ǍɳɳǸɅǱǸǱ ȶǸʳʭɐɶǱ ̟ȺǸɾ ǪǍɅ ǩǸ ȒɐʔɅǱ ȡɅ ñǸǪʌȡɐɅ !ʌʌǍǪțɃǸɅʌɾ ṵɳǍȓǸ ɳ ᶱṶɸṣ 

3 ¬ñẁEĥ¸! ǱǍʌǍǩǍɾǸ ǪǍɶǱɾ Ȓɐɶ ǱȡȒȒǸɶǸɅʌ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ 
éǸɾʔȺʌɾ ȒɶɐɃ ǍɅ ¬ñẁEĥ¸! ǍɅǍȺʳɾȡɾ ǍɶǸ ʭɶȡʌʌǸɅ ȡɅ Ǎ ɾǸʌ ɐȒ ɾǸɳǍɶǍʌǸ ɐʔʌɳʔʌ ̟ȺǸɾṞ ɾǸǸ fȡȓʔɶǸ  ƫȒɐɶ ǍɅ 

ɐʬǸɶʬȡǸʭṣ ̞Ǹ ɾɐȺʔʌȡɐɅ ǱȡǍȓɅɐɾʌȡǪɾ ̟ȺǸɾ ṵd3hspṞ mes*Ṟ glstatṶ ǍɶǸ ȡɅ !ñ>uu ȒɐɶɃǍʌ ǍɅǱ ǍɶǸ ʔɾǸȒʔȺ Ȓɐɶ 

ʌɶǍǪȶȡɅȓ ʌțǸ ɳɶɐȓɶǸɾɾ ɐȒ ʌțǸ ɾɐȺʔʌȡɐɅṣ ̞Ǹ ̟ȺǸɾ Ȓɐɶ ᶱE ʬȡɾʔǍȺȡʽǍʌȡɐɅ ǍɶǸ ȡɅ ǩȡɅǍɶʳ ȒɐɶɃǍʌ ǍɅǱ ǪǍɅ ǩǸ 

ɐɳǸɅǸǱ ʔɾȡɅȓ Ȓɐɶ ǸʲǍɃɳȺǸ ¬ñẁæɶǸæɐɾʌ ɐɶ ¶Mÿ!ṣ ̞Ǹ ɃǍȡɅ ɶǸɾʔȺʌɾ ̟ȺǸ Ȓɐɶ ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ǱǸȒɐɶɃǍʌȡɐɅ 

ǍɅǱ ɾʌɶǸɾɾǸɾ ǸʌǪṣ ȡɾ ʌțǸ d3plot ̟ ȺǸ ṵɐɶ d3eigv ȒɶɐɃ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾṶṣ oȡɾʌɐɶʳ ǱǍʌǍ ṵȒɐɶ ǪʔɶʬǸ ɳȺɐʌʌȡɅȓṶ 

ǍɶǸ ɐʔʌɳʔʌ Ǎɾ ǩȡɅǍɶʳ ̟ȺǸɾ ṵbinout*Ṷ ȒɶɐɃ Ƀɳɳṩ¬ñẁEĥ¸!Ṟ ɐɶ Ǎ ȒǍɃȡȺʳ ɐȒ !ñ>uu Ṿ ̟ ȺǸɾ ṵnodoutṞ eloutṞ 

rcforc ṟṶ ȒɶɐɃ ɾɃɳṩ¬ñẁEĥ¸!ṣ 

 

Figure 7. Overview of LS -DYNA output files.  

fȡȺǸɾ Ȓɐɶ ǪɐɅʌɶɐȺȺȡɅȓ ʌțǸ ɐʔʌɳʔʌ ȒɶɐɃ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ǍɶǸ ǍɳɳǸɅǱǸǱ ʌɐ ʌțǸ ɳɶǸɾǸɅʌ ɳǍǪȶǍȓǸṣ ̞Ǹ 

ǍɃɐʔɅʌ ɐȒ ɐʔʌɳʔʌ ɳɶɐʬȡǱǸǱ ɾțɐʔȺǱ ǩǸ ɾʔȒ̟ǪȡǸɅʌ Ȓɐɶ Ƀɐɾʌ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾṞ ǩʔʌ ʌțǸ ʔɾǸɶ ȡɾ ǍǱʬȡɾǸǱ ʌɐ ɾʌʔǱʳ 

ʌțǸ ǪɐɅʌǸɅʌɾ ɐȒ ʌțǸ ̟ȺǸɾ ǍɅǱ ǪțǸǪȶ ȡȒ ɾɐɃǸ ɾɳǸǪȡǍȺ ɐʔʌɳʔʌ ʌʳɳǸ ɶǸɵʔȡɶǸǱ Ȓɐɶ Ǎ ɳǍɶʌȡǪʔȺǍɶ ǍɅǍȺʳɾȡɾ ʌʳɳǸ ȡɾ 

ɃȡɾɾȡɅȓṣ 

uɅ ʌțǸ ̟ȺǸ database_cards_static.keyṞ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪʳ ȡɾ ɾǸʌ ʬǸɶʳ țȡȓțṞ ȡɅ ɐɶǱǸɶ ʌɐ ǸɅɾʔɶǸ ɐʔʌɳʔʌ 

ǍȒʌǸɶ ǸǍǪț ʌȡɃǸ ɾʌǸɳ ɐȒ ʌțǸ ǍɅǍȺʳɾȡɾṣ uɅ ʌțǸ ̟ȺǸ database_cards_dynamic.keyṞ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪʳ ȡɾ 

ɶǸǱʔǪǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ȓǸʌ ɐʔʌɳʔʌ Ǎʌ ʌȡɃǸɾ ʌțǍʌ ɃǍȶǸɾ ɳțʳɾȡǪǍȺ ɾǸɅɾǸṣ æȺǸǍɾǸ ɅɐʌǸ ʌțǍʌ ʌțǸ ʌȡɃǸ ɾǪǍȺǸ ʔɾǸǱ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶯᶯ 

ȡɅ ʌțȡɾ ǪǍɾǸ ȡɾ Ƀɾ ṵᶯᶮẁɵ ɾṶṣ uȒ ɐʌțǸɶ ʔɅȡʌ ɾʳɾʌǸɃɾ ǍɶǸ ʔɾǸǱṞ ʌțǸ ʔɾǸɶ Ƀʔɾʌ ɃɐǱȡȒʳ ʌțǸ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪȡǸɾ ʌɐ 

ɾǸɅɾȡǩȺǸ ʬǍȺʔǸɾṣ 

=ʳ ǱǸȒǍʔȺʌṞ ¬ñẁEĥ¸! ʭȡȺȺ ɐʔʌɳʔʌ ǸȺǸɃǸɅʌ ɶǸɾʔȺʌɾ ṵɾʌɶǸɾɾǸɾṞ ɾʌɶǍȡɅɾṶ ǍʬǸɶǍȓǸǱ Ǎʌ ǸȺǸɃǸɅʌ ǪǸɅʌɶɐȡǱɾṣ 

Ãʔʌɳʔʌ ɐȒ ǸȺǸɃǸɅʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ɵʔǍɅʌȡʌȡǸɾ ȡɾ ǱȡɾǪʔɾɾǸǱ ȡɅ ñǸǪʌȡɐɅ ᶳṣṣɸ >ɐɅʌǍǪʌ ɐʔʌɳʔʌ ȡɾ ǱȡɾǪʔɾɾǸǱ 

ȡɅ ñǸǪʌȡɐɅ ᶴṣṣɵ 

fɐɶ ǍɅǍȺʳɾǸɾ ȡɅ éᶯᶮṣᶯ ɐɶ ɳɶȡɐɶṞ ʌțǸ ̟ȺǸ database_cards_before_R102.key ɾțɐʔȺǱ ǩǸ ʔɾǸǱṣ ̞Ǹ ɶǸǍɾɐɅ Ȓɐɶ 

ʌțȡɾ ȡɾ ɶǸȺǍʌǸǱ ʌɐ ǪɐɅʌǍǪʌ ɐʔʌɳʔʌṞ ɾǸǸ ñǸǪʌȡɐɅ ᶴṣṣɵ   

4 uɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ɳɶɐǪǸǱʔɶǸɾ 
uɅ ʌțȡɾ ɾǸǪʌȡɐɅṞ ǱȡȒȒǸɶǸɅʌ ʌʳɳǸɾ ɐȒ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ǍɶǸ ǱȡɾǪʔɾɾǸǱṞ ǍɅǱ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ǍɶǸ 

ɳɶǸɾǸɅʌǸǱ ȡɅ ʌțǸ ȒɐɶɃ ɐȒ ȡɅǪȺʔǱǸ ̟ȺǸɾṣ ! ɵʔȡǪȶ ɾǸȺǸǪʌȡɐɅ ȓʔȡǱǸṞ ɾțɐʭȡɅȓ ʭțȡǪț ȡɅǪȺʔǱǸ ̟ȺǸɾ ʌɐ ʔɾǸ Ȓɐɶ 

ǱȡȒȒǸɶǸɅʌ ǍɅǍȺʳɾȡɾ ɳɶɐǪǸǱʔɶǸɾṞ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ÿǍǩȺǸ ṣɳ MʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸɾ ǍɶǸ ǍȺɾɐ ɳɶǸɾǸɅʌǸǱ ȡɅ ʌțǸ 

ȒɐȺȺɐʭȡɅȓ ñǸǪʌȡɐɅɾṣ  

¸ɐʌǸ ʌțǍʌ Ǎ ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅ ʬǸɶɾȡɐɅ ɐȒ ¬ñẁEĥ¸! ȡɾ ɶǸɵʔȡɶǸǱ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ uɅ ȓǸɅǸɶǍȺṞ ʌțǸ Ƀɳɳ 

ʬǸɶɾȡɐɅ ɐȒ ¬ñẁEĥ¸! ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṞ ǩʔʌ ǍȺȺ ȒǸǍʌʔɶǸɾ ǱȡɾǪʔɾɾǸǱṞ ǸʲǪǸɳʌ Ȓɐɶ ʌțǸ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ 

ǱʳɅǍɃȡǪɾ ṵñǸǪʌȡɐɅ ᶲṣṶƫṞ ǍɶǸ ǍʬǍȡȺǍǩȺǸ ȡɅ ǩɐʌț Ƀɳɳ ǍɅǱ ɾɃɳ ʬǸɶɾȡɐɅɾ ɐȒ ¬ñẁEĥ¸!ṣ ¬ȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ 

ǱʳɅǍɃȡǪɾ ȡɾ ɐɅȺʳ ǍʬǍȡȺǍǩȺǸ ȡɅ ɾɃɳṣ !ɅǍȺʳɾǸɾ ȡɅ ᶰE ǍɶǸ ɅɐɶɃǍȺȺʳ ɳǸɶȒɐɶɃǸǱ ʔɾȡɅȓ ɾɃɳẁ¬ñẁEĥ¸! ṵǱɐʔǩȺǸ 

ɳɶǸǪȡɾȡɐɅṶṣ 

̞ǸɾǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ǍɶǸ ɃǸɶǸȺʳ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾṣ ̞Ǹ ʔɾǸɶ ȡɾ ǍǱʬȡɾǸǱ ʌɐ ɾʌʔǱʳ ʌțǸ ǪɐɅʌǸɅʌɾ ɐȒ 

ʌțǸ ȡɅǪȺʔǱǸ ̟ ȺǸɾ ǍɅǱ ʬǸɶȡȒʳ ʌțǍʌ ʌțǸ ɾǸʌʌȡɅȓɾ ɾǸǸɃ ɶǸǍɾɐɅǍǩȺǸ Ȓɐɶ Ǎ ɳǍɶʌȡǪʔȺǍɶ ǍɳɳȺȡǪǍʌȡɐɅṣ uʌ Ƀȡȓțʌ ʬǸɶʳ 

ʭǸȺȺ ǩǸ ʌțǸ ǪǍɾǸ ʌțǍʌ ɐʌțǸɶ ɾǸʌʌȡɅȓɾ ȓȡʬǸ ǩǸʌʌǸɶ ɶǸɾʔȺʌɾṣ ñɐɃǸ ǪɐɃɃǸɅʌɾ ʌɐ ʌțǸ ȡɃɳȺȡǪȡʌ ǪɐɅʌɶɐȺ ǪǍɶǱ 

ɾǸʌʌȡɅȓɾ ɐȒ ʌțǸ ɳɶɐʬȡǱǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾ ǍɶǸ ȓȡʬǸɅ ȡɅ !ɳɳǸɅǱȡʲ gṣ !ȺʌǸɶɅǍʌȡʬǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ Ȓɐɶ 

ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɅ ¬ñẁEĥ¸! ǍɶǸ ɳɶǸɾǸɅʌǸǱ ȡɅ Ȓɐɶ ǸʲǍɃɳȺǸ éǸȒɾṣ ṳᶯᶵṴṳᶯᶶṴṣ  

uɅ ɾɐɃǸ ǪǍɾǸɾṞ ȡʌ Ƀȡȓțʌ ǩǸ ʔɾǸȒʔȺ ʌɐ ɾʭȡʌǪț ʌɐ ʌțǸ ǸʲɳȺȡǪȡʌ ɾɐȺʬǸɶ ṵɾǸǸ !ɳɳǸɅǱȡʲ E ǍɅǱ fṶṞ ǍɅǱ Ȓɐɶ ʌțȡɾ 

ɳʔɶɳɐɾǸ ǍȺɾɐ Ǎ ȶǸʳʭɐɶǱ ̟ȺǸ ʭȡʌț ǪɐɅʌɶɐȺ ǪǍɶǱɾ Ȓɐɶ ǸʲɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ȡɾ ɳɶɐʬȡǱǸǱṝ control_database.kṞ 

ʌǍȶǸɅ ȒɶɐɃ ʌțǸ MʲɳȺȡǪȡʌ ȓʔȡǱǸȺȡɅǸ ṳᶰᶰṴṞ ʭțȡǪț ǍȺɾɐ ǪɐɅʌǍȡɅɾ ʌǸɃɳȺǍʌǸ ȶǸʳʭɐɶǱ ̟ȺǸɾ Ȓɐɶ ǱȡȒȒǸɶǸɅʌ ǸʲɳȺȡǪȡʌ 

ǍɅǍȺʳɾȡɾ ʌʳɳǸɾṣ 

fɐɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾȡɾṞ ǍǱǱȡʌȡɐɅǍȺ ǪɐɅʌɶɐȺ ǪǍɶǱɾ ǍɶǸ ɶǸɵʔȡɶǸǱṞ ɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ᶲṣᶯᶯṣ 
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Table 1. Guide for quick selection of include files for different analysis procedures    

 uɅǪȺʔǱǸ ̟ȺǸɾ !ǱǱ ȶǸʳʭɐɶǱɾṝṵṙṶ  

!ɅǍȺʳɾȡɾ ʌʳɳǸ control_cards_ database_cards_ *CONTROL_IMPLICIT_  

¬ȡɅǸǍɶ ɾʌǍʌȡǪ linear.key static.key  

¸ɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ nonlin.key static.key  

¬ȡɅǸǍɶ ǩʔǪȶȺȡɅȓ (1) static.key BUCKLE 

¸ɐɅẁȺȡɅǸǍɶ 

ɳɐɾʌǩʔǪȶȺȡɅȓ 

arc.key static.key  

MȡȓǸɅȒɶǸɵʔǸɅǪʳ 

ǍɅǍȺʳɾȡɾ 

(1) static.key EIGENVALUE 

¬ȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ 

ɃɐǱǍȺ ǱʳɅǍɃȡǪɾ 

linear.key dynamic.key MODAL_DYNAMIC 

fɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ 

ǍɅǍȺʳɾǸɾṵᶰṶ 

linear.key   

¸ɐɅẁȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ 

ǱʳɅǍɃȡǪɾ 

nonlin.key dynamic.key DYNAMICS 

¸ɐʌǸɾṝ ṵṙṶ *CONTROL_TERMINATION Ƀʔɾʌ ǍȺʭǍʳɾ ǩǸ ǍǱǱǸǱṣ ṵᶯṶ >ǍɅ ǩǸ ɳǍɶʌ ɐȒ ǩɐʌț ȺȡɅǸǍɶ ǍɅǱ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṣ ṵᶰṶ fɶǸɵʔǸɅǪʳ 

ɶǸɾɳɐɅɾǸ ȒʔɅǪʌȡɐɅɾṞ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǸʌǪṣṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣṣʉ 

ᶲṣᶯ ¬ȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ 
fɶɐɃ Ǎ ɾɐȺʔʌȡɐɅ ʬȡǸʭɳɐȡɅʌṞ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ȡɾ ɳǸɶțǍɳɾ ʌțǸ Ƀɐɾʌ ǩǍɾȡǪ fMẁǍɅǍȺʳɾȡɾ ʌʳɳǸṣ ÿɐ ǩǸ ǩɶȡǸȒṞ 

ȡʌ ǪɐɅɾȡɾʌɾ ɐȒ ʌțǸ ȒɐȺȺɐʭȡɅȓ ɾʌǸɳɾ ȡɅ ʌțǸ ɾɐȺʬǸɶṝ 

ᶯṣ fɐɶɃ ʌțǸ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ © ǩʳ ȺȡɅǸǍɶȡʽǍʌȡɐɅ Ǎʌ ʌțǸ ȡɅȡʌȡǍȺ ǪɐɅ̟ȓʔɶǍʌȡɐɅṣ 
ᶰṣ ñɐȺʬǸ Ȓɐɶ ʌțǸ ǱȡɾɳȺǍǪǸɃǸɅʌɾ ʔṝ ©ʔ ố fṞ ʭțǸɶǸ f ȡɾ ʌțǸ ǍɳɳȺȡǸǱ ȒɐɶǪǸɾṣ 
ᶱṣ >ɐɃɳʔʌǸ ʌțǸ ṵǸɅȓȡɅǸǸɶȡɅȓṶ ɾʌɶǍȡɅɾ ȒɶɐɃ ʌțǸ ǱȡɾɳȺǍǪǸɃǸɅʌɾ ǍɅǱ ɾʌɶǸɾɾǸɾ ʬȡǍ ʌțǸ ɃǍʌǸɶȡǍȺ 
ɶɐʔʌȡɅǸɾṣ 

 

uɅ ¬ñẁEĥ¸!Ṟ ʌțȡɾ ȡɾ Ǎ ɳʔɶǸȺʳ ȺȡɅǸǍɶ ɳɶɐǪǸǱʔɶǸṣ ̞Ǹ ȺȡɅǸǍɶ ǸɵʔǍʌȡɐɅ ɾʳɾʌǸɃ ȡɾ ɾȡɃɳȺʳ ɾɐȺʬǸǱṞ Ǎɾ ȡɾṣ ñɃǍȺȺ 

ǱǸȒɐɶɃǍʌȡɐɅɾ ǍɅǱ ɾɃǍȺȺ ɾʌɶǍȡɅɾ ǍɶǸ ʌțǸ ǩǍɾȡǪ ǍɾɾʔɃɳʌȡɐɅṣ ¸ɐ ȡʌǸɶǍʌȡɐɅɾ ɐɶ ǪțǸǪȶɾ ɐȒ ǪɐɅʬǸɶȓǸɅǪǸ ʭȡʌț 

ɶǸɾɳǸǪʌ ʌɐ ɶǸɾȡǱʔǍȺɾ ɐɶ ǸɵʔȡȺȡǩɶȡʔɃ ǍɶǸ ɳǸɶȒɐɶɃǸǱṣ uȒ ɅɐɅẁȺȡɅǸǍɶ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍɶǸ ʔɾǸǱṞ ʌțǸʳ ʭȡȺȺ ǩǸ 

ȺȡɅǸǍɶȡʽǸǱ Ǎʌ ʌțǸ ȡɅȡʌȡǍȺ ǪɐɅ̟ȓʔɶǍʌȡɐɅṞ ǍɅǱ ʌțǸ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ʌǍɅȓǸɅʌ ɾʌȡȒȒɅǸɾɾ ʭȡȺȺ ǩǸ ʔɾǸǱ ȡɅ ɾʌǸɳ ᶯṣ =ʔʌ 

ʌțǸ ɾʌɶǸɾɾǸɾ ǍɅǱ ɾʌɶǍȡɅɾ ʭȡȺȺ ɾʌȡȺȺ ǩǸ ǪɐɃɳʔʌǸǱ ǩǍɾǸǱ ɐɅ ʌțǸ ɐǩʌǍȡɅǸǱ ǱȡɾɳȺǍǪǸɃǸɅʌɾ ʔɾȡɅȓ ʌțǸ 

ǪɐɶɶǸɾɳɐɅǱȡɅȓ ṵɅɐɅẁȺȡɅǸǍɶṶ ɃǍʌǸɶȡǍȺ ǍɅǱ ǸȺǸɃǸɅʌ ɶɐʔʌȡɅǸɾṞ Ǎɾ Ǎ ɳɐɾʌɳɶɐǪǸɾɾȡɅȓ ɾʌǸɳṣ uȒ ǪɐɅɾȡɾʌǸɅʌ 

ǸɾʌȡɃǍʌǸɾ ɐȒ ɾʌɶǸɾɾǸɾ ǍɅǱ ɾʌɶǍȡɅɾ ȒɶɐɃ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ ȡʌ ȡɾ țȡȓțȺʳ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ Ǎ 

ȺȡɅǸǍɶ ǸȺǍɾʌȡǪ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ṵṙMAT_ELASTICṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ Ṷƫ ǍɅǱ ǍɅ ǸȺǸɃǸɅʌ ʌʳɳǸ ɾʔȡʌǸǱ Ȓɐɶ ȺȡɅǸǍɶ 

ǍɅǍȺʳɾǸɾ ṵɾǸǸ Ȓɐɶ ǸʲǍɃɳȺǸ ÿǍǩȺǸ Ṷʂṣ ñțɐʔȺǱ ʌțǸ ǍɳɳȺȡǸǱ ȒɐɶǪǸ ǪǍʔɾǸ Ǎ ǱǸȒɐɶɃǍʌȡɐɅ ʌțǍʌ ȡɾ Ʌɐʌ ǪɐɅɾȡɾʌǸɅʌ 

ʭȡʌț ʌțǸ ǍɾɾʔɃɳʌȡɐɅ ɐȒ ɾɃǍȺȺ ɾʌɶǍȡɅɾṞ ǸɶɶɐɅǸɐʔɾ ɶǸɾʔȺʌɾ ɃǍʳ ǩǸ ɐǩʌǍȡɅǸǱṣ  

uɅ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ Ǎ ɾǸʌ ɐȒ ǩǸǍɃṞ ɾțǸȺȺ ǍɅǱ ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ țǍʬǸ ǩǸǸɅ ɾɳǸǪȡ̟ǪǍȺȺʳ 

ǱǸʬǸȺɐɳǸǱ Ȓɐɶ ȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ʂṣ 

uɅ Ǎ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾṞ ɾʔȒ̟ǪȡǸɅʌ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ɶǸɵʔȡɶǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ɳɶǸʬǸɅʌ ɶȡȓȡǱ ǩɐǱʳ 

ɃɐǱǸɾ ɐɶ ɃǸǪțǍɅȡɾɃɾṞ ɐɶ ʌțǸ ɾɐȺʔʌȡɐɅ ɾʌǸɳ ᶰ ǍǩɐʬǸ ɃǍʳ ɶǸɾʔȺʌ ȡɅ ɾɳʔɶȡɐʔɾ ǱǸȒɐɶɃǍʌȡɐɅɾṣ 
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ÿȡǸǱ ǪɐɅʌǍǪʌɾ ǍɶǸ ʬǍȺȡǱ ȡɅ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶴṣṣɴ ÃʌțǸɶ ǪɐɅʌǍǪʌɾ ɾțɐʔȺǱ ǩǸ ʔɾǸǱ ʭȡʌț ȓɶǸǍʌ 

ǪǍɶǸṞ ɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ᶴṣᶯṣᶵṣ  ¸ɐɅẁȺȡɅǸǍɶ ǪɐɅɾʌɶǍȡɅʌɾ ȡɅ ¬ñẁEĥ¸!Ṟ ɾʔǪț Ǎɾ ȲɐȡɅʌɾṞ ʭȡȺȺ ǩǸ ȺȡɅǸǍɶȡʽǸǱṞ ǍɅǱ 

ʌțʔɾ ʌțǸ ɶǸɾʔȺʌɾ ȡɅ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ʭȡȺȺ Ʌɐʌ ǩǸ ǪɐɶɶǸǪʌṣ 

̞Ǹ ȶǸʳʭɐɶǱ ̟ȺǸ control_cards_linear.key ǪɐɅʌǍȡɅɾ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ʭțȡǪț ǍɶǸ ȓǸɅǸɶǍȺȺʳ ʭǸȺȺ 

ɾʔȡʌǸǱ Ȓɐɶ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ  

*KEYWORD 

*INCLUDE 

control_cards_linear.key 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

 

ÿɐ ɾɐȺʬǸ Ǎ ɾǸɵʔǸɅǪǸ ɐȒ ȡɅǱǸɳǸɅǱǸɅʌ ȺɐǍǱ ǪǍɾǸɾṞ ɾǸǸ Ȓɐɶ ǸʲǍɃɳȺǸ fȡȓʔɶǸ Ṟʉ ʭȡʌțɐʔʌ ɶǸẁȒɐɶɃȡɅȓ ʌțǸ 

ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ Ȓɐɶ ǸǍǪț ȺɐǍǱ ǪǍɾǸṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ɾǸʌ NSOLVR ố ẁɳ  ɐɅ 

*CONTROL_IMPLICIT_SOLUTION ṵǍʬǍȡȺǍǩȺǸ ȒɶɐɃ éᶯᶮṣᶯṶṣ ̞ Ǹ ɶǸɾʔȺʌ ȒɶɐɃ ǸǍǪț ȺɐǍǱ ǪǍɾǸ ʭȡȺȺ ʌțǸɅ ǩǸ ɐʔʌɳʔʌ 

Ǎɾ Ǎ ɅǸʭ d3plot ɾʌǍʌǸ ȡɅ ǍɅ ȡɅǱȡʬȡǱʔǍȺ ̟ȺǸṣ 

 

Figure 8. Definition of multiple load cases for linear static analyses. Each time (t=1, 2, ...) corresponds to a new load 

case. Note that Dt = 1. 

! ʌǸɃɳȺǍʌǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_linear.key 

*CONTROL_IMPLICIT_SOLUTION 

$   nsolvr 

        -1 

$    dnorm    diverg     istif 

                         99999 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 
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*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END  

 

 ¬ȡɅǸǍɶ ɾʌǍʌȡǪ ǸʲǍɃɳȺǸ 
̞Ǹ ʌɐɶɾȡɐɅǍȺ ɾʌȡȒȒɅǸɾɾ ɐȒ Ǎ ɶɐȺȺɐʬǸɶ ɳɶɐʌǸǪʌȡɐɅ ɾʌɶʔǪʌʔɶǸ ṵéÃæñṶ ȡɾ ʌɐ ǩǸ ǱǸʌǸɶɃȡɅǸǱṣ ̞Ǹ ȓǸɐɃǸʌɶʳ ɐȒ ʌțǸ 

ǸʲǍɃɳȺǸ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ṣʊ ĆɅȡʌ ȒɐɶǪǸ ɐȒ ỗɳ  ȶ̧  ǍɶǸ ǍɳɳȺȡǸǱ ʌɐ ǪɐɅɾʌɶǍȡɅǸǱ ɅɐǱǍȺ ɶȡȓȡǱ ǩɐǱȡǸɾ ȡɅ ʌțǸ 

ǪɐɶɅǸɶɾ ɐȒ ʌțǸ ȺɐʭǸɶ ȺɐɅȓȡʌʔǱȡɅǍȺ ǩǸǍɃɾṣ !ǱǱȡʌȡɐɅǍȺ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ǍɳɳȺȡǸǱ ʌɐ ɳɶǸʬǸɅʌ ȺǍɶȓǸ 

ɶȡȓȡǱ ǩɐǱʳ ɃɐʌȡɐɅɾṣ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ ROPS_linear_stiffness.keyṣ ̞Ǹ ɶǸɾʔȺʌȡɅȓ 

ǱȡɾɳȺǍǪǸɃǸɅʌ ɃǍȓɅȡʌʔǱǸ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶯṣɲ  

 

Figure 9. The left image shows the FE -model of the ROPS. The right image shows the applied loadings . 
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Figure 10. Magnitude of displacement for the ROPS stiffness example.  

 uɅǸɶʌȡǍ ɶǸȺȡǸȒ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ 
uɅǸɶʌȡǍ ɶǸȺȡǸȒ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ɾɐȺʬȡɅȓ Ǎ ɾʌǍʌȡǪ ɳɶɐǩȺǸɃ ʭȡʌțɐʔʌ ǪɐɃɳȺǸʌǸ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾṣ !Ʌ 

ǍǪǪǸȺǸɶǍʌȡɐɅ ̟ǸȺǱ ȡɾ ǍɳɳȺȡǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ǪɐʔɅʌǸɶẁǍǪʌ ʌțǸ ʔɅǩǍȺǍɅǪǸǱ ȒɐɶǪǸɾṞ ʭțȡǪț ʭɐʔȺǱ ɐʌțǸɶʭȡɾǸ ȺǸǍǱ 

ʌɐ ȡɅ̟ɅȡʌǸ ǱȡɾɳȺǍǪǸɃǸɅʌɾṣ MʲǍɃɳȺǸɾ ɐȒ ǍɳɳȺȡǪǍʌȡɐɅɾ ǍɶǸṞ Ȓɐɶ ǸʲǍɃɳȺǸṞ ɾʌǍʌȡǪ ȺɐǍǱȡɅȓ ɐȒ ǍɅ ǍȡɶɳȺǍɅǸ ȡɅ 

̠ȡȓțʌṣ uɅ ¬ñẁEĥ¸!Ṟ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ ǍɶǸ ǱǸʌǸɶɃȡɅǸǱ ǩǍɾǸǱ ɐɅ ǍɅ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ṵɾǸǸ ȒʔɶʌțǸɶ 

ñǸǪʌȡɐɅ ᶲṣṶʃṣ uɅǸɶʌȡǍ ɶǸȺȡǸȒ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǪǍɅ ǩǸ ǪɐɃǩȡɅǸǱ ʭȡʌț ɐʌțǸɶ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾṞ ɾʔǪț 

Ǎɾ ɾȡɅȓȺǸ ɳɐȡɅʌ ǪɐɅɾʌɶǍȡɅʌɾ ṵ*BOUNDARY_SPCṪṣṣṣṶṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ȡɅǸɶʌȡǍ ɶǸȺȡǸȒ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

. 

. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*CONTROL_IMPLICIT_INERTIA_RELIEF   

1, THRESH 

*TITLE 

Simulation title 

*END 
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MȡȓǸɅɃɐǱǸɾ ʭȡʌț ǪɐɶɶǸɾɳɐɅǱȡɅȓ ȒɶǸɵʔǸɅǪȡǸɾ ǩǸȺɐʭ THRESH ǍɶǸ ʌǍȶǸɅ Ǎɾ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ ȡɅ ʌțǸ 

ȒɐȺȺɐʭȡɅȓ ǍɅǍȺʳɾȡɾṣ ̞Ǹ ʌțɶǸɾțɐȺǱ ʬǍȺʔǸ THRESH ɾțɐʔȺǱ ǩǸ Ǎ ɾɃǍȺȺ ɅʔɃǩǸɶṞ Ǹṣȓṣ ᶮṣᶮᶮᶯ oʽ2ṣ uʌ ȡɾ ȡɃɳɐɶʌǍɅʌ 

ʌɐ ȡɅɳʔʌ Ǎ ɶǸǍɾɐɅǍǩȺǸ ʬǍȺʔǸ Ȓɐɶ THRESHṞ ȡʌ ǪǍɅɅɐʌ ǩǸ ȺǸȒʌ ǩȺǍɅȶ ɐɶ ʽǸɶɐṣ !ȺʌǸɶɅǍʌȡʬǸȺʳṞ ʌțǸ ɅʔɃǩǸɶ ɐȒ 

ȺɐʭǸɾʌ ǸȡȓǸɅɃɐǱǸɾ ʌɐ ʔɾǸ Ǎɾ ȡɅǸɶʌȡǍ ɶǸȺȡǸȒ ɃɐǱǸɾ ɃǍʳ ǩǸ ɾɳǸǪȡ̟ǸǱ ʔɾȡɅȓ ʌțǸ ʬǍɶȡǍǩȺǸ IRCNTṣ fɐɶ 

ǸʲǍɃɳȺǸṞ ʌɐ ʔɾǸ ʌțǸ ᶴ ȺɐʭǸɾʌ ǸȡȓǸɅɃɐǱǸɾ Ǎɾ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾṞ ʔɾǸ 

*CONTROL_IMPLICIT_INERTIA_RELIEF 

$  irflag    thresh     ircnt 

        1                   6 

ᶲṣᶰ ¬ȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ʭȡʌț ɅɐɅȺȡɅǸǍɶ ǪɐɅʌǍǪʌ 
!ɾ ǍɅ ȡɅʌǸɶɃǸǱȡǍʌǸ ɾʌǸɳ ǩǸʌʭǸǸɅ ʌțǸ ȒʔȺȺʳ ȺȡɅǸǍɶ ɾɐȺȡʌɐɅ ṵñǸǪʌȡɐɅ ᶲṣṶɳ ǍɅǱ ʌțǸ ȒʔȺȺʳ ɅɐɅȺȡɅǸǍɶ ɾɐȺʔʌȡɐɅ 

ṵñǸǪʌȡɐɅ ᶲṣṶɵṞ Ǎ ȺȡɅǸǍɶ ɾɐȺʬǸɶ ʭȡʌț ȡʌǸɶǍʌȡɐɅɾ ȡɅ ɐɶǱǸɶ ʌɐ ǍǪǪɐʔɅʌ Ȓɐɶ ɅɐɅȺȡɅǸǍɶȡʌȡǸɾ ǱʔǸ ʌɐ ǪɐɅʌǍǪʌɾ ʭǍɾ 

ȡɅʌɶɐǱʔǪǸɾ ȒɶɐɃ éᶯᶳ ɐȒ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṣ  ̞ȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ ʌțǸ ʬǍɶȡǍǩȺǸ NSOLVR ố ẁ

ᶯᶰ ɐɅ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_SOLUTION ṳᶯṴṣ ğȡʌț ʌțȡɾ ɐɳʌȡɐɅṞ ʌțǸ ɃɐǱǸȺẏɾ ǩǸțǍʬȡɐɶ ʭȡȺȺ ǩǸ 

ȺȡɅǸǍɶ ṵǸʲǪǸɳʌ Ȓɐɶ ʌțǍʌ ɅɐɅȺȡɅǸǍɶȡʌȡǸɾ ǱʔǸ ʌɐ ǪɐɅʌǍǪʌɾ ʭȡȺȺ ǩǸ ǪɐɅɾȡǱǸɶǸǱṶ ẁ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ʭȡȺȺ ǩǸ 

ȺȡɅǸǍɶȡʽǸǱṞ ǍɅǱ ɾɃǍȺȺ ɾʌɶǍȡɅ ǱǸȒɐɶɃǍʌȡɐɅ ʌțǸɐɶʳ ʭȡȺȺ ǩǸ ʔɾǸǱṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ʭȡʌț 

ɅɐɅȺȡɅǸǍɶ ǪɐɅʌǍǪʌ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

. 

. 

*INCLUDE 

control_cards_nonlin.key 

*INCLUDE 

Database_cards_static.key 

*CONTROL_IMPLICIT_SOLUTION 

$#  nsolvr    ilimit    maxref     dctol     ectol     rctol     lstol    abstol 

       -12                                                                1.E-20 

$#   dnorm    diverg     istif   nlprint    nlnorm   d3itctl 

         1         1         1         3         4         1 

$#  arcctl    arcdir    arclen    arcmth    arcdmp 

 

$#   lsmtd 

         4   

*CONTROL_TERMINATION 

... 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

 

 
 

2 ̧ ɐʌǸ ʌțǍʌ ʌțǸ ʔɅȡʌ Ȓɐɶ ȒɶǸɵʔǸɅǪʳ ǱǸɳǸɅǱɾ ɐɅ ʌțǸ ʔɅȡʌ ɾʳɾʌǸɃ ɐȒ ʌțǸ ɃɐǱǸȺṣ fɐɶ ǸʲǍɃɳȺǸṞ ȡȒ 
ʌȡɃǸ ȡɾ ȡɅ ɃɾṞ ʌțǸ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ȒɶǸɵʔǸɅǪʳ ʔɅȡʌ ȡɾ ȶoʽṣ 
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 æɶǸɾɾ ̟ʌ ǸʲǍɃɳȺǸ 
uɅ ʌțȡɾ ǸʲǍɃɳȺǸṞ ʌțǸ ȺȡɅǸǍɶ ɾɐȺʬǸɶ ʭȡʌț ɅɐɅȺȡɅǸǍɶ ǪɐɅʌǍǪʌɾ ȡɾ ǍɳɳȺȡǸǱ Ȓɐɶ ɶǸɾɐȺʬȡɅȓ Ǎ ɳɶǸɾɾ ̟ʌ ǩǸʌʭǸǸɅ ǍɅ 

ǍʲȺǸ ǍɅǱ Ǎ ɳʔȺȺǸʳṞ ɾǸǸ fȡȓʔɶǸ ᶯṞɳ ǩʳ ʌțǸ ɐɳʌȡɐɅ IGNORE ố ᶱ ɐȒ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌṣ ! ɾȡɃɳȺȡ̟ǸǱ ʬǸɶɾȡɐɅ ɐȒ 

ʌțȡɾ ǸʲǍɃɳȺǸ ȡɾ ǍʌʌǍǪțǸǱ ʌɐ ʌțȡɾ gʔȡǱǸȺȡɅǸ ɳǍǪȶǍȓǸ Ǎɾ run_pressfit.keyṣ 

æɶǸɾɾ ̟ʌ ǪǍɅ ɐȒ ǪɐʔɶɾǸ ǍȺɾɐ ǩǸ ɶǸɾɐȺʬǸǱ ʔɾȡɅȓ ȒʔȺȺʳ ɅɐɅȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṞ ɾǸǸ Ȓɐɶ ǸʲǍɃɳȺǸ ñǸǪʌȡɐɅ ᶯᶯṣᶴṣ 

 

Figure 11. Example of a press fit between a shaft and a pulley . The right image shows the geometry. The left image 

shows the stress distribution after the press fit has been resolved.  

ᶲṣᶱ ¸ɐɅȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ 
uɅ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌṞ ȒʔȺȺʳ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ȡɾ ʌțǸ ǱǸȒǍʔȺʌṞ ȡɅǪȺʔǱȡɅȓ ȺǍɶȓǸ ɾʌɶǍȡɅɾ ǍɅǱ 

ǱǸȒɐɶɃǍʌȡɐɅɾṣ ñɐʔɶǪǸɾ ɐȒ ɅɐɅẁȺȡɅǸǍɶȡʌʳ ȡɅ Ǎ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ɃǍʳ ǩǸ 

¶ ɅɐɅẁȺȡɅǸǍɶ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ṵɳȺǍɾʌȡǪȡʌʳṶ 
¶ ǪɐɅʌǍǪʌṞ 
¶ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅɾṞ  
¶ ɅɐɅẁȺȡɅǸǍɶ ǪɐɅɾʌɶǍȡɅʌɾ ṵɾʔǪț Ǎɾ ȲɐȡɅʌɾṶṞ  
¶ ɅɐɅẁȺȡɅǸǍɶ ȺɐǍǱȡɅȓ ṵɾʔǪț Ǎɾ ȒɐȺȺɐʭǸɶ ȒɐɶǪǸɾṞ ʭțǸɶǸ ʌțǸ ȒɐɶǪǸ ǱȡɶǸǪʌȡɐɅ ȡɾ ǱǸ̟ɅǸǱ ɶǸȺǍʌȡʬǸ ʌɐ ʌțǸ 
ǱǸȒɐɶɃǸǱ ȓǸɐɃǸʌɶʳṶṞ ɐɶ 

¶ ɾʌɶǸɾɾ ɾʌȡȒȒǸɅȡɅȓ ṵȓʔȡʌǍɶ ɾʌɶȡɅȓ ǸȒȒǸǪʌṶṣ 
 

uɅ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ ǍɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ȡɾ ǸȡʌțǸɶ ȒʔȺȺʳ ɅɐɅȺȡɅǸǍɶ ɐɶ ȒʔȺȺʳ ȺȡɅǸǍɶṣ fɶɐɃ éᶯᶳṞ ʌțǸ 

ɐɳʌȡɐɅ ʌɐ ɳǸɶȒɐɶɃ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ǪɐɅɾȡǱǸɶȡɅȓ ɅɐɅȺȡɅǸǍɶ ǪɐɅʌǍǪʌɾ ṵɾǸǸ ñǸǪʌȡɐɅ ᶲṣṶɴ ʭǍɾ ǍǱǱǸǱṣ 

̞Ǹ ȶǸʳʭɐɶǱ ̟ȺǸ control_cards_nonlin.key ǪɐɅʌǍȡɅɾ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ʭțȡǪț ǍɶǸ ȓǸɅǸɶǍȺȺʳ ʭǸȺȺ 

ɾʔȡʌǸǱ Ȓɐɶ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾṣ ̞Ǹ ǍʔʌɐɃǍʌȡǪ ʌȡɃǸ ȡɅǪɶǸɃǸɅʌǍʌȡɐɅ ȡɾ ǪɐɅʌɶɐȺȺǸǱ ǩʳ ʌțǸ ȺɐǍǱ ǪʔɶʬǸ 

ʭȡʌț uE ᶵᶮᶮṞ ʭțȡǪț ʌțǸ ʔɾǸɶ Ƀʔɾʌ ǱǸ̟ɅǸṣ ̞Ǹ ɳʔɶɳɐɾǸ ɐȒ ʌțǸ ȺɐǍǱ ǪʔɶʬǸ ȡɾ  

¶ ʌɐ ǱǸ̟ɅǸ ʌțǸ ɃǍʲȡɃʔɃ ǍȺȺɐʭǸǱ ʌȡɃǸ ȡɅǪɶǸɃǸɅʌ ǱʔɶȡɅȓ ʌțǸ ɾȡɃʔȺǍʌȡɐɅṣ éǸǱʔǪȡɅȓ ʌțǸ ʌȡɃǸ 
ȡɅǪɶǸɃǸɅʌ ǪǍɅ ǍȡǱ ǪɐɅʬǸɶȓǸɅǪǸṞ ȡȒ ɾʔǩɾʌǍɅʌȡǍȺ ɅɐɅẁȺȡɅǸǍɶȡʌȡǸɾ ǍɶǸ ɳɶǸɾǸɅʌ ȡɅ ʌțǸ ɃɐǱǸȺṣ 
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¶ ʌɐ ɾʳɅǪțɶɐɅȡʽǸ ʌțǸ ɾȡɃʔȺǍʌȡɐɅ ʌȡɃǸ ʭȡʌț ʌțǸ ȺɐǍǱȡɅȓṝ Ǎʌ ǸǍǪț ʌȡɃǸ ɾɳǸǪȡ̟ǸǱ ȡɅ ʌțǸ ȺɐǍǱ ǪʔɶʬǸ uE 
ᶵᶮᶮṞ Ǎ ǪɐɅʬǸɶȓǸǱ ɾʌǸɳ ȡɾ ɐǩʌǍȡɅǸǱ3Ṟ ɾǸǸ fȡȓʔɶǸ ᶯṣɴ 

 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_nonlin.key 

*DEFINE_CURVE_TITLE 

Implicit time incrementation 

700, 

0., dt0 (first timestep) 

Additional lines to define time incrementation and synchronization with loadings 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

 
fɐɶ Ǎ ɾʌǍʌȡǪṞ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ʌɐ ǪɐɅʬǸɶȓǸṞ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌțǍʌ Ʌɐ ɶȡȓȡǱẁǩɐǱʳ ɃɐǱǸɾ ɐɶ ɃǸǪțǍɅȡɾɃɾ Ǹʲȡɾʌ ȡɅ 
ʌțǸ ɃɐǱǸȺṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ʔɾǸɶ Ƀʔɾʌ ɳɶɐʬȡǱǸ ɾʔȒ̟ǪȡǸɅʌ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ȡɅ ɐɶǱǸɶ ʌɐ ɳɶǸʬǸɅʌ 
ɶȡȓȡǱ ǩɐǱʳ ɃɐʌȡɐɅ ɐȒ ǍɅʳ ɳǍɶʌṣ uɅǸɶʌȡǍ ɶǸȺȡǸȒ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾṞ ɾǸǸ ñǸǪʌȡɐɅ ɸ ṣᶯṣᶰṞ ɃǍʳ ǍȺɾɐ ǩǸ ǍɳɳȺȡǸǱ 
ʌɐ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ ¬ɐǍǱɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɶǸ ȒʔɶʌțǸɶ ǱȡɾǪʔɾɾǸǱ ȡɅ ñǸǪʌȡɐɅ ṣʉ   
¶ǍɅʳ ǍɅǍȺʳɾǸɾ ȡɅʬɐȺʬǸ ǍɅ ȡɅȡʌȡǍȺ ɾʌǍȓǸ ʭțǸɶǸ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ Ǹʲȡɾʌ ȡɅ ʌțǸ ǍɾɾǸɃǩȺʳṞ ʭțȡǪț ǍɶǸ 
ǸȺȡɃȡɅǍʌǸǱ ʭțǸɅ ʌțǸ ɳǍɶʌɾ ǪɐɃǸ ȡɅʌɐ ǪɐɅʌǍǪʌṞ Ȓɐɶ ǸʲǍɃɳȺǸ ɳǍɶʌɾ ʌțǍʌ ǍɶǸ ȶǸɳʌ ʌɐȓǸʌțǸɶ ǩʳ ǩɐȺʌ ɳɶǸẁ
ʌǸɅɾȡɐɅȡɅȓṣ ̞ȡɾ ʌʳɳǸ ɐȒ ɾȡʌʔǍʌȡɐɅɾ ǪǍɅ ǩǸ țǍɅǱȺǸǱ ǩʳ ɳǸɶȒɐɶɃȡɅȓ ʌțǸ ȡɅȡʌȡǍȺ ɾʌǍȓǸ ṵʔɅʌȡȺ Ȓɐɶ ǸʲǍɃɳȺǸ 
ǪɐɅʌǍǪʌɾ ǍɶǸ ǸɾʌǍǩȺȡɾțǸǱṶ ʔɾȡɅȓ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ ṵ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_DYNAMICSṞ 
ɾǸʌ IMASS ố Ṷɳ ʭțȡǪț ȡɾ ǱȡɾǪʔɾɾǸǱ ȒʔɶʌțǸɶ ȡɅ ñǸǪʌȡɐɅ ᶲṣᶱṣᶰṣ 
 

 
 

3 uȒ ɳɐɾɾȡǩȺǸṣ uʌ ɃǍʳ ǍȺɾɐ ǩǸ ʌțǸ ǪǍɾǸ ʌțǍʌ ɾʌǍʌȡǪ ǸɵʔȡȺȡǩɶȡʔɃ ǪǍɅɅɐʌ ǩǸ ȒɐʔɅǱṞ ǱʔǸ ʌɐ Ȓɐɶ 
ǸʲǍɃɳȺǸ ɾʌɶʔǪʌʔɶǍȺ ȡɅɾʌǍǩȡȺȡʌʳ ɐɶ ɐʬǸɶȺɐǍǱ ṵɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ᶲṣṶʂṣ 
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Figure 12. Illustration of the use of the time incrementation curve (blue) to synchronize the simulation with the 

applied loading (red curve). By specifying a value of (1.0, 0.2) for the time incrementation curve, a step at t = 1.0 

(coincident with the maximum load ing) is obtained.  

 ¸ɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ǸʲǍɃɳȺǸ 
!Ʌ ǍȺʔɃȡɅʔɃ ǪǍɅʌȡȺǸʬǸɶ ǩǸǍɃ ȡɾ ǩǸɅʌ ɐʬǸɶ Ǎ ɶȡȓȡǱ ɾʔɳɳɐɶʌṣ ̞Ǹ ȓǸɐɃǸʌɶʳ Ȓɐɶ ʌțǸ ǸʲǍɃɳȺǸ ȡɾ ɾțɐʭɅ ȡɅ 

fȡȓʔɶǸ ᶯṣɵ !ʌ ɐɅǸ ǸɅǱṞ ʌțǸ ǩǸǍɃ ṵʳǸȺȺɐʭṶ ȡɾ ȒʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ ṵǩȺʔǸ ȺȡɅǸɾṶ ʭțȡȺǸ Ǎʌ ʌțǸ ɐʌțǸɶ ǸɅǱṞ Ǎ 

ɳɶǸɾǪɶȡǩǸǱ ǱȡɾɳȺǍǪǸɃǸɅʌ ȡɾ ǍɳɳȺȡǸǱṣ ¸ɐɅẁȺȡɅǸǍɶ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾ ǍɶǸ ʔɾǸǱ ȡɅ ʌțǸ ǩǸǍɃṣ ̞Ǹ ǪɐɅʌǍǪʌ 

ǩǸʌʭǸǸɅ ʌțǸ ǩǸǍɃ ǍɅǱ ʌțǸ ɾʔɳɳɐɶʌ ȡɾ ɃɐǱǸȺȺǸǱ ʔɾȡɅȓ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTARṞ ɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ṣʃ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ 

bend001.keyṣ éǸɾʔȺʌɾ ǍɶǸ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶯ ɸǍɅǱ fȡȓʔɶǸ ᶯṣʂ  
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Figure 13. A cantilever beam is bent over a rigid support  (keywordfile bend00 1.key ). 

 

Figure 14. Plastic strains and deformation at the final stage.  

 

Figure 15. Required Y -force vs. tip displacement.  
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̞ȡɾ ǸʲǍɃɳȺǸ ȡɾ ǍȺɾɐ ǍʬǍȡȺǍǩȺǸ ȡɅ Ǎ ʬǸɶɾȡɐɅ ʔɾȡɅȓ Ǎ ȺǸɾɾ ɾʌɶȡǪʌ ǪɐɅʬǸɶȓǸɅǪǸ ǪɶȡʌǸɶȡʔɃ ǩʳ DNORM ố ᶰ ɐɅ 

*CONTROL_IMPLICIT_SOLUTIONṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶯ ɲǍɅǱ !ɳɳǸɅǱȡʲ gṞ Ǎɾ bend002.keyṣ 

 =ɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ 
! ǩɶǍǪȶǸʌ ȡɾ ǪɐɅɅǸǪʌǸǱ ʌɐ Ǎ ǩǍɾǸ ɳȺǍʌǸ ǩʳ Ȓɐʔɶ ǩɐȺʌɾṞ ɾǸǸ fȡȓʔɶǸ ᶯṣʃ =ɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ȡɾ ɳǸɶȒɐɶɃǸǱ 

ǩǸʌʭǸǸɅ ʌ ố ᶮ ǍɅǱ ʌ ố ᶯṣ ̞Ǹ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ *INITIAL_STRESS_SECTION ȡɾ ʔɾǸǱ ʌɐ ǍɳɳȺʳ ʌțǸ ǩɐȺʌ ɳɶǸẁ

ʌǸɅɾȡɐɅȡɅȓṣ fɶɐɃ ʌ ố ᶯ ʌɐ ʌ ố ᶰṞ Ǎ ȺɐǍǱ ȡɾ ǍɳɳȺȡǸǱ Ǎʌ ʌțǸ ȒɶǸǸ țɐȺǸ ɐȒ ʌțǸ ̠ǍɅȓǸ ʬȡǍ Ǎ ǱȡɾʌɶȡǩʔʌȡɅȓ ǪɐʔɳȺȡɅȓ 

ṵ*CONSTRAINED_INTERPOLATIONṶṣ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ bolts001.keyṣ 

uɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ ȡɾ ʔɾǸǱ ǱʔɶȡɅȓ ʌțǸ ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ȡɅ ɐɶǱǸɶ ʌɐ ɐʬǸɶǪɐɃǸ ʌțǸ ȒǍǪʌ ʌțǍʌ ʌțǸ ɃɐǱǸȺ 

ȡɅȡʌȡǍȺȺʳ ǪɐɅʌǍȡɅɾ ɶȡȓȡǱẁǩɐǱʳ ɃɐǱǸɾṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ Ȓɐɶ ʌțȡɾ ɳʔɶɳɐɾǸ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_nonlin.key 

*DEFINE_CURVE_TITLE 

Implicit time incrementation 

700, 

0., dt0 (first timestep) 

Additional lines to define time incrementation 

*CONTROL_IMPLICIT_DYNAMICS 

1, GAMMA, BETA, 0., TDYDTH, TDYBUR, IRATE 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

̞Ǹ ɳǍɶǍɃǸʌǸɶɾ GAMMA ǍɅǱ BETA ɐȒ ʌțǸ *CONTROL_IMPLICIT_DYNAMICS ȶǸʳʭɐɶǱ ṵɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶲṣṶʊ 

ǪɐɅʌɶɐȺ ʌțǸ ʌȡɃǸ ȡɅʌǸȓɶǍʌȡɐɅṣ ¸ɐɶɃǍȺȺʳ GAMMA ố ᶮṣᶴ ǍɅǱ BETA ố ᶮṣᶱᶶ ǍɶǸ ʔɾǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ȡɅʌɶɐǱʔǪǸ ɾɐɃǸ 

ɅʔɃǸɶȡǪǍȺ ǱǍɃɳȡɅȓṞ ʭțǸɅ ʌțǸ ɳʔɶɳɐɾǸ ȡɾ ʌɐ ʔɾǸ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ ȡɅ Ǎ ṵɵʔǍɾȡṶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾ ʌɐ ɶǸɾɐȺʬǸ 

ȡɅȡʌȡǍȺ ɶȡȓȡǱẁǩɐǱʳ ɃɐǱǸɾṣ ̞Ǹ ɳǍɶǍɃǸʌǸɶ TDYDTH ȡɾ ʌțǸ ʌȡɃǸ ʭțǸɅ ʌțǸ ǱʳɅǍɃȡǪ ǸȒȒǸǪʌɾ ɾʌǍɶʌ ʌɐ ɶǍɃɳ ɐȒȒṞ 

ǍɅǱ Ǎʌ ʌȡɃǸ TDYBUR ʌțǸ ǱʳɅǍɃȡǪ ǸȒȒǸǪʌɾ ǍɶǸ ǪɐɃɳȺǸʌǸȺʳ ɶǸɃɐʬǸǱṞ ɾǸǸ fȡȓʔɶǸ ᶯṣƫ  ñǸʌʌȡɅȓ ʌțǸ ɳǍɶǍɃǸʌǸɶ 

IRATE ố ᶯ ʭȡȺȺ ɾʭȡʌǪț ɐȒȒ ʌțǸ ɶǍʌǸ ǸȒȒǸǪʌɾ ȡɅ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾṞ ɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ṣƫ      
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Figure 16. A bracket is attached to a base plate by four bolts. A force (shown as a yellow arrow) is applied by a 

distributing coupling at the center of the hole in the flange. The left image shows the initial geometry. The right 

image shows the final state with a fringe plot of von Mises effective stress.  

 

 

Figure 17. Death and burial time for implicit dynamics.  

ñǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶯᶴṣᶯṣᶯ Ȓɐɶ Ǎ ɾȺȡȓțʌȺʳ ɃɐǱȡ̟ǸǱ ʬǸɶɾȡɐɅ ɐȒ ʌțȡɾ ǸʲǍɃɳȺǸṣ =ɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ȡɅ ¬ñẁEĥ¸! ȡɅ 

ȓǸɅǸɶǍȺ ȡɾ ǍȺɾɐ ǱȡɾǪʔɾɾǸǱ ȡɅ Ȓɐɶ ǸʲǍɃɳȺǸ éǸȒɾṣ ṳᶯᶶṴṞ ṳᶰᶷṴṞ ṳᶱᶱṴ ǍɅǱ ɐɅ ¬ñEĥ¸! =ɐȺʌɾ ṵǍɅɾʳɾṣǪɐɃṶ 

ᶲṣᶲ ¬ȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ 
¬ȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ǸɾʌȡɃǍʌȡɅȓ ʌțǸ ǪɶȡʌȡǪǍȺ ȺɐǍǱṞ ɐɶ ǩȡȒʔɶǪǍʌȡɐɅ ȺɐǍǱṞ ɐȒ Ǎ ɾʌȡȒȒ 

ɾʌɶʔǪʌʔɶǸṣ ̞ȡɾ ȡɾ ǱɐɅǸ ǩʳ ɾɐȺʔʌȡɐɅ ɐȒ ʌțǸ ȓǸɅǸɶǍȺȡʽǸǱ ǸȡȓǸɅɳɶɐǩȺǸɃ 
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ʭțǸɶǸ ©ȓ ȡɾ ʌțǸ ȓǸɐɃǸʌɶȡǪ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ ṵǱʔǸ ʌɐ ɾʌɶǸɾɾ ɾʌȡȒȒǸɅȡɅȓ ǸȒȒǸǪʌɾṶ ǍɅǱ ©Ƀ ȡɾ ʌțǸ ɃǍʌǸɶȡǍȺ 

ʌǍɅȓǸɅʌ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲṣ ÿɐ ǪɐɃɳʔʌǸ ©ȓṞ ɾɐɃǸ ȺɐǍǱȡɅȓ Ƀʔɾʌ ǩǸ ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ɾʌɶʔǪʌʔɶǸ ṵɾɐ ʌțǍʌ 

ɾʌɶǸɾɾǸɾ ǱǸʬǸȺɐɳṶṣ fɐɶ ʌțǸ ɅʔɃǸɶȡǪǍȺ ɾɐȺʔʌȡɐɅ ʌɐ ʭɐɶȶ ʭǸȺȺṞ ʌțǸ ǍɳɳȺȡǸǱ ȺɐǍǱȡɅȓ ɾțɐʔȺǱ ǩǸ țȡȓț ǸɅɐʔȓț 

ʌɐ ɶǸɾʔȺʌ ȡɅ Ǎ ʭǸȺȺẁǱǸ̟ɅǸǱ ȓǸɐɃǸʌɶȡǪǍȺ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲṞ ǪɐɃɳǍɶǸǱ ʌɐ ʌțǸ ʌǍɅȓǸɅʌ ɾʌȡȒȒɅǸɾɾṣ  ̞ Ǹ ɳɶǸẁ

ȺɐǍǱȡɅȓ ǪǍɅ ǩǸ ǍɳɳȺȡǸǱ ǩʳ Ǎ ɾʌǍʌȡǪ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṣ   

uɅ ¬ñẁEĥ¸!Ṟ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_BUCKLEṣ ! 

ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ɃǍʳ ǩǸ ɳǍɶʌ ɐȒ Ǎ ȺȡɅǸǍɶ ɐɶ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾṣ ¸ɐʌǸ ʌțǍʌ ȺȡɅǸǍɶ ṵǸȡȓǸɅʬǍȺʔǸṶ 

ǩʔǪȶȺȡɅȓ ȡɾ Ǎ ȺȡɅǸǍɶ ɳɶɐǪǸǱʔɶǸṞ ʭȡʌț ǍȺȺ ʌțǸ ȺȡɃȡʌǍʌȡɐɅɾ ɃǸɅʌȡɐɅǸǱ ȡɅ ñǸǪʌȡɐɅ ᶲṣṣɳ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ 

ǪɐɅʌǍǪʌɾ ʭȡȺȺ Ʌɐʌ ǩǸ ʔɳǱǍʌǸǱṞ ǍɅǱ ʌțǍʌ ɃǍʌǸɶȡǍȺ ɶǸɾɳɐɅɾǸɾ ǍɶǸ ȺȡɅǸǍɶȡʽǸǱ ṵɳȺǍɾʌȡǪȡʌʳ ȡɾ Ʌɐʌ ǪɐɅɾȡǱǸɶǸǱ 

ǱʔɶȡɅȓ ʌțǸ ǩʔǪȶȺȡɅȓ ɳțǍɾǸṶṣ  

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

. 

. 

. 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*CONTROL_IMPLICIT_BUCKLE 

Specify number of buckling modes requested, and buckling method (BCKMTH) 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

! ɾɃǍȺȺ ǸʲǍɃɳȺǸṞ ǩǍɾǸǱ ɐɅ Ǎ ɅɐɅẁȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ɳɶǸẁȺɐǍǱȡɅȓ ɐȒ Ǎ ɾʌɶʔǪʌʔɶǸ ȡɾ ȓȡʬǸɅ ȡɅ ñǸǪʌȡɐɅ ᶲṣᶲṣᶯṣ 

=ʳ ǱǸȒǍʔȺʌṞ ʌțǸ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ʭȡȺȺ ǩǸ ɳǸɶȒɐɶɃǸǱ Ǎʌ ʌțǸ ʌǸɶɃȡɅǍʌȡɐɅ ʌȡɃǸ ɐȒ ʌțǸ ɾȡɃʔȺǍʌȡɐɅṞ ǩʔʌ ȡʌ ȡɾ 

ɳɐɾɾȡǩȺǸ ʌɐ ɳǸɶȒɐɶɃ ȡɅʌǸɶɃȡʌʌǸɅʌ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾ Ǎʌ ǱȡȒȒǸɶǸɅʌ ʌȡɃǸɾ ɐȒ ʌțǸ ɾȡɃʔȺǍʌȡɐɅṣ ! ǪʔɶʬǸ ǪǍɅ ǩǸ 

ɾɳǸǪȡ̟ǸǱ ǩʳ ǸɅʌǸɶȡɅȓ ʌțǸ ɅʔɃǩǸɶ ɐȒ ɶǸɵʔǸɾʌǸǱ ǩʔǪȶȺȡɅȓ ɃɐǱǸɾ Ǎɾ ẁɳ  ṙ ṵǪʔɶʬǸ uEṶṣ ̞Ǹ ʲẁʬǍȺʔǸɾ ɐȒ ʌțǸ 

ǪʔɶʬǸ ɾɳǸǪȡ̟Ǹɾ Ǎʌ ʭțȡǪț ʌȡɃǸṵɾṶ ʌțǸ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾ ǍɶǸ ʌɐ ǩǸ ɳǸɶȒɐɶɃǸǱṞ ǍɅǱ ʌțǸ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ʳẁ

ʬǍȺʔǸ ɾɳǸǪȡ̟Ǹɾ ʌțǸ ɅʔɃǩǸɶ ɐȒ ǩʔǪȶȺȡɅȓ ɃɐǱǸɾ ʌɐ ǪɐɃɳʔʌǸṣ  

=ʔǪȶȺȡɅȓ ȺɐǍǱ ȒǍǪʌɐɶɾ ǍɶǸ ɳɶȡɅʌǸǱ ȡɅ ʌțǸ eigout ẁ ̟ ȺǸṣ ̞Ǹ ǩʔǪȶȺȡɅȓ ȺɐǍǱ ȡɾ ɾȡɃɳȺʳ ʌțǸ ǸȡȓǸɅʬǍȺʔǸ 

ɃʔȺʌȡɳȺȡǸǱ ǩʳ ʌțǸ ǍɳɳȺȡǸǱ ȺɐǍǱṣ ̞Ǹ ǩʔǪȶȺȡɅȓ ɃɐǱǸ ɾțǍɳǸɾ ǍɶǸ ɐʔʌɳʔʌ ȡɅ ʌțǸ d3eigv ̟ ȺǸṵɾṶṣ ÿɐ ȓǸʌ ɐʔʌɳʔʌ 

ɐȒ ɾʌɶǸɾɾǸɾ ȡɅ ʌțǸ ǱᶱǸȡȓʬ ̟ȺǸṵɾṶṞ ȡɅǪȺʔǱǸ *CONTROL_IMPLICIT_EIGENVALUE ʭȡʌț NEIG ố ᶮ ǍɅǱ MSTRES ố ᶯṣ 

=ʳ ǱǸȒǍʔȺʌṞ ʌțǸ ¬ǍɅǪʽɐɾ ɃǸʌțɐǱ ȡɾ ʔɾǸǱ ʌɐ ɾɐȺʬǸ ʌțǸ ǩʔǪȶȺȡɅȓ ǸȡȓǸɅɳɶɐǩȺǸɃṞ ǩʔʌ Ȓɐɶ ǪǍɾǸɾ ʭțǸɅ ȡɅǸɶʌȡǍ 

ɶǸȺȡǸȒ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ṵɾǸǸ ñǸǪʌȡɐɅ ᶲṣᶯṣᶰṶ ǍɶǸ ʔɾǸǱṞ ʌțǸ æɐʭǸɶ ¶ǸʌțɐǱ Ƀʔɾʌ ǩǸ ʔɾǸǱṣ ̞ȡɾ ȡɾ 

ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ ʌțǸ ʬǍɶȡǍǩȺǸ BCKMTH ố ṣɴ ̞Ǹ æɐʭǸɶ ¶ǸʌțɐǱ ɃǍʳ ǍȺɾɐ ɳɶɐʬȡǱǸ Ǎ ʭǍʳ ɐʔʌ ȡɅ ǪǍɾǸɾ 

ʭțǸɶǸ ʌțǸ ¬ǍɅǪʽɐɾ ɃǸʌțɐǱ ȒǍȡȺɾṣ 
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¸ɐʌǸ ʌțǍʌ Ǎ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ɃǍʳ ɾǸʬǸɶǸȺʳ ɐʬǸɶǸɾʌȡɃǍʌǸ ʌțǸ ɳțʳɾȡǪǍȺ ǩʔǪȶȺȡɅȓ ȺɐǍǱ ɐȒ Ǎ ɶǸǍȺẁ

ʭɐɶȺǱ ɾʌɶʔǪʌʔɶǸṞ ɾȡɅǪǸ ɅɐɅẁȺȡɅǸǍɶ ǸȒȒǸǪʌɾ ṵɳȺǍɾʌȡǪȡʌʳṞ ȒǍȡȺʔɶǸṞ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅɾṶ ǍɶǸ ɅǸȓȺǸǪʌǸǱ ṵǍɾ ʭǸȺȺ Ǎɾ 

ȡɃɳǸɶȒǸǪʌȡɐɅɾṶṣ  

 ¬ȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ɳǍɅǸȺ ʭȡʌț Ǎ ǩǸǍǱ 
! ɳǍɅǸȺ ȡɾ ȒʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ Ǎʌ ɐɅǸ ǸǱȓǸ ǍɅǱ ȺɐǍǱǸǱ ǩʳ Ǎ ȒɐɶǪǸ ǱȡɾʌɶȡǩʔʌǸǱ ǍɶɐʔɅǱ ʌțǸ ǩɐȺʌ țɐȺǸɾ ȡɅ ʌțǸ 

̠ǍɅȓǸṞ ɾǸǸ fȡȓʔɶǸ ᶯṣʉ ̞Ǹ ǸǱȓǸ Ǎʌ ʌțǸ ̠ǍɅȓǸ ȡɾ ǪɐɅɾʌɶǍȡɅǸǱ ȡɅ ʌțǸ ʌɶǍɅɾʬǸɶɾǸ ǱȡɶǸǪʌȡɐɅṣ ̞Ǹ ǸʲǍɃɳȺǸ 

ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ buckle001.keyṣ fȡɶɾʌṞ Ǎ ɳɶǸẁȺɐǍǱȡɅȓ ɐȒ ᶱᶰ ȶ¸ ȡɾ ǍɳɳȺȡǸǱ ȡɅ Ǎ ɅɐɅȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṞ 

ʌțǸɅ Ǎ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾȡɾ ȡɾ ɳǸɶȒɐɶɃǸǱṣ ̞Ǹ ȺɐʭǸɾʌ ǸȡȓǸɅʬǍȺʔǸ ȡɾ ᶯᶰṣᶮᶵᶶṞ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ʌɐ Ǎ 

ǩʔǪȶȺȡɅȓ ȺɐǍǱ ɐȒ ᶱᶶᶴṣᶳ ȶ¸ṣ ̞Ǹ ǩʔǪȶȺȡɅȓ ɃɐǱǸ ɾțǍɳǸ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶯṣʊ 

 

 

Figure 18. A panel with a bead under compression loading.  

 

Figure 19. The lowest buckling mode shape for the panel.  

fʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ 
ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ 

ÿɶǍɅɾʬǸɶɾǸȺʳ 
ǪɐɅɾʌɶǍȡɅǸǱ ǩɐʔɅǱǍɶʳ  

¬ɐɅȓȡʌʔǱȡɅǍȺ 
ȺɐǍǱȡɅȓ ǱȡɾʌɶȡǩʔʌǸǱ 
ǍɶɐʔɅǱ ǩɐȺʌ țɐȺǸɾ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶰ  ʂ

ᶲṣᶳ ¸ɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ʔɾȡɅȓ ʌțǸ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ 
̞Ǹ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ ȡɾ ǍɳɳȺȡǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ȒɐȺȺɐʭ Ǎ ɅɐɅẁɃɐɅɐʌɐɅȡǪǍȺȺʳ ȡɅǪɶǸǍɾȡɅȓ ȺɐǍǱ ɳǍʌțṞ ɾǸǸ 

fȡȓʔɶǸ ᶰ ṣɲ ̞Ǹ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ ǪǍɅ ǩǸ ɾǸǸɅ Ǎɾ Ǎ ɃȡʲǸǱ ȺɐǍǱ ǍɅǱ ǱȡɾɳȺǍǪǸɃǸɅʌẁǪɐɅʌɶɐȺȺǸǱ ȺɐǍǱȡɅȓ 

ʭȡʌț Ǎ țȡȓțȺʳ ǍǱʬǍɅǪǸǱ ǪɐɅʌɶɐȺ ɾʳɾʌǸɃṣ =ʳ ʔɾǸ ɐȒ ʌțǸ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱṞ ɾȡʌʔǍʌȡɐɅɾ ɐȒ ȺɐǍǱ ɶǸʬǸɶɾǍȺṞ 

ɾɅǍɳẁʌțɶɐʔȓț ǍɅǱ ɾɅǍɳẁǩǍǪȶ ǪǍɅ ǩǸ țǍɅǱȺǸǱṣ ̞ȡɾ ɃǍȶǸɾ ȡʌ ȡǱǸǍȺ Ȓɐɶ ɅɐɅẁȺȡɅǸǍɶ ȺȡɃȡʌ ȺɐǍǱ ǍɅǱ 

ɳɐɾʌǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾṣ  

 

 

Figure 20. Arc-length control is required in order to follow a non -monotonically increasing (generalized) load 

path. From Ref. [4] . 

 

uɅ ¬ñẁEĥ¸!Ṟ ʌțǸ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ Ǎ ɳǍɶǍɃǸʌǸɶ ɐɅ ʌțǸ *CONTROL_IMPLICIT_SOLUTION Ṿ 

ǪǍɶǱṞ ǩʔʌ ʌțȡɾ ȡɾ ǍȺɶǸǍǱʳ ɳɶǸǱǸ̟ɅǸǱ ȡɅ ʌțǸ ȡɅǪȺʔǱǸ ̟ȺǸ control_cards_arc.keyṣ fɐɶ ɳɐɾʌǩʔǪȶȺȡɅȓ 

ǍɅǍȺʳɾǸɾṞ ȡɃɳǸɶȒǸǪʌȡɐɅɾ ǍɶǸ ǪɐɃɃɐɅȺʳ ȡɅʌɶɐǱʔǪǸǱ Ǎɾ ɳǸɶʌʔɶǩǍʌȡɐɅɾ ɐȒ ʌțǸ ȓǸɐɃǸʌɶʳ ɐɶ ɃǍʌǸɶȡǍȺ 

ɳǍɶǍɃǸʌǸɶɾṣ ̞ȡɾ ǪǍɅ ǩǸ ǍǪțȡǸʬǸǱ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ *PERTURBATIONṣ   

=ʳ ǱǸȒǍʔȺʌṞ ǍȺȺ ȓǸɅǸɶǍȺȡʽǸǱ ȺɐǍǱȡɅȓɾ ȡɅ ʌțǸ ɃɐǱǸȺ Ƀʔɾʌ ʔɾǸ ȺȡɅǸǍɶ ȺɐǍǱȡɅȓ ǪʔɶʬǸɾṞ ǪɐɅʌǍȡɅȡɅȓ ɐɅȺʳ ʌʭɐ 

ɳɐȡɅʌɾṞ ɾʌǍɶʌȡɅȓ Ǎʌ ṵᶮṞ ᶮṶ ǍɅǱ ȡɅǪɶǸǍɾȡɅȓ ʌɐ ʌțǸȡɶ ̟ɅǍȺ ʬǍȺʔǸ Ǎʌ ʌțǸ ʌǸɶɃȡɅǍʌȡɐɅ ʌȡɃǸṞ ɾǸǸ fȡȓʔɶǸ ᶰṣɳ uȒ 

ɃʔȺʌȡɳȺǸ ȺɐǍǱɾ Ǹʲȡɾʌ ȡɅ ʌțǸ ɃɐǱǸȺ ṵȡɅǪȺʔǱȡɅȓ ʌțǸɶɃǍȺ ȺɐǍǱȡɅȓṶṞ ǍȺȺ ȺɐǍǱɾ ʭȡȺȺ ʬǍɶʳ ɾȡɃʔȺʌǍɅǸɐʔɾȺʳṣ ñǸǸ Ȓɐɶ 

ǸʲǍɃɳȺǸ éǸȒṣ ṳᶰᶴṴ Ȓɐɶ ȒʔɶʌțǸɶ ǱȡɾǪʔɾɾȡɐɅɾ ɐɅ ʔɾǸ ɐȒ ʌțǸ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ Ȓɐɶ ʔȺʌȡɃǍʌǸ ǪǍɳǍǪȡʌʳ ǍɅǍȺʳɾǸɾ 

ȡɅ ¬ñẁEĥ¸!ṣ 
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Figure 21. Typical load curve for arc -length analysis.  

̞Ǹ ȶǸʳʭɐɶǱ ̟ȺǸ control_cards_nonlin_arc.key ǪɐɅʌǍȡɅɾ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ʭțȡǪț ɃǍʳ ǩǸ ʔɾǸȒʔȺ 

Ȓɐɶ ɅɐɅẁȺȡɅǸǍɶ ɳɐɾʌẁǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾṣ uɅ ʌțȡɾ ̟ȺǸṞ ARCTIM ȡɾ ɾǸʌ ʌɐ ʽǸɶɐṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ ʌțǸ ǍɶǪẁȺǸɅȓʌț 

ɃǸʌțɐǱ ʭȡȺȺ ǩǸ ǍǪʌȡʬǸ ȒɶɐɃ ʌțǸ ɾʌǍɶʌ ɐȒ ʌțǸ ǍɅǍȺʳɾȡɾṣ 

̞Ǹ ɾȡɃʔȺǍʌȡɐɅ ʌȡɃǸ ȡɅ ʌțȡɾ ǪǍɾǸ ʌǍȶǸɾ Ǎ ǪȺǸǍɶ ɶɐȺȺ ɐȒ Ǎ ȺɐǍǱ ɳǍɶǍɃǸʌǸɶṣ uɅ ȓǸɅǸɶǍȺṞ ẌʌȡɃǸẍ ȡɅ ǍɅ ǍɶǪẁȺǸɅȓʌț 

ǍɅǍȺʳɾȡɾ ɃǍʳ ȡɅǪɶǸǍɾǸ ǍɅǱ ǱǸǪɶǸǍɾǸ ʌɐ ȒɐȺȺɐʭ ʌțǸ ȒɐɶǪǸẁǱȡɾɳȺǍǪǸɃǸɅʌ ɶǸɾɳɐɅɾǸṣ ̞Ǹ ẌʌȡɃǸẍ ɃǍʳ ǸʬǸɅ 

ǩǸǪɐɃǸ ɅǸȓǍʌȡʬǸṞ ȡɅǱȡǪǍʌȡɅȓ ǪɐɃɳȺǸʌǸ ȺɐǍǱ ɶǸʬǸɶɾǍȺṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʔɾȡɅȓ *CONTROL_TERMINATION 

ṵǩǍɾǸǱ ɐɅ ʌȡɃǸṶ ɃǍʳ Ʌɐʌ ɃǍȶǸ ɾǸɅɾǸṞ ɾȡɅǪǸ ʌțǸ ɾɳǸǪȡ̟ǸǱ ʌǸɶɃȡɅǍʌȡɐɅ ʌȡɃǸ Ƀȡȓțʌ ɅǸʬǸɶ ǩǸ ɶǸǍǪțǸǱṣ 

!ȺʌǸɶɅǍʌȡʬǸ ʌǸɶɃȡɅǍʌȡɐɅ ǪɶȡʌǸɶȡǍ ǍɶǸ ʌțǸɅ ɶǸɵʔȡɶǸǱṞ Ȓɐɶ ǸʲǍɃɳȺǸ ǩǍɾǸǱ ɐɅ ʌțǸ ǱǸȒɐɶɃǍʌȡɐɅ ɐȒ ʌțǸ 

ɾʌɶʔǪʌʔɶǸṣ uɅ ʌțȡɾ ǪǍɾǸṞ ʌțǸ ȶǸʳʭɐɶǱ *TERMINATION_NODE ṵɐɶ *TERMINATION_BODY) ɃǍʳ ǩǸ ʬǸɶʳ ʔɾǸȒʔȺṣ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ʔɾȡɅȓ ʌțǸ ǍɶǪẁȺǸɅȓʌț ɃǸʌțɐǱ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_nonlin_arc.key 

*DEFINE_CURVE_TITLE 

Implicit time incrementation 

700, 

0., dt0 (first timestep) 

Additional lines to define time incrementation 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*TERMINATION_NODE 

Define termination criteria based on displacement 

*INCLUDE 

Include file defining geometry, materials etc. 

*PERTURBATION_NODE 

Define parameters for creating geometrical imperfections 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  
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*TITLE 

Simulation title 

*END 

 

!Ʌ ǸʲǍɃɳȺǸ ȡɅʬɐȺʬȡɅȓ Ǎ ȺȡɃȡʌ ȺɐǍǱ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ɳǍɅǸȺ ʭȡʌț Ǎ ǩǸǍǱ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ñǸǪʌȡɐɅ ᶲṣᶳṣᶯṣ 

 ¬ȡɃȡʌ ȺɐǍǱ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ɳǍɅǸȺ ʭȡʌț Ǎ ǩǸǍǱ 
! ɳǍɅǸȺ ȡɾ ȒʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ Ǎʌ ɐɅǸ ǸǱȓǸ ǍɅǱ ȺɐǍǱǸǱ ǩʳ Ǎ ȒɐɶǪǸ ǱȡɾʌɶȡǩʔʌǸǱ ǍɶɐʔɅǱ ʌțǸ ǩɐȺʌ țɐȺǸɾ ȡɅ ʌțǸ 

̠ǍɅȓǸṞ ɾǸǸ fȡȓʔɶǸ ᶯṣʉ ̞Ǹ ǸǱȓǸ Ǎʌ ʌțǸ ̠ǍɅȓǸ ȡɾ ǪɐɅɾʌɶǍȡɅǸǱ ȡɅ ʌțǸ ʌɶǍɅɾʬǸɶɾǸ ǱȡɶǸǪʌȡɐɅṣ ̞Ǹ ȓǸɐɃǸʌɶʳṞ 

ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ǍɅǱ ȺɐǍǱȡɅȓɾ ǍɶǸ ʌțǸ ɾǍɃǸ Ǎɾ ȡɅ ñǸǪʌȡɐɅ ᶲṣᶲṣᶯṣ ̞Ǹ ɃǍʌǸɶȡǍȺ ȡɅ ʌțǸ ɳǍɅǸȺ ȡɾ EɐɃǸʲ 

ᶱᶳᶳṣ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ limitload001.keyṣ ̞Ǹ ȒɐɶǪǸẁǱǸ̠ǸǪʌȡɐɅ ǪʔɶʬǸ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶰṣɴ 

̞Ǹ ɳǸǍȶ ȺɐǍǱ ȡɾ ᶯᶮᶮ ȶ¸ ṵʭțȡǪț ȡɾ ɾȡȓɅȡ̟ǪǍɅʌȺʳ ȺɐʭǸɶ ʌțǍɅ ʌțǸ ȺȡɅǸǍɶ ǸɾʌȡɃǍʌǸ ɐȒ ñǸǪʌȡɐɅ ᶲṣᶲṣᶯṶṣ 

 

Figure 22. Force-displacement curve for the postbuckling analysis of a panel with a bead.  

ᶲṣᶴ MȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ 
MȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ȡɾ Ǎ ʭǍʳ ɐȒ ǱǸʌǸɶɃȡɅȡɅȓ ʌțǸ ȒʔɅǱǍɃǸɅʌǍȺ ȒɶǸɵʔǸɅǪȡǸɾ ǍɅǱ ɾțǍɳǸɾ ɐȒ țǍɶɃɐɅȡǪ 

ʬȡǩɶǍʌȡɐɅ ɐȒ Ǎ ɾʳɾʌǸɃṣ ̞Ǹ ǸɵʔǍʌȡɐɅɾ ɐȒ ʔɅȒɐɶǪǸǱ ɃɐʌȡɐɅ ǪǍɅ ǩǸ ɳʔʌ Ǎɾ 

-● +Ø πṣ 

=ʳ ʌțǸ ǍɅɾǍʌʽ twsinūx= Ṟ ʌțǸ ȓǸɅǸɶǍȺȡʽǸǱ ǸȡȓǸɅʬǍȺʔǸ ɳɶɐǩȺǸɃ 

 ╚ ╜‫ ♠ π 

ȡɾ ɐǩʌǍȡɅǸǱṞ ʭȡʌț ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳpw2=f ṣ MȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ǸʲǍɃɳȺǸ ʌɐ 

ʬǸɶȡȒʳ ʌțǍʌ ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪȡǸɾ ɐȒ ʌțǸ ɾʳɾʌǸɃ Ǳɐ Ʌɐʌ ǪɐȡɅǪȡǱǸ ʭȡʌț ǪɶȡʌȡǪǍȺ ǸʲǪȡʌǍʌȡɐɅ ȒɶǸɵʔǸɅǪȡǸɾṣ uʌ ǪǍɅ 

ǍȺɾɐ ǩǸ ʔɾǸǱ Ǎɾ Ǎ ʌɐɐȺ Ȓɐɶ ɃɐǱǸȺ ȡɅʌǸȓɶȡʌʳ ǪțǸǪȶȡɅȓṞ Ǎɾ ɃǸǪțǍɅȡɾɃɾ ǍɅǱ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ ǍɶǸ 

ǸȒȒǸǪʌȡʬǸȺʳ ɶǸʬǸǍȺǸǱṣ !ɅɐʌțǸɶ ǪɐɃɃɐɅ ʔɾǸ Ȓɐɶ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ȡɾ ʌɐ ǪǍȺǪʔȺǍʌǸ Ǎ ɃɐǱǍȺ ǩǍɾȡɾ Ȓɐɶ 

ȒʔɶʌțǸɶ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ñǸǪʌȡɐɅɾ ᶲṣ ƫǍɅǱ ɸṣṣʉ 

uɅ ¬ñẁEĥ¸!Ṟ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ 

*CONTROL_IMPLICIT_EIGENVALUEṣ =r  ɾǸʌʌȡɅȓ ʌțǸ ʬǍɶȡǍǩȺǸ MSTRES = 1Ṟ ǍȺɾɐ ʌțǸ ɃɐǱǍȺ ɾʌɶǸɾɾǸɾ ʭȡȺȺ ǩǸ 

ǪɐɃɳʔʌǸǱṣ ̞ȡɾ ȡɾ ɶǸɵʔȡɶǸǱ ȡȒ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ǱǸɅɾȡʌʳ ȡɾ ʌɐ ǩǸ ǸʬǍȺʔǍʌǸǱṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣᶴṣᶯṞ ɐɶ ȡȒ ʌțǸ 
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ǪɐɃɳʔʌǸǱ ǸȡȓǸɅʬǸǪʌɐɶɾ ǍɶǸ ʌɐ ǩǸ ʔɾǸǱ Ǎɾ Ǎ ɃɐǱǍȺ ǩǍɾȡɾ ȡɅ Ǎ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾȡɾ ʭțǸɶǸ ɾʌɶǸɾɾ 

ǸʬǍȺʔǍʌȡɐɅɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣṣʉ 

¸ɐʌǸ ʌțǍʌ ɅɐɅẁ¶ɐɶʌǍɶ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ɾțǍȺȺ ǩǸ ʔɾǸǱ ʭȡʌț ǪǍɶǸ ȡɅ ǍɅ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾṞ ɾǸǸ 

ñǸǪʌȡɐɅ ᶴṣᶯṣᶵṣ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾǸɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

. 

. 

. 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*CONTROL_IMPLICIT_EIGENVALUE 

Card 1: Define number of eigenmodes, frequencies etc. 

Card 2: Set MSTRES=1 to request modal stresses 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

! ǩǍɾȡǪ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǸʲǍɃɳȺǸ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ñǸǪʌȡɐɅ ᶲṣᶴṣᶰṣ 

=ʳ ǱǸȒǍʔȺʌṞ ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ʭȡȺȺ ǩǸ ɳǸɶȒɐɶɃǸǱ Ǎʌ ʌțǸ ǩǸȓȡɅɅȡɅȓ ɐȒ ʌțǸ ɾȡɃʔȺǍʌȡɐɅṞ ʭțȡǪț 

ʌțǸɅ ʌǸɶɃȡɅǍʌǸɾṣ uɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾǸɾ ǍɶǸ ǍȺɾɐ ɳɐɾɾȡǩȺǸṞ Ǎɾ Ǎ ɳǍɶʌ ɐȒ Ǎ ȺȡɅǸǍɶ ɐɶ ɅɐɅẁ

ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ4ṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ǸȒȒǸǪʌ ɐȒ ȺɐǍǱȡɅȓṞ ɾʔǪț Ǎɾ Ȓɐɶ ǸʲǍɃɳȺǸ ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓṞ ɐɅ ʌțǸ 

ǸȡȓǸɅȒɶǸɵʔǸɅǪȡǸɾṞ ǪǍɅ ǩǸ ǍǪǪɐʔɅʌǸǱ Ȓɐɶ ṵɾǸǸ ǍȺɾɐ ʌțǸ ǸʲǍɃɳȺǸ ɐȒ ñǸǪʌȡɐɅ ᶲṣᶴṣᶱṶṣ ÿɐ ȒʔȺȺʳ ǍǪǪɐʔɅʌ Ȓɐɶ ʌțǸ 

ɾʌɶǸɾɾ ɾʌȡȒȒǸɅȡɅȓ ǸȒȒǸǪʌ ɐɅ ʌțǸ ǪɐɃɳʔʌǸǱ ǸȡȓǸɅʬǍȺʔǸɾ ǍɅǱ ɃɐǱǸ ɾțǍɳǸɾṞ ɾǸʌ IGS ố ᶯ ɐɅ 

*CONTROL_IMPLICIT_GENERALṣ ÿɐ ɳǸɶȒɐɶɃ ǍɅ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾṞ ȓȡʬǸ ẁɳ  ṙ ṵǪʔɶʬǸ uEṶ Ǎɾ ʌțǸ 

ɅʔɃǩǸɶ ɐȒ ǸȡȓǸɅʬǍȺʔǸɾṣ ̞Ǹ ẁ̡ʬǍȺʔǸɾ ɐȒ ʌțǸ ǪʔɶʬǸ ɾɳǸǪȡȒʳ Ǎʌ ʭțȡǪț ʌȡɃǸṵɾṶ ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾǸɾ 

ǍɶǸ ʌɐ ǩǸ ɳǸɶȒɐɶɃǸǱṞ ǍɅǱ ʌțǸ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ʳẁʬǍȺʔǸ ɾɳǸǪȡ̟Ǹɾ ʌțǸ ɅʔɃǩǸɶ ɐȒ ǸȡȓǸɅɃɐǱǸɾ ʌɐ ǪɐɃɳʔʌǸṣ 

ğțǸɅ ɳǸɶȒɐɶɃȡɅȓ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾǸɾṞ ȶǸʳɳɐȡɅʌɾ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ʌɐ ʌțǸ ʌȡɃǸɾ Ȓɐɶ ʌțǸ 

ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ Ƀʔɾʌ ǩǸ ǍǱǱǸǱ ʌɐ ʌțǸ ɾʳɅǪțɶɐɅȡʽǍʌȡɐɅ ǪʔɶʬǸ ṵ¬>uE ᶵᶮᶮṞ ǪɐɃɳǍɶǸ fȡȓʔɶǸ ᶯṶɴṣ  

ñǸǸ ǍȺɾɐ ʌțǸ ǸʲǍɃɳȺǸ ɐȒ ñǸǪʌȡɐɅ ᶲṣᶴṣᶱṣ !ɅɐʌțǸɶ ɐɳʌȡɐɅ Ȓɐɶ ɳǸɶȒɐɶɃȡɅȓ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ 

ȡɾ ʌɐ ʔɾǸ ʌțǸ ɃʔȺʌȡɾʌǍȓǸ ǍɳɳɶɐǍǪțṞ ɾǸǸ ñǸǪʌȡɐɅ ᶯᶰṣᶰṣᶯ ǍɅǱ !ɳɳǸɅǱȡʲ Ĥ ɐȒ éǸȒṣ ṳᶯṴṣ 

̞Ǹ ǸȡȓǸɅȒɶǸɵʔǸɅǪȡǸɾ ǍɶǸ ɳɶȡɅʌǸǱ ȡɅ ʌțǸ eigout ẁ ̟ ȺǸṣ ̞Ǹ ǱǍʌǍǩǍɾǸ Ȓɐɶ ʬȡɾʔǍȺȡʽȡɅȓ ɃɐǱǍȺ ǱǸȒɐɶɃǍʌȡɐɅɾ 

ṵǸȡȓǸɅʬǸǪʌɐɶɾṶ ȡɾ ǪǍȺȺǸǱ d3eigvṣ ̞ Ǹ ǸȡȓǸɅʬǸǪʌɐɶɾ ȡɅ ¬ñẁEĥ¸! ǍɶǸ ɃǍɾɾ ɅɐɶɃǍȺȡʽǸǱṞ ʭțȡǪț ȡɃɳȺȡǸɾ ʌțǍʌ  

 
 

4 fɐɶ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ Ǎɾ Ǎ ɳǍɶʌ ɐȒ ǍɅ ǸʲɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶯᶴṣᶳṣ 
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ἢỈ╜ ἓ 

ǩʔʌ ʭțǸɅ ɐʔʌɳʔʌ ȡɅ ʌțǸ d3eigv Ṿ ̟ ȺǸṵɾṶ ʌțǸʳ ǍɶǸ ǍȺɾɐ ɶǸɾǪǍȺǸǱ Ȓɐɶ ȡɃɳɶɐʬǸǱ ʬȡɾȡǩȡȺȡʌʳṣ ̞Ǹ ɾǪǍȺǸ ȒǍǪʌɐɶ ǪǍɅ 

ǩǸ ɐǩʌǍȡɅǸǱ ȒɶɐɃ ¬ñẁæɶǸæɐɾʌṞ Ǎɾ ǱǸɾǪɶȡǩǸǱ ȡɅ fȡȓʔɶǸ ᶰṣɵ uɅ ʬǸɶɾȡɐɅɾ ɾʌǍɶʌȡɅȓ ʭȡʌț éᶯᶰṣᶰṞ ʌțǸ ɾǪǍȺǸ ȒǍǪʌɐɶɾ 

ǍɶǸ ǍȺɾɐ ɳɶȡɅʌǸǱ ȡɅ ʌțǸ eigout Ṿ ̟ ȺǸṞ ɾǸǍɶǪț Ȓɐɶ ẌEIGENVECTOR SCALING FACTORẍṣ 

 

ᶯṣ ÃɳǸɅ ʌțǸ d3eigv Ṿ ̟ ȺǸṵɾṶṞ  
ᶰṣ ñǸȺǸǪʌ ʌɐ ʬȡɾʔǍȺȡʽǸ ʌțǸ ɃɐǱǸ ɐȒ ȡɅʌǸɶǸɾʌṞ 
ᶱṣ gɐ ʌɐ fM¶ ồ æɐɾʌ ồ Ãʔʌɳʔʌ 
ᶲṣ >ȺȡǪȶ Ẍ>ʔɶɶẍ ṵɃȡǱǱȺǸ ǩʔʌʌɐɅ ȡɅ ȺɐʭǸɾʌ 
ɶɐʭṶ 

ᶳṣ ÿɐȓȓȺǸ ʌțǸ Ẍ¸ɐɶɃǍȺȡʽǍʌȡɐɅẍ ǪțǸǪȶǩɐʲ 
ʌɐ ʔɳǱǍʌǸ ʌțǸ ɾǪǍȺǸ ȒǍǪʌɐɶ ʬǍȺʔǸṣ 

ᶴṣ ̞Ǹ ɾǪǍȺǸ ȒǍǪʌɐɶ ȡɾ ɾțɐʭɅ ȡɅ ʌțǸ ʌǸʲʌ 
ǩɐʲ ɅǸʲʌ ʌɐ ʌțǸ Ẍ¸ɐɶɃǍȺȡʽǍʌȡɐɅẍ 
ǪțǸǪȶǩɐʲṣ 

 

 
Figure 23. Output of scale factor for mode shapes from LS -PrePost.  

!ɅɐʌțǸɶ ɐɳʌȡɐɅ Ȓɐɶ ɐǩʌǍȡɅȡɅȓ ʌțǸ ʔɅɾǪǍȺǸǱ ǸȡȓǸɅʬǸǪʌɐɶɾ ȡɾ ʌɐ ʔɾǸ ʌțǸ ȒʔɅǪʌȡɐɅǍȺȡʌʳ Ȓɐɶ ǱʳɅǍɃȡǪ 

ǪɐɅǱǸɅɾǍʌȡɐɅ ǍɅǱ ɾʔɳǸɶǸȺǸɃǸɅʌ ǪɶǸǍʌȡɐɅ ɐȒ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMLPICIT_MODESṣ ̞ȡɾ ʭȡȺȺṞ ȡɅ 

ǍǱǱȡʌȡɐɅ ʌɐ ʌțǸ d3eigv ̟ ȺǸɾṞ ǍȺɾɐ ɐʔʌɳʔʌ ʌțǸ ʔɅɾǪǍȺǸǱ ǸȡȓǸɅʬǸǪʌɐɶɾ ȡɅ ʌțǸ d3mode ǩȡɅǍɶʳ ǱǍʌǍǩǍɾǸṣ ̞Ǹ 

d3mode ̟ ȺǸṵɾṶ ǪǍɅ ǩǸ ɐɳǸɅǸǱ ȡɅ ¬ñẁæɶǸæɐɾʌ Ȓɐɶ ᶱE ʬȡɾʔǍȺȡʽǍʌȡɐɅ ǍɅǱ ɳɐɾʌɳɶɐǪǸɾɾȡɅȓṣ  

uȒ ʌțǸ d3eigv Ṿ ̟ ȺǸɾ ǍɶǸ ʌɐ ǩǸ ʔɾǸǱ ȡɅ ɃɐǱǸẁǩǍɾǸǱ ǍɅǍȺʳɾǸɾ ṵɾǸǸ ñǸǪʌȡɐɅɾ ᶲṣ ƫǍɅǱ ɸṣṶʉ ʌțǸʳ Ƀʔɾʌ ǩǸ ȡɅ 

ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅ ȒɐɶɃǍʌ Ȓɐɶ ǍȺȺ ɃɐǱǸẁǩǍɾǸǱ ǍɅǍȺʳɾǸɾ ṵǱɐ Ʌɐʌ ʔɾǸ *DATABASE_FORMAT ʌɐ ɶǸɵʔǸɾʌ ɾȡɅȓȺǸ 

ɳɶǸǪȡɾȡɐɅ ɐʔʌɳʔʌ ȡɅ ʌțȡɾ ǪǍɾǸṶṣ 

̞Ǹ ǱǸȒǍʔȺʌ ɾɐȺʔʌȡɐɅ ɃǸʌțɐǱ Ȓɐɶ ǸȡȓǸɅʬǍȺʔǸ ɳɶɐǩȺǸɃɾ ȡɅ ¬ñẁEĥ¸! ȡɾ ǩȺɐǪȶẁɾțȡȒʌ ȡɅʬǸɶʌ ¬ǍɅǪʽɐɾṣ ̞ȡɾ ȡɾ 

ɅɐɶɃǍȺȺʳ Ǎ ȒǍɾʌ ǍɅǱ ǸȒ̟ǪȡǸɅʌ ɃǸʌțɐǱṞ ǸɾɳǸǪȡǍȺȺʳ ȡɅ Ƀɳɳṩ¬ñẁEĥ¸!ṣ ñȡɅǪǸ éᶯᶯṣᶯṞ ʌțǸ ¶>¶ñ ɃǸʌțɐǱ ȡɾ 

ǍʬǍȡȺǍǩȺǸ ȡɅ ɾɃɳṩ¬ñẁEĥ¸! ṳᶰᶮṴ Ȓɐɶ ǪɐɃɳʔʌȡɅȓ ɃǍɅʳ ṵồᶯᶮᶮᶮṶ ǸȡȓǸɅʬǍȺʔǸɾ ɐȒ ȺǍɶȓǸ ɃɐǱǸȺɾ ṵồ ᶯMᶴ 

ǸȺǸɃǸɅʌɾṶṣ  ̞ȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ EIGMTH = 101 ɐɅ ǪǍɶǱ ᶯ ɐȒ *CONTROL_IMPLICIT_EIGENVALUEṣ uȒ 

ɐɅȺʳ Ǎ ȒǸʭ ṵỔ ᶳᶮṶ ǸȡȓǸɅʬǍȺʔǸɾ ɐȒ Ǎ ȺǍɶȓǸ ɃɐǱǸȺ ǍɶǸ ʌɐ ǩǸ ǱǸʌǸɶɃȡɅǸǱṞ ʌțǸ ¬Ã=æ>g ɃǸʌțɐǱ ṳᶳᶯṴ ɃǍʳ ǩǸ ɐȒ 
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ȡɅʌǸɶǸɾʌṣ uʌ ǪǍɅ ǩǸ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ Mug¶ÿo ố ᶯᶮᶰṣ ̞Ǹ ¬Ã=æ>g ȡɾ ɐɅȺʳ ǍʬǍȡȺǍǩȺǸ ȡɅ ɾɃɳ ȡɅ ʬǸɶɾȡɐɅɾ 

ɳɶȡɐɶ ʌɐ éᶯᶲṞ ǩʔʌ ȒɶɐɃ éᶯᶲ ǍȺɾɐ ǍɅ Ƀɳɳ ȡɃɳȺǸɃǸɅʌǍʌȡɐɅ Ǹʲȡɾʌɾṣ 

fɐɶ ǪɐɃɳʔʌȡɅȓ ǪɐɃɳȺǸʲ ǸȡȓǸɅʬǍȺʔǸɾṞ ǍȺɾɐ ǍǪǪɐʔɅʌȡɅȓ Ȓɐɶ ɅɐɅẁɾʳɃɃǸʌɶȡǪǍȺ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ ǍɅǱ ʌțǸ 

ǸȒȒǸǪʌ ɐȒ ʌțǸ ǱǍɃɳȡɅȓ ɃǍʌɶȡʲṞ ɾǸʌ LCPACK ố ᶱ ɐɅ *CONTROL_IMPLICIT_SOLVER ṳᶳᶰṴṣ ̞Ǹ ǪɐɃɳʔʌǍʌȡɐɅ ɐȒ 

ǪɐɃɳȺǸʲ ǸȡȓǸɅʬǍȺʔǸɾ ɶǸɵʔȡɶǸɾ ɾɃɳṩ¬ñẁEĥ¸!Ṟ éᶯɳ ɐɶ ȺǍʌǸɶṣ ! ʌʳɳȡǪǍȺ ǍɳɳȺȡǪǍʌȡɐɅ Ȓɐɶ ǪɐɃɳȺǸʲ ǸȡȓǸɅʬǍȺʔǸɾ 

ȡɾ ǩɶǍȶǸ ɾɵʔǸǍȺ ǍɅǍȺʳɾȡɾṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ɸ ṣᶯᶮṣ 

fɐɶ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾ ɐȒ ǍǪɐʔɾʌȡǪ ǪǍʬȡʌȡǸɾ ɐɶ ǍǪɐʔɾʌȡǪ ɃǸǱȡǍṞ ʌțǸ ȶǸʳʭɐɶǱ 

*FREQUENCY_DOMAIN_ACOUSTIC_FEM_EIGENVALUE ǪǍɅ ǩǸ ʔɾǸǱ ṵȡɅ ɾɃɳṩ¬ñẁEĥ¸!Ṷṣ fɶɐɃ éᶯ ʂɐȒ ¬ñẁEĥ¸!Ṟ 

ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ǍǪǪɐʔɅʌ Ȓɐɶ ̠ʔȡǱẁɾʌɶʔǪʌʔɶǸ ȡɅʌǸɶǍǪʌȡɐɅɾ ȡɅ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ȡɅ Ǎ ɾȡɃɳȺȡ̟ǸǱ ʭǍʳ ṳᶳᶱṴ 

ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱṵɾṶ *BOUNDARY_FLUIDM_{OPTION}ṣ ̞ȡɾ ɐɳʌȡɐɅ ȡɾ ɾʔɳɳɐɶʌǸǱ ȡɅ ɾɃɳṩ¬ñẁEĥ¸! ǍɅǱ 

ɶǸɵʔȡɶǸɾ ʌțǍʌ ʌțǸ ¬Ã=æ>g Ṿ ǸȡȓǸɅɾɐȺʬǸɶ ȡɾ ʔɾǸǱ ṵEIGMHT ố ᶯᶮᶰṶṣ 

uɅ ǪǍɾǸ ɐȒ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾṞ ȡʌ ɃǍʳ ǩǸ ʔɾǸȒʔȺ ʌɐ ɳǸɶȒɐɶɃ ǸȡȓǸɅʬǍȺʔǸɾ ɐȒ ʌțǸ ʌțǸɶɃǍȺ ǪɐɅǱʔǪʌǍɅǪǸ ɃǍʌɶȡʲ 

ȡɅ ɐɶǱǸɶ ʌɐṞ Ȓɐɶ ǸʲǍɃɳȺǸṞ ǪțǸǪȶ ʌțǸ ɃɐǱǸȺ ȡɅʌǸȓɶȡʌʳṣ ̞ǸɅ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_THERMAL_EIGENVALUE 

ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ɳǸɶȒɐɶɃȡɅȓ ɾʔǪț ǍɅ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾṣ 

 ĞȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ǍɅǱ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ǱǸɅɾȡʌʳ 
ñʌɶǍȡɅ ǸɅǸɶȓʳ ǍɅǱ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ǱǸɅɾȡʌʳ ǍɶǸ ǪɐɃɃɐɅȺʳ ʔɾǸǱ ɃǸǍɾʔɶǸɾṞ ȡɅǱȡǪǍʌȡɅȓ ʌțǸ ǍɶǸǍɾ ɐȒ ʌțǸ 

ɾʌɶʔǪʌʔɶǸ ʭțȡǪț ǍɶǸ ʔɅǱǸɶ ʌțǸ ȓɶǸǍʌǸɾʌ ɾʌɶǸɾɾṞ ǍɅǱ ǪɐɅʌɶȡǩʔʌǸ Ƀɐɾʌ ʌɐ ʌțǸ ɾʌȡȒȒɅǸɾɾṞ Ȓɐɶ Ǎ ɳǍɶʌȡǪʔȺǍɶ 

ɃɐǱǸṣ uɅ ¬ñẁEĥ¸!Ṟ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ ɶǸɵʔǸɾʌ ɐʔʌɳʔʌ ɐȒ ɃɐǱǍȺ ɾʌɶǸɾɾǸɾ ǩʳ ɾǸʌʌȡɅȓ MSTRES = 1ṣ ̞ǸɅ 

¬ñẁæɶǸæɐɾʌ ṵǍɅǱ ɾɐɃǸ ᶱɶǱ ɳǍɶʌʳ ɳɐɾʌẁɳɶɐǪǸɾɾɐɶɾ Ǎɾ ʭǸȺȺṶ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ʬȡɾʔǍȺȡʽȡɅȓ ʌțǸ ɾʌɶǍȡɅ ǸɅǸɶȓʳ 

ǍɅǱ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ǱǸɅɾȡʌʳ ȒɶɐɃ ʌțǸ d3eigv ̟ ȺǸṞ ɾǸǸ fȡȓʔɶǸ ᶰ  ɸṵfɐɶ ǍǱǱȡʌȡɐɅǍȺ ɶǸɵʔȡɶǸǱ ɐʔʌɳʔʌ ɾǸʌʌȡɅȓɾṞ ȡʌ 

ȡɾ ǍɾɾʔɃǸǱ ʌțǍʌ ʌțǸ ǪɐɅʌɶɐȺ ǍɅǱ ǱǍʌǍǩǍɾǸ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ɳɶɐʬȡǱǸǱ ʭȡʌț ʌțȡɾ gʔȡǱǸȺȡɅǸ ǍɶǸ ʔɾǸǱṞ Ȓɐɶ 

ǸʲǍɃɳȺǸ control_cards_linear.key ǍɅǱ database_cards_static.keyṶ ṣ ¸ɐʌǸ ʌțǍʌ ʌțǸ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ȡɾ 

Ʌɐʌ ǪɐɃɳʔʌǸǱ ǩʳ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸ ǩʔʌ ȡɾ ǪǍȺǪʔȺǍʌǸǱ Ǎɾ Ǎ ɳɐɾʌɳɶɐǪǸɾɾȡɅȓ ɶǸɾʔȺʌ ǩʳ ʌțǸ 

ɳɐɾʌɳɶɐǪǸɾɾȡɅȓ ɾɐȒʌʭǍɶǸṣ 
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fȡȓʔɶǸ ᶰ ṣɸ MʲǍɃɳȺǸ ɐȒ ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ʔɾȡɅȓ ¬ñẁæɶǸæɐɾʌṣ ¶ɐǱǸȺ ṳᶲᶳṴ ǪɐʔɶʌǸɾʳ ɐȒ ¸>!>ṣ ̞Ǹ 

ʭɐɶȶ ɐȒ ʌțǸ >ǸɅʌǸɶ Ȓɐɶ >ɐȺȺȡɾȡɐɅ ñǍȒǸʌʳ ǍɅǱ !ɅǍȺʳɾȡɾ Ǎʌ ʌțǸ gǸɐɶȓǸ ¶ǍɾɐɅ ĆɅȡʬǸɶɾȡʌʳ ȡɾ ȓɶǍʌǸȒʔȺȺʳ 

ǍǪȶɅɐʭȺǸǱȓǸǱṣ 

 MȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ɳǍɅǸȺ ʭȡʌț Ǎ ǩǸǍǱ 
! ɳǍɅǸȺ ȡɾ ȒʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ Ǎʌ ɐɅǸ ǸǱȓǸṞ ɾǸǸ fȡȓʔɶǸ ᶰṣʂ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ eigen001.keyṣ ̞Ǹ 

ȺɐʭǸɾʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ȡɾ ᶲᶲṣᶱ oʽṞ ǍɅǱ ʌțǸ ɃɐǱǸ ɾțǍɳǸ ȡɾ Ǎ ɾȡǱǸẁʌɐẁɾȡǱǸ ɾʭȡɅȓȡɅȓ ɃɐʌȡɐɅṣ 

 uɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ǩɐȺʌǸǱ ¬ẁǩɶǍǪȶǸʌ 
MȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾǸɾ ɐȒ ʌțǸ ǩɐȺʌǸǱ ǍɾɾǸɃǩȺʳ ɐȒ ñǸǪʌȡɐɅ ᶲṣᶱṣᶰ Ǎʌ ʌ ố ᶮ ṵȡɅȡʌȡǍȺ ǪɐɅ̟ȓʔɶǍʌȡɐɅ ʭȡʌțɐʔʌ 

ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅṶṞ ʌ ố ᶯ ṵǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅ ǍɳɳȺȡǸǱṶ ǍɅǱ ʌ ố ᶰ ṵǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅ ǍɅǱ ȺɐǍǱȡɅȓ ȡɾ ǍɳɳȺȡǸǱṶṣ ̞Ǹ 

ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ eigen002.keyṣ 

!ʌ ʌ ố ᶮṞ ɾȡʲ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ ǍɶǸ ȒɐʔɅǱṞ ȡɅǱȡǪǍʌȡɅȓ ʌțǍʌ ʌțǸ ǍɾɾǸɃǩȺʳṞ Ǎʌ ʌțȡɾ ɾʌǍȓǸṞ ȡɾ Ʌɐʌ ǪɐɅɅǸǪʌǸǱṣ 

!ȒʌǸɶ ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓṞ Ǎʌ ʌ ố ᶯṞ ʌțǸ ȺɐʭǸɾʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ȡɾ ᶲᶵ ʃoʽṣ !ʌ ʌ ố Ṟɵ ʭțǸɅ ǍȺɾɐ ʌțǸ ȺɐǍǱȡɅȓ ȡɾ 

ǍɳɳȺȡǸǱṞ ʌțǸ ȺɐʭǸɾʌ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǱǸǪɶǸǍɾǸɾ ʌɐ ᶯᶮ ʂoʽṣ  
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Figure 25. Eigenfrequency analysis of a panel with a bead.  

uɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǸʲʌɶǍǪʌȡɐɅ ǪǍɅ ǍȺɾɐ ǩǸ ɳǍɶʌ ɐȒ ǍɅ ǸʲɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶯᶴṣᶳṣ !ȺʌǸɶɅǍʌȡʬǸȺʳṞ 

ȡʌ ǪǍɅ ǍȺɾɐ ǩǸ ɾǸʌ ʔɳ Ǎɾ Ǎ ɃʔȺʌȡɾʌǍȓǸ ǍɅǍȺʳɾȡɾṞ ɾǸǸ ñǸǪʌȡɐɅ ɳ ᶰṣᶰṣᶯṣ 

ᶲṣᶵ ¬ȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ 
ÿɶǍɅɾȡǸɅʌ ȺȡɅǸǍɶ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾǸɾ ǪǍɅ ɐȒʌǸɅ ǩǸ ɳǸɶȒɐɶɃǸǱ ʬǸɶʳ ǸȒ̟ǪȡǸɅʌȺʳ ʔɾȡɅȓ Ǎ ɃɐǱǍȺ ǩǍɾȡɾṞ ǱǸɅɐʌǸǱ 

Ǎɾ FṞ ɾȡɅǪǸ ʌțǸ ɅʔɃǩǸɶ ɐȒ ǍǪʌȡʬǸ ǱǸȓɶǸǸɾ ɐȒ ȒɶǸǸǱɐɃ ǪǍɅ ǩǸ ǱɶǍɾʌȡǪǍȺȺʳ ɶǸǱʔǪǸǱṣ uɅɾʌǸǍǱ ɐȒ ʭɐɶȶȡɅȓ ʭȡʌț 

ǍȺȺ ʌțǸ ɳțʳɾȡǪǍȺ ǱǸȓɶǸǸɾ ɐȒ ȒɶǸǸǱɐɃ ɐȒ ʌțǸ ɾʳɾʌǸɃ Ṟ̡ Ǎ ȺȡɃȡʌǸǱ ɅʔɃǩǸɶ ɐȒ ȓǸɅǸɶǍȺȡʽǸǱ ṵɃɐǱǍȺṶ ǱǸȓɶǸǸɾ ɐȒ 

ȒɶǸǸǱɐɃṞ ʽṞ ȡɾ ʔɾǸǱṝ  ̡ố F̔ ṣ !ȺɾɐṞ ǩʳ ʌțǸ ɐɶʌțɐȓɐɅǍȺȡʌʳ ɳɶɐɳǸɶʌȡǸɾ ɐȒ FṞ ʌțǸ ʌɶǍɅɾȒɐɶɃǸǱ ɾǸʌ ɐȒ ǸɵʔǍʌȡɐɅɾ ɐȒ 

ɃɐʌȡɐɅ ȡɾ ǱȡǍȓɐɅǍȺȡʽǸǱṣ 

uɅ ¬ñẁEĥ¸!Ṟ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ 

*CONTROL_IMPLICIT_MODAL_DYNAMICṣ !ʌ ɳɶǸɾǸɅʌṞ ʌțȡɾ ȒǸǍʌʔɶǸ ȡɾ ɐɅȺʳ ǍʬǍȡȺǍǩȺǸ ȡɅ ʌțǸ ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅ 

ɾɃɳẁʬǸɶɾȡɐɅ5 ɐȒ ¬ñẁEĥ¸!ṣ MȡʌțǸɶ ǸȡȓǸɅɃɐǱǸɾ ǪɐɃɳʔʌǸǱ ɳɶǸʬȡɐʔɾȺʳ ǍɅǱ ɾʌɐɶǸǱ ȡɅ d3eigvẁ̟ ȺǸɾ ɐɶ 

ǪɐɃɳʔʌǸǱ ȡɅ ʌțǸ ɾǍɃǸ ɶʔɅ ʔɾȡɅȓ *CONTROL_IMPLICIT_EIGENVALUEṞ ǪǍɅ ǩǸ ʔɾǸǱ Ǎɾ Ǎ ɃɐǱǍȺ ǩǍɾȡɾṣ ¸ɐʌǸ 

ʌțǍʌ ʌțǸ d3eigv Ṿ ̟ ȺǸ Ƀʔɾʌ ǩǸ ȡɅ ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅ ȒɐɶɃǍʌ ṵɾǸʌ IBINARY ố ᶮ ɐɅ *DATABASE_FORMATṶ Ȓɐɶ ǍȺȺ 

ɃɐǱǸẁǩǍɾǸǱ ǍɅǍȺʳɾǸɾṣ 

̞Ǹ ǱǸȒǍʔȺʌ ȡɾ ʌțǍʌ ǍȺȺ ǸȡȓǸɅɃɐǱǸɾ ǍɶǸ ʔɾǸǱ ȡɅ ʌțǸ ɃɐǱǍȺ ǩǍɾȡɾṞ ǩʔʌ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ɾǸȺǸǪʌ ʭțȡǪț 

ǸȡȓǸɅɃɐǱǸɾ ʌɐ ʔɾǸ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_MODAL_DYNAMIC_MODESṣ 

¶ɐǱǍȺ ǱǍɃɳȡɅȓ ǪǍɅ ǩǸ ɾɳǸǪȡ̟ǸǱṞ ǸȡʌțǸɶ Ǎɾ Ǎ 

¶ ǪɐɅɾʌǍɅʌ ʬǍȺʔǸṞ ǍɳɳȺȡǸǱ ʌɐ ǍȺȺ ɃɐǱǸɾṞ ʔɾȡɅȓ ʌțǸ ɳǍɶǍɃǸʌǸɶ ZETA ɐɅ 
*CONTROL_IMPLICIT_MODAL_DYNAMICṞ ɐɶ Ǎɾ Ǎ 

 
 

5 ±ŜǊǎƛƻƴǎ wмлΦмΣ wмлΦнΣ wмпΣ wмрΦлΦн ŀǊŜ ǊŜŎƻƳƳŜƴŘŜŘ ŦƻǊ ǘǊŀƴǎƛŜƴǘ ƳƻŘŀƭ ŘȅƴŀƳƛŎǎΦ 

fʔȺȺʳ 
ǪɐɅɾʌɶǍȡɅǸǱ 
ǩɐʔɅǱǍɶʳ 
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¶ ȒʔɅǪʌȡɐɅ ɐȒ ȒɶǸɵʔǸɅǪʳṞ ɐɶ ɳǸɶ ɃɐǱǸṞ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ 
*CONTROL_IMPLICIT_MODAL_DYNAMIC_DAMPINGṣ 

 
!ɾ ǍɅ ǍȺʌǸɶɅǍʌȡʬǸṞ ṵǍɳɳɶɐʲȡɃǍʌȡʬǸȺʳṶ ȒɶǸɵʔǸɅǪʳẁȡɅǱǸɳǸɅǱǸɅʌ ǱǍɃɳȡɅȓ ǪǍɅ ǩǸ ǍɳɳȺȡǸǱ ǩʳ ʔɾǸ ɐȒ 
*DAMPING_FREQUENCY_RANGEṣ 
 
! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_linear.key 

*INCLUDE 

database_cards_static.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*CONTROL_IMPLICIT_EIGENVALUE 

Parameters for computation of eigenmodes 

*CONTROL_IMPLICIT_MODAL_DYNAMIC 

1, Define global modal damping 

*CONTROL_IMPLICIT_MODAL_DYNAMIC_MODES 

Data lines to specify which modes to use 

*CONTROL_IMPLICIT_MODAL_DYNAMIC_DAMPING 

Data lines to specify modal damping 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe constrained boundary conditions  

*TITLE 

Simulation title 

*END 

 

̞ȡɾ ȡɾ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾ ɳɶɐǪǸǱʔɶǸṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ʭȡȺȺ ǩǸ ȺȡɅǸǍɶȡʽǸǱṣ >ɐɅʌǍǪʌɾ ɾțǍȺȺ 

ǩǸ ʔɾǸǱ ʭȡʌț ǪǍɶǸ ȡɅ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶴṣᶯṣᶵṣ 

ñʌɶǸɾɾ ɶǸǪɐʬǸɶʳ ȒɶɐɃ Ǎ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ ʌțǸ ̠Ǎȓ MSTRES ố 

ᶯ ɐɅ ʌțǸ ᶰɅǱ ǪǍɶǱ ɐȒ *CONTROL_IMPLICIT_EIGENVALUE ǍɅǱ ǍȺɾɐ ɾǸʌʌȡɅȓ ʌțǸ ̠Ǎȓ STRCMP ố ᶯ ṵᶱɶǱ ɳɐɾȡʌȡɐɅṶ 

ɐɅ *CONTROL_IMPLICIT_MODAL_DYNAMICṣ ñʌɶǸɾɾǸɾ ʭȡȺȺ ǍȺʭǍʳɾ ǩǸ ǪɐɃɳʔʌǸǱ Ȓɐɶ ɾțǸȺȺ ǸȺǸɃǸɅʌ 

ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶶṣ 

fɶɐɃ éᶷṣᶮṣᶯṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ʔɾǸ ɳɶǸɾǪɶȡǩǸǱ ǱȡɾɳȺǍǪǸɃǸɅʌ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ Ȓɐɶ ʌțȡɾ ǍɅǍȺʳɾȡɾ ʌʳɳǸṞ ǩʳ 

ʔɾǸ ɐȒ *BOUNDARY_PRESCRIBED_MOTIONṣ ÿɐ ǍǪʌȡʬǍʌǸ ʌțȡɾ ȒǸǍʌʔɶǸṞ ɾǸʌ MDFLAG ố ᶰ ɐɅ 

*CONTROL_IMPLICIT_MODAL_DYNAMICṣ uɅ ǍǱǱȡʌȡɐɅṞ ʌțǸ ɅɐǱǸ ṵɐɶ ɅɐǱǸ ɾǸʌṶ ɾʔǩȲǸǪʌǸǱ ʌɐ ɳɶǸɾǪɶȡǩǸǱ 

ǱȡɾɳȺǍǪǸɃǸɅʌ Ƀʔɾʌ ǩǸ ɾɳǸǪȡ̟ǸǱ ȡɅ Ǎ ɅɐǱǸ ɾǸʌ Ȓɐɶ ǪɐɅɾʌɶǍȡɅʌ ɃɐǱǸɾ ʔɾȡɅȓ *CONTROL_IMPLICIT_MODESṣ ! 

ɾɃǍȺȺ ǸʲǍɃɳȺǸ ȒɐȺȺɐʭɾṞ ʭțǸɶǸ ɅɐǱǸ ɾǸʌ uE ᶲ ȡɾ ɾʔǩȲǸǪʌǸǱ ʌɐ Ǎ ɳɶǸɾǪɶȡǩǸǱ ǱȡɾɳȺǍǪǸɃǸɅʌ ȡɅ ʌțǸ ȓȺɐǩǍȺ ĥẁ

ǱȡɶǸǪʌȡɐɅṞ ǍǪǪɐɶǱȡɅȓ ʌɐ ȺɐǍǱ ǪʔɶʬǸ uE ᶯᶮᶮṝ 
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ṣ 

ṣ 

ṣ 

*CONTROL_IMPLICIT_MODAL_DYNAMIC 

᷾ṹ EǸ̼ɅǸ ȓȺɐǩǍȺ ɃɐǱǍȺ ǱǍɃɳȡɅȓṹ Ẍ᷊ ẙ ɐɳʌȡɐɅǍȺ ʌɐ ǪɐɃɳʔʌǸ ɾʌɶǸɾɾǸɾẍ 

*CONTROL_IMPLICIT_MODES 

Ḁṹ ᷉ṹ ᷉ṹ EǸ̼ɅǸ ɐȒȒɾǸʌ ʬǍȺʔǸ Ȓɐɶ ȡɅʌǸɶɅǍȺȺʳ ǪɶǸǍʌǸǱ EÃfɾ 

*BOUNDARY_PRESCRIBED_MOTION_SET 

Ḁṹ ᷾ṹ ᷾ṹ ᷊᷉᷉ 

ṣ 

ṣ 

ṣ 

ÿȡɃǸ ȡɅʌǸȓɶǍʌȡɐɅ ȡɾ ǩʳ ǱǸȒǍʔȺʌ ǱɐɅǸ ȡɅ ǍɅ ǸʲɳȺȡǪȡʌ ɃǍɅɅǸɶṞ ǩʔʌ ȒɶɐɃ éᶯᶯṞ ȡɃɳȺȡǪȡʌ ʌȡɃǸ ȡɅʌǸȓɶǍʌȡɐɅ ɃǍʳ ǩǸ 

ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ INTEG ố ᶰ ɐɅ *CONTROL_IMPLICIT_MODAL_DYNAMICṣ ̞ȡɾ ɐɳʌȡɐɅ ʭȡȺȺ ǍɳɳȺʳ ʌțǸ ʌȡɃǸ 

ȡɅʌǸȓɶǍʌȡɐɅ ɳǍɶǍɃǸʌǸɶɾ BETA ǍɅǱ GAMMA ȒɶɐɃ *CONTROL_IMPLICIT_DYNAMICS ǍɅǱ ʔɾǸ DT0 ȒɶɐɃ 

*CONTROL_IMPLICIT_GENERAL Ǎɾ ʌȡɃǸ ɾʌǸɳṣ 

 ÿɶǍɅɾȡǸɅʌ ȺɐǍǱȡɅȓ ɐȒ ǍɅ ¬ẁǩǸǍɃ 
!Ʌ ¬ẁɾțǍɳǸǱ ǩǸǍɃ ȡɾ ȺɐǍǱǸǱ ǩʳ Ǎ ʌɶǍɅɾʬǸɶɾǸṞ ʌɶǍɅɾȡǸɅʌ ṵʌɶȡǍɅȓʔȺǍɶṶ ȺɐǍǱȡɅȓṞ ɾǸǸ fȡȓʔɶǸ ᶰṣʃ ! ǪɐɅɾʌǍɅʌ 

ɃɐǱǍȺ ǱǍɃɳȡɅȓ ɐȒ ᶱ ụ ȡɾ ǍɳɳȺȡǸǱṣ ̞Ǹ ʌɶǍɅɾȡǸɅʌ ǱȡɾɳȺǍǪǸɃǸɅʌ ɶǸɾɳɐɅɾǸ ɐȒ ʌțǸ ȺɐǍǱǸǱ ɅɐǱǸ ȡɾ ɾțɐʭɅ ȡɅ 

fȡȓʔɶǸ ᶰṣƫ 

̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ transient001.keyṣ 
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Figure 26. Transient loading of an L -shaped beam. The left image shows the geometry, with boundary conditions 

and loading. The right image shows the loading history.  

 

Figure 27. Displacement history in the transverse direction of the loaded node.  

ᶲṣᶶ fɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾǸɾ 
fɐɶ ɃǍɅʳ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾṞ ɾʔǪț Ǎɾ ¸Ğo ɐɶ ǸǍɶʌțɵʔǍȶǸ ǍɅǍȺʳɾǸɾṞ ȡʌ ȡɾ ǪɐɅʬǸɅȡǸɅʌ ʌɐ ɾʌʔǱʳ ʌțǸ 

ɶǸɾɳɐɅɾǸ ɐȒ Ǎ ɾʌɶʔǪʌʔɶǸ ȡɅ ʌțǸ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ȡɅɾʌǸǍǱ ɐȒ ʌțǸ ʌȡɃǸ ǱɐɃǍȡɅṣ ñǸʬǸɶǍȺ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ 

ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸ ȡɅ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṝ  

¶ ǪǍȺǪʔȺǍʌȡɐɅ ɐȒ ȒɶǸɵʔǸɅǪʳ ɶǸɾɳɐɅɾǸ ȒʔɅǪʌȡɐɅɾṞ 
¶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾṞ 
¶ ɶǸɾɳɐɅɾǸ ɾɳǸǪʌɶʔɃ ǍɅǍȺʳɾȡɾṞ 
¶ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ǍɅǍȺʳɾȡɾṞ ǍɅǱ 
¶ fM¶ ǍɅǱ =M¶ ǍǪɐʔɾʌȡǪɾṣ 

 

fʔȺȺʳ 
ǪɐɅɾʌɶǍȡɅǸǱ 
ǩɐʔɅǱǍɶʳ 

ÿɶǍɅɾʬǸɶɾǸ 
ʌɶǍɅɾȡǸɅʌ 
ȺɐǍǱȡɅȓ  
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=ʳ ǱǸȒǍʔȺʌṞ ʌțǸɾǸ ǍɅǍȺʳɾǸɾ ǍɶǸ ɳǸɶȒɐɶɃǸǱ ʔɾȡɅȓ Ǎ ɃɐǱǍȺ ǩǍɾȡɾṞ ʭțȡǪț ȡɃɳȺȡǸɾ ʌțǍʌ ǍɅ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ 

ǍɅǍȺʳɾȡɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣṞʃ ȡɾ ɶǸɵʔȡɶǸǱṣ ğțǸɅ ɾʌɶǸɾɾǸɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌ ȡɅ ʌțǸ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾǸɾṞ Ȓɐɶ 

ǸʲǍɃɳȺǸ Ȓɐɶ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ȒǍʌȡȓʔǸ ɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾǸɾṞ ʌțǸʳ Ƀʔɾʌ ǍȺɶǸǍǱʳ țǍʬǸ ǩǸǸɅ 

ǪǍȺǪʔȺǍʌǸǱ ǱʔɶȡɅȓ ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾṣ uɅ ʌțǸɾǸ ǪǍɾǸɾṞ ɾǸʌ ʌțǸ ɳǍɶǍɃǸʌǸɶ MSTRES = 1 ɐɅ ǪǍɶǱ ᶰ 

ɐȒ ʌțǸ *CONTROL_IMPLICIT_EIGENVALUE Ṿ ȶǸʳʭɐɶǱṣ ̞Ǹ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾ ǪǍɅ ǩǸ Ǎ ɳǍɶʌ ɐȒ ʌțǸ 

ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾȡɾṞ ɐɶ ɳǸɶȒɐɶɃǸǱ ȡɅ Ǎ ɾǸɳǍɶǍʌǸṞ ɳɶǸǪǸǱȡɅȓ ǍɅǍȺʳɾȡɾṣ ̞ Ǹ d3eigv Ṿ ̟ ȺǸɾ Ƀʔɾʌ ǩǸ ȡɅ 

ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅ ȒɐɶɃǍʌṣ fɶɐɃ éᶯᶯ ɐȒ ṵɾɃɳṶ ¬ñẁEĥ¸!Ṟ Ǎ ǱȡɶǸǪʌ ɾɐȺʔʌȡɐɅ Ȓɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ȡɾ 

ǍʬǍȡȺǍǩȺǸ ǩʳ ʌțǸ ȶǸʳʭɐɶǱṵɾṶ *FREQUENCY_DOMAIN_SSD_DIRECT ǍɅǱ 

*FREQUENCY_DOMAIN_SSD_DIRECT_FREQUENCY_DEPENDENTṣ 

¸ɐʌǸ ʌțǍʌ ʌțǸ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾǸɾ ǍɶǸ ȺȡɅǸǍɶṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ ʌțǸ ɾǍɃǸ ɶǸɾʌɶȡǪʌȡɐɅɾ Ǎɾ 

ɃǸɅʌȡɐɅǸǱ ȡɅ ñǸǪʌȡɐɅ ᶲṣ ɳǍɳɳȺʳ ṵɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶴṣᶯṣᶵṶṣ ̞Ǹ ǍɳɳɶɐɳɶȡǍʌǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ̟ȺǸ ȡɾ 

control_cards_linear.keyṣ 

!Ʌ ɐʬǸɶʬȡǸʭ ɐȒ ʌțǸ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾȡɾ ǪǍɳǍǩȡȺȡʌȡǸɾ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ éǸȒɾṣ ṳᶶṴṳᶲᶱṴṞ ǍɅǱ Ǎ ʌțɐɶɐʔȓț 

ǱǸɾǪɶȡɳʌȡɐɅ ȡɾ ȓȡʬǸɅ ȡɅ éǸȒṣ ṳᶷṴṣ fɐɶ ɃɐɶǸ ǸʲǍɃɳȺǸɾ ɐȒ ¸Ğo ǍɅǍȺʳɾǸɾ ȡɅ ¬ñẁEĥ¸!Ṟ ɳȺǸǍɾǸ ʬȡɾȡʌ 

țʌʌɳɾṝṩṩȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁǩǍɾǸṩɅʬțẁȒǍʌȡȓʔǸṩṣ  

uɅ ¬ñẁEĥ¸!Ṟ ʌțǸ ɶǸȺǍʌǸǱ ȶǸʳʭɐɶǱɾ ǍȺȺ ǩǸȓȡɅ ʭȡʌț *FREQUENCY_DOMAIN ṳᶯṴṞ ǍɅǱ ȡɅʬɐȺʬǸ ǍȺɃɐɾʌ ʌțǸ 

ǪɐɃɳȺǸʌǸ ɳɶɐǩȺǸɃ ǱǸ̟ɅȡʌȡɐɅṞ ȡɅǪȺʔǱȡɅȓ ȺɐǍǱȡɅȓɾ ǍɅǱ ǱǍɃɳȡɅȓ ǱǸ̟ɅȡʌȡɐɅɾṞ ɐɅ ɾǸʬǸɶǍȺ ǪǍɶǱɾṣ Ãʔʌɳʔʌ Ȓɐɶ 

ʌțǸ ǱȡȒȒǸɶǸɅʌ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ ǪǍɅ ǩǸ ɶǸɵʔǸɾʌǸǱ ǩʳ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱɾ 

*DATABASE_FREQUENCY_BINARY_OPTIONṞ ǍɅǱ ȒɶɐɃ éᶯᶮ ǍȺɾɐ ʌțǸ ȶǸʳʭɐɶǱ 

*DATABASE_FREQUENCY_ASCII_OPTIONṣ  

fɶɐɃ ¬ñẁæɶǸæɐɾʌ ᶲṣᶱṞ ʌțǸɶǸ ȡɾ Ǎ ʭȡʽǍɶǱ Ȓɐɶ ɾǸʌʌȡɅȓ ʔɳ ǱȡȒȒǸɶǸɅʌ ʌʳɳǸɾ ɐȒ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾǸɾṣ uʌ ȡɾ 

ǍǪǪǸɾɾǸǱ ȒɶɐɃ ʌțǸ ʌɐɳ ɃǸɅʔ ǩǍɶṞ !ɳɳȺȡǪǍʌȡɐɅ ồ ¸ĞoṞ ɾǸǸ fȡȓʔɶǸ ᶰ ṣʉ ¬ñẁæɶǸæɐɾʌ ǍȺɾɐ țǍɾ ǱǸǱȡǪǍʌǸǱ 

ȒʔɅǪʌȡɐɅǍȺȡʌʳṞ ʌțǸ ¸Ğo fɶȡɅȓǸ ǪɐɃɳɐɅǸɅʌṞ Ȓɐɶ ǪɐɅʬǸɅȡǸɅʌ ɳɐɾʌẁɳɶɐǪǸɾɾȡɅȓ ɐȒ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ɶǸɾʔȺʌɾṣ  

 

Figure 28. Wizard for frequency analysis set -up in LS -PrePost 4.3.  

https://lsdyna.ansys.com/knowledge-base/nvh-fatigue/
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 fɶǸɵʔǸɅǪʳ ɶǸɾɳɐɅɾǸ ȒʔɅǪʌȡɐɅɾ 
fɶǸɵʔǸɅǪʳ ɶǸɾɳɐɅɾǸ ȒʔɅǪʌȡɐɅɾ ṵféfɾṶ ɐȒ Ǎ ǱʳɅǍɃȡǪ ɾʳɾʌǸɃ ǪǍɅ ǩǸ ɾǸǸɅ Ǎɾ ʌțǸ ʌɶǍɅɾȒǸɶ ȒʔɅǪʌȡɐɅɾ 

ǩǸʌʭǸǸɅ ʌțǸ ǸʲǪȡʌǍʌȡɐɅ ȡɅ ɐɅǸ ɳɐȡɅʌ ǍɅǱ ʌțǸ ɶǸɾɳɐɅɾǸ ȡɅ ǍɅɐʌțǸɶ ɳɐȡɅʌṞ ɾǸǸ fȡȓʔɶǸ ᶰṣʊ 

 
Figure 29. The frequency response functions are the transfer functions of a dynamic system. From Ref. [8] . 

>ǍȺǪʔȺǍʌȡɐɅ ɐȒ féfɾ ɾʔǪț Ǎɾ ǱʳɅǍɃȡǪ ɾʌȡȒȒɅǸɾɾṞ ȡɃɳǸǱǍɅǪǸ ǸʌǪṣ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ 

*FREQUENCY_DOMAIN_FRFṣ  ̞Ǹ ǸʲǪȡʌǍʌȡɐɅ ǪǍɅ ǩǸ ǩǍɾǸ ʬǸȺɐǪȡʌʳṞ ǩǍɾǸ ǍǪǪǸȺǸɶǍʌȡɐɅṞ ǩǍɾǸ ǱȡɾɳȺǍǪǸɃǸɅʌṞ 

ɅɐǱǍȺ ȒɐɶǪǸṞ ɐɶ ɳɶǸɾɾʔɶǸ ɐɅ Ǎ ɾǸȓɃǸɅʌ ɾǸʌṣ ̞Ǹ ɶǸɾɳɐɅɾǸ ǪǍɅ ǩǸ ʬǸȺɐǪȡʌʳṞ ǍǪǪǸȺǸɶǍʌȡɐɅṞ ǱȡɾɳȺǍǪǸɃǸɅʌṞ ɐɶ 

ɅɐǱǍȺ ȒɐɶǪǸṣ ̞Ǹ ɐʔʌɳʔʌ ȡɾ ȓȡʬǸɅ ȡɅ ʌțǸ !ñ>uuẁ̟ ȺǸɾ frf_amplitudeṞ frf_angle ṵǍȺʌǸɶɅǍʌȡʬǸȺʳ ǩʳ ɾǸʌʌȡɅȓ 

ʌțǸ ɳǍɶǍɃǸʌǸɶ OUTPUT = 1Ṟ Ǎɾ frf_real ǍɅǱ frf_imag Ȓɐɶ ʌțǸ ɶǸǍȺ ǍɅǱ ȡɃǍȓȡɅǍɶʳ ɳǍɶʌṞ ɶǸɾɳǸǪʌȡʬǸȺʳṶṣ   

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʌțǸ ȒɶǸɵʔǸɅǪʳ ɶǸɾɳɐɅɾǸ ȒʔɅǪʌȡɐɅ Ṿ ȶǸʳʭɐɶǱ ȒɐȺȺɐʭɾṝ 

*FREQUENCY_DOMAIN_FRF 

Card 1: Define excitation and select modes 

Card 2: Define damping 

Card 3: Define the response 

Card 4: Define output parameters 

 

 ñʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ  
ñʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ȡɾ ʔɾǸǱ ʌɐ ɐǩʌǍȡɅ ʌțǸ ȺȡɅǸǍɶȡʽǸǱ ɾʌǸǍǱʳ ɾʌǍʌǸ ɶǸɾɳɐɅɾǸ ɐȒ Ǎ ɾʌɶʔǪʌʔɶǸ ɾʔǩȲǸǪʌǸǱ ʌɐ 

țǍɶɃɐɅȡǪ ǸʲǪȡʌǍʌȡɐɅṞ Ȓɐɶ ǸʲǍɃɳȺǸ Ǎ ȒʔǸȺ ɳʔɃɳ ǍʌʌǍǪțǸǱ ʌɐ Ǎ ʬȡǩɶǍʌȡɅȓ ǸɅȓȡɅǸṣ uɅ ¬ñẁEĥ¸!Ṟ ɾʌǸǍǱʳ ɾʌǍʌǸ 

ǱʳɅǍɃȡǪɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *FREQUENCY_DOMAIN_SSDṣ uȒ ɾʌɶǸɾɾǸɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ 

ʌɐ ɾǸʌ ʌțǸ ɳǍɶǍɃǸʌǸɶ MSTRES = 1 ɐɅ ǪǍɶǱ ᶰ ɐȒ ʌțǸ *CONTROL_IMPLICIT_EIGENVALUE Ṿ ȶǸʳʭɐɶǱ ȡɅ ʌțǸ 

ɳɶǸǪǸǱȡɅȓ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾṣ  

Ãʔʌɳʔʌ ȒɶɐɃ ʌțǸ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾǸɾ ǪǍɅ ǩǸ ɐǩʌǍȡɅǸǱ Ǎɾ ᶱE Ṿ ǩȡɅǍɶʳ ɳȺɐʌ ̟ȺǸɾ d3ssd 

ṵǪɐɅʌǍȡɅȡɅȓ ǱȡɾɳȺǍǪǸɃǸɅʌɾṞ ɾʌɶǸɾɾǸɾ ǸʌǪṣṞ ɾȡɃȡȺǍɶ ʌɐ d3plotṶ ǍɅǱ Ǎɾ !ñ>uu țȡɾʌɐɶʳ ǱǍʌǍǩǍɾǸ ̟ȺǸɾṣ ̞Ǹ 

ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪȡǸɾ Ȓɐɶ ʌțǸ d3ssd Ṿ ǱǍʌǍǩǍɾǸɾ ǍɶǸ ɾɳǸǪȡ̟ǸǱ ʔɾȡɅȓ ʌțǸ 

*DATABASE_FREQUENCY_BINARY_D3SSD Ṿ ȶǸʳʭɐɶǱṣ ¸ɐǱǍȺ ǍɅǱ ǸȺǸɃǸɅʌ țȡɾʌɐɶʳ ɐʔʌɳʔʌ ǍɶǸ ɾɳǸǪȡ̟ǸǱ ȡɅ ʌțǸ 

ɾǍɃǸ ʭǍʳ Ǎɾ Ȓɐɶ Ǎ ʌȡɃǸẁǱɐɃǍȡɅ ǍɅǍȺʳɾȡɾṞ ʔɾȡɅȓ *DATABASE_HISTORY_OPTIONṞ ǩʔʌ ʌțǸ ɐʔʌɳʔʌ ̟ȺǸɾ Ȓɐɶ 

ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɶǸ nodout_ssd ǍɅǱ elout_ssdṣ fɶɐɃ éᶯᶮṞ ʌțǸ ȶǸʳʭɐɶǱ 

*DATABASE_FREQUENCY_ASCII_OPTION ǪǍɅ ǩǸ ʔɾǸǱ ʌɐ ɾɳǸǪȡȒʳ ɾǸɳǍɶǍʌǸṞ ɐɶ ǍǱǱȡʌȡɐɅǍȺṞ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪȡǸɾ 

Ȓɐɶ ʌțǸɾǸ ̟ȺǸɾṣ ¬ȡɅǸǍɶṞ ȺɐȓǍɶȡʌțɃȡǪ ɐɶ ǩȡǍɾǸǱ ɾɳǍǪȡɅȓ ɐȒ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪȡǸɾ ǍɶǸ ɳɐɾɾȡǩȺǸṣ ̞ Ǹ ɐʔʌɳʔʌ 

ɶǸɵʔǸɾʌ ȶǸʳʭɐɶǱɾ ʭȡȺȺ ǪɐɅʌɶɐȺ ʭțȡǪț ȒɶǸɵʔǸɅǪȡǸɾ ǍɶǸ ǍɅǍȺʳʽǸǱ ȡɅ ʌțǸ ññE ǍɅǍȺʳɾȡɾṣ  

uɅ ¬ñẁEĥ¸! éᶷ ǍɅǱ ǸǍɶȺȡǸɶṞ ǸɅȒɐɶǪǸǱ ɅɐǱǍȺ ɃɐʌȡɐɅ ṵǍǪǪǸȺǸɶǍʌȡɐɅṞ ʬǸȺɐǪȡʌʳṞ ǱȡɾɳȺǍǪǸɃǸɅʌṶ ȡɾ Ʌɐʌ ǸʲɳȺȡǪȡʌȺʳ 

ȡɃɳȺǸɃǸɅʌǸǱ Ȓɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾṣ uȒ ʌțȡɾ ʌʳɳǸ ɐȒ ǸʲǪȡʌǍʌȡɐɅ ȡɾ ǱǸɾȡɶǸǱṞ ʌțǸ ȺǍɶȓǸ ɃǍɾɾ ɃǸʌțɐǱ ǪǍɅ 

ǩǸ ʔɾǸǱṣ ! ʬǸɶʳ ȺǍɶȓǸ ɃǍɾɾ άὒ ṵɶǸǪɐɃɃǸɅǱǸǱ ȡɾ ᶯᶮ ʃʌȡɃǸɾ ʌțǸ ʌɐʌǍȺ ɃǍɾɾ ɐȒ ʌțǸ ɾʌɶʔǪʌʔɶǸṶ ȡɾ ʌțǸɅ 

ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ɅɐǱǸɾ ʭțǸɶǸ ʌțǸ ǸɅȒɐɶǪǸǱ ɃɐʌȡɐɅ ȡɾ ǍɳɳȺȡǸǱṞ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ 
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*ELEMENT_MASS_{OPTION}ṣ ̞Ǹ ǱǸɾȡɶǸǱ ɃɐʌȡɐɅ ȡɾ ǍǪțȡǸʬǸǱ ǩʳ ǍɳɳȺȡǪǍʌȡɐɅ ɐȒ Ǎ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ȒɐɶǪǸ ɳ Ǎɾ 

ȒɐȺȺɐʭɾṞ 

¶ fɐɶ ɅɐǱǍȺ ǍǪǪǸȺǸɶǍʌȡɐɅ İṞ ὴ ố άὒİ 
¶ fɐɶ ɅɐǱǍȺ ʬǸȺɐǪȡʌʳ όἥṞ ὴ ố Ὥ‫άὒόἥ 
¶ fɐɶ ɅɐǱǍȺ ǱȡɾɳȺǍǪǸɃǸɅʌ όṞ ὴ ố Ỏ‫ɴάὒό 

 
¸ɐʌǸ ʌțǍʌ Ʌɐ ɐʌțǸɶ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ṵ*BOUNDARY_SPC ɐɶ *BOUNDARY_PRESCRIBED_MOTIONṶ ȡɅ ʌțǸ 

ǱȡɶǸǪʌȡɐɅ ɐȒ ʌțǸ ǱǸɾȡɶǸǱ ɃɐʌȡɐɅ ɾțǍȺȺ ǩǸ ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ɅɐǱǸɾ ʭțǸɶǸ ǍɅ ǸɅȒɐɶǪǸǱ ɃɐʌȡɐɅ ȡɾ ʌɐ ǩǸ ǍɳɳȺȡǸǱ 

ǩʳ ʔɾǸ ɐȒ ʌțǸ ȺǍɶȓǸ ɃǍɾɾ ɃǸʌțɐǱṣ ̞Ǹ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ Ƀʔɾʌ ǩǸ ȡɅǪȺʔǱǸǱ ȡɅ ʌțǸ 

ǪɐɅɾǸǪʔʌȡʬǸ ȒɶǸɵʔǸɅǪʳ ǱɐɃǍȡɅ ǍɅǍȺʳɾǸɾ ȡɅ ɐɶǱǸɶ ʌɐ ɐǩʌǍȡɅ ʌțǸ ǱǸɾȡɶǸǱ ɶǸɾʔȺʌṣ ̞Ǹ ǍɳɳȺȡǪǍʌȡɐɅ ɐȒ ʌțǸ 

ȺǍɶȓǸ ɃǍɾɾǸɾ ɃǍʳ ǍȺʌǸɶ ʌțǸ ǸȡȓǸɅȒɶǸɵʔǸɅǪȡǸɾ ɐɶ ɃɐǱǸ ɐɶǱǸɶṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ ǪǍɶǸ ɾțǍȺȺ ǩǸ ʌǍȶǸɅ 

ʭțǸɅ ɾǸȺǸǪʌȡɅȓ ʌțǸ ǸȡȓǸɅɃɐǱǸɾṣ  

fɶɐɃ ¬ñẁEĥ¸! éᶯᶮṞ ʌțǸ ȺǍɶȓǸ ɃǍɾɾ ɃǸʌțɐǱ țǍɾ ǩǸǸɅ ɾǸɃȡẁǍʔʌɐɃǍʌǸǱṣ ĞȡǍ ʌțǸ ȶǸʳʭɐɶǱ 

*CONTROL_FREQUENCY_DOMAINṞ ʌțǸ ṵȺǍɶȓǸ ɃǍɾɾṶ ɳǸɶ ɅɐǱǸ ȡɾ ɾɳǸǪȡ̟ǸǱṞ ǍɅǱ ¬ñẁEĥ¸! ʭȡȺȺ ǪɐɅʬǸɶʌ ʌțǸ 

ɳɶǸɾǪɶȡǩǸǱ ʬǸȺɐǪȡʌʳṞ ǍǪǪǸȺǸɶǍʌȡɐɅṞ ɐɶ ǱȡɾɳȺǍǪǸɃǸɅʌ ṵVAD ố ᶳ Ṿ ƫ Ṷ ʌɐ ʌțǸ ǍɳɳɶɐɳɶȡǍʌǸ ɅɐǱǍȺ ȒɐɶǪǸṣ ̞Ǹ ǍǪʌʔǍȺ 

ɃǍɾɾ ǸȺǸɃǸɅʌɾ ṵ*ELEMENT_MASS_{OPTION}Ṷ Ƀʔɾʌ ɾʌȡȺȺ ǩǸ ǍǱǱǸǱ ǩʳ ʌțǸ ʔɾǸɶṣ ̧ɐʌǸ ǍȺɾɐ ʌțǍʌ ȒɶɐɃ éᶷ ʌɐ 

éᶯᶮṞ ʌțǸ ǸʲǪȡʌǍʌȡɐɅ ȡɅɳʔʌ ʌʳɳǸ ǪɐǱǸɾ țǍʬǸ ǩǸǸɅ ǪțǍɅȓǸǱṞ ɾǸǸ ÿǍǩȺǸ ṣɴ 

Table 2. Overview of excitation input types ( VAD) for *FREQUENCY_DOMAIN_SSD  

Ğ!E ¬ñẁEĥ¸! éᶷ ¬ñẁEĥ¸! éᶯᶮ ǍɅǱ ȺǍʌǸɶ 

 ɲ ¸ɐǱǍȺ ȒɐɶǪǸ 

 ɳ æɶǸɾɾʔɶǸ 

 ɴ =ǍɾǸ ǍǪǪǸȺǸɶǍʌȡɐɅ =ǍɾǸ ʬǸȺɐǪȡʌʳ 

 ɵ MɅȒɐɶǪǸǱ ʬǸȺɐǪȡʌʳṵᶯṶ =ǍɾǸ ǍǪǪǸȺǸɶǍʌȡɐɅ 

 ɸ MɅȒɐɶǪǸǱ 

ǍǪǪǸȺǸɶǍʌȡɐɅṵᶯṶ 

=ǍɾǸ ǱȡɾɳȺǍǪǸɃǸɅʌ 

 ʂ MɅȒɐɶǪǸǱ 

ǱȡɾɳȺǍǪǸɃǸɅʌṵᶯṶ 

MɅȒɐɶǪǸǱ ʬǸȺɐǪȡʌʳṵᶰṶ 

 ʃ ¸ṩ! MɅȒɐɶǪǸǱ ǍǪǪǸȺǸɶǍʌȡɐɅṵᶰṶ 

 ƫ ¸ṩ! MɅȒɐɶǪǸǱ 

ǱȡɾɳȺǍǪǸɃǸɅʌṵᶰṶ 

¸ɐʌǸɾṝ ṵᶯṶ ¸ɐʌ ǸʲɳȺȡǪȡʌȺʳ ȡɃɳȺǸɃǸɅʌǸǱṣ ṵᶰṶ ñǸɃȡẁǍʔʌɐɃǍʌȡǪ ȡɃɳȺǸɃǸɅʌǍʌȡɐɅ ǩʳ ʌțǸ ȺǍɶȓǸẁɃǍɾɾ ɃǸʌțɐǱ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*FREQUENCY_DOMAIN_SSD 

Card 1: Select modes to be used in the analysis 

Card 2: Define damping 

Card 3: Define output for subsequent acoustic analysis 

Card 4: Define the excitations (repeat if multiple excitations are present) 

*DATABASE_FREQUENCY_BINARY_D3SSD 

Define frequency range, spacing etc. for output 

*ELEMENT_MASS_{OPTION} 

Define masses for enforced motion by the large mass method 

 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶱ  ʊ

fɐɶ ǸǍǪț ǸʲǪȡʌǍʌȡɐɅṞ ʌʭɐ ȺɐǍǱ ǪʔɶʬǸɾ ǍɶǸ ʔɾǸǱ ṵLC1 ǍɅǱ LC2 ɐȒ >ǍɶǱ ᶲṶ Ȓɐɶ ǱǸ̟ɅȡɅȓ ǍɃɳȺȡʌʔǱǸ ǍɅǱ ɳțǍɾǸ 

ṵɐɶ ɶǸǍȺ ǍɅǱ ȡɃǍȓȡɅǍɶʳ ǪɐɃɳɐɅǸɅʌṶ Ǎɾ Ǎ ȒʔɅǪʌȡɐɅ ɐȒ ȒɶǸɵʔǸɅǪʳ ǍɶǸ ɶǸɵʔȡɶǸǱṣ ̞ǸɾǸ ȺɐǍǱ ǪʔɶʬǸɾ Ƀʔɾʌ 

țǍʬǸ ʌțǸ ɾǍɃǸ ɅʔɃǩǸɶ ɐȒ ǍǩɾǪȡɾɾǍ ʬǍȺʔǸɾṣ 

fɶɐɃ éᶷṣᶮṣᶯ6Ṟ ʌțǸɶǸ ȡɾ ǍɅ ɐɳʌȡɐɅ _FATIGUE Ȓɐɶ ʌțǸ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾǸɾṞ Ȓɐɶ ǪɐɃɳʔʌȡɅȓ ǍȺɾɐ ʌțǸ 

ȒǍʌȡȓʔǸ ǱǍɃǍȓǸ ǱʔǸ ʌɐ ʌțǸ ǱʳɅǍɃȡǪ ȺɐǍǱ ǪǍɾǸṵɾṶṣ ̞Ǹ ȺɐǍǱ ǱʔɶǍʌȡɐɅ Ȓɐɶ ǸǍǪț ȒɶǸɵʔǸɅǪʳ Ƀʔɾʌ ǩǸ 

ɾɳǸǪȡ̟ǸǱ ʬȡǍ Ǎ ȺɐǍǱ ʔɾȡɅȓ ʌțǸ ɳǍɶǍɃǸʌǸɶ LCFTG ɐɅ ɳɐɾȡʌȡɐɅ ᶯ ɐȒ >ǍɶǱ ᶶ ṵɐɶ Ȓɐɶ ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶰṝ LC3 

ɐɅ ɳɐɾȡʌȡɐɅ ᶵ ɐȒ >ǍɶǱ ɸ Ṷṣ !ȺɾɐṞ ʌțǸ ȒǍʌȡȓʔǸ ɳɶɐɳǸɶʌȡǸɾ ṵñẁ̧ẁǪʔɶʬǸɾṶ Ȓɐɶ ǸǍǪț ɃǍʌǸɶȡǍȺṞ ɶǸɾɳǸǪʌȡʬǸȺʳṞ Ƀʔɾʌ 

ǩǸ ɾɳǸǪȡ̟ǸǱ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ *MAT_ADD_FATIGUEṣ ¸ɐʌǸ ʌțǍʌ ɾʌɶǸɾɾǸɾ ǍɶǸ ɶǸɵʔȡɶǸǱ Ȓɐɶ ʌțǸ ȒǍʌȡȓʔǸ 

ǍɅǍȺʳɾȡɾṞ ʭțȡǪț ȡɅ ʌʔɶɅ ɃǸǍɅɾ ʌțǍʌ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ ɾǸʌ ʌțǸ ɳǍɶǍɃǸʌǸɶ MSTRES = 1 ɐɅ ǪǍɶǱ ᶰ ɐȒ ʌțǸ 

*CONTROL_IMPLICIT_EIGENVALUE Ṿ ȶǸʳʭɐɶǱ ȡɅ ʌțǸ ɳɶǸǪǸǱȡɅȓ ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾṣ !Ⱥɾɐ ɅɐʌǸ ʌțǍʌ 

*DATABASE_FREQUENCY_BINARY_D3FTG Ƀʔɾʌ ǩǸ ɾɳǸǪȡ̟ǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ȓǸʌ ᶱE Ṿ ǩȡɅǍɶʳ ɳȺɐʌ ̟ȺǸɾ Ȓɐɶ 

ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾȡɾ ɶǸɾʔȺʌɾṣ >ɐɅɾȡǱǸɶ ɾʭȡʌǪțȡɅȓ ʌɐ ¬ɐǩǍʌʌɐ ɵʔǍǱɶǍʌʔɶǸ Ȓɐɶ ɾțǸȺȺ ǸȺǸɃǸɅʌɾ 

ʭțǸɅ ɳǸɶȒɐɶɃȡɅȓ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶳṣṞɴ ʌɐ ȓǸʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ǸʲǍǪʌȺʳ ɐɅ ʌțǸ ȡɅɅǸɶṩɐʔʌǸɶ 

ɾʔɶȒǍǪǸṣ 

! ǩǍɾȡǪ ǸʲǍɃɳȺǸ ɐȒ Ǎ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ǩɶǍǪȶǸʌṞ ȡɅǪȺʔǱȡɅȓ ȒǍʌȡȓʔǸ ǸʬǍȺʔǍʌȡɐɅṞ țǍɾ ǩǸǸɅ 

ǍʌʌǍǪțǸǱṞ ɾǸǸ ssd_fatigue001.keyṞ ǍɅǱ fȡȓʔɶǸ ᶱ ṣɲ 

 

Figure 30. Steady state dynamics analysis of a bracket. The image shows the effective stress (von Mises) response 

at 400 Hz.  

fɶɐɃ éᶯᶯṣᶯ ɐȒ ¬ñẁEĥ¸!Ṟ Ǎ ǱȡɶǸǪʌ ɾɐȺʔʌȡɐɅ ɐɳʌȡɐɅ ȡɾ ǍʬǍȡȺǍǩȺǸ Ȓɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾṞ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ 

ȶǸʳʭɐɶǱ *FREQUENCY_DOMAIN_SSD_DIRECT ṵɐɶ *FREQUENCY_DOMAIN_SSD_DIRECT_FREQUENCY_DEPENDENT 

Ȓɐɶ ǪǍɾǸɾ ʭȡʌț ȒɶǸɵʔǸɅǪʳ ǱǸɳǸɅǱǸɅʌ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾṶṣ ĆɾȡɅȓ Ǎ ǱȡɶǸǪʌ ɾɐȺʔʌȡɐɅ ǍɳɳɶɐǍǪț ɃǍʳ ǩǸ 

ǍǱʬǍɅʌǍȓǸɐʔɾ ȡȒ ɐɅȺʳ Ǎ ȒǸʭ ǸʲǪȡʌǍʌȡɐɅ ȒɶǸɵʔǸɅǪȡǸɾ ɐȒ Ǎ ȺǍɶȓǸ ɃɐǱǸȺ ǍɶǸ ʌɐ ǩǸ ǍɅǍȺʳʽǸǱṞ ɾȡɅǪǸ ȡɅ ɾʔǪț Ǎ 

ǪǍɾǸ ʌțǸ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾ ɃǍʳ ǩǸ ɵʔȡʌǸ ʌȡɃǸẁǪɐɅɾʔɃȡɅȓṣ ÿɐ ȓǸʌ ɐʔʌɳʔʌ ɐȒ ɾʌɶǸɾɾǸɾ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ 

 
 

6 !ʬǍȡȺǍǩȺǸ ȡɅ éᶷṣᶮṣᶯ ɾɃɳ ɐɅȺʳṞ ǩʔʌ ȡɅ éᶯᶮ ǍɅǱ ȺǍʌǸɶṞ ǩɐʌț ɾɃɳ ǍɅǱ Ƀɳɳ ȡɃɳȺǸɃǸɅʌǍʌȡɐɅɾ ǍɶǸ 
ǍʬǍȡȺǍǩȺǸṣ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶲ  ɲ

ɾǸʌ ʌțǸ ʬǍɶȡǍǩȺǸ ISTRESS ố ᶯ ɐɅ >ǍɶǱ ᶱ ɐȒ ʌțǸ *FREQUENCY_DOMAIN_SSD_DIRECT ȶǸʳʭɐɶǱṣ ̞Ǹ ǱȡɶǸǪʌ 

ɾɐȺʔʌȡɐɅ ɐɳʌȡɐɅ ȡɾ ɐɅȺʳ ǍʬǍȡȺǍǩȺǸ ȡɅ ɾɃɳṩ¬ñẁEĥ¸! ṵʔɳ ʌɐ ǍɅǱ ȡɅǪȺʔǱȡɅȓ éᶯṣʂᶮṣṶɴṣ ñǸǸ éǸȒṣ ṳᶱᶯṴ Ȓɐɶ ȒʔɶʌțǸɶ 

ǱǸʌǍȡȺɾṣ  

!Ʌ ǍȺʌǸɶɅǍʌȡʬǸ ǱȡɶǸǪʌ ɾɐȺʔʌȡɐɅ ɃǸʌțɐǱ ṵǍȺɾɐ ȺȡɃȡʌǸǱ ʌɐ ɾɃɳṶ Ȓɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǱʳɅǍɃȡǪɾ ȡɾ ǍʬǍȡȺǍǩȺǸ ȒɶɐɃ 

éᶯᶱ ɐȒ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸ ʬȡǍ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_SSD_DIRECTṣ uʌ ǪǍɅ ǩǸ ʔɾǸȒʔȺ 

ȡɅṞ Ȓɐɶ ǸʲǍɃɳȺǸṞ ǍǪɐʔɾʌȡǪ ǍɅǍȺʳɾǸɾ ʭțǸɶǸ Ǎ ʌʭɐẁʭǍʳ ǪɐʔɳȺȡɅȓ ǩǸʌʭǸǸɅ ʌțǸ ǍǪɐʔɾʌȡǪ ɃǸǱȡʔɃ ǍɅǱ ʌțǸ 

ɾʌɶʔǪʌʔɶǸ ȡɾ ɶǸɵʔȡɶǸǱṣ ñǸǸ !ɳɳǸɅǱȡʲ ğ ɐȒ ʌțǸ ©ǸʳʭɐɶǱ ¶ǍɅʔǍȺ ĞɐȺṣ u ṳᶯṴ Ȓɐɶ Ǎ ǱǸʌǍȡȺǸǱ ǱǸɾǪɶȡɳʌȡɐɅ ɐȒ ʌțȡɾ 

ȶǸʳʭɐɶǱṣ 

 éǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ǍɅǱ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾǸɾ 
éǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ȡɾ ɅɐɅẁǱǸʌǸɶɃȡɅȡɾʌȡǪ ɃɐʌȡɐɅṞ Ȓɐɶ ǸʲǍɃɳȺǸ Ǎ ʬǸțȡǪȺǸ ɶȡǱȡɅȓ ɐɅ Ǎ ɶɐʔȓț ɶɐǍǱṣ ñʌɶʔǪʌʔɶǸɾ 

ɾʔǩȲǸǪʌǸǱ ʌɐ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅɾ ǍɶǸ ʔɾʔǍȺȺʳ ɾʌʔǱȡǸǱ ʔɾȡɅȓ ɾʌǍʌȡɾʌȡǪǍȺ ɐɶ ɳɶɐǩǍǩȡȺȡɾʌȡǪ ǍɳɳɶɐǍǪțǸɾṣ ̞Ǹ 

ɳɐʭǸɶ ɾɳǸǪʌɶǍȺ ǱǸɅɾȡʌʳ ṵæñEṶ ȡɾ ǪɐɃɃɐɅȺʳ ʔɾǸǱ ʌɐ ɾɳǸǪȡȒʳ Ǎ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ɳɶɐǪǸɾɾ ṳᶶṴṣ uɅ ¬ñẁEĥ¸!Ṟ Ǎ 

ɾʌǍʌȡɐɅǍɶʳ ɶǍɅǱɐɃ ɳɶɐǪǸɾɾṞ ɃǸǍɅȡɅȓ ʌțǍʌ ʌțǸ ɾʌǍʌȡɾʌȡǪɾ ǱǸɾǪɶȡǩȡɅȓ ʌțǸ ɳɶɐǪǸɾɾ ǱɐǸɾ Ʌɐʌ ǪțǍɅȓǸ ɐʬǸɶ 

ʌȡɃǸṞ ȡɾ ǍɾɾʔɃǸǱṣ ̞Ǹ ȶǸʳʭɐɶǱ *FREQUENCY_DOMAIN_RANDOM_VIBRATION ǍǪʌȡʬǍʌǸɾ ʌțǸ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ 

ǍɅǍȺʳɾȡɾṞ ǍɅǱ ǩʳ ǍǱǱȡɅȓ ʌțǸ ɐɳʌȡɐɅ _FATIGUE ǍȺɾɐ ʌțǸ ȒǍʌȡȓʔǸ ǱǍɃǍȓǸ ɐȒ Ǎ ǪɐɃɳɐɅǸɅʌ ɾʔǩȲǸǪʌǸǱ ʌɐ ʌțǸ 

ɶǍɅǱɐɃ ɳɶɐǪǸɾɾ ǪǍɅ ǩǸ ǸʬǍȺʔǍʌǸǱṣ ¶ǍɅʳ ǱȡȒȒǸɶǸɅʌ ȒǍʌȡȓʔǸ ǸʬǍȺʔǍʌȡɐɅ ɃǸʌțɐǱɾ ǍɶǸ ȡɃɳȺǸɃǸɅʌǸǱ ȡɅ 

¬ñẁEĥ¸!Ṟ ɾʔǪț Ǎɾ  

¶ EȡɶȺȡȶẏɾ ɃǸʌțɐǱ ǩǍɾǸǱ ɐɅ ʌțǸ ᶲ ɃɐɃǸɅʌɾ ɐȒ æñEṞ 
¶ ğȡɶɾǪțȡɅȡȓẏɾ ɃǸʌțɐǱṞ 
¶ ̞Ǹ ɅǍɶɶɐʭ ǩǍɅǱ ɃǸʌțɐǱṞ 
¶ ñʌǸȡɅǩǸɶȓẏɾ ʌțɶǸǸẁǩǍɅǱ ʌǸǪțɅȡɵʔǸṞ ǪɐɅɾȡǱǸɶȡɅȓ ʌțǸ ɅʔɃǩǸɶ ɐȒ ɾʌɶǸɾɾ ǪʳǪȺǸɾ Ǎʌ ʌțǸ ȺǸʬǸȺɾ ᶯsṞ ᶰsṞ  
ǍɅǱ ᶱs ȺǸʬǸȺɾṞ  
 

ǍɅǱ ɾɐɃǸ ɃɐɶǸṣ EȡɶȺȡȶẏɾ ɃǸʌțɐǱ ȡɾ ǪɐɅɾȡǱǸɶǸǱ ṳᶶṴ ʌɐ ǩǸ ʌțǸ Ƀɐɾʌ ʔɾǸȒʔȺ Ȓɐɶ ȓǸɅǸɶǍȺ ɳʔɶɳɐɾǸ 

ǍɳɳȺȡǪǍʌȡɐɅɾṣ 

¸ɐʌǸ ʌțǍʌ ɾʌɶǸɾɾǸɾ ǍɶǸ ɶǸɵʔȡɶǸǱ Ȓɐɶ ʌțǸ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾȡɾṞ ʭțȡǪț ȡɅ ʌʔɶɅ ɃǸǍɅɾ ʌțǍʌ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ ɾǸʌ ʌțǸ 

ɳǍɶǍɃǸʌǸɶ MSTRES = 1 ɐɅ ǪǍɶǱ ᶰ ɐȒ ʌțǸ *CONTROL_IMPLICIT_EIGENVALUE Ṿ ȶǸʳʭɐɶǱ ȡɅ ʌțǸ ɳɶǸǪǸǱȡɅȓ 

ǸȡȓǸɅȒɶǸɵʔǸɅǪʳ ǍɅǍȺʳɾȡɾṣ uʌ ȡɾ ǍȺɾɐ ɶǸɵʔȡɶǸǱ ʌɐ ɶǸɵʔǸɾʌ ʌțǸ ǩȡɅǍɶʳ ǱǍʌǍǩǍɾǸ d3rms ʔɾȡɅȓ ʌțǸ 

*DATABASE_FREQUENCY_BINARY_D3RMS ȶǸʳʭɐɶǱṞ Ǎɾ ʭǸȺȺ Ǎɾ ʌțǸ *DATABASE_FREQUENCY_BINARY_D3FTG 

ȶǸʳʭɐɶǱ ȡɅ ɐɶǱǸɶ ʌɐ ȓǸʌ ᶱE ǩȡɅǍɶʳ ɳȺɐʌ ̟ȺǸɾ Ȓɐɶ ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾȡɾ ɶǸɾʔȺʌɾṣ >ɐɅɾȡǱǸɶ 

ɾʭȡʌǪțȡɅȓ ʌɐ ¬ɐǩǍʌʌɐ ɵʔǍǱɶǍʌʔɶǸ Ȓɐɶ ɾțǸȺȺ ǸȺǸɃǸɅʌɾ ʭțǸɅ ɳǸɶȒɐɶɃȡɅȓ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶳṣṞɴ 

ʌɐ ȓǸʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ǸʲǍǪʌȺʳ ɐɅ ʌțǸ ȡɅɅǸɶṩɐʔʌǸɶ ɾʔɶȒǍǪǸṞ ǍɅǱ ǍȺɾɐ ǍǪʌȡʬǍʌȡɅȓ ɐʔʌɳʔʌ ɐȒ ȡɅǱȡʬȡǱʔǍȺ 

ɾțǸȺȺ ȡɅẁɳȺǍɅǸ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶳṣṣɸ 

fɐɶ Ǎ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ǍɅǍȺʳɾȡɾṞ ʌțǸ æñE ɐȒ ǱȡɾɳȺǍǪǸɃǸɅʌɾṞ ʬǸȺɐǪȡʌȡǸɾṞ ǍǪǪǸȺǸɶǍʌȡɐɅɾ ǍɅǱ ɾʌɶǸɾɾǸɾ ǍɶǸ 

ɐʔʌɳʔʌ ȡɅ ʌțǸ ᶱEẁǩȡɅǍɶʳ ǱǍʌǍǩǍɾǸ d3psdṣ !ȺɾɐṞ ʌțǸ ɶɐɐʌ ɃǸǍɅ ɾɵʔǍɶǸ ɶǸɾʔȺʌɾ Ȓɐɶ ʌțǸ ɾǍɃǸ ɵʔǍɅʌȡʌȡǸɾ ǍɶǸ 

ɐʔʌɳʔʌ ȡɅ ʌțǸ ᶱEẁǩȡɅǍɶʳ ǱǍʌǍǩǍɾǸ d3rmsṣ ¸ɐǱǍȺ ǍɅǱ ǸȺǸɃǸɅʌ æñE ɶǸɾʔȺʌɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸ ȡɅ ʌțǸ binout 

ɶǸɾʔȺʌɾ elout_psd ǍɅǱ nodout_psdṣ fǍʌȡȓʔǸ ɶǸɾʔȺʌɾ ǍɶǸ ɐʔʌɳʔʌ Ǎɾ ɾʌɶǸɾɾ ǪɐɃɳɐɅǸɅʌɾ ȡɅ ʌțǸ ᶱE ǩȡɅǍɶʳ 

ǱǍʌǍǩǍɾǸṞ ɾǸǸ ÿǍǩȺǸ ṣɵ ¬ñẁæɶǸæɐɾʌ ʭȡȺȺ ɳɶǸɾǸɅʌ ʌțǸ ǪɐɶɶǸǪʌ ɶǸɾʔȺʌ ȺǍǩǸȺɾ ʭțǸɅ Ǎ d3ftg ̟ ȺǸ ȡɾ ɐɳǸɅǸǱṣ  

̞Ǹ ȡɶɶǸȓʔȺǍɶȡʌʳ ȒǍǪʌɐɶ ȡɾ Ǎ ɶǸǍȺ ɅʔɃǩǸɶ ȒɶɐɃ ᶮ ʌɐ ᶯṞ ʭțǸɶǸ Ǎ ɾȡɅǸ ʭǍʬǸ țǍɾ ǍɅ ȡɶɶǸȓʔȺǍɶȡʌʳ ȒǍǪʌɐɶ ɐȒ ᶯ ǍɅǱ 

ʭțȡʌǸ ɅɐȡɾǸ țǍɾ ǍɅ ȡɶɶǸȓʔȺǍɶȡʌʳ ȒǍǪʌɐɶ ɐȒ ᶮṣ ̞Ǹ ȺǸɾɾ ʌțǸ ʬǍȺʔǸ ȡɾṞ ʌțǸ ǪȺɐɾǸɶ ʌțǸ ɳɶɐǪǸɾɾ ȡɾ ʌɐ ʌțǸ ǩɶɐǍǱ 

ǩǍɅǱ ǪǍɾǸṨ ʌțǸ ȺǍɶȓǸɶ ʌțǸ ʬǍȺʔǸ ȡɾṞ ʌțǸ ǪȺɐɾǸɶ ʌțǸ ɳɶɐǪǸɾɾ ȡɾ ʌɐ ʌțǸ ɅǍɶɶɐʭ ǩǍɅǱ ǪǍɾǸṣ 
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Table 3. Fatigue analysis results are output as stress components in the d3ftg 3D binary database.  

éǸɾʔȺʌ ṩ 

ǪɐɃɳɐɅǸɅʌ 

fǍʌȡȓʔǸ ǍɅǍȺʳɾȡɾ ɶǸɾʔȺʌɾ >ɐɃɃǸɅʌ 

sĤĤ >ʔɃʔȺǍʌȡʬǸ ǱǍɃǍȓǸ ɶǍʌȡɐ  

sĥĥ MʲɳǸǪʌǸǱ ȒǍʌȡȓʔǸ ȺȡȒǸ  

sįį įǸɶɐẁǪɶɐɾɾȡɅȓ ȒɶǸɵʔǸɅǪʳ  

sĤĥ æǸǍȶẁǪɶɐɾɾȡɅȓ ȒɶǸɵʔǸɅǪʳ  

sĥį uɶɶǸȓʔȺǍɶȡʌʳ ȒǍǪʌɐɶ  

sĤį MʲɳǸǪʌǸǱ ȒǍʌȡȓʔǸ ȺȡȒǸ fɶɐɃ éᶯᶰ 

eɳ ṵᶯṶ >ɐʔɅʌǸǱ ǪʳǪȺǸɾ fɶɐɃ éᶯᶰ 

¸ɐʌǸɾṝ ṵᶯṶ !ǪǪʔɃʔȺǍʌǸǱ ǸȒȒǸǪʌȡʬǸ ɳȺǍɾʌȡǪ ɾʌɶǍȡɅṣ  

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*FREQUENCY_DOMAIN_RANDOM_VIBRATION_FATIGUE 

Card 1: Select modes 

Card 2: Define damping. Note! This is mandatory. Some damping must be specified 

Card 3: Define loading type and the number of PSD loadings and fatigue data  

(SN-curves) definitions 

Card 4: Define exposure time and type of S-N curves 

Card 5: Define the excitation PSDs (repeat if multiple excitations are present) 

Card 6: Define the fatigue data for each PID 

*DATABASE_FREQUENCY_BINARY_D3PSD 

Define frequency range, spacing etc. for output 

*DATABASE_FREQUENCY_BINARY_D3RMS 

1, 

*DATABASE_FREQUENCY_BINARY_D3FTG 

1, 

  

̞Ǹ ǸʲǪȡʌǍʌȡɐɅ æñEɾ Ƀʔɾʌ ǩǸ ǱǸ̟ɅǸǱ Ȓɐɶ ɳɐɾȡʌȡʬǸ ȒɶǸɵʔǸɅǪȡǸɾ ɐɅȺʳṞ ʽǸɶɐ ɐɶ ɅǸȓǍʌȡʬǸ ȒɶǸɵʔǸɅǪȡǸɾ ȡɅ ʌțǸ 

ȺɐǍǱ ǪʔɶʬǸ ǱǸ̟ɅȡʌȡɐɅɾ ʭȡȺȺ ȺǸǍǱ ʌɐ Mɶɶɐɶɾṣ ̧ɐʌǸ ʌțǍʌ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ ɾɳǸǪȡȒʳ ɾɐɃǸ ȶȡɅǱ ɐȒ ǱǍɃɳȡɅȓṨ >ǍɶǱ 

ᶰ ǪǍɅɅɐʌ ǩǸ ǍȺȺ ʽǸɶɐṞ ɐɶ ǩȺǍɅȶṣ 

fɶɐɃ éᶷṣᶮṣᶯṞ ʌțǸ ȒǍʌȡȓʔǸ ɳɶɐɳǸɶʌȡǸɾ ṵñẁ̧ẁǪʔɶʬǸɾṶ Ȓɐɶ ǸǍǪț ɃǍʌǸɶȡǍȺṞ ɶǸɾɳǸǪʌȡʬǸȺʳṞ ɃǍʳ ȡɅɾʌǸǍǱ ǩǸ ɾɳǸǪȡ̟ǸǱ 

ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱ *MAT_ADD_FATIGUE ȡȒ ʌțǸ ʬǍɶȡǍǩȺǸ NFTG ɐɅ ǪǍɶǱ ᶳ ȡɾ ɾǸʌ ʌɐ ẁʊ ᶷᶷṣ  

uɅ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ǍɅǍȺʳɾȡɾṞ ɾɳǸǪȡǍȺ ǪǍɶǸ Ƀʔɾʌ ǩǸ ʌǍȶǸɅ ʭțǸɅ ǪɐɃɳʔʌȡɅȓ ʌțǸ é¶ñ ɐȒ ʌțǸ ʬɐɅ ¶ȡɾǸɾ 

ǸȒȒǸǪʌȡʬǸ ɾʌɶǸɾɾṨ ȡʌ ǪǍɅɅɐʌ ǩǸ ɐǩʌǍȡɅǸǱ ǱȡɶǸǪʌȺʳ ȒɶɐɃ ʌțǸ é¶ñ ɐȒ ʌțǸ ɾʌɶǸɾɾ ǪɐɃɳɐɅǸɅʌɾṣ uɅ ¬ñẁEĥ¸!Ṟ ʌțǸ 

ɃǸʌțɐǱ ɐȒ éǸȒṣṳᶯᶰṴ ȡɾ ȡɃɳȺǸɃǸɅʌǸǱṞ ǍɅǱ ʌțǸ ʬɐɅ ¶ȡɾǸɾ ɾʌɶǸɾɾ ȡɾ ɾʌɐɶǸǱ ȡɅ d3psd ǍɅǱ d3rms ȡɅɾʌǸǍǱ ɐȒ 

ɳȺǍɾʌȡǪ ɾʌɶǍȡɅṣ ¬ñẁæɶǸæɐɾʌ ṵʬǸɶɾȡɐɅ ᶲṣᶱ ǍɅǱ ȺǍʌǸɶṶ ʭȡȺȺ ǱȡɾɳȺǍʳ ʌțȡɾ ʬǍȺʔǸ ȡɅɾʌǸǍǱ ɐȒ ǪɐɃɳʔʌȡɅȓ ȒɶɐɃ ɾʌɶǸɾɾ 

ǪɐɃɳɐɅǸɅʌɾ7ṣ  

! ǩǍɾȡǪ ǸʲǍɃɳȺǸ ɐȒ ɶǍɅǱɐɃ ʬȡǩɶǍʌȡɐɅ ǍɅǍȺʳɾȡɾ ɐȒ Ǎ ȺȡɅȶ ǍɶɃṞ ȡɅǪȺʔǱȡɅȓ ȒǍʌȡȓʔǸ ǸʬǍȺʔǍʌȡɐɅṞ țǍɾ ǩǸǸɅ 

ǍʌʌǍǪțǸǱṞ ɾǸǸ ȶǸʳʭɐɶǱ ̟ȺǸ set_4.key ǍɅǱ fȡȓʔɶǸ ᶱṣɳ 

 
 

7 ÃʌțǸɶ ɳɐɾʌẁɳɶɐǪǸɾɾɐɶɾ Ƀȡȓțʌ Ʌɐʌ ǩǸ ǍʭǍɶǸ ɐȒ ʌțȡɾṣ ÿțǸɅ ǪțǸǪȶ ȡȒ ʌțǸ ɳȺǍɾʌȡǪ ɾʌɶǍȡɅ ǍɅǱ ʌțǸ 
ʬɐɅ ¶ȡɾǸɾ ɾʌɶǸɾɾ ȓȡʬǸɾ ʌțǸ ɾǍɃǸ ʬǍȺʔǸɾ ȒɶɐɃ Ǎ d3rms Ṿ ̟ ȺǸṣ 
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Figure 31. RMS effective stress from random vibration analysis of a link arm.  

ᶲṣᶷ ¸ɐɅẁȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ 
fʔȺȺʳ ɅɐɅẁȺȡɅǸǍɶ ṵȡɅǪȺʔǱȡɅȓ ǪɐɅʌǍǪʌɾṞ ɃǍʌǸɶȡǍȺ ɅɐɅẁȺȡɅǸǍɶȡʌȡǸɾ ǍɅǱ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅɾ ǸʌǪṣṶ ȡɃɳȺȡǪȡʌ 

ǱʳɅǍɃȡǪɾṞ ȡɾ ǍǪʌȡʬǍʌǸǱ ȡɅ ¬ñẁEĥ¸! ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_DYNAMICSṣ ̞Ǹ ɃǍȡɅ ɳʔɶɳɐɾǸ ȡɾ 

ɐǩʬȡɐʔɾȺʳ Ȓɐɶ ɳǸɶȒɐɶɃȡɅȓ ȒʔȺȺʳ ɅɐɅẁȺȡɅǸǍɶṞ ʌɶǍɅɾȡǸɅʌ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾǸɾṞ ǩʔʌ ʌțǸ ɳɶɐǪǸǱʔɶǸ ǪǍɅ ǍȺɾɐ ǩǸ 

ʔɾǸȒʔȺ Ȓɐɶ ʌțǸ ȡɅȡʌȡǍȺ ɳțǍɾǸ ɐȒ ǍɅǍȺʳɾǸɾ ɐȒ ǍɾɾǸɃǩȺȡǸɾ ʭȡʌț ẌȺɐɐɾǸẍ ɳǍɶʌɾṞ ȺȡȶǸ Ǎ ǩɐȺʌǸǱ ȲɐȡɅʌṞ ɾǸǸ ñǸǪʌȡɐɅ 

ᶲṣᶱṣᶰṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

control_cards_nonlin.key 

*DEFINE_CURVE_TITLE 

Implicit time incrementation 

700, 

0., dt0 (first timestep) 

Additional lines to define time incrementation 

*CONTROL_IMPLICIT_DYNAMICS 

1, GAMMA, BETA, , , , , ALPHA 

*INCLUDE 

database_cards_dynamic.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 

*LOAD_... 

Define nodal loads etc. 

*BOUNDARY_... 

Data line to prescribe boundary conditions  

*TITLE 

Simulation title 

*END 

 

̞Ǹ ɳǍɶǍɃǸʌǸɶɾ GAMMA ǍɅǱ BETA ɐȒ ʌțǸ *CONTROL_IMPLICIT_DYNAMICS ȶǸʳʭɐɶǱ ǪɐɅʌɶɐȺ ʌțǸ ʌȡɃǸ 

ȡɅʌǸȓɶǍʌȡɐɅ ǍɅǱ ʌțǸ ǍɃɐʔɅʌ ɐȒ ɅʔɃǸɶȡǪǍȺ ǱǍɃɳȡɅȓ ʌțǍʌ ȡɾ ȡɅʌɶɐǱʔǪǸǱ ǩʳ ʌțǸ ȡɃɳȺȡǪȡʌ ʌȡɃǸẁȡɅʌǸȓɶǍʌȡɐɅ 
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ɾǪțǸɃǸṣ ̞Ǹ ǱǸȒǍʔȺʌ ʬǍȺʔǸɾ ǍɶǸ GAMMA ố ᶮṣᶳ ǍɅǱ BETA ố ᶮṣᶰᶳṞ ʭțȡǪț ǪɐɶɶǸɾɳɐɅǱɾ ʌɐ ǸɅǸɶȓʳ ǩǸȡɅȓ 

ǪɐɅɾǸɶʬǸǱṣ MʬǸɅ Ȓɐɶ ɳʔɶǸȺʳ ʌɶǍɅɾȡǸɅʌ ǱʳɅǍɃȡǪɾ ɾȡɃʔȺǍʌȡɐɅɾṞ ɅʔɃǸɶȡǪǍȺ ǱǍɃɳȡɅȓ ɃǍʳ ǩǸ ǩǸɅǸ̟ǪȡǍȺ Ȓɐɶ 

ǪɐɅʬǸɶȓǸɅǪǸ ǍɅǱ ɾʌǍǩȡȺȡʌʳ ɶǸǍɾɐɅɾṣ fɐɶ ɵʔǍɾȡẁɾʌǍʌȡǪ ȺɐǍǱȡɅȓṞ ǍɾɾǸɃǩȺʳ ɐȒ ɳǍɶʌɾ ǩʳ ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ɐɶ 

ɾȡɃȡȺǍɶ ɾȡʌʔǍʌȡɐɅɾṞ țȡȓțǸɶ ʬǍȺʔǸɾ ǍɶǸ ɶǸǪɐɃɃǸɅǱǸǱṞ Ȓɐɶ ǸʲǍɃɳȺǸ GAMMA ố ᶮṣᶴ ǍɅǱ BETA ố ᶮṣᶱᶶṣ 

fɐɶ ȺɐɅȓ ǱʔɶǍʌȡɐɅ ǸʬǸɅʌɾ ṵʌʳɳȡǪǍȺȺʳ ɾǸʬǸɶǍȺ ɾǸǪɐɅǱɾṶ ɐɶ Ȓɐɶ ɾʌɶʔǪʌʔɶǸɾ ʔɅǱǸɶȓɐȡɅȓ ǪʔɶʬǸǱ ɐɶ ɶɐʌǍʌȡɐɅǍȺ 
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Figure 32. Frequency dependent damping ratio of Rayleigh damping (red line) versus constant damping of 3 %.  
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*DAMPING_FREQUENCY_RANGE_DEFORMṣ uɅ ʌțȡɾ ǪǍɾǸṞ ʌțǸ ȒɶǍǪʌȡɐɅ ɐȒ ǪɶȡʌȡǪǍȺ ǱǍɃɳȡɅȓ ȡɾ ȓȡʬǸɅṞ ǍɅǱ ʌțǸ 
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ǸȡȓǸɅȒɶǸɵʔǸɅǪȡǸɾṣ ̞ȡɾ ǪǍɅ ǩǸ ɐʬǸɶǪɐɃǸ ǩʳ ɶǸǱʔǪȡɅȓ ʌțǸ ĥɐʔɅȓẏɾ ɃɐǱʔȺǸɾ ɐȒ ʌțǸ ɃǍʌǸɶȡǍȺɾṣ fɐɶ 
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Figure 33. Comparison of tip deflection for different non -linear solutions of the L -beam example of Section 4.7.1. 
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̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ transient_nonlin001.keyṣ 

¸ǸʭɃǍ

ɶȶ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶲ  ʃ

 

Figure 34. Geometry for the L -beam (red) with rigid support (green).  

 

Figure 35. Displacement history in the transverse direction of the loaded node.  

ᶲṣᶯᶮ éɐʌǍʌȡɐɅǍȺ ǱʳɅǍɃȡǪɾ 
̞Ǹ ɶɐʌǍʌȡɐɅǍȺ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾȡɾ ȡɅʬɐȺʬǸɾ ɾʌʔǱʳȡɅȓ ʌțǸ ʬȡǩɶǍʌȡɐɅǍȺ ɐɶ ʌɶǍɅɾȡǸɅʌ ɶǸɾɳɐɅɾǸ ɐȒ Ǎ ɶɐʌǍʌȡɅȓ 

ṵɾʔǩṶ ɾʌɶʔǪʌʔɶǸṞ ɾʔǪț Ǎɾ ǩǍȺǍɅǪǸ ɾțǍȒʌɾṞ ʌʔɶǩȡɅǸɾ ǍɅǱ ɶɐʌǍʌȡɅȓ Ǳȡɾȶɾ ȡɅ țǍɶǱ Ǳȡɾȶ ǱɶȡʬǸɾṣ éɐʌǍʌȡɐɅǍȺ 

ǱʳɅǍɃȡǪɾ ȡɅ ¬ñẁEĥ¸! ṳᶯᶳṴ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *CONTROL_IMPLICIT_ROTATIONAL_DYNAMICS. 

̞Ǹ ʌɶǍɅɾȡǸɅʌ ǍɅǍȺʳɾȡɾ ɐɳʌȡɐɅ ȡɾ ɾʔɳɳɐɶʌǸǱ ȡɅ ǩɐʌț ɾɃɳ ǍɅǱ ɃɳɳṞ ʭțȡȺǸ ʌțǸ ǸȡȓǸɅʬǍȺʔǸ ǪɐɃɳʔʌǍʌȡɐɅɾ 

ṵȒɐɶ ȓǸɅǸɶǍʌȡɐɅ ɐȒ >ǍɃɳǩǸȺȺ ǱȡǍȓɶǍɃɾṶ ȡɾ ǪʔɶɶǸɅʌȺʳ ɐɅȺʳ ɾʔɳɳɐɶʌǸǱ ȡɅ ɾɃɳṣ ̞Ǹ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾ 

ɐɳʌȡɐɅ ṵǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ NOMEG ồ Ṷɲ ʭȡȺȺ ǍʔʌɐɃǍʌȡǪǍȺȺʳ ǍǪʌȡʬǍʌǸ ʌțǸ ɅɐɅẁɾʳɃɃǸʌɶȡǪǍȺ ǸȡȓǸɅɾɐȺʬǸɶṣ 

̞Ǹ ǱȡɶǸǪʌȡɐɅ ɐȒ ʌțǸ ɶɐʌǍʌȡɐɅǍȺ Ǎʲȡɾ ȡɾ ǱǸ̟ɅǸǱ ʔɾȡɅȓ *DEFINE_VECTORṞ ɐɶ *DEFINE_VECTOR_NODESṞ ʭțǸɶǸ 

ȡɅ ʌțǸ ȺǍʌʌǸɶ ǪǍɾǸ ʌțǸ ǱȡɶǸǪʌȡɐɅ ʭȡȺȺ ǩǸ ʔɳǱǍʌǸǱ ǱʔɶȡɅȓ ʌțǸ ɾȡɃʔȺǍʌȡɐɅ ǍǪǪɐɶǱȡɅȓ ʌɐ ʌțǸ ɃɐʌȡɐɅ ɐȒ ʌțǸ 

ɶǸȒǸɶǸɅǪǸǱ ɅɐǱǸɾṣ fɐɶ Ǎ ʌɶǍɅɾȡǸɅʌ ǍɅǍȺʳɾȡɾṞ ǸȡʌțǸɶ Ǎ ǪɐɅɾʌǍɅʌ ɐɶ Ǎ ʬǍɶʳȡɅȓ ǍɅȓʔȺǍɶ ʬǸȺɐǪȡʌʳ ǪǍɅ ǩǸ 

ɳɶǸɾǪɶȡǩǸǱṣ ̞Ǹ ǍɅǍȺʳɾȡɾ Ȓɐɶ ʌțǸ ɶɐʌǍʌȡɅȓ ɳǍɶʌɾ ǪǍɅ ǩǸ ɳǸɶȒɐɶɃǸǱ ʔɾȡɅȓ Ǎ ̟ʲǸǱ ɐɶ ɶɐʌǍʌȡɅȓ ǪɐɐɶǱȡɅǍʌǸ 

fʔȺȺʳ 
ǪɐɅɾʌɶǍȡɅǸǱ 
ǩɐʔɅǱǍɶʳ 

ÿɶǍɅɾʬǸɶɾǸ 
ʌɶǍɅɾȡǸɅʌ ȺɐǍǱȡɅȓ  

fʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ 
ɶȡȓȡǱ ɾʔɳɳɐɶʌ 
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ɾʳɾʌǸɃṣ uȒ Ǎ ̟ʲǸǱ ǪɐɐɶǱȡɅǍʌǸ ɾʳɾʌǸɃ ȡɾ ʔɾǸǱṞ ʌțǸ ɶɐʌǍʌȡɐɅǍȺ ɃɐʌȡɐɅ ɐȒ ʌțǸ ɶɐʌǍʌȡɅȓ ɾʔǩǍɾɾǸɃǩȺʳ ɾțɐʔȺǱ 

ǩǸ ǍɳɳȺȡǸǱ ʔɾȡɅȓ Ȓɐɶ ǸʲǍɃɳȺǸ *INITIAL_VELOCITY_GENERATIONṣ uȒ Ǎ ɶɐʌǍʌȡɅȓ ǪɐɐɶǱȡɅǍʌǸ ɾʳɾʌǸɃ ȡɾ ʔɾǸǱṞ 

ʌțǸɅ ɐɳʌȡɐɅǍȺȺʳ ʌțǸ ɶɐʌǍʌȡɐɅǍȺ ɃɐʌȡɐɅ ǪǍɅ ǩǸ ɾʔɳǸɶȡɃɳɐɾǸǱ ʌɐ ʌțǸ ǱǸȒɐɶɃǍʌȡɐɅ ɐȒ ʌțǸ ɶɐʌǍʌȡɅȓ 

ɾʔǩǍɾɾǸɃǩȺʳ Ȓɐɶ ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɳʔɶɳɐɾǸɾṣ 

fɐɶ ǩɶǍȶǸ ɾɵʔǸǍȺ ǍɅǍȺʳɾǸɾṞ ȡʌ ȡɾ ɃǍɅǱǍʌɐɶʳ ʌɐ ǍǪʌȡʬǍʌǸ ɅɐɅẁɾʳɃɃǸʌɶȡǪǍȺ ɃǍʌɶȡʲ ɾʌɐɶǍȓǸ ǍɅǱ ȒǍǪʌɐɶȡʽǍʌȡɐɅ 

ṵɾǸʌ LCPACK ố ᶱ ɐɅ *CONTROL_IMPLICIT_SOLVERṶṣ 

 ! ɾɳȡɅɅȡɅȓ ǍɅǱ ɶɐʌǍʌȡɅȓ ɾțǍȒʌ ʭȡʌț ǍɅ ɐȒȒẁǪǸɅʌǸɶ Ǳȡɾȶ 
! Ǳȡɾȶ ȡɾ ǍʌʌǍǪțǸǱ ɾȺȡȓțʌȺʳ ɐȒȒẁǪǸɅʌǸɶ ʌɐ Ǎ ɶɐʌǍʌȡɅȓ ɾțǍȒʌ ṵw ố ᶰᶮᶮṶṣ ̞Ǹ ɾțǍȒʌ ȡɾ ǍʌʌǍǪțǸǱ ʌɐ Ǎ ɶȡȓȡǱ ̟ʲʌʔɶǸṞ 

ɾǸǸ fȡȓʔɶǸ ᶱṣʃ ̞Ǹ ̟ʲʌʔɶǸ ȡɅ ʌʔɶɅ ȡɾ ɾɳȡɅɅȡɅȓ ǍɶɐʔɅǱ ʌțǸ ĤẁǍʲȺǸṣ ̞Ǹ ɶɐʌǍʌȡɐɅǍȺ Ǎʲȡɾ ɐȒ ʌțǸ ɾțǍȒʌ ȡɾ ǱǸ̟ɅǸǱ 

ʔɾȡɅȓ *DEFINE_VECTOR_NODES ǍɅǱ ʌʭɐ ɅɐǱǸɾ ȡɅ ʌțǸ ɶɐʌǍʌȡɅȓ ̟ʲʌʔɶǸṣ ! ɶɐʌǍʌȡɅȓ ǪɐɐɶǱȡɅǍʌǸ ɾʳɾʌǸɃ ȡɾ 

ǍɳɳȺȡǸǱ Ȓɐɶ ʌțǸ ɶɐʌǍʌȡɐɅǍȺ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾȡɾṣ 

 

Figure 36. Example of rotational dynamics. A deformable shaft (red) with an off -center disc (blue) is attached to a 

rigid fixture (green). The fixture spins about the global X -axle. 

̞Ǹ ȶǸʳʭɐɶǱ ̟ȺǸ Ȓɐɶ ʌțȡɾ ǸʲǍɃɳȺǸ ȡɾ run_rotodyn.keyṣ ̞Ǹ ǍɅǍȺʳɾȡɾ ȡɾ ɳǸɶȒɐɶɃǸǱ ʔɾȡɅȓ ɅɐɅẁȺȡɅǸǍɶ 

ʌɶǍɅɾȡǸɅʌ ǱʳɅǍɃȡǪɾ ṵǪɐɃɳǍɶǸ ñǸǪʌȡɐɅ ᶲṣṶʊ ǍɅǱ ʌțǸ ǪɐɅʌɶɐȺ ǪǍɶǱɾ ɐȒ control_cards_nolin.keyṣ ÿɐ 

ǍǪǪɐʔɅʌ Ȓɐɶ ʌțǸ ɶɐʌǍʌȡɐɅǍȺ ɃɐʌȡɐɅṞ ʌțǸ ǪɐɃɳɐɾȡʌǸ =ǍʌțǸ ʌȡɃǸ ȡɅʌǸȓɶǍʌȡɐɅ ɾǪțǸɃǸ ȡɾ ʔɾǸǱ ṵALPHA ố ɲṣᶳ ɐɅ 

*CONTROL_IMPLICIT_DYNAMICSṶṞ ǪɐɃɳǍɶǸ ñǸǪʌȡɐɅ ᶲṣṣʊ   

ᶲṣᶯᶯ ̞ǸɶɃǍȺ ǍɅǍȺʳɾǸɾ 
uɅ ɐɶǱǸɶ ʌɐ ɳǸɶȒɐɶɃ Ǎ ʌțǸɶɃǍȺ ǍɅǍȺʳɾȡɾ ȡɅ ¬ñẁEĥ¸! ṵʌțǸɶɃǍȺ ɐɅȺʳ ɐɶ ǪɐʔɳȺǸǱ ɾʌɶʔǪʌʔɶǍȺ ʌțǸɶɃǍȺṶ ɾɐɃǸ 

ǍǱǱȡʌȡɐɅǍȺ ǪɐɅʌɶɐȺ ǪǍɶǱɾ ʌɐ ʌțǸ ɐɅǸɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ÿǍǩȺǸ  ɳǍɶǸ ɶǸɵʔȡɶǸǱṣ uʌ ȡɾ ǍȺɾɐ ɶǸɵʔȡɶǸǱ ʌɐ ǍɾɾȡȓɅ 

ʌțǸɶɃǍȺ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾ ʌɐ ǍȺȺ ɳǍɶʌɾ ɐȒ ʌțǸ ɃɐǱǸȺ ṵTMID ɐɅ *PARTṶṞ ɾǸǸ ñǸǪʌȡɐɅ ᶵṣṣɳ 

ñʔȓȓǸɾʌǸǱ ǍǱǱȡʌȡɐɅǍȺ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ Ȓɐɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾ ǍɶǸ ȓȡʬǸɅ ȡɅ  

¶ control_themal_steady.keyṞ Ȓɐɶ ȺȡɅǸǍɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ǍɅǍȺʳɾǸɾṞ ǍɅǱ 
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¶ control_themal_transient.keyṞ Ȓɐɶ ʌɶǍɅɾȡǸɅʌ ɅɐɅẁȺȡɅǸǍɶ ʌțǸɶɃǍȺṞ ɐɶ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ ǍɅǱ 
ɾʌɶʔǪʌʔɶǍȺṞ ǍɅǍȺʳɾȡɾṣ 

̞Ǹ ȡǱǸǍ ȡɾ ʌɐ ʔɾǸ ʌțǸɾǸ ǪɐɅʌɶɐȺ ǪǍɶǱ ̟ȺǸɾ ȡɅ ǪɐɅȲʔɅǪʌȡɐɅ ʭȡʌț ʌțǸ ɾʌɶʔǪʌʔɶǍȺ ɾǸʌʌȡɅȓɾṞ Ǎɾ ɳɶǸɾǸɅʌǸǱ ȡɅ 

ÿǍǩȺǸ ṣɳ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ɾʌǸǍǱʳ ɾʌǍʌǸ ȺȡɅǸǍɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾ ȒɐȺȺɐʭɾṝ  

*KEYWORD 

*INCLUDE 

control_cards_linear.key 

*INCLUDE 

database_cards_static.key 

*INCLUDE 

control_thermal_steady.key 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INCLUDE 

Include file defining geometry, materials etc. 

*INITIAL_TEMPERATURE_... 

Define initial temperatures 

*BOUNDARY_TEMPERATUREé 

Define nodal temperature boundary conditions 

*BOUNDARY_CONVECTION... 

Define convection boundary conditions 

*DATABASE_HISTORY_NODE_... 

Define nodal points of interest for tabular output 

*DATABASE_TPRINT 

1., 

*TITLE 

Simulation title 

*END 

 

fɐɶ ʌɶǍɅɾȡǸɅʌ ʌțǸɶɃǍȺ ǍɅǱ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ ɾʌɶʔǪʌʔɶǍȺ ǍɅǍȺʳɾǸɾṞ ȡɅɾʌǸǍǱ ʔɾǸ ʌțǸ ʌțǸɶɃǍȺ ǪɐɅʌɶɐȺ ǪǍɶǱ ̟ȺǸ 

control_thermal_transient.keyṣ ̞Ǹ ȶǸʳʭɐɶǱɾ *CONTROL_SOLUTION ṵȒɐɶ ɾǸȺǸǪʌȡɅȓ ǍɅǍȺʳɾȡɾ ʌʳɳǸṶ ǍɅǱ 

*CONTROL_THERMAL_TIMESTEP Ƀʔɾʌ ǍȺɾɐ ǩǸ ǱǸ̟ɅǸǱṣ   

¶ ÃɅ *CONTROL_SOLUTIONṞ ɾǸʌ SOLN ố ᶯ Ȓɐɶ Ǎ ʌțǸɶɃǍȺ ɐɅȺʳ ǍɅǍȺʳɾȡɾṞ ɐɶ ɴ  Ȓɐɶ Ǎ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ 
ɾʌɶʔǪʌʔɶǍȺ ǍɅǍȺʳɾȡɾṣ  

¶ ÃɅ *CONTROL_THERMAL_TIMESTEPṞ ɾɳǸǪȡȒʳ ʌțǸɶɃǍȺ ʌȡɃǸɾʌǸɳ ɳǍɶǍɃǸʌǸɶɾ ǍɅǱ Ȓɐɶ ʌțǸɶɃǍȺ ɐɅȺʳ ǍɅ 
ɐɳʌȡɐɅǍȺ8 ȺȡɃȡʌ ɐɅ ɃǍʲȡɃʔɃ ʌǸɃɳǸɶǍʌʔɶǸ ǪțǍɅȓǸ ɳǸɶ ʌȡɃǸ ɾʌǸɳṣ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ʌɶǍɅɾȡǸɅʌ ʌțǸɶɃǍȺ ɐɅȺʳ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

Include file defining geometry, materials etc. 

*INCLUDE 

control_cards_nonlin.key 

*INCLUDE 

database_cards_static.key 

 
 

8 ñǸʌ Ǎ țȡȓț ʬǍȺʔǸ ɐȒ DTEMP ʌɐ ǱǸǍǪʌȡʬǍʌǸ ʌțȡɾ ȒǸǍʌʔɶǸṣ 
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*INCLUDE 

control_thermal_transient.key 

*CONTROL_SOLUTION 

$#    soln       nlq     isnan     lcint      

         1         0         0      1000 

*CONTROL_THERMAL_TIMESTEP 

Specify time step parameters (optional limit on temperature increment) 

*CONTROL_TERMINATION 

Define end time of the simulation 

*INITIAL_TEMPERATURE_... 

Define initial temperatures 

*BOUNDARY_TEMPERATUREé 

Define nodal temperature boundary conditions 

*BOUNDARY_CONVECTION... 

Define convection boundary conditions 

*DATABASE_HISTORY_NODE_... 

Define nodal points of interest for tabular output 

*DATABASE_TPRINT 

1.E-5, 

*TITLE 

Simulation title 

*END 

 

fɐɶ Ǎ ʌțǸɶɃǍȺ ɐɅȺʳ ǍɅǍȺʳɾȡɾṞ ǱǸʌǍȡȺǸǱ ʌțǸɶɃǍȺ ʌȡɃǸ ɾʌǸɳɳȡɅȓ ǪɐɅʌɶɐȺ ǪǍɅ ǩǸ ʔɾǸǱ 

ṵ*CONTROL_THERMAL_TIMESTEPṶṞ ǩʳ ɾɳǸǪȡȒʳȡɅȓ ʔɳɳǸɶ ǍɅǱ ȺɐʭǸɶ ȺȡɃȡʌɾ ɐɅ ʌțǸ ʌțǸɶɃǍȺ ʌȡɃǸ ɾʌǸɳ ṵTMIN, 

TMAXṶ ɐɶ Ǎ ȺɐǍǱ ǪʔɶʬǸ ʭȡʌț ǩɶǸǍȶ ɳɐȡɅʌɾ ṵLCTSṶṣ !ȺɾɐṞ ʌțǸ ʌȡɃǸ ɾʌǸɳ ʭȡȺȺ ǩǸ ȺȡɃȡʌǸǱ ɾʔǪț ʌțǍʌ ʌțǸ ɃǍʲ 

ʌǸɃɳǸɶǍʌʔɶǸ ȡɅǪɶǸɃǸɅʌ ȡɅ Ǎ ʌȡɃǸ ɾʌǸɳ ȡɾ ¢ DTEMPṣ ¸ɐʌǸ ʌțǍʌ DTEMP Ƀʔɾʌ ǩǸ ɾɳǸǪȡ̟ǸǱ ɾȡɅǪǸ ʌțǸ ǱǸȒǍʔȺʌ 

ʬǍȺʔǸ ȡɾ ᶯ Ṿ ɾǸʌ Ǎ țȡȓț ʬǍȺʔǸ ʌɐ ǱǸǍǪʌȡʬǍʌǸ ʌțȡɾ ǪɐɅʌɶɐȺ ȒǸǍʌʔɶǸṣ  

fɐɶ Ǎ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ ɾʌɶʔǪʌʔɶǍȺ ǍɅǍȺʳɾȡɾṞ ʔɾȡɅȓ Ǎ ǪɐɅɾʌǍɅʌ ʌȡɃǸ ɾʌǸɳ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ ñȡɃɳȺʳ ɾǸʌ ʌțǸ 

ȡɅȡʌȡǍȺ ʌțǸɶɃǍȺ ʌȡɃǸ ɾʌǸɳ Ǎɾ ʌțǸ ɃǍʲ ɾʌɶʔǪʌʔɶǍȺ ʌȡɃǸ ɾʌǸɳṣ ¸ǍʌʔɶǍȺȺʳṞ ǪǍɶǸ Ƀʔɾʌ ǩǸ ʌǍȶǸɅ ʭțǸɅ 

ɾʳɅǪțɶɐɅȡʽȡɅȓ ʌțǸɶɃǍȺ ǍɅǱ ɾʌɶʔǪʌʔɶǍȺ ǸʬǸɅʌɾ ȡɅ Ǎ ǪɐʔɳȺǸǱ ǍɅǍȺʳɾȡɾṣ  

! ʌǸɃɳȺǍʌǸ Ȓɐɶ Ǎ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ ɾʌɶʔǪʌʔɶǍȺ ǍɅǍȺʳɾȡɾ ȒɐȺȺɐʭɾṝ 

*KEYWORD 

*INCLUDE 

Include file defining geometry, materials etc. 

*INCLUDE 

control_cards_nonlin.key 

*INCLUDE 

database_cards_static.key 

*INCLUDE 

control_thermal_transient.key 

*CONTROL_SOLUTION 

$#    soln       nlq     isnan     lcint      

         2         0         0      1000 

*DEFINE_CURVE_TITLE 

Implicit time incrementation 

700, 

0., dt0 (first timestep) 

Additional lines to define time incrementation and synchronization with loadings 

*CONTROL_THERMAL_TIMESTEP 

Set constant thermal time step = max structural timestep 
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*CONTROL_TERMINATION 

Define end time of the simulation 

*LOAD_... 

Define nodal (structural) loads etc. 

*BOUNDARY_... 

Data line to prescribe structural boundary conditions  

*INITIAL_TEMPERATURE_... 

Define initial temperatures 

*BOUNDARY_TEMPERATUREé 

Define nodal temperature boundary conditions 

*BOUNDARY_CONVECTION... 

Define convection boundary conditions 

*DATABASE_HISTORY_NODE_... 

Define nodal points of interest for tabular output 

*DATABASE_TPRINT 

1.E-5, 

*TITLE 

Simulation title 

*END 

 Ãʔʌɳʔʌ ȒɶɐɃ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾ 
oȡɾʌɐɶʳ ɐʔʌɳʔʌ ɐȒ ɅɐǱǍȺ ʌǸɃɳǸɶǍʌʔɶǸɾ ǍɅǱ țǸǍʌ ̠ʔʲṞ Ǎɾ ʭǸȺȺ Ǎɾ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌ ɶǸɾʔȺʌɾṞ ǪǍɅ ǩǸ ɐʔʌɳʔʌ ʌɐ 

ʌțǸ ̟ȺǸ tprint ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *DATABASE_TPRINTṣ !ʬǸɶǍȓǸǱ ɶǸɾʔȺʌɾ ɳǸɶ ɳǍɶʌ ǍɶǸ ǍȺɾɐ ɐʔʌɳʔʌṣ =ʳ 

ǱǸȒǍʔȺʌṞ ʌțȡɾ ʭȡȺȺ ɐʔʌɳʔʌ ɶǸɾʔȺʌɾ ɐȒ ǍȺȺ ɅɐǱǸɾ ȡɅ ʌțǸ ɃɐǱǸȺ ǍɅǱ ȡɾ ʌțǸɶǸȒɐɶǸ Ʌɐʌ ȡɅǪȺʔǱǸǱ ȡɅ ʌțǸ ɾʔȓȓǸɾʌǸǱ 

ǱǍʌǍǩǍɾǸ ǪǍɶǱ ̟ȺǸɾ ṵɾǸǸ ÿǍǩȺǸ Ṷɳṣ  uɅ ɐɶǱǸɶ ʌɐ ȺȡɃȡʌ ʌțǸ ʌțǸɶɃǍȺ ɐʔʌɳʔʌṞ ǱǸ̟ɅǸ ɅɐǱǸɾ ɐȒ ȡɅʌǸɶǸɾʌ ʔɾȡɅȓ 

*DATABASE_HISTORY_NODE(_SETṶṣ 

uɅ ɐɶǱǸɶ ʌɐ ʬȡɾʔǍȺȡʽǸ ʌǸɃɳǸɶǍʌʔɶǸ ȓɶǍǱȡǸɅʌɾ ʌțɶɐʔȓț ɾțǸȺȺɾṞ ɾǸʌ ʌțǸ ʬǍɶȡǍǩȺǸ THERM ố ᶱ ɐɅ 

*DATABASE_EXTENT_BINARYṣ ̞ȡɾ ǪǍɅ ǩǸ ʬȡɾʔǍȺȡʽǸǱ ȡɅ ¬ñẁæɶǸæɐɾʌ ǩʳ ʌʔɶɅȡɅȓ ɐɅ ʌțǸ ʬȡɾʔǍȺȡʽǍʌȡɐɅ ɐȒ ɾțǸȺȺ 

ʌțȡǪȶɅǸɾɾ ǩʔʌ ɃǍʳ ɃǍȶǸ ʌțǸ ǱǍʌǍǩǍɾǸ ȡɅǪɐɃɳǍʌȡǩȺǸ ʭȡʌț ɐʌțǸɶ ᶱɶǱ ɳǍɶʌʳ ɳɐɾʌẁɳɶɐǪǸɾɾɐɶɾ ṳᶯṴṞ ǍɅǱ ȡɾ 

ʌțǸɶǸȒɐɶǸ Ʌɐʌ ȡɅǪȺʔǱǸǱ ȡɅ ʌțǸ ɾʔȓȓǸɾʌǸǱ ǱǍʌǍǩǍɾǸ ǪǍɶǱ ̟ȺǸɾṣ 

 >ɐʔɳȺǸǱ ɾʌɶʔǪʌʔɶǍȺ ʌțǸɶɃǍȺ ǍɅǍȺʳɾȡɾ ǸʲǍɃɳȺǸ 
! ̠Ǎʌ ɳǍɅǸȺ ȡɾ ȒʔȺȺʳ ǪɐɅɾʌɶǍȡɅǸǱ Ǎʌ ɐɅǸ ǸǱȓǸṞ ɾǸǸ fȡȓʔɶǸ ᶱṣƫ ̞Ǹ ȡɅȡʌȡǍȺ ʌǸɃɳǸɶǍʌʔɶǸ ɐȒ ʌțǸ ɃɐʬȡɅȓ ǩȺɐǪȶ 

ṵʳǸȺȺɐʭ ȡɅ fȡȓʔɶǸ ᶱṶƫ ȡɾ ᶳᶮᶮ ©Ṟ ʭțȡȺǸ ǍȺȺ ɐʌțǸɶ ɳǍɶʌɾ țǍʬǸ ǍɅ ȡɅȡʌȡǍȺ ʌǸɃɳǸɶǍʌʔɶǸ ɐȒ ᶱᶮᶮ ©ṣ fȡɶɾʌṞ ʌțǸ ɃɐʬȡɅȓ 

ǩȺɐǪȶ ȡɾ ɳȺǍǪǸǱ ɐɅ ʌțǸ ɳǍɅǸȺ ṵǩʳ ȓɶǍʬȡʌʳṶ Ȓɐɶ Ǎ ǱʔɶǍʌȡɐɅ ɐȒ ᶯᶮᶮ ɾṞ ʌțǸɅ Ǎ ɃɐʌȡɐɅ ȡɾ ǍɳɳȺȡǸǱ ʌɐ ǪȺɐɾǸ ʌțǸ 

ǪɐɅʌǍǪʌ ʭȡʌț ʌțǸ ̟ʲǸǱ ǩȺɐǪȶ ṵǩȺʔǸ ȡɅ fȡȓʔɶǸ ᶱṶƫṣ fɐɶ ɃɐɶǸ ǱǸʌǍȡȺɾ ɐɅ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶴṣᶯṣᶶṣ 

̞Ǹ ʌǸɃɳǸɶǍʌʔɶǸ ǱȡɾʌɶȡǩʔʌȡɐɅ ǍȒʌǸɶ ᶯ ɾ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶱ ʉṵǪʔʌ ʬȡǸʭṶ ǍɅǱ ǍȒʌǸɶ ᶳᶮᶮ ɾ ȡɅ fȡȓʔɶǸ ᶱṣʊ ¸ɐʌǸ 

ʌțǍʌ ʌțǸ ɾțǸȺȺ ʌțȡǪȶɅǸɾɾ ȡɾ ǍȺɾɐ ʬȡɾʔǍȺȡʽǸǱ ȡɅ ʌțǸɾǸ ȡɃǍȓǸɾṞ ǍɅǱ ʌțǍʌ ʌțǸ ȒɶȡɅȓǸ ȺȡɃȡʌɾ ǱȡȒȒǸɶṣ 

̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ thermal.keyṣ fɐɶ ȒʔɶʌțǸɶ ǸʲǍɃɳȺǸɾ ɐȒ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ǍȺɾɐ 

ȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃ ṵțʌʌɳɾṝṩṩȺɾǱʳɅǍṣǍɅɾʳɾṣǪɐɃṩȶɅɐʭȺǸǱȓǸẁǩǍɾǸṩʌțǸɶɃǍȺṩṶṣ 

https://lsdyna.ansys.com/knowledge-base/thermal/
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Figure 37. Thermal and mechanical loading of a panel (red, shown without shell thickness). The initial gap 

between the panel and the fixed support (blue) is 1.0 mm.  

 

Figure 38. Cut view through the assembly after 1 s. Fringe plot of temperature (300 to 498 K).  

 

Figure 39. Fringe plot of temperature after 500 s (from 348 K to 359 K).  
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5 MȺǸɃǸɅʌ ʌʳɳǸɾ 
uɅ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ ɃǍɅʳ ǱȡȒȒǸɶǸɅʌ ǸȺǸɃǸɅʌ ʌʳɳǸɾ ǍɅǱ ǸȺǸɃǸɅʌ ʌǸǪțɅȡɵʔǸɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸṣ 

̞ȡɾ ɾǸǪʌȡɐɅ ɳɶǸɾǸɅʌɾ Ǎ ǩɶȡǸȒ ɐʬǸɶʬȡǸʭ ɐȒ ǸȺǸɃǸɅʌɾ ʌțǍʌ ɃǍʳ ǩǸ ʔɾǸǱ ȡɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ÿǍǩȺǸ ṣɸ 

EǸɳǸɅǱȡɅȓ ɐɅ ʌțǸ ǍɳɳȺȡǪǍʌȡɐɅṞ ɐʌțǸɶ ǸȺǸɃǸɅʌ ʌʳɳǸɾ ɐɶ ɃɐǱǸȺȡɅȓ ʌǸǪțɅȡɵʔǸɾ ɃǍʳ ǩǸ Ǎ ǩǸʌʌǸɶ ̟ ʌṣ ̞ǸɶǸ 

ǍɶǸ ɾǸʬǸɶǍȺ ɾɳǸǪȡǍȺ ǩǸǍɃṞ ɾțǸȺȺṞ ǍɅǱ ɾɐȺȡǱ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ Ȓɐɶ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṞ ɾǸǸ ÿǍǩȺǸ ṣʂ ñǸǸ 

ñǸǪʌȡɐɅ ᶲṣ ɳȒɐɶ ɾɐɃǸ ɃɐɶǸ ǱǸʌǍȡȺɾ ɶǸȓǍɶǱȡɅȓ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾṣ 

Table 4. Some  element types for non -linear implicit analyses  

MȺǸɃǸɅʌ ʌʳɳǸ >ɐɃɃǸɅʌ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ MȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ  

=ǸǍɃ ñʌɶʔǪʌʔɶǍȺ ǩǸǍɃɾ *SECTION_BEAM 1 

fɐɶ ǩɐȺʌɾ ʭṣ ɳɶǸẁ

ʌǸɅɾȡɐɅ 

9 

fɐɶ ɾɳɶȡɅȓɾṞ ǱǍɃɳǸɶɾ 

ǸʌǪṣ 

6 

ñțǸȺȺ ɾɳʌ ɐɶǱǸɶ *SECTION_SHELL 16 

ɅɴǱ ɐɶǱǸɶ 23 

ñɐȺȡǱ ɾɳʌ ɐɶǱǸɶ țǸʲ *SECTION_SOLID -2 (-18 from R13) 

ɾɳʌ ɐɶǱǸɶ ʌǸʌ (13) 

ɅɴǱ ɐɶǱǸɶ ʌǸʌ 16, 17 

ɅɴǱ ɐɶǱǸɶ țǸʲ 23 

  

Table 5. Specialized element types for linear implicit analyses  

MȺǸɃǸɅʌ ʌʳɳǸ >ɐɃɃǸɅʌ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ MȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ 

=ǸǍɃ ñʌɶʔǪʌʔɶǍȺ ǩǸǍɃɾ Ȓɐɶ 

ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾ 

*SECTION_BEAM 13(1) 

fɐɶ ɾɳɶȡɅȓɾṞ ǱǍɃɳǸɶɾ 

ǸʌǪṣ 

 6 

ñțǸȺȺ ɾɳʌ ɐɶǱǸɶ *SECTION_SHELL 18 (20, 21, 99) 

ñɐȺȡǱ ɾɳʌ ɐɶǱǸɶ țǸʲ *SECTION_SOLID 18 (99) 

ɾɳʌ ɐɶǱǸɶ ʌǸʌ  (10) 

¸ɐʌǸɾṝ ṵᶯṶ =ǸǍɃ ǸȺȒɐɶɃɾ ᶯṞ ᶰ ɐɶ ᶯᶯ ǍɶǸ Ʌɐʌ ǍȺȺɐʭǸǱ Ȓɐɶ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾ ȡɅ ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶯṣ    

!Ʌ ǍǱǱȡʌȡɐɅǍȺ ȒʔɅǪʌȡɐɅǍȺȡʌʳ ɐȒ *CONTROL_IMPLICIT_EIGENVALUE ṵɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶲṣṶʃ ȡɾ ʌɐ ɾɳǸǪȡȒʳ 

ǸȺǸɃǸɅʌ ʌʳɳǸɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ ̞ȡɾ ɃǍȶǸɾ ȡʌ ɳɐɾɾȡǩȺǸ ʌɐ ɾʭȡʌǪț ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ʬǸɶʳ ɵʔȡǪȶȺʳ 

ȡɅṞ Ȓɐɶ ǸʲǍɃɳȺǸ Ǎ ǪɶǍɾț ɃɐǱǸȺ ʌɐ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ǩǸʌʌǸɶ ɾʔȡʌǸǱ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṣ ¸ɐʌǸ ʌțǍʌ 

ɾǸǪʌȡɐɅ ɳɶɐɳǸɶʌȡǸɾ Ȓɐɶ ǩǸǍɃɾ ǍɶǸ Ʌɐʌ ǪɐɅʬǸɶʌǸǱ ʭțǸɅ ǩǸǍɃ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ȡɾ ɾʭȡʌǪțǸǱṣ ! 

ʌǸɃɳȺǍʌǸ Ȓɐɶ ɾʭȡʌǪțȡɅȓ ʌɐ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶮ ǍɅǱ ɾɐȺȡǱ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶶ ȒɐȺȺɐʭɾṝ 
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*CONTROL_IMPLICIT_EIGENVALUE 

Data line for eigenfrequency calculation9  

18,,20 

 

ᶳṣᶯ =ǸǍɃ ǸȺǸɃǸɅʌɾ 
fɐɶ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṞ ǩǸǍɃ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯ ȡɾ ȓǸɅǸɶǍȺȺʳ ɶǸǪɐɃɃǸɅǱǸǱṣ uɅ ɾɐɃǸ ǪǍɾǸɾṞ ʭȡʌț 

ʌțȡǪȶ ǍɅǱ ɾțɐɶʌ ǩǸǍɃɾṞ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶷ ṵɾɳɐʌʭǸȺǱ ǩǸǍɃṶ ȡɾ ɳɶǸȒǸɶɶǸǱṣ ̞ȡɾ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ 

ɶǸɵʔȡɶǸɾ ʌțǸ ʔɾǸ ɐȒ ʌțǸ ɾɳɐʌʭǸȺǱ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ *MAT_SPOTWELDṣ MȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶷ ǪǍɅ ǍȺɾɐ ǩǸ 

ʔɾǸǱ Ȓɐɶ ǍɳɳȺʳȡɅȓ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *INITIAL_AXIAL_FORCE_BEAMṣ 

fɐɶ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾṞ ǩǸǍɃ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ᶯᶱ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ fɐɶ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ȡʌ ȡɾ 

ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ǍǪʌȡʬǍʌǸ ʌțǸ ȡɃɳɶɐʬǸǱ ǪɐɃɳʔʌǍʌȡɐɅ ɐȒ ʌțǸ ʌɐɶɾȡɐɅǍȺ ɃǍɾɾ ǩʳ ɾǸʌʌȡɅȓ ITORM ố ᶯ ɐɅ 

*SECTION_BEAMṣ  =ǸǍɃ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶱ ǪǍɅɅɐʌ ǩǸ ʔɾǸǱ Ȓɐɶ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾ ṵñǸǪʌȡɐɅ 

ᶲṣṶɸṣ fɐɶɃʔȺǍʌȡɐɅɾ ᶯṞ ᶰ ǍɅǱ ᶯᶯ ǍɶǸ Ʌɐʌ ǍʬǍȡȺǍǩȺǸ Ȓɐɶ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾ ȡɅ ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶯṣ fɐɶ 

ǱȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌɾ ṵɾɳɶȡɅȓɾṞ ǱǍɾțɳɐʌɾṶ ǩǸǍɃ ǸȺȒɐɶɃ ᶴ ɐɶ *ELEMENT_DISCRETE ɃǍʳ ǍȺɾɐ ǩǸ ʔɾǸǱ Ȓɐɶ ȺȡɅǸǍɶ 

ɾʌǍʌȡǪɾṣ  

 EȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌɾṞ ɾɳɶȡɅȓɾṞ ǍɅǱ ǱǍɾțɳɐʌɾ 
fɐɶ ɃɐǱǸȺȺȡɅȓ ǱȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌɾṞ ɾʔǪț Ǎɾ ɾɳɶȡɅȓɾ ɐɶ ǱǍɾțɳɐʌɾṞ ʌʭɐ ǱȡȒȒǸɶǸɅʌ ǸȺǸɃǸɅʌ ȒǍɃȡȺȡǸɾ ǍɶǸ 

ǍʬǍȡȺǍǩȺǸṝ ʌțǸ *ELEMENT_BEAM ʭȡʌț ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶴṞ ǍɅǱ ʌțǸ *ELEMENT_DISCRETE ȒɐɶɃʔȺǍʌȡɐɅṣ  

uȒ Ǎ ǱȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌ ǍǪʌȡɅȓ ǍȺɐɅȓ ʌțǸ ȺȡɅǸ ǩǸʌʭǸǸɅ ʌʭɐ ɅɐǱǸɾ ¸ᶯ ǍɅǱ ¸ᶰ ȡɾ ǱǸɾȡɶǸǱṞ ʌțǸ 

*ELEMENT_DISCRETE Ṿ ȒɐɶɃʔȺǍʌȡɐɅ ɃǍʳ ǩǸ ʔɾǸǱṣ uʌ ȡɾ ǍȺɾɐ ɳɐɾɾȡǩȺǸ ʌɐ ǪɶǸǍʌǸ Ǎ ɾɳɶȡɅȓ ǩǸʌʭǸǸɅ ¸ᶯ ǍɅǱ 

ȓɶɐʔɅǱ ǩʳ ɾǸʌʌȡɅȓ ¸ᶰ ố ᶮṣ ̞Ǹ ɾɳɶȡɅȓṩǱǍɃɳǸɶ ɳɶɐɳǸɶʌȡǸɾ ǍɶǸ ǱǸ̟ɅǸǱ ǩʳ ʌțǸ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺṞ Ȓɐɶ ǸʲǍɃɳȺǸ 

*MAT_SPRING_ELASTIC ṵʌțǸ ǍʬǍȡȺǍǩȺǸ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍɶǸ ǱǸɅɐʌǸǱ Ǎɾ *MAT_S01 Ṿ *MAT_S15 ȡɅ éǸȒṣ ṳᶰṴṶṣ 

̞Ǹ ǱȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌɾ ǪǍɅ ǩǸ ǍɾɾȡȓɅǸǱ ǍɅ ȡɅȡʌȡǍȺ ɳɶǸẁʌǸɅɾȡɐɅṞ ɐɶ ɐȒȒɾǸʌṞ ɾɳǸǪȡ̟ǸǱ ǩʳ Ǎ ȺɐǍǱ ǪʔɶʬǸṞ ʔɾȡɅȓ 

*ELEMENT_DISCRETE_LCOṣ  

̞Ǹ *ELEMENT_BEAM ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶴ ɐɳʌȡɐɅ ɃǍʳ ǩǸ ǍɳɳȺȡǸǱ ʭțǸɅ Ǎ ɃɐɶǸ ȓǸɅǸɶǍȺ ǩǸțǍʬȡɐɶ ȡɾ 

ɶǸɵʔȡɶǸǱ ṵȒɐɶ ǸʲǍɃɳȺǸ ȡȒ ǍɅ ǍʲȡǍȺ ǱȡɾɳȺǍǪǸɃǸɅʌ ɾțɐʔȺǱ ǪǍʔɾǸ Ǎ ʌɶǍɅɾʬǸɶɾǸ ȒɐɶǪǸṶṣ ̞Ǹ ɾɳɶȡɅȓṩǱǍɃɳǸɶ 

ɳɶɐɳǸɶʌȡǸɾ ǍɶǸ ǱǸ̟ɅǸǱ ǩʳ ʌțǸ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺṞ Ȓɐɶ ǸʲǍɃɳȺǸ *MAT_LINEAR_ELASTIC_DISCRETE_BEAM 

ṵɃǍɅʳ ɃɐɶǸ ǱȡɾǪɶǸʌǸ ǸȺǸɃǸɅʌ ɃǍʌǸɶȡǍȺɾ ṳᶰṴ ǍɶǸ ǍʬǍȡȺǍǩȺǸṞ ʭȡʌț ɃɐɶǸ ǪɐɃɳȺǸʲ ǩǸțǍʬȡɐɶṞ ʌʳɳȡǪǍȺȺʳ 

ǱǸɅɐʌǸǱ Ǎɾ *MAT_..._DISCRETE_BEAMṶṣ ̞ǸɾǸ ɃǍʌǸɶȡǍȺɾ ǪǍɅ ǍȺɾɐ ǩǸ ǍɾɾȡȓɅǸǱ Ǎ ǱǸɅɾȡʌʳṞ ʭțȡǪț ȡɅ 

ǪɐɃǩȡɅǍʌȡɐɅ ʭȡʌț ʌțǸ VOL ǍɅǱ INER Ṿ ɳǍɶǍɃǸʌǸɶɾ ɐȒ ʌțǸ *SECTION_BEAM ǪǍɶǱ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ǱȡɾǪɶǸʌǸ 

ǸȺǸɃǸɅʌɾ ǱǸ̟ɅǸǱ ʔɾȡɅȓ *ELEMENT_BEAM ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶴ ǪǍɅ ǩǸ ǍɾɾȡȓɅǸǱ ɃǍɾɾ ǍɅǱ ȡɅǸɶʌȡǍ 

ɳɶɐɳǸɶʌȡǸɾṣ uɅ ɐɶǱǸɶ ʌɐ ɐǩʌǍȡɅ Ǎ ɾɳɶȡɅȓ ʭțȡǪț ȡɾ ǍȺʭǍʳɾ ǍȺȡȓɅǸǱ ǩǸʌʭǸǸɅ ʌʭɐ ɅɐǱǍȺ ɳɐȡɅʌɾṞ ɾǸʌ SCOOR ố ỗ 

ᶯᶰ ɐɅ *SECTION_BEAMṣ ÃɶȡǸɅʌǍʌȡɐɅ ɐȒ ɾɳɶȡɅȓ ǸȺǸɃǸɅʌɾ ǪǍɅ ǍȺɾɐ ǩǸ ɐǩʌǍȡɅǸǱ ǩʳ Ǎ ǪɐɐɶǱȡɅǍʌǸ ɾʳɾʌǸɃ ṵ>uE 

ɐɅ *SECTION_BEAM)ṣ 

 
 

9 uȒ ǍɳɳȺȡǪǍǩȺǸṣ ¬ǸǍʬǸ ǩȺǍɅȶ ȡȒ ʌțǸ ȡɅʌǸɅʌȡɐɅ ȡɾ ʌɐ ɐɅȺʳ ǪțǍɅȓǸ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾṣ 
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ᶳṣᶰ ñțǸȺȺ ǸȺǸɃǸɅʌɾ 
uɅ ȓǸɅǸɶǍȺṞ ʌțǸ ᶯɾʌ ɐɶǱǸɶ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶴ ʭɐɶȶɾ ʭǸȺȺ ǩɐʌț Ȓɐɶ ȺȡɅǸǍɶ ǍɅǱ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ 

uʌ ȡɾ ʔɾǸǱ ȡɅ ʌțǸ ǸʲǍɃɳȺǸɾ ɐȒ ñǸǪʌȡɐɅɾ ᶲṣᶱṣᶯ ǍɅǱ ɸṣᶳṣᶯṣ fɐɶ ɾɐɃǸ ǪǍɾǸɾ ʭȡʌț ǸʲʌɶǸɃǸ ǱǸȒɐɶɃǍʌȡɐɅṞ ʔɾǸ ɐȒ 

țɐʔɶȓȺǍɾɾ ʌʳɳǸ ᶶ ṵȒʔȺȺ ɳɶɐȲǸǪʌȡɐɅ ʭǍɶɳȡɅȓ ɾʌȡȒȒɅǸɾɾṶ ɃǍʳ ǩǸ ǩǸɅǸ̟ǪȡǍȺṞ ɾǸǸ fȡȓʔɶǸ ᶲ  ɲȒɐɶ ǍɅ ǸʲǍɃɳȺǸṣ 

 

Figure 40 . In this example  of crash box compression, converted  from the explicit simulation of Ref. [22], adding 

hourglass type 8 makes an additional 50 mm of compression possible before implicit convergence stops.  

 

!Ⱥɾɐ ɅɴǱẁɐɶǱǸɶ ɾțǸȺȺ ǸȺǸɃǸɅʌɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸ Ȓɐɶ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ MȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶱ ȡɾ ǍɅ ᶶẁɅɐǱǸ 

ɵʔǍǱɶǍʌȡǪ ɵʔǍǱɶȡȺǍʌǸɶǍȺ ɾțǸȺȺṞ ǍɅǱ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶲ ȡɾ Ǎ ᶴẁɅɐǱǸ ɵʔǍǱɶǍʌȡǪ ʌɶȡǍɅȓʔȺǍɶ ɾțǸȺȺṞ ɾǸǸ éǸȒṣ 

ṳᶱᶷṴ Ȓɐɶ ǱǸʌǍȡȺɾṣ fɶɐɃ éᶯᶲṞ ʌțǸ ǸȺȒɐɶɃɾ ᶰᶱ ǍɅǱ ᶰᶲ ǪǍɅ ǩǸ ʔɾǸǱ ǍȺɾɐ ȡɅ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾṣ 

̞ǸɶǸ ǍɶǸ ɾǸʬǸɶǍȺ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ʌțǍʌ ǍɶǸ ǱǸʬǸȺɐɳǸǱ Ȓɐɶ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ ñțǸȺȺ ǸȺǸɃǸɅʌ 

ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶶ ʔɾǸɾ ©ȡɶǪțțɐȒȒ ɳȺǍʌǸ ʌțǸɐɶʳṞ ʭțȡǪț ɃǍȶǸɾ ȡʌ ɾʔȡʌǸǱ Ȓɐɶ ʌțȡɅẁʭǍȺȺǸǱ ɾʌɶʔǪʌʔɶǸɾṣ ̞ȡɾ 

ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ǪǍɅ ǍȺɾɐ ǩǸ ʔɾǸǱ ȡɅ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ ǱʳɅǍɃȡǪɾ ǍɅǍȺʳɾǸɾ ȡȒ ɾʌɶǸɾɾǸɾ ǍɶǸ ɐȒ 

ȡɅʌǸɶǸɾʌṣ ñțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶮ ʔɾǸɾ ¶ȡɅǱȺȡɅ ɳȺǍʌǸ ʌțǸɐɶʳṞ ʭțȡǪț ɃǍȶǸɾ ȡʌ ɾʔȡʌǸǱ Ȓɐɶ ʌțȡǪȶẁʭǍȺȺǸǱ 

ɾʌɶʔǪʌʔɶǸɾṣ ̞Ǹ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶯ ȡɾ ɾȡɃȡȺǍɶ ʌɐ ʌțǸ >è!Eᶲ ǸȺǸɃǸɅʌ ɐȒ ¸ǍɾʌɶǍɅṣ 

èʔǍǱɶȡȺǍʌǸɶǍȺ ǍɅǱ ʌɶȡǍɅȓʔȺǍɶ ǸȺǸɃǸɅʌɾ ǪǍɅ ǩǸ ɃȡʲǸǱ ȡɅ ʌțǸ ɾǍɃǸ ¬ñẁEĥ¸! ɳǍɶʌ (*PARTṶṞ ʌțǸʳ ʭȡȺȺ ǩǸ 

ǍʔʌɐɃǍʌȡǪǍȺȺʳ ɾɐɶʌǸǱ ʌɐ ʌțǸ ǪɐɶɶǸǪʌ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ȡɅʌǸɶɅǍȺȺʳ ǩʳ ¬ñẁEĥ¸!10ṣ 

uɅ ɐɶǱǸɶ ʌɐ ɶǸɃɐʬǸ ʌțǸ ǩǸɅǱȡɅȓ ɾʌȡȒȒɅǸɾɾṞ ʌțǸ ʔɾǸɶ ǪǍɅ ɾǸʌ ʌțǸ ɅʔɃǩǸɶ ɐȒ ʌțɶɐʔȓțẁʌțȡǪȶɅǸɾɾ ȡɅʌǸȓɶǍʌȡɐɅ 

ɳɐȡɅʌ ȺǍʳǸɶɾ ṵʌțǸ ɳǍɶǍɃǸʌǸɶ NIP ɐɅ ʌțǸ *SECTION_SHELL ẁ ǪǍɶǱṶ ʌɐ ɐɅǸ Ȓɐɶ ʌțǸ ɾțǸȺȺ ǸȺǸɃǸɅʌɾṣ ̞Ǹ 

ǱǸȒǍʔȺʌ ɅʔɃǩǸɶ ɐȒ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ȺǍʳǸɶɾ ȡɾ ʌʭɐṞ ʭțȡǪț ɃǍʳ ǩǸ ɾʔȒ̟ǪȡǸɅʌ Ȓɐɶ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾ ṵȡȒ ɾʌɶǸɾɾǸɾ 

ɐɅ ʌțǸ ȡɅɅǸɶṩɐʔʌǸɶ ɾʔɶȒǍǪǸɾ ɐȒ ʌțǸ ɾțǸȺȺɾ ǍɶǸ Ʌɐʌ ɐȒ ȡɅʌǸɶǸɾʌṶṣ =ʳ ɾǸʌʌȡɅȓ NIP ² ɵ  ǍɅǱ ǍǪʌȡʬǍʌȡɅȓ ¬ɐǩǍʌʌɐ 

 
 

10 EǸɳǸɅǱȡɅȓ ɐɅ ʌțǸ ɾǸʌʌȡɅȓ ɐȒ ʌțǸ ESORT ẁ ̠ Ǎȓ ɐɅ *CONTOL_SHELLṣ uɅ ǍȺȺ ʌțǸ ɳɶɐʬȡǱǸǱ ǪɐɅʌɶɐȺ 
ǪǍɶǱɾ ̟ȺǸɾṞ ʌțȡɾ ȒǸǍʌʔɶǸ ȡɾ ǍǪʌȡʬǸṣ 
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ɵʔǍǱɶǍʌʔɶǸ ṵɾǸʌ INTGRD ố ᶯ ɐɅ *CONTROL_SHELLṶ ɾʌɶǸɾɾǸɾ Ǎʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ɳȺǍǪǸǱ ǸʲǍǪʌȺʳ ɐɅ ʌțǸ 

ȡɅɅǸɶṩɐʔʌǸɶ ɾʔɶȒǍǪǸ ɐȒ ʌțǸ ɾțǸȺȺ ǍɶǸ ɐǩʌǍȡɅǸǱṣ ̞ȡɾ ɐɳʌȡɐɅ ǪǍɅ ǩǸ ǍɳɳǸǍȺȡɅȓ Ȓɐɶ ǸṣȓṣṞ ȒǍʌȡȓʔǸ ǍɅǍȺʳɾǸɾṣ  

fɐɶ ɅɐɅẁȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾ ʭȡʌț ɳȺǍɾʌȡǪȡʌʳṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ṵǍʌ ȺǸǍɾʌṶ ̟ʬǸ ʌțɶɐʔȓțẁʌțȡǪȶɅǸɾɾ 

ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ȺǍʳǸɶɾ ṵNIP ² ʂ Ṷṣ 

fɐɶ ǪɐɃɳɐɾȡʌǸ ɃǍʌǸɶȡǍȺɾṞ ʌțǸ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ȡɾ ɾɳǸǪȡ̟ǸǱ ɐɅ ʌțǸ *PART_COMPOSITE ǪǍɶǱṞ 

ʭțǸɶǸ ǍȺɾɐ ɃǍʌǸɶȡǍȺɾ ǍɶǸ ǍɾɾȡȓɅǸǱ ʌɐ ʌțǸ ǱȡȒȒǸɶǸɅʌ ȺǍʳǸɶɾ ɐȒ ʌțǸ ǪɐɃɳɐɾȡʌǸṣ ̞Ǹ ǱǸȒǍʔȺʌ ȡɅ ¬ñẁEĥ¸! ȡɾ ʌɐ 

ʔɾǸ ɐɅǸ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ɳǸɶ ȺǍʳǸɶṞ ǩʔʌ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ǍǪʌȡʬǍʌǸ ᶱ ɳɐȡɅʌɾ ɳǸɶ ȺǍʳǸɶ ñȡɃɳɾɐɅẏɾ ɶʔȺǸ 

ȡɅʌǸȓɶǍʌȡɐɅ ǩʳ ɾǸʌʌȡɅȓ OTPTC ǍɅǱ IRPL ố ᶯɲɵ ɐɅ uɶɶǸȓʔȺǍɶ ÃɳʌȡɐɅǍȺ >ǍɶǱ ᶰ ṵʔɅȺǸɾɾ ʌțȡɾ ɾɳȺȡʌ ɐȒ ȺǍʳǸɶɾ ȡɅʌɐ 

ɃʔȺʌȡɳȺǸ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ țǍɾ Ʌɐʌ ǩǸǸɅ ǱɐɅǸ ɃǍɅʔǍȺȺʳṶṣ 

! ȓǸɅǸɶǍȺ ɶǸʬȡǸʭ ɐȒ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ȡɅ ¬ñẁEĥ¸! ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ éǸȒṣ ṳᶯᶲṴṣ 

ᶳṣᶱ ñɐȺȡǱ ǸȺǸɃǸɅʌɾ 
fɐɶ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṞ ʌțǸ ȺȡɅǸǍɶ ɾɐȺȡǱ țǸʲǍțǸǱɶɐɅ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶶ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ fɐɶ ɅɐɅẁȺȡɅǸǍɶ 

ǍɅǍȺʳɾǸɾṞ ʌțǸ ȺȡɅǸǍɶ ɾɐȺȡǱ țǸʲǍțǸǱɶɐɅ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ẁɴ  ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ ̧ɐʌǸ ʌțǍʌ ʌțǸ ɾɐȺȡǱ 

ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰ ʭȡȺȺ ȓȡʬǸ ǍɅ ɐʬǸɶȺʳ ɾʌȡȒȒ ɶǸɾɳɐɅɾǸ ȡɅ ǩǸɅǱȡɅȓ Ȓɐɶ ǍɾɳǸǪʌ ɶǍʌȡɐɾ ồ ᶯṣᶳ ẁ ɴ ṣ MȺǸɃǸɅʌ 

ȒɐɶɃʔȺǍʌȡɐɅɾ ẁɴ  ǍɅǱ ẁɳ  ǍɶǸ ǸɅțǍɅǪǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ʭɐɶȶ ǍȺɾɐ Ȓɐɶ ǍɾɳǸǪʌ ɶǍʌȡɐɾ ồ ᶰ ṳᶳṴṣ fɶɐɃ éᶯᶱṣᶮṣᶮṞ ǍɅ 

ǸɅțǍɅǪǸǱ ǍɾɾʔɃǸǱ ɾʌɶǍȡɅ țǸʲǍțǸǱɶǍȺ ǸȺǸɃǸɅʌ ʭȡʌț ȡɅǪɐɃɳǍʌȡǩȺǸ ɃɐǱǸɾ ȡɾ ǍʬǍȡȺǍǩȺǸ Ǎɾ ǸȺǸɃǸɅʌ 

ȒɐɶɃʔȺǍʌȡɐɅ ẁɳ  ʉṳᶲᶲṴṣ ̞ȡɾ ȒɐɶɃʔȺǍʌȡɐɅ ǸȺȡɃȡɅǍʌǸɾ ɳǍɶǍɾȡʌȡǪ ɾțǸǍɶ ʌțǍʌ ȓǸɅǸɶǍȺȺʳ ɃǍʳ ǪǍʔɾǸ ǍɅ ɐʬǸɶȺʳ ɾʌȡȒȒ 

ɶǸɾʔȺʌ ȡɅ ǩǸɅǱȡɅȓ Ȓɐɶ ȺȡɅǸǍɶ ǸȺǸɃǸɅʌɾṣ 

uʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ Ƀȡʲ ɾɳʌ ɐɶǱǸɶ țǸʲǍ ǍɅǱ ɳǸɅʌǍ ǸȺǸɃǸɅʌɾ ȡɅ ʌțǸ ɾǍɃǸ ɳǍɶʌṞ ʌțǸʳ ʭȡȺȺ ǩǸ ǍʔʌɐɃǍʌȡǪǍȺȺʳ 

ɾɐɶʌǸǱ ʌɐ ʌțǸ ǪɐɶɶǸɾɳɐɅǱȡɅȓ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ȡɅʌǸɶɅǍȺȺʳ ǩʳ ¬ñẁEĥ¸!ṣ  

fȡɶɾʌ ɐɶǱǸɶ ʌǸʌɶǍțǸǱɶǍ ǍɶǸ ǍʬǍȡȺǍǩȺǸ Ǎɾ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶮ ǍɅǱ ᶯᶱṣ ̞Ǹ ɳɾʌ ɐɶǱǸɶ ʌǸʌɶǍțǸǱɶǍ ǪǍɅ ȓȡʬǸ 

ɶǸɾʔȺʌɾ Ȓɐɶ ǩǸɅǱȡɅȓ ǱǸȒɐɶɃǍʌȡɐɅɾ ʌțǍʌ ǍɶǸ ʬǸɶʳ ɃʔǪț ʌɐɐ ɾʌȡȒȒ ǱʔǸ ʌɐ ʬɐȺʔɃǸʌɶȡǪ ȺɐǪȶȡɅȓṣ oɐʭǸʬǸɶṞ ɾɳʌ 

ɐɶǱǸɶ ʌǸʌɶǍțǸǱɶǍ ɃǍʳ ǩǸ ʔɾǸȒʔȺ Ȓɐɶ ǸʲǍɃɳȺǸ Ȓɐɶ ɃɐǱǸȺȺȡɅȓ ȒɐǍɃ ɃǍʌǸɶȡǍȺɾṣ uɅ ȓǸɅǸɶǍȺṞ ʌțǸ ɅɐǱǍȺ 

ǍʬǸɶǍȓǸǱ ɳɶǸɾɾʔɶǸ ȒɐɶɃʔȺǍʌȡɐɅ ɐȒ ǸȺȒɐɶɃ ᶯᶱ ɾʔȒȒǸɶɾ ȺǸɾɾ ȒɶɐɃ ʌțǸ ɐʬǸɶȺʳ ɾʌȡȒȒ ǩǸțǍʬȡɐɶ ṳᶯᶮṴṞ Ǎʌ ȺǸǍɾʌ ʭțǸɅ 

ɳȺǍɾʌȡǪ ǱǸȒɐɶɃǍʌȡɐɅ ȡɾ ǱɐɃȡɅǍʌȡɅȓṞ ǩʔʌ ȡʌ ȡɾ ɐɅȺʳ ɾʔɳɳɐɶʌǸǱ ǩʳ Ǎ ɾʔǩɾǸʌ ɐȒ ɃǍʌǸɶȡǍȺɾ ṵȡɅǪȺʔǱȡɅȓ MAT_103Ṷṣ 

¸ɐʌǸ ǍȺɾɐ ʌțǍʌ ʌțǸ ǍǱʬǍɅʌǍȓǸɾ ɐȒ ʌțǸ ɅɐǱǍȺ ǍʬǸɶǍȓȡɅȓ Ƀȡȓțʌ ǩǸ Ⱥɐɾʌ ȡɅ ɾɐɃǸ ǪǍɾǸɾṞ Ȓɐɶ ǸʲǍɃɳȺǸ ʭțǸɅ Ǎ 

ǱǸȒɐɶɃǍǩȺǸ ɳǍɶʌ ȡɾ ǪɐɅɅǸǪʌǸǱ ʌɐ Ǎ ɶȡȓȡǱ ɳǍɶʌ ʔɾȡɅȓ ɾțǍɶǸǱ ɅɐǱǸɾ ǍɅǱ ǸȺȒɐɶɃ ᶯᶱ ȡɾ ʔɾǸǱ Ȓɐɶ ǩɐʌț ɳǍɶʌɾ 

ṵʌțǸ ɶǸɃǸǱʳ ɃǍʳ ʌțǸɅ ǩǸ ʌɐ ɾʭȡʌǪț ʌɐ ǸȺȒɐɶɃ ᶯᶮ ȡɅ ʌțǸ ɶȡȓȡǱ ɳǍɶʌṶṣ ñțɐʔȺǱ ᶯɾʌ ɐɶǱǸɶ ʌǸʌɶǍțǸǱɶǍ ǩǸ 

ɶǸɵʔȡɶǸǱ Ȓɐɶ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾ ṵɾǸǸ ñǸǪʌȡɐɅ ᶲṣṶɳ ɐɅȺʳ ǸȺȒɐɶɃ ᶯᶮ ȡɾ ȒʔȺȺʳ ɾʔɳɳɐɶʌǸǱ ȡɅ ʬǸɶɾȡɐɅɾ ǩǸȒɐɶǸ éᶯᶳṣ  

ÿʭɐ ǱȡȒȒǸɶǸɅʌ ʌʳɳǸɾ ɐȒ ᶯᶮẁɅɐǱǸǱ ʌǸʌɶǍțǸǱɶǍ ǍɶǸ ǍʬǍȡȺǍǩȺǸṝ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶴ ǍɅǱ ᶯᶵṣ fɶɐɃ éᶯᶲ ɐȒ 

¬ñẁEĥ¸!Ṟ ǩɐʌț ȒɐɶɃʔȺǍʌȡɐɅɾ ʭɐɶȶ ʭǸȺȺṞ ǩʔʌ ǸȺȒɐɶɃ ᶯᶵ ɃǍʳ ǩǸ ɳɶǸȒǸɶɶǸǱ Ȓɐɶ ǪɐɅʌǍǪʌẁǱɐɃȡɅǍʌǸǱ 

ɳɶɐǩȺǸɃɾṣ 

MȺȒɐɶɃ ᶯᶴ ȡɾ Ǎ ɾʌǍɅǱǍɶǱ ᶰɅǱ ɐɶǱǸɶ ʌǸʌɶǍțǸǱɶǍȺ ǸȺǸɃǸɅʌṞ ʭțȡǪț ǪǍɅ ǩǸ ʔɾǸǱ ʭȡʌț ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌṣ ñǸȓɃǸɅʌ 

ǩǍɾǸǱ ȺɐǍǱȡɅȓɾ ṵ*LOAD_SEGMENTṶ ǍɶǸ țǍɅǱȺǸǱ ǪɐɅɾȡɾʌǸɅʌȺʳṣ  

MȺȒɐɶɃ ᶯᶵ ȡɾ ɃɐǱȡ̟ǸǱ ʌɐ țǍʬǸ ǸɵʔǍȺ ɅɐǱǍȺ ʭǸȡȓțʌȡɅȓ ȒǍǪʌɐɶɾṞ ɾɐ ʌțǍʌ ǍɅ ǍɳɳȺȡǸǱ ǪɐɅɾʌǍɅʌ ɳɶǸɾɾʔɶǸ 

ǪɐɶɶǸɾɳɐɅǱɾ ʌɐ ǸɵʔǍȺ ṵǍɅǱ ɳɐɾȡʌȡʬǸṶ ɅɐǱǍȺ ȒɐɶǪǸɾṣ ̞Ǹ ʌǸʌ ǸȺȒɐɶɃ ᶯᶵ ǪǍɅ ȓȡʬǸ ɾɃɐɐʌțǸɶ ɶǸɾɳɐɅɾǸɾ ʭȡʌț 

ɶǸɾɳǸǪʌ ʌɐ ǪɐɅʌǍǪʌ ȒɐɶǪǸɾ ǍɅǱ ɳɶǸɾɾʔɶǸɾ ǪɐɃɳǍɶǸǱ ʌɐ ǸȺȒɐɶɃ ᶯᶴṣ uɅ ¬ñẁEĥ¸! ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶲṣᶮṣᶮṞ ʌțǸ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶳ  ʃ

ȡɃɳȺǸɃǸɅʌǍʌȡɐɅ ɐȒ ǸȺȒɐɶɃ ᶯᶵ ȡɾ Ʌɐʌ ɾʌɶɐɅȓȺʳ ɐǩȲǸǪʌȡʬǸṞ ɃǸǍɅȡɅȓ ʌțǍʌ ̟ɅȡʌǸ ɶɐʌǍʌȡɐɅɾ Ƀʔɾʌ ǩǸ ǱȡʬȡǱǸǱ 

ȡɅʌɐ ɾɃǍȺȺ ǸɅɐʔȓț ʌȡɃǸ ɾʌǸɳɾ ʌɐ ɐǩʌǍȡɅ ǪɐɶɶǸǪʌ ɶǸɾʔȺʌɾṣ  

ñɐȺȡǱ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶰᶱ ɳɶɐʬȡǱǸɾ Ǎ ᶰᶮẁɅɐǱǸǱṞ ɵʔǍǱɶǍʌȡǪ țǸʲ ǸȺǸɃǸɅʌ ṵǩʔʌ ʌțǸɶǸ ȡɾ Ʌɐ ɃǍʌǪțȡɅȓ ᶯẁʂ

ɅɐǱǸǱ ɵʔǍǱɶǍʌȡǪ ɳǸɅʌǍ ǸȺǸɃǸɅʌṶṣ   

! ɾɳǸǪȡǍȺ ȶȡɅǱ ɐȒ ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ ǍɶǸ ʌțǸ >ɐɾɾǸɶǍʌ ɳɐȡɅʌ ṳᶰᶯṴ ǸȺǸɃǸɅʌɾ ṵ>æMṶṣ ̞Ǹʳ ǍɶǸ ǩǍɾǸǱ ɐɅ Ǎ ɶǸẁ

ȒɐɶɃʔȺǍʌȡɐɅ ɐȒ ʌțǸ ɾʌǍɅǱǍɶǱ ǸȺǸɃǸɅʌɾ ʌɐ ɃǍȶǸ ʌțǸɃ ǩǸʌʌǸɶ ɾʔȡʌǸǱ Ȓɐɶ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅ ǍɅǍȺʳɾǸɾ ɐȒṞ Ȓɐɶ 

ǸʲǍɃɳȺǸṞ ɶʔǩǩǸɶ ṵɾǸǸ !ɳɳǸɅǱȡʲ ! Ȓɐɶ ɃɐɶǸ ǱǸʌǍȡȺɾṶṣ ! ȺȡɅǸǍɶ țǸʲǍțǸǱɶǍȺ >æM ȡɾ ɐǩʌǍȡɅǸǱ ǩʳ ʔɾȡɅȓ 

ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯ ȡɅ ǪɐɃǩȡɅǍʌȡɐɅ ʭȡʌț țɐʔɶȓȺǍɾɾ ʌʳɳǸ ᶯᶮ ṵ*SECTION_SOLID ʭȡʌț ELFORM = 1 and 

*HOURGLASS ʭȡʌț IHQ ố ᶯᶮṶṣ ! ɵʔǍǱɶǍʌȡǪ ʌǸʌɶǍțǸǱɶǍȺ >æM ȡɾ ɐǩʌǍȡɅǸǱ ǩʳ ʔɾȡɅȓ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶴ ȡɅ 

ǪɐɃǩȡɅǍʌȡɐɅ ʭȡʌț țɐʔɶȓȺǍɾɾ ʌʳɳǸ ᶯᶮ ṵ*SECTION_SOLID ʭȡʌț ELFORM = 16 and *HOURGLASS ʭȡʌț IHQ ố 

ᶯᶮṶṣ ¸ɐʌǸ ʌțǍʌ ʌțǸ >æM ȡɃɳȺǸɃǸɅʌǍʌȡɐɅ ȡɾ ɾȡɃȡȺǍɶ ʌɐ ǍɅ ʔɅǱǸɶẁȡɅʌǸȓɶǍʌǸǱ ǸȺǸɃǸɅʌṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ 

țɐʔɶȓȺǍɾɾ ǸɅǸɶȓʳ ǪǍɅ ǍɶȡɾǸṣ ̞Ǹ ǍɃɐʔɅʌ ɐȒ țɐʔɶȓȺǍɾɾ ǸɅǸɶȓʳ ɾțɐʔȺǱ ǩǸ ǪțǸǪȶǸǱ ʌɐ ǸɅɾʔɶǸ ʌțǍʌ ʌțǸ 

ɾȡɃʔȺǍʌȡɐɅ ɶǸɾʔȺʌɾ ǍɶǸ ʬǍȺȡǱṣ 

! ȓǸɅǸɶǍȺ ɶǸʬȡǸʭ ɐȒ ɾɐȺȡǱ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ ȡɅ ¬ñẁEĥ¸! ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ éǸȒṣ ṳᶯᶮṴṣ 

ᶳṣᶲ MȺǸɃǸɅʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ɐʔʌɳʔʌ Ȓɐɶ ᶱE ɳɐɾʌẁɳɶɐǪǸɾɾȡɅȓ 
=ʳ ʌțǸ ɳɶɐʬȡǱǸǱ ̟ȺǸɾ database_cards_...keyṞ ¬ñẁEĥ¸! ʭȡȺȺ ɐʔʌɳʔʌ ʌțǸ ǍʬǸɶǍȓǸ ǸȺǸɃǸɅʌ ɾʌɶǸɾɾǸɾ ǍɅǱ 

ɾʌɶǍȡɅɾ Ȓɐɶ ǩɐʌț ɾțǸȺȺɾ ǍɅǱ ɾɐȺȡǱɾ ȡɅ ʌțǸ d3plot ̟ ȺǸɾ Ȓɐɶ ᶱE ɳɐɾʌɳɶɐǪǸɾɾȡɅȓṣ fɐɶ ɾțǸȺȺɾṞ ʌțǸ ǍʬǸɶǍȓǸ 

ǸȺǸɃǸɅʌ ɾʌɶǸɾɾǸɾ ǍɅǱ ɾʌɶǍȡɅɾ Ǎʌ ʌțǸ ʌɐɳṞ ɃȡǱ ǍɅǱ ǩɐʌʌɐɃ ɾʔɶȒǍǪǸɾ ɐȒ ʌțǸ ɾțǸȺȺɾ ʭȡȺȺ ǩǸ ɐʔʌɳʔʌ ȡɅ ʌțǸ 

d3plot ̟ ȺǸɾṣ uɅ ɐɶǱǸɶ ʌɐ ɐǩʌǍȡɅ ɾțǸȺȺ ǸȺǸɃǸɅʌ ɵʔǍɅʌȡʌȡǸɾ Ǎʌ ʌțǸ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ȡɅɾʌǸǍǱ ṵᶲ ɳɐȡɅʌɾ Ǎʌ ʌțǸ 

ʌɐɳṞ ᶲ ɳɐȡɅʌɾ Ǎʌ ʌțǸ ɃȡǱ ǍɅǱ ᶲ ɳɐȡɅʌɾ Ǎʌ ʌțǸ ǩɐʌʌɐɃ ɾʔɶȒǍǪǸṶṞ ɾǸʌ MAXINT ố ẁɵ  ɐɅ 

*DATABASE_EXTENT_BINARYṣ fɶɐɃ éᶯᶰṣᶮṣᶮ ɐȒ ¬ñẁEĥ¸!Ṟ ʌțǸ ɾțǸȺȺ ǸȺǸɃǸɅʌ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌ ɾʌɶǸɾɾǸɾ ǪǍɅ 

ǩǸ ǸʲʌɶǍɳɐȺǍʌǸǱ ʌɐ ʌțǸ ɅɐǱǸɾ ǩʳ ɾǸʌʌȡɅȓ SHLSIG ố  ɳɐɅ *CONTROL_OUTPUTṣ  

uȒ ɾʌɶǸɾɾǸɾ ǍɅǱ ɾʌɶǍȡɅɾ Ǎʌ ʌțǸ ɐʔʌɃɐɾʌ ȺǍʳǸɶ ɐȒ Ǎ ɾțǸȺȺ ǸȺǸɃǸɅʌ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ Ȓɐɶ ǸʲǍɃɳȺǸ ȡɅ Ǎ ȒǍʌȡȓʔǸ 

ǍɅǍȺʳɾȡɾṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ɾʭȡʌǪț ʌɐ ¬ɐǩǍʌʌɐ ȡɅʌǸȓɶǍʌȡɐɅ ǩʳ ɾǸʌʌȡɅȓ INTGRD ố ɳ ɐɅ *CONTROL_SHELL. =ʳ 

¬ɐǩǍʌʌɐ ȡɅʌǸȓɶǍʌȡɐɅṞ ʌțǸ ȡɅɅǸɶ ǍɅǱ ɐʔʌǸɶ ȺǍʳǸɶ ɐȒ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ʭȡȺȺ ǪɐȡɅǪȡǱǸ ǸʲǍǪʌȺʳ ʭȡʌț ʌțǸ ȡɅɅǸɶ 

ǍɅǱ ɐʔʌǸɶ ɾʔɶȒǍǪǸ ɐȒ ʌțǸ ɾțǸȺȺṞ ɶǸɾɳǸǪʌȡʬǸȺʳṣ 

fɐɶ ɾɐȺȡǱɾṞ ʌțǸ ǍʬǸɶǍȓǸ ǸȺǸɃǸɅʌ ɾʌɶǸɾɾǸɾ ǍɅǱ ɾʌɶǍȡɅɾ Ǎʌ ʌțǸ ǪǸɅʌǸɶ ɳɐȡɅʌ ʭȡȺȺ ǩǸ ɐʔʌɳʔʌ ȡɅ ʌțǸ d3plot 

̟ȺǸɾṣ uɅ ɐɶǱǸɶ ʌɐ ɐǩʌǍȡɅ ɾɐȺȡǱ ǸȺǸɃǸɅʌ ɵʔǍɅʌȡʌȡǸɾ Ǎʌ ʌțǸ ȡɅʌǸȓɶǍʌȡɐɅ ɳɐȡɅʌɾ ȡɅɾʌǸǍǱṞ ɾǸʌ NINTSLD ố ᶶ ɐɅ 

*DATABASE_EXTENT_BINARYṣ uɅ ǪɐɃǩȡɅǍʌȡɐɅ ʭȡʌț ʌțȡɾṞ ɾʌɶǸɾɾǸɾ ȒɶɐɃ ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ ǪǍɅ ǩǸ ǸʲʌɶǍɳɐȺǍʌǸǱ 

ʌɐ ʌțǸ ɅɐǱǸɾ ǩʳ ɾǸʌʌȡɅȓ SOLSIG ồ  ɲɐɅ *CONTROL_OUTPUTṣ 

!ɅɐʌțǸɶ ɐɳʌȡɐɅ Ȓɐɶ ɐǩʌǍȡɅȡɅȓ ɾʌɶǸɾɾ ɶǸɾʔȺʌɾ Ǎʌ ɅɐǱǍȺ ɳɐȡɅʌɾ ɐȒ ɾɐȺȡǱɾ ɐɶ ɾțǸȺȺɾ ȡɾ ʌɐ ǍɳɳȺʳ įȡǸɅȶȡǸʭȡǪʽẁ

įțʔẏɾ ɾʔɳǸɶǪɐɅʬǸɶȓǸɅʌ æǍʌǪț éǸǪɐʬǸɶʳ ɃǸʌțɐǱ ṳᶰᶶṴṣ ̞ȡɾ ȡɾ ǍǪʌȡʬǍʌǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ 

*DATABSE_RECOVER_NODEṣ =ʳ ʌțȡɾṞ ʌțǸ ɅɐǱǍȺ ǍǪǪǸȺǸɶǍʌȡɐɅ ǪɐɃɳɐɅǸɅʌɾ ȡɅ ʌțǸ d3plot ̟ ȺǸɾ ʭȡȺȺ ǩǸ 

ɶǸɳȺǍǪǸǱ ǩʳ ʌțǸ ɶǸǪɐʬǸɶǸǱ ɅɐǱǍȺ ɾʌɶǸɾɾ ʬǍȺʔǸɾṞ Ȓɐɶ Ǎ ɾɳǸǪȡ̟ǸǱ ɳǍɶʌ ɾǸʌṣ !Ʌ ǸʲǍɃɳȺǸ ɐȒ ʌțȡɾ ȡɾ ǍʌʌǍǪțǸǱ ʌɐ 

ʌțȡɾ gʔȡǱǸȺȡɅǸ ɳǍǪȶǍȓǸṞ Ǎɾ element_output.keyṞ ɾǸǸ ǍȺɾɐ fȡȓʔɶǸ ᶲṣɳ ̧ ɐʌǸ ǍȺɾɐ ʌțǍʌ ǱȡȒȒǸɶǸɅʌ 

ɳɐɾʌɳɶɐǪǸɾɾɐɶɾ ɃǍʳ ǱȡɾɳȺǍʳ ʌțǸɾǸ ɶǸɾʔȺʌɾ ɾȺȡȓțʌȺʳ ǱȡȒȒǸɶǸɅʌȺʳṣ 
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Figure 41. Example of different output options for element results. The Images show fringe plots of the von Mises 

stress for one element  in the center of a cantilever beam subjected to bending by a tip force , using different 

extrapolation /interpolation options. The numbers show the peak stress from the visualization.  

ᶳṣᶳ MȺǸɃǸɅʌɾ Ȓɐɶ ᶰE ǍɅǍȺʳɾȡɾ 
=ɐʌț ǍʲȡɾʳɃɃǸʌɶȡǪṞ ɳȺǍɅǸ ɾʌɶǍȡɅ ǍɅǱ ɳȺǍɅǸ ɾʌɶǸɾɾ ṵȺȡɅǸǍɶṶ ǸȺǸɃǸɅʌɾ ǍɶǸ ǍʬǍȡȺǍǩȺǸ ȡɅ ¬ñẁEĥ¸!ṣ ̞Ǹ ᶰE 

ǸȺǸɃǸɅʌɾ ǍɶǸ ǱǸ̟ɅǸǱ ȡɅ ʌțǸ ĤĥṾɳȺǍɅǸ ṵįốᶮṶṣ  fɐɶ ǍʲȡɾʳɃɃǸʌɶȡǪ ǍɅǍȺʳɾǸɾṞ ʌțǸ ĥẁǍʲȡɾ ṵĤốᶮṶ ȡɾ ʌțǸ 

ɾʳɃɃǸʌɶʳ ǍʲȡɾṞ ǍɅǱ ǍȺȺ ɅɐǱǸɾ ɾțɐʔȺǱ țǍʬǸ ĤẁǪɐɐɶǱȡɅǍʌǸ ² ɲ ṣ  

̞Ǹ ɶǸɾɳǸǪʌȡʬǸ ǍɅǍȺʳɾȡɾ ʌʳɳǸ ȡɾ ǍʔʌɐɃǍʌȡǪǍȺȺʳ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸȺǸǪʌȡɅȓ Ǎ ᶰE ǸȺǸɃǸɅʌ ʌʳɳǸṣ =r ǪțɐɐɾȡɅȓ 

ǍʲȡɾʳɃɃǸʌɶȡǪ ǸȺǸɃǸɅʌɾṞ ʌțǸ ǍɅǍȺʳɾȡɾ ǩǸǪɐɃǸɾ ǍʲȡɾʳɃɃǸʌɶȡǪ Ǎɾ ʭǸȺȺṣ ¸ɐʌǸ ʌțǍʌ ʌțǸ ᶰE ǍɅǱ ᶱE ǸȺǸɃǸɅʌ 

ʌʳɳǸɾ Ƀʔɾʌ Ʌɐʌ ǩǸ ɃȡʲǸǱ ȡɅ ʌțǸ ɾǍɃǸ ǍɅǍȺʳɾȡɾṞ ǍɅǱ ǱȡȒȒǸɶǸɅʌ ʌʳɳǸɾ ɐȒ ᶰE ǸȺǸɃǸɅʌɾ Ƀʔɾʌ Ʌɐʌ ǩǸ ʔɾǸǱ 

ʌɐȓǸʌțǸɶṣ  

̞Ǹ ᶰE ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ ǍɶǸ ɾǸǸɅ Ǎɾ ɾțǸȺȺ ǸȺǸɃǸɅʌɾ ȡɅ ¬ñẁEĥ¸! ṵ*SECTION_SHELLṶ ǍɅǱ ᶰE ɾțǸȺȺ ǸȺǸɃǸɅʌɾ 

Ǎɾ ǩǸǍɃɾ ṵ*SECTION_BEAMṶṣ ̞Ǹ ɅɐɶɃǍȺɾ ɐȒ ɾțǸȺȺɾ ʔɾǸǱ Ȓɐɶ ǱǸ̟ɅȡɅȓ ᶰE ɾɐȺȡǱɾ ɾțɐʔȺǱ ɳɐȡɅʌ ȡɅ ʌțǸ ɳɐɾȡʌȡʬǸ 

įẁǱȡɶǸǪʌȡɐɅṣ ñǸʌʌȡɅȓ NIP ố ᶲ ɐɅ *SECTION_SHELL ȓȡʬǸɾ ȒʔȺȺʳ ȡɅʌǸȓɶǍʌǸǱ ᶰE ɾɐȺȡǱɾṣ  

!Ʌ ɐʬǸɶʬȡǸʭ ɐȒ ʌțǸ ɾʔȓȓǸɾʌǸǱ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅɾ Ȓɐɶ ᶰE ǍɅǍȺʳɾǸɾ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ÿǍǩȺǸ ṣʃ 

Table 6. Element types for implicit 2D analyses  

MȺǸɃǸɅʌ ʌʳɳǸ >ɐɃɃǸɅʌ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ MȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ  

ñțǸȺȺ æȺǍɅǸ ɾʌɶǍȡɅ *SECTION_BEAM 7 

 !ʲȡɾʳɃɃǸʌɶȡǪ 8 

ñɐȺȡǱ æȺǍɅǸ ɾʌɶǸɾɾ *SECTION_SHELL 12 

 æȺǍɅǸ ɾʌɶǍȡɅ 13 

 !ʲȡɾʳɃɃǸʌɶȡǪ 15 

 

ᶳᶵ ¶æǍ ᶳᶵ ¶æǍ 
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 ÿʔǩǸ ǸʲɳǍɅɾȡɐɅ ǩʳ ᶰE ǍɅǍȺʳɾȡɾ 
!Ʌ ǸȺǍɾʌȡǪ ɾʌǸǸȺ ǪɐɅǸ ȡɾ ȡɅɾǸɶʌǸǱ ȡɅʌɐ Ǎ ʌʔǩǸ ṵsĥ ố ᶳᶶᶮ ¶æǍṶ ʭȡʌț Ǎ ʬǍɶȡǍǩȺǸ ǱȡǍɃǸʌǸɶ ʔɾȡɅȓ ɳɶǸɾǪɶȡǩǸǱ 

ɃɐʌȡɐɅ ṳᶯᶴṴṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣɴ ̞Ǹ ǍɅǍȺʳɾȡɾ ȡɾ ɳǸɶȒɐɶɃǸǱ ʔɾȡɅȓ ɅɐɅẁȺȡɅǸǍɶ ɾʌǍʌȡǪɾṞ ǍɅǱ ʌțǸ ǪɐɅʌɶɐȺ ǪǍɶǱɾ ɐȒ 

control_cards_nonlin.keyṣ ñȡɅǪǸ ʌțǸ ǱȡɾɳȺǍǪǸɃǸɅʌ ȡɅ ʌțȡɾ ǪǍɾǸ ȡɾ ɵʔȡʌǸ ȺǍɶȓǸ ṵᶲᶮᶮ ɃɃṶṞ ʌțǸ ɾɐȺʔʌȡɐɅ 

ǪɐɅʌɶɐȺ ʭǍɾ ɃɐǱȡ̟ǸǱṞ ɾǸʌʌȡɅȓ DNORM ố ᶯ ɐɅ *CONTROL_IMPLICIT_SOLUTIONṣ ! ʌɐʌǍȺ ɐȒ ʉ ᶮᶷ ǍʲȡɾʳɃɃǸʌɶȡǪ 

ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ ṵɾțǸȺȺ ǸȺǸɃǸɅʌ ȒɐɶɃʔȺǍʌȡɐɅ ᶯᶳṶ ǍɶǸ ʔɾǸǱṣ ̞Ǹ ǸʲǍɃɳȺǸ ȶǸʳʭɐɶǱ ̟ȺǸ ȡɾ run_2d.key ṵ¸ÃÿM 

ʌțǍʌ ʌțȡɾ ǸʲǍɃɳȺǸ ɾțɐʔȺǱ ǩǸ ɶʔɅ ȡɅ ɾɃɳṩ¬ñẁEĥ¸! ǱɐʔǩȺǸ ɳɶǸǪȡɾȡɐɅṣ fɶɐɃ éᶯᶲṞ Ƀɳɳṩ¬ñẁEĥ¸! ǪǍɅ ǍȺɾɐ 

ǩǸ ʔɾǸǱṶṣ ̞Ǹ ǍʲȡǍȺ ȒɐɶǪǸẁǱȡɾɳȺǍǪǸɃǸɅʌ ǪʔɶʬǸ ȡɾ ɾțɐʭɅ ȡɅ fȡȓʔɶǸ ᶲ ṣɵ ¸ɐʌǸ ʌțǍʌ ȡɅ ǍʲȡɾʳɃɃǸʌɶȡǪ ǍɅǍȺʳɾǸɾṞ 

ɶǸɳɐɶʌǸǱ ȒɐɶǪǸɾ ɾțɐʔȺǱ ǩǸ ɃʔȺʌȡɳȺȡǸǱ ǩʳ ᶰp ʌɐ ɐǩʌǍȡɅ ʌțǸ ʌɐʌǍȺ ȒɐɶǪǸṣ 

 

 

Figure 42. A conical insert (red) is pushed into a tube (gray).  
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Figure 43. Total axial force vs. displacement for the axisymmetric example.  

ᶳṣᶴ MȺǸɃǸɅʌɾ Ȓɐɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾ 
̞Ǹ ɾʌɶʔǪʌʔɶǍȺ ǸȺǸɃǸɅʌɾ ǍɶǸ ǍʔʌɐɃǍʌȡǪǍȺȺʳ ǍʔȓɃǸɅʌǸǱ Ȓɐɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ɾǍɃǸ 

ǸȺǸɃǸɅʌ ǱǸ̟ɅȡʌȡɐɅɾ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ɃǸǪțǍɅȡǪǍȺ Ǎɾ ʭǸȺȺ Ǎɾ ʌțǸɶɃǍȺ ǍɅǱ ǪɐʔɳȺǸǱ ʌțǸɶɃɐẁɃǸǪțǍɅȡǪǍȺ 

ǍɅǍȺʳɾǸɾṣ =ʳ ɾǸʌʌȡɅȓ THSHEL ố ᶯ ɐɅ *CONTROL_SHELLṞ Ǎ ʌǸɃɳǸɶǍʌʔɶǸ ȓɶǍǱȡǸɅʌ ȡɾ ǪǍȺǪʔȺǍʌǸǱ ʌțɶɐʔȓț ʌțǸ 

ɾțǸȺȺ ʌțȡǪȶɅǸɾɾ ṵʌțȡɾ ȡɾ ǍǪʌȡʬǸ ȡɅ ʌțǸ ɳɶɐʬȡǱǸǱ ǪɐɅʌɶɐȺ ǪǍɶǱ ̟ȺǸɾṶṣ ÿɐ ȓǸʌ ɐʔʌɳʔʌ ɐȒ ʌǸɃɳǸɶǍʌʔɶǸɾ ɐɅ ɾțǸȺȺ 

ʌɐɳṩǩɐʌʌɐɃ ɾȡǱǸɾṞ ɾǸʌ THERM ố  ɵɐɅ *DATABASE_EXTENT_BINARYṣ  

ᶳṣᶵ ñʔɳǸɶǸȺǸɃǸɅʌɾ  
ñʔɳǸɶǸȺǸɃǸɅʌɾ ǪǍɅ ǩǸ ǍɳɳȺȡǸǱ Ȓɐɶ ɶǸɳȺǍǪȡɅȓ ɳǍɶʌɾ ɐȒ ɾʌɶʔǪʌʔɶǸɾ ʭȡʌț ʌțǸȡɶ ǸɵʔȡʬǍȺǸɅʌ ɾʌǍʌȡǪ ǍɅǱ 

ǱʳɅǍɃȡǪ ɾʌȡȒȒɅǸɾɾ ɳɶɐɳǸɶʌȡǸɾṞ ɾǸǸ Ȓɐɶ ǸʲǍɃɳȺǸ éǸȒɾṣ ṳᶲᶶṴṳᶳᶮṴṞ ȡɅ ɶǸǪǸɅʌ ʬǸɶɾȡɐɅɾ ɐȒ ¬ñẁEĥ¸! ṵéᶯᶳ ɾɃɳṞ 

ȒɶɐɃ éᶯᶴ ǍȺɾɐ ɃɳɳṶṣ ̞Ǹ ɳɶɐǪǸǱʔɶǸ ǪɐɅɾȡɾʌɾ ɐȒ ʌʭɐ ɾʌǸɳɾṝ 

ᶯṣ >ɶǸǍʌǸ ʌțǸ ɾʔɳǸɶǸȺǸɃǸɅʌ ̞ ȡɾ ȡɾ Ǎ ȺȡɅǸǍɶ ɳɶɐǪǸǱʔɶǸṞ ʭȡʌț ɶǸɵʔȡɶǸǱ ȶǸʳʭɐɶǱ 

*CONTROL_IMPLICIT_MODESṣ ̞ȡɾ ʭȡȺȺ ǪɶǸǍʌǸ Ǎ ɾʔɳǸɶǸȺǸɃǸɅʌ ȡɅ E¶ug ṵ!ñ>uuṶ ȒɐɶɃǍʌṞ ǍɅǱ ǩȡɅǍɶʳ 

ǱᶱɃɐǱǸ Ṿ ǱǍʌǍǩǍɾǸ ̟ȺǸṵɾṶ Ȓɐɶ ᶱE ʬȡɾʔǍȺȡʽǍʌȡɐɅṣ fɐɶ ȺǍɶȓǸ ɃɐǱǸȺɾṞ ʭțǸɶǸ ɐɅȺʳ ʌțǸ ɾʔɳǸɶǸȺǸɃǸɅʌ 

ǪɶǸǍʌȡɐɅ ȡɾ ɐȒ ȡɅʌǸɶǸɾʌṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ǱȡɾǍǩȺǸ ɐʔʌɳʔʌ ɐȒ ʌțǸ ǱᶱɃɐǱǸ Ṿ ̟ ȺǸɾ ǩʳ ɾǸʌʌȡɅȓ ID3MODE ố ɳ 

ɐɅ >ǍɶǱ ᶰṞ ʭțȡǪț ǪǍɅ ɾǍʬǸ ɾʔǩɾʌǍɅʌȡǍȺ ǍɃɐʔɅʌɾ ɐȒ Ǳȡɾȶ ɾɳǍǪǸṣ  

ᶰṣ ĆɾǸ ʌțǸ ɾʔɳǸɶǸȺǸɃǸɅʌ ȡɅ ʌțǸ ẌɃǍȡɅẍ ɾȡɃʔȺǍʌȡɐɅṣ ̞ȡɾ ǪǍɅ ǩǸ ǍɅ ǸʲɳȺȡǪȡʌ ɐɶ ȡɃɳȺȡǪȡʌ ȺȡɅǸǍɶ ɐɶ ɅɐɅẁ

ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṞ ǩʔʌ ʌțǸ ɾʔɳǸɶǸɳǸȺǸɃǸɅʌ ȡɾ Ʌɐʌ ʬǍȺȡǱ Ȓɐɶ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅɾ ɐɶ ̟ɅȡʌǸ ɶɐʌǍʌȡɐɅɾṣ ̞ Ǹ 

ȶǸʳʭɐɶǱ *ELEMENT_DIRECT_MATRIX_INPUT ȡɃɳɐɶʌɾ ʌțǸ ɳɶǸʬȡɐʔɾȺʳ ȓǸɅǸɶǍʌǸǱ ɾʔɳǸɶǸȺǸɃǸɅʌ ȒɶɐɃ 

ʌțǸ E¶ug ̟ȺǸṣ ÿɐ ǪɐɅɅǸǪʌ ʌțǸ ɾʔɳǸɶǸȺǸɃǸɅʌ ʌɐ ʌțǸ ɃǍȡɅ ɾȡɃʔȺǍʌȡɐɅ ɃɐǱǸȺṞ ǸȡʌțǸɶ ɃǍʌǪțȡɅȓ 

ɅɐǱǸ ɅʔɃǩǸɶɾ ǩǸʌʭǸǸɅ >ɶǸǍʌȡɐɅ ṵñʌǸɳ ᶯṶ ǍɅɾ ĆɾǸ ṵñʌǸɳ ᶰṶ ǪǍɅ ǩǸ ʔɾǸǱṞ ɐɶ ǍȺʌǸɶɅǍʌȡʬǸȺʳṞ ʌțǸ 

ɾʔɳǸɶǸȺǸɃǸɅʌ ɃǍʳ ǩǸ ǍʌʌǍǪțǸǱ ǩʳ ʔɾǸ ɐȒ ʌȡǸǱ ǪɐɅʌǍǪʌṣ  

 ! ǩǍɾȡǪ ǸʲǍɃɳȺǸ ɐȒ ʌțǸ ɳɶɐǪǸǱʔɶǸ Ȓɐɶ ǪɶǸǍʌȡɅȓ ǍɅǱ ʔɾȡɅȓ ɾʔɳǸɶǸȺǸɃǸɅʌɾ țǍɾ ǩǸǸɅ ǍʌʌǍǪțǸǱ ȡɅ ʌțǸ 

ȒɐȺǱǸɶ ẌñʔɳǸɶMȺǸɃǸɅʌẍ ɐȒ ʌțǸ gʔȡǱǸȺȡɅǸ ɳǍǪȶǍȓǸṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣɸ 
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Figure 44 . A small example model of a tensile test, where a part of the upper test specimen has been replaced by 

a superelement.  

6 >ɐɅʌǍǪʌɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ 
>ɐɅʌǍǪʌɾ ǪǍɅ ǩǸ ǪǍʌǸȓɐɶȡʽǸǱ Ǎɾ ǸȡʌțǸɶ 

¶ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾṞ ʭȡʌț ʌțǸ ɳʔɶɳɐɾǸ ɐȒ ǍȺȺɐʭȡɅȓ ɃɐʬǸɃǸɅʌɾ ǩǸʌʭǸǸɅ ɳǍɶʌɾ ȡɅ Ǎ fMẁɃɐǱǸȺṞ ʭȡʌțɐʔʌ 
ʌțǸ ɳǍɶʌɾ ȡɅʌǸɶɾǸǪʌȡɅȓ ǸǍǪț ɐʌțǸɶ ṵɾǸǸ ñǸǪʌȡɐɅ ᶴṣṶɳṞ ɐɶ 

¶ ʌȡǸǱ ǪɐɅʌǍǪʌɾṞ ʭȡʌț ʌțǸ ɳʔɶɳɐɾǸ ɐȒ ǪɐʔɳȺȡɅȓ ɳǍɶʌɾ ʌɐȓǸʌțǸɶ ʭȡʌț Ǎ ǪɐɅɾʌǍɅʌ ǱȡɾʌǍɅǪǸ ṵɾǸǸ ñǸǪʌȡɐɅ 
ᶴṣᶰṶṣ 

fɐɶ Ǎ ȓǸɅǸɶǍȺ ɐʬǸɶʬȡǸʭ ɐȒ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅɾ ȡɅ ¬ñẁEĥ¸!Ṟ ʌțǸ ǪɐʔɶɾǸ Ẍ>ɐɅʌǍǪʌɾ ȡɅ ¬ñẁEĥ¸!ẍ ṵɐɶ ɾȡɃȡȺǍɶṶ 

ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ ñǸǸ ʌțǸ ğǸǩȡɅǍɶṞ éǸȒṣ ṳᶲᶮṴṞ Ȓɐɶ ǍɅ ɐʬǸɶʬȡǸʭ ɐȒ ǪɐɅʌǍǪʌɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ 

ᶴṣᶯ ñȺȡǱȡɅȓ ȡɅʌǸɶȒǍǪǸ ǪɐɅʌǍǪʌ 
̞Ǹ ¶ɐɶʌǍɶ ṳᶴṴ ǪɐɅʌǍǪʌɾ ǍɶǸ ɶǸǪɐɃɃǸɅǱǸǱ Ȓɐɶ ɃɐǱǸȺȺȡɅȓ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌ ȡɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ ̞Ǹ ¶ɐɶʌǍɶ 

ǪɐɅʌǍǪʌɾ ǍɶǸ ɾǸȓɃǸɅʌ ǩǍɾǸǱṞ ʔɾȡɅȓ Ǎ ɳǸɅǍȺʌʳ ȒɐɶɃʔȺǍʌȡɐɅṞ ǍɅǱ ǍȺȺɐʭ Ȓɐɶ ̟ɅȡʌǸ ɾȺȡǱȡɅȓ ȡɅ ǸǍǪț ȡɃɳȺȡǪȡʌ 

ʌȡɃǸ ɾʌǸɳṣ uʌ ȡɾ Ǎ ʬǸɶʳ ȓǸɅǸɶǍȺ ǪɐɅʌǍǪʌṞ ʭțȡǪț ǪǍɅ țǍɅǱȺǸ ǸǱȓǸẁʌɐẁǸǱȓǸ ǪɐɅʌǍǪʌɾ Ȓɐɶ ɾțǸȺȺɾ ǍɅǱ ɾɐȺȡǱɾṞ Ǎɾ 

ʭǸȺȺ Ǎɾ ǪɐɅʌǍǪʌ ɾȡʌʔǍʌȡɐɅɾ ȡɅʬɐȺʬȡɅȓ ǩǸǍɃ ǸȺǸɃǸɅʌɾṞ ǍɅǱ ǸȺǸɃǸɅʌ ǸɶɐɾȡɐɅṣ  

̞Ǹ ȡɅɳʔʌ ɾʳɅʌǍʲ Ȓɐɶ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ țǍɾ ǩǸǸɅ ɾȺȡȓțʌȺʳ ǪțǍɅȓǸǱ ȒɶɐɃ éᶯᶮ ɐȒ ¬ñẁEĥ¸!Ṟ ɾǸǸ ñǸǪʌȡɐɅ 

ᶴṣᶯṣᶲṣ ̧ɐʌ ǍȺȺ ȒǸǍʌʔɶǸɾ ɐȒ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ǍɶǸ ɳɶǸɾǸɅʌǸǱ țǸɶǸṨ ɾǸǸ ʌțǸ gǸɅǸɶǍȺ ɶǸɃǍɶȶ ɾǸǪʌȡɐɅ ɐȒ ʌțǸ 

*CONTACT Ṿ ȶǸʳʭɐɶǱ ȡɅ ʌțǸ ¬ñẁEĥ¸! ȶǸʳʭɐɶǱ ɃǍɅʔǍȺ ṳᶯṴ Ȓɐɶ Ǎ ǪɐɃɳȺǸʌǸ ǱǸɾǪɶȡɳʌȡɐɅ ɐȒ ʌțǸ ɳɶǸɾǸɅʌ 

ȒǸǍʌʔɶǸɾ ɐȒ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṣ 

https://www.dynamore.se/en/training/seminars/crash/contacts-in-ls-dyna


Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶴ ɳ

uʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ǱǸ̟ɅǸ ʌțǸ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ǩǍɾǸǱ ɐɅ ɳǍɶʌɾ ɐɶ ɳǍɶʌ ɾǸʌɾṣ fɐɶ ɾʔɶȒǍǪǸɾ ȡɅʬɐȺʬȡɅȓ 

țȡȓțǸɶ ɐɶǱǸɶ ǸȺǸɃǸɅʌɾṞ ɳǍɶʌ ɐɶ ɳǍɶʌ ɾǸʌɾ Ƀʔɾʌ ǩǸ ʔɾǸǱ ȡɅ ʌțǸ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅɾṣ 

 ñʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌ 
fɐɶ ɾȡʌʔǍʌȡɐɅɾ ʭțǸɶǸ ǪɐɅʌǍǪʌɾ ǪǍɅ ǩǸ ǱǸ̟ɅǸǱ ɳǍȡɶʭȡɾǸ ȡɅ Ǎ ǪɐɅʬǸɅȡǸɅʌ ʭǍʳ ǩǸʌʭǸǸɅ ʌʭɐ ɐǩʬȡɐʔɾ 

ɾʔɶȒǍǪǸɾṞ ǍɅǱ ɾǸȺȒẁǪɐɅʌǍǪʌ ɅǸǸǱ Ʌɐʌ ǩǸ ǪɐɅɾȡǱǸɶǸǱṞ ʌțǸ ǪɐɅʌǍǪʌ ʌʳɳǸ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_ID ṳᶴṴ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱṣ uʌ ȡɾ ȓǸɅǸɶǍȺȺʳ 

ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ʌțǸ ɾɐȒʌǸɶ ṵȺǸɾɾ ɾʌȡȒȒ ɃǍʌǸɶȡǍȺṞ ɐɶ ǪɐǍɶɾǸɶ ɃǸɾțṶ ɳǍɶʌ Ǎɾ ʌɶǍǪȶǸǱ11 ɾʔɶȒǍǪǸṣ ! 

ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ʌțǸ ɾʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ṵʬǸɶɾȡɐɅɾ éᶯᶮ ǍɅǱ ȺǍʌǸɶṶ ȒɐȺȺɐʭɾṝ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_ID 

Define contact ID, Heading 

Card 1: Define what shall be in contact using parts or part sets 

Card 2: Define friction  

Card 3: Define alternative penalty stiffness (SFSA)and thicknesses (SAST) for shells, or 

leave blank to get defaults 

Card 4: blank / optional 

Card 5: Define contact thickness for solids (PENMAX)or leave blank 

Card 6: optional / Define IGAP and IGNORE 

 

>ǍɶǱɾ ᶯ ẁ ɵ  Ƀʔɾʌ ǩǸ ǱǸ̟ɅǸǱṞ ʭțȡȺǸ >ǍɶǱɾ ᶲ ẁ ʃ  ǍɶǸ ɐɳʌȡɐɅǍȺṣ 

uȒ ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ ǍɶǸ ȡɅʬɐȺʬǸǱ ȡɅ ʌțǸ ǪɐɅʌǍǪʌɾṞ Ǎ ẌǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾẍ Ȓɐɶ ʌțǸɾǸ ɃǍʳ ǩǸ ɾɳǸǪȡ̟ǸǱ ʔɾȡɅȓ ʌțǸ 

PENMAX ẁ ɳǍɶǍɃǸʌǸɶ12 ɐɅ ÃɳʌȡɐɅǍȺ ǪǍɶǱ = ṵ>ǍɶǱ ʂ Ṷṣ ̞Ǹ ẌǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾẍ Ȓɐɶ ɾɐȺȡǱɾ ǪǍɅ ǩǸ ɾǸǸɅ Ǎɾ ʌțǸ 

ʌțȡǪȶɅǸɾɾ ɐȒ ʌțǸ ʽɐɅǸ ǩǸȺɐʭ ʌțǸ ɾʔɶȒǍǪǸ ɐȒ ʌțǸ ɾɐȺȡǱ ɳǍɶʌ ʭțǸɶǸ ʌțǸ ɳǸɅǍȺʌʳ ȒɐɶǪǸɾ ʭȡȺȺ ǩǸ ǍɳɳȺȡǸǱ ȡɅ 

ɐɶǱǸɶ ʌɐ ɳʔɾț ɐʔʌ ɳǸɅǸʌɶǍʌȡɅȓ ɅɐǱǸɾṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣʂ ̞Ǹ ɶǸȺǍʌȡʬǸ ɳǸɅǸʌɶǍʌȡɐɅ ǱȡɾʌǍɅǪǸṞ ʔɾǸǱ Ȓɐɶ 

ǪǍȺǪʔȺǍʌȡɅȓ ʌțǸ ɳǸɅǍȺʌʳ ȒɐɶǪǸṞ ȡɾ ɶǸȺǍʌǸǱ ʌɐ ʌțȡɾ ǱȡɾʌǍɅǪǸ ṵɾǸǸ  

fȡȓʔɶǸ ᶲ Ṷʃṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ǩʳ ɶǸǱʔǪȡɅȓ PENMAXṞ Ǎ ɾʌȡȒȒǸɶ ǪɐɅʌǍǪʌ ṵȒɐɶ ɾɐȺȡǱ ɳǍɶʌɾṶ ǪǍɅ ǩǸ ɐǩʌǍȡɅǸǱṞ ǩʔʌ Ǎʌ 

ʌțǸ ɾǍɃǸ ʌȡɃǸ ʌțǸ ɶȡɾȶ ʌțǍʌ Ǎ ʌɶǍǪȶǸǱ ɾǸȓɃǸɅʌ ʭȡȺȺ ǩǸ ɶǸȺǸǍɾǸǱ ȒɶɐɃ ʌțǸ ǪɐɅʌǍǪʌ ȡɅǪɶǸǍɾǸɾṣ ̞Ǹ PENMAX Ṿ 

ɳǍɶǍɃǸʌǸɶ Ȓɐɶ ɾɐȺȡǱɾ ɾɳǸǪȡ̟Ǹɾ Ǎ ɳțʳɾȡǪǍȺ ǱȡɾʌǍɅǪǸṞ ʭțȡǪț ɃǸǍɅɾ ʌțǍʌ ʌțǸ ʬǍȺʔǸ Ƀʔɾʌ ǩǸ ɶǸǍɾɐɅǍǩȺǸ ʭȡʌț 

ɶǸɾɳǸǪʌ ʌɐ ʌțǸ ɃǸɾț ɾȡʽǸṞ Ǎɾ ʭǸȺȺ Ǎɾ ʌɐ ʌțǸ ɳțʳɾȡǪǍȺ ǱȡɃǸɅɾȡɐɅ ɐȒ ʌțǸ ȡɅʬɐȺʬǸǱ ɳǍɶʌɾṣ  

uȒ PENMAX ȡɾ ȺǸȒʌ ǩȺǍɅȶṞ ¬ñẁEĥ¸! ǍʔʌɐɃǍʌȡǪǍȺȺʳ ǪǍȺǪʔȺǍʌǸɾ Ǎ ʬǍȺʔǸ Ȓɐɶ ʌțǸ ǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾ Ȓɐɶ ɾɐȺȡǱɾṣ ̞ȡɾ 

ʭɐɶȶɾ ʭǸȺȺ ȡɅ Ƀɐɾʌ ǪǍɾǸɾṞ ɳɶɐʬȡǱǸǱ ʌțǍʌ ʌțǸ ɃǸɾț ȡɅ ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾ ȡɾ ɶǸǍɾɐɅǍǩȺʳ ɶǸȓʔȺǍɶṣ 

 
 

11 æɶǸʬȡɐʔɾȺʳ ǱǸɅɐʌǸǱ ẍɾȺǍʬǸẍṣ 
12 uɅ ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶮ ʌțǸ ẌǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾẍ Ȓɐɶ ɾɐȺȡǱɾ ʭǍɾ ǱǸ̟ɅǸǱ ǩʳ ʌțǸ SAST ɳǍɶǍɃǸʌǸɶṞ 
ɾǸǸ ñǸǪʌȡɐɅ ᶴṣᶯṣᶲṣ 
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Figure 45. Use of the PENMAX Ṿ parameter to define the contact thickness for solid parts.  

̞Ǹ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ʔɾǸɾ Ǎ ɳǸɅǍȺʌʳ ȒɐɶɃʔȺǍʌȡɐɅṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸɶǸ ʭȡȺȺ ǍȺʭǍʳɾ ǩǸ ɾɃǍȺȺ ɳǸɅǸʌɶǍʌȡɐɅɾ 

ǩǸʌʭǸǸɅ ɳǍɶʌɾ ȡɅ ǪɐɅʌǍǪʌṣ ̞Ǹ ɳǸɅǸʌɶǍʌȡɐɅ ȡɾ ɶǸɵʔȡɶǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ʌɶǍɅɾȒǸɶ Ǎ ǪɐɅʌǍǪʌ ȒɐɶǪǸṣ ̞Ǹ ¶ɐɶʌǍɶ 

ǪɐɅʌǍǪʌ ʭȡȺȺ ɶǸɳɐɶʌ ǩɐʌț ɶǸȺǍʌȡʬǸ Ǎɾ ʭǸȺȺ Ǎɾ ǍǩɾɐȺʔʌǸ ʬǍȺʔǸɾ ɐȒ ʌțǸ ɃǍʲȡɃʔɃ ɳǸɅǸʌɶǍʌȡɐɅɾ ǱʔɶȡɅȓ ʌțǸ 

ɾȡɃʔȺǍʌȡɐɅ ȡɅ ʌțǸ mes0* ẁ ̟ ȺǸɾṞ ǩǸȒɐɶǸ ǸǍǪț ȡɃɳȺȡǪȡʌ ɾʌǸɳ ǩǸȓȡɅɾṞ Ȓɐɶ ǸʲǍɃɳȺǸṝ 

 
     Contact sliding interface       1010 

     Number of contact pairs         2784 

 

     Maximum penetration is  0.1122220E-02 between  

     elements      14606 and      10263 on this processor 

 

     Maximum relative penetration is  0.9978402E-01 % between  

     elements      14606 and      10263 on this processor 

 

=ǍɾǸǱ ɐɅ ʌțȡɾ ʌțǸ ʔɾǸɶ ǪǍɅ ȲʔǱȓǸ ʭțǍʌ ȡɾ ǍǪǪǸɳʌǍǩȺǸ ȡɅ ʌǸɶɃɾ ɐȒ ɳǸɅǸʌɶǍʌȡɐɅ ǱȡɾʌǍɅǪǸṣ ÿɐ ɶǸǱʔǪǸ ʌțǸ 

ɳǸɅǸʌɶǍʌȡɐɅɾ ṵȡȒ ɶǸɵʔȡɶǸǱṶṞ ʌțǸ ǪɐɅʌǍǪʌ ɾʌȡȒȒɅǸɾɾ ǪǍɅ ǩǸ ȡɅǪɶǸǍɾǸǱ ǩʳ ʌțǸ ʌʭɐ ɳǍɶǍɃǸʌǸɶɾṝ SFSA ǍɅǱ 

IGAP, ɾǸǸ fȡȓʔɶǸ ᶲ ṣʃ ̞ Ǹ ɾʌȡȒȒɅǸɾɾ ɾǪǍȺǸ ȒǍǪʌɐɶ SFSA ǪɐɅʌɶɐȺɾ ʌțǸ ȡɅȡʌȡǍȺ ɾȺɐɳǸ ɐȒ ʌțǸ ǪɐɅʌǍǪʌ ɾʌȡȒȒɅǸɾɾ 

ǍɅǱ ǪǍɅ ǸȒȒǸǪʌȡʬǸȺʳ ǩǸ ȡɅǪɶǸǍɾǸǱ ȡɅ ɐɶǱǸɶ ʌɐ ɶǸǱʔǪǸ ɳǸɅǸʌɶǍʌȡɐɅɾṣ ̞Ǹ ɳǍɶǍɃǸʌǸɶ IGAP ǪɐɅʌɶɐȺɾ ʌțǸ 

ɶǍɃɳẁʔɳ ɐȒ ʌțǸ ɳǸɅǍȺʌʳ ɾʌȡȒȒɅǸɾɾ ǍɅǱ ǪǍɅ ǩǸ ȡɅǪɶǸǍɾǸǱ ʌɐ ɶǸǱʔǪǸ ʌțǸ ɶȡɾȶ ɐȒ ǪɐɅʌǍǪʌɾ ǩǸȡɅȓ ɶǸȺǸǍɾǸǱṣ 

fɶɐɃ éᶯᶲ ɐȒ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ ʌțǸ ɐɳʌȡɐɅ IGAP Ổ ᶮ ʭȡȺȺ ɾʭȡʌǪț ʌɐ Ǎ ȺȡɅǸǍɶ ɶǸȺǍʌȡɐɅɾțȡɳ 

ǩǸʌʭǸǸɅ ʌțǸ ɳǸɅǸʌɶǍʌȡɐɅ ǍɅǱ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸṞ ʭțȡǪț Ƀȡȓțʌ ǩǸ țǸȺɳȒʔȺ ȡȒ ɶǸȺǍʌȡʬǸȺʳ ȺǍɶȓǸ ɳǸɅǸʌɶǍʌȡɐɅɾ 

ǍɶǸ ɐǩɾǸɶʬǸǱ Ȓɐɶ ɾɃǍȺȺ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸɾṣ uɅ Ƀɐɾʌ ǪǍɾǸɾṞ ɃɐǱȡȒʳȡɅȓ ʌțǸ ǱǸȒǍʔȺʌ ǪɐɅʌǍǪʌ ɾʌȡȒȒɅǸɾɾ ɾǸʌʌȡɅȓɾ 

ȡɾ Ʌɐʌ ɅǸǪǸɾɾǍɶʳṣ 

PENMAX Ȓɐɶ ɾɐȺȡǱɾ 
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fȡȓʔɶǸ ᶲ ṣʃ ¶ɐɶʌǍɶ ɳǸɅǍȺʌʳ ȒɐɶǪǸ Ǎɾ Ǎ ȒʔɅǪʌȡɐɅ ɐȒ ɳǸɅǸʌɶǍʌȡɐɅ ṵɾǪțǸɃǍʌȡǪṶṣ uɃǍȓǸ ȒɶɐɃ éǸȒṣ ṳᶯṴṣ 

̞Ǹ IGNORE ɳǍɶǍɃǸʌǸɶ ǪǍɅ ǩǸ ʔɾǸǱ ʌɐ ǍȺȺɐʭ ȡɅȡʌȡǍȺ13 ɳǸɅǸʌɶǍʌȡɐɅɾṣ fɐɶ ʌʭɐ ɳǍɶʌɾ ʭȡʌț ȡɅȡʌȡǍȺ ɳǸɅǸʌɶǍʌȡɐɅɾṞ 

ʌțǸ ɐɳʌȡɐɅ IGNORE ố ᶯ ʭȡȺȺ ʌɶǍǪȶ ʌțǸ ɳǸɅǸʌɶǍʌȡɐɅɾṞ ǍɅǱ ȡȒ ʌțǸ ɳǍɶʌɾ ǍɶǸ ɾǸɳǍɶǍʌǸǱ ǍɅǱ ɳʔʌ ȡɅʌɐ ǪɐɅʌǍǪʌ 

ǍȓǍȡɅṞ ʌțǸ ̟ɶɾʌ ǪɐɅʌǍǪʌ ʭȡȺȺ ɐǪǪʔɶ Ǎʌ ʌțǸ ɳțʳɾȡǪǍȺ ɾʔɶȒǍǪǸ ɐȒ ʌțǸ ɳǍɶʌɾṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣƫ ̞Ǹ ɐɳʌȡɐɅ IGNORE ố 

 ɴṵʭțȡǪț ȡɾ ʌțǸ ǱǸȒǍʔȺʌ ǩǸțǍʬȡɐɶṶ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸ ȡɾ ɃɐʬǸǱṞ ɾɐ ʌțǍʌ ʭțǸɅ ʌțǸ ɳǍɶʌɾ ǪɐɃǸ 

ȡɅʌɐ ǪɐɅʌǍǪʌ ǍȓǍȡɅṞ ȡʌ ʭȡȺȺ ǩǸ Ǎʌ ʌțǸ ɐɶȡȓȡɅǍȺ ɳɐɾȡʌȡɐɅṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣʉ  

̞Ǹ ɐɳʌȡɐɅɾ IGNORE ố ᶱṞ ᶲ ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ɶǸɾɐȺʬȡɅȓ ȡɅȡʌȡǍȺ ȡɅʌǸɶȒǸɶǸɅǪǸɾṞ ɾʔǪț Ǎɾ ȡɅ Ǎ ɳɶǸɾɾẁ̟ ʌ ɾȡʌʔǍʌȡɐɅṣ 

̞Ǹ ɳǸɅǸʌɶǍʌȡɐɅɾ ʭȡȺȺ ʌțǸɅ ǩǸ ɶǸɾɐȺʬǸǱ ȺȡɅǸǍɶȺʳ ǩǸʌʭǸǸɅ ʌ ố ᶮ ǍɅǱ ʌ ố MPAR1Ṟ Ǎɾ ɾɳǸǪȡ̟ǸǱ ɐɅ >ǍɶǱ ʃ  ɐȒ ʌțǸ 

ǪɐɅʌǍǪʌ ǪǍɶǱṣ ̞Ǹ ɐɳʌȡɐɅ IGNORE ố ᶱ ȡɾ ʔɾǸȒʔȺ Ȓɐɶ ȡɅȡʌȡǍȺ ɳǸɅǸʌɶǍʌȡɐɅɾ ʌțǍʌ ǍɶǸ ɾɃǍȺȺ ǸɅɐʔȓț ʌɐ ǩǸ 

ǱǸʌǸǪʌǸǱ ǩʳ ʌțǸ ǪɐɅʌǍǪʌ ǍȺȓɐɶȡʌțɃṣ fɐɶ ȺǍɶȓǸɶ ɳǸɅǸʌɶǍʌȡɐɅɾṞ ʌțǸ ɐɳʌȡɐɅ IGNORE ố ᶲ ǪǍɅ ǩǸ ʔɾǸǱṞ ȡɅ 

ǪɐɃǩȡɅǍʌȡɐɅ ʭȡʌț Ǎ ʔɾǸɶẁɾɳǸǪȡ̟ǸǱ ɾǸǍɶǪț ǱȡɾʌǍɅǪǸ ṵMPAR2 ɐɅ >ǍɶǱ ʃ ṶṞ ʭțȡǪț ɾțǍȺȺ ǩǸ Ǎʌ ȺǸǍɾʌ Ǎɾ ȺǍɶȓǸ ǍɾṞ 

ǍɅǱ ɐɅ ʌțǸ ɐɶǱǸɶ ɐȒṞ ʌțǸ ɃǍʲȡɃʔɃ ȡɅȡʌȡǍȺ ɳǸɅǸʌɶǍʌȡɐɅṣ ʌțǸ ɐɳʌȡɐɅ IGNORE ố ᶲ ɶǸɵʔȡɶǸɾ ʌțǍʌ ʌțǸ ñĆéf! 

ɾȡǱǸ ǪɐɅɾȡɾʌɾ ɐȒ ɾɐȺȡǱ ǸȺǸɃǸɅʌɾṶṣ ̞Ǹ ʔɾǸ ɐȒ IGNORE ố  ɸȒɐɶ ɶǸɾɐȺʬȡɅȓ Ǎ ɳɶǸɾɾẁ̟ ʌ ǩǸʌʭǸǸɅ Ǎ ɶʔǩǩǸɶ ɾȺǸǸʬǸ 

ǍɅǱ Ǎ ṵɶȡȓȡǱṶ ɾʌǸǸȺ țɐʔɾȡɅȓ ȡɾ ȡȺȺʔɾʌɶǍʌǸǱ ȡɅ ʌțǸ ǸʲǍɃɳȺǸ Insert_and_interference.keyṣ  

 
 

13ğȡʌțȡɅ ɶǸǍɾɐɅǍǩȺǸ ȺȡɃȡʌɾṣ uʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ʌțǸ ǪǍɳǍǩȡȺȡʌȡǸɾ ɐȒ ʳɐʔɶ ɳɶǸȒǸɶɶǸǱ 
ɳɶǸɳɶɐǪǸɾɾȡɅȓ ʌɐɐȺ ʌɐ ǪțǸǪȶ Ȓɐɶ ǍɅǱ ̟ʲ ʔɅȡɅʌǸɅǱǸǱ ȡɅȡʌȡǍȺ ǪɐɅʌǍǪʌ ɳǸɅǸʌɶǍʌȡɐɅɾṣ  

¦ǎŜ SFSAǘƻ ǎŎŀƭŜ 

ǘƘŜ ƛƴƛǝŀƭ ǎƭƻǇŜ

LD!t ғ л 
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Figure 47. Schematic illustration of IGNORE = 1. Parts A and B are initially penetrating at Time 0. At Time X, the 

parts are separated, for example by prescribed displacements. At Time Y, the parts are brought back into contact. 

Contact then occurs at the physical surface of the parts.  

 

Figure 48 . Schematic illustration of IGNORE = 2 for mortar contacts. Parts A and B are initially penetrating at Time 

0. At Time X, the parts are separated, for example by prescribed displacements. At Time Y, the parts are brought 

back into contact. Contact then occ urs at the original intersecting surface of the parts.  

 ñȡɅȓȺǸẁɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌ 
fɐɶ ɾȡʌʔǍʌȡɐɅɾ ʭțǸɶǸ ɾǸȺȒẁǪɐɅʌǍǪʌ Ƀʔɾʌ ǩǸ ǪɐɅɾȡǱǸɶǸǱṞ ɐɶ Ǎ ɾȡɅȓȺǸ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅ ȡɾ ǱǸɾȡɶǸǱṞ ȡʌ ȡɾ 

ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *CONTACT_AUTOMATIC_SINGLE_SURFACE_MORTAR_IDṣ  

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ʌțǸ ǍʔʌɐɃǍʌȡǪ ɾȡɅȓȺǸẁɾʔɶȒǍǪǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ȒɐȺȺɐʭɾṝ 
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*CONTACT_AUTOMATIC_SINGLE_SURFACE_MORTAR_ID 

Define contact ID, Heading 

Card 1: Define what shall be in contact (only SURFA14) by part or part set 

Card 2: Define friction  

Card 3: Define alternative penalty stiffness (SFSA)and thicknesses (SAST) for shells, or 

leave blank to get defaults 

Card 4: blank / optional 

Card 5: Define contact thickness for solids (PENMAX)or leave blank 

>ǍɶǱ 6: optional / Define IGAP and IGNORE 

fɐɶ ʌțǸ ɾȡɅȓȺǸẁɾʔɶȒǍǪǸ ɃɐɶʌǍɶ ǪɐɅʌǍǪʌ ɐɳʌȡɐɅṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ɾɳǸǪȡȒʳ Ǎ ʬǸɶɾȡɐɅ ʌțǍʌ ȡȓɅɐɶǸɾ ɳɐɾɾȡǩȺǸ ɾǸȺȒẁ

ǪɐɅʌǍǪʌ ʭȡʌțȡɅ ʌțǸ ɾǍɃǸ ɳǍɶʌṞ ǩʳ ɾǸʌʌȡɅȓ IGNORE Ổ ᶮ ṵȒɐɶ ǸʲǍɃɳȺǸ ɾǸʌʌȡɅȓ IGNORE ố ẁɴ  ʭȡȺȺ țǍʬǸ ʌțǸ ɾǍɃǸ 

ɃǸǍɅȡɅȓ Ǎɾ IGNORE ố ᶰṞ ǩʔʌ ǪɐɅʌǍǪʌɾ ǩǸʌʭǸǸɅ ɾǸȓɃǸɅʌɾ ȡɅ ʌțǸ ɾǍɃǸ ɳǍɶʌ ǍɶǸ ȡȓɅɐɶǸǱṶṣ  

 >ɐɅʌǍǪʌ ǱǍɃɳȡɅȓ 
uɅ ȓǸɅǸɶǍȺṞ ȡʌ ȡɾ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ǪɐɅʌǍǪʌ ǱǍɃɳȡɅȓ ȡɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ fɐɶ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṞ 

ʌțǸ ǪɐɅʌǍǪʌ ǱǍɃɳȡɅȓ ɾǸʌʌȡɅȓɾ ʭȡȺȺ ǩǸ ȡȓɅɐɶǸǱ ȡɅ ǍɅ ȡɃɳȺȡǪȡʌ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾṣ 

 ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ȡɅ éʊ  ǍɅǱ ǸǍɶȺȡǸɶ 
fɶɐɃ éᶯᶮ ṵɶǸʬṣ ᶯᶯᶶᶰᶲᶱṶ ɐȒ ¬ñẁEĥ¸!Ṟ ʌțǸ ȡɅɳʔʌ Ȓɐɶ ʌțǸ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ʭǍɾ ɃɐǱȡ̟ǸǱṣ  

̞Ǹ ẌǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾẍ Ȓɐɶ ɾɐȺȡǱɾ ṵǪȒṣ fȡȓʔɶǸ ᶲ Ṷʂ ʭǍɾṞ ȡɅ ʬǸɶɾȡɐɅɾ ɳɶȡɐɶ ʌɐ éᶯᶮṞ ǱǸ̟ɅǸǱ ʔɾȡɅȓ ʌțǸ SAST Ṿ 

ɳǍɶǍɃǸʌǸɶ ɐɅ >ǍɶǱ ɵṣ ṵfɶɐɃ éᶯᶮṞ ʌțǸ ẌǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾẍ ȡɾ ǱǸ̟ɅǸǱ ǩʳ ʌțǸ PENMAX ɳǍɶǍɃǸʌǸɶṞ ɾǸǸ 

ñǸǪʌȡɐɅ ᶴṣᶯṣᶯṣṶ 

! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ʌțǸ ¶ɐɶʌǍɶ ɾʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌ ȡɅ ¬ñẁEĥ¸! ʬǸɶɾȡɐɅɾ ǩǸȒɐɶǸ éᶯᶮ ȒɐȺȺɐʭɾṝ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_ID 

Define contact ID, Heading 

Card 1: Define what shall be in contact using parts or part sets 

Card 2: Define friction  

Card 3: Define alternative penalty stiffness (SFSA, SFM) and thicknesses (SAST)  

or leave blank to get defaults 

Card 4: blank / optional 

Card 5: blank / optional 

Card 6: optional / Define IGAP and IGNORE (MPAR1, MPAR2) 

 

¸ɐʌǸ ʌțǍʌ ȡɅ ʬǸɶɾȡɐɅ ɳɶȡɐɶ ʌɐ éᶯᶮṞ ʭțǸɅ ɾțǸȺȺɾ ǍɅǱ ɾɐȺȡǱɾ ǍɶǸ ʌɶǸǍʌǸǱ ǩʳ ʌțǸ ɾǍɃǸ ɾȡɅȓȺǸẁɾʔɶȒǍǪǸ ¶ɐɶʌǍɶ 

ǪɐɅʌǍǪʌṞ ȡʌ ȡɾ Ʌɐʌ ɳɐɾɾȡǩȺǸ ʌɐ ʔɾǸ ʌțǸ SAST ɳǍɶǍɃǸʌǸɶ Ȓɐɶ ɾɳǸǪȡȒʳȡɅȓ Ǎ ǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾ ɐȒ ʌțǸ ɾɐȺȡǱɾṞ 

ɾȡɅǪǸ SAST ʭȡȺȺ ʌțǸɅ ǍȺɾɐ ǩǸ ʔɾǸǱ Ǎɾ ʌțǸ ǪɐɅʌǍǪʌ ʌțȡǪȶɅǸɾɾ Ȓɐɶ ʌțǸ ɾțǸȺȺɾṣ  

 ¸ɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṞ SOFTṞ IGAP ǍɅǱ ɾʌȡǪȶʳ ǪɐɅʌǍǪʌ 
uɅ ɾɐɃǸ ɾɳǸǪȡ̟Ǫ ǪǍɾǸɾṞ ȡʌ Ƀȡȓțʌ ǩǸ ǱǸɾȡɶǍǩȺǸ ʌɐ ʔɾǸ ɅɐɅẁɃɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ṵȒɐɶ ǸʲǍɃɳȺǸ 

*CONTACT_SURFACE_TO_SURFCAE_INTERFERENCE_ID ɃǍʳ ȡɅ ɾɐɃǸ ɾȡʌʔǍʌȡɐɅɾ ǩǸ ʔɾǸȒʔȺ Ȓɐɶ ɶǸɾɐȺʬȡɅȓ Ǎ 

ɳɶǸɾɾẁ̟ ʌṶṣ  fɐɶ ǍȺȺ ɅɐɅẁɃɐɶʌǍɶ ǪɐɅʌǍǪʌɾṞ Ǎ ẌɾʌȡǪȶʳẍ ǩǸțǍʬȡɐɶ ȡɾ ǍǪʌȡʬǸ ǩʳ ǱǸȒǍʔȺʌṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ǪɐɅʌǍǪʌ 

ȒɐɶǪǸɾ ǍɶǸ ʌɶǍɅɾȒǸɶɶǸǱ ǩǸȒɐɶǸ ʌțǸ ɾʔɶȒǍǪǸ ȓǍɳ ȡɾ ǪȺɐɾǸǱṞ ǍɅǱ ʌțǍʌ Ǎ ǪǸɶʌǍȡɅ ǍɃɐʔɅʌ ɐȒ ɅǸȓǍʌȡʬǸ ǪɐɅʌǍǪʌ 

ɳɶǸɾɾʔɶǸ ǪǍɅ ǩǸ ʌɶǍɅɾɃȡʌʌǸǱ ǩǸʌʭǸǸɅ ɾʔɶȒǍǪǸɾ ʌțǍʌ ǍɶǸ ɳʔȺȺǸǱ ǍɳǍɶʌ ǍȓǍȡɅṞ ɾǸǸ fȡȓʔɶǸ ᶲ ṣʊ ̞ȡɾ ǩǸțǍʬȡɐɶ 

 
 

14æɶǸʬȡɐʔɾȺʳ ǱǸɅɐʌǸǱ ẍɾȺǍʬǸẍṣ 
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ȡɾ ǪɐɅʌɶɐȺȺǸǱ ǩʳ ʌțǸ IGAP ɳǍɶǍɃǸʌǸɶ ɐɅ >ǍɶǱ ʃ  ṵɐɳʌȡɐɅǍȺ ǪǍɶǱ >Ṷ ɐȒ ʌțǸ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅṣ uɅ ɾɐɃǸ 

ɾȡʌʔǍʌȡɐɅɾṞ ʔɾȡɅȓ ɾʌȡǪȶʳ ǪɐɅʌǍǪʌ ṵIGAP ố ᶯṶ ǪǍɅ ǍȡǱ ǪɐɅʬǸɶȓǸɅǪǸṞ ǩʔʌ ȡɅ ȓǸɅǸɶǍȺṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ 

ʌʔɶɅ ȡʌ ɐȒȒ ṵIGAP ố ᶰṶṣ =ʳ ɾǸʌʌȡɅȓ IGAP ồ ᶰṞ ʌțǸ ɾʌȡǪȶʳ ǪɐɅʌǍǪʌ ʭȡȺȺ ǩǸ ǍǪʌȡʬǸ Ȓɐɶ ʌțǸ ̟ɶɾʌ IGAPẁɴ  ȡʌǸɶǍʌȡɐɅɾṞ 

ǍɅǱ ʌțǸɅ ʌʔɶɅǸǱ ɐȒȒṣ 

fɐɶ ɅɐɅẁɃɐɶʌǍɶ ǪɐɅʌǍǪʌɾṞ Ǎ ɾǸȓɃǸɅʌẁǩǍɾǸǱ ǍȺȓɐɶȡʌțɃ ǪǍɅ ǩǸ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ SOFT ố ᶰṣ   

 

Figure 49. Illustration of contact stiffness as a function of penetration for IGAP = 1 (dashed line) and IGAP = 2 (solid 

line) for non -Mortar contacts.  

 éȡȓȡǱ ʭǍȺȺɾ 
̞Ǹ *RIGIDWALL ɐɳʌȡɐɅ ȡɅ ¬ñẁEĥ¸! ǪǍɅ ǩǸ ɾǸǸɅ Ǎɾ Ǎ ɾɳǸǪȡǍȺ ǪǍɾǸ Ȓɐɶ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌṞ ʭțǸɶǸ ʌțǸ ʔɾǸɶ ǪǍɅ 

ɾɳǸǪȡȒʳ ǪɐɅʌǍǪʌ ṵȡɅǪȺʔǱȡɅȓ ȒɶȡǪʌȡɐɅṶ ʭȡʌț ǍɅ ǍɅǍȺʳʌȡǪǍȺ ɶȡȓȡǱ ɾʔɶȒǍǪǸṣ ̞ȡɾ ǪɐɅʌǍǪʌ ʌʳɳǸ ȡɾ ɃǍȡɅȺʳ 

ǱǸʬǸȺɐɳǸǱ Ȓɐɶ ǸʲɳȺȡǪȡʌ ṵǪɶǍɾț ǸʬǸɅʌṶ ǍɅǍȺʳɾȡɾṣ MʬǸɅ ʌțɐʔȓț ʌțǸɶǸ ɃǍʳ ǩǸ ɾȡʌʔǍʌȡɐɅɾ ʭțǸɶǸ ɶȡȓȡǱ ʭǍȺȺɾ 

ʭɐɶȶ15 ǍȺɾɐ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṞ ȡʌ ȡɾ ȡɅ ʌțǸ ȓǸɅǸɶǍȺ ǪǍɾǸ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ɃǸɾț ʌțǸ ɶȡȓȡǱ ʭǍȺȺ Ǎɾ Ǎ 

ẌɅɐɶɃǍȺẍ ɳǍɶʌṞ ʔɾȡɅȓ MAT_RIGIDṞ ǍɅǱ ʔɾǸ Ǎ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅ Ȓɐɶ ȡɃɳɐɾȡɅȓ ʌțǸ ǱǸɾȡɶǸǱ ǪɐɅʌǍǪʌ 

ǪɐɅǱȡʌȡɐɅṣ 

 ñȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ȡɅ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ǍɅǱ ȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ  
¸ɐɅẁ¶ɐɶʌǍɶ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ʭȡȺȺ ṵȡɅ ɾɐɃǸ ǪǍɾǸɾṶ ǩǸ ȺȡɅǸǍɶȡʽǸǱ ȡɅ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾṝ ȡȒ ʌțǸ ǪɐɅʌǍǪʌ 

ɾʔɶȒǍǪǸɾ ȡɅȡʌȡǍȺȺʳ ǍɶǸ ɾȺȡȓțʌȺʳ ɐʬǸɶẁǪȺɐɾǸǱ ɐɶ Ǎʌ ȺǸǍɾʌ ʌɐʔǪț ǸʲǍǪʌȺʳṞ ʌțǸ ɾʔɶȒǍǪǸɾ ɃǍʳ ǩǸ ẌʌȡǸǱẍ ȡɅ ʌțǸ 

ɅɐɶɃǍȺ ǱȡɶǸǪʌȡɐɅṞ ǩʔʌ ȒɶǸǸ ʌɐ ɃɐʬǸ ɶǸȺǍʌȡʬǸ ʌɐ ǸǍǪț ɐʌțǸɶ ȡɅ ʌțǸ ʌǍɅȓǸɅʌȡǍȺ ǱȡɶǸǪʌȡɐɅṣ  uȒ ʌțǸ ȓǍɳ ǩǸʌʭǸǸɅ 

ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾ ȡɾ ȡɅȡʌȡǍȺȺʳ ɐɳǸɅṞ Ʌɐ ǪɐɅʌǍǪʌ ȒɐɶǪǸɾ ʭȡȺȺ ǩǸ ʌɶǍɅɾȒǸɶɶǸǱṞ ɾǸǸ fȡȓʔɶǸ ᶳ ṣɲ 

̞Ǹ ȺȡɅǸǍɶȡʽǍʌȡɐɅ ɳɶɐǪǸǱʔɶǸ Ȓɐɶ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ɃǍ  rȺǸǍǱ ʌɐ ʔɅȡɅʌǸɅǱǸǱ ɐʬǸɶǸɾʌȡɃǍʌȡɐɅ ɐȒ 

ǸȡȓǸɅʬǍȺʔǸɾṣ fɐɶ ǸʲǍɃɳȺǸṞ ȡȒ ǍɅ fMẁɃǸɾț ȡɾ ʌǍȶǸɅ ȒɶɐɃ ǍɅ ǍʔʌɐɃɐʌȡʬǸ ǪɶǍɾț ɾȡɃʔȺǍʌȡɐɅ ɃɐǱǸȺṞ ʭțǸɶǸ 

ȡɅȡʌȡǍȺ ɳǸɅǸʌɶǍʌȡɐɅɾ ɃǍʳ ǸʲȡɾʌṞ ǍɅǱ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ǍɶǸ ʔɾǸǱṞ ʌțǸ ȺȡɅǸǍɶȡʽǍʌȡɐɅ ɃǍʳ ẌʌȡǸẍ ɳǍɶʌɾ 

ʌɐȓǸʌțǸɶṞ ʭțȡǪț ʌțǸɅ ȡɅ ʌʔɶɅ ȺǸǍǱɾ ʌɐ ʔɅɶǸǍȺȡɾʌȡǪǍȺȺʳ țȡȓț ǸȡȓǸɅʬǍȺʔǸɾṣ uɅ ǪǍɾǸɾ ȺȡȶǸ ʌțȡɾṞ ǪǍɶǸ Ƀʔɾʌ ǩǸ 

ʌǍȶǸɅ ɾɐ ʌțǍʌ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ǍɶǸ ɐɅȺʳ ȡɅʌɶɐǱʔǪǸǱ ʭțǸɶǸ ȡɅʌǸɅǱǸǱṞ ȡɅ Ǎ ʭǍʳ ǪɐɅʌɶɐȺȺǸǱ ǩʳ ʌțǸ ʔɾǸɶṣ ñɐɃǸ 

ɐȒ ʌțǸ ɐɳʌȡɐɅɾ Ȓɐɶ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ǍɶǸ ʌțǸɅṝ 

¶ uȒ Ʌɐ ǍǱǱȡʌȡɐɅǍȺ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ǍɶǸ ȡɅʌǸɅǱǸǱṞ ɾȡɃɳȺʳ ɶǸɃɐʬǸ ʌțǸ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅɾṞ ɐɶ 
ǍȺʌǸɶɅǍʌȡʬǸȺʳ ɶǸɳȺǍǪǸ ʌțǸɃ ǍȺȺ ʭȡʌț ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṣ 

 
 

15 fɐɶ ǸʲǍɃɳȺǸṞ ɾțǸȺȺ ɾʌɶʔǪʌʔɶǸɾ ȡɅʬɐȺʬȡɅȓ ɃǸʌǍȺȺȡǪ ɃǍʌǸɶȡǍȺɾ ɃǍʳ ʭɐɶȶ ɶǸǍɾɐɅǍǩȺʳ ʭǸȺȺ ʭȡʌț 
*RIGIDWALL ȡɅ ȡɃɳȺȡǪȡʌṞ ʭțȡȺǸ Ȓɐɶ ǸʲǍɃɳȺǸ ɳȺǍɾʌȡǪ ǪɐɃɳɐɅǸɅʌɾ ɃǸɾțǸǱ ʭȡʌț ɾɐȺȡǱ ǸȺǸɃǸɅʌɾ 
ɃǍʳ ǸɅǱ ʔɳ ʭȡʌț ʔɅɶǸǍȺȡɾʌȡǪǍȺȺʳ ȺǍɶȓǸ ɳǸɅǸʌɶǍʌȡɐɅɾṣ 
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Ʌ 
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¶ uȒ Ǎ ǩǸțǍʬȡɐɶ ʭțǸɶǸ ɳǍɶʌɾ ǍɳɳǸǍɶ Ǎɾ ẌȓȺʔǸǱẍ ɐɶ ẌʭǸȺǱǸǱẍ ʌɐȓǸʌțǸɶ ȡɾ ǱǸɾȡɶǸǱṞ ȡɅʌɶɐǱʔǪǸ ʌȡǸǱ 
ǪɐɅʌǍǪʌɾ ṵɾǸǸ ñǸǪʌȡɐɅ ᶴṣṶɴ ȡɅ ʌțǸ ǍɳɳɶɐɳɶȡǍʌǸ ǍɶǸǍɾṣ   

o uɅ ɾɐɃǸ ɾȡʌʔǍʌȡɐɅɾṞ ʌțǸ ʔɾǸ ɐȒ ʌțǸ ɐɳʌȡɐɅ *CONTACT_AUTOMATIC_SINGLE_SURFACE_TIED_ID 
ɃǍʳ ǩǸ ɃɐʌȡʬǍʌǸǱṣ ̞ȡɾ ɳǸɅǍȺʌʳ ǩǍɾǸǱ ʌȡǸǱ ǪɐɅʌǍǪʌ ǍǪʌɾ ȺȡȶǸ Ǎ ɾȡɅȓȺǸ ɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌṞ ǩʔʌ 
ʌȡǸɾ ɳǍɶʌɾ ǪȺɐɾǸɶ ʌțǍɅ ʌțǸ ʬǍȺʔǸ ɾɳǸǪȡ̟ǸǱ ǩʳ ʌțǸ ʬǍɶȡǍǩȺǸ CLOSE ɐɅ >ǍɶǱ ᶲṣ ̞ Ǹ ǪɐɅʌǍǪʌ 
ɾǸǍɶǪț ȡɾ ǩǍɾǸǱ ɐɅ ʌțǸ ɾȡɅȓȺǸ ɾʔɶȒǍǪǸ ǍɳɳɶɐǍǪțṞ ʭțȡǪț ȡɅ ɾɐɃǸ ǪǍɾǸɾ ɃǍʳ ǪɶǸǍʌǸ ʌȡǸǱ 
ǪɐɅʌǍǪʌ ǩǸʌʭǸǸɅ ɅɐǱǸɾ ǍɅǱ ʌțǸ ɾǍɃǸ ɾǸȓɃǸɅʌɾ ʌțǍʌ ʌțǸ ɅɐǱǸɾ ǍȺɾɐ ǩǸȺɐɅȓ ʌɐṣ >ǍɶǸȒʔȺȺʳ 
ȡɅɾɳǸǪʌ ʌțǸ ɶǸɾʔȺʌɾ ʭțǸɅ ʔɾȡɅȓ ʌțȡɾ ʌȡǸǱ ǪɐɅʌǍǪʌṞ ʌɐ ǸɅɾʔɶǸ ʌțǍʌ ʌțǸ ǱǸɾȡɶǸǱ ɶǸɾʔȺʌɾ ǍɶǸ 
ɐǩʌǍȡɅǸǱṣ 

¶ uȒ ȺȡɅǸǍɶȡʽǸǱ ǪɐɅʌǍǪʌɾ ṵʭțǸɶǸ ɳǍɶʌɾ ȡɅ ǪɐɅʌǍǪʌ ǍɶǸ ȶǸɳʌ ʌɐȓǸʌțǸɶ ǩʔʌ ǪǍɅ ɾȺȡǱǸ ǍȓǍȡɅɾʌ ǸǍǪț ɐʌțǸɶṶ 
ǍɶǸ ǱǸɾȡɶǸǱṝ ɾʌǍɶʌ ʭȡʌț Ǎ ɳǸɅǸʌɶǍʌȡɐɅẁȒɶǸǸ ɃɐǱǸȺṞ ǍɳɳȺʳ ɳɶǸȺɐǍǱȡɅȓ ṵǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅṞ ȓɶǍʬȡʌʳ ǸʌǪṣṶ 
ȡɅ Ǎ ɅɐɅẁȺȡɅǸǍɶ ɾʌǸɳ ǍɅǱ ʌțǸɅ Ǳɐ ǍɅ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾ ṵɾǸǸ ñǸǪʌȡɐɅ ᶲṣᶴṣᶱṶṣ   

 

  

Figure 50. The left image shows two contact surfaces that are initially touching. For this case, using non -Mortar 

contacts in a linear analysis, the surfaces may  be tied in the normal direction but free to move in the tangential 

direction. The right image shows two contact surfaces with an initial gap. For this case, no contact forces will be 

transferred in a linear analysis.  

̞Ǹ ¶ɐɶʌǍɶ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ Ǳɐ Ʌɐʌ ʌɶǍɅɾȒǸɶ ȒɐɶǪǸɾ ȡɅ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ṵʔɅȺǸɾɾ ɳɶǸẁȺɐǍǱȡɅȓ ȡɾ 

ȡɅʌɶɐǱʔǪǸǱ ǩʳ Ǎ ɳɶǸǪǸǱȡɅȓ ɅɐɅẁȺȡɅǸǍɶ ǪǍɾǸṶṣ 

ñȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ʭȡȺȺ ǩǸ ǍɳɳɶɐɳɶȡǍʌǸȺʳ ȺȡɅǸǍɶȡʽǸǱ ǱʔɶȡɅȓ ȡɅʌǸɶɃȡʌʌǸɅʌ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾǸɾ ǍɅǱ 

ȡɅʌǸɶɃȡʌʌǸɅʌ ȺȡɅǸǍɶ ǩʔǪȶȺȡɅȓ ǍɅǍȺʳɾǸɾṞ ȡȒ ǍǪʌȡʬǍʌǸǱ ǩʳ Ȓɐɶ ǸʲǍɃɳȺǸ ɳɶǸẁȺɐǍǱȡɅȓṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶲṣᶴṣᶱṣ ̞ȡɾ 

ɃǸǍɅɾ ʌțǍʌ ɾʔɶȒǍǪǸɾ ʌțǍʌ ǪɐɃǸ ȡɅʌɐ ǪɐɅʌǍǪʌ ǱʔɶȡɅȓ ʌțǸ ɳɶǸẁȺɐǍǱȡɅȓ ǍɅǱ țǍʬǸ Ǎ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸ ǍǪʌȡɅȓ 

ɐɅ ʌțǸɃ ʭȡȺȺṞ ȡɅ ʌțǸ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾ ǍɳɳǸǍɶ Ǎɾ ǪɐɅɅǸǪʌǸǱ ǩʳ ɾʌȡȒȒ ɾɳɶȡɅȓɾ ṵȒɶɐɃ ʌțǸ ǪɐɅʌǍǪʌ ɾʌȡȒȒɅǸɾɾṶ 

ȡɅ ʌțǸ ɅɐɶɃǍȺ ǱȡɶǸǪʌȡɐɅ ʭțȡȺǸ ǩǸȡɅȓ ǍǩȺǸ ʌɐ ɾȺȡǱǸ ȡɅ ʌțǸ ʌǍɅȓǸɅʌȡǍȺ ǱȡɶǸǪʌȡɐɅ ṵǱǸɳǸɅǱȡɅȓ ɐɅ ʌțǸ 

ǪɐǸȒ̟ǪȡǸɅʌ ɐȒ ȒɶȡǪʌȡɐɅṶṣ ¸ɐ ɅǸʭ ǪɐɅʌǍǪʌɾ ǪǍɅ ɐǪǪʔɶ ǱʔɶȡɅȓ ʌțǸ ǸȡȓǸɅʬǍȺʔǸ ǍɅǍȺʳɾȡɾṞ ǍɅǱ ʌțǸ ɐɅǸɾ 

ǱǸʌǸǪʌǸǱ ǱʔɶȡɅȓ ʌțǸ ɅɐɅẁȺȡɅǸǍɶ ɳɶǸȺɐǍǱ ǪǍɅɅɐʌ ǩǸ ɶǸɃɐʬǸǱ ɐɶ ʔɅȺɐǍǱǸǱṣ 

>ɐɅʌǍǪʌ ȒɐɶǪǸɾ ʭȡȺȺ ǩǸ ǪɐɃɳʔʌǸǱ ǍɅǱ ɐʔʌɳʔʌ ṵɾǸǸ ȒʔɶʌțǸɶ ñǸǪʌȡɐɅ ʃ ṣṶɵ ǍȺɾɐ ȡɅ ȺȡɅǸǍɶ ʌɶǍɅɾȡǸɅʌ ɃɐǱǍȺ 

ǱʳɅǍɃȡǪ ǍɅǍȺʳɾǸɾ ǩʔʌ Ʌɐʌ ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ɾʌɶʔǪʌʔɶǸṣ =ʳ ʌțȡɾṞ ʌțǸ ǪɐɅʌǍǪʌ ȒɐɶǪǸ ǪǍɅ ǩǸ ʔɾǸǱ Ǎɾ ǍɅ 

ȡɅǱȡǪǍʌɐɶ ɐȒ ȡɅȡʌȡǍȺȺʳ ɐɳǸɅ ǪɐɅʌǍǪʌ ȓǍɳɾ ǪȺɐɾȡɅȓ ǱʔɶȡɅȓ ʌțǸ ɾȡɃʔȺǍʌȡɐɅṣ 

uɅ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾ ṵnsolvr ố ỗ ɳ ɐɅ *CONTROL_IMPLICIT_SOLUTIONṞ ɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶲṣṶɳ ʌțǸ ʔɾǸ ɐȒ 

ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ȡɾ ȡɅ ȓǸɅǸɶǍȺ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱṣ ñȺȡǱȡɅȓ ǪɐɅʌǍǪʌɾ ǍɶǸ ɅɐɅẁȺȡɅǸǍɶ ȡɅʌǸɶǍǪʌȡɐɅɾṞ 

ȡɅǪɐɃɳǍʌȡǩȺǸ ʭȡʌț ɳʔɶǸȺʳ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṣ ̞Ǹ ǪɐɅʌǍǪʌ ȒɐɶǪǸɾ ǍɶǸ ǪɐɃɳʔʌǸǱ ǍɅǱ ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ɾʌɶʔǪʌʔɶǸṞ 

ǩʔʌ ɾȡɅǪǸ Ʌɐ ǸɵʔȡȺȡǩɶȡʔɃ ȡʌǸɶǍʌȡɐɅɾ ǍɶǸ ɳǸɶȒɐɶɃǸǱṞ ʌțǸ ɶǸɾʔȺʌɾ ʭȡȺȺ ɃǍȶǸ ȺȡʌʌȺǸ ɾǸɅɾǸṣ EʔǸ ʌɐ ʌțǸ ẌɾʌȡǪȶʳẍ 

ɐɳʌȡɐɅṞ IGAP ố ᶯ ɐȒ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṞ ɾǸǸ ñǸǪʌȡɐɅ ᶴṣᶯṣᶳṞ ʌțǸʳ ɃǍʳ ǍɳɳǸǍɶ Ǎɾ ʌȡǸǱ ȡɅ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ uȒ 

ɾʔǪț ǩǸțǍʬȡɐɶ ȡɾ ǱǸɾȡɶǸǱṞ ȡʌ ȡɾ ɳɶǸȒǸɶǍǩȺǸ ʌɐ ɶǸɳȺǍǪǸ ʌțǸ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ʭȡʌț ɳɶɐɳǸɶ ʌȡǸǱ ǪɐɅʌǍǪʌɾṣ 

d 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶴ  ʉ

fɶɐɃ éᶯᶳ ɐȒ ʌțǸ !Ʌɾʳɾ ¬ñẁEĥ¸! ɾɐȒʌʭǍɶǸṞ Ǎ ȺȡɅǸǍɶ ɾɐȺʬǸɶ ʭȡʌț ǪǍɳǍǩȡȺȡʌʳ ʌɐ ɳɶɐɳǸɶȺʳ ʌɶǸǍʌ ɅɐɅȺȡɅǸǍɶ 

ǪɐɅʌǍǪʌ ȡɾ ǍʬǍȡȺǍǩȺǸṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣṣɴ 

 >ɐɅʌǍǪʌɾ Ȓɐɶ ʌțǸɶɃǍȺ ǍɅǍȺʳɾǸɾ 
ÿɐ ȡɅǪȺʔǱǸ țǸǍʌ ʌɶǍɅɾȒǸɶ ǩʳ ǪɐɅʌǍǪʌɾ ǍɅǱ ȓǍɳ ɶǍǱȡǍʌȡɐɅ ȡɅ ʌțǸɶɃǍȺ ɐɶ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ ɾʌɶʔǪʌʔɶǍȺ 

ǍɅǍȺʳɾȡɾṞ ʔɾǸ *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_THERMAL_IDṣ  ̞Ǹ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌɾ 

ʭȡȺȺ ǍȺɾɐ ǍǪǪɐʔɅʌ Ȓɐɶ țǸǍʌ ȓǸɅǸɶǍʌǸǱ ǩʳ ȒɶȡǪʌȡɐɅṣ ñǸǸ ñǸǪʌȡɐɅ ᶲṣᶯᶯṣᶯ Ȓɐɶ ǍɅ ǸʲǍɃɳȺǸ ɐȒ Ǎ ǪɐʔɳȺǸǱ ʌțǸɶɃǍȺ 

ɃǸǪțǍɅȡǪǍȺ ǍɅǍȺʳɾȡɾ ȡɅʬɐȺʬȡɅȓ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ʌțǸ ǍʔʌɐɃǍʌȡǪ ɾʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ 

¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ṵʬǸɶɾȡɐɅɾ éᶯᶮ ǍɅǱ ȺǍʌǸɶṶ ʭȡʌț ʌțǸɶɃǍȺ ɐɳʌȡɐɅɾ ȒɐȺȺɐʭɾṝ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_THERMAL_ID 

Define contact ID, Heading 

Card 1: Define what shall be in contact using parts or part sets 

Card 2: Define friction  

Card 3: Define alternative penalty stiffness (SFSA)and thicknesses (SAST) for shells, or 

leave blank to get defaults 

Card 4: Define thermal contact properties (gap conductance, radiation factor etc.) 

Card 5: Define contact thickness for solids (PENMAX)or leave blank 

Card 6: optional / Define IGAP and IGNORE 

 

uɅ ʌțǸ ȒɐȺȺɐʭȡɅȓṞ ʌțǸ ɾǸɳǍɶǍʌȡɐɅ ɐɶ ȓǍɳ ȡɅ ʌțǸ ǪɐɅʌǍǪʌ ȡɾ ǱǸɅɐʌǸǱ Ǎɾ ȺȓǍɳṣ ̞Ǹ ɳǍɶǍɃǸʌǸɶɾ ʌțǍʌ ǪǍɅ ǩǸ 

ǱǸ̟ɅǸǱ ǍɶǸ 

¶ LMIN ɾɳǸǪȡ̟Ǹɾ ʌțǸ ǪɐɅʌǍǪʌ ȓǍɳ ṵȺȓǍɳṶ Ȓɐɶ ʭțȡǪț ʌțǸ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌ ȡɾ ʌɶǸǍʌǸǱ Ǎɾ ǪȺɐɾǸǱṣ fɐɶ ȺȓǍɳ ồ 
LMAX ʌțǸ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌ ȡɾ Ʌɐʌ ǍǪʌȡʬǸṣ 

¶ H0 ȡɾ ʌțǸ țǸǍʌ ʌɶǍɅɾȒǸɶ ǪɐɅǱʔǪʌǍɅǪǸ Ȓɐɶ Ǎ ǪȺɐɾǸǱ ǪɐɅʌǍǪʌ ȓǍɳṞ ʔɾǸǱ Ȓɐɶ ǪɐɅʌǍǪʌ ȓǍɳɾ ȡɅ ʌțǸ ɶǍɅȓǸ 
ᶮ ¢ ȺȓǍɳ ¢ LMINṣ 

¶ KṞ ʭțȡǪț ǪǍɅ ǩǸ ʔɾǸǱ ʌɐ ɃɐǱǸȺ Ǎ ̠ʔȡǱ ǩǸʌʭǸǸɅ ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾṣ ̞ǸɅ K ȡɾ ʌțǸ ʌțǸɶɃǍȺ 
ǪɐɅǱʔǪʌȡʬȡʌʳ ɐȒ ʌțǸ ̠ʔȡǱṞ ǍɅǱ ʌțǸ ǪɐɅǱʔǪʌǍɅǪǸ ǪǍȺǪʔȺǍʌǸǱ ǩʳ ¬ñẁEĥ¸! ʭȡȺȺ ǩǸ țǪɐɅǱ ố K ṩ ȺȓǍɳṣ 

¶ FRAD ȡɾ ʌțǸ ɶǍǱȡǍʌȡɐɅ ȒǍǪʌɐɶ ǩǸʌʭǸǸɅ ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾṣ ̞ȡɾ ǪǍɅ ǩǸ ʔɾǸǱ ʌɐ ɃɐǱǸȺ țǸǍʌ 
ʌɶǍɅɾȒǸɶ ǱʔǸ ʌɐ ɶǍǱȡǍʌȡɐɅ ɐȒ ɾʔɶȒǍǪǸɾ ǪȺɐɾǸ ʌɐ ǸǍǪț ɐʌțǸɶṣ =ǍɾǸǱ ɐɅ ʌțǸ ɶǸȒǸɶǸɅǪǸ16ẁɾȡǱǸ 
ʌǸɃɳǸɶǍʌʔɶǸ ÿɃ ǍɅǱ ʌțǸ ʌɶǍǪȶǸǱẁɾȡǱǸ ʌǸɃɳǸɶǍʌʔɶǸ ÿɾṞ ¬ñẁEĥ¸! ʭȡȺȺ ǪǍȺǪʔȺǍʌǸ Ǎ ɶǍǱȡǍɅʌ țǸǍʌ 
ʌɶǍɅɾȒǸɶ ǪɐɅǱʔǪʌǍɅǪǸ Ǎɾ È Æ 4 4 4  ṣװ4

¶ FTOSLV Ṿ ǱǸɾǪɶȡǩǸɾ țɐʭ ʌɐ ǱȡɾʌɶȡǩʔʌǸ ʌțǸ ɾȺȡǱȡɅȓ ȒɶȡǪʌȡɐɅ ǸɅǸɶȓʳ ǩǸʌʭǸǸɅ ʌțǸ ʌɶǍǪȶǸǱ ǍɅǱ 
ɶǸȒǸɶǸɅǪǸᶯ ʃɾʔɶȒǍǪǸɾṣ 

uɅ ɾʔɃɃǍɶʳṞ ʌțǸ ǪɐɅʌǍǪʌ ǪɐɅǱʔǪʌǍɅǪǸ ț ʭȡȺȺ ǩǸ ȓȡʬǸɅ ǩʳ 

Ὤ

H0 π ὰ LMIN

Ὤ Ὤ LMINὰ LMAX

π ὰ LMAX

 

ñǸǸ ʔɅǱǸɶ ʌțǸ ɾǸǪʌȡɐɅ THERMAL ɐȒ ʌțǸ *CONTACT Ṿ ȶǸʳʭɐɶǱ ɐȒ éǸȒṣ ṳᶯṴ Ȓɐɶ ɃɐɶǸ ǱǸʌǍȡȺɾṣ =ʳ ɾǸʌʌȡɅȓ ʌțǸ 

ʬǍɶȡǍǩȺǸ BC_FLG ố ᶯṞ ǪɐɅʬǸǪʌȡɐɅ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ṵ*BOUNDARY_CONVECTIONṶ ǍɳɳȺȡǸǱ ʌɐ Ǎ ɾʔɶȒǍǪǸ 

 
 

16 æɶǸʬȡɐʔɾȺʳ ǱǸɅɐʌǸǱ ẍɃǍɾʌǸɶẍṣ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶴ  ʊ

ʭțȡǪț ȡɾ ǍȺɾɐ ȡɅʬɐȺʬǸǱ ȡɅ Ǎ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌ ʭȡȺȺ ǩǸ ǱǸẁǍǪʌȡʬǍʌǸǱ Ȓɐɶ ʌțǸ ɾǸȓɃǸɅʌɾ ʭțǸɶǸ ʌțǸ ʌțǸɶɃǍȺ 

ǪɐɅʌǍǪʌ ȡɾ ǪȺɐɾǸǱṣ 

=ʳ ʔɾǸ ɐȒ ʌțǸ ɐɳʌȡɐɅ _THERMAL_FRICTION, ʌǸɃɳǸɶǍʌʔɶǸ ǱǸɳǸɅǱǸɅʌ ȒɶȡǪʌȡɐɅ ǪɐǸȒ̟ǪȡǸɅʌɾ ǪǍɅ ǩǸ ǱǸ̟ɅǸǱṞ 

ǍɅǱ ʌțǸ ʌțǸɶɃǍȺ ǪɐɅʌǍǪʌ ɳǍɶǍɃǸʌǸɶɾ ǪǍɅ ǩǸ ɾɳǸǪȡ̟ǸǱ Ǎɾ ʌǸɃɳǸɶǍʌʔɶǸ ǍɅǱ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸ ǱǸɳǸɅǱǸɅʌṣ 

 >ɐɅʌǍǪʌɾ Ȓɐɶ ᶰE ǍɅǍȺʳɾȡɾ 
̞Ǹ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ȡɾ ǍȺɾɐ ǍʬǍȡȺǍǩȺǸ Ȓɐɶ ᶰE ǍɅǍȺʳɾǸɾ ṵ¸ÃÿMṠ ɾɃɳẁ¬ñẁEĥ¸! ɐɅȺʳṞ ʔɳ ʌɐ ǍɅǱ ȡɅǪȺʔǱȡɅȓ 

éᶯᶰṣᶮṣᶮṶ Ǎɾ *CONTACT_2D_AUTOMATIC_..._MORTAR_IDṣ ! ʌǸɃɳȺǍʌǸ Ȓɐɶ ʔɾȡɅȓ ʌțǸ ¶ɐɶʌǍɶ ɾʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ 

ᶰE ǪɐɅʌǍǪʌ ȒɐȺȺɐʭɾṝ 

 

*CONTACT_2D_AUTOMATIC_SURFACE_TO_SURFACE_MORTAR_ID 

Define contact ID, Heading 

Card 1: Define what shall be in contact, and friction 

Card 2: Specify activation/deactivation times, or leave blank 

 

ñǸǸ ñǸǪʌȡɐɅ ᶳṣᶳṣᶯ Ȓɐɶ ǍɅ ǸʲǍɃɳȺǸ ʔɾȡɅȓ ʌțǸ ᶰE ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾṣ 

fɐɶ ɾȡɅȓȺǸ ɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌṞ ʌțǸ *CONTACT_2D_AUTOMATIC_SINGLE_SURFACE_MORTAR_ID ɃǍʳ ȡɅ ɾɐɃǸ 

ɾȡʌʔǍʌȡɐɅɾ ǩǸǪɐɃǸ ɵʔȡʌǸ ʌȡɃǸẁǪɐɅɾʔɃȡɅȓṣ ñțɐʔȺǱ ʌțȡɾ ɐǪǪʔɶṞ ǪɐɅɾȡǱǸɶ ɾʭȡʌǪțȡɅȓ ʌɐ Ǎ ɅɐɅẁ¶ɐɶʌǍɶ ɾȡɅȓȺǸ 

ɾʔɶȒǍǪǸ ᶰE ǪɐɅʌǍǪʌṣ  

ğțǸɅ ʔɾǸ ɐȒ Ǎ ɅɐɅẁ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌ ȡɾ ɶǸɵʔȡɶǸǱṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ɾǸʌ ʌțǸ ǪȺɐɾȡɅȓẁǍɅǱẁɐɳǸɅȡɅȓ ̠Ǎȓ 

COF ố ᶯ ɐɅ >ǍɶǱ ɴ  ṵɾȡɃȡȺǍɶ ʌɐ ǱȡɾǍǩȺȡɅȓ ʌțǸ ẌɾʌȡǪȶʳẍ ɐɳʌȡɐɅ Ȓɐɶ IGAP ɐȒ ɅɐɅẁ¶ɐɶʌǍɶ ᶱE ǪɐɅʌǍǪʌɾṞ ǪɐɃɳǍɶǸ 

fȡȓʔɶǸ ᶲ Ṷʊṣ  

ᶴṣᶰ ÿȡǸǱ ǪɐɅʌǍǪʌɾ 
̞Ǹ ɳʔɶɳɐɾǸ ɐȒ ʌȡǸǱ ǪɐɅʌǍǪʌ ȡɾ ʌɐ ǪɐʔɳȺǸ ɳǍɶʌɾ Ǎʌ Ǎ ǪɐɅɾʌǍɅʌ ǱȡɾʌǍɅǪǸṣ uɅ ʌțȡɾ ɾǸǪʌȡɐɅṞ Ǎ ǩɶȡǸȒ ɐʬǸɶʬȡǸʭ ɐȒ 

ʌțǸ ʌȡǸǱ ǪɐɅʌǍǪʌ ṵ*CONTACT_TIED_...17Ṷ ɐɳʌȡɐɅɾ ȡɅ ¬ñẁEĥ¸! ȡɾ ɳɶǸɾǸɅʌǸǱṣ ̞ǸɶǸ ǍɶǸ ʌʭɐ ɃǍȡɅ ȒǍɃȡȺȡǸɾ ɐȒ 

ʌȡǸǱ ǪɐɅʌǍǪʌɾṝ  

¶ *CONTACT_TIED_NODES_TO_SURFACEṞ ʭțǸɶǸ ɐɅȺʳ ʌțǸ ʌɶǍɅɾȺǍʌȡɐɅǍȺ ǱǸȓɶǸǸɾ ɐȒ ȒɶǸǸǱɐɃ ǍɶǸ ʌȡǸǱṞ ɐɶ  
¶ *CONTACT_TIED_SHELL_EDGE_TO_SURFACEṞ ʭțǸɶǸ ǍȺȺ ǍʬǍȡȺǍǩȺǸ ǱǸȓɶǸǸɾ ɐȒ ȒɶǸǸǱɐɃ ǍɶǸ ʌȡǸǱṣ 

 
̞Ǹ ȒǍɃȡȺʳ *CONTACT_TIED_SHELL_EDGE_TO_SURFACE ɾțɐʔȺǱ ǩǸ ʔɾǸǱ ʭțǸɅ ɾʌɶʔǪʌʔɶǍȺ ǸȺǸɃǸɅʌɾ ṵǩǸǍɃɾṞ 

ɾțǸȺȺɾ ṟṞ ɐɶ ɅɐǱǸɾ ɐȒ ʌțǸɾǸ ǸȺǸɃǸɅʌ ʌʳɳǸɾṶ ǍɶǸ ȡɅʬɐȺʬǸǱ ȡɅ Ǎ ʌȡǸǱ ǪɐɅʌǍǪʌṞ ȡȒ ȡʌ ȡɾ ǱǸɾȡɶǸǱ ʌɐ ȡɅʬɐȺʬǸ ǍȺȺ 

ǱǸȓɶǸǸɾ ɐȒ ȒɶǸǸǱɐɃṞ ȡɅǪȺʔǱȡɅȓ ɶɐʌǍʌȡɐɅɾṞ ȡɅ ʌțǸ ʌȡǸǱ ǪɐɅʌǍǪʌṣ ĆɾȡɅȓ *CONTACT_TIED_NODES_TO_SURFACE 

ʭțǸɅ ǩǸǍɃ ǸȺǸɃǸɅʌɾ ǍɶǸ ȡɅʬɐȺʬǸǱ ɃǍʳ ǪɶǸǍʌǸ ɶȡȓȡǱ ǩɐǱʳ ɃɐǱǸɾ ṵɾɳȡɅɅȡɅȓ ǩǸǍɃɾ ɐɶ țȡɅȓǸɾ ȡɅ ʌțǸ 

ɃɐǱǸȺṶṣ 

=ʳ ǍǱǱȡɅȓ ʌțǸ ɐɳʌȡɐɅ OFFSET ʌɐ ʌțǸɾǸ ǪɐɅʌǍǪʌɾ ṵȒɐɶ ǸʲǍɃɳȺǸ 

*CONTACT_TIED_NODES_TO_SURFACE_OFFSET)Ṟ Ǎ ɳǸɅǍȺʌʳẁǩǍɾǸǱ ʌȡǸ ȒɐɶɃʔȺǍʌȡɐɅ ȡɾ ɐǩʌǍȡɅǸǱṣ ̞ȡɾ ȡɾ 

 
 

17 =ʳ ɾǸʌʌȡɅȓ IACC ổ ɳ ɐɅ *CONTROL_ACCURACY ṵǍǪʌȡʬǸ ȡɅ ʌțǸ ǍʌʌǍǪțǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾṶṞ Ǎ ɾʌɶɐɅȓȺʳ 
ɐǩȲǸǪʌȡʬǸ ȒɐɶɃʔȺǍʌȡɐɅ Ȓɐɶ ɾɐɃǸ ɐȒ ʌțǸɾǸ ǪɐɅʌǍǪʌɾ ȡɾ ǍǪʌȡʬǍʌǸǱṞ ɾǸǸ Ἃᶰᶷṣᶯᶮ ɐȒ éǸȒṣ ṳᶯᶯṴ Ȓɐɶ ȒʔɶʌțǸɶ 
ǱǸʌǍȡȺɾṣ 
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ɶǸɵʔȡɶǸǱ ʭțǸɅ ɶȡȓȡǱ ɅɐǱǸɾ ɐɶ ɾǸȓɃǸɅʌɾ ṵǸȡʌțǸɶ Ǎ ɶȡȓȡǱ ɳǍɶʌ ȒɶɐɃ *MAT_RIGID ɐɶ Ǎ ɅɐǱǍȺ ǪɐɅɾʌɶǍȡɅʌṞ Ȓɐɶ 

ǸʲǍɃɳȺǸ *CONSTRAINED_NODAL_RIGID_BODYṞ ɐɶ *BOUNDARY_SPC_...Ṷ ǍɶǸ ȡɅʬɐȺʬǸǱ ȡɅ Ǎ ʌȡǸ ǪɐɅʌǍǪʌṣ MʬǸɅ 

ʭȡʌțɐʔʌ ʔɾȡɅȓ ʌțǸ OFFSET ɐɳʌȡɐɅṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ȺǸʌ ¬ñẁEĥ¸! ǍʔʌɐɃǍʌȡǪǍȺȺʳ ǪɶǸǍʌǸ Ǎ ǩǍǪȶʔɳ ɳǸɅǍȺʌʳẁ

ǩǍɾǸǱ ʌȡǸǱ ǪɐɅʌǍǪʌ Ȓɐɶ ʌțǸ ɶȡȓȡǱ ɅɐǱǸɾṩɾǸȓɃǸɅʌɾ ǩʳ ɾǸʌʌȡɅȓ IPBACK ồ ᶮ ɐɅ ʌțǸ ɐɳʌȡɐɅǍȺ >ǍɶǱ Mṣ =ʳ ʌțȡɾṞ 

¬ñẁEĥ¸! ʭȡȺȺ ̟ɶɾʌ ʌɶʳ ʌɐ ʔɾǸ ȶȡɅǸɃǍʌȡǪ ǪɐɅɾʌɶǍȡɅʌɾ ʌɐ ʌȡǸ ʌțǸ ñĆéf! ɅɐǱǸɾṞ ǍɅǱ Ȓɐɶ ʌțɐɾǸ ɅɐǱǸɾ ʭțɐ ȒǍȡȺ 

ǱʔǸ ʌɐ ẌǪɐɅ̠ȡǪʌȡɅȓ ǪɐɅɾʌɶǍȡɅʌɾẍṞ Ǎ ɳǸɅǍȺʌʳẁǩǍɾǸǱ ǪɐɅɾʌɶǍȡɅʌ ȡɾ ǪɶǸǍʌǸǱṣ 

! ʌɶǍǪȶǸǱ ɅɐǱǸ ȡɾ ɐɅȺʳ ʌȡǸǱ ʌɐ ʌțǸ ɶǸȒǸɶǸɅǪǸ ɾǸȓɃǸɅʌ ȡȒ ȡʌ ȡɾ ʭȡʌțȡɅ Ǎ ǱȡɾʌǍɅǪǸ d ʌɐ ʌțǸ ɶǸȒǸɶǸɅǪǸ 

ɾǸȓɃǸɅʌṣ ̞Ǹ ǱȡɾʌǍɅǪǸ d ȡɾ ǪɐɃɳʔʌǸǱ Ǎɾ 

‏ πȢφπz ὸὬὭὧὯὲὩίίͅὸὶὥὧὯὩὨὲͅέὨὩὸὬὭὧὯὲὩίίὶͅὩὪὩὶὩὲὧὩίͅὩὫάὩὲὸ 

‏ πȢπυzάὭὲὶὩὪὩὶὩὲὧὩίͅὩὫάὩὲὸᾨὭὥὫέὲὥὰί 

‏ άὥὼ‏ȟ‏  

uʌ ȡɾ ɳɐɾɾȡǩȺǸ Ȓɐɶ ʌțǸ ʔɾǸɶ ʌɐ ǸʲɳȺȡǪȡʌȺʳ ɾɳǸǪȡȒʳ ʌțǸ ʌȡǸ ǱȡɾʌǍɅǪǸ ǩʳ ǸɅʌǸɶȡɅȓ Ǎ ɅǸȓǍʌȡʬǸ ʬǍȺʔǸ Ȓɐɶ ʌțǸ SAST 

ǍɅǱ SBST ɳǍɶǍɃǸʌǸɶɾ ɐɅ ǪǍɶǱ ɵ ṣ ̞Ǹ ʌȡǸ ǱȡɾʌǍɅǪǸ ʭȡȺȺ ʌțǸɅ ǩǸ ǪɐɃɳʔʌǸǱ Ǎɾ  

‏ πȢφz ȿὛὛὝὓὛὝȿṣ uʌ ȡɾ ɾʌɶɐɅȓȺʳ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ǪțǸǪȶ ʌțǸ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ʔɾȡɅȓ Ǎ ȓɶǍɳțȡǪǍȺ 

ɳɶǸɳɶɐǪǸɾɾɐɶṞ ɾʔǪț Ǎɾ ¬ñẁæɶǸæɐɾʌṞ ʌɐ ǍɾɾʔɶǸ ʌțǍʌ ʌțǸ ɅɐǱǸɾ ȓǸʌ ʌȡǸǱ Ǎɾ ȡɅʌǸɅǱǸǱṣ uʌ ȡɾ ǍȺɾɐ ɶǸǪɐɃɃǸɅǱǸǱ 

ʌɐ ǪțǸǪȶ ȡɅ messag ṵmes00*Ṷ ̟ȺǸṵɾṶ Ȓɐɶ ʭǍɶɅȡɅȓ ɃǸɾɾǍȓǸɾ Ȓɐɶ ɅɐǱǸɾ ʌțǍʌ ǍɶǸ Ʌɐʌ ǩǸȡɅȓ ʌȡǸǱṣ   

uȒ Ǎ ʌɶǍǪȶǸǱ ɅɐǱǸ ȡɾ ʌȡǸǱ ṵʭȡʌțȡɅ ʌțǸ ǱȡɾʌǍɅǪǸ d Ǎɾ ǍǩɐʬǸṶṞ ǍɅǱ ʌțǸ OFFSET ɐɳʌȡɐɅ ȡɾ Ʌɐʌ ǍǪʌȡʬǸṞ ȡʌ ʭȡȺȺ ǍȺɾɐ 

ǩǸ ɃɐʬǸǱ ṵǩʔʌ ʭȡʌțɐʔʌ ǪǍʔɾȡɅȓ ǍɅʳ ɾʌɶǸɾɾǸɾ ɐɶ ɾʌɶǍȡɅɾṶ ʌɐ ʌțǸ ɶǸȒǸɶǸɅǪǸ ɾǸȓɃǸɅʌ ṵʭȡʌțɐʔʌ ǪɐɅɾȡǱǸɶȡɅȓ 

ɾțǸȺȺ ʌțȡǪȶɅǸɾɾṶ ǍʔʌɐɃǍʌȡǪǍȺȺʳṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ɃǸɾț ɃǍʳ ǩǸ ɃɐǱȡ̟ǸǱṞ ʭțȡǪț ǪǍɅ ȺǸǍǱ ʌɐ ɃǸɾț 

ǱȡɾʌɐɶʌȡɐɅṣ ÃɅǸ ʭǍʳ ʌɐ ʬȡɾʔǍȺȡʽǸ ʌțǸɾǸ ɅɐǱǍȺ ɃɐʬǸɃǸɅʌɾ ȡɾ ʌɐ ǪɶǸǍʌǸ Ǎ ʬǸǪʌɐɶ ɳȺɐʌ ɐȒ ʌțǸ ǱȡɾɳȺǍǪǸɃǸɅʌɾ 

Ǎʌ ʌ ố ᶮṣ ̞Ǹ ɅɐǱǍȺ ɃɐʬǸɃǸɅʌɾ ʭȡȺȺ ǍȺɾɐ ǩǸ ɳɶȡɅʌǸǱ ȡɅ ʌțǸ d3hsp ̟ ȺǸṣ uɅ ǪǍɾǸ ɐȒ ɾǸʬǸɶǸ ɃǸɾț ǱȡɾʌɐɶʌȡɐɅ 

ǱʔǸ ʌɐ ɅɐǱǸɾ ǩǸȡɅȓ ɃɐʬǸǱ ǩʳ ʌȡǸǱ ǪɐɅʌǍǪʌṞ Ǎ ʭǍɶɅȡɅȓ ɃǸɾɾǍȓǸ ʭȡȺȺ ǩǸ ȡɾɾʔǸǱṝ 

*** Warning 41240 (SOL+1240) 

     Volume of solid element # XXX drastically reduced 

     in first cycle, this may be due to inappropriately 

     applied tied contact constraints. 

 

uȒ ʌțǸ OFFSET ɐɳʌȡɐɅ ȡɾ ǍǪʌȡʬǸṞ ʌțǸ ʌɶǍǪȶǸǱ ɅɐǱǸɾ ʭȡȺȺ Ʌɐʌ ǩǸ ɃɐʬǸǱṣ uɅ ȓǸɅǸɶǍȺṞ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ʭȡʌț ɐɅȺʳ 

ʌțǸ OFFSET ɐɳʌȡɐɅ ʭȡȺȺ Ʌɐʌ ǍǪǪɐʔɅʌ Ȓɐɶ ʌțǸ ɃɐɃǸɅʌɾ ǱʔǸ ʌɐ ɾǸɳǍɶǍʌȡɐɅ ǩǸʌʭǸǸɅ ʌɶǍǪȶǸǱ ɅɐǱǸɾ ǍɅǱ 

ɶǸȒǸɶǸɅǪǸ ɾǸȓɃǸɅʌɾṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸɶǸ ɃǍʳ ǩǸ Ǎ ɶȡɾȶ ɐȒ ǪɶǸǍʌȡɅȓ ǍɅ Ǎɶʌȡ̟ǪȡǍȺ ɶǸɾȡɾʌǍɅǪǸ ǍȓǍȡɅɾʌ 

ṵȺǍɶȓǸṶ ɶɐʌǍʌȡɐɅɾ ȡȒ ʌțǸ ɾǸɳǍɶǍʌȡɐɅ ȡɾ ʌɐɐ ǩȡȓṣ 

uȒ Ǎ ǪɐɅɾʌɶǍȡɅʌẁǩǍɾǸǱ ǪɐɅʌǍǪʌ ʌțǍʌ ǱɐǸɾ Ʌɐʌ ɃɐʬǸ ʌțǸ ʌɶǍǪȶǸǱ ɅɐǱǸɾ ȡɾ ǱǸɾȡɶǸǱṞ ʌțǸ ɐɳʌȡɐɅ 

CONSTRAINED_OFFSET ǪǍɅ ǩǸ ʔɾǸǱṣ uɅ ǍǱǱȡʌȡɐɅṞ ʌțȡɾ ɐɳʌȡɐɅ ʭȡȺȺ ǍȺɾɐ ǍǪǪɐʔɅʌ Ȓɐɶ ʌțǸ ɃɐɃǸɅʌ ǪɶǸǍʌǸǱ ǱʔǸ 

ʌɐ ɾǸɳǍɶǍʌȡɐɅ ǩǸʌʭǸǸɅ ʌɶǍǪȶǸǱ ɅɐǱǸɾ ǍɅǱ ɶǸȒǸɶǸɅǪǸ ɾǸȓɃǸɅʌɾṣ !Ʌ ɐʬǸɶʬȡǸʭ ɐȒ ʌțǸ Ƀɐɾʌ ǪɐɃɃɐɅ ʌȡǸǱ 

ǪɐɅʌǍǪʌ ɐɳʌȡɐɅɾ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ÿǍǩȺǸ ṣƫ  

!Ʌ ǍȺʌǸɶɅǍʌȡʬǸ ʌɐ *CONTACT_TIED_NODES_TO_SURFACE ȡɾ ʌțǸ SURFACE_TO_SURFACE ʌʳɳǸṣ fɐɶ ʌțȡɾ ȺǍʌʌǸɶ 

ʌʳɳǸṞ ɾǸȓɃǸɅʌ ɾǸʌɾ ɃǍʳ ǩǸ ɾɳǸǪȡ̟ǸǱ Ȓɐɶ ʌțǸ ʌɶǍǪȶǸǱ ɾȡǱǸṞ ʭțȡǪț ȡɾ Ʌɐʌ ǍȺȺɐʭǸǱ Ȓɐɶ ʌțǸ 

NODES_TO_SURFACE ʌʳɳǸṣ fɐɶ ʌțǸ NODES_TO_SURFACE ʌʳɳǸṞ ɅɐǱǸ ɾǸʌɾ ɃǍʳ ǩǸ ɾɳǸǪȡ̟ǸǱ Ȓɐɶ ʌțǸ ʌɶǍǪȶǸǱ 

ɾȡǱǸṞ ʭțȡǪț ȡɾ Ʌɐʌ ǍȺȺɐʭǸǱ Ȓɐɶ ʌțǸ SURFACE_TO_SURFACE ʌʳɳǸṣ 
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fɐɶ ɃǍʲȡɃʔɃ ǪɐɅʌɶɐȺ ɐʬǸɶ ʭțȡǪț ɅɐǱǸɾ ʌțǍʌ ȓǸʌ ʌȡǸǱṞ Ǎ ʌɶǍǪȶǸǱ ɅɐǱǸ ɾǸʌ ṵsstyp ố ᶲṶ ɾțɐʔȺǱ ǩǸ 

ɾɳǸǪȡ̟ǸǱṣ uȒ ᶰɅǱ ɐɶǱǸɶ ǸȺǸɃǸɅʌɾ ǍɶǸ ȡɅʬɐȺʬǸǱ ȡɅ Ǎ ʌȡǸǱ ǪɐɅʌǍǪʌṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ Ǎ ʌɶǍǪȶǸǱ ɅɐǱǸ 

ɾǸʌ ṵȡɅǪȺʔǱȡɅȓ ɃȡǱẁɾȡǱǸ ɅɐǱǸɾṶ ǍɅǱ ǱǸ̟ɅǸ ʌțǸ ɶǸȒǸɶǸɅǪǸ ɾȡǱǸ ǩʳ ɳǍɶʌ uE ɐɶ ɳǍɶʌ ɾǸʌ uE ṵSURFBTYP ố ᶰ ɐɶ ᶱṶṣ 

Table 7. Overview of some tied contact options  
*CONTACT_TIED_ >ɐɅɾʌɶǍȡɅʌ 

ȒɐɶɃʔȺǍʌȡɐɅ 

EÃfɾ ¶ɐʬǸ 

ɅɐǱǸɾṵᶯṶ 

¶ɐɃǸɅʌ 

ʌɶǍɅɾȒǸɶɶǸǱṵᶰṶ 

NODES_TO_SURFACE ©ȡɅǸɃǍʌȡǪ ᶯ Ṿ ɵ ĥǸɾ  
NODES_TO_SURFACE_OFFSET æǸɅǍȺʌʳ ᶯ Ṿ ɵ ¸ɐ ¸ɐ 
NODES_TO_SURFACE_CONSTRAINED_OFFSET ©ȡɅǸɃǍʌȡǪ ᶯ ẁ ɵ   ¸ɐ ĥǸɾ 
     
SHELL_EDGE_TO_SURFACE ©ȡɅǸɃǍʌȡǪ !ȺȺṵᶱṶ ĥǸɾ  
SHELL_EDGE_TO_SURFACE_OFFSET æǸɅǍȺʌʳ !ȺȺṵᶱṶ ¸ɐ ¸ɐ 
SHELL_EDGE_TO_SURFACE_BEAM_OFFSET æǸɅǍȺʌʳ !ȺȺṵᶱṶ ¸ɐ ĥǸɾ 
SHELL_EDGE_TO_SURFACE_CONSTRAINED_OFFSET ©ȡɅǸɃǍʌȡǪ !ȺȺṵᶱṶ ¸ɐ ĥǸɾ 

¸ɐʌǸɾṝ ṵᶯṶ ÃɅȺʳ ʌɶǍǪȶǸǱ ɅɐǱǸɾ ʭȡʌțȡɅ ʌțǸ ɾǸǍɶǪț ǱȡɾʌǍɅǪǸ ʭȡȺȺ ǩǸ ɃɐʬǸǱṣ ṵᶰṶ EʔǸ ʌɐ ɾǸɳǍɶǍʌȡɐɅ ǩǸʌʭǸǸɅ 

ʌɶǍǪȶǸǱ ɅɐǱǸɾ ǍɅǱ ɶǸȒǸɶǸɅǪǸ ɾǸȓɃǸɅʌɾṣ ÃɅȺʳ ǍɳɳȺȡǸɾ ʌɐ ʌțǸ _OFFSET_ ɐɳʌȡɐɅṣ ṵᶱṶ !ȺȺ ǍʬǍȡȺǍǩȺǸ ǱǸȓɶǸǸɾ ɐȒ 

ȒɶǸǸǱɐɃṞ ǱǸɳǸɅǱȡɅȓ ɐɅ ǸȺǸɃǸɅʌ ʌʳɳǸ ɐȒ ʌțǸ ʌɶǍǪȶǸǱ ɅɐǱǸṣ 

fɐɶ ʌțǸ ǪǍɾǸ ɐȒ ÿẁȲɐȡɅʌẁȺȡȶǸ ȲʔɅǪʌȡɐɅɾṞ ʌțǸ *CONTACT_TIED_SHELL_EDGE_TO_SURFACE_BEAM_OFFSET ɃǍʳ 

ǩǸ ʌɐɐ ʭǸǍȶ ȡɅ ǩǸɅǱȡɅȓṞ ɾǸǸ éǸȒṣ ṳᶲᶰṴṞ ʭțȡȺǸ ʌțǸ ǪɐɅɾʌɶǍȡɅǸǱ ɐȒȒɾǸʌ ɐɳʌȡɐɅ 

ṵ*CONTACT_TIED_SHELL_EDGE_TO_SURFACE_CONSTRAINED_OFFSETṶ ʌɶǍɅɾȒǸɶɾ ɃɐɃǸɅʌɾ ɃɐɶǸ ǪɐɶɶǸǪʌȺʳṣ 

̞ȡɾ ʌȡǸǱ ǪɐɅʌǍǪʌ ȡɾ ȡɅ ȓǸɅǸɶǍȺ ɶǸǪɐɃɃǸɅǱǸǱ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ǍɅǱ ǪǍɅ ǍȺɾɐ țǍɅǱȺǸ ɾȡʌʔǍʌȡɐɅɾ 

ȡɅʬɐȺʬȡɅȓ ǪɐɅ̠ȡǪʌȡɅȓ ǪɐɅɾʌɶǍȡɅʌɾ ȡȒ ʌțǸ IPBACK ɐɳʌȡɐɅ ȡɾ ǍǪʌȡʬǍʌǸǱṣ  

!Ʌ ǸʲǍɃɳȺǸ ɐȒ Ǎ ʌȡǸǱ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅ ȒɐȺȺɐʭɾṝ 

*CONTACT_TIED_SHELL_EDGE_TO_SURFACE_CONSTRAINED_OFFSET_ID 

Define contact ID, Heading 

Card 1: Define what shall be tied 

Card 2: Blank 

Card 3: Define alternative tie distance via SAST, SBST < 0 (optional, can be blank line) 

Card 4- D: Optional / blank 

Card E: Optional / recommended / set IPBACK > 0 (position 3) 

 

̞ǸɶǸ ȡɾ ǍȺɾɐ ǍɅ ɐɳʌȡɐɅ ʌɐ ǪțǍɅȓǸ ɃɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ʌɐ ɳǸɅǍȺʌʳẁǩǍɾǸǱ ʌȡǸǱ ǪɐɅʌǍǪʌɾṞ 

*CONTACT_..._MORTAR_TIEDṣ ̞ȡɾ ǪǍɅ Ȓɐɶ ǸʲǍɃɳȺǸ ǩǸ ʔɾǸȒʔȺ ʭțǸɅ ǱǸǩʔȓȓȡɅȓ ǪɐɅʬǸɶȓǸɅǪǸ ɳɶɐǩȺǸɃɾ 

ǩʳ ɾʭȡʌǪțȡɅȓ ȒɶɐɃ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌ ʌɐ ʌȡǸǱ ǪɐɅʌǍǪʌṣ   

̞ǸɶɃǍȺ ɳɶɐɳǸɶʌȡǸɾ ǪǍɅ ǩǸ ɾɳǸǪȡ̟ǸǱ Ȓɐɶ ʌȡǸǱ ǪɐɅʌǍǪʌɾṞ ȡɅ ʌțǸ ɾǍɃǸ ʭǍʳ Ǎɾ Ȓɐɶ Ǎ ɾȺȡǱȡɅȓ ǪɐɅʌǍǪʌṞ ɾǸǸ 

ñǸǪʌȡɐɅ ᶴṣᶯṣᶶṞ ʔɾȡɅȓ ʌțǸ ȶǸʳʭɐɶǱɾ *CONTACT_TIED_..._THERMAL_IDṣ 

! ǩɶȡǸȒ ɐʬǸɶʬȡǸʭ ɐȒ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ȡɅ ¬ñẁEĥ¸!Ṟ ȒɐǪʔɾȡɅȓ ɐɅ ǸʲɳȺȡǪȡʌ ɾȡɃʔȺǍʌȡɐɅɾṞ ȡɾ ɳɶǸɾǸɅʌǸǱ ȡɅ ʌțǸ 

ğǸǩȡɅǍɶ ẌÿȡǸǱ ǍɅǱ ʌȡǸǩɶǸǍȶ ǪɐɅʌǍǪʌɾ ȡɅ ¬ñẁEĥ¸!ẍ ṳᶱᶳṴṣ 

 ¶ǍȶȡɅȓ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾ ɾʌȡǪȶ ʌɐȓǸʌțǸɶ 
uɅ ɾɐɃǸ ɾȡʌʔǍʌȡɐɅɾṞ ȡʌ ȡɾ ǱǸɾȡɶǸǱ ʌɐ țǍʬǸ ʌʭɐ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾ ɾʌȡǪȶ ʌɐ ǸǍǪț ɐʌțǸɶ Ǎɾ ɾɐɐɅ Ǎɾ ʌțǸʳ ǪɐɃǸ 

ȡɅʌɐ ǪɐɅʌǍǪʌṝ ȡɅȡʌȡǍȺȺʳ ʌțǸ ǪɐɅʌǍǪʌ ɾʔɶȒǍǪǸɾ ǍɶǸ ɾǸɳǍɶǍʌǸǱ ǍɅǱ ǪǍɅ ɃɐʬǸ ȡɅǱȡʬȡǱʔǍȺȺʳṞ ǩʔʌ Ǎɾ ɾɐɐɅ Ǎɾ ʌțǸʳ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶵ  ɴ

ʌɐʔǪțṞ ʌțǸʳ ʭȡȺȺ ǩǸ ẌȓȺʔǸǱẍ ʌɐȓǸʌțǸɶṞ Ǎɾ ȡɅ Ǎ ʌȡǸǱ ǪɐɅʌǍǪʌṣ ̞ȡɾ ɃǍʳ ȡɅ ɾɐɃǸ ɾǸɅɾǸ ǩǸ ɾǸǸɅ Ǎɾ țǍʬȡɅȓ 

ẌȡɅ̟ɅȡʌǸẍ ȒɶȡǪʌȡɐɅ ṵǪɐɃɳǍɶǸ *FRICTION, ROUGH ȡɅ !ǩǍɵʔɾṶṣ uɅ ¬ñẁEĥ¸!Ṟ ʌțȡɾ ǪǍɅ ǩǸ ǍǪțȡǸʬǸǱ ǩ  rʔɾȡɅȓ 

ʌțǸ ǪɐɅʌǍǪʌ ɐɳʌȡɐɅ *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_TIEBREAK_ID with OPTION = 1 ɐɅ 

>ǍɶǱ ɸ. uʌ ȡɾ ǍȺɾɐ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ɾǸʌ IGAP ố ᶰ ȡɅ ɐɶǱǸɶ ʌɐ ǍʬɐȡǱ ȒɐɶǪǸ ʌɶǍɅɾȒǸɶ ǩǸȒɐɶǸ ʌțǸ ǪɐɅʌǍǪʌ ȡɾ 

ǸɾʌǍǩȺȡɾțǸǱ. !Ʌ ǸʲǍɃɳȺǸ ɐȒ Ǎ ʌȡǸǩɶǸǍȶ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅ ȒɐȺȺɐʭɾṝ 

*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_TIEBREAK_ID 

Define contact ID, Heading 

Card 1: Define what shall be tied 

Card 2: Define friction (optional) 

Card 3: Blank 

Card 4: Set OPTION = 1 

Card 5 - 6: Blank / optional 

Card 7: Set IGAP = 2 

̞Ǹ ʌȡǸ ǪɐɅɾʌɶǍȡɅʌ ȡɾ ǸɅȒɐɶǪǸǱ ʬȡǍ Ǎ ɳǸɅǍȺʌʳ ȒɐɶɃʔȺǍʌȡɐɅṣ ̞ȡɾ ɃǸǍɅɾ ʌțǍʌ ʌțǸ ǍǩɐʬǸ ɐɳʌȡɐɅ ǪǍɅ ǩǸ ʔɾǸǱ 

ǍȺɾɐ Ȓɐɶ ɶȡȓȡǱ ǩɐǱȡǸɾṣ  

!Ʌ ǸʲǍɃɳȺǸ ɐȒ *CONTACT_AUTOMATIC_SURFACE_TO_SURFACE_TIEBREAK_ID ȡɾ ɾʔɳɳȺȡǸǱ Ǎɾ 

sticking_contact.keyṣ ! ɶʔǩǩǸɶ ʌʔǩǸ ȡɾ ǪɐɃɳɶǸɾɾǸǱ ǩǸʌʭǸǸɅ ʌʭɐ ɶȡȓȡǱ ɳȺǍʌǸɾṣ ğțǸɅ ʌțǸ ɳȺǍʌǸɾ ǍɶǸ 

ǩɶɐʔȓțʌ ǩǍǪȶ ʌɐ ʌțǸȡɶ ɐɶȡȓȡɅǍȺ ɳɐɾȡʌȡɐɅṞ ʌțǸ ɶʔǩǩǸɶ ʌʔǩǸ ɶǸɃǍȡɅɾ ǍʌʌǍǪțǸǱ ʌɐ ʌțǸ ɳȺǍʌǸɾṞ ɾǸǸ  fȡȓʔɶǸ ᶳṣɳ 

   
uɅȡʌȡǍȺ ǪɐɅ̟ȓʔɶǍʌȡɐɅ ¶Ǎʲ ǱǸȒɐɶɃǍʌȡɐɅ fȡɅǍȺ ǪɐɅ̟ȓʔɶǍʌȡɐɅ 

Figure 51. Example of a rubber tube being compressed by two rigid plates  using tiebreak contact with option = 1.  

ᶴṣᶱ >ɐɅʌǍǪʌ ɐʔʌɳʔʌ 
>ɐɅʌǍǪʌ ȒɐɶǪǸɾ ǍɶǸ ɐʔʌɳʔʌ ȡɅ ʌțǸ rcforc ̟ ȺǸṣ ̞ȡɾ ȡɾ Ǎ ʌǍǩʔȺǍɶ ɶǸɾʔȺʌṞ ʭțȡǪț ǪǍɅ ǩǸ ʔɾǸǱ Ȓɐɶ ᶰE 

ɳɐɾʌɳɶɐǪǸɾɾȡɅȓṣ >ɐɅʌǍǪʌ ȒɐɶǪǸɾ ǩǸʌʭǸǸɅ ǪǸɶʌǍȡɅ ɳǍɶʌɾ ɐȒ Ǎ ɾʔɶȒǍǪǸẁʌɐẁɾʔɶȒǍǪǸ ɐɶ ɾȡɅȓȺǸẁɾʔɶȒǍǪǸ ǪɐɅʌǍǪʌ 

ɃǍʳ ǩǸ ǸʲʌɶǍǪʌǸǱ ǩʳ ʔɾǸ ɐȒ ȒɐɶǪǸ ʌɶǍɅɾǱʔǪǸɶɾṞ *CONTACT_FORCE_TRANSDUCER_PENALTY_IDṣ fɐɶ ¶ɐɶʌǍɶ 

ǪɐɅʌǍǪʌɾṞ ʌțǸ ȒɐɶǪǸ ʌɶǍɅɾǱʔǪǸɶɾ Ƀʔɾʌ ǩǸ ǱǸ̟ɅǸǱ ǩǍɾǸǱ ɐɅ ɳǍɶʌɾ ɐɶ ɳǍɶʌ ɾǸʌɾṣ 

uʌ ȡɾ ǍȺɾɐ ɳɐɾɾȡǩȺǸ ʌɐ ɐǩʌǍȡɅ ɐʔʌɳʔʌ ɐȒ ǪɐɅʌǍǪʌ ȓǍɳɾ ǍɅǱ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸ Ȓɐɶ ᶱE ʬȡɾʔǍȺȡʽǍʌȡɐɅ ȡɅ ʌțǸ 

intfor ̟ ȺǸṣ ̞ǸɅṞ ʌțǸ ȒɐȺȺɐʭȡɅȓ ɾʌǸɳɾ Ƀʔɾʌ ǩǸ ȒɐȺȺɐʭǸǱṝ 

¶ ÃɅ ǪǍɶǱ ᶯ ɐȒ ʌțǸ ǪɐɅʌǍǪʌ ǱǸ̟ɅȡʌȡɐɅṞ ɾǸʌ ʌțǸ ɳǍɶǍɃǸʌǸɶɾ SAPR ǍɅǱ SBPR ʌɐ ɐɅǸṣ 
¶ !ȺɾɐṞ ʌțǸ ȶǸʳʭɐɶǱɾ *DATABASE_BINARY_INTFOR_FILE (ǍʬǍȡȺǍǩȺǸ ȒɶɐɃ éᶯᶮṣᶰ) ǍɅǱ 
*DATABASE_EXTENT_INTFOR ǍɶǸ ɶǸɵʔȡɶǸǱ ʌɐ ɾɳǸǪȡȒʳ ʌțǸ ̟ȺǸ ɅǍɃǸṞ ɐʔʌɳʔʌ ȒɶǸɵʔǸɅǪʳ ǍɅǱ ǪɐɅʌǸɅʌ 
ɐȒ ʌțǸ ᶱE ȡɅʌǸɶȒǍǪǸ ȒɐɶǪǸ ̟ȺǸṣ ̞ǸɾǸ ǍɶǸ ǍȺɶǸǍǱʳ ǱǸ̟ɅǸǱ ȡɅ ʌțǸ ȡɅǪȺʔǱǸ ̟ȺǸɾ 
database_cards_static.key ǍɅǱ database_cards_dynamic.keyṣ 

¶ fɐɶ ǍɅǍȺʳɾǸɾ ȡɅ éᶯᶮṣᶯ ɐɶ ɳɶȡɐɶṞ ʌțǸ ȡɅǪȺʔǱǸ ̟ȺǸ database_cards_before_R102.key ɾțɐʔȺǱ ǩǸ ʔɾǸǱṣ 
uʌ ȡɾ ʌțǸɅ ɶǸɵʔȡɶǸǱ ʌɐ ǍǱǱ s=intfor ɐɅ ʌțǸ ǪɐɃɃǍɅǱ ȺȡɅǸ Ȓɐɶ ɾʔǩɃȡʌʌȡɅȓ ʌțǸ ¬ñẁEĥ¸! ǍɅǍȺʳɾȡɾ. 
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>ɐɅɾʌɶǍȡɅʌẁǩǍɾǸǱ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ʭȡȺȺ Ʌɐʌ ɐʔʌɳʔʌ ǪɐɅʌǍǪʌ ɳɶǸɾɾʔɶǸɾ ȡɅʌɐ ʌțǸ ȡɅʌǸɶȒǍǪǸ ȒɐɶǪǸ ̟ȺǸ ṵȡɅʌȒɐɶṶṞ 

ʭțȡȺǸ ɳǸɅǍȺʌʳẁǩǍɾǸǱ ʌȡǸǱ ǪɐɅʌǍǪʌɾ ʭȡȺȺṣ 

̞Ǹ ¶ɐɶʌǍɶ ǪɐɅʌǍǪʌɾ ʭȡȺȺ ɐʔʌɳʔʌ ǪɐɅʌǍǪʌ ǱȡǍȓɅɐɾʌȡǪɾ ȡɅ ʌțǸ ɃǸɾɾǍȓǸ ̟ȺǸ ṵmessag ɐɶ mes00*Ṷṝ 

¶ ! ɶǸɳɐɶʌ ɐȒ ȡɅȡʌȡǍȺ ɳǸɅǸʌɶǍʌȡɐɅɾ ǱʔɶȡɅȓ ȡɅȡʌȡǍȺȡʽǍʌȡɐɅṞ ǍɅǱ 
¶ Ǎʌ ʌțǸ ǩǸȓȡɅɅȡɅȓ ɐȒ ǸǍǪț ȡɃɳȺȡǪȡʌ ʌȡɃǸ ɾʌǸɳṞ Ǎ ɶǸɳɐɶʌ ɐȒ ʌțǸ ɅʔɃǩǸɶ ɐȒ ɾǸȓɃǸɅʌɾ ȡɅ ǪɐɅʌǍǪʌṞ ʌțǸ 
ɃǍʲȡɃʔɃ ɳǸɅǸʌɶǍʌȡɐɅ ṵǍǩɾɐȺʔʌǸ ǍɅǱ ɶǸȺǍʌȡʬǸṶ ǍɅǱ ʭǍɶɅȡɅȓɾ ȡȒ ʌțǸɶǸ ǍɶǸ ɅɐǱǸɾ ʌțǍʌ ǍɶǸ ǪȺɐɾǸ ʌɐ 
ǩǸȡɅȓ ɶǸȺǸǍɾǸǱ ǩʳ ʌțǸ ǪɐɅʌǍǪʌṣ 

 

̞ȡɾ ǪǍɅ ǩǸ ʬǸɶʳ ʔɾǸȒʔȺ ȡɅȒɐɶɃǍʌȡɐɅ Ȓɐɶ ǱǸǩʔȓȓȡɅȓ ǪɐɅʬǸɶȓǸɅǪǸ ɳɶɐǩȺǸɃɾ ɶǸȺǍʌǸǱ ʌɐ ǪɐɅʌǍǪʌɾṣ fɶɐɃ éᶯᶰ 

ɐȒ ¬ñẁEĥ¸!Ṟ ɳǸɅǸʌɶǍʌȡɐɅ ȡɅȒɐɶɃǍʌȡɐɅ ȡɾ ǍȺɾɐ ɐʔʌɳʔʌ ʌɐ ʌțǸ d3plot ǍɅǱ intfor ̟ ȺǸɾ Ȓɐɶ ȒɶȡɅȓǸ ɳȺɐʌʌȡɅȓṞ 

ǍɅǱ ʌɐ ʌțǸ sleout ̟ ȺǸ ṵǩȡɅɐʔʌẁȒɐɶɃǍʌ ɐɅȺʳṶ Ȓɐɶ ǪʔɶʬǸ ṵțȡɾʌɐɶʳṶ ɳȺɐʌʌȡɅȓṣ 

7 ¶ǍʌǸɶȡǍȺ ɃɐǱǸȺɾ 
̞ȡɾ ñǸǪʌȡɐɅ ǪɐɅʌǍȡɅɾ ɐɅȺʳ Ǎ ȒǸʭ ȓǸɅǸɶǍȺ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ɶǸȓǍɶǱȡɅȓ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ 

ǍɅǍȺʳɾǸɾ ȡɅ ¬ñẁEĥ¸!ṣ fɐɶ Ǎ ǱǸʌǍȡȺǸǱ ǱǸɾǪɶȡɳʌȡɐɅ ɐȒ ʌțǸ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍʬǍȡȺǍǩȺǸ ȡɅ ¬ñẁEĥ¸!Ṟ ɾǸǸ éǸȒṣ 

ṳᶰṴṣ æɶǸɾǸɅʌȺʳṞ Ʌɐʌ ǍȺȺ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍɶǸ ɾʔɳɳɐɶʌǸǱ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾṣ uȒ ʔɅɾʔɳɳɐɶʌǸǱ ɃǍʌǸɶȡǍȺɾ ǍɶǸ 

ʔɾǸǱṞ ¬ñẁEĥ¸! ʭȡȺȺ ɳɶȡɅʌ ǍɅ Ǹɶɶɐɶ ɃǸɾɾǍȓǸ ȡɅ ʌțǸ d3hsp ̟ ȺǸ ǍɅǱ ʌǸɶɃȡɅǍʌǸṣ 

̞Ǹ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ *MAT_PIECEWISE_LINEAR_PLASTICITY ṵɐɶ MAT_24Ṷ ȡɾ ǪɐɃɃɐɅȺʳ ʔɾǸǱ ȡɅ ǸʲɳȺȡǪȡʌ 

¬ñẁEĥ¸! ǍɅǍȺʳɾǸɾ ʌɐ ǪțǍɶǍǪʌǸɶȡʽǸ ɃǸʌǍȺȺȡǪ ɃǍʌǸɶȡǍȺɾ ʭȡʌț ɳȺǍɾʌȡǪȡʌʳṞ ǍɅǱ ȡʌ ɳǸɶȒɐɶɃɾ ʭǸȺȺ ǍȺɾɐ Ȓɐɶ ȡɃɳȺȡǪȡʌ 

ǍɅǍȺʳɾǸɾ18ṣ 

!Ʌ ǍȺʌǸɶɅǍʌȡʬǸ ʌɐ *MAT_24Ṟ ȡȒ ǍɅȡɾɐʌɶɐɳʳ ɐɶ ȶȡɅǸɃǍʌȡǪ țǍɶǱǸɅȡɅȓ ȡɾ ɐȒ ȡɅʌǸɶǸɾʌṞ ɃǍʳ ǩǸ *MAT_103ṣ ! 

ʌǸɃɳȺǍʌǸ Ȓɐɶ ǩǍɾȡǪ ʔɾǸ ɐȒ MAT_103Ṟ ʭȡʌț ȡɾɐʌɶɐɳȡǪ țǍɶǱǸɅȡɅȓ ǍɅǱ Ʌɐ ɾʌɶǍȡɅ ɶǍʌǸ ǸȒȒǸǪʌɾṞ ȒɐȺȺɐʭɾṝ 

*MAT_ANISOTROPIC_VISCOPLASTIC_TITLE 

Define material title 

MID, RO, E, PR, 0., 2, LCSS, 1. 

Blank line ³ 5 
 

̞Ǹ ɳǍɶǍɃǸʌǸɶ LCSS ȡɾ ʌțǸ ȺɐǍǱ ǪʔɶʬǸ uE ɐȒ ʌțǸ țǍɶǱǸɅȡɅȓ ǪʔɶʬǸṣ !ȒʌǸɶ ʌțǸ ȺȡɅǸ ǱǸ̟ɅȡɅȓ ɃǍʌǸɶȡǍȺ uEṞ 

ǱǸɅɾȡʌʳ ǸʌǪṣṞ ̟ʬǸ ǩȺǍɅȶ ɶɐʭɾ Ƀʔɾʌ ȒɐȺȺɐʭṣ fɐɶ ɃȡʲǸǱ ɐɶ ȶȡɅǸɃǍʌȡǪ țǍɶǱǸɅȡɅȓ ʭȡʌț Ǎ ɅɐɅẁȺȡɅǸǍɶ 

țǍɶǱǸɅȡɅȓ ǪʔɶʬǸṞ *MAT_ᶰᶰ ʂǪɐʔȺǱ ǩǸ ɐȒ ȡɅʌǸɶǸɾʌṣ ̞ Ǹ *MAT_DAMAGE_3 ṵ¶!ÿṪᶯᶳᶱṶ ȡɾ Ǎ >țǍǩɐǪțǸẁʌʳɳǸ 

ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ Ȓɐɶ ɅɐɅȺȡɅǸǍɶ ɃȡʲǸǱ ɐɶ ȶȡɅǸɃǍʌȡǪ țǍɶǱǸɅȡɅȓṞ ȡɅǪȺʔǱȡɅȓ Ǎ ɳɐɾɾȡǩȡȺȡʌʳ ʌɐ ɾɳǸǪȡȒʳ 

ʌǸɃɳǸɶǍʌʔɶǸ ǱǸɳǸɅǱǸɅʌ ɃǍʌǸɶȡǍȺ ɳǍɶǍɃǸʌǸɶɾṣ 

uȒ Ǎ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ʭȡʌț ȺȡɅǸǍɶ ȡɾɐʌɶɐɳȡǪ țǍɶǱǸɅȡɅȓ ʔɾȡɅȓ Ǎ ʌǍɅȓǸɅʌ ɃɐǱʔȺʔɾ ȡɾ ɶǸɵʔȡɶǸǱṞ ȡʌ ȡɾ 

ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *MAT_24ṣ ̞ǸɅṞ ɐɅȺʳ ɾɳǸǪȡȒʳ ʌțǸ ʳȡǸȺǱ ɾʌɶǸɾɾ ṵSIGYṶ ǍɅǱ ʌțǸ ʌǍɅȓǸɅʌ ɃɐǱʔȺʔɾ 

 
 

18 fɶɐɃ éᶷṞ ȡȒ IACC ố ᶯ ɐɅ *CONTROL_ACCURACY ṵʌțȡɾ ȡɾ ǍǪʌȡʬǸ ȡɅ ʌțǸ ǍʌʌǍǪțǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾṶṣ 



Ἄ ɴᶮᶰ ʃ!̧ ñĥñṞ uɅǪṣ !Ʌɾʳɾ ¬ñẁEĥ¸! ȡɃɳȺȡǪȡʌ ᶵ  ɸ

ṵETANṶ ɐɅ ǪǍɶǱ ᶯ ṵǍɅǱ ɐȒ ǪɐʔɶɾǸ ǍȺɾɐ ʌțǸ ǸȺǍɾʌȡǪ ɳǍɶǍɃǸʌǸɶɾṶ ǍɅǱ ȺǸǍʬǸ ʌțǸ ɐʌțǸɶ ǪǍɶǱɾ ǩȺǍɅȶṣ fɐɶ ʌțȡɾ 

ǪǍɾǸṞ ȡʌ ȡɾ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *MAT_3 ṵ*MAT_PLASTIC_KINEMATICṶ ʭȡʌț ʌțǸ ɳǍɶǍɃǸʌǸɶ BETA ố ᶯṣ  

fɐɶ ȺȡɅǸǍɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ʌțǸ ɃǍʌǸɶȡǍȺ ɶǸɾɳɐɅɾǸ ȡɾ ȺȡɅǸǍɶȡʽǸǱṞ ǩʔʌ ɾʌɶǸɾɾǸɾ ʭȡȺȺ ǩǸ ǪɐɃɳʔʌǸǱ ȒɶɐɃ ʌțǸ 

ɾʌɶǍȡɅɾ ɐǩʌǍȡɅǸǱ ʬȡǍ ʌțǸ ǱȡɾɳȺǍǪǸɃǸɅʌ ɾɐȺʔʌȡɐɅ ʌɐ ʌțǸ ȺȡɅǸǍɶ ɳɶɐǩȺǸɃṣ ñȡɅǪǸ Ʌɐ ǸɵʔȡȺȡǩɶȡʔɃ ȡʌǸɶǍʌȡɐɅɾ ǍɶǸ 

ɳǸɶȒɐɶɃǸǱ ȡɅ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṞ ʌțǸ ɐǩʌǍȡɅǸǱ ɾʌɶǸɾɾǸɾ ǪǍɅ ǩǸ ɅɐɅɾǸɅɾȡǪǍȺṣ uȒ ǪɐɅɾȡɾʌǸɅʌ ǸɾʌȡɃǍʌǸɾ ɐȒ 

ɾʌɶǸɾɾǸɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌ ȡɅ Ǎ ȺȡɅǸǍɶ ǍɅǍȺʳɾȡɾṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *MAT_ELASTICṞ ʭțȡǪț ȡɾ ǍɅ ǸȺǍɾʌȡǪ 

ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ19ṣ 

uʌ ȡɾ țɐʭǸʬǸɶ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *MAT_ELASTIC ʌɐ ɃɐǱǸȺ ɶʔǩǩǸɶẁȺȡȶǸ ǩǸțǍʬȡɐɶ ȡɅ Ǎ ɅɐɅẁȺȡɅǸǍɶ 

ǍɅǍȺʳɾȡɾṞ ɾȡɅǪǸ ȡʌ ȡɾ Ǎ țʳɳɐǸȺǍɾʌȡǪ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺṞ ʭțȡǪț ɃǍʳ ǪǍʔɾǸ ȡɅɾʌǍǩȡȺȡʌȡǸɾ Ǎʌ ȺǍɶȓǸ ɾʌɶǍȡɅɾṣ fɐɶ 

ɃɐǱǸȺȺȡɅȓ ɐȒ ɶʔǩǩǸɶ ɃǍʌǸɶȡǍȺɾṞ ȡʌ ȡɾ ȡɅɾʌǸǍǱ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *MAT_HYPERELASTIC_RUBBER ṵMAT_77Ṷṣ 

!Ʌ ǍȺʌǸɶɅǍʌȡʬǸ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ Ȓɐɶ ɶʔǩǩǸɶ ɃǍʌǸɶȡǍȺɾ ȡɾ *MAT_SIMPLIFIED_RUBBER_FOAM ṵMAT_181ṶṞ ʭțȡǪț 

ǍȺȺɐʭɾ Ȓɐɶ ǱȡɶǸǪʌ ȡɅɳʔʌ ɐȒ ɶǸɾʔȺʌɾ ȒɶɐɃ ɃǍʌǸɶȡǍȺɾ ʌǸɾʌȡɅȓṣ ̞Ǹ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ *MAT_MOONEY-

RIVLIN_RUBBER ṵMAT_27Ṷ ȡɾ ȡɅ ȓǸɅǸɶǍȺ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ Ȓɐɶ ɃɐǱǸȺȺȡɅȓ ɐȒ ɶʔǩǩǸɶ ɐɶ ɶʔǩǩǸɶẁȺȡȶǸ 

ɃǍʌǸɶȡǍȺɾṞ ɾǸǸ !ɳɳǸɅǱȡʲ ! Ȓɐɶ ȒʔɶʌțǸɶ ǱǸʌǍȡȺɾṣ uȒ ǍɅ ǸȺǍɾʌȡǪ ɶǸɾɳɐɅɾǸ ȡɾ ǱǸɾȡɶǸǱṞ 

*MAT_ORTHOTROPIC_ELASTIC ṵMAT_2Ṷ ǪǍɅ ǩǸ ʔɾǸǱṞ ɾȡɅǪǸ ȡʌ ȡɾ Ǎ țʳɳǸɶǸȺǍɾʌȡǪ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ʭțȡǪț ʭɐɶȶɾ 

ǍȺɾɐ Ȓɐɶ ȺǍɶȓǸ ǸȺǍɾʌȡǪ ǱǸȒɐɶɃǍʌȡɐɅɾṣ 

fɐɶ ɃɐǱǸȺȺȡɅȓ ɐȒ ǪɶǸǸɳ ǸȒȒǸǪʌɾṞ ¬ñẁEĥ¸! ɐȒȒǸɶɾ ɃǍɅʳ ɳɐɾɾȡǩȡȺȡʌȡǸɾ ṳᶱᶵṴṨ Ȓɐɶ ǸʲǍɃɳȺǸṞ 

*MAT_THERMO_ELASTO_VISCOPLASTIC_CREEP ṵMAT_188Ṷ ɃǍʳ ǩǸ ʔɾǸȒʔȺṣ 

fɐɶ ɃɐǱǸȺȺȡɅȓ ȒǍǩɶȡǪɾṞ *MAT_FABRIC ǪǍɅ ǩǸ ʔɾǸǱṣ uʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ ʌțǸ ɐɳʌȡɐɅ FORM ố ẁɳ ᶲṣ =ʳ 

ʌțȡɾṞ ǍɅ ǸȺǍɾʌȡǪ ǪɐǍʌȡɅȓ ṵʌțȡǪȶɅǸɾɾ TCOAT ǍɅǱ ĥɐʔɅȓẏɾ ɃɐǱʔȺʔɾ ECOATṶ ǪǍɅ ǩǸ ǍɳɳȺȡǸǱ ʌɐ ʌțǸ ȒǍǩɶȡǪṞ 

ʭțȡǪț ǪǍɅ ȡɃɳɶɐʬǸ ǪɐɅʬǸɶȓǸɅǪǸ ɐȒ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ !Ⱥɾɐ ɾǸʌʌȡɅȓ CSE ố ᶮ ṵǱɐ Ʌɐʌ ǸȺȡɃȡɅǍʌǸ ǪɐɃɳɶǸɾɾȡʬǸ 

ɾʌɶǸɾɾǸɾṶ ȡɾ ǩǸɅǸ̟ǪȡǍȺ Ȓɐɶ ǪɐɅʬǸɶȓǸɅǪǸṣ fɐɶ ʌțǸ ɃǸɾț ɐȒ ʌțǸ ȒǍǩɶȡǪ ɳǍɶʌṞ ɾțǸȺȺ ǸȺȒɐɶɃ ᶷ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ 

ṵʭțǸɅ ʔɾȡɅȓ FORM ố ẁɳ Ṟɸ ȡʌ ȡɾ ǍȺɾɐ ɶǸɵʔȡɶǸǱ ʌɐ ɾǸʌ ICOMP ố ᶯ ǍɅǱ ȡɅɳʔʌ ʬǍȺʔǸɾ Ȓɐɶ B1 ǍɅǱ B2 ɐɅ 

*SECTION_SHELLṶṣ 

fɐɶ ʌțǸ ȒɐǍɃ ɃǍʌǸɶȡǍȺɾ *MAT_LOW_DENSITY_FOAM ǍɅǱ *MAT_FU_CHANG_FOAMṞ ȡʌ ǪǍɅ ǩǸ ǩǸɅǸ̟ǪȡǍȺ Ȓɐɶ 

ǪɐɅʬǸɶȓǸɅǪǸ ʌɐ ɾǸʌ ʌțǸ ʬǍɶȡǍǩȺǸ HU ố ᶮ ṵɳɐɾɾȡǩȺʳ ǍȺɾɐ ʌțǸ ʬǍɶȡǍǩȺǸ SHAPE ố ᶮṶṣ fɐɶ ʌțǸɾǸ ɃǍʌǸɶȡǍȺɾṞ ȡʌ ȡɾ 

ǍȺɾɐ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ǪțǸǪȶ ʌțǍʌ ʌțǸ ĥɐʔɅȓɾ ɃɐǱʔȺʔɾ ṵʬǍɶȡǍǩȺǸ EṶ ȡɾ ǪɐɅɾȡɾʌǸɅʌ ʭȡʌț ʌțǸ ȡɅȡʌȡǍȺ ɾȺɐɳǸ ɐȒ 

ʌțǸ ɾʌɶǸɾɾẁɾʌɶǍȡɅ ǪʔɶʬǸṣ 

ᶵṣᶯ éǍʌǸ ǸȒȒǸǪʌɾ ȡɅ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ 
¶ǍɅʳ ǸȺǍɾʌȡǪẁɳȺǍɾʌȡǪ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ȡɅ ¬ñẁEĥ¸! ǍȺȺɐʭ Ȓɐɶ ɃɐǱǸȺȺȡɅȓ ʌțǸ ȡɅ̠ʔǸɅǪǸ ɐȒ ɾʌɶǍȡɅ ɶǍʌǸ ɐɅ ʌțǸ 

țǍɶǱǸɅȡɅȓṞ ǸȡʌțǸɶ ʬȡǍ Ǎ ʌǍǩʔȺǍɶ ǱǸ̟ɅȡʌȡɐɅ ɐȒ țǍɶǱǸɅȡɅȓ ǪʔɶʬǸɾṞ ɐɶ ʬȡǍ Ȓɐɶ ǸʲǍɃɳȺǸṞ >ɐʭɳǸɶẁñʳɃɐɅǱɾ 

ɶǸȺǍʌȡɐɅṣ ̞ȡɾ ȡɾ ɅɐɶɃǍȺȺʳ Ǎ ǱǸɾȡɶǸǱ ȒǸǍʌʔɶǸ ȡɅ ǸʲɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṞ ʭțǸɶǸ ʌțǸ ɾʌɶǍȡɅ ɶǍʌǸ ǸȒȒǸǪʌ ɐɅ ʌțǸ 

țǍɶǱǸɅȡɅȓ ɃǍʳ ǩǸ ɐȒ ȡɃɳɐɶʌǍɅǪǸṞ ǍɅǱ ʌțǸ ɾɃǍȺȺ ʌȡɃǸẁɾʌǸɳ ɾȡʽǸ ǍȺȺɐʭɾ Ȓɐɶ ȓɐɐǱ ɶǸɾɐȺʔʌȡɐɅ ɐȒ ʌțǸ ɾʌɶǍȡɅ 

ɶǍʌǸɾṣ  

uɅ ǍɅ ȡɃɳȺȡǪȡʌ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾṞ țɐʭǸʬǸɶṞ ʌȡɃǸ ǪǍɅ ǩǸ Ǎ ɳǍɶǍɃǸʌǸɶ ʌțǍʌ ǱɐǸɾ Ʌɐʌ ǪɐɶɶǸɾɳɐɅǱ ʌɐ ɳțʳɾȡǪǍȺ 

ʌȡɃǸṞ ɐɶ ʌțǸ ʌȡɃǸẁɾʌǸɳ ɾȡʽǸ ɃǍʳ ǩǸ ʌɐɐ ȺǍɶȓǸ ʌɐ ǍǱǸɵʔǍʌǸȺʳ ɶǸɾɐȺʬǸ ʌțǸ ɾʌɶǍȡɅ ɶǍʌǸṣ fɐɶ ɾʔǪț ǪǍɾǸɾṞ ȡʌ ȡɾ 

 
 

19 fɶɐɃ éᶯᶳ ɐȒ ¬ñẁEĥ¸!Ṟ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍɶǸ ǍʔʌɐɃǍʌȡǪǍȺȺʳ ȺȡɅǸǍɶȡʽǸǱ ȡɅ ȺȡɅǸǍɶ ǍɅǍȺʳɾǸɾṣ 
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ɶǸǪɐɃɃǸɅǱǸǱ ʌțǍʌ ɾʌɶǍȡɅ ɶǍʌǸ ǸȒȒǸǪʌɾ ṵɐɅ ʌțǸ ʳȡǸȺǱ ȺȡɃȡʌṶ ǩǸ ǱȡɾǍǩȺǸǱṣ ̞ȡɾ ǪǍɅ ǩǸ ǍǪțȡǸʬǸǱ ɐɅ Ǎ ȓȺɐǩǍȺ 

ȺǸʬǸȺṞ Ȓɐɶ ǍȺȺ ǪɐɅɾʌȡʌʔʌȡʬǸ ɃɐǱǸȺɾ ȡɅ Ǎ ɾȡɃʔȺǍʌȡɐɅṞ ǩʳ ɾǸʌʌȡɅȓ IRATE ố ᶯ ɐɅ *CONTROL_IMPLICIT_DYNAMICSṣ 

̞ȡɾ ̠Ǎȓ ʭȡȺȺ țǍʬǸ ǸȒȒǸǪʌṞ ǸʬǸɅ ȡȒ ʌțǸ ǱʳɅǍɃȡǪ ǍɅǍȺʳɾȡɾ ɐɳʌȡɐɅ ȡɾ ȡɅǍǪʌȡʬǸ ṵIMASS ố ᶮṶṣ =ʳ IRATE ố ᶰṞ ɾʌɶǍȡɅ 

ɶǍʌǸ ǸȒȒǸǪʌɾ ǍɶǸ ǱȡɾǍǩȺǸǱ ȡɅ ǩɐʌț ȡɃɳȺȡǪȡʌ ǍɅǱ ǸʲɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾṣ  

fɶɐɃ éᶯᶯ ɐȒ ¬ñẁEĥ¸!Ṟ ɾʌɶǍȡɅ ɶǍʌǸ ǸȒȒǸǪʌɾ ǍɶǸ ǱȡɾǍǩȺǸǱ ǩʳ ǱǸȒǍʔȺʌ Ȓɐɶ ȡɃɳȺȡǪȡʌ ɾʌǍʌȡǪ ǍɅǍȺʳɾǸɾ ǩʔʌ ǪǍɅ ǩǸ 

ǍǪʌȡʬǍʌǸǱ ǩʳ IRATE ố ẁɳ ṣ  uȒ ʬȡɾǪɐǸȺǍɾʌȡǪ ɐɶ ǪɶǸǸɳ ǸȒȒǸǪʌɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ ʔɾȡɅȓ Ȓɐɶ ǸʲǍɃɳȺǸ 

*MAT_BERGSTROM_BOYCE_RUBBERṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ IRATE ố ẁɳṣ   

¸ɐʌǸ ʌțǍʌ ɾǸʌʌȡɅȓ IRATE ổ ɳ ȡɅ ȡɃɳȺȡǪȡʌ ǱʳɅǍɃȡǪɾ ʭȡȺȺ ǪǍɅǪǸȺ ʌțǸ ǸȒȒǸǪʌ ɐȒ ɾʌȡȒȒɅǸɾɾ ǱǍɃɳȡɅȓ ɾɳǸǪȡ̟ǸǱ ǩʳ 

*DAMPING_PART_STIFFNESS ṵɾǸǸ ǍȺɾɐ ñǸǪʌȡɐɅ ᶲṣᶷṣᶯṶṣ 

ᶵṣᶰ ̞ǸɶɃǍȺ ɃǍʌǸɶȡǍȺɾ ǍɅǱ ʌțǸɶɃɐɃǸǪțǍɅȡǪǍȺ ɃǍʌǸɶȡǍȺɾ 
̞Ǹ ʌțǸɶɃǍȺ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾ ṵɾɳǸǪȡ̟Ǫ țǸǍʌṞ ʌțǸɶɃǍȺ ǪɐɅǱʔǪʌȡʬȡʌʳ ǸʌǪṣṶ ǍɶǸ ǱǸ̟ɅǸǱ ɾǸɳǍɶǍʌǸȺʳ ȒɶɐɃ 

ʌțǸ ɃǸǪțǍɅȡǪǍȺ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾṞ ǩʳ ɾǸʌʌȡɅȓ TMID ɐɅ ʌțǸ *PART ǪǍɶǱṣ ̞Ǹ ʌțǸɶɃǍȺ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ȡɅ 

¬ñẁEĥ¸! ǍȺȺ ǩǸȓȡɅ ʭȡʌț *MAT_THERMAL_...Ṟ Ȓɐɶ ǸʲǍɃɳȺǸṞ ʔɾǸ *MAT_THERMAL_ISOTROPIC ʌɐ ǱǸ̟ɅǸ 

ȡɾɐʌɶɐɳȡǪṞ ʌǸɃɳǸɶǍʌʔɶǸẁȡɅǱǸɳǸɅǱǸɅʌ ʌțǸɶɃǍȺ ɳɶɐɳǸɶʌȡǸɾṣ 

fɐɶ ǪɐʔɳȺǸǱ ǍɅǍȺʳɾǸɾṞ ȡʌ ȡɾ ɐȒʌǸɅ ɐȒ ȡɅʌǸɶǸɾʌ ʌɐ ʔɾǸ ʌǸɃɳǸɶǍʌʔɶǸẁǱǸɳǸɅǱǸɅʌ ɃǍʌǸɶȡǍȺ ɳɶɐɳǸɶʌȡǸɾ Ǎɾ ʭǸȺȺṣ ! 

ɵʔȡʌǸ ȓǸɅǸɶǍȺ ʌțǸɶɃɐɃǸǪțǍɅȡǪǍȺ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ȡɾ ʌțǸɅ *MAT_ELASTIC_VISCOPLASTIC_THERMAL 

ṵ¶!ÿṪᶯᶮᶴṶṞ ʭțȡǪț ǍȺȺɐʭɾ Ȓɐɶ ʌǸɃɳǸɶǍʌʔɶǸẁ ǍɅǱ ɶǍʌǸẁǱǸɳǸɅǱǸɅʌ ɳȺǍɾʌȡǪȡʌʳ ʔɾȡɅȓ ʌǍǩȺǸɾ ɐɶ ǍɅǍȺʳʌȡǪǍȺ 

ǸʲɳɶǸɾɾȡɐɅɾṞ ʭțȡȺǸ *MAT_ELASTIC_PLASTIC_THERMAL ṵ¶!ÿṪᶲṶ ȡɾ ɾȡɃɳȺǸɶṞ ǍȺȺɐʭȡɅȓ Ȓɐɶ ȺȡɅǸǍɶ țǍɶǱǸɅȡɅȓ 

ɾɳǸǪȡ̟ǸǱ Ǎʌ ᶶ ʌǸɃɳǸɶǍʌʔɶǸɾṣ 

8 ¬ɐǍǱɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ 
uɅ ʌțȡɾ ñǸǪʌȡɐɅṞ ɾɐɃǸ ǍɾɳǸǪʌɾ ɶǸȓǍɶǱȡɅȓ ȺɐǍǱȡɅȓɾ ǍɅǱ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ǍɶǸ 

ǩɶȡǸ̠ʳ ǱȡɾǪʔɾɾǸǱṣ  

fȡʲǸǱ ɅɐǱǍȺ ǪɐɅɾʌɶǍȡɅʌɾ ȡɅ ¬ñẁEĥ¸! ǍɶǸ ȡɅ ȓǸɅǸɶǍȺ ǍɳɳȺȡǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *BOUNDARY_SPC_SET ṵɐɶ 

*BOUNDARY_SPC_NODEṶṣ æɶǸɾǪɶȡǩǸǱ ɅɐɅẁ̔ Ǹɶɐ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ṵǱȡɾɳȺǍǪǸɃǸɅʌɾṞ ǍǪǪǸȺǸɶǍʌȡɐɅɾ ɐȒ 

ʬǸȺɐǪȡʌȡǸɾṶ ǍɶǸ ǍɳɳȺȡǸǱ ǩʳ ʌțǸ ȶǸʳʭɐɶǱ *BOUNDARY_PRESCRIBED_MOTION_{OPTION}ṣ 

uɅ ǪǍɾǸ Ǎ ṵ̟ʲǸǱṶ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅ ȡɾ ʌɐ ǩǸ ǍǪʌȡʬǸ ɐɅȺʳ ǱʔɶȡɅȓ ɳǍɶʌ ɐȒ ǍɅ ǍɅǍȺʳɾȡɾṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ 

ʔɾǸ *BOUNDARY_PRESCRIBED_MOTION_{OPTION}ṣ ĆɾǸ ɐȒ *BOUNDARY_SPC_{OPTION}_BIRTH_DEATH ȡɾ Ʌɐʌ 

ɶǸǪɐɃɃǸɅǱǸǱṣ ̧ɐʌǸ ʌțǍʌ ȡʌ ȡɾ ɶǸɵʔȡɶǸǱ ʌɐ ǱǸ̟ɅǸ Ǎ ʽǸɶɐẁʬǍȺʔǸǱ ǪʔɶʬǸ ȡɅ ɐɶǱǸɶ ʌɐ ǍɳɳȺʳ Ǎ ̟ʲǸǱ ǩɐʔɅǱǍɶʳ 

ǪɐɅǱȡʌȡɐɅ ǩʳ *BOUNDARY_PRESCRIBED_MOTION_{OPTION}ṣ !ɾ ǍɅ ǸʲǍɃɳȺǸṞ ʌțǸ ȶǸʳʭɐɶǱɾ ɶǸɵʔȡɶǸǱ ʌɐ ȶǸǸɳ 

ʌțǸ ¸ñuE ᶯᶯᶰ ǪɐɅɾʌɶǍȡɅǸǱ ǩǸʌʭǸǸɅ ʌ ố ᶮ ǍɅǱ ʌ ố ᶮṣᶳ ȒɐȺȺɐʭṝ 

*DEFINE_CURVE_TITLE 

Zero curve 

      1001 

0.,0. 

1.,0. 

*BOUNDARY_PRESCRIBED_MOTION_SET 

$#    nsid       dof       vad      lcid        sf       vid     death     birth 

       112         1         2      1001       1.0         0       0.5 

       112         2         2      1001       1.0         0       0.5 

       112         3         2      1001       1.0         0       0.5 
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uɅ ɐɶǱǸɶ ʌɐ ǪɐɅɾʌɶǍȡɅ ɶȡȓȡǱ ɳǍɶʌɾ ṵǍ *PART ǱǸ̟ɅǸǱ Ǎɾ ɶȡȓȡǱ ǩʳ ʔɾǸ ɐȒ *MAT_RIGIDṞ ɐɶ Ǎ 

*CONSTRAINED_NODAL_RIGID_BODYṶ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ *BOUNDARY_PRESCRIBED_MOTION_RIGID 

ǍɅǱ Ǎ ʽǸɶɐẁʬǍȺʔǸǱ ǪʔɶʬǸṣ ̞ȡɾ ʭȡȺȺ ʌțǸɅ ǪɐɅɾʌɶǍȡɅ ʌțǸ ǪǸɅʌǸɶ ɐȒ ȓɶǍʬȡʌʳ ɐȒ ʌțǸ ɶȡȓȡǱ ɳǍɶʌṣ uɅ ǪǍɾǸ ʌțǸ 

ɃɐʌȡɐɅ ȡɾ ǱǸɾȡɶǸǱ ǍɶɐʔɅǱ Ǎ ɾɳǸǪȡ̟Ǫ ɳɐȡɅʌ ʭțȡǪț ǱɐǸɾ Ʌɐʌ ǪɐȡɅǪȡǱǸ ʭȡʌț ʌțǸ ȡɅțǸɶǸɅʌ ǪǸɅʌǸɶ ɐȒ ȓɶǍʬȡʌʳ ɐȒ 

ʌțǸ ɶȡȓȡǱ ɳǍɶʌṞ ʌțǸ _INERTIA ɐɳʌȡɐɅ ǪǍɅ ǩǸ ʔɾǸǱ ʌɐ ɾɳǸǪȡȒʳ Ǎ ǪɐɐɶǱȡɅǍʌǸ ɐɶ Ǎ ɅɐǱǸ uE Ȓɐɶ ʌțǸ ǱǸɾȡɶǸǱ 

ǪǸɅʌǸɶ ɐȒ ȓɶǍʬȡʌʳṣ uʌ ȡɾ ȡɅ ȓǸɅǸɶǍȺ ṵȒɐɶ ¬ñẁEĥ¸! ʬǸɶɾȡɐɅɾ ʔɳ ʌɐ ǍɅǱ ȡɅǪȺʔǱȡɅȓ éᶯᶯṣᶯṶ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ 

ʔɾǸ *BOUNDARY_SPC ʌɐ ǪɐɅɾʌɶǍȡɅ ɅɐǱǸɾ ɐȒ ɶȡȓȡǱ ɳǍɶʌɾṞ ɾȡɅǪǸ ʌțǸɾǸ ǪɐɅɾʌɶǍȡɅʌɾ ʌțǸɅ ɃǍʳ ǩǸ ȡȓɅɐɶǸǱ ǩʳ 

¬ñẁEĥ¸!ṣ uɅ ʌțǍʌ ǪǍɾǸṞ Ǎ ʭǍɶɅȡɅȓ ɃǸɾɾǍȓǸ ȡɾ ɳɶȡɅʌǸǱ ȡɅ ʌțǸ d3hsp ̟ ȺǸṝ 

 *** Warning 60257 (IMP+257) (processor # 0) 

     skipping spc on rigid body node X 

       tcode = Y rcode = Z 

 

uʌ ɃǍʳ ǩǸ ʌǸɃɳʌȡɅȓ ʌɐ ɃǍȶǸ ʔɾǸ ɐȒ ʌțǸ ɳɐɾɾȡǩȡȺȡʌʳ ʌɐ ǪɐɅɾʌɶǍȡɅ ɶȡȓȡǱ ɳǍɶʌɾ ǱǸ̟ɅǸǱ ǩʳ *MAT_RIGID ǩʳ 

ʔɾȡɅȓ ʌțǸ CMO Ồ ɲ  ǍɅǱ CON1Ṟ CON2 ɐɳʌȡɐɅɾ ɐɅ ʌțǸ *MAT_RIGID ǪǍɶǱṞ ǍɅǱ ɅɐɶɃǍȺȺʳ ʌțȡɾ ʭȡȺȺ ǸɅȒɐɶǪǸ ʌțǸ 

ǱǸɾȡɶǸǱ ǪɐɅɾʌɶǍȡɅʌɾ ʌɐ ʌțǸ ɶȡȓȡǱ ɳǍɶʌṣ =ʔʌ ʔɳ ʌɐ ʬǸɶɾȡɐɅ éᶯᶯ ɐȒ ¬ñẁEĥ¸!Ṟ ʌțǸ ɶǸǍǪʌȡɐɅ ȒɐɶǪǸɾ ǱʔǸ ʌɐ 

ǪɐɅɾʌɶǍȡɅʌɾ ɾɳǸǪȡ̟ǸǱ ɐɅ ʌțǸ *MAT_RIGID ǪǍɶǱ ǪǍɅɅɐʌ ǩǸ ɐǩʌǍȡɅǸǱ Ȓɐɶ ɳɐɾʌẁɳɶɐǪǸɾɾȡɅȓṣ uɅ ǪǍɾǸ ʌțǸ 

ǪɐɶɶǸɾɳɐɅǱȡɅȓ ɶǸǍǪʌȡɐɅ ȒɐɶǪǸɾ ǍɶǸ ɐȒ ȡɅʌǸɶǸɾʌṞ ȡʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ʔɾǸ 

*BOUNDARY_PRESCRIBED_MOTION_RIGID ǍɅǱ Ǎ ʽǸɶɐẁʬǍȺʔǸǱ ǪʔɶʬǸṣ  

¬ɐǍǱɾ ȡɅ ¬ñẁEĥ¸! ǍɶǸ ȡɅ ȓǸɅǸɶǍȺ ɾɳǸǪȡ̟ǸǱ ǩʳ ʌțǸ *LOAD_{OPTION} ȶǸʳʭɐɶǱɾṣ =ɐȺʌ ɳɶǸẁȺɐǍǱ ȡɾ ǍɳɳȺȡǸǱ 

ʔɾȡɅȓ ǸȡʌțǸɶ *INITIAL_STRESS_SECTION ṵɾǸǸ ʌțǸ ǸʲǍɃɳȺǸ ɐȒ ñǸǪʌȡɐɅ ᶲṣᶱṣᶰṶ Ȓɐɶ ǩɐȺʌɾ ɃɐǱǸȺȺǸǱ ǩʳ ɾɐȺȡǱ 

ǸȺǸɃǸɅʌɾṞ ɐɶ *INITIAL_AXIAL_FORCE_BEAM Ȓɐɶ ǩɐȺʌɾ ɃɐǱǸȺȺǸǱ ǩʳ ǩǸǍɃ ǸȺǸɃǸɅʌɾṣ uʌ ȡɾ ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ 

ǍɳɳȺʳ ȺɐǍǱȡɅȓɾ ȓɶǍǱʔǍȺȺʳṞ Ȓɐɶ ǸʲǍɃɳȺǸ ǩʳ ȺȡɅǸǍɶ ɶǍɃɳɾṣ !Ʌ ǸʲǍɃɳȺǸ ȒɐȺȺɐʭɾṞ ʭțǸɶǸ Ǎ ǱȡɾʌɶȡǩʔʌǸǱ 

ɳɶǸɾɾʔɶǸ ɐȒ ᶯᶮ ¶æǍ ȡɾ ǍɳɳȺȡǸǱ ʌɐ ɾǸȓɃǸɅʌ ɾǸʌ uE ᶯᶮᶮṝ 

*LOAD_SEGMENT_SET 

$#    ssid      lcid        sf        at   

       100       100       10.       0.0  

*DEFINE_CURVE_TITLE 

Loading ramp 

      1001 

0.,0. 

1.,1. 

2.,1. 

 

¬ɐǍǱȡɅȓ Ǎ ɾʌɶʔǪʌʔɶǸ ʬȡǍ ɳɶǸɾǪɶȡǩǸǱ ǱȡɾɳȺǍǪǸɃǸɅʌ ȡɾ ɐȒʌǸɅ ǩǸɅǸ̟ǪȡǍȺ Ȓɐɶ ǪɐɅʬǸɶȓǸɅǪǸ ɾȡɅǪǸ ȡʌ ɶǸǱʔǪǸɾ 

ʌțǸ ɳɐɾɾȡǩȡȺȡʌȡǸɾ Ȓɐɶ ȡɅɾʌǍǩȡȺȡʌȡǸɾ ɐɶ ɶȡȓȡǱ ǩɐǱʳ ɃɐʌȡɐɅɾṣ fɐɶǪǸɾ ǪǍɅ ǩǸ ǸʬǍȺʔǍʌǸǱ ȒɶɐɃ ǪɐɅʌǍǪʌɾ ṵrcforcṶ 

ɐɶ ǩɐʔɅǱǍɶʳ ǪɐɅǱȡʌȡɐɅɾ ṵspcforcṶ ɐɶ ɳɶǸɾǪɶȡǩǸǱ ɃɐʌȡɐɅɾ ṵbndoutṶṣ uɅ ȡɃɳȺȡǪȡʌ ɾʌǍʌȡǪɾṞ ǪɐɅʬǸɶȓǸɅǪǸ Ȓɐɶ 

ʌțǸ ȒɐɶǪǸẁǩǍɾǸǱ ȺɐǍǱȡɅȓ ʭȡȺȺ ȒǍȡȺ ȡȒ ʌțǸ ɾʌɶʔǪʌʔɶǸ țǍɾ Ǎ ɅɐɅẁɃɐɅɐʌɐɅȡǪ ṵȓȺɐǩǍȺṶ ȒɐɶǪǸẁǱȡɾɳȺǍǪǸɃǸɅʌ 

ɶǸɾɳɐɅɾǸṞ ɾǸǸ fȡȓʔɶǸ ᶳṣɴ =ʳ ʔɾȡɅȓ Ǎ ɳɶǸɾǪɶȡǩǸǱ ɃɐʌȡɐɅ ɐȒ ʌțǸ ȺɐǍǱȡɅȓ ǱǸʬȡǪǸṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ȒɐȺȺɐʭ ʌțǸ 

ǱǸȒɐɶɃǍʌȡɐɅ ǸʬǸɅ ǍȒʌǸɶ ʌțǸ ɳǸǍȶ ȒɐɶǪǸ țǍɾ ǩǸǸɅ ɶǸǍǪțǸǱṣ uɅ ǪǍɾǸ ʌțǸ ʔȺʌȡɃǍʌǸ ǪǍɳǍǪȡʌʳ ǍɅǱ ɳɐɾʌẁɳǸǍȶ 

ǩǸțǍʬȡɐɶ ȡɾ ɾɐʔȓțʌ ʔɾȡɅȓ ȒɐɶǪǸ ǪɐɅʌɶɐȺṞ ʌțǸ ǍɶǪ ȺǸɅȓʌț ɃǸʌțɐǱ ǪǍɅ ǩǸ ǍɳɳȺȡǸǱṞ ɾǸǸ ñǸǪʌȡɐɅ ᶲṣṣʂ 
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Figure 52. Example of different load application approaches. A generic frame structure is compressed by a rigid 

loading device.  

9 ÃʌțǸɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ 
̞ǸɶǸ ǍɶǸ ɃǍɅʳ ǍǱǱȡʌȡɐɅǍȺ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾ ǍʬǍȡȺǍǩȺǸ ȡɅ ¬ñẁEĥ¸! ʭțȡǪț ǍɶǸ ǪʔɶɶǸɅʌȺʳ Ʌɐʌ 

ǱǸɾǪɶȡǩǸǱ ȡɅ ʌțǸ ɳɶǸɾǸɅʌ ǱɐǪʔɃǸɅʌṣ  

¶ǍɅʳ ɐȒ ʌțǸ ɃʔȺʌȡẁɳțʳɾȡǪɾ ɾɐȺʬǸɶɾ ȡɅ ¬ñẁEĥ¸! ṳᶱṴṞ Ȓɐɶ ǸʲǍɃɳȺǸ ʌțǸ u>fEẁɾɐȺʬǸɶ ǍɅǱ ʌțǸ M¶ẁɾɐȺʬǸɶṞ ʔɾǸ 

ȡɃɳȺȡǪȡʌ ɾɐȺʔʌȡɐɅ ɾǪțǸɃǸɾṣ ̞ǸɾǸ ɾɐȺʬǸɶɾ ǍɶǸ Ʌɐʌ ʌɶǸǍʌǸǱ ȡɅ ʌțȡɾ ǱɐǪʔɃǸɅʌṣ 

10 ¶ɐǱȡ̟ǪǍʌȡɐɅɾ ɐȒ ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ 
uʌ ȡɾ țǍɶǱ ʌɐ ǱǸ̟ɅǸ ¬ñẁEĥ¸! ǪɐɅʌɶɐȺ ǪǍɶǱ ɾǸʌʌȡɅȓɾ ʌțǍʌ ǍɶǸ ʔɅȡʬǸɶɾǍȺȺʳ ʬǍȺȡǱ Ȓɐɶ ǍȺȺ ɳɐɾɾȡǩȺǸ ǍɅǍȺʳɾȡɾ ʌʳɳǸɾṣ 

̞Ǹ ɳɶɐʬȡǱǸǱ ȡɅǪȺʔǱǸ ̟ȺǸɾ ɾʔɳɳȺʳ ɾǸʌʌȡɅȓɾ ʭțȡǪț ʭɐɶȶ ȡɅ Ƀɐɾʌ ɾȡʌʔǍʌȡɐɅɾṞ ǩʔʌ ɾɐɃǸʌȡɃǸɾ ɃɐǱȡ̟ǪǍʌȡɐɅɾ 

ǍɶǸ ɅǸǪǸɾɾǍɶʳṣ ! ȒǸʭ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅɾ ȒɐȺȺɐʭṝ 

¶ fɐɶ țȡȓțȺʳ ɅɐɅẁȺȡɅǸǍɶ ɳɶɐǩȺǸɃɾṞ ʌțǸ ǱǸȒǍʔȺʌ ɾɐȺʔʌȡɐɅ ɾǪțǸɃǸṞ ʔɾȡɅȓ =fgñ ṵȺɐʭ ɶǍɅȶṶ ʔɳǱǍʌǸɾ ʌɐ 
ʌțǸ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ ǱʔɶȡɅȓ ʌțǸ ȡʌǸɶǍʌȡɐɅɾṞ ɃǍʳ ǩǸ ȡɅǸȒ̟ǪȡǸɅʌṣ fɐɶ ʌțǸɾǸ ǪǍɾǸɾṞ Ǎ ȒʔȺȺ ¸ǸʭʌɐɅ 
ɾɐȺʔʌȡɐɅ ɾǪțǸɃǸ ǪǍɅ ǩǸ ǍǪʌȡʬǍʌǸǱ ǩʳ ɾǸʌʌȡɅȓ ILIMIT ố ᶯ ǍɅǱ MAXREF ʌɐ Ȓɐɶ ǸʲǍɃɳȺǸ ᶳᶳ ɐɅ 
*CONTROL_IMPLICIT_SOLUTIONṣ uɅ ʌțȡɾ ǪǍɾǸṞ ʌțǸ ɾǸʌʌȡɅȓɾ ɐȒ ITEOPT ǍɅǱ ITEWIN ɐɅ 
*CONTROL_IMPLICIT_AUTO ɃǍʳ ǍȺɾɐ ɶǸɵʔȡɶǸ ɃɐǱȡ̟ǪǍʌȡɐɅɾṣ 

¶ ̞Ǹ ȡɅǪȺʔɾȡɐɅ ɐȒ ȓǸɐɃǸʌɶȡǪ ɾʌȡȒȒɅǸɾɾ ṵǩʳ ɾǸʌʌȡɅȓ IGS ố ᶯ ɐɅ *CONTROL_IMPLICIT_GENERALṶ ǪǍɅ ȡɅ 
ɾɐɃǸ ǪǍɾǸɾ ǩǸ ǩǸɅǸ̟ǪȡǍȺ Ȓɐɶ ǪɐɅʬǸɶȓǸɅǪǸṞ Ȓɐɶ ǸʲǍɃɳȺǸ ȡɅ ɾȡɃʔȺǍʌȡɐɅɾ ɐȒ ǩɐȺʌ ɳɶǸẁʌǸɅɾȡɐɅȡɅȓ ɐɶ 
ʌǸɅɾȡȺǸ ʌǸɾʌȡɅȓṣ   

¶ ̞Ǹ ǪțɐȡǪǸ ɐȒ ȺȡɅǸ ɾǸǍɶǪț ɃǸʌțɐǱ ᶳ ɐɅ *CONTROL_IMPLICIT_SOLUTION ɃǍʳ ɾɐɃǸʌȡɃǸ ǩǸ ɐʬǸɶȺʳ 
ǪɐɅɾǸɶʬǍʌȡʬǸṣ uʌ ɃǍʳ ʌțǸɅ țǸȺɳ ʌɐ ʔɾǸ ʌțǸ ǱǸȒǍʔȺʌ ȺȡɅǸ ɾǸǍɶǪț ɃǸʌțɐǱ ǩʳ ȺǸǍʬȡɅȓ ʌțǸ LSMTD ̟ ǸȺǱ 
ǩȺǍɅȶṣ 

¶ uɅ ɾɐɃǸ ɶǍɶǸ ǪǍɾǸɾṞ ʌțǸ ɳɶɐʬȡǱǸǱ ǪɐɅʬǸɶȓǸɅǪǸ ɾǸʌʌȡɅȓɾ ɃǍʳ ǩǸ ʌɐɐ ɾʌɶȡǪʌṣ uɅǱȡǪǍʌȡɐɅɾ ɐȒ ʌțȡɾ ɃǍʳ 
Ȓɐɶ ǸʲǍɃɳȺǸ ǩǸ ɶǸɳǸǍʌǸǱ ɐǪǪʔɶɶǸɅǪǸ ɐȒ éMÿéuMɾ ǍɅǱ ǱǸǪɶǸǍɾȡɅȓ ʌȡɃǸ ȡɅǪɶǸɃǸɅʌṞ ǍɅǱ ǸʬǸɅʌʔǍȺȺʳ 
ʌțǸ ɾɐȺʔʌȡɐɅ ɃǍʳ ȒǍȡȺ ʌɐ ǪɐɅʬǸɶȓǸṣ ÃɅǸ ɶǸɃǸǱʳ ȡɅ ǪǍɾǸɾ ʭȡʌț ǪɐɅʬǸɶȓǸɅǪǸ ɳɶɐǩȺǸɃɾ ɃǍʳ 
ɳɐɾɾȡǩȺʳ ǩǸ ʌɐ ȡɅǪɶǸǍɾǸ DCTOL ʌɐṞ Ȓɐɶ ǸʲǍɃɳȺǸṞ ɲṣᶮᶯ ɐɶ ǪțǍɅȓǸ ʌɐ DNORM ố ᶰ ɐɅ 
*CONTROL_IMPLICIT_SOLUTION ȡɅ ɐɶǱǸɶ ʌɐ ʌɶɐʔǩȺǸɾțɐɐʌ ʌțǸ ǪɐɅʬǸɶȓǸɅǪǸ ɳɶɐǩȺǸɃɾṣ =ǸȒɐɶǸ 
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ɃǍȶȡɅȓ ǍɅʳ ǪțǍɅȓǸɾ ʌɐ ǪɐɅʬǸɶȓǸɅǪǸ ʌɐȺǸɶǍɅǪǸɾ ɐȒ ṙCONTROL_IMPLICIT_SOLUTIONṞ ȡʌ ȡɾ ɾʌɶɐɅȓȺʳ 
ɶǸǪɐɃɃǸɅǱǸǱ ʌɐ ȓɐ ʌțɶɐʔȓț ʌțǸ ʌɶɐʔǩȺǸ ɾțɐɐʌȡɅȓ ȓʔȡǱǸ ɐȒ !ɳɳǸɅǱȡʲ >ṣ 

¶ fɶɐɃ éᶶṞ Ǎ ɅɐɅẁɾʳɃɃǸʌɶȡǪ ǸɵʔǍʌȡɐɅ ɾɐȺʬǸɶ ȡɾ ǍʬǍȡȺǍǩȺǸṣ uɅ ɾɐɃǸ ǪǍɾǸɾṞ ǍǪʌȡʬǍʌȡɅȓ ʌțȡɾ ṵɾǸʌ LCPACK 
ố ᶱ ɐɅ *CONTROL_IMPLICIT_SOLVERṶ ɃǍʳ ǍȡǱ ǪɐɅʬǸɶȓǸɅǪǸṞ Ȓɐɶ ǸʲǍɃɳȺǸ ȡɅ ǪǍɾǸɾ ȡɅʬɐȺʬȡɅȓ 
ǪɐɅʌǍǪʌɾ ʭȡʌț țȡȓț ǪɐǸȒ̟ǪȡǸɅʌɾ ɐȒ ȒɶȡǪʌȡɐɅṣ fɐɶ ǩɶǍȶǸ ɾɵʔǸǍȺ ǍɅǍȺʳɾǸɾṞ ʌțȡɾ ɐɳʌȡɐɅ ȡɾ ɃǍɅǱǍʌɐɶʳṣ 

¶ uȒ ɃǍɅʳ ɾǸɳǍɶǍʌǸ ȺɐǍǱ ǪǍɾǸɾ ǍɶǸ ʌɐ ǩǸ ɾɐȺʬǸǱ ȡɅ Ǎ ȺȡɅǸǍɶ ɾʌǍʌȡǪ ǍɅǍȺʳɾȡɾṞ ȡʌ ȡɾ ɳɐɾɾȡǩȺǸ ʌɐ ɶǸʔɾǸ ʌțǸ 
ȒǍǪʌɐɶȡʽǍʌȡɐɅ ɐȒ ʌțǸ ɾʌȡȒȒɅǸɾɾ ɃǍʌɶȡʲ ǩʳ ɾǸʌʌȡɅȓ NSOLVR ố ẁɳ  ɐɅ *CONTROL_IMPLICIT_SOLUTIONṣ ñǸǸ 
ñǸǪʌȡɐɅ ᶲṣṣɳ  

 

fɐɶ Ǎ ɃɐɶǸ ǸʲʌǸɅɾȡʬǸ ʌɶɐʔǩȺǸɾțɐɐʌȡɅȓ ȓʔȡǱǸṞ ɾǸǸ !ɳɳǸɅǱȡʲ > ǍɅǱ éǸȒṣ ṳᶰᶲṴṣ ñɐɃǸ ȒʔɶʌțǸɶ ǪɐɃɃǸɅʌɾ ɐɅ 

ʌțǸ Ƀɐɾʌ ȡɃɳɐɶʌǍɅʌ ǪɐɅʌɶɐȺ ǪǍɶǱɾ ɶǸȓǍɶǱȡɅȓ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾǸɾ ǍɶǸ ȓȡʬǸɅ ȡɅ !ɳɳǸɅǱȡʲ gṣ 
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 Appendix  A  

11 éʔǩǩǸɶ ɃɐǱǸȺȡɅȓ Ȓɐɶ ȡɃɳȺȡǪȡʌ ǍɅǍȺʳɾȡɾ 

ᶯᶯṣᶯ =ǍǪȶȓɶɐʔɅǱ 
̞ȡɾ ǍɳɳǸɅǱȡʲ ǪɐɅʌǍȡɅɾ Ǎ ǱǸɾǪɶȡɳʌȡɐɅ ɐȒ ɶǸǪɐɃɃǸɅǱǸǱ ɾǸʌʌȡɅȓɾ ʭțǸɅ ǍɅǍȺʳʽȡɅȓ ɶʔǩǩǸɶ ɾʌɶʔǪʌʔɶǸɾ ȡɅ 

ȡɃɳȺȡǪȡʌ ¬ñẁEĥ¸!ṣ 

uɅ ɾɐɃǸ ǪǍɾǸɾṞ ʌțǸ ǱǸȒǍʔȺʌ ɐɶ ȓǸɅǸɶǍȺ ɶǸǪɐɃɃǸɅǱǸǱ ɾǸʌʌȡɅȓɾ ɅǸǸǱ ɾɐɃǸ ɃɐǱȡ̟ǪǍʌȡɐɅɾ Ȓɐɶ ɾȡɃʔȺǍʌȡɐɅ 

ɐȒ ɶʔǩǩǸɶ ɃǍʌǸɶȡǍȺɾṣ ̞Ǹ ɳʔɶɳɐɾǸ ɐȒ ʌțȡɾ ǱɐǪʔɃǸɅʌ ȡɾ ʌɐ ɾǸɶʬǸ Ǎɾ Ǎ ȓʔȡǱǸȺȡɅǸ Ȓɐɶ ʌțǸ ʔɾǸɶ ȡɅ ʌțǸɾǸ ɾɳǸǪȡǍȺ 

ǪǍɾǸɾṣ ̞Ǹ ȒǸǍʌʔɶǸɾ ʌțǍʌ ǍɶǸ ǱǸɾǪɶȡǩǸǱ ȡɅ ʌțȡɾ ǱɐǪʔɃǸɅʌ ǍɶǸ ȡɅǪȺʔǱǸǱ ȡɅ ¬ñẁEĥ¸! ʬǸɶɾȡɐɅ éᶵṣᶯṣᶯ ǍɅǱ ȺǍʌǸɶṣ 

ᶯᶯṣᶰ ¶ǍʌǸɶȡǍȺ ɃɐǱǸȺɾ 
̞ǸɶǸ ǍɶǸ ɃǍɅʳ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺɾ ǍʬǍȡȺǍǩȺǸ Ȓɐɶ ǍɅǍȺʳʽȡɅȓ ɶʔǩǩǸɶ ɾʌɶʔǪʌʔɶǸɾ ȡɅ ȡɃɳȺȡǪȡʌ ¬ñẁEĥ¸!Ṟ Ȓɐɶ 

ǸʲǍɃɳȺǸ 

Á *MAT_HYPERELASTIC_RUBBER (*MAT_077) 

Á *MAT_SIMPLIFIED_RUBBER/FOAM (*MAT_181) 

Á *MAT_MOONEY_RIVLIN (*MAT_027) 
 

Ãʔɶ ɶǸǪɐɃɃǸɅǱǍʌȡɐɅ ȡɾ ʌɐ ʔɾǸ *MAT_077 Ǎɾ ʌțǸ ɃɐǱǸȺ ɐȒ ǪțɐȡǪǸ Ȓɐɶ ɶʔǩǩǸɶ ɃǍʌǸɶȡǍȺɾṣ uȒ ʌțǸ ʔɾǸɶ 

ǸʲɳǸɶȡǸɅǪǸɾ ɳɶɐǩȺǸɃɾ ʭȡʌț ʌțǸ ǪʔɶʬǸ ̟ʌʌȡɅȓṞ ʌɶʳ *MAT_181ṣ ̞Ǹ ¶ɐɐɅǸʳẁéȡʬȺȡɅ ɃɐǱǸȺ ȡɾ Ʌɐʌ 

ɶǸǪɐɃɃǸɅǱǸǱṞ ǩʔʌ Ȓɐɶ ɶǸȺǍʌȡʬǸȺʳ ɾȡɃɳȺǸ ǪǍɾǸɾ ȡʌ ɃǍʳ ʭɐɶȶṞ ǍɅǱ ȡɾ ʌțǸɶǸȒɐɶǸ ȡɅǪȺʔǱǸǱ ȡɅ ʌțȡɾ ǱɐǪʔɃǸɅʌṣ 

 

Figure 53. General rubber response curve.  

 ṙ¶!ÿṪoĥæMéM¬!ñÿu>ṪéĆ==Mé 
̞ȡɾ ȡɾ ʌțǸ ɶǸǪɐɃɃǸɅǱǸǱ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ʌɐ ʔɾǸ ʭțǸɅ ɃɐǱǸȺȺȡɅȓ ɶʔǩǩǸɶ ɾʌɶʔǪʌʔɶǸɾ Ȓɐɶ ȡɃɳȺȡǪȡʌ 

ɾȡɃʔȺǍʌȡɐɅɾ ȡɅ ¬ñẁEĥ¸!ṣ uɅ ʌțȡɾ ɃɐǱǸȺṞ ʌțǸ ʔɾǸɶ ɃǍʳ ɾɳǸǪȡȒʳ ʔɳ ʌɐ ɾȡʲ ʌǸɶɃɾ ʌɐ ǱȡɶǸǪʌȺʳ ǱǸɾǪɶȡǩǸ ʌțǸ 

ɃǍʌǸɶȡǍȺ ǩǸțǍʬȡɐɶṞ ɾǸǸ fȡȓʔɶǸ ᶳ ṣɸ uȒ ɐɅȺʳ >ᶯᶮ ǍɅǱ >ᶮᶯ ȡɾ ǱǸ̟ɅǸǱ ʌțǸ ɃɐǱǸȺ ȡɾ ǸɵʔǍȺ ʌɐ Ǎ ¶ɐɐɅǸʳẁéȡʬȺȡɅ 
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ɶʔǩǩǸɶ ɃɐǱǸȺṣ ̞Ǹ ǱȡȒȒǸɶǸɅǪǸ ǩǸʌʭǸǸɅ *MAT_027 ǍɅǱ *MAT_077 ȡɾ ȡɅ ʌțǍʌ ǪǍɾǸ ɐɅȺʳ ʌțǸ ɾʌǍǩȡȺȡʌʳ ɐȒ ʌțǸ 

ɃǍʌǸɶȡǍȺ ɃɐǱǸȺṣ 

̞Ǹ ʔɾǸɶ ɃǍʳ ǍȺɾɐ ȡɅɳʔʌ ǱǍʌǍ ȒɶɐɃ ʌǸɾʌɾ ʌɐ ̟ʌ ʌțǸ ɳǍɶǍɃǸʌǸɶɾ ṵ>ɅɅṶ ʌɐ ʌțǸ ʌǸɾʌ ǪʔɶʬǸṣ ̞ȡɾ ȡɾ ǍʬǍȡȺǍǩȺǸ 

ʭțǸɅ ɅồᶮṞ ɾǸǸ fȡȓʔɶǸ ᶳṣʂ ̞Ǹ ʔɾǸɶ ʌțǸɅ ɾɳǸǪȡ̟Ǹɾ ɾȓȺṞ ɾʭṞ ɾʌ ǍɅǱ ȺǪȡǱ ǍǪǪɐɶǱȡɅȓ ʌɐ éǸȒṣ ṳᶰṴṣ fɐɶ ʌțȡɾ ɐɳʌȡɐɅṞ 

¬ñẁEĥ¸! ʭȡȺȺ ɳɶȡɅʌ ʌțǸ ̟ʌʌǸǱ ɳǍɶǍɃǸʌǸɶ ʬǍȺʔǸɾ ȡɅ ʌțǸ d3hsp ̟ ȺǸṞ ɾǸǍɶǪț Ȓɐɶ ẌFit to General 

Hyperelastic materialẌṣ fɐɶ ǪɐɃɳǍɶȡɾɐɅ ʔɾȡɅȓ ʌțǸ Ĥĥ æȺɐʌ ʌɐɐȺ ȡɅ ¬ñẁæɶǸæɐɾʌṞ ʌțǸ ̟ȺǸ curveplot_1 ȡɾ 

ǪɶǸǍʌǸǱṣ 

 

 

Figure 54. Hyperelastic rubber, n=0.  

 

 

Figure 55. Hyperelastic rubber, n>0.  

 

̞Ǹ ɾʌɶǍȡɅ ǸɅǸɶȓʳ ȒʔɅǪʌȡɐɅǍȺ ȡɾ ǱǸ̟ɅǸǱ Ǎɾṝ 
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 ṙ¶!ÿṪñu¶æ¬ufuMEṪéĆ==MéṩfÃ!¶ 
̞ȡɾ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ɃǍʳ ǍȺɾɐ ǩǸ ʔɾǸǱ Ȓɐɶ ɃɐǱǸȺȡɅȓ ɶʔǩǩǸɶ ǩǸțǍʬȡɐɶṣ ̞Ǹ ʔɾǸɶ ǱɐǸɾ Ʌɐʌ ɾɳǸǪȡȒʳ ǍɅʳ 

ɶʔǩǩǸɶ ɳǍɶǍɃǸʌǸɶɾ ɾʔǪț Ǎɾ ǍṞ ǩ ɐɶ >ɅɅṣ uɅɾʌǸǍǱṞ ʌțǸ ǩʔȺȶẁɃɐǱʔȺʔɾ ǍɅǱ ʌǸɾʌ ǱǍʌǍ ǍɶǸ ɳɶɐʬȡǱǸǱṞ ɾǸǸ fȡȓʔɶǸ 

ᶳṣʃ ̞Ǹ ɃɐǱǸȺ ȡɾ ǱǸʬǸȺɐɳǸǱ Ȓɐɶ ȡɅǪɐɃɳɶǸɾɾȡǩȺǸ ɳɐȺʳɃǸɶɾ ǍɅǱ ȡɾ Ǎ ȓɐɐǱ ǍȺʌǸɶɅǍʌȡʬǸ ȡȒṞ Ȓɐɶ ǸʲǍɃɳȺǸṞ ʌțǸ 

æɐȡɾɾɐɅẏɾ ɅʔɃǩǸɶ ȡɾ ȺǸɾɾ ʌțǍɅ ᶮṣᶲᶷᶳṣ ¸ɐʌǸ ʌțǍʌ ʌțǸ ʌǸɅɾȡȺǸ ǍɅǱ ǪɐɃɳɶǸɾɾȡʬǸ ɳǍɶʌ ɐȒ ʌțǸ ǪʔɶʬǸ ǍɶǸ 

ǱǸɳǸɅǱǸɅʌ ɐɅ ɐɅǸ ǍɅɐʌțǸɶṞ ʌțʔɾ ǪɐɶɶǸǪʌ ǍɅǱ ǪɐɃɳȺǸʌǸ ʌǸɾʌ ǱǍʌǍ ǍɶǸ ǪɶʔǪȡǍȺ ʌɐ ɐǩʌǍȡɅ ʔɾǸȒʔȺ ɶǸɾʔȺʌɾṞ ɾǸǸ 

fȡȓʔɶǸ ᶳ ƫȒɐɶ ǍɅ ǸʲǍɃɳȺǸṣ 
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Figure 56. Example of simplified rubber/foam material card.  

 

Figure 57. The top image shows three different input curves, engineering stress vs. engineering strain. The 

bottom image shows how the input of compression data affects the result in tension for 

*MAT_SIMPLIFIED_RUBBER_FOAM.  

 ṙ¶!ÿṪ¶ÃÃ¸MĥẁéuĞ¬u¸ṪéĆ==Mé 
MʬǸɅ ʌțɐʔȓț ʌțȡɾ ɃǍʌǸɶȡǍȺ ɃɐǱǸȺ ɃǍʳ ʭɐɶȶ Ȓɐɶ ɾȡɃɳȺǸ ǪǍɾǸɾṞ ȡʌ ȡɾ ȡɅ ȓǸɅǸɶǍȺ Ʌɐʌ ɶǸǪɐɃɃǸɅǱǸǱ Ȓɐɶ 

ɃɐǱǸȺȺȡɅȓ ɐȒ ɶʔǩǩǸɶ ɃǍʌǸɶȡǍȺɾṣ ̞Ǹ ɃɐǱǸȺ ȡɾ ɳɐɳʔȺǍɶ ǱʔǸ ʌɐ ȡʌɾ ɾȡɃɳȺȡǪȡʌʳ ǩʔʌ ɃǍʳ ȡɅ ɾɐɃǸ ǪǍɾǸɾ 

ǸʲɳǸɶȡǸɅǪǸ ȡɅɾʌǍǩȡȺȡʌʳ ǍɅǱṩɐɶ ɐʌțǸɶ ǪɐɅʬǸɶȓǸɅǪǸ ȡɾɾʔǸɾṞ ǸɾɳǸǪȡǍȺȺʳ Ȓɐɶ ȺǍɶȓǸ ǱǸȒɐɶɃǍʌȡɐɅɾṣ ̞Ǹ ¶ɐɐɅǸʳẁ

éȡʬȺȡɅ ɃɐǱǸȺ ȡɾ Ǎ ʌʭɐẁɳǍɶǍɃǸʌǸɶ ɶʔǩǩǸɶ ɃɐǱǸȺṞ ɾǸǸ fȡȓʔɶǸ ᶳṣʉ ñȡɅǪǸ ɐɅȺʳ ʌʭɐ ɳǍɶǍɃǸʌǸɶɾ ṵǍ ǍɅǱ ǩṶ ǍɶǸ 

ʔɾǸǱ ʌɐ ǱȡɶǸǪʌȺʳ ǱǸɾǪɶȡǩǸ ʌțǸ ɃǍʌǸɶȡǍȺ ɶǸɾɳɐɅɾǸṞ ʌțǸ ɶǸɾɳɐɅɾǸ ǪʔɶʬǸ Ƀʔɾʌ ǩǸ ʬǸɶʳ ẌɶʔǩǩǸɶ ȺȡȶǸẍṞ ɾǸǸ 




















































































































