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ESI Additive Manufacturing 2019.0

˽͔͍ͪ·͚ ͦͺ͙ͼ͙͊͡Έͤ·͚ ͔͙ͪ͘͡ ͒͡Ύ ͦͼ͔͙ͤ͟ 
͔ͭͻ͎͙ͤͦͦ͡;͙ͤͦͫͭ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙͔͙͚͒͘͡
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Powder Bed Laser Metals

ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ESI AM?

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʣʘʚʣʝʥʠʝ
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ʇʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ 
ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ
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ʂʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ
ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʤʝʪʘʣʣʘ: ʩʚʦʙʦʜʘ ʚ ʜʠʟʘʡʥʝ ʠ ʩʚʦʙʦʜʘ ʚ ʪʝʭʥʦʣʦʛʠʠ

Å˹͍ͦ͊Ύ ͎͔͔͙ͦͣͭͪΎ
Å˹͍ͦ·͔ ͔͙ͣ͊ͭͪ͊͡·
Å͔̂ͣͤΈ΄͔͙͔ͤ ;͙ͫ͊͡
ͫ͋ͦͪͦ;ͤ·ͻ ͔ͦͨͪ͊ͼ͙͚

Å͔̂ͣͤΈ΄͔͙͔ͤ ͣ͊ͫͫ·
Å̂ͨͪͦ΅͔͙͔ͤ ͔ͭͻ͎͙͙ͤͦͦ͡ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘
ÅΧ

˻ˬˮ˨ˢ˹ˮ̒

˾˩ˢ˶̎˹˻˿́̎

˴͡Ό;͔͍͚ͦ ͍ͦͨͪͦͫ: 
˴͊͟ Ήͭͦ ͔ͫ͒͊ͭ͡Έ
͔͔ͪͤͭ͊͋͡Έͤ·ͣ?
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ɿʘʜʘʯʠ ʧʨʦʮʝʩʩʘ/ ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʤʝʪʘʣʣʘ

Åʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ: ʂʦʨʦʙʣʝʥʠʷ ʠ 
ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 
ʚʳʨʘʱʠʚʘʥʠʷ

Åʇʦʜʜʝʨʞʢʠ

Åʂʦʨʦʙʣʝʥʠʷ ʧʦʜʣʦʞʢʠ

Åʆʨʠʝʥʪʘʮʠʷ/ z-ʘʥʠʟʦʪʨʦʧʠʷ

Åʆʩʪʘʥʦʚʢʘ ʚʘʣʠʢʠ / ʅʝʫʜʘʚʰʠʡʩʷ ʧʨʦʮʝʩʩ

Åʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴʦʢʦʥʯʘʪʝʣʴʥʦʡ
ʛʝʦʤʝʪʨʠʠ: ʂʦʨʦʙʣʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʳʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ, 
ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ

˿ͭͪͯͭͯͪ͊͟ ͔͔ͨͦ͒͒ͪ͗͟ 
͔͙ͤͦ͋ͦ͒ͣ· ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͟ 
͍͙ͤ͊ͫ͊Ό΅͙ͻ;͔͚͊ͫͭ ͙͔͙͒͘͡Ύ 
͙ ͔ͯͣͤΈ΄͔͙ͤΎ ͔͙͚ͦͪͦ͋ͤ͟͡

ˮ͔͙͔͒͘͡ ͍ ͨͪͦͼ͔͔ͫͫ ͍·ͪ͊΅͙͍͙͊ͤΎ ͍͔͔ͨͦ͒ͪ͗ͤͦ
͔͙ͦͪͦ͋ͤ͟͡Ύͣ ͙͘-͊͘ ͍͙͡Ύ͙ͤΎ ͍ ͭΦ;Φ ͔͙ͭͪͣ;͔͚ͫͦ͟ 
͙ͯͫ͊͒͟Φ˨͡Ύ ͙͔͙͋͗͊ͤ͘ΎΉ͎ͭͦͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ 
͙ͪ͊͘͡;ͤ·͔ ͙͔͙͍͙͔͙ͦͪͤͭͪͦ͒ͭ͊͟͡ ͤ͊ ͔ͨͦ͒ͦ͗͟͡ 
͙ͨ ͔͙ͦ͒͒ͪ͗͟ 



6www.esi-group.com

Copyright É ESI Group, 2019. All rights reserved.

ɿʘʜʘʯʠ ʧʨʦʮʝʩʩʘ/ ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʤʝʪʘʣʣʘ

Åʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘʜʣʷ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ

Åʇʦʨʠʩʪʦʩʪʴ

Åʄʠʢʨʦʩʪʨʫʢʪʫʨʘ

Åʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘʜʣʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ 
(ʫʩʪʘʣʦʩʪʴ, ʢʦʨʨʦʟʠʷ, é)

˾͙͊͘͡;ͤ·͔͔ͨ͊ͪ͊ͣͭͪ· 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘, ͭ ͙͔͊͟ ͊͟͟ 
͔͙ͭͪ͊ͭͦͪ͟Ύ ͍͙͔͙͒͗ͤΎ 
͔͊ͪ͊͘͡Σ ͎ͣͦͯͭ ͋·ͭΈ ͙ͨͪ;͙͚ͤͦ 
ͨͦΎ͍͔͙ͤ͡Ύ͔͒ͺ͔͍ͭͦ͟
(͙ͨͦͪͫͭͦͫͭΈ)

˾͙͊͘͡;ͤ·͔͔ͨ͊ͪ͊ͣͭͪ· 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͎ͦ͒ͤͦͦ ͙ 
͎ͭͦͦ ͔͗ ͔͙ͣ͊ͭͪ͊͊͡ ͍͙͡ΎΌͭ
ͤ͊ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ 
ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ Ή͎ͭͦͦ
͔͙ͣ͊ͭͪ͊͡

K
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˾͙͊͘͡;ͤ·͔͔ͨ͊ͪ͊ͣͭͪ· 
͙͍͍ͨͪͦͦ͒ͫͭ͊ͦ͋͘·;ͤͦ 
͔͙ͭͫͭͪͯΌͭ ͤ͊ ͋ͦ͡Έ΄ͦͣ 
͙ͦ͟͡;͔͍͔ͫͭ ͔ͪ͊͡Έͤ·ͻ 
ͦ͋ͪ͊͘ͼ͍ͦΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ
͊ͭͪ͊ͭͤͦ͘ ͍ ͔͔͒ͤ͗ͤͦͣ ͔ͨ͊ͤ͡
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˥͔͔͙ͦͣͭͪΎ ͔ͤͦͭͦͪ͟·ͻ 
͙͔͙͚͒͘͡ ͔ͤ ͔͒ͦͨͯͫ͊ͭ͟ 
ͨͦ͡ͻ͎ͦͦ ͊͟;͔͍ͫͭ͊ 
͍͔ͨͦͪͻ͙ͤͦͫͭ
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ʄʫʣʴʪʠʤʘʩʰʪʘʙʥʳʡ ʠ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ

Erasteel- https://youtu.be/GjbkxVku39Y

˽ͦͪͦ΄ͦ͟

˾͔͊ͣͪͤͦͫͭ͘Έ :ρπ ρπͣ

͙͙̅͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ:
- ˽ͦ͒͊;͊ ͔͙ͣ͊ͭͪ͊͊͡
- ˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡
- ˽͍͔͙͔͊ͤ͡͡
- ˽͙ͦͪͫͭͦͫͭΈ
- ̅ͦͪͣ͊ ͙ ͔ͭ;͔͙͔ͤ ͦͤ͘· 
͍ͪ͊ͫͨ͊͊͡

˸͔ͦ͒͡Έ:˸͙ͪͦ͟ ͍͔ͯͪͦͤΈ

ˮͫͭͦ;͙ͤ͟ ͔ͭͨ͊͡

˾͔͊ͣͪͤͦͫͭ͘Έ :ρπͣ

͙͙̅͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ:
- ˽͔͔ͪͤͦͫ ͔ͭͨ͊͡
- ˨͙ͺͪ͊͟ͼ͙Ύ
- ˮ͔͙͔ͫͨ͊ͪͤ

˸͔ͦ͒͡Έ: ˸ ͙ͪͦ͟ ͍͔ͯͪͦͤΈ

ˮ͔͙͔͒͘͡

˾͔͊ͣͪͤͦͫͭ͘Έ :ρπ̍

͙͙̅͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ:
- ͔́ͪͣͦ-͔ͣͻ͙͊ͤ;͔͙͚ͫ͟ 
͙͊ͤ͊͘͡

- ˾͊ͫ;͔ͭ ͦͫͭ͊ͭͦ;ͤ·ͻ 
ͤ͊ͨͪΎ͔͙͚͗ͤ

- ˾͊ͫ;͔ͭ ͔͙͚ͦͪͦ͋ͤ͟͡
- ˭͊ͦͤ͟· ͎ͯͨͪͯͦ-͍Ύͦ͘͟-
͙ͨ͊ͫͭ͡;͔͎ͫͦͦ͟ ͍͔͔͙ͨͦ͒ͤΎ

- ˽͔͔ͪͤͦͫ ͔ͭͨ͊͡

˸͔ͦ͒͡Έ: ˸ ͊ͪͦ͟ ͍͔ͯͪͦͤΈ

˽ͪͦͼ͔ͫͫ ͍·ͪ͊΅͙͍͙͊ͤΎ

˾͔͊ͣͪͤͦͫͭ͘Έ :ρπͣ

͙͙̅͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ:
- ˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ 
ͦͫͭ͊ͭͦ;ͤ·ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ

- ˴͔͙ͦͪͦ͋ͤ͡Ύ

˸͔ͦ͒͡Έ: ˸ ͊ͪͦ͟ ͍͔ͯͪͦͤΈ

˸͙ͪͦͫͭͪͯͭͯͪ͊͟͟

˾͔͊ͣͪͤͦͫͭ͘Έ:ρπ̍

͙͙̅͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ:
- ͍͔͙̒ͤ͡Ύ ͍͔͙ͪ͊ͫͨ͊ͤ͡͡Ύ ͙ 
͍͔͔͍͙͊ͭͪ͒͊ͤ͘Ύ

- ˸͔͎͙ͭ͊ͯͪ͡͡;͔͙͔ͫ͟ ͙ 
ͺ͍͊ͦ͘·͔ ͔͔ͨͪͻͦ͒·

˸͔ͦ͒͡Έ: ˸ ͔ͦ͘ ͍͔ͯͪͦͤΈ
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ɿʘʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ çʤʘʪʝʨʠʘʣ-ʧʨʦʮʝʩʩ-ʧʨʦʜʫʢʪè

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʤʝʪʘʣʣʘ

ü ˾͊ͪ͊͋͊ͭ͘·͍͚͔͊ͭ ͙ ͙͙͙͚͔ͦͨͭͣͪͯͭ͘ ͙͔͙͔͒͘͡

ü ͔̂ͣͤΈ΄͚͔͊ͭ ͙ͫͭͦͣͦͫͭΈ

˽͍͔ͪͦͪΎ͚͔ͭ

ά˴ ͊͊͟Ύ ͙͘ ͙͔ͦͪͤͭ͊ͼ͙͚ ͍·ͪ͊΅͙͍͙͊ͤΎ ͯ͡;΄͊ΎΚέ

ά˹ ͯ͗ͤͦ ͙͡ ͍͙͒ͦ͋͊ͭΈ ͔͙ͨͦ͒͒ͪ͗͟Κέ

˴͊͟ ͙͔ͤͫͭͪͯͣͤͭ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘

ά́ ͔ͻ͎͙ͤͦͦ͡;ͤͦͫͭΈέ

ü ˻͔͔ͨͪ͒͡Ύ͚͔ͭ ͔ͪ͊ͣͪ͘· ͙ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͔͒ͺ͔͍ͭͦ͟

ü ˾͊ͪ͊͋͊ͭ͘·͍͚͔͊ͭ ͔͙ͣ͊ͭͪ͊͡ 

͍̂ͨͪ͊͡Ύ͚͔ͭ

ά˴ ͊͟ ͙͎͒ͦͫͭͤͯͭΈ ͯ͡;΄͔͚ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͙ͨͦͭͤͦͫͭ͡ ͔͙ͣ͊ͭͪ͊͊͡ ͙

͙ͫͦͪͦͫͭ͟ ͨͪͦͼ͔ͫͫ͊Κέ

ά˴ ͊͟ ͔ͯͣͤΈ΄͙ͭΈ ͙ͦ͟͡;͔͍ͫͭͦ ͔͒ͺ͔͍ͭͦ͟έ

˴͊͟ ͙͔ͤͫͭͪͯͣͤͭ ͦͼ͔͙ͤ͟ ͊͟;͔͍ͫͭ͊ ͙ͣ͊ͭͪ͊͊͡,
˨͡Ύ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͍ͦͭ͒ͦ͡

˻͙͙͙͚͔ͨͭͣͪͯͭ͘
ά˽ ͍͙ͪ͊͡Έͤ͊Ύ ͔ͨ;͊ͭΈ ͫ ͔͍͎ͨͪͦͦ ͪ͊͊͘έ

ά˿ ͍͚͍͙ͦͫͭ͊ͣ ͔͙ͣ͊ͭͪ͊͊͡έ

Visual AM 14.5
˽͙ͪͦͭͦͭͨ ͙ ˽͔ͪͦͭͤ͊͟Ύ ͪ͊͋ͦͭ͊
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˻ͼ͔ͤ͊͟ ͔ͭͻ͎͙ͤͦͦ͡;͙ͤͦͫͭ ͙͔͙͒͘͡Ύ: 
ͪ͊ͪͯ͘΄͔͙͔ͤ ͎͙ͪ͊ͤͼ ͔ͣ͗͒ͯ ͙͔͔͚͒ ͙ 
͙͍͍ͨͪͦͦ͒ͫͭͦͣ͘

ESI Additive Manufacturing Software ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ 
͔ͭͻ͎͙ͤͦͦ͡;ͤͦͫͭΈ ͍͙ͪͭͯ͊͡Έͤͦ-͙͍͔͔͎ͨͪͦ͒ͤͤͦͦ͘ ͙͔͙͒͘͡ΎΣ 
͙͎͍͒ͦͫͭͤͯ ͙ͨͪ Ήͭͦͣ ͙ͦͨͭͣ͊͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪ ͙ ͫͦͪ͊͟΅͔͙ͤΎ 
͙͔͔͒ͪ͗͘͟ ͔ͪ͊͡Έ͎ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘
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PRESCAN ʤʦʜʫʣʴ

ESI AM 2019.0: ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ

Å Prescan(͋·ͫͭͪ͊Ύ ͦͼ͔ͤ͊͟ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘)

˽͍ͦͦ͘͡Ύ͔ͭ ͙͍͔͙ͨͪͦͫͭ͘ ͦͼ͔ͤͯ͟ ͤ͊͋ͦͪ͊ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ (laser power, laser speed, lasing strategy, etc.)͒͡Ύ ͍͔͙ͯ͡;͔͙ͤΎ 
͙ͫͦͪͦͫͭ͟ ͍·ͪ͊΅͙͍͙͊ͤΎ ͙͔͙͒͘͡Ύ ͙ ͙ͨͦͭͤͦͫͭ͡ ͔͙ͣ͊ͭͪ͊͊͡Σ ͙ͫͨͦ͡Έͯ͘Ύ ͋·ͫͭͪ·͔ ͎͙͊ͦͪͭͣ͡· ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ 

Å Constant Inputs

- Material properties

- Average powder size distribution 
diameter

- Heat source diameter

Å Ranged Inputs

- Laser power

- Laser speed

- Hatchspacing

- Tabledisplacement

Å OptimizedCriteria

- Build rate

Å Process Parameters Sets

- Laser power

- Laser speed

- Hatch spacing

- Table displacement

ˤͻͦ͒ͤ·͔ ͔ͨ͊ͪ͊ͣͭͪ· ˾͔ͯ͘͡Έͭ͊ͭ·ˤ͙͙ͯ͊͊͘͘͡ͼ͙Ύ
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PRESCAN module

ESI AM 2019.0: ʉʪʨʫʢʪʫʨʘ ʇʆ

ÅPrescan: 

Å Interface: Visual AM 14.5 (for pre / post / model setup)

ÅModel Setup Core: AM Core 2019.0

ÅOptimizer: Multi-Objectives Genetic Optimization Algorithm, 
PamOpt2018.1

ÅMaterial Database: IN718, Ti6Al4V, AlSi10Mg, 316L, 15-5PH

ÅResults Analysis: Extraction of a Pareto Frontier. CSV file for 
advanced analysis using Excel

Material DB

Visual AM Model Setup

ResultsAnalysis
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DISTORTION module

ESI AM 2019.0: ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ

Å Distortion (macro scale modeling)

˽͔͔ͦͤͦͪ͊ͣͪͤͦ͘͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͨͪͦͼ͔ͫͫ͊ ͍·ͪ͊΅͙͍͙͊ͤΎ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͚͚ͨͦͫͦͤͦ͡ ͙͍͊ͭ͊͟ͼ͙͙ ͔͍ͫͦ͡Φ ˤ Ήͭͦͣ ͔ͣͦ͒ͯ͡ 
͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͔͙͚ͦͪͦ͋ͤ͟͡ ͙ ͦͫͭ͊ͭͦ;ͤ·ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ ͍ ͙͔͙͙͒͘͡Φ ˢ͙ͤ͊͘͡ ͙͔͙ͪͭͪ͟Ύ ͔ͭͻ͎͙ͤͦͦ͡;͙ͤͦͫͭ ͙͔͙͒͘͡Ύ 
όͦͼ͔ͤ͊͟ ͙ͣ͊ͫͣ͊͟͡Έͤ·ͻ ͔͙͚ͦͪͦ͋ͤ͟͡ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͍·ͪ͊΅͙͍͙͊ͤΎύ ͔͒͊ͭ ͙͙͔ͨͦͤͣ͊ͤ ͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍·ͪ͊΅͙͍͙͊ͤΎ ͙͔͙͒͘͡Ύ 
ό͙͔͎͙͔͋͊ͤ͘ ͔ͤͯ͒͊;͚ͤͦ ͔ͨ;͙͊ͭύ ͤ͊ ͍͔ͦͫͤͦ ͊͒͊ͤͤ͘·ͻ ͨͦ͡Έ͍͔͔ͦ͊ͭͣ͘͡ ͔͎͙͙ͫͭͪ͊ͭ ͔͔ͨͦ͒͒ͪ͗͟ ͙ ͙͔ͦͪͤͭ͊ͼ͙͙ ͙͔͙͒͘͡ΎΦ

Å Geometry

Å Material Properties

- Elastoplastic behavior law

- Solidus Temperature

- Thermal Expansion Coefficient

Å Process Parameters

- Table Displacement

- Powder Preheating temperature

Å Modeling Parameters

- Mesh fineness and strategy

- Supports strategy

ÅManufacturability
Criterion

ÅDistortion and Residual 
Stresses Distributions

ÅCompensated 
Geometry

ˤͻͦ͒ͤ·͔ ͔ͨ͊ͪ͊ͣͭͪ· ˾͔ͯ͘͡Έͭ͊ͭ·˭͙͔͊͒͊ͤ ͔ͨͪͦͭ͊͟ ͙ ͊ͨͯͫ͘͟ ͪ͊ͫ;͔ͭ͊
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DISTORTION module

ESI AM 2019.0: ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ

Å Model Setup

- Automated geometry meshing

- Automated slicing geometry

- Automated supports localization based on inclination angle or existing supports geometry

- Partial automated model setup: few modeling parameters to be set by the user

Å Modeling Stages

- Building process: the part is built by a layer by layer activation approach

- Release stage: the baseplate is unclamped from the machine

- Heat treatment stage: stress-relief by applying a thermal cycle

- Removal stage: the workpiece is removed from the baseplate

Å Functionalities

- Material Database with edition options

- Restart Option

- Multi-Cores (DMP) computation



14www.esi-group.com

Copyright É ESI Group, 2019. All rights reserved.

DISTORTION module

ESI AM 2019.0: ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ

Å Results Analysis

1. ˴͙͔͙͚ͪͭͪ ͔ͭͻ͎͙ͤͦͦ͡;͙ͤͦͫͭ

2. ˴͔͙ͦͪͦ͋ͤ͡Ύ ͙ ͦͫͭ͊ͭͦ;ͤ·͔ ͤ͊ͨͪΎ͔͙͗ͤΎ ͍ ͨͪͦͼ͔͔ͫͫ 

3. ˢ͙ͤ͊͘͡ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔ͭͪ΅͙ͤ (from equivalent plastic strain field)

4. Compensated geometry (from Terminal mode, not Visual AM)

(2) BuildingStage Modeling: Displacement Magnitude

(2) Heat Treatment Stage Modeling: 

Effects on final removal stage

(1) ManufacturabilityCriterion

(3) Cracks Analysis

(4-5) Results Mapping and Compensation
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DISTORTION module

ESI AM 2019.0: ʉʪʨʫʢʪʫʨʘ ʇʆ

ÅDistortion (macro scale modeling): 

Å Interface: Visual AM 14.5 (for pre / post / model setup)

ÅModel Setup Core: AM Core 2019.0

ÅMesher: Hexahedral automated mesher: Viscart2018.5 
(from CFD-ACE+ Suite)

ÅSolver: Finite Element Solver: Sysweld 2018.0

ÅMaterial Database: IN718, Ti6Al4V, AlSi10Mg, 316L, 15-5PH

ÅResults Analysis: See previous slides.

Model Setup

Results Analysis
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͔̂ͣͤΈ΄͚͔͊ͭ ͼ͔ͨͦ;ͯ͟ ͔ͣͭͦ͒͊ ͨͪͦ͋ ͙ 
ͦ΄͙͋ͦ͟ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͔ͪͯ͘͡Έͭ͊ͭ͊ 
ζ˽͔;͊ͭΈ ͫ ͔͍͚ͨͪͦ ͨͦͨ·͙ͭ͟η
˾͙͊ͪ͊͋ͦͭ͘͟ ͍ Distortion ͣ ͔ͦ͒ͯ͡
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ʇʨʦʮʝʩʩʳ

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʤʝʪʘʣʣʘ

Erasteel- https://youtu.be/GjbkxVku39Y

˿͔͔͙͍͔ͭͤͦ͟͡ ͔͔͊ͪͤͦ͘͡ ͍͔͙͔ͫͨ͊ͤ͡͡˽ͪΎ͔ͣͦ ͔͔͙͔ͤ͊ͤͫͤ ͔͙ͣ͊ͭͪ͊͊͡
M. Barnett https://youtu.be/f6Gb9UWbzL8

ˤ·ͪ͊΅͙͍͙͔͊ͤ Ή͔͚ͭͪͦ͒ͤͦ͟͡ 
͍͚ͨͪͦͦͦͦ͟͡(WAAM)

Tecnaliahttps://youtu.be/N2hYFkf4SC0

WAAM
Wire Arc Additive 
Manufacturing

˿˩˥˻˨˹̒ ˭ˢˤ́˾ˢ ˭ˢˤ́˾ˢ
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(I) A Solution for Production
Analyze the thermal impact of your scanning strategy (coming soon) 

Understand how process parameters and 
geometrical features might affect your 
manufacturability

Á Describe the heat conduction during the 
building process leading to higher distortion in 
you geometry

Á Predictbottle-neck issues leading to high 
temperature increases

Á Analysethe melted area

Á Anticipate the position of your supports for 
improving the heat conduction towards the 
machine

Optimize
Verify

Mono Layer ThermalAnalysis

Macro ThermalAnalysis
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Thermal Module

INPUT DATA

TECHNOLOGY

RESULTS

PHYSICS

Process Parameters ςScanning Strategy ςMaterial Properties

New Solver

Thermal Conductive Equation

Functionality

Macro 
Thermal 
Analysis 

(releasein 
Dec-2019)

Mono Layer 
Thermal 
Analysis 

(prototype)

Multi Layer Scanning Modeling X

Complete Part Modeling Domain X

Fracture Criterion basedon cooling rate X

Coupled to Distortion Modeling X

Interface to Machine Control Files X X

Results extracted from the thermal model

ÅModules available through: 

ÅVisual AM 15.5 (official
commercial solution) for 
Macro Thermal Analysis

ÅPrototype for Mono Layer 
Thermal Analysis
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˴͊;͔͍ͫͭͦ ͔͙ͣ͊ͭͪ͊͊͡: ͯ ͍͔͔ͪͤͤͦͫͭΈ ͍ 
͙͎͍͔͙͙ͦͭͦͤ͘͡ ͙͔͙͒͘͡Ύ ͍·͎ͫͦͦͦ͟ ͊͟;͔͍ͫͭ͊

˾͙͊ͪ͊͋ͦͭ͘͟ ͙ ͍͙͊͒͊͡ͼ͙Ύ ͙ͣͪͦ͟-ͣͦ͒ͯ͡Ύ ESI AM
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Material Quality: Increase Design Confidence 

and Regulatory Acceptance

MATERIAL QUALITY

As a material quality tool, in engineering 
offices, 
MANAGE MATERIAL PROPERTIES
Å Qualify powder size distribution
Å Optimize the process to the expected 

performance
Å Identify defect size and location
Å Design material

My expectations
Å άIƻǿ Ŏŀƴ L ŀŎƘƛŜǾŜ ǘƘŜ ōŜǎǘ ŘŜƴǎƛǘȅ ŀƴŘ 
ǇǊƻŎŜǎǎ ǎǇŜŜŘΚέ

Å ά¦ƴƛŦƻǊƳ ƳŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘƛŜǎ ǾǎΦ ƎǊŀŘŜŘ 
ǇǊƻǇŜǊǘƛŜǎέ

Å άIƻǿ ǘƻ ƳƛǘƛƎŀǘŜ ŘŜŦŜŎǘǎΚέ

Simulation modules
Å Spreading, Melting
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Amande ïPowder Bed Process
Powder spreading- Variants on table displacement

Table disp= 200 m˃Table disp. = 100 ˃mTable disp. = 50 ˃m
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Amande ïPowder Bed Process

Powder spreading- Variants on table displacement Side view

Table disp. = 50 ˃m

Table disp. = 100 ˃m

Table disp= 200 m˃
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Width / Depth

Melting : Meltpool size

Absorption 
coefficient = 0.45

calibrated

Comparison between experiment and meltpoolsize simulation
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Melting : Full melting process simulation

Experimental cases simulated with the full melting model
Metal ςgas interface

рл ҡƳ ςP = 150W ςLaser Speed = 1000 mm/sPower (W) Velocity (mm/s) width (mm) length (mm)

100 Micron

250 1400 0.2016 0.3767

350 800 0.3085 0.5383

350 1000 0.282 0.5267

350 1600 0.2318 0.5062

400 600 0.3738 0.6235

50 Micron

150 1000 0.168 0.2485

200 200 0.3365 0.3931

250 600 0.2794 0.4131

300 800 0.2803 0.4676

400 400 0.4355 0.6533

400 1200 0.2823 0.5839

Quick MeltingLaser parameters

Simulation
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Melting : Full melting process simulation

Melted cells

Metal / gas interface

Understandingroot cause of defects

рл ҡƳ ςP = 150W ςLaser Speed = 1000 mm/s

Gas bubbles

Gas bubblesB
o

tt
o

m
vi

e
w
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Melting : Full melting process simulation

Surface finish Bottomview

рл ҡƳ ςP = 200 W ςV = 200 mm/s рл ҡƳ ςP = 300 W ςV = 800 mm/s 

рл ҡƳ ςP = 400 W ςV = 400 mm/s рл ҡƳ ςP = 400 W ςV = 1200 mm/s 

Gas bubbles

Gas bubbles
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Scan strategies/ Laser power strategiesκ Χ

Melting : Full melting process simulation

Surface roughtness

Hatch

Scan

Spatters

Roughness: 87 mm

Spreadingof layer #2

Melting of layer #2

Melting of layer #3
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From R&D to Product, ESI AM has been developed from 

many industrial partnersô feedbacks

SECTOR & APPLICATIONS

Aeronautics, Space
Å Aircraft/Rocket frames structures and parts
Å Propulsion, HT/HP engines parts
Å Repair and reconditioning
Å HF antennas

Energy (Oil & Gas, Nuclear)
Å Pump and turbines blades
Å Power exchange and generation HT/HP (fuel cell)
Å Repair and reconditioning

Automotive, Rail, Naval
Å Propulsion, Engines HT/HP
Å Molds and tooling
Å Repair and reconditioning

Medical
Å Prosthetics

wϧ5 twhW9/¢{ ²9Ωw9 Lb±h[±95 Lb

France
Å SOFIA, AMANDE, PALOMA

Europe
Å INTEGRADDE, OPEN HYBRID, EMUSIC, 

ENCOMPASS

US
Å DARPA, HONEYWELL

t!w¢b9w{ ²9Ωw9 ²hwYLbD ²L¢I
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˿͔͚͔͒͊ͭ͡ ͙͙͍͔͊͒͒ͭͤͦ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ 
Additive Manufacturing 
͍·͔͔ͫͦͦͪͤͭ͊͋͟͡Έͤ·ͣ ͙ ͍͚͔ͦͫͭ͊͊ͭͫΈ 
͔ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤ͟͟·͙ͣ
˻ͭ ͨͦͪͦ΄͊͟ ͒ͦ ͙͔͙͒͘͡Ύ ς͙ ͫͨͦ͡Έͯ͘Ύ ͔ͭͻ͎͙͙ͤͦͦ͡ESI ͍  ͙ͦ͋͊ͫͭ͡ 
͙͙͍͎͊͒͒ͭͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ˤ· ͙͙͙͔͔ͦͨͭͣͪͯͭ͘ ͨͪͦͼ͔ͫͫ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͙͎͙͔͒ͦͫͭͤͭ ͯ͡;΄͔͎ͦ ͊͟;͔͍ͫͭ͊ ͨͪͦ͒ͯ͟ͼ͙͙ ͙ 
͙͔͙ͫͤ͗ͤΎ ͔ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͙͔͔͒ͪ͗͘͟.
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