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ʋɼʂ 539.3 

ʂ73 

 

ʈʝʮʝʥʟʝʥʪʳ: 

ʜʦʢʪʦʨ ʬʠʟʠʢʦʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɸ. ʈʦʛʦʚʦʡ 

(ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʈʆ ʈɸʅ) 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɻ.ʃ. ʂʦʣʤʦʛʦʨʦʚ 

(ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

ʂʦʪʦʚ ɸ.ɻ.  

ʂ73   ʉɸʇʈ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʩʨʝʜʝ ANSYS: ʫʯʝʙ. ʧʦʩʦʙʠʝ / 

ɸ.ɻ. ʂʦʪʦʚ.  ʇʝʨʤʴ:  ʀʟʜ-ʚʦ ʇʝʨʤ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ, 2008  351 ʩ. 

  ISBN 978-5-398-00118-1 

 
ʀʟʣʦʞʝʥʳ ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ANSYS. ʇʨʠʚʝʜʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʩʪʘ-

ʥʦʚʢʠ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘʥʘʣʠʟʦʤ ʧʝʨʝʭʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʨʘʟʨʫʰʝʥʠʷ, ʨʝʰʝʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʪʝʧʣʦʬʠʟʠʢʠ; ʦʧʠʩʘʥʳ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʯʠʩʣʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʦʧʦʣʥʷʝʪ ʙʘʟʦʚʳʝ ʢʫʨʩ:r çʄʝʭʘʥʠʢʘè, çʉʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, çʋʧʨʫʛʦʩʪʴ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, çʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝ-

ʭʘʥʠʢʘ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè, çʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡè, çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝ-

ʣʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚè (ʏʝʢʘʣʢʠʥ ɸ.ɸ. ɼʠʥʘʤʠʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ɸ. ʏʝʢʘʣʢʠʥ, ɸ.ɻ. ʂʦʪʦʚ; ʇʝʨʤ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ.  ʇʝʨʤʴ, 2006. ï 66 ʩ.; ʏʝ-

ʢʘʣʢʠʥ ɸ.ɸ. ʃʝʢʮʠʠ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ɸ. ʏʝʢʘʣʢʠʥ, 

ɸ.ɸ. ʇʘʥʴʢʦʚ; ʇʝʨʤ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ.  ʇʝʨʤʴ, 1999.  150 ʩ.) ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ çʉɸʇʈ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè. 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 150502 çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʘ ʪʘʢʞʝ ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʶ ʠʟʜʝʣʠʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

 

ʋɼʂ 539.3 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʢʘʜʨʦʚ ʠ ʮʝʥʪʨʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝ-

ʛʠʦʥʘ ʥʘ ʙʘʟʝ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè 
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ɺʚʝʜʝʥʠʝ 

 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʪʘʣʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʞʝʥʝʨʥʦʤ ʠ ʥʘʫʯʥʦʤ 

ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜ, ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘ-

ʨʠʝʤ, ʧʦʪʝʩʥʠʚ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʦʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ɺ ʠʭ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʳ:  

ï ʟʘʤʝʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʝʪʦʯʥʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʧʨʝ-

ʨʳʚʥʳʭ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʠʭ ʜʠʩʢʨʝʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʚ 

ʚʠʜʝ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʥʘ ʢʦʥʝʯʥʦʤ ʤʥʦʞʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʪʦʯʝʢ (ʵʣʝʤʝʥʪʦʚ);  

ï ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ (ʨʘʚʥʦʚʝʩʠʷ, 

ʜʚʠʞʝʥʠʷ, ʪʝʯʝʥʠʷ ʠ ʜʨʫʛʠʭ) ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʦʙʳʯʥʦ 2-ʛʦ ʧʦʨʷʜʢʘ: ʵʣʣʠʧʪʠ-

ʯʝʩʢʦʛʦ, ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ) ʚ ʠʩʭʦʜʥʦʡ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʢ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʠʣʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʰʝʥʠʝʤ ʧʨʷʤʳʤʠ ʠʣʠ ʠʪʝʨʘʮʠ-

ʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʘʨʠʘʮʠʦʥ-

ʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ; 

ï ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦ-

ʜʝʣʝʡ, ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʨʘʩʯʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʠʤʘʮʠʷ, ʜʦʩʪʨʘʠʚʘʥʠʝ ʜʦ ʧʦʣʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʪʦʣʴʢʦ ʝʝ ʯʘʩʪʴʶ, ʠ ʧʨʦʯʝʝ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʧʦʩʦʙʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨ-

ʥʳʭ ʟʘʜʘʯ, ʚ ʦʩʥʦʚʥʦʤ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ANSYS. ANSYS ï ʤʥʦ-

ʛʦʮʝʣʝʚʦʡ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʡ ʧʘʢʝʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʆʥ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʩʨʝʜʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ CAE
*
ʩʠʩʪʝʤ ʠ ʧʨʝʜʤʝʪʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ (ʠʣʠ ʤʝʪʦ-

ʜʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ) ʉɸʇʈ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ (ʄʂʕ) ʠʣʠ ʛʨʘ-

ʥʠʯʥʳʭ (ʄɻʕ) ʵʣʝʤʝʥʪʦʚ (Cosmos, Pro Engineering, ABAQUS, NASTRAN 

ʠ ʜʨʫʛʠʝ). 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʘʥʘʣʠʟʘ ʠ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʩʨʝʜʝ ANSYS: 

ï ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʜʘʣʴʥʳʡ ʠ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘʥʘʣʠʟ ʧʝʨʝ-

ʭʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʘʢʪʥʳʝ ʟʘʜʘʯʠ, ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʠ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ, ʩʪʘʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʫʩʪʘʣʦʩʪʴ, ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʩ ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʫʰʝ-

ʥʠʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʝʘʢʪʠʚʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʫʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

                                                 
*
 Computed Automatically Engineering ï ʠʥʞʝʥʝʨʥʘʷ ʉɸʇʈ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢ-

ʮʠʡ   
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ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʘʣʠʟʘ ʚ ʨʘʤʢʘʭ ʤʝʭʘ-

ʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʄɼʊʊ); ʪʠʧ ʘʥʘʣʠʟʘ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ANSYS ï Structural; 

ï ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʪʝʧʣʦʬʠʟʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʥʚʝʢʮʠʷ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ; ʪʠʧ ʘʥʘʣʠʟʘ ʚ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ANSYS ï Thermal; 

ï ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʣʝʢʪʨʦ ʠ ʤʘʛʥʠʪʦʩʪʘʪʠʢʘ, 

ʥʠʟʢʦ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʠ ʜʨʫʛʠʝ; ʪʠʧ 

ʘʥʘʣʠʟʘ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ANSYS ï Electromagnetic; 

ï ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʟʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘ-

ʟʦʚ; ʪʠʧ rʘʥʘʣʠʟʘ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ANSYS ï Fluid, Flotran; 

ï ʩʤʝʰʘʥʥʳʡ (ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ) ʘʥʘʣʠʟ ʠ ʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʪʝʨʤʦʫʧʨʫʛʦʩʪʴ, ʧʴʝʟʦʤʝʭʘʥʠʢʘ ʠ ʜʨʫʛʠʝ ʟʘʜʘʯʠ; 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʣʶʙʦʛʦ ʪʠʧʘ ʘʥʘʣʠʟʘ (ʙʝʟ ʫʯʝʪʘ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ) ʩʣʝʜʫʶʱʠʝ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

2. ɺr ʙʦʨ ʪʠʧʘ (ʪʠʧʦʚ) ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʟʘʜʘʥʠʝ ʦʧʮʠʡ ʂʕ ʠ ʚʝ-

ʱʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʘʥʪ. 

3. ʆʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ (ʩʨʝʜʳ). 

4. ʇʨʠʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

5. ɻʝʥʝʨʘʮʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. 

6. ʇʨʠʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʩʝʪʦʯ-

ʥʦʡ ʤʦʜʝʣʠ. 

7. ɺʳʙʦʨ ʪʠʧʘ ʘʥʘʣʠʟʘ ʠ ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ. 

8. ɿʘʧʫʩʢ ʨʝʰʘʪʝʣʷ. 

9. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

ʉʪʨʫʢʪʫʨʥʦ ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʶ ʄʂʕ, ʩʦ-

ʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

2. ʇʨʝʧʨʦʮʝʩʩʦʨ (Preprocessor) ï ʙʣʦʢ ʫʪʠʣʠʪ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (ʵʪʘʧʳ 

1 6). 

3. ʇʨʦʮʝʩʩʦʨ ʠʣʠ ʨʝʰʘʪʝʣʴ (Processor, ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ANSYS ï 

Solution) ï ʙʘʟʘ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ (ʵʪʘʧʳ 7,8). 

4. ʇʦʩʪʧʨʦʮʝʩʩʦʨ (Postprocessor) ï ʙʣʦʢ ʫʪʠʣʠʪ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʵʪʘʧ 9). ɺ ʩʠʩʪʝʤʝ ANSYS ʧʦʩʪʧʨʦʮʝʩʩʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫ-

ʤʷ ʥʘʙʦʨʘʤʠ ʫʪʠʣʠʪ:  

ï General Postprocessor (Main Menu Ÿ General Postproc) ï ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʧʦʣʝʡ ʠʩʢʦʤʳʭ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ ʬʫʥʢʮʠʡ ʢʘʢ ʬʫʥʢʮʠʡ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʣʠ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʰʘʛʝ ʨʝʰʝʥʠʷ 
*

,
tt

tf x . 

ï Time-History Postprocessor (Main Menu Ÿ TimeHist Postpro) ï 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ (ʫʟʣʘʭ) ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʢʘʢ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʠʣʠ ʰʘʛʦʚ ʘʥʘʣʠʟʘ 
*

,
xx

x tf . 

 ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʘ ʦʪʨʘʞʝʥʳ ʚ ʧʨʠ-

ʣʦʞʝʥʠʷʭ ʠ ʛʣʘʚʘʭ 79. 

 ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʦʧʦʣʥʷʝʪ ʙʘʟʦʚʳʝ ʢʫʨʩʳ çʄʝʭʘʥʠʢʘè, 

çʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, çʋʧʨʫʛʦʩʪʴ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚè, çʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè, çʈʘʩ-

ʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè, çʂʦʤ-

ʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝ-

ʣʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚè (ʏʝʢʘʣʢʠʥ ɸ.ɸ. ɼʠʥʘʤʠʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʦʟʠʪ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ɸ. ʏʝʢʘʣʢʠʥ, ɸ.ɻ. ʂʦʪʦʚ; ʇʝʨʤ. ʛʦʩ. 

ʪʝʭʥ. ʫʥ-ʪ.  ʇʝʨʤʴ, 2006. ï 66 ʩ.; ʏʝʢʘʣʢʠʥ ɸ.ɸ. ʃʝʢʮʠʠ ʧʦ ʤʝʭʘʥʠʢʝ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ɸ. ʏʝʢʘʣʢʠʥ, ɸ.ɸ. ʇʘʥʴʢʦʚ; 

ʇʝʨʤ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ.  ʇʝʨʤʴ, 1999.  150 ʩ.) ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʉɸʇʈ ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè. 

 

 ɺʦʧʨʦʩ: ʢʘʢʠʝ ʝʱʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ɺʳ 

ʟʥʘʝʪʝ? 

 ɿʘʜʘʥʠ ̫ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ:   

1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ: ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʬʫʥʢʮʠʡ; ʯʠʩʣʝʥ-

ʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ; ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ); ʚʳʯʠʩʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪ-

ʨʠʮ; ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʆɼʋ) ʠ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦ-

ʠʟʚʦʜʥʳʭ. 

2. ʀʟʫʯʠʪʴ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʜʥʦʤʝʨʥʦʡ ʬʫʥʢ-

ʮʠʠ, ʟʘʜʘʥʥʦʡ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
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ɻʣʘʚʘ 1 

ʀʅʊɽʈʌɽʁʉ ʇʈʆɻʈɸʄʄʓ ANSYS 

 

 ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ (ʚʝʨʩʠʠ 5.*) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ï Interactive ï ʜʠʘʣʦʛ ʩ ʚʚʦʜʦʤ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ, ʠʤʝʥʠ ʧʨʦʝʢʪʘ, 

ʚʳʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʧʦʜ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʘ; 

ï Run Interactive Now ï ʟʘʧʫʩʢ ʧʨʦʝʢʪʘ ʧʦʩʣʝʜʥʝʛʦ ʩʝʘʥʩʘ ʨʘʙʦʪʳ ʩ 

ANSYS. 

 ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ ʦʪʢʨʳʚʘʝʪʩʷ 6 ʦʢʦʥ: 

1. Utility  Menu ï ʩʠʩʪʝʤʥʦʝ ʤʝʥʶ (ʤʝʥʶ ʫʪʠʣʠʪ); 

2. Main Menu ï ʦʩʥʦʚʥʦʝ ʤʝʥʶ, ʩʦʜʝʨʞʠʪ ʫʪʠʣʠʪʳ ʧʨʝʧʨʦʮʝʩʩʦʨʘ, 

ʧʨʦʮʝʩʩʦʨʘ ʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʘ; 

3. Input ï ʦʢʥʦ ʚʚʦʜʘ ʢʦʤʘʥʜ; 

4. Toolbar ï ʦʢʥʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʚʠʜʝ ʢʥʦʧʦʯʥʦʛʦ ʥʘ-

ʙʦʨʘ, ʩʦʜʝʨʞʘʱʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʮʝʜʫʨʳ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦ-

ʧʦʣʥʷʪʴ ʵʪʦʪ ʥʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ; 

5. Graphics ï ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ; 

6. Output Window ï ʦʢʥʦ ʚʳʚʦʜʘ ʩʦʦʙʱʝʥʠʡ ʧʨʦʛʨʘʤʤʳ ʚ ʪʝʢʩʪʦʚʦʤ 

ʚʠʜʝ. 

 ʉʠʩʪʝʤʥʦʝ ʤʝʥʶ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ (ʨʠʩ. 1.1): 

ï File ï ʬʘʡʣʦʚʳʝ ʫʪʠʣʠʪʳ; 

ï Select ï ʦʧʝʨʘʮʠʠ ʠ ʬʫʥʢʮʠʠ ʩʝʣʝʢʮʠʠ ʦʙʲʝʢʪʦʚ, ʨʘʙʦʪʘ ʩ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʠ ʘʥʩʘʤʙʣ̫ ʤʠ (ʩʤ. ʛʣʘʚʫ 6); 

ï List ï ʧʝʨʝʯʥʠ ʩ ʘʪʨʠʙʫʪʘʤʠ ʘʢʪʠʚʥʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʲʝʢʪʦʚ, 

ʣʠʩʪʠʥʛ ʥʘʛʨʫʟʦʢ, ʨʝʘʢʮʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʜʨʫʛʠʝ ʩʧʠʩʢʠ ʚ ʪʝʢʩʪʦ-

ʚʦʤ ʬʦʨʤʘʪʝ; 

ï Plot ï ʫʪʠʣʠʪʳ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

ï PlotCtrls ï ʥʘʩʪʨʦʡʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟ-

ʜʘʥʠʝ ʘʥʠʤʘʮʠʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʮʚʝʪʦʤ ʠ ʪ.ʜ.; 

ï WorkPlane ï ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦ-

ʩʪʴʶ (ʩʤ. ʛʣʘʚʫ 5); 

ï Parameters ï ʦʧʠʩʘʥʠʝ ʩʢʘʣʷʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʘʩʩʠʚʦʚ; 

ï Macro ï ʩʦʟʜʘʥʠʝ ʤʘʢʨʦʩʦʚ ʥʘ ʷʟʳʢʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ APDL; 

ï MenuCtrls ï ʫʧʨʘʚʣʝʥʠʝ ʦʢʥʘʤʠ; 

ï Help ï ʜʦʢʫʤʝʥʪʘʮʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʦʩʩʘʨʠʡ ʢʦʤʘʥʜ ʠ ʙʠʙʣʠʦʪʝʢʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʦʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ, ʩʚʝʜʝ-

ʥʠʷ ʦ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ (ʥʦʚʠʥʢʘʭ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʝʡ. 
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ʈʠʩ. 1.1. ʉʠʩʪʝʤʥʦʝ ʤʝʥʶ 

 

 ʆʩʥʦʚʥʦʝ ʤʝʥʶ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʤʦ-

ʜʝʣʝʡ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʝʨʚʳʡ ʧʫʥʢʪ ʤʝʥʶ (Preferences) ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʜʝʘʢʪʠʚʘʮʠʠ ʜʠʘʣʦʛʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʨʘʥʥʳʤ ʪʠʧʦʤ ʘʥʘʣʠʟʘ 

(ʨʠʩ. 1.2). ɽʩʣʠ ʟʘʜʘʯʘ ʩʚʷʟʘʥʥʦʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʦʩʪʘʚʴʪʝ ʚʩʝ 

Checkbox-ʳ ʧʫʩʪʳʤʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʚʳʙʠʨʘʝʪʩʷ ʤʝʪʦʜ ʨʝʰʝʥʠʷ  

 

 
 

ʈʠʩ. 1.2. ʆʢʥʦ ʬʠʣʴʪʨʘ 

 

ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʥʝʥʪʘ Radio button .  

  

 
                                                 

 Checkbox ï ʩʪʘʥʜʘʨʪʥʳʡ Windows-ʢʦʤʧʦʥʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʧʝʨʝʢʣʶ-

ʯʘʪʝʣʝʡ ʪʠʧʘ çʚʢʣʶʯʝʥʦX/ʚʳʢʣʶʯʝʥʦÃè, ʜʦʧʫʩʢʘʶʱʝʛʦ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʚʳʙʦʨʘ.  

 Radio button ï ʩʪʘʥʜʘʨʪʥʳʡ Windows-ʢʦʤʧʦʥʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʧʝʨʝ-

ʢʣʶʯʘʪʝʣʝʡ ʪʠʧʘ çʚʢʣʶʯʝʥʦ¼/ʚʳʢʣʶʯʝʥʦ¹è, ʜʦʧʫʩʢʘʶʱʝʛʦ ʪʦʣʴʢʦ ʦʜʠʥ (ʘʣɹ-

ʪʝʨʥʘʪʠʚʥʳʡ) ʚʘʨʠʘʥʪ ʚʳʙʦʨʘ. 
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 ʆʩʪʘʣʴʥʳʝ ʧʫʥʢʪʳ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʨʘʩʢʨʳʪʳ 

ʥʠʞʝ. ʆʪʤʝʪʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʠʘʣʦʛʦʚʳʭ ʦʢʦʥ: 

 ʢʥʦʧʢʠ: 

   ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʜʠʘʣʦʛʘ;    

      ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʠʘʣʦʛʘ; 

    ʩʙʨʦʩ ʫʩʪʘʥʦʚʦʢ ʠ ʧʝʨʝʚʦʜ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ; 

    ʟʘʚʝʨʰʝʥʠʝ ʜʠʘʣʦʛʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʦʢ; 

    ʚʳʙʨʘʪʴ ʚʩʝ ʦʙʲʝʢʪʘ ʜʘʥʥʦʛʦ ʪʠʧʘ; 

    ʦʪʦʙʨʘʟʠʪʴ ʦʙʲʝʢʪʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ; 

    ʦʙʥʦʚʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ; 

 ʨʘʜʠʦʙʫʪʦʥʳ: 

    ʘʢʪʠʚʠʨʦʚʘʪʴ ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʣʝʚʦʡ 

ʢʣʘʚʠʰʠ ʤʳʰʠ; 

    ʜʝʘʢʪʠʚʠʨʦʚʘʪʴ ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʣʝʚʦʡ 

ʢʣʘʚʠʰʠ ʤʳʰʠ (ʧʝʨʝʢʣʶʯʠʪʴʩ ̫ʥʘ ʵʪʦʪ ʨʝʞʠʤ ʤʦʞʥʦ ʥʘʞʘʪʠʝʤ ʚ ʧʦʣʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ ʧʨʘʚʦʡ ʢʣʘʚʠʰʠ ʤʳʰʠ); 

    ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʨʤʠʥʘʭ ʛʣʦʙʘʣʴ-

ʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; 

    ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʦʜʥʦʤʫ; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʘʤʢʠ; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʫʛʦʚʦʡ ʨʘʤʢʠ; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʤʢʠ ʚ ʚʠʜʝ ʟʘʤʢ-

ʥʫʪʦʡ ʣʦʤʘʥʦʡ ʣʠʥʠʠ; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʟʘʜʘʥʠʝʤ ʩʧʠʩʢʘ ʠʭ ʥʦ-

ʤʝʨʦʚ ʚ ʦʢʥʝ ʚʚʦʜʘ, ʥʘʧʨʠʤʝʨ: 1,3,8,4; 

    ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʟʘʜʘʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʠʭ 

ʥʦʤʝʨʦʚ ʚ ʦʢʥʝ ʚʚʦʜʘ ʩ ʰʘʛʦʤ Inc, ʥʘʧʨʠʤʝʨ: 1,10,2 (ʚʳʙʨʘʥʳ ʦʙʲʝʢʪʳ ʩ 

ʥʦʤʝʨʘʤʠ 1,3,5,7,9); 

 ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʚʚʦʜʘ ʩʦ ʩʧʠʩʢʦʤ (Combo Box), ʥʘʧʨʠʤʝʨ, 

ʚʳʙʦʨ ʪʠʧʘ ʦʙʲʝʢʪʦʚ ʚ ʦʢʥʝ Select (ʨʠʩ. 1.3). 
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ʈʠʩ. 1.3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʚʚʦʜʘ ʩʦ ʩʧʠʩʢʦʤ 

 

 ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʘʣʦʛʦʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʘʩʢʨʳʪʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ.   

  
 ɺʦʧʨʦʩ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: ʯʝʤ ʦʪʣʠʯʘʶʪʩʷ ʜʝʡʩʪʚʠʷ ʢʥʦʧʦʢ 

OK ʠ Apply? 



 14 

ɻʣʘʚʘ 2 

ʇʆʉʊʈʆɽʅʀɽ ɻɽʆʄɽʊʈʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ ANSYS: 

ï ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ï ʠʤʧʦʨʪʦʤ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʦʡ ʚ CAD
*
ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʶʱʠʭ 

ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʦʚʤʝʩʪʠʤʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʚʝʢʪʦʨʥʳʝ 

ʬʦʨʤʘʪʳ (IGES, SAT) ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ (UniGraphics, SolidWorks, ʂʦʤ-

ʧʘʩ, AutoCAD, CADDS ʠ ʜʨʫʛʠʝ). 

ʇʦʥʷʪʠʝ çʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴè ʧʨʠʤʝʥʠʤʘ ʪʘʢʞʝ ʢ ʟʘʜʘʯʘʤ ʤʝʭʘ-

ʥʠʢʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʠ ʩʚʷʟʘʥʘ ʩ ʠʝʨʘʨʭʠʝʡ ʠ ʪʦʧʦʣʦʛʠʝʡ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʷʚʣʷʶʱʠʭʩʷ ʦʩ-

ʥʦʚʦʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. ʀʝʨʘʨʭʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʝʪʳʨʝ ʦʙʲʝʢʪʘ (ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ANSYS): 

1. ʂʣʶʯʝʚʘʷ ʪʦʯʢʘ, ʪʦʯʢʘ ʧʨʠʚʷʟʢʠ (Key Point ï KP) ʠʣʠ ʧʦʩʪʦʷʥʥʘʷ 

ʪʦʯʢʘ (Hard Point ï HP). 

2. ʃʠʥʠʷ ï Line ï L. 

3. ʇʦʚʝʨʭʥʦʩʪʴ ï Area ï A. 

4. ʆʙʲʝʤʥʦʝ ʪʝʣʦ ï Volume ï V. 

 

ʊʦʧʦʣʦʛʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʦʠʪ ʚ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ: 

ï ʣʠʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʯʥʝʤ**
 ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ (ʂ1, ʂ2, ʂ3, ...) ʠ 

ʪʠʧʦʤ (ʧʨʷʤʘʷ, ʜʫʛʘ, ʩʧʣʘʡʥ); 

ï ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʯʥʝʤ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʥʳʭ ʣʠʥʠʡ 

(L1, L2, L3, ...), ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʩʣʦ ʢʦʥʪʫʨʥʳʭ ʣʠ-

ʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ, ʘ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ï ʪʦʣʴʢʦ 3 ʠʣʠ 4, 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʛʦʨʠʪʤʘ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘ-

ʮʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ; 

ï ʦʙʲʝʤʥʦʝ ʪʝʣʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʯʥʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ (ɸ1, ɸ2, 

ɸ3,...), ʟʘʤʢʥʫʪʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʪʝʣʦ (ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʦʛʨʘʥʠ-

ʯʝʥʥʦ), ʧʨʠ ʵʪʦʤ ʢʦʥʪʫʨʥʳʝ ʣʠʥʠʠ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙ-

ʱʠʤʠ (ʩʦʚʧʘʜʘʪʴ) ʩ ʣʠʥʠʷʤʠ ʩʤʝʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʩʨʝʜʝ ANSYS ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʚʝʨʜʦ-

ʪʝʣɹʥʦʡ ʤʦʜʝʣʠ: 

ï ʚʦʩʭʦʜʷʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (çʩʥʠʟʫ ï ʚʚʝʨʭè): ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʦʪ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʜʦ ʦʙʲʝʤʥʳʭ ʪʝʣ; 

                                                 
*
 Computed Automatically Design ï ʉɸʇʈ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʘ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
**

 ɺʩʝʤ ʦʙʲʝʢʪʘʤ ʤʦʜʝʣʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʥʦʤʝʨʘ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʡ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 
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ï ʥʠʩʭʦʜʷʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (çʩʚʝʨʭʫ ï ʚʥʠʟè): ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʣʝʚʳʭ ʦʧʝ-

ʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʶʪʩʷ ʚʩʝ ʦʙʲʝʢʪʳ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦ 

ʠʝʨʘʨʭʠʠ ʫʨʦʚʥʷ. 

 ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ, ʘ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʜʘʶʪ 

ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʳʩʪʨʝʡʰʝʛʦ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʪʦʣʴʢʦ 

ʩʨʝʜʩʪʚʘʤʠ ANSYS. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ (ʚ ʘʢʘʜʝʤʠ-

ʯʝʩʢʠʭ ʚʝʨʩʠʷʭ) ʬʫʥʢʮʠʡ çʦʪʢʘʪʘè ʠ çʨʝʟʠʥʦʚʦʡ ʥʠʪʠè ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘ-

ʥʠʠ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʇʦ-

ʵʪʦʤʫ ʦʧʳʪʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʙʝ-

ʛʘʶʪ ʢ ʝʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ. 

 ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ ʩʨʝʜʝ ANSYS, ʦʧʨʝʜʝ-

ʣʠʪʝʩʴ ʩʦ ʩʧʦʩʦʙʦʤ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ: 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (ɻʇʀ 

 GUI
*
); 

 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʚʚʦʜ ʢʦʤʘʥʜ ʩʦʛʣʘʩʥʦ ʠʭ ʩʠʥʪʘʢʩʠʩʫ ʚ ʦʢʥʝ   

Input, ʥʘʧʨʠʤʝʨ: ʂ,101,10.4,12.75,0.0 (ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʩ ʥʦʤʝʨʦʤ 

101 ʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʍ=10.4, Y=12.75, Z=0.0); 

 ʩʦʟʜʘʥʠʝ ʠ ʟʘʧʫʩʢ log ʬʘʡʣʦʚ ʠʣʠ ʤʘʢʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ APDL. 

 

2.1. ɺʦʩʭʦʜʷʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 

 ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ çʩʥʠʟʫïʚʚʝʨʭè ʩʥʘʯʘʣʘ ʩʦʟʜʘʶʪʩʷ ʢʣʶʯʝʚʳʝ 

ʪʦʯʢʠ (ʂʈ), ʧʦ ʥʠʤ ʩʪʨʦʷʪʩʷ ʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ (ʧʨʷʤʳʝ ʣʠʥʠʠ, ʜʫʛʠ, 

ʩʧʣʘʡʥʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʪʫʨʘʤʠ ʙʫʜʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ ʵʢʩʪʨʫʟʠʠ ʠ ʚʨʘʱʝʥʠʷ.  ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩʧʦ-

ʩʦʙʳ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʇʀ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʢʦʤʘʥʜ ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʨʘʚʦʯʥʦʤ ʧʦʩʦʙʠʠ [18]. ɺ ʜʘʥʥʦʤ ʧʦʩʦ-

ʙʠʠ ʧʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʦʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ 

ʘʩʧʝʢʪʳ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʭʦʜʷʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

  

2.1.1. ʉʦʟʜʘʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ 

 

 ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ: 

 ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ (ʪʦʯʝʢ) ʚ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʠʣʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ; ʢʦʤʘʥʜʘ ʂ ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ In Active CS 

                                                 
* Graphical Units Interface. 
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Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ On Working Plane  

 ʆʪʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʪʦʯʝʢ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺʦʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʪʨʠʘʜ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʛʣʘʚʫ 5). ɺʦʚʪʦʨʳʭ, ʟʘʜʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʥʘ 

ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (WP 

ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ), ʘ ʪʠʧ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʝʢʘʨʪʦʚʳʤ.  

 ɺ ʜʠʘʣʦʛʘʭ ʢʦʦʨʜʠʥʘʪʳ ʤʘʨʢʠʨʫʪʁʩ ̫ʢʘʢ XïYïZ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ 

ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤ rʢʦʦʨʜʠʥʘʪ. ɽʩʣʠ ʘʢʪʠʚʥʘʷ ʉʂ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʢʘʨʪʦʚʦʡ,  

ɺʳ ʜʦʣʞʥʳ ʩʜʝʣʘʪʴ ʤʳʩʣʝʥʥʳʝ ʟʘʤʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, RïïZ ʜʣʷ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʡ ʉʂ ʠ Rïï ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʠʣʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʉʂ. ʋʛʣʦ-

ʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 ʚ ʨʘʜʠʘʥʘʭ. 

 ɼʣʷ ʚʝʨʩʠʡ ANSYS 7.* ʠ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʫʥʢʪʳ ʤʝʥʶ ʨʘʩ-

ʧʦʣʦʞʝʥʳ: 

Main Menu Ÿ Preprocessor Ÿ Modeling Ÿ Create... 

 ʉʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʥʠʠ; ʢʦʤʘʥʜʘ ʂL 

ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ On Line 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ On Line w/Ratio  

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʢʘʟʳʚʘʝʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʤʳʰʴʶ ʥʘ ʵʢʨʘʥʝ, ʚʦ 

ʚʪʦʨʦʤ  ʟʘʜʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ (Ratio) ʦʪ 0 ʜʦ 1, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʮʦʚ ʣʠʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ Line Ratio=0.5 ʪʦʯʢʘ ʙʫ-

ʜʝʪ ʩʦʟʜʘʥʘ ʧʦʩʨʝʜʠʥʝ ʣʠʥʠʠ. 

 ʉʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʣʶʯʝ-

ʚʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥʜʘ KBETW ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ KP between KPs  

 ʩʦʟʜʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʤʝʞʜʫ ʜʚʫʤʷ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤʠ ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥʜʘ KFILL  ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Fill between KPs  

 ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʚ ʮʝʥʪʨʝ ʢʨʫʛʦʚʦʡ ʜʫʛʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥʜʘ KCENTER ʠʣʠ ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ KP at Center 

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʢʣʶʯʝʚʤrʠ ʪʦʯʢʘʤʠ: 

 ʢʦʧʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ KGEN ʠʣʠ ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Copy Ÿ Keypoints 

 ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʧʫʪʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʪʨʠʘʜʦʡ ʉʂ; ʢʦʤʘʥʜʘ KSYMM 

ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Reflect Ÿ Keypoints 
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 ʩʦʟʜʘʥʠʝ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʫʟʣʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʠ; ʢʦʤʘʥʜʘ KNODE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ On Node  

 ʧʝʨʝʤʝʱʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪ ʚ 

ʜʨʫʛʦʡ ʉʂ; ʢʦʤʘʥʜʘ KTRAN ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Transfer Coord Ÿ Keypoints  

 ʩʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʚʩʝʭ ʘʢʪʠʚʥʳʭ (ʩʝʣʝʢʪʠʨʦʚʘʥʥʳʭ) ʠʣʠ ʚʳʙʨʘʥ-

ʥʳʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʠ ʠʭ ʩʚʦʡʩʪʚ; ʢʦʤʘʥʜʘ KLIST ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Keypoints Ÿ Coordinates +Attributes 

Utility Menu Ÿ List Ÿ Keypoints Ÿ Coordinates only 

Utility Menu Ÿ List Ÿ Keypoints Ÿ Hard Points 

Util ity Menu Ÿ List Ÿ Picked Entities Ÿ Keypoints Ÿ Coordinates Only 

Utility Menu Ÿ List Ÿ Picked Entities Ÿ Keypoints Ÿ Coords +Attributes  

 ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʘʢʪʠʚʥʳʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; ʢʦ-

ʤʘʥʜʘ KPLOT ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ Plot Ÿ Keypoints 

Utility  Menu Ÿ Plot Ÿ Specified Entities Ÿ Keypoints  

 ʦʪʙʦʨ (ʩʝʣʝʢʮʠ,̫ ʘʢʪʠʚʘʮʠʷ) ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ KSEL ʠʣʠ 

ʤʝʥʶ: 

Utility Menu Ÿ Select Ÿ Entities  

 ʫʜʘʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʴʶ; ʢʦ-

ʤʘʥʜʘ KDELE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Keypoints  

 ʚr ʯʠʩʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠ ̫ʤʝʞʜʫ ʜʚʫʤʷ ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥ-

ʜʘ KDIST ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ -Modeling- Ÿ Check Geom Ÿ KP distances  

 ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ (ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ) ʩ ʦʯʠʩʪ-

ʢʦʡ ʩʝʪʠ ʠ ʧʝʨʝʥʦʩʦʤ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚ-

ʥ;̫ ʢʦʤʘʥʜʘ KMODIF ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Set of KPs 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Single KP  

 

2.1.2. ʉʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʪʦʯʝʢ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ 

 

 ʇʦʩʪʦʷʥʥʳʝ ʪʦʯʢʠ (Hard Points) ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʚʠʜʦʤ ʢʣʶ-

ʯʝʚʳʭ ʪʦʯʝʢ, ʥʦ ʥʝ ʩʚʷʟʘʥʳ ʩ ʪʦʧʦʣʦʛʠʝʡ ʛʝʦʤʝʪʨʠʠ ʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. 

ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʪʦʯʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʠʣʠ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʩ ʪʦʯʢʠ ʥʘ ʣʠʥʠʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʵʪʘ ʪʦʯʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʢʣʶʯʝʚʦʡ ʪʦʯʢʦʡ ʠʣʠ ʫʟʣʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʠ. 
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ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʯʝʢ: 

 ʩʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʪʦʯʢʠ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʠʣʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ; ʢʦʤʘʥʜʘ HPTCREATE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Hard PT on Line Ÿ 

Hard PT by ratio  

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Hard PT on Line Ÿ 

Hard PT by coord 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Hard PT on Line Ÿ 

Hard PT by picki  

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Hard PT on area Ÿ 

Hard PT by coord 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Keypoints Ÿ Hard PT on area Ÿ 

Hard PT by picki  

 ʉʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜʳ HPTCREATE:  

HPTCREATE, TYPE, ENTITY, NHP, LABEL, VAL1, VAL2, VAL3,  

ʛʜʝ TYPE  ʪʠʧ ʦʙʲʝʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʩʦʟʜʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʪʦʯʢʠ (LINE 

ʠʣʠ AREA); ENTITY  ʥʦʤʝʨ ʦʙʝ̡ʢʪʘ; NHP  ʥʦʤʝʨ ʪʦʯʢʠ; LABEL  ʩʧʦ-

ʩʦʙ ʩʦʟʜʘʥʠʷ (COORD ʠʣʠ RATIO); VAL1, VAL2, VAL3  ʢʦʦʨʜʠʥʘʪʳ X,Y,Z 

ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʪʦʯʢʘʤʠ ʣʠʥʠʠ 

ʧʨʠ ʩʧʦʩʦʙʝ RATIO (VAL1).   

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʦʯʢʘʤʠ: 

 ʦʪʙʦʨ ʧʦʩʪʦʷʥʥʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ KSEL;  

 ʦʪʙʦʨ ʣʠʥʠʡ ʩ ʘʢʪʠʚʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥʜʘ LSEL;  

 ʦʪʙʦʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʘʢʪʠʚʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʦʯʢʘʤʠ; ʢʦʤʘʥʜʘ 

ɸSEL.  

ɼʣʷ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʦʪʙʦʨʘ ʤʝʥʶ: 

Utility Menu Ÿ Select Ÿ Entities 

 ɺ  ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʚ ʧʝʨʚʦʤ ComboBox-ʝ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʠʧ ʦʙʲʝʢʪʦʚ (Keypoints, Lines, Areas), ʚʦ ʚʪʦʨʦʤ  By Hard Points. 

 ʉʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʘʢʪʠʚʥʳʭ (ʩʝʣʝʢʪʠʨʦʚʘʥʥʳʭ) ʧʦʩʪʦʷʥʥʳʭ ʪʦ-

ʯʝʢ; ʢʦʤʘʥʜʘ KLIST ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Keypoints Ÿ Hard Points  

 ʩʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʣʠʥʠʡ ʩ ʘʢʪʠʚʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʦʯʢʘʤʠ; ʢʦ-

ʤʘʥʜʘ LLIST ʠʣʠ ʤʝʥʶ ʦʪʩʫʪʩʪʚʫʝʪ; 

 ʩʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʘʢʪʠʚʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʦʯ-

ʢʘʤʠ; ʢʦʤʘʥʜʘ ALIST; ʤʝʥʶ ʦʪʩʫʪʩʪʚʫʝʪ; 

 ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʘʢʪʠʚʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʪʦʯʝʢ; ʢʦ-

ʤʘʥʜʘ KPLOT ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ Plot Ÿ Keypoints  Ÿ Hard Points 

 ʫʜʘʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ HPTDELETE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Keypoints  Ÿ Hard Points  
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2.1.3. ʉʦʟʜʘʥʠʝ ʣʠʥʠʡ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ 

 

ʂ ʣʠʥʠʷʤ ʚ ʩʨʝʜʝ ANSYS ʦʪʥʦʩʷʪ ʣʠʥʝʡʥʳʝ ʧʨʠʤʠʪʠʚʳ: ʧʨʷʤʳʝ ʣʠ-

ʥʠʠ, ʦʢʨʫʞʥʦʩʪʠ ʠ ʜʫʛʠ, ʩʧʣʘʡʥʳ, ʘ ʪʘʢʞʝ ʣʠʥʠʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ (ʧʝʨʝʩʝʯʝʥʠʷ, ʚʳʯʠʪʘʥʠʷ ʠ ʜʨ.) ʠ ʢʨʘʪʯʘʡʰʠʝ ʣʠ-

ʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.  

 ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʣʠʥʠʡ: 

 ʩʦʟʜʘʥʠʝ ʣʠʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʢʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ ʚ ʘʢʪʠʚʥʦʡ ʩʠʩ-

ʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ʢʦʤʘʥʜʘ L ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ In Active Coord 

 ʉʦʟʜʘʥʥʘʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʣʠʥʠʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʧʨʷʤʦʡ. ʅʘ-

ʧʨʠʤʝʨ, ʝʩʣʠ ʘʢʪʠʚʥʦʡ ʉʂ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘ ̫ʠʣʠ  

ʩʬʝʨʠʯʝʩʢʘ ̫ʉʂ,  ʩʦʟʜʘʥʥʘʷ ʣʠʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʧʠʨʘʣʴʶ. 

 ʉʦʟʜʘʥʠʝ ʧʨʷʤʦʡ ʣʠʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʢʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʡ; ʢʦʤʘʥʜʘ 

LSTR ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Straight Line 

 ʩʦʟʜʘʥʠʝ ʧʨʷʤʦʡ ʣʠʥʠʠ ʧʦʜ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ ʠʣʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʩʫ-

ʱʝʩʪʚʫʶʱʝʡ ʣʠʥʠʠ; ʢʦʤʘʥʜʘ LANG ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ At Angle to Line 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Normal to Line 

 ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ: ʚʳʙʨʘʪʴ ʣʠʥʠʶ (ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʆʂ), ʚʳʙʨʘʪʴ 

ʢʣʶʯʝʚʫʶ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʥʦʚʘʷ ʣʠʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʭʦʜʥʘʷ ʣʠʥʠʷ ʙʫʜʝʪ ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʥʦʚʦʡ ʣʠʥʠʝʡ. 

 ʉʦʟʜʘʥʠʝ ʣʠʥʠʠ ʧʦʜ ʟʘʜʘʥʥʳʤʠ ʫʛʣʘʤʠ ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʜʚʫʤ ʣʠʥʠ̫ ʤ; ʢʦʤʘʥʜʘ L2ANG ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Angle to 2 Lines 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Norm to 2 Lines  

 ʩʦʟʜʘʥʠʝ ʣʠʥʠʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʚʳʙʨʘʥʥʦʡ ʣʠʥʠʠ ʚ ʦʜʥʦʡ ʠʟ ʝʝ 
ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ LTAN ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Tangent to Line  

 ʩʦʟʜʘʥʠʝ ʣʠʥʠʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʜʚʫʤ ʣʠʥʠʷʤ; ʢʦʤʘʥʜʘ L2TAN 

ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Tan to 2 Lines  

 ʩʦʟʜʘʥʠʝ ʢʨʘʪʯʘʡʰʝʡ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ; 

ʢʦʤʘʥʜʘ LAREA ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Lines Ÿ Overlaid on Area  

 ʩʦʟʜʘʥʠʝ ʜʫʛʠ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ ʠʣʠ ʜʚʫʤ ʪʦʯʢʘʤ ʠ ʨʘʜʠʫʩʫ; ʢʦʤʘʥʜʘ 

LARC ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Arcs Ÿ Through 3 KPs  

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Arcs Ÿ By End KPs & Rad 
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 ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʘʞʝʥ ʧʦʨʷʜʦʢ ʫʢʘʟʘʥʠʷ ʪʦʯʝʢ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʩʥʘʯʘʣʘ ʦʪʤʝʯʘʶʪʩʷ ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ ʜʫʛʠ, ʘ ʟʘʪʝʤ  ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʪʦʯʢʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ ʦʪʤʝʯʘʶʪʩʷ ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ ʜʫʛʠ (ʥʘʞʘʪʴ ʢʥʦʧ-

ʢʫ ʆʂ), ʟʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʪʦʯʢʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʩʢʦʩʪʴ ʜʫʛʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʮʝʥʪʨʘ ʜʫʛʠ, ʜʘʣʝʝ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʚ ʧʦʣʝ RAD ʚʚʦʜʠʪʩʷ 

ʨʘʜʠʫʩ ʜʫʛʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫʛʣʦʚʘʷ ʤʝʨʘ ʜʫʛʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʝ ʙʦʣʝʝ 180
ʦ
. 

 ʉʦʟʜʘʥʠʝ ʜʫʛʠ ʠʣʠ ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʮʝʥʪʨʫ ʠ ʫʛʣʫ; ʢʦʤʘʥʜʘ CIRCLE 

ʠʣʠ ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Arcs Ÿ By Cent & Radius 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Arcs Ÿ Full Circle  

 ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝ ʪʨʝʙʫʶʪʩʷ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʝ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ. 

ʇʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʮʝʥʪʨ ʤʦʞʥʦ ʚ ʛʣʦʙʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʉʂ (X,Y,Z) ʠʣʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ WP (X,Y) ʧʫʪʝʤ ʟʘʥʝʩʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʚ 

ʦʢʥʝ ʚʚʦʜʘ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ (ʯʝʨʝʟ ʟʘʧʷʪʫʶ, ʜʝʩʷʪʠʯʥʳʡ ʨʘʟʜʝʣʠʪʝʣʴ  

ʪʦʯʢʘ) ʠʣʠ ʫʢʘʟʘʥʠʝʤ ʤʘʨʢʝʨʦʤ ʤʳʰʠ. ɿʘʤʢʥʫʪʘʷ ʦʢʨʫʞʥʦʩʪʴ, ʩʦʟʜʘʥʥʘʷ 

ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ, ʩʦʩʪʦʠʪ ʠʟ 4 ʨʘʚʥʳʭ ʜʫʛ (ʦʩʦʙʝʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʪʨʠ-

ʘʥʛʫʣʷʮʠʠ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ).  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʢʨʫʞʥʦʩʪʠ ʠʣʠ ʜʫʛʠ ʧʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʣʝ ʫʢʘʟʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʫʢʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʘʜʠʫʩ ʠ 

ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʫʛʣʘ. ɿʘʪʝʤ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʟʘʜʘʝʪʩʷ ʫʛʦʣ (ʧʘʨʘʤʝʪʨ 

ARC) ʠ ʯʠʩʣʦ ʨʘʚʥʳʭ ʩʝʛʤʝʥʪʦʚ (ʧʘʨʘʤʝʪʨ NSEG), ʥʘ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʨʘʟ-

ʙʠʪʘ ʣʠʥʠʷ (ʥʝ ʤʝʥʝʝ 3). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠ-

ʥʘʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʩʝʛʜʘ ʠʩʯʠʩʣʷʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣ-

ʢʠ. 

 ʉʦʟʜʘʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ ʩ ʦʙʳʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷ-

ʤʠ ʥʘ ʢʦʥʮʘʭ; ʢʦʤʘʥʜʘ BSPLIN ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ Spline thru KPs 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ Spline thru Locs 

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʢʘʟʘʪʴ ʚʩʝ ʪʦʯʢʠ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʩʪʨʦʠʪʩʷ ʩʧʣʘʡʥ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ ʫʢʘʟʳʚʘʶʪʩʷ ʧʝʨʚʘʷ ʠ ʧʦ-

ʩʣʝʜʥʷʷ ʪʦʯʢʠ ʩʧʣʘʡʥʘ (ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʆʂ), ʟʘʪʝʤ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯ-

ʢʠ. 

 ʉʦʟʜʘʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʢʘʩʘʪʝʣʴ-

ʥʳʭ  ʥʘ ʢʦʥʮʘʭ; ʢʦʤʘʥʜʘ BSPLIN ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ With Options Ÿ Spline 

thru KPs 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ With Options Ÿ Spline 

thru Locs  

 ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʨʪʦʚʦʡ 

(XV1, YV1, ZV1) ʠ ʬʠʥʠʰʥʦʡ (XV6, YV6, ZV6) ʪʦʯʝʢ. ʇʨʷʤʘʷ ʤʝʞʜʫ 

ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʦʡ ʠ ʧʝʨʚʦʡ ʪʦʯʢʦʡ ʩʧʣʘʡʥʘ ʦʧʨʝʜʝʣʷʝʪ ʢʘʩʘʪʝʣʴʥʫʶ ʥʘ 
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ʚʭʦʜʝ, ʘ ʧʨʷʤʘʷ ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʦʡ ʩʧʣʘʡʥʘ ʠ ʬʠʥʠʰʥʦʡ ʪʦʯʢʦʡ ʦʧ-

ʨʝʜʝʣʷʝʪ ʢʘʩʘʪʝʣʴʥʫʶ ʥʘ ʚʳʭʦʜʝ ʩʧʣʘʡʥʘ. 

 ʉʦʟʜʘʥʠʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ; ʢʦʤʘʥʜʘ 

SPLINE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ Segmented Spline 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Splines Ÿ With Options Ÿ Seg-

mented Spline  

 ʆʪʣʠʯʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʧʣʘʡʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʣʠʥʠʷ ʩʧʣʘʡʥʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʣʠʥʠʠ, ʨʘʟʙʠʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʦʯʢʘʭ ʩʧʣʘʡʥʘ. 

 ʉʦʟʜʘʥʠʝ ʣʠʥʠʠ ʧʫʪʝʤ ʚʳʪʷʛʠʚʘʥʠʷ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ (ʪʦʯʝʢ) ʚʜʦʣʴ 
(ʧʘʨʘʣʣʝʣʴʥʦ) ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʣʠʥʠʡ); ʢʦʤʘʥʜʘ LDRAG ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ Along Lines  

 ʩʦʟʜʘʥʠʝ ʜʫʛʠ ʠʣʠ ʦʢʨʫʞʥʦʩʪʠ ʚʨʘʱʝʥʠʝʤ ʢʣʶʯʝʚʦʡ ʪʦʯʢʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʩʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. ʆʧʝʨʘʮʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʢ ʥʘʙʦʨʫ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ LROTAT ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ About Axis  

 ʩʦʟʜʘʥʠʝ ʬʘʩʢʠ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʣʠʥʠʡ; 

ʢʦʤʘʥʜʘ LFILLT  ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Line Fillet  

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʣʠʥʠʷʤʠ: 

 ʢʦʧʠʨʦʚʘʥʠʝ ʣʠʥʠʡ; ʢʦʤʘʥʜʘ LGEN ʠʣʠ ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Copy Ÿ Lines 

 ʩʦʟʜʘʥʠʝ ʣʠʥʠʡ ʧʫʪʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ  ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ 

ʣʠʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʪʨʠʘʜʦʡ ʉʂ; ʢʦʤʘʥ-

ʜʘ LSYMM ʠʣʠ ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Reflect Ÿ Lines 

 ʧʝʨʝʤʝʱʝʥʠʝ ʣʠʥʠʡ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʜʨʫʛʦʡ 

ʉʂ; ʢʦʤʘʥʜʘ LTRAN ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Transfer Coord Ÿ Lines 

 ʩʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʣʠʥʠʡ ʠʣʠ ʚʳʙʨʘʥʥʳʭ; ʢʦʤʘʥʜʘ 

LLIST ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Lines  

Utility Menu Ÿ List Ÿ Picked Entities Ÿ Lines  

 ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʘʢʪʠʚʥʳʭ ʣʠʥʠʡ; ʢʦʤʘʥʜʘ 

LPLOT ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ Plot Ÿ Lines 

Utility  Menu Ÿ Plot Ÿ Specified Entities Ÿ Lines 

 ʦʪʙʦʨ ʣʠʥʠʡ; ʢʦʤʘʥʜʘ LSEL ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ Select Ÿ Entities 
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 ʫʜʘʣʝʥʠʝ ʣʠʥʠʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʴʶ; ʢʦʤʘʥʜʘ 

LDELE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Line and Below 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Lines Only  

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʜʘʣʷʶʪʩʷ ʣʠʥʠʠ ʠ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ, ʠʭ ʦʙʨʘʟʫʶ-

ʱʠʝ, ʚʦ ʚʪʦʨʦʤ  ʪʦʣʴʢʦ ʣʠʥʠʠ. 

ʇʨʠʤʝʯʘʥʠʝ. ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʣʠʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟ-        

ʜʝʣʝ 2.2. ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʶ, ʠʟʤʝʥʝʥʠʶ ʠ ʫʜʘʣʝ-

ʥʠʶ ʣʠʥʠʡ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʣʠʥʠʷʤ, ʷʚʣʷʶʱʠʤʠʩ ̫ʯʘʩʪʴʶ ʩʝ-

ʪʦʯʥʦʡ ʤʦʜʝʣʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʢʦʤʘʥʜʳ LDIV , LCOMB, ʠ 

LFILLT. ɺ ʠʥʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʦʧʝʨʘʮʠʠ ʫʜʘʣʝ-

ʥʠ̫ ʣʠʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʩʪʠʪʴ (Clear) ʤʦʜʝʣʴ ʦʪ ʩʝʪʠ. 

 

2.1.4. ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ 

 

 ʇʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʨʦʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ. ʂʘʢ 

ʵʣʝʤʝʥʪ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ ʫʨʦʚʥʷ ʚ ʠʝʨʘʨʭʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʤʥʳʭ ʪʝʣ ʤʝʪʦʜʦʤ ʚʦʩʭʦʜʷ-

ʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʣʦʩʢʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʤʝʭʘʥʠʢʝ ʜʝʬʦʨʤʠʨʫʝ-

ʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʜʘʯʠ ʦ ʧʣʦʩʢʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ (ʇʅʉ) ʠ ʧʣʦʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʇɼʉ); ʚ ʪʝʨʤʠʥʘʭ 

ʦʧʮʠʡ ʂʕ ANSYS ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: Plane stress ʠ Plane strain (ʙʝʟ ʫʯʝʪʘ ʢʦ-

ʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʠʣʠ ʝʜʠʥʠʯʥʘʷ ʪʦʣʱʠʥʘ), ʘ ʪʘʢʞʝ Plane strs w/thk (ʇʅʉ ʩ 

ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʪʦʣɦ ʠʥʳ). ʇʨʠ ʘʥʘʣʠʟʝ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʧʣʘʩʪʠʥ ʠ 

ʦʙʦʣʦʯʝʢ ʤʦʜʝʣʠ ʪʘʢʞʝ ʦʙʳʯʥʦ ʩʪʨʦʷʪʩʷ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʝʡ (Plane, 

Shell). ɼʨʫʛʦʡ ʢʣʘʩʩ ʟʘʜʘʯ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʳʩʪʫʧʘʝʪ ʧʣʦʩʢʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ  ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʪʝʣ. ʇʨʠ ʦʩʝʚʦʡ 

ʩʠʤʤʝʪʨʠʠ ʛʝʦʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʫʩʣʦʚʠʡ ʥʘ-

ʛʨʫʞʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝ-

ʯʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʩʠʤʤʝʪʨʠʠ. ɺ 

ANSYS ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʚʩʝʛʜʘ ʦʩʴ Y, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʮʠʷ ʂʕ  Axi-

symmetric.  

 ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ: 

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʚʝʨ-

ʰʠʥ (ʚ ʪʝʨʤʠʥʘʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ); ʢʦʤʘʥʜʘ ɸ ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ Through KPs  

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʠʩʘʥʠʝʤ ʝʝ ʛʨʘʥʠʮ, ʪ.ʝ. ʣʠʥʠʡ, ʦʙʨʘʟʫʶ-

ʱʠʭ ʝʝ ʧʝʨʠʤʝʪʨ; ʢʦʤʘʥʜʘ ɸL ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ By Lines  

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʚʳʪʷʛʠʚʘʥʠʷ ʣʠʥʠʡ ʚʜʦʣʴ (ʧʘʨʘʣ-

ʣʝʣʴʥʦ) ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʣʠʥʠʡ); ʢʦʤʘʥʜʘ ADRAG ʠʣʠ ʤʝʥ :ʁ 
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Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ Lines Ÿ Along 

Lines  

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʚʨʘʱʝʥʠʝʤ ʣʠʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. ʆʧʝʨʘʮʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʥʘʙʦʨʫ ʣʠ-

ʥʠʡ. ʂʦʤʘʥʜʘ AROTAT ʠʣʠ ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep  Ÿ Lines Ÿ About 

Axis  

 ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʘʩʢʠ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʢʦʤʘʥʜʘ ɸFILLT ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ  Area Fillet  

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʣʠʥʠʷʤ, ʥʝ ʦʙʨʘʟʫʶʱʠʤ ʟʘʤʢʥʫʪʳʡ ʢʦʥ-

ʪʫʨ. ʆʧʝʨʘʮʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʥʘʙʦʨʫ ʣʠʥʠʡ ʯʠʩʣʦʤ ʜʦ 9, ʧʨʠ ʵʪʦʤ 

ʧʝʨʚʘʷ ʫʢʘʟʘʥʥʘʷ ʣʠʥʠʷ ʬʦʨʤʠʨʫʝʪ ʢʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝʜʥʷʷ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʢʨʘʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʡ ʣʠ-

ʥʠʠ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ çʨʝʙʨʘʤʠè ʙʫʜʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʣʫʞʘʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʣʘʡʥʦʚ. ʂʦʤʘʥʜʘ ASKIN; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ CreateŸ Areas Ÿ Arbitrary Ÿ By Skinning  

 ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʤʝʱʝʥʠʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʩʰʪʘʙʫ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʤʘʥʜʘ: AOFFST ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ By Offset  

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ: 

 ʢʦʧʠʨʦʚʘʥʠʝ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʦʤʘʥʜʘ: ɸGEN; 

ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Copy Ÿ Areas 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Areas  

 ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʥʘʙʦʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ, ʦʙʨʘʟʫʝʤʳʭ 

ʪʨʠʘʜʦʡ ʉʂ. ʂʦʤʘʥʜʘ: ɸSYMM; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Reflect Ÿ Areas 

 ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪ ʚ 

ʜʨʫʛʦʡ ʉʂ. ʂʦʤʘʥʜʘ: ATRAN; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Transfer Coord Ÿ Areas 

 ʢʦʧʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʤʘʥʜʘ: ASUB; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ Overlaid on 

Area  

 ɺ ʜʠʘʣʦʛʝ ʩʥʘʯʘʣʘ ʚʳʙʠʨʘʝʤ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʩʢʦ-

ʧʠʨʦʚʘʪʴ (ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʆʂ), ʟʘʪʝʤ ʧʦ ʢʣʶʯʝʚʳʤ ʪʦʯʢʘʤ ʥʘ ʢʦʥʪʫʨʝ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʥʝ ʤʝʥʝʝ 3) ʬʦʨʤʠʨʫʝʤ ʩʝʢʪʦʨ.  

 ʉʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʚʳʙʨʘʥʥʳʭ. 

ʂʦʤʘʥʜʘ: ALIST; ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Areas 
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Utility Menu Ÿ List Ÿ Picked Entities Ÿ Areas 

 ʆʪʦʙʨʘʞʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʘʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʦʤʘʥ-

ʜʘ: APLOT; ʤʝʥʶ: 

Utility Menu Ÿ Plot Ÿ Areas 

Utility Menu Ÿ Plot Ÿ Specified Entities Ÿ Areas 

 ʆʪʙʦʨ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʦʤʘʥʜʘ: ASEL; ʤʝʥʶ: 

Utility Menu Ÿ Select Ÿ Entities  

 ʋʜʘʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʴʶ. ʂʦ-

ʤʘʥʜʘ: ADELE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Area and Below 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Areas Only  

ʇʨʠʤʝʯʘʥʠʝ. ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟ-        

ʜʝʣʝ 2.2. ɺʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʶ, ʠʟʤʝʥʝʥʠʶ ʠ ʫʜʘʣʝʥʠʶ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʯʘ-

ʩʪʴʶ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. ɺ ɻʪʠʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʦʧʝ-

ʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʩʪʠʪʴ (Clear) ʤʦʜʝʣʴ ʦʪ ʩʝ-

ʪʠ. 

 

2.1.5. ʉʦʟʜʘʥʠʝ ʦʙʲʝʤʥʳʭ ʪʝʣ ʠ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ 

 

 ʆʙʲʝʤʥʦʝ ʪʝʣʦ ʢʘʢ ʵʣʝʤʝʥʪ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʚ ʠʝʨʘʨʭʠʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʯʥʝʤ ʥʦʤʝʨʦʚ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʠʩʳʚʘʶʪʩʷ ʧʝʨʝʯʥʝʤ ʥʦʤʝʨʦʚ ʢʦʥʪʫʨʥʳʭ 

ʣʠʥʠʡ ʠ ʪ.ʜ. 

 ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʪʝʣ: 

 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʚ ʚʠʜʝ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʚʝʨʰʠʥ (ʚ 
ʪʝʨʤʠʥʘʭ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ). ʂʦʤʘʥʜʘ: V; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Volumes Ÿ Arbitrary Ÿ Through 

KPs  

 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʦʧʠʩʘʥʠʝʤ ʝʛʦ ʛʨʘʥʠʮ, ʪ.ʝ. ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ. ʂʦʤʘʥʜʘ: VA; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Volumes Ÿ Arbitrary Ÿ By Areas 

 ʆʧʝʨʘʮʠʠ ʵʢʩʪʨʫʟʠʠ: 

 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʧʫʪʝʤ ʚʳʪʷʛʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʜʦʣʴ (ʧʘʨʘʣʣʝʣʴ-

ʥʦ) ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʣʠʥʠʡ). ʂʦʤʘʥʜʘ: VDRAG; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ Areas Ÿ Along 

Lines  

 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʧʫʪʝʤ ʚʳʪʷʛʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʥʦʨʤʘʣʠ. ʂʦ-

ʤʘʥʜʘ: VOFFST; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ Areas Ÿ Along 

Normal  
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 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʧʫʪʝʤ ʚʨʘʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, 
ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʪʦʯʢʘʤʠ. ʂʦʤʘʥʜʘ: VROTAT; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Extrude / Sweep Ÿ Areas Ÿ About 

Axis  

 ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʧʫʪʝʤ ʚʳʪʷʛʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠ-

ʝʤ ʠ ʧʦʚʦʨʦʪʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʂʦʤʘʥʜʘ: VEXT; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Areas Ÿ Arbitrary Ÿ By Offset  

ʆʧʝʨʘʮʠʠ ʵʢʩʪʨʫʟʠʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʘʤ, ʥʦ ʠ ʢ ʩʝʪʦʯʥʳʤ ʤʦʜʝʣʷʤ. ʅʘ ʨʠʩ. 2.1 ʧʨʠʚʝʜʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦ-

ʜʝʣʴ ʙʫʨʘ (ʙ), ʧʦʣʫʯʝʥʥʘʷ ʦʧʝʨʘʮʠʝʡ ʵʢʩʪʨʫʟʠʠ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʦʨʦʪʦʤ (VEXT) ʧʣʦʩʢʦʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ (ʘ), ʧʨʠ ʵʪʦʤ 

ʪʨʝʭʤʝʨʥʳʝ ʂʕ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʧʦʜʦʙʥʳ ʠʩʭʦʜʥʳʤ ʧʣʦʩʢʠʤ ʂʕ. 

ʇʨʠ ʵʢʩʪʨʫʟʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʢʨʦʤʝ ʦʙʲʝʤʥʳʭ ʂʕ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʶʪʩʷ ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ: ʪʝʣʘ, ʧʦʚʝʨʭʥʦʩʪʠ, 

ʣʠʥʠʠ, ʪʦʯʢʠ.   

ʇʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʵʢʩʪʨʫʟʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

 ʩʦʟʜʘʥʠʝ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʠ-

ʤʝʥʝʥʘ ʦʧʝʨʘʮʠʷ ʵʢʩʪʨʫʟʠʠ, ʩ ʧʦʤʦʱʴʶ ʧʣʦʩʢʠʭ ʠʣʠ ʦʙʦʣʦʯʝʯʥʳʭ ʂʕ (ʩʤ. 

ʛʣʘʚʫ 3); 

 ʚʳʙʦʨ ʠ ʘʢʪʠʚʘʮʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʧʦʜʦʙʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʪʠʧʘ 

ʣɻʝʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦ ʬʦʨʤʝ ʠ ʯʠʩʣʫ ʫʟʣʦʚ ʥʘ ʛʨʘʥʠ ʜʚʫʤʝʨʥʦʤʫ 

ʪʠʧʫ ʵʣʝʤʝʥʪʘ; 

 

 

 
 
ʈʠʩ. 2.1. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʵʢʩʪʨʫʟʠʠ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ ʧʦʚʦʨʦʪʦʤ 
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 ʥʘʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʨʘʟʙʠʝʥʠʡ (ʧʘʨʘʤʝʪʨ NDIV ʢʦʤʘʥʜ r ESIZE) ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʢʩʪʨʫʟʠʠ (ʚʨʘʱʝʥʠʷ, ʚʳʜʘʚʣʠʚʘʥʠʷ) ʜʣʷ ʤʝʪʦʜʦʚ VROTAT, 

VEXT, VOFFST ʠʣʠ ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʡ ʥʘ ʣʠʥʠʠ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝ-

ʩʪʚʝ ʪʨʘʝʢʪʦʨʠʠ çʧʨʦʪʘʩʢʠʚʘʥʠʷè ʧʨʠ ʤʝʪʦʜʝ VDRAG (ʢʦʤʘʥʜʳ LESIZE 

ʠʣʠ ESIZE,, NDIV); 

 ʟʘʧʫʩʢ ʢʦʤʘʥʜ rVROTAT, VEXT, VOFFST ʠʣʠ VDRAG ʠʣʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʧʫʥʢʪʦʚ ʤʝʥʶ ʚ ɻʇʀ. 

ʇʨʠʤʝʯʘʥʠʷ. ʆʧʝʨʘʮʠʠ ʵʢʩʪʨʫʟʠʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ  ʢ ʣʠ-

ʥʠʷʤ ʠ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʦʧʝʨʘʮʠʠ ʩʝʪʦʯʥʦʡ ʢʦʥʢʘʪʝʥʘ-

ʮʠʠ  LCCAT ʠʣʠ ACCAT, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤ. ʛʣʘʚʫ 3. 

ɽʩʣʠ ʩʝʪʦʯʥʘʷ ʤʦʜʝʣʴ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʩ 

ʘʪʨʠʙʫʪʘʤʠ ʂʕ, ʥʘʟʥʘʯʝʥʥʳʤʠ ʢʦʤʘʥʜʦʡ ɸɸʊʊ, ʪʦ ʪʘʢʠʝ ʞʝ ʘʪʨʠʙʫʪʳ ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʣʝ ʵʢʩʪʨʫʟʠʠ, ʥʦ ʥʝ ʙʦʢʦʚʳʝ.  

ɹʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʵʢʩʪʨʫ-

ʟʠʠ: ʢʦʤʘʥʜʘ EXTOPT; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ -Modeling-Operate Ÿ Extrude / Sweep Ÿ Elem 

Ext Opts  

ʇʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ EXTOPT ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

 ʥʘʟʥʘʯʝʥʠʝ ʩʦʟʜʘʚʘʝʤʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʠ ʯʝʨʝʟ ʪʘʙʣʠʮʫ ʘʪʨʠʙʫʪʦʚ 
ʂʕ ʥʦʤʝʨʘ ʤʘʪʝʨʠʘʣʘ, ʥʦʤʝʨʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʢʦʥʩʪʘʥʪʳ ʠ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪ-

ʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʨʘʟʜʝʣ 5.7); 

 ʧʝʨʝʥʦʩʠʪʴ ʘʪʨʠʙʫʪʳ ʂʕ ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʝʥʝʨʠʨʫʝʤʫʶ 
ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʴ; 

 ʦʧʨʝʜʝʣʷʪʴ ʯʠʩʣʦ ʩʣʦʝʚ ʂʕ ʠ ʩʪʝʧʝʥʴ ʩʛʫʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
ʵʢʩʪʨʫʟʠʠ; 

 ʫʜʘʣʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʪʴ ʧʦʩʣʝ ʛʝʥʝʨʘʮʠʠ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʦʯ-

ʥʦʡ ʤʦʜʝʣʠ. 

ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ ʪʝʣʘʤʠ: 

 ʄʝʪʦʜʳ ʵʢʩʪʨʫʟʠʠ ʩʦʟʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʪʨʝʭʤʝʨʥʳʝ ʪʝʣʘ, ʠ ʠʭ 

ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ. ɽʩʣʠ ʪʝʣʦ ʫʞʝ ʩʦʟʜʘʥʦ ʠ ʦʜʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʪʦʛʦ ʪʝ-

ʣʘ ʨʘʟʙʠʪʘ ʥʘ ʂʕ, ʪʦ ʩʧʨʦʝʮʠʨʦʚʘʪʴ ʜʚʫʤʝʨʥʫʶ ʩʝʪʴ ʥʘ ʦʙʲʝʤʥʦʝ ʪʝʣʦ 

ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ: 

 ʋʩʪʘʥʦʚʢʘ ʦʧʮʠʡ ʨʘʟʙʠʝʥʠʷ. ʂʦʤʘʥʜʘ: EXTOPT; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ -Meshing-Mesh Ÿ -Volume Sweep-Sweep Opts  

 ɻʝʥʝʨʘʮʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. ʂʦʤʘʥʜʘ: VSWEEP; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ -Meshing-Mesh Ÿ -Volume Sweep-Sweep  

 ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʚ ʛʣʘʚʝ 3. 

 ʂʦʧʠʨʦʚʘʥʠʝ ʪʝʣ. ʂʦʤʘʥʜʘ: VGEN; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Copy Ÿ Volumes 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Volumes 
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 ʉʦʟʜʘʥʠʝ ʪʝʣ ʧʫʪʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ 

ʪʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʪʨʠʘʜʦʡ ʉʂ. ʂʦʤʘʥʜʘ: 

VSYMM; ʤʝʥ :ʁ 

Main Menu Ÿ Preprocessor Ÿ Reflect Ÿ Volumes 

 ʇʝʨʝʤʝʱʝʥʠʝ ʪʝʣ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʜʨʫʛʦʡ ʉʂ. 

ʂʦʤʘʥʜʘ: VTRAN; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Move / Modify Ÿ Transfer Coord Ÿ Volumes 

 ʉʦʟʜʘʥʠʝ ʣʠʩʪʠʥʛʘ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʠʣʠ ʚʳʙʨʘʥʥʳʭ ʪʝʣ. ʂʦʤʘʥʜʘ: 

VLIST; ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Volumes 

Utility Menu Ÿ List Ÿ Picked Entities Ÿ Volumes 

 ʆʪʦʙʨʘʞʝʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʘʢʪʠʚʥʳʭ ʪʝʣ. ʂʦʤʘʥʜʘ: VPLOT; 

ʤʝʥʶ: 

Utility Menu Ÿ Plot Ÿ Volumes 

Utility Menu Ÿ Plot Ÿ Specified Entities Ÿ Volumes 

 ʆʪʙʦʨ ʪʝʣ. ʂʦʤʘʥʜʘ: VSEL; ʤʝʥʶ: 

Utility Menu Ÿ Select Ÿ Entities  

 ʋʜʘʣʝʥʠʝ ʪʝʣ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʴʶ. ʂʦʤʘʥʜʘ: 

VDELE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Volumes and Below 

Main Menu Ÿ Preprocessor Ÿ Delete Ÿ Volumes Only  

ʇʨʠʤʝʯʘʥʠʝ. ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʪʝʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʠ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 2.2. 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʶ, ʠʟʤʝʥʝʥʠʶ ʠ ʫʜʘʣʝʥʠʶ ʪʝʣ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʪʝʣʘʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʯʘʩʪʴʶ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ. ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʦʧʝʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʪʝʣ, ʥʝʦʙʭʦʜʠ-

ʤʦ ʦʯʠʩʪʠʪʴ (Clear) ʤʦʜʝʣʴ ʦʪ ʩʝʪʠ. 

 

2.2. ʅʠʩʭʦʜʷʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 

 ʇʨʠ ʥʠʩʭʦʜʷʱʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʦʙʲʝʢʪʳ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʣʠ ʦʙʲʝʤʥʳʝ) ʠʟ ʘʨʩʝʥʘʣʘ 

ANSYS. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʧʨʠ ʥʠʩʭʦʜʷʱʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʷʚ-

ʣʷʶʪʩʷ ʙʫʣʝʚʳ ʦʧʝʨʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʩʣʦʞʥʦʡ ʬʦʨʤʳ 

ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʦʙʲʝʢʪʦʚ.  

 

2.2.1. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʠʧʦʚʳʝ ʵʣʝʤʝʥʪʳ 

 

 ɺʩʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʠʤʠʪʠʚʳ ʩʪʨʦʷʪʩʷ ʚ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ (WP). 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʢʨʫʛʘ ʠʣʠ ʢʨʫʛʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ, ʧʨʘʚʠʣʴʥʦʛʦ ʠʣʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. 
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2.2.1.1. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

 ʩʦʟʜʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ ʨʘʙʦ-

ʯʝʡ ʧʣʦʩʢʦʩʪʠ. ʂʦʤʘʥʜʘ: RECTNG; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Rectangle Ÿ By Dimensions 

 ʉʦʟʜʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʜʠʘʛʦʥʘʣʴ-

ʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʛʣʦʚ. ʂʦʤʘʥʜʘ: BLC4; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Rectangle Ÿ By 2 Corners  

 ʉʦʟʜʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʮʝʥʪʨʘ ʠ 

ʫʛʣʘ. ʂʦʤʘʥʜʘ: BLC5; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Rectangle Ÿ By Centr & Cornr  

2.2.1.2. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʢʨʫʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʚʠʜʝ ʢʨʫʛʦʚʦʛʦ ʩʝʛʤʝʥʪʘ: 

 ʉʦʟʜʘʥʠʝ ʢʨʫʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ WP. ʂʦʤʘʥʜʘ: PCIRC; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Circle Ÿ By Dimensions  

 ʉʦʟʜʘʥʠʝ ʢʨʫʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP. ʂʦ-

ʤʘʥʜʘ: CYL4; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Circle Ÿ Annulus (ʢʦʣʴʮʦ) 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Circle Ÿ Partial Annulus (ʥʝʟʘʤʢ-

ʥʫʪʦʝ ʢʦʣʴʮʦ) 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Circle Ÿ Solid Circle (ʩʧʣʦʰʥʦʡ 

ʢʨʫʛ) 

 ʉʦʟʜʘʥʠʝ ʢʨʫʛʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʤ ʪʦʯʢʘʤ. ʂʦʤʘʥʜʘ: CYL5; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Circle Ÿ By End Points  

2.2.1.3. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦ-

ʫʛʦʣʴʥʠʢʘ: 

 ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, ʮʝʥ-

ʪʨʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ WP. ʂʦʤʘʥʜʘ: RPOLY; ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ By Circumscr Rad (ʧʦ 

ʨʘʜʠʫʩʫ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʯʠʩʣʫ ʩʪʦʨʦʥ) 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ By Inscribed Rad (ʧʦ ʨʘ-

ʜʠʫʩʫ ʚʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʯʠʩʣʫ ʩʪʦʨʦʥ) 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ By Side Length (ʧʦ ʜʣʠ-

ʥʝ ʩʪʦʨʦʥʳ)  

 ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʚ ʧʨʦ-

ʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP.  ʂʦʤʘʥʜʘ: RPR4; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Hexagon 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Octagon 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Pentagon 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Septagon 
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Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Square 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Polygon Ÿ Triangle  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʘʚʠʣʴʥʳʤ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʤʥʦʛʦʫʛʦʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʨʘʙʦʯʝʡ ʧʣʦʩ-

ʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʳ  PTXY ʠ POLY (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʥʶ ʚ ʛʨʘ-

ʬʠʯʝʩʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ).  

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʝʛʤʝʥʪʘ ʜʫʛʠ ʧʣʦʩʢʦʛʦ ʠʣʠ ʦʙʲʝʤ-

ʥʦʛʦ ʧʨʠʤʠʪʠʚʘ ʧʘʨʘʤʝʪʨʳ THETA1, THETA2 ʥʝ ʦʧʨʝʜʝʣʷʪʁ ʥʘʯʘʣʴʥʳʝ ʠ 

ʢʦʥʝʯʥʳʝ ʫʛʣʳ ʩʝʢʪʦʨʘ; ʩʝʢʪʦʨ ʜʫʛʠ ʥʘʯʠʥʘʝʪʩʷ ʧʦʜ ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʤʝʥʴ-

ʰʠʤ ʫʛʣʦʤ, ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʫʛʣʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʦʪ ʦʩʠ X ʢ ʦʩʠ Y) ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʫʛʣʦʤ 

(ʨʠʩ.2.2).   

 
 

ʈʠʩ. 2.2. ʇʨʠʤʝʨ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ  

ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʤʘʥʜʘʭ 

 

2.2.2. ʆʙʲʝʤʥʳʝ ʪʠʧʦʚʳʝ ʵʣʝʤʝʥʪʳ 

 

ʆʙʲʝʤʥʳʝ ʧʨʠʤʠʪʠʚʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʨʘ, ʩʚʷʟʘʥʳ ʧʦ ʪʦʧʦʣʦʛʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʨʠʤʠʪʠʚʘʤʠ, ʘ ʟʥʘʯʠʪ, ʠʭ ʦʩʥʦʚʘʥʠʷ ʣʝʞʘʪ ʚ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʟʜʘʚʘʝʤʦ-

ʛʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʝʛʦ ʧʦʩʪʨʦʠʪʴ ʚ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ WP, ʘ ʟʘʪʝʤ ʧʝʨʝʥʝ-

ʩʪʠ ʠ ʧʦʚʝʨʥʫʪʴ ʦʙʲʝʢʪ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʠʣʠ ʟʘʨʘʥʝʝ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝ-

ʥʝʩʪʠ ʮʝʥʪʨ WP ʠ ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʦʩʠ WP. ʂ ʦʙʲʝʤʥʳʤ ʧʨʠʤʠʪʠʚʘʤ ʦʪʥʦ-

ʩʷʪʩʷ: ʙʣʦʢ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ, ʧʨʠʟʤʘ, ʰʘʨ, ʢʦʥʫʩ ʠ ʪʦʨ.  

2.2.2.1. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʙʣʦʢʘ (çʢʠʨʧʠʯè): 

 ʩʦʟʜʘʪʴ ʙʣʦʢ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP; ʢʦʤʘʥʜʘ 

BLOCK; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Block Ÿ By Dimensions  

 ʩʦʟʜʘʪʴ ʙʣʦʢ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʜʠʘʛʦʥʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʛʣʦʚ 

ʦʩʥʦʚʘʥʠ̫ ʠ ʚʳʩʦʪʝ; ʢʦʤʘʥʜʘ BLC4 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Block Ÿ By 2 Corners & Z  
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 ʩʦʟʜʘʪʴ ʙʣʦʢ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʮʝʥʪʨʘ ʠ ʫʛʣʘ ʠ ʚʳʩʦʪʝ; ʢʦʤʘʥʜʘ 

BLC5 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Block Ÿ By Centr,Cornr,Z  

2.2.2.2. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ: 

 ʩʦʟʜʘʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ, ʢʨʫʛʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʮʝʥ-

ʪʨʠʨʦʚʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ WP; ʢʦʤʘʥʜʘ CYLIND ʠʣʠ ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cylinder Ÿ By Dimensions  

 ʩʦʟʜʘʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʩ ʢʨʫʛʦʚʳʤ ʦʩʥʦʚʘʥʠʝʤ ʚ ʧʨʦʠʟ-

ʚʦʣʴʥʦʤ ʤʝʩʪʝ WP; ʢʦʤʘʥʜʘ CYL4 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cylinder Ÿ Hollow Cylinder 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cylinder Ÿ Partial Cylinder 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cylinder Ÿ Solid Cylinder  

 ʩʦʟʜʘʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʩ ʢʨʫʛʦʚʳʤ ʦʩʥʦʚʘʥʠʝʤ ʧʦ ʜʠʘʤʝʪ-

ʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʪʦʯʢʘʤ; ʢʦʤʘʥʜʘ CYL5 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cylinder Ÿ By End Pts & Z  

2.2.2.3. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʧʨʠʟʤʳ: 

 ʉʦʟʜʘʪʴ ʧʨʠʟʤʫ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ WP; ʢʦʤʘʥʜʘ RPRISM 

ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ By Circumscr Rad 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ By Inscribed Rad 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ By Side Length  

 ʉʦʟʜʘʪʴ ʧʨʠʟʤʫ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ 

ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP.  ʂʦʤʘʥʜʘ: RPR4 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Hexagonal 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Octagonal 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Pentagonal 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Septagonal 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Square 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Prism Ÿ Triangular  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʟʤʳ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʚʠʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʥʦʛʦ-

ʛʨʘʥʥʠʢʘ ʚ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʩʧʦʣʴʟʫʡʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʦʤʘʥʜʳ  

PTXY ʠ PRISM (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʥʶ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 

ʠʥʪʝʨʬʝʡʩʝ ʥʝ ʩʫɦ ʝʩʪʚʫʝʪ).  

2.2.2.4. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʰʘʨʘ ʠʣʠ ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ: 

 ʉʦʟʜʘʪʴ ʰʘʨ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

WP. ʂʦʤʘʥʜʘ: SPHERE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Sphere Ÿ By Dimensions  

 ʉʦʟʜʘʪʴ ʰʘʨ ʩ ʮʝʥʪʨʦʤ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP. ʂʦʤʘʥʜʘ: SPH4 

ʠʣʠ ʤʝʥʶ: 
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Main Menu Ÿ Preprocessor Ÿ Create Ÿ Sphere Ÿ Hollow Sphere (ʧʦʣrʡ 

ʰʘʨ) 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Sphere Ÿ Solid Sphere (ʩʧʣʦʰʥʦʡ 

ʰʘʨ) 

 ʉʦʟʜʘʪʴ ʰʘʨ ʧʦ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʪʦʯʢʘʤ. ʂʦʤʘʥ-

ʜʘ: SPH5 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Sphere Ÿ By End Points  

2.2.2.5. ʉʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʢʦʥʫʩʘ ʠ ʢʦʥʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ: 

 ʉʦʟʜʘʪʴ ʢʦʥʠʯʝʩʢʦʝ ʪʝʣʦ, ʢʨʫʛʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʮʝʥʪʨʠʨʦ-

ʚʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ WP. ʂʦʤʘʥʜʘ: CONE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cone Ÿ By Dimensions  

 ʉʦʟʜʘʪʴ ʢʦʥʠʯʝʩʢʦʝ ʪʝʣʦ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʝʩʪʝ WP. 

ʂʦʤʘʥʜʘ: CON4 ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Cone Ÿ By Picking  

2.2.2.6. ʉʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʪʦʨʘ ʠʣʠ ʪʦʨʦʠ-

ʜʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ: ʢʦʤʘʥʜʘ: TORUS ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Create Ÿ Torus  

 ʌʦʨʤʘʪ ʢʦʤʘʥʜʳ: TORUS, RAD1, RAD2, 

RAD3, THETA1, THETA2. ʇʘʨʘʤʝʪʨʳ RAD1, 

RAD2, RAD3 (ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ) ʦʧʨʝʜʝ-

ʣʷʶʪ ʚʥʫʪʨʝʥʥʠʡ (ʧʦʣʦʩʪʴ) ʠ ʥʘʨʫʞʥʳʡ ʨʘʜʠʫʩʳ 

ʩʝʯʝʥʠʷ ʠ ʛʣʘʚʥʳʡ ʨʘʜʠʫʩ ʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʤʝʨʘ ʥʘ ʨʠʩ.2.3 ʦʪʦʙʨʘʞʝʥ ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ 

ʢʦʤʘʥʜʳ: TORUS, 5,1,2,0,180. ɺʩʝʛʜʘ ʤʝʥʴʰʠʡ 

ʠʟ ʪʨʝʭ ʨʘʜʠʫʩʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʚʥʫʪʨʝʥʥʠʡ, ʘ 

ʙʦʣʴʰʠʡ ï ʟʘ ʛʣʘʚʥʳʡ ʨʘʜʠʫʩʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʣʦʰʥʦʛʦ ʪʦʨʘ ʚ ʦʜʥʦʡ ʠʟ ʧʦʟʠʮʠʡ RAD2 ʠʣʠ 

RAD1 ʥʫʞʥʦ ʧʨʦʩʪʘʚʠʪʴ ʥʫʣʴ ʠʣʠ ʧʨʦʙʝʣ. ʇʨʘ-

ʚʠʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʛʣʦʚ THETA1, THETA2 ʨʘʩ-

ʩʤʦʪʨʝʥʦ ʚʳʰʝ. ɽʩʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʫʱʝʥʳ, 

ʩʪʨʦʠʪʩʷ ʟʘʤʢʥʫʪʳʡ ʪʦʨ. 

 

2.2.3. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ 

  

ɹʫʣʝʚʘ ʘʣʛʝʙʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʥʦʞʝʩʪʚʘ, ʧʦʜʤʥʦʞʝʩʪʚʘ ʠ ʪʘʢʠʝ 

ʜʝʡʩʪʚʠʷ ʥʘʜ ʥʠʤʠ, ʢʘʢ ʣʦʛʠʯʝʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ, ʣʦʛʠʯʝʩʢʦʝ ʧʝʨʝʩʝʯʝʥʠʝ, 

ʣʦʛʠʯʝʩʢʦʝ ʚʳʯʠʪʘʥʠʝ ʠ ʜʨ. ɺ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘʤʠ 

ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʘ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, ʣʠʥʠʡ, ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʪʝʣ. 

ɹʫʣʝʚʳ ʦʧʝʨʘʮʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʣʶʙʦʡ ʪʚʝʨʜʦ-

ʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʘ ʣʠ ʦʥʘ ʤʝʪʦʜʦʤ ʚʦʩʭʦʜʷʱʝʛʦ ʠʣʠ ʥʠʩʭʦʜʷʱʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʠʩ. 2.3. ʊʦʨʦʠ-

ʜʘʣʴʥʳʡ ʩʝʢʪʦʨ 
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ɺʩʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʘʪʨʠʙʫʪʳ ʂʕ ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʦʧʨʝ-

ʜʝʣʝʥʳ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ.  

 

2.2.3.1. ʋʩʪʘʥʦʚʢʘ ʦʧʮʠʡ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ 

 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʦʧ-

ʮʠʠ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʟʥʘʪʴ, ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʦʧʮʠʡ ʜʝʡʩʪʚʫʶʪ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʀʟʤʝʥʝʥʠʝ ʦʧʮʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ BOPTN 

ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Settings  

ʅʘ ʨʠʩ.2.4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʜʝʡʩʪʚʠʷ ʢʦʤʘʥʜʳ BOPTN,Lab,Value 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʧʮʠʠ Lab=KEEP. ʇʦ ʫʤʦʣʯʘʥʠʶ ʜʝʡʩʪʚʫʝʪ ʦʧ-

ʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʦʩʣʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʙʫʣʝʚʦʡ ʦʧʝʨʘʮʠʠ. 

 

 
 

ʈʠʩ. 2.4. ʆʧʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ:  

ʩ ʩʦʭʨʘʥʝʥʠʝʤ (ʘ) ʠʣʠ  ʫʜʘʣʝʥʠʝʤ (ʙ) ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ 

 

ɹʫʣʝʚʳ ʦʧʝʨʘʮʠʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʩʝʪʦʯʥʳʤ ʤʦʜʝʣʷʤ. ɺʳ 

ʜʦʣʞʥʳ ʫʜʘʣʠʪʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʩʝʪʴ ʥʘ ʦʙʲʝʢʪʝ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ 

ʙʫʣʝʚʦʡ ʦʧʝʨʘʮʠʠ.  

ɼʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

BOPTN,Lab,Value: 

 Lab=NWARN. ʕʪʘ ʦʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ. ɿʥʘʯʝʥʠʝ ç0è ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʜʫʧʨʝʞʜʘʶʱʝʤʫ ʩʦʦʙʱʝʥʠʶ, 

ʝʩʣʠ ʙʫʣʝʚʘ ʦʧʝʨʘʮʠʷ ʥʝ ʠʤʝʝʪ ʨʝʟʫʣʴʪʘʪʘ. ɿʥʘʯʝʥʠʝ ç1è ʧʦʜʘʚʠʪ ʚʩʝ ʧʨʝ-

ʜʫʧʨʝʞʜʝʥʠ ̫ʠʣʠ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ, ʝʩʣʠ ʙʫʣʝʚʘ ʦʧʝʨʘʮʠʷ ʥʝ ʠʤʝʝʪ 

../../Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/com_55/chapter3/CS3-B.htm#BOPTN
../../Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/com_55/chapter3/CS3-B.htm#BOPTN
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ʨʝʟʫʣʴʪʘʪʘ. ɿʥʘʯʝʥʠʝ ç1è ʧʦʟʚʦʣʠʪ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ, ʝʩʣʠ ʦʧʝʨʘʮʠʷ 

Boolean ʥʝ ʠʤʝʝʪ ʨʝʟʫʣʴʪʘʪʘ. ɿʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ  ç0è. 

 Lab=VERSION. ɽʩʣʠ ʟʘʛʨʫʞʘʝʤʳʡ ʦʙʲʝʢʪ ʙʳʣ ʩʦʟʜʘʥ ʚ ʙʦʣʝʝ ʨʘʥ-

ʥʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ANSYS, ʪʦ ʧʝʨʝʜ ʩʯʠʪʳʚʘʥʠʝʤ ʬʘʡʣʘ ʜʣʷ ʢʦʨʨʝʢʪ-

ʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʚʝʨʩʠʠ, ʥʘʧʨʠʤʝʨ, BOPTN, VERSION, RV51 (ʦʙʲʝʢʪ ʩʦʟʜʘʥ ʧʨʦ-

ʛʨʘʤʤʦʡ ANSYS, ʚʝʨʩʠʷ 5.1). 

 Lab=DEFA. ʕʪʘ ʦʧʮʠʷ ʩʙʨʘʩʳʚʘʝʪ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʢ 

ʟʥʘʯʝʥʠʷʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

 Lab= STAT. ʕʪʘ ʦʧʮʠʷ ʧʦʢʘʟʳʚʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʥʘʩʪʨʦʡʢʠ. 

 

2.2.3.2. ʆʧʝʨʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʷ 

 

ʇʝʨʝʩʝʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʦʚʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʧʝʨʘʮʠʠ. ɼʨʫ-

ʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʝʨʝʩʝʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ ʧʝʨʝʢʨʳʪʠʷ ʜʚʫʭ ʠʣʠ 

ʙʦʣʴʰʝ ʦʙʲʝʢʪʦʚ. ʅʦʚʳʡ ʥʘʙʦʨ ʤʦʞʝʪ ʠʤʝʪʴ ʪʦʪ ʞʝ ʩʘʤʳʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨ-

ʭʠʠ, ʯʪʦ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʠʣʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ. ʅʘʧʨʠʤʝʨ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʩʝʯʝʥʠ ̫ʜʚʫʭ ʣʠʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʢʣʶʯʝʚʘʷ ʪʦʯʢʘ (ʠʣʠ ʥʘ-

ʙʦʨ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ) ʠʣʠ ʣʠʥʠʷ (ʥʘʙʦʨ ʣʠʥʠʡ). ʇʨʠ ʵʪʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʝʪʩʷ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʩʝ-

ʯʝʥʠʡ:  

 ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ (ʨʠʩ. 2.5); ʢʦʤʘʥʜʘ LINL  ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Common-Lines 

 ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ  (ʨʠʩ. 2.6); ʢʦʤʘʥʜʘ AINA ; ʤʝʥʶ:  

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Common-Areas  

 ʧʝʨʝʩʝʯʝʥʠʝ ʪʝʣ (ʨʠʩ. 2.7); ʢʦʤʘʥʜʘ VINV  ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Common-Volumes  

 ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 2.8); ʢʦʤʘʥʜʘ LINA ; ʤʝ-

ʥʶ:  

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ Line with Area  

 ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʝʣʦʤ (ʨʠʩ. 2.9); ʢʦʤʘʥʜʘ AINV ; ʤʝʥʶ:  

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ Area with Volume  

 ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʠ ʩ ʪʝʣʦʤ (ʨʠʩ. 2.10); ʢʦʤʘʥʜʘ LINV ; ʤʝʥʶ:  

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ Line with Volume  

 

                                                 

 ʠʤʝʥʘ ʢʦʤʘʥʜ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: LINL  = L (Line) + IN (Intersect) + L 

(Line) 



 34 

 
 

ʈʠʩ. 2.5. ʇʨʠʤʝʨʳ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ  

 

 
 

ʈʠʩ. 2.6. ʇʨʠʤʝʨʳ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ  

 

 
 

ʈʠʩ. 2.7. ʇʨʠʤʝʨʳ ʧʝʨʝʩʝʯʝʥʠʷ ʪʝʣ  
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ʈʠʩ. 2.8. ʇʨʠʤʝʨʳ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

 

 
 

ʈʠʩ. 2.9. ʇʨʠʤʝʨ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʝʣʦʤ 

 

 
 

ʈʠʩ. 2.10. ʇʨʠʤʝʨ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ ʩ ʪʝʣʦʤ 

 

2.2.3.3. ʆʧʝʨʘʮʠʠ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

 

 ʇʦʧʘʨʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʪʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʙʳʯʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʚʩʝʤ ʠʩʭʦʜʥʳʤ 

ʦʙʲʝʢʪʘʤ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ (ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ, ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʦʧʝʨʘʮʠʠ, ʙʦʣʴʰʝ ʜʚʫʭ) ʩʦʟʜʘʶʪʩʷ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʦʙʣʘʩʪʠ 

ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʝʨʝʙʦʨʝ ʚʩʝʛʦ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʦʙʲʝʢʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʧʦʧʘʨʥʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʦʙʲʝʢʪʳ ˉˉ 1,2 ʠ 3, 

ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʠʠ ʩʪʘʥʫʪ ʦʙʣʘʩʪʠ ʦʙʳʯʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ˉ 1 ʠ ˉ 2, ˉ 2 ʠ ˉ 3, ˉ 3 ʠ ˉ 1. ʆʧʝʨʘʮʠʷ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʢ ʦʜʥʦʨʦʜʥʳʤ (ʦʜʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ) ʥʘʙʦʨʘʤ 

ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʧʘʨ-

ʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ:  

 ʧʦʧʘʨʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ (ʨʠʩ. 2.11); ʢʦʤʘʥʜʘ LINP; ʤʝʥʶ: 
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Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Pairwise-Lines  

 ʧʦʧʘʨʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 2.12); ʢʦʤʘʥʜʘ AINʈ; 

ʤʝʥʶ:  

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Pairwise-Areas  

 ʧʦʧʘʨʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʪʝʣ (ʨʠʩ. 2.13); ʢʦʤʘʥʜʘ VINʈ; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Intersect Ÿ -Pairwise-Volumes  

 

 
ʈʠʩ. 2.11. ʇʨʠʤʝʨʳ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ  

 

 

 
 

ʈʠʩ. 2.12. ʇʨʠʤʝʨʳ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ  
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ʈʠʩ. 2.13. ʇʨʠʤʝʨʳ ʧʦʧʘʨʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʪʝʣ  

 

 

2.2.3.4. ʆʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ 

 

ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʦʙʲʝʢʪʦʚ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʦʙʲʝʢʪ, ʚʢʣʶʯʘʶʱʠʡ 

ʚʩʝ ʯʘʩʪʠ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʦʙʲʝʢʪʦʚ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʚ ʤʘ-

ʪʝʤʘʪʠʢʝ ʢʘʢ ʩʣʦʞʝʥʠʝ, ʩʦʝʜʠʥʝʥʠʝ, ʩʫʤʤʠʨʦʚʘʥʠʝ, ʢʦʥʢʘʪʝʥʘʮʠʷ. ʈʝʟʫʣʴ-

ʪʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʝʜʠʥʳʤ, ʥʝ ʠʤʝʶʱʠʤ ʨʘʟʨʳʚʦʚ ʩʧʣʦʰʥʦ-

ʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʲʝʜʠʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ ʚ ʪʝʨʤʠ-

ʥʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ (ʠʣʠ) ʣʠʥʠʡ. ɺ ʧʨʦʛʨʘʤʤʝ ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʝ 

ʪʦʣʴʢʦ ʪʝʣ ʠʣʠ ʢʦʤʧʣʘʥʘʨʥʳʭ ʜʚʫʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʥʠ ʤʦʛʫʪ ʩʦʜʝʨ-

ʞʘʪʴ ʟʘʤʢʥʫʪʳʝ ʧʦʣʦʩʪʠ ʠʣʠ ʦʪʚʝʨʩʪʠʷ, ʧʝʨʝʢʨʳʚʘʪʴʩʷ, ʥʦ ʥʝ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʝ ʫʞʝ 

ʨʘʟʙʠʪʳʭ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ:  

 ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 2.14); ʢʦʤʘʥʜʘ AADD ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Add Ÿ Areas  

 ʦʙʝ̡ʜʠʥʝʥʠʝ ʪʝʣ (ʨʠʩ. 2.15); ʢʦʤʘʥʜʘ VADD ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Add Ÿ Volumes  

 

 
 

ʈʠʩ. 2.14. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠ ̫ʧʦʚʝʨʭʥʦʩʪʝʡ  
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ʈʠʩ. 2.15. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠ ̫ʪʝʣ  

 

 

2.2.3.5. ʆʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ 

 

ɽʩʣʠ ɺʳ ʚʳʯʠʪʘʝʪʝ ʦʜʠʥ ʦʙʲʝʢʪ (E2) ʦʪ ʜʨʫʛʦʛʦ (E1), ʪʦ ʧʦʣʫʯʠʪʝ 

ʦʜʠʥ ʠʟ ʜʚʫʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʣʠʙʦ ɺʳ ʩʦʟʜʘʜʠʪʝ ʥʦʚʳʡ ʦʙʲʝʢʪ (E3 = E1  E2), 

ʠʤʝʶʱʠʡ ʪʫ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ, ʯʪʦ ʠ E1, ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʥʠ ʦʜʥʦʛʦ ʧʝʨʝʩʝ-

ʯʝʥʠʷ ʩ E2 (Subtract), ʣʠʙʦ, ʝʩʣʠ ʧʝʨʝʩʝʯʝʥʠʝ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʨʘʟʤʝʨ-

ʥʦʩʪʴ, ʪʦ ʧʨʦʩʪʦ ʨʘʟʜʝʣʠʪʝ E1 ʥʘ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʥʦʚʳʭ ʦʙʲʝʢʪʘ (Divide). ɺ 

ʜʠʘʣʦʛʘʭ ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʫʡʪʝ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʯʠʪʘʝʪʝ (ʟʘ-

ʚʝʨʰʘʝʪʩʷ ʚʳʙʦʨ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ çOKè), ʟʘʪʝʤ  ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʚʳʯʠʪʘʶʪʩʷ (ʟʘʚʝʨʰʘʝʪʩʷ ʚʳʙʦʨ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ çOKè); ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʥɹʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʜʣʷ ʚʳʯʠʪʘʥʠʷ (ʜʝʣʝʥʠʷ):  

 ʚʳʯʠʪʘʥʠʝ ʣʠʥʠʠ (ʣʠʥʠʡ) ʠʟ ʣʠʥʠʠ (ʣʠʥʠʡ) (ʨʠʩ. 2.16); ʢʦʤʘʥʜʘ 

LSBL; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ Lines 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ With Options Ÿ Lines 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Line by Line 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Line by 

Line 

 ʚʳʯʠʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʝʡ) ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ) (ʨʠʩ. 2.17); ʢʦʤʘʥʜʘ ASBA; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ Areas 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ With Options Ÿ Areas 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Area by Area 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Area by 

Area 
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ʈʠʩ. 2.16. ʇʨʠʤʝʨʳ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ ʣʠʥʠʠ ʠʟ ʣʠʥʠʡ  

 

 

 
 

ʈʠʩ. 2.17. ʇʨʠʤʝʨʳ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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 ʚʳʯʠʪʘʥʠʝ ʪʝʣʘ (ʪʝʣ) ʠʟ ʪʝʣʘ (ʪʝʣ) (ʨʠʩ. 2.18); ʢʦʤʘʥʜʘ VSBV; ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ Volumes 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Subtract Ÿ With Options Ÿ Vo-

lumes  

 
 

 
 

ʈʠʩ. 2.18. ʇʨʠʤʝʨ rʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ ʪʝʣʘ ʠʟ ʪʝʣ 

 

 ʜʝʣʝʥʠʝ ʣʠʥʠʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʨʠʩ. 2.19); ʢʦʤʘʥʜʘ LSBA; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Line by Area 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Line by 

Area  
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ʈʠʩ. 2.19. ʇʨʠʤʝʨ rʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠ ̫ʣʠʥʠʠ (ʣʠʥʠʡ) ʧʦʚʝʨʭʥʦʩʪʴ  ʁ

 

 ʚʳʯʠʪʘʥʠʝ ʪʝʣ ʠʟ ʣʠʥʠʡ (ʨʠʩ. 2.20); ʢʦʤʘʥʜʘ LSBV; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Line by Volume 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Line by 

Volume  

 ʚʳʯʠʪʘʥʠʝ ʪʝʣ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 2.21); ʢʦʤʘʥʜʘ ASBV; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Area by Volume 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Area by 

Volume  

 ʚʳʯʠʪʘʥʠʝ ʣʠʥʠʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʥʠʷ-

ʤʠ) (ʨʠʩ. 2.22); ʢʦʤʘʥʜʘ ASBL; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Area by Line 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Area by 

Line  
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ʈʠʩ. 2.20. ʇʨʠʤʝʨ rʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʪʝʣʘ ʠʟ ʣʠʥʠʠ (ʣʠʥʠʡ) 

 

 

 

 
 

ʈʠʩ. 2.21. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʪʝʣ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

 

 



 43 

 
 

 
 

ʈʠʩ. 2.22. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʣʠʥʠʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʝʡ) 

 

 ʚʳʯʠʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟ ʪʝʣ (ʜʝʣʝʥʠʝ ʪʝʣ ʧʦʚʝʨʭʥʦʩʪʷʤʠ) (ʨʠʩ. 

2.23); ʢʦʤʘʥʜʘ VSBA; ʤʝʥ :ʁ  
Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Volume by Area 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Volume 

by Area  

 

 
 

 
 

ʈʠʩ. 2.23. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʝʡ) ʠʟ ʪʝʣʘ 
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2.2.3.6. ʆʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʴʶ 

 

 ʈʘʙʦʯʘʷ ʧʣʦʩʢʦʩʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʝʣʝʥʠʷ ʣʠʥʠʡ, ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʪʝʣ ʥʘ ʜʚʘ (ʠ ʙʦʣʝʝ) ʦʙʲʝʢʪʘ. ʇʦʣʝ SEPO ʚ ʢʦʤʘʥʜʘʭ ʚʳʯʠ-

ʪʘʥʠʷ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʛʨʘʥʠʮʳ ʧʦʩʣʝ ʨʘʩʩʝʯʝʥʠʷ ʨʘ-

ʙʦʯʝʡ ʧʣʦʩʢʦʩʪʴʶ ʙʫʜʫʪ ʠʤʝʪʴ ʥʦʚʳʝ ʦʙʲʝʢʪʳ ʤʝʞʜʫ ʩʦʙʦʡ  ʦʙʱʠʝ ʠʣʠ 

ʦʪʜʝʣʴʥʳʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʝ. ʇʦʣʝ KEEP ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʠʣʠ ʫʜʘʣʠʪʴ (ʧʦ ʫʤʦʣʯʘʥʠʶ) ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʦʙʲʝʢ-

ʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʩʪʨʦʡʢʠ ʢʦʤʘʥʜʳ BOPTN. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʜʣʷ ʚʳʯʠʪʘʥʠʷ (ʜʝʣʝʥʠʷ) 

ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʴʶ:  

 ʚʳʯʠʪʘʥʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʣʠʥʠʠ (ʣʠʥʠʡ) (ʨʠʩ. 2.24); ʢʦ-

ʤʘʥʜʘ LSBW; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Line by WrkPlane 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Line by 

WrkPlane  

 ʚʳʯʠʪʘʥʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ  (ʨʠʩ. 2.25); ʢʦ-

ʤʘʥʜʘ ɸSBW; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Area by WrkPlane 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Area by 

WrkPlane  

 ʚʳʯʠʪʘʥʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ  (ʨʠʩ. 2.26); ʢʦ-

ʤʘʥʜʘ VSBW; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ Volu by WrkPlane 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Divide Ÿ With Options Ÿ Volu by 

WrkPlane  

 

 

 
 

ʈʠʩ. 2.24. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʣʠʥʠʡ 
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ʈʠʩ. 2.25. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

 

 

 
ʈʠʩ. 2.26. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠ ̫ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʠʟ ʪʝʣʘ 

 

2.2.3.7. ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ 

 

 ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ (ʥʘʣʦʞʝʥʠʷ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʭʦʞʠ ʩ ʦʧʝʨʘ-

ʮʠʷʤʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʱʠʝ (ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ) ʦʙʣʘʩʪʠ ʠʩ-

ʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ ʛʨʘʥʠʮʳ. ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʢ 

ʦʜʥʦʨʦʜʥʳʤ ʥʘʙʦʨʘʤ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʧʝʨʝʢʨʳʪʠ:̫  

 ʧʝʨʝʢʨʳʪʠʝ ʣʠʥʠʡ (ʨʠʩ. 2.27); ʢʦʤʘʥʜʘ LOVLAP; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Overlap Ÿ Lines  

 ʧʝʨʝʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 2.28); ʢʦʤʘʥʜʘ AOVLAP; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Overlap Ÿ Areas  

 ʧʝʨʝʢʨʳʪʠʝ ʪʝʣ (ʨʠʩ. 2.29); ʢʦʤʘʥʜʘ VOVLAP; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Overlap Ÿ Volumes  
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ʈʠʩ. 2.27. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʣʠʥʠʡ 

 

 
 

ʈʠʩ. 2.28. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

 
 

ʈʠʩ. 2.29. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʪʝʣ 

 

 

2.2.3.8. ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

 

 ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʝʡʩʪʚʫʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʦʙʲʝʢʪʦʚ ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʦʙʲʝʢʪʳ, ʥʝ ʧʦʧʘʜʘʶʱʠʝ ʚ ʥʘʣʦʞʝʥʠʝ. ʆʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟ-

ʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʜʥʦʨʦʜʥʳʤ ʥʘʙʦʨʘʤ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟʜʝʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ:  

 ʧʝʨʝʢʨʳʪʠʝ ʣʠʥʠʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ (ʨʠʩ. 2.30); ʢʦʤʘʥʜʘ LPTN; ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Partition Ÿ Lines  

 ʧʝʨʝʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ (ʨʠʩ. 2.31); ʢʦʤʘʥʜʘ 

APTN; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Partition Ÿ Areas  

 ʧʝʨʝʢʨʳʪʠʝ ʪʝʣ ʩ ʨʘʟʜʝʣʝʥʠʝʤ (ʨʠʩ. 2.32); ʢʦʤʘʥʜʘ VPTN; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Partition Ÿ Volumes  
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ʈʠʩ. 2.30. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʣʠʥʠʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

 

 
 

ʈʠʩ. 2.31. ʇʨʠʤʝʨʳ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

 

 

 
 

ʈʠʩ. 2.32. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʧʝʨʝʢʨʳʪʠʷ ʪʝʣ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

 

 

2.2.3.9. ʆʧʝʨʘʮʠʠ ʩʢʣʝʡʢʠ 

 

ʆʧʝʨʘʮʠʷ ʩʢʣʝʡʢʠ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʦʜʥʦʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ʩʦʧʨʠʢʘ-

ʩʘʶʪʩʷ ʠʣʠ ʤʝʞʜʫ ʥʠʤʠ ʝʩʪʴ ʥʝʙʦʣʴʰʦʡ ʟʘʟʦʨ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʡ ʧʘʨʘ-

ʤʝʪʨʦʤ Tolerance (ʢʦʤʘʥʜʘ BTOL). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʣʝʡʢʠ ʢʦʤʧʦʥʝʥʪʳ ʩʦ-

ʭʨʘʥʷʶʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ (ʥʝ ʦʙʲʝʜʠʥʷʶʪʩʷ), ʥʦ ʩʪʘʥʦʚʷʪʩʷ ʩʚʷʟʘʥ-

ʥʳʤʠ ʚ ʟʘʤʢʥʫʪʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ.  

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʣʝʚʳ ʢʦʤʘʥʜʳ ʩʢʣʝʡʢʠ ʦʙʲʝʢʪʦʚ:  

 ʩʢʣʝʡʢʘ ʣʠʥʠʡ (ʨʠʩ. 2.33); ʢʦʤʘʥʜʘ LGLUE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Glue Ÿ Lines  

 ʩʢʣʝʡʢʘ ʣʠʥʠʡ (ʨʠʩ.2.34); ʢʦʤʘʥʜʘ AGLUE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Glue Ÿ Areas  

 ʩʢʣʝʡʢʘ ʣʠʥʠʡ (ʨʠʩ. 2.35); ʢʦʤʘʥʜʘ VGLUE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Operate Ÿ Glue Ÿ Volumes  
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ʈʠʩ. 2.33. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʩʢʣʝʡʢʠ ʣʠʥʠʡ 

 

 
 

ʈʠʩ. 2.34. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʩʢʣʝʡʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

 

 
 

ʈʠʩ. 2.35. ʇʨʠʤʝʨ ʦʧʝʨʘʮʠʠ ʩʢʣʝʡʢʠ ʪʝʣ 

 

 ɺʦʧʨʦʩ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: ʢʘʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝʪ ʩʨʝʜʠ ʙʫʣʝʚʳʭ 

ʦʧʝʨʘʮʠʡ: 

 ʩʣʦʞʝʥʠʷ; 

 ʚʳʯʠʪʘʥʠʷ; 

 ʫʤʥʦʞʝʥʠʷ; 

 ʜʝʣʝʥʠʷ? 
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ɻʣʘʚʘ 3 

ʇʆʉʊʈʆɽʅʀɽ ʉɽʊʆʏʅʆʁ ʄʆɼɽʃʀ 

 

ɺ ʦʩʥʦʚʝ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʣʝʞʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦ-

ʜʝʣʴ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʙʝʟ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 14. 

ʇʨʦʮʝʜʫʨʘ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʛʣʘʚ-

ʥʳʭ ʵʪʘʧʦʚ:  
1. ʋʩʪʘʥʦʚʢʘ ʘʪʨʠʙʫʪʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

2. ʋʩʪʘʥʦʚʢʘ ʦʧʮʠʡ ʩʝʪʠ.  

3. ɻʝʥʝʨʘʮʠʷ ʩʝʪʠ.  

ɺʪʦʨʦʡ ʵʪʘʧ ʥʝ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤ, ʧʦʪʦʤʫ ʯʪʦ ʟʘʜʘʥʥʦʝ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʛʠʤ ʤʦʜʝʣʷʤ. ɽʩʣʠ ʥʠʢʘ-

ʢʦʝ ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ-

ʩʪʨʦʡʢʠ ʢʦʤʘʥʜʳ DESIZE ʧʦ ʫʤʦʣʯʘʥʠʶ. 

 ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʩʧʦʩʦ-

ʙʦʤ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʛʝʥʝ-

ʨʘʮʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ: ʤʝʪʦʜ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ (Free) ʠ ʤʝʪʦʜ ʫʧʦʨʷ-

ʜʦʯʝʥʥʦʛʦ (Mapped) ʨʘʟʙʠʝʥʠʷ (ʨʠʩ. 3.1). 
 

 
 
ʈʠʩ. 3.1. ʇʨʠʤʝʨ ʩʚʦʙʦʜʥʦʛʦ (ʘ) ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ (ʙ) ʨʘʟʙʠʝʥʠʷ 

 

 ʉʚʦʙʦʜʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʠ ʥʘ ʦʙʲʝʢʪʘʭ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʆʥʦ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʞʝ-

ʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʛʝʦʤʝʪʨʠʶ ʤʦʜʝʣʠ, ʠ ʩʝʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. 

 ʇʨʠ çʨʫʯʥʦʤè (Mapped) ʠʣʠ ʦʪʦʙʨʘʞʝʥʥʦʤ ʨʘʟʙʠʝʥʠʠ ʩʝʪʴ ʥʝ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʙʫʜʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʝ-

ʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʙʲʝʢʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʥʘ ʬʦʨʤʫ (Shape) ʵʣʝʤʝʥʪʘ: ʜʣʷ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʳ ʪʨʝ-

ʫʛʦʣʴʥʳʝ ʠʣʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʝ ʬʦʨʤʳ, ʜʣʷ ʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠ  ʪʦʣʴʢʦ 

ʛʝʢʩʘʵʜʨʘʣʴʥʘʷ (hexahedron) ʬʦʨʤʘ ʂʕ. 
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3.1. ʅʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

 ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʘʪʨʠʙʫʪʳ ʂʕ: 

 ʚʳʙʨʘʪʴ ʪʠʧ ʂʕ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʜʝʣʠ ʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ; 

ʢʦʤʘʥʜʘ ɽʊ; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Element Type Ÿ Add/Edit/Delete 

 ʫʩʪʘʥʦʚʠʪʴ ʦʧʮʠʠ ʂʕ; ʢʦʤʘʥʜʘ Keyopt; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Element Type Ÿ Add/Edit/Delete Ÿ Options 

 ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʘʥʪ; ʢʦʤʘʥʜʘ R; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Real Constants  

 ʦʧʠʩʘʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ (ʩʨʝʜʳ); ʢʦʤʘʥʜ rMP ʠʣʠ TB; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Material Props ... 

 ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ; ʢʦʤʘʥʜ r LOCAL, 

CLOCAL ʠ ʜʨ.; ʤʝʥʁ: 

Utility Menu Ÿ WorkPlane Ÿ Local Coordinate Systems Ÿ Create Local CS ... 

 ʦʧʠʩʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʯʝʥʠʷ (ʪʦʣʴʢʦ ʜʣʷ ʙʘ-

ʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ BEAM188 ʠ BEAM189); ʢʦʤʘʥʜ r SECTYPE ʠ 

SECDATA; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Sections 

 ʅʘʟʥʘʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʘʪʨʠʙʫʪʳ ʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʘʙʣʠʮʫ ʘʪ-

ʨʠʙʫʪʦʚ ʂʕ. ʇʨʦʩʤʦʪʨʝʪʴ ʘʪʨʠʙʫʪʳ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ETLIST, 

RLIST, MPLIST, CSLIST, SLIST ʠʣʠ ʤʝʥʶ: 

Utility Menu Ÿ List Ÿ Properties... 

Utility Menu Ÿ List Ÿ Other Ÿ Local Coord Sys 

Main Menu Ÿ Preprocessor Ÿ Sections Ÿ List Sections 

 

3.2. ʅʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʩʝʪʠ ʥʘ ʦʙʲʝʢʪʘʭ  

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

 ʇʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʝʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʠʪʴ ʘʪʨʠʙʫʪʳ ʂʕ ʥʘ 

ʦʙʲʝʢʪʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʂ ʥʘʟʥʘʯʘʝʤʳʤ ʘʪʨʠʙʫʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʥʦʤʝʨ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʩʨʝʜʳ, ʥʦʤʝʨ ʚʝʱʝʩʪʚʝʥʥʦʡ ʢʦʥʩʪʘʥ-

ʪʳ, ʥʦʤʝʨ ʪʠʧʘ ʂʕ, ʥʦʤʝʨ ʵʣʝʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʥʦʤʝʨ ʩʝʢʮʠʠ 

ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝ-

ʭʘʥʠʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʫʜʦʙʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚ 

ʚʠʜʝ ʧʦʜʦʙʣʘʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘʤ ʩʪʨʫʢʪʫʨʳ (ʚʦʣʦʢʥʦ, 

ʚʢʣʶʯʝʥʠʝ ʠ ʪ.ʧ.), ʘ ʟʘʪʝʤ ʥʘʟʥʘʯʠʪʴ ʵʪʠʤ ʧʦʜʦʙʣʘʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʪʨʠʙʫʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʦʤʝʨʘ ʤʘʪʝʨʠʘʣʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʂʕ ʜʣʷ ʨʘʟʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʘʪʨʠ-

ʙʫʪʦʚ ʂʕ ʜʣʷ ʦʙʲʝʢʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʡʪʝ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: 

 ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʂʕ ʢʣʶʯʝʚʳʤ ʪʦʯʢʘʤ; ʢʦʤʘʥʜʘ KATT; ʤʝ-

ʥʁ : 

../../Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/Application%20Data/���%20���������/�������%20�������/������/com_55/chapter3/CS3-K.htm#KATT
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Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ All Keypoints 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ Picked KPs  

 ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʂʕ ʣʠʥʠʷʤ; ʢʦʤʘʥʜʘ LATT; ʤʝʥʁ : 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ All Lines 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ Picked Lines 

 ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʂʕ ʧʦʚʝʨʭʥʦʩʪʷʤ; ʢʦʤʘʥʜʘ AATT; ʤʝʥʁ : 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ All Areas 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ Picked Areas 

 ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʂʕ ʪʝʣʘʤ; ʢʦʤʘʥʜʘ VATT; ʤʝʥʁ : 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ All Volumes 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ Picked Volumes 

 ʊʘʢʦʡ ʩʧʦʩʦʙ ʥʘʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʦʚ ʂʕ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʧʨʠ 

ʦʯʠʩʪʢʝ ʩʝʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʩʪʘʥʦʚʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʝʥʝʨʘ-

ʮʠʠ ʩʝʪʠ. 

 ɼʨʫʛʦʡ ʩʧʦʩʦʙ  ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʕʪʠ ʫʩʪʘʥʦʚ-

ʢʠ ʜʝʡʩʪʚʫʶʪ ʥʘ ʧʦʜʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʝ ʥʘʟʥʘʯʝʥʳ ʘʪʨʠʙʫʪʳ ʥʘ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʠʣʠ ʥʘ ʚʳʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʝʩʣʠ ʩʝʪʴ ʫʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥʘ. 

ʇʨʠ ʦʯʠʩʪʢʝ ʩʝʪʠ ʘʪʨʠʙʫʪʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʫʜʘʣʷʶʪʩʷ. ʅʘʟʥʘʯʠʪʴ ʘʪʨʠʙʫʪʳ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ TYPE, REAL, MAT, ESYS, 

SECNUM ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Define Ÿ Default Attribs 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Create Ÿ Elements Ÿ Elem 

Attributes  

 ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ 

ʥʘʜʣʝʞʘʱʝʛʦ ʪʠʧʘ ʂʕ, ʝʩʣʠ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʂʕ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʝʨʘʮʠʠ ʵʢʩʪʨʫʟʠʠ ʧʣʦʩʢʦʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚ ʦʙʲʝʤʥʫʶ 

(ʨʠʩ.2.1). ʇʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʳ ʂʕ ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ 

ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʧʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʝʪʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʢʪʠʚʠʨʦ-

ʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧ  ʧʨʦʛʨʘʤʤʘ ʚʳʙʝʨʝʪ ʩʘʤʘ ʩʦʦʙʨʘʟʥʦ ʨʘʟʤʝʨʥʦ-

ʩʪʠ ʠ ʬʦʨʤʳ ʂʕ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ 

ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʠ ʵʢʩʪʨʫʟʠʠ: KMESH, LMESH, AMESH, VMESH, 

FVMESH, VOFFST, VEXT, VDRAG, VROTAT ʠ VSWEEP.  

 

 3.3. ʅʘʟʥʘʯʝʥʠʝ ʦʧʮʠʡ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ 

 

 ʂʨʦʤʝ ʥʘʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʦʚ ʂʕ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ ʚʢʣʶʯʘʶʪ: 

 ʫʨʦʚʝʥʴ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ (SmartSizing);  

 ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʂʕ ʚ ʪʝʨʤʠʥʘʭ ʜʣʠʥʳ ʨʝʙʨʘ;  

 ʬʦʨʤʘ ʵʣʝʤʝʥʪʘ;  
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 ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ;   

 ʦʯʠʩʪʢʘ ʩʝʪʠ; 

 ʣʦʢʘʣʴʥʦʝ ʩʛʫʱʝʥʠʝ (ʠʣʠ ʨʘʟʨʝʞʝʥʠʝ) ʩʝʪʠ ʙʝʟ ʧʝʨʝʩʪʨʦʡʢʠ ʩʝ-

ʪʦʯʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʪʘʣʴʥʳʭ ʧʦʜʦʙʣʘʩʪʷʭ. 
 

3.3.1. ʋʨʦʚʝʥʴ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ 

 

 ʇʨʠ çʩʚʦʙʦʜʥʦʤè ʤʝʪʦʜʝ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʥʘ ʧʦʜʦʙʣʘʩʪʷʭ, ʛʜʝ ʥʝ ʥʘ-

ʟʥʘʯʝʥʳ ʘʪʨʠʙʫʪʳ ʂʕ, ʧʨʦʛʨʘʤʤʘ ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ 

ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 (ʧʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ) ʜʦ 10 (ʨʘʟʨʝʞʝʥ-

ʥʘ,̫ ʛʨʫʙʘʷ ʩʝʪʴ); ʧʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ ʰʝʩʪʦʡ ʫʨʦʚʝʥʴ. ɿʘʯʘʩʪʫʶ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʫʞʥʳʡ 

ʫʨʦʚʝʥʴ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ ʠ ʦʮʝʥʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʩʝʪʦʯʥʫʶ ʤʦʜʝʣʴ ʚʠʟʫʘʣʴ-

ʥʦ. ɸʣʛʦʨʠʪʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʜʣʠʥʳ ʠ ʢʨʠʚʠʟʥʳ ʢʦʥʪʫʨ-

ʥʳʭ ʣʠʥʠʡ: ʝʩʣʠ ʥʘʟʥʘʯʠʪʴ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʡ ʥʘ ʣʠʥʠʷʭ, ʪʦ ʥʘ 

ʢʦʨʦʪʢʠʭ ʣʠʥʠʷʭ ʠ ʣʠʥʠʷʭ ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʝʪʩʷ 

ʙʦʣʝʝ ʧʣʦʪʥʘʷ ʩʝʪʴ ʢʘʢ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ʥʘʧʨʷʞʝʥʠʡ (ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ 

ʧʨʠ ʩʛʫʱʝʥʠʠ ʩʝʪʠ. ʅʘ ʨʠʩ. 3.2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʟʙʠʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ:  6 (ʘ), 10 (ʙ) ʠ 2 (ʚ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3.2. ʉʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ 

 

 ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʘʥʜʫ 

SMRTSIZE ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Size Cntrls Ÿ SmartSize Ÿ Basic  
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3.3.2. ʆʧʮʠʠ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

ɼʨʫʛʦʝ ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʪʠ  ʥʘ-

ʟʥʘʯʝʥʠʝ ʦʧʮʠʡ ʨʘʟʙʠʝʥʠʷ (ʨʠʩ. 3.3):  

Main Menu Ÿ Preprocessor Ÿ Attributes Ÿ Size Cntrls Ÿ SmartSize Ÿ Adv 

Opts 

 

 
 

ʈʠʩ. 3.3. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʠʝʥʠʷ 

 

 ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

 ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʂʕ ʚ ʪʝʨʤʠʥʘʭ ʜʣʠʥʳ ʨʝʙʨʘ (SIZE); 

 ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (FAC), ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʟʥʘʯʝʥʠʠ SIZE=0; 

  ʧʘʨʘʤʝʪʨ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʧʝʥʴʶ ʩʛʫʱʝʥʠʷ ʠʣʠ ʨʘʟʨʷʞʝʥʠʷ ʩʝʪʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ (EXPND); 

 ʧʘʨʘʤʝʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʚʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʦʪ ʧʣʦʪʥʦʡ ʩʝʪʠ ʥʘ 
ʛʨʘʥʠʮʘʭ ʢ ʙʦʣʝʝ ʛʨʫʙʦʡ ʩʝʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ (TRANS); 
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  ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʂʕ ʥʠʟʢʦʛʦ (ANGL) ʠ ʚʳʩʦʢʦʛʦ 

(ANGH) ʧʦʨʷʜʢʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘ-

ʥʠʮʘʭ; 

 ʘʥʘʣʠʟ ʢʦʨʦʪʢʠʭ ʣʠʥʠʡ ʠ ʤʘʣʳʭ ʫʛʣʦʚ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
(SMHLC, SMANC); 

 ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ (MXITR); 

ɺ ʪʘʙʣ. 3.1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʜʣʷ h  ʠ  p  ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʘʥʜʳ SMRTSIZE ʜʣʷ ʫʨʦʚʥʝʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ, ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ. 

 

ʊʘʙʣʠʮʘ 3.1. ɿʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʜʣʷ h  ʠ  p  ʵʣʝʤʝʥʪʦʚ  

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʘʥʜʳ SMRTSIZE 

  
SMRT 

SIZE 

FAC EXPND TRANS ANGL ANGH GRATIO 

h p h p h p h p h p h p 
10 5.0 5.0 2.0 2.5 2.0* 2.0 45.0 - 45.0* 30.0 2.0 2.0 

9 3.0 4.0 1.75 2.35 2.0* 2.0 36.0 - 45.0* 30.0 1.9 1.9 

8 1.875 3.0 1.5 2.25 2.0* 2.0 30.0 - 45.0* 30.0 1.8 1.8 

7 1.5 2.5 1.0 1.7 2.0* 2.0 26.0 - 36.0* 30.0 1.7 1.7 

6* 1.0* 1.875 1.0* 1.5 2.0* 2.0 22.5 - 30.0* 30.0 1.5* 1.7 

5 0.65 1.5 1.0* 1.25 2.0* 2.0 18.0 - 27.0 30.0 1.5 1.6 

4 0.4 1.0 1.0* 1.0 2.0* 2.0 15.0 - 22.0 30.0 1.5 1.5 

3 0.3 0.8 1.0* 1.0 2.0* 2.0 12.0 - 18.0 22.0 1.5 1.5 

2 0.25 0.6 1.0* 1.0 2.0* 2.0 10.0 - 15.0 18.0 1.5 1.5 

1 0.2 0.4 1.0* 1.0 2.0* 2.0 7.5 - 15.0 15.0 1.4 1.4 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.3.1. 

 
SMRT 

SIZE 

SMHLC SMANC MXITR 

h p h p h p 
10 ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

9 ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

8 ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

7 ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

6* ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

5 ʚʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

4 ʦʪʢʣ. ʚʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

3 ʦʪʢʣ. ʦʪʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

2 ʦʪʢʣ. ʦʪʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

1 ʦʪʢʣ. ʦʪʢʣ. ʚʢʣ. ʚʢʣ. 4* 4 

 
*
ʧʦ ʫʤʦʣʯʘʥʠʶ 
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3.3.3. ʌʦʨʤʘ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

   

ʆʜʥʦʤʝʨʥʳʝ, ʜʚʫʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʂʕ ʚ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ 

ANSYS ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʣʠʥʝʡʥʳʭ (ʨʠʩ. 3.4, ʘ,ʙ), ʪʨʝʫʛʦʣʴʥʳʭ (ʨʠʩ. 

3.4, ʚ,ʛ) ʠʣʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ (ʨʠʩ. 3.4, ʜ,ʝ) ʂʕ (2D) ʠ ʧʠʨʘʤʠʜʘʣʴʥʳʭ 

(ʨʠʩ. 3.4, ʞ,ʟ) ʠʣʠ ʙʨʠʢʝʪʥʳʭ (ʨʠʩ. 3.4, ʠ,ʢ) ʂʕ (3D). ɺʳʙʦʨ ʪʠʧʘ ʂʕ ʩ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʤʦʜʝʣʠ ʠ ʩʧʦʩʦʙʦʤ ʛʝʥʝ-

ʨʘʮʠʠ ʩʝʪʠ.    

 

 
 

ʈʠʩ. 3.4. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʂʕ 

 

 ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʳʨʦʞʜʝʥʥʘʷ ʬʦʨʤʘ ʂʕ 

(ʨʠʩ. 3.5), ʦʜʥʘʢʦ ʵʪʦʪ ʧʨʠʝʤ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʀʟʤʝʥʠʪʴ ʬʦʨʤʫ ʂʕ ʤʦʞ-

ʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ MSHAPE ʠ MSHKEY ʠʣʠ ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesher Opts  

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Volumes-Mapped Ÿ 4 to 

6 sided  
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ʈʠʩ. 3.5. ʀʩʭʦʜʥʘʷ ʠ ʚʳʨʦʞʜʝʥʥʘʷ ʬʦʨʤ rʵʣʝʤʝʥʪʘ Plane 82 

 

3.3.4. ʃʦʢʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʙʠʝʥʠʝʤ  

 

 ʆʙʳʯʥʦ ʤʝʪʦʜ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʩʝʪʠ ʜʘʝʪ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʣʦʢʘʣʴʥʳʤ ʩʨʝʜ-

ʩʪʚʘʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʂʕ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ:  

 ʥʘʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘ (ʚ ʪʝʨʤʠʥʘʭ ʜʣʠʥʳ ʨʝʙʨʘ 

ʂʕ)  ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʣʠʥʠʷʭ; ʢʦʤʘʥʜʘ  ESIZE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Global Ÿ Size 

 ʥʘʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘ  ʚʦʢʨʫʛ ʚʩʝʭ (All ) ʠʣʠ ʫʢʘ-

ʟʘʥʥʳʭ (Picked) ʢʣʯʁʝʚrʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ  KESIZE; ʤʝʥʶ:  
Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Keypoints Ÿ All 

KPs 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Keypoints Ÿ Picked 

KPs 

 ʦʪʤʝʥʘ ʥʘʟʥʘʯʝʥʠʡ; ʢʦʤʘʥʜʘ  KESIZE; ʤʝʥʶ:  
Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Keypoints Ÿ Clr 

Size  

 ʥʘʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʂʕ ʥʘ ʣʠʥʠʷʭ; ʢʦʤʘʥʜʘ LESIZE; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Lines Ÿ All Lines 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Lines Ÿ Picked 

Lines 

 ʦʪʤʝʥʘ ʥʘʟʥʘʯʝʥʠʡ; ʢʦʤʘʥʜʘ LESIZE; ʤʝʥʶ:  
Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Size Cntrls Ÿ Lines Ÿ Clr Size  

 ʦʙʲʝʜʠʥʝʥʠʝ ʣʠʥʠʡ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʠʝʥʠʷ ʢʘʢ ʥʘ 

ʝʜʠʥʦʡ ʣʠʥʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʣʠʥʠʡ (ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩ ʦʧʝʨʘʮʠʝʡ 

ʩʣʦʞʝʥʠʷ LADD); ʢʦʤʘʥʜʘ LCCAT; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Concatenate Ÿ Lines   
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3.3.5. ɻʝʥʝʨʘʮʠʷ ʩʝʪʠ 

  

ɿʘʧʫʩʢ ʛʝʥʝʨʘʪʦʨʘ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʝ̫ʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ.  

ʇʨʝʞʜʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʘʩʧʝʢʪʦʚ: 

 ʝʩʣʠ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʦʙʣʘʩʪʝʡ, ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 
ʨʘʟʙʠʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʩʝʪʠ ʧʦ ʯʘʩʪʷʤ; 

 ʚ ʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʤʦʞʥʦ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʂʕ, 

ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤʥʳʭ ʠ ʦʙʦʣʦʯʝʯʥʳʭ, ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ; 

 ʧʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ ʩʝʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʟʥʘʯʘʪʴ ʘʪʨʠʙʫʪʳ ʂʕ ʠ 

ʩʝʪʠ ʥʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʛʝʥʝʨʘʮʠʷ ʩʝʪʠ ʂʕ ʥʘ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: 

 ʩʦʟʜʘʥʠʝ ʪʦʯʝʯʥʳʭ ʂʕ (ʥʘʧʨʠʤʝʨ, MASS21) ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; ʢʦʤʘʥʜʘ KMESH; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Keypoints 

 ʩʦʟʜʘʥʠʝ ʣʠʥʝʡʥʳʭ ʂʕ (ʥʘʧʨʠʤʝʨ, LINK31) ʥʘ ʣʠʥʠʷʭ; ʢʦʤʘʥʜʘ 

LMESH; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Lines 

 ʩʦʟʜʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʂʕ (ʥʘʧʨʠʤʝʨ, PLANE82) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ; 

ʢʦʤʘʥʜ rAMESH, AMAP; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Areas Ÿ Mapped Ÿ 3 or 

4 sided  

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Areas Ÿ Free 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Areas Ÿ Target Surf 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Areas Ÿ Mapped Ÿ By 

Corners 

 ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʂʕ (ʥʘʧʨʠʤʝʨ, SOLID90) ʚ ʦʙʲʝʤʥʳʭ ʪʝʣʘʭ; 

ʢʦʤʘʥʜʘ VMESH; ʤʝʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Volumes Ÿ Mapped Ÿ 4 

to 6 sided  

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Volumes Ÿ Free 

 ʩʦʟʜʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʜʚʫʤʝʨʥʦʡ ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʠ ʂʕ (ʥʘʧʨʠ-

ʤʝʨ, INTER192), ʧʨʦʝʮʠʨʫʷ ʨʘʟʙʠʝʥʠʝ ʥʘ ʣʠʥʠʷʭ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘ ʧʨʦ-

ʪʠʚʦʣʝʞʘʱʠʝ ʠʣʠ ʩʤʝʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ; ʢʦʤʘʥʜʘ IMESH; ʤʝ-

ʥʶ: 

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Interface Mesh Ÿ 2D In-

terface  

Main Menu Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Ÿ Interface Mesh Ÿ 3D In-

terface  
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 3.3.6. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ  

ʩʝʪʦʯʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

 

 ɹʦʣʝʝ ʫʜʦʙʥʳʤ ʩʨʝʜʩʪʚʦʤ ʥʘʟʥʘʯʝ-

ʥʠʷ ʘʪʨʠʙʫʪʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʜʠʘʣʦʛ ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʥʘ MeshTool (ʨʠʩ. 

3.6). ʌʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʜʠʘʣʦʛʘ ʚʢʣʯʁʘʶʪ: 

 ʥʘʟʥʘʯʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʘʪʨʠʙʫʪʦʚ ʂʕ 
ʠʣʠ ʘʪʨʠʙʫʪʦʚ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʘʭ (Element Attributes);  

 ʫʩʪʘʥʦʚʢʘ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ ʚ ʚʠ-

ʜʝ ʣʠʥʝʡʢʠ Smart Size; 

 ʥʘʟʥʘʯʝʥʠʝ (Set) ʠ ʦʪʤʝʥʘ (Clear) ʛʣʦ-

ʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʠʝʥʠʷ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʘʟʙʠʝʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲ-

ʝʢʪʘʭ; 

 ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʙʠʝʥʠʷ (Key-

points, Lines, Areas, Volumes) ʠ ʩʧʦʩʦʙʘ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ (Tri, Quad, 

Free, Mapped); 

 ʚʳʙʦʨ ʬʦʨʤʳ ʂʕ; 

 ʟʘʧʫʩʢ ʛʝʥʝʨʘʪʦʨʘ ʩʝʪʠ (Mesh) ʠ ʫʜʘʣʝ-

ʥʠʝ ʩʝʪʠ (Clear); 

 ʣʦʢʘʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʝʪʠ (Refine) ʥʘ 

ʦʙʲʝʢʪʘʭ (ʠʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʙʲʝʢʪʦʚ) 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʣʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ 

(Nodes, Keypoints, Elements, Lines, Areas, 

Volumes). 

 ʆʪʜʝʣʴʥʦ ʦʪʤʝʪʠʤ ʧʘʨʘʤʝʪʨ r

ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʧʝʥʴʶ ʩʛʫʱʝʥʠʷ ʠʣʠ ʨʘʟ-

ʨʷʞʝʥʠʷ ʩʝʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 3.3), ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʦ-

ʠʪʴ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʝ ʧʦ ʩʭʦʜʠʤʦʩʪʠ ʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʵʢʦʥʦʤʠʯʥʳʝ 2D ʠ 3D 

ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ. ʅʘ ʨʠʩ. 3.7 ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ 

(ʘ) ʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʨʝʞʝʥʠʷ ʚʥʫʪʨʴ 

ʦʙʣʘʩʪʠ EXPND = 2.5 (ʙ). ʆʜʥʘʢʦ ʙʦʣʝʝ 

ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʧʨʠ 

ʵʪʦʤ ʟʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʣʘʚʥʦʩʪʠ ʧʝʨʝ-

ʭʦʜʘ ʦʪ ʙʦʣʝʝ ʛʨʫʙʦʡ ʢ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʠ, 

ʥʘʧʨʠʤʝʨ TRANS = 1.3 (ʨʠʩ. 3.7, ʚ) . 

ʈʠʩ. 3.6. ʆʢʥʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʩʝʪʦʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
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ʈʠʩ. 3.7. ʉʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʴʶ ʩʝʪʠ ʚʥʫʪʨʠ ʧʦʜʦʙʣʘʩʪʠ 

 

3.3.7. h  ʠ p ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʭʦʜʠʤʦʩʪʠ 

 

 ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʜʠʩ-

ʢʨʝʪʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʤʦʜʝʣʝʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʊʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʩʪʝʧʝʥʴ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ (ʬʫʥʢʮʠʡ ʬʦʨʤʳ) ʂʕ, ʧʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʠ, ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦ-

ʜʦʚ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʪʝʨʤʠʥʘʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦ-

ʜʳ. 

 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝ-

ʪʘ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʦʥʷʪʠʷʤʠ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʘʟ-

ʥʦʩʪʥʦʡ ʩʭʝʤʳ. ʊʨʘʜʠʮʠʦʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʰʝ-

ʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʣʦʪʥʦ-

ʩʪʠ ʩʝʪʠ; ʝʩʣʠ ʥʘ ʦʯʝʨʝʜʥʦʡ ʠʪʝʨʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʝʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ (ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ 5...10 %), ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʭʦʜʠʤʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʨʦʠʟʚʦʜ-

ʥʳʝ ʬʫʥʢʮʠʡ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ). ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ h ʧʦʜʭʦʜʫ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʭʦʜʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫ-

ʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʤʝʪʦʜ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʛʦ ʩʛʫʱʝʥʠʷ ʩʝʪʠ ʂʕ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʚ ʤʝʩʪʘʭ ʙʳʩʪʨʦʡ ʦʩʮʠʣʣʷʮʠʠ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ-

ʵʬʬʝʢʪʠʚʥʳʤ. 

 ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʂʕ (p-

ʵʣʝʤʝʥʪʳ), ʚ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʥʘʟʳʚʘʝʤʳʭ ʪʦʯ-

ʢʘʤʠ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʪʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʪʨʝʙʫʝʤʘʷ ʪʦʯ-
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ʥʦʩʪʴ. ʊʘʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʕ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʟʣʦʚ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʪʦʯʥʝʥʠʷ 

ʨʝʰʝʥʠʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢ-

ʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʂʕ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʨʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʩʪʷʞʝ-

ʥʠʠ ʧʣʘʩʪʠʥʳ ʩ ʚʳʨʝʟʦʤ ʦʧʠʩʘʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ 7. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʨʷʜʫ ʩ ʣʦʢʘʣʴʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʩʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʣʦ-

ʙʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʥʘʧʨʠʤʝʨ, ʩʨʘʚʥʝʥʠʝ (ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ) ʟʥʘʯʝ-

ʥʠʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʩʣʝʜʥʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ 

ʠʪʝʨʘʮʠʷʭ.  

 

3.3.8. ʇʨʠʦʨʠʪʝʪʳ ʦʧʝʨʘʮʠʡ 

 

 ɿʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʝʪ ʢʦʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ, ʢʦ-

ʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʟʥʘʯʝʥʳ ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʜʨʫʛ ʜʨʫʛʫ ʧʘʨʘʤʝʪʨʳ (ʛʣʦ-

ʙʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ) ʨʘʟʙʠʝʥʠʷ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦ ʂʕ ʥʘ ʣʠʥʠʷʭ ʠ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʂʕ. ʊʦʛʜʘ ʧʨʦʛʨʘʤʤʘ ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʧʨʠʥʮʠʧʦʤ ʧʨʠʦʨʠ-

ʪʝʪʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʪ.ʝ. ʝʩʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʝʨʭʥʝʡ ʧʦ ʠʝʨʘʨʭʠʠ 

ʦʧʝʨʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ, ʪʦ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ (ʤʝʥʝʝ ʧʨʠʦʨʠ-

ʪʝʪʥʳʝ) ʦʧʝʨʘʮʠʠ ʥʘ ʦʙʝ̡ʢʪʘʭ ʧʨʠʤʝʥʝʥʠʷ. 

 ʀʝʨʘʨʭʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʜʝʪʘʣʠ-

ʟʠʨʦʚʘʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʝʥʠʷ; ʧʨʠ ʵʪʦʤ ʚʩʝʛʜʘ ʧʨʠʦʨʠʪʝʪ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʣʶʙʘʷ ʦʧʮʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʝʥʠʷ ʥʘ 

ʣʠʥʠʠ. ɽʩʣʠ ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʤʘʥʜʳ DESIZE (Main Menu Ÿ Preproces-

sor Ÿ Attributes Ÿ Size Cntrls Ÿ Manual Size Ÿ Global Ÿ Other), ʦʧʨʝʜʝ-

ʣʷʶʱʠʝ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʕ, ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʨʘʟʙʠʝʥʠʡ ʥʘ ʣʠʥʠʷʭ, ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʛʣʳ ʧʨʠ ʚʝʨʰʠʥʘʭ 

ʂʕ ʠ ʜʨ., ʪʦ ʧʨʠʦʨʠʪʝʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʩʣʝʜʫʶʱʘʷ: 

1. ʅʘʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʂʕ ʥʘ ʣʠʥʠʷʭ (ʢʦʤʘʥʜʘ LESIZE). 

2. ʅʘʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ 

(ʢʦʤʘʥʜʘ KESIZE), ʝʩʣʠ ʥʝ ʟʘʜʘʥʳ  ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʧʘʨʘʤʝʪ-

ʨʳ ʚ ʧ. 1. 

3. ʅʘʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘ (ʢʦʤʘʥʜʘ ESIZE), ʝʩʣʠ ʥʝ 

ʟʘʜʘʥʳ  ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʧʘʨʘʤʝʪʨʳ ʚ ʧ.ʧ. 1,2. 

4. ɽʩʣʠ ʥʝʪ ʥʘʟʥʘʯʝʥʠʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧ.ʧ. 13, ʪʦ ʜʝʡʩʪʚʫʶʪ ʧʘ-

ʨʘʤʝʪʨʳ ʢʦʤʘʥʜʳ DESIZE. 

ʂʦʛʜʘ ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʤʘʥʜʳ SMRTSIZE, ʪʦ ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘ-

ʮʠʡ ʪʘʢʦʡ ʞʝ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʫʩʣʦʚʠʠ: ʝʩʣʠ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʦʧʮʠʠ ʢʦʤʘʥʜʳ 

DESIZE, ʜʝʡʩʪʚʫʶʪ ʥʘʩʪʨʦʡʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ (ʩʤ. ʪʘʙʣ. 3.1) ʠʣʠ ʥʘʟʥʘʯʝʥ-

ʥʳʝ ʦʧʮʠʠ ʢʦʤʘʥʜʳ SMRTSIZE. 

 ɺʦʧʨʦʩ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: ʢʘʢʦʡ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʩʝʪʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

ʥʘʧʨʞ̫ʝʥʠʡ?  
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ɻʣʘʚʘ 4 

ʊʀʇʓ ɸʅɸʃʀɿɸ ʀ ʈɽʐɸʊɽʃʀ 
 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʠʩʢʨʝʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʵʣʝʤʝʥʪʦʚ), ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʪʦʯʝʢ (ʫʟʣʦʚ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ. ʆʩʥʦʚ-

ʥʳʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʫʟʣʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ 

ʤʦʜʝʣʠ. ʂ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʦʪʥʦʩʷʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʚʦʨʦʪʳ, ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ, ʧʦʪʝʥʮʠʘʣʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ; ʠʭ ʢʦʥʢʨʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʩʚʷʟʘʥ ʩ ʜʘʥʥʳʤ ʫʟʣʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʪʨʠʮʳ ʤʘʩʩ, ʞʝʩʪʢʦʩʪʠ (ʠʣʠ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʠʣʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ). ʕʪʠ ʤʘʪʨʠʮʳ 

ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʘʤ ʩʦʚʤʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤʠ çʨʝʰʘʪʝʣʤ̫ʠè.  

ʅʘʙʦʨ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʦʙʱʝʡ ʤʘʪʨʠʮʝ ʥʘ ʜʘʥ-

ʥʳʡ ʤʦʤʝʥʪ, ʥʘʟʳʚʘʝʪʩʷ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʰʠʨʷʝʪʩʷ ʠʣʠ 

ʩʫʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʥʝʠʟʚʝʩʪʥʳʝ ʚʚʦʜʷʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠʣʠ 

ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʥʝʝ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʯʝʨʝʟ ʚʩʝ ʵʣʝ-

ʤʝʥʪʳ ʠ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʪʘʜʠʠ ʧʦʩʪ-

ʧʨʦʮʝʩʩʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʚʩʝʡ ʤʦʜʝʣʠ ʚ ʮʝʣʦʤ. 

ʈʝʰʘʪʝʣʠ ʷʚʥʦʛʦ ʪʠʧʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʬʨʦʥʪʘʣʴʥʳʡ ʨʝʰʘʪʝʣʴ, 

ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ. ʌʨʦʥʪʘʣʴʥʳʡ ʨʝʰʘʪʝʣʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʝʪ ʦʙʱʫʶ ʜʣʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʝʡ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʤʘʪʨʠʮ ʵʣʝʤʝʥʪʦʚ, ʠ ʨʝʰʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ.  ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʯʝʨʝʟ ʚʩʶ ʤʦʜʝʣʴ, ʵʣʝʤʝʥʪ ʟʘ ʵʣʝʤʝʥʪʦʤ, ʚʚʦʜʷ 

ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ 

ʵʪʦ ʞʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʠ ʠʩʢʣʶʯʘʶʪʩʷ (ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʪʦʜʘ ɻʘʫʩʩʘ) ʠʟ ʦʙʱʝʡ ʤʘʪʨʠʮʳ, ʢʘʢ ʪʦʣʴʢʦ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ. 

ʌʨʦʥʪʘʣʴʥʳʡ ʨʝʰʘʪʝʣʴ ʧʨʦʛʨʘʤʤʳ ANSYS ʠʩʧʦʣʴʟʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ Rank-n ʘʣʛʦʨʠʪʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʪ.ʝ. ʚʳʯʠʩʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʥʝ ʧʦʨʦʟʥʴ, ʘ ʛʨʫʧʧʘʤʠ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦ-

ʨʳʝ ʧʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʨʳʥʦʢ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʦʥʘ ʥʘʩʪʨʘʠʚʘʝʪ-

ʩʷ ʚʳʙʦʨʦʤ ʨʘʟʤʝʨʘ ʦʧʨʝʜʝʣʷʝʤʦʡ ʛʨʫʧʧʳ ʥʝʠʟʚʝʩʪʥʳʭ, ʪ.ʝ. ʚʳʙʦʨʦʤ ʧʘ-

ʨʘʤʝʪʨʘ n. ʌʨʦʥʪʘʣʴʥʳʡ ʨʝʰʘʪʝʣʴ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʟʘʜʘʯ ʥʝʙʦʣʴ-

ʰʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ. 

ʇʨʦʛʨʘʤʤʘ ANSYS ʨʘʩʧʦʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʘʪʝʣʝʤ ʷʚʥʦʛʦ ʪʠ-

ʧʘ ʜʣʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ 

ʘʥʘʣʠʟʝ. ʕʪʦʪ ʨʝʰʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠʪʝʨʘʪʠʚʥʳʤ 
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ʨʝʰʘʪʝʣʷʤ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʚʤʝʩ-

ʪʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʤʘʣʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ. ɺ ʨʝʰʘʪʝʣʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʝ ʠʩʢʣʶʯʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʪʦʣʴ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʤʘʪʨʠʮ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. ʊʘʢʦʡ ʨʝ-

ʰʘʪʝʣʴ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʠ ʥʝʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ, ʢʦʛʜʘ ʩʪʘʪʫʩ 

ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʤʝʥʷʪʴ ʪʦʧʦʣʦʛʠʶ ʤʦʜʝʣʠ ʠ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷ-

ʥʠʝ ʥʘ ʰʠʨʠʥʫ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʪʘʢ ʠ ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʘʥʘʣʠʟʝ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʠʚʦʜʷʱʫʶ ʢ ʥʝʩʢʦʣʴʢʠʤ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʘʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʫʨʙʠʥʥʦʛʦ 

ʜʠʩʢʘ ʠʣʠ ʚʳʭʣʦʧʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʘʚʪʦʤʦʙʠʣʷ. ʈʝʰʘʪʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʧʦʣʦʛʠʠ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʝʰʘʪʝʣʴ ʤʦʞʝʪ ʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʨʦʥʪʘʣʴʥʳʤ ʠʣʠ ʠʥʳʤ ʜʨʫʛʠʤ ʨʝʰʘ-

ʪʝʣʝʤ ʷʚʥʦʛʦ ʪʠʧʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʬʨʦʥʪʘʣʴʥʦʤʫ ʨʝʰʘʪʝʣʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʣʶʙʦʡ ʠʟ ʠʪʝʨʘʪʠʚʥʳʭ, ʢʦʪʦʨʳʝ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʠ ʨʝʩʫʨʩʳ 

ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʤʦʜʝʣʝʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʠʧʘʭ 

ʘʥʘʣʠʟʘ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʩʠʩʪʝʤʘʤʠ ʩʦʚʤʝʩʪʥʳʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ. ʀʪʝʨʘʪʠʚʥʳʝ ʨʝʰʘʪʝʣʠ ʜʘʶʪ ʩʭʦʜʷʱʝʝʩʷ ʦʪ ʠʪʝʨʘʮʠʠ ʢ ʠʪʝʨʘʮʠʠ, 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʠʪʝʨʘʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʘ: ʚʳ-

ʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ PowerSolver ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ (PCG), ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʦʧʨʷʞʝʥʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ  ʗʢʦʙʠ (JCG) ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʯʘʩʪʠʯʥʦ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘ-

ʜʠʝʥʪʦʚ ʍʦʣʝʩʢʠ (ICʉG). ʀʤʝʷ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʵʪʠ ʩʨʝʜʩʪʚʘ, ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ 

ʩʚʦʝʡ ʧʨʦʙʣʝʤʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʪʝʨʘʪʠʚʥʳʡ ʨʝʰʘʪʝʣʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-

ʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʡ ʬʠ-

ʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ (ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʘʢʫʩʪʠʯʝʩʢʦʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦ-

ʣʷ) ʠ ʜʨʫʛʠʭ ʪʨʫʜʦʝʤʢʠʭ ʚʠʜʦʚ ʘʥʘʣʠʟʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʦʨʦʥʘ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʝʞʝʥʥʳʤʠ, ʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. 

ʈʝʰʘʪʝʣʴ PowerSolver ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʯʝʥ ʠ ʥʘʜʝʞʝʥ, ʩʥʘʙʞʝʥ 

çʨʘʩʧʦʟʥʘʚʘʪʝʣʝʤè ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʪʝʨʘʪʠʚʥʳʡ 

ʨʝʰʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʦʙʦʣʦʯʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ-ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ, ʠʩʧʦʣʴʟʫʷ ʥʘʩʪʦʣʴʥʳʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʙʦʣʴʰʠʭ ʟʘʜʘʯ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʨʝʰʝʥʠʝ ʠ ʙʦʣʴʰʘʷ ʵʢʦʥʦʤʠʷ 

ʜʠʩʢʦʚʦʡ ʧʘʤʷʪʠ. ʄʦʜʫʣʴ PowerSolver ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʩ h-ʵʣʝʤʝʥʪʘʤʠ, 

ʪʘʢ ʠ ʩ ʨ-ʵʣʝʤʝʥʪʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʦʧʮʠʷ 

ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʣʦʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 
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ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʠʣʠ ʯʝʪʳʨʝʭʛʨʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘ-

ʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʧʘʤʷʪʠ ʝʱʝ ʚ ʜʚʘ ʨʘʟʘ.  

ʇʨʦʛʨʘʤʤʘ ANSYS ʨʘʩʧʦʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʨʝʰʘʪʝʣʷʤʠ ʜʣʷ ʧʦʠʩʢʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʜʘʯʠ, ʢ ʢʦʪʦʨʦʡ ʩʚʦʜʠʪʩʷ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ; ʢ 

ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʤʦʜʫʣʴ Block Lanczos (ʩʤ. ʨʘʟʜʝʣ, ʢʘʩʘʶʱʠʡʩʷ ʤʦʜʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ). ʀʤʝʶʪʩʷ ʨʝʰʘʪʝʣʠ (ʩʨʝʜʠ ʥʠʭ ʨʝʰʘʪʝʣʴ ʪʠʧʘ PCG) ʜʣʷ ʦʩʦʙʳʭ 

ʚʠʜʦʚ ʘʥʘʣʠʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʟʘʜʘʯ ʘʵʨʦʛʠʜ-

ʨʦʜʠʥʘʤʠʢʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ (ʩʤ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʜʝʣʳ ʧʦʩʦʙʠʷ).   

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʘʪʝʣʴ ʷʚʥʦʛʦ ʪʠʧʘ, ANSYS/LS-DYNA. ʕʪʦʪ 

ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʧʨʝ- ʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʦʚ ʧʨʦʛʨʘʤʤʳ 

ANSYS, ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʧʦʜ ʟʘʧʨʦʩʳ ʧʘʢʝʪʘ LS-DYNA3D, ʠ 

ʨʝʰʘʪʝʣʷ ʷʚʥʦʛʦ ʪʠʧʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʵʪʦʛʦ ʧʘʢʝʪʘ ʬʠʨʤʦʡ Livermore 

Software Technology. ʈʝʰʘʪʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʠ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʝ (ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ; ʢʦʥʪʘʢʪ ʠ ʧʨʦʥʠʢʘʥʠʝ ʪʝʣ; ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʘʚʘʨʠʡ;  ʨʘʟʨʫʰʝʥʠʝ ʠ ʬʦʨʤʦʚʘʥʠʝ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʳ, ʩʪʝʢʣʦ ʠ ʧʣʘʩʪʤʘʩʩʳ). ʕʪʦʪ ʨʝʰʘʪʝʣʴ ʩʧʨʘʚʣʷ-

ʝʪʩʷ ʩ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣʴʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ. 

ʗʚʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʝʡ ʠ 

ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʢʦʥʪʘʢʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʝʣʠ-

ʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʝʰʘʪʝʣʴ ANSYS/LS-DYNA  ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʘʢʝʪʘʤʠ ANSYS/ 

Multiphysics, ANSYS/Mechanical ʠʣʠ ANSYS/Structural ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʷʚʥʳʡ-ʷʚʥʳʡ-ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ. ʊʘʢ, ʥʘ-

ʧʨʠʤʝʨ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʙʨʘʩʳʚʘʥʠʝ ʩ ʚʳʩʦ-

ʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʷʚʥʳʡ ʨʝʰʘʪʝʣʴ ʧʨʦʛʨʘʤʤʳ ANSYS ʜʣʷ ʚʳʯʠʩ-

ʣʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʘ ʟʘʪʝʤ ʧʨʦʜʦʣʞʠʪʴ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʨʝʰʘʪʝʣʷ 

ANSYS/LS-DYNA. ʇʦʣʟɹʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʣʦʞʠʪʴ ʥʘʛʨʫʟʢʠ 

ʢ ʣʶʙʳʤ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʪʘʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʫʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʥʳʤ ʤʝʪʦʜʦʤ. ʄʦʜʫʣʴ 

ANSYS/LS-DYNA ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʰʪʘʤ-

ʧʦʚʢʝ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ, ʠʩʧʦʣʴʟʫʷ ʷʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ, 

ʘ ʟʘʪʝʤ ʚʟʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʜʣʷ 

ʵʣʝʤʝʥʪʘ SHELL181 ʠ ʚʳʧʦʣʥʠʪʴ ʥʝʣʠʥʝʡʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ  ʦʜʥʦʛʦ ʰʘʛʘ 

ʥʘʛʨʫʞʝʥʠʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʦʨʤʫ ʠʟʜʝʣʠʷ ʩ ʫʯʝʪʦʤ ʫʧʨʫʛʦʡ 

ʦʪʜʘʯʠ. ʀʩʧʦʣʴʟʫʷ ʨʝʰʘʪʝʣʴ ʷʚʥʦʛʦ ʪʠʧʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʟʘʜʘʯʘʭ ʨʝʣʘʢʩʘʮʠʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧ-

ʨʫʛʦʡ ʦʪʜʘʯʠ ʧʨʠ ʬʦʨʤʦʚʘʥʠʠ ʤʝʪʘʣʣʘ, ʠʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʯʝʪ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʫʞʝʥʥʦʡ ʩʠʩʪʝʤʝ.  
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4.1. ʇʨʦʯʥʦʩʪʥʦʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ɺʦʟʤʦʞʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʳ 

ANSYS ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨ-

ʤʘʮʠʡ ʠ ʫʩʠʣʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩ-

ʪʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ (ʨʠʩ.4.1,4.2). ʉʪʘʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʠʛʦʜʝʥ ʜʣʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʠʣʠ ʧʨʦʮʝʩʩʳ 

ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʦʡ ʪʠʧ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝ-

ʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʘʣʪʝʣʷʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʦʥʩʪʨʫʢʪʦʨʳ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʦʯʥʦʩʪʠ ʟʥʘʢʦʤʳ ʩ ʵʪʠʤ 

ʚʠʜʦʤ ʘʥʘʣʠʟʘ ʠ, ʚʝʨʦʷʪʥʦ, ʨʝʰʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ ʩʪʘʪʠʢʠ, ʠʩ-

ʧʦʣʴʟʫʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘ-

ʚʦʯʥʠʢʦʚ. ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩ-

ʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʈʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʚ ʚʠʜʝ 

[K] { u} = { F},                                             (4.1) 

 

ʛʜʝ [K]  - ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʝʡ; {u} - ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʠʣ {F} ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʩʨʝʜʦʪʦ-

ʯʝʥʥʳʝ ʩʠʣʳ, ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʜʘʚʣʝʥʠʷ ʠ ʩʠʣʳ ʠʥʝʨʮʠʠ. ʄʦʞʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʩʪʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʩʠʩʪʝʤʝ ʥʘʛʨʫʟʦʢ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʘʢʠʝ ʥʝ-

ʣʠʥʝʡʥʦʩʪʠ, ʢʘʢ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʦʣʟʫʯʝʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʙʦʣʴʰʠʝ ʧʨʦʛʠʙʳ, 

ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʅʝʣʠʥʝʡʥʳʡ ʩʪʘʪʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʛʨʫʟʦʢ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʚʝʨʥʦʝ ʨʝʰʝʥʠʝ.  

 

ʈʠʩ. 4.1. ʀʩʭʦʜʥʘʷ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʬʦʨʤʳ 
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ʈʠʩ. 4.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ (ʧʦ ʄʠʟʝʩʫ) ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʢʠʚʝ ʟʘ ʩʯʝʪ 

ʫʩʠʣʠʡ ʚ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝ (ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʚ ʩʪʫʧʠʮʝ ʠ ʩʧʠʮʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʡ) 

 

4.2. ʇʨʦʯʥʦʩʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ʇʨʦʯʥʦʩʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʠʣʠ ʝʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʥʘʛʨʫʟʦʢ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʚʨʝʤʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʵʪʦʤ ʪʠʧʝ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘ-

ʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʧʝʨʝʤʝʥʥʳʭ 

ʚʦ ʚʨʝʤʝʥʠ ʥʘʛʨʫʟʦʢ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʥʘʛʨʫʟʦʢ ʷʚʣʷʶʪʩʷ: 

 ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ (ʚʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ); 

 ʚʥʝʟʘʧʥʦ ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ ʥʘʛʨʫʟʢʠ (ʫʜʘʨ ʠʣʠ ʚʟʨʳʚ); 

 ʩʣʫʯʘʡʥʳʝ ʥʘʛʨʫʟʢʠ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ); 

 ʣʶʙʳʝ ʜʨʫʛʠʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʪʠʧʘ ʜʚʠʞʫʱʠʭʩʷ ʥʘʛʨʫ-

ʟʦʢ ʥʘ ʤʦʩʪʳ. 

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʚʩʝ ʚʠʜʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʳʚʘʶʪʩʷ 

ʥʘ ʩʣʝʜʫʶɦ ʝʤ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ ʜʚʠʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʬʦʨʤʝ: 

 

[M]{uôô} + [C]{uô} + [K]{ u} = { F(t)},                        (4.2) 

 

ʛʜʝ [M] ï ʤʘʪʨʠʮʘ ʤʘʩʩ; [C] ï ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ;  [K] ï ʤʘʪʨʠʮʘ ʞʝ-

ʩʪʢʦʩʪʠ; {uôô} ï ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ; {uô} ï ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʩʢʦʨʦ-

ʩʪʝʡ; {u} ï ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ; {F} ï ʚʝʢʪʦʨ ʥʘʛʨʫʟʦʢ;  t ï ʚʨʝʤ.̫ 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ 

{ u}, ʢʦʪʦʨʳʝ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝ-

ʩʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ. ʈʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʙʦ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʅʴʶʤʘʨʢʘ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ. 
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ʇʨʦʛʨʘʤʤʘ ANSYS ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ: ʜʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʪ-

ʢʣʠʢ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʦʪʢʣʠʢ ʥʘ ʩʣʫ-

ʯʘʡʥʫʶ ʚʠʙʨʘʮʠʶ. 

 

4.2.1. ɼʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

 
ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ) ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʥʘʛʨʫʟʦʢ, ʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ: ʧʦʣʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

ʤʝʪʦʜ ʧʨʠʚʝʜʝʥʠʷ ʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʡ. ɺʩʝ ʪʨʠ ʤʝʪʦʜʘ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʠ ʤʦʱʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʝʨʝ-

ʭʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʧʦʣʥʳʝ, ʥʝʨʝʜʫʮʠʨʦʚʘʥʥʳʝ ʤʘʪʨʠʮʳ, ʚʭʦʜʷʱʠʝ ʚ ʨʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝ-

ʥʠʝ ʟʘʜʘʯʠ: ʤʘʪʨʠʮʘ ʤʘʩʩ [M], ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [C], ʤʘʪʨʠʮʘ ʞʝʩʪ-

ʢʦʩʪʠ [K]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʥʝʣʠ-

ʥʝʡʥʦʩʪʝʡ: ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʦʣʟʫʯʝʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʙʦʣʴʰʠʝ ʧʨʦʛʠʙʳ ʠ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʥʪʘʢʪʥʳʝ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʝʰʝʥ ʣʶʙʦʡ ʚʠʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘ-

ʛʨʫʟʦʢ ʢʘʢ ʚ ʫʟʣʘʭ (ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ ʠ ʧʨʝʜʧʠʩʘʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ), 

ʪʘʢ ʠ ʧʦ ʵʣʝʤʝʥʪʫ (ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ), ʘ ʪʘʢʞʝ ʠʥʝʨʮʠʦʥʥʳʝ ʥʘʛʨʫʟ-

ʢʠ (ʟʘ ʩʯʝʪ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʜʝʡʩʪʚʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ).  

ʇʦʣʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʦʰʘʛʦʚʫʶ ʧʨʦʮʝʜʫʨʫ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʩ-

ʥʦʚʘʥʦ ʥʘ ʩʭʝʤʝ ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʅʴʶʤʘʨʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦ-

ʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ (ʜʣʷ ʫʯʝʪʘ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ). 

ɺ ʧʦʣʥʦʤ ʤʝʪʦʜʝ ʜʦʩʪʫʧʝʥ ʚʘʨʠʘʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʰʘʛʘ ʧʦ 

ʚʨʝʤʝʥʠ. ʕʪʘ ʦʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʫʤʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʠ ʟʘʪʨʘʪʘʤʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɽʱʝ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦ-

ʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʠʥʝʤʘʪʠʢʫ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʜ-

ʚʠʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʳʯʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʰʘʨʥʠʨʦʚ, ʞʝʩʪʢʠʭ ʠ ʛʠʙʢʠʭ ʩʚʷʟʝʡ, ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʯʝʪʘʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʯʣʝʥʝʥʠʝ ʫʟʣʦʚ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʜʦʧʫʩʪʠʤʦ ʧʨʝʥʝʙ-

ʨʝʯʴ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝ-

ʪʦʜ ʧʨʠʚʝʜʝʥʠʷ (ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ) ʠʣʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʢʘʞʜʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʀ ʭʦʪʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʦʙʱʝʛʦ ʚʠʜʘ, ʜʦʧʫʩʢʘ-



 67 

ʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʟʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʦʫʜʘʨʝ-

ʥʠʷ. ʕʪʠ ʜʚʘ ʤʝʪʦʜʘ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʛʦ ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʨʝʜʫʮʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ, 

ʯʪʦ ʤʘʪʨʠʮʳ [M], [C] ʠ [K] ʨʘʟʨʝʰʘʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʤrʠ. 

ʕʪʠ ʤʘʪʨʠʮʳ ʩʛʫʱʝʥʳ ʤʝʪʦʜʦʤ ʨʝʜʫʢʮʠʠ ɻʫʷʥʷ ʠ ʧʨʠʚʝʜʝʥʳ ʢ ʚʝʜʫʱʠʤ 

ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʅʴʶʤʘʨʢʘ, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʳʤ. ʅʘʛʨʫʟʢʠ ʚʢʣʶʯʘʶʪ ʫʩʠʣʠʷ ʚ ʫʟʣʘʭ, ʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʠ-

ʣʫ ʪʞ̫ʝʩʪʠ. 

ɺ ʤʝʪʦʜʝ ʧʨʠʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʜʚʘ ʰʘʛʘ. 

ʇʝʨʚʳʡ ʰʘʛ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʜʣʷ ʚʝʜʫʱʠʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɽʩʣʠ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷʞʝ-

ʥʠʡ, ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʪ.ʧ., ʪʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʚʪʦʨʦʡ 

ʰʘʛ - ʧʦʚʪʦʨʥʳʡ ʧʨʦʭʦʜ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʚʩʝʛʦ ʥʘʙʦʨʘ ʩʪʝʧʝ-

ʥʝʡ ʩʚʦʙʦʜʳ ʚ ʪʨʝʙʫʝʤʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʜʦʙʝʥ ʤʝʪʦʜʫ ʧʨʠʚʝʜʝʥʠʷ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʩ 

ʝʛʦ ʧʦʤʦɦ ʴʶ ʚʳʧʦʣʥʷʝʪʩʷ ʤʥʦʛʦʰʘʛʦʚʳʡ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ ʨʘʟʣʠʯʠʷ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʨʦʚʦʜʠʪʩʷ 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʦʜʘʣʴʥʦʤ 

ʘʥʘʣʠʟʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʦʙʱʠʡ ʦʪʢʣʠʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʧʝʨ-

ʚʳʤ ʰʘʛʦʤ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʚʝʜʝʥ-

ʥʳʝ, ʨʝʜʫʮʠʨʦʚʘʥʥʳʝ ʤʘʪʨʠʮʳ ʠʣʠ ʧʦʣʥʳʝ ʤʘʪʨʠʮʳ (ʠʪʝʨʘʮʠʷʤʠ ʧʦ ʧʦʜ-

ʧʨʦʩʪʨʘʥʩʪʚʫ). 

ɺʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʚ ʚʠʜʝ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝ-

ʱʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ, ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʠʡ ʠ ʪ.ʧ.) ʜʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ʂʘʞʜʫʶ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ 

ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʣʠ ʥʝʢʦ-

ʪʦʨʦʡ ʜʨʫʛʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʧʨʦʮʝʩʩʦʨʘ ʠʩʪʦʨʠʠ ʥʘʛʨʫʞʝ-

ʥʠʷ. ʇʦʩʪʧʨʦʮʝʩʩʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, 

ʧʦʢʘʟʘʪʴ ʢʘʨʪʠʥʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ).  

ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝ-

ʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʙʘʤʧʝʨʝ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʫʜʘʨʝ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʛʦ ʤʝʪʦʜʘ. ɽʩʣʠ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʳ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʩʪʳʭ ʩʝʪʷʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʫʟʣʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠ-

ʣʦʚʳʭ ʧʝʨʝʜʘʯʘʭ ʠ ʪ.ʧ.) ʠʣʠ ʝʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘ-
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ʪʘʤʠ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝ-

ʥʠʷ ʠʣʠ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʥʝʷʚ-

ʥʳʝ ʩʭʝʤʳ ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ, ʧʨʦʛʨʘʤʤʘ ANSYS ʨʘʩʧʦ-

ʣʘʛʘʝʪ ʨʝʰʘʪʝʣʝʤ ANSYS-DYNA, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʷʚʥʦʛʦ ʤʝ-

ʪʦʜʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʣʷ ʚʳʩʦʢʦ-ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʬʘʢʪʦʨʠʟʘʮʠʠ 

ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʠʣʠ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ. 

 
4.2.2. ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʝʟʥʦ ʚ ʪʝʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʟʥʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ 

(ʨʠʩ.4.3). ʅʘʧʨʠʤʝʨ, ʜʝʪʘʣʠ ʠ ʫʟʣʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʪʘʢ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʭ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʝʟʦʥʘʥʩʘ) ʥʘ ʦʜʥʦʡ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʚ ʫʩʣʦʚʠ̫ ʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
 

 
 

ʈʠʩ. 4.3. ʊʨʝʪʴʷ, ʯʝʪʚʝʨʪʘʷ ʠ ʜʝʚʷʪʘʷ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʰʢʠʚʘ 

 (ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ) 

 
ʄʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʯʝʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʗʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚʩʷʢʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʟʥʘ-

ʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʤʦʛʘʝʪ 

ʦʮʝʥʠʪʴ ʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʯʠʩʣʦ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʠ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝ-

ʥʠ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʚʝ-

ʜʝʥʠʠ ʩʠʩʪʝʤʳ ʚ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʤʝʪʦ-

ʜʳ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘ-

ʪʘʭ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ANSYS ʤʦʜʘʣʴʥʳʡ ʘʥʘ-

ʣʠʟ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʜʣʷ ʥʝʥʘʛʨʫʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʚʩʣʝʜ ʟʘ 

ʥʝʣʠʥʝʡʥʳʤ ʨʘʩʯʝʪʦʤ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʡ. 
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ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ï ʵʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʚʦ-

ʙʦʜʥʳʭ (ʥʝʚʳʥʫʞʜʝʥʥʳʭ), ʟʘʪʫʭʘʶʱʠʭ ʠʣʠ ʥʝʟʘʪʫʭʘʶʱʠʭ, ʢʦʣʝʙʘʥʠʷʭ 

ʜʠʩʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝ-

ʥʠʷ 

[M]{ uôô} + [C]{uô} + [K]{u } = 0.                           (4.3) 

 

ʕʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʨʠʜʘʝʪʩʷ ʬʦʨʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʯʝ ʦ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ. ɼʣʷ ʩʣʫʯʘʷ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ (ʥʘʠʙʦʣʝʝ ʪʠ-

ʧʠʯʥʦʛʦ ʜʣʷ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ) ʧʨʝʥʝʙʨʝʛʘʶʪ ʩʣʘʛʘʝʤʳʤ [C]{uô},  ʠ 

ʫʨʘʚʥʝʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

 

([K] ï [M]){u}=  0,                                      (4.4) 

 

ʛʜʝ 
 
(ʢʚʘʜʨʘʪ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ) ï ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, {u} ï ʩʦʙʩʪ-

ʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ 

ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

 

([K] + i [C] ï [M]){u } = 0.                             (4.5)
 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʨʝʘʣʠʟʦʚʘ-

ʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. ʅʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜ ʃʘʥʮʦʰʘ ʠ ʤʝʪʦʜ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ. ʕʪʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʥʳʝ 

ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʝʡ ʠ ʤʘʩʩ ʩʠʩʪʝʤʳ; ʦʥʠ ʨʘʙʦʪʘʶʪ ʚʝʩʴʤʘ ʪʦʯʥʦ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦ, ʧʦʯʪʠ ʥʝ ʪʨʝʙʫʷ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʤʦʜʫʣʝ PowerDynamics ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ 

(ʤʝʪʦʜ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʪʝʨʘʪʠʚʥʳʤ ʨʝʰʘʪʝʣʝʤ PCG) ʥʘʠ-

ʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʪ ʪʦʣʴʢʦ ʠʟ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʨʝʩʫʨʩʳ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʜʠʩʢʦʚʦʡ 

ʧʘʤʷʪʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʥʳʭ ʤʘʪʨʠʮ ʩʠʩʪʝʤʳ, ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʠʣʠ ʤʝʪʦʜ ʧʨʠʚʝʜʝʥʠʷ. ɺ ʵʪʦʤ 

ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʘʩʪʝʨʩʪʝʧʝʥʠ, ʠʣʠ ʚʝʜʫʱʠʝ ʩʪʝʧʝʥʠ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʪʨʠʮʘʤ ʩʠʩʪʝʤʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʩʣʝʜʫʝʪ ʚʝʩʴʤʘ ʦʩʪʦʨʦʞ-

ʥʦ ʚʳʙʠʨʘʪʴ ʤʘʩʪʝʨʩʪʝʧʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʥʝʫʜʘʯʥʳʡ ʚʳʙʦʨ ʧʨʠʚʦʜʠʪ ʢ ʥʝ-

ʚʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʩʩ ʩʠʩʪʝʤʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʥʝʚʝʨʥʳʤ ʟʥʘ-

ʯʝʥʠʷʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʝʡ ʠ (ʠʣʠ) ʤʘʪʨʠʮʘ ʤʘʩʩ, 

ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ ʦʙʪʝʢʘʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʧʦʪʦʢʦʤ ʛʘʟʘ 

ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʄʝʪʦʜ ʧʦʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʪʫʘʮʠ-

ʷʭ, ʢʦʛʜʘ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ ʨʘʩʩʝʷʥʠʝʤ ʵʥʝʨʛʠʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʘʥʘʣʠʟʘ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʦʪʦʨʦʚ ʪʫʨʙʦʤʘʰʠʥ. 
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4.2.3. ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ɸʥʘʣʠʟ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʤ ʩʠʣʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ. ʕʪʦʪ ʚʠʜ ʘʥʘʣʠʟʘ ʘʢʪʫʘʣʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʚʣʠʷʥʠʷ ʥʘʛʨʫʟʦʢ, ʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦ-

ʥʫ, ʪʠʧʘ ʪʝʭ, ʯʪʦ ʠʩʧʳʪʳʚʘʶʪ ʩʪʘʥʠʥʳ ʠ ʬʫʥʜʘʤʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʨʘ-

ʱʘʶʱʠʤʠʩʷ ʯʘʩʪʤ̫ʠ. 

ʈʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʧʝʮʠʘʣʴʥʳʡ ʩʣʫʯʘʡ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚʳʥʫʞʜʘʶ-

ʱʘʷ ʩʠʣʘ {F(t)} ʷʚʣʷʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʩ ʠʟʚʝʩʪʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ Fo  ʠ ʯʘʩʪʦʪʦʡ    ʠ  ʬʘʟʦʚʳʤ  ʫʛʣʦʤ   

 

{ F(t)} = { Fo (cos( t + ) + i sin( t + ))}.                      (4.6) 

 

ʇʝʨʝʤʝʱʝʥʠʷ ʤʝʥʷʶʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʩ ʯʘʩʪʦʪʦʡ  , ʥʦ ʥʝ ʦʙʷʟʘʥʳ 

ʩʦʚʧʘʜʘʪʴ ʧʦ ʬʘʟʝ ʩ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ. ʅʘʛʨʫʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚ ʬʦʨʤʝ 

ʫʟʣʦʚʳʭ ʩʠʣ, ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʵʣʝʤʝʥʪʫ. 

ɼʣʷ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʣʠʙʦ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟʦʚʳʭ ʫʛʣʦʚ, ʣʠʙʦ ʚ ʚʠʜʝ ʨʝʘʣʴʥʦʡ ʠ 

ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʩʪʫʧʥʳ ʪʨʠ ʤʝʪʦʜʘ: ʧʦʣ-

ʥr ʡ, ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʡ. ʇʦʣʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʳʭ, ʚʦʟʤʦʞʥʦ, ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ, ʤʘʪʨʠʮ [K], [M] ʠ [C]. 

ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʛʘʨʤʦʥʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʣʘʩʪʠ ʘʢʫʩʪʠʢʠ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʜʠʥʘʤʠʢʠ ʚʨʘ-

ʱʘʶʱʠʭʩʷ ʚʘʣʦʚ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʳʡ ʤʝʪʦʜ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨʘʭ 

ʚʘʣʦʚ ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ. ʕʪʦʪ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʰʘʛʦʚʳʤ.  

ʄʝʪʦʜ ʧʨʠʚʝʜʝʥʠʷ (ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ) ʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʠ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʠʤ-

ʤʝʪʨʠʯʥʳʤ ʤʘʪʨʠʮʘʤ. ʈʝʜʫʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʦʢʨʘʱʝʥʠʠ 

ʤʘʪʨʠʮ [K], [M] ʠ [C] ʩʧʦʩʦʙʦʤ ʧʨʠʚʝʜʝʥʠʷ ɻʫʷʥʷ ʠ ʜʘʝʪ ʨʝʰʝʥʠʝ ʟʘ ʜʚʘ 

ʰʘʛʘ (ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʟʘʪʝʤ ʧʦʚʪʦʨʥʳʡ ʧʨʦ-

ʭʦʜ ï ʰʘʛ ʨʘʩʰʠʨʝʥʠʷ ʨʝʰʝʥʠʷ). ʄʥʦʛʦʰʘʛʦʚʳʡ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʠ ʪʨʝ-

ʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʨʝh ʝʥʠʷ. 

 

4.2.4. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

 
ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘ ʦʪʢʣʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʝʝ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʫʜʘʨʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝ-
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ʟʫʣʴʪʘʪʳ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩ ʠʟʚʝʩʪʥʳʤ 

ʩʧʝʢʪʨʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝ-

ʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʢʘʞʜʦʡ ʠʟ ʝʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. ʊʠʧʠʯʥʳʤ ʧʨʠʣʦ-

ʞʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪ-

ʚʠʝ, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʘʢʠʝ 

ʩʦʦʨʫʞʝʥʠʷ, ʢʘʢ ʩʝʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʙʘʰʥʠ ʠ ʤʦʩʪʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ, ʟʘ-

ʚʠʩʷʱʠʝ ʦʪ ʯʘʩʪʦʪʳ. ʄʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʬʫʥʢʮʠʡ ʦʪ-

ʢʣʠʢʘ: ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ, ʫʩʢʦʨʝʥʠʡ ʠ ʩʠʣ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʫʢʘʟʘʪʴ ʦʜʥʫ ʠʟ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ (ʠʣʠ ʩʝʨʠʶ ʧʨʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʝʤʧʬʠ-

ʨʦʚʘʥʠʷ) ʚ ʨʷʜʝ ʪʦʯʝʢ ʤʦʜʝʣʠ ï ʵʪʦ ʙʫʜʝʪ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ, ʪ.ʝ. ʧʨʦʚʝʩʪʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ. ʉʧʝʢʪʨʳ ʦʪʢʣʠʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʜʣʷ ʩʠʣʦʚʦʛʦ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ʉʫʤʤʘʨʥʳʡ ʦʪ-

ʢʣʠʢ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: 

Wilson CQC, çʜʝʩʷʪʴ ʧʨʦʮʝʥʪʦʚè, çʜʚʦʡʥʘʷ ʩʫʤʤʘè, çʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ 

ʠʟ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚè ʠʣʠ ʤʝʪʦʜʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɺ ʚʦʝʥʥʦʤʦʨʩʢʦʤ ʬʣʦʪʝ ʉʐɸ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʳʭ ʷʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʨʫʞʝʥʠʡ DDAM. ʕʪʘ 

ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶɦ ʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ. 

 

4.2.5. ʆʪʢʣʠʢ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʠʙʨʘʮʠʶ 

 
ɸʥʘʣʠʟ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʥʘ ʚʦʟʤʫ-

ʱʘʶʱʠʝ ʩʠʣʳ, ʥʝ ʷʚʣʷʁɦʠʝʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ; 

ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʠʣ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ 

ʨʝʘʢʪʠʚʥʳʭ ʠʣʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʥʘ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜʦʙʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʆʪʣʠʯʠʝ, ʦʜʥʘʢʦ, ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʚʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʥʝʨʛʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʢʦʨʦ-

ʩʪʠ, ʫʩʢʦʨʝʥʠʷ, ʜʘʚʣʝʥʠʷ ʠʣʠ ʫʩʠʣʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʣʠʙʦ ʟʘʜʘʪʴ ʦʜʥʫ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʧʝʢʪʨʘ ʠ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʪʦʯʝʢ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ (ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ), ʣʠʙʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʩʧʝʢʪʨʦʚ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠ ʚʳʧʦʣʥʠʪʴ ʤʥʦʛʦ-

ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʩʠʣʦʚʦʝ.    
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ) 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ; ʦʪʢʣʠʢʠ ʩʠʩʪʝʤʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ ANSYS, ʪʘʢʞʝ  ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʩ ʢʘʢʦʡ ʬʘʢʪʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʙʫʜʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʨʘʩʯʝʪʥʳʡ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʠʧʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʮʝʩ-

ʩʘ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʤʝʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ: ʚ ʧʝʨʝ-

ʤʝʝɦʥʠʷʭ (ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʩʠʣʠʷ), ʚ ʩʢʦʨʦʩʪʷʭ 

(ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʠʡ ʠ ʪ.ʜ.) ʠ ʚ ʫʩʢʦʨʝʥʠʷʭ (ʫʩʢʦ-

ʨʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʠʡ ʠ ʪ.ʜ.). ɼʣʷ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʣʶʙʦʝ ʥʫʞʥʦʝ ʯʠʩʣʦ ʵʪʠʭ ʨʝʰʝʥʠʡ. 

ɸʥʘʣʠʟ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʫʟʣʳ ʠ ʜʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʣʞʥʳ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʚʳʜʝʨʞʠʚʘʪʴ ʪʨʫʜʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʝʪʘ. ʅʘʧʨʠʤʝʨ, ʜʘʥ-

ʥʳʝ ʦʙ ʫʩʢʦʨʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʝʪ ʨʘʢʝʪʘ ʚ ʧʦʣʝʪʝ, ʤʦʞʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʴ ʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʛʨʫʟʦʢ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥ-

ʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʫʟʣʦʚ ʨʘʢʝʪʳ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʠʙʨʘʮʠʶ. 

 

4.3. ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 
 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʰʘʝʪʩʷ ʦʜʥʘ ʠʟ ʜʚʫʭ ʟʘʜʘʯ: 

 ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ;  

 ʩʦʭʨʘʥʷʝʪ ʣʠ ʢʦʥʩʪʨʫʢʮʠʷ  ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ  ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʥʘ-

ʛʨʫʟʦʢ. 

ʕʪʦʪ ʪʠʧ ʘʥʘʣʠʟʘ ʚʘʞʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʣʶʙʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʝʩʫʱʠʭ ʥʘʛʨʫʟʢʫ, ʪʘʢʠʭ ʢʘʢ ʙʘʰʥʠ ʠʣʠ ʤʦʩʪʳ. ɺ ʧʨʦ-

ʛʨʘʤʤʝ ANSYS ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʜʚʘ ʪʠʧʘ ʘʥʘʣʠʟʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ: ʚ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

 

4.3.1. ʃʠʥʝʡʥʳʡ ʧʦʜʭʦʜ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʧʦʜʭʦʜʘ, ʠʣʠ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪ-

ʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʚʳʧʫʯʠʚʘʥʠʝ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʴʶ (ʩʤ. ʨʘʟʜʝʣ çʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʦ-

ʩʪʠè), ʪ.ʝ. ʵʬʬʝʢʪʦʤ ʠʟʤʝʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ ʩ ʨʦʩʪʦʤ ʥʘ-

ʧʨʷʞʝʥʠʡ,  ʢʦʛʜʘ ʨʦʩʪ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʘʛʨʫʟʢʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʧʦʧʝʨʝʯ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʨʘʩʪʫʪ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ, ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʦʢʦʚʳʤ ʩʠʣʘʤ. ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ ʥʘʛʨʫʟʢʠ ʵʪʦʪ 

ʥʝʡʪʨʘʣʠʟʫʶʱʠʡ ʵʬʬʝʢʪ ʧʨʝʚʦʩʭʦʜʠʪ ʚʣʠʷʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʞʝ-

ʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷ ʢ ʚʳʧʫʯʠʚʘʥʠʶ. 
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ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʪʘʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʧ-

ʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʬʘʢʪʦʨʦʚ (ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ) ʜʣʷ 

ʤʘʪʨʠʮʳ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ. ʈʘʟʨʝʰʘʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

([K]  ï [S]){u}  = 0,                                        (4.7) 

 

ʛʜʝ [K] ï  ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; [S] ï  ʤʘʪʨʠʮʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʞʝʩʪʢʦʩʪʠ;   ï  ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ); { u}  ï  ʩʦʙʩʪ-

ʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʦʨʤʫ ʚʳʧʫʯʠʚʘʥʠʷ.  

ʊʦʯʢʘ ʥʘ ʢʨʠʚʦʡ çʥʘʛʨʫʟʢʘ-ʩʤʝʱʝʥʠʝè, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ 

ʚʳʧʫʯʠʚʘʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʦʡ ʙʠʬʫʨʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʪʦʯʢʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʨʘʟʚʝʪʚʣʝʥʠʝ ʬʦʨʤ ʨʘʚʥʦʚʝʩʠʷ. ɿʘ ʪʦʯʢʦʡ ʙʠʬʫʨʢʘʮʠʠ ʩʠʩʪʝʤʘ ʪʝʨʷ-

ʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʣʠ ʧʨʦʜʦʣʞʘʝʪ ʥʝʩʪʠ ʥʘʛʨʫʟʢʫ ʚ ʥʝʢʦʪʦʨʦʤ ʥʦʚʦʤ ʨʘʚʥʦ-

ʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ.4.4). 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʣʠʥʝʡʥʳʡ ʧʦʜʭʦʜ ʥʝ ʤʦʞʝʪ ʫʯʝʩʪʴ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ ʣʶʙʦʛʦ ʨʦʜʘ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʩʪʝʤʳ. ʕʪʠ ʬʘʢʪʦʨʳ, ʝʩʣʠ ʦʥʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʘ ʦʥʠ ʦʙʳʯʥʦ ʠʤʝʶʪʩʷ), ʧʨʠʚʦʜʷʪ 

ʢ ʩʥʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤ ʨʘʩʯʝʪʦʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʝʥ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʣʠʥʝʡʥʳʤ 

ʧʦʜʭʦʜʦʤ. ɽʛʦ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʱʝʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʧʝ-

ʨʝʜ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ. ʅʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʥʝʡʥʳʡ 

ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʨʦʜʦʡ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʪʦʯʢʝ ʙʠʬʫʨʢʘʮʠʠ. 

 
 

ʈʠʩ. 4.4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ  

ʧʨʠ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʧʦʜʭʦʜʘʭ 
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4.3.2. ʅʝʣʠʥʝʡʥʳʡ ʧʦʜʭʦʜ 

 
ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩʣʝʜʫʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʦʝ ʨʝʰʝʥʠʝ. ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ï ʵʪʦ, ʚ 

ʩʫʱʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʡ. ɺ ʨʘʟʜʝʣʝ çʂʦʥʩʪ-

ʨʫʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʦʩʪʠè ʦʧʠʩʘʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʛʨʘʤʤʘ ANSYS 

ʢʦʨʨʝʢʪʠʨʫʝʪ ʦʨʠʝʥʪʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʝʭʥʠʢʦʡ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʫʛ ʈʠʢʩʘ. 

ʇʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʦʮʝʜʫʨʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ 

ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʩʧʨʘʚʝʜʣʠʚʦʤʫ 

ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʠʪʝʨʘʮʠʠ 

 

[K] i-1 { u} i = {F} ï { F 
el

 }  i-1 ,                             (4.8) 

 

ʛʜʝ [K] i-1 ï ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ; { u} i ï ʚʝʢʪʦʨ, 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʠʨʘʱʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʜʚʫʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʭ ʠʪʝʨʘʮʠʡ 

{ u} i = { u } i-1 + { u} i ,                                   (4.9) 

 

ʛʜʝ { u} i ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ; { F}  ï 

ʚʝʢʪʦʨ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʩʠʩʪʝʤʝ ʩʠʣ; { F 
el

 }  i-1 ï ʚʝʢʪʦʨ ʫʧʨʫʛʠʭ ʩʠʣ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʷʤ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ ʩ ʥʦʤʝʨʦʤ (i  1). 

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʧʨʠʨʘʱʝʥʠʡ u ʚ ʠʪʝʨʘʮʠʦʥ-

ʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʙʳʯʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʡ 

ʬʘʢʪ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʨʦʩʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʤʝʞʜʫ ʠʪʝʨʘʮʠʷʤʠ ʩʚʠʜʝʪʝʣʴʩʪ-

ʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʩʠʩʪʝʤʦʡ ʩʪʘʙʠʣʴʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ 

ʝʩʣʠ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʛʨʫʞʝʥʘ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʪʦ ʧʨʠʨʘʱʝʥʠʷ 

u ʙʫʜʫʪ ʨʘʩʪʠ ʦʪ ʠʪʝʨʘʮʠʠ ʢ ʠʪʝʨʘʮʠʠ (ʪ.ʝ. ʨʝʰʝʥʠʝ ʨʘʩʭʦʜʠʪʩʷ). ʂʨʠʪʠ-

ʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ (ʥʘʛʨʫʟʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ) ʷʚ-

ʣʷʝʪʩʷ ʪʦʪ ʝʝ ʫʨʦʚʝʥʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʰʝʥʠʝ ʥʘʯʠʥʘʝʪ ʨʘʩʭʦʜʠʪʴʩʷ. 

ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʝʣʠʥʝʡʥʦʤ ʧʦʜ-

ʭʦʜʝ, ʦʙʳʯʥʦ ʥʠʞʝ ʪʦʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʙʠʬʫʨʢʘʮʠʠ ʣʠʥʝʡ-

ʥʦʛʦ ʨʝʰʝʥʠʷ (ʨʠʩ.4.4). ʕʪʦ ʨʘʟʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʝʣʠʥʝʡ-

ʥʦʤ ʨʝʰʝʥʠʠ ʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʧʨʠʩʫʱʠʝ ʨʝʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʥʘʯʘʣʴ-

ʥʳʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ). 

ɼʨʫʛʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʜʭʦʜʘ ʢ  ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʩʠʩʪʝʤ, ʪʝʨʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩ ʧʝʨʝʩʢʦʢʦʤ. ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ ʧʦ-

ʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʦʚʦʝ ʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʥʘʛʨʫʟʢʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦ-
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ʞʝʪ ʩʣʫʞʠʪʴ ʧʦʣʦʛʘʷ ʘʨʢʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʰʘʨʥʠʨʥʦ ʢʦʥʮʘʤʠ, ʢʦʪʦʨʘʷ 

ʥʘʛʨʫʞʝʥʘ ʩʞʠʤʘʶʱʝʡ ʩʠʣʦʡ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʝʝ ʚʝʨʰʠʥʝ. ʉ ʨʦʩʪʦʤ ʥʘ-

ʛʨʫʟʢʠ ʘʨʢʘ ʙʫʜʝʪ ʧʨʦʛʠʙʘʪʴʩʷ ʚʥʠʟ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʠ ʙʦʣʝʝ ʥʝ ʩʤʦʞʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʨʘʩʪʫʱʝʡ ʥʘʛʨʫʟʢʝ. ɿʘʪʝʤ ʘʨʢʘ ʧʨʦʱʝʣʢ-

ʥʝʪʩʷ ʚ ʥʦʚʫʶ ʬʦʨʤʫ ʠ ʚʥʦʚʴ ʥʘʯʥʝʪ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʥʘʛʨʫʟʢʝ. ʕʪʘ ʥʦʚʘʷ 

ʫʩʪʦʡʯʠʚʘʷ ʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ, ʝʩʣʠ ʧʨʦʜʦʣʞʠʪʴ ʧʨʦʮʝʩʩ ʩʭʦʜʷ-

ʱʠʭʩʷ ʠʪʝʨʘʮʠʡ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʠʣʠ ʟʘ ʥʝʝ. 

ʂʘʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘ-

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʨʨʝʢʪʠʨʫʶ-

ʱʠʭ ʜʫʛ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʨʘʱʝʥʠʡ 

ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ, ʪʦ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʠʥʛʫ-

ʣʷʨʥʦʡ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ 

ʠʣʠ ʧʝʨʝʩʢʦʢ ʚ ʥʦʚʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʄʝʪʦʜ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʫʛ 

ʚʳʥʫʞʜʘʝʪ ʩʭʦʜʠʪʴʩʷ ʨʘʚʥʦʚʝʩʥʳʝ ʠʪʝʨʘʮʠʠ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪʨʝʟʢʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʥʘ ʢʨʠʚʦʡ çʥʘʛʨʫʟʢʘ ï ʧʝʨʝʤʝʱʝʥʠʝè, ʯʪʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ (ʨʠʩ.4.5, 4.6). ʅʘ ʨʠʩ. 4.5 ʧʦʢʘ-

ʟʘʥʦ, ʢʘʢ ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ, ʘ ʠʤʝʥʥʦ ʫʯʝʪ ʙʦʣʴʰʠʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʧʦ-

ʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ (Stable) ʠ ʥʝʫʩʪʦʡʯʠʚʦʝ (Unstable) ʩʦ-

ʩʪʦʷʥʠʷ ʧʨʠ çʧʨʦʱʝʣʢʠʚʘʥʠʠè ʧʦʣʦʛʦʡ ʙʘʣʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʬʦʨ-

ʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʜʨʫʛʫʶ. ʅʘ ʨʠʩ. 4.6 ʦʪʨʘʞʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʠʭ ʜʫʛ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʝʩʧʝʯʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝ-

ʜʫʨʳ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʛʨʫʟʢʠ. 

 

4.4. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʦʩʪʠ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʳʥʫʞʜʘʶʪ ʢʦʥʩʪʨʫʢʮʠʶ ʠʣʠ ʝʝ ʩʦ-

ʩʪʘʚʥʳʝ ʯʘʩʪʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

ʇʦ ʩʫʱʝʩʪʚʫ, ʚʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʠʟʙʝʞʥʦ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ, ʥʦ ʥʝ 

ʚʩʝʛʜʘ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦʙʳ ʵʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʧʨʠ ʘʥʘʣʠʟʝ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʩʪʦʣʴ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʦʚʝ-

ʜʝʥʠʠ ʩʠʩʪʝʤʳ, ʯʪʦ ʠʤʠ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ, ʥʫʞʥʦ ʨʝʰʘʪʴ ʥʝʣʠʥʝʡʥʫʶ ʟʘ-

ʜʘʯʫ. 

ʇʨʦʛʨʘʤʤʫ ANSYS ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ, 

ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. ʉʪʘʪʠʯʝʩʢʠʡ ʥʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʥʳ ʚʩʝʡ ʥʘʛʨʫʟʢʠ ʩʝʨʠʝʡ ʝʝ ʥʝʙʦʣʴʰʠʭ 

ʧʨʠʨʘʱʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʥʘ ʢʘʞʜʦʤ ʪʘʢʦʤ ʰʘʛʝ ʧʦ ʥʘʛʨʫʟʢʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. 

ʂʘʞʜʦʝ ʣʠʥʝʡʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʪʨʝʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʢ çʨʝʰʘʪʝʣʶè ʫʨʘʚʥʝ-

ʥʠʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʠʪʝʨʘʮʠʠ. ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘ-

ʟʦʤ ʥʝʣʠʥʝʡʥʳʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʘʥʘʣʠʟ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʝʰʝʥʠʡ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʛʨʫʟʦʢ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ ʠ ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʦʪ ʰʘʛʘ ʢ ʰʘʛʫ; ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʚʥʦʚʝʩʥʳʝ ʠʪʝʨʘʮʠʠ. ʆʜ-
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ʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʫʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʪʨʝʙʫʝʪʩʷ ʝʱʝ ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ. 

 

 
 

ʈʠʩ. 4.5. ʇʦʚʝʜʝʥʠʝ ʧʦʣʦʛʦʡ ʙʘʣʢʠ ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

 

 

 

 
 

ʈʠʩ. 4.6. ʄʝʪʦʜ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʜʫʛ  
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ʇʨʠ ʥʝʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʚʝʢʪʦʨ ʥʘ-

ʛʨʫʟʦʢ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʠʟʚʝʩʪ-

ʥʳ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʪʝʨʘʪʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ, ʢʦʪʦʨʘʷ ʩʦ-

ʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʝʨʠʷ ʣʠʥʝʡʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʭ ʩʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ. ʇʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʥʝ-

ʣʠʥʝʡʥʦʤ ʘʥʘʣʠʟʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʫʛ (ʨʠʩ. 4.6). 

ɺ ʤʝʪʦʜʝ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʠ (ʠʣʠ) ʚʝʢʪʦʨ ʥʘ-

ʛʨʫʟʦʢ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ 

 

[K] i-1 { u} i = {F
A
} ï { F

NR
} i-1,                              (4.10) 

 

ʛʜʝ [K] i-1 ï  ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʜʣʷ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ (i 1) ʠʪʝʨʘʮʠʠ; { u} i ï  ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘ-

ʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʠʨʘʱʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʠʪʝʨʘʮʠʡ 

 

 { u} i = {u} i  ï { u } i-1,                                         (4.11) 

 

ʛʜʝ {u} i ï  ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ; { F
A
} ï  

ʚʝʢʪʦʨ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʩʠʩʪʝʤʝ ʩʠʣ; { F
NR

} i-1 ï  ʚʝʢʪʦʨ ʥʘʛʨʫʟʦʢ ʚ ʤʝʪʦʜʝ 

ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʷʤ ʜʣʷ ʠʪʝʨʘʮʠʠ ʩ ʥʦ-

ʤʝʨʦʤ (i ï 1). 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʢʘʢ ʨʘʟʙʠʝʥʠʝʤ ʥʘʛʨʫʟ-

ʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ ʥʘ ʨʷʜ ʥʝʙʦʣʴʰʠʭ ʧʨʠʨʘʱʝʥʠʡ, ʪʘʢ ʠ ʚʳʙʦ-

ʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʨʘʚʥʦʚʝʩʥʳʭ ʠʪʝʨʘʮʠʡ. ʇʨʦʮʝʩʩ ʠʪʝʨʘʮʠʡ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʠʣʠ ʥʝ ʠʩ-

ʯʝʨʧʳʚʘʝʪʩʷ ʠʭ ʧʨʝʜʝʣʴʥʦʝ ʯʠʩʣʦ. ɼʣʷ ʚʩʝʭ ʚʠʜʦʚ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʧʨʦʚʝʨʢʘ 

ʩʭʦʜʠʤʦʩʪʠ ʜʝʣʘʝʪʩʷ ʧʦ ʥʝʚʷʟʢʝ ʫʩʠʣʠʡ ({ F
A
}  ï { F

NR
} i-1) ʠ (ʠʣʠ) ʧʦ ʚʝʣʠʯʠ-

ʥʝ ʧʨʠʨʘɦ ʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ { u} i  ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ ʰʘʛʫ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʝʣʠʥʝʡʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʨʥʦ-

ʛʦ ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʘʣʳʤʠ ʰʘʛʘʤʠ. ʅʘʛʨʫʟʢʘ 

ʧʣʘʚʥʦ ʥʘʨʘʩʪʘʝʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ (ʦʙʳʯʥʦ ʥʫʣʝʚʦʛʦ) ʟʥʘʯʝʥʠʷ ʜʦ ʢʦʥʝʯʥʦʛʦ. 

ʇʨʦʛʨʘʤʤʘ ANSYS ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʰʘʛ ʥʘʛʨʫʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦ-

ʣʫʯʝʥʠʝ ʪʦʯʥʦʛʦ, ʩʭʦʜʷʱʝʛʦʩʷ ʨʝʰʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʫʶ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠ-

ʯʠʥʫ ʰʘʛʘ. 

ʇʨʠ ʥʝʣʠʥʝʡʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʅʴʶʤʘʨʢʘ. ʅʝʧʨʝʨʳʚʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʚʝʣʠʯʠʥ ʜʣʷ ʨʷʜʘ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ 

ʧʦ ʦʩʠ çʚʨʝʤʷè. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʚ ʣʶʙʳʭ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʪʦʯ-



 78 

ʢʘʭ  ʵʪʦʡ ʦʩʠ ʥʘʟʳʚʘʝʪʩʷ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ; ʠʤʝʥʥʦ ʝʛʦ 

ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ ʥʘʯʘʣɹ -

ʥʳʡ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ, ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʧʨʦʛʨʘʤʤʳ ANSYS ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ 

ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʠʣʠ ʩʪʝʧʝʥʠ ʝʝ ʥʝʣʠ-

ʥʝʡʥʦʩʪʠ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʦʙʱʝʝ ʯʠʩʣʦ ʰʘʛʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʰʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ. 

ʂʨʦʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʰʘʛʘ ʠ ʤʝʪʦʜʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʫʛ, 

ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʫʣʫʯʰʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ, 

ʪʘʢʠʝ, ʢʘʢ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʠʢʮʠʠ, ʙʠʩʝʢʮʠʠ, ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʠ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʩʧʫʩʢʘ. ʇʨʝʜʠʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʨʝʰʝʥʠʷ, ʘ ʙʠ-

ʩʝʢʮʠʷ ʠ ʘʜʘʧʪʠʚʥʳʡ ʩʧʫʩʢ ʧʦʟʚʦʣʷʶʪ ʦʩʪʘʥʦʚʠʪʴ ʩʯʝʪ ʠ ʚʳʧʦʣʥʠʪʴ ʨʝʩ-

ʪʘʨʪ, ʝʩʣʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʨʝʰʝʥʠʝ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʚʝʨʥʦʛʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʘʪʝʣʴ ʷʚʥʦʛʦ ʪʠʧʘ 

ANSYS/LS-DYNA, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣʴʥʳʭ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʠ  

ʢʦʥʪʘʢʪʦʚ ʧʨʠ ʘʚʘʨʠʷʭ, ʧʨʦʮʝʩʩʦʚ ʰʪʘʤʧʦʚʢʠ ʤʝʪʘʣʣʦʚ, ʛʣʫʙʦʢʦʡ ʚʳʪʷʞ-

ʢʠ, ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ, ʵʢʩʪʨʫʟʠʠ ʠ ʧʨʦʢʘʪʢʠ. 

ʇʨʦʛʨʘʤʤʘ ANSYS, ʨʝʰʘʷ ʟʘʜʘʯʠ ʢʘʢ ʩʪʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʦ-

ʩʪʝʡ. ɺʩʝ ʵʪʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʦʚʝ-

ʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʥʝʣʠʥʝʡʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 
4.5. ʅʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʥʝ ʩʚʷ-

ʟʘʥʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝ-

ʨʠʘʣʘ. ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʤʦʛʫʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʬʠ-

ʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. ɼʣʷ ʧʣʘʩʪʠʯʥʦʛʦ, ʥʝʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʠ ʛʠʧʝʨʫʧ-

ʨʫʛʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʥʘ ʥʝʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ. ɺʷʟʢʦʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʣʟʫʯʝʩʪʴ ʠ ʚʷʟʢʦʫʧʨʫʛʦʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʷʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʜʝʬʦʨʤʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʬʠʟʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʦ-

ʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ.  

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʫʯʝʪʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʘʥʘʣʠʟʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʪʨʝʭ ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ: ʫʩʣʦʚʠʷ ʥʘʯʘʣʘ ʪʝʢʫʯʝ-

ʩʪʠ, ʟʘʢʦʥʘ ʪʝʯʝʥʠʷ ʠ ʟʘʢʦʥʘ ʫʧʨʦʯʥʝʥʠʷ. ʋʩʣʦʚʠʝ ʥʘʯʘʣʘ ʪʝʢʫʯʝʩʪʠ ʧʦʟʚʦ-

ʣʷʝʪ ʩʚʝʩʪʠ ʪʨʝʭʤʝʨʥʦʝ, ʦʙʲʝʤʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʢʦʪʦʨʦʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ, ʜʣʷ ʪʦʛʦ 
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ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʪʝʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ.4.7). ɿʘʢʦʥ ʪʝʯʝ-

ʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝ-

ʨʠʘʣʘ. ɿʘʢʦʥ ʫʧʨʦʯʥʝʥʠʷ, ʧʨʠʤʝʥʠʤʳʡ ʢ ʫʧʨʦʯʥʷʶʱʠʤʩʷ ʤʘʪʝʨʠʘʣʘʤ, 

ʦʧʠʩʳʚʘʝʪ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʢʫʯʝʩʪʠ ʩ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʤʘʪʝʨʠʘʣʝ. 

 

 
 

ʈʠʩ. 4.7. ɼʠʘʛʨʘʤʤʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ  

 

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʫʩʣʦʚʠʷ 

ʥʘʯʘʣʘ ʪʝʢʫʯʝʩʪʠ: ʄʠʟʝʩʘ, ʄʠʟʝʩʘʍʠʣʣʘ ʠ ɼʨʫʢʝʨʘʇʨʘʛʝʨʘ. ʋʩʣʦʚʠʝ ʪʝ-

ʢʫʯʝʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

 

 = eq  - y .                                             (4.12) 

 

ɿʜʝʩʴ eq   ï ʩʢʘʣʷʨ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ 

ʢʦʤʧʦʥʝʥʪʘʤ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ; y  ʩʧʨʘʚʦʯʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʝʜʝʣ ʪʝʢʫ-

ʯʝʩʪʠ. ɽʩʣʠ ʥʘʩʪʫʧʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ, ʪʦ 

ʧʨʠ   < 0 ʤʘʪʝʨʠʘʣ ʦʩʪʘʝʪʩʷ ʫʧʨʫʛʠʤ, ʧʨʠ  = 0  ʚ ʥʝʤ ʚʦʟʥʠʢʘʶʪ ʧʣʘʩʪʠ-

ʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ. 

ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʄʠʟʝʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨ-

ʤʫʣʦʡ 

 

eq  = (1/2[( 1 - 2)
2
 + ( 2 - 3)

2
 + ( 3 - 1)

2 
])

1/2
,         (4.13) 

 

ʛʜʝ i ï ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʝʢʫʯʝʩʪʴ ʥʘʯʠʥʘʝʪʩʷ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ eq  = y , ʛʜʝ y ï 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. 
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ɽʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʣʦʚʠʝ ʪʝʢʫʯʝʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦʛʜʘ ʥʘ-

ʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʘʢʦ-

ʥʦʤ  ʪʝʯʝʥʠʷ. ɿʘʢʦʥ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

{d
p
} =  { Q/ },                                    (4.14) 

ʛʜʝ {d
p
} ï ʧʨʠʨʘʱʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ; Q ï ʧʣʘʩʪʠʯʝʩʢʠʡ ʧʦ-

ʪʝʥʮʠʘʣ, ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʠʷ;  ï ʩʦʛʣʘʩʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʣʠʯʠʥʫ ʜʝ-

ʬʦʨʤʘʮʠʡ. ɼʘʥʥʳʡ ʟʘʢʦʥ ʪʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ (ʪ.ʝ. ʧʦʪʝʥ-

ʮʠʘʣ Q ʨʘʚʝʥ ʬʫʥʢʮʠʠ ʪʝʯʝʥʠʷ) ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʡ ʪʝʢʫʯʝʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʧʨʦʛʨʘʤʤʝ ANSYS, ʢʨʦʤʝ ʫʩʣʦʚʠʷ ʪʝʢʫʯʝʩʪʠ ɼʨʫʢʝʨʘʇʨʘʛʝʨʘ, ʜʣʷ ʢʦ-

ʪʦʨʦʛʦ ʟʘʢʦʥ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ, ʘ ʤʦʞʝʪ ʥʝ ʙʳʪʴ. 

ɿʘʢʦʥ ʫʧʨʦʯʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ ʧʨʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʫʧʨʦʯʥʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ 

ʯʝʨʝʜʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʝʨʝʭʦ-

ʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʪʝʢʫʯʝʩʪʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʧʨʝʚʳʰʘʝʪ 

ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʝʞʜʝ ʫʨʦʚʝʥʴ. ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʠʜʘ 

ʫʧʨʦʯʥʝʥʠʷ: ʠʟʦʪʨʦʧʥʦʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ. ʇʨʠ ʠʟʦʪʨʦʧʥʦʤ ʫʧʨʦʯʥʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʰʠʨʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; 

ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʥʘ 

ʩʞʘʪʠʝ ʟʘ ʩʯʝʪ ʫʧʨʦʯʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ. ʇʨʠ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʦʤ ʫʧʨʦʯʥʝʥʠʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʝ ʪʝʢʫʯʝʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ɹʘʫʰʠʥʛʝʨʘ. 

ʂʦʤʙʠʥʘʮʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʫʩʣʦʚʠʷ ʪʝʢʫʯʝʩʪʠ, ʟʘʢʦʥʘ 

ʪʝʯʝʥʠʷ ʠ ʟʘʢʦʥʘ ʫʧʨʦʯʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʪʫ ʠʣʠ ʠʥʫʶ ʤʦʜʝʣʴ ʧʣʘʩʪʠʯʝʩʢʦ-

ʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʤʦʜʝʣʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʠʧʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ: ʢʣʘʩʩʠʯʝʩʢʦʝ ʣʠʥʝʡʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʦʯʥʝʥʠʝ, ʧʦʣʠʛʦʥʘʣʴʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʣʠʥʝʡʥʦʝ ʠʟʦ-

ʪʨʦʧʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʧʦʣʠʛʦʥʘʣʴʥʦʝ ʠʟʦʪʨʦʧʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʘʥʠʟʦʪʨʦʧ-

ʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʦʚ ɼʨʫʢʝʨʘʇʨʘʛʝʨʘ ʠ ɸʥʘʥʜʘ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʩʚʦʡ ʚʘʨʠʘʥʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʴ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 
ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʦʙʳʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʭʝʤʘʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʫʧʨʫʛʠʡ ʫʯʘʩʪʦʢ ʠ ʫʯʘ-

ʩʪʦʢ ʣʠʥʝʡʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʇʨʠʤʝʥʠʤʘ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʦʙʳʯʥʳʭ, ʥʘʯʘʣʴ-

ʥʦ ʠʟʦʪʨʦʧʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʩʣʦʚʠʝ ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ ʠ ʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʳʡ ʟʘʢʦʥ ʪʝʯʝʥʠʷ. ʇʨʦʷʚʣʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʷʚʣʷʝʪ-

ʩʷ ʵʬʬʝʢʪ ɹʘʫʰʠʥʛʝʨʘ. 

ʄʦʜʝʣʴ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʪʘʢʞʝ ʦʪ-

ʥʦʩʠʪʩʷ ʢ ʤʝʪʘʣʣʘʤ, ʥʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʤʝʥʠʤʘ ʢ ʪʝʤ ʠʟ ʥʠʭ, ʜʠʘ-

ʛʨʘʤʤʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʫʧʨʦʯʥʝʥʠʷ. ʕʪʘ 
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ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʩʭʝʤʫ ʥʘʣʦʞʝʥʠʷ ʠʣʠ ʩʭʝʤʫ ɹʝʩʩʝʣʠʥʛʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʣʦʞʥʦʛʦ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ  ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʦʪʢʣʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

çʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷè. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʪʝʯʝʥʠʷ. ʇʨʦʷʚʣʝʥʠʝʤ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ɹʘʫʰʠʥʛʝʨʘ. 

ʄʦʜʝʣʴ ʣʠʥʝʡʥʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʳʯʥʳʤ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʩ ʣʠʥʝʡʥʳʤ ʫʧʨʦʯʥʝʥʠ-

ʝʤ. ʇʨʠʤʝʥʠʤʘ ʢ ʠʟʦʪʨʦʧʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠ-

ʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʤʦʜʝʣʠ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʫʧʨʦʯʥʝʥʠʝʤ. ʋʩʣʦʚʠʝ ʪʝ-

ʢʫʯʝʩʪʠ ʄʠʟʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʤʝʩʪʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ ʇʨʘʥ-

ʜʪʣʈ̫ʝʡʩʩʘ. ʕʬʬʝʢʪ ɹʘʫʰʠʥʛʝʨʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ.  

ʄʦʜʝʣʴ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʧʦ-

ʚʝʜʝʥʠʝ ʦʙʳʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʦʯʥʷʶʱʠʭʩʷ ʩ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʡ, ʠ 

ʦʧʠʩʳʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʷʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚʠʝ 

ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ, ʵʬʬʝʢʪ ɹʘʫʰʠʥʛʝʨʘ ʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ. 

ʄʦʜʝʣʴ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʧʠʩʳʚʘʝʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 

ʚʝʜʫʪ ʩʝʙʷ ʨʘʟʣʠʯʥʦ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ ʠʣʠ ʧʦ ʨʘʟʥʦʤʫ ʜʝʬʦʨʤʠ-

ʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʠʟʦʪʨʦʧʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦ-

ʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʫʧʨʦʯʥʝʥʠʷ ʚ ʘʥʠʟʦ-

ʪʨʦʧʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʩʣʦʚʠʝ ʪʝʢʫʯʝʩʪʠ 

ʄʠʟʝʩʘ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ ʪʝʯʝʥʠʷ. 

ʄʦʜʝʣʴ ɼʨʫʢʝʨʘʇʨʘʛʝʨʘ ʧʨʠʤʝʥʠʤʘ ʢ ʪʘʢʠʤ ʟʝʨʥʠʩʪʳʤ, ʛʨʘʥʫʣʠ-

ʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʘʢ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʙʝʪʦʥ ʠʣʠ ʛʨʫʥʪʳ. ʀʩʧʦʣʴʟʫʝʪ-

ʩʷ ʫʩʣʦʚʠʝ ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦʙʳ ʤʦ-

ʜʝʣʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʩʝʩʪʦʨʦʥʥʝʤ 

ʜʘʚʣʝʥʠʠ. ɿʘʢʦʥ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʠʣʠ ʥʝʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʳʤ. ʋʧʨʦʯʥʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʄʦʜʝʣʴ ɸʥʘʥʜʘ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ. ʕʪʦ ʤʦʜʝʣʴ 

ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʧʨʦʯʥʷʶʱʝʛʦʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ; 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʚʚʦʜʠʪʩʷ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ, ʘ ʥʝ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʚʦʡ çʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷè. ʄʦʜʝʣʴ ɸʥʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪ 

ʫʩʣʦʚʠʝ ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ ʩ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʟʘʢʦʥʦʤ ʪʝʯʝʥʠʷ. 

ʄʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʟʘʜʘʥʠʷ ʣʶʙʳʭ 

ʨʝʘʣʴʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʦʜʧʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʷʟʳʢʝ ʌʆʈʊʈɸʅ, ʚʚʦʜʠʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ANSYS, ʠ ʤʦ-

ʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʇʨʦʛʨʘʤʤʘ ANSYS, ʢʨʦʤʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʠ-

ʩʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʦʣʘʛʘʝʪ ʩʨʝʜʩʪʚʘʤʠ ʟʘʜʘ-

ʥʠʷ ʠ ʜʨʫʛʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʅʝʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦʩʪʴ ʤʘʪʝʨʠʘʣʘ  ʵʪʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʪʠʧ ʥʝʣʠ-

ʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ çʥʘʧʨʷʞʝʥʠʝʜʝʬʦʨʤʘʮʠʷè, ʢʦʛʜʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘ-
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ʛʨʫʟʢʠ ʚʩʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝ-

ʨʠʡ ʄʠʟʝʩʘ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʥʘ ʢʨʠʚʦʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ 

ʣʠʥʝʡʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʥʝʣʠʥʝʡʥʦʤʫ. 

ɻʠʧʝʨʫʧʨʫʛʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʚʝʜʝʥʠʝ ʧʦʯʪʠ ʥʝʩʞʠʤʘʝʤʳʭ ʠ ʨʝ-

ʟʠʥʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʷʭ. ʕʣʘʩʪʠʯʥʳʝ ʠʣʠ ʨʝ-

ʟʠʥʦʧʦʜʦʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʯʠʥʷʶʪʩʷ ʤʦʜʝʣʠ ʄʫʥʠʈʠʚʣʠʥʘ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʥʩʪʘʥʪʳ 

ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟ ʧʦʣʥʦʡ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ ʥʘ: 

 ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ; 

 ʨʘʚʥʦ-ʜʚʫʭʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ; 

 ʨʘʩʪʷʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ (ʩʜʚʠʛ);  

 ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ; 

 ʨʘʚʥʦ-ʜʚʫʭʦʩʥʦʝ ʩʞʘʪʠʝ; 

 ʩʞʘʪʠʝ ʚ ʧʣʦʩʢʦʩʪʠ (ʩʜʚʠʛ). 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʞʠʤʘʝʤʳʭ ʚʩʧʝʥʝʥʥʳʭ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ɹʣʘʪʮʂʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʥʫʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜ-

ʩʪʚʘʤʠ ʦʙʳʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺʷʟʢʦʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʧʣʘʩʪʠʯ-

ʥʦʩʪʠ ʠ ʧʦʣʟʫʯʝʩʪʠ. ʆʩʥʦʚʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʭʦʜʠʪ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩ-

ʩʦʚ ʬʦʨʤʦʚʘʥʠʷ, ʪʘʢʠʭ, ʢʘʢ ʧʨʦʢʘʪʢʘ ʠ ʛʣʫʙʦʢʘʷ ʚʳʪʷʞʢʘ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʤʝʩʪʦ ʙʦʣʴʰʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʫʧʨʫʛʠʝ. ʊʠʧʠʯʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʦʯʝʥʴ ʚʝʣʠʢʠ (50 ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ), ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ 

ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ ɸʥʘʥʜʘ.  

ʇʦʣʟʫʯʝʩʪʴ ï ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʦʝʛʦ ʥʘ-

ʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʦ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS. ɿʘ ʩʯʝʪ ʧʦʣʟʫʯʝʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ ʠʣʠ ʩʥʠʞʝ-

ʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ (ʨʝʣʘʢʩʘʮʠʷ ʥʘ-

ʧʨʷʞʝʥʠʡ). ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.7.  

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ 

ʩʪʘʜʠʡ ʧʦʣʟʫʯʝʩʪʠ. ɼʣʷ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ (ʦʙʨʘʟʦʚʘʥʠʝ ʰʝʡʢʠ); ʵʪʘ ʩʪʘʜʠʷ ʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ, ʪʘʢ 

ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʨʘʟʨʫʰʝʥʠʝ.  

ʀʤʝʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʦʣʟʫʯʝ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʟʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝ-

ʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦ-

ʨʦʛʦ ʫʯʘʩʪʢʘ ʢʨʠʚʦʡ ʧʦʣʟʫʯʝʩʪʠ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʧʦʜʧʨʦʛʨʘʤʤ ʥʘ 

ʷʟʳʢʝ ʌʆʈʊʈɸʅ ʠ ʚʚʝʩʪʠ ʚ ʧʨʦʛʨʘʤʤʫ ANSYS.  
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ɺʷʟʢʦʫʧʨʫʛʦʩʪʴ ï ʵʪʦ ʧʨʦʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝ-

ʤʝʥʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʷʟʢʦʝ 

ʪʝʯʝʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʨʘʟʦʛʨʝʪʦʝ ʩʪʝʢʣʦ. ɺʷʟʢʦʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʜʝʣʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʚ ʢʦʪʦʨʳʭ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʠ ʦʙʲʝʤʥʦʛʦ ʤʦʜʫʣʷ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʷʚʥʦʛʦ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ANSYS/LS DYNA, ʢʨʦʤʝ ʦʙʳʯʥʦʛʦ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ANSYS ʥʘʙʦʨʘ ʤʦʜʝ-

ʣʝʡ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʫʧʨʫʛʠʭ ʪʝʣ, ʜʦʩʪʫʧʥʳ ʠ ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʝ, ʢʘʢ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʣʦ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ 

ʦʪ ʩʢʦʨʦʩʪʠ, ʨʘʟʨʫʰʘʶʱʠʝʩʷ ʚʩʧʝʥʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

  

 

 
ʈʠʩ. 4.7. ʊʨʠ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʟʫʯʝʩʪʠ 

 

4.6. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ 

 
ʅʝʣʠʥʝʡʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘ-

ʷʭ, ʢʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʪ ʝʝ ʞʝʩʪʢʦʩʪʴ. ʇʨʦ-

ʛʨʘʤʤʘ ANSYS ʤʦʞʝʪ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ: ʙʦʣʴʰʠʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʙʦʣʴʰʠʝ ʧʨʦʛʠʙʳ, ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʚʨʘʱʝʥʠʠ (ʨʠʩ. 4.8). 



 84 

 

ʈʠʩ. 4.8. ʂʨʠʚʘʷ çʩʠʣʘ-ʧʝʨʝʤʝʱʝʥʠʝè ʜʣʷ ʜʚʫʭʦʧʦʨʥʦʡ ʧʦʣʦʛʦʡ ʘʨʢʠ, ʧʦʣʫʯʝʥ-

ʥʘʷ ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʫʯʝʪʝ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʦʚ 

 

ʂʦʥʝʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʣʦ-

ʢʘʣʴʥʳʭ ʟʦʥ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʤʝʨʝ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʫʜʣʠʥʝʥʠʡ, ʩʜʚʠʛʦʚ ʠ ʫʛʣʦʚ ʧʦʚʦ-

ʨʦʪʘ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʠʥʳ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʙʦʣʴʰʠʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʦʙʨʘʟʠʪʴ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ. 

ɹʦʣʴʰʠʝ ʧʨʦʛʠʙʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ 

ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʩʤʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩ ʨʦʩʪʦʤ ʧʨʦʛʠʙʦʚ. ʇʨʠ ʵʪʦʤ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʤʘʣʳʤʠ, ʘ ʫʛʣʳ 

ʧʦʚʦʨʦʪʘ ï ʙʦʣʴʰʠʤʠ. ʅʘʣʠʯʠʝ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʦʚ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʨʝʢʮʠʝʡ ʧʦʣʦʞʝʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʤʝʨʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ.  ɼʣʷ ʙʘʣʦʯʥʳʭ ʠ ʦʙʦʣʦ-

ʯʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʧʨʝʜʫʩʤʦʪʨʝʥ ʫʯʝʪ ʙʦʣʴʰʠʭ ʫʛʣʦʚ 

ʧʦʚʦʨʦʪʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

ɽʱʝ ʦʜʥʠʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ ANSYS, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʦʚ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʣʝʜʷʱʠʭ ʥʘʛʨʫʟʦʢ, ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ ʥʦʨʤʘʣʠ ʢ ʵʣʝʤʝʥʪʫ ʢʦʥʩʪ-

ʨʫʢʮʠʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʥʘʛʨʫʟʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʥʝʩʫɦ ʠʝ ʜʘʚʣʝʥʠʝ. 
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ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʨʦʛʠʙʦʚ ʥʝʠʟʙʝʞʥʦ ʠʭ ʚʣʠʷ-

ʥʠʝ ʥʘ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʤʝʥʷʶ-

ʱʝʡʩʷ ʞʝʩʪʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʠʪʝʨʘʪʠʚʥʘʷ ʩʭʝʤʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ. ɼʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʛʜʘ ʚʦʟ-

ʤʦʞʥʳ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʧʝʨʝʩʢʦʢ ʩʠʩʪʝʤʳ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʨʠʛʦʜʝʥ ʤʝʪʦʜ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʫʛ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʞʝʩʪʢʦʩʪʴ ʥʘ ʠʟʛʠʙ (ʞʝʩʪʢʦʩʪʴ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʨʦʚʥʷ 

ʥʘʛʨʫʟʢʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʢ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝ-

ʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʥʘʧʨʷʞʝʥʥʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʷʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʛʠʙʦʚ ʚ ʩʠʩʪʝʤʝ. ʋʯʝʪ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʫʤʝʩʪʝʥ ʜʣʷ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʧʨʠ ʠʟʛʠʙʝ. ʂ ʪʘʢʠʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʤʙʨʘʥʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʣʠ ʪʫʨʙʠʥʥʳʝ ʣʦʧʘʪʢʠ ʧʨʠ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ. 

ɺ ʧʨʦʛʨʘʤʤʝ ANSYS ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ [S], ʢʦʪʦʨʘʷ 

ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʦʙʳʯʥʦʡ ʤʘʪʨʠʮʝ ʞʝʩʪʢʦʩʪʠ [K]. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ 

ʞʝʩʪʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʝ-

ʪʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

 

([K] + [S]){ u} = { F}.                                   (4.15) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʪʝʨʘʪʠʚʥʘʷ ʩʭʝʤʘ, ʧʦʜʦʙ-

ʥʘʷ ʪʦʡ, ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʦʚ. ɺ ʧʨʦʛʨʘʤʤʝ 

ANSYS ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ, ʢʘʢ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʣʠʥʝʡʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʛʘʨʤʦʥʠʯʝʩʢʠʡ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʦʧʘʪʢʘʭ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʪʫʨʙʠʥʳ ʥʘ ʚʝʣʠʯʠ-

ʥʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠʣʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʣʦʧʘʪʦʢ. 

ɼʣʷ ʚʨʘʱʘʶʱʠʭʩʷ ʪʝʣ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʵʬʬʝʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʚʨʘʱʝʥʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ʦʟʥʘʯʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʞʝʩʪʢʦ-

ʩʪʠ ʩʠʩʪʝʤʳ (ʦʙʳʯʥʦ ʝʝ ʫʚʝʣʠʯʝʥʠʝ) ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʥʘʧʨʷʞʝʥʠʡ, ʵʬʬʝʢʪʠʚ-

ʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʚʨʘʱʝʥʠʠ ʤʦʜʝʣʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʧʨʦ-

ʪʠʚʣʷʪʴʩʷ ʨʦʩʪʫ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʣʘ (ʥʘʧʨʠʤʝʨ, ʪʫʨʙʠʥʥʦʡ ʣʦʧʘʪʢʠ) ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʬʬʝʢʪʠʚʥʳʝ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʚʨʘ-

ʱʝʥʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʘʱʘʶʱʠʭʩʷ ʪʝʣ. ʕʬ-

ʬʝʢʪʠʚʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʚʨʘʱʝʥʠʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ [K], ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʣʦʩʢʦʩʪʠ ʚʨʘ-



 86 

ʱʝʥʠʷ, ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʚʘʜʨʘʪʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ   

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʪʨʠʮʳ ʤʘʩʩ [M] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠ-

ʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʳ K, ʨʘʚʥʦʡ 

K = K  
2
M.                                          (4.16) 

 

4.7. ʅʝʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ 

 

ʅʝʣʠʥʝʡʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ  ʵʪʦ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙ-

ʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʨʠʩʫʪʩʪ-

ʚʠʷ ʚ ʤʦʜʝʣʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʦʙʳʯ-

ʥʦ ʚ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʠʟʟʘ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʪʘʪʫʩʘ, 

ʩʦʩʪʦʷʥʠʷ (ʥʘʧʨʠʤʝʨ, ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʷʶʪ ʩʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʦʪʢʨʳʪ ʟʘʟʦʨ ʠʣʠ ʟʘʢʨʳʪ). ʅʝʣʠʥʝʡʥʦʩʪʠ, 

ʧʨʠʩʫʱʠʝ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʠʝ ʨʘʩʯʝʪʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʫʧʥʳ ʧʨʠ ʫʯʝʪʝ ʦʙʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʩʠʩʪʝʤʳ. ɹʠʙʣʠʦʪʝʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ 

ANSYS ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʥʝʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ: 

ʕʣʝʤʝʥʪʳ ʢʦʥʪʘʢʪʘ ʦʙʱʝʛʦ ʚʠʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, ʜʦʧʫʩʢʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʥʘ-

ʛʨʫʟʢʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪ. ʄʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʤʦʞʥʦ ʟʘʜʘʪʴ ʫʧʨʫʛʦʝ ʠʣʠ 

ʩʫʭʦʝ ʢʫʣʦʥʦʚʦ ʪʨʝʥʠʝ. ʕʪʦʪ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʳʪʳʤ ʠ ʩʢʦʣʴʟʷʱʠʤ, 

ʟʘʢʨʳʪʳʤ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʠʣʠ ʦʪʢʨʳʪʳʤ. 

ʕʣʝʤʝʥʪʳ ʢʦʥʪʘʢʪʘ çʞʝʩʪʢʘʷʧʦʜʘʪʣʠʚʘʷ ʧʦʚʝʨʭʥʦʩʪʠè ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝʜʦʚʦʝ ʩʨʝʜʩʪʚʦ ʧʨʦʛʨʘʤʤʳ ANSYS ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʢʦʥʪʘʢʪʘ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʦʣʦ-

ʯʝʯʥʳʭ. ɾʝʩʪʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʦ-

ʪʝʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʘʢʠʤ ʧʨʦʩʪʳʤ ʬʦʨ-

ʤʘʤ, ʢʘʢ ʩʬʝʨʳ, ʢʦʥʫʩʳ ʠ ʮʠʣʠʥʜʨʳ. ɻʝʦʤʝʪʨʠʷ ʵʪʠʭ ʧʨʦʩʪʳʭ ʬʦʨʤ ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʙʦʣʝʝ ʩʣʦʞ-

ʥʫʶ ʛʝʦʤʝʪʨʠʶ ʞʝʩʪʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʫʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ. 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʰʪʨʘʬʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʩʚʦʝʥʳ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʂʨʦʤʝ ʚʘʨʠʘʥʪʦʚ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʥʠʷ ʠʣʠ ʢʫʣʦʥʦʚʘ ʪʨʝʥʠʷ, ʜʦ-

ʧʫʩʢʘʝʪʩʷ ʟʘʜʘʥʠʝ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʚʷʟʢʦʛʦ ʟʘʪʫʭʘʥʠʷ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʠ ʩʥʘʙʞʝʥʳ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʦʧʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʠ ʜʝʘʢʪʠʚʘʮʠʠ (birth ï death). 

ʕʣʝʤʝʥʪʳ ʜʣʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʪʘʢʪʳ ʪʠ-

ʧʘ çʫʟʝʣ ï ʫʟʝʣè ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ ʠʣʠ ʢʦʥʪʘʢʪʳ çʫʟʝʣ  ʧʦ-

ʚʝʨʭʥʦʩʪʴè ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ. ʄʦʞʥʦ ʫʯʝʩʪʴ ʪʨʝʥʠʝ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʳʪʳʤ ʠ ʩʢʦʣʴʟʷʱʠʤ, ʟʘʢʨʳ-

ʪʳʤ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʠʣʠ ʦʪʢʨʳʪʳʤ. 
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ɸʨʤʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʪʦ-

ʥʘ, ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʣʠ ʢʦʤʧʦʟʠʪʦʚ ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ-

ʙʦʨʘʤʠ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ 

ʜʨʦʙʠʪʴʩʷ, ʨʘʩʪʨʝʩʢʠʚʘʪʴʩʷ, ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʣʘʩʪʠʯʝʩʢʠ ʠʣʠ ʠʩʧʳʪʳ-

ʚʘʪʴ ʧʦʣʟʫʯʝʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʘʨʤʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʧʣʘʩʪʠʯ-

ʥʳʡ ʤʘʪʝʨʠʘʣ ʠʣʠ ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ. 

ʅʝʣʠʥʝʡʥʳʡ ʜʝʤʧʬʝʨ ʚ ʚʠʜʝ ʧʨʫʞʠʥʳ ʥʘ çʨʘʩʪʷʞʝʥʠʝʩʞʘʪʠʝè 

ʠʣʠ ʢʨʫʯʝʥʠʝ ʩ ʥʝʣʠʥʝʡʥʳʤ ʜʝʤʧʬʠʨʫʶʱʠʤ ʧʦʚʝʜʝʥʠʝʤ. ʅʝʣʠʥʝʡʥʦʩʪʴ 

ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ, ʤʝʥʷʶʱʝʡʩʷ ʦʪ ʠʪʝʨʘʮʠʠ ʢ 

ʠʪʝʨʘʮʠʠ. 

ʅʝʣʠʥʝʡʥʘʷ ʧʨʫʞʠʥʘ ʩ ʞʝʩʪʢʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʧʦ-

ʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʠʣʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʦʪʢʣʠʢ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʩʠʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʣʝʤʝʥ-

ʪʘ, ʩʦʜʝʨʞʘɦ ʫʶ ʜʦ 40 ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ. 

ɻʠʙʢʘʷ ʥʠʪʴ / ɿʘʟʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʢʦʡ ʥʠʪʠ (ʨʘʙʦʪʘ ʪʦʣʴʢʦ ʥʘ ʨʘʩʪʷʞʝʥʠʝ) ʠʣʠ ʟʘʟʦʨʘ (ʨʘ-

ʙʦʪʘ ʪʦʣʴʢʦ ʥʘ ʩʞʘʪʠʝ). ɼʣʷ ʚʘʨʠʘʥʪʘ ʛʠʙʢʦʡ ʥʠʪʠ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʥʘ-

ʪʷʥʫʪʳʤ ʠʣʠ ʩʚʦʙʦʜʥʳʤ, ʚ ʨʝʞʠʤʝ ʟʘʟʦʨʘ ʵʣʝʤʝʥʪ ʩʞʠʤʘʝʪʩʷ ʠʣʠ ʦʪʢʨʳʪ. 

ʆʙʦʣʦʯʢʘ ʩʦ ʩʢʣʘʜʢʘʤʠ  ʵʣʝʤʝʥʪ ʜʣʷ ʙʝʟʤʦʤʝʥʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʢʦ-

ʪʦʨʳʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʪʝʨʷʶʪ ʬʦʨʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʩʢʣʘʜʦʢ. ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʷʥʫʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʤʷʪ ʚ ʦʜ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʣʠ ʩʤʷʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʢʦʪʦʨʳʡ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʦʜʝʨʞʠʪ ʤʘʩʩʫ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘʟʦʨ, ʧʨʫʞʠʥʫ ʠ ʤʦ-

ʞʝʪ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ. ʀʤʝʝʪ ʦʧʮʠʶ, ʟʘʧʨʝʱʘʶʱʫʶ ʟʘʟʦʨʫ ʦʪʢʨʳʚʘʪʴʩʷ ʧʦ-

ʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥ ʦʪʢʨʳʣʩʷ, ʠ ʦʧʮʠʶ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʫʶ ʟʘʢʨʳʪʠʝ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʧʦʩʣʝ ʝʝ ʧʦʷʚʣʝʥʠʷ. 

ʕʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʩ ʦʙ-

ʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʩʦʜʝʨʞʠʪ ʤʘʩʩʫ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʵʬʬʝʢʪ 

ʩʢʦʣʴʞʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʴʶ ʩʠʩʪʝ-

ʤʳ ʧʦ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʥʘʨʥʦʡ ʠʣʠ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʬʫʥʢʮʠʠ. ʄʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʤʦʨʪʠʟʘʪʦʨʳ, 

ʤʫʬʪʳ ʩʮʝʧʣʝʥʠʷ, ʪʝʨʤʦʩʪʘʪʳ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ, ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʧʝʨʝʢʣʯʁʘʪʝʣʠ ʠ ʪ.ʧ. 

ɿʘʜʘʯʠ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʵʣʝ-

ʤʝʥʪ ʢʦʥʪʘʢʪʘ ʦʙʱʝʛʦ ʚʠʜʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʜʚʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʚʩʝʛʦ ʦʜʥʦʡ ʢʦʤʘʥʜʳ ʜʘʝʪ ʫʢʘʟʘʥʠʝ ʧʨʦ-

ʛʨʘʤʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʠʪʴ ʵʣʝʤʝʥʪʳ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʢʦʥʪʘʢʪʦʚ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʚʷʟʳ-

ʚʘʶʱʠʝ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʨʘʚʥʝʥʠʷ. ʕʪʦ ï ʙʦʣʝʝ ʦʙʱʝʝ ʩʨʝʜʩʪʚʦ, ʢʦ-

ʪʦʨʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʞʝʩʪʢʠʝ ʦʙ-

ʣʘʩʪʠ, ʰʘʨʥʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʛʨʘʥʠʮʳ ʩʠʤʤʝʪʨʠʠ ʟʦʥ ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʨʫ-

ʛʠʝ ʦʩʦʙʳʝ ʚʠʜʳ ʩʦʝʜʠʥʝʥʠʷ ʫʟʣʦʚ ʤʦʜʝʣʠ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 
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ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʠʪʴ ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʟʣʦʚʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦ-

ʜʳ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʫʧʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʪʫʩʘ ʵʣʝʤʝʥʪʦʚ.  

ɽʱʝ ʦʜʥʠʤ ʥʝʣʠʥʝʡʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʘ-

ʪʫʩʘ ʵʣʝʤʝʥʪʘ, ʷʚʣʷʝʪʩʷ ʦʧʮʠʷ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʜʝʘʢʪʠʚʘʮʠʠ (çʨʦʞʜʝʥʠʷè ʠ 

çʩʤʝʨʪʠè) ʵʣʝʤʝʥʪʘ. ʕʪʘ ʦʧʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʚʢʣʘʜʦʤ ʵʣʝ-

ʤʝʥʪʘ ʚ ʤʘʪʨʠʮʳ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɽʝ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʩʩʳ ʚʳʝʤʢʠ ʛʨʫʥʪʘ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʠʷ), ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʫʜʘʨʝʥʠʷ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ (ʩʦʫʜʘʨʝʥʠʝ ʮʝʧʠ ʠ ʟʚʝʟʜʦʯʢʠ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ) ʠʣʠ 

ʜʣʷ ʣʶʙʳʭ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʚʢʣʘʜ ʵʣʝʤʝʥʪʘ ʚ ʨʝʰʝʥʠʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʕʪʘ ʦʧʮʠʷ ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ ANSYS.  

 

4.8. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ʂʠʥʝʤʘʪʠʢʘ  ʵʪʦ ʦʙʣʘʩʪʴ ʤʝʭʘʥʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʪʝʣ ʚ ʘʙʩʪʨʘʢʪʥʦʡ ʬʦʨʤʝ, ʙʝʟ ʫʯʝʪʘ ʨʝʘʣʴʥʳʭ ʤʘʩʩ ʠ ʩʠʣ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʪʝʣ: ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ. ʂʠʥʝ-

ʤʘʪʠʢʘ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʧʨʝʥʝʙʨʝʯʴ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴʶ ʜʚʠʞʫʱʠʭʩʷ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʝʝ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʨʝʰʝʥʠʷ. ʂʠʥʝʤʘʪʠʢʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ  ʫʯʠʪʳʚʘʶʪʩʷ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ANSYS ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʨʝʭʤʝʨʥʳʡ ʘʥʘ-

ʣʠʟ ʜʚʠʞʝʥʠʡ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʟʚʝʥʴʝʚ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʫʯʝʪʘ ʙʦʣʴʰʠʭ 

ʧʨʦʛʠʙʦʚ ʠ ʢʦʥʝʯʥʳʭ (ʙʦʣʴʰʠʭ) ʧʦʚʦʨʦʪʦʚ. ʕʪʠ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʡ, ʥʘʢʦʧʣʝʥ-

ʥʳʡ ʵʬʬʝʢʪ ʜʚʠʞʝʥʠʷ. 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ ʢʠʥʝʤʘʪʠʢʠ  ʜʚʠʞʝʥʠʷ ʠʭ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ANSYS: 

 ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʅʴʶʪʦʥʘʈʘʬʩʦʥʘ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʧʦʚʦʨʦʪʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʦʚʝʜʝ-

ʥʠʷ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ; 

 ʥʘʣʠʯʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʰʘʨʥʠʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

 ʥʘʣʠʯʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʠ-

ʥʝʡʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʩʠʣ ʠʥʝʨʮʠʠ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝ-

ʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʥʘ-

ʣʠʟʝ ʧʝʨʝʭʦʜʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʘʞʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʛʠʙʘʭ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʠʥʘʤʠʯʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʅʴʶʤʘʨʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 




