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Abstract: The case study company had a surplus chemical powder from brake pad manufacturing 
processes at 180,000 kilograms per year or 15.84% of all chemical powder in manufacturing processes 
and was resulting in high manufacturing cost. The cost of a surplus chemical powder was about 13 
million baht per year. The objective of this research was to find the cause and reduced a surplus 
chemical powder from brake pad manufacturing processes. Brainstorming of case study company 
experts found the cause of a surplus chemical powder in brake pad manufacturing from necessary 
tolerance weight of chemical powder in the production so that no problem in production:  1) variation of 
thickness in grinding process 2) variation of thickness in hot press process and 3) variation of slotting 
process and chamfering process. After that break pad thickness variation problem was analyzed 
preliminary affect factor by Why-Why Analysis. And factors were analyzed to decide which factors 
affected the problem by 2k Full Factorial Design experiment. The factors that were obtained were then 
tested in 3k Full Factorial Design to find the optimal levels of various factors. In conclusion, the optimum 
level of each factor from the experiment can be reduced chemical powders by 8.75% in the brake pads 
production and can be reduced cost by 2.60% in brake pad manufacturing processes. 

Keywords: Brake Pad; Tolerances; 2k Full Factorial Design; 3k Full Factorial Design 

 
 
 



 

ĺŅĶĽŅĶĺŇĝŅĔŅĶŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮ&The Journal of Industrial Technology' 
ISSN &Print': 1686-9869, ISSN &online': 2697-5548  

DOI: 10.14416/j.ind.tech.2021.03.002 
 ĭĪėĺŅĴĺŇěńĵȮ 
 

 
The Journal of Industrial Technology &2021'Ȯvolume 17, issue 1.  http://ojs.kmutnb.ac.th/index.php/joindtech 

33 

1. ÛØÚČó 

 îùÖëóìÂääâãóÚãÚÖ°ĀæñËõĈÚë¬èÚãóÚãÚÖ°ÿÜĆÚ
ìÚ÷ćÈĂÚîùÖëóìÂääâìæòÂØöćÃòÛÿÅæøćîÚÿéäêÑÂõÉÃîÈ
ÜäñÿØéăØãĂÚÜòÉÉùÛòÚ [1] ÿÚøćîÈÉóÂÕ­èãÜäõâóÔ
ÅèóâÖ­îÈÂóäĀæñÂČóæòÈÝæõÖØöćÿßõćâÃ÷ĈÚáóãĂÚÜäñÿØé 
ÜäñÂîÛÂòÛÜäñÿØéăØãâöæòÂêÔñØČóÿæØöćÖòĈÈĀæñ
ëõćÈĀèÕæ­îâØöćÿÜĆÚÜäñāãËÚ°ĂÚÂóäÝæõÖĀæñÃÚë¬È            
ØČóĂì­Ýú­ÝæõÖËõĈÚë¬èÚãóÚãÚÖ°Ö¬óÈËóÖõÉČóÚèÚâóÂã­óã
ÑóÚÂóäÝæõÖÿÃ­óâóæÈØùÚĂÚÜäñÿØéăØã ë¬ÈÝæĂì­Âóä
ĀÃ¬ÈÃòÚĂÚÙùäÂõÉîùÖëóìÂääâÚöĈâöîòÖäóÿßõćâëúÈÃ÷ĈÚ îöÂØòĈÈ
æúÂÅ­óâöÖòèÿæøîÂĂÚÂóäÖòÕëõÚĂÉÌøĈîÿßõćââóÂÃ÷ĈÚ             
ÕòÈÚòĈÚÝú­ÝæõÖĂÚÜäñÿØéăØãÉ÷ÈßãóãóâĂì­ÅèóâĂë¬ĂÉ
ĂÚäóãæñÿîöãÕÂäñÛèÚÂóäØČóÈóÚĀÖ¬æñÂäñÛèÚÂóä
ÿßõćâÃ÷ĈÚĀæñĂì­ÅèóâëČóÅòÎĂÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóä
ØČóÈóÚÿßøćîĂì­âöÜäñëõØÙõáóßëúÈÃ÷ĈÚ ÿßøćîæÕÅ¬óĂË­É¬óã
ĂÚÂóäæÈØùÚæÈĂì­Ú­îãØöćëùÕĀæñăÕ­ÂČóăäĂÚÂóä
ÜäñÂîÛÂóäÿßõćâÃ÷ĈÚ 
 ĂÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóäØČóÈóÚÿßøćîĂì­âö
ÜäñëõØÙõáóßëúÈÃ÷ĈÚ ăÕ­âöÚòÂèõÉòãìæóãØ¬óÚĂË­èõÙöÂóä
îîÂĀÛÛÂóäØÕæîÈÿßøćîèõÿÅäóñì°ÜòÉÉòãĀæñìóÅ¬ó
äñÕòÛÜòÉÉòãØöćÿìâóñëâ [2-6] āÕãìæòÈÜäòÛÜäùÈßÛè¬ó 
ëóâóä×æÕÅèóâÝòÚĀÜäÃîÈÂäñÛèÚÂóäÝæõÖ Āæñ    
æÕÖ­ÚØùÚĂÚÂäñÛèÚÂóäÝæõÖæÈăÕ­ 
 ÛäõêòØÂäÔöé÷ÂêóëČóìäòÛÈóÚèõÉòãÅäòĈÈÚöĈÿÜĆÚ
ÛäõêòØÝú­ÝæõÖĀæñÉòÕÉČóìÚ¬óãÝæõÖáòÔÒ°ËõĈÚë¬èÚ                 
ãóÚãÚÖ° ÜäñÿáØÝ­óÿÛäÂ āÕãâö 2 ÝæõÖáòÔÒ°ìæòÂÅøî 
ÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂĀæñÝæõÖáòÔÒ°Â­óâÿÛäÂ Ýú­èõÉòã
ÿæøîÂÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂëČóìäòÛÈóÚèõÉòãÚöĈÿÚøćîÈÉóÂ
ÂóäÝæõÖÕõëÂ°ÿÛäÂâöÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâöâóÂ×÷È 
83.61% ë¬èÚÝæõÖáòÔÒ°Â­óâÿÛäÂâöÜäõâóÔÂóäĂË­

èòÖ×ùÕõÛÿÅâöÿßöãÈ 16.39% ÉóÂÂóäèõÿÅäóñì°āÅäÈëä­óÈ
Ö­ÚØùÚĂÚÂäñÛèÚÂóäÝæõÖÕõëÂ°ÿÛäÂ ßÛè¬óëòÕë¬èÚ
ÃîÈÖ­ÚØùÚØöćâóÂëùÕîãú¬ĂÚë¬èÚÃîÈÖ­ÚØùÚèòëÕùØóÈ
ÖäÈØöćĂË­ĂÚÂóäÝæõÖÕõëÂ°ÿÛäÂ Ì÷ćÈâöâóÂ×÷Èä­îãæñ 65 
ìóÂßõÉóäÔóĂÚäóãæñÿîöãÕÃîÈÖ­ÚØùÚÕòÈÂæ¬óèßÛè¬ó  
ä­îãæñ 45 ÿÜĆÚÖ­ÚØùÚÃîÈèòÖ×ùÕõÛÿÅâö ä­îãæñ 45 ÿÜĆÚ
Ö­ÚØùÚÃîÈĀÝ¬ÚÿìæĆÂĀæñîöÂä­îãæñ 10 ÿÜĆÚÖ­ÚØùÚ
Âæ¬îÈÛääÉùáòÔÒ°ĀæñîùÜÂäÔ°ÿëäõâÕòÈäúÜØöć 1 ØòĈÈÚöĈÉóÂ
ÂóäÿÂĆÛÃ­îâúæÃîÈÛäõêòØÂäÔöé÷Âêó ßÛè¬óĂÚÜö ß.é. 
2559-2562 âöÜäõâóÔÿÊæöćãÃîÈÝÈÿÅâöØöćÿìæøîÉóÂ
ÂäñÛèÚÂóäÝæõÖâóÂ×÷È 180,000 ÂõāæÂäòâÖ¬îÜöìäøî
ÜäñâóÔ 15.84% ÃîÈÜäõâóÔèòÖ×ùÕõÛÿÅâöØöćĂË­ĂÚÂóä
ÝæõÖØòĈÈìâÕÉóÂÂóäÿÝøćîÚČĈóìÚòÂÝÈÿÅâöĂÚÂäñÛèÚÂóä
ÝæõÖ ÅõÕÿÜĆÚâúæÅ¬óèòÖ×ùÕõÛÿÅâöØöćëúÎÿëöãăÜÜäñâóÔ 
13 æ­óÚÛóØÖ¬îÜö ĀæñÅ¬óë¬ÈÂČóÉòÕÞù¬ÚÝÈÿÅâöÌ÷ćÈÿÜĆÚ
ÂóÂîùÖëóìÂääâîöÂÜäñâóÔ 5 ĀëÚÛóØÖ¬îÜö 

 
äúÜØöć 1 ëòÕë¬èÚÃîÈÖ­ÚØùÚèòÖ×ùÕõÛØóÈÖäÈÕõëÂ°ÿÛäÂ 

ÕòÈÚòĈÚ ÈóÚèõÉòãÅäòĈÈÚöĈÉ÷ÈÖ­îÈÂóäèõÿÅäóñì°ìóëóÿìÖù
ÃîÈÜòÎìóØöćë¬ÈÝæĂì­âöÜäõâóÔÝÈÿÅâöØöćÿìæøîĂË­ÉóÂÂóä
ÝæõÖÝ­óÿÛäÂÿÜĆÚÉČóÚèÚâóÂ ÿßøćîìóĀÚèØóÈĂÚÂóä
ÜäòÛÜäùÈĀÂ­ăÃĂì­âöÜäõâóÔÝÈÿÅâöØöćÿìæøîÉóÂ
ÂäñÛèÚÂóäÝæõÖÝ­óÿÛäÂæÕæÈ Ì÷ćÈÉñÂ¬îĂì­ÿÂõÕÖ­ÚØùÚ
ÂóäÝæõÖØöćæÕæÈĀæñÿßõćâÜäñëõØÙõáóßÂóäĂË­èòÖ×ùÕõÛāÕã
ÈóÚèõÉòãÚöĈăÕ­ĂË­ØåêÏöÖ¬óÈ ą ÖóâÂäîÛĀÚèÅõÕĂÚäúÜØöć 2 
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äúÜØöć Ƙ ÂäîÛĀÚèÅõÕÂóäèõÉòã 

2. èõÙöÂóäÕČóÿÚõÚÈóÚèõÉòã 

 èõÙöÂóäÕČóÿÚõÚÈóÚÿäõćâÉóÂÂóäé÷ÂêóÂäñÛèÚÂóä
ÝæõÖîã¬óÈæñÿîöãÕÿßøćîìóëóÿìÖùÃîÈÜòÎìó Āæ­èÉ÷ÈÚČó
ëóÿìÖùâóèõÿÅäóñì°ìóĀÚèØóÈÂóäĀÂ­ăÃ ÿßøćîÜäòÛÜäùÈ
ÜäõâóÔÂóäĂË­ÝÈÿÅâöÃîÈÛäõêòØÂäÔöé÷ÂêóĂì­âöÅèóâ
ÿìâóñëâÖ¬îăÜ ÕòÈäúÜØöć 3 

2.1 ÿÂĆÛÃ­îâúæÂóäĂË­ÜäõâóÔÝÈÿÅâöĀÖ¬æñ
ÝæõÖáòÔÒ° 
 ÉóÂÂóäÿÂĆÛÃ­îâúæÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâöÚòĈÚ
ßÛè¬ó ÉóÂÃ­îâúæÂóäÝæõÖĂÚÜö 2562 ÝæõÖáòÔÒ°Øöćâö
ÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâöÿßøćîÂóäÝæõÖÝ­óÿÛäÂëúÈØöćëùÕ
ÚòĈÚăÕ­ĀÂ¬ ÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂÌ÷ćÈâöÜäõâóÔÂóäĂË­
èòÖ×ùÕõÛÿÅâöÉČóÚèÚ 950,201 ÂõāæÂäòâ ìäøîÅõÕÿÜĆÚ
83.61% ÃîÈÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâöØòĈÈìâÕ ë¬èÚ
ÝæõÖáòÔÒ°Â­óâÿÛäÂÚòĈÚâöÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâö
ÉČóÚèÚ 186,208 ÂõāæÂäòâ ìäøîÅõÕÿÜĆÚ 16.39% ÃîÈ

ÜäõâóÔÂóäĂË­èòÖ×ùÕõÛÿÅâöØòĈÈìâÕ É÷ÈÿæøîÂ
ØČóÂóäé÷ÂêóÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂÿÚøćîÈÉóÂâöÜäõâóÔ
ÂóäĂË­èòÖ×ùÕõÛÿÅâöëúÈØöćëùÕ 
 ëČóìäòÛÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂÚòĈÚØóÈÛäõêòØ
ÂäÔöé÷ÂêóâöëúÖä ÂóäÝëâèòÖ×ùÕõÛÿÅâöØöćĂË­ĂÚÂóäÝæõÖ
ìæóãëúÖä ÉóÂÃ­îâúæÂóäÝæõÖßÛè¬ó ëúÖäÂóäÝëâ
èòÖ×ùÕõÛÿÅâöØöćâöÜäõâóÔÂóäÝæõÖâóÂØöćëùÕÚòĈÚăÕ­ĀÂ¬ 
ëúÖäÿÅâö A 

2.2 ÿæøîÂÝæõÖáòÔÒ°èõÉòã 
 ÿÚøćîÈÉóÂÛäõêòØÂäÔöé÷ÂêóâöÂóäÝæõÖÝæõÖáòÔÒ°
ÕõëÂ°ÿÛäÂâóÂÂè¬ó 400 äù¬Ú ÕòÈÚòĈÚÉ÷ÈÿæøîÂÝæõÖáòÔÒ°
ÕõëÂ°ÿÛäÂ äù¬Ú A ëúÖäÿÅâö A ÿÜĆÚÝæõÖáòÔÒ°ëČóìäòÛ
ÈóÚèõÉòã  ÿÚøćîÈÉóÂÿÜĆÚÝæõÖáòÔÒ°ØöćâöÜäõâóÔÂóäĂË­
ÝÈÿÅâöĂÚÜö 2562 ÿØ¬óÂòÛ 8,000 ÂõāæÂäòâ ĀæñâöâúæÅ¬ó
ÂóäëúÎÿëöãÜäñâóÔ 100,000 ÛóØ Ì÷ćÈâöëòÕë¬èÚ
ÜäõâóÔÂóäĂË­ÝÈÿÅâöĀæñâúæÅ¬óÂóäëúÎÿëöãâóÂØöćëùÕ 
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äúÜØöć 3 ĀÝÚÝòÈÂäñÛèÚÂóäÕČóÿÚõÚÈóÚèõÉòã

2.3 é÷ÂêóÂäñÛèÚÂóäÝæõÖ 
 ÂäñÛèÚÂóäÝæõÖÕõëÂ°ÿÛäÂÿäõćâÉóÂÂóäÖäèÉäòÛ
èòÖ×ùÕõÛÿÅâöĀæñĀÝ¬ÚÿìæĆÂÉóÂÚòĈÚÚČóèòÖ×ùÕõÛÿÅâöĀÖ¬æñ
ËÚõÕØöćÂČóìÚÕÜäõâóÔÂóäĂË­ăè­ĂÚĀÖ¬æñëúÖäÂóäÝëâ
ÝÈÿÅâöâóØČóÂóäÝëâĂÚÿÅäøćîÈÝëâÝÈÿÅâöÉÚăÕ­ÝÈÿÅâö
ØöćæñÿîöãÕÿÜĆÚÿÚøĈîÿÕöãèÂòÚĀæñâöÅ¬óÅèóâìÚóĀÚ¬Ú 
(Bulk Density) ÖóâØöćÂČóìÚÕ ÝÈÿÅâöØöćăÕ­ìæòÈÂóä
ÝëâÚòĈÚÉñÚČóăÜîòÕÃ÷ĈÚäúÜßõâß°ÿãĆÚÖóâÅ¬óÚČĈóìÚòÂ
ÝÈÿÅâöØöćÂČóìÚÕĂÚĀâ¬ßõâß°ÃîÈĀÖ¬æñäù¬Ú 

 
ìæòÈÉóÂÚòĈÚÉ÷ÈÚČóÝÈÿÅâöØöćîòÕÿÜĆÚÂ­îÚĀæ­èßä­îâÂòÛ
ĀÝ¬ÚÿìæĆÂØöćÝ¬óÚÂäñÛèÚÂóäãõÈØäóãÿßøćîØČóÅèóâ
ëñîóÕÝõèÿìæĆÂĀæñß¬ÚÂóèëČóìäòÛÂóäã÷ÕÖõÕÝÈÿÅâö
ÂòÛĀÝ¬ÚÿìæĆÂăÜÿÃ­óëú¬ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚØöćâö
ÂóäÂČóìÚÕÅ¬óĀäÈÕòÚÃîÈÿÅäøćîÈÉòÂäĀæñÅèóâä­îÚ
ÃîÈĀâ¬ßõâß° ÿßøćîîòÕĂì­Â­îÚÝÈÿÅâöĂì­ØČóÜÐõÂõäõãóÂòÚ 
ÿßøćîĂì­ÿÜĆÚÿÚøĈîÿÕöãèÂòÚÖóâÃÚóÕÅèóâìÚóØöćÖ­îÈÂóä
Āæñëóâóä×ã÷ÕÖõÕÂòÛĀÝ¬ÚÿìæĆÂăÕ­ āÕãÛäõêòØ
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ÂČóìÚÕÅ¬óÿÝøćîÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚØöćăÕ­ÉóÂ
ÂäñÛèÚîòÕÃ÷ĈÚäúÜßõâß°ä­îÚÚòĈÚÖ­îÈâöÃÚóÕÅèóâìÚó
ÿßõćâÉóÂâóÖäÑóÚÅèóâìÚóÝæõÖáòÔÒ°ëČóÿäĆÉäúÜăâ¬ÖČćó
Âè¬ó 0.50 âõææõÿâÖä ÿßøćîăâ¬Ăì­ë¬ÈÝæÂäñØÛÖ¬î
ÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈÕòÈäúÜØöć 7  ĀÖ¬ÿÚøćîÈÉóÂÅèóâ
ìÚóÃîÈËõĈÚÈóÚØöćăÕ­ÉóÂÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚÚòĈÚ
âöÅèóâÝòÚĀÜäÅ¬îÚÃ­óÈëúÈ É÷ÈâöÅèóâÉČóÿÜĆÚÖ­îÈÿÝøćî
Å¬óÅèóâÝòÚĀÜäÃîÈÃÚóÕÅèóâìÚóÿßõćâîöÂ                       
1 âõææõÿâÖä ÕòÈäúÜØöć 7 Ì÷ćÈØČóĂì­Å¬óÿÝøćîÅèóâÝòÚĀÜä
ÃîÈÃÚóÕÅèóâìÚóØöćĂË­ëČóìäòÛÂČóìÚÕÚČĈóìÚòÂÝÈÿÅâö
ÿÛøĈîÈÖ­ÚäèâÂòÛÿØ¬óÂòÛ 1.50 âõææõÿâÖä ÿßøćîĂì­ËõĈÚÈóÚ
âöÃÚóÕÅèóâìÚóÿßõćâÉóÂâóÖäÑóÚÅèóâìÚó
ÝæõÖáòÔÒ°ëČóÿäĆÉäúÜăâ¬ÖČćóÂè¬ó 0.50 âõææõÿâÖä ÿâøćîăÕ­
ËõĈÚÈóÚÖóâÅèóâìÚóØöćÖ­îÈÂóäĀæ­èÉ÷ÈÚČóÿÃ­óëú¬
ÂäñÛèÚÂóäîÛÖóâîùÔìáúâõØöćÂČóìÚÕÿßøćîĂì­ÿÚøĈîÿÅâö
ØöćăÕ­ÉóÂÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚâöÂóäØČóÜÐõÂõäõãó
ØóÈÿÅâöØöćëâÛúäÔ° ĀæñÿßõćâÅèóâĀÃĆÈĂì­ÂòÛÕõëÂ°ÿÛäÂ 
ìæòÈÂäñÛèÚÂóäîÛĀæ­èÉñÚČóăÜÿÃ­óëú¬ÂäñÛèÚÂóäÞÚ
ÖÂĀÖ¬È āÕãÛäõêòØÂČóìÚÕÅ¬óÿÝøćîÃÚóÕÅèóâìÚóÃîÈ
ËõĈÚÈóÚëČóìäòÛÅèóâĀÜäÜäèÚÃîÈÂäñÛèÚÂóäÞÚ
ÖÂĀÖ¬ÈāÕãÿßõćâÉóÂÃÚóÕâóÖäÑóÚÃîÈÝæõÖáòÔÒ°ăâ¬
ÖČćóÂè¬ó 0.50 âõææõÿâÖä Ì÷ćÈÿÜĆÚÅèóâìÚóÃîÈËõĈÚÈóÚ
ĂÚë¬èÚØöćÖ­îÈÞÚÖÂĀÖ¬ÈîîÂÿßøćîĂì­ăÕ­ÃÚóÕäúÜä¬óÈ
ÖóâĀÛÛØöćÂČóìÚÕ āÕãÅèóâìÚóÖóâÃ­îÂČóìÚÕÃîÈ
ÝæõÖáòÔÒ°ÕõëÂ°ÿÛäÂ äù¬Ú A ëúÖäÿÅâö A ÂČóìÚÕÅèóâ
ìÚóØöćÖ­îÈÂóäÿØ¬óÂòÛ 15.70 ± 0.30 âõææõÿâÖä 
ÉóÂÚòĈÚÚČóËõĈÚÈóÚØöćăÕ­ăÜß¬ÚëöĂÚë¬èÚØöćÿÜĆÚĀÝ¬ÚÿìæĆÂ
ÖóâëöØöćÂČóìÚÕĂÚĀÖ¬æñãöćì­î (Brand) Â¬îÚÿÃ­óëú¬
ÂäñÛèÚÂóäßõâß°äìòëÝæõÖĀæñÖõÕîùÜÂäÔ°ÿëäõâÖ¬óÈ ą 
ÿßøćîÿÃ­óëú¬ÂäñÛèÚÂóäÛääÉùáòÔÒ°Ö¬îăÜ ÕòÈäúÜØöć 4 

 

äúÜØöć 4 ÝòÈÂäñÛèÚÂóäÝæõÖÕõëÂ°ÿÛäÂ 

2.4 äñÕâÅèóâÅõÕÿßøćîèõÿÅäóñì°ÜòÎìó 
ÂóääñÕâÅèóâÅõÕÿÜĆÚÂäñÛèÚÂóäØöćâöĀÛÛĀÝÚØöć
ĂË­ÿßøćîäèÛäèâÅèóâÅõÕÿìĆÚ ÜòÎìó ìäøîÃ­îÿëÚîĀÚñ
ÉČóÚèÚâóÂĂÚÿèæóØöćäèÕÿäĆè ÿÜĆÚèõÙöÂóäØöćÕöĂÚÂóä
ÂäñÖù­ÚÅèóâÅõÕëä­óÈëääÅ°ĀæñÿÂõÕÂóäâöë¬èÚä¬èâÃîÈ
Âæù¬ââóÂØöćëùÕ Ì÷ćÈâöÃòĈÚÖîÚÕòÈÚöĈ 1) ÖòĈÈÝú­ÕČóÿÚõÚÂóä               
2) ÂČóìÚÕìòèÃ­î 3) äñÕâÅèóâÅõÕ 4) ëäùÜÝæ Āæñ  
5) ÖõÕÖóâÝæ āÕãÉóÂÂóääñÕâÅèóâÅõÕÉóÂ
Ýú­ÿËöćãèËóÎÃîÈØóÈÛäõêòØÂäÔöé÷Âêó āÕãâö
Ýú­ÿËöćãèËóÎÿÃ­óä¬èâ ÕòÈÚöĈ 1) Ýú­ÉòÕÂóäÞ¬óãÝæõÖ ÉČóÚèÚ 
1 Ø¬óÚ 2) ìòèìÚ­óÈóÚĂÚÂäñÛèÚÂóäÝæõÖ ÉČóÚèÚ                
3 Ø¬óÚ 3) èõéèÂäÂäñÛèÚÂóäÝæõÖØöćâöîóãùÈóÚăâ¬ÖČćó
Âè¬ó 5 Üö ÉČóÚèÚ 2 Ø¬óÚ Ì÷ćÈßÛè¬óëóÿìÖùÃîÈÜäõâóÔ
ÝÈÿÅâöØöćÿìæøîÉóÂÂóäÝæõÖÚòĈÚÿÂõÕÉóÂĂÚÂäñÛèÚÂóä
ÝæõÖÝ­óÿÛäÂâöÅèóâÉČóÿÜĆÚÖ­îÈÿÝøćîÚČĈóìÚòÂÝÈÿÅâöăè­  
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ÿßøćîăâ¬Ăì­ÿÂõÕÜòÎìóĂÚÂóäÝæõÖ Ì÷ćÈëóâóä×îÙõÛóãăÕ­
ÉóÂäúÜØöć 5 ĀæñÖóäóÈØöć 1 āÕãâöëóÿìÖùÉóÂ 3 ÜòÉÉòã  
Åøî 1) Å¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈÅèóâìÚóËõĈÚÈóÚ
ĂÚÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈÿØ¬óÂòÛ 0.50 âõææõÿâÖä         
2) Å¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈÅèóâìÚóËõĈÚÈóÚĂÚ
ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚÿØ¬óÂòÛ 1.00 âõææõÿâÖä Āæñ  
3) ÂóäÿÝøćîÿÚøĈîËõĈÚÈóÚëČóìäòÛÂóäÝ¬óä¬îÈĀæñÂóäæÛ
âùâ Ì÷ćÈÉóÂØòĈÈ 3 ÜòÉÉòãÃ­óÈÖ­Ú ØČóĂì­Ö­îÈâöÂóäÿÝøćî
ÚČĈóìÚòÂÝÈÿÅâöäèâØòĈÈìâÕ 24 Âäòâ ÅõÕÿÜĆÚ 17.85% 
ÉóÂÅ¬óÚČĈóìÚòÂâóÖäÑóÚ ĀæñÉóÂÂóää¬èâÂòÚäñÕâ
ÅèóâÅõÕÿßøćîèõÿÅäóñì° 3 ÜòÉÉòãÃ­óÈÖ­Ú ØöćÿÜĆÚÿìÖùÖ¬î
ÂóäÂČóìÚÕÅ¬óÅèóâÿÝøćîÚČĈóìÚòÂÝÈÿÅâöÚòĈÚßÛè¬ó Å¬ó
ÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈËõĈÚÈóÚĂÚÂäñÛèÚÂóäÞÚ
ÖÂĀÖ¬ÈØöć 0.50 âõææõÿâÖäÚòĈÚâóÂÿÂõÚÅèóâÉČóÿÜĆÚ Ì÷ćÈ
Å¬óÅèóâÿÝøćîØöćÿìâóñëâăâ¬ÅèäÿÂõÚ 0.10 âõææõÿâÖä 
ÿÚøćîÈÉóÂÅèóâëóâóä×ÃîÈÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈØöć
ØČóÂóäé÷ÂêóâöÅ¬óÅ¬îÚÃ­óÈëúÈāÕãßõÉóäÔóÉóÂÕòËÚöËöĈ
èòÕÅèóâëóâóä×ÃîÈÂäñÛèÚÂóä Cp Ì÷ćÈÿØ¬óÂòÛ 
17.82 ĀæñÅ¬ó Cpk Ì÷ćÈÿØ¬óÂòÛ 15.00 Ì÷ćÈâöÅ¬óâóÂÂè¬ó
ÿÂÔÒ°ãîâäòÛØöć 1.33 ÕòÈäúÜØöć 6 ØČóĂì­Å¬óÅèóâÝòÚĀÜä
ÃîÈÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈâöÅ¬óÚ­îãâóÂ ÕòÈÚòĈÚÉ÷È
îóÉÉñăâ¬âöÅèóâÉČóÿÜĆÚØöćÖ­îÈÿÝøćîÃÚóÕÅèóâìÚóÃîÈ
ËõĈÚÈóÚÉóÂÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚØöćÃÚóÕ                    

ÅèóâìÚóâóÂÂè¬óìäøîÿØ¬óÂòÛ 0.50 âõææõÿâÖä Ì÷ćÈÉñ
ØČóĂì­ëúÎÿëöãÝÈÞù¬ÚÿÅâöÉóÂÂäñÛèÚÂóäÝæõÖÿÂõÚÅèóâ
ÉČóÿÜĆÚ É÷ÈØČóÂóäÂČóìÚÕÅ¬óÿÝøćîÅèóâÝòÚĀÜäÃîÈ
ÅèóâìÚóËõĈÚÈóÚĂÚÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈĂìâ¬ āÕã
ÿÝøćîÅèóâìÚóăè­ÿßöãÈ 0.10 âõææõÿâÖä ÿÚøćîÈÉóÂ
ÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈâöÅ¬óÿÛöćãÈÿÛÚâóÖäÑóÚ (SD) 
ÿØ¬óÂòÛ 0.007 ĀæñâöÅ¬óßõëòã (R) ÿØ¬óÂòÛ 0.05 
âõææõÿâÖä ÕòÈäúÜØöć 6  
ë¬èÚÂóäÿÝøćîÿÚøĈîËõĈÚÈóÚëČóìäòÛÂóäÝ¬óä¬îÈĀæñæÛ
âùâÚòĈÚÿÕõââöÅ¬óÿÝøćîÚČĈóìÚòÂÿÅâöÿØ¬óÂòÛ 2.04% ĀÖ¬ăâ¬
ëóâóä×ÜäòÛæÕæÈăÕ­ÿÚøćîÈÉóÂäúÜĀÛÛĀâ¬ßõâß°ăâ¬
ëóâóä×ëä­óÈÿßøćîäîÈäòÛÂóäÝ¬óä¬îÈĀæñÂóäæÛâùâăÕ­
ÿßäóñîóÉÉñØČóĂì­ë¬ÈÝæÂäñØÛÖ¬îÅùÔáóßÃîÈ
ÝæõÖáòÔÒ° 
ëČóìäòÛÅ¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈÅèóâìÚó
ËõĈÚÈóÚĂÚÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜßõâß°ä­îÚ ÕòÈäúÜØöć 7 
ÚòĈÚßÛè¬ó âöÂóäÿÝøćîÅ¬óÅèóâìÚóÃîÈËõĈÚÈóÚÉóÂ
ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚăè­×÷È 1.00 âõææõÿâÖä     
îòÚÿÚøćîÈâóÉóÂÅ¬óÅèóâìÚóÃîÈËõĈÚÈóÚØöćăÕ­ÉóÂ
ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚÚòĈÚâöÅ¬óÿÊæöćãëúÈÂè¬óÅ¬ó
ÅèóâìÚóØöćÖ­îÈÂóä 0.80 âõææõÿâÖä āÕãâöÅ¬óßõëòã
ÿØ¬óÂòÛ 1.04 âõææõÿâÖä Ì÷ćÈâöÅèóâÝòÚĀÜäÅ¬îÚÃ­óÈëúÈ 

 
äúÜØöć 5 ëóÿìÖùÜòÎìóÞù¬ÚÝÈÿÅâöØöćÿìæøîÉóÂÂäñÛèÚÂóäÝæõÖ
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ÖóäóÈØöć Ɨ Å¬óÿÝøćîÃÚóÕÅèóâìÚóĀæñÚČĈóìÚòÂÿÅâöÝæõÖáòÔÒ° A ëúÖäÿÅâö A ÃîÈĀÖ¬æñÂäñÛèÚÂóäÂ¬îÚÜäòÛÜäùÈ 

ÚČĈóìÚòÂÿÅâö
âóÖäÑóÚ 

Å¬óÿÝøćîÚČĈóìÚòÂÿÅâö (Âäòâ) / Å¬óÿÝøćîÃÚóÕÅèóâìÚó (âõææõÿâÖä) 

ÚČĈóìÚòÂÿÅâö
ÜòÉÉùÛòÚ  

ÂäñÛèÚÂóä 
ÞÚÖÂĀÖ¬È  

(+0.50 âõææõÿâÖä) 

ÂäñÛèÚÂóä 
îòÕÃ÷ĈÚäúÜä­îÚ  

(+1.00 âõææõÿâÖä) 
Ý¬óä¬îÈĀæñæÛâùâ 

äèâÅ¬óÿÝøćî
ØòĈÈìâÕ 

(+1.50 âõææõÿâÖä) 
Âäòâ Âäòâ Âäòâ % Âäòâ % Âäòâ % Âäòâ % 
136 160 7 5.25 14 10.57 3 2.04 24 17.85 

 

 

äúÜØöć 6 Åèóâëóâóä×ÃîÈÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈĂÚÂóäÝæõÖËõĈÚÈóÚäù¬Ú A ëúÖäÿÅâö A 

 
äúÜØöć 7 ÂóäÿÝøćîÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚÂ¬îÚÜäòÛÜäùÈ 
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ĀæñÉóÂÂóääñÕâÅèóâÅõÕāÕãÝú­ÿËöćãèËóÎÚòĈÚëäùÜâö
ÅèóâÿìĆÚä¬èâÂòÚĂì­æÕÅ¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈ
ÅèóâìÚóËõĈÚÈóÚĂÚÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚ
ÿÛøĈîÈÖ­ÚæÈÂ¬îÚëČóìäòÛÈóÚèõÉòãĂÚÅäòĈÈÚöĈ 60%               
ØČóĂì­Å¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈÅèóâìÚóËõĈÚÈóÚ
ÿìæøî 0.40 âõææõÿâÖä āÕãÉñÜäñÿâõÚÝæÂóäèõÉòãĂÚ
äñãñãóè (1 Üö) îöÂÅäòĈÈ ÿßøćîæÕÅèóâÿëöćãÈÉóÂÜòÎìó
ØöćîóÉÉñÿÂõÕÃ÷ĈÚÂòÛÝæõÖáòÔÒ°ĂÚäñãñãóè ìóÂăâ¬ßÛ
ÜòÎìóÉñÕČóÿÚõÚÂóäæÕÅ¬óÅèóâÿÝøćîÅèóâÝòÚĀÜäÃîÈ
ÃÚóÕÅèóâìÚóĀæñÕČóÿÚõÚÂóäØÕæîÈÖóâĀÚè
ØóÈÂóäèõÉòãÚöĈîöÂÅäòĈÈ Ì÷ćÈÿâøćîäèâÂòÛÅ¬óÿÝøćîÅèóâìÚó
ÿßøćîäîÈäòÛÅèóâÝòÚĀÜäÃîÈÂäñÛèÚÞÚÖÂĀÖ¬È           
0.10 âõææõÿâÖä äèâÅèóâìÚóØöćÿÝøćîăè­ØòĈÈìâÕÉóÂ
ÿÕõâ 1.50 âõææõÿâÖä  ÿßøćîëČóìäòÛĂË­ĂÚÂóäÂČóìÚÕ
ÚČĈóìÚòÂÝÈÿÅâöÿÛøĈîÈÖ­Ú Ăì­ÿìæøîÿßöãÈ 0.50 âõææõÿâÖä 
āÕãĂì­ÂČóìÚÕÅ¬óâóÖäÑóÚÅèóâìÚóËõĈÚÈóÚ           
ØöćÖ­îÈÂóäĂÚÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚĂìâ¬ÿØ¬óÂòÛÅ¬ó
âóÖäÑóÚÅèóâìÚóËõĈÚÈóÚëČóÿäĆÉäúÜ+0.50 âõææõÿâÖä 
āÕãÂČóìÚÕÃîÛÿÃÖÂóäãîâäòÛÿØ¬óÂòÛ ±0.40 
âõææõÿâÖä ÉóÂÿÕõâØöćÂČóìÚÕâóÖäÑóÚăè­Ăì­âöÃÚóÕ
ÅèóâìÚóÿßõćâÉóÂâóÖäÑóÚÅèóâìÚóÝæõÖáòÔÒ°
ëČóÿäĆÉäúÜăâ¬ÖČćóÂè¬ó 0.50 âõææõÿâÖä 
 ÉóÂÂóäÂČóìÚÕĂì­ÂóäÿÝøćîÃÚóÕÅèóâìÚóÃîÈ
ËõĈÚÈóÚĂì­âöÅ¬óØöćæÕæÈÚòĈÚ É÷ÈÖ­îÈìóÅ¬óØöćÿìâóñëâÃîÈ
ĀÖ¬æñÜòÉÉòãĂÚÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚĂìâ¬ ÿßøćîĂì­
ÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚØöćăÕ­ÉóÂÂäñÛèÚÂóäîòÕ
Ã÷ĈÚäúÜä­îÚâöÅèóâ  ÝòÚĀÜäæÕæÈ āÕãÉóÂÂóä
èõÿÅäóñì°ÜòÉÉòãÅèóâÝòÚĀÜäÃîÈÅèóâìÚóËõĈÚÈóÚĂÚ
ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚÿÛøĈîÈÖ­ÚÕ­èãÿÅäøćîÈâøî 
Why-Why Analysis Ì÷ćÈÿÜĆÚÿØÅÚõÅÂóäèõÿÅäóñì°ìó

ÜòÉÉòãØöćÿÜĆÚÖ­ÚÿìÖùĂì­ÿÂõÕÜòÎìóîã¬óÈÿÜĆÚäñÛÛâö
ÃòĈÚÖîÚăâ¬ÿÂõÕÂóäÖÂìæ¬Ú āÕãÂ¬îÚÉñØČóÂóä
èõÿÅäóñì°ÜòÎìóÖ­îÈÖäèÉëîÛØöćìÚ­óÈóÚÉäõÈĀæñÕú
ëáóßÃîÈÉäõÈÿßøćîëä­óÈÅèóâÿÃ­óĂÉÿÂöćãèÂòÛ
äóãæñÿîöãÕÃîÈÜòÎìóĂì­×úÂÖ­îÈĀæñËòÕÿÉÚ ÉóÂÚòĈÚ
É÷ÈÂČóìÚÕÜòÎìó ĀæñĂì­Ýú­âöë¬èÚÿÂöćãèÃ­îÈÂòÛ
ÂäñÛèÚÂóää¬èâÂòÚèõÿÅäóñì° āÕãÂóäÖòĈÈÅČó×óâìó
ëóÿìÖùÕ­èãÅČó×óâ ǾČóăâµ ăÜÿäøćîã ą ÿßøćîìóëóÿìÖù 
ØöćĀØ­ÉäõÈ āÕãÉóÂÂóäèõÿÅäóñì° Why-Why Analysis 
ßÛè¬ó ëóâóä×îÙõÛóãăÕ­ÕòÈäúÜØöć 8 ÿâøćîØäóÛÜòÉÉòã
ÿÛøĈîÈÖ­ÚØöćë¬ÈÝæÂäñØÛÖ¬îÅèóâÝòÚĀÜäÃîÈÃÚóÕ
ÅèóâìÚóËõĈÚÈóÚĀæ­è ÉñÚČóÜòÉÉòãÕòÈÂæ¬óèăÜÿÜĆÚ
ÜòÉÉòãÚČóÿÃ­óëČóìäòÛÂóäîîÂĀÛÛÂóäØÕæîÈÖ¬îăÜ 
ÿßøćîĂì­ØäóÛè¬óâöÜòÉÉòãĂÕÛ­óÈØöćë¬ÈÝæÂäñØÛÖ¬îÅèóâ
ÝòÚĀÜäÃîÈÃÚóÕÅèóâìÚóËõĈÚÈóÚØöćăÕ­ÉóÂ
ÂäñÛèÚÂóäîòÕÃ÷ĈÚäúÜä­îÚîã¬óÈĀØ­ÉäõÈ ĀæñÕČóÿÚõÚÂóä
îîÂĀÛÛÂóäØÕæîÈÖ¬îÿßøćîìóÅ¬óäñÕòÛÃîÈÜòÉÉòã
ÿìæ¬óÚòĈÚØöćâöÅèóâÿìâóñëâÂòÛÂäñÛèÚÂóäÝæõÖÖ¬îăÜ 

2.5 èõÿÅäóñì°äñÛÛÂóäèòÕ 
 ÿÚøćîÈÉóÂÛäõêòØÂäÔöé÷ÂêóăÕ­äòÛÂóääòÛäîÈäñÛÛ
ÅùÔáóß ISO 9001/IATF 16949 É÷ÈăÕ­âöÂóäëîÛ
ÿØöãÛÿÅäøćîÈâøîèòÕÿÜĆÚÜäñÉČó É÷ÈîÚùâóÚăÕ­è¬ó 
ÅùÔëâÛòÖõÕ­óÚÅèóâ×úÂÖ­îÈÃîÈÿÅäøćîÈâøîèòÕÕöĀæ­è 
ÈóÚèõÉòãÚöĈÉ÷ÈØČóÂóäèõÿÅäóñì°ÅùÔëâÛòÖõÕ­óÚÅèóâ
Āâ¬ÚãČóÃîÈäñÛÛÂóäèòÕÿßöãÈîã¬óÈÿÕöãèāÕãĂË­Âóä
ÜäñÿâõÚÅ¬óÅèóâëóâóä×ĂÚÂóäØČóÌČĈó (Repeatability) 
ĀæñÅèóâëóâóä×ÂóäØČóÿìâøîÚ (Reproducibility) 
āÕãßõÉóäÔóÕòËÚöØöćÿäöãÂè¬ó Gage R&R (Gage 
Repeatability and Reproducibility) āÕãâöäóãæñÿîöãÕ
ÕòÈÚöĈ 
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1. ÂČóìÚÕÝú­èòÕØöćÝ¬óÚÂóäÞ÷ÂîÛäââóÿÜĆÚîã¬óÈÕö
ĀæñâöìÚ­óØöćĂÚÂóäèòÕĀæñÛòÚØ÷ÂÝæÂóäèòÕ                      
ÉČóÚèÚ 4 ÅÚ 

2. ÿÅäøćîÈâøîØöćĂË­ĂÚÂóäèòÕĂÚÂóäÿÂĆÛÃ­îâúæÉñĂË­
ÿèîä°ÿÚöãä°ÅóæõÜÿÜîä°ØöćÝ¬óÚÂóäëîÛÿØöãÛĀæ­èËõĈÚ
ÿÕöãèÂòÚëČóìäòÛÝú­èòÕØòĈÈ 4 ÅÚ 

3. ÂČóìÚÕÉČóÚèÚËõĈÚÈóÚØöćÉñèòÕÿßøćîé÷Âêó 
ÉČóÚèÚ 20 ËõĈÚ 

4. ÉČóÚèÚÂóäèòÕÌČĈóëČóìäòÛËõĈÚÈóÚĀÖ¬æñËõĈÚ 
ÂČóìÚÕĂì­èòÕÌČĈó 3 ÖČóĀìÚ¬ÈÃîÈËõĈÚÈóÚĀæñÿæøîÂ
ÛòÚØ÷ÂÅ¬óØöćÖČćóëùÕÃîÈËõĈÚÈóÚ 
ÉóÂÝæÂóäèõÿÅäóñì°äñÛÛÂóäèòÕ (Gage R&R) 
Õ­èãāÜäĀÂäâ Minitab ĂÚäúÜØöć 9 Ì÷ćÈÉóÂÂóäßõÉóäÔó
Å¬ó Number of Distinct Categories = 15 ĀëÕÈè¬ó
äñÛÛÂóäèòÕëóâóä×ĀãÂÃ­îâúæØöćèòÕăÕ­îîÂÿÜĆÚ                    

15 ÜäñÿáØØöćĀÖÂÖ¬óÈÂòÚ ÕòÈÚòĈÚÃ­îâúæÅèóâìÚóØöćăÕ­
ëóâóä×ĂË­ÂóäÜäñâóÔÅ¬óÅèóâÝòÚĀÜäÃîÈäñÛÛÂóä
èòÕăÕ­ ĀæñÉóÂÂóäØÕëîÛßÛè¬ó %Precision to total 
variation = 8.81% Āæñ %Precision to tolerance          
= 9.80 % Ì÷ćÈ×øîè¬óäñÛÛÂóäèòÕÝ¬óÚÿÜĆÚØöćãîâäòÛ 
ëîÕÅæ­îÈÂòÛÃ­îÂČóìÚÕ ÃîÈ AIAG (Automotive 
Industry Action Group) ØöćäñÛùÅ¬óãîâäòÛăÕ­ÃîÈ 
Total Gage R&R Ö­îÈăâ¬ÿÂõÚ 10% ÕòÈÚòĈÚ ÉóÂÂóä
èõÿÅäóñì°ÂóäèòÕÅ¬óÅèóâìÚóÃîÈËõĈÚÈóÚÝææòßÙ°ÉóÂ
āÜäĀÂäâ Minitab ëóâóä×ëäùÜăÕ­è¬óÅèóâĀâ¬ÚãČó
ÃîÈäñÛÛÂóäèòÕØöćĂË­ĂÚÂóäèòÕÅèóâìÚóÃîÈËõĈÚÈóÚ
ÕõëÂ°ÿÛäÂäù¬Ú A âöÅèóâÿìâóñëâĀæñîãú¬ĂÚÿÂÔÒ°Øöć
ëóâóä×ĂË­ÈóÚĂÚäñÛÛÂóäèòÕăÕ­ ĀæñÝú­èõÉòãăÕ­ÿæøîÂ
ßÚòÂÈóÚÉČóÚèÚ 1 ÅÚ ÉóÂÝú­ØÕëîÛØòĈÈìâÕ 4 ÅÚ 
âóØČóÂóäèòÕÝæÂóäØÕæîÈÖ¬îăÜ 

 
äúÜØöć 8 ĀÝÚáúâõÂóäăìæÃîÈÂäñÛèÚÂóäëòćÈÌøĈîèòÖ×ùÕõÛÿÅâöÉóÂÖ¬óÈÜäñÿØéìæòÈÂóäÜäòÛÜäùÈÂóäØČóÈóÚ 

 



 

ĺŅĶĽŅĶĺŇĝŅĔŅĶŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮ&The Journal of Industrial Technology' 
ISSN &Print': 1686-9869, ISSN &online': 2697-5548  

DOI: 10.14416/j.ind.tech.2021.03.002 
 ĭĪėĺŅĴĺŇěńĵȮ 
 

 
The Journal of Industrial Technology &2021'Ȯvolume 17, issue 1.  http://ojs.kmutnb.ac.th/index.php/joindtech 

41 

 

 

äúÜØöć 9 ÝæÂóäèõÿÅäóñì°Ã­îâúæÂóäèòÕËõĈÚÈóÚ 

2.6 ÂóäØÕæîÈĀÛÛ 2k Full Factorial Design  
îîÂĀÛÛÂóäØÕæîÈĀÛÛ 2k Full Factorial 

Design ÿßøćîÖäèÉëîÛÕúè¬óâöÜòÉÉòãĂÕÛ­óÈØöćë¬È
ÝæÂäñØÛÂòÛÜòÎìóÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚ Ì÷ćÈĂÚ
ÈóÚèõÉòãÚöĈßÛè¬óâöÜòÉÉòãØöćîóÉÉñë¬ÈÝæÂäñØÛ 4 ÜòÉÉòã 
ăÕ­ĀÂ¬  Å¬óÅèóâìÚóĀÚ¬ÚÝÈÿÅâöØöćÂČóìÚÕ  Å¬óĀäÈÕòÚ
ØöćÂČóìÚÕ ÿèæóØöćÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ Āæñ
ÚČĈóìÚòÂÝÈÿÅâöØöćÂČóìÚÕ  āÕãÂČóìÚÕÅ¬óäñÕòÛÃîÈ         
ĀÖ¬æñÜòÉÉòãăè­ 2 äñÕòÛ  ÅøîÅ¬óäñÕòÛÖČćóĀæñÅ¬óäñÕòÛëúÈ 
Ì÷ćÈÿÜĆÚÅ¬óÃîÛÿÃÖÂóäãîâäòÛăÕ­ĂÚÜòÉÉùÛòÚÃîÈĀÖ¬æñ
ÜòÉÉòãØöćÉñăâ¬ë¬ÈÝæÂäñØÛÖ¬îÅùÔáóßÝæõÖáòÔÒ°  Öóâ
ÖóäóÈØöć 2 Ì÷ćÈÂóäØÕæîÈÿËõÈĀàÂØîÿäöãæĀÛÛëâÛúäÔ° 
ÉñÖ­îÈØČóÂóäØÕæîÈÿØ¬óÂòÛ  24 = 16 ÂóäØÕæîÈĀæñ              

ĂÚÂóäèõÿÅäóñì°ÉČóÚèÚÂóäØČóÌČĈó (Replication) ÃîÈ
ÉČóÚèÚÜòÉÉòãÚČóÿÃ­ó ÉČóÚèÚ 4 ÜòÉÉòã ÉñĂË­ Effect 
ÿØ¬óÂòÛ 0.25  ÿÚøćîÈÉóÂÿÜĆÚÅ¬óÿÛöćãÈÿÛÚâóÖäÑóÚÃîÈ
ÂäñÛèÚÂóäÝæõÖĂÚÜòÉÉùÛòÚ āÕãëóâóä×ÅČóÚèÔ
ÉČóÚèÚÂóäØČóÌČĈóÉóÂāÜäĀÂäâ Minitab ăÕ­ÉČóÚèÚ
ÂóäØÕæîÈÌČĈóăâ¬ÖČćóÂè¬ó 4 ÅäòĈÈ ÖóâäúÜØöć 10 ÿßøćîĂì­
äñÕòÛÅèóâÿËøćîâòćÚăâ¬ÖČćóÂè¬ó 95% ĀÖ¬ÿÚøćîÈÉóÂ 1 āâ¬
ÂóäÝëâÝÈÿÅâöÚòĈÚ ëóâóä×ØČóÂóäØÕæîÈÌČĈóĂÚÅäòĈÈÚöĈ
ăÕ­×÷È 7 ÅäòĈÈ ØóÈÝú­ÿËöćãèËóÎÃîÈÛäõêòØÂäÔöé÷Âêó É÷È
Ăì­Ýú­èõÉòãØČóÂóäØÕæîÈÌČĈó 7 ÅäòĈÈ ÿßøćîÿßõćâäñÕòÛÅèóâ
ÿËøćîâòćÚ  ÕòÈÚòĈÚÂóäØÕæîÈÅäòĈÈÚöĈäèâÿÜĆÚ 112 Âóä
ØÕæîÈ āÕãÉòÕæČóÕòÛÂóäØÕæîÈĀÛÛëù¬âÿßøćîæÕÅèóâ
ÝõÕßæóÕÃîÈÂóäèõÿÅäóñì°Ýæ 

ÖóäóÈØöć 2 ÂóäĀÛ¬ÈäñÕòÛÜòÉÉòã 

ÜòÉÉòã 

äñÕòÛÃîÈÜòÉÉòã 
äñÕòÛ
ÖČćó 
(-) 

äñÕòÛ 
ëúÈ 
(+) 

ìÚ¬èã 

1. Å¬óÅèóâ
ìÚóĀÚ¬ÚÝÈÿÅâöØöć
ÂČóìÚÕ 

0.40 0.60 g/cc 

2. Å¬óĀäÈÕòÚØöć
ÂČóìÚÕ 

295 305 kg/cm2 

3. ÿèæóØöćÂČóìÚÕ
ĂÚÂóäîòÕËõĈÚÈóÚ
Ö¬îÅäòĈÈ 

3 7 èõÚóØö 

4. ÚČĈóìÚòÂÝÈÿÅâö
ØöćÂČóìÚÕ 

155 165 Âäòâ 
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ÉóÂÝæÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÃ­îâúæØöćăÕ­
ÉóÂÂóäØÕæîÈ ëäùÜăÕ­è¬óÃ­îâúæØöćÉñÚČóâóèõÿÅäóñì°Ýæ
ÂóäîîÂĀÛÛÂóäØÕæîÈÿÜĆÚăÜÖóâëââÖõÑóÚØöć
ÂČóìÚÕØòĈÈ 4 ÜäñÂóä Åøî Ɨ) âöÂóäÂäñÉóãÖòèĀÛÛ
ÜÂÖõ 2) Å¬óÃîÈë¬èÚÖÂÅ­óÈâöäúÜĀÛÛÂóäÂäñÉóãÖòèØöć
ÿÜĆÚîõëäñÖ¬îÂòÚ 3) ÂóäÖäèÉëîÛÅ¬óÿÊæöćãÃîÈÅ¬óë¬èÚ
ÖÂÅ­óÈ (Residual) âöÅ¬óĂÂæ­ÿÅöãÈìäøîâöÅ¬óÿØ¬óÂòÛ 0 
Āæñ 4) âöÅèóâÿë×öãäáóßÃîÈÅ¬óÅèóâĀÜäÜäèÚ 
(sƘ) ÕòÈäúÜØöć 11 É÷Èëóâóä×ÚČóÃ­îâúæÕòÈÂæ¬óèăÜ
èõÿÅäóñì°ÝæÂóäØÕæîÈăÕ­ 
ÉóÂÂóäèõÿÅäóñì°ÝæÂóäÂóäØÕæîÈÿÛøĈîÈÖ­ÚÉóÂ
āÜäĀÂäâ Minitab āÕãăÕ­âöÂóäÂČóìÚÕÖòèĀÜäÕòÈÚöĈ 
Å¬óÅèóâìÚóĀÚ¬ÚÝÈÿÅâöØöćÂČóìÚÕ (Bulk Density: A)  
Å¬óĀäÈÕòÚØöćÂČóìÚÕ (Pressure: B) ÿèæóØöćÂČóìÚÕĂÚ
ÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ (Time: C) ĀæñÚČĈóìÚòÂÝÈÿÅâöØöć
ÂČóìÚÕ (Weight: D) ĂÚäúÜØöć 12 Āæñ 13  ßÛè¬óâö
ÜòÉÉòãìæòÂ (Main Effect) ÉČóÚèÚ 3 ÜòÉÉòã ăÕ­ĀÂ¬ Å¬ó
ĀäÈÕòÚØöćÂČóìÚÕ (Pressure: B) ÿèæóØöćÂČóìÚÕĂÚÂóä
îòÕËõĈÚÈóÚÖ¬îÅäòĈÈ (Time: C) ĀæñÚČĈóìÚòÂÿÅâöØöć

ÂČóìÚÕ (Weight: D) ØöćâöÝæÖ¬îÅ¬óÿÊæöćãÃîÈÃÚóÕ
ÅèóâìÚóÃîÈËõĈÚÈóÚ ĀæñâöÜòÉÉòãä¬èâ (Interactions) 
ÕòÈÚöĈ ÜòÉÉòãä¬èâ 2 ÜòÉÉòã ăÕ­ĀÂ¬ 1) Å¬óÅèóâìÚóĀÚ¬Ú
ÝÈÿÅâöØöćÂČóìÚÕĀæñÅ¬óĀäÈÕòÚØöćÂČóìÚÕ 2) Å¬óĀäÈÕòÚ
ØöćÂČóìÚÕĀæñÿèæóØöćÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ 
3) ÿèæóØöćÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈĀæñÚČĈóìÚòÂ
ÝÈÿÅâöØöćÂČóìÚÕ ÜòÉÉòãä¬èâ 3 ÜòÉÉòã ăÕ­ĀÂ¬ Å¬óĀäÈÕòÚ
ØöćÂČóìÚÕ  ÿèæóØöćÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ Āæñ
ÚČĈóìÚòÂÝÈÿÅâöØöćÂČóìÚÕ  āÕãßõÉóäÔóØöćÅ¬ó P-Value 
Ú­îãÂè¬ó 0.05 ĀæñÉóÂÂóäÖäèÉëîÛëòâÜäñëõØÙõċÃîÈ
ÂóäÖòÕëõÚĂÉ (R-Square) ÉóÂÖóäóÈØöć 4 ßÛè¬ó Å¬ó 
R-Sq âöÅ¬óÿØ¬óÂòÛ 94.80% ĀæñÅ¬ó R-Sq(adj) âöÅ¬ó
ÿØ¬óÂòÛ 93.99% Ì÷ćÈâöÅ¬óâóÂÂè¬ó 75% ĀæñÅ¬ó
ĂÂæ­ÿÅöãÈ 100% Ì÷ćÈìâóãÅèóâè¬ó ĂÚÅèóâÝòÚĀÜä
ÃîÈÅ¬óÅèóâìÚóËõĈÚÈóÚØòĈÈìâÕ 100% ëâÂóä
×Õ×îãÚöĈëóâóä×ßãóÂäÔ°ăÕ­×úÂÖ­îÈ×÷È 93.99% 
ĀëÕÈè¬óÿÜĆÚëòâÜäñëõØÙõċÂóäÖòÕëõÚĂÉØöćÚ¬óßîĂÉ Āæñ
ëóâóä×ÚČóëâÂóä×Õ×îãÚöĈăÜØČóÚóãÝæ ÿßøćîìó
ÅČóÖîÛăÕ­ 

 

äúÜØöć 10 ÉČóÚèÚÂóäØČóÌČĈóëČóìäòÛÂóäØÕæîÈ 2k Full Factorial Design
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äúÜØöć 11 Residual Plots  

 

äúÜØöć 12 ĀëÕÈÜòÉÉòãìæòÂĀæñÜòÉÉòãä¬èâØöćâöÝæÖ¬îÅ¬óÿÊæöćãÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚ 
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äúÜØöć 13 ÝæÂóäèõÿÅäóñì°ÂóäØÕæîÈĀÛÛ 2k Full Factorial Design 
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2.7 ÂóäØÕæîÈĀÛÛ 3k Full Factorial Design  
ĂÚÃòĈÚÖîÚÚöĈÉñÿÜĆÚÂóäÚČóÜòÉÉòãìæòÂ           

(Main Effect)   ØöćâöÝæÖ¬îÃÚóÕÅèóâìÚóØöćăÕ­ÉóÂ
ÂóäØÕæîÈĀÛÛ 2k Full Factorial Design âóìó
äñÕòÛØöćÿìâóñëâÃîÈĀÖ¬æñÜòÉÉòã ÿßøćîÂČóìÚÕÿÜĆÚÅ¬óØöć
ÿìâóñëâÂòÛÂóäÝæõÖÖ¬îăÜ Õ­èãÂóäØÕæîÈĀÛÛ            
3k  Full Factorial Design ÿßøćîĂì­ăÕ­ÃÚóÕÅèóâìÚó
ËõĈÚÈóÚâöÃÚóÕÅèóâìÚóăâ¬ÖČćóÂè¬ó 15.80 âõææõÿâÖä 
(15.70 + 0.10 âõææõÿâÖä) Ì÷ćÈÅèóâìÚó 15.70 
âõææõÿâÖä ÿÜĆÚÃ­îÂČóìÚÕâóÖäÑóÚÃîÈÝæõÖáòÔÒ° 
Āæñ0.10 âõææõÿâÖä ÿÜĆÚÅ¬óÿÝøćîÅèóâÝòÚĀÜäÃîÈ
ÂäñÛèÚÂóäÞÚÖÂĀÖ¬ÈÖóâØöćäñÛùĂÚìòèÃ­î 2.4 āÕã
ÂČóìÚÕĂì­âóÖäÑóÚÅèóâìÚóËõĈÚÈóÚĂÚÂäñÛèÚÂóä
îòÕÃ÷ĈÚäúÜä­îÚÿØ¬óÂòÛ16.20 ± 0.40 âõææõÿâÖä āÕãÅ¬ó
ÅèóâìÚó 16.20 âõææõÿâÖä ÂČóìÚÕÉóÂÅ¬óâóÖäÑóÚ
ÅèóâìÚóËõĈÚÈóÚëČóÿäĆÉäúÜ +0.50 âõææõÿâÖä ÖóâØöć
äñÛùĂÚìòèÃ­î 2.4 ĀæñÂČóìÚÕÃîÛÿÃÖÂóäãîâäòÛăÕ­              
± 0.40 âõææõÿâÖä ÿßøćîĂì­ăÕ­ËõĈÚÈóÚØöćâöÃÚóÕÅèóâ
ìÚóăâ¬ÖČćóÂè¬ó 15.80 âõææõÿâÖä ĀæñÂČóìÚÕÅ¬óäñÕòÛ
ÃîÈĀÖ¬æñÜòÉÉòãăè­ 3 äñÕòÛ  ÅøîäñÕòÛÖČćó ÉùÕÂ÷ćÈÂæóÈ
ĀæñäñÕòÛëúÈ Ì÷ćÈÿÜĆÚÅ¬óĂÚË¬èÈÃîÛÿÃÖÂóäãîâäòÛăÕ­
ÃîÈĀÖ¬æñÜòÉÉòãØöćÉñăâ¬ë¬ÈÝæÂäñØÛÖ¬îÅùÔáóß
ÝæõÖáòÔÒ° ÖóâÖóäóÈØöć 3 ëČóìäòÛÚČĈóìÚòÂÿÅâöØöć
ÂČóìÚÕĂÚÂóäØÕæîÈĀÛÛ 3k Full Factorial Design 
ÿÜĆÚÚČĈóìÚòÂØöćÅČóÚèÔÿÛøĈîÈÖ­ÚÉóÂÜäõâóÖäÃîÈËõĈÚÈóÚ
ÿßøćîĂì­ăÕ­ÅèóâìÚóØöćÖ­îÈÂóäÌ÷ćÈĀÖÂÖ¬óÈÉóÂÂóä
ØÕæîÈĀÛÛ 2k Full Factorial Design  Ì÷ćÈÿÜĆÚ
ÚČĈóìÚòÂÿÕõâØöćÛäõêòØĂË­ĂÚÂóäÝæõÖ āÕãÖ­îÈØČóÂóä
ØÕæîÈÿØ¬óÂòÛ 33 = 27 ÂóäØÕæîÈ ĀæñØČóÂóä
ØÕæîÈÌČĈóîã¬óÈÚ­îã 2 ÅäòĈÈ äèâ 54 ÂóäØÕæîÈ    

ÉóÂāÜäĀÂäâ Minitab  ÖóâäúÜØöć 14  ÿßøćîĂì­äñÕòÛ
ÅèóâÿËøćîâòćÚăâ¬ÖČćóÂè¬ó 95% ĀÖ¬ØóÈÛäõêòØÂäÔöé÷Âêó
Ö­îÈÂóäĂì­Ýú­èõÉòãØČóÂóäØÕæîÈÌČĈóÿØ¬óÂòÛÂóäØÕæîÈ
ĀÛÛ  2k Full Factorial Design  ÅøîÉČóÚèÚ 7 ÅäòĈÈ 
äèâÂóäØÕæîÈĂÚÅäòĈÈÚöĈ 189 ÂóäØÕæîÈ             
āÕãÉòÕæČóÕòÛÂóäØÕæîÈĀÛÛëù¬âÿßøćîæÕÅèóâÝõÕßæóÕ
ÃîÈÂóäèõÿÅäóñì°Ýæ 

 

äúÜØöć 14 ÉČóÚèÚÂóäØČóÌČĈóëČóìäòÛÂóäØÕæîÈ 3k Full 
Factorial Design 

ÖóäóÈØöć 3 ÜòÉÉòãÚČóÿÃ­óĀæñÂóäĀÛ¬ÈäñÕòÛÜòÉÉòã 

ÜòÉÉòã 

äñÕòÛÃîÈÜòÉÉòã 

ìÚ¬èã 
äñÕòÛ 
ÖČćó 
(-) 

ÉùÕ
Â÷ćÈÂæóÈ 

(0) 

äñÕòÛ 
ëúÈ 
(+) 

1. Å¬óĀäÈÕòÚØöć
ÂČóìÚÕ 

295 300 305 kg/cm2 

2. ÿèæóØöćÂČóìÚÕĂÚ
ÂóäîòÕËõĈÚÈóÚÖ¬î
ÅäòĈÈ 

3 5 7 èõÚóØö 

3. ÚČĈóìÚòÂÿÅâöØöć
ÂČóìÚÕ 

140 146 152 Âäòâ 



 

ĺŅĶĽŅĶĺŇĝŅĔŅĶŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮ&The Journal of Industrial Technology' 
ISSN &Print': 1686-9869, ISSN &online': 2697-5548  

DOI: 10.14416/j.ind.tech.2021.03.002 
 ĭĪėĺŅĴĺŇěńĵȮ 
 

 
The Journal of Industrial Technology &2021'Ȯvolume 17, issue 1.  http://ojs.kmutnb.ac.th/index.php/joindtech 

46 

ÉóÂÝæÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÃ­îâúæØöćăÕ­
ÉóÂÂóäØÕæîÈ ëäùÜăÕ­è¬óÃ­îâúæØöćÉñÚČóâóèõÿÅäóñì°Ýæ
ÂóäîîÂĀÛÛÂóäØÕæîÈÿÜĆÚăÜÖóâëââÖõÑóÚØöć
ÂČóìÚÕØòĈÈ 4 ÜäñÂóä Åøî Ɨ) âöÂóäÂäñÉóãÖòèĀÛÛ
ÜÂÖõ 2) Å¬óÃîÈë¬èÚÖÂÅ­óÈâöäúÜĀÛÛÂóäÂäñÉóãÖòèØöć
ÿÜĆÚîõëäñÖ¬îÂòÚ 3) ÂóäÖäèÉëîÛÅ¬óÿÊæöćãÃîÈÅ¬óë¬èÚ
ÖÂÅ­óÈ (Residual) âöÅ¬óĂÂæ­ÿÅöãÈìäøîâöÅ¬óÿØ¬óÂòÛ 0 
Āæñ 4) âöÅèóâÿë×öãäáóßÃîÈÅ¬óÅèóâĀÜäÜäèÚ 
(sƘ) ÕòÈäúÜØöć 15 É÷Èëóâóä×ÚČóÃ­îâúæÕòÈÂæ¬óèăÜØČó
ÂóäèõÿÅäóñì°ÝæÂóäØÕæîÈăÕ­  

ÉóÂÂóäÖäèÉëîÛëòâÜäñëõØÙõċÃîÈÂóäÖòÕëõÚĂÉ 
(R-Square) ÉóÂäúÜØöć 16 ßÛè¬ó Å¬ó R-Sq  âöÅ¬ó
ÿØ¬óÂòÛ 99.01% ĀæñÅ¬ó R-Sq(adj) âöÅ¬óÿØ¬óÂòÛ 
98.65% Ì÷ćÈâöÅ¬óâóÂÂè¬ó 75% ĀæñÅ¬óĂÂæ­ÿÅöãÈ 100% 
Ì÷ćÈìâóãÅèóâè¬ó ĂÚÅèóâÝòÚĀÜäÃîÈÅ¬óÅèóâìÚó
ËõĈÚÈóÚØòĈÈìâÕ 100% ëâÂóä×Õ×îãÚöĈëóâóä× 

ßãóÂäÔ°ăÕ­×úÂÖ­îÈ×÷È 98.65% ĀëÕÈè¬óÿÜĆÚ
ëòâÜäñëõØÙõċÂóäÖòÕëõÚĂÉØöćÚ¬óßîĂÉ Āæñëóâóä×ÚČó
ëâÂóä×Õ×îãÚöĈăÜØČóÚóãÝæ ÿßøćîìóÅČóÖîÛăÕ­ 
ÉóÂÝæÂóäØÕæîÈÿâøćîßõÉóäÔóØöćÅ¬ó P-Value 
Ú­îãÂè¬ó 0.05 ßÛè¬ó ØòĈÈ 3 ÜòÉÉòãìæòÂ (Main Effect) 
ăÕ­ĀÂ¬ 1) Å¬óĀäÈÕòÚØöćÂČóìÚÕ )Pressure) 2) ÿèæóØöć
ÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ )Time) Āæñ                    
3) ÚČĈóìÚòÂÝÈÿÅâöØöćÂČóìÚÕ )Weight) ë¬ÈÝæÂäñØÛÂòÛ
ÃÚóÕÅèóâìÚóÃîÈËõĈÚÈóÚÿË¬ÚÿÕöãèÂòÚÂòÛÂóä
ØÕæîÈĀÛÛĀÛÛ 2k Full Factorial Design ÉóÂÚòĈÚØČó
ÂóäØÕæîÈÿßøćîìóäñÕòÛØöćÿìâóñëâÃîÈĀÖ¬æñÜòÉÉòã
Õ­èãàòÈÂ°ËòÚ Response Optimization ÃîÈāÜäĀÂäâ 

Minitab Ì÷ćÈÝæÂóäèõÿÅäóñì°ßÛè¬ó Å¬óØČóÚóãÅ¬óÿÊæöćã 

(ώ) ÿØ¬óÂòÛ 16.2014 ĂÂæ­ÿÅöãÈÂòÛÅ¬óÿÜ­óìâóã 
(Target) Åøî 16.20 ØöćÅèóâß÷ÈßîĂÉāÕãäèâ 
)Desirability: d (ÿØ¬óÂòÛ  0.99749 Ì÷ćÈÿÜĆÚÅ¬óĀëÕÈ 

äúÜØöć 15 Residual Plots 
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ÅèóâëòâßòÚÙ°ÃîÈÅ¬óÜòÉÉòãĀæñÅ¬óÖîÛëÚîÈØöćâö 
ÅèóâëòâßòÚÙ°ÂòÚ×÷È 99 .75 % āÕãâöÅ¬óäñÕòÛØöć
ÿìâóñëâÃîÈĀÖ¬æñÜòÉÉòãÕòÈÚöĈ Å¬óĀäÈÕòÚØöćÂČóìÚÕ 
)Pressure) âöÅ¬óäñÕòÛØöćÿìâóñëâÿØ¬óÂòÛ 295  kg/cm2 
ÿèæóØöćÂČóìÚÕĂÚÂóäîòÕËõĈÚÈóÚÖ¬îÅäòĈÈ )Time) âöÅ¬ó
äñÕòÛØöćÿìâóñëâÿØ¬óÂòÛ 7 èõÚóØö ĀæñÚČĈóìÚòÂÝÈÿÅâöØöć
ÂČóìÚÕ )Weight) âöÅ¬óäñÕòÛØöćÿìâóñëâÿØ¬óÂòÛ 146 
Âäòâ ÕòÈäúÜØöć 17 ĀæñÖóäóÈØöć 4 

ÖóäóÈØöć 4 Å¬óäñÕòÛØöćÿìâóñëâÃîÈĀÖ¬æñÜòÉÉòã 

 
äúÜØöć 16 ÝæÂóäèõÿÅäóñì°ÂóäØÕæîÈĀÛÛ 3k Full Factorial Design

 
äúÜØöć 17 Optimization Plot 

Factor 
Å¬óäñÕòÛØöć
ÿìâóñëâ 

ìÚ¬èã 

1. Å¬óĀäÈÕòÚØöćÂČóìÚÕ  295 kg/cm2 
2. ÿèæóØöćÂČóìÚÕĂÚÂóäîòÕ
ËõĈÚÈóÚ  

7 èõÚóØö 

3. ÚČĈóìÚòÂÝÈÿÅâöØöćÂČóìÚÕ 146 Âäòâ 


