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3D2ACT: 

ɳɿɹʅʋʇʁɿʆɮʅ ʆʁ INDUSTRY пΦл ɼɮɹ ʆɹʅ ʆɳʋɿʁɽʁɱɹɳʅ оD 

ɾɳʅʍ ʆɶʅ ɼʁɹɿʍɿɹɼɶʅ ɳʃɹʋɳɹʄɶɾɮʆɹɼʁʆɶʆɮʅΥ ɳɿɮ 

ɼɮɹɿʁʆʁɾʁ ʃʄʁɱʄɮɾɾɮ ɱɹɮ ɳɿɮ ɰɹʍʅɹɾʁ ɾɳɽɽʁɿ 

 

ʅˎ˄ˍʱˁˍʹˌ όʶˌύΥ ǰǡǭǥǰǩǲǳǧǬǩǯ ǪǱǧǳǧǲ 

 

ɶ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɳˉʽˍˊˇˉʺˌ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰˎˍʺˌ ˍʹˌ ʵʹ˃ˇˋʾʶˎˋʹˌ ʵʶ˄ ˋˎ˄ʽˋˍʱ ʷʴˁˊʽˋʹ ˍˇˎ 
ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎΣ ˍˇ ˇˉˇʾˇ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ˃ˈ˄ˇ ˍʽˌ ʰˉˈ˕ʶʽˌ ˍ˖˄ ˋˎʴʴˊʰ˒ʷ˖˄ ˁʰʽ ʹ ɳˉʽˍˊˇˉʺ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

ʻʶ˖ˊʹʻʶʾ ˎˉʶˏʻˎ˄ʹ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ˔ˊʺˋʹ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋʶ ʰˎˍʺ˄Φ 

IO2-A2: Ǥǩǰǫǯ ǥǪǰǡǩǤǥǴǳǩǪǯ ǰǡǪǥǳǯ 



     

1 
 

 

IO2-A2: ɲɹʃɽʁ ɳɼʃɮɹɲɳʇʆɹɼʁ ʇɽɹɼʁ  
 

 

 

 

ɮɼʄʍɿʇɾɹʁ ʆʁʇ ɳʄɱʁʇ:  

3D2ACT 

 

ʆɹʆɽʁʅ ʆʁʇ ɳʄɱʁʇΥ  

ɳɿɹʅʋʇʁɿʆɮʅ ʆʁ INDUSTRY пΦл ɼɮɹ ʆɹʅ ʆɳʋɿʁɽʁɱɹɳʅ оD ɾɳʅʍ ʆɶʅ ɼʁɹɿʍɿɹɼɶʅ 
ɳʃɹʋɳɹʄɶɾɮʆɹɼʁʆɶʆɮʅΥ ɳɿɮ ɼɮɹɿʁʆʁɾʁ ʃʄʁɱʄɮɾɾɮ ɱɹɮ ɳɿɮ ɰɹʍʅɹɾʁ ɾɳɽɽʁɿ 

 

PROJECT NUMBER:  

2020-1-EL01-KA202-078957 

ɹʅʆʁʅɳɽɹɲɮΥ  

https://3 d2act.eu/  

 

ɼʁɹɿʁʃʄɮʀɹɮΥ ɽɹʅʆɮ ʆʍɿ PARTNERS  

ω ɳɸɿɹɼʁ ɼɳɿʆʄʁ ɳʄɳʇɿɮʅ ʊʇʅɹɼʍɿ ɳʃɹʅʆɶɾʍɿ ϦɲɶɾʁɼʄɹʆʁʅϦ όɳɽɽɮɲɮύ  
ω EUROPEAN DIGITAL LEARNING NETWORK (Italy)  
ω POLITEKNIKA IKASTEGIA TXORIERRI S.COOP (Spain)  
ω A & A EMPHASYS INTERACTIVE SOLUTIONS Ltd (Cyprus)  
ω STICHTING INCUBATOR (Netherlands)  
ω ʃɳʄɹʊɳʄɳɹɮɼɶ ɲɹɳʇɸʇɿʅɶ ɳɼʃɮɹɲɳʇʅɶʅ ɼʄɶʆɶʅ όɳ˂˂ʱʵʰύ  
ω ʃɮɿɳʃɹʅʆɶɾɹʁ ɼʄɶʆɶʅ όɳ˂˂ʱʵʰύ  

 

 

 

Attribution-NonCommercial  
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ǰǫǧǱǯǵǯǱǩǥǲ ǳǯǴ ǥǱǣǯǴ 
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ǤǩǤǡǪǳǩǪǧ ǥǭǯǳǧǳǡ 3.3 

ɼʶ˒ʱ˂ʰʽˇ 3.3 ɲˇˎ˂ʶˏˇ˄ˍʰˌ ˃ʶ ʱ˂˂ʰ ˎ˂ʽˁʱ 

 

ɳ˅ˇˉ˂ʽˋ˃ˈˌ όʶʱ˄ 

˔ˊʶʽʱʸʶˍʰʽύ 

ʃˊˇˍʸʷˁˍˇˊʰˌΣ ʇˉˇ˂ˇʴʽˋˍʺˌ ˃ʶ ˉˊˈˋʲʰˋʹ ˋˍˇ Internet, 3D ʁ ˁˍˎˉ˖ˍʺˌ 

ʃˊˇʰʽˊʶˍʽˁʱΥ ˉʰ˔ˏ˃ʶˍˊʰ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˍ˖˄ 

ˁˇ˃˃ʰˍʽ˗˄ 

ɲʽʱˊˁʶʽʰ 2 ̠ ˊʶˌ 

ʅˏ˄ˍˇ˃ʹ 

ʃʶˊʽʴˊʰ˒ʺ 

ʅʶ ʰˎˍˈ ˍˇ ˒ˏ˂˂ˇ ʶˊʴʰˋʾʰˌ ʻʰ ˃ʱʻˇˎ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ 

ˎ˂ʽˁ˗˄ ʶˁˍˏˉ˖ˋʹˌΦ ɳˉʾˋʹˌΣ ʻʰ ˋ˔ʶʵʽʱˋˇˎ˃ʶ ˁʰʽ ʻʰ ʶˁˍˎˉ˗ˋˇˎ˃ʶ 

ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ʶ ˔ˊʺˋʹ ʶˏˁʰ˃ˉˍˇˎ ˄ʺ˃ʰˍˇˌ (TPU), ̫ ˄ʰ ˋˍʺˊʽʴ˃ʰ ʴʽʰ 

˃ʱˋˁʰ ˁ ʰʽ ʷ˄ʰ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇ ˋˍˇˉ ʴʽʰ ˉˈˊˍʰ. 

ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ 
ɳˁ˃ʱʻʹˋʹˌ  

 

ʃ˗ˌ ˋ˔ʶʵʽʱʸˇˎ˃ʶ ˁʰʽ ˃ʶˍˊʱ˃ʶ ˃ʶ ʰˁˊʾʲʶʽʰΦ. 

ʋˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍˏˉ˖˄ ˎ˂ʽˁˇˏ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎˌ ˁʰʽ 

ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʰˉʰˊʰʾˍʹˍ˖˄ ʰ˂˂ʰʴ˗˄ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ˇˎ˄ ˋˍʽˌ 

ˊˎʻ˃ʾˋʶʽˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ slicer ˁ ʰʽ ˍˇˎ 3D ʁ ˁˍˎˉ˖ˍʺ ˉˊˇˁʶʽ˃ʷ˄ˇˎ  ˄ʰ 

ʶˁˍˎˉ˗ˋˇˎ˃ʶ ˃ʶ ʰˎˍʱ ˍʰ ˎ˂ʽˁʱΦ 

ʊʰ˄ˍʰˋʾʰ, ɳˉʾ˂ˎˋʹ ʃˊˇʲ˂ʹ˃ʱˍ˖˄Σ ɼˊʽˍʽˁʺ ʅˁʷ˕ʹ, 

ʃˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʰΣ ʃʶʽˊʰ˃ʰˍʽˋ˃ˈˌΣ ɮˎˍˇˋ˔ʶʵʽʰˋ˃ˈˌΣ ʇˉˇ˃ˇ˄ʺ 

ɲˊʰˋˍʹˊʽˈˍʹˍʶˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰ 1 ʃʰˊˇˎˋʾʰˋʹ 3.3.1 

ʅˍˈ˔ˇˌ ˍʹˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ɾʰʻʰʾ˄ˇˎ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˎ˂ʽˁ˗˄ ˍˊʽˋʵʽʱˋˍʰˍʹˌ 

ʶˁˍˏˉ˖ˋʹˌΦ 

ɲʽʱˊˁʶʽʰ 20 ˂ ʶˉˍʱ 

ʆˏˉˇˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ʃʰˊˇˎˋʾʰˋʹ 

ɲʽʵʰˁˍʽˁˇʾ ʅˍˈ˔ˇʽ ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ʵʽʱ˒ˇˊ˖˄ ˎ˂ʽˁ˗˄Σ ˇʽ 

ʽʵʽˈˍʹˍʶˌ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΦ 

ǲǶǥǤǩǯ ǬǡǨǧǬǡǳǯǲ 3.3  
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ʃʹʴʷˌ ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ 3.3 /  ʃʰˊˇˎˋʾʰˋʹ 1 

 

ɲˊʰˋˍʹˊʽˈˍʹˍʰ 2 ɯˋˁʹˋʹ 3.3.2 

ʅˍˈ˔ˇˌ ˍʹˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ʅ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹ ˃ʶ ˔ˊʺˋʹ TPU ʶ˄ˈˌ 

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇˎ ˋˍˇˉ ʴʽʰ ˉˈˊˍʰ 

ɲʽʱˊˁʶʽʰ 30 ˂ ʶˉˍʱ 

ʆˏˉˇˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ 

ɲʽʵʰˁˍʽˁˇʾ ʅˍˈ˔ˇʽ ʁ ʰˁˊʽʲʺˌ ˋ˔ʶʵʽʰˋ˃ˈˌ ʶ˄ˈˌ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˇ 

ζˍʶ˃ʰ˔ʽˋ˃ˈˌη ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˊˎʻ˃ʾˋʶʽˌ ʴʽʰ 

ʶˏˁʰ˃ˉˍʰ ˎ˂ʽˁʱ 

ʃʹʴʷˌ ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ 3.3 / ɯˋˁʹˋʹ 1 

 

ɲˊʰˋˍʹˊʽˈˍʹˍʰ 3 ɯˋˁʹˋʹ 3.3.3 

ʅˍˈ˔ˇˌ ˍʹˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ʅ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹ ˃ʶ ˔ˊʺˋʹ TPU ʶ˄ˈˌ 

ˋˍʹˊʾʴ˃ʰˍˇˌ ʴʽʰ ˃ʱˋˁʰ 

ɲʽʱˊˁʶʽʰ 40 ˂ ʶˉˍʱ 

ʆˏˉˇˌ 

ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 

ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ 

ɲʽʵʰˁˍʽˁˇʾ ʅˍˈ˔ˇʽ ʁ ʰˁˊʽʲʺˌ ˋ˔ʶʵʽʰˋ˃ˈˌ ʶ˄ˈˌ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˇ 

ζˍʶ˃ʰ˔ʽˋ˃ˈˌη ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˊˎʻ˃ʾˋʶʽˌ ʴʽʰ 

ʶˏˁʰ˃ˉˍʰ ˎ˂ʽˁʱ 

ʃʹʴʷˌ ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ 3.3 / ɯˋˁʹˋʹ 2 

ʃʶˊʰʽˍʷˊ˖ ɮ˄ʱʴ˄˖ˋʹ 

Guide to 3D Printing 

Materials 

https://formlabs.com/eu/blog/3d-printing-materials/  

Ultimate 3D Printing 

Materials Guide 

https://www.simplify3d.com/support/materials-guide/  

3D Printing 

Materials - The 

Ultimate Guide 

https://all3dp.com/1/3d-printing-materials-guide-3d-printer-material/  

https://formlabs.com/eu/blog/3d-printing-materials/
https://www.simplify3d.com/support/materials-guide/
https://all3dp.com/1/3d-printing-materials-guide-3d-printer-material/
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3D Printer Materials 

Guide 

https://www.3dbeginners.com/3d-printer-materials-guide/  

https://www.3dbeginners.com/3d-printer-materials-guide/
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Level 3 (Advanced Level: Specialized Competences) 

 

ɳˉʾˉʶʵˇ о όʃˊˇ˔˖ˊʹ˃ʷ˄ˇ ɳˉʾˉʶʵˇΥ ɳ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ɹˁʰ˄ˈˍʹˍʶˌ) 

ɼʶ˒ʱ˂ʰʽˇ 3.3 ɲˇˎ˂ʶˏˇ˄ˍʰˌ ˃ʶ ɯ˂˂ʰ ʇ˂ʽˁʱ 

ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ ˍʹˌ ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 3.3 
 

ʅʶ ʰˎˍˈ ˍˇ ˒ˏ˂˂ˇ ʶˊʴʰˋʾʰˌ ʻʰ ˃ʱʻˇˎ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˎ˂ʽˁ˗˄ ʶˁˍˏˉ˖ˋʹˌΣ ʻʰ 

ˋ˔ʶʵʽʱˋˇˎ˃ʶ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ όʷ˄ʰ ˋˍʺˊʽʴ˃ʰ ˃ʱˋˁʰˌ ˁʰʽ ʷ˄ʰ ˋˍˇˉ ˉˈˊˍʰˌύ ˁʰʽ ʻʰ ˍʰ 

ʶˁˍˎˉ˗ˋˇˎ˃ʶ ˍˊʽˋʵʽʱˋˍʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶˏˁʰ˃ˉˍˇ ˎ˂ʽˁˈ όTPUύΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΥ  

¶ ʻʰ h˄ ʰ˂ˏˋˇˎ˃ʶ ɻ ʽʱ˒ˇˊʰ ˎ˂ʽˁʱΣ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ 

¶ ʻʰ ˋ˔ʶʵʽʱˋˇˎ˃ʶ ʵˏˇ ˂ʶʽˍˇˎˊʴʽˁʱ ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ˇ˄ˍʷ˂ʰ 

¶ ʻʰ ʶ˅ʶˍʱˋˇˎ˃ʶ ˍˇˎˌ ʶʽʵʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ 

ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ, ̍ ˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʶˏˁʰ˃ˉˍʰ ˎ˂ʽˁʱ ό¢t¦ύ   

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʻʰ ʶ˅ʱʴˇˎ˃ʶ ˍʰ ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ˇ˄ˍʷ˂ʰΣ ʻʰ ˍʰ ζˍʶ˃ʰ˔ʾˋˇˎ˃ʶη ˁʰˍʱ˂˂ʹ˂ʰ 

όʰ˂˂ʱʸˇ˄ˍʰˌ ˍʽˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʶˁˍˏˉ˖ˋʹˌ ˁˍ˂ύ ˁʰʽ ˍʶ˂ʽˁʱ ʻʰ ˍʰ ʶˁˍˎˉ˗ˋˇˎ˃ʶ 

ˍˊʽˋʵʽʱˋˍʰˍʰΦ ʆʰ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ʻʰ ˃ˇʽʱʸˇˎ˄ ˃ʶ ʰˎˍʱ ˍ˖˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄˖˄Φ 

  

 

  

ǵȜȊȊȎ ǥȐȂȀȒǾȀȑ ǤȐȀȒȓȆȐȈțȓȆȓȀȑ 3.3 (ȂȈȀ ȓȎȌ ȉȀȇȆȂȆȓǽ) 
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ʃʰˊˇˎˋʾʰˋʹ 1: ʁ ̔ʆˏˉˇʽ ̱ ˖˄ ʇ˂ʽˁ˗˄ ʆˊʽˋʵʽʱˋˍʰˍʹˌ ɳˁˍˏˉ˖ˋʹˌ όɿʺ˃ʰˍʰύ  

ɾʽʰ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʺ ˉˍˎ˔ʺ ˍʹˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˎ ˂ʽˁˇˏ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʶˊʴʰˋʾʰ ˉˇˎ ʷ˔ˇˎ˃ʶΦ ɸʰ ˋˎʸʹˍʺˋˇˎ˃ʶ ˃ʶˊʽˁʱ ʰˉˈ ˍʰ ˉʽˇ ˁˇʽ˄ʱ ˎ˂ʽˁʱ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹΣ ˍʽˌ ˔ˊʺˋʶʽˌ ˍˇˎˌ ˁʰʽ ˍʽˌ ʽʵʽˈˍʹˍʷˌ ˍˇˎˌΦ 

ɽʱʲʶˍʶ ˎˉˈ˕ʹ ̀ ʰˌ ̍ ˍʽ ˁʰʽ˄ˇˏˊʽʰ ˁ ʰʽ ʲʶ˂ˍʽ˖˃ʷ˄ʰ ˎ˂ʽˁʱ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˎ˄ʶ˔˗ˌ ό˒ʰ˄ˍʰˋˍʶʾˍʶ ˈˍʽ 

ˉˊʽ˄ ʰˉˈ ˃ʶˊʽˁʱ ˔ˊˈ˄ʽʰ, ˍ ̌2017, ˍʰ ˃ˈ˄ʰ ʵʽʰʻʷˋʽ˃ʰ ˄ʺ˃ʰˍʰ ʺˍʰ˄ ˍʰ !.{ ˁʰʽ t[!ύ ˁʰʽ ˈˍʽ 

ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʰˊˁʶˍʱ ʱ˂˂ʰ ˎ˂ʽˁʱ ˉʽˇ ζʶˉʰʴʴʶ˂˃ʰˍʽˁʱη. ɮˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ˋʰˌ ʲˇʹʻʺˋʶʽ ˄ʰ 

ʶʾˋˍʶ ˁʰ˂ˏˍʶˊʰ ʁ ˄ʹ˃ʶˊ˖˃ʷ˄ˇʽ ˈˍʰ˄ ʰˉˇ˒ʰˋʾˋʶˍʶ ˄ʰ ʰʴˇˊʱˋʶˍʶ ˄ʺ˃ʰˍʰΦ 

ɼʱʻʶ ˍˏˉˇˌ ˄ʺ˃ʰˍˇˌκˎ˂ʽˁˇˏ ʷ˔ʶʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʱ ˍˇˎΦ ʃˊʽ˄ 

ʰˉˇ˒ʰˋʾˋʶˍʶ ˄ʰ ʶˁˍˎˉ˗ˋʶˍʶ ˁʱˍʽΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰˊ˖ˍʹʻʶʾˍʶ ʴʽʰ ˁʱˉˇʽʰ ʲʰˋʽˁʱ ʸʹˍʺ˃ʰˍʰΣ 

ˉˇˎ ʰ˒ˇˊˇˏ˄ ˁˎˊʾ˖ˌ ˍʰ ˉʰˊʰˁʱˍ˖Υ 

¶ ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ: ʃˈˋˇ ʰ˄ʻʶˁˍʽˁˈ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇΤ 

¶ ɮ˄ˍˇ˔ʺΥ ɱʽʰ ˉˈˋˇ ˁʰʽˊˈ ʻʰ ˃ˉˇˊʶʾ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˄ʰ ʰ˄ˍʷ˅ʶʽ ˁʱˍ˖ ʰˉˈ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ̫ ˄ˍʰˋʹˌ ̋  ̄ʁ ˊʽʲʱ˂˂ˇ˄ˍˇˌ; 

¶ ɳ˂ʰˋˍʽˁˈˍʹˍʰ: ʃˈˋˇ ʶˏˁʰ˃ˉˍˇ ̒ ʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇΤ 

¶ ɳʽʵʽˁʷˌ ˋˎ˄ʻʺˁʶˌ: ʁˉˇʽʶˋʵʺˉˇˍʶ ʱ˂˂ʶˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʽˋ˔ˏˇˎ˄ ʴʽʰ ˍˇ 

ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˋʰˌ ʺ ʴʽʰ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ˉˇˎ 

ʵʽʰʻʷˍʶˍʶ 

¶ ɼˈˋˍˇˌ: ɼʱˉˇʽʶˌ ˒ˇˊʷˌ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ˄ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˁˊʾˋʽ˃ˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ˁʰʻ˗ˌ 

ˁʱˉˇʽˇʽ ˍˏˉˇʽ ˄ʺ˃ʰˍˇˌ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʶ ˉˇ˂ˏ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ.  

ɮ˄ʰ˃˒ʾʲˇ˂ʰΣ ˍˇ PLA ʶʾ˄ʰʽ ˇ ˉʽˇ ʵʹ˃ˇ˒ʽ˂ʺˌ ˍˏˉˇˌ ˄ʺ˃ʰˍˇˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ˁʰʽ 

ˎˉʱˊ˔ʶʽ ˉˇ˂ˏ ˁʰ˂ˈˌ ˂ˈʴˇˌ ʴʽʰ ʰˎˍˈΦ ʆˇ PLA ʶʾ˄ʰʽ ʶˏˁˇ˂ˇ ˋˍʹ˄ ʶˁˍˏˉ˖ˋʹΣ ʷ˔ʶʽ ˔ʰ˃ʹ˂ʺ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ʶˁˍˏˉ˖ˋʹˌ ˁʰʽ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇ ˋʶ ʰ˃ʷˍˊʹˍʰ ˔ˊ˗˃ʰˍʰ ˁʰʽ ʶʾʵʹΦ ʍˋˍˈˋˇΣ 

ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˄ʹ˃ʱˍ˖˄Σ ʶʾ˄ʰʽ ˉʽˇ ʶˏʻˊʰˎˋˍˇ, ˇˉˈˍʶ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍˇ 

ʰˉˇ˒ʶˏʴʶˍʶ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˂ˎʴʾʸˇˎ˄Σ ʻʰ ˋˍˊʷ˒ˇ˄ˍʰʽΣ ʻʰ ˉʷ˒ˍˇˎ˄ 

ˋˎ˔˄ʱΦ ɳˉʾˋʹˌΣ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʶ ˍˇ PLA ʴʽʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄h  ʰ˄ˍʷ˔ˇˎ˄ ˋʶ ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ, ˁ ʰʻ˗ˌ ˉʰˊʰ˃ˇˊ˒˗˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ слϲC ˁ ʰʽ ˉʱ˄˖Φ 

ɸʰ ˋʰˌ ˉʰˊˇˎˋʽʱˋˇˎ˃ʶ ˍˇˎˌ ̄ ʽˇ ʶˎˊʷ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ ˁ ʰʽ ʵʹ˃ˇ˒ʽ˂ʶʾˌ ˍˏˉˇˎˌ ˄ ʹ˃ʱˍ˖˄ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹΣ ʶˁˍˈˌ ˍˇˎ PLA. ʁʽ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ 

ˉʰˊʷ˔ˇˎ˄ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ˋˏ˄ˇ˕ʹ ˍ˖˄ ˔ˊʺˋʶ˖˄κʶ˒ʰˊ˃ˇʴ˗˄ ˍˇˎˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ ˁʰʽ 

ˍˇˎˌ ʽʵʽʰʾˍʶˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʻʰ ̄́ ʷˉʶʽ ˄ʰ ˅ʷˊʶˍʶ ˉˊʽ˄ ʶˁˍˎˉ˗ˋʶˍʶ ˃ʶ ˁʱʻʶ ˍˏˉˇ ˄ʺ˃ʰˍˇˌΦ   
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ʆˏˉˇˌ ˄ʺ˃ʰˍˇˌ ʅˏ˄ˍˇ˃ʹ ̄ ʶˊʽʴˊʰ˒ʺ ˁ ʰʽ ʁ ˒ʰˊ˃ˇʴʷˌ 

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰ˂ˏˍʶˊʰ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰ˄ʻʶˁˍʽˁ˗˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄Σ ʷ˔ʶʽ 

ˎ˕ʹ˂ʺ ʰ˄ˍˇ˔ʺ ˋˍʹ˄ ˁˊˇˏˋʹ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʷ˅ʶʽ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ 

(~100o/ύΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˋ˖˂ʺ˄ʶˌΣ ʶ˅ʰˊˍʺ˃ʰˍʰΣ ˉʰʽ˔˄ʾʵʽʰΣ ʰ˄ˍʰ˂˂ʰˁˍʽˁʱ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˁʽ˄ˇˏ˃ʶ˄ʰ ˃ʷˊʹΣ ˇʽˁʽʰˁʱ ʶʾʵʹΦ ɲʶ˄ ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍʰ ˍˊˈ˒ʽ˃ʰΦ 

Polycarbonate  
(PC) 

ʆˇ PC ʁ ʾ˄ʰʽ ˎ˂ʽˁˈ ˎ˕ʹ˂ʺ ̩h ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˁ ʰʽ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ʵˏˋˁˇ˂ʰ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʹ˔ʰ˄ʽˁʺˌΦ ɴ˔ʶʽ ʽʵʽʰʽˍʷˊ˖ˌ ˎ ˕ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ʻʶˊ˃ʽˁʺ ̩̄ ʰˊʰ˃ˈˊ˒˖ˋʹˌ ˁ ʰʽ ʰ˄ˍˇ˔ʺ ˋˍʽˌ ˁˊˇˏˋʶʽˌΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ ʶ˅ʰʽˊʶˍʽˁʱ 

ˎʴˊˇˋˁˇˉʽˁˈ ˎ ˂ʽˁˈΦ ɲʶ˄ ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍʰ ˍˊˈ˒ʽ˃ʰΦ 

Polyethylene  
Terephthalate 
(PETG) 

ɿʺ˃ʰ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ʰ˄ˍˇ˔ʺˌΦ ʆˇ t9¢D ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍˊˈ˒ʽ˃ʰ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ɹ ʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˊˇ˒ʾ˃˖˄ ˁʰʽ ˉˇˍ˗˄Φ ɳʾ˄ʰʽ 

ʰ˄ʻʶˁˍʽˁˈ ˋˍʹ˄ ˁˊˇˏˋʹΣ ʽˋ˔ˎˊˈ ˁʰʽ ʶˏˁʰ˃ˉˍˇ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ 

˃ʹ˔ʰ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʽʰˍˊʽˁʺ ʲʽˇ˃ʹ˔ʰ˄ʾʰΣ 

ʶˉʶʽʵʺ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʰˉˇˋˍʶʽˊ˖ʻʶʾ ˁʰʽ ʰˎˍˈ ˍˇ ˁʰʻʽˋˍʱ ʽʵʰ˄ʽˁʺ 

ʶˉʽ˂ˇʴʺΦ 

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

ʆˇ !{! ʷ˔ʶʽ ˉʰˊˈ˃ˇʽʶˌ ʽʵʽˈˍʹˍʶˌ ˃ʶ ˍˇ !.{ ʰ˂˂ʱ ʶʾ˄ʰʽ ˉʽˇ ʰ˄ʻʶˁˍʽˁˈ ˋˍʹ˄ 

ˎˉʶˊʽ˗ʵʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰ˄ˍˇ˔ʺ ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ʶʾ˄ʰʽ 

ʰ˄ʻʶˁˍʽˁˈ ˋˍʰ ˔ʹ˃ʽˁʱΦ ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ, h ˄ˍʾ ʴʽʰ ˍˇ !.{, ̀ ʶ ʶ˒ʰˊ˃ˇʴʷˌ 

ʶ˅˖ˍʶˊʽˁˇˏ ˔˗ˊˇˎ ˉΦ˔Φ ˋʶ ʶ˅˖ˍʶˊʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰ ˇ˔ʹ˃ʱˍ˖˄, ̀ ʶ ̄ʁˊʽʲ˂ʺ˃ʰˍʰ 

ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʶ˅˖ˍʶˊʽˁˇˏ ˔˗ˊˇˎ ˁʰʽ ˋ̱ ʹ ˋʹ˃ʰˍˇʵˈˍʹˋʹ. 

Thermoplastic  
Polyurethane 
(TPU) 

ɳʾ˄ʰʽ ʶˏˁʰ˃ˉˍˇ ˎ˂ʽˁˈΣ ˃ʶʴʱ˂ʹˌ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ʰˎˍˈ ̱ ˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ 

ˍʶ˄ˍ˗˄ʶˍʰʽ ˁʰʽ ˄ʰ ˂ˎʴʾʸʶʽ ˃ʶ ʶˎˁˇ˂ʾʰΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ʻʺˁʶˌ ˁʽ˄ʹˍ˗˄ 

ˍʹ˂ʶ˒˗˄˖˄Σ ʹ˔ˇ˃ˇ˄˖ˍʽˁʱ ˎ˂ʽˁʱΣ ˋˍˇˉ ʴʽʰ ˉˈˊˍʶˌΣ ʸ˗˄ʶˌΣ ˉ˗˃ʰˍʰ.   

Nylon  

[or Polyamide 

(PA)] 

ɱ˄˖ˋˍˈ ʴʽʰ ˍʹ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰΣ ˍʹ˄ ʰ˄ˍˇ˔ʺ (ˎˉʶˊˍʶˊʶʾ ˍˇˎ !.{ύ ˁʰʽ ˍʹ˄ 

ʶ˂ʰˋˍʽˁˈˍʹˍʱ ̱ ˇˎΦ ʆˇ Nylon ʁ ʾ˄ʰʽ ʽʵʽʰʽˍʷˊ˖ˌ ˎ ʴˊˇˋˁˇˉʽˁˈ ˎ ˂ʽˁˈ ˁ ʰʽ ʰˉˇˊˊˇ˒ʱ 

ˎʴˊʰˋʾʰ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎΦ ɳʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʵʽʱ˒ˇˊʰ ˁʰˍʰ˄ʰ˂˖ˍʽˁʱ 

ˉˊˇʿˈ˄ˍʰΣ ʶˊʴʰ˂ʶʾʰΣ ˃ʹ˔ʰ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΣ ʶ˅ʰˊˍʺ˃ʰˍʰ ˃ʹ˔ʰ˄˗˄ όˈˉ˖ˌ 

˃ʶ˄ˍʶˋʷʵʶˌΣ ˉˈˊˉʶˌ ʺ ʴˊʰ˄ʱʸʽʰύΣ ˂ʶʽˍˇˎˊʴʽˁʱ ̄ ˊ˖ˍˈˍˎˉʰΣ ʵˇ˃ʽˁʱ ˃ʷˊʹΣ ʵˇ˔ʶʾʰΦ 

Carbon Fiber 
(reinforced 
filament)  
 

ʆʰ ˄ʺ˃ʰˍʰ Carbon fiber (ʰ˄ʻˊʰˁˇ˄ʺ˃ʰˍʰ) ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˃ʽˁˊˇˋˁˇˉʽˁʷˌ ʾ˄ʶˌ 

ˉˇˎ ʶʴ˔ʷˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ʲʰˋʽˁˈ ˎ˂ʽˁˈ ʴʽʰ ˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ̱ ʽˌ ʽʵʽˈˍʹˍʷˌ ˍˇˎΦ ɳʾ˄ʰʽ 

ʶ˅ʰʽˊʶˍʽˁʱ ʰ˄ʻʶˁˍʽˁʱ ˁ ʰʽ ʱˁʰ˃ˉˍʰΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ 

ʻʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ʶ˂ʰ˒ˊˏˍʶˊʰ ˁʰʽ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ˖ˌ ˉˊˇˌ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ʴʽʰ ˍʹ˂ʶˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰ Σ ˂ʶʽˍˇˎˊʴʽˁʱ 

ˉˊ˖ˍˈˍˎˉʰΣ ʶ˂ʰ˒ˊʽʱ ʲˇʹʻʹˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˁ Φ˂ˉΦ 

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

ʇ˂ʽˁˈ ʴʽʰ ˍʰ ˋˍʹˊʾʴ˃ʰˍʰ ˉˇˎ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʵʽʰ˂ˏʶˍʰʽ ˋʶ ˎʴˊˈ ˁʰʽ 

ˋˎ˄ʺʻ˖ˌ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ !.{Φ ʆˇ ILt{ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ˋˎ˔˄ʱ ˋʶ ˉˊ˖ˍˈˍˎˉʰ ʶˉʶʽʵʺ ʵʽʰˍʹˊʶʾ ʰ˄ʰ˂˂ˇʾ˖ˍʶˌ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎ 

ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ɳʾ˄ʰ,̔ ʁ ˉʾˋʹˌΣ ̄ ˇ˂ˏ ʶˏˁˇ˂ˇ ˄ʰ ʶˁˍˎˉ˖ʻʶʾΣ ˄ ʰ ʲʰ˒ʶʾ ˁ ʰʽ ˄ʰ 
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ˁˇ˂˂ʺˋʶ.̔ ʋ́ ʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˇʽˁʽʰˁ˗˄ ˋˎˋˁʶˎ˗˄Σ 

ˉʰʽ˔˄ʽʵʽ˗˄ ˁʰʽ ˉˊˇʿˈ˄ˍ˖˄ ̀ ˎˋˁʶˎʰˋʾʰˌ. 

PolyVinyl Alcohol 
(PVA) (soluble) 

ɴ˔ʶʽ ʴʾ˄ʶʽ ʶˎˊʷ˖ˌ ʴ˄˖ˋˍˈ ˂ˈʴ˖ ˍʹˌ ʽʵʽˈˍʹˍʰˌ ˍˇˎ ˄ʰ ʵʽʰ˂ˏʶˍʰʽ ˋˍˇ ˄ʶˊˈ ˁʰʽ 

ˉˇ˂ˏ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʰ ˋˍʹˊʾʴ˃ʰˍʰ ˋˍʽˌ ˉˇ˂ˏˉ˂ˇˁʶˌ ʶˁˍˎˉ˗ˋʶʽˌΦ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʁ ˉʾˋʹˌ ɹ ʽʰ ̱ ʹ˄ ʁ ˁˍˏˉ˖ˋʹ ̄ ˊˈ˔ʶʽˊ˖˄ ̄ ˊ˖ˍˈˍˎˉ˖˄.  

 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˎ˂ʽˁ˗˄ 

 

ɮ˄ˍˇ˔ʺ 

ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ/ 

Eˎ ˊ˖ˋˍʾʰ ɳ˂ʰˋˍʽˁˈˍʹˍʰ 

ɼˈˋˍˇˌ 

ʇ˂ʽˁˇˏ  

ɸʶˊ˃ʽˁʺ 

ɮ˄ˍˇ˔ʺ  

ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ 

ˋˍˇ ˄ʶˊˈ  

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

      

Polycarbonate  
(PC) 

      

Polyethylene  
Terephthalate 
(PETG) 

      

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

      

Thermoplastic  
Polyurethane 
(TPU) 

      

Nylon  

[or Polyamide 

(PA)] 

      

Carbon Fiber 
(reinforced 
filament)  

      

High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

      

PolyVinyl 
Alcohol 
(PVA) (soluble) 
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ʃʁɽʇ 

ʋɮɾɶɽʁ  
ʋɮɾɶɽʁ  

ɾɳʆʄɹʁ   

ʇʌɶɽʁ   

ʃʁɽʇ 

ʇʌɶɽʁ  
 

 

ɳʽʵʽˁˇʾ ̄ ʰˊʱʴˇ˄ˍʶˌ ˁ ʰʽ ́ ˎʻ˃ʾˋʶʽˌ ̱ ˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ 

 ɸʶˊ˃ˇˁˊʰˋʾʰ 

ɮˁˊˇ˒ˎˋʾˇˎ 

ɸʶˊ˃ʰʽ˄ˈ˃ʶ˄ʹ 

ʶˉʽ˒ʱ˄ʶʽʰ 

ʶˁˍˏˉ˖ˋʹˌ  

ɳˁˍˎˉ˖ˍʺˌ ˃ʶ 

ˉʶˊʾʲ˂ʹ˃ʰκˁ˂ʶʽˋˍˈˌ 

(ˋˎ˄̱̀̔ ʱ̱ʰʽ) 

ɮˉˇˊˊˈ˒ʹˋʹ 

ʇʴˊʰˋʾʰˌ 

(ˎʴˊˇˋˁˇˉʽˁˈ)  

ʌˏ˅ʹ  

(ʰ˄ʶ˃ʽˋˍʺˊʶˌ) 

Other 

 
Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

 

220 - 260ϲ/ 

 

80 - 110ϲ/ 

  

 

ɼˎˊˍ˗˄ʶʽ ʁ ˏˁˇ˂ʰ. 

ʃʰˊʱʴʶʽ 

ʶˉʽˁʾ˄ʵˎ˄ʶˌκˍˇ˅ʽˁʷˌ 

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ˇ 

ˁʰ˂ˈˌ ʶ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ˔˗ˊˇˎΦ 

 
Polycarbonate  
(PC) 

 

260 - 310ϲ/ 

 

80 - 120ϲ/ 

  

 

ɮˉʰʽˍʶʾ ˎ˕ʹ˂ʺˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

ˁʶ˒ʰ˂ʺ ʶˁˍˏˉ˖ˋʹˌ. 

ɴ˔ʶʽ ˍʹ˄ ˍʱˋʹ ˄ʰ 

ˁˎˊˍ˗˄ʶʽ. 

ɮˉˇˊˊˇ˒ʱ ˎʴˊʰˋʾʰ 

ʰˉˈ ˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʱ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ 

ˋʶ ʰˋˍˇ˔ʾʶˌ 

ʶˁˍˏˉ˖ˋʹˌΦ 

 
Polyethylene  
Terephthalate 
(PETG) 

 

210 - 250ϲ/ 

 

70 - 90ϲ/ 

   ɼˎˊˍ˗˄ʶʽ ʁ ˂ʱ˔ʽˋˍʰ 

ˁʰʽ ʵʶ˄ ˉʰˊʱʴʶʽ 

ʰʷˊʽʰ ̋  

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹ. 

ɾˉˇˊʶʾ ˄ʰ 

ˉˊˇˁʰ˂ʷˋʶʽ 

stringing. 
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Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

 

220 - 245ϲ/ 

 

90 - ммлϲ/ 

  

 

ɼˎˊˍ˗˄ʶʽ ʁ ˏˁˇ˂ʰ. 

ʃʰˊʱʴʶʽ 

ʶˉʽˁʾ˄ʵˎ˄ʶˌκˍˇ˅ʽˁʷˌ 

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ̌  

ˁʰ˂ˈˌ ʁ ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ̝ ˗ˊˇˎ. ɾˉˇˊʶʾ 

˄ʰ ˉʰˊˇˎˋʽʱˋʶʽ 

ˉˊˈʲ˂ʹ˃ʰ 

ʰˉˇˁˈ˂˂ʹˋʹˌ 

όˊʰʴʾˋ˃ʰˍʰ ˋˍʰ 

layersύ ʰ˄ ʹ ˕ˏ˅ʹ 

ˍʹˌ ʶˁˍˏˉ˖ˋʹˌ 

ʶʾ˄ʰʽ ˉˇ˂ˏ ʵˎ˄ʰˍʺΦ 

 
Thermoplastic  
Polyurethane 
(TPU) 

 

220 - 250ϲ/ 

 

30 - слϲ/ όʵʶ˄ 

ʰˉʰʽˍʶʾˍʰʽ) 

   ʅˎ˄ʽˋˍʱˍʰʽ ʹ ˔ˊʺˋʹ 

ʶ˅˖ʻʹˍʺ ˍˏˉˇˎ 

Direct Drive. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʷˌ ˍʰ˔ˏˍʹˍʶˌ 

ʶˁˍˏˉ˖ˋʹˌ (20-

30mm/sec). ʂˋˇ 

˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ 

ʴʶ˃ʾˋ˃ʰˍˇˌ όinfill) 

˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶΣ 

ˍˈˋˇ ˉʽˇ ʶ˂ʰˋˍʽˁʺ 

ʻʰ ʶʾ˄ʰʽ ʹ 

ʶˁˍˏˉ˖ˋʹΦ ɾˉˇˊʶʾ 

˄ h̄ ˊˇˁʰ˂ʷˋʶʽ 

stringing.   

 

Nylon  

[or Polyamide 

(PA)] 

 

225 - 265ϲ/ 

 

70 - 90ϲ/ 

  

 

ʅˎ˄ʺʻ˖ˌ h ˉʰʽˍʶʾ 

ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˋˍʹ˄ 

ˁʶ˒ʰ˂ʺ ʶˁˍˏˉ˖ˋʹˌ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʷˌ ̱ ʰ˔ˏˍʹˍʶˌ 

ʶˁˍˏˉ˖ˋʹˌ. ɳʾ˄ʰʽ 

ʽʵʽʰʽˍʷˊ˖ˌ 

ˎʴˊˇˋˁˇˉʽˁˈ ˎ˂ʽˁˈΣ 

ʹ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ʹ 

ʶˁˍˏˉ˖ˋʹ ʰˉʰʽˍˇˏ˄ 

ˉˇ˂ˏ ˉˊˇˋˇ˔ʺΦ 

 
Carbon Fiber 
(reinforced 
filament)  

 

200-230ϲ/ 

    ɳʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ 

˒ˊʱ˅ʶʽ ʺ ˄ʰ 

ˁʰˍʰˋˍˊʷ˕ʶʽ ˍˇ 

ʰˁˊˇ˒ˏˋʽˇΦ ɮˉʰʽˍʶʾ 

ʰˁˊˇ˒ˏˋʽˇ ʰˉˈ 
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45-слϲ/  

(ʵʶ˄ 

ʰˉʰʽˍʶʾˍʰʽ) 

ˋˁ˂ʹˊˎ˃ʷ˄ˇ 

˔ʱ˂ˎʲʰ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʺ ̱ ʰ˔ˏˍʹˍʰ 

ʶˁˍˏˉ˖ˋʹˌΦ 

 
High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

 

230 - 245ϲ/  

 

100 - 115ϲ/ 

  

 

ʇ˂ʽˁˈ ˋˍʺˊʽ˅ʹˌ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ˈ˄ˇ ˃ʶ 

!.{ όʵʽˉ˂ʺ ˁʶ˒ʰ˂ʺ 

ʶ˅˗ʻʹˋʹ)̩. ɾˉˇˊʶʾ 

˄ʰ ʵʽʰ˂ˎʻʶʾ ˋʶ 

˂ʽ˃ˇ˄ʷ˄ʽˇΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ̌  

ˁʰ˂ˈˌ ʁ ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ̝ ˗ˊˇˎ. 

 
PolyVinyl 
Alcohol 
(PVA) 

(soluble) 

 

180-200ϲ/ 

 

45-сл ϲ/ 

   ʇ˂ʽˁˈ ˋˍʺˊʽ˅ʹˌ ˉˇˎ 

ˋˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ 

ˉˇ˂˂ʱ ʱ˂˂ʰ ˎ˂ʽˁʱ 

όʵʽˉ˂ʺ ˁʶ˒ʰ˂ʺ 

ʶ˅˗ʻʹˋʹ)̩. ɾˉˇˊʶʾ 

˄ʰ ʵʽʰ˂ˎʻʶʾ  ̀  ʁ

ʸʶˋˍˈ ˄ʶˊˈ 

 

ɯ˂˂ˇʽ ˍˏˉˇʽ ˎ˂ʽˁ˗˄ ˁʰʽ ˍˏˉ˖˄ ˄ʹ˃ʱˍ˖˄ ʶˉʽʴˊʰ˃˃ʰˍʽˁʱ ʶʾ˄ʰʽ: PLA ˃ ʁˊʽ˄ʾˋ˃ʰˍʰ ˅ˏ˂ˇˎ (wood-

filled), ˃ ʁˊʽ˄ʾˋ˃ʰˍʰ ˃ʶˍʱ˂˂̌  ˎ(metal-filled), ˋˁ˂ʹˊˈ όtough) PLA, ʰʴ˗ʴʽ˃ˇ PLA, ˒˖ˋ˒ˇˊʾʸˇ˄ 

PLA, ˃ʰʴ˄ʹˍʽˁˈ, ʰ˂˂ʰʴʺˌ ˔ˊ˗˃ʰˍˇˌ, ʵʾ˔ˊ˖˃ˇ, ˃ʶ ˎh ˂ˇ˄ʺ˃ʰˍʰ, Polyoxymethylene (POM), 

Polypropylene (PP), PMMA (Acrylic), ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ʶˏˁʰ˃ˉˍ˖˄ ˎ˂ʽˁ˗˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˃ ʁˍ ̌

TPE/TPC.   
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ɯˋˁʹˋʹ 1: ʅ˔ʶʵʽʱʸˇˎ˃ʶ ˁ ʰʽ ɳˁ ˍˎˉ˗˄ˇˎ˃ʶ ʆ́ ʽˋʵʽʱˋˍʰˍʰ ̫ ˄ʰ ʅˍˇˉ ɹ ʽʰ ʃˈˊˍʰ 

ʋ́ ʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ TPU 

ʅʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˍˇ ˔ʶˊˇˏ˂ʽ ˍʹˌ ˉˈˊˍʰˌ ˔ˍˎˉʱʶʽ ˋˍˇ˄ ˍˇʾ˔ˇ ˁʰʽ ʰ˒ʺ˄ʶʽ ˋʹ˃ʱʵʽ όˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖ύ. ɮˎˍˈ ˍˇ ˃ʽˁˊˈ ˁʰʽ ʰˉ˂ˈ ˋ˔ʷʵʽˇ ʶ˄ˈˌ ˋˍˇˉ ʴʽʰ ˉˈˊˍʰ ʷ˔ʶʽ ʶˉˇ˃ʷ˄˖ˌ 

˔ˊʺˋʽ˃ʶˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ  

[ʃˊˇʰʽˊʶˍʽˁʱΥ ɱʽʰ ˉʽˇ ʰˁˊʽʲʶʾˌ ˃ʶˍˊʺˋʶʽˌΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˉʰ˔ˏ˃ʶˍˊˇ ʴʽʰ ˄ʰ 

ˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˔ʶˊˇˎ˂ʽˇˏ ˍʹˌ ˉˈˊˍʰˌ.] 

  

ɳˉʽ˂ʷ˅ˍʶ ˍˇ ˋ˔ʺ˃ʰ ζˋ˖˂ʺ˄ʰη όζTubeη) ʰˉˈ ˍʰ Basic Shapes ˁʰʽ ˇˊʾˋˍʶ ˍˇ ζBevelη ˋˍˇ мmm. 

ɸʷ˂ˇˎ˃ʶ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˄ʰ ʶʾ˄ʰʽ 19.4mm ˁ ʰʽ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˍˇʽ˔˗˃ʰˍˇˌ 2mmΣ ˇˉˈˍʶ ʻʰ 

ˇˊʾˋˇˎ˃ʶ ˍʹ˄ ʰˁˍʾ˄ʰ όradius) ˋ ʁ11.7mm όʵʹ˂ʰʵʺ ʹ ʶ˅˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ζˋ˖˂ʺ˄ʰη ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ 23.4mm). 
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ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʰˁˈ˃ʰ ʷ˄ʰ˄ ˃ʽˁˊˈˍʶˊˇ ˋ˖˂ʺ˄ʰ ˃ʶ ʰˁˍʾ˄ʰ όradius) уΦпƳƳ όʵʹ˂ʰʵʺ ʹ ʶ˅˖ˍʶˊʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ζˋ˖˂ʺ˄ʰη ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ мсΦуƳƳύΦ  

 

ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʷ˄ʰ ˉˇ˂ˏʴ˖˄ˇ ˃ʶ п ˉ˂ʶˎˊʷˌ όˋʰ˄ ˁ ˏʲˇύ ˁʰʽ ˇˊʾˋˍʶ ˍˇ ζBevelη 2mm. 
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ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ н ˁˎ˂ʾ˄ʵˊˇˎˌ ζˍˊˏˉʰη όʷ˄ʰ˄ ʵʽʰ˃ʷˍˊˇˎ 19.4mm ˁʰʽ ʷ˄ʰ˄ 12.8mmύ ʴʽʰ ˄ʰ 

ʰ˒ʰʽˊʷˋʶˍʶ ˍʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˉˇ˂ˏɹ˖˄ ˇˎ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍ˖˄ ˋ˖˂ʺ˄˖˄Φ   

 

[ʅˎ˃ʲˇˎ˂ʺ: ɾˉˇˊʶʾˍʶ ˄ h ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶ ˍ ̌ ʶˊʴʰ˂ʶʾˇ ˋˍˇʾ˔ʽˋʹˌ Align Tool ʴʽʰ ˄ h

ˍˇˉˇʻʶˍʺˋʶˍʶ ̀ ˖ˋˍʱ ̍ ˂ʰ ̱  h̀ ˔ʺ˃ʰˍʰ (center alignment)] 

ʅˍʹ ̀ ˎ˄ʷ˔ʶʽʰ, ̌ ˃ʰʵˇˉˇʽʺˋˍʶ ̱  h̄ ʱ˄ˍʰ ˁ ʰʽ ̒  h̫ ˔ʶˍʶ ̱  ̱̌ ʶ˂ʽˁˈ ̀ ˔ʺ˃ʰ. 
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ʃ˂ʷˇ˄ ˃ˉˇˊʶʾˍʶ ˄ʰ ʶ˅ʱʴʶˍʶ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˁʰʽ ˄ʰ ˍˇ ˍʶ˃ʰ˔ʾˋʶˍʶ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˍˇ 

ʶˁˍˎˉ˗ˋʶˍʶΦ ɮ˄ˇʾ˅ˍʶ ˍˇ ˋ˔ʶˍʽˁˈ ʰˊ˔ʶʾˇ .stl ̀ ˍˇ ˉˊˈʴˊʰ˃˃ʰ Cura όʺ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʱ˂˂ˇ 

ˉˊˈʴˊʰ˃˃ʰ slicer). 

ʃˊʽ˄ ˁʱ˄ʶˍʶ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˂˂ʰʴʺ ˋˍʽˌ ˊˎʻ˃ʾˋʶʽˌ ˍʶ˃ʰ˔ʽˋ˃ˇˏΣ ʲʶʲʰʽ˖ʻʶʾˍʶ ˈˍʽ ʷ˔ʶˍʶ ˇˊʾˋʶʽ ˋʰ˄ 

ˍˏˉˇ ˄ʺ˃ʰˍˇˌ ˍˇ άGeneric TPU 95Aέ όʺ ˇˉˇʽˇʵʺˉˇˍʶ ˄ʺ˃ʰ ˍˏˉˇˎ TPU ̄ ˇˎ ʵʽʰʻʷˍʶˍʶύΦ   

ʃʰˊʰˁʱˍ˖ ʻʰ ʲˊʶʾˍʶ ˁʱˉˇʽʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ˊˎʻ˃ʾˋʶʽˌ ˉˇˎ ʻʰ ˔ˊʶʽʰˋˍʶʾ ˄ʰ ˁɦ ˄ʶˍʶ ˗ˋˍʶ ˄ʰ 

ʷ˔ʶˍʶ ˃ʽʰ ʶˉʽˍˎ˔ʹ˃ʷ˄ʹ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹ ˃ʶ ˔ˊʺˋʹ TPU:  

¶ ɮ˂˂ʱ˅ˍʶ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʶˁˍˏˉ˖ˋʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ 

˄ʺ˃ʰˍˇˌΦ ʆˇ TPU h ˉʰʽˍʶʾ ˎ ˕ʹ˂̫̩ ̒ ʶˊ˃ˇˁˊʰˋʾʶˌ ʶˁˍˏˉ˖ˋʹˌ όˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

228oC, ̍ ˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ʶʽˁˈ˄ʰύ 

¶ ʂˋˇ ˉʽˇ ˔ʰ˃ʹ˂ʺ ʶʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ʶˁˍˏˉ˖ˋʹˌΣ ˍˈˋˇ ˁʰ˂ˏˍʶˊˇ ʻʰ ʶʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ɱʽʰ ˍʹ ʵʽʱˍʰ˅ʹ direct drive ́  ˃ʷʴʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˋˍʰ 30-

40mm/sec. ʅˍʹ˄ ʵʽʱˍʰ˅ʹ BowdenΣ ʹ ˃ʷʴʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˋˍʰ 

15-25mm/sec. ɳˉʾˋʹˌΣ ˇʽ ʵʽʱ˒ˇˊʶˌ ̱ ʰ˔ˏ̱ ʹˍʶˌ (travel speed, infill speed, wall speed ˁ ˍ˂.) 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˇʽ ʾʵʽʶˌ ˁʰʽ ̍ ˋˇ ˉʽˇ ˋˍʰʻʶˊʷ ̩ɹ ʾ˄ʶˍʰʽ.  

¶ ɾʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ Z hop ό˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ stringing)   

¶ ɱʽʰ ˄ʰ ʰˉˇ˒ˏʴʶˍʶ ˍˇ stringingΣ ˃ʹ˄ ʶˉʽˍˊʷˉʶˍʶ ˋˍˇ ʰˁˊˇ˒ˏˋʽˇ ˄ʰ ˁʽ˄ʶʾˍʰʽ ˋˍˇ˄ ˁʶ˄ˈ 

˔˗ˊˇΦ ʅˍˇ ˉˊˈʴˊʰ˃˃ʰ Cura, h ˄ʰˍˊʷ˅ˍʶ ˋˍʽˌ ʶˉʽ˂ˇʴʷˌ ʴʽʰ ˍˇ TravelΥ ˍˇ Combing Mode ̒ ʰ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ ʰˁˊˇ˒ˏˋʽˇ ʻʰ 

ˁʽ˄ʶʾˍʰʽ ˋˍʽˌ ʺʵʹ ʶˁˍˎˉ˖˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ɮˎˍˈ ˃ʶʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ˍˊʱʲʹʴ˃ʰ ˍˇˎ 
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˄ʺ˃ʰˍˇˌ ˉˊˇˌ ˍʰ ˉʾˋ˖ ˁʰʽ ʰˉˇˍˊʷˉʶʽ ˍˇ stringing ̄ ˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋˏ˄ʹʻʶˌ ˈˍʰ˄ 

ʶˁˍˎˉ˗˄ˇˎ˃ʶ ˃ʶ ʶˏˁʰ˃ˉˍʰ ˎ ˂ʽˁʱΦ    
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ʃˊʽ˄ ˅ʶˁʽ˄ʺˋʶˍʶ ˍʹ˄ ʶˁˍˏˉ˖ˋʹ ˍˇˎ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍˇ ˄ʺ˃ʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˍʁʴ˄ˈΣ 

ˈˋˇ ˉʽˇ ˋˍʶʴ˄ˈ ʴʾ˄ʶˍʰʽ όˍˇ TPU ʶʾ˄ʰʽ  ˎʴˊˇˋˁˇˉʽˁˈ ˎ˂ʽˁˈύΦ ɮ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˋˎˋˁʶˎʺ drybox, 

ˁʱˉˇʽˇʽ ζ˕ʺ˄ˇˎ˄η ˍˇ ˄ʺ˃ʰ TPU ˋˍˇ ˒ˇˏˊ˄ˇ ʴʽʰ 30ς60 ˂ʶˉˍʱ ˋˍˇˎˌ 50-70 ʲʰʻ˃ˇˏˌΦ ɱʽʰ 

ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˃ˉˇˊʶʾˍʶ ˄ʰ ˍˎˉ˗ˋʶˍʶ ˍˇ ˄ʺ˃ʰ ˁʰˍʶˎʻʶʾʰ˄ ʰˉˈ ˍˇ drybox. ɾʶˍʱ ˍʹ˄ 

ʶˁˍˏˉ˖ˋʹΣ ʵʽʰˍʹˊʶʾˋˍʶ ˍˇ ˄ʺ˃ʰ ˋ˒ˊʰʴʽˋ˃ʷ˄ˇ ˁʰʽ ˉˊˇˋˍʰˍʶˎ˃ʷ˄ˇ ʰˉˈ ˍʹ˄ ˎ ʴˊʰˋʾʰΦ  

ʆˇ TPU ˁˇ˂˂ʱʶʽ ˉˇ˂ˏ ˁʰ˂ʱ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶ̩  ˁʰʽ ʴʽʰ ʰˎˍˈ ˍˇ ˂ˈʴˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʶ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʶ ˒ˏ˂˂ˇ PEI, ˁʰʻ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍˊʰ˒ʶʾ ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʱ ˋʰˌ ˄ʰ 

ʰˉˇˁˇ˂˂ʺˋʶˍʶ ˍˇ ˃ˇ˄ˍʷ˂ˇΦ ɼʱˉˇʽˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˁˈ˂˂ʰ ʴʽʰ ʶˁˍˎˉ˖ˍʷˌ ʺ ʱ˂˂ʰ ˋˎʴˁˇ˂˂ʹˍʽˁʱ 

ˎ˂ʽˁʱ ʺ ʴˎʱ˂ʽ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˁˍˏˉ˖ˋʹˌΦ 

ɳˉʾˋʹˌΣ ˂ʱʲʶˍʶ ˎˉˈ˕ʹ ˋʰˌ ˈˍʽ ˎˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ TPU ˍ˖˄ ˇˉˇʾ˖˄ ʹ 

ˋˁ˂ʹˊˈˍʹˍʰκʶ˂ʰˋˍʽˁˈˍʹˍʰ ʵʽʰ˒ʷˊʶʽΦ 

ʆˇ ʶˁˍˎˉ˖˃ʷ˄ˇ ˋˍˇˉ ˒ʰʾ˄ʶˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶˌΦ 
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ɯˋˁʹˋʹ 2: ʅ˔ʶʵʽʱʸˇˎ˃ʶ ˁ ʰʽ ɳˁˍˎˉ˗˄ˇˎ˃ʶ ʆˊʽˋʵʽʱˋˍʰˍʰ ̫ ˄ʰ ʅˍʺˊʽʴ˃ʰ ʴʽʰ 

ɾʱˋˁʰ ˃ʶ ʋˊʺˋʹ TPU 

ʆˇ ˋˍʺˊʽʴ˃ʰ ˍʹˌ ˃ʱˋˁʰˌ ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˌ ˁ˂ʽˉ ˉˇˎ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍˇ ˉʾˋ˖ ˃ʷˊˇˌ ˍˇˎ ˁʶ˒ʰ˂ʽˇˏ 

ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˋˎʴˁˊʰˍʶʾ ˍʰ ˂ʱˋˍʽ˔ʰ ˍʹˌ ˃ʱˋˁʰˌΦ  ʅˁˇˉˈˌ ˍˇˎ ʶʾ˄ʰʽ ˄ʰ ʰ˄ʰˁˇˎ˒ʾʸʶʽ 

ˍˇ˄ ˉˈ˄ˇ ˋˍʰ ʰˎˍʽʱ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃ʱˋˁʰˌ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɾˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˃ʱˋˁʰˌ ˉˇˎ ʷ˔ˇˎ˄ ʵˏˇ ˋʹ˃ʶʾʰ ʶˉʰ˒ʺˌ όˍʰ ˂ʱˋˍʽ˔ʰύ ˁʰʽ 

ˍˇ ˃ʷʴʶʻˇˌ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʰ˄ʻˊ˗ˉˇˎˌΦ  

ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʷ˄ʰ ˁˇˎˍʾ ˃ʶ ʵʽʰˋˍʱˋʶʽˌΥ ˃ʺˁˇˌ=16mm, ̄ ˂ʱˍˇˌ=124mm ˁ ʰʽ ˏ˕ˇˌ=1.6mm 

 

 

ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ н ˁˎ˂ʾ˄ʵˊˇˎˌ ˃ʶ ʵʽʰˋˍʱˋʶʽˌ 16x16x1.6mm ˁʰʽ ˍˇˉˇʻʶˍʶʾˋˍʶ ˍˇˎˌ ˋˍʰ ʵˏˇ ʱˁˊʰ 

ˍˇˎ ˁˇˎˍʽˇˏΦ 
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[ʅˎ˃ʲˇˎ˂ʺ: ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ ˋˍˇ Snap Grid ˍʹ˄ ˍʽ˃ʺ 0.1mm ʴʽʰ ˄ h˃ʶˍʰˁʽ˄ʺˋʶˍʶ ˁʰʽ ˄ h

ˍˇˉˇʻʶˍʺˋʶˍʶ ̱ ˇˎˌ ˁ ˎ˂ʾ˄ʵˊˇˎˌ ˃ʶ ʰˁˊʾʲʶʽʰΦ ɾˉˇˊʶʾˍʶ ʁ ˉʾˋʹˌ ˄  hˁ ʱ˄ʶˍʶ ˁ ˂ʽˁ ̀ ˍʹ˄ ʁ ˉʽ˂ˇʴʺ άUse 

Midpointέ ̱̌ ˎ ʁ ˊʴʰ˂ʶʾˇˎ Ruler Tool.] 
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ɾʶˍʰʲʶʾˍʶ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Shapes Library -> Design starters ˁʰʽ ʶˉʽ˂ʷ˅ˍʶ ˍ ̌Rounded Box ˃ ʁ

ʵʽʰˋˍʱˋʶʽˌ: ˃ʺˁˇˌ=6mm, ˉ˂ʱˍˇˌ=60mm ˁʰʽ ˏ˕ˇˌ=6mm. ɮ˂˂ʱ˅ˍʶ ˍˇ ˋʶ ζˍˊˏˉʰη (Hole) ˁ ʰʽ 

ʶʽˋʱʴʶˍʷ ˍˇ оmm ˋˍˇ ˎˉʱˊ˔ˇ˄ ˋ˔ʺ˃ʰ όʵʹ˂ʰʵʺ ˍˇ ˃ʽˋˈύΦ ɼʱ˄ˍʶ ʷ˄ʰ ʰ˄ˍʾʴˊʰ˒ˇ ˍˇˎ rounded box 

ˁʰʽ ˍˇˉˇʻʶˍʶʾˋˍʶ ˍˇ ˁʰˍʱ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇ ˋˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΦ   
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ʁ˃ʰʵˇˉˇʽʶʾˋˍʶ ˍʰ ˉʱ˄ˍʰΦ ʆˇ ˍʶ˂ʽˁˈ ˋ˔ʺ˃ʰ ʻʰ ˃ˇʽʱʸʶʽ ˈˉ˖ˌ ˍˇ ˉʰˊʰˁʱˍ˖Φ 

 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʹ˃ʽˇˎˊʴʺˋˍʶ ʷ˄ʰ ˋ˔ʺ˃ʰ ζʰˉˇˁˇˉʺˌη ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˂ʶʽˍˇˎˊʴʶʾ ˋʰ˄ ˋˍʺˊʽʴ˃ʰ 

ˍ˖˄ ˂ʱˋˍʽ˔˖˄ ˍʹˌ ˃ʱˋˁʰˌΦ ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʷ˄ʰ˄ ˁˏ˂ʽ˄ʵˊˇ ʵʽʰˋˍʱˋʶ˖˄ 2mm x 2mm x 2mmΣ ʷ˄ʰ 

ˁˇˎˍʾ 3mm x 2mm x 2mm ό˃κˉκˎύ ˃ʶ ʴ˖˄ʾʰ 55o ˁ ʰʽ ʷ˄ʰ˄ ˁˇˏ˒ʽˇ ˁˏ˂ʽ˄ʵˊˇ 2mm x 2mm x 2mm. 
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ʁ˃ʰʵˇˉˇʽʶʾˋˍʶ ˍʰ ˉʱ˄ˍʰ ˁʰʽ ˃ʶˍʰˍˊʷ˕ˍʶ ˍˇ ˋ˔ʺ˃ʰ ˋʶ ζˍˊˏˉʰηΦ ʆˇ ˍʶ˂ʽˁˈ ˋ˔ʺ˃ʰ ζʰˉˇˁˇˉʺˌη 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ˃ˇʽʱʸʶʽ ˃ʶ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ  

 

ɼʱ˄ˍʶ ʰˊˁʶˍʱ ʰ˄ˍʾʴˊʰ˒ʰ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌΣ ˇ˃ʰʵˇˉˇʽʶʾˋˍʶ ˍʰ ˁʰʽ ˍˇˉˇʻʶˍʶʾˋˍʶ п ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˋʶ 

ˁʱʻʶ ˉ˂ʶˎˊʱΦ ɶ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˁʱʻʶ ʰ˄ˍʽʴˊʱ˒ˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ 8mm.  
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ʃˊˇˋʷ˅ˍʶΣ ˍˇ ˁʱʻʶ ˋ˔ʺ˃ʰ ˄ʰ ʷ˔ʶʽ ˍʹ ˋ˖ˋˍʺ ˁʰˍʶˏʻˎ˄ˋʹ όʅˎ˃ʲˇˎ˂ʺ: ˁʱ˄ˍʶ mirror ˍˇ ˋ˔ʺ˃ʰ ˖ˌ 

ˉˊˇˌ ˍˇˎˌ ʱ˅ˇ˄ʶˌ x ˁ ʰʽ ȅύ, ̍ ˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰΦ 
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ʆˇ ˍʶ˂ʽˁˈ ˋ˔ʺ˃ʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋʰ˄ h ˎˍˈ ˍʹˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰˌΦ 
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ʃ˂ʷˇ˄ ˃ˉˇˊʶʾˍʶ ˄ʰ ʶ˅ʱʴʶˍʶ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˁʰʽ ˄ʰ ˍˇ ζˍʶ˃ʰ˔ʾˋʶˍʶη ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

˃ˉˇˊʶʾ ˄ʰ ʶˁˍˎˉ˖ʻʶʾΦ ɮ˄ˇʾ˅ˍʶ ˍˇ ʰˊ˔ʶʾˇ .stl ̀ ˍˇ ˉˊˈʴˊʰ˃˃ʰ Cura όʺ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʱ˂˂ˇ 

ˉˊˈʴˊʰ˃˃ʰ slicer). 

ʃˊʽ˄ ˁʱ˄ʶˍʶ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˂˂ʰʴʺ ˋˍʽˌ ˊˎʻ˃ʾˋʶʽˌ ˍʶ˃ʰ˔ʽˋ˃ˇˏΣ ʲʶʲʰʽ˖ʻʶʾˍʶ ˈˍʽ ʷ˔ʶˍʶ ˇˊʾˋʶʽ ˋʰ˄ 

ˍˏˉˇ ˄ʺ˃ʰˍˇˌ ˍˇ άGeneric TPU 95Aέ όʺ ˇˉˇʽˇʵʺˉˇˍʶ ˄ʺ˃ʰ ˍˏˉˇˎ TPU ˉˇˎ ʵʽʰʻʷˍʶˍʶύ ˁʰʽ 

ʰˁˇ˂ˇˎʻʶʾˋˍʶ ˍʽˌ ʾʵʽʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ˊˎʻ˃ʾˋʶʽˌ ˉˇˎ ˋˎʸʹˍʺˋʰ˃ʶ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʱˋˁʹˋʹΦ 
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ʆˇ ˋˍʺˊʽʴ˃ʰ ʴʽʰ ˍʹ ˃ʱˋˁʰ ˒ʰʾ˄ʶˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶˌΦ 
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ɳˉʾˉʶʵˇ о όʃˊˇ˔˖ˊʹ˃ʷ˄ˇ ɳˉʾˉʶʵˇΥ ɳ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ɹˁʰ˄ˈˍʹˍʶˌ) 

ɼʶ˒ʱ˂ʰʽˇ 3.3 ɲˇˎ˂ʶˏˇ˄ˍʰˌ ˃ʶ ɯ˂˂ʰ ʇ˂ʽˁʱ 

ʊˏ˂˂ˇ ɳˊʴʰˋʾʰˌ ˍʹˌ ɲˊʰˋˍʹˊʽˈˍʹˍʰˌ 3.3 
 

ʅʶ ʰˎˍˈ ˍˇ ˒ˏ˂˂ˇ ʶˊʴʰˋʾʰˌ ʻʰ ˃ʱʻˇˎ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˎ˂ʽˁ˗˄ ʶˁˍˏˉ˖ˋʹˌΣ ʻʰ 

ˋ˔ʶʵʽʱˋˇˎ˃ʶ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ όʷ˄ʰ ˋˍʺˊʽʴ˃ʰ ˃ʱˋˁʰˌ ˁʰʽ ʷ˄ʰ ˋˍˇˉ ˉˈˊˍʰˌύ ˁʰʽ ʻʰ ˍʰ 

ʶˁˍˎˉ˗ˋˇˎ˃ʶ ˍˊʽˋʵʽʱˋˍʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶˏˁʰ˃ˉˍˇ ˎ˂ʽˁˈ όTPU). ʃʽˇ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʰΥ  

¶ ʻʰ ʰ˄ʰ˂ˏˋˇˎ˃ʶ ʵʽʱ˒ˇˊʰ ˎ˂ʽˁʱΣ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ 

¶ ʻʰ ˋ˔ʶʵʽʱˋˇˎ˃ʶ ʵˏˇ ˂ʶʽˍˇˎˊʴʽˁʱ ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ˇ˄ˍʷ˂ʰ 

¶ ʻʰ ʶ˅ʶˍʱˋˇˎ˃ʶ ˍˇˎˌ ʶʽʵʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ 

ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌΣ ˈˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʶˏˁʰ˃ˉˍʰ ˎ˂ʽˁʱ ό¢t¦ύ   

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʻʰ ʶ˅ʱʴˇˎ˃ʶ ˍʰ ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ˇ˄ˍʷ˂ʰΣ ʻʰ ˍʰ ζˍʶ˃ʰ˔ʾˋˇˎ˃ʶη ˁʰˍʱ˂˂ʹ˂ʰ 

όʰ˂˂ʱʸˇ˄ˍʰˌ ˍʽˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʶˁˍˏˉ˖ˋʹˌ ˁˍ˂ύ ˁʰʽ ˍʶ˂ʽˁʱ ʻʰ ˍʰ ʶˁˍˎˉ˗ˋˇˎ˃ʶ 

ˍˊʽˋʵʽʱˋˍʰˍʰΦ ʆʰ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ʻʰ ˃ˇʽʱʸˇˎ˄ ˃ʶ ʰˎˍʱ ˍ˖˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄˖˄Φ 

  

 

  

ǵȜȊȊȎ ǥȐȂȀȒǾȀȑ ǤȐȀȒȓȆȐȈțȓȆȓȀȑ 3.3 (ȂȈȀ ȓȎȌ ǬȀȇȆȓǽ) 
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ʃʰˊˇˎˋʾʰˋʹ 1: ʁ ̔ʆˏˉˇʽ ̱ ˖˄ ʇ˂ʽˁ˗˄ ʆˊʽˋʵʽʱˋˍʰˍʹˌ ɳˁˍˏˉ˖ˋʹˌ όɿʺ˃ʰˍʰύ  

ɾʽʰ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʺ ˉˍˎ˔ʺ ˍʹˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˎ ˂ʽˁˇˏ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʶˊʴʰˋʾʰ ˉˇˎ ʷ˔ˇˎ˃ʶΦ ɸʰ ˋˎʸʹˍʺˋˇˎ˃ʶ ˃ʶˊʽˁʱ ʰˉˈ ˍʰ ˉʽˇ ˁˇʽ˄ʱ ˎ˂ʽˁʱ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹΣ ˍʽˌ ˔ˊʺˋʶʽˌ ˍˇˎˌ ˁʰʽ ˍʽˌ ʽʵʽˈˍʹˍʷˌ ˍˇˎˌΦ 

ɽʱʲʶˍʶ ˎˉˈ˕ʹ ̀ ʰˌ ̍ ˍʽ ˁʰʽ˄ˇˏˊʽʰ ˁ ʰʽ ʲʶ˂ˍʽ˖˃ʷ˄ʰ ˎ˂ʽˁʱ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˎ˄ʶ˔˗ˌ ό˒ʰ˄ˍʰˋˍʶʾˍʶ ˈˍʽ 

ˉˊʽ˄ ʰˉˈ ˃ʶˊʽˁʱ ˔ˊˈ˄ʽʰ, ˍˇ нлмт, ˍʰ ˃ˈ˄ʰ ʵʽʰʻʷˋʽ˃ʰ ˄ʺ˃ʰˍʰ ʺˍʰ˄ ˍʰ !.{ ˁʰʽ t[!ύ ˁʰʽ ˈˍʽ 

ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʰˊˁʶˍʱ ʱ˂˂ʰ ˎ˂ʽˁʱ ˉʽˇ ζʶˉʰʴʴʶ˂˃ʰˍʽˁʱηΦ ɮˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ˋʰˌ ʲˇʹʻʺˋʶʽ ˄ʰ 

ʶʾˋˍʶ ˁʰ˂ˏˍʶˊʰ ʶ˄ʹ˃ʶˊ˖˃ʷ˄ˇʽ ˈˍʰ˄ ʰˉˇ˒ʰˋʾˋʶˍʶ ˄ʰ ʰʴˇˊʱˋʶˍʶ ˄ʺ˃ʰˍʰΦ 

ɼʱʻʶ ˍˏˉˇˌ ˄ʺ˃ʰˍˇˌκˎ˂ʽˁˇˏ ʷ˔ʶʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʱ ˍˇˎΦ ʃˊʽ˄ 

ʰˉˇ˒ʰˋʾˋʶˍʶ ˄ʰ ʶˁˍˎˉ˗ˋʶˍʶ ˁʱˍʽΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰˊ˖ˍʹʻʶʾˍʶ ʴʽʰ ˁʱˉˇʽʰ ʲʰˋʽˁʱ ʸʹˍʺ˃ʰˍʰΣ 

ˉˇˎ ʰ˒ˇˊˇˏ˄ ˁˎˊʾ˖ˌ ˍʰ ˉʰˊʰˁʱˍ˖Υ 

¶ ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ: ʃˈˋˇ ʰ˄ʻʶˁˍʽˁˈ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇΤ 

¶ ɮ˄ˍˇ˔ʺΥ ɱʽʰ ˉˈˋˇ ˁʰʽˊˈ ʻʰ ˃ˉˇˊʶʾ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˄ʰ ʰ˄ˍʷ˅ʶʽ ˁʱˍ˖ ʰˉˈ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍʰˋʹˌ ̋  ̄ʁ ˊʽʲʱ˂˂ˇ˄ˍˇˌΤ 

¶ ɳ˂ʰˋˍʽˁˈˍʹˍʰ: ʃˈˋˇ ʶˏˁʰ˃ˉˍˇ ̒ ʰ ̄́ ʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇΤ 

¶ ɳʽʵʽˁʷˌ ˋˎ˄ʻʺˁʶˌ: ʁˉˇʽʶˋʵʺˉˇˍʶ ʱ˂˂ʶˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʽˋ˔ˏˇˎ˄ ʴʽʰ ˍˇ 

ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˋʰˌ ʺ ʴʽʰ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ˉˇˎ 

ʵʽʰʻʷˍʶˍʶ 

¶ ɼˈˋˍˇˌ: ɼʱˉˇʽʶˌ ˒ˇˊʷˌ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ˄ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˁˊʾˋʽ˃ˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ˁʰʻ˗ˌ 

ˁʱˉˇʽˇʽ ˍˏˉˇʽ ˄ʺ˃ʰˍˇˌ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʶ ˉˇ˂ˏ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌΦ  

ɮ˄ʰ˃˒ʾʲˇ˂ʰΣ ˍˇ PLA ʶʾ˄ʰʽ ˇ ˉʽˇ ʵʹ˃ˇ˒ʽ˂ʺˌ ˍˏˉˇˌ ˄ʺ˃ʰˍˇˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ˁʰʽ 

ˎˉʱˊ˔ʶʽ ˉˇ˂ˏ ˁʰ˂ˈˌ ˂ˈʴˇˌ ʴʽʰ ʰˎˍˈΦ ʆˇ PLA ʶʾ˄ʰʽ ʶˏˁˇ˂ˇ ˋˍʹ˄ ʶˁˍˏˉ˖ˋʹΣ ʷ˔ʶʽ ˔ʰ˃ʹ˂ʺ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ʶˁˍˏˉ˖ˋʹˌ ˁʰʽ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇ ˋʶ ʰ˃ʷˍˊʹˍʰ ˔ˊ˗˃ʰˍʰ ˁʰʽ ʶʾʵʹΦ ʍˋˍˈˋˇΣ 

ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʱ˂˂ˇˎˌ ˍˏˉˇˎˌ ˄ʹ˃ʱˍ˖˄Σ ʶʾ˄ʰʽ ˉʽˇ ʶˏʻˊʰˎˋˍˇΣ ˇˉˈˍʶ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍˇ 

ʰˉˇ˒ʶˏʴʶˍʶ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˂ˎʴʾʸˇˎ˄Σ ʻʰ ˋˍˊʷ˒ˇ˄ˍʰʽΣ ʻʰ ˉʷ˒ˍˇˎ˄ 

ˋˎ˔˄ʱΦ ɳˉʾˋʹˌΣ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʶ ˍˇ PLA ʴʽʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ˍʷ˔ˇˎ˄ ˋʶ ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ˁʰʻ˗ˌ ˉʰˊʰ˃ˇˊ˒˗˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ слϲC ˁ ʰʽ ˉʱ˄˖Φ 

ɸʰ ˋʰˌ ˉʰˊˇˎˋʽʱˋˇˎ˃ʶ ˍˇˎˌ ˉʽˇ ʶˎˊʷ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ ˁʰʽ ʵʹ˃ˇ˒ʽ˂ʶʾˌ ˍˏˉˇˎˌ ˄ʹ˃ʱˍ˖˄ 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹΣ ʶˁˍˈˌ ˍˇˎ PLA. ʁʽ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ 

ˉʰˊʷ˔ˇˎ˄ ˃ʽʰ ˋˏ˄ˍˇ˃ʹ ˋˏ˄ˇ˕ʹ ˍ˖˄ ˔ˊʺˋʶ˖˄κʶ˒ʰˊ˃ˇʴ˗˄ ˍˇˎˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ ˁʰʽ 

ˍˇˎˌ ʽʵʽʰʾˍʶˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˅ʷˊʶˍʶ ˉˊʽ˄ ʶˁˍˎˉ˗ˋʶˍʶ ˃ʶ ˁʱʻʶ ˍˏˉˇ ˄ʺ˃ʰˍˇˌΦ   
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ʆˏˉˇˌ ˄ʺ˃ʰˍˇˌ ʅˏ˄ˍˇ˃ʹ ̄ ʶˊʽʴˊʰ˒ʺ ˁ ʰʽ ʁ ˒ʰˊ˃ˇʴʷˌ 

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰ˂ˏˍʶˊʰ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʰ˄ʻʶˁˍʽˁ˗˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄Σ ʷ˔ʶʽ 

ˎ˕ʹ˂ʺ ʰ˄ˍˇ˔ʺ ˋˍʹ˄ ˁˊˇˏˋʹ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʷ˅ʶʽ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ 

(~100oC). ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˋ˖˂ʺ˄ʶˌΣ ʶ˅ʰˊˍʺ˃ʰˍʰΣ ˉʰʽ˔˄ʾʵʽʰΣ ʰ˄ˍʰ˂˂ʰˁˍʽˁʱ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˁʽ˄ˇˏ˃ʶ˄ʰ ˃ʷˊʹΣ ˇʽˁʽʰˁʱ ʶʾʵʹΦ ɲʶ˄ ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍʰ ˍˊˈ˒ʽ˃ʰΦ 

Polycarbonate  
(PC) 

ʆˇ PC ʁ ʾ˄ʰʽ ˎ˂ʽˁˈ ˎ˕ʹ˂ʺ ̩h ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˁ ʰʽ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ʵˏˋˁˇ˂ʰ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʹ˔ʰ˄ʽˁʺˌΦ ɴ˔ʶʽ ʽʵʽʰʽˍʷˊ˖ˌ ˎ ˕ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ʻʶˊ˃ʽˁʺ ̩̄ ʰˊʰ˃ˈˊ˒˖ˋʹˌ ˁ ʰʽ ʰ˄ˍˇ˔ʺ ˋˍʽˌ ˁˊˇˏˋʶʽˌΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ ʶ˅ʰʽˊʶˍʽˁʱ 

ˎʴˊˇˋˁˇˉʽˁˈ ˎ ˂ʽˁˈΦ ɲʶ˄ ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍʰ ˍˊˈ˒ʽ˃ʰΦ 

Polyethylene  
Terephthalate 
(PETG) 

ɿʺ˃ʰ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ʰ˄ˍˇ˔ʺˌΦ ʆˇ t9¢D ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʷˌ ʴʽʰ ˍˊˈ˒ʽ˃ʰ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ɹ ʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˊˇ˒ʾ˃˖˄ ˁʰʽ ˉˇˍ˗˄Φ ɳʾ˄ʰʽ 

ʰ˄ʻʶˁˍʽˁˈ ˋˍʹ˄ ˁˊˇˏˋʹΣ ʽˋ˔ˎˊˈ ˁʰʽ ʶˏˁʰ˃ˉˍˇ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ 

˃ʹ˔ʰ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʽʰˍˊʽˁʺ ʲʽˇ˃ʹ˔ʰ˄ʾʰΣ 

ʶˉʶʽʵʺ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʰˉˇˋˍʶʽˊ˖ʻʶʾ ˁʰʽ ʰˎˍˈ ˍˇ ˁʰʻʽˋˍʱ ʽʵʰ˄ʽˁʺ 

ʶˉʽ˂ˇʴʺΦ 

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

ʆˇ !{! ʷ˔ʶʽ ˉʰˊˈ˃ˇʽʶˌ ʽʵʽˈˍʹˍʶˌ ˃ʶ ˍˇ !.{ ʰ˂˂ʱ ʶʾ˄ʰʽ ˉʽˇ ʰ˄ʻʶˁˍʽˁˈ ˋˍʹ˄ 

ˎˉʶˊʽ˗ʵʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰΣ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰ˄ˍˇ˔ʺ ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ ʶʾ˄ʰʽ 

ʰ˄ʻʶˁˍʽˁˈ ˋˍʰ ˔ʹ˃ʽˁʱΦ ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʶ˅˖ˍʶˊʽˁˇˏ 

˔˗ˊˇˎ ʰ˄ˍʾ ʴʽʰ ˍˇ !.{ ˉΦ˔Φ ˋʶ ʶ˅˖ˍʶˊʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰ ˇ˔ʹ˃ʱˍ˖˄Σ ˋʶ ˉʶˊʽʲ˂ʺ˃ʰˍʰ 

ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʶ˅˖ˍʶˊʽˁˇˏ ˔˗ˊˇˎ ˁʰʽ ˋ̱ ʹ ˋʹ˃ʰˍˇʵˈˍʹˋʹΦ 

Thermoplastic  
Polyurethane 
(TPU) 

ɳʾ˄ʰʽ ʶˏˁʰ˃ˉˍˇ ˎ˂ʽˁˈΣ ˃ʶʴʱ˂ʹˌ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ˁʰʽ ʰˎˍˈ ˍˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ 

ˍʶ˄ˍ˗˄ʶˍʰʽ ˁʰʽ ˄ʰ ˂ˎʴʾʸʶʽ ˃ʶ ʶˎˁˇ˂ʾʰΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ʻʺˁʶˌ ˁʽ˄ʹˍ˗˄ 

ˍʹ˂ʶ˒˗˄˖˄Σ ʹ˔ˇ˃ˇ˄˖ˍʽˁʱ ˎ˂ʽˁʱΣ ˋˍˇˉ ʴʽʰ ˉˈˊˍʶˌΣ ʸ˗˄ʶˌΣ ˉ˗˃ʰˍʰΦ   

Nylon  

[or Polyamide 

(PA)] 

ɱ˄˖ˋˍˈ ʴʽʰ ˍʹ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰΣ ˍʹ˄ ʰ˄ˍˇ˔ʺ (ˎˉʶˊˍʶˊʶʾ ˍˇˎ !.{ύ ˁʰʽ ˍʹ˄ 

ʶ˂ʰˋˍʽˁˈˍʹˍʱ ̱ ˇˎΦ ʆˇ Nylon ʁ ʾ˄ʰʽ ʽʵʽʰʽˍʷˊ˖ˌ ˎ ʴˊˇˋˁˇˉʽˁˈ ˎ ˂ʽˁˈ ˁ ʰʽ ʰˉˇˊˊˇ˒ʱ 

ˎʴˊʰˋʾʰ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎΦ ɳʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʵʽʱ˒ˇˊʰ ˁʰˍʰ˄ʰ˂˖ˍʽˁʱ 

ˉˊˇʿˈ˄ˍʰΣ ʶˊʴʰ˂ʶʾʰΣ ˃ʹ˔ʰ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΣ ʶ˅ʰˊˍʺ˃ʰˍʰ ˃ʹ˔ʰ˄˗˄ όˈˉ˖ˌ 

˃ʶ˄ˍʶˋʷʵʶˌΣ ˉˈˊˉʶˌ ʺ ʴˊʰ˄ʱʸʽʰύΣ ˂ʶʽˍˇˎˊʴʽˁʱ ˉˊ˖ˍˈˍˎˉʰΣ ʵˇ˃ʽˁʱ ˃ʷˊʹΣ ʵˇ˔ʶʾʰΦ 

Carbon Fiber 
(reinforced 
filament)  
 

ʆʰ ˄̋ ˃ʰˍʰ Carbon fiber (ʰ˄ʻˊʰˁˇ˄ʺ˃ʰˍʰ) ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˃ʽˁˊˇˋˁˇˉʽˁʷˌ ʾ˄ʶˌ 

ˉˇˎ ʶʴ˔ʷˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ʲʰˋʽˁˈ ˎ˂ʽˁˈ ʴʽʰ ˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ̱ ʽˌ ʽʵʽˈˍʹˍʷˌ ˍˇˎΦ ɳʾ˄ʰʽ 

ʶ˅ʰʽˊʶˍʽˁʱ ʰ˄ʻʶˁˍʽˁʱ ˁ ʰʽ ʱˁʰ˃ˉˍʰΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˍˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ 

ʻʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ʶ˂ʰ˒ˊˏˍʶˊʰ ˁʰʽ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ˖ˌ ˉˊˇˌ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ʴʽʰ ˍʹ˂ʶˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰ Σ ˂ʶʽˍˇˎˊʴʽˁʱ 

ˉˊ˖ˍˈˍˎˉʰΣ ʶ˂ʰ˒ˊʽʱ ʲˇʹʻʹˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˁ Φ˂ˉΦ 

High  
Impact  
Polystyrene 
(HIPS) (soluble) 

ʇ˂ʽˁˈ ʴʽʰ ˍʰ ˋˍʹˊʾʴ˃ʰˍʰ ˉˇˎ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʵʽʰ˂ˏʶˍʰʽ ˋʶ ˎʴˊˈ ˁʰʽ 

ˋˎ˄ʺʻ˖ˌ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ !.{Φ ʆˇ ILt{ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ˋˎ˔˄ʱ ˋʶ ˉˊ˖ˍˈˍˎˉʰ ʶˉʶʽʵʺ ʵʽʰˍʹˊʶʾ ʰ˄ʰ˂˂ˇʾ˖ˍʶˌ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎ 

ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ɳʾ˄ʰʽ, ʁ ˉʾˋʹˌΣ ̄ ˇ˂ˏ ʶˏˁˇ˂ˇ ˄ʰ ʶˁˍˎˉ˖ʻʶʾΣ ˄ ʰ ʲʰ˒ʶʾ ˁ ʰʽ ˄ʰ 
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ˁˇ˂˂ʺˋʶ.̔ ʋ́ ʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ̀ ˎ˄ʺʻ˖ˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˇʽˁʽʰˁ˗˄ ˋˎˋˁʶˎ˗˄Σ 

ˉʰʽ˔˄ʽʵʽ˗˄ ˁʰʽ ˉˊˇʿˈ˄ˍ˖˄ ˋˎˋˁʶˎʰˋʾʰˌΦ 

PolyVinyl Alcohol 
(PVA) (soluble) 

ɴ˔ʶʽ ʴʾ˄ʶʽ ʶˎˊʷ˖ˌ ʴ˄˖ˋˍˈ ˂ˈʴ˖ ˍʹˌ ʽʵʽˈˍʹˍʰˌ ˍˇˎ ˄ʰ ʵʽʰ˂ˏʶˍʰʽ ˋˍˇ ˄ʶˊˈ ˁʰʽ 

ˉˇ˂ˏ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʰ ˋˍʹˊʾʴ˃ʰˍʰ ˋˍʽˌ ˉˇ˂ˏˉ˂ˇˁʶˌ ʶˁˍˎˉ˗ˋʶʽˌΦ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʁ ˉʾˋʹˌ ɹ ʽʰ ̱ ʹ˄ ʁ ˁˍˏˉ˖ˋʹ ̄ ˊˈ˔ʶʽˊ˖˄ ̄ ˊ˖ˍˈˍˎˉ˖˄.  

 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˎ˂ʽˁ˗˄ 

 

ɮ˄ˍˇ˔ʺ 

ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ/ 

Eˎ ˊ˖ˋˍʾʰ ɳ˂ʰˋˍʽˁˈˍʹˍʰ 

ɼˈˋˍˇˌ 

ʇ˂ʽˁˇˏ  

ɸʶˊ˃ʽˁʺ 

ɮ˄ˍˇ˔ʺ  

ɮ˄ʻʶˁˍʽˁˈˍʹˍʰ 

ˋˍˇ ˄ʶˊˈ  

Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

      

Polycarbonate  
(PC) 

      

Polyethylene  
Terephthalate 
(PETG) 

      

Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

      

Thermoplastic  
Polyurethane 
(TPU) 

      

Nylon  

[or Polyamide 

(PA)] 

      

Carbon Fiber 
(reinforced 
filament)  

      

High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

      

PolyVinyl 
Alcohol 
(PVA) 

(soluble) 
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ʃʁɽʇ 

ʋɮɾɶɽʁ  
ʋɮɾɶɽʁ  

ɾɳʆʄɹʁ   

ʇʌɶɽʁ   

ʃʁɽʇ 

ʇʌɶɽʁ  
 

 

ɳʽʵʽˁˇʾ ̄ ʰˊʱʴˇ˄ˍʶˌ ˁ ʰʽ ́ ˎʻ˃ʾˋʶʽˌ ̱ ˊʽˋʵʽʱˋˍʰˍʹˌ ʶˁˍˏˉ˖ˋʹˌ 

 ɸʶˊ˃ˇˁˊʰˋʾʰ 

ɮˁˊˇ˒ˎˋʾˇˎ 

ɸʶˊ˃ʰʽ˄ˈ˃ʶ˄ʹ 

ʶˉʽ˒ʱ˄ʶʽʰ 

ʶˁˍˏˉ˖ˋʹˌ  

ɳˁˍˎˉ˖ˍʺˌ ˃ʶ 

ˉʶˊʾʲ˂ʹ˃ʰκˁ˂ʶʽˋˍˈˌ 

(ˋˎ˄ʽˋˍʱˍʰʽ) 

ɮˉˇˊˊˈ˒ʹˋʹ 

ʇʴˊʰˋʾʰˌ 

(ˎʴˊˇˋˁˇˉʽˁˈ)  

ʌˏ˅ʹ  

(ʰ˄ʶ˃ʽˋˍʺˊʶˌ) 

Other 

 
Acrylonitrile 
Butadiene 
Styrene 
(ABS) 

 

220 - 260ϲ/ 

 

80 - 110ϲ/ 

  

 

ɼˎˊˍ˗˄ʶʽ ʁ ˏˁˇ˂ʰ. 

ʃʰˊʱʴʶʽ 

ʶˉʽˁʾ˄ʵˎ˄ʶˌκˍˇ˅ʽˁʷˌ 

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ˇ 

ˁʰ˂ˈˌ ʶ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ˔˗ˊˇˎΦ 

 
Polycarbonate  
(PC) 

 

260 - 310ϲ/ 

 

80 - 120ϲ/ 

  

 

ɮˉʰʽˍʶʾ ˎ˕ʹ˂ʺˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ 

ˁʶ˒ʰ˂ʺ ʶˁˍˏˉ˖ˋʹˌ. 

ɴ˔ʶʽ ˍʹ˄ ˍʱˋʹ ˄ʰ 

ˁˎˊˍ˗˄ʶʽΦ 

ɮˉˇˊˊˇ˒ʱ ˎʴˊʰˋʾʰ 

ʰˉˈ ˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʱ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ 

ˋʶ ʰˋˍˇ˔ʾʶˌ 

ʶˁˍˏˉ˖ˋʹˌΦ 

 
Polyethylene  
Terephthalate 
(PETG) 

 

210 - 250ϲ/ 

 

70 - 90ϲ/ 

   ɼˎˊˍ˗˄ʶʽ ʁ ˂ʱ˔ʽˋˍʰ 

ˁʰʽ ʵʶ˄ ˉʰˊʱʴʶʽ 

ʰʷˊʽʰ ̋  

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹ. 

ɾˉˇˊʶʾ ˄ʰ 

ˉˊˇˁʰ˂ʷˋʶʽ 

stringing. 
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Acrylonitrile 
Styrene  
Acrylate 
(ASA) 

 

220 - 245ϲ/ 

 

90 - ммлϲ/ 

  

 

ɼˎˊˍ˗˄ʶʽ ʁ ˏˁˇ˂ʰ. 

ʃʰˊʱʴʶʽ 

ʶˉʽˁʾ˄ʵˎ˄ʶˌκˍˇ˅ʽˁʷˌ 

ʰ˄ʰʻˎ˃ʽʱˋʶʽˌ ˁʰˍʱ 

ˍʹ˄ ʶˁˍˏˉ˖ˋʹΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ̌  

ˁʰ˂ˈˌ ʁ ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ̝ ˗ˊˇˎ. ɾˉˇˊʶʾ 

˄ʰ ˉʰˊˇˎˋʽʱˋʶʽ 

ˉˊˈʲ˂ʹ˃ʰ 

ʰˉˇˁˈ˂˂ʹˋʹˌ 

όˊʰʴʾˋ˃ʰˍʰ ˋˍʰ 

layersύ ʰ˄ ʹ ˕ˏ˅ʹ 

ˍʹˌ ʶˁˍˏˉ˖ˋʹˌ ʶʾ˄ʰʽ 

ˉˇ˂ˏ ʵˎ˄ʰˍʺΦ 

 
Thermoplastic  
Polyurethane 
(TPU) 

 

220 - 250ϲ/ 

 

30 - слϲ/ όƴƻǘ 

required) 

   ʅˎ˄ʽˋˍʱˍʰʽ ʹ ˔ˊʺˋʹ 

ʶ˅˖ʻʹˍʺ ˍˏˉˇˎ 

Direct Drive. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʷˌ ˍʰ˔ˏˍʹˍʶˌ 

ʶˁˍˏˉ˖ˋʹˌ (20-

30mm/sec). ʂˋˇ 

˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ 

ʴʶ˃ʾˋ˃ʰˍˇˌ όinfill) 

˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶΣ 

ˍˈˋˇ ˉʽˇ ʶ˂ʰˋˍʽˁʺ 

ʻʰ ʶʾ˄ʰʽ ʹ 

ʶˁˍˏˉ˖ˋʹΦ ɾˉˇˊʶʾ 

˄ h̄ ˊˇˁʰ˂ʷˋʶʽ 

stringing.   

 

Nylon  

[or Polyamide 

(PA)] 

 

225 - 265ϲ/ 

 

70 - 90ϲ/ 

  

 

ʅˎ˄ʺʻ˖ˌ h ˉʰʽˍʶʾ 

ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˋˍʹ˄ 

ˁʶ˒ʰ˂ʺ ʶˁˍˏˉ˖ˋʹˌ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʷˌ ̱ ʰ˔ˏˍʹˍʶˌ 

ʶˁˍˏˉ˖ˋʹˌ. ɳʾ˄ʰʽ 

ʽʵʽʰʽˍʷˊ˖ˌ 

ˎʴˊˇˋˁˇˉʽˁˈ ˎ˂ʽˁˈΣ 

ʹ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ʹ 

ʶˁˍˏˉ˖ˋʹ ʰˉʰʽˍˇˏ˄ 

ˉˇ˂ˏ ˉˊˇˋˇ˔ʺΦ 

 
Carbon Fiber 
(reinforced 
filament)  

 

200-230ϲ/ 

 

45-слϲ/  

(not required) 

   ɳʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ 

˒ˊʱ˅ʶʽ ʺ ˄ʰ 

ˁʰˍʰˋˍˊʷ˕ʶʽ ˍˇ 

ʰˁˊˇ˒ˏˋʽˇΦ ɮˉʰʽˍʶʾ 

ʰˁˊˇ˒ˏˋʽˇ ʰˉˈ 
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ˋˁ˂ʹˊˎ˃ʷ˄ˇ 

˔ʱ˂ˎʲʰ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ 

˔ʰ˃ʹ˂ʺ ˍʰ˔ˏˍʹˍʰ 

ʶˁˍˏˉ˖ˋʹˌΦ 

 
High  
Impact  
Polystyrene 
(HIPS) 

(soluble) 

 

230 - нпрϲC  

 

100 - ммрϲC 

  

 

ʇ˂ʽˁˈ ˋˍʺˊʽ˅ʹˌ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ˈ˄ˇ ˃ʶ 

!.{ όʵʽˉ˂ʺ ˁʶ˒ʰ˂ʺ 

ʶ˅˗ʻʹˋʹ)̩. ɾˉˇˊʶʾ 

˄ʰ ʵʽʰ˂ˎʻʶʾ ˋʶ 

˂ʽ˃ˇ˄ʷ˄ʽˇΦ ɳʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇˌ ̌  

ˁʰ˂ˈˌ ʁ ˅ʰʶˊʽˋ˃ˈˌ 

ˍˇˎ ̝ ˗ˊˇˎ. 

 
PolyVinyl 
Alcohol 
(PVA) 

(soluble) 

 

180-200ϲ/ 

 

45-сл ϲ/ 

   ʇ˂ʽˁˈ ˋˍʺˊʽ˅ʹˌ ˉˇˎ 

ˋˎ˄ʵˎʱʸʶˍʰʽ ˃ʶ 

ˉˇ˂˂ʱ ʱ˂˂ʰ ˎ˂ʽˁʱ 

όʵʽˉ˂ʺ ˁʶ˒ʰ˂ʺ 

ʶ˅˗ʻʹˋʹ)̩. ɾˉˇˊʶʾ 

˄ʰ ʵʽʰ˂ˎʻʶʾ  ̀  ʁ

ʸʶˋˍˈ ˄ʶˊˈ 

 

ɯ˂˂ˇʽ ˍˏˉˇʽ ˎ˂ʽˁ˗˄ ˁʰʽ ˍˏˉ˖˄ ˄ʹ˃ʱˍ˖˄ ʶˉʽʴˊʰ˃˃ʰˍʽˁʱ ʶʾ˄ʰʽ: PLA ˃ ʁˊʽ˄ʾˋ˃ʰˍʰ ˅ˏ˂ˇˎ (wood-

filled), ˃ ʁˊʽ˄ʾˋ˃ʰˍʰ ˃ʶˍʱ˂˂ˇˎ (metal-filled), ˋˁ˂ʹˊˈ όtough) PLA, ʰʴ˗ʴʽ˃ˇ PLA, ˒˖ˋ˒ˇˊʾʸˇ˄ 

PLA, ˃ʰʴ˄ʹˍʽˁˈ, ʰ˂˂ʰʴʺˌ ˔ˊ˗˃ʰˍˇˌ, ʵʾ˔ˊ˖˃ˇ, ˃ʶ ˎh ˂ˇ˄ʺ˃ʰˍʰ, Polyoxymethylene (POM), 

Polypropylene (PP), PMMA (Acrylic), ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ʶˏˁʰ˃ˉˍ˖˄ ˎ˂ʽˁ˗˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˃ ʁˍ ̌

TPE/TPC.   
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ɯˋˁʹˋʹ 1: ʅ˔ʶʵʽʱʸˇˎ˃ʶ ˁ ʰʽ ɳˁ ˍˎˉ˗˄ˇˎ˃ʶ ʆ́ ʽˋʵʽʱˋˍʰˍʰ ̫ ˄ʰ ʅˍˇˉ ɹ ʽʰ ʃˈˊˍʰ 

ʋ́ ʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ TPU 

ʅʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˍˇ ˔ʶˊˇˏ˂ʽ ˍʹˌ ˉˈˊˍʰˌ ˔ˍˎˉʱʶʽ ˋˍˇ˄ ˍˇʾ˔ˇ ˁʰʽ ʰ˒ʺ˄ʶʽ ˋʹ˃ʱʵʽ όˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˉʰˊʰˁʱˍ˖ύ. ɮˎˍˈ ˍˇ ˃ʽˁˊˈ ˁʰʽ ʰˉ˂ˈ ˋ˔ʷʵʽˇ ʶ˄ˈˌ ˋˍˇˉ ʴʽʰ ˉˈˊˍʰ ʷ˔ʶʽ ʶˉˇ˃ʷ˄˖ˌ 

˔ˊʺˋʽ˃ʶˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ  

[ʃˊˇʰʽˊʶˍʽˁʱΥ ɱʽʰ ˉʽˇ ʰˁˊʽʲʶʾˌ ˃ʶˍˊʺˋʶʽˌΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˉʰ˔ˏ˃ʶˍˊˇ ʴʽʰ ˄ʰ 

ˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˔ʶˊˇˎ˂ʽˇˏ ˍʹˌ ˉˈˊˍʰˌ.] 

  

ɳˉʽ˂ʷ˅ˍʶ ˍˇ ˋ˔ʺ˃ʰ ζˋ˖˂ʺ˄ʰη όζTubeη) ʰˉˈ ˍʰ Basic Shapes ˁʰʽ ˇˊʾˋˍʶ ˍˇ ζBevelη ˋˍˇ мmm. 

ɸʷ˂ˇˎ˃ʶ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˄ʰ ʶʾ˄ʰʽ 19.4mm ˁ ʰʽ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˍˇʽ˔˗˃ʰˍˇˌ 2mmΣ ˇˉˈˍʶ ʻʰ 

ˇˊʾˋˇˎ˃ʶ ˍʹ˄ ʰˁˍʾ˄ʰ όradius) ˋ ʁ11.7mm όʵʹ˂ʰʵʺ ʹ ʶ˅˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ζˋ˖˂ʺ˄ʰη ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ 23.4mm). 
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ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʰˁˈ˃ʰ ʷ˄ʰ˄ ˃ʽˁˊˈˍʶˊˇ ˋ˖˂ʺ˄ʰ ˃ʶ ʰˁˍʾ˄ʰ όradius) 8.4mm όʵʹ˂ʰʵʺ ʹ ʶ˅˖ˍʶˊʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ζˋ˖˂ʺ˄ʰη ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ 16.8mm). ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʷ˄ʰ ˉˇ˂ˏʴ˖˄ˇ ˃ʶ п 

ˉ˂ʶˎˊʷˌ όˋʰ˄ ˁˏʲˇύ ˁʰʽ ˇˊʾˋˍʶ ˍˇ ζ.ŜǾŜƭη нƳƳ. 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ н ˁˎ˂ʾ˄ʵˊˇˎˌ ζˍˊˏˉʰη όʷ˄ʰ˄ ʵʽʰ˃ʷˍˊˇˎ мфΦпƳƳ ˁʰʽ ʷ˄ʰ˄ мнΦуƳƳύ ʴʽʰ ˄ʰ 

ʰ˒ʰʽˊʷˋʶˍʶ ˍʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˉˇ˂ˏʴ˖˄ˇˎ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍ˖˄ ˋ˖˂ʺ˄˖˄Φ 

  

 [ʅˎ˃ʲˇˎ˂ʺ: ɾˉˇˊʶʾˍʶ ˄ h ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶ ˍ ̌ ʶˊʴʰ˂ʶʾˇ ˋˍˇʾ˔ʽˋʹˌ Align Tool ʴʽʰ ˄ h

ˍˇˉˇʻʶˍʺˋʶˍʶ ̀ ˖ˋˍʱ ̍ ˂ʰ ̱  h̀ ˔ʺ˃ʰˍʰ (center alignment)] 

ʅˍʹ ̀ ˎ˄ʷ˔ʶʽʰ, ̌ ˃ʰʵˇˉˇʽʺˋˍʶ ̱  h̄ ʱ˄ˍʰ ˁ ʰʽ ̒  h̫ ˔ʶˍʶ ̱  ̱̌ ʶ˂ʽˁˈ ̀ ˔ʺ˃ʰ. 
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ʃ˂ʷˇ˄ ˃ˉˇˊʶʾˍʶ ˄ʰ ʶ˅ʱʴʶˍʶ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇ ˁʰʽ ˄ʰ ˍˇ ˍʶ˃ʰ˔ʾˋʶˍʶ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˍˇ 

ʶˁˍˎˉ˗ˋʶˍʶΦ ɮ˄ˇʾ˅ˍʶ ˍˇ ˋ˔ʶˍʽˁˈ ʰˊ˔ʶʾˇ .stl ̀ ˍˇ ˉˊˈʴˊʰ˃˃ʰ Cura όʺ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʱ˂˂ˇ 

ˉˊˈʴˊʰ˃˃ʰ slicer). 

ʃˊʽ˄ ˁʱ˄ʶˍʶ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˂˂ʰʴʺ ˋˍʽˌ ˊˎʻ˃ʾˋʶʽˌ ˍʶ˃ʰ˔ʽˋ˃ˇˏΣ ʲʶʲʰʽ˖ʻʶʾˍʶ ˈˍʽ ʷ˔ʶˍʶ ˇˊʾˋʶʽ ˋʰ˄ 

ˍˏˉˇ ˄ʺ˃ʰˍˇˌ ˍˇ άGeneric TPU 95Aέ όʺ ˇˉˇʽˇʵʺˉˇˍʶ ˄ʺ˃ʰ ˍˏˉˇˎ TPU ̄ ˇˎ ʵʽʰʻʷˍʶˍʶύΦ   

ʃʰˊʰˁʱˍ˖ ʻʰ ʲˊʶʾˍʶ ˁʱˉˇʽʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ˊˎʻ˃ʾˋʶʽˌ ˉˇˎ ʻʰ ˔ˊʶʽʰˋˍʶʾ ˄ʰ ˁʱ˄ʶˍʶ ˗ˋˍʶ ˄ʰ 

ʷ˔ʶˍʶ ˃ʽʰ ʶˉʽˍˎ˔ʹ˃ʷ˄ʹ ˍˊʽˋʵʽʱˋˍʰˍʹ ʶˁˍˏˉ˖ˋʹ ˃ʶ ˔ˊʺˋʹ TPU:  

¶ ɮ˂˂ʱ˅ˍʶ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʶˁˍˏˉ˖ˋʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˇʵʹʴʾʶˌ ˍˇˎ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ 

˄ʺ˃ʰˍˇˌΦ ʆˇ TPU h ˉʰʽˍʶʾ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʶˁˍˏˉ˖ˋʹˌ όˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

228oCΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ʶʽˁˈ˄ʰύ 

¶ ʂˋˇ ˉʽˇ ˔ʰ˃ʹ˂ʺ ʶʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ʶˁˍˏˉ˖ˋʹˌΣ ˍˈˋˇ ˁʰ˂ˏˍʶˊˇ ʻʰ ʶʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ɱʽʰ ˍʹ ʵʽʱˍʰ˅ʹ direct drive ́  ˃ʷʴʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˋˍʰ 30-

40mm/sec. ʅˍʹ˄ ʵʽʱˍʰ˅ʹ BowdenΣ ʹ ˃ʷʴʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ ˋˍʰ 

15-25mm/sec. ɳˉʾˋʹˌΣ ˇʽ ʵʽʱ˒ˇˊʶˌ ˍʰ˔ˏˍʹˍʶˌ όtravel speed, infill speed, wall speed ˁ ˍ˂.) 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˇʽ ʾʵʽʶˌ ˁʰʽ ˈˋˇ ˉʽˇ ˋˍʰʻʶˊʷˌ ʴʾ˄ʶˍʰʽ.  

¶ ɾʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ Z hop ό˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ stringing)  

¶ ɱʽʰ ˄ʰ ʰˉˇ˒ˏʴʶˍʶ ˍˇ stringingΣ ˃ʹ˄ ʶˉʽˍˊʷˉʶˍʶ ˋˍˇ ʰˁˊˇ˒ˏˋʽˇ ˄ʰ ˁʽ˄ʶʾˍʰʽ ˋˍˇ˄ ˁʶ˄ˈ 

˔˗ˊˇΦ ʅˍˇ ˉˊˈʴˊʰ˃˃ʰ CuraΣ ʰ˄ʰˍˊʷ˅ˍʶ ˋˍʽˌ ʶˉʽ˂ˇʴʷˌ ʴʽʰ ˍˇ TravelΥ ˍˇ Combing Mode ̒ ʰ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ˇΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ ʰˁˊˇ˒ˏˋʽˇ ʻʰ 

ˁʽ˄ʶʾˍʰʽ ˋˍʽˌ ʺʵʹ ʶˁˍˎˉ˖˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ɮˎˍˈ ˃ʶʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ˍˊʱʲʹʴ˃ʰ ˍˇˎ 
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˄ʺ˃ʰˍˇˌ ˉˊˇˌ ˍʰ ˉʾˋ˖ ˁʰʽ ʰˉˇˍˊʷˉʶʽ ˍˇ stringing ̄ ˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋˏ˄ʹʻʶˌ ˈˍʰ˄ 

ʶˁˍˎˉ˗˄ˇˎ˃ʶ ˃ʶ ʶˏˁʰ˃ˉˍʰ ˎ ˂ʽˁʱΦ  

 

ʃˊʽ˄ ˅ʶˁʽ˄ʺˋʶˍʶ ˍʹ˄ ʶˁˍˏˉ˖ˋʹ ˍˇˎ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍˇ ˄ʺ˃ʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˍʶʴ˄ˈΣ 

ˈˋˇ ˉʽˇ ˋˍʶʴ˄ˈ ʴʾ˄ʶˍʰʽ όˍˇ TPU ʶʾ˄ʰʽ  ˎʴˊˇˋˁˇˉʽˁˈ ˎ˂ʽˁˈύΦ ɮ˄ ʵʶ ˄ˎˉʱˊ˔ʶʽ ˋˎˋˁʶˎʺ drybox, 

ˁʱˉˇʽˇʽ ζ˕ʺ˄ˇˎ˄η ˍˇ ˄ʺ˃ʰ TPU ˋˍˇ ˒ˇˏˊ˄ˇ ʴʽʰ 30ς60 ˂ʶˉˍʱ  ˋˍˇˎˌ 50-70 ʲʰʻ˃ˇˏˌΦ ɱʽʰ 

ˁʰ˂ˏˍʶˊʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˃ˉˇˊʶʾˍʶ ˄ʰ ˍˎˉ˗ˋʶˍʶ ˍˇ ˄ʺ˃ʰ ˁʰˍʶˎʻʶʾʰ˄ ʰˉˈ ˍˇ drybox. ɾʶˍʱ ˍʹ˄ 

ʶˁˍˏˉ˖ˋʹΣ ʵʽʰˍʹˊʶʾˋˍʶ ˍˇ ˄ʺ˃ʰ ˋ˒ˊʰʴʽˋ˃ʷ˄ˇ ˁʰʽ ˉˊˇˋˍʰˍʶˎ˃ʷ˄ˇ ʰˉˈ ˍʹ˄ ˎʴˊʰˋʾʰΦ  

ʆˇ ¢t¦ ˁˇ˂˂ʱʶʽ ˉˇ˂ˏ ˁʰ˂ʱ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˁʰʽ ʴʽʰ ʰˎˍˈ ˍˇ ˂ˈʴˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʶ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʶ ˒ˏ˂˂ˇ t9LΣ ˁʰʻ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍˊʰ˒ʶʾ ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʱ ˋʰˌ ˄ʰ 

ʰˉˇˁˇ˂˂ʺˋʶˍʶ ˍˇ ˃ˇ˄ˍʷ˂ˇΦ ɼʱˉˇʽˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˁˈ˂˂ʰ ʴʽʰ ʶˁˍˎˉ˖ˍʷˌ ʺ ʱ˂˂ʰ ˋˎʴˁˇ˂˂ʹˍʽˁʱ 

ˎ˂ʽˁʱ ʺ ʴˎʱ˂ʽ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰ ʶˁˍˏˉ˖ˋʹˌΦ 

ɳˉʾˋʹˌΣ ˂ʱʲʶˍʶ ˎˉˈ˕ʹ ˋʰˌ ˈˍʽ ˎˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ TPU ˍ˖˄ ˇˉˇʾ˖˄ ʹ 

ˋˁ˂ʹˊˈˍʹˍʰκʶ˂ʰˋˍʽˁˈˍʹˍʰ ʵʽʰ˒ʷˊʶʽΦ 

ʆˇ ʶˁˍˎˉ˖˃ʷ˄ˇ ˋˍˇˉ ˒ʰʾ˄ʶˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʶˌΦ 
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ɯˋˁʹˋʹ 2: ʅ˔ʶʵʽʱʸˇˎ˃ʶ ˁ ʰʽ ɳˁˍˎˉ˗˄ˇˎ˃ʶ ʆˊʽˋʵʽʱˋˍʰˍʰ ̫ ˄ʰ ʅˍʺˊʽʴ˃ʰ ʴʽʰ 

ɾʱˋˁʰ ˃ʶ ʋˊʺˋʹ TPU 

ʆˇ ˋˍʺˊʽʴ˃ʰ ˍʹˌ ˃ʱˋˁʰˌ ʶʾ˄ʰʽ ʷ˄ʰ ʶʾʵˇˌ ˁ˂ʽˉ ˉˇˎ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍˇ ˉʾˋ˖ ˃ʷˊˇˌ ˍˇˎ ˁʶ˒ʰ˂ʽˇˏ 

ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˋˎʴˁˊʰˍʶʾ ˍʰ ˂ʱˋˍʽ˔ʰ ˍʹˌ ˃ʱˋˁʰˌΦ  ʅˁˇˉˈˌ ˍˇˎ ʶʾ˄ʰʽ ˄ʰ ʰ˄ʰˁˇˎ˒ʾʸʶʽ 

ˍˇ˄ ˉˈ˄ˇ ˋˍʰ ʰˎˍʽʱ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍʹˌ ˃ʱˋˁʰˌ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ɾˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˃ʱˋˁʰˌ ˉˇˎ ʷ˔ˇˎ˄ ʵˏˇ ˋʹ˃ʶʾʰ ʶˉʰ˒ʺˌ όˍʰ ˂ʱˋˍʽ˔ʰύ ˁʰʽ 

ˍˇ ˃ʷʴʶʻˇˌ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʰ˄ʻˊ˗ˉˇˎˌΦ  

ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ ʷ˄ʰ ˁˇˎˍʾ ˃ʶ ʵʽʰˋˍʱˋʶʽˌΥ ˃ʺˁˇˌ=16mm, ˉ˂ʱˍˇˌ=124mm ˁʰʽ ˏ˕ˇˌ=1.6mm. 

ɲʹ˃ʽˇˎˊʴʶʾˋˍʶ н ˁˎ˂ʾ˄ʵˊˇˎˌ ˃ʶ ʵʽʰˋˍʱˋʶʽˌ 16x16x1.6mm ˁʰʽ ˍˇˉˇʻʶˍʶʾˋˍʶ ˍˇˎˌ ˋˍʰ ʵˏˇ ʱˁˊʰ 

ˍˇˎ ˁˇˎˍʽˇˏΦ 

 

[ʅˎ˃ʲˇˎ˂ʺ: ʋˊʹˋʽ˃ˇˉˇʽʶʾˋˍʶ ˋˍˇ Snap Grid ˍʹ˄ ˍʽ˃ʺ 0.1mm ʴʽʰ ˄ h˃ʶˍʰˁʽ˄ʺˋʶˍʶ ˁʰʽ ˄ h

ˍˇˉˇʻʶˍʺˋʶˍʶ ̱ ˇˎˌ ˁ ˎ˂ʾ˄ʵˊˇˎˌ ˃ʶ ʰˁˊʾʲʶʽʰΦ ɾˉˇˊʶʾˍʶ ʁ ˉʾˋʹˌ ˄  hˁ ʱ˄ʶˍʶ ˁ ˂ʽˁ ̀ ˍʹ˄ ʁ ˉʽ˂ˇʴʺ άUse 

Midpointέ ̱̌ ˎ ʁ ˊʴʰ˂ʶʾˇˎ Ruler Tool.] 

ɾʶˍʰʲʶʾˍʶ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Shapes Library -> Design starters ˁʰʽ ʶˉʽ˂ʷ˅ˍʶ ˍ ̌Rounded Box ˃ ʁ

ʵʽʰˋˍʱˋʶʽˌ: ˃ʺˁˇˌ=6mm, ˉ˂ʱˍˇˌ=60mm ˁʰʽ ˏ˕ˇˌ=6mm. ɮ˂˂ʱ˅ˍʶ ˍˇ ˋʶ ζˍˊˏˉʰη όIƻƭŜύ ˁʰʽ 

ʶʽˋʱʴʶˍʷ ˍˇ оmm ˋˍˇ ˎˉʱˊ˔ˇ˄ ˋ˔ʺ˃ʰ όʵʹ˂ʰʵʺ ˍˇ ˃ʽˋˈύΦ ɼʱ˄ˍʶ ʷ˄ʰ ʰ˄ˍʾʴˊʰ˒ˇ ˍˇˎ rounded box 

ˁʰʽ ˍˇˉˇʻʶˍʶʾˋˍʶ ˍˇ ˁʰˍʱ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇ ˋˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΦ  

 


