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ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʢʘʥʜʠʜʘʪʦʤ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅ.ɺ. ʂʫʨʙʘʪʦʚʦʡ ʠ ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɸ.ɺ. ʅʘʩʝʜʢʠʥʳʤ. 

 

ʇʝʯʘʪʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʢʫʣʴʪʝʪʘ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʖʌʋ 

(ʧʨʦʪʦʢʦʣ  ̄3 ʦʪ 6 ʩʝʥʪʷʙʨʷ 2015 ʛ.). 

 

ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʦʜʥʦʛʦ ʠʟ 

ʨʘʟʜʝʣʦʚ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʢʫʨʩʫ çʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯè ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè. 

ɼʘʥʥʳʝ ʢʫʨʩ ʠ ʧʨʘʢʪʠʢʫʤ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʣʦʛʠʠ  

ʨʝʰʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS.  

ɺ ʧʦʩʦʙʠʠ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʦ ʤʝʭʘʥʠʯʝʩʢʦʤ ʠ ʪʝʧʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʪʝʣʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʨʝʰʝʥʠʷ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʣ ʥʝʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʠʚʦʜʠʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ ʚ 

ʧʘʢʝʪʝ ANSYS, ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʤʝʪʦʜʦʤ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ, ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʨʝʰʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʩʦʙʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʢʘʢ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʨʘʢʪʠʢʫʤʦʤ ʧʦ ʢʫʨʩʫ 

çʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯè, ʪʘʢ ʠ ʩʪʫʜʝʥʪʘʤ 

ʠ ʘʩʧʠʨʘʥʪʘʤ, ʦʩʚʘʠʚʘʶʱʠʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ANSYS ʠ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʩʷ ʧʦ  ʤʝʭʘʥʠʢʝ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ. 
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ɺʚʝʜʝʥʠʝ 

 

ɼʘʥʥʦʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʢʫʨʩʫ çʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯè. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʣʘʜʝʥʠʝ  ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤ ʧʘʢʝʪʝ 

ANSYS ʜʣʷ  ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ. ɾʝʣʘʪʝʣʴʥʦ ʪʘʢʞʝ ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʦʩʥʦʚʘʤʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʟʜʝʣ ʧʨʘʢʪʠʢʫʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʧʘʢʝʪʘ ANSYS ʧʨʠ ʨʝʰʝʥʠʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʬʦʨʤʳ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ANSYS. ʌʦʨʤʘ 

ʠʟʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʛʠʜʦʤ, ʦʙʲʷʩʥʷʶʱʠʤ ʚ ʨʝʞʠʤʝ ʧʦʰʘʛʦʚʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʠʥʩʪʨʫʢʮʠʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ, ʟʘʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʯʘʩʪʝʡ, ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʝʪʦʢ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʠʢʪʫʝʤʳʭ ʬʦʨʤʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ ʦʙʲʝʤʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʪʨʫʙʘ ʩ ʧʘʪʨʫʙʢʘʤʠ ʠ ʰʪʫʮʝʨʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʡ ʪʨʫʙʝ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ; ʧʨʠʯʝʤ 

ʪʨʫʙʘ ʠ ʰʪʫʮʝʨʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʨʘʪʝʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʘʥʜ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ (ʧʦʣʳʝ ʮʠʣʠʥʜʨʳ), ʜʝʡʩʪʚʠʡ ʩ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʴʶ, ʙʫʣʝʚʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʦʙʲʝʤʘʤʠ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ Sweeping 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʢʩʘʵʜʨʘʣʴʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʨʝʛʫʣʷʨʥʦʡ 

ʬʦʨʤʳ. ʉʨʝʜʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ 

ʟʘʜʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʪʝʣʘ.  

ʂʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʨʘʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦʟʚʦʣʷʝʪ ʦʩʚʦʠʪʴ 

ʤʥʦʛʠʝ ʚʘʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʠ ʧʦʤʦʯʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʘʢʝʪʝ ANSYS. 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʟʥʘʢʦʤʩʪʚʘ ʩ ʤʝʪʦʜʠʢʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʪ. ʧ. ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʬʠʨʤʝʥʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ANSYS [6-12], ʘ ʪʘʢʞʝ ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʨʘʙʦʪʳ 

[1-3, 5] ʠ ʜʨ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʙʦʪʝ ʚ ANSYS, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʘʥʜʥʦʛʦ ʷʟʳʢʘ APDL ANSYS ʠ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʧʨʦʛʨʘʤʤ ʥʘ 

APDL ANSYS, ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʢʞʝ ʚ ʬʠʨʤʝʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ [3, 4, 13] ʠ ʚʦ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ. 

ʄʘʪʝʨʠʘʣ ʧʦʩʦʙʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ANSYS ʚʝʨʩʠʠ 11.0. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʠʩʳʚʘʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʢʦʤʘʥʜʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʜʣʷ ANSYS ʚʝʨʩʠʡ 12.0, 13.0, ʠ ʦʪʤʝʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʵʪʠʭ ʚʝʨʩʠʡ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʜʚʠʞʝʥʠʝ ʧʦ ʤʝʥʶ, ʥʝʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ANSYS ʠ ʚʚʦʜʠʤʳʝ ʚʝʣʠʯʠʥʳ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ, ʘ ʪʝʢʩʪ 

ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʩʦʚʝʪʦʚ ï ʢʫʨʩʠʚʦʤ.  

ʉʨʘʟʫ ʞʝ ʚʦ ʚʚʝʜʝʥʠʠ ʜʘʜʠʤ ʧʝʨʚʳʡ ʩʦʚʝʪ: ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ 

ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʢʘʞʫʪʩʷ ʩʣʦʞʥʳʤʠ, ʠʤʝʝʪ ʩʤʳʩʣ ʩʦʭʨʘʥʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ 

ʤʦʜʝʣʠ. ʊʦʛʜʘ, ʝʩʣʠ ʵʪʦ ʜʝʡʩʪʚʠʝ ʦʢʘʞʝʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤ ʥʝʧʨʘʚʠʣʴʥʦ, ʪʦ 

ʤʦʞʥʦ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʩ ANSYS ʟʘʥʦʚʦ, ʥʦ ʯʪʦʙʳ ʥʝ ʧʨʦʜʝʣʳʚʘʪʴ ʚʩʝ ʩʥʘʯʘʣʘ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʩʯʠʪʘʪʴ ʩʦʭʨʘʥʝʥʥʳʡ ʬʘʡʣ ʙʘʟʳ ʜʘʥʥʳʭ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʠʪʴ ʪʦ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʠʤʝʣʦʩʴ ʜʦ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʦʞʥʦʛʦ ʜʝʡʩʪʚʠʷ. 
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1. ʇʨʦʝʢʪʥʦʝ ʟʘʜʘʥʠʝ 

ɻʝʦʤʝʪʨʠʷ ʜʝʪʘʣʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʘ ʚ ʦʩʝʚʦʤ 

ʨʘʟʨʝʟʝ ʥʘ ʨʠʩʫʥʢʝ 1 (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤʠʣʣʠʤʝʪʨʘʭ). ʄʘʩʩʠʚʥʘʷ ʜʝʪʘʣʴ ʩʦʩʪʦʠʪ ʠʟ 

ʦʩʥʦʚʥʦʡ ʧʨʷʤʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠ ʜʚʫʭ ʰʪʫʮʝʨʦʚ; ʙʦʢʦʚʦʡ ʰʪʫʮʝʨ 

ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ 90
ʦ
 ʢ ʦʩʠ ʮʠʣʠʥʜʨʘ, ʘ ʥʠʞʥʠʡ ï ʥʘʢʣʦʥʝʥ ʚʥʠʟ ʧʦʜ ʫʛʣʦʤ 

60
ʦ
.  

ʄʘʪʝʨʠʘʣ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ ï ʩʪʘʣʴ c ʤʦʜʫʣʝʤ ʖʥʛʘ 11102Ö=E  (H/ʤ
2
), 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ 3.0=n  ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ 5101 -Ö=a  (1/̄ ʉ); ʤʘʪʝʨʠʘʣ ʰʪʫʮʝʨʦʚ ï ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ 

ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ AISI C1020, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʙʠʙʣʠʦʪʝʢʝ ʤʘʪʝʨʠʘʣʦʚ ANSYS ʚ ʬʘʡʣʘʭ ʩ ʠʤʝʥʝʤ Stl_AISI-C1020. 
 

 

ʈʠʩʫʥʦʢ 1 ï ʏʝʨʪʝʞ ʤʦʜʝʣʠʨʫʝʤʦʡ ʜʝʪʘʣʠ ʚ ʦʩʝʚʦʤ ʨʘʟʨʝʟʝ 

 

ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʛʝʦʤʝʪʨʠʶ ʤʦʜʝʣʠ, ʟʘʜʘʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʩʪʨʦʠʪʴ ʧʦʜʭʦʜʷʱʫʶ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʩʝʪʢʫ, 

ʚʳʧʦʣʥʠʪʴ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ 



 

7 

 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʷʤ. 

ʊʨʝʭʤʝʨʥʘʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʩʝʛʤʝʥʪʠʨʦʚʘʥʘ ʥʘ ʯʘʩʪʠ, 

ʜʦʧʫʩʢʘʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ Sweeping, ʪ.ʝ. ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ ʩʝʪʦʢ 

ʧʫʪʝʤ ʧʨʦʪʷʛʠʚʘʥʠʷ (ʚʳʜʘʚʣʠʚʘʥʠʷ) ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʛʨʘʥʷʭ ʦʙʲʝʤʥʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ. ɼʣʷ ʨʘʟʙʠʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʢʩʘʵʜʨʘʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ANSYS SOLID45 (ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 13.0 ï SOLID 185, KEYOPT(2)=3) ʨʝʛʫʣʷʨʥʦʡ 

ʬʦʨʤʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ 1 ʤʤ.  

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʅʠʞʥʝʝ ʦʩʥʦʚʘʥʠʝ ʜʝʪʘʣʠ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʦ, 

ʪʦʨʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʝʛʦ ʰʪʫʮʝʨʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʥʘ 

1 ʤʤ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʩʯʠʪʘʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʚ ʦʙʲʝʤʝ ʜʝʪʘʣʠ ʧʦ ʟʘʢʦʥʫ 140/zT= , ʛʜʝ z ï ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ 

ʦʩʠ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ. 

ʇʦʩʪʧʨʦʮʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ 

ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ ANSYS ʥʫʞʥʦ:  

ï ʦʪʦʙʨʘʟʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʜʝʢʘʨʪʦʚʦʡ; 

ï  ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʠ ʚ ʦʧʦʨʝ. 

 

2. ʇʣʘʥ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  

ʇʦʯʪʠ ʣʶʙʫʶ ʟʘʜʘʯʫ ʚ ANSYS ʤʦʞʥʦ ʨʝʰʘʪʴ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦ ʤʝʪʦʜʫ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ANSYS ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ʊʦʯʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʦʮʝʥʦʢ ʧʦʛʨʝʰʥʦʩʪʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʚʠʜʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʠ ʪ.ʜ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʧʦʣʥʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ 

ʦʜʥʘ ʤʦʜʝʣʴ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʜʘʝʪ ʧʣʦʭʫʶ ʪʦʯʥʦʩʪʴ, 

ʘ ʜʨʫʛʘʷ ï ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʘ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʣʘʥʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʪʦʯʥʘ ʠ 

ʫʜʦʙʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʦʵʪʦʤʫ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʫʞʥʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʪʴ ʚʩʶ ʩʪʨʘʪʝʛʠʶ 
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ʧʣʘʥʠʨʫʝʤʳʭ ʜʝʡʩʪʚʠʡ. ɺ ʵʪʦʤ ʜʝʣʝ ʤʦʛʫʪ ʦʯʝʥʴ ʧʦʤʦʯʴ ʟʥʘʥʠʷ ʧʦ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʘʢʝʪʘ ANSYS ʠ, 

ʢʦʥʝʯʥʦ, ʦʧʳʪ ʨʘʩʯʝʪʦʚ. 

ʅʘʩʪʦʷʱʠʡ ʧʨʠʤʝʨ ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʳʤ, ʠ ʯʘʩʪʴ ʰʘʛʦʚ ʟʜʝʩʴ ʧʦʜʯʠʥʝʥʘ 

ʤʝʪʦʜʠʯʝʩʢʠʤ ʮʝʣʷʤ ʟʥʘʢʦʤʩʪʚʘ ʩ ʨʷʜʦʤ ʚʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ANSYS. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʝʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʳʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʮʝʣʷʤʠ, ʪʘʢ ʠ ʟʘʜʘʯʝʡ ʧʦʩʪʨʦʝʥʠʷ ʫʜʦʙʥʦʡ ʠ ʵʢʦʥʦʤʠʯʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʜʝʣʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʦʙʲʝʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ. ʕʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʦʜʝʣʴ ʦʙʲʝʤʳ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʚ ANSYS, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʘʥʜʳ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʳʭ ʮʠʣʠʥʜʨʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʤʘʥʜʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʠʤʠʪʠʚʦʚ ï ʢʘʥʦʥʠʯʝʩʢʠʭ ʬʠʛʫʨ. ʊʝʭʥʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʤʠʪʠʚʦʚ ʚ ANSYS 

ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ (Work Plane) ï ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʫʨʩʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ʤʦʜʝʣʠ ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʦʟʜʘʥʠʷ ʤʥʦʛʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʦʤʘʥʜʘʤʠ ʩʦʟʜʘʥʠʷ ʧʦʣʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʠ ʢʦʤʘʥʜʘʤʠ ʜʝʡʩʪʚʠʡ ʩ 

ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʴʶ.  

ʇʦʣʫʯʝʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʲʝʤʳ ʚʥʘʯʘʣʝ ʙʫʜʫʪ ʥʝ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʘ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʣʠʰʥʠʤʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʥʘʢʣʦʥʥʦʛʦ ʰʪʫʮʝʨʘ. ʏʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʦʙʲʝʤʳ 

ʠ ʦʪʩʝʯʴ ʣʠʰʥʠʝ ʦʙʣʘʩʪʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʣʝʚʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʫʣʝʚʩʢʫʶ ʦʧʝʨʘʮʠʶ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʦʚ ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʤʦʚ 

(Overlap). ʕʪʘ ʢʦʤʘʥʜʘ ʟʜʝʩʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ 

ʠʪʦʛʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʭʦʪʴ ʠ ʤʥʦʛʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʲʝʤʦʚ, ʥʦ ʚʩʝ ʵʪʠ 

ʦʙʲʝʤʳ ʙʫʜʫʪ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʬʦʨʤʳ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʚʩʷ ʟʘʜʘʯʘ 

ʠʤʝʝʪ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ (ʧʣʦʩʢʦʩʪʴ ʨʠʩʫʥʢʘ 1). ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʨʘʙʦʪʳ ʩʦ 

ʚʩʝʡ ʤʦʜʝʣʴʶ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʝʝ ʧʦʣʦʚʠʥʦʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʠʤʤʝʪʨʠʠ. ʊʘʢʦʡ ʰʘʛ ʩʦʢʨʘʪʠʪ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʤʦʜʝʣʠ ʚ ʜʚʘ 

ʨʘʟʘ, ʧʦʟʚʦʣʠʪ ʨʘʙʦʪʘʪʴ ʩ ʩʝʪʢʦʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 
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ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʠʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʩʝʚʦʛʦ 

ʩʝʯʝʥʠʷ ʤʦʜʝʣʠ. ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ ʩʦʚʝʪ: ʝʩʣʠ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ, ʪʦ ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ! 

ɺ ANSYS ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʩʝʪʦʢ, ʦʜʥʘʢʦ ʜʣʷ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʬʠʛʫʨ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʩʝʪʢʠ 

ʞʝʣʘʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʙʳʯʥʦ ʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ ʣʫʯʰʝ, ʯʝʤ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ.  

ʇʦʩʪʨʦʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 

ʦʙʲʝʤʥʳʭ ʩʝʪʦʢ ʧʫʪʝʤ ʧʨʦʪʷʛʠʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʲʝʤʥʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ (ʤʝʪʦʜ Sweeping). ʕʪʦʪ 

ʤʝʪʦʜ ʦʙʳʯʥʦ ʛʝʥʝʨʠʨʫʝʪ ʨʝʛʫʣʷʨʥʳʝ ʩʝʪʢʠ ʠʟ ʛʝʢʩʘʵʜʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʛʦ 

ʢʘʯʝʩʪʚʘ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ Sweeping, ʪʦ 

ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʝʶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ɼʦ ʟʘʧʫʩʢʘ ʛʝʥʝʨʘʪʦʨʘ ʩʝʪʦʢ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʪʠʧ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʟʘʜʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɿʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʜʚʘʜʮʘʪʠʫʟʣʦʚʦʡ l Solid226 (Structural  

Thermal Coupling), ʟʘʤʝʪʠʤ, ʯʪʦ ʣʠʥʝʡʥʳʡ  ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʚ ʫʯʝʙʥʦʡ ʟʘʜʘʯʝ 

ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʥʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤ, ʠʤʝʷ ʚ ʚʠʜʫ ʵʢʦʥʦʤʠʶ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ 

ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʰʪʫʮʝʨʳ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʤʘʪʝʨʠʘʣʘ, ʦʪʣʠʯʘʶʱʝʛʦ ʦʪ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʏʪʦʙʳ ʛʝʥʝʨʠʨʫʝʤʳʝ 

ʵʣʝʤʝʥʪʳ ʚ ʦʩʥʦʚʥʦʤ ʮʠʣʠʥʜʨʝ ʠ ʚ ʰʪʫʮʝʨʘʭ ʠʤʝʣʠ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʱʝ 

ʚʩʝʛʦ ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʧʨʝʜʝʣʠʤ ʜʚʘ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ: 1 ï ʜʣʷ ʩʪʘʣʠ AISI C1020, 2 ï ʜʣʷ ʦʙʳʯʥʦʡ ʩʪʘʣʠ. ʉ ʦʙʲʝʤʘʤʠ  ʰʪʫʮʝʨʦʚ 

ʩʚʷʞʝʤ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʠʧʘ 1, ʘ  ʩ ʦʙʲʝʤʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ 

ʦʩʥʦʚʥʦʡ ʮʠʣʠʥʜʨ,   ʪʠʧʘ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ 

ʧʦʣʫʯʘʶʱʠʝʩʷ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʙʫʜʫʪ ʥʘʩʣʝʜʦʚʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʤʦʚ, ʠ ʚ ʠʪʦʛʝ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʝʪʢʠ ʵʣʝʤʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʫ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʫ ʰʪʫʮʝʨʦʚ 

ʙʫʜʝʪ ʨʝʰʝʥʘ. ʇʦʣʝʟʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʘ ʩʚʠʧʦʚʘʥʠʷ, ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʚʘʞʝʥ ʧʦʨʷʜʦʢ ʨʘʟʙʠʝʥʠʷ ʦʙʲʝʤʦʚ ʥʘ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʠʥʘʪʴ ʩʚʠʧʦʚʘʥʠʝ ʤʦʜʝʣʠ  ʩʦ 

ʰʪʫʮʝʨʦʚ.  
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ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʚ ANSYS ʢʘʢ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ, ʪʘʢ ʠ ʚ ʨʝʰʘʪʝʣʝ. ʇʨʠ ʵʪʦʤ 

ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʥʘ ʦʙʲʝʢʪʘʭ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ (ʚ 

ʦʙʲʝʤʘʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ 

(ʥʘ ʵʣʝʤʝʥʪʘʭ, ʠʭ ʛʨʘʥʷʭ ʠ ʚ ʫʟʣʘʭ). ɺ ʧʨʠʤʝʨʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʪʴ ʥʦʨʤʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʥʘ 

ʥʘʢʣʦʥʥʦʡ ʛʨʘʥʠʮʝ (ʜʣʷ ʥʠʞʥʝʛʦ ʰʪʫʮʝʨʘ), ʢʘʢ ʟʘʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ 

ʩʠʤʤʝʪʨʠʠ, ʠ ʢʘʢ ʟʘʜʘʚʘʪʴ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʜʝʩʴ ʥʦʩʷʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʥʜʘʨʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʝʨʦʷʪʥʦ, ʟʥʘʢʦʤʳʡ ʯʠʪʘʪʝʣʷʤ ʧʦ ʜʨʫʛʠʤ ʧʨʠʤʝʨʘʤ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ANSYS. 

 

3. ʇʨʝʜʫʩʪʘʥʦʚʢʠ ʚ ANSYS 

ʉʣʝʜʫʶʱʠʝ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʜʣʷ 

ʫʜʦʙʩʪʚʘ. 

ɺ ʦʩʥʦʚʥʦʤ ʤʝʥʶ ANSYS Main Menu (ʟʜʝʩʴ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʢʨʘʱʝʥʠʝ MM) ʯʝʨʝʟ Preferences ʫʩʪʘʥʦʚʠʪʴ ʬʣʘʛ ʜʣʷ Structural   ʠ Thermal, 

ʯʪʦʙʳ ʚ ʤʝʥʶ ʥʝ ʧʦʷʚʣʷʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʥʳʤ 

ʦʙʣʘʩʪʷʤ.  

ʀʩʧʦʣʴʟʫʷ ʚʝʨʭʥʝʝ ʚʳʧʘʜʘʶʱʝʝ ʤʝʥʶ ʢʦʤʘʥʜ Utility  Menu (ʟʜʝʩʴ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʢʨʘʱʝʥʠʝ UM), ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦ ʤʝʥʶ  

UM Ÿ PlotCtrls  Ÿ Style Ÿ Colors Ÿ Reverse Video 

ʠʟʤʝʥʠʪʴ ʯʝʨʥʳʡ ʮʚʝʪ ʬʦʥʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʥʘ ʙʝʣʳʡ. 

 

4. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ǒ ʇʦʩʪʨʦʠʤ ʦʩʥʦʚʥʦʡ ʮʠʣʠʥʜʨ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʣʳʡ ʮʠʣʠʥʜʨ 

(Hollow Cylinder). ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʤʝʥʶ ʵʪʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʤʝʥʶ ʧʨʝʧʨʦʮʝʩʩʦʨʘ  

MM Ÿ Preprocessor Ÿ Modeling Ÿ Create Ÿ Volumes Ÿ Cylinder ŸHollow 

Cylinder  

ɼʘʣʝʝ ʚ ʦʢʥʝ Hollow Cylinder  ʟʘʜʘʝʤ ʚʝʣʠʯʠʥʳ (ʚ ʤʠʣʣʠʤʝʪʨʘʭ), ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2ʘ; ʟʘʪʝʤ ʚʳʙʠʨʘʝʤ Apply .  
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ʆʙʝ ʢʥʦʧʢʠ OK  ʠ Apply  ʘʢʪʠʚʠʨʫʶʪ ʠʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ ANSYS, ʥʦ ʨʘʟʥʠʮʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ OK  ʪʝʢʫʱʝʝ ʤʝʥʶ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ 

ʟʘʢʨʳʚʘʝʪʩʷ, ʘ ʧʨʠ Apply  ï ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʫʷ Apply , 

ʧʨʦʱʝ ʚʳʧʦʣʥʷʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʢʦʤʘʥʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ǒ ɼʘʣʝʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʞʝ ʢʦʥʩʪʨʫʢʪʦʨʦʤ, ʯʪʦʙʳ ʚ ʙʫʜʫʱʝʤ ʫʚʝʣʠʯʠʪʴ 

ʮʠʣʠʥʜʨ ʚ ʦʩʥʦʚʘʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʤ ʝʱʝ ʦʜʠʥ ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʟʘʜʘʚʘʷ ʚ ʦʢʥʝ 

Hollow Cylinder  ʟʥʘʯʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2ʙ; ʠ ʟʘʪʝʤ ʥʘʞʠʤʘʝʤ OK . 

ɼʣʷ ʣʫʯʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʝʟʥʦ ʧʦʚʝʨʥʫʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʷ 

ʛʨʘʬʠʯʝʩʢʠʝ ʠʢʦʥʢʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʤʝʥʶ ANSYS ʠ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ.  

 

(ʘ) 

 

(ʙ) 

 

(ʚ) 

 

(ʛ) 

ʈʠʩʫʥʦʢ 2 ï ɿʥʘʯʝʥʠʷ ʚ ʦʢʥʘʭ Hollow Cylinder  ʠ Offset WP  

ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ 

 

ǒ ʇʝʨʝʥʝʩʝʤ ʥʘʯʘʣʦ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ Work Plane ʚ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(0, 0, 114). ɼʣʷ ʵʪʦʛʦ  ʘʢʪʠʚʠʨʫʝʤ ʤʝʥʶ Offset WP, ʪ.ʝ. ʚʳʧʦʣʥʠʤ  

UM Ÿ WorkPlane Ÿ Offset WP by Increments 

ɺ ʧʦʩʣʝʜʥʝʤ ʦʢʥʝ ʟʘʜʘʜʠʤ ʟʥʘʯʝʥʠʷ 0, 0, 114, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2ʚ, ʠ 

ʥʘʞʤʝʤ OK .  

ǒ ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʩʪʨʦʠʤ ʪʨʝʪʠʡ ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʣʝʝ ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ ʚʝʨʭʥʝʤ ʪʦʨʮʝ ʧʦ 
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ʨʘʜʠʫʩʫ. ʂʘʢ ʠ ʥʘ ʩʘʤʦʤ ʧʝʨʚʦʤ ʰʘʛʝ, ʘʢʪʠʚʠʨʫʝʤ ʤʝʥʶ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ  

MM Ÿ Preprocessor Ÿ Modeling Ÿ Create Ÿ Volumes Ÿ Cylinder Ÿ 

Hollow Cylinder  

ʠ ʟʘʜʘʜʠʤ ʚ ʥʝʤ ʯʠʩʣʘ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ  2ʛ. 

ɿʜʝʩʴ, ʢʘʢ ʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʩʣʫʯʘʷʭ ʜʘʣʝʝ, ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʝʨʝʤʝʩʪʠʪʴ 

ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ Work  Plane. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʠʤʠʪʠʚʳ 

(ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ, ʩʬʝʨʳ, ʧʨʠʟʤʳ, ʮʠʣʠʥʜʨʳ ʠ ʪ.ʧ.) ʩʪʨʦʷʪʩʷ ʚ ANSYS ʥʘ ʦʩʥʦʚʝ 

ʨʘʙʦʯʠʭ ʧʣʦʩʢʦʩʪʝʡ. ʊʘʢ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʧʦ ʢʦʤʘʥʜʝ CYL 4 

ʚ ʤʝʥʶ Hollow Cylinder  ʝʛʦ ʮʝʥʪʨ ʦʩʥʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ X, Y ʩʦʚʧʘʜʘʝʪ ʩ 

ʮʝʥʪʨʦʤ ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʝʛʦ ʦʩʴ ʷʚʣʷʝʪʩʷ ʦʩʴʶ Z, ʦʙʨʘʟʫʶʱʝʡ ʩ 

ʦʩʷʤʠ X, Y ʧʨʘʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʫʶ ʩ ʪʝʢʫʱʝʡ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʴʶ.  

ǒ ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʩʣʝ ʦʧʠʩʘʥʥʳʭ ʰʘʛʦʚ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʝʭ ʦʙʲʝʤʦʚ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʵʪʠ ʧʝʨʝʩʝʯʝʥʠʷ, ʨʘʟʜʝʣʠʤ 

ʧʦʩʪʨʦʝʥʥʳʝ ʦʙʲʝʤʳ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʦʙʲʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʙʫʣʝʚʦʡ 

ʦʧʝʨʘʮʠʠ Overlap (ʨʠʩʫʥʦʢ 3):  

MM Ÿ Preprocessor ŸModeling Ÿ Operate Ÿ Booleans Ÿ Overlap Ÿ 

Volumes Ÿ Pick All 

 

 

ʈʠʩʫʥʦʢ 3 ï ʆʙʲʝʤʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʦʡ ʮʠʣʠʥʜʨ ʩ ʫʪʦʣʱʝʥʠʷʤʠ: 

ʩʣʝʚʘ ï ʪʨʠ ʦʙʲʝʤʘ ʜʦ ʦʧʝʨʘʮʠʠ Overlap;   

ʩʧʨʘʚʘ ï ʧʷʪʴ ʦʙʲʝʤʦʚ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ Overlap 
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ʏʪʦʙʳ ʣʫʯʰʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ Overlap, 

ʤʦʞʥʦ ʟʘʥʫʤʝʨʦʚʘʪʴ ʦʙʲʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʥʶ, ʧʦʷʚʣʷʶʱʝʤʩʷ ʧʦʩʣʝ 

UM Ÿ PlotCtrls Ÿ Numbering, 

ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ ʠʥʜʠʢʘʮʠʶ (çʛʘʣʦʯʢʫè) ʚ CheckBox ʜʣʷ ʦʙʲʝʤʦʚ (Volume). 

ɼʘʣʝʝ ʧʦ ʢʦʤʘʥʜʝ 

UM  Ÿ Plot ŸVolumes 

ʤʦʞʥʦ ʥʘʨʠʩʦʚʘʪʴ ʦʙʲʝʤʳ, ʢʦʪʦʨʳʝ ʪʝʧʝʨʴ ʫʞʝ ʙʫʜʝʪ ʟʘʥʫʤʝʨʦʚʘʥʳ ʠ ʙʫʜʫʪ 

ʠʟʦʙʨʘʞʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ.  

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʥʦʤʝʨʘ ʦʙʲʝʤʦʚ ʟʘʯʘʩʪʫʶ ʥʝ ʚʠʜʥʳ ʠʟ-ʟʘ ʟʘʣʠʚʢʠ, 

ʠ ʧʦʵʪʦʤʫ ʧʦʣʝʟʥʦ ʧʦʣʫʯʠʪʴ ʪʝʢʩʪʦʚʳʡ ʩʧʠʩʦʢ ʠʤʝʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʧʠʩʦʢ ʦʙʲʝʤʦʚ - ʧʦ ʢʦʤʘʥʜʝ  

UM Ÿ List  Ÿ Volumes 

ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʩʧʠʩʢʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʢʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʤʘʭ 

ʚʤʝʩʪʝ ʩ ʠʭ ʥʦʤʝʨʘʤʠ ʠ ʛʨʘʥʷʤʠ (Areas).  

ɿʘʤʝʪʴʪʝ, ʯʪʦ ʚʤʝʩʪʦ ʦʙʲʝʤʦʚ ʩ ʥʦʤʝʨʘʤʠ 1, 2 ʠ 3 ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʤʘʥʜʳ Overlap ʧʦʷʚʠʣʠʩʴ ʦʙʲʝʤʳ  ʩ ʥʦʤʝʨʘʤʠ 4, 5, 6, 7 ʠ 8. ʇʨʠ ʵʪʦʤ ʚʩʝ ʥʦʚʳʝ 

ʦʙʲʝʤʳ ʩʦʭʨʘʥʷʶʪ ʢʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʧʦʣʳʭ ʮʠʣʠʥʜʨʦʚ, ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʛʨʘʥʠ, ʣʠʥʠʠ ʠ ʦʧʦʨʥʳʝ ʪʦʯʢʠ. 

ǒ ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʫʙʳ, ʦʪʚʝʪʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ ʚ 90
ʦ
 ʢ ʦʩʥʦʚʥʦʤʫ 

ʮʠʣʠʥʜʨʫ, ʩʦʚʤʝʩʪʠʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʩ ʦʩʴʶ OXY ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ  

UM Ÿ WorkPlane Ÿ Align WP with  Ÿ Global Cartesian, 

ʧʝʨʝʤʝʩʪʠʤ ʮʝʥʪʨ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʚ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʦʡ (0, 0, 86), ʚʳʧʦʣʥʠʚ  

UM Ÿ WorkPlane Ÿ Offset WP by Increments, 

ʚ ʧʦʩʣʝʜʥʝʤ ʦʢʥʝ ʚ Snaps X, Y, Z Offset ʟʘʜʘʜʠʤ ʟʥʘʯʝʥʠʷ 0, 0, 86, ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʠʩʫʥʢʦʤ 2ʚ, ʠ ʥʘʞʤʝʤ Apply . 

ʇʦʚʝʨʥʝʤ ʨʘʙʦʯʠʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʩʴ OZ ʙʳʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʙʨʘʟʫʶʱʝʡ, ʠʟʚʥʝ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʘ 

ʧʘʥʝʣʠ Offset WP ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 4): 

¶ ʜʚʠʞʢʦʤ ʫʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʫʛʣʘ ʚ 90
ʦ
; 

¶ ʧʦʚʝʨʥʫʪʴ ʚʦʢʨʫʛ ʦʩʠ OX ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʥʘʞʘʪʴ ʢʥʦʧʢʫ); 

¶ ʆʂ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʦʚʦʨʦʪ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ 

 

ʉʪʨʦʠʤ ʪʝʧʝʨʴ ʰʪʫʮʝʨ ʢʘʢ ʧʦʣʳʡ ʮʠʣʠʥʜʨ 

MM  Ÿ Preprocessor Ÿ Modeling Ÿ Create Ÿ Volumes Ÿ Cylinder ŸHollow 

Cylinder  

ʟʘʜʘʚʘʷ, ʘʥʘʣʦʛʠʯʥʦ ʨʠʩʫʥʢʫ 2ʛ, ʥʦ ʪʝʧʝʨʴ  Rad-1 = 15,  Rad-2 = 19, Depth = 40. 

ʇʦʣʝʟʥʦ ʧʦʚʝʨʥʫʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʬʠʯʝʩʢʠʝ ʠʢʦʥʢʠ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʤʝʥʶ ANSYS, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʯʪʦ ʧʦʣʫʯʠʣʦʩʴ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʠʨʦʚʘʚ ʨʝʞʠʤ ʚʨʘʱʝʥʠʷ ʢʨʘʡʥʝʡ 

ʧʨʘʚʦʡ ʥʠʞʥʝʡ ʠʢʦʥʢʠ ʠ ʠʩʧʦʣʴʟʫʷ ʟʘʪʝʤ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ. 

ǒ ʇʝʨʝʥʝʩʝʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʢ ʦʩʥʦʚʘʥʠʶ ʰʪʫʮʝʨʘ ʥʘ ʪʨʫʙʝ, ʜʣʷ ʯʝʛʦ 

ʚʳʧʦʣʥʠʤ  

UM  Ÿ WorkPlane Ÿ Offset Work Plane by Increments  

ʠ ʫʩʪʘʥʦʚʠʤ ʥʘ ʧʘʥʝʣʠ Offset WP ʚ Snaps X, Y, Z Offset ʟʥʘʯʝʥʠʷ 0, 0, 35, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

ǒ ʇʦʩʪʨʦʠʤ ʪʝʧʝʨʴ ʜʣʷ ʫʪʦʣʱʝʥʠʷ ʰʪʫʮʝʨʘ ʥʘ ʢʦʥʮʝ çʧʘʪʨʫʙʦʢè ʢʘʢ ʧʦʣʳʡ 

ʮʠʣʠʥʜʨ  

MM  Ÿ Preprocessor Ÿ Modeling Ÿ Create Ÿ Volumes Ÿ Cylinder ŸHollow 

Cylinder  

ʩ ʧʘʨʘʤʝʪʨʘʤʠ  Rad-1 = 15,  Rad-2 = 23, Depth = 5. 
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ʈʠʩʫʥʦʢ 5 ï ʉʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʠ 

ʈʠʩʫʥʦʢ 6 ï ʆʩʥʦʚʥʦʡ ʮʠʣʠʥʜʨ ʩ ʦʜʥʠʤ 

ʰʪʫʮʝʨʦʤ ʠ ʩ çʣʠʰʥʠʤʠè ʦʙʲʝʤʘʤʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

çʠʟʣʠʰʢʠè ʜʣʷ ʰʪʫʮʝʨʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ (ʨʠʩʫʥʦʢ 6). 

ǒ ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʦʙʲʝʤʳ ʧʦʚʪʦʨʠʤ ʦʧʝʨʘʮʠʠ 

Overlap 

MM  Ÿ Preprocessor Ÿ Modeling Ÿ Operate Ÿ Booleans ŸOverlap Ÿ Volumes 

Ÿ Pick All 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6.  

ǒ ʋʜʘʣʠʤ ʜʘʣʝʝ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ (ʨʠʩʫʥʦʢ 7). ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʬʫʥʢʮʠʝʡ ʫʜʘʣʝʥʠʷ ʦʙʲʝʤʘ ʠ ʚʩʝʭ ʩʚʷʟʘʥʥʳʭ ʪʦʣʴʢʦ ʩ ʥʠʤ ʦʙʲʝʢʪʦʚ ʙʦʣʝʝ 

ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ (ʛʨʘʥʝʡ, ʣʠʥʠʡ ʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ)  

MM  Ÿ Preprocessor Ÿ Modeling Ÿ Delete Ÿ Volume and Below  

ɺʳʙʠʨʘʝʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʪʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʠ ʥʘʞʠʤʘʝʤ OK .  

  

ʈʠʩʫʥʦʢ 7 ï ʋʜʘʣʝʥʠʝ ʣʠʰʥʝʛʦ ʦʙʲʝʤʘ ʈʠʩʫʥʦʢ 8 ï ʀʪʦʛ ʫʜʘʣʝʥʠʷ ʦʙʲʝʤʘ 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʙʨʘʪʴ ʥʫʞʥʳʡ ʦʙʲʝʤ ʩʣʦʞʥʦ, ʝʩʣʠ ʤʦʜʝʣʴ ʥʘ ʵʢʨʘʥʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʝʫʜʘʯʥʦ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʛʨʘʬʠʯʝʩʢʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʦʙʲʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

ǒ ʇʝʨʝʡʜʝʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʪʦʨʦʛʦ ʦʪʚʦʜʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʚ 

60
ʦ
. ɼʣʷ ʵʪʦʛʦ ʩʦʚʤʝʩʪʠʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ WP ʩ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ 

ʢʦʦʨʜʠʥʘʪ  

UM  Ÿ WorkPlane Ÿ Align WP with  Ÿ Global ʉartesian; 

ʧʝʨʝʤʝʩʪʠʤ ʮʝʥʪʨ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʧʘʥʝʣʠ 

UM  Ÿ WorkPlane Ÿ Offset Work Plane by Increments 

ʚ ʪʦʯʢʫ (0, 0, 60), ʟʘʜʘʚ ʚ Snaps X, Y, Z Offset ʟʥʘʯʝʥʠʷ 0, 0, 60, ʠ ʥʘʞʤʝʤ Apply . 

ʊʝʧʝʨʴ ʧʦʚʝʨʥʝʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʚʦʢʨʫʛ ʦʩʠ ʆʍ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ 

ʥʘ 120
ʦ
. ʇʨʦʜʝʣʘʝʤ ʵʪʦ ʚ ʜʚʘ ʵʪʘʧʘ: ʫʩʪʘʥʦʚʠʤ ʜʚʠʞʦʢ ʩʥʘʯʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

30
ʦ
, ʘ ʟʘʪʝʤ 90

ʦ
. ʅʘ ʨʠʩʫʥʢʝ 9 ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʰʘʛʦʚ: 

(1) ï ʫʩʪʘʥʦʚʠʪʴ ʜʚʠʞʦʢ 30
ʦ
; 

(2) ï ʥʘʞʘʪʴ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ OX; (ʥʘʞʠʤʘʝʤ Apply ) 

(3) ï ʫʩʪʘʥʦʚʠʪʴ ʜʚʠʞʦʢ 90
ʦ
; 

(4) ï ʥʘʞʘʪʴ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ OX . 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʥʘʞʠʤʘʝʤ OK  

ǒ ʊʝʧʝʨʴ ʩʪʨʦʠʤ ʮʠʣʠʥʜʨ ʜʣʷ ʚʪʦʨʦʛʦ ʰʪʫʮʝʨʘ (ʩ çʣʠʰʥʝʡè ʯʘʩʪʴʶ) 

MM  Ÿ Preprocessor Ÿ Modeling Ÿ Create Ÿ Volumes Ÿ Cylinder ŸHollow 

Cylinder  

ʩ ʧʘʨʘʤʝʪʨʘʤʠ  Rad-1 = 15,  Rad-2 = 19, Depth = 50. 
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ʈʠʩʫʥʦʢ 9 ï ʇʦʚʦʨʦʪ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ 

 

ǒ ʇʝʨʝʥʝʩʝʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ WP ʧʦ ʦʩʠ ʮʠʣʠʥʜʨʘ ʚʪʦʨʦʛʦ ʰʪʫʮʝʨʘ, 

ʜʦʙʘʚʣʷʷ ʧʦ ʦʩʷʤ ʪʝʢʫʱʝʡ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʟʥʘʯʝʥʠʷ (0, 0, 45) 

(ʨʠʩʫʥʦʢ 10ʘ),  ʠ ʧʦʩʪʨʦʠʤ ʚ ʵʪʠʭ ʦʩʷʭ ʧʦʣʳʡ ʮʠʣʠʥʜʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Rad-1 = 15,  

Rad-2 = 24, Depth = 5.  

 

  
 

 

ʈʠʩʫʥʦʢ 10ʘ ï ʇʝʨʝʥʦʩ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʘʪʨʫʙʢʘ ʚʪʦʨʦʛʦ ʰʪʫʮʝʨʘ 

ʈʠʩʫʥʦʢ 10ʙ ï ʀʪʦʛʦʚʘʷ 

ʛʝʦʤʝʪʨʠʷ ʦʙʲʝʢʪʘ ʩ ʨʘʙʦʯʝʡ 

ʧʣʦʩʢʦʩʪʴʶ ʜʣʷ ʟʘʜʘʥʠʷ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ 

ʦʩʥʦʚʘʥʠʠ ʥʠʞʥʝʛʦ ʰʪʫʮʝʨʘ 

ʇʨʦʜʝʣʘʡʪʝ ʵʪʠ ʜʝʡʩʪʚʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ! 
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ǒ ʊʝʧʝʨʴ ʨʘʟʜʝʣʠʤ ʧʦʣʫʯʝʥʥʳʝ ʦʙʲʝʤʳ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʙʫʣʝʚʩʢʦʡ 

ʦʧʝʨʘʮʠʝʡ Overlap ʠ ʫʜʘʣʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ çʠʟʣʠʰʢʠè, ʧʦʚʪʦʨʠʚ ʜʝʡʩʪʚʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʩʣʫʯʘʷ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʦʜʥʠʤ 

ʰʪʫʮʝʨʦʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʢ çʠʟʣʠʰʢʘʤè ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʯʘʩʪʠ ʦʙʲʝʤʦʚ ʦʩʥʦʚʥʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʝ ʟʘʢʨʳʚʘʶʪ ʰʪʫʮʝʨʳ ʚ ʤʝʩʪʘʭ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʦʩʥʦʚʥʦʤʫ 

ʮʠʣʠʥʜʨʫ.  

ʇʨʦʜʝʣʘʡʪʝ ʠ ʵʪʠ ʜʝʡʩʪʚʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ! ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʧʦʥʘʜʦʙʠʪʩʷ ʦʙʥʦʚʠʪʴ (ʧʝʨʝʨʠʩʦʚʘʪʴ) 

ʦʙʲʝʢʪ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʚ ʤʝʥʶ ʫʪʠʣʠʪ (UM ) ʩʣʝʜʫʝʪ 

ʚʳʧʦʣʥʠʪʴ: Plot Ÿ Replot. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʛʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ ʙʫʜʝʪ 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʘ. 

ǒ ʅʘ ʪʦʨʮʝ ʥʠʞʥʝʛʦ ʰʪʫʮʝʨʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʉʚʷʞʝʤ ʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʦʨʮʘ ʣʦʢʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʧʣʦʩʢʦʩʪʴ OXY ʩʦʚʧʘʣʘ ʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʦʨʮʘ ʰʪʫʮʝʨʘ (ʨʠʩʫʥʦʢ 10ʙ).  

ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʤʝʩʪʠʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʚʜʦʣʴ ʦʩʠ 0Z ʥʘ ʨʘʩʩʪʦʷʥʠʝ hz=5 

UM Ÿ WorkPlane Ÿ Offset Work Plane by Increments 

ʚ ʪʦʯʢʫ (0, 0, 5) (ʧʦʜʦʙʥʘʷ ʦʧʝʨʘʮʠʷ ʜʝʣʘʣʘʩʴ ʨʘʥʝʝ ʥʝʦʜʥʦʢʨʘʪʥʦ!) ʠ ʧʦʣʫʯʝʥʥʫʶ 

ʨʘʙʦʯʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ ʩʦʭʨʘʥʠʤ ʚ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʥʝʡ ʠ ʙʫʜʝʤ ʟʘʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 12):  

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʨʘʚʝʜʣʠʚ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʳ ʩʪʨʦʠʤ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʜʣʝʞʠʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʥʘʷ 

ʨʘʙʦʯʘʷ ʧʣʦʩʢʦʩʪʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ 

ʥʝ ʩ ʪʦʯʢʘʤʠ ʩʘʤʦʡ ʤʦʜʝʣʠ, ʧʦʵʪʦʤʫ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 11 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʤʝʩʪʠʪʩʷ ʥʘ ʧʣʦʩʢʦʡ 

ʛʨʘʥʠʮʝ ʧʘʪʨʫʙʢʘ, ʦʥʘ ʦʩʪʘʥʝʪʩʷ ʥʘ ʩʚʦʝʤ ʧʨʝʞʥʝʤ ʤʝʩʪʝ. 
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ʈʠʩʫʥʦʢ 11 ï ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʪʦʯʢʘʤ ʤʦʜʝʣʠ 

UM Ÿ WorkPlane ŸLocal Coordinate Systems Ÿ Create Local CS Ÿ  

At WP origin Ÿ OK 

 

ʈʠʩʫʥʦʢ 12 ï ʉʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʠ ʝʡ ʧʨʠʩʚʦʝʥ 

ʥʦʤʝʨ 11 (ʨʠʩʫʥʦʢ 12). ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʨʠʩʚʦʠʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʥʦʤʝʨ, ʙʦʣʴʰʠʡ 10, ʪʘʢ ʢʘʢ ʚ ANSYS ʥʫʤʝʨʘʮʠʷ ʚʩʝʭ 

ʣʦʢʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʜʦʣʞʥʘ ʥʘʯʠʥʘʪʴʩʷ ʩ 

ʦʜʠʥʥʘʜʮʘʪʦʛʦ ʥʦʤʝʨʘ ʠʣʠ ʚʳʰʝ. ʕʪʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʦʟʜʘʥʘ, ʥʦ ʧʦʢʘ ʥʝ 

ʘʢʪʠʚʥʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʜʦ ʙʫʜʝʪ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʘʥʜʫ ʘʢʪʠʚʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʥʦʤʝʨʦʤ 11. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ Z, ʯʪʦʙʳ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʘʚʠʣʴʥʦ ʫʢʘʟʘʪʴ ʟʥʘʢ ʧʝʨʝʤʝʱʝʥʠʡ. 
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5. ɿʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʜʝʪʘʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʚʘ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʆʜʠʥ ʥʘʙʦʨ ʙʫʜʝʪ ʧʦʪʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʠ 

ʝʛʦ ʥʫʞʥʦ ʟʘʜʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʜʨʫʛʦʡ ï ʜʣʷ ʰʪʫʮʝʨʦʚ, ʧʨʠʯʝʤ ʵʪʠ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʫʞʥʦ ʚʟʷʪʴ ʠʟ ʠʤʝʶʱʝʡʩʷ ʚ ANSYS ʙʠʙʣʠʦʪʝʢʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʢʦʣʴʢʫ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʩʪʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʪʝʣ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʚʘʪʴ 

ʤʦʜʫʣʠ ʖʥʛʘ E, ʥʘʧʨʠʤʝʨ, EXX ʚ ANSYS, ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ n (PRXY ʠʣʠ 

NUXY) ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ a (ALPX); ʧʨʠʯʝʤ ʚ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ. ʊʘʢʦʡ ʩʠʩʪʝʤʦʡ ʝʜʠʥʠʮ ʚʳʙʝʨʝʤ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʩʠʩʪʝʤʫ ʉʀ. 

 

ʈʠʩʫʥʦʢ 13 ï ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ ï ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

ǒ ʄʝʥʶ ʜʣʷ ʟʘʜʘʥʠʷ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ 

MM  Ÿ Preprocessor Ÿ Material  Props  Ÿ Material  Library  Ÿ Select Units 

ʠ ʚ ʧʦʷʚʣʷʶʱʝʡʩʷ ʧʘʥʝʣʠ Select Filtering  Units for  Material  Library  (ʨʠʩʫʥʦʢ 13) 

ʥʫʞʥʦ ʧʨʦʩʪʦ ʥʘʞʘʪʴ OK . 

ǒ ɹʦʢʦʚʦʡ ʠ ʥʠʞʥʠʡ ʰʪʫʮʝʨʳ ʚʳʧʦʣʥʝʥʳ ʠʟ  ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ AISI C1020, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ 

ʚʦʟʴʤʝʤ ʠʟ ʬʘʡʣʘ ʩ ʠʤʝʥʝʤ Stl_AISI-C1020 ʙʠʙʣʠʦʪʝʢʠ ʤʘʪʝʨʠʘʣʦʚ ANSYS. ɼʣʷ 

ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʤ ʧʫʪʴ ʢ ʧʘʧʢʝ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʙʠʙʣʠʦʪʝʢʘ 

(ʧʨʠʯʝʤ,  ʟʜʝʩʴ ʵʪʦ C:\Program Files\ANSYS Inc\v110\ANSYS\matlib, ʠ ʧʫʪʴ ʢ 

ʧʘʧʢʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʬʘʡʣʦʚ ANSYS ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʢʦʤʧʴʶʪʝʨʝ) 

MM Ÿ Preprocessor Ÿ Material Props Ÿ Material Library Ÿ Library Path 
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ʠ ʟʘʛʨʫʟʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʪʝʨʠʘʣʝ ʠʟ ʬʘʡʣʘ ʙʠʙʣʠʦʪʝʢʠ: 

MM Ÿ Preprocessor Ÿ Material Props Ÿ Material Library Ÿ Import Library 

ɺ ʨʝʟʫʣʴʪʘʪʝ  ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʥʦʤʝʨ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʧʦ ʫʤʦʣʯʘʥʠʶ 

1 ï ʧʝʨʚʳʡ ʩʚʦʙʦʜʥʳʡ ʥʦʤʝʨ); ʩ ʧʦʤʦʱʴʶ Browse ʚʳʙʠʨʘʝʪʩʷ ʤʘʪʝʨʠʘʣ Stl_AlSI -

C1020.Si_MPL  ʠʟ ʙʠʙʣʠʦʪʝʢʠ ANSYS (ʨʠʩʫʥʦʢ 14). 

 

 

ʈʠʩʫʥʦʢ 14 ï ɺʳʙʦʨ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟ ʙʠʙʣʠʦʪʝʢʠ  

 

ǒ ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʥʘʙʦʨ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʡ ʪʨʫʙʳ. 

ɼʚʠʞʝʤʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʘʨʰʨʫʪʫ: 

MM Ÿ Preprocessor Ÿ Material Props  Ÿ Material Models , 

ʩʦʟʜʘʜʠʤ ʥʦʚʫʶ ʤʦʜʝʣʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʘʥʝʣʠ çDefine 

material model behaviorè (ʨʠʩʫʥʦʢ 15) 

Material Ÿ New modelé Ÿ Define Material ID (2) Ÿ OK 
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ʈʠʩʫʥʦʢ 15 ï ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

 

ʠ ʜʘʣʝʝ ʜʣʷ Material Model Number 2 

Structural Ÿ Linear Ÿ Elastic Ÿ Isotropic 

ʅʘ ʧʦʷʚʠʚʰʝʡʩʷ ʧʘʥʝʣʠ ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʜʣʷ ʤʦʜʫʣʷ ʖʥʛʘ EX 2e11, ʘ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ PRXY 0.3 ʠ ʥʘʞʘʪʴ OK .  

ɿʘʪʝʤ ʥʘ ʚʢʣʘʜʢʝ  

Structural Ÿ Thermal Expansion ŸSecant Coefficient ŸIsotropic 

ʚ ʧʦʣʝ ALPX ʥʘʙʨʘʪʴ 1e-5 (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ), ʜʘʣʝʝ 

ʥʘʞʘʪʴ OK  ʠ ʟʘʢʨʳʪʴ ʧʘʥʝʣʴ Define material model behavior.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥʯʝʥʦ ʟʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ; ʧʝʨʚʳʡ ʥʘʙʦʨ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʰʪʫʮʝʨʦʚ; ʚʪʦʨʦʡ ï ʜʣʷ ʦʩʥʦʚʥʦʡ ʪʨʫʙʳ. 

ʆʜʥʘʢʦ ʧʦʢʘ ʵʪʠ ʥʘʙʦʨʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʦʙʲʝʤʘʤʠ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʙʨʘʥʳ. 

 

6. ʇʝʨʝʭʦʜ ʢ ʧʦʣʦʚʠʥʝ ʤʦʜʝʣʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ  

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ (ʛʝʦʤʝʪʨʠʠ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʩʝʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ 1 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʫ ʤʦʜʝʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʠʤʤʝʪʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʨʝʛʫʣʷʨʥʦʡ ʢʦʥʯʝʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʧʦʣʝʟʥʦ ʦʙʲʝʤʳ 

ʧʦʣʦʚʠʥʥʦʡ ʤʦʜʝʣʠ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʙʠʪʴ ʧʦʧʦʣʘʤ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʜʝʣʠʤ ʦʙʲʝʤʳ ʧʣʦʩʢʦʩʪʷʤʠ OZX ʠ OZY ʦʩʥʦʚʥʦʡ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʀʤʝʥʥʦ ʵʪʦ ʚʦ ʤʥʦʛʦʤ ʠ ʦʙʝʩʧʝʯʠʪ ʚʧʦʩʣʝʜʩʪʚʠʠ 

çʭʦʨʦʰʝʝè ʨʘʟʙʠʝʥʠʝ ʥʘ ʨʝʛʫʣʷʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʲʝʤʥʳʭ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ ʧʫʪʝʤ ʧʨʦʪʷʛʠʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʩʝʪʦʢ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʲʝʤʥʳʭ ʯʘʩʪʝʡ ʤʦʜʝʣʠ (ʤʝʪʦʜ Sweeping). 
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ǒ ɼʣʷ ʥʘʯʘʣʘ ʩʦʚʤʝʩʪʠʤ ʨʘʙʦʯʫʶ ʧʣʦʩʢʦʩʪʴ ʩ ʦʩʥʦʚʥʦʡ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ 

UM Ÿ WorkPlane Ÿ Align WP with Ÿ Global Cartesian 

ʠ ʧʦʚʝʨʥʝʤ ʚʦʢʨʫʛ ʦʩʠ OX ʥʘ 90
ʦ 
ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʧʘʥʝʣʠ 

Offset WP (ʨʠʩʫʥʦʢ 16).  

 

 

 

ʈʠʩʫʥʦʢ 16 ï ʇʦʚʦʨʦʪ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʚʦʢʨʫʛ ʦʩʠ OX ʥʘ 90
ʦ
 

 

ɼʘʣʝʝ ʨʘʟʜʝʣʠʤ ʮʝʣʴʥʫʶ ʤʦʜʝʣʴ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʴʶ:  

MM Ÿ Preprocessor Ÿ Modeling Ÿ Operate Ÿ Booleans ŸDivide Ÿ Volu by 

WrkPlane 

ʠ ʥʘʞʠʤʘʝʤ Pick All  ʥʘ ʧʘʥʝʣʠ Divide Vol by WrkPlane. 

ǒ ʇʦʚʪʦʨʠʤ ʵʪʘʧʳ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ:  

ï ʩʦʚʤʝʱʝʥʠʝ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ WP ʩ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ,  

ï ʧʦʚʦʨʦʪ WP ʚʦʢʨʫʛ ʦʩʠ OY ʥʘ 90
ʦ
 ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, 

ï ʨʘʟʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ WP. 

ɺ ʨʝʟʫʣʴʪʘʪʝ (ʨʠʩʫʥʦʢ 17) ʧʦʣʫʯʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʝʤʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ.  

ǒ ʋʜʘʣʠʤ ʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦʣʦʚʠʥʫ, ʥʘʧʨʠʤʝʨ, ʧʨʠ X<0, ʜʦʙʘʚʠʚ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʦʩʪʳʢʦʚʢʠ. ɼʣʷ ʵʪʦʛʦ ʫʜʦʙʥʦ 
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ʨʘʩʧʦʣʦʞʠʪʴ ʤʦʜʝʣʴ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ OZ ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʚʠʞʝʥʠʝʤ ʧʦ ʤʝʥʶ 

MM Ÿ Preprocessor Ÿ Modeling Ÿ Delete Ÿ Volume and Below 

ɼʘʣʝʝ ʤʦʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʱʝʣʢʘʪʴ ʥʘ ʦʙʲʝʤʘʭ, ʧʦʜʣʝʞʘʱʠʭ ʫʜʘʣʝʥʠʶ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʥʦʧʢʫ APPLY, ʘ ʧʦʩʣʝ ʟʘʚʝʨʰʘʶʱʝʛʦ ʫʜʘʣʝʥʠʷ ï OK. ʄʦʞʥʦ 

ʪʘʢʞʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʝʥʶ Delete Volume & Below ʨʝʞʠʤʦʤ Box, ʠ, 

ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ, ʚʳʜʝʣʠʪʴ ʚ ʧʦʷʚʣʷʶʱʝʤʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ʚʩʝ 

ʦʙʲʝʤʳ, ʧʦʜʣʝʞʘʱʠʝ ʫʜʘʣʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʝʞʠʤʝ ʧʦʢʘʟʘ ʟʘʥʫʤʝʨʦʚʘʥʥʳʭ 

ʦʙʲʝʤʦʚ ʧʦʣʫʯʠʤ ʧʦʣʦʚʠʥʥʫʶ ʤʦʜʝʣʴ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʦʚʝʨʥʫʪʦʤ ʚʠʜʝ ʥʘ ʨʠʩʫʥʢʝ 18.  

 

 
 

ʈʠʩʫʥʦʢ 17 ï ʄʦʜʝʣʴ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʣʦʩʢʦʩʪʷʤʠ OZX ʠ 

OZY 

ʈʠʩʫʥʦʢ 18 ï ʇʦʣʦʚʠʥʥʘʷ ʯʘʩʪʴ ʠʩʭʦʜʥʦʡ 

ʤʦʜʝʣʠ 

 

ǒ ɺʳʙʝʨʝʤ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ ʪʠʧ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʙʠʝʥʠʠ; ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʰʘʝʪʩʷ ʩʚʷʟʥʘʷ ʟʘʜʘʯʘ, 

ʧʦʩʢʦʣʴʢʫ ʫʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ ʪʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʤ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʚ ʧʦʷʚʣʷʶʱʠʭʩʷ ʤʝʥʶ  

MM  Ÿ Preprocessor Ÿ Element Type Ÿ Add/Edit /Delete Ÿ Add Ÿ (Structural  

Thermal) Coupled Field Ÿ Brick  20node 226 Ÿ OK Ÿ Close 
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ǒ ʈʘʟʙʠʝʥʠʝ ʜʝʪʘʣʠ ʥʘʯʥʝʤ ʩ ʦʙʲʝʤʦʚ ʦʩʥʦʚʥʦʡ ʪʨʫʙʳ. ɻʝʥʝʨʠʨʫʝʤʳʝ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʪʦʛʜʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʥʦʤʝʨʦʤ 2. 

ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʘʪʨʠʙʫʪʳ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʡ ʩʝʪʢʠ 

MM  Ÿ Preprocessor Ÿ Meshing Ÿ Mesh Attributes  Ÿ Default Attribs , 

ʠ ʚ ʧʦʷʚʠʚʰʠʤʩʷ ʤʝʥʶ ʚʳʙʨʘʪʴ ʜʣʷ [MAT ] Material  number ʯʠʩʣʦ 2. 

ǒ ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʦʢ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʠ ʧʘʥʝʣʠ 

MeshTool: 

MM  Ÿ Preprocessor Ÿ Meshing Ÿ MeshTool 

 

 

ʈʠʩʫʥʦʢ 19 ï ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ 

ʈʠʩʫʥʦʢ 20 ï ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʦʙʲʝʤʦʚ 

ʜʣʷ çʩʚʠʧʦʚʘʥʠʷè 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʫʩʪʘʥʦʚʠʤ ʚ Size Controls: Global Ÿ Set ʨʘʟʤʝʨ SIZE ʜʣʷ 

ʛʨʘʥʝʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʳʡ 5 (5ʤ), ʘ ʪʘʢʞʝ ʚʩʝ ʦʧʮʠʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ 

ʧʘʥʝʣʠ ʠʟ ʨʠʩʫʥʢʘ 19. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʳʙʨʘʥʳ ʨʝʞʠʤʳ Hex ʠ Sweep. ʇʦ 

ʥʘʞʘʪʠʶ ʧʦʷʚʠʚʰʝʡʩʷ ʧʦʩʣʝ ʚʳʙʦʨʘ ʵʪʠʭ ʨʝʞʠʤʦʚ ʢʥʦʧʢʠ Sweep ʦʪʢʨʳʚʘʝʪʩʷ 

ʧʘʥʝʣʴ Volume Sweeping (ʨʠʩʫʥʦʢ 20). ʊʝʧʝʨʴ ʥʫʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʲʝʤʳ ʦʩʥʦʚʥʦʡ 

ʪʨʫʙʳ. ɺ ʵʪʠʭ ʦʙʲʝʤʘʭ ʠ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʩʝʪʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  Brick  

20node 226 ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʥʦʤʝʨʦʤ 2. ʅʫʞʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʦʙʲʝʤʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʘʢʢʫʨʘʪʥʳʤ ʚʳʙʦʨʦʤ ʥʫʞʥʳʭ 
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ʦʙʲʝʤʦʚ (ʱʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʧʦ ʦʙʲʝʤʫ ʠ ʥʘʞʘʪʠʝʤ Apply), ʣʠʙʦ ʚ 

ʨʝʞʠʤʝ Box ʝʜʠʥʳʤ ʚʳʙʦʨʦʤ ʚ ʧʦʷʚʣʷʶʱʝʤʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ. (ɼʣʷ ʙʦʣʝʝ 

ʫʜʦʙʥʦʛʦ ʚʳʙʦʨʘ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʟʚʝʨʥʫʪʴ ʤʦʜʝʣʴ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ OX ʙʳʣʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʵʢʨʘʥʫ ʠ ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʥʘʩ.) ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʩʝ ʥʫʞʥʳʝ 

ʦʙʲʝʤʳ ʦʩʥʦʚʥʦʡ ʪʨʫʙʳ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʚʳʙʨʘʥʳ, ʥʘʞʠʤʘʝʤ OK  ʠ ʞʜʝʤ, ʢʦʛʜʘ 

ʧʦʷʚʠʪʩʷ ʩʝʪʢʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʢʥʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʩʦʦʙʱʝʥʠʝ, ʩʢʦʣʴʢʦ 

ʵʣʝʤʝʥʪʦʚ ʩʯʠʪʘʝʪʩʷ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʠʤʠ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ.  

ǒ ɸʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʦʙʲʝʤʦʚ ʙʦʢʦʚʦʛʦ ʠ ʥʠʞʥʝʛʦ 

ʰʪʫʮʝʨʦʚ, ʪʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʥʘʙʦʨ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩ 

ʥʦʤʝʨʦʤ 1. ʇʨʦʜʝʣʘʡʪʝ ʵʪʠ ʜʝʡʩʪʚʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ! 

ǒ ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʦ ʨʘʟʙʠʝʥʠʝ ʩ ʟʘʜʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʋʙʝʜʠʪʴʩʷ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʥʫʞʥʳʝ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʤʦʞʥʦ, ʚʳʧʦʣʥʠʚ 

UM Ÿ PlotCtrs Ÿ Numbering  

ɼʘʣʝʝ ʚ ʧʦʷʚʠʚʰʠʤʩʷ ʤʝʥʶ ʜʣʷ Elem / Attrib  numbering ʚʳʙʠʨʘʝʤ Material  

Number, ʘ ʜʣʷ [/Num] Numbering shown with  ï Colors Only.  

 

 

ʈʠʩʫʥʦʢ 21 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʟʙʠʝʥʠʷ ʤʦʜʝʣʠ ʩ ʠʥʜʠʢʘʮʠʝʡ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʦʣʶʙʦʚʘʪʴʩʷ ʧʦʣʫʯʝʥʥʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʪʘʢ ʭʦʨʦʰʦ, ʧʨʦʚʝʨʠʚ ʢʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ  
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Meshing Ÿ Check Mesh Ÿ Individual Elm Ÿ Plot Warning/Error Elements. 

ɺʧʨʦʯʝʤ, ʚʠʜʥʦ, ʯʪʦ ʧʣʦʭʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʪ ʚʦʦʙʱʝ, ʠ ʣʠʰʴ 40 ʵʣʝʤʝʥʪʦʚ ʠʟ 57062 

ʠʤʝʶʪ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʫʶ ʩʝʪʢʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ. 

7. ɿʘʜʘʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ɺʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ANSYS ʥʘʟʳʚʘʶʪʩʷ ʥʘʛʨʫʟʢʘʤʠ (Loads). ɺ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʜʣʷ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʣ (Solids) ʚʭʦʜʷʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʛʨʫʟʢʠ (Surface Loads); ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ (Forces); 

ʫʩʣʦʚʠʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ (Displacements) ʠ ʦʙʲʝʤʥʳʝ ʩʠʣʳ (Body Loads), ʢ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʜʨ. 

ʋʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪʩʷ ʚ ANSYS ʥʘʛʨʫʟʢʘʤʠ. 

ʅʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨ ʧʨʘʚʳʭ ʯʘʩʪʝʡ F  ʚ ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ FUK =Ö , ʠ ʧʦʵʪʦʤʫ ʚ ʠʪʦʛʝ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʠʚʝʜʝʥʳ ʢ ʫʟʣʘʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ. ɺ ANSYS ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ 

ʟʘʜʘʚʘʪʴ ʢʘʢ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ (ʜʣʷ ʫʟʣʦʚ ʠ ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʦʚ), ʪʘʢ 

ʠ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ (ʜʣʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʣʠʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʦʙʲʝʤʦʚ). ʇʨʦʛʨʘʤʤʘ ʩʘʤʘ ʧʨʠʚʦʜʠʪ ʥʘʛʨʫʟʢʠ, ʟʘʜʘʥʥʳʝ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʤʦʜʝʣʠ, ʢ ʥʘʛʨʫʟʢʘʤ ʜʣʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʘ ʚʥʝʫʟʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ï ʢ 

ʫʟʣʦʚʳʤ ʩʠʣʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʪʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʵʪʦ ʝʤʫ ʢʘʞʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ. ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʧʳʪʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʣʝʛʢʦ ʩʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ, ʚʦʟʤʦʞʥʦ, ʠ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʜʣʷ ʥʠʭ. ʇʦʣʝʟʥʦ ʧʦʵʪʦʤʫ ʧʦʜʫʤʘʪʴ, ʢʘʢ ʤʦʞʥʦ ʟʘʜʘʪʴ ʪʝ ʞʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ-ʜʨʫʛʦʤʫ! ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʢʘʢ ʚ 

ʤʝʥʶ ʧʨʝʧʨʦʮʝʩʩʦʨʘ (Preprocessor), ʪʘʢ ʠ ʚ ʤʝʥʶ ʨʝʰʘʪʝʣʷ (Solution). ɿʜʝʩʴ ʚʩʝ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʜʫʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʤʝʥʶ Solution. 

ǒ ʇʝʨʝʡʜʝʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʣʦʚʠʡ ʞʝʩʪʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʥʠʞʥʝʤ 

ʦʩʥʦʚʘʥʠʠ ʜʝʪʘʣʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʵʪʠ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʟʘʜʘʪʴ ʢʘʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ (Areas), ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʘʥʠʝ, ʪʘʢ ʠ ʚ ʫʟʣʘʭ ʥʘ ʦʩʥʦʚʘʥʠʠ. 

ʇʨʝʜʣʘʛʘʝʤ ʜʚʘ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʛʣʘʚʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɼʣʷ ʥʠʞʥʝʛʦ 

ʦʩʥʦʚʘʥʠʷ, ʚ ʩʣʫʯʘʝ ʞʝʩʪʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʚʳʧʦʣʥʠʤ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ  

MM Ÿ Solution Ÿ Define Loads Ÿ Apply Ÿ  
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Structural  Ÿ Displacements Ÿ On Areas 

ɼʣʷ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʘʥʠʝ, ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʚʩʝ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ ï All  DOF, ʪ.ʝ. ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ UX, UY, UZ, ʠʣʠ ʟʘʜʘʪʴ 0 ʜʣʷ 

Displacement value ʠ ʥʘʞʘʪʴ OK, ʠʣʠ ʧʨʦʩʪʦ ʥʘʞʘʪʴ OK   (ʟʥʘʯʝʥʠʝ  ʙʫʜʝʪ 

ʧʨʠʥʷʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʨʠʩʫʥʦʢ 24), ʜʘʣʝʝ ʟʘʜʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʤʝʱʝʥʠʡ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 25. 

  

ʈʠʩʫʥʦʢ 22  ï ɿʘʜʘʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ  

ʈʠʩʫʥʦʢ 23 ï ɺʳʙʦʨ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʜʣʷ ʟʘʜʘʥʠʷ ʥʫʣʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ  
 

ï ʆʧʠʰʝʤ ʪʝʧʝʨʴ ʚʪʦʨʦʡ, ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʧʦʩʦʙ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʥʘʯʘʣʝ 

ʚʳʙʠʨʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʝʤ ï ʫʟʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʠ, 

ʥʘʢʦʥʝʮ, ï ʟʘʜʘʶʪʩʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʵʪʠʭ ʫʟʣʘʭ. ʈʝʘʣʠʟʫʝʤ ʝʛʦ ʥʘ ʙʦʢʦʚʦʤ 

ʧʘʪʨʫʙʢʝ ʩ ʥʝʥʫʣʝʚʳʤʠ  ʩʤʝʱʝʥʠʷʤʠ.  

ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʩʜʝʣʘʝʤ ʘʢʪʠʚʥʦʡ 11 ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʫʶ ʤʳ 

ʩʦʟʜʘʣʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ, ʘ ʟʘʪʝʤ ʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʩʜʝʣʘʝʤ ʨʘʙʦʯʝʡ, ʪ.ʝ. 

UM Ÿ WorkPlane  Ÿ Change active CS to Ÿ Specific coordinate system  

 

UM Ÿ WorkPlane  AlignWP with  Ÿ Specific coordinate system  
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ʈʠʩʫʥʦʢ 24  ï ɺʳʙʦʨ ʣʦʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ˉ 11 

ʈʠʩʫʥʦʢ 25 ï ʇʘʥʝʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʧʠʩʢʘ 

ʟʘʢʨʝʧʣʝʥʠʡ ʚ ʫʟʣʘʭ 

 

ɺ ʤʝʥʶ ʫʪʠʣʠʪ ʚʳʙʝʨʝʤ Select Ÿ Select Entities (ʨʠʩʫʥʦʢ 26, ʣʝʚʘʷ ʧʘʥʝʣʴ), 

ʫʢʘʞʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʳʙʠʨʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ Areas, ʘ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʚʳʙʦʨʘ ï 

Num/Pick (ʨʠʩʫʥʦʢ  26) ʠ ʥʘʞʠʤʘʝʤ OK . ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʘʥʝʣʠ Select Areas 

ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʥʦʤʝʨʘ ʪʨʝʙʫʝʤʳʭ ʦʙʣʘʩʪʝʡ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʵʪʦ 

ʥʘʜʝʞʥʝʝ) ʠʣʠ ʚʳʜʝʣʠʪʴ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʳʰʴʶ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤ 

Box, ʘ ʧʦʩʣʝ ʚʳʙʦʨʘ ʥʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʞʘʪʴ OK .  

  

 

ʈʠʩʫʥʦʢ 26 ï ɺʳʙʦʨ ʫʟʣʦʚ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʈʠʩʫʥʦʢ  27 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʫʟʣʦʚ ʚ 

ʦʩʥʦʚʘʥʠʠ ʥʠʞʥʝʛʦ ʰʪʫʮʝʨʘ, ʧʦʜʣʝʞʘʱʠʭ 

ʟʘʢʨʝʧʣʝʥʠʶ 

ɼʘʣʝʝ ʚ ʧʘʥʝʣʠ Select Entities ʚʳʙʝʨʝʤ ʚʩʝ ʫʟʣʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ  ʪʝʢʫʱʝʡ  

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʳ. ʋʩʪʘʥʦʚʠʤ ʚʩʝ ʦʧʮʠʠ, ʢʘʢ 

ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 26 (ʧʨʘʚʘʷ ʧʘʥʝʣʴ), ʠ ʥʘʞʤʝʤ Ok. 

 

ʏʪʦʙʳ ʦʪʦʙʨʘʟʠʪʴ ʘʢʪʠʚʥʳʝ ʫʟʣʳ ʦʩʥʦʚʘʥʠʷ, ʚʳʧʦʣʥʠʤ Plot Ÿ Nodes 

(ʨʠʩʫʥʦʢ 27). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʘʥʥʳʝ ʫʟʣʳ ʛʦʪʦʚʳ ʢ ʟʘʜʘʥʠʶ ʩʤʝʱʝʥʠʡ 

(ʟʘʢʨʝʧʣʝʥʠʶ). ɿʘʜʘʚʘʪʴ ʟʘʢʨʝʧʣʝʥʠʝ ʚʳʙʨʘʥʥʳʭ ʫʟʣʦʚ ʩʣʝʜʫʝʪ ʚ ʟʘʢʣʘʜʢʝ 

Solution:   

MM ŸDefine Loads Ÿ Apply Ÿ Structural Ÿ Displacement Ÿ  
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Ÿ On Nodes (ʨʠʩʫʥʦʢ 26) 

 
 

ʈʠʩʫʥʦʢ 28  ï ʇʘʥʝʣʴ ʟʘʜʘʥʠʷ 

ʩʤʝʱʝʥʠʡ  (ʚ ʪ.ʯ. ʚ ʫʟʣʘʭ) 

ʈʠʩʫʥʦʢ 29  ï ʇʘʥʝʣʴ ʟʘʜʘʥʠʷ 

ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ 

 

 

ɺʘʞʥʳʤ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʦʚ  ʦʙʲʝʢʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ 

ʣʦʛʠʢʠ ʠ ʠʤʝʶʱʠʭ ʩʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ; ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʨʠʩʫʥʢʝ 

30 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 

ʈʠʩʫʥʦʢ 30 ï ʇʦʣʫʯʝʥʠʝ ʩʧʠʩʢʘ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ (ʘʢʪʠʚʘʮʠʷ) ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪ.ʯ. ʫʟʣʦʚ (ʨʠʩʫʥʦʢ 26) 

ʧʦʩʣʝ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʝʨʘʮʠʡ ʩ ʥʠʤʠ ʪʨʝʙʫʝʪ ʜʝʘʢʪʠʚʘʮʠʠ ʠ ʚʳʙʦʨʘ ʥʦʚʳʭ 

ʦʙʲʝʢʪʦʚ  ʜʣʷ ʟʘʜʘʥʠʷ çʦʯʝʨʝʜʥʳʭè ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʚʩʝ ʘʢʪʠʚʥʳʝ  ʫʟʣʳ ʜʣʷ ʜʝʘʢʪʠʚʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ  ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ 

ʨʠʩʫʥʢʘ 26 ʚʳʙʨʘʪʴ ʦʙʲʝʢʪʳ  Nodes ʠ ʦʧʮʠʶ Unselect, ʥʘ ʧʘʥʝʣʠ Unselect Nodes 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ Pick all, ʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ 

ʚʳʙʨʘʪʴ ʦʙʲʝʢʪʳ Areas ʠ ʦʧʮʠʶ Unselect. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʮʝʧʦʯʢʦʡ ʜʝʡʩʪʚʠʡ UM  Ÿ Select Ÿ Select Everything 

 ʚʝʨʥʝʤ ʚʩʝ ʵʣʝʤʝʥʪ rʤʦʜʝʣʠ. 

 

8 ɿʘʜʘʥʠʝ ʫʩʣʦʚʠʡ ʩʠʤʤʝʪʨʠʠ  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʚʤʝʩʪʠʤ ʨʘʙʦʯʫʶ ʩʠʩʪʝʤʫ ʩ ʛʣʦʙʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ 

(csys=0). ɺʳʙʝʨʝʤ ʬʫʥʢʮʠʶ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʙʣʘʩʪʠ On Areas, ʢʘʢ 

ʫʢʘʟʘʥʦ, ʥʘ ʧʘʥʝʣʠ ʠ ʚ Apply  SYMM  on Areas ʫʩʪʘʥʦʚʠʤ ʧʨʝʜʣʘʛʘʝʤʳʝ ʦʧʮʠʠ 

(ʨʠʩʫʥʦʢ 33). ɼʘʣʝʝ ʱʝʣʯʢʦʤ ʤʳʰʠ ʚʳʙʝʨʝʤ ɺʉɽ ʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʝʟʘʥʠʷ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʥʘ ʜʚʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠ 

(ʦʥʠ ʦʪʤʝʯʝʥʳ çʚʳʜʝʣʝʥʠʝʤè ʠ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ), ʥʘʞʤʝʤ Ok. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩʫʥʦʢ 34). 

 

 

ʈʠʩʫʥʦʢ 33 ï ɿʘʜʘʥʠʝ ʫʩʣʦʚʠʡ ʩʠʤʤʝʪʨʠʠ 

 

ʈʠʩʫʥʦʢ 34 ï

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʩʣʦʚʠʡ 

ʩʠʤʤʝʪʨʠʠ 

 


