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   This paper aims to use the results of the Quality Function Deployment 
Technique and Design of Experiments to improve the quality of resin-coated sand 
products, as a qualitative research. A quality function deployment technique has been 
used by the researcher as a tool to select important input factors affecting the quality 
of resin-coated sand for solid cores. The factors derived from this relationship 
assessment were used to design experiments with the packaged program. During a 
relationship assessment by experts, it was found that there were five factors 
contributed to the quality of resin-coated sand products, including sand temperature 
before production, the ratio between sand A and sand B, Resin content, the ratio 
between resin A and resin B, and Hexamine content. Based on the levels of factors, 
the researcher divided them into three and five levels. When these factors were used 
to design the experiments with the packaged program and analyze the cost of 
production, a total number of 222 experiments were obtained. From the trials of resin-
am_rcbȮq_lbȮnpmbsarqȮugrfȮ_Ȯj_`mp_rmpwŲqȮkgvcp*ȮgrȮu_qȮdmsld that there were 3 trials 
that met the satisfaction requirements of the case study factory with the satisfaction 
percentage of 77.14, 77.14 and 68.57 and the production cost was 3.70, 3.71 and 3.71 
baht per kilogram, respectively. 

 
 

 

  



  Ĝ 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 

 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĺŇĪĵŅĬŇıĬīƢŏĸƞĴĬňŘĽŜŅŏĶŖěŏĽĶŖěĽĴĭŌĶĦƢœħƟħƟĺĵħňŏıĶŅŃœħƟĶńĭėĺŅĴĔĶŋĦŅĝňŘŐĬŃŐĸŃĝƞĺĵŏľĸŊŀ
ŀĵƞŅĚħňĵŇŗĚěŅĔ ĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĮĶŃěĺĭ ĔĸƞŀĴěŇĨĶ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŐĸŃĔĶĶĴĔŅĶ
ĳŅĵŒĬ ħĶ.ĽŇĪīŇĝńĵ ŐĞƞŐľĸƞĴ ĮĶŃīŅĬĔĶĶĴĔŅĶ ŐĸŃįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĶŃıň ĔŅĠěĬŃ ĔĶĶĴĔŅĶ
ĳŅĵĬŀĔ ĪňŗŒľƟėŜŅŐĬŃĬŜŅŐĸŃĨĶĺěŐĔƟœĕĕƟŀĭĔıĶƞŀĚěĬĚŅĬĺŇěńĵĬňŘŏĽĶŖěĽĴĭŌĶĦƢ įŌƟĺŇěńĵĕŀĔĶŅĭ
ĕŀĭıĶŃėŋĦŀŅěŅĶĵƢĪňŗĮĶŉĔļŅŐĸŃėĦŃĔĶĶĴĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢħƟĺĵėĺŅĴŏėŅĶıŀĵƞŅĚĽŌĚœĺƟ Ħ őŀĔŅĽ
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ĪŋĔĪƞŅĬĪňŗŒľƟėĺŅĴĶƞĺĴĴŊŀŐĸŃĽĬńĭĽĬŋĬĔŅĶĪŜŅĔŅĶĪħĸŀĚěĬĽŅĴŅĶĩĭĶĶĸŋĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĪŜŅĺŇěńĵ 
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ĭĪĪňŗ/ 
ĭĪĬŜŅ 

/,/ȮĪňŗĴŅŐĸŃėĺŅĴĽŜŅėńĠ 
 ȮȮȮȮȮĮƤěěŋĭńĬĚŅĬħƟŅĬĔŅĶľĸƞŀőĸľŃŏĕƟŅĴŅĴňĽƞĺĬĽŜŅėńĠŀĵƞŅĚĴŅĔŒĬŀŋĨĽŅľĔĶĶĴĨƞŅĚŕȮŏĝƞĬȮ
ŀŋĨĽŅľĔĶĶĴŏėĶŊŗŀĚŒĝƟœĲĲƚŅȮŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢȮŀŋĨĽŅľĔĶĶĴĔŅĶŏĔļĨĶȮŐĸŃŀŋĨĽŅľĔĶĶĴĔŅĶ
įĸŇĨŏėĶŊŗŀĚěńĔĶĔĸȮŏĮƦĬĨƟĬȮőħĵŀŋĨĽŅľĔĶĶĴĚŅĬľĸƞŀĪńŗĺœĮĽŅĴŅĶĩŐĭƞĚĺŇīňĪňŗŒĝƟŒĬĔŅĶįĸŇĨœħƟ5Ȯ
ĮĶŃŏĳĪȮėŊŀȮľĸƞŀőħĵŐĭĭľĸƞŀĪĶŅĵ, ľĸƞŀőħĵŐĭĭľĸƞŀĕňŘįŉŘĚ*ȮľĸƞŀőħĵŐĭĭľĸƞŀĩŅĺĶ, ľĸƞŀőħĵ
ŐĭĭľĸƞŀĮŌĬıĸŅĽŏĨŀĶƢ, ľĸƞŀőħĵĺŇīňĔŅĶŐĔĺƞĚĝŇŘĬĚŅĬľĬňĻŌĬĵƢĔĸŅĚ*ȮľĸƞŀőħĵŐĭĭľĸƞŀĪĶŅĵ
ŏĮĸŊŀĔĭŅĚ, ľĸƞŀőħĵŐĭĭľĸƞŀĩŅĺĶĶƞĺĴĔńĭĔŅĶŀńħĬŘŜŅőĸľŃȮĞŉŗĚĮĶŃŏĳĪĔŅĶľĸƞŀĪňŗœħƟĶńĭėĺŅĴĬŇĵĴ
ŏĮƦĬŀńĬħńĭĨƟĬŕȮėŊŀȮĔŅĶľĸƞŀŐĭĭĪĶŅĵȮ(Sand Casting) 
 ȮȮȮȮȮĔŅĶľĸƞŀŐĭĭĪĶŅĵȮ(Sand Casting)ȮŏĮƦĬĮĶŃŏĳĪĔŅĶľĸƞŀĪňŗĴňĨƟĬĪŋĬŒĬĔŅĶįĸŇĨĨŗŜŅȮĪĶŅĵ
ĪňŗŒĝƟĽŅĴŅĶĩĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞœħƟŀňĔľĸŅĵėĶńŘĚȮŐĸŃĽŅĴŅĶĩŒĝƟĚŅĬœħƟĔńĭĚŅĬőĸľŃľĸŅĵĝĬŇħĪńŘĚĪňŗ
ŏĮƦĬŏľĸŖĔȮ( Ferrous Metals) ŐĸŃőĸľŃĮĶŃŏĳĪĪňŗœĴƞŒĝƞŏľĸŖĔȮ(Non-Ferrous Metals) ĞŉŗĚĽŇŗĚĪňŗ
ĽŜŅėńĠŐĸŃŏĮƦĬŀňĔľĬŉŗĚĽŅŏľĨŋĕŀĚĔŅĶŏĔŇħĕŀĚŏĽňĵŒĬĚŅĬľĸƞŀĮĶŃŏĳĪĬňŘȮėŊŀȮĔŅĶėĺĭėŋĴĕĬŅħŐĸŃ
ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĴŖħĪĶŅĵŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭĚŅĬľĸƞŀŐĨƞĸŃŐĭĭ 
      ěŅĔĽĩŅĬĔŅĶĦƢĪňŗĴňĔŅĶŐıĶƞĶŃĭŅħĕŀĚœĺĶńĽȮCovid-19 ĨńŘĚŐĨƞĝƞĺĚĨƟĬĮƖȮ0341ȮĽƞĚįĸŒľƟ
ŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢŒĬľĸŅĵĮĶŃŏĪĻĪňŗĴňĔŅĶŐıĶƞĶŃĭŅħĕŀĚŏĝŊŘŀœĺĶńĽȮCovid-
19 ĨƟŀĚľĵŋħĝŃĚńĔĸĚȮĪŜŅŒľƟľĸŅĵŕőĶĚĚŅĬěŜŅŏĮƦĬĪňŗěŃĨƟŀĚĴňĔŅĶĩƞŅĵőŀĬĔŅĶįĸŇĨĝŇŘĬĽƞĺĬĭŅĚ
ĝŇŘĬĽƞĺĬĴŅįĸŇĨĪňŗőĶĚĚŅĬĪňŗěńħĨńŘĚŀĵŌƞĪňŗĮĶŃŏĪĻœĪĵĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟőĶĚĚŅĬĔĶĦňĻŉĔļŅĨƟŀĚįĸŇĨ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮ(Resin Coat Sand: RCS) ĪňŗĽŅĴŅĶĩĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŒĬĽƞĺĬ
ĕŀĚŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢŏıŇŗĴĴŅĔĕŉŘĬ 
      ŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴĔŅĶįĸŇĨĪňŗŏıŇŗĴĕŉŘĬĪŜŅŒľƟőĶĚĚŅĬĔĶĦňĻŉĔļŅĴňĬőĵĭŅĵŒĬĔŅĶĻŉĔļŅŐĸŃ
ıńĥĬŅėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚėŋĦĽĴĭńĨŇĕŀĚ
įĸŇĨĳńĦĤƢħƟŅĬėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶĕĵŅĵĨńĺĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗĬŜŅœĮįĸŇĨŏĮƦĬŐĭĭ
ľĸƞŀĪĶŅĵ 
 ȮȮȮȮȮěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮĽŇŗĚĪňŗĽŜŅėńĠŐĸŃŏĮƦĬŀňĔľĬŉŗĚĽŅŏľĨŋĕŀĚĔŅĶŏĔŇħĕŀĚŏĽňĵŒĬĚŅĬľĸƞŀ
ĮĶŃŏĳĪĬňŘȮėŊŀȮėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶĕĵŅĵĨńĺĕŀĚŐĭĭľĸƞŀĪĶŅĵȮħńĚĬńŘĬįŌƟĺŇěńĵěŉĚŏĸŊŀĔĪŜŅĔŅĶĻŉĔļŅ
ŐĬĺĪŅĚĔŅĶıńĥĬŅėŋĦĳŅıįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬőħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵ
ľĬƟŅĪňŗŏĝŇĚėŋĦĳŅıŒĬĽƞĺĬĕŀĚĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅėŋĦĽĴĭńĨŇįĸŇĨĳńĦĤƢħƟŅĬėƞŅėĺŅĴŐĕŖĚŐĸŃ
ĔŅĶĕĵŅĵĨńĺĕŀĚŐĭĭľĸƞŀĪĶŅĵ 
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/,0ȮĕƟŀĴŌĸĪńŗĺœĮŐĸŃĶŅĵĸŃŏŀňĵħőĶĚĚŅĬĔĶĦňĻŉĔļŅ 
 őĶĚĚŅĬĔĶĦňĻŉĔļŅŏĮƦĬőĶĚĚŅĬįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮĞŉŗĚĳŅĵŒĬőĶĚĚŅĬěŃĮĶŃĔŀĭœĮħƟĺĵ
ĔĶŃĭĺĬĔŅĶįĸŇĨľĸńĔȮ1ȮĔĶŃĭĺĬĔŅĶ 
1.2.1 ĔĶŃĭĺĬĔŅĶĔŅĶįĸŇĨĪĶŅĵľĸƞŀĪňŗĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞȮ(Reclaimed Sand) ėŊŀȮĔŅĶĬŜŅĪĶŅĵȮ

ŐĸŃ-ľĶŊŀȮĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗįƞŅĬĔŅĶŒĝƟĚŅĬĴŅŐĸƟĺ (Green Sand) ěŅĔőĶĚľĸƞŀĔĸńĭĴŅ
įƞŅĬĔĶŃĭĺĬĔŅĶėńħŐĵĔĽŇŗĚĽĔĮĶĔȮŏįŅħƟĺĵėĺŅĴĶƟŀĬĽŌĚȮĪŜŅėĺŅĴĽŃŀŅħȮŐĸŃĬŜŅĴŅįƞŅĬ
ĔĶŃĭĺĬĔŅĶėńħŐĵĔĕĬŅħĨŅĴėĺŅĴŏľĴŅŃĽĴŏıŊŗŀĬŜŅĔĸńĭĴŅŒĝƟŏĮƦĬĺńĨĩŋħŇĭŒĬ
ĔĶŃĭĺĬĔŅĶĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

1.2.2 ĔĶŃĭĺĬĔŅĶįĸŇĨĪĶŅĵŒľĴƞȮ(New Sand) ėŊŀĔŅĶĬŜŅĪĶŅĵīĶĶĴĝŅĨŇĪňŗĵńĚœĴƞįƞŅĬĔŅĶŒĝƟĚŅĬ
ĴŅįƞŅĬĔĶŃĭĺĬĔŅĶŀĭŐĸŃėńħŐĵĔĕĬŅħĨŅĴėĺŅĴŏľĴŅŃĽĴŏıŊŗŀĽƞĚĕŅĵĸŌĔėƟŅŐĸŃŏĔŖĭœĺƟ
ŏĮƦĬĺńĨĩŋħŇĭŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

1.2.3 ĔĶŃĭĺĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮ(Resin Coated Sand) ėŊŀĔĶŃĭĺĬĔŅĶĪňŗĬŜŅĪĶŅĵĪńŘĚȮ
Reclaimed Sand ŐĸŃȮNew SandȮĴŅįƞŅĬĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮěŅĔĬńŘĬĮĸƞŀĵĸĚ
ľĴƟŀįĽĴĪňŗěŃĴňĔŅĶŏĨŇĴȮPhenolic Rein, Hexamine, Calcium-Stearate, ĬŘŜŅ*ȮŐĸŃĽŅĶ
ĮĶŋĚŐĨƞĚŀŊŗĬŕŐĸƟĺŐĨƞėĺŅĴŏľĴŅŃĽĴĕŀĚĝĬŇħĚŅĬľĸƞŀĪňŗĴňĪńŘĚœĽƟŐĭĭľĸƞŀĨńĬŐĸŃœĽƟŐĭĭ
ľĸƞŀĔĸĺĚ 
 

/,1ȮĽĳŅıĮƤěěŋĭńĬĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 
      ĮƤěěŋĭńĬőĶĚĚŅĬĔĶĦňĻŉĔļŅĴňįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĴŅĔĔĺƞŅȮ/..ȮĽŌĨĶȮőħĵĴň
ĵŀħĕŅĵŏĜĸňŗĵȮ4*4/0ȮĨńĬĨƞŀŏħŊŀĬȮėŇħŏĮƦĬĴŌĸėƞŅŏĜĸňŗĵȮ23*070*0..ȮĭŅĪĨƞŀŏħŊŀĬőħĵĴňĸŌĔėƟŅľĸńĔ
ŏĮƦĬŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢȮŐĸŃŀŋĨĽŅľĔĶĶĴĔŅĶŏĔļĨĶȮĞŉŗĚőĶĚĚŅĬĔĶĦňĻŉĔļŅĵńĚėĚĴŋƞĚŏĬƟĬĔŅĶ
ıńĥĬŅȮĮĶńĭĮĶŋĚįĸŇĨĳńĦĤƢŒľƟĴňĴňėŋĦĳŅıĪňŗħňĕŉŘĬŐĸŃĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĸŌĔėƟŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 
 ȮȮȮȮȮěŅĔĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪńŘĚľĴħĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮıĭĺƞŅȮėŋĦĽĴĭńĨŇ
ĪňŗĽŜŅėńĠŐĸŃĽƞĚįĸĨƞŀőŀĔŅĽĔŅĶŏĔŇħĕŀĚŏĽňĵĕŀĚĚŅĬľĸƞŀĴŅĔĪňŗĽŋħȮėŊŀȮėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶ
ĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚŐĭĭľĸƞŀĪĶŅĵȮŏĬŊŗŀĚěŅĔėŋĦĽĴĭńĨŇĪńŘĚȮ0ȮėŋĦĽĴĭńĨŇĴňőŀĔŅĽŏĮƦĬ
ĨƟĬŏľĨŋĕŀĚĔŅĶŏĔŇħĮƤĠľŅŒĬĚŅĬľĸƞŀœħƟȮŏĝƞĬȮĮƤĠľŅȮVeining, Sand Burn, Core Crack ŐĸŃȮ
Metal Penetration ŏĮƦĬĨƟĬȮĪŜŅŒľƟőĶĚĚŅĬĔĶĦňĻŉĔļŅĵńĚĴňĨƟĬĪŋĬĪňŗŏĔŇħěŅĔĕŀĚŏĽňĵĪňŗŏĔŇħěŅĔĔŅĶ
ĶŃĚńĭĔŅĶĕŅĵŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮƤĠľŅĕŀĚĸŌĔėƟŅ 
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/,2ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 
 ŏıŊŗŀĬŜŅįĸĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢħƟĺĵĔŅĶĔĶŃěŅĵľĬƟŅĪňŗŏĝŇĚėŋĦĳŅıŐĸŃĔŅĶŀŀĔŐĭĭĔŅĶ

ĪħĸŀĚĴŅĮĶńĭĮĶŋĚėŋĦĳŅıįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

 

1.5 ĕŀĭŏĕĨĚŅĬĺŇěńĵ 
ȮȮȮ/,3,/ȮȮȮȮȮĬŜŅŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗŏĝŇĚėŋĦĳŅıȮėŊŀȮPhase 0 ŐĸŃȮ1ȮœħƟŐĔƞȮProduct  Ȯ ȮȮȮ
     Design ŐĸŃȮProcess Planning őħĵįĸĸńıīƢĪňŗœħƟŐĨƞĸŃȮPhase ėŊŀȮPart Characteristics 
     ImportanceȮŐĸŃȮProcess Parameters Importance ĨŅĴĸŜŅħńĭȮĪńŘĚĬňŘŏıŊŗŀįĸŇĨ 
 ȮȮȮȮįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬœħƟĩŌĔĨƟŀĚĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĔĸŋƞĴŏĮƚŅľĴŅĵœħƟȮ 

1.5.2 ėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗĻŉĔļŅȮėŊŀȮėƞŅėĺŅĴŐĕŖĚȮ(Bending Strength) 
ŐĸŃėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚįĸŇĨĳńĦĤƢ (Thermal Expansion) 

1.5.3 ĝƞĺĚŏĺĸŅŒĬĔŅĶĻŉĔļŅȮŏħŊŀĬĔĶĔġŅėĴȮĩŉĚȮĨŋĸŅėĴȮı,Ļ,0342ȮĽŜŅľĶńĭĔŅĶŏĔŖĭĶĺĭĶĺĴ
ĕƟŀĴŌĸȮĺŇŏėĶŅŃľƢȮŐĸŃĔŅĶĪħĸŀĚĳŅĵŒĬľƟŀĚŐĸŖĭ 
 

1.6 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
/,4,/ȮȮȮȮĻŉĔļŅĚŅĬĺŇěńĵŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 

1.6.2 ĻŉĔļŅĶŅĵĸŃŏŀňĵħĕńŘĬĨŀĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗŏĝŇĚėŋĦĳŅı 
1.6.3 ĻŉĔļŅĕƟŀĴŌĸĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅħƟŅĬĽĳŅıĪńŗĺœĮȮĔŅĶŀŀĔŐĭĭȮĔĶŃĭĺĬĔŅĶįĸŇĨ

įĸŇĨĳńĦĤƢȮŐĸŃĔĶŃĭĺĬĔŅĶĨĶĺěĽŀĭįĸŇĨĳńĦĤƢ 
1.6.4 ĽŜŅĶĺěŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸĪŅĚħƟŅĬŏĪėĬŇėĪňŗĽƞĚįĸĨƞŀėƞŅėĺŅĴŐĕŖĚŐĸŃėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚ

ėĺŅĴĶƟŀĬĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 
1.6.5 ĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗŏĝŇĚėŋĦĳŅıŒĬȮPhase 0ȮŐĸŃȮ1ȮĪŜŅĔŅĶħŜŅŏĬŇĬĚŅĬ

ĺŇěńĵŐĸŃĺŇŏėĶŅŃľƢįĸȮħńĚĬňŘ 
  Phase 1 ů Product Design: ĕńŘĬĨŀĬĔŅĶŐĮĸĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŒľƟŀĵŌƞŒĬĶŌĮ
 ĕŀĚėŋĦĽĴĭńĨŇŐĸŃĕƟŀĔŜŅľĬħĕŀĚĽƞĺĬĮĶŃĔŀĭĕŀĚįĸŇĨĳńĦĤƢ 
 Phase 2 ů Process Planning: ĕńŘĬĨŀĬĔŅĶĬŜŅėƞŅėŋĦĽĴĭńĨŇŐĸŃĕƟŀĔŜŅľĬħĕŀĚ
 ĽƞĺĬĮĶŃĔŀĭĕŀĚįĸŇĨĳńĦĤƢĴŅĔŜŅľĬħėƞŅıŅĶŅĴŇŏĨŀĶƢĨƞŅĚŕĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨ 
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1.6.6 ŏĮĶňĵĭŏĪňĵĭĕƟŀŏĽĬŀŐĬŃŐĬĺĪŅĚĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢŐĔƞőĶĚĚŅĬ
ĔĶĦňĻŉĔļŅĪŜŅĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚȮħńĚĬňŘ 

- ŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭŐĲĔĪŀŏĶňĵĸŏĨŖĴĶŌĮŐĭĭĪńŗĺœĮħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮ 

- ĪħĸŀĚĪŜŅĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗœħƟěŅĔĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭ
ŐĲĔĪŀŏĶňĵĸŏĨŖĴĶŌĮŐĭĭĪńŗĺœĮħƟĺĵľĴƟŀįĽĴĕĬŅħŏĸŖĔĽŜŅľĶńĭĪħĸŀĚȮ&J_`mp_rmpwŲqȮ
Mixer) 

- ĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĔŅĶĪħĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬŏĭŊŘŀĚ
ĨƟĬĪňŗĪħĸŀĚħƟĺĵľĴƟŀįĽĴĕĬŅħŏĸŖĔ 

- ĬŜŅŏĽĬŀĪŅĚŏĸŊŀĔĕŀĚĶŌĮŐĭĭįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔŅĶıńĥĬŅħƟĺĵŏĪėĬŇėĔŅĶĔĶŃěŅĵ
ľĬƟŅĪňŗŏĝŇĚėŋĦĳŅıĨƞŀĪňĴįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

1.6.7 ĽĶŋĮįĸĔŅĶĺŇěńĵ  
1.6.8 ěńħĪŜŅĶŌĮŏĸƞĴĺŇĪĵŅĬŇıĬīƢ 
 

1.7 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 
/,5,/ȮȮȮĽŅĴŅĶĩĬŜŅŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬħƟŅĬĔŅĶ
 ȮȮȮŀŀĔŐĭĭŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

1.7.2 ĽŅĴŅĶĩĬŜŅĕƟŀĴŌĸĪňŗĴňŀĵŌƞĴŅĺŇŏėĶŅŃľƢįĸĨŅĴĔĶŃĭĺĬĔŅĶĪŅĚŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗ
ĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıœħƟįĸĸńıīƢĨĶĚĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŒĝƟĚŅĬħƟŅĬĔŅĶŀŀĔŐĭĭŐĸŃ
ıńĥĬŅįĸŇĨĳńĦĤƢ 

1.7.3 ŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅȮŐĸŃĔĶŃĭĺĬĔŅĶįĸŇĨ
ĕŀĚőĶĚĚŅĬœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

1.7.4 őĶĚĚŅĬĔĶĦňĻŉĔļŅĽŅĴŅĶĩĬŜŅįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĔŅĶıńĥĬŅħƟĺĵŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗ
ĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıœĮŒĝƟŒĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢŏıŊŗŀĸħĨƟĬĪŋĬȮľĶŊŀŏıŇŗĴ
ĵŀħĕŅĵŐĸŃĽƞĺĬŐĭƞĚĪŅĚĔŅĶĨĸŅħȮıĶƟŀĴĪńŘĚĽĶƟŅĚėĺŅĴŏĝŊŗŀĴńŗĬħƟŅĬėŋĦĳŅıĕŀĚ
įĸŇĨĳńĦĤƢŒľƟŐĔƞĸŌĔėƟŅĔĸŋƞĴŏĮƚŅľĴŅĵŐĸŃĔĸŋƞĴŀŊŗĬœħƟ 

 

 



 
 

 

5 

 

ĭĪĪňŗ0 
ĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

2.1ȮŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮ(QFD) 
      ĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮľĶŊŀȮQuality Function Deployment ŏĮƦĬ
ŏĪėĬŇėĪňŗĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŀŀĔŐĭĭȮĮĶńĭĮĶŋĚŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢȮĶŃĭĭĔŅĶĪŜŅĚŅĬĕŀĚőĶĚĚŅĬ
ŐĸŃĔŅĶŒľƟĭĶŇĔŅĶ őħĵŏĶŇŗĴĨƟĬěŅĔĔŅĶĬŜŅėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĴŅįƞŅĬĕńŘĬĨŀĬŐĸŃĺŇīňĔŅĶ
ĮĶńĭŏĮĸňŗĵĬŒľƟŏĮƦĬĔĶŃĭĺĬĔŅĶŒĬĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗĽŅĴŅĶĩĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅœħƟ
ŀĵƞŅĚŏľĴŅŃĽĴȮőħĵŐĭƞĚŀŀĔŏĮƦĬȮ4 ĝƞĺĚȮĞŉŗĚěŃŒľƟŀĬŋĔĶĴĕŀĚŏĴĨĶŇĔŒĬĔŅĶıńĥĬŅĪńŘĚľĴħȮ2Ȯ
ŏĴĨĶŇĔȮœħƟŐĔƞȮProduct Planning Metrix, Product Design Metrix, Process Planning Metrix, 
ŐĸŃȮProcess Control Planning Metrix  [1] 
      ĶŌĮŐĭĭıŊŘĬģŅĬĕŀĚȮQFD Metrix ėŊŀȮĔŅĶĽĶƟŅĚŐįĬįńĚľĶŊŀŏĴĪĶŇĔĞƢĞŉŗĚĴňĔŅĶĔŜŅľĬħ
ĶŃħńĭėĺŅĴĽŜŅėńĠĕŀĚĮƤěěńĵĪńŘĚŒĬŐĬĺĨńŘĚŐĸŃŐĬĺĬŀĬȮőħĵĪňŗĴňĔŅĶĔŜŅľĬħĶŃħńĭėĺŅĴĽŜŅėńĠĕŀĚ
ŐĨƞĸŃĮƤěěńĵĞŉŗĚŏĶňĵĔŐįĬįńĚĝĬŇħĬňŘĺƞŅȮŐįĬįńĚŐĭĭĸŜŅħńĭėĺŅĴĽŜŅėńĠȮ&Prioritization Matrix'Ȯ[2] 
 0,/,/ȮĶŌĮŐĭĭĭıŊŘĬģŅĬĕŀĚȮQFD Metrix 
  ŏĴĪĶŇĔĞƢŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗĚƞŅĵŐĨƞĴňŀŅĬŋĳŅıĴŅĔȮŐĸŃŏĮƦĬľńĺŒěĽŜŅėńĠĕŀĚȮQFD ĞŉŗĚ
ŏĴĨĶŇĔŏĮƦĬŐįĬįńĚĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĪňŗĩŌĔŐĭƞĚŀŀĔŏĮƦĬŐĩĺĨńŘĚľĶŊŀĽħĴĳƢȮ(Columns)ȮľĸŅĵŕ
ĽħĴĳƢȮŐĸŃŐĩĺĬŀĬȮ(Rows) ľĸŅĵŕŐĩĺȮĝƞŀĚĪňŗĨńħĔńĬĶŃľĺƞŅĚĽħĴĳƢŐĸŃŐĩĺĬŀĬŐĨƞĸŃėŌƞŏĶňĵĔĺƞŅȮ
ŏĞĸȮ(Cell)ȮŐĽħĚħńĚĳŅıĪňŗȮ0,/ȮŏıŊŗŀŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵŒĬŐĩĺĬŀĬŐĸŃĮƤěěńĵŒĬ
ĽħĴĳƢ [2] 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ0,/ȮŐĽħĚĸńĔļĦŃŐįĬįńĚĕŀĚŏĴĪĶŇĔĞƢ 
 
 

      

      
  Cell    

      

      
      

Column 

Row 
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ĳŅıĪňŗȮ0,0ȮŐĽħĚĔŅĶŒĝƟĽńĠĸńĔļĦƢŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėŌƞĕŀĚŏĴĪĶŇĔĞƢĴŅĔĔĺƞŅȮ/ȮėŌƞ 
ĪňŗĴŅ: Cohen L, Quality Function Deployment: How to make QFD work for you. 
  ĨńĺŀĵƞŅĚĪňŗŐĽħĚħńĚĳŅıĪňŗȮ0,0ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĮƤěěńĵȮŴAŵȮŒĬŐĩĺĬŀĬĴňėĺŅĴĽńĴıńĬīƢ
Ĕńĭ ĮƤěěńĵĪňŗȮŴ/ŵ, Ŵ1ŵ, Ŵ4ŵ, ŐĸŃȮŴ5ŵȮŒĬĽħĴĳƢȮőħĵĸńĔļĦŃėĺŅĴĽńĴıńĬīƢŐĽħĚŒľƟŏľŖĬĩŉĚŐĨƞĸŃ
ėŌƞĕŀĚėĺŅĴĽńĴıńĬīƢĴňĶŃħńĭėĺŅĴĽńĴıńĬīƢŏĪƞŅĔńĬĪŋĔėŌƞȮŐĨƞőħĵĪńŗĺœĮŐĸƟĺĔŅĶĺŇŏėĶŅŃľƢľŅŐĬĺĪŅĚŒĬ
ĔŅĶ ŐĔƟœĕĮƤĠľŅĪňŗŏľĴŅŃĽĴĬńŘĬȮėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵŐĨƞĸŃėŌƞěŃĶŃħńĭėĺŅĴĽńĴıńĬīƢĪňŗĴŅĔ
ĬƟŀĵĨƞŅĚĔńĬœĮȮĕŉŘĬŀĵŌƞĔńĭŏĚŊŗŀĬœĕŐĸŃŏĮƚŅľĴŅĵĪňŗĔŜŅľĬħœĺƟȮŐįĬįńĚŏĴĪĶŇĔĞƢŐĭĭĸŜŅħńĭėĺŅĴĽŜŅėńĠ
ŏĮƦĬ ŏĴĪĶŇĔĞƢĪňŗĴňĔŅĶŐĭƞĚĶŃħńĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵŒľƟĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮŒĬȮQFD ěŃŒĝƟĪńŘĚ
ĽńĠĸńĔļĦƢŐĸŃĨńĺŏĸĕŐĽħĚĶŃħńĭėĺŅĴĽńĴıńĬīƢĕŀĚĮƤěěńĵŐĨƞĸŃėŌƞȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,1ȮŐĸŃȮ0,2Ȯ
őħĵĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ [1] 

- ĮƤěěńĵȮŴ?ŵȮŒĬŐĬĺĬŀĬĴňėĺŅĴĽńĴıńĬīƢŒĬĶŃħńĭĮŅĬĔĸŅĚĔńĭĮƤěěńĵȮŴ/ŵȮŒĬĽħĴĳƢ 

- ĮƤěěńĵȮŴ?ŵȮŒĬŐĬĺĬŀĬĴňėĺŅĴĽńĴıńĬīƢŀĵƞŅĚĴŅĔĔńĭĮƤěěńĵȮŴ0ŵȮŐĸŃȮŴ2ŵȮȮŒĬĽħĴĳƢ 

- ĮƤěěńĵȮŴ?ŵȮŒĬŐĬĺĬŀĬĴňėĺŅĴĽńĴıńĬīƢĬƟŀĵĴŅĔĔńĭĮƤěěńĵȮŴ3ŵȮŒĬĽħĴĳƢ 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ0,1ȮŐĽħĚĸńĔļĦŃĔŅĶŒĝƟĽńĠĸńĔļĦƢŏıŊŗŀĶŃĭŋĶŃħńĭėĺŅĴĽńĴıńĬīƢŒĬŏĴĪĶŇĔĞƢ 

 1 2 3 4 5 6 7 
A ¶     ¶    
B ¶  ¶       
C ¶   ¶  ¶    ¶  
D      ¶   
E    ¶     
F   ¶      

 1 2 3 4 5 6 7 

A        
B        
C        
D        
E        
F        

Slight or possible relationship 

Moderate relationship 

Strong relationship 
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ĳŅıĪňŗȮ0,2ȮŐĽħĚĔŅĶŒĝƟĨńĺŏĸĕŏıŊŗŀŐĽħĚėĺŅĴĽńĴıńĬīƢŒĬŏĴĪĶŇĔĞƢ 
ĪňŗĴŅ: Cohen L, Quality Function Deployment: How to make QFD work for you. 
 
      őħĵĔŅĶŏĸŊŀĔŒĝƟĽńĠĸńĔļĦƢľĶŊŀĨńĺŏĸĕŐĽħĚĶŃħńĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵĬńŘĬœĴƞĴň
ĕƟŀĔŜŅľĬħĨŅĵĨńĺĕŉŘĬŀĵŌƞĔńĭĔŅĶıŇěŅĶĦŅŏĸŊŀĔĕŀĚįŌƟŒĝƟĚŅĬȮĳŅıĪňŗȮ0,2ȮŏĮƦĬĔŅĶŏĕňĵĬŐįĬįńĚĕŀĚ
ŏĴĪĶŇĔĞƢŒľĴƞőħĵĔŅĶŒĝƟĨńĺŏĸĕŐĽħĚĶŃħńĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵŐĪĬĔŅĶŒĝƟĽńĠĸńĔļĦƢȮőħĵ
ĨńĺŏĸĕĪňŗŐĽħĚŀĵŌƞħƟŅĚĸƞŅĚĕŀĚŏĴĪĶŇĔĞƢŐĽħĚįĸĶĺĴĕŀĚėƞŅĶŃħńĭėĺŅĴĽńĴıńĬīƢĕŀĚŐĨƞĸŃĮƤěěńĵŒĬ
ĽħĴĳƢȮěŃŏľŖĬœħƟĺƞŅįĸĶĺĴĕŀĚĶŃħńĭėĺŅĴĽńĴıńĬīƢĕŀĚĮƤěěńĵȮŴ2ŵȮŒĬĽħĴĳƢŏĪƞŅĔńĭȮ1.ȮĞŉŗĚĴňėƞŅĴŅ
ĪňŗĽŋħȮěŉĚĩŊŀĺƞŅĮƤěěńĵȮŴ2ŵȮĬňŘĴňėĺŅĴĽŜŅėńĠĴŅĔĪňŗĽŋħ [1] 
 
 0,/,0ȮĭƟŅĬŐľƞĚėŋĦĳŅıȮľĶŊŀȮHouse of Quality 
  ĭƟŅĬŐľƞĚėŋĦĳŅıŏĮƦĬĔŅĶĶĺĭĶĺĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅőħĵŐĽħĚŏĮƦĬĨŅĶŅĚ
ėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴėŇħĕŀĚĸŌĔėƟŅĺƞŅĨƟŀĚĔŅĶŒľƟĴňėŋĦĸńĔļĦŃŀŃœĶĭƟŅĚŒĬĨńĺĕŀĚįĸŇĨĳńĦĤƢ
ľĶŊŀĔŅĶĭĶŇĔŅĶȮ(Voice of Customer) ŏıŊŗŀŒľƟĪĶŅĭėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĺƞŅĨƟŀĚĔŅĶŀŃœĶȮ
&ŴUf_rŵȮmdȮAsqrmkcpȮbcqgpcq' ŐĸƟĺŒľƟĬŘŜŅľĬńĔėĺŅĴĽŜŅėńĠŐĔƞŐĨƞĸŃėŋĦĸńĔļĦŃȮĞŉŗĚĺŇīňĔŅĶ
ĶĺĭĶĺĴėĺŅĴėŇħŏľŖĬĕŀĚĸŌĔėƟŅĬňŘĪŜŅœħƟľĸŅĵĺŇīňȮŏĝƞĬȮĔŅĶĔĶŀĔŐĭĭĽŀĭĩŅĴȮĔŅĶĽńĴĳŅļĦƢĨńĺĨƞŀ
ĨńĺȮĔŅĶĽńĴĳŅļĦƢŐĭĭȮFocus Group ŏĮƦĬĨƟĬȮĞŉŗĚŏĮƦĬĔŅĶĮĶŃŏĴŇĬįĸĔŅĶĨŀĭĽĬŀĚěŅĔĸŌĔėƟŅ 
  ľĸńĚěŅĔĬńŘĬěŃŐĮĸĚėĺŅĴľĴŅĵĕŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŒľƟŏĮƦĬėŜŅŐĪĬ
ėŋĦĸńĔļĦŃ ĪŅĚħƟŅĬėŋĦĳŅıȮ(Substitute quality characteristics: SQCs) ĞŉŗĚŏĮƦĬĻńıĪƢĪŅĚ
ŏĪėĬŇėľĶŊŀĕƟŀĔŜŅľĬħĪňŗŒĝƟĔńĬĳŅĵŒĬŀĚėƢĔĶȮŏıŊŗŀŐĽħĚĺƞŅěŃĪŜŅŀĵƞŅĚœĶěŉĚěŃĪŜŅŒľƟœħƟĽŇŗĚĪňŗĸŌĔėƟŅ
ĨƟŀĚĔŅĶ [2] 

 1 2 3 4 5 6 7 

A 3 9  9 1 
 

  

B     3   

C 1   9   9 

D  3  9  3 1 

E  3  3 9   

F  1      

 4 16 0 30 13 3 10 
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  ěŅĔĬńŘĬěńħĸŜŅħńĭėĺŅĴĽŜŅėńĠĺƞŅĪňĴĚŅĬėĺĶŏĶŇŗĴĪňŗĔŅĶıńĥĬŅȮSQCs ĨńĺŒħĔƞŀĬȮőħĵ
ŏĶŇŗĴĪňŗȮSQCs ĪňŗĴňėĺŅĴěŜŅŏĮƦĬľĶŊŀŏĮƦĬœĮœħƟĴŅĔĪňŗĽŋħĔƞŀĬȮSQCs ŀŅěĴňėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĔńĬȮ
ěŉĚěŃĨƟŀĚĽŅĴŅĶĩĶŃĭŋœħƟĺƞŅȮSQCs ĨńĺŒħĽńĴıńĬīƢĔńĬŀĵƞŅĚœĶȮĕńħŐĵƟĚĔńĬľĶŊŀŏĽĶŇĴĔńĬĴŅĔĬƟŀĵ
ŏıňĵĚŒħȮħńĚĬńŘĬěŃŏľŖĬœħƟĺƞŅĔŅĶĽĶƟŅĚȮHouse of Quality ĬňŘȮěŜŅŏĮƦĬĨƟŀĚŀŅĻńĵėĺŅĴĶŌƟėĺŅĴ
ŏĝňŗĵĺĝŅĠěŅĔľĸŅĵİƙŅĵŒĬŀĚėƢĔĶ [2] 
 

2.2 ĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶľĸƞŀ 
 ȮȮȮȮȮĔŅĶľĸƞŀŏĮƦĬĔĶĶĴĺŇīňĔŅĶĕŉŘĬĶŌĮŐĭĭľĬŉŗĚĪňŗĬŇĵĴŒĝƟŒĬĮƤěěŋĭńĬȮőħĵĔŅĶĬŜŅĺńĨĩŋħŇĭĮĶŃŏĳĪ
őĸľŃĴŅĪŜŅĔŅĶľĸŀĴŒľƟŀĵŌƞŒĬĽĩŅĬŃĕŀĚŏľĸĺěŅĔĔŅĶĬŜŅĴŅľĸŀĴĪňŗŀŋĦľĳŌĴŇĽŌĚȮěŅĔĬńŘĬĬŜŅĬŘŜŅ
őĸľŃĴŅĪŜŅĔŅĶŏĪľĶŊŀĜňħŏĕƟŅĽŌƞŐĭĭľĸƞŀȮ(Mold) ľĶŊŀŐĴƞıŇĴıƢȮ(Die) ŐĸŃĮĸƞŀĵŒľƟĝŇŘĬĚŅĬŏĵŖĬĨńĺ
ĸĚŐĸƟĺĬŜŅĝŇŘĬĚŅĬĪňŗœħƟœĮįƞŅĬĔĶŃĭĺĬĔŅĶĪŅĚėĺŅĴĶƟŀĬěŉĚěŃœħƟĝŇŘĬĚŅĬĪňŗĽĴĭŌĶĦƢŐĸŃĬŜŅœĮŒĝƟĚŅĬ 

 

ĳŅıĪňŗȮ0,3ȮŐĽħĚĽƞĺĬĮĶŃĔŀĭĕŀĚŐĭĭľĸƞŀőĸľŃ 
 2.2.1 ŐĭĭľĸƞŀȮ(Mold) 
  ŐĭĭľĸƞŀŏĮĶňĵĭŏĽĴŊŀĬĔŅĶĽĶƟŅĚĳŅĝĬŃĕŉŘĬĴŅĽŜŅľĶńĭĶŀĚĶńĭĬŘŜŅőĸľŃŏıŊŗŀĕŉŘĬĶŌĮ
 ĝŇŘĬĚŅĬĨŅĴėĺŅĴĨƟŀĚĔŅĶȮĞŉŗĚĔŅĶŏĨĶňĵĴŐĭĭľĸƞŀőĸľŃŏĮƦĬĕńŘĬĨŀĬĪňŗĬŜŅŐĴƞıŇĴıƢĴŅĽĶƟŅĚŐĭĭ
 ľĸƞŀȮőħĵĺńĽħŋĪňŗĬŜŅĴŅŒĝƟĪŜŅŐĭĭľĸƞŀĽŅĴŅĶĩŐĭƞĚœħƟȮħńĚĬňŘ [3]   
  1.ȮŐĭĭľĸƞŀĪĶŅĵ (Sand Casting) 
  0,ȮŐĭĭľĸƞŀĕňŘįŉŘĚ (Investment Casting or Lost Wax Casting) 
  1,ŐĭĭľĸƞŀĩŅĺĶ (Permanent Mold Casting) 
  2,ȮŐĭĭľĸƞŀĮŌĬıĸŅĽŏĨŀĶƢ (Plaster Mold Casting) 
  3,ȮŐĭĭŐĔĺƞĚĝŇŘĬĚŅĬľĬňĻŌĬĵƢĔĸŅĚ (Centrifugal Casting) 
  4,ȮŐĭĭľĸƞŀĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ (Shell Mold Casting) 
  5,ȮŐĭĭľĸƞŀĩŅĺĶĶƞĺĴĔńĭĔŅĶŀńħĬŘŜŅőĸľŃȮ(Die Casting) 
  8. ŐĭĭľĸƞŀŀŊŗĬŕ 
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 2.2.2 ĕńŘĬĨŀĬĔŅĶľĸƞŀőĸľŃ 
  ĕńŘĬĨŀĬĔŅĶľĸƞŀőĸľŃőħĵĪńŗĺœĮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĽƞĺĬľĸńĔȮėŊŀȮĕńŘĬĨŀĬĔŅĶ
ŏĨĶňĵĴĺńĨĩŋħŇĭľĶŊŀĬŘŜŅőĸľŃĽŜŅľĶńĭĚŅĬľĸƞŀȮŐĸŃĕńŘĬĨŀĬŒĬĔŅĶŀŀĔŐĭĭŐĭĭľĸƞŀŐĸŃĔŅĶ
ŀŀĔŐĭĭœĽƟŐĭĭȮĞŉŗĚĽŅĴŅĶĩŐĽħĚœħƟħńĚĳŅıĪňŗȮ0,4   
      

 

ĳŅıĪňŗȮ0,4ȮŐĽħĚĕńŘĬĨŀĬĔŅĶľĸƞŀőĸľŃ 

ĬŜŅŏĕƟŅĔĶŃĭĺĬĔŅĶįĸŇĨĕńŘĬ

ĨƞŀœĮ 

ŏĨĶňĵĴĺńĨĩŋħŇĭĽŜŅľĶńĭĔŅĶ

ľĸƞŀ 

ĮĶńĭĽƞĺĬįĽĴĕŀĚĬŘŜŅőĸľŃ

ĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅ 

ľĸŀĴĺńĨĩŋħŇĭŏĕƟŅħƟĺĵĔńĬ 

ĔŅĶľĸƞŀőĸľŃ 

ŏĪĬŘŜŅőĸľŃĪňŗįƞŅĬŏĨŅľĸŀĴĸĚ

ŒĬŐĭĭľĸƞŀ 

ŀŀĔŐĭĭĔĶŃĽĺĬŐĸŃœĽƟŐĭĭ 

ŏĨĶňĵĴįĸŇĨĔĶŃĽĺĬŐĸŃœĽƟ

Őĭĭ 

įĸŇĨĔĶŃĭĺĬŐĸŃœĽƟŐĭĭȮ

ıĶƟŀĴĮĶŃĔŀĭŏĕƟŅħƟĺĵĔńĬ 

ĶŀěĬĬŘŜŅőĸľŃŏĵŖĬĨńĺŐĸŃĬŜŅ

ŐĭĭľĸƞŀŀŀĔ 
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2.2.3 ĮƤěěńĵŒĬĔŅĶıŇěŅĶĦŅŏĸŊŀĔĺŇīňľĸƞŀőĸľŃ 
  2.2.3.1 ĕĬŅħȮľĶŊŀȮėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬ 
  0,0,1,0ȮĶŌĮĶƞŅĚŐĸŃėĺŅĴĞńĭĞƟŀĬĕŀĚĝŇŘĬĚŅĬ 
  0,0,1,1ȮĨƟĬĪŋĬŒĬĔŅĶľĸƞŀőĸľŃ 
  0,0,1,2ȮěŜŅĬĺĬĪňŗĨƟŀĚĔŅĶįĸŇĨ 
  0,0,1,3ȮėĺŅĴŏĶňĵĭįŇĺȮŐĸŃĝĬŇħĕŀĚőĸľŃ 
  0,0,1,4ȮĔĶŃĭĺĬĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔĶĶĴĺŇīňĔŅĶľĸƞŀőĸľŃȮŏĝƞĬȮĔŅĶŀĭĝŋĭőĸľŃ 
   (Heat Treatment), ĔŅĶĝŋĭŏėĸŊŀĭįŇĺȮ(Surface Treatment), ĔŅĶŏĝŊŗŀĴȮ
   (Welding&Joining) 
 0,0,2ȮŏľĸŖĔľĸƞŀȮ(Cast Irons) 
  ŏľĸŖĔľĸƞŀěńħŏĮƦĬŏľĸŖĔĝĬŇħľĬŉŗĚĪňŗĶŌƟěńĔŐĸŃŒĝƟĚŅĬĔńĬŀĵƞŅĚŐıĶƞľĸŅĵĴŅŏĮƦĬĶŃĵŃ
 ŏĺĸŅĬŅĬȮŏľĸŖĔľĸƞŀėĸƟŅĵĔńĭŏľĸŖĔĸƟŅȮ(Steels) ŏĬŊŗŀĚěŅĔŏľĸŖĔľĸƞŀŏĮƦĬŏľĸŖĔĪňŗĴňīŅĨŋ
 ėŅĶƢĭŀĬįĽĴŀĵŌƞŏĝƞĬŏħňĵĺĔńĬȮŐĸŃĽŅĴŅĶĩĻŉĔļŅőėĶĚĽĶƟŅĚœħƟěŅĔŐįĬĳŅıȮPhase 
 Equilibrium Diagram ĶŃľĺƞŅĚŏľĸŖĔĔńĭėŅĶƢĭŀĬœħƟŏľĴŊŀĬĔńĬȮŐĨƞŐĨĔĨƞŅĚĔńĬŏıňĵĚĮĶŇĴŅĦ
 ĕŀĚėŅĶƢĭŀĬŒĬŏľĸŖĔľĸƞŀěŃĴňĴŅĔĔĺƞŅŒĬŏľĸŖĔĔĸƟŅŒĬĝƞĺĚĨńŘĚŐĨƞȮ0 ŏĮŀĶƢŏĞŖĬĨƢȮĕŉŘĬœĮěĬĩŉĚȮ
 4,45ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĨƞŒĬĪŅĚŀŋĨĽŅľĔĶĶĴěŃįĸŇĨŏľĸŖĔĸƞŀĪňŗĴňėŅĶƢĭŀĬŀĵŌƞĶŃľĺƞŅĚȮ0,3ȮůȮ2,.Ȯ
 ŏĮŀĶƢŏĞŖĬĨƢ 
  ŏľĸŖĔľĸƞŀŏĮƦĬĪňŗĬŇĵĴŒĬĪŅĚŀŋĨĽŅľĔĶĶĴŏĮƦĬŀĵƞŅĚĴŅĔȮŏĬŊŗŀĚěŅĔĴňĶŅėŅĪňŗĩŌĔŐĸŃĴň
 ěŋħľĸŀĴŏľĸĺĪňŗĨŗŜŅŐĸŃľĸƞŀĕŉŘĬĶŌĮœħƟĚƞŅĵĔĺƞŅŏľĸŖĔĔĸƟŅȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇ
 ĨƞŅĚŕœħƟőħĵĔŅĶŏĨŇĴīŅĨŋįĽĴŐĸŃĬŜŅĴŅįƞŅĬĔŅĶĝŋĭŏıŊŗŀŒľƟœħƟŏľĸŖĔľĸƞŀĪňŗĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬ
 œħƟŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮĞŉŗĚĪňŗįƞŅĬĴŅĴňĔŅĶĮĶńĭĮĶŋĚıńĥĬŅěĬŏľĸŖĔľĸƞŀĭŅĚĝĬŇħĴňėŋĦĽĴĭńĨŇ
 ŒĔĸƟŏėňĵĚĔńĭŏľĸŖĔĔĸƟŅȮĪŜŅŒľƟĮƤěěŋĭńĬĴňĮĶŇĴŅĦĔŅĶįĸŇĨŏľĸŖĔľĸƞŀŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĕŉŘĬŀĵƞŅĚ
 ĶĺħŏĶŖĺ 
  ĝĬŇħĕŀĚŏľĸŖĔľĸƞŀŒĬĮƤěěŋĭńĬĽŅĴŅĶĩěŜŅŐĬĔĮĶŃŏĳĪœħƟľĸŅĵĸńĔļĦŃȮĴňĪńŘĚĔŅĶ
 ěŜŅŐĬĔőħĵĔŜŅľĬħĽƞĺĬįĽĴȮĔŅĶŀĭĝŋĭĳŅĵľĸńĚĔŅĶľĸƞŀȮŐĸŃīŅĨŋįĽĴȮŏĮƦĬĨƟĬȮŐĨƞŒĝƟĔńĬ
 ŀĵƞŅĚŐıĶƞľĸŅĵėŊŀĔŅĶěŜŅŐĬĔŏľĸŖĔľĸƞŀĨŅĴĸńĔļĦŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬȮĶŌĮĶƞŅĚȮŐĸŃĔŅĶ
 ĔĶŃěŅĵĨńĺĕŀĚėŅĶƢĭŀĬȮľĶŊŀȮĔĶŅœĲĨƢȮȮ(Graphite) ĞŉŗĚĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ4ȮĔĸŋƞĴŒľĠƞŕȮ
 ħńĚĬňŘ 2.2.4.1 ŏľĸŖĔľĸƞŀĕŅĺȮ(White Cast Iron) 
   ėŊŀŏľĸŖĔĪňŗĴňīŅĨŋėŅĶƢĭŀĬįĽĴŀĵŌƞĮĶŃĴŅĦȮ/,6+1,4ȮŏĮŀĶƢŏĞŖĬĨƢȮĔŅĶŏĮĸňŗĵĬ
  ĽĳŅĺŃĕŀĚŏľĸŖĔľĸƞŀĝĬŇħĬňŘěŅĔĽĳŅıľĸŀĴŏľĸĺœĮĽŌƞĽĳŅĺŃĕŀĚŐĕŖĚěŃŏĮƦĬĶŃĭĭ
  ŏĴĨŅĽŏĨŏĭŇĸȮ(Metastable) ĔĸƞŅĺėŊŀȮėŅĶƢĭŀĬĪňŗįĽĴŀĵŌƞŒĬŏľĸŖĔĪńŘĚľĴħěŃŀĵŌƞŒĬĶŌĮ
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  ĕŀĚŏľĸŖĔėŅĶƢœĭħƢȮľĶŊŀȮĞňŏĴĬœĪĨƢȮ(Fe3C) ĪŜŅŒľƟŏľĸŖĔľĸƞŀĕŅĺĴňėŋĦĽĴĭńĨŇŐĕŖĚŐĨƞ
  ŏĮĶŅŃŐĨĔľńĔœħƟĚƞŅĵȮĞŉŗĚĶŀĵŐĨĔľńĔěŃŏĮƦĬĽňĕŅĺȮěŉĚŏĶňĵĔĺƞŅŏľĸŖĔľĸƞŀĕŅĺȮŏľĴŅŃ
  ĔńĭĔŅĶĬŜŅœĮŒĝƟĔńĭĚŅĬĪňŗĨƟŀĚĔŅĶėĺŅĴĨƟŅĬĪŅĬĔŅĶĽŉĔľĶŀĽŌĚȮĪĬĪŅĬĨƞŀĔŅĶŏĽňĵħĽňȮ
  ŐĨƞœĴƞĽŅĴŅĶĩĶńĭŐĶĚĔĶŃŐĪĔœħƟȮŏĝƞĬȮŐĭĶŇŗĚȮĸƟŀĶĩœĲȮěŅĬŏěňĵĶŃœĬŏıĝĶıĸŀĵȮ 
  ŀŋĮĔĶĦƢĔŅĶįĸŇĨĞňŏĴĬĨƢȮŏĮƦĬĨƟĬ 

 

ĳŅıĪňŗȮ0,5ȮŐĽħĚ Microstructure ĕŀĚŏľĸŖĔľĸƞŀĕŅĺ 
  2.2.4.2 ŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺȮ(Malleable Cast Iron) 
   ŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺȮľĶŊŀŏľĸŖĔľĸƞŀĴńĸĸňŏĭŇĸȮ&Malleable iron) ĴňėĺŅĴ
  ŏėƟĬŐĶĚħŉĚĽŌĚĔĺƞŅŏľĸŖĔľĸƞŀŏĪŅȮ&Grey iron) ŐĸŃŏľĸŖĔľĸƞŀĕŅĺȮ&White iron) ŐĨƞ
  ěŃĨŗŜŅĔĺƞŅŏľĸŖĔľĸƞŀŏľĬňĵĺȮ&Ductile iron) ŏĸŖĔĬƟŀĵȮĬŀĔěŅĔĬňŘĵńĚĴňėĺŅĴŏľĬňĵĺĪĬ
  ĨƞŀŐĶĚĔĶŃŐĪĔœħƟħňȮ&Ductility and shock resistance) ŐĨƞŒĬĮƤěěŋĭńĬȮŏľĸŖĔľĸƞŀ
  ŀĭŏľĬňĵĺȮ&Malleable cast irons) œĴƞėƞŀĵŏĮƦĬĪňŗĬŇĵĴȮľĶŊŀŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĩŌĔĸŊĴȮ
  &the forgotten iron) ŏĬŊŗŀĚěŅĔĨƟŀĚŒĝƟıĸńĚĚŅĬȮŐĸŃŏĺĸŅŒĬĔŅĶŀĭĝŋĭ 
   ŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺȮ&Malleable cast irons) ŐĭƞĚŀŀĔœħƟŏĮƦĬȮ2 ĮĶŃŏĳĪȮ
  ĨŅĴĸńĔļĦŃĕŀĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬȮ&Matrix) ėŊŀ 
   0,0,2,0,/ ŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺħŜŅȮ&Ferritic ľĶŊŀȮBlackheart  
  malleable cast iron) ŏĮƦĬŏľĸŖĔľĸƞŀĪňŗįĸŇĨőħĵĔŅĶĬŜŅŏľĸŖĔľĸƞŀĕŅĺĴŅŀĭėĺŅĴ
  ĶƟŀĬĳŅĵŒĬŏĨŅĪňŗĴňĭĶĶĵŅĔŅĻŏĮƦĬĔƠŅĞŏĜŊŗŀĵȮľĶŊŀŀŅěěŃŒĝƟĪĶŅĵĴŅĮƕħėĸŋĴĝŇŘĬĚŅĬœĺƟ
  ŒĬĕĦŃĪŜŅĔŅĶŀĭȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħŀƠŀĔĞŇŏħĝńŗĬĪňŗĭĶŇŏĺĦįŇĺȮ&non-decarburised) 
  őħĵĬŜŅœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ900 ů 1,000 °C ŏĮƦĬŏĺĸŅĬŅĬĮĶŃĴŅĦȮ30 ů 50ȮĝńŗĺőĴĚȮ
  ŐĸŃŀĭĪňŗŀŋĦľĳŌĴŇȮ720 ů 740 °C ŒĬĝƞĺĚĪňŗĽŀĚȮőħĵŏĺĸŅŒĬĔŅĶŀĭĝƞĺĚĪňŗĽŀĚĬňŘĕŉŘĬŀĵŌƞ
  ĔńĭőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗĨƟŀĚĔŅĶȮŀĭŒĬĭĶĶĵŅĔŅĻĮĔėĸŋĴȮěŃĪŜŅŒľƟŏľĸŖĔėŅĶƢœĭħƢȮ
  &Fe3C) ŐĨĔĨńĺŏĮƦĬŀŀĽŏĨĬœĬĨƢȮ&Austenite) ŐĸŃĔĶŅœĲĨƢȮ&Graphite) őħĵĔĶŅ
  œĲĨƢĪňŗŏĔŇħĕŉŘĬĴňĸńĔļĦŃŏĮƦĬĔĸŋƞĴĔƟŀĬėĸƟŅĵħŀĔœĴƟȮĔĶŃěńħĔĶŃěŅĵŀĵŌƞĪńŗĺœĮȮŐĸŃĩŌĔ
  ĸƟŀĴĶŀĭħƟĺĵőėĶĚĽĶƟŅĚıŊŘĬģŅĬŏĮƦĬŏĲŀĶƢœĶĨƢȮ&Ferrite) ľĶŊŀȮŏıŇĶƢĸœĸĨƢȮ&Pearlite) 
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  ĕŉŘĬŀĵŌƞĔńĭŀńĨĶŅĔŅĶŏĵŖĬĨńĺȮ&Cooling rate) ŒĬĝƞĺĚĔŅĶŀĭėĶńŘĚĪňŗĽŀĚȮőħĵĪńŗĺœĮěŃĴňĪňŗ
  ĬŇĵĴŒĝƟĚŅĬŀĵŌƞȮȮ2ȮŏĔĶħȮėŊŀŏĔĶħŐĶĔĴňėĺŅĴŏėƟĬŐĶĚħŉĚȮ&tensile strength)  
  300MPa (M/mm2) ŐĸŃĴňȮelongation ĴŅĔĔĺƞŅ10%ȮĽƞĺĬŏĔĶħĪňŗĽŀĚȮěŃĴňėĺŅĴ
  ŏėƟĬŐĶĚħŉĚȮ800MPa (M/mm2) ŐĸŃĴňȮelongation ĮĶŃĴŅĦȮ1% 
   0,0,2,0,0 ŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺĕŅĺȮ&Pearlito-ferritic ľĶŊŀȮWhiteheart 
  malleable cast iron)  ŏĮƦĬŏľĸŖĔľĸƞŀĪňŗįĸŇĨőħĵĔŅĶĬŜŅŏľĸŖĔľĸƞŀĕŅĺĴŅŀĭėĺŅĴ
  ĶƟŀĬĳŅĵŒĬŏĨŅĪňŗœĴƞĴňĔŅĶėĺĭėŋĴĭĶĶĵŅĔŅĻŏľĴŊŀĬȮBlackheart malleable cast 
  iron ľĶŊŀȮėŊŀȮĔŅĶŀĭėĺŅĴĶƟŀĬĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗŏĮƦĬȮdecarburising ėŊŀĴňĔŅĶ
  ĸħĮĶŇĴŅĦėŅĶƢĭŀĬŒĬŏĬŊŘŀŏľĸŖĔĸĚŒĬĕĦŃŀĭħƟĺĵėĺŅĴĶƟŀĬŐĭĭŀĭŀƞŀĬȮ 
  &Annealing) őħĵĔŅĶŒĝƟįĚŏľĸŖĔŀŀĔœĞĨƢȮ&Iron oxide) ĴŅĮƕħėĸŋĴĝŇŘĬĚŅĬŏľĸŖĔľĸƞŀȮ
  őħĵĬŜŅœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ850 ů 950 °C ěŃĪŜŅŒľƟŏľĸŖĔėŅĶƢœĭħƢȮ&Fe3C) ŐĨĔĨńĺŏĮƦĬ
  ŀŀĽŏĨĬœĬĨƢȮ&Austenite) ŐĸŃĔĶŅœĲĨƢȮ&Graphite) őħĵĔĶŅœĲĨƢĪňŗŏĔŇħĔŖěńĭĔĸŋƞĴ
  ŏĝƞĬŏħňĵĺĔńĬĔńĭȮBlackheart malleable cast iron ŐĨƞĨƞŅĚĔńĬĪňŗįŇĺĕŀĚŏľĸŖĔěŃĴň
  ĔŅĶĸħĮĶŇĴŅĦėŅĶƢĭŀĬĸĚȮőħĵőėĶĚĽĶƟŅĚıŊŘĬģŅĬěŃĴňĪńŘĚŏĲŀĶƢœĶĨƢȮ&Ferrite) ľĶŊŀȮ
  ŏıŇĶƢĸœĸĨƢȮ&Pearlite) ĕŉŘĬŀĵŌƞĔńĭŀńĨĶŅĔŅĶŏĵŖĬĨńĺȮ&Cooling rate) őħĵĪńŗĺœĮěŃĴňėĺŅĴ
  ŏėƟĬŐĶĚħŉĚȮ&tensile strength) 270 ů 570 MPa ŐĸŃĴňȮelongation 10 to 3%  
  (ĪńŘĚĬňŘěŃĕŉŘĬŀĵŌƞĔńĭėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬľĸƞŀħƟĺĵ' 
 
  0,0,2,1ȮŏľĸŖĔľĸƞŀŏĪŅȮ(Grey Cast Iron) 
   ŏľĸŖĔľĸƞŀŏĪŅŏĮƦĬŏľĸŖĔľĸƞŀĪňŗŏĴŊŗŀľńĔħŌŏĬŊŘŀŏľĸŖĔĨĶĚĶŀĵľńĔěŃĴňĸńĔļĦŃĽň
  ŏĮƦĬĽňŏĪŅȮěŉĚŏĶňĵĔĺƞŅŏľĸŖĔľĸƞŀŏĪŅȮĴňŐĔĶœĲĨƢĔĶŃěńħĔĶŃěŅĵŀĵŌƞĪńŗĺœĮŒĬŏĬŊŘŀŏľĸŖĔȮ
  ŏľĴŊŀĬŐįƞĬȮCorn flakes (Lamellar flakes)ȮŏľĸŖĔľĸƞŀŏĔĶħĬňŘœħƟĩŌĔĬŜŅœĮįĸŇĨ 
  ĝŇŘĬĽƞĺĬĨƞŅĚŕȮŏĬŊŗŀĚěŅĔĔĶĶĴĺŇīňĔŅĶįĸŇĨĪňŗœĴƞĵŋƞĚĵŅĔȮŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴĪňŗĨŗŜŅȮŐĸŃ
  ĴňĨƟĬĪŋĬŒĬĔŅĶįĸŇĨĪňŗĨŗŜŅȮěŉĚŏĮƦĬĪňŗĬŇĵĴĬŜŅœĮŒĝƟĚŅĬĪńŗĺœĮȮŐĸŃėŋĦĽĴĭńĨŇŏľĸŖĔľĸƞŀĽň
  ŏĪŅĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟĚŅĬŒĬĪŅĚŀŋĨĽŅľĔĶĶĴȮėŊŀ 
   2.2.4.3.1 ĴňŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴŏľĸĺĨŗŜŅȮěŉĚŒĝƟŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴœĴƞĽŌĚ
  ĴŅĔȮŐĸŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶœľĸĨńĺȮ&Fluidity) œħƟħňȮěŉĚĽŅĴŅĶĩľĸƞŀĝŇŘĬĚŅĬĪňŗĴň
  ĶŌĮĶƞŅĚĝĬŇħĞńĭĞƟŀĬœħƟħň 
   2.2.4.3.2 ĴňŀńĨĶŅĔŅĶľħĨńĺĨŗŜŅȮľĶŊŀĴňŀńĨĶŅĔŅĶĕĵŅĵĨńĺĬƟŀĵȮěŉĚĬŇĵĴŒĝƟĪŜŅ
  ĽƞĺĬĮĶŃĔŀĭĕŀĚŏėĶŊŗŀĚěńĔĶȮĪňŗĨƟŀĚĔŅĶĕĬŅħȮŐĸŃĶŌĮĶƞŅĚėĚĪňŗ 
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   2.2.4.3.3 ĴňėĺŅĴŐĕŖĚœĴƞĴŅĔĬńĔȮěŉĚĽŅĴŅĶĩĔĸŉĚȮĔńħȮŏěŅŃȮŐĸŃœĽȮĨĔŐĨƞĚ
  ŒľƟœħƟĕĬŅħĨŅĴėĺŅĴĨƟŀĚĔŅĶœħƟĚƞŅĵ 
   2.2.4.3.4 ĶńĭŐĶĚĽńŗĬĽŃŏĪŊŀĬȮ&Damping capacity) ŐĶĚŀńħȮŐĸŃħŌħĞńĭ
  ŏĽňĵĚœħƟħňȮěŉĚŒĝƟĪŜŅŐĪƞĬŏėĶŊŗŀĚěńĔĶȮŏėĶŊŗŀĚĴŊŀĔĸȮŐĸŃĝŇŘĬĽƞĺĬĨƞŅĚŕ 
   2.2.4.3.5 ĪĬĪŅĬĨƞŀĔŅĶĔńħĔĶƞŀĬœħƟħňĶŃħńĭľĬŉŗĚȮŏĬŊŗŀĚěŅĔĴňĲƕĸƢĴėŅĶƢĭŀĬ
  ĪňŗĭĶŇŏĺĦįŇĺ 

 

ĳŅıĪňŗȮ0,6ȮŐĽħĚ Microstructure ĕŀĚŏľĸŖĔľĸƞŀĽňŏĪŅ 
 

  0,0,2,2ȮŏľĸŖĔľĸƞŀĔĶŅœĲĨƢĔĸĴȮľĶŊŀȮŏľĸŖĔľĸƞŀŏľĬňĵĺȮ(Ductile Cast Iron) 
   ŏľĸŖĔľĸƞŀĔĶŅœĲĨƢĔĸĴȮľĶŊŀĪňŗĴňĝŊŗŀŏĶňĵĔĔńĬľĸŅĵĝŊŗŀȮŏĝƞĬȮNodular cast 
  iron, Spheroidal graphite cast iron, Ductile iron őħĵŏĔĶħŏľĸŖĔĪňŗįĸŇĨĔńĬ
  ĪńŗĺœĮȮȮěŃĕŉŘĬĨƟĬħƟĺĵȮGGG ľĶŊŀȮFCD őħĵŏľĸŖĔľĸƞŀŏĔĶħĬňŘěŃĴňĶŌĮĶƞŅĚĸńĔļĦŃĕŀĚ 
  ĔĶŅœĲĨƢĪňŗĨĔįĸŉĔŀĵŌƞŒĬŏĬŊŘŀŏľĸŖĔŏĮƦĬĸńĔļĦŃĔĸĴȮ&Nodule ľĶŊŀȮSperoid) ħƟĺĵ
  ĸńĔļĦŃħńĚĔĸƞŅĺĬňŘŏŀĚȮĪŜŅŒľƟŏľĸŖĔŏĔĶħĬňŘĴňėŋĦĽĴĭńĨŇŏľĬňĵĺĶńĭŐĶĚĔĶŃŐĪĔœħƟħňĔĺƞŅ
  ŏľĸŖĔľĸƞŀŏĪŅȮ&Grey cast irons)ĬňŘȮŐĸŃœħƟĶńĭėĺŅĴĬŇĵĴŒĬĔŅĶįĸŇĨŏĝƞĬŏħňĵĺĔńĭ
  ŏľĸŖĔľĸƞŀŏĪŅȮĩŉĚŐĴƟĺƞŅěŃŏıŇŗĴĕńŘĬĨŀĬŒĬĔŅĶĪŜŅŒľƟŐĔĶœĲĨƢĔĸĴŏıŇŗĴĕŉŘĬĴŅĔŖĨŅĴȮ
  ŏĬŊŗŀĚěŅĔėŋĦĽĴĭńĨŇĕŀĚŏľĸŖĔľĸƞŀŏĔĶħĬňŘĴňėĺŅĴŐĕŖĚŐĶĚĽŌĚȮĽŅĴŅĶĩĬŜŅœĮŒĝƟĔńĭ 
  ĝŇŘĬĽƞĺĬĪňŗĨƟŀĚĶńĭŐĶĚœħƟŏĮƦĬŀĵƞŅĚħň 
  2.2.4.5 ŏľĸŖĔľĸƞŀĔĶŅœĲĨƢĨńĺľĬŀĬȮ(Compacted Graphite Cast Iron) 
   ŏľĸŖĔľĸƞŀŐĔĶœĲĨƢĨńĺľĬŀĬȮ&Compacted graphite) ŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĴň
  ėŋĦĽĴĭńĨŇŀĵŌƞĶŃľĺƞŅĚŏľĸŖĔľĸƞŀŏĪŅȮ&Grey iron) ĔńĭŏľĸŖĔľĸƞŀŏľĬňĵĺȮ&Ductile 
  iron) ĮƤěěŋĭńĬœħƟĴňőĶĚľĸƞŀľĸŅĵŐľƞĚŏĶŇŗĴľńĬĴŅŒľƟėĺŅĴĽĬŒěĔńĭŏľĸŖĔľĸƞŀȮ 
  Compacted graphite ĴŅĔĕŉŘĬȮőħĵŏĜıŅŃőĶĚľĸƞŀőĸľŃĪňŗĨƟŀĚįĸŇĨĝŇŘĬĽƞĺĬĶĩĵĬĨƢȮ
  &Automotive parts) ŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴĔŅĶŒĝƟĚŅĬĶĩĵĬĨƢŏĮĸňŗĵĬŐĮĸĚœĮȮĶĩĵĬĨƢ
  ĶŋƞĬŒľĴƞŕĨƟŀĚĔŅĶĸħĬŘŜŅľĬńĔĨńĺĶĩĸĚŏıŊŗŀĔŅĶĮĶŃľĵńħıĸńĚĚŅĬȮŐĸŃĺŇŗĚœħƟœĔĸĴŅĔĕŉŘĬȮ
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  ĝŇŘĬĽƞĺĬľĸŅĵĝŇŘĬĴňŐĬĺőĬƟĴěŃĩŌĔĮĶńĭŒľƟĴňĕĬŅħĪňŗŏĸŖĔĸĚȮĭŅĚĸĚȮ&Thin wall  
  casting) ĶŌĮĶƞŅĚĞńĭĞƟŀĬĴŅĔĕŉŘĬȮŐĨƞĵńĚėĚėĺŅĴŐĕŖĚŐĶĚŏĪƞŅŏħŇĴȮľĶŊŀĴŅĔĔĺƞŅŏħŇĴȮ
  ħńĚĬńŘĬŏľĸŖĔľĸƞŀŐĔĶœĲĨƢĨńĺľĬŀĬěŃŏĮƦĬŀňĔľĬŉŗĚĪŅĚŏĸŊŀĔĪňŗěŃĩŌĔĬŜŅĴŅŒĝƟĴŅĔĕŉŘĬŒĬ
  ŀĬŅėĨ 

 

ĳŅıĪňŗȮ0,7ȮŐĽħĚ Microstructure ĕŀĚŏľĸŖĔľĸƞŀĔĶŅœĲĨƢĨńĺľĬŀĬ 
  2.2.4.6 ŏľĸŖĔľĸƞŀįĽĴȮľĶŊŀȮŏľĸŖĔľĸƞŀıŇŏĻļȮ(Alloyed or Special Cast Iron) 
   ŏľĸŖĔľĸƞŀįĽĴľĶŊŀŏľĸŖĔľĸƞŀıŇŏĻļŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĩŌĔĽĶƟŅĚĕŉŘĬĴŅȮŏıŊŗŀŒľƟĴň
  ėŋĦĽĴĭńĨŇĨŅĴĪňŗĨƟŀĚĔŅĶȮŏľĸŖĔľĸƞŀĝĬŇħĬňŘĴňŀĵŌƞľĸŅĵĮĶŃŏĳĪĕŉŘĬŀĵŌƞĔńĭĽŅĶľĶŊŀőĸľŃ
  ĪňŗįĽĴŒĬŏĬŊŘŀŏľĸŖĔľĸƞŀ ĞŉŗĚŐĭƞĚŀŀĔĨŅĴĔŅĶŒĝƟĚŅĬľĸńĔŕœħƟȮ3ȮĮĶŃŏĳĪėŊŀ 
  2.2.4.6.1 ŏľĸŖĔľĸƞŀĪĬĔŅĶŏĽňĵħĽňȮ&Abrasion Resistance Cast Iron) 
   ŏľĸŖĔľĸƞŀĪĬĔŅĶŏĽňĵħĽňȮŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĴňėĺŅĴŐĕŖĚĽŌĚȮőħĵįĽĴ 
  őĸľŃőėĶŏĴňĵĴĬŇĔŏĔŇĸȮŐĸŃőĴĸŇĭħŇĬńĴȮĽƞĺĬŒľĠƞěŃĴňĸńĔļĦŃĕŀĚĶŀĵŐĨĔ 
  ŏĮƦĬĽňĕŅĺȮėĸƟŅĵĔńĭŏľĸŖĔľĸƞŀĽňĕŅĺȮ&White cast iron) ĽƞĺĬŒľĠƞŏľĸŖĔľĸƞŀ 
  ĪĬĔŅĶŏĽňĵħĽňěŃĩŌĔĬŜŅœĮŒĝƟĔńĭĚŅĬĪňŗĴňĔŅĶŏĽňĵħĽňĽŌĚȮŏĝƞĬĔŅĶĭħĕŀĚŐĕŖĚ 
  ĨƞŅĚŕȮŒĬŀŋĨĽŅľĔĶĶĴĮŌĬĞňŏĴĬĨƢȮŀŋĨĽŅľĔĶĶĴŏĞĶŅĴŇėȮŀŋĨĽŅľĔĶĶĴĔŅĶĪŜŅ 
  ĽňȮŐĸŃŀŋĨĽŅľĔĶĶĴŏľĴŊŀĚŐĶƞȮŏĮƦĬĨƟĬ 
  2.2.4.6.2 ŏľĸŖĔľĸƞŀĪĬėĺŅĴĶƟŀĬĽŌĚȮ&Heat Resistance Cast Iron) 
   ŏľĸŖĔľĸƞŀĪĬėĺŅĴĶƟŀĬĽŌĚěŃĨƟŀĚĴňėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠȮ3ȮĮĶŃĔŅĶȮ 
  ėŊŀ   -  ȮĴňėĺŅĴŐĕŖĚŐĶĚȮĶńĭŐĶĚœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚȮőħĵœĴƞŏĔŇħĔŅĶŐĨĔľńĔȮľĶŊŀ 
  ȮȮȮȮȮ ȮŏĮĸňŗĵĬĶŌĮĪĶĚ 
   -  ȮĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĔŇħŀŀĔĞŇŏħĝńŗĬȮŐĴƟěŃŀĵŌƞŒĬĽĳŅıĪňŗĽńĴįńĽ 
  ȮȮȮȮȮ ȮĔńĭŐĔƠĽĶƟŀĬ 
     -  ĴňėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶŏĔŇħĔŅĶıŀĚĨńĺȮŐĸŃĴňőėĶĚĽĶƟŅĚĪňŗėĚĽĳŅı 
  ȮȮȮȮȮ ȮœĴƞŏĮĸňŗĵĬŐĮĸĚŒĬĝƞĺĚĕŀĚŀŋĦľĳŌĴŇĪňŗŒĝƟĚŅĬĞŉŗĚěŃĽŌĚŏĔŇĬĔĺƞŅȮ600 °C 
  2.2.4.6.3 ŏľĸŖĔľĸƞŀĪĬĔŅĶĔńħĔĶƞŀĬȮ&Corrosion Resistant Iron) 
   ŏľĸŖĔľĸƞŀĪĬĔŅĶĔńħĔĶƞŀĬĽƞĺĬĴŅĔěŃŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĴňīŅĨŋįĽĴ 
  ŒĬŀńĨĶŅĪňŗĽŌĚȮŏĮƦĬŏľĸŖĔľĸƞŀĪňŗĴňĭĪĭŅĪĽŜŅėńĠĴŅĔŒĬĚŅĬĺŇĻĺĔĶĶĴĪňŗ  
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  ŏĔňŗĵĺĔńĭĬŘŜŅĪŃŏĸȮŐĸŃĭƞŀĬŘŜŅĴńĬȮőħĵŏĜıŅŃŒĬŀŋĨĽŅľĔĶĶĴįĸŇĨĬŘŜŅĔĶħȮĪńŘĚ 
  ĔĶħŀŇĬĪĶňĵƢȮŐĸŃĔĶħŀĬŇĬĪĶňĵƢȮŐĸŃŒĬŀŋĨĽŅľĔĶĶĴŏėĴňŀŊŗĬŕ 
 

2.3 ěŋħŏħƞĬĕŀĚĔŅĶŏĸŊŀĔĺŇīňĔŅĶľĸƞŀőĸľŃ 
 0,1,/ȮħƟŅĬĔĶŃĭĺĬįĸŇĨ (Advantages of Casting Process) 
  2.3.1.1 ĽŅĴŅĶĩįĸŇĨœħƟľĸŅĔľĸŅĵĶŌĮŐĭĭȮ(Versatile) 
  0,1,/,0ȮĴňėĺŅĴŐĴƞĬĵŜŅŒĬŏĶŊŗŀĚĕĬŅħĕŀĚĝŇŘĬĚŅĬȮ(Dimensional accuracy) 
  2.3.1.3 ĽŅĴŅĶĩįĸŇĨŀŀĔĴŅŏĮƦĬĝŇŘĬĚŅĬŒĬĕńŘĬĨŀĬŏħňĵĺœħƟȮ(One step process) 
  0,1,/,2ȮĨƟĬĪŋĬĔŅĶįĸŇĨĨŗŜŅȮ(Low Cost) 
 2.3.2 ħƟŅĬőĸľŃĺŇĪĵŅȮ(Metallurgical Advantages of Castings) 
  0,1,0,/ȮĴňĔŅĶŏĵŖĬĨńĺŐĭĭĴňĪŇĻĪŅĚȮ(Directional Properties) 
  2.3.2.2 ĽŅĴŅĶĩėĺĭėŋĴĕĬŅħŏĔĶĬœĞĽƢĕŀĚĝŇŘĬĚŅĬœħƟȮ(Grain Size) 
  2.3.2.3 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽĴŗŜŅŏĽĴŀœħƟȮ(Density) 
 0,1,1ȮħƟŅĬĔŅĶŀŀĔŐĭĭȮ(Design Advantages of Castings) 
  2.3.3.1 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬœħƟĨŅĴĕĬŅħĪňŗĨƟŀĚĔŅĶȮ(Size) 
  2.3.3.2 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬĪňŗĴňĶŌĮĶƞŅĚĞńĭĞƟŀĬœħƟȮ(Complexity) 
  2.3.3.3 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬœħƟĨŅĴĬŘŜŅľĬńĔĪňŗĨƟŀĚĔŅĶȮ(Weight Saving) 
  2.3.3.4 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬĨƟĬŐĭĭœħƟĚƞŅĵȮ(Production of Prototypes) 
  2.3.3.5 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬĪňŗĴňėŋĦĽĴĭńĨŇĪňŗĨƟŀĚĔŅĶœħƟľĸŅĔľĸŅĵȮ 
  (Wide Range of Properties) 
  2.3.3.6 ĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬœħƟľĸŅĔľĸŅĵŏĔĶħȮ(Versatility in Casting Alloys) 
 

0,2ȮĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 
  ŒĬŀħňĨĪňŗįƞŅĬĴŅȮĔĶŃĭĺĬĔŅĶľĸƞŀŐĭĭŏĮĸŊŀĔŐĸŃĔŅĶĪŜŅœĽƟŐĭĭĬńŘĬĴňĔĶŃĭĺĬĔŅĶ
įĸŇĨĪňŗĚƞŅĵœĴƞĴňėĺŅĴĞńĭĞƟŀĬĽŅĴŅĶĩĪŜŅœħƟőħĵĔŅĶĬŜŅĪĶŅĵĞŇĸŇĔƟŅȮŏĶĞŇĬĮĶŃŏĳĪőĬőĺŐĸėŐĭĭįĚȮ
ŐĸŃŏŁĔĞŅĴňĬĴŅĪŜŅĔŅĶįĽĴŏĕƟŅħƟĺĵĔńĬěŅĔĬńŘĬěŉĚĬŜŅœĮŏĪĕŉŘĬĶŌĮȮŐĨƞŐĭĭľĸƞŀŏĮĸŊŀĔŐĸŃœĽƟŐĭĭĪňŗ
œħƟĬńŘĬœĴƞĴňėĺŅĴŐĕŖĚŐĶĚėĚĪĬȮŏĬŊŗŀĚěŅĔŒĬĕńŘĬĨŀĬĔŅĶįĽĴĬńŘĬĪĶŅĵŐĸŃŏĶĞŇĬœĴƞĩŌĔįĽĴŏĕƟŅŏĮƦĬ
ŏĬŊŘŀŏħňĵĺĔńĬȮĪŜŅŒľƟĝŇŘĬĚŅĬŏĔŇħĔŅĶŐĨĔĚƞŅĵȮŐĸŃĝŇŘĬĚŅĬĪňŗŀŀĔĴŅĵńĚėĚĨŇħĔńĭŐĭĭľĸƞŀŀĵŌƞȮőħĵ
ĽŅŏľĨŋŏľĸƞŅĬňŘĴňįĸĴŅěŅĔĕńŘĬĨŀĬĔŅĶįĽĴĪĶŅĵĔńĭŏĶĞŇĬĵńĚœĴƞĴňėĺŅĴŏľĴŅŃĽĴŐĸŃĩŌĔĨƟŀĚȮ[4] 
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  ĨƞŀĴŅŒĬĮƖȮė,Ļ,/73.ȮœħƟĴňĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĽĴĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĕŉŘĬĴŅŏıŊŗŀ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮőħĵĴňŀĵŌƞȮ0ȮĔĶŃĭĺĬĔŅĶĪňŗœħƟĶńĭėĺŅĴĬŇĵĴŏĮƦĬŀĵƞŅĚĴŅĔȮ
ėŊŀȮĔĶŃĭĺĬĔŅĶŏėĸŊŀĭĶƟŀĬȮ(Hot Coating Process) ŐĸŃĔĶŃĭĺĬĔŅĶŏėĸŊŀĭŀŋƞĬȮ(Warm 
Coating Process) [4] 
  ĔĶŃĭĺĬĔŅĶŏėĸŊŀĭŀŋƞĬȮ(Warm Coating Process) ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĪŜŅŒĬĝƞĺĚ
ŀŋĦľĳŌĴŇĪňŗĨŗŜŅȮĞŉŗĚěŃĬŜŅŏŁĔĞŅĴňĬŐĸŃĽŅĶľĸƞŀĸŊŗĬ &ŐėĸŏĞňĵĴĽŏĨňĵŏĶĪ'ȮĴŅĪŜŅĔŅĶįĽĴŏĕƟŅħƟĺĵĔńĬ
ĔńĭĪĶŅĵŒĬĩńĚįĽĴŏĮƦĬŏĺĸŅȮ2.+4.ȮĺŇĬŅĪňȮěŅĔĬńŘĬĬŜŅĲƖĬŀĸŇĔŏĶĞŇĬĮĶŃŏĳĪőĬőĺŐĸėŒĬĶŌĮĕŀĚ
ĽŅĶĸŃĸŅĵŐŀĸĔŀŁŀĸƢȮ&ŏĴĪŅĬŀĸ'ȮŐĸŃĬŘŜŅįĽĴĸĚŒĬĩńĚįĽĴŒĝƟŏĺĸŅĮĶŃĴŅĦȮ0+1ȮĬŅĪňȮĞŉŗĚ
ŒĬĕĦŃĪňŗĪŜŅĔŅĶŏĨŇĴŏĶĞŇĬŐĸŃĬŘŜŅĸĚœĮĬńŘĬěŃŒĝƟŏėĶŊŗŀĚŏĮƙŅĸĴŀŋƞĬŒľƟįƞŅĬŏĕƟŅœĮĶŃľĺƞŅĚĕńŘĬĨŀĬĔŅĶ
įĽĴĪĶŅĵŒĬĩńĚįĽĴŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ2.Ȯů5.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏıŊŗŀĪŜŅŒľƟĪĶŅĵĴňŀŋĦľĳŌĴŇĨŗŜŅĸĚŐĸŃ
ŏıŊŗŀľĸňĔŏĸňŗĵĚĔŅĶŏĔŇħĔŅĶěńĭĨńĺĔńĬŏĮƦĬĔƟŀĬĕŀĚĪĶŅĵȮőħĵŒĬĕńŘĬĨŀĬĬňŘěŃŒĝƟŏĺĸŅĮĶŃĴŅĦȮ2+4Ȯ
ĬŅĪňȮěŅĔĬńŘĬěŉĚĬŜŅŀŀĔěŅĔĩńĚįĽĴ [4] 
 

  

ĳŅıĪňŗȮ0,/.ȮŐĽħĚœĽƟŐĭĭĪňŗįĸŇĨĴŅěŅĔįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 
 

  ĔĶŃĭĺĬĔŅĶŏėĸŊŀĭĶƟŀĬȮ(Hot Coating Process) ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŒĝƟŏĶĞŇĬĝĬŇħ
ĕŀĚŐĕŖĚȮ(Solid Resin) ĪňŗŀĵŌƞŒĬĶŌĮĕŀĚŏĴŖħŏĸŖĔŕ*ȮįĚ*ȮľĶŊŀįĸŉĔȮĶĺĴĨńĺĔńĬĕĦŃŒĽƞĸĚœĮŒĬĪĶŅĵĪňŗ
ĴňŀŋĦľĳŌĴŇĽŌĚȮőħĵŒĬĕńŘĬĨŀĬŐĶĔĪĶŅĵěŃœħƟĶńĭėĺŅĴĶƟŀĬŏĭŊŘŀĚĨƟĬĪňŗĝƞĺĚŀŋĦľĳŌĴŇȮ/03+/1.ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮĞŉŗĚĪňŗŀŋĦľĳŌĴŇĬňŘěŃĪŜŅŒľƟŏĶĞŇĬĸŃĸŅĵŐĸŃŏėĸŊŀĭœĮĭĬŏĴŖħĪĶŅĵŐĸŃĴňŏŁĔĞŅĴňĬŏĮƦĬĨńĺ
ľĵŋħĮĢŇĔŇĶŇĵŅȮőħĵěŃĴňĔŅĶŒĝƟŏėĶŊŗŀĚŏĮƙŅĸĴŀŋƞĬŒľƟįƞŅĬŏĕƟŅœĮĶŃľĺƞŅĚĕńŘĬĨŀĬĔŅĶįĽĴĪĶŅĵŒĬĩńĚ
ŏıŊŗŀŏĮƦĬĔŅĶĸħŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĪŜŅŒľƟŏĔŇħĔŅĶĵƞŀĵĽĸŅĵĕŀĚĪĶŅĵĪňŗĨŇħĔńĬŏĮƦĬĔƟŀĬĳŅĵŒĬĩńĚ
įĽĴȮŐĸŃĔƞŀĬĔŅĶĬŜŅĪĶŅĵŀŀĔěŅĔĩńĚįĽĴěŃĴňĔŅĶŏĨŇĴĽŅĶľĸƞŀĸŊŗĬĸĚœĮŏıŊŗŀĝƞĺĵŒľƟĪĶŅĵĽŅĴŅĶĩ
œľĸĨńĺœħƟħňĴŅĔĕŉŘĬ ĮƤěěńĵĽŜŅėńĠĕŀĚĔĶŃĭĺĬĔŅĶŏėĸŊŀĭĶƟŀĬėŊŀĔŅĶĶńĔļŅŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬ
įĽĴŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴȮŏıĶŅŃŀŋĦľĳŌĴŇĕŀĚĪĶŅĵěŃ ĽƞĚįĸĨƞŀĔŅĶĸŃĸŅĵĨńĺĕŀĚŏĶĞŇĬ [4] 
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  ĔĶŃĭĺĬĔŅĶŏėĸŊŀĭĶƟŀĬŏĮƦĬĔĶŃĭĺĬĔŅĶľĸńĔĪňŗĬŜŅĴŅŒĝƟŒĬőĶĚľĸƞŀŏĬŊŗŀĚěŅĔĴňĨƟĬĪŋĬ
ĨŗŜŅĔĺƞŅĔĶŃĭĺĬĔŅĶŀŊŗĬȮŀňĔĪńŘĚĵńĚĴňėĺŅĴĮĸŀħĳńĵŐĸŃĵńĚĽŅĴŅĶĩįĸŇĨœħƟĳŅĵŒĬŏĺĸŅĪňŗĶĺħŏĶŖĺȮőħĵ
ĴňŏĺĸŅĔŅĶįĸŇĨŀĵŌƞŒĬĝƞĺĚȮ0+1ȮĬŅĪňĨƞŀŐĭĨĞƢŐĸŃħƟĺĵŏľĨŋįĸĬňŘŏŀĚĪŜŅŒľƟŀńĨĶŅĔŅĶįĸŇĨĽŌĚĨŅĴœĮ
ħƟĺĵ 
 

2.5 ĸńĔļĦŃėĺŅĴŏĽňĵľŅĵĕŀĚĝŇŘĬĚŅĬľĸƞŀőĸľŃ 
  ĸńĔļĦŃėĺŅĴŏĽňĵľŅĵĕŀĚĚŅĬľĸƞŀőĸľŃĪňŗĽŅĴŅĶĩŏĔŇħĕŉŘĬœħƟŒĬĔĶŃĭĺĬĔŅĶľĸƞŀ
őĸľŃĝĬŇħŐĭĭľĸƞŀĪĶŅĵĴňħńĚĨƞŀœĮĬňŘ Veining, Sand Burn, Core Crack ŐĸŃȮMetal 
Penetration 
  0,3,/ȮVeining Problem ŏĔŇħěŅĔėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇŒĬĕĦŃĪňŗőĸľŃ
ľĸŀĴŏľĸĺĽńĴįńĽĔńĭŐĭĭľĸƞŀĪĶŅĵȮĽƞĚįĸŒľƟŏĔŇħĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĪňŗŐĨĔĨƞŅĚĔńĬŒĬĪĶŅĵ
ĞŉŗĚĬŜŅœĮĽŌƞėĺŅĴŏėĶňĵħȮŐĸŃėĺŅĴĸƟĴŏľĸĺĕŀĚŐĴƞıŇĴıƢĪĶŅĵȮĔŅĶĺŇěńĵıĭĺƞŅĽŅŏľĨŋľĸńĔĕŀĚĔŅĶ
ŏĔŇħȮVeining ėŊŀĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚĪĶŅĵĞŇĸŇĔŅĶƞĺĴĔńĭĔŅĶĸħĮĶŇĴŅĦĪĶŅĵĪňŗĽŌĚĔĺƞŅȮ
573 ǓC (ľĸńĚěŅĔĔŅĶŏĮĸňŗĵĬŏĲĽŀńĸĲŅŏĮƦĬŏĭĨŅĞŇĸŇĔŅ'ȮŏĬŊŗŀĚěŅĔĔŅĶŀƞŀĬĨńĺȮĔŅĶŏįŅȮŐĸŃ-ľĶŊŀ
ĔŅĶĸŃĸŅĵĕŀĚŏĴŖħĪĶŅĵȮĞŉŗĚĽƞĚįĸŒľƟŐĭĭľĸƞŀŏĔŇħĔŅĶŐĨĔ 

 

ĳŅıĪňŗȮ0,//ȮŐĽħĚĸńĔļĦŃĔŅĶŏĔŇħĮƤĠľŅȮVeining 
  2.5.2 Sand Burn Problem ŏĔŇħěŅĔĔŅĶĪňŗĪĶŅĵĪĬėĺŅĴĶƟŀĬœĴƞœħƟȮĪŜŅŒľƟŏĴŊŗŀĽńĴįńĽ
ĔńĭĬŘŜŅőĸľŃĪňŗŏĪĸĚĴŅŒĬŐĴƞıŇĴıƢěŃĪŜŅŒľƟĪĶŅĵĭŅĚĽƞĺĬĪňŗĪĬėĺŅĴĶƟŀĬœĴƞœħƟŏĔŇħĔŅĶŏįŅœľĴƟĔƞŀĬ
ŐĸŃĬŘŜŅőĸľŃěŃŏĕƟŅŐĪĬĪňŗŒĬĨŜŅŐľĬƞĚĪňŗĪĶŅĵœľĴƟȮĽƞĚįĸŒľƟĝŇŘĬĚŅĬľĸƞŀőĸľŃĪňŗœħƟěŃĴňįŇĺĕĶŋĕĶŃȮĬŌĬ
ĕŉŘĬĴŅĨŅĴĶŀĵĪĶŅĵĪňœľĴƟ 
  2.5.3 Core Crack ŏĔŇħěŅĔĔŅĶĪňŗŐĭĭľĸƞŀĪĶŅĵĶńĭĬŘŜŅľĬńĔĕŀĚĬŘŜŅőĸľŃœĴƞœħƟȮĞŉŗĚ
ĽŅĴŅĶĩħŌœħƟěŅĔėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮőħĵěŃĽŅĴŅĶĩĮƚŀĚĔńĬĮƤĠľŅĬňŘœħƟ
ěŅĔĔŅĶŏĸŊŀĔŒĝƟĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗŒľƟėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚĪňŗĽŌĚŐĸŃŏľĴŅŃĽĴ 
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  0,3,2ȮMetal Penetration ėŊŀĔŅĶĪňŗĬŘŜŅőĸľŃľĸŀĴŏľĸĺŐĪĶĔĨńĺŏĕƟŅœĮĵńĚŐĭĭľĸƞŀ
ĪĶŅĵȮőħĵĮƤĠľŅĬňŘŏĮƦĬĮƤĠľŅĪňŗėƞŀĬĕƟŅĚĶŋĬŐĶĚŐĸŃĴňőŀĔŅĽŏĔŇħœħƟĵŅĔĔĺƞŅĮƤĠľŅŀŊŗĬŕĪňŗĔĸƞŅĺĴŅ
ĕƟŅĚĨƟĬȮőħĵĽŅŏľĨŋĕŀĚĮƤĠľŅĬňŘŀŅěĴŅěŅĔĔŅĶŏĔŇħĮƤĠľŅȮVeining ŐĸŃȮSand Burn ĶƞĺĴĔńĬľĶŊŀ
ŀŅěŏĔŇħěŅĔĮƤěěńĵŀŊŗĬŕŀňĔĕŉŘĬŀĵŌƞĔńĭĽĳŅıŐĺħĸƟŀĴĕĦŃĪŜŅĔŅĶľĸƞŀőĸľŃȮŏĝƞĬŐĶĚħńĬőĸľŃȮ
ŐĶĚħńĬœħĬŅĴŇĔĶŃľĺƞŅĚĔŅĶľĸƞŀȮŐĸŃŐĶĚħńĬĨĔįĸŉĔĶŃľĺƞŅĚĔŅĶŐĕŖĚĨńĺ  

 

ĳŅıĪňŗȮ0,/0ȮȮŐĽħĚĸńĔļĦŃĔŅĶŏĔŇħĮƤĠľŅȮMetal Penetration 
 

0,4ȮĪķļġňĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚ 
 ŒĬĮƤěěŋĭńĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚ (Designs and Analysis 

of Experiment: DOE) ĴňėĺŅĴĽŜŅėńĠŏĮƦĬŀĵƞŅĚĴŅĔŒĬĔŅĶħŜŅŏĬŇĬĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĺŇŏėĶŅŃľƢľŅ

ĽŅŏľĨŋĪňŗĽƞĚįĸĨƞŀėŋĦĳŅıĕŀĚĔĶŃĭĺĬĔŅĶľĶŊŀįĸŇĨĳńĦĤƢĪňŗĽĬŒěȮĶĺĴœĮĩŉĚĔŅĶĔŜŅľĬħĶŃħńĭĪňŗ

ŏľĴŅŃĽĴĨƞŀĔŅĶħŜŅŏĬŇĬĚŅĬŒľƟĴňĮĶŃĽŇĪīŇĳŅıŏľĴŅŃĽĴĪňŗĽŋħȮ(Optimal Condition) őħĵŀŅĻńĵ

ŐĭĭěŜŅĸŀĚľĶŊŀĽĴĔŅĶĪŅĚėĦŇĨĻŅĽĨĶƢĴŅŀīŇĭŅĵėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĬŜŅŏĕƟŅȮ(Input) ľĶŊŀ

ĮƤěěńĵȮ(Factor or Variable) ŐĸŃėŋĦĸńĔļĦŃħƟŅĬėŋĦĳŅıȮ(Quality Characteristic) ľĶŊŀĮƤěěńĵĬŜŅ

ŀŀĔȮ(Output Factor) ľĶŊŀįĸĨŀĭĽĬŀĚȮ(Response) ĪňŗŒľƟėĺŅĴĽŜŅėńĠȮŐĸŃĵńĚĽŅĴŅĶĩĻŉĔļŅ

įĸĸńıīƢĕŀĚľĸŅĵĮƤěěńĵıĶƟŀĴĔńĬŒĬŏĺĸŅŏħňĵĺħƟĺĵěŜŅĬĺĬĺŇīňĔŅĶĮĢŇĭńĨŇȮ(Treatments) ĞŉŗĚĬƟŀĵĔĺƞŅ

ĔŅĶĻŉĔļŅĪňĸŃĮƤěěńĵȮ(One Factor at a Time: OFAT ľĶŊŀȮOne Variable at a Time: OVAT) ĔŅĶ

ŀŀĔŐĭĭŐĸŃĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚŏĮƦĬĺŇīňĔŅĶĪňŗĪŜŅŒľƟœħƟĕƟŀĴŌĸĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĽŅĴŅĶĩĨĶĺěěńĭĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚľĶŊŀĮĶńĭėƞŅĕŀĚĮƤěěńĵȮ(X) ŀĵƞŅĚĴňŏĚŊŗŀĬœĕȮőħĵĴňŏĮƚŅľĴŅĵŏıŊŗŀĽńĚŏĔĨĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ

ĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀįĸĨŀĭĽĬŀĚȮ(Y) ĪňŗŏĔŇħĕŉŘĬȮĔŅĶŀŀĔŐĭĭŐĸŃĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚěŃĴňĔŅĶ

ħŜŅŏĬŇĬĔŅĶŀĵƞŅĚŏĮƦĬĶŃĭĭȮĪŜŅŒľƟœħƟįĸĸńıīƢĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶĪħĸŀĚĴňėĺŅĴĮĶŃľĵńħȮĬƞŅŏĝŊŗŀĩŊŀȮŐĸŃĴň

ĔŅĶŒĝƟĪĶńıĵŅĔĶŒĬĔŅĶĪħĸŀĚŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮĔƞŀŒľƟŏĔŇħĔŅĶĻŉĔļŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĔŅĶ

ĶĺĭĶĺĴėĺŅĴĶŌƟŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶľĶŊŀįĸŇĨĳńĦĤƢȮ(Product or Process Knowledge) ŒĬĸńĔļĦŃ
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ĕŀĚėĺŅĴĽńĴıńĬīƢŏĝŇĚĽĩŇĨŇȮ(Statistical Relationship) ĕŀĚĮƤěěńĵŐĸŃįĸĨŀĭĽĬŀĚŏıŊŗŀĬŜŅœĮŒĝƟŒĬ

ĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶľĶŊŀįĸŇĨĳńĦĤƢĨƞŀœĮŒĬŀĬŅėĨ 

 0,4,/ȮĔŅĶŀŀĔŐĭĭŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚ 

ĔŅĶĔŜŅľĬħŐįĬĔŅĶŀŀĔŐĭĭĪňŗŏľĴŅŃĽĴŒĬŐĨƞĸŃĽĩŅĬĔŅĶĦƢŏĮƦĬĽŇŗĚĪňŗěŜŅŏĮƦĬĪňŗĽŋħȮħńĚĬńŘĬȮ

ĮĶńĝĠŅħƟŅĬĔŅĶŀŀĔŐĭĭŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚěŉĚŏĬƟĬľĬńĔĪňŗĔĶŃĭĺĬĔŅĶŀŀĔŐĭĭŏĮƦĬ

ĽƞĺĬŒľĠƞȮĭŋėĸŅĔĶĪňŗŏĔňŗĵĺĕƟŀĚěŉĚĨƟŀĚĴňėĺŅĴŏĕƟŅŒěĩŉĚľĸńĔĔŅĶŐĸŃĮƤĠľŅĪňŗĔŜŅĸńĚıŇěŅĶĦŅŀĵƞŅĚĩƞŀĚ

ŐĪƟȮŏıŊŗŀŒľƟœħƟĕƟŀĴŌĸĨƞŅĚŕĪňŗĽŅĴŅĶĩĶĺĭĶĺĴœħƟěŅĔĔŅĶĪħĸŀĚĽŅĴŅĶĩĬŜŅĴŅŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢœħƟ

ŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĪňŗĽŋħȮĕńŘĬĨŀĬľĸńĔĽŜŅľĶńĭĔŅĶĔŜŅľĬħŐįĬĔŅĶŀŀĔŐĭĭĪňŗŏľĴŅŃĽĴĶĺĴĩŉĚ

ĶŅĵĸŃŏŀňĵħĪňŗŏĔňŗĵĺĕƟŀĚĽŅĴŅĶĩĽĶŋĮœħƟȮħńĚĨƞŀœĮĬňŘ 

 0,4,/,/ȮĔŅĶĔŜŅľĬħĮƤĠľŅĪňŗĔŜŅĸńĚıŇěŅĶĦŅ 

ĔŅĶĔŜŅľĬħĮƤĠľŅĪňŗĽĬŒěŏĮƦĬĽŇŗĚĪňŗėƞŀĬĕƟŅĚĵŅĔŒĬĔŅĶĪňŗěŃĪŜŅŒľƟĝńħŏěĬȮħńĚĬńŘĬȮĔŅĶ

ĶĺĭĶĺĴŐĬĺėŇħěŅĔĪŋĔİƙŅĵľĶŊŀĔŅĶĪŜŅĚŅĬŏĮƦĬĔĸŋƞĴȮȮ(Team Approach)ȮěŉĚŏĮƦĬĽŇŗĚěŜŅŏĮƦĬ

ŒĬĔŅĶĔŜŅľĬħŐįĬĔŅĶĪħĸŀĚĪňŗŏľĴŅŃĽĴĪňŗĽŋħĨƞŀœĮ 

2.6.1.2 ĔŅĶėńħŏĸŊŀĔĮƤěěńĵĔŅĶŀŀĔŐĭĭȮĮƤěěńĵĪňŗĶĭĔĺĬȮŐĸŃĶŃħńĭĕŀĚĮƤěěńĵ 

ĔŅĶıŇěŅĶĦŅĮƤěěńĵĞŉŗĚėŅħĺƞŅěŃĴňŀŇĪīŇıĸĨƞŀĔĶŃĭĺĬĔŅĶľĶŊŀĶŃĭĭĪňŗĽĬŒěȮĞŉŗĚ

ěŜŅŏĮƦĬĪňŗěŃĨƟŀĚŐĵĔŒľƟŏľŖĬėĺŅĴŐĨĔĨƞŅĚĕŀĚĮƤěěńĵĪňŗĴňŀĵŌƞĺƞŅŏĮƦĬĮƤěěńĵĕŀĚĔŅĶŀŀĔŐĭĭȮ

(Design Factor) ľĶŊŀĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮ(Nuisance Factors or System Noise) ŒĬ

ĭŅĚėĶńŘĚŀŅěĶĺĴœĮĩŉĚĮƤěěńĵĪňŗŀŅěĴňŀŇĪīŇıĸĨƞŀįĸĨŀĭĽĬŀĚŐĨƞœĴƞœħƟŀĵŌƞŒĬėĺŅĴĽĬŒěŒĬ

ĕĦŃĬńŘĬȮőħĵĽƞĺĬŒľĠƞěŃĩŌĔĔŜŅľĬħŒľƟŏĮƦĬĮƤěěńĵėĚĪňŗȮ(Held-Constant Factors) ľĶŊŀĮƤěěńĵ

ĪňŗŀŅěŐĮĶŏĮĸňŗĵĬėƞŅœħƟȮ(Allowed-to-Vary Factors) ŒĬĕĦŃĻŉĔļŅŐĨƞœĴƞœħƟŒľƟėĺŅĴĽĬŒě

ŏĮƦĬľĸńĔȮĵĔĨńĺŀĵƞŅĚŏĝƞĬȮĺńĨĩŋħŇĭŐĭĭŏħňĵĺĔńĬŀŅěĴňėĺŅĴľĸŅĔľĸŅĵŐĨƞœĴƞĽŅĴŅĶĩėĺĭėŋĴ

œħƟȮŀĵƞŅĚœĶĔŖĨŅĴĮƤěěńĵĨƞŅĚŕŏľĸƞŅĬňŘĽŅĴŅĶĩĔŜŅěńħėĺŅĴŐĮĶĮĶĺĬœħƟőħĵĔŅĶŒľƟĔŅĶŀŀĔŐĭĭ

ĔŅĶĪħĸŀĚŐĭĭĽŋƞĴŒĬĶŋƞĬĬńŘĬŕȮ(Randomised Block Design) ŏıŊŗŀĸħŀŇĪīŇıĸħńĚĔĸƞŅĺȮŐĸŃ

ĔŅĶıŇěŅĶĦŅĶŃħńĭĕŀĚĮƤěěńĵŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭĔŅĶĪħĸŀĚŏıŊŗŀŒľƟĔĶŃĭĺĬĔŅĶľĶŊŀ

ĶŃĭĭĽŅĴŅĶĩėĺĭėŋĴŐĸŃĺńħįĸĔŅĶĨŀĭĽĬŀĚœħƟȮėĺŅĴĶŌƟħƟŅĬĔĶŃĭĺĬĔŅĶȮ(Process 

Knowledge) ěŉĚŏĮƦĬĽŇŗĚĽŜŅėńĠŒĬĔŅĶĔŜŅľĬħĶŃħńĭĕŀĚĮƤěěńĵŒĬĔŅĶĪħĸŀĚȮėĺŅĴĶŌƟħƟŅĬ
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ĔĶŃĭĺĬĔŅĶŏĮƦĬŀĚėƢĮĶŃĔŀĭĶŃľĺƞŅĚĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĪŜŅĚŅĬőħĵįƞŅĬĶŃĭĭįŌƟŏĝňŗĵĺĝŅĠ

ŐĸŃėĺŅĴŏĕƟŅŒěĪŅĚħƟŅĬĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚĽńĴıńĬīƢĔńĬȮĔŅĶıŇěŅĶĦŅĨĶĺěĽŀĭŀŇĪīŇıĸĕŀĚ

ĮƤěěńĵĨƞŅĚŕŒĬŀħňĨĨƞŀįĸĨŀĭĽĬŀĚĪňŗŏĔŇħĕŉŘĬĔƞŀĬľĬƟŅĬňŘěŉĚĴňĽƞĺĬĝƞĺĵŒĬĔŅĶŀŀĔŐĭĭĶŃħńĭ

ĕŀĚĮƤěěńĵĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭœħƟħňĵŇŗĚĕŉŘĬ 

2.6.1.3 ĔŅĶėńħŏĸŊŀĔĺŇīňŐĸŃŐįĬĔŅĶĪħĸŀĚ 

ŒĬĔŅĶėńħŏĸŊŀĔĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĪňŗŏľĴŅŃĽĴȮĬŀĔěŅĔěŃĔŜŅľĬħĕĬŅħĕŀĚ

ĔŅĶĪħĸŀĚľĶŊŀěŜŅĬĺĬėĶńŘĚĪňŗŏľĴŅŃĽĴȮĔŅĶĪħĸŀĚŐĭĭĽŋƞĴȮŐĸŃĔŅĶıŇěŅĶĦŅĩŉĚĔŅĶěńħĔĸŋƞĴ

ŐĸƟĺȮ&Relication, Randomisation, and Blocking) ĵńĚĶĺĴĩŉĚĔŅĶĔŜŅľĬħĶŃħńĭĕŀĚĮƤěěńĵ

ĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭĪňŗĽŀħėĸƟŀĚĔńĭĕĬŅħĕŀĚėĺŅĴŏĮĸňŗĵĬŐĮĸĚȮ&Magnitude) ŀńĬěŃŏĔŇħ

ĕŉŘĬĔńĭįĸĨŀĭĽĬŀĚĪňŗœħƟĶńĭěŅĔĔŅĶĪħĸŀĚŀňĔĪŅĚľĬŉŗĚħƟĺĵȮőħĵŐįĬĔŅĶĪħĸŀĚľĸńĔŒĬĪňŗĬňŘ

ĮĶŃĔŀĭħƟĺĵŐįĬĔŅĶĪħĸŀĚŐĭĭĽŋƞĴĽĴĭŌĶĦƢĪńŘĚŒĬĔĶĦňœĴƞıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬŐĸŃĔĶĦň

ıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮ&ŐįĬĔŅĶĪħĸŀĚŐĭĭĭĸŖŀĔĽŋƞĴ'ȮŐįĬĔŅĶĪħĸŀĚŐĭĭ

ŐĲėĪŀŏĶňĵĸĽŀĚĶŃħńĭȮŐįĬĔŅĶĪħĸŀĚŐĲėĪŀŏĶňĵĸĪńŗĺœĮĪńŘĚŒĬĔĶĦňıŇěŅĶĦŅŐĸŃœĴƞ

ıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮĶĺĴĪńŘĚŐįĬĔŅĶĪħĸŀĚŐĭĭĪŅĔŌĝŇĪńŘĚŒĬĔĶĦňıŇěŅĶĦŅŐĸŃœĴƞ

ıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭ 

2.6.1.4 ĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚŐĸŃĭńĬĪŉĔĕƟŀĴŌĸ 

ĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚėĺĭėŌƞœĮĔńĭĔŅĶĨĶĺěĽŀĭĔĶŃĭĺĬĔŅĶŒľƟĨĶĚĨŅĴŐįĬĚŅĬĪňŗ

ĺŅĚœĺƟĸƞĺĚľĬƟŅŏĮƦĬĽŇŗĚĪňŗĴňėĺŅĴĽŜŅėńĠŀĵƞŅĚĵŇŗĚȮėĺŅĴįŇħıĸŅħŒĬĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚěŃ

ĽƞĚįĸŏĽňĵĨƞŀĔŅĶĺŇŏėĶŅŃľƢįĸĪňŗěŃŏĔŇħĕŉŘĬŒĬŀĬŅėĨȮĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŀŀĔŐĭĭĔŅĶ

ĪħĸŀĚŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚŏľĸƞŅĬňŘĴňėĺŅĴĽŜŅėńĠėƞŀĬĕƟŅĚĴŅĔȮħńĚĬńŘĬȮľŅĔĔŅĶ

ėńħŏĸŊŀĔįĸĨŀĭĽĬŀĚĪňŗĨƟŀĚĔŅĶıĭĺƞŅĕƟŀĴŌĸħńĚĔĸƞŅĺŏĮƦĬĕƟŀĴŌĸėĺŅĴĸńĭĪŅĚĔŅĶėƟŅľĶŊŀĕƟŀĴŌĸ

ĳŅĵŒĬŀĚėƢĔĶĪňŗœĴƞĽŅĴŅĶĩŏĮƕħŏįĵœħƟȮěŃĪŜŅŒľƟŏĔŇħĔŅĶĮƕħĔńŘĬĪŅĚėĺŅĴĶŌƟŏĔňŗĵĺĔńĭĔŅĶŀŀĔŐĭĭ

ŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚȮħńĚĬńŘĬěŉĚĴňėĺŅĴĽŜŅėńĠŀĵƞŅĚĵŇŗĚŒĬĔŅĶĻŉĔļŅľĸńĔĔŅĶŒĬĔŅĶ

ŏĕƟŅĶľńĽĕƟŀĴŌĸŒĬŐĨƞĸŃŐįĬĔŅĶĪħĸŀĚŏıŊŗŀĸħĮƤĠľŅħńĚĔĸƞŅĺ 

 

 



 21 
 

  

2.6.1.5 ĔŅĶŏĕƟŅĶľńĽ 

ĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĸŃĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚ

ĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟĽĴĔŅĶĪŅĚħƟŅĬėĦŇĨĻŅĽĨĶƢȮőħĵĮĶŃĽŇĪīŇĳŅıĕŀĚĕƟŀĴŌĸīĶĶĴĝŅĨŇȮ

(Natural Data) ŐĸŃĕƟŀĴŌĸŏĝŇĚĶľńĽȮ(Coded or Transformed Data) ĽŅĴŅĶĩĻŉĔļŅ

ŏĮĶňĵĭŏĪňĵĭœħƟěŅĔĨńĺĝňŘĺńħĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇŐĭĭŀƟŅĚŀŇĚıŅĶŅĴŇŏĨŀĶƢĪňŗĴňĶŃħńĭĬńĵĽŜŅėńĠȮ

ŏıŊŗŀŒĝƟŒĬĔŅĶĔŜŅľĬħėĺŅĴĩŌĔĨƟŀĚŏľĴŅŃĽĴĕŀĚĺŇīňĔŅĶŏĕƟŅĶľńĽĪňŗĴňĮĶŃĽŇĪīŇĳŅıőħĵěŜŅŐĬĔ

ĨŅĴŐįĬĔŅĶĪħĸŀĚȮĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸȮ(Transformation) ĬŜŅėĺŅĴĶŌƟħƟŅĬėĦŇĨĻŅĽĨĶƢĴŅ

ĮĶńĭŏĮĸňŗĵĬĕƟŀĴŌĸīĶĶĴĝŅĨŇľĶŊŀĶŌĮŐĭĭľĬƞĺĵĕŀĚĕƟŀĴŌĸŒľƟŀĵŌƞŒĬĶŌĮĕƟŀĴŌĸŐĭĭĶŅĔĪňŗĽŀĚȮ

(Square Root Transformation) ĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸŐĭĭĽƞĺĬĔĸńĭȮ(Reciprocal 

Transformation) ĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸŐĭĭĸŀĔŅĶŇĪŉĴȮ(Logarithm Transformation) ĔŅĶ

ŏĕƟŅĶľńĽŐĭĭŀŅĶƢėĞŅĵĬƢȮ(Arcsine Transformation) ľĶŊŀĔŅĶŏĕƟŅĶľńĽŐĭĭőĸěŇĪȮ(Logit 

Transformation) ĔŅĶŀŀĔŐĭĭŐĸŃĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸ

ŒĬħƟŅĬĔŅĶĮĶńĭĮĶŋĚėŋĦĳŅıĕŀĚĕƟŀĴŌĸŏıŊŗŀĔŅĶĪħĽŀĭŐĭĭŀŇĚıŅĶŅĴŇŏĨŀĶƢȮĬŀĔěŅĔĬňŘŒĬ

ĮƤěěŋĭńĬĵńĚĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸŏıŊŗŀĮĔĮƕħĕƟŀĴŌĸīĶĶĴĝŅĨŇŀńĬŏĮƦĬėĺŅĴĸńĭĪŅĚ

ĔŅĶėƟŅľĶŊŀŏĮƦĬĕƟŀĴŌĸĳŅĵŒĬŀĚėƢĔĶĪňŗœĴƞĨƟŀĚĔŅĶŏĮƕħŏįĵȮőħĵŐĮĸĚŒľƟŀĵŌƞŒĬĶŌĮĕƟŀĴŌĸŏĕƟŅĶľńĽ 

ĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸŒĬĔŅĶŀŀĔŐĭĭŐĸŃĺŇŏėŅŃľƢĔŅĶĪħĸŀĚŒĬĽĴńĵĔƞŀĬěŃŏĬƟĬħƟŅĬ

ĔŅĶĮĶńĭĮĶŋĚĕƟŀĴŌĸĪňŗœĴƞœħƟŀĵŌƞŒĬŏĚŊŗŀĬœĕĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇŐĭĭŀŇĚıŅĶŅĴŇŏĨŀĶƢȮėŊŀȮėĺŅĴ

įŇħıĸŅħěŅĔĔŅĶĪħĸŀĚȮ(Experiment Errors) ľĶŊŀĽŇŗĚĨĔėƟŅĚȮ(Residuals) ĕŀĚĕƟŀĴŌĸ

īĶĶĴĝŅĨŇĨƟŀĚĴňĸńĔļĦŃĕŀĚĔŅĶĔĶŃěŅĵĕŀĚĕƟŀĴŌĸĪňŗŒĔĸƟŏėňĵĚĔńĭĔŅĶŐěĔŐěĚĮĔĨŇȮėĺŅĴ

ŐĮĶĮĶĺĬėĚĪňŗȮŐĸŃĴňėĺŅĴŏĮƦĬŀŇĽĶŃĨƞŀĔńĬȮ(Normally and Independently Distributed 

with the Mean of Zero and Constant Standard Deviation: NID (0, „ )) ĽƞĺĬĔŅĶ

ŏĕƟŅĶľńĽĕƟŀĴŌĸŏıŊŗŀĮĔĮƕħėĺŅĴĸńĭŐĸŃĽŅĴŅĶĩŏįĵŐıĶƞĽŌƞĳŅĵĬŀĔŀĚėƢĔĶœħƟĵńĚœĴƞĴňĔŅĶĻŉĔļŅ

ŐĸŃĺŇěńĵĪňŗĴŅĔĬńĔȮőħĵĕƟŀĴŌĸīĶĶĴĝŅĨŇŏĮƦĬĕƟŀĴŌĸĪňŗĴňĔŅĶĔĸńŗĬĔĶŀĚěŅĔĔĶŃĭĺĬĔŅĶĺŇŏėĶŅŃľƢ

ĔŅĶĪħĸŀĚŐĸŃįƞŅĬŏĚŊŗŀĬœĕĕŀĚĔŅĶĪħĽŀĭŐĭĭŀŇĚıŅĶŅĴŇŏĨŀĶƢŀĵŌƞŐĸƟĺȮŀňĔĪńŘĚĔŅĶŏĕƟŅĶľńĽ

ĕƟŀĴŌĸŏľĸƞŅĬňŘĨƟŀĚĵŅĔĨƞŀĔŅĶĩŀħĶľńĽȮŐĸŃįƞŅĬŏĚŊŗŀĬœĕĕŀĚĔŅĶĪħĽŀĭŐĭĭŀŇĚıŅĶŅĴŇŏĨŀĶƢ

ŏľĴŊŀĬĔńĬȮĞŉŗĚĽŅĴŅĶĩŒľƟįĸĸńıīƢĕŀĚĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇĕŀĚĔŅĶŀŀĔŐĭĭŐĸŃĺŇŏėĶŅŃľƢĔŅĶ

ĪħĸŀĚĪňŗĨĶĚĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇȮőħĵĔŅĶŏĮĶňĵĭŏĪňĵĭĶŌĮŐĭĭĕŀĚĕƟŀĴŌĸĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕŀĚ

ĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸĽŅĴŅĶĩŐĽħĚœħƟħńĚĨŅĶŅĚĨƞŀœĮĬňŘ  
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 ĨŅĶŅĚĪňŗȮ0,/ ŐĽħĚĶŌĮŐĭĭŐĸŃĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸīĶĶĴĝŅĨŇ 

ĕƟŀĴŌĸŏĕƟŅĶľńĽĽŜŅľĶńĭĔŅĶĪħĽŀĭŀŇĚ
ıŅĶŅĴŇŏĨŀĶƢ 

ĕƟŀĴŌĸŏĕƟŅĶľńĽŏıŊŗŀĮĔĮƕħėĺŅĴĸńĭ 

ĕƟŀĴŌĸīĶĶĴĝŅĨŇœĴƞįƞŅĬĕƟŀĔŜŅľĬħĔŅĶ
ĺŇŏėĶŅŃľƢėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚ

ľĶŊŀȮNID (0, „ ) 

ĕƟŀĴŌĸīĶĶĴĝŅĨŇįƞŅĬĕƟŀĔŜŅľĬħĔŅĶ
ĺŇŏėĶŅŃľƢėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚ

ľĶŊŀȮNID (0, „ ) 

ĕƟŀĴŌĸīĶĶĴĝŅĨŇįƞŅĬĕƟŀĔŜŅľĬħĔŅĶ
ĺŇŏėĶŅŃľƢėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚ

ľĶŊŀȮNID (0, „ ) 

ĕƟŀĴŌĸīĶĶĴĝŅĨŇįƞŅĬĕƟŀĔŜŅľĬħĔŅĶ
ĺŇŏėĶŅŃľƢėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚ

ľĶŊŀȮNID (0, „ ) 

ĽŅĴŅĶĩŐĮĸĚĔĸńĭĽŌƞĕƟŀĴŌĸīĶĶĴĝŅĨŇœħƟĚƞŅĵ ĽŅĴŅĶĩŐĮĸĚĔĸńĭĽŌƞĕƟŀĴŌĸīĶĶĴĝŅĨŇœħƟĵŅĔ 
ėƞŅĽĩŇĨŇĽŜŅľĶńĭĔŅĶĪħĽŀĭœĴƞěŜŅŏĮƦĬĨƟŀĚ
ŏĪƞŅĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇ 

ėƞŅĽĩŇĨŇĽŜŅľĶńĭĔŅĶĪħĸŀĚĨƟŀĚĽŀħėĸƟŀĚĔńĭ
įĸĸńıīƢĕŀĚĕƟŀĴŌĸĨńŘĚĨƟĬ 

įĸĪňŗœħƟĶńĭěŅĔėƞŅĽĩŇĨŇĽŜŅľĶńĭĔŅĶĪħĽŀĭœĴƞ
ěŜŅŏĮƦĬĨƟŀĚĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇ 

įĸĪňŗœħƟĶńĭěŅĔėƞŅĽĩŇĨŇĽŜŅľĶńĭĔŅĶĪħĽŀĭ
ěŜŅŏĮƦĬĨƟŀĚĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇ 

ěŅĔĨŅĶŅĚĕƟŅĚĨƟĬıĭĕƟŀŐĨĔĨƞŅĚĕŀĚĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶŏĕƟŅĶľńĽĪńŘĚĽŀĚĶŌĮŐĭĭȮ

ŀĵƞŅĚœĶĔŖĨŅĴŏĬƟĬĔŅĶŏĕƟŅĶľńĽĕƟŀĴŌĸīĶĶĴĝŅĨŇĽŜŅľĶńĭĔŅĶĮĔĮƕħėĺŅĴĸńĭȮőħĵįƞŅĬĔŅĶŏĕƟŅĶľńĽ

ħƟĺĵĽĴĔŅĶėĦŇĨĻŅĽĨĶƢĪňŗĵŅĔĨƞŀĔŅĶĩŀħĶľńĽŐĨƞĵńĚėĚįĸĸńıīƢĕŀĚĔŅĶĪħĽŀĭĪŅĚĽĩŇĨŇĪňŗĴň

ėĺŅĴĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇȮŏĬƟĬĔŅĶŏĕƟŅĶľńĽŒĬľĸŅĔľĸŅĵĶŌĮŐĭĭȮŐĸŃĵńĚıŇěŅĶĦŅ

ĮƤěěńĵĶĭĔĺĬĳŅĵĬŀĔŀňĔĪŅĚľĬŉŗĚȮĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŒĬėŋĦĸńĔļĦŃĨƞŅĚŕĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ

ŐįĬĔŅĶĪħĸŀĚěŃĕŉŘĬŀĵŌƞĔńĭĶŌĮŐĭĭĕŀĚŐįĬĔŅĶĪħĸŀĚőħĵŒĬĪňŗĬňŘĮĶŃĔŀĭħƟĺĵŐįĬĔŅĶ

ĪħĸŀĚıŊŘĬģŅĬŐĸŃŐįĬĔŅĶĪħĸŀĚŐĭĭĪŅĔŌĝŇȮĺńĨĩŋĮĶŃĽĚėƢľĸńĔĕŀĚĔŅĶŀŀĔŐĭĭĔŅĶ

ĪħĸŀĚŐĸŃĺŇŏėĶŅŃľƢįĸĔŅĶĪħĸŀĚȮėŊŀȮĔŅĶĔŜŅľĬħĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĶŃĭĭĮƤĠľŅĪňŗĽĬŒě

ĬŜŅĴŅıŇěŅĶĦŅȮĶĺĴĪńŘĚĭƞĚĝňŘĶŃħńĭĪňŗŏľĴŅŃĽĴĪňŗĽŋħŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĚŅĬĽŜŅľĶńĭĔŅĶıńĥĬŅ

ĔĶŃĭĺĬĔŅĶŐĸŃįĸŇĨĳńĦĤƢȮħńĝĬňĺńħėŋĦĳŅıĕŀĚĕƟŀĴŌĸŏĕƟŅĶľńĽĪňŗŏľĴŅŃĽĴěŜŅŏĮƦĬĪňŗěŃĨƟŀĚ

ŒľƟįĸĪňŗĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸīĶĶĴĝŅĨŇȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬȮ

(Analysis of Variance: ANOVA) ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬŏĝŇĚıľŋȮ(Multiple 

Linear Regression: MLR) ĪńŘĚŒĬĽƞĺĬĕŀĚĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬĕŀĚĨńĺŐĭĭłȮ

(Analysis of Variance for the MLR Model: MLR-ANOVA) ŐĸŃĔŅĶĺŇŏėĶŅŃľƢĽńĴĮĶŃĽŇĪīŇś

ėĺŅĴĽńĴıńĬīƢŒĬŐĨƞĸŃėƞŅȮ(Partial or Marginal Test: MT) ĔŅĶĺŇŏėĶŅŃľƢėƞŅŏĜĸňŗĵȮ(Analysis 
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of Mean: ANOM) ĔŅĶĺŇŏėĶŅŃľƢŀńĨĶŅĽƞĺĬĞŇĔĬŀĸĪŌĬŀĵĽƢȮ(Analysis of Signal to Noise 

Ratio: SN) ĶĺĴĪńŘĚĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĕƟŀĴŌĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚ

ĽŋƞĴľĶŊŀĽŇŗĚĨĔėƟŅĚȮ(Residual Analysis: RA)ȮőħĵĽŅĴŅĶĩĽĶŋĮŐĬĺĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸœħƟ

ħńĚĨŅĶŅĚ 

 ĨŅĶŅĚĪňŗȮ0,0 ŐĽħĚĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŜŅŐĬĔĨŅĴŐįĬĔŅĶĪħĸŀĚ 

ŐįĬĔŅĶĪħĸŀĚ 
ħńĝĬňĝňŘĺńħ 

ANOVA 
MLR-

ANOVA 
MT ANOM SN RA 

ĽŋƞĴĽĴĭŌĶĦƢ Ṋ     Ṋ 
ĭĸŖŀĔĽŋƞĴ Ṋ     Ṋ 
ŐĲėĪŀŏĶňĵĸĽŀĚĶŃħńĭ Ṋ Ṋ Ṋ   Ṋ 
ŐĲėĪŀŏĶňĵĸĪńŗĺœĮ 
ĔĶĦňœĴƞıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬ Ṋ Ṋ Ṋ   Ṋ 

ŐĲėĪŀŏĶňĵĸĪńŗĺœĮ 
ĔĶĦňıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬ Ṋ Ṋ Ṋ   Ṋ 

ĪŅĔŌĝŇ 
ĔĶĦňœĴƞıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬ 

 Ṋ Ṋ Ṋ   

ĪŅĔŌĝŇ 
ĔĶĦňıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬ 

 Ṋ Ṋ Ṋ Ṋ  

  

2.6.2 ŐįĬĔŅĶĪħĸŀĚıŊŘĬģŅĬ 

  őħĵĪńŗĺœĮĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶľĶŊŀįĸŇĨĳńĦĤƢħƟĺĵĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĸŃ

ĺŇŏėĶŅŃľƢĔŅĶĪħĸŀĚȮěŜŅĬĺĬĮƤěěńĵŏĕƟŅĕŀĚĶŃĭĭĪňŗĽĬŒěŐĸŃėŅħĔŅĶĦƢĺƞŅěŃĴňŀŇĪīŇıĸĨƞŀ

įĸĨŀĭĽĬŀĚěŃĨƟŀĚħŜŅŏĬŇĬįƞŅĬĶŃĭĭįŌƟŏĝňŗĵĺĝŅĠŒĬŏĭŊŘŀĚĨƟĬĔƞŀĬȮőħĵĽŅĴŅĶĩĪŜŅĔŅĶıŇěŅĶĦŅ

įƞŅĬĔĸƞŀĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĨƞŅĚŕĪňŗŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĽƞĚįƞŅĬĽŌƞįĸĨŀĭĽĬŀĚľĶŊŀ

įĸĸńıīƢĪňŗĨƟŀĚĔŅĶŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵĪňŗĽŋħĕŀĚĔĶŃĭĺĬĔŅĶŏĝŇĚĺŇĻĺĔĶĶĴ 
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ĮƤěěńĵĪňŗėĺĭėŋĴœħƟȮ(Controllable Factors): X 

A/a B/b C/c ź K/k 
     

 

ĶŃĭĭĺŇĻĺĔĶĶĴ 

 

     

ᾀ ᾀ ᾀ ź ᾀ 
ĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮ(Uncontrollable Factors): Z 

ĳŅıĪňŗȮ0,/1ȮȮŐĽħĚĔĸƞŀĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĨƞŅĚŕĪňŗŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĽƞĚįƞŅĬĽŌƞįĸĨŀĭĽĬŀĚĪňŗ
ĨƟŀĚĔŅĶ (Transferred Box of Relevant Factors to Meet Required Response) 

 őħĵĶŃĭĭŏĝŇĚĺŇĻĺĔĶĶĴȮľĴŅĵĩŉĚȮŀĚėƢĮĶŃĔŀĭĶƞĺĴĶŃľĺƞŅĚŏėĶŊŗŀĚěńĔĶȮĺŇīňĔŅĶȮĭŋėĸŅĔĶħƟŅĬ

ĨƞŅĚŕȮŐĸŃĪĶńıĵŅĔĶŀŊŗĬŕĪňŗŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶįĸŇĨľĶŊŀįĸŇĨĳńĦĤƢĪňŗĨƟŀĚĔŅĶĔŅĶıńĥĬŅȮĞŉŗĚ

ŀĚėƢĮĶŃĔŀĭŏľĸƞŅĬňŘěŃĪŜŅĔŅĶŏĮĸňŗĵĬĮƤěěńĵŏĕƟŅȮ(Input) ŒľƟŏĮƦĬĮƤěěńĵŀŀĔȮ(Output) ĮĶŃĽŇĪīŇĳŅı

ĕŀĚĮƤěěńĵŀŀĔĽŅĴŅĶĩıŇěŅĶĦŅœħƟőħĵŒĝƟįĸĨŀĭĽĬŀĚĞŉŗĚŀŅěĴňœħƟĴŅĔĔĺƞŅľĬŉŗĚȮőħĵĮƤěěńĵŏĕƟŅĕŀĚ

ĔĶŃĭĺĬĔŅĶŏĝŇĚĺŇĻĺĔĶĶĴěŃĩŌĔěńħŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĔĸŋƞĴȮėŊŀȮĔĸŋƞĴĪňŗėĺĭėŋĴœħƟȮŏĶňĵĔĺƞŅȮĮƤěěńĵĪňŗėĺĭėŋĴ

œħƟȮ&Amlrpmjj_`jcȮT_pg_`jcȮmpȮD_armpq8Ȯ?*Ȯ@*ȮA*ź*ȮI'ȮľĶŊŀĮƤěěńĵĪňŗĽŅĴĶĩŀŀĔŐĭĭœħƟȮ(Design 

Variables or Factors) ŐĸŃĔĸŋƞĴĪňŗœĴƞĽŅĴŅĶĩėĺĭėŋĴœħƟȮŏĶňĵĔĺƞŅȮĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮ

(Uncontrollable Factors or System Noise Factors: ᾀ,  ᾀ, ᾀ*ź*Ȯᾀ)Ȯ 

 ŀĵƞŅĚœĶĔŖĨŅĴĮƤěěńĵĪňŗĶĭĔĺĬěŃĨƟŀĚĽŅĴŅĶĩėĺĭėŋĴœħƟŒĬĕĦŃĪňŗħŜŅŏĬŇĬĔŅĶĪħĸŀĚŀĵŌƞȮ

ŀĚėƢĮĶŃĔŀĭĨƞŅĚŕĪňŗįŌƟŏĝňŗĵĺĝŅĠėŅħĔŅĶĦƢĺƞŅěŃĴňŀŇĪīŇıĸĨƞŀįĸĨŀĭĽĬŀĚȮ(ώȣ ) ěŃĩŌĔĶĺĭĶĺĴ

ŀĵŌƞŒĬĨńĺŐĭĭĽĩŇĨŇŏĝŇĚŏĽƟĬȮŐĸŃěŜŅŐĬĔĨŅĴĮĶŃŏĳĪĕŀĚŀŇĪīŇıĸĨƞŀįĸĨŀĭĽĬŀĚȮ(Main Effect, ME) 

ŀŇĪīŇıĸĕŀĚĽŀĚĮƤěěńĵĶƞĺĴȮ(2-Factor Interaction Effect, 2F-IE)ȮŀŇĪīŇıĸĕŀĚĽŅĴĮƤěěńĵĶƞĺĴȮ(3-

Factor Interaction Effect, 3F-IE) ľĶŊŀŀŇĪīŇıĸĕŀĚĮƤěěńĵĶƞĺĴŀńĬħńĭĽŌĚĪňŗĽŋħȮ(Highest Order-

Factor Interaction Effect, HF-IE) ĞŉŗĚŐĮĶĨŅĴěŜŅĬĺĬĮƤěěńĵĪňŗĽƞĚŀŇĪīŇıĸĨƞŀĶŃĭĭĪňŗĽĬŒěĻŉĔļŅȮ

ĬŀĔěŅĔĬňŘĵńĚĶĺĴĩŉĚŀŇĪīŇıĸĪňŗŏĔŇħĕŉŘĬěŅĔėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚľĶŊŀĽŇŗĚĨĔėƟŅĚȮ

(Experimental Errors or Residuals) őħĵĽŅĴŅĶĩĽĶŋĮœħƟħńĚĨŅĶŅĚĨƞŀœĮĬňŘ 

ĮƤěěńĵŏĕƟŅ įĸĨŀĭĽĬŀĚ 
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ĨŅĶŅĚĪňŗȮ0,1ȮŐĽħĚŀĚėƢĮĶŃĔŀĭĨńĺŐĭĭĽĩŇĨŇŏĝŇĚŏĽƟĬĕŀĚįĸĨŀĭĽĬŀĚĽŜŅľĶńĭŐįĬĔŅĶĪħĸŀĚıŊŘĬģŅĬ 

ŀŇĪīŇıĸȮ(Effect) ◐░▒ȣ▪ 
ėƞŅŏĜĸňŗĵȮ(Overall Mean) µ 

ŀŇĪīŇıĸĕŀĚĮƤěěńĵľĸńĔ 
(Main Effect, ME) 

A  ̱
B  ̡
ź ź 

K  ̞

ŀŇĪīŇıĸĕŀĚĽŀĚĮƤěěńĵĶƞĺĴ 
(2-Factor Interaction Effect, 2F-IE) 

AB (̱ )̡ 

AC (̱ )ɹ 

ź ź 

JK (̟ )̞ 

ŀŇĪīŇıĸĕŀĚĽŅĴĮƤěěńĵĶƞĺĴ 
(3-Factor Interaction Effect, 3F-IE) 

ABC (̱ ʲʹ) 

ABD (̱ ʲ˒) 

ź ź 

IJK &Ɔ̟̞) 

ŀŇĪīŇıĸĕŀĚĮƤěěńĵĶƞĺĴŀńĬħńĭĽŌĚĪňŗĽŋħ 
(Highest Order-Factor Interaction Effect, 
HF-IE) 

?@źHI (̱ ź̡̟ )̞ 

ėĺŅĴįŇħıĸŅħěŅĔĔŅĶĪħĸŀĚĽŋƞĴȮ(Residuals)  ʁ
 ŒĬŐĨƞĸŃĽĩŅĬĔŅĶĦƢĬňŘěŃĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĺŇŏėĶŅŃľƢĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮĔĸƞŅĺėŊŀȮŏıŊŗŀ

ŏĮƦĬĔŅĶĨĶĺěĽŀĭĺƞŅĮƤěěńĵŒħ (Factor)ȮĪňŗĴňŀŇĪīŇıĸĨƞŀįĸĨŀĭĽĬŀĚȮ(Response, Y)ȮľĶŊŀĴňĺŇīňĔŅĶŒħĪňŗ

ěŃĨńŘĚėƞŅĮƤěěńĵŏıŊŗŀŒľƟėƞŅįĸĨŀĭĽĬŀĚĴňėƞŅŒĔĸƟŏėňĵĚĔńĭėƞŅĪňŗĨƟŀĚĔŅĶ ľĶŊŀĺŇīňĔŅĶŒħĪňŗěŃĨńŘĚėƞŅĮƤěěńĵ

ŏıŊŗŀŒľƟėĺŅĴŐĮĶĮĶĺĬĪňŗŏĔŇħĕŉŘĬĔńĭėƞŅįĸĨŀĭĽĬŀĚĴňėƞŅĨŗŜŅȮŀňĔĪńŘĚĴňĺŇīňĔŅĶŒħĪňŗěŃĨńŘĚėƞŅĮƤěěńĵȮŏıŊŗŀĪŜŅ

ŒľƟįĸĔĶŃĪĭŏĬŊŗŀĚěŅĔĮƤěěńĵĪňŗœĴƞĽŅĴŅĶĩėĺĭėŋĴœħƟľĶŊŀĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭȮ(Uncontrollable 

Factors, Z) ĴňėƞŅĨŗŜŅȮěŅĔĔĸƞŀĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĨƞŅĚŕĪňŗŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĽƞĚįƞŅĬĽŌƞ

įĸĨŀĭĽĬŀĚĕƟŅĚĨƟĬȮěŉĚĽŅĴŅĶĩŐĭƞĚŐĵĔĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĕńŘĬıŊŘĬģŅĬœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮėŊŀȮ

ŐįĬĔŅĶĪħĸŀĚĮƤěěńĵŏħňĵĺŐĸŃľĸŅĵĮƤěěńĵȮőħĵŐįĬĔŅĶĪħĸŀĚĮƤěěńĵŏħňĵĺĶĺĴĩŉĚŐįĬĔŅĶĪħĸŀĚĪňŗĴň

ĕƟŀěŜŅĔńħľĶŊŀĴňĔŅĶıŇěŅĶĦŅĮƤěěńĵĪňŗĶĭĔĺĬĶŃĭĭĶŃľĺƞŅĚĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚľĶŊŀĪňŗŏĶňĵĔĺƞŅȮ

ŐįĬĔŅĶĪħĸŀĚŐĭĭĭĸŖŀĔĽŋƞĴ 
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2.6.3 ĔŅĶŀŀĔŐĭĭŐĲĔĪŀŏĶňĵĸŏĨŖĴĶŌĮŐĭĭĪńŗĺœĮ 

 ĴńĔıĭĔŅĶĪħĸŀĚĪňŗĴňĮƤěěńĵĨńŘĚŐĨƞĽŀĚĮƤěěńĵĕŉŘĬœĮȮĺŇīňĪňŗħňĪňŗĽŋħŒĬĔŅĶħŜŅŏĬŇĬĔŅĶĪħĸŀĚħńĚ

ĔĸƞŅĺėŊŀĔŅĶŒĝƟĔŅĶĪħĸŀĚŐĭĭŐĲėĪŀŏĶňĵĸŐĭĭŏĨŖĴȮĔŅĶĪħĸŀĚŏľĸƞŅĬňŘŏĮƦĬĔŅĶĪħĸŀĚĪňŗĴňĔŅĶ

ĨĶĺěĽŀĭĮƤěěńĵĨƞŅĚŕȮĶƞĺĴĔńĬŒĬĔŅĶĪŜŅĞŘŜŅĕŀĚĔŅĶĪħĽŀĭŐĨƞĸŃėĶńŘĚȮĔŅĶĪħĸŀĚŐĭĭŐĲĔĪŀŏĶňĵĸ

ŐĭĭŏĨŖĴŏĮƦĬĺŇīňŏħňĵĺŒĬĔŅĶĻŉĔļŅĮĢŇĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵĨƞŅĚŕȮŀĵƞŅĚĽĴĭŌĶĦƢŐĸŃŏĮƦĬĶŃĭĭȮ

ĬŀĔŏľĬŊŀěŅĔĔŅĶĶŃĭŋĮƤěěńĵĪňŗĴňĬńĵĽŜŅėńĠ 

 ĔŅĶĪħĸŀĚĪňĸŃĮƤěěńĵȮ&őħĵĪňŗŐĨƞĸŃĮƤěěńĵœħƟĶńĭĔŅĶĨĶĺěĽŀĭŐĵĔĔńĬőħĵĔŅĶĶńĔļŅĮƤěěńĵĪňŗ

ŏľĸŊŀĪńŘĚľĴħŒľƟėĚĪňŗ'ȮěŃœĴƞŏĮƕħŏįĵįĸėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵĨƞŅĚŕȮĬŀĔěŅĔĬňŘȮŒĬĔŅĶĪħĸŀĚ

ĪňĸŃĮƤěěńĵȮěŃœĴƞĽŅĴŅĶĩĪŜŅĔŅĶĽŋƞĴŀĵƞŅĚĽĴĭŌĶĦƢœħƟ ŐĸŃŏıŊŗŀŐĽħĚĔŅĶĪħĸŀĚŐĲĔĪŀŏĶňĵĸŐĭĭ

ŏĨŖĴȮŒľƟıŇěŅĶĦŅĔŅĶĪħĸŀĚĪňŗĴňĔŅĶĨĶĺěĽŀĭĔŅĶĨŀĭĽĬŀĚĽŜŅľĶńĭĽŀĚĮƤěěńĵėŊŀȮA ŐĸŃȮB ĽĴĴĨŇ

ĺƞŅĴňĔŅĶĻŉĔļŅĔŅĶĨŀĭĽĬŀĚĪňŗĶŃħńĭĕŀĚĮƤěěńĵȮA ĽŀĚĶŃħńĭȮőħĵȮA-low ŐĽħĚĩŉĚĶŃħńĭĸƞŅĚĕŀĚȮA 

ŐĸŃȮA-high ŐĽħĚĩŉĚȮĶŃħńĭĪňŗĽŌĚĕŉŘĬ,ȮŒĬĪŜŅĬŀĚŏħňĵĺĔńĬȮŒľƟȮB-low ŐĸŃȮB-high ŐĪĬĽŀĚĶŃħńĭ

ĕŀĚĮƤěěńĵȮB ĪňŗĔŜŅĸńĚĩŌĔĨĶĺěĽŀĭŒĬĔŅĶĪħĸŀĚĬňŘȮŏĬŊŗŀĚěŅĔĴňĽŀĚĮƤěěńĵĪňŗĴňĽŀĚĶŃħńĭȮěŉĚĴňĝŋħėƞŅ

įĽĴȮ0x0Ȯ;Ȯ2ȮĝŋħȮ&AL-BL, AL-BH, AH-BL, AH-BH) ħńĚĬńŘĬȮěŜŅŏĮƦĬĨƟŀĚĴňĔŅĶħŜŅŏĬŇĬĔŅĶĽňŗėĶńŘĚ

ĽŜŅľĶńĭĔŅĶĪŜŅĞŘŜŅŐĨƞĸŃėĶńŘĚȮľŅĔěŃĪŜŅĔŅĶĪħĸŀĚŐĭĭŐĲėĪŀŏĶňĵĸŒĬĔĶĦňĬňŘ 
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0,7ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
 0,5,/ȮĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢőħĵŒĝƟŏĪėĬŇėĔŅĶŐĮĸĚľĬƟŅĪňŗĪŅĚėŋĦĳŅıȮ(QFD) ĔĶĦňĻŉĔļŅ: 
őĶĚĚŅĬįĸŇĨŐįƞĬŒĵœĴƟŀńħŐĕŖĚȮ(Product Development by Using Quality Function 
Deployment Technique (QFD) A Case Study of Hardboard Manufacturing) 
  ıĚĻĔĶȮħŜŅŏĔŅŃȮœħƟĪŜŅĔŅĶĺŇěńĵĨĸŅħħƟĺĵĺŇīňĔŅĶĽńĴĳŅļĦƢȮŏıŊŗŀĽŜŅĶĺěıķĨŇĔĶĶĴȮ
ėĺŅĴėŇħŏľŖĬȮėĺŅĴĨƟŀĚĔŅĶȮŐĸŃėĺŅĴıŉĚıŀŒěĕŀĚįŌƟĭĶŇőĳėĨƞŀįĸŇĨĳńĦĤƢȮĶĺĴĩŉĚŏĮĶňĵĭŏĪňĵĭ
įĸŇĨĳńĦĤƢĕŀĚĭĶŇļńĪĔńĭįĸŇĨĳńĦĤƢĕŀĚėŌƞŐĕƞĚȮőħĵěŃŒĝƟėĺŅĴĨƟŀĚĔŅĶĕŀįŌƟĭĶŇőĳėěŅĔĔŅĶĺŇěńĵ
ĨĸŅħŏĮƦĬĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬĕŀĚŏĪėĬŇėȮQFD őħĵŐĮĸĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅœĮĽŌƞĔŅĶŏĸŊŀĔŒĝƟ
ŏĪėőĬőĸĵňĪňŗŏľĴŅŃĽĴȮŏıŊŗŀŒľƟœħƟĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĪňŗħňĪňŗĽŋħŒĬĔĸŋƞĴȮ[5] [3] 
  ĚŅĬĺŇěńĵĜĭńĭĬňŘœħƟĴňĔŅĶŒĝƟĺŇīňĔŅĶĽńĴĳŅļĦƢŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅȮ
ŐĸŃ įĸĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵıĭĺƞŅȮĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢŐįƞĬŏĽƟĬŒĵœĴƟŀńħŐĕŖĚėĺĶŏĬƟĬ
ŏĶŊŗŀĚėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚįĸŇĨĳńĦĤƢŒĬħƟŅĬėĺŅĴŏĶňĵĭĕŀĚįŇĺľĬƟŅȮŐĸŃėĺŅĴĽĴŗŜŅŏĽĴŀĕŀĚ
ėĺŅĴľĬŅȮŐĸŃĵńĚĴňŐĬĺőĬƟĴĔŅĶŏĔŇħĕƟŀĶƟŀĚŏĶňĵĬěŅĔĸŌĔėƟŅĸħĸĚȮ7/,3Ȯ% [5] 
 
 2.7.2 ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıĽŜŅľĶńĭĔŅĶ
ŀŀĔŐĭĭŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢŏėĶŊŗŀĚľĬńĚ (An application of quality function 
deployment technique for the design and development of leather products) 
  ŀńěĜĶŅĺħňȮŐĔƟĺĺĶĶĦħňȮœħƟĪŜŅĔŅĶĶĺĭĶĺĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŏĔňŗĵĺĔńĭįĸŇĨĳńĦĤƢ
ŏėĶŊŗŀĚľĬńĚőħĵĔŅĶĽńĴĳŅļĦƢħƟĺĵŐĭĭĽŀĭĩŅĴȮŐĸŃĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚįĸŇĨĳńĦĤƢĕŀĚ
ĭĶŇļńĪĔńĭįĸŇĨĳńĦĤƢĕŀĚĭĶŇļńĪėŌƞŐĕƞĚȮ0ȮĶŅĵȮőħĵıŇěŅĶĦŅįĸŇĨĳńĦĤƢŏėĶŊŗŀĚľĬńĚĮĶŃŏĳĪĔĶŃŏĮƜŅ
īĬĭńĨĶȮĞŉŗĚěńħŏĮƦĬĽŇĬėƟŅŏĔĶħȮA ĽŜŅľĶńĭĸŌĔėƟŅĶŃħńĭĭĬȮ(High-End Segment) ĕŀĚĭĶŇļńĪ [6] 
  ĚŅĬĺŇěńĵĜĭńĭĬňŘœħƟŏĽĬŀŐĬĺĪŅĚŒĬĔŅĶĮĶńĭĮĶŋĚįĸŇĨĳńĦĤƢĪńŘĚľĴħȮ3ȮĪŅĚŏĸŊŀĔȮĞŉŗĚ
ĪŅĚ ĪňĴĚŅĬıńĥĬŅœħƟŏĸŊŀĔĪŅĚŏĸŊŀĔĪňŗŏľĴŅŃĽĴĪňŗĽŋħŏıŊŗŀěńħĪŜŅįĸŇĨĳńĦĤƢĨńĺŀĵƞŅĚĕŉŘĬĽŜŅľĶńĭŒĝƟŒĬ
ĔŅĶ ŏĮĶňĵĭŏĪňĵĭĩŉĚįĸĕŀĚĔŅĶĺŇěńĵȮŐĸŃıĭĺƞŅįĸŇĨĳńĦĤƢľĸńĚĔŅĶĮĶńĭĮĶŋĚŐĸŃıńĥĬŅĴňėŋĦĳŅı
ŏıŇŗĴĕŉŘĬȮ25% ŐĸŃŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭėŌƞŐĕƞĚȮA ŐĸŃȮB ĽŅĴŅĶĩĽĶƟŅĚėĺŅĴıŉĚıŀŒěŒľƟĔńĭĸŌĔėƟŅ
ŏıŇŗĴĕŉŘĬȮ23% ŐĸŃȮ25% ĨŅĴĸŜŅħńĭ [6] 
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 0,5,1ȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮQuality Function Deployment (QFD) ŒĬĔŅĶħńħŐĮĸĚĶĩ
ĔĶŃĭŃĭĶĶĪŋĔŏĮƦĬĶĩĽŃŏĪŇĬĬŘŜŅĽŃŏĪŇĬĭĔĽŜŅľĶńĭĕĬĽƞĚŒĬĳŅĺŃĳńĵıŇĭńĨŇ (Applying Quality 
Function Deployment (QFD) on the modifying of Pickup Truck to amphibious 
vehicle for transportation in disaster situations) 
  ŀŇĽĶńģȮŏĺňĵĚŀŜŅıĸȮœħƟĪŜŅĔŅĶŀŀĔŐĭĭĶĩĽŃŏĪŇĬĬŘŜŅĽŃŏĪŇĬĭĔŒľƟĨĶĚĨŅĴėĺŅĴ
ĨƟŀĚĔŅĶĕŀĚ įŌƟŒĝƟĚŅĬĪňŗĴŅěŅĔĔŅĶıńĥĬŅĶĩĭĶĶĪŋĔŒľƟĽŅĴŅĶĩŒĝƟŒĬĳŅĶĔŇěĔŅĶŏħŇĬĪŅĚŏıŊŗŀĕĬĽƞĚ
ŒĬıŊŘĬĪňŗĬŘŜŅĪƞĺĴĽŌĚľĶŊŀĔŅĶĔŌƟĳńĵŒľƟėĺŅĴĝƞĺĵŏľĸŊŀěŅĔĳńĵıŇĭńĨŇĪňŗŀŅěŏĔŇħĕŉŘĬ [7] 
  ĚŅĬĺŇěńĵĜĭńĭĬňŘœħƟħŜŅŏĬŇĬĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢŀĵƞŅĚĴňĸŜŅħńĭĕńŘĬĨŀĬȮĪŜŅŒľƟœħƟ
ĕƟŀĔŜŅľĬħĪňŗŏĮƦĬŏĔĦĤƢŒĬĔŅĶėĺĭėŋĴŐĸŃĺńħįĸĕŀĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶ
ĕŀĚįŌƟŒĝƟĚŅĬĨƞŀĨńĺįĸŇĨĳńĦĤƢŀĵƞŅĚėĶĭĩƟĺĬȮőħĵĽŅĴŅĶĩĵŊĬĵńĬįĸĔĶŃĭĺĬĔŅĶıńĥĬŅœħƟěŅĔĔŅĶ
ŏĮĶňĵĭŏĪňĵĭĔńĭŏĔĦĤƢĕŀĚĕƟŀĔŜŅľĬħĪŅĚĺŇĻĺĔĶĶĴ [7] 
 
 0,5,2ȮĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢőħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅı 
&Product Development with Quality Function Deployment (QFD)) 
  Rosnani Ginting ŐĸŃėĦŃĔĸƞŅĺĺƞŅȮQFD ŏĮƦĬĺŇīňĔŅĶľĬŉŗĚŒĬĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĪňŗ
ĴŋƞĚŏĬƟĬĔŅĶĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶĺŅĚŐįĬĪňŗĝƞĺĵŒľƟŀĚėƢĔĶ
ĺŅĚŐįĬŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĽĬńĭĽĬŋĬĪŅĚŏĪėĬŇėĨƞŅĚŕŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĽƞĚŏĽĶŇĴĞŉŗĚĔńĬŐĸŃ
ĔńĬȮŐĸŃŏıŊŗŀěńħĸŜŅħńĭėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅŐĨƞĸŃĕƟŀȮHouse of Quality ŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬ
ĔŅĶĔŜŅľĬħĕŀĭŏĕĨĔŅĶŀŀĔŐĭĭȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅȮŐĸŃŐĽħĚ
ŒľƟŏľŖĬĩŉĚěŋħŏĬƟĬĕŀĚĪňĴŀŀĔŐĭĭŒĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪňŗĴňėŋĦĳŅıȮ[8] 
  ĺĶĶĦĔĶĶĴĜĭńĭĬňŘĬŜŅŏĽĬŀŏĔňŗĵĺĔńĭĔŅĶıńĥĬŅŐĸŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚľĴĺħľĴŌƞĕŀĚ
ĕŀĭŏĕĨĔŅĶĪŜŅĚŅĬĕŀĚȮQFD ĔŅĶĮĶŃĵŋĔĨƢŐĸŃĔŅĶıńĥĬŅĶŃŏĭňĵĭĺŇīňŏıŊŗŀŀŜŅĬĺĵėĺŅĴĽŃħĺĔŒĬ
ĔŅĶŀƟŅĚŀŇĚĕƟŀĴŌĸěŅĔĬńĔĺŇěńĵȮĺĶĶĦĔĶĶĴĬňŘĪĭĭĪĺĬĪńŘĚŒĬŐĚƞĕŀĚĔŅĶěńħľĴĺħľĴŌƞĪňŗŏľĴŅŃĽĴŐĸŃ
ėĺŅĴĭŌĶĦƢĕŀĚĕŀĭŏĕĨŒĬŀĬŅėĨŏıŊŗŀĶŀĚĶńĭĔŅĶŒĝƟĚŅĬȮQFD œħƟħňĵŇŗĚĕŉŘĬȮ[8] 
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 2.7.5 ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŏĲĶĴŀŃĸŌĴŇŏĬňĵĴőħĵŒĝƟĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚ
ėŋĦĳŅıŐĸŃĺŇĻĺĔĶĶĴėŋĦėƞŅȮ(Aluminum Frame Product Development Using Quality 
Function Deployment and Value Engineering at PT KSN) 
  Ridwan Usman ŐĸŃėĦŃœħƟĪŜŅĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮQFD ŒĬĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĺĚ
ĔĭŀĸŌĴŇŏĬňĵĴȮőħĵěŜŅŏĮƦĬěŜŅĨƟŀĚĔŜŅľĬħėŋĦĸńĔļĦŃĔŅĶĸĚĪŋĬŒľĴƞĞŉŗĚŏĔňŗĵĺĕƟŀĚĔńĭĽƞĺĬĮĶŃĔŀĭ
ĔŅĶ ĸĚĪŋĬȮœħƟŐĔƞȮĨƟĬĪŋĬĔŅĶŀŀĔŐĭĭȮĔŅĶŏĕňĵĬőĮĶŐĔĶĴħƟĺĵȮCAM ŐĸŃĔĶŃĭĺĬĔŅĶįĸŇĨȮ
ŏıŊŗŀŒľƟĔĶŃĭĺĬĨŇħĨńŘĚĴňĮĶŃĽŇĪīŇĳŅıȮĚƞŅĵȮŐĸŃĮĸŀħĳńĵĴŅĔĕŉŘĬȮĶĺĴĩŉĚĽŅĴŅĶĩĸħĔŅĶŒĝƟĺńĽħŋ
ŀĸŌĴŇŏĬňĵĴȮŏıŊŗŀŒľƟĨƟĬĪŋĬĔŅĶįĸŇĨĸħĨŗŜŅĸĚȮŐĸŃĶŅėŅĪňŗŏĽĬŀĕŅĵĽŅĴŅĶĩŐĕƞĚĕńĬĔńĭėŌƞŐĕƞĚŏěƟŅŀŊŗĬœħƟ
ĴŅĔĕŉŘĬȮ[9] 
  ĚŅĬĺŇěńĵĜĭńĭĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮĔŅĶŀŀĔŐĭĭĺĚĔĸĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŏĮƦĬ
ĽŇŗĚĪňŗěŜŅŏĮƦĬȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŏĴŊŗŀĨƟŀĚŏįĝŇĠľĬƟŅĔńĭėŌƞŐĕƞĚĪňŗŏĽĬŀĶŅėŅĕŀĚĽŇĬėƟŅĪňŗĴňėŋĦĳŅıŐĸŃ
ĶŅėŅĩŌĔĔĺƞŅȮŏıĶŅŃĜŃĬńŘĬȮĭĶŇļńĪĨƞŅĚŕėĺĶľńĬĴŅŒĝƟĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıŒĬ
ĔŅĶıńĥĬŅėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢŏıŊŗŀŒľƟĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŏıŇŗĴĴŅĔĕŉŘĬȮ[9] 
 
 0,5,4ȮįĸĔĶŃĪĭĕŀĚĽńħĽƞĺĬĔŅĶįĽĴĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗĴňįĸĨƞŀėŋĦĽĴĭńĨŇŐĸŃĨƟĬĪŋĬȮ
(Effect of Resin Coated Sand Mixture on Properties and Cost) 
  ĳŌĺħĸȮĻŇĶŇĺŇĴĸıńĬīŋƢȮœħƟĴňĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭĽƞĺĬĮĶŃĽĴ
ĔĸŅĚȮŏıŊŗŀľŅĽńħĽƞĺĬĔŅĶįĽĴĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗŏľĴŅŃĽĴȮőħĵĴňĮƤěěńĵĬŜŅŏĕƟŅĪńŘĚľĴħȮ3ȮĮƤěěńĵȮ
œħƟŐĔƞȮĪĶŅĵŏŀȮĪĶŅĵĭňȮŏĶĞŇĬŏŀȮŏĶĞŇĬĭňȮŐĸŃŏĮŀĶƢŏĞŖĬĨƢŏĶĞŇĬȮŐĸŃĴňĨńĺŐĮĶĨŀĭĽĬŀĚĪńŘĚľĴħȮ5Ȯ
ĮƤěěńĵȮœħƟŐĔƞȮėĺŅĴĪĬŐĶĚħńħőėƟĚȮĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĮĶŇĴŅĦĔŅĶĽŌĠŏĽňĵľĸńĚĔŅĶŏįŅœľĴƟȮ
ėƞŅėĺŅĴőĔƞĚĚŀȮŀŋĦľĳŌĴŇĨŗŜŅĪňŗĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮėƞŅŐĔƠĽȮŐĸŃĨƟĬĪŋĬĺńĨĩŋħŇĭŒĬĽƞĺĬĕŀĚĪĶŅĵŐĸŃŏĶ
ĞŇĬ [10] 
  ĚŅĬĺŇěńĵĬňŘĴňĔŅĶľŅĽńħĽƞĺĬĔŅĶįĽĴŒľĴƞĪńŘĚľĴħȮ3ȮĽŌĨĶȮıĭĺƞŅėƞŅėŋĦĽĴĭńĨŇĪńŘĚȮ4ȮĝĬŇħ
ĕŀĚ ĪńŘĚȮ03ȮĽŌĨĶĔŅĶįĸŇĨŀĵŌƞŒĬĝƞĺĚĔŅĶĵŀĴĶńĭĕŀĚőĶĚĚŅĬȮŐĸŃĽŅĴŅĶĩĸħĨƟĬĪŋĬĺńĨĩŋħŇĭĪňŗŒĝƟĸĚœħƟȮ
06,14% ĨƞŀĮƖȮěŅĔĨƟĬĪŋĬĺńĨĩŋħŇĭĪňŗœħƟěŅĔĽńħĽƞĺĬĔŅĶįĽĴŏĔƞŅ [10] 
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 0,5,5ȮĔŅĶĮĶńĭĮĶŋĚėƞŅėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭĪŜŅœĽƟŐĭĭĔĸĺĚȮ
(Improvement of Essential Properties of Resin Coated Sand for Hollow Core 
Production) 
  ěńĔĶıńĬīƢȮěĶŇĵŅěŇĶĺńĥĬŅȮœħƟĪŜŅĔŅĶĺŇŏėĶŅŃľƢľŅĮƤěěńĵĬŜŅŏĕƟŅőħĵŀŅĻńĵŏĴĪĶŇĔĞƢ
ėĺŅĴĽńĴıńĬīƢĕŀĚĽŅŏľĨŋŐĸŃįĸĔŅĶěńħĸŜŅħńĭėĺŅĴĽŜŅėńĠĕŀĚĮƤěěńĵȮŐĸŃŒĝƟĔŅĶŀŀĔŐĭĭıŊŘĬįŇĺįĸ
ĨŀĭŐĭĭĽƞĺĬĮĶŃĽĴĔĸŅĚŏıŊŗŀĪħĽŀĭėĺŅĴĴňĬńĵĽŜŅėńĠĕŀĚĮƤěěńĵĪńŘĚȮ4ȮĮƤěěńĵĪňŗĻŉĔļŅȮěŅĔĬńŘĬ
ĽĶƟŅĚĽĴĔŅĶėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮƤěěńĵĬŜŅŏĕƟŅĪňŗĴňĬńĵĽŜŅėńĠĔńĭĨńĺŐĮĶĨŀĭĽĬŀĚőħĵŀŅĻńĵŏĪėĬŇė
ĔŅĶėńħŏĸŊŀĔĨńĺŐĮĶŀŇĽĶŃŐĭĭĕńŘĬĨŀĬĝĬŇħĺŇīňĸħĨńĺŐĮĶŀŇĽĶŃȮŐĸŃĪŜŅĔŅĶľŅėƞŅĔŅĶĮĶńĭĨńŘĚ
ŏėĶŊŗŀĚěńĔĶĪňŗŏľĴŅŃĽĴħƟĺĵŏĪėĬŇėĔŅĶľŅėƞŅĪňŗŏľĴŅŃĽĴ [11] 
  ĚŅĬĺŇěńĵĬňŘŐĽħĚŒľƟŏľŖĬĩŉĚėƞŅĔŅĶĮĶńĭĨńŘĚŏėĶŊŗŀĚěńĔĶĽŜŅľĶńĭĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ
ĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭĔŅĶĪŜŅœĽƟŐĭĭĔĸĺĚȮőħĵěŃėŜŅĬŉĚĩŉĚėŋĦĽĴĭńĨŇĕŀĚœĽƟŐĭĭĪńŘĚȮ6ȮĮĶŃĔŅĶȮėŊŀȮ
ėĺŅĴĪĬŐĶĚħńħőėƟĚȮĮĶŇĴŅĦĔŅĶĽŌĠŏĽňĵľĸńĚĔŅĶŏįŅœľĴƟȮŀŋĦľĳŌĴŇĨŗŜŅĪňŗĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮŐĔƠĽȮĔŅĶ
ĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮėĺŅĴőĔƞĚĚŀȮıňĸŐĭėȮŐĸŃėĺŅĴľĬŅĕŀĚįĬńĚœĽƟŐĭĭȮ[11] 

 

0,5,6ȮĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏıŊŗŀĸħĕŀĚŏĽňĵŒĬĔĶŃĭĺĬĔŅĶĜňħıĸŅĽĨŇĔĕŀĚĝŇŘĬĽƞĺĬ

ŀŇŏĸŖĔĪĶŀĬŇĔĽƢ (Design of Experiment Waste Reduction Electronics Part) 

  ĮŅıěĬňȮĮŅĸĔŃĺĚĻƢȮĦȮŀĵŋīĵŅȮœħƟĪŜŅĔŅĶĻŉĔļŅŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĕŀĚőĶĚĚŅĬįĸŇĨ

ĝŇŘĬĽƞĺĬŀŇŏĸŖĔĪĶŀĬŇĔĽƢŐľƞĚľĬŉŗĚȮŏıŊŗŀĸħĕŀĚŏĽňĵĪňŗŏĔŇħĕńŘĬŒĬĔĶŃĭĺĬĔŅĶĜňħıĸŅĽĨŇĔĕŀĚĝŇŘĬĽƞĺĬ

ŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮőħĵŒĝƟĺŇīňĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚȮ&Design of Experiment : DOE) ĞŉŗĚıŇěŅĶĦŅ

ěŅĔįĸŇĨĳńĦĤƢĪňŗĴňĮĶŇĴŅĦĔŅĶĽńŗĚĞŊŘŀĴŅĔĪňŗĽŋħŒĝƟľĸńĔĔŅĶȮ2M ŏĕƟŅĴŅĝƞĺĵŒĬĔŅĶĺŇŏėĶŅŃľƢĮƤĠľŅ

ŐĸŃĽŅŏľĨŋȮıĭĺƞŅŏĔŇħĮƤĠľŅěŅĔĔŅĶĮĶńĭĨńŘĚėƞŅĕŀĚŏėĶŊŗŀĚĜňħıĸŅĽĨŇĔȮ[12] 

  ŒĬĚŅĬĺŇěńĵĬňŘıĭĮƤĠľŅĕŀĚŏĽňĵĪňŗŏĔŇħĕŉŘĬĭƞŀĵȮ2ȮĮƤĠľŅľĸńĔȮėŊŀȮŀŋĦľĳŌĴŇŒĬĔŅĶŀŋƞĬ

ŏĴŖħıĸŅĽĨŇĔȮŀŋĦľĳŌĴŇŒĬĔŅĶĜňħıĸŅĽĨŇĔȮŀŋĦľĳŌĴŇŐĴƞıŇĴıƢȮŐĸŃŐĶĚħńĬŒĬĔŅĶĜňħȮŐĸŃĬŜŅ

ľĸńĔĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭȮ0k Full Factorial Design ĴŅĮĶŃĵŋĔĨƢŒĝƟŏıŊŗŀľŅĮƤěěńĵĪňŗĴň

įĸĔĶŃĪĭĨƞŀĔŅĶŏĔŇħĕŀĚŏĽňĵȮěŅĔĬńŘĬĪŜŅĔŅĶĺŇŏėĶŅŃľƢľŅĶŃħńĭĮƤěěńĵĪňŗŏľĴŅŃĽĴĪňŗĽŋħőħĵŒĝƟ

ľĸńĔĔŅĶȮResponse Optimization ŒĬĔŅĶľŅėƞŅĕŀĚıŅĶŅĴŇŏĨŀĶƢĪňŗŏľĴŅŃĽĴŒĬĔŅĶĬŜŅĴŅŒĝƟŒĬ

ĔĶŃĭĺĬĔŅĶįĸŇĨȮĽŅĴŅĶĩĸħĕŀĚŏĽňĵĸĚœħƟȮ66,.3#ȮĞŉŗĚĭĶĶĸŋŏĮƚŅľĴŅĵĪňŗĺŅĚœĺƟȮ3.# [12] 
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ĨŅĶŅĚĪňŗȮ0,2ȮĽĶŋĮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

įŌƟĺŇěńĵ ĚŅĬĺŇěńĵ 
ĪķļġňŐĸŃľĸńĔĔŅĶ 
QFD DOE 

ıĚĻĔĶȮħŜŅŏĔŅŃ ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢőħĵŒĝƟŏĪėĬŇėĔŅĶŐĮĸĚ
ľĬƟŅĪňŗĪŅĚėŋĦĳŅıȮ&QFD) ĔĶĦňĻŉĔļŅ8Ȯ
őĶĚĚŅĬįĸŇĨŐįƞĬŒĵœĴƟŀńħŐĕŖĚ 

Ṋ 

 

ŀńěĜĶŅĺħňȮŐĔƟĺĺĶĶĦħň ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶ
ĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıĽŜŅľĶńĭĔŅĶŀŀĔŐĭĭŐĸŃ
ıńĥĬŅįĸŇĨĳńĦĤƢŏėĶŊŗŀĚľĬńĚ 

Ṋ 
 

ŀŇĽĶńģȮŏĺňĵĚŀŜŅıĸ ĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮQuality Function 
Deployment (QFD) ŒĬĔŅĶħńħŐĮĸĚĶĩ
ĔĶŃĭŃĭĶĶĪŋĔŏĮƦĬĶĩĽŃŏĪŇĬĬŘŜŅĽŃŏĪŇĬĭĔ
ĽŜŅľĶńĭĕĬĽƞĚŒĬĳŅĺŃĳńĵıŇĭńĨŇ 

Ṋ 

 

Rosnani Ginting ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢőħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔŅĶ
ĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅı Ṋ 

 

Ridwan Usman ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŏĲĶĴŀŃĸŌĴŇŏĬňĵĴőħĵŒĝƟ
ĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıŐĸŃ
ĺŇĻĺĔĶĶĴėŋĦėƞŅ 

Ṋ 
 

ĳŌĺħĸȮĻŇĶŇĺŇĴĸıńĬīŋƢ įĸĔĶŃĪĭĕŀĚĽńħĽƞĺĬĔŅĶįĽĴĪĶŅĵŏėĸŊŀĭŏĶ
ĞŇĬĪňŗĴňįĸĨƞŀėŋĦĽĴĭńĨŇŐĸŃĨƟĬĪŋĬ 

 Ṋ 

ěńĔĶıńĬīƢȮěĶŇĵŅěŇĶĺńĥĬŅ ĔŅĶĮĶńĭĮĶŋĚėƞŅėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭĪŜŅœĽƟŐĭĭĔĸĺĚ 

 Ṋ 

ĮŅıěĬňȮĮŅĸĔŃĺĚĻƢȮĦȮ
ŀĵŋīĵŅ 

ĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏıŊŗŀĸħĕŀĚŏĽňĵŒĬ
ĔĶŃĭĺĬĔŅĶĜňħıĸŅĽĨŇĔĕŀĚĝŇŘĬĽƞĺĬ
ŀŇŏĸŖĔĪĶŀĬŇĔĽƢ 

 Ṋ 



 
 

 

ĭĪĪňŗȮ1 
ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

 ĚŅĬĺŇěńĵŏĶŊŗŀĚĔŅĶĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅėŋĦĳŅıįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬőħĵĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮŏıŊŗŀĻŉĔļŅŐĸŃıńĥĬŅėŋĦĳŅıĕŀĚ
įĸŇĨĳńĦĤƢħƟŅĬėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬŒľƟĽŅĴŅĶĩ
ĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĔĸŋƞĴŏĮƚŅľĴŅĵȮŐĸŃŏıŊŗŀĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĕŀĚĺńĨĩŋħŇĭĪňŗĽƞĚįĸĨƞŀ
ėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶĕĵŅĵĨńĺĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮĞŉŗĚĴňĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬħńĚĨƞŀœĮĬňŘ 

 

ĻŉĔļŅĽĳŅıĮƤěěŋĭńĬĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

ĔŜŅľĬħľńĺĕƟŀȮŐĸŃĕŀĭŏĕĨĚŅĬĺŇěńĵ 

ĻŉĔļŅĚŅĬĺŇěńĵŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 

ĶĺĭĶĺĴĕƟŀĴŌĸĨƞŅĚŕĕŀĚőĶĚĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵ 

ŀŀĔŐĭĭŏĴĪĶŇĔĞƢĽŜŅľĶńĭĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢ 

ĺŇŏėĶŅŃľƢŐĸŃěńħĸŜŅħńĭėĺŅĴĽŜŅėńĠ 

ĬŜŅįĸĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĴŅĪħĸŀĚįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

ĨŇħĨŅĴȮĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĔŅĶĪħĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ 

ŏĽĬŀĪŅĚŏĸŊŀĔĕŀĚĶŌĮŐĭĭįĸŇĨĳńĦĤƢŐĔƞőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

ĽĶŋĮįĸĔŅĶĺŇěńĵŐĸŃĕƟŀŏĽĬŀŐĬŃ 

ěńħĪŜŅĶŌĮŏĸƞĴĺŇĪĵŅĬŇıĬīƢ 

ĬŜŅįĸĔŅĶĺŇŏėĶŅŃľƢĴŅŀŀĔŐĭĭĔŅĶĪħĸŀĚħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮ 
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3.1 ĻŉĔļŅĽĳŅıĪńŗĺœĮĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 
 1,/,/ȮĺńĨĩŋħŇĭľĸńĔŒĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

  

ĳŅıĪňŗȮ1,/ȮŐĽħĚĸńĔļĦŃĪĶŅĵĽŜŅľĶńĭįĸŇĨ  ȮȮȮȮĳŅıĪňŗȮ1,0ȮŐĽħĚĸńĔļĦŃĲƖĬŀĸŇĔŏĶĞŇĬ 
 

  

ȮȮĳŅıĪňŗȮ1,1ȮŐĽħĚĸńĔļĦŃĕŀĚŏŁĔĞŅĴňĬȮ ȮȮȮ ȮĳŅıĪňŗȮ1,2ȮŐĽħĚĸńĔļĦŃŐėĸŏĞňĵĴĽŏĨňĵŏĶĪ 
 ěŅĔĔŅĶĻŉĔļŅĽĳŅıĪńŗĺœĮĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮıĭĺƞŅȮĺńĨĩŋħŇĭľĸńĔĪňŗŒĝƟŒĬ
ĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮėŊŀȮĪĶŅĵ*ȮĲƖĬŀĸŇĔŏĶĞŇĬ*ȮŏŁĔĞŅĴňĬ*ȮŐĸŃŐėĸŏĞňĵĴĽŏĨňĵŏĶĪȮőħĵĺńĨĩŋħŇĭ
ľĸńĔĪňŗĽƞĚįĸĨƞŀėŋĦĳŅıŐĸŃėŋĦĽĴĭńĨŇĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĴŅĔĪňŗĽŋħȮėŊŀȮĝĬŇħĕŀĚĪĶŅĵŐĸŃŏĶĞŇĬĪňŗ
ŏĸŊŀĔĴŅŒĝƟŒĬĔŅĶįĸŇĨȮőħĵĪĶŅĵĪňŗőĶĚĚŅĬĔĶĦňĻŉĔļŅŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĴňȮ1ȮĮĶŃŏĳĪľĸńĔȮėŊŀȮ
ĪĶŅĵĶňŏėĸĴ*ȮĪĶŅĵīĶĶĴĝŅĨŇ*ȮŐĸŃĪĶŅĵĽńĚŏėĶŅŃľƢȮĞŉŗĚĪĶŅĵŐĨƞĸŃĮĶŃŏĳĪĔŖěŃĴňėŋĦĽĴĭńĨŇĪňŗŐĨĔĨƞŅĚ
ĔńĬŀŀĔœĮ ĽƞĺĬŏĶĞŇĬĪňŗőĶĚĚŅĬĔĶĦňĻŉĔļŅŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĔŖĴňĴŅĔĔĺƞŅȮ3ȮĮĶŃŏĳĪȮőħĵŏĶĞŇĬŐĨƞ
ĸŃĝĬŇħĔŖěŃĴňėŋĦĽĴĭńĨŇĪňŗŏĜıŅŃŏěŅŃěĚŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮŐĸŃŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬŒľƟħňĕŉŘĬȮħńĚĬńŘĬŒĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶĽŜŅľĶńĭœĽƟŐĭĭĨńĬĪňŗĬŜŅœĮŒĝƟŏĮƦĬĝŇŘĬĽƞĺĬ
ĽŜŅėńĠŒĬĔĶŃĭĺĬĔŅĶľĸƞŀőĸľŃĪňŗĨƟŀĚĔŅĶėĺŅĴŐĕŖĚŐĶĚŐĸŃėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĨŗŜŅĬńŘĬěŉĚ
ěŜŅŏĮƦĬĪňŗěŃĨƟŀĚĴňŒĝƟĪĶŅĵŐĸŃŏĶĞŇĬĨńŘĚŐĨƞȮ0ȮĝĬŇħĕŉŘĬœĮȮŏıŊŗŀŒľƟĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶħńĚĔĸƞŅĺĽŅĴŅĶĩ
ĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅœħƟ 
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 1,/,0ȮĕńŘĬĨŀĬĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮ 

1. ŏĨĶňĵĴĺńĨĩŋħŇĭŐĸŃĝńŗĚĬŘŜŅľĬńĔĨŅĴĽŌĨĶĪňŗĔŜŅľĬħ 

2. ŏįŅĪĶŅĵŏıŊŗŀŏıŇŗĴŀŋĦľĳŌĴŇħƟĺĵȮSand Heater 

3. ŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚĪĶŅĵœħƟĨŅĴĪňŗĔŜŅľĬħȮĪĶŅĵěŃĩŌĔĮĸƞŀĵĸĚŒĬľĴƟŀįĽĴıĶƟŀĴŏĶĞŇĬ 

4. ŏĴŊŗŀŏĶĞŇĬĸŃĸŅĵŀĵƞŅĚŏľĴŅŃĽĴȮěŃŏĨŇĴȮHexamine ŏıŊŗŀľĵŋħĮĢŇĔŇĶŇĵŅ 

5. ŏĨŇĴȮCa-St ŏıŊŗŀĝƞĺĵĔŅĶœľĸĨńĺȮŐĸŃĮĸƞŀĵȮRCS ŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶ Cooling 

6. ěńħŏĔŖĭŒĬĩńĚŐĸŃȮPacking ĨŅĴĸŜŅħńĭ 

 

 

ĳŅıĪňŗȮ/2ȮŐĽħĚįńĚĔĶŃĭĺĬĔŅĶĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

Sand 

Resin 

Hexamine 

Sand Heater 

Mixer 

Cooling Process 

Storage 

Tank 

Packing 

Process 

Ca-St 
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1,0ȮĔŅĶĔŜŅľĬħŐĬĺėŇħŐĸŃĔŅĶĺŅĚŐįĬŒĬĔŅĶıńĥĬŅ 
 1,0,/ȮĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮQFD  
  ĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭĔŅĶįĸŇĨœĽƟŐĭĭĨńĬĬňŘȮįŌƟĺŇěńĵœħƟĶĺĭĶĺĴȮěńħĔĸŋƞĴȮėńħ
 ŐĵĔȮŐĸŃĺŇŏėĶŅŃľƢėĺŅĴĨƟŀĚĔŅĶĕŀĚİƙŅĵĭĶŇľŅĶŏĔňŗĵĺĔńĭĽŌĨĶĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶŒľĴƞĪňŗ
 ĨƟŀĚĔŅĶĮĶńĭĮĶŋĚėƞŅėĺŅĴŐĕŖĚŐĸŃėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚįĸŇĨĳńĦĤƢȮőħĵėŜŅĬŉĚĩŉĚ
 ėŋĦĳŅıŐĸŃėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĮĶńĭĮĶŋĚŐĸŃıńĥĬŅȮŐĸŃĬŜŅĴŅŏĶňĵĭŏĶňĵĚŏıŊŗŀŒĝƟŏĮƦĬĕƟŀĴŌĸ
 ĮƚŀĬŏĕƟŅ  
  ěŅĔĔŅĶĶĺĭĶĺĴŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸőĶĚĚŅĬĔĶĦňĻŉĔļŅȮıĭĺƞŅȮĪĶŅĵĪňŗĬŜŅĴŅŒĝƟŒĬ
 ĔĶŃĭĺĬĔŅĶįĸŇĨĽƞĺĬŒľĠƞȮėŊŀȮĪĶŅĵĶňŏėĸĴĝĬŇħŏŀ ȮŐĸŃĪĶŅĵīĶĶĴĝŅĨŇĝĬŇħĭň ŏĬŊŗŀĚěŅĔ
 ĨƟĬĪŋĬĨŗŜŅŐĸŃĴňėŋĦĽĴĭńĨŇĪňŗėƞŀĬĕƟŅĚħňĔĺƞŅĪĶŅĵĝĬŇħŀŊŗĬȮŐĸŃĲƖĬŀĸŇĔŏĶĞŇĬĪňŗŒĝƟĽƞĺĬŒľĠƞȮėŊŀȮ 
 ŏĶĞŇĬŏŀ ŐĸŃȮŏĶĞŇĬĭň ŏĬŊŗŀĚěŅĔŏĶĞŇĬĪńŘĚĽŀĚĝĬŇħĬňŘĽŅĴŅĶĩĮĶńĭĮĶŋĚėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚȮ
 ŐĸŃėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚœĽƟŐĭĭĨńĬœħƟ 
 1,0,0ȮĔŅĶĬŜŅȮQFD ĴŅĺŇŏėĶŅŃľƢėĺŅĴĨƟŀĚĔŅĶ 
  ĬŜŅĭƟŅĬŐľƞĚėŋĦĳŅıȮ(House of Quality) ĴŅŏĝŊŗŀĴőĵĚœĮĽŌƞĕƟŀĔŜŅľĬħĪŅĚŏĪėĬŇė
 ŐĸŃĶŃĭĭĔŅĶįĸŇĨ 

 

ĳŅıĪňŗȮ/3ȮŐĽħĚĸńĔļĦŃĕŀĚĭƟŅĬŐľƞĚėŋĦĳŅı 

6.ėĺŅĴĽńĴıńĬīƢ 

ĶŃľĺƞŅĚĕƟŀĔŜŅľĬħĪŅĚ

ŏĪėĬŇė 5.ĕƟŀĔŜŅľĬħĪŅĚŏĪėĬŇė 

(How) 

1,ėĺŅĴ

ĨƟŀĚĔŅĶ

ĕŀĚĸŌĔėƟŅȮ
(What) 

2.ĶŃħńĭ

ėĺŅĴ 

ĽŜŅėńĠ 
5,ŏĴĪĶŇĔĞƢėĺŅĴĽńĴıńĬīƢ 

7,ŏĮƚŅľĴŅĵĔŅĶħŜŅŏĬŇĬĚŅĬ 

6,ĬŘŜŅľĬńĔĕŀĚėĺŅĴĽŜŅėńĠĕŀĚĕƟŀĔŜŅľĬħ

ĪŅĚŏĪėĬŇė 

1,ĔŅĶ

ŏĮĶňĵ

ĭŏĪňĵ

ĭĔńĭ

ėŌƞŐĕƞĚ 

2,ĔŅĶ

ĮĶŃŏĴŇĬ

ėĺŅĴ 

ĽŅĴŅĶĩ

ŒĬĔŅĶ

ŐĕƞĚĕńĬ 
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  ŒĬĚŅĬĺŇěńĵĬňŘĔŜŅľĬħŒľƟėĺŅĴĨƟŀĚĔŅĶĕŀĚİƙŅĵĭĶŇľŅĶŐĪĬėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅȮ
 ŐĸŃĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĭėŌƞŐĕƞĚěŃŏĮƦĬĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶ
 ŏĔƞŅĔńĭĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶŒľĴƞĪňŗŀŀĔŐĭĭőħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗ
 ĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮőħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĲĽĪňŗȮ0ȮŐĸŃ1ȮħńĚĬňŘ 

- ŏĲĽȮ0: ŏĴĪĶŇĔĞƢĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢȮ(Product Design)ȮĮƤěěńĵŏĕƟŅȮėŊŀȮėĺŅĴĨƟŀĚĔŅĶ
ĕŀĚİƙŅĵĭĶŇľŅĶȮœħƟįĸĸńıīƢȮėŊŀȮıŅĶŅĴŇŏĨŀĶƢĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĨƟŀĚĔŅĶĪňŗĪŜŅŒľƟėƞŅ
ėŋĦĽĴĭńĨŇįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚİƙŅĵĭĶŇľŅĶ 

- ŏĲĽȮ1: ŏĴĪĶŇĔĞƢĔŅĶĺŅĚŐįĬĔŅĶįĸŇĨȮ(Process Planning) ĮƤěěńĵŏĕƟŅȮėŊŀȮıŅĶŅĴŇŏĨŀĶƢ
ĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĨƟŀĚĔŅĶȮŐĸŃœħƟįĸĸńıīƢȮėŊŀȮĕƟŀĔŜŅľĬħĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨ 

  ěŅĔĔŅĶĶŃħĴėĺŅĴėŇħěŅĔįŌƟŏĝňŗĵĺĝŅĠħƟŅĬĔĶŃĭĺĬĔŅĶĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵ
 ŏėĸŊŀĭŏĶĞŇĬĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮĪŜŅŒľƟœħƟĮƤěěńĵĬŜŅŏĕƟŅĪňŗŀŅěĽƞĚįĸĔĶŃĪĭĨƞŀėŋĦĽĴĭńĨŇĕŀĚ
 įĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮħńĚĬňŘ 
  3.2.2.1 ŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮ(S.S.T.) 
  3.2.2.2 ŀŋĦľĳŌĴŇĕŀĚįĸŇĨĳńĦĤƢľĸńĚĔĶŃĭĺĬĔŅĶįĸŇĨȮ(D.S.T.) 
  3.2.2.3  ĶŃĵŃŏĺĸŅŒĬĔŅĶŏĮƙŅĸĴĶƟŀĬŒĬľĴƟŀįĽĴȮ(Blow Time) 
  1,0,0,2ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚĪĶŅĵŏŀŐĸŃĪĶŅĵĭň 
  1,0,0,3ȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬȮ(Resin Content) 
  3.2.2.6 ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň 
  1,0,0,5ȮĮĶŇĴŅĦŏŁĔĞŅĴňĬȮ(Hexamine Content) 
  3.2.2.8 ĮĶŇĴŅĦŐėĸŏĞňĵĴĽŏĨňĵŏĶĪȮ(Ca-St Content) 
  3.2.2.9 ĮĶŇĴŅĦĬŘŜŅȮ(Water Content) 

  ȮŐĸŃěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĸŃŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮįŌƟĺŇěńĵıĭĺƞŅėƞŅėŋĦĽĴĭńĨŇıŊŘĬģŅĬĪňŗ
 ĽŜŅėńĠĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗőĶĚĚŅĬĔĶĦňĻŉĔļŅŒĝƟĽŜŅľĶńĭĔŅĶĨĶĺěĽŀĭėŋĦĳŅıȮȮ
 ŏĮƦĬľĸńĔĴňħńĚĨƞŀœĮĬňŘ 

  1,0,0,/.ȮėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚȮ(Bending Strength - kgf/cm^2) 

  

 ĳŅıĪňŗȮ/4ȮŐĽħĚĺŇīňĔŅĶĨĶĺěĽŀĭėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚ 
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  1,0,0,//ȮėƞŅėĺŅĴőĔƞĚĚŀŏĴŊŗŀŀŋĦĳŌĴŇĪħĽŀĭȮ0..ǓC ŐĸŃĨŋƟĴĪħĽŀĭĬŘŜŅľĬńĔȮ1..Ȯ

  ĔĶńĴȮ(Bend 0..ǓC x 300 g - mm) 

  1,0,0,/0ȮėƞŅėĺŅĴőĔƞĚĚŀŏĴŊŗŀŀŋĦĳŌĴŇĪħĽŀĭȮ03.ǓC ŐĸŃĨŋƟĴĪħĽŀĭĬŘŜŅľĬńĔȮ3..Ȯ

  ĔĶńĴȮ(Bend 03.ǓC x 500 g - mm) 

  1,0,0,/1ȮŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮ&Sticky Point - ǓC) 

  3.2.2./2 ĮĶŇĴŅĦĔŅĶĽŌĠŏĽňĵľĸńĚĔŅĶŏįŅœľĴƟ (Loss on Ignition - %) 

ėŜŅĬĺĦ:  
ĬŘŜŅľĬńĔĔƞŀĬŏįŅĬŘŜŅľĬńĔľĸńĚŏįŅ

ĬŘŜŅľĬńĔĔƞŀĬŏįŅ
x 100 

  3.2.2.15 ėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵȮ(Grain Fineness Distribution) 

  

 ĳŅıĪňŗȮ/5ȮŐĽħĚŏėĶŊŗŀĚȮSieve Analysis ĽŜŅľĶńĭĨĶĺěĽŀĭėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵ  
  3.2.2.16 ėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭȮ(1ȮMesh Upper) 

  3.2.2.17 ėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħĸŃŏŀňĵħȮ(1ȮMesh Lower) 

  1,0,0,/6ȮĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĪňŗŏĺĸŅȮ2ȮĬŅĪňȮ(Thermal Expansion - %) 

  

 ĳŅıĪňŗȮ/6ȮŐĽħĚŏėĶŊŗŀĚ Dilatometer ĽŜŅľĶńĭĨĶĺěĽŀĭėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬ 
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  3.2.2.19 ĮĶŇĴŅĦŐĔƠĽĪňŗŏĺĸŅȮ5ȮĬŅĪňȮ(Gas Quantity ů ml/g) 

  3.2.2.20 ĔŅĶĮĶŃŏĴŇĬőŀĔŅĽĔŅĶŏĔŇħĪĶŅĵœľĴƟĭĬĝŇŘĬĚŅĬľĸƞŀőĸľŃ 

 ȮȮȮȮȮŏĴŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸěŅĔőĶĚĚŅĬĔĶĦňĻŉĔļŅŐĸƟĺȮįŌƟĺŇěńĵœħƟĪŜŅĔŅĶŀŀĔŐĭĭŐĭĭĲŀĶƢĴĽŜŅľĶńĭ
ĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīŋƢĕŀĚŐĨƞĸŃĮƤěěńĵĬŜŅŏĕƟŅĪňŗŀŅěĽƞĚįĸĔĶŃĪĭĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚ įĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬȮħńĚĨŅĶŅĚĪňŗȮ1,/ȮŏıŊŗŀŒľƟįŌƟŏĝňŗĵĺİƙŅĵŏĪėĬŇėĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅĪŜŅĔŅĶĮĶŃŏĴŇĬ
ĮƤěěńĵŏıŊŗŀĬŜŅœĮŒĝƟŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŒĬĕńŘĬĨŀĬĨƞŀœĮ  

ĨŅĶŅĚĪňŗȮ3ȮŐĽħĚŐĭĭĲŀĶƢĴĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīŋƢĕŀĚĮƤěěńĵĪňŗĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 

 
 

1,0,1ȮįĸĔŅĶĮĶŃŏĴŇĬĮƤěěńĵĪňŗĽƞĚįĸĨƞŀėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ  

 ěŅĔĔŅĶĮĶŃŏĴŇĬĕŀĚįŌƟŏĝňŗĵĺĝŅĠıĭĺƞŅȮĮƤěěńĵĪňŗŀŅěŃĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĴŅĔĪňŗĽŋħőħĵıŇěŅĶĦŅěŅĔėƞŅėŃŐĬĬėĺŅĴĽŜŅėńĠȮ(Importance Rating: IMP) Ȯ
œħƟŐĔƞȮŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮ(S.S.T.), ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚ ĪĶŅĵŏŀŐĸŃĪĶŅĵĭň, 
ĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬȮ(Resin Content), ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň*ȮŐĸŃĮĶŇĴŅĦŏŁĔ
ĞŅĴňĬȮ(Hexamine Content) ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ1,0 

Rating Range 1 to 5

1-Low , 5-High

(Don't fill number if you think the factor are 

not related to the characteristic)
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D.S.T. (Discharge Sand Temp)
Blower Time
Ratio of Sand (Sand A:Sand B)
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ĨŅĶŅĚĪňŗȮ4ȮŐĽħĚįĸĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢĕŀĚĮƤěěńĵĪňŗŀŅěĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 

 
  
 ěŅĔĬńŘĬįŌƟĺŇěńĵœħƟĪŜŅĔŅĶŀŀĔŐĭĭŐĭĭĲŀĶƢĴĽŜŅľĶńĭĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢĕŀĚŐĨƞĸŃ
ıŅĶŅĴŇŏĨŀĶƢĪňŗĨƟŀĚĔŅĶȮŏıŊŗŀľŅĕƟŀĔŜŅľĬħĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĪŜŅŒľƟėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŅĴŅĶĩĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅœħƟȮĞŉŗĚįŌƟŏĝňŗĵĺĝŅĠİƙŅĵŏĪėĬŇėĕŀĚőĶĚĚŅĬ
ĔĶĦňĻŉĔļŅœħƟĪŜŅĔŅĶĶŃħĴėĺŅĴėŇħŐĸŃĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢĕŀĚŐĨƞĸŃıŅĶŅĴŇŏĨŀĶƢĪňŗĨƟŀĚĔŅĶȮıĭĺƞŅȮ
ĴňĕƟŀĔŜŅľĬħĪňŗŀŅěĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĴňĶŅĵĸŃŏŀňĵħħńĚĨŅĶŅĚĪňŗȮ1,1Ȯ
ĞŉŗĚěŃĬŜŅĕƟŀĔŜŅľĬħĪňŗĴňėĺŅĴĽŜŅėńĠĽŌĚĽŋħȮ1ȮŀńĬħńĭŐĶĔĕŀĚŐĨƞĸŃıŅĶŅĴŇŏĨŀĶƢĴŅŒĝƟŏĮƦĬĶŃħńĭĮƤěěńĵ
ĽŜŅľĶńĭĬŜŅœĮŒĝƟŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŒĬĕńŘĬĨŀĬĨƞŀœĮ 

 
 
 
 
 
 
 

Rating Range 1 to 5

1-Low , 5-High

(Don't fill number if you think the factor are 

not related to the characteristic)
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S.S.T (Set Sand Temp) 4 2 2 3 4 2 3 3 18.2

D.S.T. (Discharge Sand Temp)4 2 2 1 3 2 2 2 7.8

Blower Time 4 3 1 1 3 3 4 8.4

Ratio of Sand (Sand A:Sand B)4 2 2 2 1 3 3 3 4 2 4 22.4

Resin Content 5 5 4 3 5 1 1 1 4 4 4 27.2

Ratio of Resin (ResinA : ResinB)4 3 3 3 2 4 3 3 18.4

Hexamin Content 3 5 4 2 2 3 4 2 21.6

Ca-St Content 3 2 1 2 2 1 1 1 2 1 8.2

Water Content 3 2 1 1 3 1 1 1 6.2
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Technical Difficulty (1-Low, 5-High)1 1 2 1 2 2 3
Improtance Rating 30.8 16.0 13.4 10.8 14.6 2.2 2.6 2.6 15.2 14.2 16.0
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ĨŅĶŅĚĪňŗȮ5ȮŐĽħĚįĸĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢĕŀĚŐĨƞĸŃıŅĶŅĴŇŏĨŀĶƢĔńĭėƞŅėŋĦĽĴĭńĨŇ 

 
 

1,1ȮĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭȮGeneral Full Factorial Design  
 ěŅĔĔŅĶĮĶŃŏĴŇĬĮƤěěńĵĪňŗŀŅěĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭ
ĔŅĶįĸŇĨœĽƟŐĭĭĨńĬħƟĺĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮıĭĺƞŅȮĮƤěěńĵ
ĬŜŅŏĕƟŅĪňŗěŃĬŜŅĴŅŒĝƟŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĴňĶŅĵĸŃŏŀňĵħħńĚĨŅĶŅĚĪňŗȮ1,2 

ĨŅĶŅĚĪňŗȮ6ȮŐĽħĚĮƤěěńĵŐĸŃĶŃħńĭĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

Factor Name 
Levels 

Unit 
1 2 3 4 5 

A 1.Resin Content 1.5 /,53 0,..   % 

B 2.Resin Ratio 20 40 50 60 80 % 
C 3.Sand Ratio 20 50 80   % 

D 4.S.S.T 130 135 140   ǓC 

E 5.Hexamine Content 9 13 17   % 
 ěŅĔĬńŘĬĬŜŅĕƟŀĴŌĸĪňŗœħƟĴŅŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭȮGeneral Full Factorial Design ħƟĺĵ
őĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮȮőħĵěŃœħƟěŜŅĬĺĬĔŅĶĪħĸŀĚĪńŘĚľĴħȮ2.3ȮĔŅĶĪħĸŀĚ 
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ĳŅıĪňŗȮ/7ȮŐĽħĚěŜŅĬĺĬĔŅĶĪħĸŀĚĪňŗŀŀĔŐĭĭħƟĺĵħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮ 
 ŐĨƞěŜŅĬĺĬĔŅĶĪħĸŀĚħńĚĔĸƞŅĺĴňĨƟĬĪŋĬĽŌĚŐĸŃŒĝƟŏĺĸŅŒĬĔŅĶĪħĸŀĚĨƞŀľĬŉŗĚĔŅĶĪħĸŀĚ
ėƞŀĬĕƟŅĚĬŅĬȮįŌƟĺŇěńĵěŉĚœħƟŒĝƟĕƟŀĔŜŅľĬħŏĶŊŗŀĚĨƟĬĪŋĬĔŅĶįĸŇĨĴŅĔĶŀĚěŜŅĬĺĬĔŅĶĪħĸŀĚĸĚĳŅĵŒĨƟŏĚŊŗŀĬœĕ
ĨƟĬĪŋĬĕŀĚĔŅĶįĸŇĨěŃĨƟŀĚĨŗŜŅĔĺƞŅȮ1,6.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴȮĞŉŗĚıĭĺƞŅĔŅĶĪħĸŀĚĪňŗĴňĨƟĬĪŋĬĔŅĶįĸŇĨĨŗŜŅĔĺƞŅȮ
1,6.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴȮĴňŏĪƞŅĔńĭȮ000ȮĔŅĶĪħĸŀĚȮĸħĸĚěŅĔĔŅĶĪħĸŀĚĕńŘĬĨƟĬȮ/61ȮĔŅĶĪħĸŀĚ 

1,2ȮĔŅĶĪħĸŀĚįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬħƟĺĵľĴƟŀįĽĴŏĸŖĔ 
 3.4.1 ĬŜŅĕƟŀŏĽĬŀĽŌĨĶĔŅĶįĸŇĨĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŌĨĶŒľĴƞĪňŗœħƟěŅĔĔŅĶıńĥĬŅħƟĺĵŏĪėĬŇėĔŅĶ
 ĔĶŃěŅĵ ľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıěŜŅĬĺĬȮ000ȮĔŅĶĪħĸŀĚĴŅĪħĸŀĚįĽĴħƟĺĵľĴƟŀįĽĴ
 ŏĸŖĔĨŅĴĽŌĨĶĪňŗœħƟěŅĔĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮĳŅĵŒĨƟŏĚŊŗŀĬœĕĨƟĬĪŋĬ
 ĔŅĶįĸŇĨĨŗŜŅĔĺƞŅȮ1,6.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴ 

 1,2,0ȮĬŜŅĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĪňŗĪħĸŀĚŏĕƟŅĨĶĺěĽŀĭėŋĦĽĴĭńĨŇľĸńĔȮœħƟŐĔƞ 

  1,2,0,/ȮėĺŅĴĪĬŐĶĚħńħőėƟĚȮ(Bending Strength - kgf/cm^2) 

  3.4.2.2 ėĺŅĴőĔƞĚĚŀȮ(Bend - mm) 

  3.4.2.3 ŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺ (Sticky Point - ǓC) 

  3.4.2.4 ĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ(Thermal Expansion - %) 

  3.4.2.5 ĮĶŇĴŅĦĔŅĶĽŌĠŏĽňĵľĸńĚĔŅĶŏįŅœľĴƟ (Loss on Ignition - %) 

  3.4.2.6 ėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵȮ(Grain Fineness Distribution) 

  3.4.2.4 ĮĶŇĴŅĦŐĔƠĽȮ(Gas Quantity ů ml/g) 

  1,2,0,3ȮĔŅĶĮĶŃŏĴŇĬőŀĔŅĽĔŅĶŏĔŇħĪĶŅĵœľĴƟĭĬĝŇŘĬĚŅĬľĸƞŀőĸľŃ 
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 3.4.3 ĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĔŅĶĪħĸŀĚĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭȮȮȮȮȮȮȮȮȮȮ
 ŏĶĞŇĬŏĭŊŘŀĚĨƟĬĪňŗĪħĸŀĚħƟĺĵľĴƟŀįĽĴĕĬŅħŏĸŖĔ 

 3.4.4 ŏĮĶňĵĭŏĪňĵĭėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŏĝňŗĵĺĝŅĠľĶŊŀİƙŅĵĭĶŇľŅĶĶŃľĺƞŅĚĽŌĨĶŏĔƞŅŐĸŃĽŌĨĶ
 ŒľĴƞĪňŗıńĥĬŅħƟĺĵŏĪėĬŇėĔŅĶŃĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮŐĸŃĬŜŅŏĽĬŀĪŅĚŏĸŊŀĔ
 ĕŀĚĶŌĮŐĭĭįĸŇĨĳńĦĤƢĨƞŀĪňĴįŌƟŏĝňŗĵĺĝŅĠŐĸŃİƙŅĵĭĶŇľŅĶĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

 

1,3ȮĝƞĺĚėĺŅĴĨƟŀĚĔŅĶĕŀĚėƞŅėŋĦĽĴĭńĨŇĨƞŅĚŕŒĬįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 
ĨŅĶŅĚĪňŗȮ7ȮŐĽħĚĝƞĺĚėĺŅĴĨƟŀĚĔŅĶĕŀĚėƞŅėŋĦĽĴĭńĨŇĨƞŅĚŕĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

ėŋĦĽĴĭńĨŇ ľĬƞĺĵ ėĺŅĴĨƟŀĚĔŅĶ ŏľĨŋįĸ 

ėĺŅĴĪĬŐĶĚħńħőėƟĚ kgf/cm^2 ĽŌĚ 
ŏıŊŗŀĮƚŀĚĔńĬœĽƟŐĭĭŐĨĔĕĦŃĪŜŅĔŅĶľĸƞŀ
őĸľŃľĶŊŀĶŃľĺƞŅĚĔŅĶĪŜŅœĽƟŐĭĭ 

ėĺŅĴőĔƞĚĚŀ mm ĨŗŜŅ 

ŏĮƦĬėƞŅĪňŗĭƞĚĭŀĔĩŉĚĔŅĶŏĞĨĨńĺĕŀĚįĬńĚŐĸŃ
ŏĺĸŅŒĬĔŅĶĪŜŅœĽƟŐĭĭȮĩƟŅĝŇŘĬĚŅĬőĔƞĚĬƟŀĵ
ŐĽħĚĺƞŅĔŅĶŏĞĨĨńĺĕŀĚįĬńĚŏĔŇħĕŉŘĬŏĶŖĺȮĽƞĚįĸ
ŒľƟĔŅĶĪŜŅœĽƟŐĭĭŒĝƟŏĺĸŅĸħĬƟŀĵĸĚ 

ŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗ
ĪĶŅĵŏĞĨĨńĺ 

ǓC ĽŌĚ ŏıŊŗŀĪŜŅŒľƟœĽƟŐĭĭĴňįĬńĚĪňŗľĬŅĴŅĔĕŉŘĬ 

ĔŅĶĕĵŅĵĨńĺĪŅĚ
ėĺŅĴĶƟŀĬ 

% ĨŗŜŅ 
ŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮƤĠľŅȮVeining (ėĶňĭ'Ȯ
ĭĬĚŅĬľĸƞŀ 

ĮĶŇĴŅĦĔŅĶĽŌĠŏĽňĵ
ľĸńĚĔŅĶŏįŅœľĴƟ 

% ĨŗŜŅ 
ŏĮƦĬėƞŅĪňŗŒĝƟŒĬĔŅĶĪĺĬĽŀĭĮĶŇĴŅĦŐĸŃĝĬŇħ
ĕŀĚĺńĨĩŋħŇĭĪňŗŏĨŇĴĸĚœĮŒĬĔĶŃĭĺĬĔŅĶ 

ĮĶŇĴŅĦŐĔƠĽ ml/g ĨŗŜŅ 
ŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮƤĠľŅŐĔƠĽŒĬĚŅĬľĸƞŀ
ĞŉŗĚěŃĴňĸńĔļĦŃŏĮƦĬĶŌıĶŋĬĭĬĝŇŘĬĚŅĬ 

 

1,4ȮĮĶŃŏĴŇĬŐĸŃĽĶŋĮįĸĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 ĶĺĭĶĺĴĕƟŀĴŌĸěŅĔĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵȮĔŅĶĪħĸŀĚȮŐĸŃĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĪňŗĽŅĴŅĶĩėĺĭėŋĴĮƤěěńĵĪňŗĴňįĸĨƞŀĪħĸŀĚœħƟȮŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶĮĶńĭĮĶŋĚœĺƟŏıŊŗŀŏĮƦĬ
ĮĶŃőĵĝĬƢĽŜŅľĶńĭĚŅĬĺŇěńĵŀŊŗĬĪňŗŏĔňŗĵĺĕƟŀĚĨƞŀœĮ 



 
 

 

21 

ĭĪĪňŗȮ2 
įĸĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

 ĚŅĬĺŇěńĵŏĶŊŗŀĚĔŅĶĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅėŋĦĳŅıįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬőħĵĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬŏĝŇĚėŋĦĳŅıȮŏıŊŗŀĻŉĔļŅŐĸŃıńĥĬŅėŋĦĳŅıĕŀĚ
įĸŇĨĳńĦĤƢħƟŅĬėƞŅėĺŅĴŐĕŖĚŐĸŃĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬŒľƟĽŅĴŅĶĩ
ĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĔĸŋƞĴŏĮƚŅľĴŅĵȮŒĬĭĪĪňŗȮ1ȮįŌƟĺŇěńĵœħƟĪŜŅĔŅĶĻŉĔļŅŐĸŃĪħĸŀĚįĸŇĨ
įĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭĔŅĶįĸŇĨœĽƟŐĭĭĨńĬĳŅĵŒĨƟŏĚŊŗŀĬœĕĨƟĬĪŋĬĔŅĶįĸŇĨĨŗŜŅĔĺƞŅȮ1,6.ȮĭŅĪ
ĨƞŀĔŇőĸĔĶńĴȮŐĸŃĬŜŅįĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇıŊŘĬģŅĬĪňŗĽŜŅėńĠĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ
ĽŜŅľĶńĭĔŅĶįĸŇĨœĽƟŐĭĭĨńĬĴŅĺŇŏėĶŅŃľƢįĸĔŅĶĪħĽŀĭȮŏıŊŗŀŏĸŊŀĔĽŌĨĶĪňŗħňĪňŗħňĪňŗĽŋħĬŜŅŏĽĬŀİƙŅĵĭĶŇľŅĶ
ĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮőħĵĴňĕƟŀĔŜŅľĬħħƟŅĬėŋĦĳŅıħńĚĬňŘ 

ĨŅĶŅĚĪňŗȮ/.ȮŐĽħĚĕƟŀĔŜŅľĬħĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ
ĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 

ėƞŅĔŅĶĨĶĺěĽŀĭ 
ĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒě 

ľĬƞĺĵ 
1 2 3 4 5 

Bending Strength 50.0 55.0 60.0 65.0 70.0 kgf/cm0̂ 

Bend 250ǓC x 500 g 0.80 0.65 0.50 0.35 .,20 mm 

Sticky Point 93.0 96.5 100.0 103.5 107.0 ǓC 

3 Mesh Upper 8.0 7.0 6.0 5.0 4.0 % 

Thermal Expansion @ 4 min 1.4 1.2 1.0 0.8 0.6 % 

Gas Quantity @ 7 min 10.0 9.0 8.0 7.0 6.0 ml/g 

Sand Burn Severity 
Over 
Burn 

1 0 / . - 
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2,/ȮįĸĔŅĶĪħĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 
  2,/,/ȮėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚȮ&Bending Strength': ȮěŅĔĔŅĶĪħĸŀĚĪńŘĚľĴħȮ000Ȯ
 ĔŅĶĪħĸŀĚŀƟŅĚŀŇĚįĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨ
 œĽƟŐĭĭĨńĬŒĬĳŅėįĬĺĔȮĕȮıĭĺƞŅȮĴňȮ0/ȮĔŅĶĪħĸŀĚĪňŗėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚĴŅĔĔĺƞŅľĶŊŀ
 ŏĪƞŅĔńĭȮ 5.Ȯkgf/cm0̂ȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,0Ȯ 

 ĨŅĶŅĚĪňŗȮ//ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚįƞŅĬĕƟŀĔŜŅľĬħ  
 

 

 

Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa S.S.T 
Avg. 

Bending 
Strength 

35 201 2.00 20 80 80 20 9 130 79.84 

48 273 2.00 50 50 80 20 17 130 72.30 

56 308 2.00 40 60 80 20 9 130 75.06 

58 315 2.00 40 60 80 20 13 130 73.77 

60 325 2.00 40 60 80 20 17 130 81.40 

62 335 1.75 20 80 80 20 17 130 78.55 

70 378 1.75 20 80 80 20 13 130 74.89 

72 395 1.75 40 60 80 20 17 130 70.81 

77 32 2.00 50 50 80 20 13 135 71.81 

92 133 2.00 40 60 80 20 17 135 74.98 

94 146 1.75 20 80 80 20 13 135 72.86 

113 230 2.00 40 60 80 20 9 135 74.76 

114 234 2.00 20 80 80 20 9 135 85.15 

125 314 2.00 50 50 80 20 9 135 71.12 

131 333 2.00 50 50 80 20 17 135 75.82 

141 373 1.75 20 80 80 20 17 135 72.03 

149 6 2.00 40 60 80 20 17 140 77.15 

156 38 2.00 50 50 80 20 9 140 71.78 

178 134 1.75 20 80 80 20 17 140 74.90 

218 363 1.75 20 80 80 20 13 140 74.32 

221 397 2.00 40 60 80 20 13 140 72.42 
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 4.1.2 ėƞŅėĺŅĴőĔƞĚĚŀŏĴŊŗŀŀŋĦľĳŌĴŇĪħĽŀĭȮ03.ǓC ŐĸŃĨŋƟĴĪħĽŀĭĬŘŜŅľĬńĔȮ3..ȮĔĶńĴȮ

(Bend 03.ǓC x 500 g):ȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮĴňȮ/22ȮĔŅĶĪħĸŀĚĪňŗėƞŅŀĵŌƞŒĬĝƞĺĚĶŃľĺƞŅĚȮ
.,./ȮĩŉĚȮ.,0.ȮĴŇĸĸŇŏĴĨĶ ŐĨƞĔŅĶĪħĸŀĚĪňŗėŋĦĳŅıįƞŅĬŏĚŊŗŀĬœĕĔƞŀĬľĬƟŅŏľĸŊŀŏıňĵĚȮ/0ȮĔŅĶ
ĪħĸŀĚȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.3Ȯ&įĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪńŘĚȮ000ȮĔŅĶ
ĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĕ) 

 ĨŅĶŅĚĪňŗȮ/0ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňėƞŅėĺŅĴőĔƞĚĚŀįƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa S.S.T. 
Avg. 
Bend 

48 273 2.00 50 50 80 20 17 130 0.175 

58 315 2.00 40 60 80 20 13 130 0.175 

60 325 2.00 40 60 80 20 17 130 0.135 

62 335 1.75 20 80 80 20 17 130 0.180 

92 133 2.00 40 60 80 20 17 135 0.130 

94 146 1.75 20 80 80 20 13 135 0.130 

131 333 2.00 50 50 80 20 17 135 0.180 

141 373 1.75 20 80 80 20 17 135 0.155 

149 6 2.00 40 60 80 20 17 140 0.125 

178 134 1.75 20 80 80 20 17 140 0.140 

218 363 1.75 20 80 80 20 13 140 0.155 

221 397 2.00 40 60 80 20 13 140 0.115 

 
 2,/,1ȮŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮ&Sticky Point) : ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅœĴƞĴňĔŅĶ

ĪħĸŀĚĪňŗŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ/.5,.ȮǓC ȮěŉĚĴňĔŅĶıŇěŅĶĦŅ
ĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĶŃħńĭȮ1ȮıĭĺƞŅŐĸŃĴňȮ//ȮĔŅĶĪħĸŀĚĪňŗŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺ

ĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ/..,.ȮǓȮC ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.4Ȯ&įĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚ
įĸŇĨĳńĦĤƢĪńŘĚȮ000ȮĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĕ) 
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 ĨŅĶŅĚĪňŗȮ/1ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺįƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa 
S.S.
T. 

Avg. Mp 

48 273 2.00 50 50 80 20 17 130 /.0,4 

58 315 2.00 40 60 80 20 13 130 /.0,2 

60 325 2.00 40 60 80 20 17 130 /.1,6 

62 335 1.75 20 80 80 20 17 130 /.4,/ 

92 133 2.00 40 60 80 20 17 135 /.2,. 

94 146 1.75 20 80 80 20 13 135 /..,3 

131 333 2.00 50 50 80 20 17 135 /./,3 

141 373 1.75 20 80 80 20 17 135 /.0,6 

149 6 2.00 40 60 80 20 17 140 /.2,. 

178 134 1.75 20 80 80 20 17 140 /./,7 

221 397 2.00 40 60 80 20 13 140 /..,7 

 4.1.4 ėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭȮ&3 Mesh Upper):  ěŅĔĔŅĶĪħĸŀĚ
ıĭĺƞŅĴňȮ/ĔŅĶĪħĸŀĚĪňŗįƞŅĬĕƟŀĔŜŅľĬħĔƞŀĬľĬƟŅĴňėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭĬƟŀĵ
ĔĺƞŅľĶŊŀ ŏĪƞŅĔńĭȮ2.0 % ŐĸŃĴňȮ3ȮĔŅĶĪħĸŀĚĪňŗįƞŅĬĕƟŀĔŜŅľĬħĔƞŀĬľĬƟŅĴňėƞŅĔŅĶĔĶŃěŅĵĨńĺ
ĕŀĚĪĶŅĵŏĴŖħľĵŅĭĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ3.0 %ȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.5Ȯ&įĸĔŅĶĨĶĺěĽŀĭ
ėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪńŘĚȮ000ȮĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĕ) 

 ĨŅĶŅĚĪňŗȮ/2ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭįƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa S.S.T. 
Avg. 
3MU 

48 273 2.00 50 50 80 20 17 130 3.47 

58 315 2.00 40 60 80 20 13 130 4.61 

60 325 2.00 40 60 80 20 17 130 4.63 

92 133 2.00 40 60 80 20 17 135 4.25 

131 333 2.00 50 50 80 20 17 135 4.28 

221 397 2.00 40 60 80 20 13 140 4.75 
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  4.1.5 ĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ4ȮĬŅĪňȮ&Thermal Expansion):  ěŅĔ
 ĔŅĶĪħĸŀĚıĭĺƞŅœĴƞĴňĔŅĶĪħĸŀĚĪňŗĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĪňŗŏĺĸŅȮ4ȮĬŅĪňȮĬƟŀĵĔĺƞŅľĶŊŀ
 ŏĪƞŅĔńĭȮ0.6%ȮěŉĚĴňĔŅĶıŇěŅĶĦŅĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĶŃħńĭȮ1ȮıĭĺƞŅŐĸŃĴňȮ0ȮĔŅĶĪħĸŀĚ
 ĪňŗĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ4ȮĬŅĪňȮĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ/,.Ȯ% ŐĸŃıŇěŅĶĦŅĨƞŀĪňŗ
 ĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĶŃħńĭȮ0ȮıĭĺƞŅŐĸŃĴňȮ2ȮĔŅĶĪħĸŀĚĪňŗĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮ
 ŏĺĸŅȮ4Ȯ ĬŅĪňȮĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ/,0Ȯ%ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.6ȮȮ&įĸĔŅĶĨĶĺěĽŀĭėƞŅ
 ėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪńŘĚȮ000ȮĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĕ) 

 ĨŅĶŅĚĪňŗȮ/3ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ4ȮĬŅĪňįƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa 
S.S.
T. 

Avg. TE4 

48 273 2.00 50 50 80 20 17 130 /,//4 

58 315 2.00 40 60 80 20 13 130 .,724 

60 325 2.00 40 60 80 20 17 130 .,745 

92 133 2.00 40 60 80 20 17 135 /,.66 

131 333 2.00 50 50 80 20 17 135 /,.37 

221 397 2.00 40 60 80 20 13 140 /,/35 

 

  4.1.6 ĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪňȮ&Gas Quantity): ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅœĴƞĴňĔŅĶ
 ĪħĸŀĚĪňŗĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪň ĬƟŀĵĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ6.0 ml/gȮěŉĚĴňĔŅĶıŇěŅĶĦŅ
 ĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĶŃħńĭȮ2*Ȯ1*ȮŐĸŃȮ0ȮĨŅĴĸŜŅħńĭȮŐĸŃŏĸŊŀĔĴŅȮ1ȮĔŅĶĪħĸŀĚĪňŗĴň
 ĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪň ĨŗŜŅĪňŗĽŋħȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.7Ȯ&įĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇ
 ĕŀĚįĸŇĨĳńĦĤƢĪńŘĚȮ000ȮĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĕ) 

 ĨŅĶŅĚĪňŗȮ/4ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗĴňĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪňįƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Resin 
Content 

%Resin 
A 

%Resin 
B 

%Sand 
A 

%Sand 
B 

%Hexa S.S.T. 
Avg. 
Gas 

48 273 2.00 50 50 80 20 17 130 6.810 

58 315 2.00 40 60 80 20 13 130 7.928 

221 397 2.00 40 60 80 20 13 140 8.302 
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  4.1.7 œĴƞŏĔŇħĪĶŅĵœľĴƟĭĬĝŇŘĬĚŅĬľĸƞŀőĸľŃ ŒĬĕńŘĬĨŀĬĔŅĶĪħĽŀĭĪĶŅĵœľĴƟĭĬ
 ĝŇŘĬĚŅĬľĸƞŀőĸľŃȮįŌƟĺŇěńĵœħƟĪŜŅĔŅĶĪŜŅœĽƟŐĭĭĨńĬěŜŅĬĺĬĔŅĶĪħĸŀĚĸŃȮ0ȮĔƟŀĬȮŐĸŃĬŜŅĴŅŏĪĬŘŜŅ

 ŏľĸŖĔĝĬŇħŏľĸŖĔľĸƞŀŀĭŏľĬňĵĺȮ(FCD450) ŀŋĦľĳŌĴŇŒĬĔŅĶŏĪĽŌĚĔĺƞŅȮ/2..ȮǓȮCȮıĭĺƞŅėƞŅĔŅĶ
 ĮĶŃŏĴŇĬĔŅĶŏĔŇħŐĸŃėĺŅĴĶŋĬŐĶĚŒĬĔŅĶŏĔŇħĪĶŅĵœľĴƟĭĬįŇĺĝŇŘĬĚŅĬȮıĭĺƞŅœĴƞĴňĔŅĶĪħĸŀĚ
 ĪňŗœĴƞŏĔŇħĪĶŅĵœľĴƟȮįŌƟĺŇěńĵěŉĚœħƟĴňĔŅĶıŇěŅĶĦŅĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĶŃħńĭȮ2ȮıĭĺƞŅĴňŏıňĵĚȮ/Ȯ
 ĔŅĶĪħĸŀĚŏĔŇħĪĶŅĵœľĴƟĭĬįŇĺĝŇŘĬĚŅĬŏıňĵĚŏĸŖĔĬƟŀĵȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,6Ȯ&įĸĔŅĶ
 ĮĶŃŏĴŇĬĔŅĶėĺŅĴĶŋĬŐĶĚĕŀĚĔŅĶŏĔŇħĪĶŅĵœľĴƟŐĽħĚŒĬĳŅėįĬĺĔȮė' 

  

 ĳŅıĪňŗȮ0.ȮŐĽħĚĺŇīňĔŅĶŏĪĬŘŜŅŏľĸŖĔĸĚŒĬŐĭĭľĸƞŀĪĶŅĵĪňŗĴňĝŇŘĬĚŅĬĪħĽŀĭŀĵŌƞħƟŅĬŒĬ 

   

 ȮȮȮȮĳŅıĪňŗȮ2,0ȮŐĽħĚĬŘŜŅŏľĸŖĔŒĬŐĭĭľĸƞŀĪĶŅĵȮȮȮĳŅıĪňŗȮ2,1ȮŐĽħĚĬŘŜŅŏľĸŖĔĪňŗŏĵŖĬĨńĺ 
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ĨŅĶŅĚĪňŗȮ/5ȮŐĽħĚĔŅĶĪħĸŀĚĪňŗœĴƞŏĔŇħĪĶŅĵœľĴƟĭĬĝŇŘĬĚŅĬľĸƞŀőĸľŃ įƞŅĬĕƟŀĔŜŅľĬħ 
Run 
no. 

Expt 
no. 

Photo of Casting 
Severity 
Point 

48 273 

 
ĳŅıĪňŗȮ0/ȮŐĽħĚįŇĺĝŇŘĬĚŅĬľĸƞŀĕŀĚĔŅĶĪħĸŀĚȮ051 

2 
: 

ŏĔŇħĪĶŅĵ
œľĴƟĪňŗįŇĺ
ĮŅĬ
ĔĸŅĚ 

58 315 

 
ĳŅıĪňŗȮ22ȮŐĽħĚįŇĺĝŇŘĬĚŅĬľĸƞŀĕŀĚĔŅĶĪħĸŀĚȮ1/3 

1 
: 

ŏĔŇħĪĶŅĵ
œľĴƟĪňŗįŇĺ
ŏıňĵĚ
ŏĸŖĔĬƟŀĵ 

221 397 

 
ĳŅıĪňŗȮ01ȮŐĽħĚįŇĺĝŇŘĬĚŅĬľĸƞŀĕŀĚĔŅĶĪħĸŀĚȮ175 

2 
: 

ŏĔŇħĪĶŅĵ
œľĴƟĪňŗįŇĺ
ĮŅĬ
ĔĸŅĚ 

 
2,0ȮįĸėŃŐĬĬĨŅĴĕƟŀĔŜŅľĬħĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶ
ĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 
 ěŅĔĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸıĭĺƞŅȮįĸėŃŐĬĬĨŅĴĕƟŀĔŜŅľĬħĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚėƞŅėŋĦĽĴĭńĨŇ
ĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅĴňėƞŅĴŅĔĪňŗĽŋħȮŏĪƞŅĔńĭȮ3Ȯ)Ȯ3Ȯ
)Ȯ1Ȯ)Ȯ3Ȯ)Ȯ0Ȯ)Ȯ2Ȯ)Ȯ1 = 27 / 35ȮȮėŇħŏĮƦĬȮ55,/2Ȯ% ĕŀĚėĺŅĴıŉĚıŀŒěĨŅĴĕƟŀĔŜŅľĬħȮėŊŀȮĔŅĶ
ĪħĸŀĚŏĸĕĪňŗȮ051ȮŐĸŃĨƟĬĪŋĬĴňĨƟĬĪŋĬŏĪƞŅĔńĭȮ1,5.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴȮĶŅĵĸŃŏŀňĵħŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,7Ȯ
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ŐĸŃįĸĔŅĶĮĶŃŏĴŇĬėŃŐĬĬĨŅĴĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĕŀĚėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĪńŘĚȮ000ȮĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅėįĬĺĔȮĚ 

ĨŅĶŅĚĪňŗȮ/6ȮŐĽħĚĽĶŋĮįĸĔŅĶĪħĸŀĚȮ1ȮĔŅĶĪħĸŀĚĪňŗįƞŅĬĕƟŀĔŜŅľĬħĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

Run 
no. 

Expt 
no. 

ėŃŐĬĬĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒě 

ė
Ń
Ő
Ĭ
Ĭ
Ķ
ĺ
Ĵ

 

Ĩ
Ɵ
Ĭ
Ī
ŋ
Ĭ
Ķ
ĺ
Ĵ
Ȯ

&
ĭ
Ņ
Ī
-

Ĕ
Ň
ő
ĸ
Ĕ
Ķ
ń
Ĵ
'

 

ŏ
Į
ŀ
Ķ
Ƣ
ŏ
Ğ
Ŗ
Ĭ
Ĩ
Ƣ
į
ƞ
Ņ
Ĭ

ĕ
Ɵ
ŀ
Ĕ
Ŝ
Ņ
ľ
Ĭ
ħ

 

B
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in
g

 
S
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e

n
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th 

B
e

n
d 

S
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o
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t
 

3
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e
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U

p
p

e
r 

T
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e
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a

l 
E
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a

n
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o
n

 

G
a

s 
Q

u
a

n
tit

y 

S
a

n
d

 B
u

rn 

48 273 3 3 1 3 0 2 2 05 1,5. 55,/2 

36 315 3 3 1 2 1 1 2 27 1,5/ 55,/2 

221 397 3 3 1 2 0 0 1 02 1,5/ 46,35 

 

2,1ȮĽŌĨĶĔŅĶįĸŇĨŐĸŃėƞŅıŅĶŅĴŇŏĨŀĶƢĪňŗŏľĴŅŃĽĴĪňŗĽŋħěŅĔĔŅĶĪħĸŀĚ 
 ěŅĔĔŅĶĪħĸŀĚĪńŘĚľĴħȮ000ȮĔŅĶĪħĸŀĚıĭĺƞŅĴňȮ1ȮĔŅĶĪħĸŀĚĪňŗįƞŅĬĕƟŀĔŜŅľĬħėĺŅĴıŉĚ
ıŀŒěĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅĪňŗŏĮŀĶƢŏĞŖĬĨƢėĺŅĴıŉĚıŀŒěŏĪƞŅĔńĭȮ55,/2*Ȯ55,/2*ȮŐĸŃȮ46,35ȮŏĮŀĶƢŏĞŖĬĨƢȮȮ
ĨŅĴĸŜŅħńĭȮőħĵĽŅĴŅĶĩĽĶŋĮėƞŅĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŀŀĔŐĭĭĽŌĨĶĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭȮ
ŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬœħƟħńĚĬňŘ 

 2,1,/ȮŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮ(S.S.T.)ȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/1.ǓC 

 2,1,0ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚĪĶŅĵŏŀŐĸŃĪĶŅĵĭňĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ2ȮĨƞŀȮ/ 

Ȯ 2,1,1ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭňĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/ȮĨƞŀȮ/ 

 2,1,2ȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬȮ(Resin Content) ĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ0,.ȮŏĮŀĶƢŏĞŖĬĨƢ 

 2,1,3ȮĮĶŇĴŅĦŏŁĔĞŅĴňĬȮ&Hexamine Content)ȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/5,.ȮŏĮŀĶƢŏĞŖĬĨƢ 
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ĨŅĶŅĚĪňŗȮ/7ȮŐĽħĚėƞŅėŋĦĽĴĭńĨŇĕŀĚĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĪňŗįƞŅĬĕƟŀĔŜŅľĬħėĺŅĴıŉĚ
ıŀŒěĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅ 

Run 
no. 

Expt 
no. B
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Target ƑȮ5.,. ƐȮ.,0. ƑȮ/..,. ƐȮ3,. ƐȮ/,0 ƐȮ7,. - ƐȮ1,6. 
48 273 50,1. .,/53 /.0,4 1,25 /,//4 6.810 0.0 1,5. 

36 1/3 73.77 0.175 /.0,2 4.61 .,724 7.928 /,. 1,5/ 

221 397 50,30 .,//3 /..,7 2,53 /,/35 6,1.0 0,. 1,5/ 

 

2,2ȮįĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢĕŀĚĨńĺŐĮĶĬŜŅŏĕƟŅĪňŗĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ 
 ěŅĔįĸĔŅĶĨĶĺěĽŀĭėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬĪńŘĚȮ
000ȮĔŅĶĪħĸŀĚȮįŌƟĺŇěńĵœħƟĬŜŅėƞŅėŋĦĽĴĭńĨŇĴŅĺŇŏėĶŅŃľƢįĸĪŅĚĽĩŇĨŇȮŏıŊŗŀľŅĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅ
ėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ.,.3ȮĞŉŗĚĕńŘĬĨŀĬ
ĔŅĶĺŇŏėĶŅŃľƢĬňŘįŌƟĺŇěńĵœħƟŒĝƟőĮĶŐĔĶĴȮMicrosoft Excel 2013 ĴŅėŜŅĬĺĦŐĸŃĮĶŃŏĴŇĬįĸĪŅĚĽĩŇĨŇħƟĺĵ
ĲƤĚĔƢĝńĬȮData Analysis ıĭĺƞŅȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ
ĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬ ĴňĶŅĵĸŃŏŀňĵħħńĚĨƞŀœĮĬňŘȮ 

 2,2,/ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚȮ&Bending Strength'ȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ
 ȮȮȮȮȮ.,.3ȮėŊŀȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ*ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň*ȮŐĸŃĮĶŇĴŅĦ 
 ȮȮȮȮȮŏŁĔĞŅĴňĬ 

ĨŅĶŅĚĪňŗȮ0.ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚȮ&Bending Strength' 

  
Coefficients 

Standard 
Error 

t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept -2.6342 6.4426 -0.4089 0.6830 -15.3326 10.0641 -15.3326 10.0641 
Resin Content 42.7631 1.7899 23.8915 0.0000 39.2352 46.2910 39.2352 46.2910 
%Resin A -0.3831 0.0162 -23.6208 0.0000 -0.4151 -0.3512 -0.4151 -0.3512 
%Sand A 0.0121 0.0184 0.6542 0.5137 -0.0243 0.0484 -0.0243 0.0484 
%Hexamine 0.3742 0.0931 4.0190 0.0001 0.1907 0.5577 0.1907 0.5577 
S.S.T. -0.0096 0.0423 -0.2261 0.8214 -0.0929 0.0738 -0.0929 0.0738 
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 ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚŐĮĶįńĬĨĶĚĔńĭĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬŐĸŃĮĶŇĴŅĦŏŁĔ
ĞŅĴňĬȮŐĨƞŐĮĶįĔįńĬĔńĭŀńĨĶŅĽƞĺĬĕŀĚŏĶĞŇĬŏŀȮħńĚĬńŘĬȮľŅĔĨƟŀĚĔŅĶŒľƟėƞŅėĺŅĴĪĬŐĶĚħńħőėƟĚĽŌĚȮěŃĨƟŀĚ
ŒĝƟŀńĨĶŅĽƞĺĬŏĶĞŇĬŏŀĬƟŀĵĔĺƞŅŏĶĞŇĬĭň 

 2,2,0ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėĺŅĴőĔƞĚĚŀŏĴŊŗŀŀŋĦľĳŌĴŇĪħĽŀĭȮ03.ǓC ŐĸŃĨŋƟĴĪħĽŀĭ Ȯ ȮȮȮ

 ȮȮȮȮȮĬŘŜŅľĬńĔȮ3..ȮĔĶńĴȮ&Bend 03.ǓC x 3..Ȯg)ȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ.,.3ȮėŊŀȮĮĶŇĴŅĦĲƖĬŀ+
 ȮȮȮȮȮĸŇĔŏĶĞŇĬ*ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň*ȮŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬ 

ĨŅĶŅĚĪňŗȮ0/ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėĺŅĴőĔƞĚĚŀŏĴŊŗŀŀŋĦľĳŌĴŇĪħĽŀĭȮ03.ǓC ŐĸŃĨŋƟĴĪħĽŀĭ

ĬŘŜŅľĬńĔȮ3..ȮĔĶńĴȮ&Bend 03.ǓC x 3..Ȯg) 

  
Coefficients 

Standard 
Error 

t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 14.9779 3.6422 4.1123 0.0001 7.7991 22.1567 7.7991 22.1567 
Resin Content -5.5327 1.0119 -5.4677 0.0000 -7.5272 -3.5383 -7.5272 -3.5383 
%Resin A 0.0220 0.0092 2.4009 0.0172 0.0039 0.0401 0.0039 0.0401 
%Sand A 0.0071 0.0104 0.6789 0.4979 -0.0135 0.0276 -0.0135 0.0276 
%Hexamine -0.5183 0.0526 -9.8466 0.0000 -0.6220 -0.4145 -0.6220 -0.4145 
S.S.T. 0.0076 0.0239 0.3191 0.7500 -0.0395 0.0547 -0.0395 0.0547 

 ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅėĺŅĴőĔƞĚĚŀŐĮĶįńĬĨĶĚĔńĭŀńĨĶŅĽƞĺĬŏĶĞŇĬŏŀȮŐĨƞŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦĲƖ
ĬŀĸŇĔŏĶĞŇĬŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬȮĞŉŗĚĽŅĴŅĶĩĔĸƞŅĺœħƟĺƞŅȮėƞŅėĺŅĴőĔƞĚĚŀěŃŐĮĶįĔįńĬĔńĭėƞŅėĺŅĴĪĬ
ŐĶĚħńħőėƟĚ 

 2,2,1ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮ&Sticky Point) ȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ
 ȮȮȮȮȮ.,.3ȮėŊŀȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ*ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň*ȮŐĸŃĮĶŇĴŅĦŏŁĔȮ
 ȮȮȮȮȮĞŅĴňĬ 

ĨŅĶŅĚĪňŗȮ00ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮ&Sticky Point) 

  Coefficients 
Standard 

Error 
t Stat P-value 

Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 105.9413 3.3359 31.7581 0.0000 99.3663 112.5164 99.3663 112.5164 
Resin Content -4.7597 0.9268 -5.1357 0.0000 -6.5863 -2.9330 -6.5863 -2.9330 
%Resin A 0.0987 0.0084 11.7510 0.0000 0.0821 0.1153 0.0821 0.1153 
%Sand A -0.0107 0.0096 -1.1173 0.2651 -0.0295 0.0082 -0.0295 0.0082 
%Hexamine 0.5170 0.0482 10.7243 0.0000 0.4220 0.6120 0.4220 0.6120 
S.S.T. -0.0393 0.0219 -1.7962 0.0739 -0.0825 0.0038 -0.0825 0.0038 

 ěŅĔĨŅĶŅĚıĭĺƞŅȮŀŋĦľĳŌĴŇĨŗŜŅĽŋħĪňŗĪĶŅĵŏĞĨĨńĺȮŐĮĶįńĬĨĶĚĔńĭŀńĨĶŅĽƞĺĬĕŀĚŏĶĞŇĬŏŀŐĸŃ
ĮĶŇĴŅĦŏŁĔĞŅĴňĬȮŐĨƞŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ 



 53 
 

  

 2,2,2ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭȮ&3 Mesh Upper) ȮĪňŗĶŃħńĭ
 ȮȮȮȮȮĬńĵĽŜŅėńĠȮ.,.3ȮėŊŀȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭňȮŐĸŃŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬ
 ȮȮȮȮȮŏĶŇŗĴĪŜŅĔŅĶįĸŇĨ Ȯ 

ĨŅĶŅĚĪňŗȮ01ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭȮ&3 Mesh Upper) 

  
Coefficients 

Standard 
Error 

t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 5.2915 0.5955 8.8860 0.0000 4.1178 6.4652 4.1178 6.4652 
Resin Content 0.1100 0.1654 0.6648 0.5069 -0.2161 0.4361 -0.2161 0.4361 
%Resin A -0.0521 0.0015 -34.7675 0.0000 -0.0551 -0.0492 -0.0551 -0.0492 
%Sand A -0.0019 0.0017 -1.1019 0.2717 -0.0052 0.0015 -0.0052 0.0015 
%Hexamine 0.0004 0.0086 0.0472 0.9624 -0.0166 0.0174 -0.0166 0.0174 
S.S.T. 0.0110 0.0039 2.8246 0.0052 0.0033 0.0187 0.0033 0.0187 

 ěŅĔĨŅĶŅĚıĭĺƞŅȮėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĪĶŅĵŏĴŖħľĵŅĭŐĮĶįńĬĨĶĚĔńĭŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬ
ŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮŐĨƞŐĮĶįĔįńĬĔńĭŀńĨĶŅĽƞĺĬĕŀĚŏĶĞŇĬŏŀ 

 

 2,2,3ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ4ȮĬŅĪňȮ&Thermal            
      Expansion)ȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ.,.3ȮėŊŀȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ, ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬ
 ȮȮȮȮȮŏŀŐĸŃŏĶĞŇĬĭň, ŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬ 

ĨŅĶŅĚĪňŗȮ02ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ2ȮĬŅĪňȮ&Thermal 
Expansion) 

  
Coefficients 

Standard 
Error 

t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 1.7528 0.1463 11.9789 0.0000 1.4644 2.0412 1.4644 2.0412 
Resin Content -0.3502 0.0407 -8.6154 0.0000 -0.4303 -0.2701 -0.4303 -0.2701 
%Resin A -0.0038 0.0004 -10.4074 0.0000 -0.0046 -0.0031 -0.0046 -0.0031 
%Sand A 0.0000 0.0004 -0.0056 0.9955 -0.0008 0.0008 -0.0008 0.0008 
%Hexamine -0.0074 0.0021 -3.5120 0.0005 -0.0116 -0.0033 -0.0116 -0.0033 
S.S.T. 0.0019 0.0010 1.9608 0.0512 0.0000 0.0038 0.0000 0.0038 

 ěŅĔĨŅĶŅĚıĭĺƞŅȮĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮĦȮŏĺĸŅȮ2ȮĬŅĪňŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦĲƖĬŀĸŇĔȮȮ
ŏĶĞŇĬ, ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň, ŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬ 
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 2,2,4ȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪňȮ&Gas Quantity)ȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ
 ȮȮȮȮȮ.,.3ȮėŊŀȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ, ĮĶŇĴŅĦŏŁĔĞŅĴňĬ*ȮŐĸŃŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅ 

ĨŅĶŅĚĪňŗȮ03ȮŐĽħĚĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪňȮ&Gas Quantity) 

  Coefficients 
Standard 

Error t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

Intercept 0.6368 0.6205 1.0262 0.3059 -0.5863 1.8598 -0.5863 1.8598 
Resin Content 2.5477 0.1724 14.7790 0.0000 2.2080 2.8875 2.2080 2.8875 
%Resin A -0.0013 0.0016 -0.8376 0.4032 -0.0044 0.0018 -0.0044 0.0018 
%Sand A -0.0008 0.0018 -0.4588 0.6469 -0.0043 0.0027 -0.0043 0.0027 
%Hexamine 0.0314 0.0090 3.4998 0.0006 0.0137 0.0491 0.0137 0.0491 
S.S.T. 0.0178 0.0041 4.3648 0.0000 0.0097 0.0258 0.0097 0.0258 

 ěŅĔĨŅĶŅĚıĭĺƞŅȮĮĶŇĴŅĦŐĔƠĽȮĦȮŏĺĸŅȮ7ȮĬŅĪňȮŐĮĶįńĬĨĶĚĔńĭĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬ, ĮĶŇĴŅĦ
ŏŁĔĞŅĴňĬ, ŐĸŃŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮĞŉŗĚĔĸƞŅĺœħƟĺƞŅŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶ
įĸŇĨĪňŗĽŌĚŀŅěěŃĽƞĚįĸŒľƟĲƖĬŀĸŇĔŏĶĞŇĬĽŅĴŅĶĩĸŃĸŅĵŐĸŃŏėĸŊŀĭŏĴŖħĪĶŅĵœħƟħňȮĪŜŅŒľƟŏĔŇħĔŅĶįĸŇĨŐĔƠĽ
ĴŅĔĕŉŘĬĕĦŃĪňŗœĽƟŐĭĭĽńĴįńĽĔńĭĬŘŜŅőĸľŃľĸŀĴŏľĸĺ 
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ĭĪĪňŗȮ3 
ĽĶŋĮįĸĔŅĶĺŇěńĵŐĸŃĕƟŀŏĽĬŀŐĬŃ 

3,/ȮĽĶŋĮįĸĔŅĶĺŇěńĵ 
 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵĬňŘȮėŊŀȮĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŐĸŃĮĶńĭĮĶŋĚėŋĦĳŅıįĸŇĨĳńĦĤƢĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮőħĵįŌƟĺŇěńĵœħƟĪŜŅĔŅĬĻŉĔļŅȮĔŅĶŀŀĔŐĭĭȮĔĶŃĭĺĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢȮ
ĔĶŃĭĺĬĔŅĶĨĶĺěĽŀĭįĸŇĨĳńĦĤƢȮĽŜŅĶĺěŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸĪŅĚħƟŅĬŏĪėĬŇėĪňŗĽƞĚįĸĨƞŀėƞŅėĺŅĴĪĬŐĶĚ
ħńħőėƟĚľĶŊŀėƞŅėĺŅĴŐĕŖĚȮėƞŅĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮŐĸŃėƞŅėŋĦĽĴĭńĨŇıŊŘĬģŅĬĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮŏıŊŗŀľŅĽŌĨĶŐĸŃėƞŅėĺĭėŋĴĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĪŜŅŒľƟėŋĦĳŅıĕŀĚ
įĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĽŅĴŅĶĩĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅĳŅĵŒĨƟ
ĕƟŀěŜŅĔńħĕŀĚĨƟĬĪŋĬĪňŗĨŗŜŅĺƞŅȮ1,6.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴœħƟȮ 

 įŌƟĺŇěńĵěŉĚĴňėĺŅĴĽĬŒěŒĬĔŅĶĻŉĔļŅĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚŐĸŃŀŅěĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇıŊŘĬģŅĬĪňŗ
ĽŜŅėńĠĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĬňŘȮőħĵĬŜŅŏĪėĬŇėĔŅĶĔĶŃěŅĵľĬƟŅĪňŗŏĝŇĚ
ėŋĦĳŅıŏĕƟŅĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶėńħĔĶŀĚĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚĪňŗĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇıŊŘĬģŅĬĪňŗĽŜŅėńĠĕŀĚ
įĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮĞŉŗĚĮƤěěńĵĪňŗėŅħĺƞŅěŃĽƞĚįĸĨƞŀėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢ
œħƟĴŅěŅĔĔŅĶĶŃħĴėĺŅĴėŇħěŅĔįŌƟŏĝňŗĵĺĝŅĠħƟŅĬĔĶŃĭĺĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĕŀĚ
őĶĚĚŅĬĔĶĦňĻŉĔļŅȮıĭĺƞŅȮĮƤěěńĵĪňŗŀŅěŃĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĴŅĔ
ĪňŗĽŋħőħĵıŇěŅĶĦŅěŅĔėƞŅėŃŐĬĬėĺŅĴĽŜŅėńĠȮ&Importance Rating: IMP) ĴňĪńŘĚľĴħȮ3ȮĮƤěěńĵȮœħƟŐĔƞȮ
ŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮ&S.S.T.), ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚĪĶŅĵŏŀŐĸŃĪĶŅĵĭň, ĮĶŇĴŅĦĲƖĬŀ
ĸŇĔŏĶĞŇĬȮ&Resin Content), ŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭň, ŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬȮ&Hexamine 
Content) 

 ŏĴŊŗŀœħƟĮƤěěńĵĪňŗŀŅěĽƞĚįĸĨƞŀėƞŅėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ
ŐĸƟĺȮįŌƟĺŇěńĵœħƟĬŜŅĮƤěěńĵĪńŘĚȮ3ȮĮƤěěńĵĬňŘĴŅŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭȮGeneral Full Factorial ħƟĺĵ
őĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮȮıĭĺƞŅĴňěŜŅĬĺĬĔŅĶĪħĸŀĚĪńŘĚľĴħȮ2.3ȮĔŅĶĪħĸŀĚȮŐĨƞĴňŏıňĵĚȮ000ȮĔŅĶĪħĸŀĚĪňŗ
ĴňĨƟĬĪŋĬŒĬĔŅĶįĸŇĨįƞŅĬĕƟŀĔŜŅľĬħĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮŐĸŃœħƟĬŜŅĔŅĶĪħĸŀĚĪňŗœħƟěŅĔĔŅĶŀŀĔŐĭĭ
ħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮĴŅĪħĸŀĚįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬħƟĺĵľĴƟŀįĽĴŏĸŖĔȮ
őħĵĔŅĶĪħĸŀĚĪňŗįƞŅĬĕƟŀĔŜŅľĬħėĺŅĴıŉĚıŀŒěĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅĴŅĔĪňŗĽŋħĪňŗȮ6.,.ȮŏĮŀĶƢŏĞŖĬĨƢȮ
ŐĸŃĴňĨƟĬĪŋĬŒĬĔŅĶįĸŇĨȮŏĪƞŅĔńĭȮ1,5.ȮĭŅĪĨƞŀĔŇőĸĔĶńĴĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 

 3,/,/ȮŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮ(S.S.T.)ȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/1.ǓC 

 3,/,0ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚĪĶŅĵŏŀŐĸŃĪĶŅĵĭňĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ2ȮĨƞŀȮ/ 
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Ȯ 3,/,1ȮŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭňĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/ȮĨƞŀȮ/ 

 3,/,2ȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬȮ(Resin Content) ĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ0,.ȮŏĮŀĶƢŏĞŖĬĨƢ 

 3,/,3ȮĮĶŇĴŅĦŏŁĔĞŅĴňĬȮ&Hexamine Content)ȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮŏĪƞŅĔńĭȮ/5,.ȮŏĮŀĶƢŏĞŖĬĨƢ 

 ŐĸŃěŅĔĔŅĶĬŜŅėƞŅėŋĦĽĴĭńĨŇĴŅĺŇŏėĶŅŃľƢįĸĪŅĚĽĩŇĨŇŏıŊŗŀľŅĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėŋĦĽĴĭńĨŇ
ĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ.,.3ȮĞŉŗĚĕńŘĬĨŀĬĔŅĶĺŇŏėĶŅŃľƢ
ĬňŘįŌƟĺŇěńĵœħƟŒĝƟőĮĶŐĔĶĴȮMicrosoft Excel 2013 ĴŅėŜŅĬĺĦŐĸŃĮĶŃŏĴŇĬįĸĪŅĚĽĩŇĨŇħƟĺĵĲƤĚĔƢĝńĬȮData 
Analysis ıĭĺƞŅȮĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀėƞŅėŋĦĽĴĭńĨŇľĸńĔĪňŗĽŜŅėńĠĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ
ĽŜŅľĶńĭįĸŇĨœĽƟŐĭĭĨńĬȮėŊŀȮŀŋĦľĳŌĴŇĕŀĚĪĶŅĵĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶįĸŇĨȮĮĶŇĴŅĦĲƖĬŀĸŇĔŏĶĞŇĬȮŀńĨĶŅĽƞĺĬ
ĶŃľĺƞŅĚŏĶĞŇĬŏŀŐĸŃŏĶĞŇĬĭňȮŐĸŃĮĶŇĴŅĦŏŁĔĞŅĴňĬ 

 
5.2 ĕƟŀŏĽĬŀŐĬŃ 
 5.2.1 ĚŅĬĺŇěńĵĬňŘĴňĕƟŀěŜŅĔńħŏĶŊŗŀĚĨƟĬĪŋĬŒĬĔŅĶįĸŇĨȮŀŅěĽƞĚįĸŒľƟįĸĔŅĶĪħĸŀĚĪňŗœħƟœĴƞœħƟŏĮƦĬėƞŅ
ėŋĦĽĴĭńĨŇĪňŗħňĪňŗĽŋħĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ ėĺĶĪŜŅĔŅĶĪħĸŀĚŒľƟėĶĭ
ĪńŘĚľĴħȮŏıŊŗŀľŅėƞŅėŋĦĽĴĭńĨŇĪňŗħňĪňŗĽŋħĽŜŅľĶńĭįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 

 3,0,0ȮŏıŊŗŀŒľƟėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬĴňėŋĦĳŅıĪňŗħňŐĸŃ
ĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĸŌĔėƟŅŒĬľĸŅĔľĸŅĵŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴľĸƞŀŀŃĸŌĴŇŏĬňĵĴȮėĺĶ
ĴňĔŅĶŏıŇŗĴĝĬŇħĕŀĚĪĶŅĵȮľĶŊŀȮĝĬŇħĕŀĚŏĶĞŇĬȮľĶŊŀȮīŅĨŋŏěŊŀŀŊŗĬŕŏĕƟŅœĮŒĬĔŅĶĪħĸŀĚ 

 3,0,1ȮėĺĶĬŜŅŐĬĺĪŅĚĕŀĚĚŅĬĺŇěńĵŏĸƞĴĬňŘœĮĮĶŃĵŋĔĨƢŒĝƟĔńĭĔĶŃĭĺĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĔĸĺĚȮŏıŊŗŀŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŐĕƞĚĕńĬĪŅĚĔŅĶĨĸŅħĽŜŅľĶńĭįĸŇĨĳńĦĤƢ
ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĔĸĺĚ 

 3,0,2ȮŏıŊŗŀĮĶńĭĮĶŋĚėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ
ŀŅěŒĝƟŐĬĺĪŅĚŀŊŗĬĪňŗŏľĴŅŃĽĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚȮŏĝƞĬȮMixture Experiment  
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ĳŅėįĬĺĔȮĔ 

ĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢĕŀĚĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚőħĵįŌƟŏĝňŗĵĺĝŅĠ 

ŐĸŃĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚħƟĺĵőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮ 
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ĳŅıĪňŗȮ02ȮŐĽħĚĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮ 

&Mr.Phisanu Chaipromkhiew' 
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ĳŅıĪňŗȮ03ȮŐĽħĚĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮ 
&Mr.Prasittichai Suksan' 
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ĳŅıĪňŗȮ26ȮŐĽħĚĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮ 
&Mr.Jatupon Thaoto' 
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ĳŅıĪňŗȮ05ȮŐĽħĚĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮ 
&Mr.Sarunkorn Tuntakij' 
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ĳŅıĪňŗȮ06ȮŐĽħĚĔŅĶĮĶŃŏĴŇĬėĺŅĴĽńĴıńĬīƢőħĵįŌƟŏĝňŗĵĺĝŅĠĕŀĚőĶĚĚŅĬĔĶĦňĻŉĔļŅȮ 

&Mr.Siwanon Yingdilokphankul' 
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ĔŅĶŒĝƟőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚ 

 ĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĭĭȮGeneral Full FactorialȮħƟĺĵőĮĶŐĔĶĴȮMinitab 17 

1. Double Click ĪňŗœŀėŀĬĕŀĚőĮĶŐĔĶĴħńĚĶŌĮȮŏıŊŗŀŏĶňĵĔŒĝƟĚŅĬőĮĶŐĔĶĴȮMinitab 17 

 

ĳŅıĪňŗȮ07ȮŐĽħĚœŀėŀĬőĮĶŐĔĶĴȮMinitab 17 
2. Click ĪňŗėŜŅĽńŗĚȮStat ŐĸŃŏĸŊŀĔȮDOE -> Factorial -> Create Factorial Design ħńĚĳŅıĪňŗȮĔ+4 

 

ĳŅıĪňŗȮ1.ȮŐĽħĚľĬƟŅŐĩĭŏĴĬŌĔŅĶĽĶƟŅĚĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚ 
3. ľĸńĚěŅĔĬńŘĬěŃĮĶŅĔĢľĬƟŅĨƞŅĚȮCreate Factorial Design őħĵĪňŗľńĺĕƟŀȮType of Design ŒľƟ

ŏĸŊŀĔŏĮƦĬȮGeneral Full Factorial Design ŐĸŃȮNumber of factors ŏĪƞŅĔńĭȮ3ȮħńĚĳŅıĪňŗĔ+6 

 

ĳŅıĪňŗȮ1/ȮŐĽħĚľĬƟŅĨƞŅĚȮCreate Factorial Design 
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4. Click ĪňŗėŜŅĽńŗĚȮDesign ľĸńĚěŅĔĬńŘĬěŃĮĶŅĔĢľĬƟŅĨƞŅĚȮCreate Factorial Design: Designs ŒĬ

ľĬƟŅĬňŘŒľƟĔŜŅľĬħĝŊŗŀŐĸŃĔŜŅľĬħĶŃħńĭĮƤěěńĵĕŀĚȮFactor ŐĨƞĸŃĨńĺȮŐĸŃŏĸŊŀĔȮNumber of 

ReplicatesȮŏĪƞŅĔńĭȮ/ȮħńĚĳŅıĪňŗȮĔ+7ȮŐĸƟĺȮClick OK 

 

ĳŅıĪňŗȮ10ȮŐĽħĚľĬƟŅĨƞŅĚȮCreate Factorial Design: Designs 
5. ľĸńĚěŅĔĔŜŅľĬħĝŊŗŀŐĸŃĶŃħńĭĮƤěěńĵŐĸƟĺŒľƟȮClick ĪňŗėŜŅĽńŗĚȮFactors ľĸńĚěŅĔĬńŘĬěŃĮĶŅĔĢ

ľĬƟŅĨƞŅĚȮCreate Factorial Design: FactorsȮŒĬľĬƟŅĬňŘŒľƟĶŃĭŋėƞŅĕŀĚȮFactor ŒĬŐĨƞĸŃĶŃħńĭȮ

ŐĸŃŏĸŊŀĔĝĬŇħĕŀĚĕƟŀĴŌĸŏĮƦĬȮNumerical ħńĚŐĽħĚŒĬĳŅıĪňŗȮĔ+/.ȮŐĸƟĺȮClick OK 

 

ĳŅıĪňŗȮ11ȮŐĽħĚľĬƟŅĨƞŅĚȮCreate Factorial Design: Factors 
 

 

 

 

 



 65 
 

  

 

6. őĮĶŐĔĶĴȮMinitab 17 ěŃĪŜŅĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸŐĭĭĽŋƞĴȮĞŉŗĚěŃĮĶŅĔĢįĸĔŅĶŀŀĔŐĭĭĔŅĶ

ĪħĸŀĚħńĚĳŅıĪňŗȮĔ+//ȮĴňěŜŅĬĺĬĔŅĶĪħĸŀĚĪńŘĚĽŇŘĬȮ2.3ȮĔŅĶĪħĸŀĚ 

 

ĳŅıĪňŗȮ12ȮŐĽħĚľĬƟŅĨƞŅĚȮProject Manager ŐĽħĚįĸĔŅĶĮĶŃĴĺĸįĸĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚ 
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ĳŅėįĬĺĔȮĕ 

ĔŅĶŏĔŖĭĕƟŀĴŌĸĔŅĶĪħĸŀĚ 
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ĨŅĶŅĚĪňŗȮ04ȮŐĽħĚĽŌĨĶŐĸŃėƞŅėĺĭėŋĴĔŅĶįĸŇĨĽŜŅľĶńĭĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ 

Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 
Sand 
A Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-
St 
Wt. 

Water 
Wt. 

1 1 1.50 80 50 130 9 8000 2000 120.0 30.0 45.0 15 118.5 

2 26 1.75 50 80 130 13 5000 5000 87.5 87.5 75.8 15 96.9 

3 28 1.50 80 80 130 9 8000 2000 120.0 30.0 45.0 15 118.5 

4 31 1.50 60 50 130 17 6000 4000 90.0 60.0 85.0 15 90.5 

5 39 1.50 20 50 130 17 2000 8000 30.0 120.0 85.0 15 90.5 

6 44 1.50 50 80 130 17 5000 5000 75.0 75.0 85.0 15 90.5 

7 46 1.50 20 80 130 13 2000 8000 30.0 120.0 65.0 15 104.5 

8 53 1.50 40 80 130 13 4000 6000 60.0 90.0 65.0 15 104.5 

9 56 1.75 40 50 130 13 4000 6000 70.0 105.0 75.8 15 96.9 

10 57 2.00 50 80 130 9 5000 5000 100.0 100.0 60.0 15 108.0 

11 67 1.50 80 20 130 17 8000 2000 120.0 30.0 85.0 15 90.5 

12 73 2.00 60 80 130 17 6000 4000 120.0 80.0 113.3 15 70.7 

13 76 1.50 20 80 130 17 2000 8000 30.0 120.0 85.0 15 90.5 

14 83 1.75 50 50 130 13 5000 5000 87.5 87.5 75.8 15 96.9 

15 86 1.75 60 50 130 9 6000 4000 105.0 70.0 52.5 15 113.3 

16 95 1.50 60 20 130 13 6000 4000 90.0 60.0 65.0 15 104.5 

17 97 1.50 20 50 130 13 2000 8000 30.0 120.0 65.0 15 104.5 

18 102 1.50 20 80 130 9 2000 8000 30.0 120.0 45.0 15 118.5 

19 105 1.75 50 50 130 17 5000 5000 87.5 87.5 99.2 15 80.6 

20 109 2.00 60 80 130 9 6000 4000 120.0 80.0 60.0 15 108.0 

21 110 1.75 80 50 130 9 8000 2000 140.0 35.0 52.5 15 113.3 

22 118 2.00 80 80 130 13 8000 2000 160.0 40.0 86.7 15 89.3 

23 129 1.50 80 80 130 13 8000 2000 120.0 30.0 65.0 15 104.5 

24 137 1.75 60 80 130 13 6000 4000 105.0 70.0 75.8 15 96.9 

25 159 1.50 50 80 130 13 5000 5000 75.0 75.0 65.0 15 104.5 

26 164 1.75 80 80 130 17 8000 2000 140.0 35.0 99.2 15 80.6 

27 165 2.00 60 80 130 13 6000 4000 120.0 80.0 86.7 15 89.3 

28 172 1.75 80 50 130 13 8000 2000 140.0 35.0 75.8 15 96.9 

29 176 1.75 40 80 130 13 4000 6000 70.0 105.0 75.8 15 96.9 

30 180 1.75 50 80 130 17 5000 5000 87.5 87.5 99.2 15 80.6 

31 181 1.75 50 50 130 9 5000 5000 87.5 87.5 52.5 15 113.3 

32 188 1.50 80 80 130 17 8000 2000 120.0 30.0 85.0 15 90.5 

33 190 1.50 60 50 130 13 6000 4000 90.0 60.0 65.0 15 104.5 

34 200 2.00 50 80 130 13 5000 5000 100.0 100.0 86.7 15 89.3 

35 201 2.00 20 80 130 9 2000 8000 40.0 160.0 60.0 15 108.0 

36 202 1.75 40 80 130 9 4000 6000 70.0 105.0 52.5 15 113.3 

37 227 1.75 80 80 130 13 8000 2000 140.0 35.0 75.8 15 96.9 

38 231 1.50 50 80 130 9 5000 5000 75.0 75.0 45.0 15 118.5 

39 233 1.75 60 50 130 13 6000 4000 105.0 70.0 75.8 15 96.9 

40 237 1.50 20 50 130 9 2000 8000 30.0 120.0 45.0 15 118.5 
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Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 
Sand 
A Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-
St 
Wt. 

Water 
Wt. 

41 247 1.50 50 50 130 13 5000 5000 75.0 75.0 65.0 15 104.5 

42 252 1.50 80 50 130 17 8000 2000 120.0 30.0 85.0 15 90.5 

43 253 1.50 40 80 130 17 4000 6000 60.0 90.0 85.0 15 90.5 

44 254 1.50 60 20 130 9 6000 4000 90.0 60.0 45.0 15 118.5 

45 258 1.50 60 80 130 13 6000 4000 90.0 60.0 65.0 15 104.5 

46 260 1.50 80 20 130 13 8000 2000 120.0 30.0 65.0 15 104.5 

47 270 1.75 20 80 130 9 2000 8000 35.0 140.0 52.5 15 113.3 

48 273 2.00 50 80 130 17 5000 5000 100.0 100.0 113.3 15 70.7 

49 278 1.50 40 80 130 9 4000 6000 60.0 90.0 45.0 15 118.5 

50 283 1.50 40 50 130 13 4000 6000 60.0 90.0 65.0 15 104.5 

51 290 1.75 60 80 130 9 6000 4000 105.0 70.0 52.5 15 113.3 

52 291 1.5 50 50 130 17 5000 5000 75.0 75.0 85.0 15 90.5 

53 301 1.75 40 50 130 9 4000 6000 70.0 105.0 52.5 15 113.3 

54 302 1.75 80 80 130 9 8000 2000 140.0 35.0 52.5 15 113.3 

55 307 1.5 80 50 130 13 8000 2000 120.0 30.0 65.0 15 104.5 

56 308 2 40 80 130 9 4000 6000 80.0 120.0 60.0 15 108.0 

57 310 1.5 60 50 130 9 6000 4000 90.0 60.0 45.0 15 118.5 

58 315 2 40 80 130 13 4000 6000 80.0 120.0 86.7 15 89.3 

59 317 1.5 40 50 130 17 4000 6000 60.0 90.0 85.0 15 90.5 

60 325 2 40 80 130 17 4000 6000 80.0 120.0 113.3 15 70.7 

61 329 1.5 60 80 130 17 6000 4000 90.0 60.0 85.0 15 90.5 

62 335 1.75 20 80 130 17 2000 8000 35.0 140.0 99.2 15 80.6 

63 347 1.75 60 50 130 17 6000 4000 105.0 70.0 99.2 15 80.6 

64 349 1.5 60 80 130 9 6000 4000 90.0 60.0 45.0 15 118.5 

65 351 2 80 80 130 17 8000 2000 160.0 40.0 113.3 15 70.7 

66 360 1.5 80 20 130 9 8000 2000 120.0 30.0 45.0 15 118.5 

67 364 1.75 50 80 130 9 5000 5000 87.5 87.5 52.5 15 113.3 

68 367 1.75 80 50 130 17 8000 2000 140.0 35.0 99.2 15 80.6 

69 368 2 80 80 130 9 8000 2000 160.0 40.0 60.0 15 108.0 

70 378 1.75 20 80 130 13 2000 8000 35.0 140.0 75.8 15 96.9 

71 383 1.5 50 50 130 9 5000 5000 75.0 75.0 45.0 15 118.5 

72 395 1.75 40 80 130 17 4000 6000 70.0 105.0 99.2 15 80.6 

73 396 1.5 40 50 130 9 4000 6000 60.0 90.0 45.0 15 118.5 

74 399 1.75 60 80 130 17 6000 4000 105.0 70.0 99.2 15 80.6 

75 17 1.50 40 50 135 17 4000 6000 60.0 90.0 85.0 15 90.5 

76 21 1.50 80 80 135 13 8000 2000 120.0 30.0 65.0 15 104.5 

77 32 2.00 50 80 135 13 5000 5000 100.0 100.0 86.7 15 89.3 

78 50 2.00 80 80 135 17 8000 2000 160.0 40.0 113.3 15 70.7 

79 51 1.75 60 80 135 13 6000 4000 105.0 70.0 75.8 15 96.9 

80 58 1.75 50 50 135 17 5000 5000 87.5 87.5 99.2 15 80.6 
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ĨŅĶŅĚĪňŗȮĕ+/ȮŐĽħĚĽŌĨĶŐĸŃėƞŅėĺĭėŋĴĔŅĶįĸŇĨĽŜŅľĶńĭĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬ (Ĩƞŀ) 

Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 
Sand 
A Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-
St 
Wt. 

Water 
Wt. 

81 61 2.00 80 80 135 9 8000 2000 160.0 40.0 60.0 15 108.0 

82 77 1.75 60 50 135 13 6000 4000 105.0 70.0 75.8 15 96.9 

83 80 1.50 80 50 135 13 8000 2000 120.0 30.0 65.0 15 104.5 

84 82 1.50 50 50 135 13 5000 5000 75.0 75.0 65.0 15 104.5 

85 88 1.50 40 50 135 13 4000 6000 60.0 90.0 65.0 15 104.5 

86 96 1.50 40 80 135 17 4000 6000 60.0 90.0 85.0 15 90.5 

87 98 1.50 80 20 135 13 8000 2000 120.0 30.0 65.0 15 104.5 

88 100 1.75 80 50 135 17 8000 2000 140.0 35.0 99.2 15 80.6 

89 115 1.50 80 50 135 17 8000 2000 120.0 30.0 85.0 15 90.5 

90 123 1.75 50 80 135 13 5000 5000 87.5 87.5 75.8 15 96.9 

91 124 1.75 80 50 135 13 8000 2000 140.0 35.0 75.8 15 96.9 

92 133 2.00 40 80 135 17 4000 6000 80.0 120.0 113.3 15 70.7 

93 140 2.00 60 80 135 17 6000 4000 120.0 80.0 113.3 15 70.7 

94 146 1.75 20 80 135 13 2000 8000 35.0 140.0 75.8 15 96.9 

95 157 1.50 80 80 135 9 8000 2000 120.0 30.0 45.0 15 118.5 

96 161 1.50 50 50 135 17 5000 5000 75.0 75.0 85.0 15 90.5 

97 163 1.50 50 50 135 9 5000 5000 75.0 75.0 45.0 15 118.5 

98 166 1.50 60 80 135 13 6000 4000 90.0 60.0 65.0 15 104.5 

99 169 1.75 80 50 135 9 8000 2000 140.0 35.0 52.5 15 113.3 

100 177 1.50 60 20 135 13 6000 4000 90.0 60.0 65.0 15 104.5 

101 182 1.50 60 50 135 13 6000 4000 90.0 60.0 65.0 15 104.5 

102 186 1.50 50 80 135 13 5000 5000 75.0 75.0 65.0 15 104.5 

103 187 1.75 40 80 135 9 4000 6000 70.0 105.0 52.5 15 113.3 

104 189 1.50 20 80 135 9 2000 8000 30.0 120.0 45.0 15 118.5 

105 192 1.50 40 80 135 13 4000 6000 60.0 90.0 65.0 15 104.5 

106 196 1.75 60 50 135 17 6000 4000 105.0 70.0 99.2 15 80.6 

107 197 1.50 20 80 135 17 2000 8000 30.0 120.0 85.0 15 90.5 

108 199 1.50 20 80 135 13 2000 8000 30.0 120.0 65.0 15 104.5 

109 209 1.75 80 80 135 17 8000 2000 140.0 35.0 99.2 15 80.6 

110 210 1.50 80 20 135 17 8000 2000 120.0 30.0 85.0 15 90.5 

111 226 1.50 40 80 135 9 4000 6000 60.0 90.0 45.0 15 118.5 

112 228 1.50 60 80 135 9 6000 4000 90.0 60.0 45.0 15 118.5 

113 230 2.00 40 80 135 9 4000 6000 80.0 120.0 60.0 15 108.0 

114 234 2.00 20 80 135 9 2000 8000 40.0 160.0 60.0 15 108.0 

115 235 1.50 60 20 135 9 6000 4000 90.0 60.0 45.0 15 118.5 

116 250 1.75 40 50 135 9 4000 6000 70.0 105.0 52.5 15 113.3 

117 256 1.75 50 50 135 13 5000 5000 87.5 87.5 75.8 15 96.9 

118 263 1.75 60 80 135 9 6000 4000 105.0 70.0 52.5 15 113.3 

119 297 1.75 50 80 135 17 5000 5000 87.5 87.5 99.2 15 80.6 

120 300 1.75 40 80 135 17 4000 6000 70.0 105.0 99.2 15 80.6 
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Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 
Sand 
A Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-
St 
Wt. 

Water 
Wt. 

121 304 1.5 80 50 135 9 8000 2000 120.0 30.0 45.0 15 118.5 

122 305 1.5 80 80 135 17 8000 2000 120.0 30.0 85.0 15 90.5 

123 309 2 80 80 135 13 8000 2000 160.0 40.0 86.7 15 89.3 

124 312 2 40 80 135 13 4000 6000 80.0 120.0 86.7 15 89.3 

125 314 2 50 80 135 9 5000 5000 100.0 100.0 60.0 15 108.0 

126 322 1.5 20 50 135 13 2000 8000 30.0 120.0 65.0 15 104.5 

127 324 1.75 50 80 135 9 5000 5000 87.5 87.5 52.5 15 113.3 

128 326 1.75 80 80 135 13 8000 2000 140.0 35.0 75.8 15 96.9 

129 328 1.75 60 80 135 17 6000 4000 105.0 70.0 99.2 15 80.6 

130 331 1.75 40 50 135 13 4000 6000 70.0 105.0 75.8 15 96.9 

131 333 2 50 80 135 17 5000 5000 100.0 100.0 113.3 15 70.7 

132 338 1.75 60 50 135 9 6000 4000 105.0 70.0 52.5 15 113.3 

133 353 1.5 60 80 135 17 6000 4000 90.0 60.0 85.0 15 90.5 

134 355 1.5 50 80 135 17 5000 5000 75.0 75.0 85.0 15 90.5 

135 358 1.5 80 20 135 9 8000 2000 120.0 30.0 45.0 15 118.5 

136 365 1.5 50 80 135 9 5000 5000 75.0 75.0 45.0 15 118.5 

137 366 1.5 60 50 135 17 6000 4000 90.0 60.0 85.0 15 90.5 

138 370 1.5 60 50 135 9 6000 4000 90.0 60.0 45.0 15 118.5 

139 371 1.5 40 50 135 9 4000 6000 60.0 90.0 45.0 15 118.5 

140 372 1.75 40 80 135 13 4000 6000 70.0 105.0 75.8 15 96.9 

141 373 1.75 20 80 135 17 2000 8000 35.0 140.0 99.2 15 80.6 

142 379 1.75 50 50 135 9 5000 5000 87.5 87.5 52.5 15 113.3 

143 381 1.75 80 80 135 9 8000 2000 140.0 35.0 52.5 15 113.3 

144 382 1.75 20 80 135 9 2000 8000 35.0 140.0 52.5 15 113.3 

145 391 2 60 80 135 13 6000 4000 120.0 80.0 86.7 15 89.3 

146 392 2 60 80 135 9 6000 4000 120.0 80.0 60.0 15 108.0 

147 398 1.5 20 50 135 9 2000 8000 30.0 120.0 45.0 15 118.5 

148 405 1.5 20 50 135 17 2000 8000 30.0 120.0 85.0 15 90.5 

149 6 2.00 40 80 140 17 4000 6000 80.0 120.0 113.3 15 70.7 

150 9 1.50 80 80 140 9 8000 2000 120.0 30.0 45.0 15 118.5 

151 19 1.75 60 50 140 13 6000 4000 105.0 70.0 75.8 15 96.9 

152 20 2.00 60 80 140 17 6000 4000 120.0 80.0 113.3 15 70.7 

153 27 1.50 60 50 140 9 6000 4000 90.0 60.0 45.0 15 118.5 

154 29 1.50 40 80 140 17 4000 6000 60.0 90.0 85.0 15 90.5 

155 35 2.00 60 80 140 9 6000 4000 120.0 80.0 60.0 15 108.0 

156 38 2.00 50 80 140 9 5000 5000 100.0 100.0 60.0 15 108.0 

157 45 1.50 80 50 140 13 8000 2000 120.0 30.0 65.0 15 104.5 

158 48 1.50 80 80 140 13 8000 2000 120.0 30.0 65.0 15 104.5 

159 54 1.50 20 80 140 17 2000 8000 30.0 120.0 85.0 15 90.5 

160 55 1.75 60 80 140 9 6000 4000 105.0 70.0 52.5 15 113.3 
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Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 
Sand 
A Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-St 
Wt. 

Water 
Wt. 

161 59 1.50 60 80 140 9 6000 4000 90.0 60.0 45.0 15 118.5 

162 63 1.75 60 80 140 17 6000 4000 105.0 70.0 99.2 15 80.6 

163 69 1.75 60 50 140 9 6000 4000 105.0 70.0 52.5 15 113.3 

164 70 1.75 80 80 140 17 8000 2000 140.0 35.0 99.2 15 80.6 

165 71 1.50 60 20 140 9 6000 4000 90.0 60.0 45.0 15 118.5 

166 74 1.50 40 50 140 13 4000 6000 60.0 90.0 65.0 15 104.5 

167 75 2.00 60 80 140 13 6000 4000 120.0 80.0 86.7 15 89.3 

168 85 1.50 50 50 140 17 5000 5000 75.0 75.0 85.0 15 90.5 

169 91 1.75 40 80 140 9 4000 6000 70.0 105.0 52.5 15 113.3 

170 93 1.50 40 80 140 9 4000 6000 60.0 90.0 45.0 15 118.5 

171 94 1.50 50 80 140 13 5000 5000 75.0 75.0 65.0 15 104.5 

172 99 1.50 80 20 140 9 8000 2000 120.0 30.0 45.0 15 118.5 

173 106 1.75 40 50 140 9 4000 6000 70.0 105.0 52.5 15 113.3 

174 117 1.75 50 80 140 9 5000 5000 87.5 87.5 52.5 15 113.3 

175 120 1.50 50 80 140 17 5000 5000 75.0 75.0 85.0 15 90.5 

176 121 1.50 80 20 140 17 8000 2000 120.0 30.0 85.0 15 90.5 

177 126 1.50 20 50 140 13 2000 8000 30.0 120.0 65.0 15 104.5 

178 134 1.75 20 80 140 17 2000 8000 35.0 140.0 99.2 15 80.6 

179 135 1.50 60 80 140 17 6000 4000 90.0 60.0 85.0 15 90.5 

180 136 1.75 80 50 140 9 8000 2000 140.0 35.0 52.5 15 113.3 

181 144 1.50 50 50 140 9 5000 5000 75.0 75.0 45.0 15 118.5 

182 147 1.50 40 50 140 17 4000 6000 60.0 90.0 85.0 15 90.5 

183 151 1.50 60 20 140 13 6000 4000 90.0 60.0 65.0 15 104.5 

184 154 1.75 80 80 140 13 8000 2000 140.0 35.0 75.8 15 96.9 

185 155 1.50 60 50 140 13 6000 4000 90.0 60.0 65.0 15 104.5 

186 158 1.50 40 80 140 13 4000 6000 60.0 90.0 65.0 15 104.5 

187 173 1.50 80 20 140 13 8000 2000 120.0 30.0 65.0 15 104.5 

188 178 1.75 50 80 140 17 5000 5000 87.5 87.5 99.2 15 80.6 

189 204 1.50 50 50 140 13 5000 5000 75.0 75.0 65.0 15 104.5 

190 214 1.75 50 50 140 13 5000 5000 87.5 87.5 75.8 15 96.9 

191 217 1.50 20 80 140 9 2000 8000 30.0 120.0 45.0 15 118.5 

192 221 1.50 40 50 140 9 4000 6000 60.0 90.0 45.0 15 118.5 

193 229 1.75 80 50 140 13 8000 2000 140.0 35.0 75.8 15 96.9 

194 239 2.00 50 80 140 13 5000 5000 100.0 100.0 86.7 15 89.3 

195 245 1.75 50 50 140 9 5000 5000 87.5 87.5 52.5 15 113.3 

196 255 2.00 80 80 140 9 8000 2000 160.0 40.0 60.0 15 108.0 

197 264 1.75 60 80 140 13 6000 4000 105.0 70.0 75.8 15 96.9 

198 267 1.75 60 50 140 17 6000 4000 105.0 70.0 99.2 15 80.6 

199 268 2.00 80 80 140 17 8000 2000 160.0 40.0 113.3 15 70.7 

200 271 1.50 20 50 140 17 2000 8000 30.0 120.0 85.0 15 90.5 
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Run 
no. 

Expt 
no. 

Resin 
Content 

Resin 
Ratio 

Sand 
Ratio 

S.S.T. 
Hexa 

Content 

Sand 
A 

Wt. 

Sand 
B Wt. 

Resin 
A Wt. 

Resin 
B  

Wt. 

Hexa 
Sol.  
Wt. 

Ca-St 
Wt. 

Water 
Wt. 

201 276 2.00 50 80 140 17 5000 5000 100.0 100.0 113.3 15 70.7 

202 277 1.50 60 50 140 17 6000 4000 90.0 60.0 85.0 15 90.5 

203 284 1.50 80 50 140 17 8000 2000 120.0 30.0 85.0 15 90.5 

204 285 2.00 20 80 140 9 2000 8000 40.0 160.0 60.0 15 108.0 

205 286 2.00 40 80 140 9 4000 6000 80.0 120.0 60.0 15 108.0 

206 287 1.75 50 50 140 17 5000 5000 87.5 87.5 99.2 15 80.6 

207 295 1.75 80 50 140 17 8000 2000 140.0 35.0 99.2 15 80.6 

208 298 1.75 40 80 140 17 4000 6000 70.0 105.0 99.2 15 80.6 

209 311 2 80 80 140 13 8000 2000 160.0 40.0 86.7 15 89.3 

210 316 1.75 40 80 140 13 4000 6000 70.0 105.0 75.8 15 96.9 

211 318 1.5 60 80 140 13 6000 4000 90.0 60.0 65.0 15 104.5 

212 330 1.5 80 50 140 9 8000 2000 120.0 30.0 45.0 15 118.5 

213 340 1.5 50 80 140 9 5000 5000 75.0 75.0 45.0 15 118.5 

214 342 1.5 20 80 140 13 2000 8000 30.0 120.0 65.0 15 104.5 

215 354 1.75 20 80 140 9 2000 8000 35.0 140.0 52.5 15 113.3 

216 357 1.75 50 80 140 13 5000 5000 87.5 87.5 75.8 15 96.9 

217 361 1.5 80 80 140 17 8000 2000 120.0 30.0 85.0 15 90.5 

218 363 1.75 20 80 140 13 2000 8000 35.0 140.0 75.8 15 96.9 

219 380 1.5 20 50 140 9 2000 8000 30.0 120.0 45.0 15 118.5 

220 385 1.75 80 80 140 9 8000 2000 140.0 35.0 52.5 15 113.3 

221 397 2 40 80 140 13 4000 6000 80.0 120.0 86.7 15 89.3 

222 400 1.75 40 50 140 13 4000 6000 70.0 105.0 75.8 15 96.9 
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ĨŅĶŅĚĪňŗȮ05ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

1 1 7.80 13.00 8.90 2.92 0.56 0.73 0.0045 3.39 

2 26 12.48 5.20 6.49 8.50 0.94 0.73 0.0045 3.43 

3 28 12.48 5.20 8.90 2.92 0.56 0.73 0.0045 3.08 

4 31 7.80 13.00 6.67 5.83 1.05 0.73 0.0045 3.51 

5 39 7.80 13.00 2.22 11.66 1.05 0.73 0.0045 3.65 

6 44 12.48 5.20 5.56 7.29 1.05 0.73 0.0045 3.23 

7 46 12.48 5.20 2.22 11.66 0.80 0.73 0.0045 3.31 

8 53 12.48 5.20 4.45 8.75 0.80 0.73 0.0045 3.24 

9 56 7.80 13.00 5.19 10.20 0.94 0.73 0.0045 3.79 

10 57 12.48 5.20 7.42 9.72 0.74 0.73 0.0045 3.63 

11 67 3.12 20.80 8.90 2.92 1.05 0.73 0.0045 3.75 

12 73 12.48 5.20 8.90 7.77 1.40 0.73 0.0045 3.65 

13 76 12.48 5.20 2.22 11.66 1.05 0.73 0.0045 3.34 

14 83 7.80 13.00 6.49 8.50 0.94 0.73 0.0045 3.75 

15 86 7.80 13.00 7.79 6.80 0.65 0.73 0.0045 3.68 

16 95 3.12 20.80 6.67 5.83 0.80 0.73 0.0045 3.80 

17 97 7.80 13.00 2.22 11.66 0.80 0.73 0.0045 3.62 

18 102 12.48 5.20 2.22 11.66 0.56 0.73 0.0045 3.29 

19 105 7.80 13.00 6.49 8.50 1.23 0.73 0.0045 3.78 

20 109 12.48 5.20 8.90 7.77 0.74 0.73 0.0045 3.58 

21 110 7.80 13.00 10.38 3.40 0.65 0.73 0.0045 3.60 

22 118 12.48 5.20 11.86 3.89 1.07 0.73 0.0045 3.52 

23 129 12.48 5.20 8.90 2.92 0.80 0.73 0.0045 3.10 

24 137 12.48 5.20 7.79 6.80 0.94 0.73 0.0045 3.39 

25 159 12.48 5.20 5.56 7.29 0.80 0.73 0.0045 3.21 

26 164 12.48 5.20 10.38 3.40 1.23 0.73 0.0045 3.34 

27 165 12.48 5.20 8.90 7.77 1.07 0.73 0.0045 3.62 

28 172 7.80 13.00 10.38 3.40 0.94 0.73 0.0045 3.63 

29 176 12.48 5.20 5.19 10.20 0.94 0.73 0.0045 3.47 

30 180 12.48 5.20 6.49 8.50 1.23 0.73 0.0045 3.46 

31 181 7.80 13.00 6.49 8.50 0.65 0.73 0.0045 3.72 

32 188 12.48 5.20 8.90 2.92 1.05 0.73 0.0045 3.13 

33 190 7.80 13.00 6.67 5.83 0.80 0.73 0.0045 3.48 

34 200 12.48 5.20 7.42 9.72 1.07 0.73 0.0045 3.66 

35 201 12.48 5.20 2.97 15.55 0.74 0.73 0.0045 3.77 

36 202 12.48 5.20 5.19 10.20 0.65 0.73 0.0045 3.45 

37 227 12.48 5.20 10.38 3.40 0.94 0.73 0.0045 3.31 

38 231 12.48 5.20 5.56 7.29 0.56 0.73 0.0045 3.18 

39 233 7.80 13.00 7.79 6.80 0.94 0.73 0.0045 3.71 

40 237 7.80 13.00 2.22 11.66 0.56 0.73 0.0045 3.60 
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ĨŅĶŅĚĪňŗȮĕ+0ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ) 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

41 247 7.80 13.00 5.56 7.29 0.80 0.73 0.0045 3.52 

42 252 7.80 13.00 8.90 2.92 1.05 0.73 0.0045 3.44 

43 253 12.48 5.20 4.45 8.75 1.05 0.73 0.0045 3.27 

44 254 3.12 20.80 6.67 5.83 0.56 0.73 0.0045 3.77 

45 258 12.48 5.20 6.67 5.83 0.80 0.73 0.0045 3.17 

46 260 3.12 20.80 8.90 2.92 0.80 0.73 0.0045 3.73 

47 270 12.48 5.20 2.60 13.60 0.65 0.73 0.0045 3.53 

48 273 12.48 5.20 7.42 9.72 1.40 0.73 0.0045 3.70 

49 278 12.48 5.20 4.45 8.75 0.56 0.73 0.0045 3.22 

50 283 7.80 13.00 4.45 8.75 0.80 0.73 0.0045 3.55 

51 290 12.48 5.20 7.79 6.80 0.65 0.73 0.0045 3.37 

52 291 7.80 13.00 5.56 7.29 1.05 0.73 0.0045 3.54 

53 301 7.80 13.00 5.19 10.20 0.65 0.73 0.0045 3.76 

54 302 12.48 5.20 10.38 3.40 0.65 0.73 0.0045 3.28 

55 307 7.80 13.00 8.90 2.92 0.80 0.73 0.0045 3.42 

56 308 12.48 5.20 5.93 11.66 0.74 0.73 0.0045 3.68 

57 310 7.80 13.00 6.67 5.83 0.56 0.73 0.0045 3.46 

58 315 12.48 5.20 5.93 11.66 1.07 0.73 0.0045 3.71 

59 317 7.80 13.00 4.45 8.75 1.05 0.73 0.0045 3.58 

60 325 12.48 5.20 5.93 11.66 1.40 0.73 0.0045 3.74 

61 329 12.48 5.20 6.67 5.83 1.05 0.73 0.0045 3.20 

62 335 12.48 5.20 2.60 13.60 1.23 0.73 0.0045 3.58 

63 347 7.80 13.00 7.79 6.80 1.23 0.73 0.0045 3.74 

64 349 12.48 5.20 6.67 5.83 0.56 0.73 0.0045 3.15 

65 351 12.48 5.20 11.86 3.89 1.40 0.73 0.0045 3.56 

66 360 3.12 20.80 8.90 2.92 0.56 0.73 0.0045 3.70 

67 364 12.48 5.20 6.49 8.50 0.65 0.73 0.0045 3.41 

68 367 7.80 13.00 10.38 3.40 1.23 0.73 0.0045 3.65 

69 368 12.48 5.20 11.86 3.89 0.74 0.73 0.0045 3.49 

70 378 12.48 5.20 2.60 13.60 0.94 0.73 0.0045 3.56 

71 383 7.80 13.00 5.56 7.29 0.56 0.73 0.0045 3.49 

72 395 12.48 5.20 5.19 10.20 1.23 0.73 0.0045 3.50 

73 396 7.80 13.00 4.45 8.75 0.56 0.73 0.0045 3.53 

74 399 12.48 5.20 7.79 6.80 1.23 0.73 0.0045 3.42 

75 17 7.80 13.00 4.45 8.75 1.05 0.73 0.0045 3.58 

76 21 12.48 5.20 8.90 2.92 0.80 0.73 0.0045 3.10 

77 32 12.48 5.20 7.42 9.72 1.07 0.73 0.0045 3.66 

78 50 12.48 5.20 11.86 3.89 1.40 0.73 0.0045 3.56 

79 51 12.48 5.20 7.79 6.80 0.94 0.73 0.0045 3.39 

80 58 7.80 13.00 6.49 8.50 1.23 0.73 0.0045 3.78 
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ĨŅĶŅĚĪňŗȮĕ+0ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ) 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

81 61 12.48 5.20 11.86 3.89 0.74 0.73 0.0045 3.49 

82 77 7.80 13.00 7.79 6.80 0.94 0.73 0.0045 3.71 

83 80 7.80 13.00 8.90 2.92 0.80 0.73 0.0045 3.42 

84 82 7.80 13.00 5.56 7.29 0.80 0.73 0.0045 3.52 

85 88 7.80 13.00 4.45 8.75 0.80 0.73 0.0045 3.55 

86 96 12.48 5.20 4.45 8.75 1.05 0.73 0.0045 3.27 

87 98 3.12 20.80 8.90 2.92 0.80 0.73 0.0045 3.73 

88 100 7.80 13.00 10.38 3.40 1.23 0.73 0.0045 3.65 

89 115 7.80 13.00 8.90 2.92 1.05 0.73 0.0045 3.44 

90 123 12.48 5.20 6.49 8.50 0.94 0.73 0.0045 3.43 

91 124 7.80 13.00 10.38 3.40 0.94 0.73 0.0045 3.63 

92 133 12.48 5.20 5.93 11.66 1.40 0.73 0.0045 3.74 

93 140 12.48 5.20 8.90 7.77 1.40 0.73 0.0045 3.65 

94 146 12.48 5.20 2.60 13.60 0.94 0.73 0.0045 3.56 

95 157 12.48 5.20 8.90 2.92 0.56 0.73 0.0045 3.08 

96 161 7.80 13.00 5.56 7.29 1.05 0.73 0.0045 3.54 

97 163 7.80 13.00 5.56 7.29 0.56 0.73 0.0045 3.49 

98 166 12.48 5.20 6.67 5.83 0.80 0.73 0.0045 3.17 

99 169 7.80 13.00 10.38 3.40 0.65 0.73 0.0045 3.60 

100 177 3.12 20.80 6.67 5.83 0.80 0.73 0.0045 3.80 

101 182 7.80 13.00 6.67 5.83 0.80 0.73 0.0045 3.48 

102 186 12.48 5.20 5.56 7.29 0.80 0.73 0.0045 3.21 

103 187 12.48 5.20 5.19 10.20 0.65 0.73 0.0045 3.45 

104 189 12.48 5.20 2.22 11.66 0.56 0.73 0.0045 3.29 

105 192 12.48 5.20 4.45 8.75 0.80 0.73 0.0045 3.24 

106 196 7.80 13.00 7.79 6.80 1.23 0.73 0.0045 3.74 

107 197 12.48 5.20 2.22 11.66 1.05 0.73 0.0045 3.34 

108 199 12.48 5.20 2.22 11.66 0.80 0.73 0.0045 3.31 

109 209 12.48 5.20 10.38 3.40 1.23 0.73 0.0045 3.34 

110 210 3.12 20.80 8.90 2.92 1.05 0.73 0.0045 3.75 

111 226 12.48 5.20 4.45 8.75 0.56 0.73 0.0045 3.22 

112 228 12.48 5.20 6.67 5.83 0.56 0.73 0.0045 3.15 

113 230 12.48 5.20 5.93 11.66 0.74 0.73 0.0045 3.68 

114 234 12.48 5.20 2.97 15.55 0.74 0.73 0.0045 3.77 

115 235 3.12 20.80 6.67 5.83 0.56 0.73 0.0045 3.77 

116 250 7.80 13.00 5.19 10.20 0.65 0.73 0.0045 3.76 

117 256 7.80 13.00 6.49 8.50 0.94 0.73 0.0045 3.75 

118 263 12.48 5.20 7.79 6.80 0.65 0.73 0.0045 3.37 

119 297 12.48 5.20 6.49 8.50 1.23 0.73 0.0045 3.46 

120 300 12.48 5.20 5.19 10.20 1.23 0.73 0.0045 3.50 
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ĨŅĶŅĚĪňŗȮĕ+0ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ) 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

121 304 7.80 13.00 8.90 2.92 0.56 0.73 0.0045 3.39 

122 305 12.48 5.20 8.90 2.92 1.05 0.73 0.0045 3.13 

123 309 12.48 5.20 11.86 3.89 1.07 0.73 0.0045 3.52 

124 312 12.48 5.20 5.93 11.66 1.07 0.73 0.0045 3.71 

125 314 12.48 5.20 7.42 9.72 0.74 0.73 0.0045 3.63 

126 322 7.80 13.00 2.22 11.66 0.80 0.73 0.0045 3.62 

127 324 12.48 5.20 6.49 8.50 0.65 0.73 0.0045 3.41 

128 326 12.48 5.20 10.38 3.40 0.94 0.73 0.0045 3.31 

129 328 12.48 5.20 7.79 6.80 1.23 0.73 0.0045 3.42 

130 331 7.80 13.00 5.19 10.20 0.94 0.73 0.0045 3.79 

131 333 12.48 5.20 7.42 9.72 1.40 0.73 0.0045 3.70 

132 338 7.80 13.00 7.79 6.80 0.65 0.73 0.0045 3.68 

133 353 12.48 5.20 6.67 5.83 1.05 0.73 0.0045 3.20 

134 355 12.48 5.20 5.56 7.29 1.05 0.73 0.0045 3.23 

135 358 3.12 20.80 8.90 2.92 0.56 0.73 0.0045 3.70 

136 365 12.48 5.20 5.56 7.29 0.56 0.73 0.0045 3.18 

137 366 7.80 13.00 6.67 5.83 1.05 0.73 0.0045 3.51 

138 370 7.80 13.00 6.67 5.83 0.56 0.73 0.0045 3.46 

139 371 7.80 13.00 4.45 8.75 0.56 0.73 0.0045 3.53 

140 372 12.48 5.20 5.19 10.20 0.94 0.73 0.0045 3.47 

141 373 12.48 5.20 2.60 13.60 1.23 0.73 0.0045 3.58 

142 379 7.80 13.00 6.49 8.50 0.65 0.73 0.0045 3.72 

143 381 12.48 5.20 10.38 3.40 0.65 0.73 0.0045 3.28 

144 382 12.48 5.20 2.60 13.60 0.65 0.73 0.0045 3.53 

145 391 12.48 5.20 8.90 7.77 1.07 0.73 0.0045 3.62 

146 392 12.48 5.20 8.90 7.77 0.74 0.73 0.0045 3.58 

147 398 7.80 13.00 2.22 11.66 0.56 0.73 0.0045 3.60 

148 405 7.80 13.00 2.22 11.66 1.05 0.73 0.0045 3.65 

149 6 12.48 5.20 5.93 11.66 1.40 0.73 0.0045 3.74 

150 9 12.48 5.20 8.90 2.92 0.56 0.73 0.0045 3.08 

151 19 7.80 13.00 7.79 6.80 0.94 0.73 0.0045 3.71 

152 20 12.48 5.20 8.90 7.77 1.40 0.73 0.0045 3.65 

153 27 7.80 13.00 6.67 5.83 0.56 0.73 0.0045 3.46 

154 29 12.48 5.20 4.45 8.75 1.05 0.73 0.0045 3.27 

155 35 12.48 5.20 8.90 7.77 0.74 0.73 0.0045 3.58 

156 38 12.48 5.20 7.42 9.72 0.74 0.73 0.0045 3.63 

157 45 7.80 13.00 8.90 2.92 0.80 0.73 0.0045 3.42 

158 48 12.48 5.20 8.90 2.92 0.80 0.73 0.0045 3.10 

159 54 12.48 5.20 2.22 11.66 1.05 0.73 0.0045 3.34 

160 55 12.48 5.20 7.79 6.80 0.65 0.73 0.0045 3.37 
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ĨŅĶŅĚĪňŗȮĕ+0ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ) 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

161 59 12.48 5.20 6.67 5.83 0.56 0.73 0.0045 3.15 

162 63 12.48 5.20 7.79 6.80 1.23 0.73 0.0045 3.42 

163 69 7.80 13.00 7.79 6.80 0.65 0.73 0.0045 3.68 

164 70 12.48 5.20 10.38 3.40 1.23 0.73 0.0045 3.34 

165 71 3.12 20.80 6.67 5.83 0.56 0.73 0.0045 3.77 

166 74 7.80 13.00 4.45 8.75 0.80 0.73 0.0045 3.55 

167 75 12.48 5.20 8.90 7.77 1.07 0.73 0.0045 3.62 

168 85 7.80 13.00 5.56 7.29 1.05 0.73 0.0045 3.54 

169 91 12.48 5.20 5.19 10.20 0.65 0.73 0.0045 3.45 

170 93 12.48 5.20 4.45 8.75 0.56 0.73 0.0045 3.22 

171 94 12.48 5.20 5.56 7.29 0.80 0.73 0.0045 3.21 

172 99 3.12 20.80 8.90 2.92 0.56 0.73 0.0045 3.70 

173 106 7.80 13.00 5.19 10.20 0.65 0.73 0.0045 3.76 

174 117 12.48 5.20 6.49 8.50 0.65 0.73 0.0045 3.41 

175 120 12.48 5.20 5.56 7.29 1.05 0.73 0.0045 3.23 

176 121 3.12 20.80 8.90 2.92 1.05 0.73 0.0045 3.75 

177 126 7.80 13.00 2.22 11.66 0.80 0.73 0.0045 3.62 

178 134 12.48 5.20 2.60 13.60 1.23 0.73 0.0045 3.58 

179 135 12.48 5.20 6.67 5.83 1.05 0.73 0.0045 3.20 

180 136 7.80 13.00 10.38 3.40 0.65 0.73 0.0045 3.60 

181 144 7.80 13.00 5.56 7.29 0.56 0.73 0.0045 3.49 

182 147 7.80 13.00 4.45 8.75 1.05 0.73 0.0045 3.58 

183 151 3.12 20.80 6.67 5.83 0.80 0.73 0.0045 3.80 

184 154 12.48 5.20 10.38 3.40 0.94 0.73 0.0045 3.31 

185 155 7.80 13.00 6.67 5.83 0.80 0.73 0.0045 3.48 

186 158 12.48 5.20 4.45 8.75 0.80 0.73 0.0045 3.24 

187 173 3.12 20.80 8.90 2.92 0.80 0.73 0.0045 3.73 

188 178 12.48 5.20 6.49 8.50 1.23 0.73 0.0045 3.46 

189 204 7.80 13.00 5.56 7.29 0.80 0.73 0.0045 3.52 

190 214 7.80 13.00 6.49 8.50 0.94 0.73 0.0045 3.75 

191 217 12.48 5.20 2.22 11.66 0.56 0.73 0.0045 3.29 

192 221 7.80 13.00 4.45 8.75 0.56 0.73 0.0045 3.53 

193 229 7.80 13.00 10.38 3.40 0.94 0.73 0.0045 3.63 

194 239 12.48 5.20 7.42 9.72 1.07 0.73 0.0045 3.66 

195 245 7.80 13.00 6.49 8.50 0.65 0.73 0.0045 3.72 

196 255 12.48 5.20 11.86 3.89 0.74 0.73 0.0045 3.49 

197 264 12.48 5.20 7.79 6.80 0.94 0.73 0.0045 3.39 

198 267 7.80 13.00 7.79 6.80 1.23 0.73 0.0045 3.74 

199 268 12.48 5.20 11.86 3.89 1.40 0.73 0.0045 3.56 

200 271 7.80 13.00 2.22 11.66 1.05 0.73 0.0045 3.65 
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ĨŅĶŅĚĪňŗȮĕ+0ȮŐĽħĚĨƟĬĪŋĬĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ) 
Run 
no. 

Experiment 
no. 

Sand 
A (Ŏ' 

Sand 
B (Ŏ' 

Resin 
A (Ŏ' 

Resin 
B (Ŏ' 

Hexa 
(Ŏ' 

Ca-St 
(Ŏ' 

Water 
(Ŏ' 

Cost 
(baht/kg) 

201 276 12.48 5.20 7.42 9.72 1.40 0.73 0.0045 3.70 

202 277 7.80 13.00 6.67 5.83 1.05 0.73 0.0045 3.51 

203 284 7.80 13.00 8.90 2.92 1.05 0.73 0.0045 3.44 

204 285 12.48 5.20 2.97 15.55 0.74 0.73 0.0045 3.77 

205 286 12.48 5.20 5.93 11.66 0.74 0.73 0.0045 3.68 

206 287 7.80 13.00 6.49 8.50 1.23 0.73 0.0045 3.78 

207 295 7.80 13.00 10.38 3.40 1.23 0.73 0.0045 3.65 

208 298 12.48 5.20 5.19 10.20 1.23 0.73 0.0045 3.50 

209 311 12.48 5.20 11.86 3.89 1.07 0.73 0.0045 3.52 

210 316 12.48 5.20 5.19 10.20 0.94 0.73 0.0045 3.47 

211 318 12.48 5.20 6.67 5.83 0.80 0.73 0.0045 3.17 

212 330 7.80 13.00 8.90 2.92 0.56 0.73 0.0045 3.39 

213 340 12.48 5.20 5.56 7.29 0.56 0.73 0.0045 3.18 

214 342 12.48 5.20 2.22 11.66 0.80 0.73 0.0045 3.31 

215 354 12.48 5.20 2.60 13.60 0.65 0.73 0.0045 3.53 

216 357 12.48 5.20 6.49 8.50 0.94 0.73 0.0045 3.43 

217 361 12.48 5.20 8.90 2.92 1.05 0.73 0.0045 3.13 

218 363 12.48 5.20 2.60 13.60 0.94 0.73 0.0045 3.56 

219 380 7.80 13.00 2.22 11.66 0.56 0.73 0.0045 3.60 

220 385 12.48 5.20 10.38 3.40 0.65 0.73 0.0045 3.28 

221 397 12.48 5.20 5.93 11.66 1.07 0.73 0.0045 3.71 

222 400 7.80 13.00 5.19 10.20 0.94 0.73 0.0045 3.79 
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ĨŅĶŅĚĪňŗȮ06ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point ĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 
Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP B/S-

1 
TP B/S-

2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

1 1 0.214 65.9 47.12 46.44 34.34 30.92 ľńĔ ľńĔ ľńĔ ľńĔ 106 105.1 

2 26 0.259 68 47.18 46.88 54.97 52.58 2.8 2.814 0.41 0.45 103.5 103.5 

3 28 0.233 66.7 47.03 45.63 32.34 32.06 ľńĔ ľńĔ ľńĔ ľńĔ 105.1 106.4 

4 31 0.231 66.4 46.72 46.76 39.71 39.21 2.14 2.182 0.35 0.4 106.4 105.8 

5 39 0.255 69.3 47.38 47.21 59.82 58.79 2.888 3.26 0.25 0.26 103.8 102.5 

6 44 0.231 70.5 47.38 47.02 46.82 47.93 2.386 2.252 0.28 0.25 105.1 107.3 

7 46 0.232 70.3 47.17 46.88 55.97 55.45 4.205 4.06 0.42 0.35 101.2 101.2 

8 53 0.232 70.9 46.73 46.63 45.80 45.63 3.952 4.145 0.33 0.3 102 101.7 

9 56 0.251 73.9 47.39 46.48 56.52 56.40 2.898 3.285 0.33 0.34 102.7 103.5 

10 57 0.253 73.1 46.94 46.87 66.47 66.01 4.316 4.459 1.24 1.47 97.1 97.7 

11 67 0.232 71.2 46.57 45.05 36.55 34.92 1.618 1.788 1.84 1.65 105.4 106.5 

12 73 0.272 75.8 46.43 46.60 59.77 61.03 0.968 1.151 0.3 0.36 106.2 106.3 

13 76 0.238 73.8 46.74 45.72 59.57 56.21 1.795 1.499 0.53 0.47 108.7 108.3 

14 83 0.233 76.4 46.11 46.51 48.44 54.84 2.911 3.246 0.46 0.47 104.9 104 

15 86 0.228 76 46.38 47.05 50.46 49.04 4.28 4.265 0.41 0.46 104.7 105.8 

16 95 0.228 76.7 46.10 46.95 40.48 36.90 4.159 3.973 0.3 0.27 106.4 106.3 

17 97 0.233 76 46.66 47.42 54.31 52.46 4.406 3.949 0.29 0.29 105.2 105.7 

18 102 0.233 75.8 48.21 47.50 54.19 53.46 3.974 4.185 0.48 0.53 107.7 107 

19 105 0.248 73 46.89 46.38 54.86 56.13 2.223 2.089 0.47 0.41 105.5 104.8 

20 109 0.246 72.5 46.49 47.12 58.02 60.65 4.3395 4.453 0.19 0.15 106.5 107.2 

21 110 0.232 74.3 47.16 46.11 40.59 38.34 4.437 4.117 0.32 0.35 110.5 111 

22 118 0.251 73.2 46.29 45.92 47.42 47.56 2.193 2.658 0.26 0.25 103.8 104.4 

23 129 0.23 73.7 45.52 45.44 28.52 27.53 4.123 4.21 0.23 0.23 103.7 102.5 

24 137 0.232 71.32 46.45 46.63 46.49 45.65 3.238 2.922 0.42 0.37 102.1 102.4 

25 159 0.232 75.3 46.87 46.64 39.97 39.57 3.955 3.985 1.56 2 100.2 102 

26 164 0.266 61.7 46.73 46.49 43.58 43.43 1.504 1.986 0.78 0.64 104.7 105.7 

27 165 0.266 66.1 45.80 45.81 56.61 52.13 3.276 3.951 0.41 0.49 101.2 101.7 

28 172 0.251 66.8 46.11 46.34 41.27 40.04 3.275 3.468 ľńĔ ľńĔ 98.1 99.4 

29 176 0.261 71.1 47.15 47.26 57.36 55.50 3.223 3.066 0.25 0.26 101.9 102.7 

30 180 0.262 73.2 47.27 46.46 53.62 49.10 2.159 2.636 1.09 1.34 101.7 102.9 

31 181 0.24 73.5 48.57 47.99 53.34 56.81 4.173 4.021 1.15 1.42 99.6 99.8 

32 188 0.232 74.3 47.35 47.10 35.24 35.94 4.286 4.111 0.38 0.36 106.4 106.6 

33 190 0.223 74.7 47.83 47.24 41.82 44.47 4.25 4.047 0.42 0.49 104.5 104 

34 200 0.273 72 47.58 44.10 70.22 65.83 2.692 2.558 0.26 0.31 101.2 102.8 

35 201 0.273 74 47.30 47.05 77.78 81.91 4.287 4.014 1.13 1.14 95.3 95.3 

36 202 0.252 71.7 47.00 47.80 62.12 63.18 4.101 3.987 1.92 1.84 99.6 99.1 

37 227 0.233 73.3 46.00 46.50 50.63 49.89 4.138 4.02 0.45 0.43 105.5 105.6 

38 231 0.232 74.7 46.80 46.70 48.80 49.15 4.028 3.895 ľńĔ ľńĔ 104.7 104.9 

39 233 0.236 74.8 46.30 46.50 59.05 56.51 3.121 3.365 0.36 0.33 105.7 105.8 

40 237 0.233 72.8 47.20 47.60 60.36 59.60 ľńĔ ľńĔ 2 1.83 98.1 98.1 
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ĨŅĶŅĚĪňŗȮĕ+1ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point (Ĩƞŀ) 
Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP 

B/S-1 
TP 

B/S-2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

41 247 0.233 58 46.40 46.40 47.30 48.24 4.68 2.25 0.33 0.33 107.1 106.2 

42 252 0.253 63 46.10 46.00 36.13 37.13 2.97 1.63 0.28 0.3 109.4 111.7 

43 253 0.257 64.9 46.40 46.30 51.27 49.43 2.48 2.07 0.14 0.23 104.8 104.9 

44 254 0.232 66.7 46.00 46.00 38.56 39.36 ľńĔ ľńĔ 1.28 1.31 108.5 108.5 

45 258 0.233 69.2 46.20 46.30 38.94 40.58 4.29 3.6 0.23 0.44 104.4 104.6 

46 260 0.232 72.6 46.80 46.40 50.19 49.52 ľńĔ ľńĔ 0.39 0.45 108.2 107.4 

47 270 0.257 71.8 46.80 46.20 48.02 49.14 ľńĔ ľńĔ 1.23 1.22 101.2 97.2 

48 273 0.296 71.6 46.20 46.10 73.21 71.39 1.01 1.49 0.18 0.17 102 103.1 

49 278 0.233 73.4 47.00 46.40 65.74 65.19 ľńĔ ľńĔ 1.35 1.32 100.4 100.7 

50 283 0.233 73.1 46.10 46.30 33.80 33.61 ľńĔ 3.7 0.34 0.4 107.7 105.2 

51 290 0.233 74.8 46.10 46.30 52.95 55.98 ľńĔ ľńĔ 1.19 1.37 101.6 101.8 

52 291 0.232 73.7 46.70 46.70 49.23 52.17 2.18 2.18 0.26 0.19 105.5 106.7 

53 301 0.236 76.1 47.00 46.80 62.42 59.10 ľńĔ ľńĔ 0.86 1.01 100.9 101.4 

54 302 0.232 77 46.50 46.60 47.26 48.55 ľńĔ ľńĔ 1.32 1.48 105.5 105.6 

55 307 0.228 76.5 46.10 46.30 37.59 38.80 ľńĔ ľńĔ 0.39 0.39 107.7 109.3 

56 308 0.251 77.7 46.70 46.30 74.40 75.72 4.17 4.3 0.98 0.92 98.9 97.2 

57 310 0.23 77.5 46.70 46.40 42.73 42.05 ľńĔ ľńĔ ľńĔ ľńĔ 103.9 103 

58 315 0.268 77.4 46.70 46.50 74.88 72.66 1.85 2.32 0.19 0.16 102.2 102.5 

59 317 0.234 78.3 46.50 47.20 55.58 56.72 3.05 1.62 0.18 0.18 107.7 107.2 

60 325 0.277 79 46.60 47.10 79.67 83.13 1.55 0.95 0.14 0.13 104.8 102.7 

61 329 0.25 78.6 46.60 47.00 46.20 48.05 1.49 1.88 0.29 0.22 105.4 107.3 

62 335 0.262 79.5 47.20 47.30 76.51 80.58 1.46 1.24 0.18 0.18 105.3 106.9 

63 347 0.248 79.4 46.80 46.80 60.37 59.47 1.92 1.19 0.21 0.2 108.6 108.9 

64 349 0.232 77.8 46.40 46.80 45.44 43.87 4.24 4.25 1.88 1.23 105.4 108.5 

65 351 0.272 78.7 46.40 46.50 68.64 69.66 1.58 1 0.17 0.16 106.6 106.4 

66 360 0.232 77.5 46.50 46.30 36.55 36.05 4.28 4.28 ľńĔ ľńĔ 106.2 108.6 

67 364 0.232 78.8 47.10 46.90 58.94 59.35 4.14 4.16 ľńĔ ľńĔ 101.6 102.6 

68 367 0.23 79.6 46.20 46.60 50.81 49.83 1.67 2.39 0.18 0.23 112.5 111.9 

69 368 0.229 78.8 46.70 46.90 59.12 59.16 4.2 4.13 0.89 0.89 103.6 103.4 

70 378 0.251 79.9 47.50 47.50 72.93 76.84 4.03 2.79 0.2 0.23 101.3 102.8 

71 383 0.232 79.9 47.00 46.70 48.15 47.50 ľńĔ ľńĔ ľńĔ ľńĔ 103.3 102.3 

72 395 0.249 79.6 47.20 47.00 73.37 68.25 1.38 1.03 0.21 0.2 104.6 104.4 

73 396 0.232 78 46.90 46.80 51.15 49.75 ľńĔ ľńĔ ľńĔ ľńĔ 100.7 101.5 

74 399 0.235 80 46.60 46.80 59.49 59.68 1.68 1.4 0.2 0.27 107.4 107.6 

75 17 0.232 80.4 47.20 47.20 54.07 56.85 1.87 1.54 0.27 0.24 107.2 108.1 

76 21 0.23 80.6 46.20 46.20 37.35 38.36 2.07 3.15 0.4 0.4 106.7 111 

77 32 0.249 80.4 46.80 46.50 71.54 72.08 1.6 2.17 0.22 0.21 101.1 101.8 

78 50 0.249 81.5 46.20 46.10 62.56 62.81 1.16 0.88 0.19 0.19 106.4 108.9 

79 51 0.233 81.6 46.60 46.20 56.40 56.89 2.41 1.89 0.31 0.28 104.8 104.3 

80 58 0.238 80.7 46.70 46.70 64.80 61.82 1.46 1.62 0.16 0.22 103.9 106.8 
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ĨŅĶŅĚĪňŗȮĕ+1ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point (Ĩƞŀ) 

Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP 

B/S-1 
TP 

B/S-2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

81 61 0.264 66.9 47.20 47.60 49.67 54.66 2.99 3.02 0.87 1.01 105.1 105.4 

82 77 0.264 68.6 47.40 47.40 49.38 49.31 1.64 2.12 0.22 0.2 109.1 106.4 

83 80 0.226 68.7 46.70 47.00 33.03 35.01 2.72 2.41 0.31 0.35 112.6 111.7 

84 82 0.233 68.4 47.80 47.50 45.03 46.11 2.19 2.26 0.3 0.24 108.7 108.4 

85 88 0.232 70.9 47.40 47.80 47.19 49.87 1.68 2.73 0.32 0.26 106.4 105.7 

86 96 0.238 72.7 48.00 48.00 50.85 54.30 1.45 1.54 0.15 0.16 109.5 107.4 

87 98 0.232 73 47.52 47.57 35.78 37.64 2.17 2.04 0.32 0.27 109.7 109.5 

88 100 0.238 73.4 47.24 47.56 47.99 49.38 1.04 0.98 0.13 0.2 108.5 109.8 

89 115 0.233 74.8 47.36 47.42 35.30 38.81 2.25 2.41 0.3 0.27 114 112.8 

90 123 0.251 74.8 47.60 47.86 59.19 61.75 1.58 1.77 0.17 0.21 107.1 108.6 

91 124 0.225 73.3 46.61 47.42 46.43 49.52 1.17 0.85 0.24 0.25 103.1 102.9 

92 133 0.281 78.2 47.33 46.72 73.74 76.22 0.56 0.49 0.15 0.11 104.5 103.5 

93 140 0.272 76.7 46.95 47.19 63.92 67.20 0.53 0.6 0.16 0.11 106.3 106.7 

94 146 0.262 79.1 47.90 48.37 70.86 74.85 0.8 1.17 0.12 0.14 100.9 100.1 

95 157 0.232 79.4 47.74 47.64 35.93 38.16 ľńĔ ľńĔ ľńĔ ľńĔ 106.8 107.1 

96 161 0.233 79 47.63 47.40 43.26 48.51 0.94 0.99 0.27 0.22 105.1 108.7 

97 163 0.23 78.6 47.86 47.92 41.02 43.04 ľńĔ ľńĔ ľńĔ ľńĔ 102.4 103.5 

98 166 0.228 78.3 47.80 47.88 41.15 45.84 1.86 1.45 0.31 0.38 109.5 107.5 

99 169 0.232 79.7 47.56 47.70 43.60 46.66 3.13 2.96 ľńĔ ľńĔ 106.1 107.8 

100 177 0.232 79.6 48.04 47.73 41.83 43.27 1.3 1.42 0.32 0.37 106.4 108.7 

101 182 0.232   47.86 47.95 42.02 42.65 1.36 1.32 0.33 0.3 106.6 107.1 

102 186 0.232 80.3 47.96 48.00 46.43 47.55 1.54 1.23 0.27 0.29 106.8 105.3 

103 187 0.233 79.5 48.07 48.54 56.28 63.41 2.89 3.42 1.16 1.22 101.1 102.5 

104 189 0.233 81.3 48.47 48.83 56.53 57.28 ľńĔ ľńĔ ľńĔ ľńĔ 97.8 98.5 

105 192 0.233 80.5 48.28 48.46 50.84 54.34 1.81 1.42 0.3 0.29 107.4 105.3 

106 196 0.233 80.3 47.63 47.54 56.30 58.09 0.67 0.78 0.19 0.21 110.2 109.6 

107 197 0.232 80.3 48.07 48.07 59.10 63.06 0.67 0.78 0.21 0.15 107.7 106.3 

108 199 0.233 80 47.96 48.39 55.77 61.66 1.54 1.08 0.26 0.18 107.8 105.2 

109 209 0.233 78.5 47.23 46.95 50.10 51.57 0.48 0.58 0.2 0.15 110.8 108.8 

110 210 0.222 81.8 47.09 47.43 39.19 38.86 0.66 0.76 0.29 0.24 114.2 113.5 

111 226 0.222 81.8 48.16 48.33 45.57 51.64 4.08 ľńĔ ľńĔ ľńĔ 99.6 99.2 

112 228 0.222 81.6 48.36 48.02 42.27 45.13 ľńĔ ľńĔ ľńĔ ľńĔ 104.6 102.6 

113 230 0.251 82 48.50 48.45 72.45 77.07 2.99 2.94 1.04 0.89 99.9 98.4 

114 234 0.27 84 48.55 48.40 81.92 88.37 3.17 3.62 1.3 1.32 97 97.5 

115 235 0.22 83.3 48.32 48.39 47.27 46.96 ľńĔ ľńĔ ľńĔ ľńĔ 103.5 106.6 

116 250 0.232 82.9 47.76 48.17 59.14 57.50 3.57 4.29 1.34 1.34 99 99.3 

117 256 0.233 82.9 48.18 47.96 59.43 60.37 1.45 1.13 0.29 0.27 102.8 103.5 

118 263 0.233 82.5 47.69 47.67 50.33 52.33 ľńĔ ľńĔ 1.11 1.12 104.6 101.4 

119 297 0.242 82.8 47.71 47.86 62.78 65.31 0.54 0.63 0.2 0.2 106.5 107.3 

120 300 0.233 82.9 47.72 47.74 64.16 66.61 0.91 0.61 0.21 0.19 104 104.6 
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ĨŅĶŅĚĪňŗȮĕ+1ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point (Ĩƞŀ) 

Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP 

B/S-1 
TP 

B/S-2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

121 304 0.23 59.6 47.50 47.70 29.28 31.73 ľńĔ ľńĔ ľńĔ ľńĔ 114.6 116.2 

122 305 0.233 61.7 47.10 46.98 32.78 33.83 2.12 2.25 0.18 0.2 112 111.7 

123 309 0.27 66.7 46.93 46.64 47.76 50.34 2.13 2.79 0.21 0.2 103.1 102.9 

124 312 0.288 66.7 47.59 47.54 70.34 67.24 1.99 2.26 0.18 0.14 101 101.3 

125 314 0.272 68.9 47.92 48.11 67.29 74.94 4.46 4.49 1.03 0.92 98.6 98.8 

126 322 0.246 72.2 48.01 48.40 55.50 62.13 4.15 4.33 0.27 0.27 99.2 100.2 

127 324 0.233 73 47.80 48.00 58.75 60.85 ľńĔ ľńĔ 1.07 1.1 98.9 99.2 

128 326 0.233 71.5 47.26 47.75 48.72 45.50 3.44 2.57 0.26 0.19 106.9 103.7 

129 328 0.253 73.8 47.77 47.35 57.82 56.62 1.64 1.21 0.09 0.13 107.5 109.6 

130 331 0.251 75.1 47.60 48.16 58.00 64.13 2.79 2.27 0.15 0.25 104.4 102.7 

131 333 0.273 76 47.53 47.50 72.04 79.59 1.16 0.96 0.18 0.18 101.5 101.5 

132 338 0.233 76.5 47.49 47.78 52.79 53.08 ľńĔ ľńĔ 1.33 1.11 101 101.5 

133 353 0.233 75.3 47.91 47.48 44.01 45.63 2.2 2.45 0.26 0.21 105.9 107.5 

134 355 0.233 72.9 47.78 47.99 46.10 47.26 2.91 1.8 0.25 0.18 105.3 106.6 

135 358 0.225 78.1 47.66 47.66 34.65 36.99 ľńĔ ľńĔ ľńĔ ľńĔ 105.6 104.2 

136 365 0.224 78 48.56 48.59 49.57 53.96 ľńĔ ľńĔ ľńĔ ľńĔ 99.5 99.9 

137 366 0.232 77.2 47.45 47.82 40.56 46.77 2.85 2.82 0.29 0.22 108.5 105.2 

138 370 0.226 77.2 47.87 48.06 40.76 41.38 ľńĔ ľńĔ 1.37 1.78 103.5 104.9 

139 371 0.224 77 48.05 47.99 47.60 47.61 ľńĔ ľńĔ ľńĔ ľńĔ 99.6 100.4 

140 372 0.233 78 48.13 48.53 63.26 64.63 2.67 2.67 0.29 0.28 100.9 102.1 

141 373 0.253 78.7 47.76 47.63 68.86 75.19 1.21 1.05 0.16 0.15 102.7 102.8 

142 379 0.233 79.4 47.94 47.91 56.43 62.55 ľńĔ ľńĔ 0.93 1.03 99.8 101.4 

143 381 0.232 77.5 47.40 47.77 41.47 46.31 ľńĔ ľńĔ 1.27 1.19 105.8 105.8 

144 382 0.236 78.6 48.25 48.01 71.45 66.29 ľńĔ ľńĔ 1.28 1.37 96.6 97.5 

145 391 0.251 80.5 46.94 47.23 58.52 63.77 2.67 2.61 0.27 0.25 102.8 102.8 

146 392 0.24 81.4 47.80 47.80 62.46 63.50 ľńĔ ľńĔ 0.99 1.07 100 100.6 

147 398   81.7 48.46 48.39 52.02 55.05 ľńĔ ľńĔ 1.34 1.89 98.8 99.4 

148 405 0.233 81.1 47.97 47.87 58.53 61.90 3.34 1.96 0.21 0.18 101.1 102 

149 6 0.261 82.8 47.71 47.79 75.94 78.36 1.34 1.22 0.12 0.13 104.9 103.1 

150 9 0.215 82.6 47.72 47.76 34.12 37.34 ľńĔ ľńĔ ľńĔ ľńĔ 105.8 104.9 

151 19 0.233 83.1 46.94 47.98 51.30 54.58 2.78 2.74 0.34 0.31 104.1 102.6 

152 20 0.253 84.3 46.99 47.35 61.87 68.17 1.18 1.38 0.17 0.16 103.8 104.2 

153 27 0.222 84 48.02 47.81 39.70 40.71 ľńĔ ľńĔ 1.3 1.25 102.7 104.2 

154 29 0.233 80.3 48.01 47.85 50.26 52.05 2.48 2.03 0.18 0.17 106 103.8 

155 35 0.238 83.8 47.88 47.99 63.04 66.68 4.39 4.3 1.19 0.98 101.5 99.8 

156 38 0.253 85.1 48.04 48.12 67.74 75.81 4.4 4.03 1.12 1.21 99.5 98 

157 45 0.217 83.6 47.68 47.70 36.16 38.53 3.09 3.82 0.47 0.39 108.3 110.2 

158 48 0.217 84.3 47.50 47.65 35.35 35.18 ľńĔ ľńĔ 0.5 0.41 107.4 105.9 

159 54 0.233 84.4 48.48 48.27 65.06 62.38 2.06 2.02 0.18 0.2 103.8 101.8 

160 55 0.233 84.6 47.90 48.09 53.49 57.97 ľńĔ ľńĔ 1.26 1.24 103 102.2 
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ĨŅĶŅĚĪňŗȮĕ+1ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point (Ĩƞŀ) 

Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP 

B/S-1 
TP 

B/S-2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

161 59 0.23 64.8 47.23 47.70 39.11 36.58 ľńĔ ľńĔ 1.18 1.32 101.5 102.7 

162 63 0.27 66.6 47.86 47.70 53.63 58.02 1.99 2.63 0.22 0.25 107.1 105.3 

163 69 0.233 69.7 47.33 47.72 49.17 51.31 ľńĔ ľńĔ 0.95 0.78 99.8 97.5 

164 70 0.248 72 47.20 47.19 47.83 46.62 3.00 2.79 0.2 0.19 105.9 103.6 

165 71 0.228 73.6 48.26 48.12 39.30 42.06 ľńĔ ľńĔ 1.22 1.1 101 100.1 

166 74 0.233 74.3 48.23 48.13 51.22 50.57 ľńĔ ľńĔ 0.26 0.3 100.7 101.6 

167 75 0.2623 76.1 47.73 47.77 63.08 65.62 2.39 3.55 0.21 0.21 102.6 102.8 

168 85 0.23 76.5 47.60 47.70 50.75 51.04 2.69 2.61 0.19 0.17 102.1 102.8 

169 91 0.233 78.6 47.83 47.83 57.78 60.03 ľńĔ ľńĔ 0.83 0.98 98.9 100.3 

170 93 0.232 79.7 48.04 48.13 49.29 49.90 ľńĔ ľńĔ ľńĔ ľńĔ 99.3 98 

171 94 0.232 78.7 47.98 47.91 49.18 50.77 ľńĔ ľńĔ 0.47 0.43 99.8 101.8 

172 99 0.217 78.6 47.08 47.21 32.90 35.77 ľńĔ ľńĔ ľńĔ ľńĔ 107 107.1 

173 106 0.233 80.3 47.08 47.55 54.94 58.09 ľńĔ ľńĔ 1.86 1.43 99.8 98 

174 117 0.233 80.9 48.13 47.84 64.04 67.81 ľńĔ ľńĔ 1.33 1.3 100 97.7 

175 120 0.233 81.2 47.85 48.11 51.67 57.97 ľńĔ ľńĔ 0.25 0.19 102.2 102.5 

176 121 0.226 80.6 47.08 47.08 35.79 39.61 ľńĔ ľńĔ 0.21 0.19 106.8 107.8 

177 126 0.233 79.9 48.44 48.50 55.36 58.93 ľńĔ ľńĔ 0.37 0.46 99.9 100 

178 134 0.253 81.3 48.07 48.20 71.47 78.32 ľńĔ ľńĔ 0.17 0.11 103.1 100.6 

179 135 0.232 80 47.63 47.28 44.71 45.08 ľńĔ ľńĔ 0.2 0.23 104.5 105.7 

180 136 0.232 81.4 47.38 47.52 45.26 46.23 ľńĔ ľńĔ 1.42 1.25 103.2 103.3 

181 144 0.232 81.1 47.80 48.30 40.25 44.31 ľńĔ ľńĔ ľńĔ ľńĔ 98.3 98.1 

182 147 0.233 81.6 48.40 48.30 52.25 48.50 ľńĔ ľńĔ 0.41 0.36 101.9 101.2 

183 151 0.232 81.5 47.92 47.30 38.63 36.61 ľńĔ ľńĔ 0.63 0.74 104.6 105.8 

184 154 0.232 81.3 47.40 46.18 41.68 41.50 ľńĔ ľńĔ 0.58 0.5 106.7 104.1 

185 155 0.233 82.6 46.63 47.39 37.95 36.85 ľńĔ ľńĔ 0.93 0.69 105.3 104.6 

186 158 0.233 81.2 47.10 48.10 45.16 49.31 ľńĔ ľńĔ 0.76 0.81 102 102.1 

187 173 0.222 81.5 46.63 46.89 33.11 32.21 3.62 4.02 0.64 0.93 102.6 103.6 

188 178 0.238 82.4 47.76 47.52 59.46 59.00 ľńĔ ľńĔ 0.19 0.23 105.7 106.7 

189 204 0.232 83.3 48.52 47.47 43.78 44.85 ľńĔ ľńĔ 0.62 0.58 100.4 101.5 

190 214 0.233 82.9 47.28 47.55 61.24 58.50 ľńĔ ľńĔ 0.58 0.58 99.2 98.6 

191 217 0.232 82.8 48.70 49.26 56.20 57.31 ľńĔ ľńĔ ľńĔ ľńĔ 96.8 98.7 

192 221 0.232 83 48.00 47.60 42.38 44.56 ľńĔ ľńĔ ľńĔ ľńĔ 101.9 103.2 

193 229 0.233 82.2 47.07 46.80 45.59 42.25 ľńĔ ľńĔ 0.47 0.53 108.3 105.5 

194 239 0.246 84 47.60 47.64 63.64 69.74 3.5 2.04 0.26 0.39 103.1 102 

195 245 0.232 83.7 48.33 47.78 58.26 64.65 ľńĔ ľńĔ 1.14 1.21 99.5 98 

196 255 0.236 83.7 47.44 47.28 52.32 53.85 ľńĔ ľńĔ 1.34 1.2 101.7 102.4 

197 264 0.231 83.2 45.78 47.72 51.75 56.54 ľńĔ ľńĔ 0.41 0.43 104.7 102.7 

198 267 0.233 82.6 47.70 47.46 56.07 55.93 3.55 2.61 0.21 0.21 108.2 109.5 

199 268 0.244 80 46.00 46.52 50.11 52.59 1.96 1.42 0.12 0.15 109.7 107.3 

200 271 0.233 81.3 47.59 48.14 53.36 61.79 3.13 2.05 0.22 0.19 103.6 105.3 
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ĨŅĶŅĚĪňŗȮĕ+1ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮBending Strength, Bend, ȮŐĸŃȮSticky Point (Ĩƞŀ) 

Run 
no. 

Expt 
no. 

Amp 
before 
collapse 

D.S.T. 
TP 

B/S-1 
TP 

B/S-2 
B/S-1 B/S-2 

Bend 

200ǓC 1 

Bend 

200ǓC 2 

Bend 

250ǓC 1 

Bend 

250ǓC 2 
Mp-1 Mp-2 

201 276 0.272 66.5 47.25 47.80 55.93 46.53 1.41 1.64 0.16 0.19 106.7 105 

202 277 0.233 68.8 47.15 47.51 32.59 36.86 ľńĔ ľńĔ 0.18 0.26 106 106.7 

203 284 0.233 70.7 46.37 46.94 29.63 29.29 3.01 3.24 0.26 0.26 107.1 105.6 

204 285 0.275 73.1 48.44 48.32 69.21 70.48 ľńĔ ľńĔ 1.14 0.99 95.6 95.1 

205 286 0.272 74.7 47.48 48.26 62.66 62.72 ľńĔ ľńĔ 1.01 0.96 98.6 96.5 

206 287 0.264 74.2 47.00 48.10 59.45 55.46 2.53 3.1 0.01 0.07 105.1 106.7 

207 295 0.244 77.5 47.64 46.45 48.48 46.49 1.82 2.38 0.06 0.07 108.6 106.2 

208 298 0.23 78.3 47.56 48.32 62.58 57.92 2.42 1.43 0.08 0.06 103.6 101.2 

209 311 0.248 79.1 47.00 47.60 56.76 54.53 2.55 3.05 0.2 0.13 104.8 104.7 

210 316 0.24 79.3 47.44 48.19 60.67 54.85 4.88 3.93 0.19 0.2 102.1 101.5 

211 318 0.232 79.7 47.86 48.08 44.01 47.87 2.49 2.16 0.18 0.16 103.1 102.8 

212 330 0.217 79.4 47.58 47.50 34.32 35.36 ľńĔ ľńĔ ľńĔ ľńĔ 105.5 104.1 

213 340 0.22 79.6 48.12 48.12 40.98 42.84 ľńĔ ľńĔ ľńĔ ľńĔ 100.1 100.3 

214 342 0.233 77.8 48.11 48.09 54.88 55.05 ľńĔ ľńĔ 0.21 0.32 98.3 99.2 

215 354 0.233 80.3 48.07 48.27 63.87 65.89 ľńĔ ľńĔ 1.04 1.12 98.2 99.2 

216 357 0.236 82.5 48.51 47.91 58.78 60.85 2.63 2.07 0.14 0.18 100.4 101.3 

217 361 0.226 81.2 47.33 46.87 37.10 38.66 1.52 1.13 0.14 0.13 106.1 107.4 

218 363 0.233 82.1 47.99 48.27 72.10 76.53 1.59 1.71 0.14 0.17 99.5 99.2 

219 380 0.233 82.5 48.35 48.13 56.02 56.18 ľńĔ ľńĔ 1.06 1.23 97.3 97.3 

220 385 0.23 82.1 47.71 47.76 43.30 47.11 ľńĔ ľńĔ 1.32 1.24 101.5 102.4 

221 397 0.253 82.1 48.38 48.36 69.80 75.04 1.55 1.63 0.1 0.13 100.4 101.4 

222 400 0.233 82.1 48.08 48.34 60.02 63.75 2.65 1.63 0.17 0.2 102.7 100.6 
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ĨŅĶŅĚĪňŗȮ07ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 

Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

1 1 1.80 57.9 2.7 0.5 0.0 0.1 1.3 10.8 20.4 12.3 4.7 0.5 0.0 0.0 

2 26 2.14 58.7 4.2 0.4 0.0 0.1 2.0 11.9 20.8 11.4 3.5 0.4 0.0 0.0 

3 28 1.89 59.0 2.9 0.5 0.0 0.1 1.3 10.5 20.5 12.3 4.8 0.5 0.0 0.0 

4 31 1.95 58.7 3.9 0.4 0.0 0.1 1.8 11.6 20.3 11.9 3.8 0.4 0.0 0.0 

5 39 1.91 55.9 6.2 0.2 0.0 0.3 2.8 13.5 21.5 9.6 2.2 0.2 0.0 0.0 

6 44 1.98 55.3 4.9 0.3 0.0 0.1 2.3 12.4 20.4 11.1 3.3 0.3 0.0 0.0 

7 46 1.94 57.6 7.1 0.2 0.0 0.4 3.2 13.8 21.2 9.2 2.2 0.2 0.0 0.0 

8 53 1.92 56.3 5.7 0.3 0.0 0.2 2.7 13.2 20.7 10.3 2.8 0.3 0.0 0.0 

9 56 2.14 59.0 6.0 0.3 0.0 0.3 2.7 13.4 20.8 9.6 2.9 0.3 0.0 0.0 

10 57 2.37 54.5 4.6 0.3 0.0 0.1 2.2 12.3 20.4 11.2 3.6 0.3 0.0 0.0 

11 67 2.01 56.0 2.8 0.7 0.0 0.1 1.3 9.8 19.5 12.6 5.9 0.7 0.0 0.0 

12 73 2.50 55.4 3.9 0.4 0.0 0.1 1.8 12.2 20.3 11.4 3.8 0.4 0.0 0.0 

13 76 1.96 59.1 6.5 0.2 0.0 0.3 2.9 13.6 21.7 9.1 2.2 0.2 0.0 0.0 

14 83 2.18 56.2 4.6 0.3 0.0 0.1 2.2 12.5 20.7 10.9 3.3 0.3 0.0 0.0 

15 86 2.14 55.7 4.2 0.5 0.0 0.2 1.9 11.6 20.5 11.0 4.2 0.5 0.0 0.0 

16 95 1.95 53.0 4.0 0.4 0.0 0.1 1.9 11.9 20.5 11.6 3.7 0.4 0.0 0.0 

17 97 1.87 53.9 5.8 0.2 0.0 0.3 2.6 13.1 22.1 9.7 2.2 0.2 0.0 0.0 

18 102 1.83 58.1 5.9 0.2 0.0 0.2 2.8 13.7 21.6 9.8 1.9 0.2 0.0 0.0 

19 105 2.12 56.3 4.3 0.3 0.0 0.2 2.0 12.1 21.2 11.0 3.3 0.3 0.0 0.0 

20 109 2.40 56.6 3.5 0.3 0.0 0.1 1.7 11.4 20.9 12.0 3.8 0.3 0.0 0.0 

21 110 2.14 52.7 2.6 0.6 0.0 0.1 1.2 10.0 20.2 12.8 5.1 0.6 0.0 0.0 

22 118 2.43 56.1 2.6 0.6 0.0 0.1 1.3 10.2 19.7 13.3 5.1 0.6 0.0 0.0 

23 129 1.98 58.7 2.6 0.6 0.0 0.1 1.2 10.2 20.1 12.7 5.2 0.6 0.0 0.0 

24 137 2.13 59.0 3.7 0.3 0.0 0.1 1.7 11.6 20.7 11.8 3.7 0.3 0.0 0.0 

25 159 1.96 58.7 4.0 0.3 0.0 0.2 1.8 12.0 21.2 11.1 3.5 0.3 0.0 0.0 

26 164 2.25 55.9 2.7 0.4 0.0 0.1 1.3 10.8 20.3 12.7 4.5 0.4 0.0 0.0 

27 165 2.41 55.3 3.4 0.3 0.0 0.1 1.6 11.2 20.8 12.3 3.8 0.3 0.0 0.0 

28 172 2.22 57.6 2.5 0.6 0.0 0.1 1.1 9.8 20.1 13.0 5.3 0.6 0.0 0.0 

29 176 2.13 56.3 4.6 0.3 0.0 0.1 2.2 12.4 21.0 11.2 3.0 0.3 0.0 0.0 

30 180 2.27 59.0 3.8 0.4 0.0 0.2 1.7 11.4 21.1 11.6 3.7 0.4 0.0 0.0 

31 181 2.12 54.5 3.9 0.3 0.0 0.1 1.9 11.9 20.8 11.7 3.3 0.3 0.0 0.0 

32 188 1.98 56.0 2.3 0.5 0.0 0.1 1.1 9.7 20.3 13.2 5.3 0.5 0.0 0.0 

33 190 1.92 55.4 3.7 0.4 0.0 0.1 1.8 11.6 20.5 12.0 3.9 0.4 0.0 0.0 

34 200 2.41 59.1 3.9 0.4 0.0 0.2 1.8 11.7 21.0 11.4 3.7 0.4 0.0 0.0 

35 201 2.31 56.2 5.2 0.2 0.0 0.1 2.5 13.2 21.7 10.1 2.3 0.2 0.0 0.0 

36 202 2.11 55.7 4.8 0.2 0.0 0.1 2.3 12.8 21.1 10.9 2.8 0.2 0.0 0.0 

37 227 2.17 53.0 2.5 0.5 0.0 0.1 1.2 10.5 20.5 12.8 4.9 0.5 0.0 0.0 

38 231 1.90 53.9 4.1 0.4 0.0 0.1 1.9 11.5 20.3 12.0 3.9 0.4 0.0 0.0 

39 233 2.18 58.1 3.5 0.3 0.0 0.1 1.7 11.4 20.4 12.1 4.1 0.3 0.0 0.0 

40 237 1.85 56.3 5.5 0.2 0.0 0.1 2.6 13.4 21.4 10.4 2.1 0.2 0.0 0.0 
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ĨŅĶŅĚĪňŗȮĕ+2ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚ

ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ' 
Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

41 247 1.89 53.8 4.8 0.2 0 0.2 2.2 12.5 21.8 10.7 2.6 0.2 0.0 0 

42 252 2.03 56.4 3.0 0.3 0 0.1 1.4 11.3 20.8 12.0 4.0 0.3 0.0 0 

43 253 1.96 54.5 4.1 0.2 0 0.2 1.9 11.8 21.9 11.2 2.9 0.2 0.0 0 

44 254 1.91 54.4 4.0 0.2 0 0.2 1.9 12.3 21.5 11.0 3.0 0.2 0.0 0 

45 258 1.91 55.4 3.6 0.3 0 0.1 1.7 11.8 21.2 11.3 3.5 0.3 0.0 0 

46 260 1.95 57.9 2.6 0.4 0 0.1 1.3 10.4 20.5 12.6 4.8 0.4 0.0 0 

47 270 2.07 52.8 5.1 0.1 0 0.2 2.3 12.8 22.1 10.3 2.1 0.1 0.0 0 

48 273 2.47 56.2 3.5 0.3 0 0.1 1.6 11.0 21.1 12.0 3.7 0.3 0.0 0 

49 278 1.87 54.2 4.5 0.3 0 0.2 2.1 12.3 21.6 10.7 2.9 0.3 0.0 0 

50 283 1.89 54.2 4.3 0.2 0 0.2 1.9 12.1 21.8 10.8 2.7 0.2 0.0 0 

51 290 2.10 55.6 3.4 0.3 0 0.1 1.6 11.6 21.4 11.6 3.5 0.3 0.0 0 

52 291 1.98 54.9 3.9 0.2 0 0.1 1.8 12.0 21.3 11.3 3.1 0.2 0.0 0 

53 301 2.10 53.9 4.5 0.2 0 0.2 2.1 12.5 21.8 10.6 2.7 0.2 0.0 0 

54 302 2.15 58.2 2.5 0.4 0 0.0 1.2 10.5 19.9 13.2 4.8 0.4 0.0 0 

55 307 1.99 59 2.2 0.5 0 0.1 1.0 9.8 20.1 13.1 5.3 0.5 0.0 0 

56 308 2.33 53.9 4.3 0.2 0 0.1 2.1 12.9 21.3 11.2 2.6 0.2 0.0 0 

57 310 1.88 57.3 3.1 0.4 0 0.1 1.4 10.6 20.9 12.1 4.4 0.4 0.0 0 

58 315 2.41 53.6 4.6 0.2 0 0.1 2.2 13.1 21.3 10.6 2.6 0.2 0.0 0 

59 317 2.00 53.8 4.4 0.2 0 0.2 2.0 12.5 22.1 10.4 2.8 0.2 0.0 0 

60 325 2.48 53.1 4.6 0.2 0 0.1 2.2 13.6 21.4 10.0 2.4 0.2 0.0 0 

61 329 1.99 56.6 3.1 0.4 0 0.1 1.4 11.0 21.3 12.0 4.0 0.4 0.0 0 

62 335 2.22 51.9 5.3 0.1 0 0.1 2.5 14.1 22.1 9.5 1.9 0.1 0.0 0 

63 347 2.28 54.9 3.6 0.2 0 0.1 1.7 12.1 21.6 11.0 3.3 0.2 0.0 0 

64 349 1.88 56.3 3.3 0.3 0 0.1 1.6 11.4 20.7 12.2 3.8 0.3 0.0 0 

65 351 2.69 58.3 2.4 0.4 0 0.1 1.1 10.3 20.4 12.5 5.0 0.4 0.0 0 

66 360 1.96 58 2.3 0.4 0 0.1 1.1 10.7 20.5 12.4 4.9 0.4 0.0 0 

67 364 2.12 55.2 3.7 0.3 0 0.1 1.8 12.0 21.1 11.7 3.2 0.2 0.0 0 

68 367 2.27 57.6 2.6 0.4 0 0.1 1.2 10.9 20.5 12.2 4.6 0.4 0.0 0 

69 368 2.38 57.8 2.3 0.4 0 0.0 1.1 10.8 20.4 12.7 4.5 0.4 0.0 0 

70 378 2.20 51.8 5.7 0.1 0 0.3 2.6 13.9 22.0 9.1 1.9 0.1 0.0 0 

71 383 1.87 54.7 3.8 0.3 0 0.2 1.8 12.5 21.5 11.2 2.9 0.3 0.0 0 

72 395 2.27 54.8 3.9 0.4 0 0.2 1.8 12.3 21.2 11.2 3.0 0.4 0.0 0 

73 396 1.84 54.2 4.0 0.3 0 0.1 1.9 12.7 21.6 10.9 2.7 0.3 0.0 0 

74 399 2.21 55.5 3.4 0.4 0 0.1 1.6 12.8 20.2 11.5 3.4 0.4 0.0 0 

75 17 1.97 53 4.7 0.2 0 0.2 2.2 13.5 21.6 10.2 2.3 0.2 0.0 0 

76 21 1.95 58.3 2.2 0.6 0 0.0 1.1 10.5 20.3 13.1 4.6 0.6 0.0 0 

77 32 2.44 54.6 3.8 0.3 0 0.1 1.8 12.7 21.3 11.0 3.0 0.3 0.0 0 

78 50 2.55 57.7 2.5 0.6 0 0.0 1.3 11.4 20.1 12.3 4.5 0.6 0.0 0 

79 51 2.22 56.2 3.1 0.5 0 0.1 1.5 11.7 21.1 11.7 3.7 0.5 0.0 0 

80 58 2.22 54 4.1 0.3 0 0.2 1.9 13.0 21.5 10.6 2.7 0.3 0.0 0 
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ĨŅĶŅĚĪňŗȮĕ+2ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚ

ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ' 
Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

81 61 2.33 55.6 3.1 0.2 0 0.1 1.4 12.2 21.0 11.4 3.7 0.2 0.0 0 

82 77 2.21 56.6 3.3 0.4 0 0.1 1.6 11.4 20.6 12.1 4.0 0.4 0.0 0 

83 80 1.92 56.8 2.5 0.3 0 0.1 1.2 11.1 21.2 12.1 4.1 0.3 0.0 0 

84 82 1.91 55.1 3.8 0.3 0 0.1 1.8 11.9 21.2 11.6 3.2 0.3 0.0 0 

85 88 1.92 54 4.2 0.2 0 0.2 2.0 12.2 21.9 10.8 2.7 0.2 0.0 0 

86 96 1.92 53.8 4.2 0.1 0 0.1 2.0 12.4 21.8 11.1 2.5 0.1 0.0 0 

87 98 1.95 56.9 2.6 0.3 0 0.1 1.2 11.2 20.9 12.1 4.3 0.3 0.0 0 

88 100 2.27 57.9 2.6 0.4 0 0.0 1.3 10.8 19.8 12.9 4.7 0.4 0.0 0 

89 115 1.96 56.7 2.7 0.3 0 0.1 1.3 11.1 21.2 12.0 4.1 0.3 0.0 0 

90 123 2.15 53.8 4.6 0.2 0 0.1 2.2 13.0 21.1 10.6 2.7 0.2 0.0 0 

91 124 2.25 58.6 2.4 0.6 0 0.1 1.1 10.1 20.7 12.4 5.1 0.5 0.0 0 

92 133 2.54 54 4.3 0.2 0 0.1 2.0 12.7 21.5 10.9 2.6 0.2 0.0 0 

93 140 2.51 54.6 3.6 0.2 0 0.1 1.7 12.4 21.6 10.9 3.1 0.2 0.0 0 

94 146 2.15 52.9 5.0 0.1 0 0.1 2.4 12.9 21.8 10.8 2.0 0.1 0.0 0 

95 157 1.91 58.8 2.4 0.5 0 0.1 1.1 9.9 20.3 12.8 5.3 0.5 0.0 0 

96 161 1.98 54 4.3 0.2 0 0.1 2.0 12.6 21.3 11.2 2.7 0.2 0.0 0 

97 163 1.85 54.5 4.0 0.2 0 0.2 1.8 12.1 21.8 10.9 3.0 0.2 0.0 0 

98 166 1.91 56.2 3.4 0.3 0 0.1 1.6 11.4 20.6 12.2 3.7 0.3 0.0 0 

99 169 2.14 57.8 2.5 0.4 0 0.1 1.2 10.5 20.6 12.6 4.7 0.4 0.0 0 

100 177 1.95 55.9 3.5 0.3 0 0.1 1.7 11.8 20.6 12.2 3.6 0.3 0.0 0 

101 182 1.90 55.9 3.4 0.5 0 0.1 1.6 12.2 20.7 11.6 3.6 0.5 0.0 0 

102 186 1.91 54.6 4.0 0.3 0 0.2 1.8 12.5 21.3 11.3 2.8 0.3 0.0 0 

103 187 2.03 52.7 4.9 0.2 0 0.2 2.2 13.5 21.7 10.1 2.1 0.2 0.0 0 

104 189 1.80 52.3 5.2 0.1 0 0.2 2.4 13.4 22.2 10.2 1.8 0.1 0.0 0 

105 192 1.88 53.1 4.7 0.2 0 0.2 2.2 13.1 21.8 10.5 2.2 0.2 0.0 0 

106 196 2.23 56.2 3.3 0.5 0 0.1 1.6 11.7 20.9 11.7 3.6 0.5 0.0 0 

107 197 1.92 51.6 5.4 0.1 0 0.2 2.5 14.1 22.1 9.4 1.6 0.1 0.0 0 

108 199 1.87 52.4 5.0 0.1 0 0.2 2.3 13.3 22.2 10.3 1.8 0.1 0.0 0 

109 209 2.22 58.7 2.1 0.7 0 0.1 1.0 10.1 20.4 13.1 4.8 0.7 0.0 0 

110 210 1.99 57.2 2.5 0.5 0 0.1 1.2 11.4 20.5 12.4 4.3 0.5 0.0 0 

111 226 1.81 53.7 4.8 0.2 0 0.2 2.2 12.8 21.8 10.1 2.8 0.2 0.0 0 

112 228 1.82 53.9 4.2 0.1 0 0.1 2.0 12.8 21.3 11.2 2.6 0.1 0.0 0 

113 230 2.31 53.5 4.4 0.1 0 0.2 2.0 12.8 22.0 10.2 2.6 0.1 0.0 0 

114 234 2.30 52.6 5.2 0.1 0 0.1 2.4 13.2 21.6 10.6 1.9 0.1 0.0 0 

115 235 1.89 54.9 4.0 0.2 0 0.2 1.8 12.2 21.2 10.8 3.5 0.2 0.0 0 

116 250 2.07 53.6 4.3 0.1 0 0.1 2.1 12.7 21.8 10.9 2.4 0.1 0.0 0 

117 256 2.15 53.9 4.1 0.2 0 0.2 1.9 12.6 22.0 10.4 2.8 0.2 0.0 0 

118 263 2.09 54.6 3.6 0.2 0 0.1 1.7 12.5 21.2 11.4 2.9 0.2 0.0 0 

119 297 2.20 53.3 4.4 0.2 0 0.2 2.0 13.2 21.9 10.0 2.6 0.2 0.0 0 

120 300 2.23 53.2 4.4 0.1 0 0.1 2.1 13.3 21.9 10.7 2.2 0.1 0.0 0 
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ĨŅĶŅĚĪňŗȮĕ+2ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚ

ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ' 
Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

121 304 1.83 55.7 3.2 0.3 0 0.2 1.5 11.6 21.5 11.6 3.4 0.3 0.0 0 

122 305 1.92 56.1 2.7 0.3 0 0.1 1.3 11.7 21.0 12.1 3.6 0.3 0.0 0 

123 309 2.34 55.7 2.9 0.2 0 0.1 1.4 11.7 21.5 11.7 3.5 0.2 0.0 0 

124 312 2.34 52.8 4.7 0.1 0 0.1 2.2 13.5 21.9 10.5 2.1 0.1 0.0 0 

125 314 2.27 55.4 4.2 0.2 0 0.2 1.9 11.6 21.1 11.6 3.6 0.2 0.0 0 

126 322 1.85 51.9 5.7 0.1 0 0.2 2.7 13.7 22.0 9.9 1.7 0.1 0.0 0 

127 324 2.05 55.7 4.2 0.3 0 0.2 1.9 11.1 21.1 11.8 3.7 0.3 0.0 0 

128 326 2.15 56.7 2.7 0.3 0 0.1 1.3 11.4 20.5 12.7 3.9 0.3 0.0 0 

129 328 2.13 54.8 3.9 0.2 0 0.2 1.8 11.9 21.8 11.1 3.2 0.2 0.0 0 

130 331 2.11 52.8 4.9 0.1 0 0.1 2.3 13.7 21.3 10.5 2.1 0.1 0.0 0 

131 333 2.48 55.7 4.3 0.3 0 0.2 1.9 11.5 20.8 11.5 3.8 0.3 0.0 0 

132 338 2.15 55.0 3.8 0.2 0 0.1 1.8 12.2 20.9 11.7 3.1 0.2 0.0 0 

133 353 1.96 55.2 3.9 0.3 0 0.2 1.8 11.9 21.3 11.4 3.4 0.3 0.0 0 

134 355 1.93 53.1 4.8 0.2 0 0.2 2.2 13.6 21.4 10.3 2.4 0.2 0.0 0 

135 358 1.87 56.6 2.9 0.3 0 0.1 1.4 11.1 21.0 12.3 4.0 0.3 0.0 0 

136 365 1.80 55.7 4.1 0.3 0 0.1 2.0 11.4 20.9 12.1 3.5 0.3 0.0 0 

137 366 1.98 54.3 4.3 0.2 0 0.2 2.0 12.7 21.5 10.7 3.0 0.2 0.0 0 

138 370 1.85 54.1 4.1 0.0 0 0.1 2.0 12.8 21.0 11.3 2.9 0.0 0.0 0 

139 371 1.84 53.1 5.0 0.1 0 0.3 2.3 13.0 21.9 10.2 2.4 0.1 0.0 0 

140 372 2.09 53.2 4.8 0.2 0 0.1 2.3 13.3 21.4 10.6 2.2 0.1 0.0 0 

141 373 2.13 51.3 5.7 0.1 0 0.3 2.6 14.1 22.3 9.2 1.5 0.1 0.0 0 

142 379 2.10 54.7 4.3 0.1 0 0.1 2.1 12.0 21.4 11.6 3.1 0.1 0.0 0 

143 381 2.10 55.8 2.8 0.3 0 0.1 1.3 11.9 21.2 11.6 3.7 0.3 0.0 0 

144 382 2.02 51.8 5.5 0.1 0 0.1 2.6 13.9 21.9 9.9 1.6 0.1 0.0 0 

145 391 2.42 51.1 5.3 0.1 0 0.2 2.5 15.4 21.9 8.9 1.6 0.1 0.0 0 

146 392 2.33 53.6 4.2 0.2 0 0.1 2.0 13.3 21.2 10.8 2.6 0.2 0.0 0 

147 398 1.78 51.8 5.6 0.1 0 0.2 2.6 13.4 22.5 9.6 1.7 0.1 0.0 0 

148 405 1.91 50.7 6.3 0.1 0 0.2 2.9 14.7 21.9 9.0 1.2 0.0 0.0 0 

149 6 2.40 52.0 5.2 0.1 0 0.2 2.4 14.0 21.9 9.4 1.9 0.1 0.0 0 

150 9 2.00 56.7 2.8 0.3 0 0.0 1.4 11.5 20.6 12.3 4.0 0.3 0.0 0 

151 19 2.15 53.6 3.7 0.2 0 0.2 1.7 12.9 22.1 10.3 2.6 0.2 0.0 0 

152 20 2.49 53.7 3.6 0.1 0 0.1 1.8 13.1 21.8 10.9 2.6 0.1 0.0 0 

153 27 1.85 53.8 3.9 0.2 0 0.2 1.8 12.7 22.0 10.5 2.7 0.2 0.0 0 

154 29 1.93 51.8 5.2 0.1 0 0.1 2.5 14.5 21.7 9.4 1.8 0.1 0.0 0 

155 35 2.37 54.2 4.0 0.2 0 0.2 1.8 12.6 21.7 10.7 2.9 0.2 0.0 0 

156 38 2.30 54.5 4.1 0.2 0 0.1 2.0 12.3 21.3 11.3 3.0 0.2 0.0 0 

157 45 1.87 56.6 2.7 0.3 0 0.1 1.3 11.0 21.3 12.3 4.0 0.3 0.0 0 

158 48 1.95 56.8 2.5 0.3 0 0.0 1.2 11.1 20.9 12.4 4.0 0.3 0.0 0 

159 54 1.91 52.2 5.5 0.1 0 0.3 2.5 13.2 22.3 9.9 1.9 0.1 0.0 0 

160 55 2.03 53.4 4.2 0.1 0 0.1 2.0 12.9 21.8 10.7 2.3 0.1 0.0 0 
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ĨŅĶŅĚĪňŗȮĕ+2ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚ

ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ' 
Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

161 59 1.84 54.4 3.8 0.3 0 0.1 1.8 12.8 21.2 11.1 2.8 0.3 0.0 0 

162 63 2.21 54.0 4.0 0.3 0 0.2 1.9 13.2 21.3 10.9 2.7 0.3 0.0 0 

163 69 2.10 54.3 4.1 0.3 0 0.1 1.9 13.0 21.0 11.1 2.8 0.3 0.0 0 

164 70 2.27 56.9 2.7 0.5 0 0.1 1.3 11.4 20.6 12.2 4.0 0.5 0.0 0 

165 71 1.87 55.8 3.5 0.5 0 0.1 1.6 12.0 20.9 11.8 3.4 0.5 0.0 0 

166 74 1.89 52.6 4.8 0.2 0 0.2 2.2 14.1 21.5 10.0 2.0 0.2 0.0 0 

167 75 2.43 54.5 3.6 0.2 0 0.2 1.7 12.7 21.3 11.3 3.0 0.2 0.0 0 

168 85 1.95 55.5 3.9 0.4 0 0.2 1.8 12.0 21.0 11.5 3.4 0.4 0.0 0 

169 91 2.08 52.9 4.9 0.2 0 0.2 2.3 13.5 21.6 10.2 2.2 0.2 0.0 0 

170 93 1.80 52.9 4.9 0.2 0 0.2 2.3 13.8 21.1 10.4 2.2 0.2 0.0 0 

171 94 1.86 55.8 3.9 0.4 0 0.2 1.8 11.6 20.8 11.9 3.5 0.4 0.0 0 

172 99 1.83 57.1 2.7 0.5 0 0.1 1.3 11.3 20.5 12.3 4.1 0.5 0.0 0 

173 106 2.05 52.7 5.0 0.2 0 0.2 2.3 14.0 21.3 9.9 2.2 0.2 0.0 0 

174 117 2.07 55.3 4.2 0.3 0 0.2 1.9 12.2 20.6 11.5 3.5 0.3 0.0 0 

175 120 1.86 56.2 4.0 0.4 0 0.2 1.8 11.4 20.6 12.2 3.8 0.4 0.0 0 

176 121 1.99 55.9 2.8 0.4 0 0.1 1.3 12.2 21.0 11.9 3.5 0.4 0.0 0 

177 126 1.81 51.2 6.0 0.1 0 0.3 2.8 14.5 21.8 9.2 1.5 0.1 0.0 0 

178 134 2.16 51.2 5.8 0.1 0 0.3 2.6 14.7 21.9 9.2 1.5 0.1 0.0 0 

179 135 1.94 53.7 3.9 0.2 0 0.2 1.8 13.4 21.5 10.7 2.6 0.2 0.0 0 

180 136 2.09 55.6 2.9 0.3 0 0.1 1.4 12.4 20.8 11.7 3.4 0.3 0.0 0 

181 144 1.85 55.5 4.1 0.3 0 0.2 1.8 11.6 21.3 11.2 3.6 0.2 0.0 0 

182 147 1.92 53.1 4.9 0.2 0 0.1 2.3 13.4 21.3 10.5 2.3 0.2 0.0 0 

183 151 1.94 54.2 3.8 0.2 0 0.1 1.8 12.5 21.8 10.8 2.8 0.2 0.0 0 

184 154 2.20 55.6 3.0 0.2 0 0.0 1.4 12.2 20.8 12.0 3.4 0.2 0.0 0 

185 155 1.92 53.6 4.0 0.2 0 0.2 1.8 12.8 22.2 10.4 2.6 0.2 0.0 0 

186 158 1.87 51.9 5.5 0.1 0 0.1 2.6 14.2 21.5 9.9 1.8 0.1 0.0 0 

187 173 1.92 54.1 3.8 0.2 0 0.1 1.8 13.1 21.4 10.5 3.0 0.2 0.0 0 

188 178 2.19 54.2 4.7 0.1 0 0.1 2.2 12.6 21.0 11.3 3.0 0.1 0.0 0 

189 204 1.90 55.0 4.5 0.2 0 0.2 2.1 11.6 21.4 11.2 3.5 0.2 0.0 0 

190 214 2.08 54.3 4.6 0.2 0 0.1 2.2 12.6 21.0 11.1 3.0 0.2 0.0 0 

191 217 1.77 51.5 5.8 0.1 0 0.2 2.7 14.3 22.0 9.5 1.6 0.1 0.0 0 

192 221 1.77 52.3 5.0 0.2 0 0.2 2.3 14.0 21.5 9.9 1.9 0.2 0.0 0 

193 229 2.18 56.2 2.6 0.4 0 0.1 1.2 12.0 20.8 12.0 3.6 0.4 0.0 0 

194 239 2.38 55.5 4.1 0.3 0 0.2 1.9 11.9 20.8 11.5 3.5 0.3 0.0 0 

195 245 2.07 54.9 4.4 0.3 0 0.2 2.0 12.3 20.7 11.2 3.3 0.3 0.0 0 

196 255 2.37 55.4 3.0 0.3 0 0.1 1.4 12.7 20.8 11.5 3.5 0.3 0.0 0 

197 264 2.15 53.8 4.1 0.3 0 0.2 1.9 13.6 21.2 10.7 2.7 0.3 0.0 0 

198 267 2.23 54.3 3.8 0.2 0 0.2 1.7 12.7 21.4 11.0 2.9 0.2 0.0 0 

199 268 2.54 55.6 2.8 0.3 0 0.1 1.3 12.8 20.7 11.5 3.5 0.3 0.0 0 

200 271 1.92 50.8 6.1 0.1 0 0.3 2.8 15.0 21.8 8.9 1.4 0.1 0.0 0 
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ĨŅĶŅĚĪňŗȮĕ+2ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭȮ%LOI, AFS, 3 Mesh Upper, ŐĸŃȮ3 Mesh LowerȮĕŀĚ

ĪĶŅĵŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ (Ĩƞŀ' 
Run 
no. 

Expt 
no. 

LOI AFS 
3 

MU 
3 
ML 

M20 M30 M40 M50 M70 
M 

100 
M 

140 
M 

200 
M 

270 
M 

Pan 

201 276 2.28 52.3 6.6 0.2 0 0.5 2.8 14.1 20.4 9.8 2.1 0.2 0.0 0 

202 277 1.88 54.4 4.5 0.2 0 0.2 2.0 12.4 20.8 11.6 2.9 0.2 0.0 0 

203 284 1.92 56.6 2.6 0.3 0 0.1 1.2 11.2 20.7 12.9 3.8 0.3 0.0 0 

204 285 2.17 51.1 6.5 0.1 0 0.3 3.0 14.8 21.3 9.3 1.6 0.1 0.0 0 

205 286 2.31 53.0 5.4 0.1 0 0.3 2.5 13.5 20.9 10.8 2.3 0.1 0.0 0 

206 287 2.21 54.6 4.2 0.1 0 0.2 1.9 12.2 20.9 11.6 3.0 0.1 0.0 0 

207 295 2.26 57.3 2.3 0.2 0 0.1 1.1 10.4 21.0 13.6 4.1 0.2 0.0 0 

208 298 2.28 54.5 4.0 0.1 0 0.2 1.8 12.0 21.3 11.7 2.8 0.1 0.0 0 

209 311 2.35 54.7 2.5 0.1 0 0.1 1.2 12.1 21.8 11.8 2.7 0.1 0.0 0 

210 316 2.04 52.6 5.1 0.1 0 0.2 2.4 14.0 21.3 10.1 2.2 0.1 0.0 0 

211 318 1.85 55.0 4.05 0.20 0 0.2 1.9 12.2 20.7 11.9 3.2 0.2 0.0 0 

212 330 1.81 57.0 2.43 0.26 0 0.1 1.1 10.7 20.9 13.2 3.9 0.3 0.0 0 

213 340 1.74 55.0 4.03 0.17 0 0.2 1.9 11.9 21.0 12.0 3.2 0.2 0.0 0 

214 342 1.81 52.0 6.09 0.07 0 0.3 2.8 13.4 21.5 9.9 1.8 0.1 0.0 0 

215 354 2.02 51.3 6.69 0.12 0 0.3 3.0 14.5 21.0 9.6 1.6 0.1 0.0 0 

216 357 2.13 53.9 4.71 0.13 0 0.2 2.2 12.9 20.9 11.4 2.8 0.1 0.0 0 

217 361 1.91 55.7 2.58 0.13 0 0.1 1.2 10.9 21.9 12.9 3.1 0.1 0.0 0 

218 363 2.27 52.2 5.84 0.06 0 0.2 2.8 13.7 21.4 10.2 2.0 0.1 0.0 0 

219 380 1.82 52.9 5.57 0.08 0 0.3 2.5 12.6 21.9 10.6 2.2 0.1 0.0 0 

220 385 2.01 56.2 2.68 0.13 0 0.1 1.3 11.1 21.2 12.8 3.6 0.1 0.0 0 

221 397 2.34 53.9 4.75 0.10 0 0.2 2.2 12.3 21.5 10.9 2.8 0.1 0.0 0 

222 400 2.05 53.5 5.01 0.11 0 0.1 2.4 13.0 21.1 10.9 2.6 0.1 0.0 0 
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ĨŅĶŅĚĪňŗȮ1.ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ&%Thermal Expansion) ĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 

Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

1 1 0.142 0.251 0.339 0.752 0.990 0.958 0.205 0.387 0.567 1.001 1.208 1.167 

2 26 0.193 0.326 0.427 0.832 1.000 0.991 0.210 0.358 0.500 0.825 1.023 1.056 

3 28 0.251 0.442 0.645 1.071 1.260 1.195 0.283 0.469 0.657 1.022 1.195 1.133 

4 31 0.235 0.401 0.539 0.906 1.098 1.084 0.251 0.412 0.511 0.809 0.867 0.878 

5 39 0.098 0.223 0.355 0.792 1.089 1.325 0.275 0.484 0.648 0.975 1.237 1.296 

6 44 0.305 0.499 0.610 0.882 1.190 1.133 0.280 0.506 0.627 1.003 1.219 1.221 

7 46 0.214 0.324 0.463 0.788 1.087 1.100 0.220 0.377 0.535 0.890 1.108 1.120 

8 53 0.192 0.341 0.496 0.940 1.168 1.190 0.236 0.414 0.565 0.971 1.206 1.207 

9 56 0.206 0.366 0.526 0.861 1.092 1.104 0.193 0.365 0.504 0.844 1.011 1.045 

10 57 0.155 0.273 0.385 0.831 1.149 1.143 0.112 0.208 0.325 0.664 0.876 0.875 

11 67 0.173 0.326 0.480 0.933 1.213 1.197 0.246 0.464 0.645 0.988 1.166 1.153 

12 73 0.219 0.361 0.463 0.862 1.022 1.056 0.214 0.374 0.512 0.784 0.995 1.047 

13 76 0.215 0.372 0.461 0.851 1.133 1.172 0.241 0.415 0.576 0.975 1.245 1.279 

14 83 0.207 0.364 0.493 0.902 1.126 1.144 0.246 0.417 0.568 0.989 1.195 1.221 

15 86 0.184 0.357 0.522 0.938 1.188 1.150 0.242 0.358 0.516 0.917 1.187 1.165 

16 95 0.275 0.496 0.642 1.033 1.132 1.092 0.263 0.461 0.646 1.038 1.169 1.174 

17 97 0.224 0.408 0.570 1.034 1.406 1.394 0.236 0.437 0.604 1.123 1.406 1.450 

18 102 0.199 0.399 0.611 1.241 1.529 1.498 0.157 0.329 0.511 1.075 1.392 1.393 

19 105 0.219 0.372 0.496 0.856 1.030 1.066 0.200 0.365 0.520 0.898 1.100 1.154 

20 109 0.073 0.214 0.364 0.641 0.877 1.001 0.240 0.300 0.418 0.735 0.947 0.945 

21 110 0.226 0.413 0.592 1.032 1.310 1.253 0.181 0.349 0.496 0.879 1.115 1.080 

22 118 0.251 0.455 0.597 0.908 0.993 0.973 0.237 0.405 0.517 0.775 0.887 0.870 

23 129 0.246 0.422 0.565 0.890 1.013 0.937 0.298 0.535 0.721 1.053 1.176 1.129 

24 137 0.258 0.416 0.535 0.854 1.046 1.024 0.223 0.398 0.548 0.940 1.157 1.173 

25 159 0.221 0.391 0.538 0.932 1.249 1.231 0.264 0.440 0.575 1.009 1.226 1.224 

26 164 0.462 0.495 0.641 0.640 0.646 0.634 0.305 0.506 0.653 0.905 0.930 0.898 

27 165 0.186 0.295 0.384 0.662 0.885 0.906 0.211 0.345 0.463 0.769 0.923 0.976 

28 172 0.337 0.497 0.652 0.942 1.060 0.998 0.279 0.387 0.430 0.656 0.825 0.765 

29 176 0.220 0.335 0.462 0.771 0.999 1.012 0.207 0.361 0.484 0.860 1.081 1.109 

30 180 0.312 0.512 0.622 0.920 1.117 1.163 0.274 0.495 0.649 0.995 1.122 1.224 

31 181 0.140 0.219 0.326 0.575 0.769 0.758 0.231 0.455 0.588 0.983 1.225 1.227 

32 188 0.401 0.625 0.793 1.181 1.302 1.293 0.357 0.643 0.737 1.082 1.211 1.144 

33 190 0.275 0.471 0.653 1.011 1.261 1.215 0.319 0.538 0.723 1.097 1.207 1.188 

34 200 0.124 0.188 0.281 0.679 0.926 0.962 0.200 0.368 0.512 0.930 1.160 1.219 

35 201 0.073 0.152 0.273 0.649 0.961 1.047 0.127 0.277 0.430 0.791 1.087 1.144 

36 202 0.152 0.337 0.514 0.972 1.251 1.245 0.180 0.368 0.549 1.035 1.282 1.287 

37 227 0.324 0.517 0.651 1.042 1.218 1.169 0.226 0.375 0.528 0.952 1.083 1.078 

38 231 0.212 0.396 0.588 1.062 1.324 1.305 0.260 0.474 0.679 1.167 1.306 1.275 

39 233 0.187 0.357 0.513 0.921 1.134 1.148 0.192 0.338 0.493 0.762 0.964 0.978 

40 237 0.186 0.374 0.572 1.079 1.403 1.406 0.178 0.358 0.515 0.917 1.195 1.187 
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ĨŅĶŅĚĪňŗȮĕ+3ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭĔŅĶĕĵŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ&%Thermal Expansion) ĕŀĚĪĶŅĵ

ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

41 247 0.111 0.254 0.364 0.714 1.025 1.096 0.162 0.304 0.435 0.861 1.150 1.174 

42 252 0.318 0.544 0.727 1.051 1.099 1.065 0.200 0.394 0.552 0.964 1.113 1.141 

43 253 0.196 0.360 0.465 0.851 1.107 1.128 0.193 0.340 0.491 0.904 1.186 1.212 

44 254 0.155 0.293 0.464 0.907 1.212 1.216 0.154 0.323 0.465 0.954 1.183 1.156 

45 258 0.176 0.380 0.590 0.989 1.193 1.188 0.227 0.379 0.510 0.918 1.140 1.085 

46 260 0.278 0.523 0.695 0.991 1.164 1.115 0.257 0.464 0.647 1.054 1.160 1.154 

47 270 0.091 0.195 0.312 0.770 1.134 1.208 0.071 0.172 0.294 0.821 1.185 1.235 

48 273 0.154 0.314 0.457 0.827 1.117 1.161 0.176 0.340 0.446 0.771 0.990 1.070 

49 278 0.162 0.333 0.528 0.980 1.278 1.264 0.101 0.285 0.451 0.988 1.263 1.268 

50 283 0.185 0.359 0.529 0.974 1.214 1.188 0.168 0.315 0.457 0.947 1.241 1.287 

51 290 0.091 0.190 0.315 0.752 1.068 1.212 0.058 0.192 0.312 0.730 1.022 0.982 

52 291 0.218 0.400 0.558 0.958 1.170 1.171 0.145 0.261 0.390 0.801 1.133 1.226 

53 301 0.150 0.323 0.446 0.908 1.209 1.223 0.094 0.181 0.311 0.771 1.094 1.153 

54 302 0.174 0.331 0.485 0.849 1.110 1.073 0.163 0.281 0.406 0.893 1.035 0.992 

55 307 0.237 0.467 0.647 1.014 1.110 1.067 0.253 0.476 0.638 1.024 1.125 1.038 

56 308 0.062 0.079 0.168 0.513 0.890 1.026 0.098 0.180 0.311 0.698 0.984 1.055 

57 310 0.153 0.326 0.467 0.911 1.169 1.119 0.183 0.365 0.550 1.020 1.242 1.227 

58 315 0.147 0.288 0.392 0.666 0.879 0.936 0.152 0.276 0.410 0.667 0.898 0.956 

59 317 0.229 0.436 0.643 1.131 1.396 1.456 0.173 0.335 0.482 0.888 1.155 1.183 

60 325 0.142 0.272 0.409 0.754 0.943 1.019 0.101 0.221 0.336 0.653 0.830 0.914 

61 329 0.214 0.389 0.531 0.931 1.178 1.209 0.278 0.478 0.636 0.996 1.159 1.214 

62 335 0.194 0.366 0.511 0.840 1.112 1.192 0.156 0.335 0.471 0.931 1.118 1.248 

63 347 0.237 0.431 0.579 0.902 0.988 1.020 0.146 0.288 0.452 0.814 1.055 1.044 

64 349 0.157 0.324 0.469 0.883 1.204 1.292 0.157 0.326 0.490 0.919 1.174 1.153 

65 351 0.184 0.334 0.462 0.708 0.814 0.795 0.180 0.336 0.454 0.703 0.800 0.799 

66 360 0.196 0.389 0.545 0.947 1.196 1.118 0.185 0.397 0.585 1.002 1.260 1.225 

67 364 0.094 0.230 0.376 0.815 1.105 1.105 0.114 0.266 0.385 0.828 1.109 1.132 

68 367 0.194 0.384 0.548 0.863 1.030 0.983 0.214 0.398 0.545 0.866 1.024 1.002 

69 368 0.157 0.343 0.475 0.776 0.985 0.949 0.120 0.265 0.407 0.766 0.959 0.939 

70 378 0.142 0.303 0.431 0.863 1.122 1.215 0.172 0.343 0.509 0.909 1.292 1.370 

71 383 0.123 0.269 0.439 0.948 1.313 1.326 0.124 0.280 0.406 0.873 1.218 1.213 

72 395 0.182 0.355 0.504 0.860 1.081 1.146 0.133 0.259 0.388 0.773 1.120 1.177 

73 396 0.109 0.264 0.416 0.936 1.234 1.269 0.081 0.199 0.363 0.877 1.212 1.235 

74 399 0.191 0.392 0.528 0.828 0.956 0.976 0.192 0.367 0.491 0.891 1.087 1.098 

75 17 0.164 0.324 0.488 0.867 1.138 1.152 0.171 0.345 0.505 0.938 1.199 1.221 

76 21 0.204 0.374 0.545 0.925 1.112 1.029 0.238 0.467 0.648 1.007 1.159 1.081 

77 32 0.159 0.319 0.477 0.826 1.056 1.112 0.148 0.280 0.418 0.652 0.829 0.867 

78 50 0.214 0.448 0.594 0.899 1.028 1.001 0.144 0.309 0.451 0.690 0.823 0.792 

79 51 0.172 0.348 0.480 0.844 1.080 1.067 0.159 0.318 0.462 0.842 1.057 1.066 

80 58 0.116 0.281 0.430 0.801 1.033 1.085 0.187 0.349 0.461 0.778 0.964 1.000 
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ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

81 61 0.094 0.185 0.296 0.651 0.928 0.918 0.141 0.273 0.406 0.764 0.951 0.954 

82 77 0.194 0.384 0.560 0.893 1.156 1.112 0.180 0.370 0.535 0.896 1.106 1.121 

83 80 0.187 0.407 0.551 0.908 1.080 1.055 0.233 0.420 0.592 0.986 1.192 1.157 

84 82 0.159 0.306 0.464 0.899 1.233 1.360 0.240 0.437 0.602 1.069 1.197 1.226 

85 88 0.129 0.321 0.459 0.898 1.151 1.151 0.207 0.386 0.529 0.990 1.198 1.190 

86 96 0.196 0.370 0.530 0.940 1.229 1.292 0.188 0.366 0.519 0.947 1.208 1.220 

87 98 0.194 0.399 0.571 0.950 1.145 1.096 0.203 0.415 0.580 0.861 0.992 0.959 

88 100 0.206 0.374 0.525 0.852 0.985 0.960 0.260 0.444 0.583 0.939 1.023 0.987 

89 115 0.142 0.319 0.512 0.893 1.115 1.158 0.236 0.428 0.617 0.954 1.140 1.087 

90 123 0.211 0.379 0.543 0.915 1.116 1.146 0.219 0.388 0.542 0.884 1.094 1.117 

91 124 0.243 0.421 0.562 0.850 1.063 0.992 0.230 0.421 0.599 0.917 1.010 0.955 

92 133 0.145 0.282 0.423 0.769 1.007 1.119 0.161 0.293 0.422 0.739 0.945 1.056 

93 140 0.173 0.319 0.439 0.712 0.879 0.947 0.158 0.289 0.418 0.720 0.889 0.959 

94 146 0.177 0.340 0.475 0.892 1.259 1.328 0.139 0.268 0.390 0.854 1.110 1.236 

95 157 0.191 0.396 0.570 1.033 1.309 1.270 0.198 0.374 0.559 1.019 1.214 1.147 

96 161 0.204 0.378 0.537 0.970 1.181 1.215 0.248 0.409 0.558 0.746 0.940 0.944 

97 163 0.165 0.336 0.557 1.002 1.339 1.324 0.185 0.347 0.567 1.064 1.331 1.305 

98 166 0.021 0.231 0.416 0.880 1.083 1.015 0.193 0.384 0.568 0.990 1.217 1.164 

99 169 0.181 0.367 0.520 0.899 1.035 1.010 0.221 0.433 0.615 0.923 1.209 1.144 

100 177 0.241 0.438 0.616 1.028 1.155 1.115 0.203 0.376 0.536 0.905 1.153 1.119 

101 182 0.196 0.289 0.435 0.880 1.111 1.192 0.206 0.400 0.568 0.972 1.282 1.273 

102 186 0.199 0.377 0.550 0.941 1.202 1.162 0.194 0.364 0.526 0.911 1.156 1.154 

103 187 0.089 0.200 0.317 0.780 1.140 1.146 0.111 0.206 0.388 0.802 1.202 1.206 

104 189 0.077 0.164 0.304 0.771 1.187 1.221 0.082 0.186 0.317 0.868 1.313 1.330 

105 192 0.161 0.342 0.500 1.008 1.272 1.255 0.196 0.370 0.576 0.971 1.289 1.290 

106 196 0.191 0.337 0.484 0.812 1.025 1.054 0.226 0.388 0.518 0.853 0.992 1.026 

107 197 0.163 0.317 0.466 0.951 1.226 1.275 0.187 0.353 0.521 0.950 1.273 1.328 

108 199 0.179 0.360 0.528 1.000 1.298 1.310 0.178 0.338 0.541 1.030 1.314 1.347 

109 209 0.241 0.438 0.586 0.915 1.072 1.055 0.238 0.433 0.581 0.898 1.016 1.005 

110 210 0.310 0.516 0.674 0.926 1.149 1.119 0.294 0.516 0.672 1.044 1.271 1.253 

111 226 0.104 0.234 0.366 0.880 1.236 1.306 0.152 0.345 0.527 1.018 1.291 1.313 

112 228 0.161 0.322 0.518 1.007 1.290 1.230 0.191 0.360 0.488 1.026 1.334 1.324 

113 230 0.092 0.203 0.364 0.758 1.191 1.223 0.102 0.168 0.297 0.792 1.164 1.198 

114 234 0.089 0.170 0.297 0.740 1.048 1.146 0.051 0.137 0.248 0.684 0.994 0.957 

115 235 0.152 0.293 0.465 0.824 0.971 0.996 0.140 0.277 0.370 0.658 0.825 0.826 

116 250 0.093 0.211 0.343 0.802 1.124 1.194 0.097 0.241 0.384 0.883 1.218 1.248 

117 256 0.164 0.298 0.423 0.772 1.072 1.076 0.141 0.288 0.415 0.796 1.021 1.041 

118 263 0.179 0.374 0.565 0.967 1.222 1.042 0.174 0.347 0.511 0.926 1.176 1.171 

119 297 0.147 0.305 0.449 0.831 1.046 1.130 0.079 0.185 0.314 0.682 0.937 1.011 

120 300 0.168 0.343 0.456 0.841 1.054 1.127 0.174 0.337 0.485 0.844 1.160 1.255 
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ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

121 304 0.132 0.201 0.339 0.701 0.964 0.998 0.132 0.268 0.398 0.752 0.969 0.933 

122 305 0.237 0.407 0.536 0.741 0.864 0.812 0.129 0.285 0.408 0.704 0.835 0.803 

123 309 0.145 0.285 0.404 0.651 0.753 0.703 0.134 0.268 0.371 0.631 0.738 0.697 

124 312 0.097 0.192 0.286 0.551 0.809 0.877 0.089 0.183 0.290 0.589 0.792 0.824 

125 314 0.061 0.135 0.228 0.516 0.719 0.751 0.079 0.175 0.271 0.625 0.828 1.013 

126 322 0.148 0.289 0.419 0.816 1.106 1.103 0.142 0.255 0.398 0.815 1.042 1.073 

127 324 0.069 0.204 0.317 0.702 0.985 1.024 0.048 0.126 0.257 0.592 0.864 0.918 

128 326 0.147 0.280 0.432 0.724 0.862 0.814 0.116 0.233 0.357 0.654 0.736 0.732 

129 328 0.114 0.227 0.336 0.595 0.762 0.805 0.135 0.260 0.352 0.491 0.621 0.595 

130 331 0.153 0.293 0.399 0.713 0.929 0.914 0.069 0.156 0.259 0.574 0.815 0.799 

131 333 0.060 0.127 0.220 0.580 0.901 1.056 0.141 0.283 0.402 0.754 0.978 1.062 

132 338 0.138 0.297 0.471 0.865 1.042 1.008 0.121 0.252 0.387 0.792 1.097 1.090 

133 353 0.195 0.368 0.491 0.845 1.074 1.071 0.258 0.430 0.573 0.884 1.099 1.100 

134 355 0.208 0.361 0.548 0.930 1.167 1.205 0.192 0.398 0.479 0.807 1.044 0.904 

135 358 0.182 0.381 0.572 0.943 1.162 0.888 0.070 0.166 0.166 0.282 0.676 0.924 

136 365 0.070 0.166 0.282 0.676 0.924 0.973 0.070 0.150 0.301 0.706 0.949 0.947 

137 366 0.153 0.301 0.429 0.780 0.948 0.927 0.145 0.278 0.405 0.636 0.936 0.893 

138 370 0.107 0.233 0.367 0.704 0.919 0.882 0.155 0.311 0.441 0.727 0.947 0.961 

139 371 0.110 0.230 0.323 0.680 1.053 1.061 0.083 0.185 0.312 0.756 1.041 1.084 

140 372 0.119 0.240 0.339 0.692 0.819 0.868 0.125 0.250 0.367 0.705 0.871 0.976 

141 373 0.095 0.188 0.309 0.762 1.176 1.353 0.147 0.316 0.477 0.873 1.242 1.344 

142 379 0.102 0.221 0.385 0.801 1.179 1.205 0.069 0.147 0.297 0.729 0.988 1.015 

143 381 0.179 0.350 0.514 0.829 1.025 1.001 0.156 0.321 0.478 0.845 1.120 1.079 

144 382 0.114 0.222 0.366 0.892 1.282 1.345 0.078 0.158 0.281 0.818 1.180 1.241 

145 391 0.120 0.241 0.232 0.489 0.683 0.728 0.158 0.312 0.429 0.774 0.913 0.912 

146 392 0.094 0.182 0.299 0.656 0.892 0.911 0.063 0.168 0.282 0.629 0.886 0.891 

147 398 0.068 0.139 0.238 0.698 1.167 1.302 0.123 0.314 0.503 1.017 1.346 1.349 

148 405 0.148 0.308 0.477 0.843 1.168 1.213 0.158 0.299 0.445 0.895 1.236 1.338 

149 6 0.185 0.322 0.461 0.840 1.041 1.173 0.139 0.250 0.373 0.713 0.936 1.044 

150 9 0.131 0.267 0.404 0.845 1.086 1.072 0.184 0.352 0.510 0.929 1.108 1.073 

151 19 0.149 0.285 0.418 0.889 1.189 1.208 0.169 0.331 0.464 0.795 0.941 0.956 

152 20 0.185 0.354 0.501 0.807 1.042 1.074 0.185 0.346 0.484 0.791 0.848 0.909 

153 27 0.156 0.304 0.458 0.938 1.234 1.238 0.171 0.344 0.521 1.035 1.355 1.326 

154 29 0.146 0.310 0.466 0.866 1.109 1.158 0.192 0.366 0.541 0.950 1.204 1.227 

155 35 0.148 0.293 0.457 0.824 1.063 1.061 0.082 0.210 0.382 0.823 1.143 1.122 

156 38 0.091 0.161 0.291 0.586 0.889 0.949 0.103 0.217 0.326 0.759 1.128 1.148 

157 45 0.195 0.392 0.573 0.983 1.130 1.160 0.243 0.470 0.630 0.994 1.273 1.220 

158 48 0.147 0.346 0.481 0.695 0.945 0.962 0.231 0.433 0.606 1.008 1.145 1.165 

159 54 0.205 0.379 0.568 0.986 1.310 1.365 0.069 0.222 0.374 0.832 1.171 1.222 

160 55 0.129 0.284 0.447 0.892 1.140 1.117 0.191 0.299 0.484 0.883 1.142 1.132 
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ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

161 59 0.079 0.203 0.361 0.839 1.140 1.216 0.142 0.294 0.471 0.912 1.210 1.216 

162 63 0.199 0.367 0.515 0.809 1.025 1.062 0.173 0.313 0.465 0.793 0.970 0.978 

163 69 0.145 0.324 0.494 0.911 1.161 1.132 0.148 0.298 0.424 0.780 0.976 0.931 

164 70 0.202 0.368 0.508 0.765 0.967 0.947 0.224 0.390 0.353 0.831 0.956 0.913 

165 71 0.136 0.285 0.454 0.931 1.267 1.258 0.192 0.348 0.520 0.989 1.213 1.157 

166 74 0.169 0.288 0.448 0.889 1.156 1.146 0.136 0.254 0.388 0.800 1.035 1.014 

167 75 0.152 0.299 0.433 0.788 1.000 1.015 0.135 0.205 0.316 0.601 0.777 0.815 

168 85 0.165 0.313 0.469 0.784 0.969 0.981 0.177 0.324 0.482 0.826 0.964 0.965 

169 91 0.064 0.148 0.251 0.752 1.145 1.230 0.095 0.241 0.422 0.925 1.163 1.164 

170 93 0.110 0.256 0.417 0.917 1.195 1.178 0.097 0.239 0.370 0.848 1.111 1.091 

171 94 0.129 0.294 0.473 1.012 1.323 1.341 0.286 0.501 0.692 1.164 1.371 1.351 

172 99 0.181 0.363 0.530 1.004 1.242 1.115 0.251 0.471 0.641 1.106 1.235 1.055 

173 106 0.159 0.347 0.476 0.896 1.157 1.289 0.120 0.276 0.425 0.850 1.092 1.116 

174 117 0.138 0.304 0.461 0.852 1.060 1.074 0.129 0.277 0.429 0.879 1.123 1.132 

175 120 0.255 0.448 0.619 0.973 1.107 1.166 0.259 0.426 0.576 0.965 1.103 1.153 

176 121 0.218 0.438 0.636 1.082 1.333 1.341 0.285 0.485 0.650 0.973 1.116 1.071 

177 126 0.118 0.238 0.365 0.903 1.322 1.422 0.173 0.341 0.529 1.017 1.250 1.309 

178 134 0.193 0.338 0.505 0.957 1.260 1.366 0.186 0.341 0.494 0.923 1.174 1.263 

179 135 0.218 0.393 0.525 0.882 1.091 1.079 0.241 0.442 0.627 0.971 1.134 1.152 

180 136 0.275 0.180 0.656 1.025 1.062 1.023 0.250 0.455 0.604 0.999 1.213 1.128 

181 144 0.082 0.246 0.401 0.939 1.310 1.385 0.073 0.267 0.454 1.086 1.466 1.494 

182 147 0.123 0.308 0.443 0.971 1.289 1.325 0.200 0.408 0.569 1.028 1.341 1.418 

183 151 0.224 0.482 0.686 1.139 1.460 1.407 0.182 0.399 0.587 1.034 1.321 1.334 

184 154 0.097 0.341 0.499 0.843 0.928 1.077 0.215 0.413 0.542 0.931 1.168 1.106 

185 155 0.203 0.429 0.596 1.004 1.222 1.229 0.194 0.409 0.573 1.033 1.091 1.091 

186 158 0.193 0.377 0.512 0.970 1.313 1.105 0.124 0.267 0.398 0.820 1.013 1.038 

187 173 0.193 0.447 0.604 0.891 0.868 0.841 0.212 0.438 0.561 0.865 1.008 0.968 

188 178 0.125 0.275 0.393 0.751 0.899 0.937 0.139 0.297 0.398 0.726 1.000 1.020 

189 204 0.182 0.347 0.476 0.837 1.020 1.200 0.088 0.208 0.323 0.754 1.069 1.108 

190 214 0.131 0.263 0.395 0.776 0.990 1.035 0.125 0.292 0.402 0.797 1.027 1.029 

191 217 0.063 0.227 0.355 0.894 1.320 1.438 0.134 0.312 0.484 0.892 1.166 1.150 

192 221 0.124 0.303 0.465 1.036 1.389 1.438 0.103 0.268 0.420 1.047 1.453 1.507 

193 229 0.180 0.370 0.545 0.938 1.072 1.088 0.183 0.420 0.567 0.969 1.144 1.075 

194 239 0.141 0.318 0.438 0.772 1.001 1.088 0.110 0.262 0.406 0.817 1.029 1.094 

195 245 0.123 0.321 0.479 1.028 1.247 1.249 0.148 0.363 0.521 0.938 1.141 1.179 

196 255 0.120 0.352 0.472 0.894 1.078 1.049 0.115 0.332 0.462 0.853 1.039 1.044 

197 264 0.204 0.391 0.530 0.906 1.115 1.195 0.171 0.368 0.504 0.865 1.057 1.126 

198 267 0.159 0.343 0.486 0.893 1.078 1.069 0.186 0.329 0.448 0.798 0.953 1.034 

199 268 0.160 0.396 0.537 0.862 0.947 0.967 0.114 0.302 0.446 0.803 0.945 0.925 

200 271 0.128 0.254 0.367 0.759 1.078 1.160 0.145 0.344 0.473 0.849 1.113 1.198 
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ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

TE 
20-1 

TE 
40-1 

TE 
60-1 

TE 
120-1 

TE 
180-1 

TE 
240-1 

TE 
20-2 

TE 
40-2 

TE 
60-2 

TE 
120-2 

TE 
180-2 

TE 
240-2 

201 276 0.101 0.216 0.286 0.685 0.967 1.024 0.158 0.321 0.448 0.806 1.059 1.109 

202 277 0.135 0.396 0.539 0.993 1.137 1.117 0.143 0.313 0.453 0.863 1.094 1.144 

203 284 0.177 0.430 0.556 0.869 1.004 1.003 0.169 0.403 0.550 0.884 0.982 1.072 

204 285 0.065 0.162 0.268 0.689 1.021 1.115 0.062 0.145 0.207 0.623 1.073 1.204 

205 286 0.081 0.208 0.326 0.801 1.143 1.192 0.105 0.262 0.376 0.735 1.081 1.180 

206 287 0.098 0.213 0.326 0.711 1.009 1.054 0.112 0.237 0.348 0.686 0.871 0.941 

207 295 0.139 0.364 0.491 0.766 0.986 0.950 0.167 0.376 0.520 0.845 0.991 0.964 

208 298 0.134 0.343 0.461 0.731 0.945 1.032 0.136 0.313 0.412 0.790 1.038 1.136 

209 311 0.114 0.261 0.358 0.655 0.743 0.750 0.182 0.362 0.485 0.841 0.977 0.933 

210 316 0.130 0.298 0.444 0.873 1.146 1.232 0.131 0.318 0.439 0.807 1.052 1.131 

211 318 0.098 0.252 0.392 0.841 1.101 1.208 0.119 0.307 0.456 0.874 1.114 1.146 

212 330 0.289 0.585 0.748 1.131 1.298 1.237 0.116 0.321 0.471 0.936 1.260 1.227 

213 340 0.131 0.312 0.463 1.011 1.399 1.412 0.105 0.306 0.418 0.986 1.320 1.425 

214 342 0.145 0.337 0.498 1.007 1.390 1.454 0.073 0.214 0.372 0.917 1.246 1.315 

215 354 0.080 0.232 0.346 0.880 1.265 1.362 0.102 0.274 0.416 1.007 1.400 1.447 

216 357 0.092 0.221 0.305 0.767 1.052 1.125 0.115 0.262 0.408 0.865 1.233 1.181 

217 361 0.127 0.324 0.484 0.923 1.119 1.176 0.142 0.336 0.501 0.893 1.077 1.059 

218 363 0.110 0.240 0.399 0.903 1.284 1.353 0.104 0.225 0.363 0.850 1.196 1.330 

219 380 0.095 0.244 0.366 0.954 1.429 1.495 0.098 0.248 0.402 0.976 1.330 1.362 

220 385 0.097 0.277 0.428 0.924 1.198 1.223 0.129 0.345 0.493 0.948 1.182 1.135 

221 397 0.085 0.253 0.378 0.804 0.994 1.099 0.143 0.324 0.453 0.880 1.137 1.215 

222 400 0.166 0.309 0.454 0.903 1.225 1.302 0.079 0.233 0.385 0.826 1.183 1.326 
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ĨŅĶŅĚĪňŗȮ1/ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭĮĶŇĴŅĦŐĔƠĽĪňŗŏĔŇħĕŉŘĬȮ(Gas Quantity ů ml/g) ĕŀĚĪĶŅĵ
ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬ 

Run 
no. 

Expt 
no. 

Gas 
 30 

Gas 
60 

Gas 
90 

Gas 
120 

Gas 
150 

Gas 
180 

Gas 
210 

Gas 
240 

Gas 
270 

Gas 
300 

Gas 
330 

Gas 
360 

Gas 
390 

Gas 
420 

1 1 0.451 1.040 1.456 1.924 2.530 3.310 4.003 4.645 5.321 5.997 6.464 6.932 7.331 6.670 

2 26 0.569 1.397 1.741 2.328 3.207 4.000 4.914 5.621 6.397 7.034 7.621 8.086 8.431 7.821 

3 28 0.491 1.000 1.298 1.825 2.474 3.228 3.947 4.474 5.211 5.825 6.316 6.737 7.123 6.466 

4 31 0.451 1.059 1.476 2.083 2.830 3.646 4.479 5.156 5.833 6.458 6.979 7.448 7.830 7.170 

5 39 0.489 1.099 1.483 2.129 2.897 3.770 4.590 5.201 5.829 6.422 6.911 7.312 7.696 7.038 

6 44 0.535 1.174 1.589 2.176 2.953 3.765 4.577 5.199 5.855 6.442 6.960 7.409 7.789 7.145 

7 46 0.503 1.127 1.542 2.201 3.016 3.917 4.714 5.234 5.945 6.464 6.967 7.331 7.695 7.069 

8 53 0.515 1.100 1.546 2.199 2.955 3.832 4.656 5.258 5.928 6.495 6.993 7.354 7.715 7.086 

9 56 0.542 1.154 1.661 2.360 3.392 4.615 5.087 5.717 6.503 7.115 7.657 8.129 8.462 7.751 

10 57 0.484 1.123 1.503 2.263 3.040 3.955 4.888 5.682 6.528 7.150 7.737 8.135 8.687 8.112 

11 67 0.371 1.025 1.325 1.731 2.385 3.127 3.834 4.541 5.247 5.795 6.254 6.643 6.926 6.183 

12 73 0.501 1.174 1.675 2.124 2.677 3.351 4.180 4.974 5.751 6.494 7.150 7.617 8.117 7.646 

13 76 0.430 0.979 1.289 1.856 2.595 3.402 4.192 4.931 5.550 6.014 6.478 6.770 7.182 6.588 

14 83 0.564 1.217 1.658 2.381 3.245 4.180 5.062 5.979 5.944 7.160 7.690 8.236 8.624 8.005 

15 86 0.534 1.207 1.569 2.345 2.983 3.828 4.690 5.466 6.086 6.586 7.241 7.655 8.069 7.321 

16 95 0.406 1.060 1.502 2.173 2.951 3.746 4.629 5.318 5.777 6.343 6.837 7.208 7.562 6.837 

17 97 0.404 0.949 1.406 2.179 2.917 3.726 4.587 5.290 5.817 6.292 6.714 7.170 7.504 6.866 

18 102 0.432 0.984 1.416 2.159 3.022 3.817 4.611 5.233 5.717 6.079 6.598 7.012 7.340 6.644 

19 105 0.537 1.092 1.577 2.426 3.310 4.211 5.165 5.927 6.482 7.123 7.660 8.076 8.475 7.849 

20 109 0.523 1.220 1.742 2.456 3.380 4.355 5.244 6.080 6.829 7.509 8.101 8.554 8.885 8.261 

21 110 0.608 1.267 1.649 2.188 2.934 3.941 4.757 5.556 6.285 6.979 7.552 8.003 8.438 7.760 

22 118 0.639 1.474 2.149 3.179 4.281 5.293 6.288 7.176 7.957 8.508 9.076 9.432 9.769 9.063 

23 129 0.683 1.506 1.909 2.697 3.398 4.151 4.991 5.657 6.217 6.690 7.128 7.461 7.706 6.961 

24 137 0.655 1.517 2.224 3.207 4.224 5.310 6.121 6.897 7.552 8.052 8.397 8.638 8.914 8.217 

25 159 0.675 1.574 2.215 3.166 3.945 4.810 5.554 6.142 6.661 7.076 7.353 7.578 7.941 7.194 

26 164 0.455 1.451 2.150 3.077 4.091 5.105 6.014 6.713 7.133 7.692 8.129 8.479 8.759 8.031 

27 165 0.685 1.547 2.232 3.269 4.253 5.202 6.063 6.889 7.663 8.207 8.735 9.121 9.367 8.641 

28 172 0.683 1.594 2.277 3.135 4.116 4.886 6.200 6.708 7.443 7.793 8.126 8.476 8.704 7.959 

29 176 0.646 1.497 2.330 3.214 4.167 5.221 6.088 6.667 7.262 7.687 8.163 8.486 8.810 8.075 

30 180 0.734 1.696 2.378 3.304 4.458 5.490 6.259 7.045 7.622 8.147 8.706 8.899 9.213 8.573 

31 181 0.659 1.231 2.218 3.276 4.298 5.165 5.979 6.638 7.227 7.712 8.163 8.527 8.787 8.057 

32 188 0.695 1.497 2.210 3.102 3.939 4.831 5.579 6.257 6.756 7.201 7.558 7.879 8.128 7.370 

33 190 0.616 1.301 1.918 2.740 3.510 4.281 5.051 5.548 6.027 6.421 6.798 7.072 7.363 6.579 

34 200 0.651 1.725 2.588 3.715 4.771 5.898 6.884 7.711 8.415 8.979 9.296 9.595 9.947 9.292 

35 201 0.716 1.675 2.635 3.857 5.079 6.213 7.068 7.836 8.534 9.092 9.546 10.09 10.21 9.411 

36 202 0.679 1.725 2.387 3.328 4.373 5.226 6.167 6.864 7.474 7.997 8.328 8.641 8.902 8.191 

37 227 0.732 1.655 2.352 3.223 4.059 5.174 6.115 6.916 7.474 7.979 8.467 8.746 9.059 8.296 

38 231 0.621 1.578 2.199 2.890 3.918 4.805 5.656 6.241 6.773 7.287 7.695 8.050 8.333 7.591 

39 233 0.679 1.585 2.195 3.153 4.216 5.192 5.941 6.551 7.230 7.718 8.136 8.484 8.693 8.000 

40 237 0.581 1.128 2.154 2.991 3.778 4.667 5.709 6.017 6.581 6.906 7.162 7.214 7.350 6.583 
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ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
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no. 
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no. 
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Gas 
60 

Gas 
90 
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Gas 
150 

Gas 
180 

Gas 
210 
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Gas 
270 

Gas 
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330 

Gas 
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Gas 
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Gas 
420 

41 247 0.562 0.879 1.283 1.845 2.548 3.163 3.937 4.710 5.343 5.993 6.432 6.889 7.241 6.708 

42 252 0.480 1.137 1.545 2.043 2.682 3.535 4.387 5.098 5.826 6.341 6.856 7.336 7.709 7.074 

43 253 0.472 1.084 1.521 2.115 2.727 3.566 4.388 5.192 5.892 6.416 6.853 7.360 7.780 7.069 

44 254 0.656 1.117 1.489 2.057 2.589 3.422 4.309 4.947 5.550 6.028 6.454 6.950 7.358 6.740 

45 258 0.637 1.115 1.469 2.088 2.814 3.451 4.159 4.956 5.593 6.159 6.761 7.221 7.611 6.957 

46 260 0.569 1.103 1.406 2.082 2.669 3.327 4.021 4.769 5.445 6.068 6.530 7.011 7.438 6.803 

47 270 0.420 0.998 1.384 2.084 2.890 3.783 4.571 5.324 5.972 6.585 7.110 7.601 8.039 7.451 

48 273 0.565 1.148 1.519 2.102 2.933 3.657 4.346 5.053 5.742 6.272 6.908 7.332 7.686 7.031 

49 278 0.614 1.211 1.614 2.281 2.965 3.719 4.579 5.281 5.895 6.474 6.965 7.386 7.789 7.028 

50 283 0.647 1.294 1.801 2.465 3.357 4.231 5.192 6.101 6.941 7.640 8.094 8.706 9.196 8.660 

51 290 0.439 1.037 1.424 2.127 2.953 3.866 4.921 5.659 6.397 7.135 7.786 8.313 8.787 8.131 

52 291 0.528 1.215 1.690 2.165 2.852 3.662 4.472 5.123 5.933 6.602 7.148 7.658 8.081 7.373 

53 301 0.490 1.121 1.559 2.137 2.942 3.870 4.729 5.517 6.340 7.005 7.636 8.109 8.476 7.837 

54 302 0.615 1.248 1.670 2.127 2.935 3.743 4.394 5.360 6.186 6.924 7.504 7.944 8.366 7.762 

55 307 0.497 1.048 1.528 2.007 2.682 3.446 4.085 4.956 5.737 6.377 6.927 7.282 7.673 7.003 

56 308 0.594 1.119 1.556 2.255 3.112 3.916 4.843 5.769 6.573 7.203 7.745 8.252 8.759 8.171 

57 310 0.507 1.171 1.608 2.115 2.745 3.479 4.353 5.105 5.804 6.259 6.748 7.220 7.605 6.982 

58 315 0.562 1.195 1.670 2.355 3.076 4.077 5.026 5.975 6.626 7.276 7.909 8.436 8.858 8.289 

59 317 0.630 1.173 1.611 2.014 2.855 3.730 4.553 5.306 5.902 6.462 6.988 7.426 7.811 7.189 

60 325 0.646 1.257 1.745 2.321 3.316 4.276 5.236 6.073 6.928 7.627 8.237 8.796 9.337 8.731 

61 329 0.614 1.263 1.789 2.193 2.807 3.526 4.298 5.053 5.596 6.316 6.912 7.404 7.860 7.238 

62 335 0.556 1.146 1.632 2.205 2.986 3.924 4.809 5.538 6.389 7.101 7.656 8.177 8.559 7.934 

63 347 0.637 1.274 1.735 2.301 3.150 4.018 4.726 5.646 6.442 7.044 7.664 8.071 8.478 7.824 

64 349 0.613 1.191 1.664 2.137 2.837 3.573 4.168 4.974 5.674 6.287 6.830 7.250 7.583 6.961 

65 351 0.696 1.393 1.839 2.375 3.321 4.232 5.089 6.143 7.107 7.893 8.554 9.161 9.679 9.170 

66 360 0.529 1.146 1.605 1.993 2.593 3.228 4.021 4.780 5.503 6.049 6.508 6.914 7.372 6.735 

67 364 0.560 1.173 1.681 2.242 2.960 3.678 4.588 5.412 6.147 6.673 7.198 7.653 8.126 7.504 

68 367 0.671 1.343 1.837 2.261 3.021 3.852 4.717 5.565 6.290 6.926 7.527 8.039 8.445 7.738 

69 368 0.707 1.413 1.749 2.279 3.057 3.852 4.717 5.389 6.113 6.820 7.403 7.933 8.392 7.844 

70 378 0.593 1.117 1.431 1.990 2.757 3.560 4.346 5.026 5.689 6.283 6.824 7.312 7.714 7.195 

71 383 0.556 1.267 1.649 2.066 2.604 3.333 4.115 4.861 5.642 6.215 6.719 7.083 7.587 7.014 

72 395 0.611 1.326 1.780 2.269 2.984 3.787 4.660 5.550 6.335 6.981 7.574 8.133 8.639 8.068 

73 396 0.542 1.066 1.573 2.063 2.727 3.479 4.353 5.087 5.804 6.206 6.818 7.343 7.745 7.122 

74 399 0.615 1.178 1.652 2.214 2.970 3.796 4.728 5.571 6.257 6.995 7.645 8.225 8.647 8.078 

75 17 0.489 1.047 1.606 2.112 2.810 3.647 4.485 5.218 5.829 6.527 7.068 7.557 7.993 7.422 

76 21 0.497 1.083 1.581 1.989 2.629 3.375 4.192 4.956 5.542 6.252 6.767 7.247 7.602 7.003 

77 32 0.529 1.093 1.605 2.205 3.016 3.951 4.868 5.644 6.614 7.337 8.025 8.554 8.977 8.393 

78 50 0.644 1.252 1.807 2.308 3.166 4.097 4.919 5.993 6.923 7.710 8.301 8.837 9.392 8.795 

79 51 0.563 1.197 1.673 2.183 2.923 3.680 4.630 5.563 6.268 6.884 7.430 7.958 8.398 7.795 

80 58 0.653 1.270 1.693 2.275 3.016 3.951 4.850 5.750 6.402 7.002 7.496 8.078 8.519 7.899 
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no. 

Expt 
no. 

Gas 
 30 
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60 
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81 61 0.548 1.025 1.572 2.297 3.198 4.152 5.018 6.007 6.908 7.650 8.410 8.975 9.470 8.780 

82 77 0.618 1.290 1.731 2.456 3.163 4.011 4.965 5.866 6.731 7.456 8.057 8.445 8.993 8.409 

83 80 0.554 1.232 1.732 2.143 2.786 3.643 4.482 5.286 6.089 6.768 7.268 7.625 8.107 7.510 

84 82 0.626 1.287 1.843 2.383 3.165 3.930 4.765 5.617 6.348 6.870 7.409 7.878 8.330 7.706 

85 88 0.615 1.107 1.547 2.162 2.988 3.831 4.675 5.501 6.186 6.591 7.188 7.663 8.084 7.428 

86 96 0.580 1.090 1.529 2.162 3.023 3.866 4.780 5.606 6.204 6.784 7.381 7.803 8.207 7.551 

87 98 0.621 1.117 1.631 2.145 2.819 3.564 4.415 5.195 5.887 6.436 7.092 7.589 8.014 7.361 

88 100 0.496 1.152 1.649 2.216 3.032 3.883 4.840 5.674 6.418 7.234 7.819 8.316 8.794 8.159 

89 115 0.531 1.186 1.681 2.212 2.956 3.841 4.690 5.327 6.142 6.814 7.345 7.876 8.212 7.505 

90 123 0.509 1.158 1.649 2.281 3.175 4.088 4.930 5.825 6.667 7.298 7.912 8.333 8.754 8.080 

91 124 0.547 1.164 1.728 2.434 3.245 4.533 5.256 6.314 6.984 7.690 8.307 8.783 9.224 8.569 

92 133 0.590 1.285 1.753 2.726 3.785 4.844 5.816 6.823 7.656 8.368 9.028 9.514 9.983 9.271 

93 140 0.649 1.386 1.982 2.772 3.719 4.789 5.825 6.877 7.807 8.351 9.070 9.737 10.12 9.501 

94 146 0.451 1.059 1.580 2.465 3.438 4.549 5.521 6.285 7.083 7.691 8.229 8.715 9.045 8.350 

95 157 0.565 1.184 1.696 2.279 3.039 3.869 4.647 5.389 6.131 6.749 7.297 7.721 8.021 7.314 

96 161 0.665 1.191 1.716 3.380 3.222 3.608 4.326 4.886 6.550 7.163 7.653 8.021 8.389 7.714 

97 163 0.615 1.178 1.670 2.337 3.146 4.868 5.237 5.554 6.204 6.889 7.293 7.680 8.049 7.358 

98 166 0.526 1.175 1.649 2.298 3.053 3.754 4.825 5.649 6.263 6.860 7.281 7.649 7.982 7.343 

99 169 0.601 1.449 1.784 2.509 3.286 3.569 4.170 5.035 5.883 6.678 7.261 7.792 8.392 8.056 

100 177 0.527 1.353 1.722 2.355 2.988 3.972 4.868 5.729 6.292 6.889 7.346 7.750 8.155 7.463 

101 182 0.492 1.088 1.615 2.300 3.020 4.003 4.916 5.776 6.443 6.987 7.479 7.953 8.322 7.630 

102 186 0.419 1.064 1.588 2.251 3.019 3.978 4.886 5.671 6.299 6.840 7.346 7.765 8.096 7.386 

103 187 0.628 1.238 1.795 2.423 3.416 4.445 5.421 6.188 6.920 7.547 8.070 8.541 8.907 8.283 

104 189 0.465 1.017 1.465 2.275 3.224 4.223 5.068 5.792 6.413 6.930 7.413 7.775 8.171 7.457 

105 192 0.538 0.955 1.545 2.257 3.142 3.992 4.808 5.659 11.11 6.874 7.342 7.863 8.228 7.550 

106 196 0.525 1.139 1.559 2.470 3.503 4.554 5.535 6.516 7.339 8.057 8.653 9.178 9.599 8.942 

107 197 0.609 1.217 1.757 2.452 3.339 4.139 5.130 5.948 6.661 7.252 7.791 8.226 8.522 7.775 

108 199 0.534 1.170 1.670 2.324 3.150 4.096 4.991 5.818 6.558 7.108 7.573 7.866 8.279 7.633 

109 209 0.565 1.254 1.802 2.438 3.322 4.364 5.283 6.254 7.067 7.686 8.392 8.922 9.364 8.727 

110 210 0.456 1.052 1.648 2.262 3.051 3.893 4.804 5.523 6.348 7.049 7.557 8.031 8.417 7.690 

111 226 0.350 1.051 1.506 2.137 2.995 3.765 4.623 5.429 6.165 6.690 7.268 7.758 8.144 7.486 

112 228 0.625 1.319 1.806 2.396 3.160 3.889 4.722 5.486 6.128 6.753 7.257 7.708 8.056 7.378 

113 230 0.783 1.478 2.017 2.783 3.600 4.609 5.670 6.591 7.461 8.191 8.661 9.287 9.774 9.201 

114 234 0.656 1.157 1.710 2.487 3.402 4.421 5.509 6.339 7.219 7.945 8.584 9.136 9.551 8.907 

115 235 0.487 1.130 1.617 2.261 3.096 3.965 4.713 5.600 6.313 6.852 7.443 7.826 8.104 7.445 

116 250 0.524 1.154 1.731 2.587 3.654 4.633 5.629 6.591 7.360 7.990 8.497 8.934 9.318 8.660 

117 256 0.509 1.123 1.772 2.509 3.351 4.421 5.421 6.421 7.088 7.737 8.316 8.772 9.158 8.519 

118 263 0.563 1.197 1.761 2.482 3.504 4.542 5.423 6.215 7.025 7.623 8.187 8.609 8.996 8.376 

119 297 0.543 0.998 1.734 2.609 3.625 4.536 5.569 6.427 7.198 7.898 8.494 8.932 9.335 8.590 

120 300 0.661 1.322 1.930 2.765 3.635 4.643 5.617 6.574 7.304 7.948 8.348 8.887 9.270 8.680 
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121 304 0.478 0.920 1.274 1.610 2.070 2.601 3.167 3.769 4.299 4.883 5.396 5.786 6.210 6.476 

122 305 0.530 1.095 1.572 1.943 2.437 2.949 3.515 4.097 4.751 5.316 5.811 6.217 6.658 7.012 

123 309 0.519 0.912 1.449 1.843 2.522 3.131 3.882 4.490 5.170 5.886 6.512 7.066 7.549 8.014 

124 312 0.438 0.964 1.437 2.051 2.734 3.418 4.172 4.785 5.434 6.065 6.643 7.152 7.590 8.046 

125 314 0.385 0.857 1.119 1.486 2.116 2.780 3.410 4.109 4.616 5.176 5.753 6.225 6.697 7.117 

126 322 0.448 0.949 1.328 1.725 2.190 2.829 3.622 4.105 4.709 5.191 5.554 5.933 6.278 6.640 

127 324 0.433 0.935 1.299 1.784 2.356 2.979 3.516 4.157 4.798 5.353 5.855 6.305 6.704 7.015 

128 326 0.406 0.936 1.342 1.695 2.243 2.843 3.549 4.185 4.732 5.333 5.916 6.445 6.834 7.240 

129 328 0.316 0.843 1.316 1.808 2.335 2.984 3.651 4.388 5.090 5.599 6.126 6.635 7.091 7.513 

130 331 0.384 0.907 1.291 1.762 2.373 3.019 3.699 4.415 5.008 5.514 5.933 6.508 7.067 7.416 

131 333 0.629 1.154 1.574 2.203 2.990 3.654 4.581 5.421 6.225 6.819 7.396 7.921 8.446 8.900 

132 338 0.490 1.155 1.645 2.083 2.521 3.151 3.868 4.586 5.286 5.829 6.319 6.827 7.334 7.702 

133 353 0.472 0.997 1.522 1.889 2.449 2.974 3.656 4.391 5.056 5.721 6.158 6.526 6.910 7.225 

134 355 0.416 0.936 1.404 1.767 2.391 3.015 3.639 4.176 4.904 5.545 5.995 6.429 6.827 7.139 

135 358 0.458 0.969 1.462 1.761 2.237 2.871 3.505 4.104 4.614 5.072 5.653 6.129 6.587 6.886 

136 365 0.403 0.894 1.297 1.700 2.261 2.857 3.453 4.048 4.644 5.170 5.608 5.889 6.274 6.677 

137 366 0.385 0.805 1.226 1.716 2.276 2.872 3.572 4.307 4.973 5.568 6.023 6.409 6.811 7.127 

138 370 0.401 0.906 1.203 1.691 2.214 2.771 3.364 3.852 4.462 5.055 5.543 5.961 6.397 6.798 

139 371 0.449 0.932 1.346 1.778 2.313 2.900 3.591 4.195 4.782 5.196 5.576 6.111 6.525 6.922 

140 372 0.538 1.007 1.406 1.805 2.430 3.107 3.801 4.460 5.050 5.745 6.196 6.543 7.064 7.515 

141 373 0.450 0.968 1.383 2.023 2.749 3.562 4.392 5.188 5.810 6.519 7.038 7.574 7.902 8.231 

142 379 0.571 1.210 1.695 2.144 2.715 3.424 4.219 4.963 5.672 6.312 6.865 7.332 7.660 8.127 

143 381 0.633 1.372 1.777 2.146 2.621 3.272 3.958 4.662 5.331 6.017 6.510 7.020 7.354 7.829 

144 382 0.513 0.992 1.334 1.932 2.531 3.266 4.018 4.737 5.352 6.002 6.549 7.011 7.404 7.712 

145 391 0.652 1.322 1.904 2.292 2.891 3.526 4.337 5.130 5.941 6.752 7.352 7.863 8.410 8.903 

146 392 0.591 1.183 1.600 2.053 2.679 3.427 4.192 4.957 5.792 6.471 6.958 7.549 8.106 8.575 

147 398 0.484 0.933 1.296 1.745 2.402 3.075 3.732 4.354 5.010 5.460 5.909 6.254 6.548 6.945 

148 405 0.448 0.999 1.533 1.912 2.498 3.204 3.910 4.599 5.254 5.874 6.391 6.856 7.166 7.442 

149 6 0.579 1.245 1.666 2.175 2.789 3.543 4.350 5.122 5.876 6.613 7.209 7.700 8.069 8.595 

150 9 0.541 1.082 1.641 1.938 2.409 2.950 3.578 4.189 4.853 5.376 5.970 6.458 6.877 7.209 

151 19 0.581 1.057 1.409 1.868 2.572 3.330 4.087 4.880 5.585 6.254 6.712 7.294 7.787 8.245 

152 20 0.512 1.058 1.482 2.011 2.699 3.457 4.251 5.116 5.945 6.509 7.162 7.779 8.308 8.732 

153 27 0.544 1.141 1.563 1.984 2.511 3.161 3.810 4.425 4.864 5.356 5.847 6.321 6.708 7.006 

154 29 0.450 0.882 1.279 1.642 2.299 2.974 3.596 4.374 4.945 5.481 5.861 6.189 6.656 7.019 

155 35 0.527 1.229 1.563 2.001 2.616 3.230 4.020 4.705 5.425 6.039 6.619 7.040 7.549 8.006 

156 38 0.485 1.109 1.455 1.871 2.494 3.187 3.880 4.573 5.231 5.872 6.426 6.877 7.275 7.726 

157 45 0.584 1.132 1.574 1.892 2.246 2.759 3.342 3.979 4.545 5.093 5.588 6.083 6.490 6.808 

158 48 0.386 1.001 1.387 1.755 2.299 2.896 3.423 3.985 4.529 5.108 5.582 6.003 6.389 6.705 

159 54 0.398 0.865 1.211 1.540 2.162 2.889 3.581 4.238 4.757 5.189 5.587 5.968 6.366 6.694 

160 55 0.432 0.951 1.453 1.799 2.387 2.889 3.615 4.221 4.895 5.466 5.951 6.331 6.746 7.075 
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ĨŅĶŅĚĪňŗȮĕ+4ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭĮĶŇĴŅĦŐĔƠĽĪňŗŏĔŇħĕŉŘĬȮ(Gas Quantity ů ml/g) ĕŀĚĪĶŅĵ

ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

Gas 
 30 

Gas 
60 

Gas 
90 

Gas 
120 

Gas 
150 

Gas 
180 

Gas 
210 

Gas 
240 

Gas 
270 

Gas 
300 

Gas 
330 

Gas 
360 

Gas 
390 

Gas 
420 

161 59 0.489 1.066 1.573 2.098 2.762 3.374 4.003 4.772 5.384 5.943 6.450 6.939 7.341 7.691 

162 63 0.404 0.984 1.494 2.039 2.830 3.497 4.236 5.026 5.764 6.362 6.942 7.504 7.926 8.330 

163 69 0.526 1.139 1.682 2.225 2.944 3.540 4.240 5.011 5.642 6.238 6.781 7.307 7.727 8.095 

164 70 0.477 1.182 1.765 2.241 2.930 3.530 4.236 4.977 5.683 6.371 6.936 7.483 7.977 8.366 

165 71 0.385 0.997 1.487 1.977 2.607 3.237 3.849 4.479 5.108 5.616 6.088 6.491 6.893 7.278 

166 74 0.398 0.987 1.402 1.869 2.458 3.098 3.565 4.309 4.950 5.486 5.936 6.404 6.750 7.044 

167 75 0.546 1.127 1.549 2.077 2.834 3.644 4.383 5.158 5.950 6.671 7.323 7.851 8.273 8.678 

168 85 0.502 0.987 1.438 1.819 2.494 3.187 3.811 4.452 5.145 5.751 6.253 6.738 7.119 7.414 

169 91 0.468 1.023 1.457 1.942 2.636 3.347 4.041 4.596 5.255 5.862 6.365 6.798 7.284 7.666 

170 93 0.433 0.953 1.352 1.819 2.391 2.946 3.656 4.280 4.800 5.146 5.736 6.117 6.550 6.879 

171 94 0.452 1.130 1.530 2.087 2.696 3.617 4.452 5.235 5.843 6.383 6.852 7.304 7.722 8.035 

172 99 0.548 1.168 1.645 2.052 2.601 3.220 3.963 4.653 5.326 5.892 6.299 6.741 7.113 7.484 

173 106 0.540 1.184 1.672 2.282 2.944 3.710 4.546 5.278 5.992 6.462 7.002 7.403 7.873 8.222 

174 117 0.575 1.202 1.654 2.177 2.821 3.570 4.424 5.172 5.904 6.374 6.719 7.367 7.837 8.220 

175 120 0.488 0.942 1.308 1.849 2.564 3.314 4.046 4.848 5.476 6.017 6.453 6.958 7.412 7.778 

176 121 0.586 1.118 1.544 1.952 2.591 3.248 3.905 4.615 5.307 5.875 6.390 6.692 7.171 7.543 

177 126 0.604 1.347 1.830 2.434 3.177 3.971 4.765 5.577 6.267 6.854 7.269 7.856 8.305 8.736 

178 134 0.633 1.125 1.547 2.109 2.953 3.762 4.605 5.414 6.082 6.557 7.101 7.594 8.033 8.420 

179 135 0.529 0.970 1.358 1.869 2.539 3.174 3.879 4.585 5.237 5.749 6.136 6.524 6.983 7.371 

180 136 0.602 1.221 1.575 1.946 2.442 3.114 3.769 4.441 5.078 5.715 6.246 6.706 7.059 7.396 

181 144 0.543 1.033 1.419 1.856 2.557 3.257 4.011 4.764 5.447 6.025 2.872 6.953 7.408 7.793 

182 147 0.664 1.206 1.678 2.168 2.832 3.479 4.161 4.948 5.542 6.136 6.503 6.976 7.430 7.850 

183 151 0.667 1.175 1.719 2.193 2.772 3.404 4.070 4.754 5.509 6.088 6.579 6.947 7.439 7.860 

184 154 0.657 1.314 1.794 2.238 2.806 3.552 4.316 5.080 5.861 6.554 7.087 7.513 8.064 8.472 

185 155 0.671 1.254 1.714 2.191 2.827 3.463 3.940 4.770 5.477 6.060 6.572 6.926 7.244 7.686 

186 158 0.698 1.379 1.832 2.251 2.792 3.455 4.171 4.782 5.462 6.056 6.510 6.946 7.260 7.574 

187 173 0.675 1.297 1.901 2.256 2.771 3.321 3.961 4.618 5.222 5.773 6.341 6.785 7.229 7.567 

188 178 0.767 1.359 1.951 2.526 3.171 3.833 4.617 5.348 6.098 6.794 7.387 7.875 8.310 8.624 

189 204 0.653 1.287 1.675 2.081 2.504 3.051 3.651 4.339 4.974 5.503 6.014 6.367 6.878 7.249 

190 214 0.540 1.254 1.742 2.247 2.962 3.537 4.199 4.948 5.557 6.115 6.603 7.143 7.526 7.944 

191 217 0.538 0.990 1.372 1.962 2.674 3.438 4.201 4.948 5.556 6.076 6.424 6.875 7.326 7.708 

192 221 0.632 1.228 1.614 2.123 2.719 3.439 4.123 4.737 5.368 5.877 6.368 6.754 7.018 7.421 

193 229 0.789 1.487 2.061 2.455 2.975 3.656 4.373 5.072 5.824 6.487 7.025 7.509 7.849 8.315 

194 239 0.718 1.384 1.909 2.347 3.082 3.503 4.623 5.394 6.217 6.865 7.408 7.881 8.459 8.897 

195 245 0.611 1.169 1.553 1.990 2.583 3.281 5.026 4.625 5.340 5.934 6.440 6.806 7.243 7.365 

196 255 0.661 1.304 1.821 2.214 2.804 3.482 4.196 4.857 5.607 6.286 6.893 7.357 7.804 8.304 

197 264 0.550 1.241 1.684 2.074 2.660 3.780 4.025 4.699 5.408 6.011 6.560 7.057 7.358 7.819 

198 267 0.716 1.431 1.968 2.379 3.023 3.631 4.311 5.009 5.689 6.315 6.887 7.352 7.674 8.104 

199 268 0.073 1.452 2.025 2.455 3.082 3.835 4.606 5.358 6.219 6.935 7.545 7.993 8.602 9.086 

200 271 0.562 1.142 1.529 2.004 2.636 3.357 4.042 4.692 5.325 5.835 6.292 6.661 6.924 7.329 
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ĨŅĶŅĚĪňŗȮĕ+4ȮŐĽħĚėƞŅĔŅĶĨĶĺěĽŀĭĮĶŇĴŅĦŐĔƠĽĪňŗŏĔŇħĕŉŘĬȮ(Gas Quantity ů ml/g) ĕŀĚĪĶŅĵ

ŏėĸŊŀĭŏĶĞŇĬĽŜŅľĶńĭœĽƟŐĭĭĨńĬȮ&Ĩƞŀ' 
Run 
no. 

Expt 
no. 

Gas 
 30 

Gas 
60 

Gas 
90 

Gas 
120 

Gas 
150 

Gas 
180 

Gas 
210 

Gas 
240 

Gas 
270 

Gas 
300 

Gas 
330 

Gas 
360 

Gas 
390 

Gas 
420 

201 276 0.550 0.940 1.436 1.897 2.589 3.298 3.989 4.734 5.443 6.011 6.401 6.968 7.518 7.943 

202 277 0.635 1.058 1.534 1.958 2.522 3.139 3.739 4.374 5.026 5.591 6.067 6.384 6.772 7.196 

203 284 0.590 1.199 1.717 2.075 2.594 3.238 3.828 4.436 5.045 5.635 6.154 6.583 7.013 7.281 

204 285 0.694 1.337 1.858 2.535 3.142 3.819 4.635 5.295 5.903 6.528 7.031 7.500 6.181 8.212 

205 286 0.575 1.220 1.655 2.317 2.944 3.641 4.443 5.157 5.819 6.481 7.038 7.544 7.944 8.310 

206 287 0.664 1.381 1.923 2.517 3.199 3.969 4.738 5.524 6.259 6.888 7.343 7.780 8.287 8.724 

207 295 0.654 1.237 1.784 2.314 3.039 3.816 4.488 5.265 6.025 6.590 7.085 7.686 8.180 8.604 

208 298 0.558 1.065 1.553 2.112 2.827 3.595 4.380 5.166 5.846 6.318 6.963 7.504 7.976 8.342 

209 311 0.533 1.137 1.670 2.202 2.842 3.588 4.440 5.222 5.915 6.643 7.318 7.904 8.419 8.899 

210 316 0.541 1.169 1.675 2.199 2.914 3.700 4.450 5.096 5.724 6.387 6.928 7.382 7.853 8.202 

211 318 0.626 1.292 1.840 2.407 3.131 3.973 4.755 5.382 6.184 6.849 7.456 7.984 8.454 8.885 

212 330 0.511 1.092 1.585 1.972 2.482 3.134 3.768 4.401 4.877 5.440 5.968 6.461 6.866 7.183 

213 340 0.420 0.962 1.381 1.888 2.483 3.129 3.811 4.493 5.017 5.507 5.857 6.364 6.766 7.150 

214 342 0.638 1.138 1.603 2.121 2.828 3.448 4.086 4.810 5.345 5.862 6.241 6.552 6.966 7.362 

215 354 0.602 1.256 1.618 2.117 2.823 3.511 4.200 4.854 5.525 6.007 6.472 6.833 7.160 7.590 

216 357 0.614 1.351 1.860 2.386 3.053 3.719 4.439 5.158 5.825 6.421 6.930 7.298 7.789 8.228 

217 361 0.546 1.144 1.567 1.972 2.535 3.222 3.873 4.560 5.246 5.827 6.356 6.708 7.042 7.482 

218 363 0.628 1.239 1.693 2.216 2.949 3.787 4.555 5.253 5.934 6.510 6.981 7.347 7.784 8.220 

219 380 0.483 1.086 1.483 1.948 2.569 3.276 3.948 4.586 5.190 5.724 6.138 6.552 6.845 7.103 

220 385 0.638 1.223 1.738 2.163 2.713 3.351 4.060 4.699 5.372 5.975 6.543 7.021 7.429 7.695 

221 397 0.572 1.161 1.664 2.184 2.825 3.536 4.281 5.009 5.737 6.395 6.950 7.418 7.782 8.302 

222 400 0.591 1.096 1.565 2.122 2.835 3.530 4.278 5.026 5.687 6.174 6.626 7.200 7.600 8.017 
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1-ĔŅĶĪħĸŀĚĪňŗȮ/ 2-ĔŅĶĪħĸŀĚĪňŗȮ04 3-ĔŅĶĪħĸŀĚĪňŗȮ06 

   
4-ĔŅĶĪħĸŀĚĪňŗȮ1/ 5-ĔŅĶĪħĸŀĚĪňŗȮ17 6-ĔŅĶĪħĸŀĚĪňŗȮ22 

   
7-ĔŅĶĪħĸŀĚĪňŗȮ24 8-ĔŅĶĪħĸŀĚĪňŗȮ31 9-ĔŅĶĪħĸŀĚĪňŗȮ34 

   
10-ĔŅĶĪħĸŀĚĪňŗȮ35 11-ĔŅĶĪħĸŀĚĪňŗȮ45 12-ĔŅĶĪħĸŀĚĪňŗȮ51 

   
13-ĔŅĶĪħĸŀĚĪňŗȮ54 14-ĔŅĶĪħĸŀĚĪňŗȮ61 15-ĔŅĶĪħĸŀĚĪňŗȮ64 

   
16-ĔŅĶĪħĸŀĚĪňŗȮ73 17-ĔŅĶĪħĸŀĚĪňŗȮ75 18-ĔŅĶĪħĸŀĚĪňŗȮ/.0 


