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The purpose of this research was to study the processes of 1D Rapid Prototyping 
machine for discovering and presenting the condition of material that has been changed by the 
machine operations both the patterns occurred from normal manufacturing processes and the 
patterns occurred from the waste of materials through jewelry products.  This is to make the 
contrast with the popularity of the people in society that usually looking for the beauty and 
perfection derived from the machine.  This is also to reflect the value and attractiveness of 
rfcȮu_qrcbȮk_rcpg_jqȮfgbbclȮugrfglȮrfcqcȮnpmacqqcq*ȮufgafȮ_aampbgleȮrmȮrfcȮŴU_`g-Q_`gŵȮ
theory stated about the beauty happened from unexpected chance.Ȯ 

From the study of the machine processes, it was found that the process of 
eliminating wasted material during the phase of shape forming is the process that lost the 
most material.  After trying to find the appropriate pattern for jewelry products creation, it 
was found that using metal material and forming wax that used as a wasted material support 
(scrap wax) was the most appropriate pattern.  This can be presented in two parts; firstly 
showing the reverse state of the material from scrap wax to metal.  This is to reflect the 
contrast with the popularity of the people in society that usually adhere to the value of 
materials and perfection appearances.  This is also representing the worth and beauty of 
unintended aesthetics form of flowing and piling up of scrap wax.  The second part was the 
support of the scrap wax that using geometric forms illustrating the linked relationship with 
the abstract of perfection derived from machine that most of the people are looking for. 

The results of this research was found that the wasted materials which is derived 
from machine elimination can be made more valuable by metal castings and value as jewelry 
accessories that presenting the unintended aesthetics. This is to make the contrast with the 
popularity of the people in society that conforms to the purpose of this research. 
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ĭĪĪňŗȮ1 
 

ĭĪĬŜŅ 

 

1. ĪňŗĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅ 
ŏėĶŊŗŀĚıŇĴıƢĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺȮ(1D Rapid Prototyping Machine) ȮŏĮƦĬ

ŏėĶŊŗŀĚěńĔĶĪňŗœħƟĶńĭėĺŅĴĬŇĵĴŀĵƞŅĚŐıĶƞľĸŅĵŒĬŀŋĨĽŅľĔĶĶĴįĸŇĨŏėĶŊŗŀĚĮĶŃħńĭ ħƟĺĵėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶįĸŇĨĚŅĬœħƟŀĵƞŅĚĶĺħŏĶŖĺȮěŜŅĬĺĬĴŅĔȮŏĮƦĬĶŃŏĭňĵĭŐĭĭŐįĬŐĸŃĴňĴŅĨĶģŅĬȮŐĨƞŏĭŊŘŀĚľĸńĚĕŀĚ
ĔĶŃĭĺĬĔŅĶıŇĴıƢĨƟĬŐĭĭĬńŘĬĵńĚĴňĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮŏĔŇħĕŉŘĬıĶƟŀĴĔńĬœĮħƟĺĵȮőħĵ
ĶŃľĺƞŅĚĪňŗŏėĶŊŗŀĚěńĔĶĔŜŅĸńĚĕŉŘĬĶŌĮĝŇŘĬĚŅĬŀĵŌƞĬńŘĬȮȮĕĦŃŏħňĵĺĔńĬĔŖĵńĚĴňŏĬŊŘŀĺńĽħŋĭŅĚĽƞĺĬĪňŗĩŌĔŏėĶŊŗŀĚěńĔĶ
ĕěńħĪŇŘĚœĮȮŏıŊŗŀŒľƟœħƟĴŅĞŉŗĚĝŇŘĬĚŅĬĨŅĴĶŌĮŐĭĭĪňŗĩŌĔĔŜŅľĬħœĺƟŒĬėŀĴıŇĺŏĨŀĶƢȮ 

ľŅĔıŇěŅĶĦŅįĸĸńıīƢĪňŗŏĔŇħěŅĔŏėĶŊŗŀĚıŇĴıƢĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺŐĸƟĺȮŏėĶŊŗŀĚěńĔĶ
ŏĮƦĬĨńĺĔŜŅľĬħŐĸŃŐĭƞĚŐĵĔĽĩŅĬŃĕŀĚĺńĽħŋĨńŘĚĨƟĬĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮȮőħĵĔŜŅľĬħŒľƟĭŅĚĽƞĺĬĩŌĔĕŉŘĬĶŌĮ
ŀĵƞŅĚĽĴĭŌĶĦƢȮŐĸŃĭŅĚĽƞĺĬĩŌĔĕěńħĪŇŘĚœĮőħĵœĴƞĽŅĴŅĶĩĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞœħƟŀňĔȮĽƞĚįĸŒľƟĴŌĸėƞŅĕŀĚĺńĽħŋ
ŏĮĸňŗĵĬŐĮĸĚœĮĨŅĴĽĩŅĬŃŒľĴƞĪňŗŏĔŇħĕŉŘĬȮĔĸƞŅĺėŊŀĺńĽħŋŒĬĽƞĺĬĪňŗĩŌĔĕŉŘĬĶŌĮŀĵƞŅĚĽĴĭŌĶĦƢŐĭĭĔĸŅĵŏĮƦĬ
ĺńĨĩŋĪňŗĴňĴŌĸėƞŅĽŌĚĕŉŘĬȮȮĽƞĺĬĺńĽħŋĪňŗŏėĶŊŗŀĚěńĔĶĕěńħĪŇŘĚĔĸŅĵŏĮƦĬĺńĨĩŋĪňŗœĴƞĴňĴŌĸėƞŅȮĴŌĸėƞŅĪŅĚĺńĨĩŋŏľĸƞŅĬňŘĸƟĺĬ
ŏĮƦĬœĮĨŅĴĔĶŀĭŐľƞĚĔĶŃŐĽėƞŅĬŇĵĴĕŀĚĽńĚėĴĪňŗŏĮƦĬĨńĺĔŜŅľĬħőħĵŒľƟėĺŅĴĽŜŅėńĠħƟŅĬĴŌĸėƞŅĪŅĚĺńĨĩŋȮ
ĞŉŗĚĪŋĔĺńĬĬňŘįŌƟėĬĽƞĺĬĴŅĔĸƟĺĬĨƞŅĚĴŀĚľŅėĺŅĴĚŅĴŐĸŃėĺŅĴĽĴĭŌĶĦƢŐĭĭĪňŗœħƟĶńĭěŅĔŏėĶŊŗŀĚěńĔĶȮěĬ
ŀŅěľĸĚĸŊĴŐĸŃĴŀĚĕƟŅĴŏĭŊŘŀĚľĸńĚĕŀĚĔĶŃĭĺĬĔŅĶĬňŘĪňŗĴňėĺŅĴĽŌĠŏĽňĵŏĔŇħĕŉŘĬœĮŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬȮ
ŏĴŊŗŀĽĳŅıĕŀĚĺńĨĩŋŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚěŅĔĽĩŅĬŃľĬŉŗĚŏĮƦĬĽĩŅĬŃľĬŉŗĚȮĶŌĮŐĭĭĕŀĚėĺŅĴĚŅĴěŉĚ
ŐĮĶŏĮĸňŗĵĬĨŅĴœĮħƟĺĵŏĝƞĬĔńĬȮŐĨƞľŅĔıŇěŅĶĦŅĴŀĚĪňŗėŋĦėƞŅŐĸŃėĺŅĴĚŅĴőħĵŐĪƟěĶŇĚĕŀĚĶŌĮŐĭĭĪňŗ
ĮĶŅĔġĕŉŘĬŒĬĨńĺŏĻļĺńĽħŋŏľĸƞŅĬńŘĬŀĵƞŅĚĸŉĔĞŉŘĚŐĸƟĺȮěŃŏľŖĬĔŅĶĞƟŀĬĪńĭĔńĬĕŀĚŏĬŊŘŀĺńĽħŋŏĮƦĬĝńŘĬŕȮĴňŏĽƟĬ
ĽŅĵľĵħĸĚĴŅőħĵŏĮƦĬœĮĨŅĴŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔȮŏĮƦĬĔŅĶœľĸŀĵƞŅĚŀŇĽĶŃȮœĴƞĨńŘĚŒěȮŏĔŇħŏĮƦĬėĺŅĴĚŅĴ
ĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠȮŏĮƦĬőėĶĚĽĶƟŅĚĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶįĸńĔħńĬĕŀĚĔĶŃĭĺĬĔŅĶĪŅĚīĶĶĴĝŅĨŇȮĞŉŗĚŏĶŅŀŅě
ıĭŏľŖĬėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠĬňŘĞŋĔĞƞŀĬŀĵŌƞŒĬīĶĶĴĝŅĨŇĶŀĭŕȮĔŅĵŏĶŅȮȮŏĝƞĬȮĸŃŀŀĚİĬĪňŗŏĔŅŃ
ĭĬŒĭœĴƟȮĶŀĵŐĨĔĶŃŐľĚĕŀĚħŇĬŏľĬňĵĺĪňŗŐľƟĚȮĔŅĶĔƞŀĨńĺĕŀĚľŇĬĚŀĔľŇĬĵƟŀĵȮŏľĸƞŅĬňŘĸƟĺĬŏĮƦĬėĺŅĴĚŅĴ
ŀňĔĶŌĮŐĭĭľĬŉŗĚőħĵĴňīĶĶĴĝŅĨŇŏĮƦĬįŌƟĶńĚĽĶĶėƢĕŉŘĬȮľŅĔŐĨƞŒėĶěŃĸƞĺĚĶŌƟĺƞŅŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĨƟĬŐĭĭ
ħƟĺĵŏėĶŊŗŀĚěńĔĶĬńŘĬěŃĴňėĺŅĴĚŅĴŒĬĶŌĮŐĭĭĬňŘĞƞŀĬĨńĺŀĵŌƞŒĬĴŋĴŏĸŖĔŕȮȮȮȮȮŏĮƦĬĶŌĮŐĭĭĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚ
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ĽńěěŃĕŀĚīĶĶĴĝŅĨŇȮŏĮƦĬėĺŅĴĚŅĴĪňŗœĴƞĴňŐĭĭŐįĬȮœĶƟĞŉŗĚĔŅĶėĺĭėŋĴȮőħĵĴňěŋħŏĶŇŗĴĨƟĬŀńĬŏĔŇħěŅĔĔŅĶ
ĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶŐĸŃŏĔŇħĕŉŘĬŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬĔńĭĔŅĶıŇĴıƢĨƟĬŐĭĭŏėĶŊŗŀĚĮĶŃħńĭ  ȮŒĬĶŌĮŐĭĭ
ĪňŗŏĮƦĬœĮŀĵƞŅĚĴňĶŃĭĭĶŃŏĭňĵĭĨŅĴĔĶŀĭĪňŗĴĬŋļĵƢĺŅĚœĺƟ  

 ěŅĔĕƟŀėĺŅĴĕƟŅĚĨƟĬȮĕƟŅıŏěƟŅěŉĚĴňėĺŅĴĽĬŒěŒĬĔŅĶĬŜŅĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚıŇĴıƢ
ĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺĴŅĽĶƟŅĚĽĶĶėƢŏĮƦĬŏėĶŊŗŀĚĮĶŃħńĭȮőħĵĔŅĶĬŜŅŏĽĬŀėĺŅĴĚŅĴěŅĔĽĳŅıĕŀĚ
ŏĬŊŘŀĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŀńĬŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬįĸŇĨ
őħĵĪńŗĺœĮĪňŗıĭŏľŖĬŐĸŃĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋȮŏıŊŗŀĽĶƟŅĚėĺŅĴ
ĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬĽńĚėĴĪňŗĴńĔĴŀĚľŅŐĨƞĴŌĸėƞŅŐĸŃėĺŅĴĽĴĭŌĶĦƢŐĭĭĪňŗœħƟĶńĭěŅĔŏėĶŊŗŀĚěńĔĶ
ŏıňĵĚħƟŅĬŏħňĵĺȮĶĺĴĪńŘĚĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŀĵŌƞŏĭŊŘŀĚľĸńĚĕŀĚ
ĔĶŃĭĺĬĔŅĶĬňŘȮĽŀħėĸƟŀĚĨŅĴľĸńĔŐĬĺėŇħȮĺŃĭŇ-ĞŃĭŇȮ(Wabi-Sabi) ĪňŗĔĸƞŅĺĩŉĚėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬŀĵƞŅĚ
œĴƞĨńŘĚŒěȮœĴƞŏĮƦĬœĮĨŅĴĶŃŏĭňĵĭŐĭĭŐįĬŐĨƞŏĮƦĬœĮĨŅĴĔĶŃĭĺĬĔŅĶŐĸŃŐĶĚįĸńĔħńĬĕŀĚīĶĶĴĝŅĨŇ 1 
 
2. ĺńĨĩŋĮĶŃĽĚėƢ 

2.1ȮŏıŊŗŀĻŉĔļŅĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺȮ 
2.2 ŏıŊŗŀėƟĬľŅŐĸŃĬŜŅŏĽĬŀėĺŅĴĚŅĴěŅĔĽĳŅıĕŀĚŏĬŊŘŀĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŀńĬŏĔŇħěŅĔ

ĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬįĸŇĨőħĵĪńŗĺœĮŐĸŃĶŌĮŐĭĭĪňŗŏĔŇħěŅĔ
ĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋŏıŊŗŀĽĶƟŅĚėĺŅĴĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬĽńĚėĴĪňŗĴńĔ
ĴŀĚľŅŐĨƞĴŌĸėƞŅŐĸŃėĺŅĴĽĴĭŌĶĦƢŐĭĭĪňŗœħƟĶńĭěŅĔŏėĶŊŗŀĚěńĔĶŏıňĵĚħƟŅĬŏħňĵĺ 

2.3ȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŏėĶŊŗŀĚĮĶŃħńĭĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚŏĻļĺńĽħŋĪňŗ
ĞƞŀĬŀĵŌƞŏĭŊŘŀĚľĸńĚĕŀĚėĺŅĴĽŌĠŏĽňĵŒĬĔĶŃĭĺĬįĸŇĨĨƟĬŐĭĭĕŀĚŏėĶŊŗŀĚěńĔĶ 
 
3. ĕŀĭŏĕĨŒĬĔŅĶĺŇěńĵ 

3.1ȮĻŉĔļŅĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺȮ
ĶĺĴĩŉĚĽĳŅıĕŀĚŏĬŊŘŀĺńĽħŋĪňŗŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬįĸŇĨ
őħĵĪńŗĺœĮŐĸŃĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋ 

3.1.1ȮĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶĽĶƟŅĚĨƟĬŐĭĭŀĵƞŅĚĶĺħŏĶŖĺȮ(Rapid Prototyping)
ĵňŗľƟŀȮ3DSystems ĶŋƞĬȮProJetCPX 1... 

3.1.2 ŒĝƟĞŀĲĨƢŐĺĶƢȮ3DesignCAD ŒĬĔŅĶĽĶƟŅĚĝŇŘĬĚŅĬĽŅĴĴŇĨŇ 
 

1 ŏĸĬĬŅĶƢħȮőėŏĶĬ, ĺŃĭŇ-ĞŃĭŇȮĽŜŅľĶńĭĻŇĸĮƕĬȮĬńĔŀŀĔŐĭĭȮĔĺňȮ& ĬńĔĮĶńĝĠŅ, ŐĮĸěŅĔ 
Wabi-Sabi for Artists, Designers, Poets & Philosophers, ŐĮĸőħĵ ĔĶŇĬĪĶƢȮĔĸŇŗĬĕěĶ (ĔĶŋĚŏĪıł: 
ĽĺĬŏĚŇĬĴňĴŅ, 2552), 51. 
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1.2 ĽĶƟŅĚĽĶĶėƢŏėĶŊŗŀĚĮĶŃħńĭĪňŗĽĶƟŅĚėĺŅĴĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬĽńĚėĴĪňŗĴńĔĴŀĚŐĨƞ
ĴŌĸėƞŅŐĸŃėĺŅĴĽĴĭŌĶĦƢŐĭĭĪňŗœħƟĶńĭěŅĔŏėĶŊŗŀĚěńĔĶŏıňĵĚħƟŅĬŏħňĵĺȮȮĶĺĴĩŉĚĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŐĸŃ
ėĺŅĴĚŅĴĕŀĚŏĻļĺńĽħŋĪňŗĞƞŀĬŀĵŌƞŏĭŊŘŀĚľĸńĚĕŀĚėĺŅĴĽŌĠŏĽňĵŒĬĔĶŃĭĺĬįĸŇĨĨƟĬŐĭĭĕŀĚŏėĶŊŗŀĚěńĔĶ 

4, ŐĬĺĪŅĚĔŅĶŐĔƟĮƤĠľŅ 
ĨŅĶŅĚĪňŗȮ1 ĮƤĠľŅŐĸŃŐĬĺĪŅĚĔŅĶŐĔƟĮƤĠľŅ 
 

ĮƤĠľŅ ŐĬĺĪŅĚĔŅĶŐĔƟĮƤĠľŅ 
4.1ȮįŌƟėĬĵŉħĨŇħŀĵŌƞĔńĭėĺŅĴĽĴĭŌĶĦƢŐĭĭěŅĔŏėĶŊŗŀĚȮ
ěńĔĶŐĸŃŒľƟėĺŅĴĽŜŅėńĠħƟŅĬĴŌĸėƞŅĪŅĚĺńĨĩŋĴŅĔ
ŏĔŇĬœĮ 
 

ŀŀĔŐĭĭŏėĶŊŗŀĚĮĶŃħńĭĪňŗŐĽħĚŀŀĔĩŉĚėĺŅĴœĴƞ
ĽĴĭŌĶĦƢŐĭĭȮĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬ
ĽńĚėĴőħĵĬŜŅĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅ
ĕŀĚŏėĶŊŗŀĚěńĔĶȮĴŅĽĶƟŅĚĽĶĶėƢŏĮƦĬĚŅĬ
ŏėĶŊŗŀĚĮĶŃħńĭȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅĕŀĚŏĻļ
ĺńĽħŋĬńŘĬ 

4.2ȮĴňŏĻļŏľĸŊŀĪŇŘĚěŅĔĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮħƟĺĵ
ŏĪėĬŇėĔŅĶĽĶƟŅĚĨƟĬŐĭĭŀĵƞŅĚĶĺħŏĶŖĺȮ 

ĬŜŅŏĻļŏľĸŊŀĪŇŘĚěŅĔĺńĽħŋĴŅĽĶƟŅĚĽĶĶėƢĚŅĬ
ŏėĶŊŗŀĚĮĶŃħńĭĪňŗĽŃĪƟŀĬŒĬŏľŖĬĩŉĚėŋĦėƞŅŐĸŃ
ėĺŅĴĚŅĴĪňŗĞƞŀĬŀĵŌƞŒĬŏĻļĺńĽħŋ 

 
5, ĺŇīňĔŅĶĻŉĔļŅ 

5.1ȮĻŉĔļŅĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺȮ
ĶĺĴĩŉĚĽĳŅıĕŀĚŏĬŊŘŀĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŀńĬŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔ
ĔĶŃĭĺĬįĸŇĨőħĵĪńŗĺœĮĨŅĴĪňŗıĭŏľŖĬŐĸŃĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀ
ĺńĽħŋěŅĔŏėĶŊŗŀĚıŇĴıƢĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺ őħĵľŅĕƟŀĴŌĸěŅĔĔŅĶĽńĴĳŅļĦƢįŌƟĪňŗĴňĮĶŃĽĭĔŅĶĦƢŒĬ
ĔŅĶĪŜŅĚŅĬŏĔňŗĵĺĔńĭŏėĶŊŗŀĚěńĔĶȮĶĺĴĩŉĚĕƟŀĴŌĸěŅĔĽŊŗŀŀŊŗĬŕ 

5.2ȮĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢįĸĚŅĬŏėĶŊŗŀĚĮĶŃħńĭĕŀĚĻŇĸĮƕĬŐĸŃĬńĔŀŀĔŐĭĭěŅĔŒĬľĬńĚĽŊŀ
ŐĸŃĽŊŗŀŀŊŗĬŕȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĽĶƟŅĚĽĶĶėƢįĸĚŅĬ 

5.3 ĻŉĔļŅŐĸŃĪħĸŀĚľŅĔŅĶĮĶŅĔġĨńĺĕŀĚŏĻļĺńĽħŋ ȮőħĵĪħĸŀĚľŅĺńĽħŋĽŜŅľĶńĭĪŜŅ
ľĬƟŅĪňŗŏĮƦĬőėĶĚĽĶƟŅĚŒĬĔŅĶĶŀĚĶńĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚȮŏıŊŗŀľŅĶŌĮŐĭĭĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĽĳŅĺŃŒĬĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚŏĬŊŘŀĺńĽħŋȮıĶƟŀĴŏĝŊŗŀĴőĵĚėĺŅĴĽńĴıńĬīƢŏĝŇĚĬŅĴīĶĶĴŏĔňŗĵĺĔńĭėĺŅĴĽĴĭŌĶĦƢŐĭĭĪňŗ
įŌƟėĬĵŉħĨŇħŒľƟĶŃĭĭŏėĶŊŗŀĚěńĔĶĽŌƞĪńĻĬŃīŅĨŋŏĝŇĚĻŇĸĮŃ 
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5.4 ĔŜŅľĬħŐĬĺĪŅĚŒĬĔŅĶŀŀĔŐĭĭĪħĸŀĚĽĶƟŅĚĨƟĬŐĭĭěŜŅĸŀĚĽŅĴĴŇĨŇȮȮȮőħĵŀƟŅĚŀŇĚěŅĔ 
ŐĭĭěŜŅĸŀĚĽŅĴĴŇĨŇȮőħĵŀƟŅĚŀŇĚěŅĔĪńĻĬīŅĨŋŐĸŃĶŌĮĪĶĚĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĶŀĚĶńĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚ 
ıĶƟŀĴŏĝŊŗŀĴőĵĚĽŌƞĔŅĶĽĶƟŅĚĽĶĶėƢŏėĶŊŗŀĚĮĶŃħńĭ 
 

6, ŐįĬĔŅĶħŜŅŏĬŇĬĚŅĬȮĶŃĵŃŏĺĸŅȮĸŜŅħńĭĕńŘĬĨŀĬĕŀĚĔŅĶħŜŅŏĬŇĬĚŅĬ 
ĨŅĶŅĚĪňŗȮ2 ŐįĬĔŅĶħŜŅŏĬŇĬĚŅĬ 
 

ŐįĬĔŅĶħŜŅŏĬŇĬĚŅĬ ĶŃĵŃŏĺĸŅ (ŏħŊŀĬ/ĮƖ) 
6,/ȮŏĽĬŀľńĺĕƟŀŐĸŃőėĶĚĔŅĶĻŇĸĮĬŇıĬīƢ ĴĔĶŅėĴȮ2558 
6,0ȮĻŉĔļŅĔĶŃĭĺĬĔŅĶįĸŇĨĝŇŘĬĚŅĬĨƟĬŐĭĭŏėĶŊŗŀĚĮĶŃħńĭħƟĺĵ
ŏėĶŊŗŀĚěńĔĶ ŏıŊŗŀľŅĶŌĮŐĭĭĨƞŅĚŕȮĪňŗĪŜŅŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵĺńĽħŋĕŉŘĬĶŌĮ 

ĴĔĶŅėĴȮ-ȮĔŋĴĳŅıńĬīƢȮ
2558 

6,1ȮĽĶŋĮĶŌĮŐĭĭĨƞŅĚŕȮĪňŗĪŜŅŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵĺńĽħŋĕŉŘĬĶŌĮıĶƟŀĴĺŇŏėĶŅŃľƢ
ĕƟŀĴŌĸ 

ĔŋĴĳŅıńĬīƢȮ- ŏĴļŅĵĬ
2558 

6,2ȮĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢįĸĚŅĬŏėĶŊŗŀĚĮĶŃħńĭĕŀĚĻŇĸĮƕĬŐĸŃ 
ĬńĔŀŀĔŐĭĭȮŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĽĶƟŅĚĽĶĶėƢįĸĚŅĬ 

ŏĴļŅĵĬȮ-ȮĴŇĩŋĬŅĵĬȮ
2558 

6.5 ĪħĸŀĚľŅĔŅĶĮĶŅĔġĨńĺĕŀĚŏĻļĺńĽħŋŒĬĶŌĮŐĭĭĨƞŅĚŕŏıŊŗŀŏĝŊŗŀĴőĵĚ
ŒĬĔŅĶŀŀĔŐĭĭ 

ĔĶĔġŅėĴȮ-ȮĨŋĸŅėĴȮ
2558 

6,6ȮĽĶƟŅĚĽĶĶėƢĚŅĬŏėĶŊŗŀĚĮĶŃħńĭ ıķĻěŇĔŅĵĬȮ0336Ȯ-Ȯ
ĔŋĴĳŅıńĬīƢȮ2557 

 
7, įĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

5,/ȮĽŅĴŅĶĩĬŜŅŏĽĬŀĽĳŅıėĺŅĴĚŅĴĕŀĚŏĬŊŘŀĺńĽħŋĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚ
ŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭĽŅĴĴŇĨŇŀĵƞŅĚĶĺħŏĶŖĺȮĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬįĸŇĨőħĵĪńŗĺœĮŐĸŃ
ĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋȮőħĵĩƞŅĵĪŀħŒľƟŏľŖĬĩŉĚėĺŅĴœĴƞĽĴĭŌĶĦƢ
ŐĭĭȮĽĶƟŅĚėĺŅĴĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬĽńĚėĴĪňŗĴńĔĴŀĚľŅėĺŅĴĽĴĭŌĶĦƢŐĭĭŐĸŃŒľƟėĺŅĴĽŜŅėńĠ
ħƟŅĬĴŌĸėƞŅĪŅĚĺńĨĩŋ 

5,0ȮœħƟŏėĶŊŗŀĚĮĶŃħńĭĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚŏĻļĺńĽħŋĪňŗĞƞŀĬŀĵŌƞ
ŏĭŊŘŀĚľĸńĚĕŀĚėĺŅĴĽŌĠŏĽňĵŒĬĔĶŃĭĺĬįĸŇĨĨƟĬŐĭĭĕŀĚŏėĶŊŗŀĚěńĔĶ 
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ĭĪĪňŗȮ2 
 

ĶĺĭĶĺĴĕƟŀĴŌĸŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

 

1. ŏėĶŊŗŀĚȮProJet CPX3000 
ŏėĶŊŗŀĚȮProJet CPX3000ȮŏĮƦĬŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭĽŅĴĴŇĨŇȮ(ĳŅıĪňŗȮ1) įĸŇĨĕŉŘĬőħĵ

ĭĶŇļńĪȮ3DȮSystemsȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮŒĝƟŏĪėĬŇėĔĶŃĭĺĬĽĶƟŅĚĨƟĬŐĭĭŀĵƞŅĚĶĺħŏĶŖĺȮȮĩŌĔ
ŀŀĔŐĭĭĴŅŏıŊŗŀŒĝƟŒĬŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨĨƟĬŐĭĭŏėĶŊŗŀĚĮĶŃħńĭőħĵŏĜıŅŃȮĴňėŋĦĸńĔļĦŃħńĚĨŅĶŅĚĪňŗȮ
3 ĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬŏĮƦĬĕňŘįŉŘĚȮ(Wax) ĪňŗĽńĚŏėĶŅŃľƢĕŉŘĬȮĽŅĴŅĶĩĬŜŅœĮŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶľĸƞŀ
œħƟőħĵĨĶĚ  
 

 
 

 

ĳŅıĪňŗȮ1 ŏėĶŊŗŀĚȮProJet CPX3000ȮŐĸŃĝŇŘĬĚŅĬĨƟĬŐĭĭ 
ĪňŗĴŅ: 3DSystems, ProJet3510CPX, accessed March 23, 2015, available fromȮhttp://Ȯ
www.3dsystems.com/3d-printers/professional/projet-3500-cpx  
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ĨŅĶŅĚĪňŗȮ3 ėŋĦĸńĔļĦŃĕŀĚŏėĶŊŗŀĚȮProJet CPX3000 
ĸńĔļĦŃěŜŅŏıŅŃ ĶŅĵĸŃŏŀňĵħ 

1. ĕĬŅħĕŀĚŏėĶŊŗŀĚ (ĔĺƟŅĚ x ĵŅĺ x ĽŌĚ) 661 x 1420 x 1778 ĴŇĸĸŇŏĴĨĶ 
 2. ĬŘŜŅľĬńĔĕŀĚŏėĶŊŗŀĚ 032ȮĔŇőĸĔĶńĴ 
Ȯ1,ȮıŊŘĬĪňŗŒĬĔŅĶıŇĴıƢĝŇŘĬĚŅĬĪňŗŒľĠƞĪňŗĽŋħ (Net Build Volume 
;xyz) 

076 x 185 x 203 ĴŇĸĸŇŏĴĨĶ 

Ȯ2,ȮėĺŅĴĸŃŏŀňĵħĕŀĚĝŇŘĬĚŅĬĪňŗħňĪňŗĽŋħ (Resolution) /4ȮœĴėĶŀĬ 
Ȯ3,ȮĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮȮ(Build Material) VisiJet® CPX200Ȯ(ĽňĬŘŜŅŏĚŇĬ) 
 6. ĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĶŀĚĶńĭĝŇŘĬĚŅĬȮȮ(Support Material) VisiJet® S200 (ĽňĕŅĺ) 
 7. œĲĸƢĚŅĬĪňŗĶŀĚĶńĭœħƟȮ STL ŐĸŃȮSLC 
 8. ĔŅĶĶńĭĶŀĚĴŅĨĶģŅĬ CE 

 
/,/ȮĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚȮProJet CPX3000 
ĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚȮŏĶŇŗĴĨƟĬěŅĔĔŅĶĮƚŀĬœĲĸƢĚŅĬĪňŗœħƟěŅĔĔŅĶĽĶƟŅĚħƟĺĵ

őĮĶŐĔĶĴŒĬėŀĴıŇĺŏĨŀĶƢŏĕƟŅĽŌƞŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬȮěŅĔĬńŘĬŏėĶŊŗŀĚěŃĪŜŅĔŅĶĮĶŃĴĺĸįĸŐĸŃıŇĴıƢĝŇŘĬĚŅĬ
ĨŅĴĶŌĮŐĭĭĪňŗĩŌĔŏĕňĵĬœĺƟȮőħĵĴňľĸńĔĔŅĶĪŜŅĚŅĬŐĭĭȮMulti-Jet Modeling (ĳŅıĪňŗȮ2) ĞŉŗĚŏĮƦĬĔŅĶıƞĬ
ĕňŘįŉŘĚĪňŗľĸŀĴŏľĸĺħƟĺĵľńĺıŇĴıƢȮ(Print Head)ȮěŜŅĬĺĬĴŅĔȮĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬěŃĩŌĔıŇĴıƢĕŉŘĬĪň
ĸŃĝńŘĬȮĝńŘĬĨƞŀĝńŘĬœĮŏĶŊŗŀĵŕȮěĬœħƟĶŌĮŐĭĭĚŅĬĪňŗŏĽĶŖěĽĴĭŌĶĦƢ őħĵĽŅĴŅĶĩĽĶƟŅĚėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬŒĬ
ŐĨƞĸŃĝńŘĬœħƟȮ16 œĴėĶŀĬ 

 

 

ĳŅıĪňŗȮ2 ľĸńĔĔŅĶĪŜŅĚŅĬŐĭĭȮMulti-Jet Modeling ĕŀĚŏėĶŊŗŀĚȮProJet CPX3000 
/,0ȮĺńĽħŋĪňŗŒĝƟĔńĭŏėĶŊŗŀĚȮProJet CPX3000 
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ĺńĽħŋĪňŗŒĝƟĔńĭŏėĶŊŗŀĚŏĮƦĬĕňŘįŉŘĚȮįĸŇĨĕŉŘĬőħĵĭĶŇļńĪȮ3D Systems ĭĶĶěŋŀĵŌƞŒĬľĸŀħĪĶĚ 
ĔĶŃĭŀĔĞŉŗĚĩŌĔŀŀĔŐĭĭŏıŊŗŀŒĝƟĽŜŅľĶńĭĔŅĶıŇĴıƢĝŇŘĬĚŅĬĨƟĬŐĭĭŏĜıŅŃĔńĭŏėĶŊŗŀĚĶŋƞĬĬňŘŏĪƞŅĬńŘĬȮ ĺńĽħŋĪňŗŒĝƟ
ŐĭƞĚŏĮƦĬȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞȮĕňŘįŉŘĚĽňĬŘŜŅŏĚŇĬŏĮƦĬĺńĽħŋĪňŗŒĝƟĽŜŅľĶńĭĕŉŘĬĝŇŘĬĚŅĬěĶŇĚȮ(Build Material)ȮŐĸŃĕňŘįŉŘĚ
ĽňĕŅĺĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺĶŀĚĶńĭĝŇŘĬĚŅĬȮ(Support Material)ȮőħĵĴňėŋĦĸńĔļĦŃħńĚĨŅĶŅĚĪňŗȮ4 ŏĴŊŗŀ
ŏėĶŊŗŀĚıŇĴıƢĝŇŘĬĚŅĬŏĽĶŖěĽĴĭŌĶĦƢŐĸƟĺȮ ěŉĚĬŜŅĝŇŘĬĚŅĬŀŀĔěŅĔĩŅħĪňŗėĺŅĴĶƟŀĬĮĶŃĴŅĦȮ50-60 ŀĚĻŅ
ŏĞĸŏĞňĵĽȮěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬŏĕƟŅĽŌƞĔĶŃĭĺĬĸŃĸŅĵĕňŘįŉŘĚĽňĕŅĺȮ(Remove Support) ħƟĺĵȮISO Propyl 
Alcohol (2-Propanal)ȮŐĸŃȮPolypropylene Glycol (PPG-425)ȮŒĬŀńĨĶŅĽƞĺĬȮ2:1ȮĪňŗŀŋĦľĳŌĴŇȮ
40-23 ŀĚĻŅŏĞĸŏĞňĵĽȮĞŉŗĚěŃĪŜŅŒľƟĕňŘįŉŘĚĽňĕŅĺĸŃĸŅĵŀŀĔěŅĔĕňŘįŉŘĚĽňĬŘŜŅŏĚŇĬ ěŅĔĬńŘĬěŉĚĬŜŅĕňŘįŉŘĚĽňĬŘŜŅŏĚŇĬŏĕƟŅ
ĽŌƞĔĶŃĭĺĬĔŅĶľĸƞŀĨƞŀœĮ1Ȯ(ĳŅıĪňŗȮ3 ŐĸŃȮ4) 

 
 

ȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
 

ĳŅıĪňŗȮ3 ĔĶŃĭĺĬĔŅĶȮRemove Support (Post Processing) 
(Ĕ)  ĔŅĶĬŜŅĝŇŘĬĚŅĬŀŀĔěŅĔĩŅħĪňŗėĺŅĴĶƟŀĬĮĶŃĴŅĦȮ50-60 ŀĚĻŅŏĞĸŏĞňĵĽ 
(ĕ) ĔŅĶĬŜŅĝŇŘĬĚŅĬŐĝƞħƟĺĵȮISO Propyl Alcohol (2-Propanal)ȮŐĸŃȮPPG-425 
(ė) ĸńĔļĦŃĕŀĚĝŇŘĬĚŅĬȮ(ĕňŘįŉŘĚĽňĬŘŜŅŏĚŇĬ) ŏĴŊŗŀĸŃĸŅĵĕňŘįŉŘĚĽňĕŅĺŀŀĔŏĶňĵĭĶƟŀĵŐĸƟĺ 

ĪňŗĴŅ: 3DSystems, ŴNpmHcrANV1...ȮNmqrȮNpmacqqgleŵȮ&ŏŀĔĽŅĶĮĶŃĔŀĭĔŅĶĽŅīŇĨĔĶŃĭĺĬĔŅĶ 
Post Processing 3D Systems Company, 2552), 6-7. 

 

                                           
1 ĽńĴĳŅļĦƢȮĬŘŜŅİĬȮĳŌƞĝŜŅĬŅĠ, Application Engineer ĭĶŇļńĪȮėŀĴĔĶŅĲȮěŜŅĔńħ, 24 

ĴňĬŅėĴȮ2558. 

(Ĕ)                   Ȯ  (ĕ)                       ȮȮȮȮȮȮȮȮȮȮȮ Ȯ

(ė)  

(Ã)  
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ĳŅıĪňŗȮ4 ĝŇŘĬĚŅĬĨƟĬŐĭĭőĸľŃȮ(ĞƟŅĵ) ȮĝŇŘĬĚŅĬĨƟĬŐĭĭĕňŘįŉŘĚĽňĬŘŜŅŏĚŇĬȮ(ĕĺŅ) 
ĪňŗĴŅ: 3DSystems, ProJet3510CPX, accessed March 23, 2015, available fromȮhttp://Ȯ
www.3dsystems.com/3d-printers/professional/projet-3500-cpx 

 

ĨŅĶŅĚĪňŗȮ2 ėŋĦĸńĔļĦŃĕŀĚĺńĽħŋĪňŗŒĝƟĔńĭŏėĶŊŗŀĚȮProJet CPX3000 
ĶŅĵĸŃŏŀňĵħ ĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮ ĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĶŀĚĶńĭĝŇŘĬĚŅĬ 

ĝŊŗŀĪŅĚĔŅĶėƟŅ VisiJet® CPX200 VisiJet® S200 
Ľň ĬŘŜŅŏĚŇĬ ĕŅĺ 
ĽĩŅĬŃĪŅĚĔŅĵĳŅı ĕŀĚŐĕŖĚ ĕŀĚŐĕŖĚ 
ĽƞĺĬĮĶŃĔŀĭ Hydroxylated wax Paraffin 
ěŋħľĸŀĴŏľĸĺ 4.-5.ȮŀĚĻŅŏĞĸŏĞňĵĽ 2.-23ȮŀĚĻŅŏĞĸŏĞňĵĽ 
įĸĔĶŃĪĭĨƞŀĽŋĕĳŅı ĨŅ: ľĸňĔŏĸňŗĵĚĔŅĶĽńĴįńĽĔńĭ

ħĺĚĨŅȮĞŉŗĚŀŅěĪŜŅŒľƟĶŃėŅĵŏėŊŀĚ 
įŇĺľĬńĚ: ŏĴŊŗŀĕňŘįŉŘĚĩŌĔėĺŅĴĶƟŀĬěŃ
ĪŜŅŒľƟŏĔŇħĔŅĶŏįŅœľĴƟĪňŗįŇĺľĬńĚ 
ĔŅĶĽŌħħĴ: ŏĔŇħĔŅĶĶŃėŅĵŏėŊŀĚ
ĨƞŀĶŃĭĭĪŅĚŏħŇĬľŅĵŒě 

ĨŅ: ľĸňĔŏĸňŗĵĚĔŅĶĽńĴįńĽĔńĭ
ħĺĚĨŅȮĞŉŗĚŀŅěĪŜŅŒľƟĶŃėŅĵŏėŊŀĚ 
įŇĺľĬńĚ: ŏĴŊŗŀĕňŘįŉŘĚĩŌĔėĺŅĴĶƟŀĬěŃ
ĪŜŅŒľƟŏĔŇħĔŅĶŏįŅœľĴƟĪňŗįŇĺľĬńĚ 
ĔŅĶĽŌħħĴ: ŏĔŇħĔŅĶĶŃėŅĵŏėŊŀĚ
ĨƞŀĶŃĭĭĪŅĚŏħŇĬľŅĵŒě 

įĸĔĶŃĪĭĨƞŀĶŃĭĭĬŇŏĺĻĬƢ œĴƞŏĮƦĬıŇļĨƞŀĽŇŗĚŐĺħĸƟŀĴ œĴƞŏĮƦĬıŇļĨƞŀĽŇŗĚŐĺħĸƟŀĴ 
 

ĪňŗĴŅ: 3DSystemsȮcompany*ȮŴMaterial Safety Data Sheet ANV0..ŵȮ(ŏŀĔĽŅĶĮĶŃĔŀĭĔŅĶŒĝƟ
ĚŅĬŏėĶŊŗŀĚȮProJetCPX 3D Systems Company, 2015), 1-5. 
   : 3DSystems company*ȮŴMaterial Safety Data Sheet Q0..ŵȮ(ŏŀĔĽŅĶĮĶŃĔŀĭĔŅĶŒĝƟĚŅĬ
ŏėĶŊŗŀĚȮProJetCPX 3D Systems Company, 2015), 1-5. 
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0.ȮĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋěŅĔŏėĶŊŗŀĚȮProJet CPX3000 
ĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋěŅĔŏėĶŊŗŀĚěńĔĶȮŐĭƞĚŀŀĔŏĮƦĬȮ3 

ĶŌĮŐĭĭľĸńĔȮœħƟŐĔƞȮĔĶŃĭĺĬĔŅĶĮĶńĭĨńŘĚėƞŅŏėĶŊŗŀĚŒľƟŏĕƟŅĽŌƞĽĳŅĺŃĴŅĨĶģŅĬȮ(Calibration) 
ĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬȮŐĸŃėĺŅĴįŇħıĸŅħŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮőħĵĴňĶŅĵĸŃŏŀňĵħħńĚĨŅĶŅĚĪňŗȮ5  

 
ĨŅĶŅĚĪňŗȮ5 ĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋ 
ĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶ ĶŅĵĸŃŏŀňĵħ őŀĔŅĽ

ĽŌĠŏĽňĵ  
ĽĳŅıĕŀĚŏĬŊŘŀĺńĽħŋ 

/,ĔĶŃĭĺĬĔŅĶ
ĮĶńĭĨńŘĚėƞŅŏėĶŊŗŀĚŒľƟ
ŏĕƟŅĽŌƞĽĳŅĺŃ
ĴŅĨĶģŅĬȮ
(Calibration) 

ŏĔŇħĺńĽħŋĪňŗĴňĸńĔļĦŃŏĮƦĬŐįƞĬ
ĭŅĚŕȮĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅȮ
ĔĶŃĭĺĬĔŅĶĬňŘěŃĪŜŅŒĬĔĶĦňĪňŗĴň
ĔŅĶŏĮĸňŗĵĬŀŃœľĸƞŒĬĶŃĭĭıŇĴıƢ
ĝŇŘĬĚŅĬ 

10% 

 
0,ȮĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬ 

0,/ȮŐĪƞĚĪňŗĪŜŅľĬƟŅĪňŗ
ŏĮƦĬĨńĺĨĶĺěĽŀĭ
ėĺŅĴœĴƞĽĴĭŌĶĦƢĕŀĚ
ĝŇŘĬĚŅĬŒĬĕĦŃıŇĴıƢ 

ŏĔŇħĕŉŘĬŏĴŊŗŀĮƚŀĬœĲĸƢĚŅĬ
ĬŅĴĽĔŋĸȮSTL ŏĪƞŅĬńŘĬȮĴňĸńĔļĦŃ
ŏĮƦĬŐĪƞĚĽňŗŏľĸňŗĵĴįŊĬįƟŅȮľĬŅ
ĮĶŃĴŅĦȮ5 ĴŇĸĸŇŏĴĨĶȮ 

30% 

 
0,0ȮĔŅĶĮŅħĽƞĺĬŏĔŇĬ
ĕŀĚŏĬŊŘŀĺńĽħŋĪŇŘĚŒĬ
ĕĦŃĪňŗŏėĶŊŗŀĚĔŜŅĸńĚ
ıŇĴıƢĝŇŘĬĚŅĬ 

ŏĔŇħĕŉŘĬŒĬĕĦŃĪňŗŏėĶŊŗŀĚıŇĴıƢ
ĝŇŘĬĚŅĬȮŏĬŊŘŀĺńĽħŋěŃœľĸĸĚĴŅĪńĭ
ĩĴĔńĬŒĬĝƞŀĚĩńĚĕĵŃĳŅĵŒĬ
ĨńĺŏėĶŊŗŀĚ 

/.0% 
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ĨŅĶŅĚĪňŗȮ5 ĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħėĺŅĴĽŌĠŏĽňĵĕŀĚĺńĽħŋȮ(Ĩƞŀ) 
ĶŌĮŐĭĭĔĶŃĭĺĬĔŅĶ ĶŅĵĸŃŏŀňĵħ őŀĔŅĽ

ĽŌĠŏĽňĵ 
ĽĳŅıĕŀĚŏĬŊŘŀĺńĽħŋ 

1,ȮėĺŅĴįŇħıĸŅħŒĬĔŅĶįĸŇĨ 

1,/ȮėĺŅĴĭĔıĶƞŀĚ
ěŅĔœĲĸƢĚŅĬ 

įŇĺĕŀĚĝŇŘĬĚŅĬœĴƞŏĶňĵĭȮŀŅěĴň
ĺńĽħŋĪňŗŏĮƦĬĨńĺĶŀĚĶńĭȮ(Support)Ȯ
ŏĔŇħĕŉŘĬŒĬĭĶŇŏĺĦĪňŗœĲĸƢĴňĮƤĠľŅ 
ľĶŊŀŏĔŇħėĺŅĴœĴƞĽĴĭŌĶĦƢŒĬĨńĺ
ĝŇŘĬĚŅĬ 

03% 

 
1,0ȮėĺŅĴĭĔıĶƞŀĚ
ěŅĔŀŋĮĔĶĦƢĳŅĵŒĬ
ŏėĶŊŗŀĚěńĔĶ 

įŇĺĕŀĚĝŇŘĬĚŅĬěŃœĴƞŏĶňĵĭŏĬňĵĬȮ
ĴňĸńĔļĦŃİŋƙĬĲŋƚĚĴŅŏĔŅŃĪňŗĩŅħ
ĶŀĚĝŇŘĬĚŅĬȮŏĔŇħėĺŅĴœĴƞĽĴĭŌĶĦƢ
ŒĬĨńĺĝŇŘĬĚŅĬ 

/.% 

 
1,1ȮľĸŀħĺńĽħŋĝŜŅĶŋħ ľĸŀħěŃĩŌĔĪŇŘĚĸĚŒĬĝƞŀĚĩńĚĕĵŃ

ĕŀĚĨńĺŏėĶŊŗŀĚȮŏĬŊŘŀĺńĽħŋěŃœľĸ
ŀŀĔĴŅĬŀĔľĸŀħĪňŗĭĶĶěŋ 

03% 

 

ĪňŗĴŅ:ȮĽńĴĳŅļĦƢȮĺńĝĶŅĔĶȮĪŀĚŐı, Service Engineer ĭĶŇļńĪȮėŀĴĔĶŅĲȮěŜŅĔńħ, 24 ĴňĬŅėĴȮ2558. 
ěŅĔĨŅĶŅĚĪňŗȮ5ȮıĭĺƞŅȮĔĶŃĭĺĬĔŅĶĮŅħĽƞĺĬŏĔŇĬĕŀĚŏĬŊŘŀĺńĽħŋĪŇŘĚŒĬĕĦŃĪňŗŏėĶŊŗŀĚĔŜŅĸńĚ

ıŇĴıƢĝŇŘĬĚŅĬŀĵŌƞĬńŘĬĴňőŀĔŅĽĪňŗěŃŏĔŇħĔŅĶĽŌĠŏĽňĵĕŀĚĺńĽħŋĴŅĔĪňŗĽŋħȮĴňőŀĔŅĽŒĬĔŅĶĬŜŅœĮĽĶƟŅĚĽĶĶėƢ
įĸĚŅĬœħƟĴŅĔĪňŗĽŋħȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŏĶŅœĴƞĽŅĴŅĶĩŏĕƟŅœĮėĺĭėŋĴľĶŊŀĭńĚėńĭŒľƟŏĔŇħĶŌĮŐĭĭœħƟĨŅĴ
ĨƟŀĚĔŅĶȮőħĵŏĻļĺńĽħŋĬńŘĬěŃĩŌĔľĸŀĴŏľĸĺœľĸľĵħĸĚĴŅĪńĭĩĴĔńĬȮŐĽħĚŀŀĔŒľƟŏľŖĬĩŉĚėĺŅĴĚŅĴĪňŗ
ĞƞŀĬŀĵŌƞŒĬŏĻļĺńĽħŋěŅĔĔĶŃĭĺĬĔŅĶĬňŘŀňĔĶŌĮŐĭĭľĬŉŗĚȮŏĮƦĬėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬŀĵƞŅĚœĴƞĨńŘĚŒěȮ 
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2.1 ĔĶŃĭĺĬĔŅĶĮŅħĽƞĺĬŏĔŇĬĕŀĚŏĬŊŘŀĺńĽħŋ 

ĔĶŃĭĺĬĔŅĶĮŅħĽƞĺĬŏĔŇĬĕŀĚŏĬŊŘŀĺńĽħŋŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŏĔŇħĕŉŘĬĪŋĔėĶńŘĚĪňŗŏėĶŊŗŀĚěńĔĶ
ĔŜŅĸńĚıŇĴıƢĝŇŘĬĚŅĬȮőħĵĕĦŃĪňŗľńĺıŇĴıƢıƞĬŏĬŊŘŀĕňŘįŉŘĚĸĚĭĬĩŅħĶŀĚĝŇŘĬĚŅĬŐĨƞĸŃėĶńŘĚȮěŃĴňĸŌĔĔĸŇŘĚĪŜŅľĬƟŅĪňŗ
ŏĮƦĬĨńĺĮŅħŏĬŊŘŀĕňŘįŉŘĚĽƞĺĬŏĔŇĬĪŇŘĚœĮȮŏıŊŗŀŒľƟĭĬĩŅħĶŀĚĝŇŘĬĚŅĬŏľĸŊŀŏĬŊŘŀĕňŘįŉŘĚĪňŗėĺŅĴľĬŅȮ16 œĴėĶŀĬĨƞŀ
ĝńŘĬȮ(ĳŅıĪňŗȮ0 ŐĸŃȮ5)ȮőħĵĔĶŃĭĺĬĬňŘěŃĩŌĔĪŜŅĞŘŜŅœĮŏĶŊŗŀĵŕȮĪňĸŃĝńŘĬȮěĬœħƟĶŌĮŐĭĭĚŅĬĪňŗĽĴĭŌĶĦƢĨŅĴĪňŗ
œħƟŀŀĔŐĭĭœĺƟȮȮ 

 

 
 

ĳŅıĪňŗȮ5 ĔĶŃĭĺĬĔŅĶĮŅħĽƞĺĬŏĔŇĬĕŀĚŏĬŊŘŀĺńĽħŋ 

 
ŏĻļŏĬŊŘŀĕňŘįŉŘĚĽƞĺĬŏĔŇĬĪňŗĩŌĔĸŌĔĔĸŇŘĚĮŅħĪŇŘĚěŃœľĸĸĚœĮĵńĚĝƞŀĚŏĔŖĭŏĻļĺńĽħŋħƟŅĬĸƞŅĚĕŀĚ

ĨńĺŏėĶŊŗŀĚ őħĵĝƞŀĚŏĔŖĭŏĻļĺńĽħŋěŃŀĵŌƞĭĶŇŏĺĦĨŀĬĸƞŅĚĕŀĚŏėĶŊŗŀĚȮŐĭƞĚŀŀĔŏĮƦĬȮ3 ĝƞŀĚȮœħƟŐĔƞȮĝƞŀĚŏĔŖĭ
ľĸŀħŐĸŃĺńĽħŋŏľĸŊŀĪŇŘĚĮĶŃŏĳĪȮSupport MaterialȮ(ħƟŅĬĞƟŅĵ)  ĝƞŀĚŏĔŖĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħěŅĔ
ĔŅĶĮŅħĕŀĚĸŌĔĔĸŇŘĚȮ(ĨĶĚĔĸŅĚ)  ŐĸŃĝƞŀĚŏĔŖĭľĸŀħŐĸŃĺńĽħŋŏľĸŊŀĪŇŘĚĮĶŃŏĳĪȮBuild MaterialȮ
(ħƟŅĬĕĺŅ)  ħńĚĳŅıĪňŗȮ6ȮȮĞŉŗĚŒĬĽƞĺĬĕŀĚĝƞŀĚĪňŗŏĔŖĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħěŅĔĔŅĶĮŅħĕŀĚĸŌĔĔĸŇŘĚĬńŘĬȮĴň
ĕĬŅħ 3 x 20 x 19 ŏĞĬĨŇŏĴĨĶȮȮ(ĔĺƟŅĚ x ĵŅĺ x ĽŌĚ) ĸńĔļĦŃŏĮƦĬĝƞŀĚĺƞŅĚȮĴňőėĶĚŏľĸŖĔĺŅĚœĺƟĽŜŅľĶńĭ
ŏĮƦĬĨńĺĵŉħȮŏıŊŗŀĬŜŅĩŋĚıĸŅĽĨŇĔŏĕƟŅĴŅŏĮƦĬĳŅĝĬŃŒĬĔŅĶĶŀĚĶńĭŏĻļĺńĽħŋȮ(ĕňŘįŉŘĚľĸŀĴŏľĸĺ) ħńĚĳŅıĪňŗȮ7Ȯ
ŐĸŃȮ8ȮȮőħĵĮĶŇĴŅĦĕŀĚŏĻļĺńĽħŋĪňŗœľĸĸĚĴŅĬńŘĬĕŉŘĬŀĵŌƞĔńĭĮĶŇĴŅĦĔŅĶıŇĴıƢĝŇŘĬĚŅĬŒĬŐĨƞĸŃėĶńŘĚȮ
ĔĸƞŅĺėŊŀȮŏĴŊŗŀıŇĴıƢĝŇŘĬĚŅĬěŜŅĬĺĬĬƟŀĵĝŇŘĬȮĮĶŇĴŅĦĕŀĚŏĻļĺńĽħŋěŃĬƟŀĵĨŅĴœĮħƟĺĵ 
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ĳŅıĪňŗȮ6 ĝƞŀĚŏĔŖĭŏĻļĺńĽħŋĕŀĚŏėĶŊŗŀĚȮProJet CPX3000 
 

 

 

 
 

ĳŅıĪňŗȮ7 ĝƞŀĚŏĔŖĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħěŅĔĔŅĶĮŅħĕŀĚĸŌĔĔĸŇŘĚ 
 

 

ĝƞŀĚŏĔŖĭľĸŀħŐĸŃĺńĽħŋŏľĸŊŀĪŇŘĚ
ĮĶŃŏĳĪȮSupport Material 

ĝƞŀĚŏĔŖĭŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħ
ěŅĔĔŅĶĮŅħĕŀĚĸŌĔĔĸŇŘĚ 

ĝƞŀĚŏĔŖĭľĸŀħŐĸŃĺńĽħŋŏľĸŊŀĪŇŘĚ
ĮĶŃŏĳĪȮBuild Material 
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ĳŅıĪňŗȮ8 ŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħěŅĔĔŅĶĮŅħĕŀĚĸŌĔĔĸŇŘĚ 
 
3.ȮĪĭĪĺĬĺĶĶĦĔĶĶĴ 

3.1 ĨńĺŀĵƞŅĚįĸĚŅĬĕŀĚĻŇĸĮƕĬ 
     Ȯ3,/,/ ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮScrew RingȮįĸĚŅĬĕŀĚȮKarl FritschȮĻŇĸĮƕĬ œħƟĬŜŅ

ĨŃĮŌĪňŗŏľĸŊŀŒĝƟěŅĔĔŅĶĽĶƟŅĚĭƟŅĬĴŅĮĶŃĔŀĭŏĮƦĬįĸĚŅĬȮ(ĳŅıĪňŗȮ9) ȮĞŉŗĚĬŀĔěŅĔěŃŏĮƦĬĔŅĶĬŜŅŏĻļ
ĺńĽħŋŏľĸŊŀĪŇŘĚĴŅĽĶƟŅĚĽĶĶėƢŏĮƦĬįĸĚŅĬŐĸƟĺȮȮĽŇŗĚĪňŗĻŇĸĮƕĬŏĽĬŀŀňĔĴŋĴľĬŉŗĚėŊŀėĺŅĴĚŅĴĕŀĚėĶŅĭĽĬŇĴĕŀĚ
ĨŃĮŌĞŉŗĚŏĔŇħĕŉŘĬőħĵīĶĶĴĝŅĨŇ ŐĽħĚŒľƟŏľŖĬĩŉĚĶƞŀĚĶŀĵĕŀĚĔŅĸŏĺĸŅȮĶĺĴĩŉĚĔŅĶĬŜŅĴŅĮĶŃĔŀĭĔńĭŐľĺĬ
ĪňŗĪŜŅħƟĺĵőĸľŃŏĚŇĬȮĞŉŗĚŏĮƦĬėĺŅĴĨńŘĚŒěŒĬĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋĕŀĚĻŇĸĮƕĬĪňŗĽŃĪƟŀĬŒľƟŏľŖĬŐĬĺėŇħŒĬħƟŅĬ
ėŋĦėƞŅĕŀĚĺńĽħŋĪňŗĴňėĺŅĴŏĪƞŅŏĪňĵĴĔńĬȮ 
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ĳŅıĪňŗȮ9 Screw Ring įĸĚŅĬĕŀĚȮKarl Fritsch 
ĪňŗĴŅ: Susan Cohn, ed. Unexpected Pleasures: The Art and Design  of 
Contemporary Jewellery (New York: Rizzoli International Publications, 2012), 32-55. 
 

3,/,2 ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮįĸĚŅĬĕŀĚȮKarl FritschȮőħĵĻŇĸĮƕĬœħƟĬŜŅŀńĠĴĦňĴĶĔĨĪňŗ
ĩŌĔėńħĪŇŘĚĴŅĽĶƟŅĚĽĶĶėƢŏĕƟŅĔńĭĨńĺŏĶŊŀĬĪŀĚĪňŗĨńŘĚŒěĪŜŅŒľƟĶŌĮĪĶĚĭŇħŏĭňŘĵĺȮĔƞŀŒľƟŏĔŇħŏėĶŊŗŀĚĮĶŃħńĭĶŌĮŐĭĭ
ŒľĴƞ (ĳŅıĪňŗȮ10) ȮĞŉŗĚŏĮƦĬĔŅĶĪƟŅĪŅĵėĺŅĴėŇħŒĬħƟŅĬėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚŏėĶŊŗŀĚĮĶŃħńĭĺƞŅŐĪƟěĶŇĚ
ŐĸƟĺȮĽŇŗĚĬňŘĵńĚėĚĴňėŋĦėƞŅľĶŊŀėĺŅĴĚŅĴŀĵŌƞľĶŊŀœĴƞ 

 

 
 

ĳŅıĪňŗȮ/. ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬįĸĚŅĬĕŀĚȮKarl Fritsch 
ĪňŗĴŅ: Karl Fritsch, ŏėĶŊŗŀĚĮĶŃħńĭįĸĚŅĬĕŀĚȮKarl Fritsch, accessed March 24, 2015, 
available fromȮhttp://www.apparat.be/karl-fritsh 
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3,/,3 ŏėĶŊŗŀĚĮĶŃħńĭŏĕŖĴĔĸńħȮTwin #2 2009 įĸĚŅĬĕŀĚȮManuel VilhenaȮĺŇīňȮĔŅĶ
ĽĶƟŅĚĚŅĬĕŀĚĻŇĸĮƕĬėŊŀĔŅĶŏĔŖĭĽŃĽĴĺńĨĩŋĪňŗœħƟěŅĔĔŅĶŏħŇĬĪŅĚįƞŅĬœĮĨŅĴĽĩŅĬĪňŗĨƞŅĚŕȮŐĸŃĬŜŅĺńĨĩŋ
ĬńŘĬŕȮĴŅĮĶŃĔŀĭŏĮƦĬŏėĶŊŗŀĚĮĶŃħńĭ (ĳŅıĪňŗȮ/1) ȮĺńĨĩŋľĶŊŀĽŇŗĚĕŀĚĪŋĔĝŇŘĬĸƟĺĬĴňĪňŗĴŅĕŀĚĮĶŃĺńĨŇĻŅĽĨĶƢ
ŐĸŃĴňėŋĦėƞŅŒĬėĺŅĴĪĶĚěŜŅȮėĺŅĴĚħĚŅĴœĴƞœħƟŏĔŇħĕŉŘĬĨŅĴĪňŗĨŅŏľŖĬȮ ŐĨƞŏĔŇħĕŉŘĬŒĬŒěŏĴŊŗŀœħƟĽńĴįńĽ
ŏĶŊŗŀĚĶŅĺĪňŗĴŅĕŀĚĺńĨĩŋŐĨƞĸŃĝŇŘĬȮȮĬŀĔěŅĔĬňŘĵńĚĴňėĺŅĴĕńħŐĵƟĚĪňŗŏĔŇħĕŉŘĬĔńĭĝŇŘĬĚŅĬėŊŀȮĻŇĸĮƕĬĬŜŅĕŀĚœĴƞĴň
ėƞŅĴŅĮĶŃĔŀĭĶƞĺĴĔńĭĕŀĚĴňėƞŅȮĔĸƞŅĺėŊŀȮĴňĔŅĶŒĝƟŏľĸŖĔȮŏĝŊŀĔŐĸŃĪŀĚėŜŅŀĵŌƞŒĬĚŅĬŏħňĵĺĔńĬȮĽŃĪƟŀĬŒľƟ
ŏľŖĬŐĬĺėŇħĕŀĚĻŇĸĮƕĬĪňŗŒľƟėŋĦėƞŅĕŀĚĺńĽħŋĬńŘĬĴňėĺŅĴŏĪƞŅŏĪňĵĴĔńĬ 

 

 
 

ĳŅıĪňŗȮ/1 Twin #2 2009 įĸĚŅĬĕŀĚȮManuel Vilhena  
ĪňŗĴŅ: Manuel Vilhena, Twin #2 2009, accessed March 24, 2015, available fromȮhttp://Ȯ
manuelvilhena.com/works-1?pic=23 

 
3,/,4 ŏėĶŊŗŀĚĮĶŃħńĭĽĶƟŀĵėŀȮįĸĚŅĬĕŀĚȮLisa Walker ĻŇĸĮƕĬœħƟĬŜŅĕĵŃŒĬĪňŗĪŜŅĚŅĬ

ĕŀĚĨĬŏŀĚĴŅĽĶƟŅĚĽĶĶėƢĶĺĴĔńĭőĸľŃŏĚŇĬȮőħĵĴňĔŅĺŐĸŃŏĽƟĬħƟŅĵĶĺĴŀĵŌƞħƟĺĵȮ(ĳŅıĪňŗȮ12)ȮȮőħĵĻŇĸĮƕĬĴň
ŐĬĺėŇħĨƞŀĔŅĶėƟĬľŅėĺŅĴľĴŅĵĕŀĚėŜŅĺƞŅŏėĶŊŗŀĚĮĶŃħńĭȮĞŉŗĚŏĮƦĬŏľĴŊŀĬĚŅĬĻŇĸĮŃľĶŊŀŏĮƦĬĺńĨĩŋĪŅĚĚŅĬ
ĻŇĸĮŃȮĔŅĶĬŜŅĕĵŃŏľĸƞŅĬňŘĴŅĽĶƟŅĚĽĶĶėƢĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĶŌĮŐĭĭĕŀĚŏėĶŊŗŀĚĮĶŃħńĭĪňŗœĴƞĽŅĴŅĶĩįĸŇĨ
ĝŇŘĬĚŅĬĞŘŜŅœħƟȮŏĮƦĬįĸĚŅĬĴňėĺŅĴĽńĴıńĬīƢŒĬŏĶŊŗŀĚĕŀĚŏĺĸŅȮŏľĨŋĔŅĶĦƢŐĸŃĳŅĺŃĪňŗŏĔŇħĕŉŘĬ 
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ĳŅıĪňŗȮ/2 ŏėĶŊŗŀĚĮĶŃħńĭĽĶƟŀĵėŀįĸĚŅĬĕŀĚȮLisa Walker 
ĪňŗĴŅ: Lisa Walker, Object space, accessed March 24, 2015, available fromȮhttp://Ȯwww.Ȯ
objectspace.org.nz/Exhibitions/Detail/Lisa+Walker 
 

3.1.5 ŏėĶŊŗŀĚĮĶŃħńĭŏĕŖĴĔĸńħȮCracked up įĸĚŅĬĕŀĚȮJohn IversenȮŏėĶŊŗŀĚ 
ĮĶŃħńĭŏĕŖĴĔĸńħȮCracked upȮĪŜŅěŅĔőĸľŃŏĚŇĬŐĸŃĪŀĚ (ĳŅıĪňŗȮ11)ȮĻŇĸĮƕĬœħƟĶńĭŐĶĚĭńĬħŅĸŒěěŅĔ
ĔŅĶıĭŏľŖĬĽŇŗĚĪňŗŐĨĔȮŏĮƦĬĔŅĶĪŜŅĸŅĵĶŌĮĪĶĚĕŀĚĺńĨĩŋŒĬĶŌĮŐĭĭŏĶĕŅėĦŇĨŏħŇĴŕȮŏıŊŗŀŐĮĶĽĳŅıŒľƟŏĔŇħ
ĶŌĮŐĭĭŒľĴƞȮŏĝƞĬȮŐĔƟĺŐĨĔȮŏĮĶňĵĭŏĽĴŊŀĬĔŅĶĪŜŅĽŇŗĚĪňŗŏėĵŐĕŖĚŐĔĶƞĚŒľƟŀƞŀĬŐŀĸĚȮŐĸƟĺĬŜŅįĸĸńıīƢĪňŗ
ŏĔŇħĕŉŘĬėŊŀŏĻļĝŇŘĬĽƞĺĬĪňŗŐĨĔĴŅŏĮƦĬĶŌĮŐĭĭœĮĽŌƞĚŅĬŏėĶŊŗŀĚĮĶŃħńĭȮŐĬĺėŇħĕŀĚĻŇĸĮƕĬĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚ
ĔŅĶĴŀĚĪŋĔŀĵƞŅĚħƟĺĵėĺŅĴĸŉĔĞŉŘĚȮĽĳŅıĕŀĚĺńĨĩŋĪňŗĩŌĔĪŜŅŒľƟŏĮĸňŗĵĬŐĮĸĚœĮŀŅěĞƞŀĬėŋĦėƞŅŐĸŃŏĔŇħŏĮƦĬ
ėĺŅĴĚŅĴŒĬĶŌĮŐĭĭŒľĴƞ 
 

 

ĳŅıĪňŗȮ11 Cracked up įĸĚŅĬĕŀĚȮJohn Iversen 
ĪňŗĴŅ: Susan Cohn, ed. Unexpected Pleasures: The Art and Design of Contemporary 
Jewellery (New York: Rizzoli International Publications, 2012), 44,164. 
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3./,4 ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮįĸĚŅĬĕŀĚȮJulian Komosa ĻŇĸĮƕĬœħƟĪħĸŀĚĔŅĶľĸƞŀŒĬ
ŐĴƞıŇĴıƢœĴƟȮ(ĳŅıĪňŗȮ12) ĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗœĴƞĽŅĴŅĶĩėĺĭėŋĴœħƟȮŏıňĵĚŐĨƞĽĶƟŅĚĔĶŀĭĕŀĚėĺŅĴŏĮƦĬ
ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬĕŉŘĬĴŅȮőħĵŒĝƟŐĴƞıŇĴıƢœĴƟĽŀĚĽƞĺĬŏĮƦĬĨńĺĔŜŅľĬħĶŌĮŐĭĭėĶƞŅĺŕȮŐĸŃĮĸƞŀĵŒľƟőĸľŃ
ľĸŀĴŏľĸĺœľĸŏĕƟŅœĮŒĬŐĴƞıŇĴıƢȮ įĸĚŅĬĬňŘĽŃĪƟŀĬŒľƟŏľŖĬėĺŅĴĚŅĴŀňĔĶŌĮŐĭĭľĬŉŗĚĪňŗŏĔŇħěŅĔėĺŅĴœĴƞ
ĨńŘĚŒěȮ 
 

 
 

ĳŅıĪňŗȮ/2Ȯ ŐľĺĬĪňŗľĸƞŀŒĬŐĴƞıŇĴıƢœĴƟ 
ĪňŗĴŅ: Julian Komosa, Rings (Casting in wood), accessed March 24, 2015, available fromȮ
https://www.behance.net/gallery/19143803/Rings-%28casting-in-wood%292  
 

     3./,5 ŏėĶŊŗŀĚĮĶŃħńĭȮDroppings CollectionȮįĸĚŅĬĕŀĚȮJung Eeeun ĻŇĸĮƕĬ
œħƟĶńĭŐĶĚĭńĬħŅĸŒěěŅĔĔŅĶľĸŀĴĸŃĸŅĵŐĸŃĔŅĶľĵħĕŀĚŏĪňĵĬœĕȮĞŉŗĚĻŇĸĮƕĬĴŀĚĺƞŅŏĮƦĬėĺŅĴĚŅĴŀňĔ
ĶŌĮŐĭĭľĬŉŗĚ ěŉĚĬŜŅĴŅĩƞŅĵĪŀħĽŌƞįĸĚŅĬŏėĶŊŗŀĚĮĶŃħńĭ  (ĳŅıĪňŗȮ13) ȮőħĵėĺŅĴĚŅĴĪňŗŏĔŇħěŅĔĔŅĶľĵħ
ĕŀĚŏĪňĵĬœĕĬńŘĬȮŏĮƦĬėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠȮœĶƟĔŅĶėĺĭėŋĴľĶŊŀœĴƞĽŅĴŅĶĩĭńĚėńĭŒľƟŏĮƦĬœĮĨŅĴ
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ĶŌĮŐĭĭĪňŗŏĶŅĨƟŀĚĔŅĶœħƟȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėĺŅĴĚŅĴŀńĬŏĔŇħĕŉŘĬěŅĔĽĳŅĺŃŐĸŃŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔȮ
ĶĺĴĩŉĚŐİĚœĮħƟĺĵĽĳŅĺŃĕŀĚľƟĺĚŏĺĸŅȮĦȮĕĦŃĪňŗŏĔŇħľĵħĕňŘįŉŘĚĕŉŘĬĴŅ 

 
 

 
 

 

ĳŅıĪňŗȮ/3Ȯ ŏėĶŊŗŀĚĮĶŃħńĭěňŘȮŐľĺĬŐĸŃĨƞŅĚľŌȮįĸĚŅĬĕŀĚȮJung Eeeun 
ĪňŗĴŅ: Jung Eeeun, Droppings Collection, accessed March 25, 2015, available fromȮ
http://www.jungeeeun.com/droppings.html 

 

3./,6 įĸĚŅĬȮ366 &CkgjwȮBgaiglqmlŲqȮKgp_asjmsqȮWc_p'ȮĕŀĚȮSpencer Finch 
ĻŇĸĮƕĬœħƟĶńĭŐĶĚĭńĬħŅĸŒěěŅĔĭĪĔĺňĕŀĚȮEmily DickinsonȮĞŉŗĚĴňŏĬŊŘŀľŅŏĔňŗĵĺĔńĭŏĶŊŗŀĚĶŅĺĝňĺŇĨĕŀĚŏīŀȮ
őħĵŏīŀĽŅĴŅĶĩŐĨƞĚĭĪĔĺňœħƟȮ366 ĭĪȮĳŅĵŒĬŏĺĸŅȮ365 ĺńĬȮĻŇĸĮƕĬěŉĚĬŜŅŏĬŊŘŀľŅŒĬĭĪĔĺňĪńŘĚȮ366 ĭĪ
ĬńŘĬĴŅĽĶƟŅĚŏĮƦĬįĸĚŅĬĻŇĸĮŃŐĭĭȮInstallation (ĳŅıĪňŗȮ/6) ħƟĺĵĔŅĶĬŜŅŏĪňĵĬĪńŘĚľĴħȮ366 ȮŏĸƞĴȮĴŅ
ěńħĺŅĚŏĶňĵĚĔńĬȮ ŐĸŃěŋħœĲĕŉŘĬĺńĬĸŃŏĸƞĴȮ ĞŉŗĚŏĪňĵĬŐĨƞĸŃŏĸƞĴěŃŒĝƟŏĺĸŅŒĬĔŅĶĸŃĸŅĵľĴħĳŅĵŒĬȮ24 
ĝńŗĺőĴĚľĶŊŀȮ1 ĺńĬȮ őħĵĻŇĸĮƕĬŏĸŊŀĔŒĝƟĽňĕŀĚŏĪňĵĬŏĮƦĬĽŊŗŀŒĬĔŅĶŐĽħĚŀŅĶĴĦƢĪňŗŏĔŇħěŅĔĔŅĶĨňėĺŅĴŒĬ
ŏĬŊŘŀľŅĕŀĚĭĪĔĺňŐĨƞĸŃĭĪȮ ĶŌĮŐĭĭĕŀĚįĸĚŅĬŐĽħĚŀŀĔĩŉĚĔŅĶĪŜŅĸŅĵėĺŅĴŏĮƦĬĶŌĮŐĭĭħńŘĚŏħŇĴĕŀĚ
ŏĪňĵĬȮŏĴŊŗŀŏĪňĵĬĩŌĔŐĮĶĽĳŅıŒľƟľĸŀĴŏľĸĺėĺŅĴĚŅĴŒĬĶŌĮŐĭĭŒľĴƞěŉĚĮĶŅĔġĨńĺĕŉŘĬ 
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ĳŅıĪňŗȮ/6Ȯ įĸĚŅĬȮ144Ȯ&CkgjwȮBgaiglqmlŲqȮKgp_asjmsqȮWc_p'ȮĕŀĚȮSpencer Finch 
ĪňŗĴŅ: Spencer Finch, 366 Melting Candles are a Tribute Emily Dickinson's Poems, 
accessed April 15, 2015, available from http://www.mymodernmet.com/profiles/ 
blogs/spencer -finch-144-emily-dickinson-s-miraculous-year 

 
3./,7 įĸĚŅĬȮDrip Painting ĕŀĚȮJackson Pollock ĻŇĸĮƕĬĬŜŅŏĽĬŀŐĬĺėŇħŒĬĔŅĶ

ŏĮƕħŒěĶńĭĻŇĸĮŃŀňĔĶŌĮŐĭĭľĬŉŗĚȮĞŉŗĚŏĔŇħěŅĔĔŅĶœĴƞėĺĭėŋĴȮŏĮƦĬĔŅĶŐĽħĚŀŀĔĩŉĚĔŅĶĨƞŀĨƟŅĬȮĕńħŐĵƟĚĔńĭ
ĻŇĸĮŃĪňŗŏĮƦĬœĮĨŅĴĶŃŏĭňĵĭŐĭĭŐįĬĨŅĴĪňŗŏėĵŏĮƦĬȮľĸŋħěŅĔėĺŅĴĴňŏľĨŋĴňįĸȮĬŀĔĔĶŀĭȮħƟĺĵĔŅĶĬŜŅĽň
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ĬŘŜŅĴŅľĵħĸĚĭĬįŊĬįƟŅŒĭȮ(ĳŅıĪňŗȮ17) őħĵĴňĶŌĮĩƞŅĵŏĮƦĬĨńĺŏĸƞŅŏĶŊŗŀĚĶŅĺȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĝƞĺĚŏĺĸŅĪňŗ
ĻŇĸĮƕĬĔŜŅĸńĚĽĶƟŅĚĽĶĶėƢįĸĚŅĬȮįƞŅĬĔŅĶŐĽħĚŀŀĔĪŅĚŀŅĔńĮĔĶŇĵŅŐĸŃŀŅĶĴĦƢĶƞĺĴĕŀĚĻŇĸĮƕĬŀňĔħƟĺĵ 

 

 
 

ĳŅıĪňŗȮ/5ȮįĸĚŅĬȮDrip Painting ĕŀĚȮJackson Pollock 
ĪňŗĴŅ: Jackson Pollock, artsnap, accessed April 15, 2015, available from http://artsnap.Ȯ
org/issue-6-3-cool-things-you-might-not-know-about-jackson-pollocks-action-paintings 

 

ěŅĔĔŅĶĪĭĪĺĬĺĶĶĦĔĶĶĴĪńŘĚľĴħħńĚĕƟŅĚĨƟĬĪňŗĔĸƞŅĺĴŅȮĻŇĸĮƕĬĪŋĔĪƞŅĬœħƟĩƞŅĵĪŀħĽŇŗĚĪňŗ
ŏľĴŊŀĬĔńĬėŊŀĔŅĶĬŜŅŏĽĬŀĴŋĴĴŀĚĕŀĚėĺŅĴĚŅĴĪňŗŏĶňĵĔĺƞŅėĺŅĴĚŅĴĪňŗœĴƞĽĴĭŌĶĦƢŐĭĭȮœĴƞĨĶĚœĮĨŅĴ
ĶŃŏĭňĵĭŐįĬȮėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬőħĵœĴƞĨńŘĚŒěȮœĶƟĔŅĶėĺĭėŋĴȮĞŉŗĚĨĶĚĔńĭŐĬĺėŇħĮĶńĝĠŅȮĺŃĭŇ-ĞŃĭŇȮ
ĔĸƞŅĺėŊŀȮŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮScrew RingȮįĸĚŅĬĕŀĚȮKarl FritschȮŏĮƦĬĔŅĶĬŜŅŏĽĬŀĴŋĴĴŀĚėĺŅĴ
ĚŅĴĕŀĚėĶŅĭĽĬŇĴĪňŗŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚīĶĶĴĝŅĨŇ  ȮŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬĕŀĚȮKarl FritschȮ ĪňŗĬŜŅ 
ŀńĠĴĦňĪňŗĴňĨŜŅľĬŇĴŅŒĝƟŏĮƦĬĔŅĶĴŀĚŏľŖĬĩŉĚėŋĦėƞŅėĺŅĴĚŅĴĪňŗœĴƞĽĴĭŌĶĦƢŐĭĭȮŏėĶŊŗŀĚĮĶŃħńĭŏĕŖĴĔĸńħȮ
Twin #2 2009 įĸĚŅĬĕŀĚȮManuel VilhenaȮŐĸŃŏėĶŊŗŀĚĮĶŃħńĭĽĶƟŀĵėŀįĸĚŅĬĕŀĚȮLisa Walker 
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ŏĮƦĬĔŅĶĬŜŅŏĽĬŀŐĬĺėŇħŒĬħƟŅĬėŋĦėƞŅĪňŗŏĪƞŅŏĪňĵĴĔńĬĕŀĚĺńĽħŋĪńŘĚĮĺĚȮĪŋĔŀĵƞŅĚĸƟĺĬĽŅĴŅĶĩĬŜŅĴŅ
ĽĶƟŅĚĽĶĶėƢŏĮƦĬŏėĶŊŗŀĚĮĶŃħńĭœħƟȮŏėĶŊŗŀĚĮĶŃħńĭŏĕŖĴĔĸńħȮCracked up įĸĚŅĬĕŀĚȮJohn IversenȮŐĸŃȮ
įĸĚŅĬȮ144Ȯ&CkgjwȮBgaiglqmlŲqȮKgp_asjmsqȮWc_p'ȮĕŀĚȮSpencer FinchȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėĺŅĴ
ĚŅĴĪňŗĮĶŅĔġĨńĺĕŉŘĬŏĴŊŗŀĺńĨĩŋĩŌĔŐĮĶĽĳŅıœĮȮėŋĦėƞŅŒĬĨńĺĺńĨĩŋœĴƞŀŅěĩŌĔĪŜŅĸŅĵĸĚŐĴƟĴŌĸėƞŅĕŀĚĺńĨĩŋ
ħńŘĚŏħŇĴěŃĽŌĠľŅĵœĮȮŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮįĸĚŅĬĕŀĚȮJulian KomosaȮŏėĶŊŗŀĚĮĶŃħńĭȮDroppings 
CollectionȮįĸĚŅĬĕŀĚȮJung Eeeun ĶĺĴĩŉĚįĸĚŅĬȮDrip Painting ĕŀĚȮJackson PollockȮŏĮƦĬ
ĔŅĶĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėĺŅĴĚŅĴĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠȮœĶƟĔŅĶĭńĚėńĭľĶŊŀėĺĭėŋĴŒĬĶŌĮŐĭĭ 

ĺŃĭŇ-ĞŃĭŇȮŏĮƦĬĮĶńĝĠŅĪňŗĺƞŅħƟĺĵėĺŅĴœĴƞĽĴĭŌĶĦƢŐĭĭ (Imperfect) ȮŏĮƦĬėĺŅĴĚŅĴĨŅĴ
ĪńĻĬŃĕŀĚıŋĪīĻŅĽĬŅĬŇĔŅĵŏĞĬȮȮŐĸŃŏĮƦĬľńĺŒěŐľƞĚėŋĦėƞŅĪŅĚĽŋĬĪĶňĵĳŅıĕŀĚĠňŗĮŋƙĬȮȮĺŃĭŇ-ĞŃĭŇȮėŊŀȮ
ėĺŅĴĚŅĴĕŀĚĽĶĶıĽŇŗĚĪňŗœĴƞĽĴĭŌĶĦƢŐĭĭȮœĴƞėĚĪĬĩŅĺĶŐĸŃœĴƞŏĽĶŖěĽĴĭŌĶĦƢȮĝňŘŒľƟŏľŖĬĩŉĚėĺŅĴĚŅĴĕŀĚ
ĽĶĶıĽŇŗĚĪňŗœĴƞĵŉħĨŇħĨŅĴĶŃŏĭňĵĭŐĭĭŐįĬȮŏĮƦĬėĺŅĴĚŅĴĕŀĚĽĶĶıĽŇŗĚĪňŗĽĚĭŏĽĚňŗĵĴŐĸŃŀƞŀĬĬƟŀĴȮ 
 ėŜŅĺƞŅȮŴĺŃĭŇŵȮŐĸŃȮŴĞŃĭŇŵȮŐĨƞŏħŇĴĬńŘĬŏĮƦĬėŜŅĪňŗĴňėĺŅĴľĴŅĵĨƞŅĚĔńĬȮőħĵėŜŅĺƞŅȮŴĺŃĭŇŵȮ
ľĴŅĵĩŉĚȮėĺŅĴĪĬĪŋĔĕƢĕŀĚĔŅĶŒĝƟĝňĺŇĨŏıňĵĚĸŜŅıńĚȮėĺŅĴĞŉĴŏĻĶƟŅȮĽƞĺĬėŜŅĺƞŅȮŴĞŃĭŇŵȮľĴŅĵĩŉĚȮŏĵŖĬȮŏŀĬ
ŏŀňĵĚȮĶƞĺĚőĶĵȮĨƞŀĴŅėĺŅĴľĴŅĵĕŀĚĽŀĚėŜŅĬňŘŏĶŇŗĴŏĮĸňŗĵĬœĮŒĬŏĝŇĚĕŀĚėŋĦėƞŅĪŅĚĽŋĬĪĶňĵĳŅı2Ȯ ĮƤěěŋĭńĬ 
ŴĺŃĭŇ-ĞŃĭŇŵȮœħƟĔĸŅĵŏĮƦĬėŜŅĪňŗŒĝƟŏĶňĵĔĶĺĴĔńĬȮĞŉŗĚĔĸƞŅĺĩŉĚŐĭĭŐįĬŐľƞĚĽŋĬĪĶňĵĳŅıőħĵĴňľĸńĔŐĬĺėŇħ
ĪňŗĺƞŅȮĽĶĶıĽŇŗĚĪńŘĚĴĺĸĸƟĺĬœĴƞėĚĪĬȮĪŋĔĽŇŗĚĪŋĔŀĵƞŅĚĸƟĺĬĴňŀńĬĨƟŀĚŏĽŊŗŀĴĽĸŅĵœĮȮĺŃĭŇ-ĞŃĭŇȮĝňŘŒľƟŏľŖĬĩŉĚ
ėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚėĺŅĴœĴƞĽĴĭŌĶĦƢŐĭĭȮėĺŅĴœĴƞěňĶńĚĕŀĚĝňĺŇĨȮĬƟŀĴĶńĭīĶĶĴĝŅĨŇŀĵƞŅĚŏėŅĶıȮ 

ĺńĨĩŋŐľƞĚĺŃĭŇ-ĞŃĭŇĬńŘĬĴňėƞŅŏĪƞŅŏĪňĵĴĔńĬȮŏıĝĶȮıĸŀĵȮĪŀĚėŜŅȮĸƟĺĬŐĨƞŏĮƦĬĺńĨĩŋĪňŗĽńĚėĴĨĔĸĚ
ĵŀĴĶńĭĔńĬĺƞŅŏĮƦĬĺńĨĩŋĴňėƞŅȮȮőħĵŐĪƟěĶŇĚŐĸƟĺĺŃĭŇ-ĞŃĭŇĝňŘŒľƟŏľŖĬĺƞŅĺńĨĩŋĪńŘĚĮĺĚĴňėƞŅŏĪƞŅĔńĬľĴħȮĺńĨĩŋŐĨƞ
ĸŃĝĬŇħĸƟĺĬĴňėŋĦėƞŅŒĬĨńĺŏŀĚȮėĺĶĨĶŃľĬńĔĩŉĚėŋĦėƞŅĪňŗŐĪƟěĶŇĚĳŅĵŒĬĺńĨĩŋĬńŘĬŐĸŃŏĴŇĬŏĜĵĨƞŀėĺŅĴĽŌĚĨŗŜŅ
ĕŀĚĴŌĸėƞŅĪŅĚĺńĨĩŋȮĽŇŗĚĕŀĚĺŃĭŇ-ĞŃĭŇȮėŊŀĔŅĶĽŊŗŀŐĽħĚėĺŅĴľĴŅĵĕŀĚľƟĺĚŏĺĸŅĬńŘĬȮŀŅěŏĔŇħěŅĔĔŅĶ
ĔĶŃĪŜŅĕŀĚĸĴĲƚŅŀŅĔŅĻȮľĶŊŀĔŅĶĔĶŃĪŜŅĕŀĚĴĬŋļĵƢȮŏĝƞĬȮĔŅĶŏĔŇħėĶŅĭĽĬŇĴȮĶŀĵŏĮƘƨŀĬȮĶŀĵŐĨĔ ĔŅĶ
ĽŉĔĔĶƞŀĬĨƞŅĚŕȮĨńĺŀĵƞŅĚħńĚŏĝƞĬȮĶŀĵŐĨĔĕŀĚħŇĬ (ĳŅıĪňŗȮ18) ŐĽħĚŀŀĔĩŉĚėĺŅĴŏĮƦĬœĮĕŀĚīĶĶĴĝŅĨŇȮ
ĩƟĺĵĝŅĴĪňŗĭŇĺŏĭňŘĵĺȮ(ĳŅıĪňŗȮ19)ȮŐĽħĚŀŀĔĩŉĚėĺŅĴœĴƞĽĴĭŌĶĦƢŐĭĭ ŒĭœĴƟŏľňŗĵĺŐľƟĚȮ(ĳŅıĪňŗȮ0.)ȮŐĽħĚ
ŒľƟŏľŖĬĩŉĚėĺŅĴœĴƞěňĶńĚĵńŗĚĵŊĬĕŀĚĝňĺŇĨȮėĺŅĴĚŅĴŀĵƞŅĚĺŃĭŇ-ĞŃĭŇȮŏĮƦĬėĺŅĴĚŅĴĪňŗœĴƞĵŉħĨŇħĨŅĴĶŃŏĭňĵĭ

                                           
2 ŏĸĬĬŅĶƢħȮőėŏĶĬ, ĺŃĭŇ-ĞŃĭŇȮĽŜŅľĶńĭĻŇĸĮƕĬȮĬńĔŀŀĔŐĭĭȮĔĺňȮ& ĬńĔĮĶńĝĠŅ, ŐĮĸěŅĔ 

Wabi-Sabi for Artists, Designers, Poets & Philosophers, ŐĮĸőħĵ ĔĶŇĬĪĶƢȮĔĸŇŗĬĕěĶ (ĔĶŋĚŏĪıł: 
ĽĺĬŏĚŇĬĴňĴŅ, 2552), 01, 15-16. 
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ŐĭĭŐįĬȮĽŇŗĚĬńŘĬŀŅěŐĽħĚŒľƟŏľŖĬĩŉĚįĸıĺĚěŅĔĔŅĶĵŀĴĮĸƞŀĵŒľƟĽŇŗĚĨƞŅĚŕȮŏĔŇħĕŉŘĬħƟĺĵėĺŅĴĭńĚŏŀŇĠľĶŊŀ
œĴƞœħƟĨńŘĚŒě 

 
 

ĳŅıĪňŗȮ/6Ȯ ħŇĬŐĨĔĶŃŐľĚȮ 
ĪňŗĴŅ: Tim Girvin, The age of beauty wabi sabi, accessed March 26, 2015, available 
from http://www.girvin.com/blog/?p=6985 

 

 
 

ĳŅıĪňŗȮ/7 ĩƟĺĵĝŅĪňŗĭŇħŏĭňŘĵĺœĴƞĽĴĭŌĶĦƢŐĭĭ 
ĪňŗĴŅ: Sam Page, Japanese aesthetic of Wabi-sabi tea cups, accessed April 15, 2015, 
available from https://www.pinterest.com/source/mindfulness-buddhism-yoga.net 
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ĳŅıĪňŗȮ0. ŒĭœĴƟŏľňŗĵĺŐľƟĚįŋıńĚ 
 

3.2 ĔŅĶĺŇŏėĶŅŃľƢŏıŊŗŀŏĝŊŗŀĴőĵĚœĮĽŌƞįĸĚŅĬ 
 ŐĬĺėŇħŒĬĔŅĶĬŜŅŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĴŅĽĶƟŅĚĽĶĶėƢŏĮƦĬŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮScrew 

RingȮįĸĚŅĬĕŀĚȮKarl FritschȮŏĮƦĬĔŅĶĬŜŅŏĽĬŀėĺŅĴĚŅĴĕŀĚėĶŅĭĽĬŇĴĨŃĮŌȮĞŉŗĚŏĔŇħĕŉŘĬőħĵĔĶŃĭĺĬ
ĪŅĚīĶĶĴĝŅĨŇȮĶĺĴĩŉĚĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŀńĬŏĪƞŅŏĪňĵĴĔńĬĕŀĚĺńĽħŋĪŋĔĮĶŃŏĳĪȮ
ĞŉŗĚŐĬĺėŇħĪňŗĔĸƞŅĺĴŅĬńŘĬĨĶĚĨŅĴŐĬĺėĺŅĴėŇħŒĬĔŅĶĽĶƟŅĚįĸĚŅĬĕŀĚĕƟŅıŏěƟŅȮŐĨĔĨƞŅĚĔńĬĪňŗĮĶŃŏĳĪ
ĺńĽħŋľĸńĔĪňŗŒĝƟĬŜŅŏĽĬŀėŊŀĕňŘįŉŘĚĪňŗŒĝƟĔńĭŏėĶŊŗŀĚěńĔĶȮőħĵĬŜŅŏĽĬŀėĺŅĴĚŅĴěŅĔŏĻļĕňŘįŉŘĚŏľĸŊŀĪŇŘĚĪňŗœľĸĕŀĚ
ľĵħŏĮƦĬŏĽƟĬĽŅĵŐĸŃĞƟŀĬĪńĭĔńĬȮ 

ŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬěŅĔŏĻļŀńĠĴĦňĴĶĔĨȮįĸĚŅĬĕŀĚȮKarl FritschȮĴňŐĬĺėŇħŒĬ
ĔŅĶĬŜŅŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĴŅĽĶƟŅĚĽĶĶėƢĪňŗŏľĴŊŀĬĔńĬȮĶĺĴĩŉĚŏĮƦĬĔŅĶĪƟŅĪŅĵėĺŅĴėŇħŒĬħƟŅĬėŋĦėƞŅŐĸŃ
ėĺŅĴĚŅĴĕŀĚŏėĶŊŗŀĚĮĶŃħńĭĝŇŘĬĬńŘĬȮőħĵĴňŐĬĺĪŅĚĪňŗĨƞŅĚĔńĬĔńĭįĸĚŅĬĕƟŅıŏěƟŅŒĬŏĶŊŗŀĚĺńĽħŋĪňŗŒĝƟĬŜŅŏĽĬŀ
ŏĝƞĬŏħňĵĺĔńĭŏėĶŊŗŀĚĮĶŃħńĭŐľĺĬȮScrew Ring 
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œħƟȮŐĽħĚŀŀĔĩŉĚŏĺĸŅŐĸŃĽĳŅĺŃĪňŗŏĔŇħĕŉŘĬȮŐĨƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĪňŗĮĶŃŏĳĪĺńĽħŋĪňŗŒĝƟŐĸŃĴŋĴĴŀĚĔŅĶ
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ĶƞĺĴĕŀĚĻŇĸĮƕĬȮĦȮĕĦŃĪňŗĔŜŅĸńĚĽĶƟŅĚĽĶĶėƢįĸĚŅĬȮĽƞĺĬįĸĚŅĬĕŀĚĕƟŅıŏěƟŅŏĮƦĬĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭėĺŅĴĽŌĠŏĽňĵĪňŗŐİĚœĮħƟĺĵėĺŅĴĚŅĴĪňŗĞƞŀĬĨńĺŀĵŌƞŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĨƟĬŐĭĭħƟĺĵ
ŏėĶŊŗŀĚěńĔĶŐĸŃĬŜŅįĸĚŅĬħƟĺĵĶŌĮŐĭĭŏėĶŊŗŀĚĮĶŃħńĭ 

ĽĶŋĮŐĬĺėĺŅĴėŇħĕŀĚįĸĚŅĬĕƟŅıŏěƟŅȮŏĮƦĬĔŅĶĬŜŅŏĽĬŀėĺŅĴĚŅĴěŅĔĽĳŅıĕŀĚŏĬŊŘŀ
ĺńĽħŋĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŀńĬŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶĪńŘĚĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬįĸŇĨőħĵĪńŗĺœĮ
ĨŅĴĪňŗıĭŏľŖĬŐĸŃĶŌĮŐĭĭĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋįƞŅĬįĸĚŅĬ
ŏėĶŊŗŀĚĮĶŃħńĭȮŏıŊŗŀĽĶƟŅĚėĺŅĴĵƟŀĬŐĵƟĚĔńĭėƞŅĬŇĵĴĕŀĚėĬŒĬĽńĚėĴĪňŗĴńĔĴŀĚľŅŐĨƞĴŌĸėƞŅŐĸŃėĺŅĴ
ĽĴĭŌĶĦƢŐĭĭĪňŗœħƟĶńĭěŅĔŏėĶŊŗŀĚěńĔĶŏıňĵĚħƟŅĬŏħňĵĺȮĶĺĴĪńŘĚĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅŐĸŃėĺŅĴĚŅĴĕŀĚ
ŏĻļĺńĽħŋĪňŗĞƞŀĬŀĵŌƞŒĬĔĶŃĭĺĬĔŅĶĽŌĠŏĽňĵĬňŘħƟĺĵȮĽŀħėĸƟŀĚĨŅĴľĸńĔŐĬĺėŇħȮĺŃĭŇ-ĞŃĭŇȮĪňŗĔĸƞŅĺĩŉĚėĺŅĴ
ĚŅĴĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠŀĵƞŅĚœĴƞœħƟĨńŘĚŒě 

ĔŅĶĬŜŅŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚěŅĔĔĶŃĭĺĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭħƟĺĵŏėĶŊŗŀĚěńĔĶĴŅĽĶƟŅĚĽĶĶėƢ
ŏĮƦĬĚŅĬŏėĶŊŗŀĚĮĶŃħńĭȮĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚėŋĦėƞŅėĺŅĴĚŅĴĪňŗĞƞŀĬĨńĺŀĵŌƞŒĬĔŅĶįĸŇĨĨƟĬŐĭĭħƟĺĵ
ŏėĶŊŗŀĚěńĔĶȮĞŉŗĚŐĴƟĺńĽħŋĬńŘĬěŃĩŌĔŐĮĶĽĳŅıħƟĺĵĔŅĶĔĶŃĪŜŅĕŀĚŏėĶŊŗŀĚěńĔĶŐĸŃėĬĽƞĺĬŒľĠƞĴŀĚĺƞŅŏĮƦĬ
ĕĵŃĪňŗœĶƟĴŌĸėƞŅĔŖĨŅĴȮŐĨƞĔŅĶĩŌĔŐĮĶĽĳŅıĬńŘĬŏŀĚœħƟĔƞŀŒľƟŏĔŇħėĺŅĴĚŅĴŀňĔĶŌĮŐĭĭľĬŉŗĚĞŉŗĚŏĮƦĬėĺŅĴĚŅĴ
ĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠȮœĶƟĔŅĶėĺĭėŋĴȮŏĮƦĬœĮőħĵĔĶŃĭĺĬĔŅĶĪŅĚīĶĶĴĝŅĨŇȮĬŜŅœĮĽŌƞĔŅĶĪħĸŀĚėƟĬľŅ
ĶŌĮŐĭĭĔŅĶĮĶŅĔġĨńĺĕŀĚŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĪňŗŏĔŇħĕŉŘĬőħĵĭńĚŏŀŇĠĬňŘĨƞŀœĮȮ 
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ĭĪĪňŗȮ3 
 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

 
 

ěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚıŇĴıƢĽŅĴĴŇĨŇȮProJet 
CPX3000ȮıĭĺƞŅĔĶŃĭĺĬĔŅĶŒĬĔŅĶĮŅħĽƞĺĬŏĔŇĬĕŀĚŏĬŊŘŀĺńĽħŋĪŇŘĚŒĬĕĦŃĪňŗŏėĶŊŗŀĚĔŜŅĸńĚıŇĴıƢĝŇŘĬĚŅĬŀĵŌƞ
ĬńŘĬȮĴňőŀĔŅĽŏĔŇħĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĺńĽħŋœħƟĴŅĔĪňŗĽŋħȮőħĵŏĬŊŘŀĺńĽħŋŏľĸŊŀĪŇŘĚĴňĸńĔļĦŃŏĮƦĬĕňŘįŉŘĚľĸŀĴŏľĸĺȮ
ľĵħĸĚŒĬĝƞŀĚŏĔŖĭŏĻļĺńĽħŋĪňŗŀĵŌƞħƟŅĬĸƞŅĚĕŀĚĨńĺŏėĶŊŗŀĚȮĞŉŗĚŒĬĔŅĶĪħĸŀĚėƟĬľŅĶŌĮŐĭĭĔŅĶĮĶŅĔġĨńĺ
ĕŀĚŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚĬńŘĬȮŏĶŇŗĴĨƟĬěŅĔĔŅĶĪħĸŀĚĺńĽħŋ ĞŉŗĚĴňĺŇīňĔŅĶĪħĸŀĚħńĚĬňŘ 

 
1.ȮĔŅĶĪħĸŀĚĺńĽħŋ 

/,/ȮĔŅĶĪħĸŀĚĺńĽħŋŐĸŃĺŇīňĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚȮProJet CPX3000 
ĔŅĶĪħĸŀĚľŅĺńĽħŋĪňŗĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺĶŀĚĶńĭŏĬŊŘŀĺńĽħŋŏľĸŊŀĪŇŘĚȮ(ĕňŘįŉŘĚľĸŀĴŏľĸĺ) ĺńĽħŋ

ĪňŗĬŜŅĴŅĪħĸŀĚœħƟŐĔƞȮőĸľŃ (ĸĺħ) ŏĝŊŀĔ œĴƟȮŏŀŖĬȮıĸŅĽĨŇĔȮŐĸŃĕňŘįŉŘĚĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮȮőħĵĴňĔŅĶĪħĸŀĚ
ıĶƟŀĴĔńĭĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚȮProJet CPX3000 ĞŉŗĚĴňĕńŘĬĨŀĬĨŅĴĨŅĶŅĚĪňŗȮ6 ħńĚĨƞŀœĮĬňŘ 

 

ĨŅĶŅĚĪňŗȮ4 ĔŅĶĪħĸŀĚĺńĽħŋŐĸŃĺŇīňĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚȮProJet CPX3000 
ĕńŘĬĨŀĬĪňŗ ĶŅĵĸŃŏŀňĵħ ĳŅıĮĶŃĔŀĭ 
/ ĔħĮŋƙĴŏĮƕħŏėĶŊŗŀĚȮProJet CPX3000 ĪňŗĭĶŇŏĺĦħƟŅĬľĸńĚ

ĨńĺŏėĶŊŗŀĚȮ 
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ĨŅĶŅĚĪňŗȮ4 ĔŅĶĪħĸŀĚĺńĽħŋŐĸŃĺŇīňĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚȮProJet CPX3000Ȯ(Ĩƞŀ) 
ĕńŘĬĨŀĬĪňŗ ĶŅĵĸŃŏŀňĵħ ĳŅıĮĶŃĔŀĭ 

2 ĬŜŅĩŅħĶŀĚĝŇŘĬĚŅĬĺŅĚĭĬŐĪƞĬıŇĴıƢĳŅĵŒĬŏėĶŊŗŀĚ 

 
3 ŏĮƕħĝƞŀĚŏĔŖĭŏĻļĺńĽħŋĪňŗŀĵŌƞħƟŅĬĸƞŅĚĕŀĚĨńĺŏėĶŊŗŀĚȮŏıŊŗŀĪŜŅ

ĔŅĶĨŇħĨńŘĚĺńĽħŋĪňŗĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺĶŀĚĶńĭľĵħĕňŘįŉŘĚŏľĸĺ 

 
4 ĬŜŅĺńĽħŋĺŅĚŒĬĝƞŀĚĔĸŅĚȮĞŉŗĚĴňĩŋĚıĸŅĽĨŇĔĵŉħħƟĺĵőėĶĚ

ŏľĸŖĔŏĮƦĬĳŅĝĬŃŒĬĔŅĶĶŀĚĶńĭ  

 
5 ĮƕħĝƞŀĚŏĔŖĭŏĻļĺńĽħŋŒľƟŏĶňĵĭĶƟŀĵ 

 
 


