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Abstract 

This research had purpose to reduce drying time for drying rubber wood by studying drying 
temperature and size of rubber wood that affect moisture of  rubber wood. The operating procedure of 
this research was as follow, 1.)To study production process of rubber wood.  2.)To study moisture of 
rubber wood and how to reduce the moisture of the wood. 3.)To study about rubber wood drying 
machine. 4.)To study theories about reducing moisture of rubber wood at different temperature and time 
to dry the wood. Temperature used for experiment were 80 , 85 and 90 degrees Celsius. Size of rubber 
woods used for experiment were 1 ,1.5 and 2 inch, for three replicates. 5.)To plan for collecting moisture 
of rubber wood at each experiment. 6.)To analyze result of data collected. 7.)To summarize the 
experimental results. The result was showed that drying temperature and size of wood affected the 
moisture of rubber wood. The appropriate level of factors which made minimum moisture of rubber wood 
was at drying temperature of 90 degrees Celsius using size of 2-inch rubber wood. This level of factors 
can reduce moisture of rubber wood more than factory moisture standard. 
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1.ÛØÚČó 

ăâ­ãóÈßóäó ÚòÛÿÜĆÚßøËÿéäêÑÂõÉØöćëČóÅòÎãõćÈ
ÃîÈÜäñÿØé ëóâóä×ÚČóăÜĂË­Ăì­ÿÂõÕÜäñāãËÚ°âóÂâóã 
ÿË¬Ú ÂóäÂ¬îëä­óÈØöćÖ­îÈÂóäÅèóâëèãÈóâÃîÈăâ­ ØČó
ÿàîä°ÚõÿÉîä°æòÈĂë¬ÃîÈ ìäøîĀâ­ĀÖ¬ÝæõÖáòÔÒ°ÃÚóÕÿæĆÂ ÿË¬Ú 
Â­óÚăâ­ÃöÕăà ÿÜĆÚÖ­Ú ĀÖ¬ĂÚØöćÚöĈÂóäèõÉòãÚöĈăÕ­ØČóÂóä
ØÕæîÈÿÂöćãèÂòÛÕ­óÚîùÔìáúâõ ĀæñäñãñÿèæóÖ¬óÈ ą ØöćâöÝæ
Ö¬îÅèóâËøĈÚÃîÈÿÚøĈîăâ­ ÕòÈÚòĈÚîùÖëóìÂääâĀÜääúÜăâ­
ãóÈßóäó É÷ÈÿÜĆÚîùÖëóìÂääâØöćâöÂóäÃãóãÖòèîã¬óÈ
äèÕÿäĆè âöÝæõÖáòÔÒ°Ì÷ćÈÿÜĆÚØöćÚõãâØòĈÈĂÚĀæñÖ¬óÈÜäñÿØé 
îã¬óÈăäÂĆÖóâăâ­ãóÈßóäóÚòÛÿÜĆÚØäòßãóÂäØöćâöÅèóâ
ØÚØóÚÖóâÙääâËóÖõÖČćó ×úÂØČóæóãÕ­èãĀâæÈ âîÕ Āæñ
äó ăÕ­È¬óãäèâ×÷ÈÿÜĆÚăâ­ØöćâöÜäõâóÔĀÜ­ÈĀæñÚČĈóÖóæëúÈ É÷È
ÂæóãÿÜĆÚîóìóäÃîÈßèÂĀâæÈĀæñÿËøĈîäó Ì÷ćÈÿÜĆÚÜòÎìó
ØöćëČóÅòÎÃîÈÝú­ÜäñÂîÛÂóäîùÖëóìÂääâăâ­ãóÈßóäó Âóä
Ü­îÈÂòÚÂóäÝùßòÈÉóÂÂóäÿÃ­óØČóæóãÃîÈĀâæÈ ÿËøĈîäó Āæñ
éòÖäúØČóæóãăâ­îøćÚą Õ­èãÂóäÚČóëóäÜäñÿáØÂČóÉòÕÿËøĈîäó
ĀæñĀâæÈÿßøćîË¬èããøÕîóãùÂóäĂË­ÈóÚÃîÈăâ­ āÕãÂóäĂË­
ÚČĈóãóÿÅâöÌ÷ćÈÿÜĆÚëóäØöćâöÜäñëõØÙõáóßĂÚÂóäÜ­îÈÂòÚäòÂêó
ÿÚøĈîăâ­Ăì­ĀØäÂÌ÷âÿÃ­óăÜĂÚÿÚøĈîăâ­ăÕ­âóÂØöćëùÕ ĀæñÅÈØÚ
ÖõÕÂòÛÿÚøĈîăâ­āÕãÂóäîòÕÚČĈóãóÕ­èãĀäÈÕòÚÌ÷ćÈÉñË¬èãĂì­
ÚČĈóãóÿÃ­óăÜĂÚÿÚøĈîăâ­ăÕ­æ÷Â ĀæñØòćè×÷ÈáóãĂÚÿèæó
îòÚäèÕÿäĆè ìóÂÚČĈóãóëóâóä×Ì÷âÿÃ­óăÜ×÷ÈĂÉÂæóÈăâ­ăÕ­
ÉñÿÜĆÚÂóäÜ­îÈÂòÚØöćÕöØöćëùÕ ÝæÉóÂÂóäîòÕÚČĈóãóØČóĂì­ăâ­
ãóÈßóäóâöÅèóâËøĈÚëúÈ ÉČóÿÜĆÚÖ­îÈÝ¬óÚÃòĈÚÖîÚÂóäîÛăâ­
Â¬îÚØöćÚČóÿÃ­óëú¬ÂäñÛèÚÂóäÝæõÖÿàîä°ÚõÿÉîä° ìäøî
ÝæõÖáòÔÒ°îøćÚą Ö¬îăÜ 
 
2. èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòã 

1. ÿßøćîé÷ÂêóÜòÉÉòãØöćâöÝæÖ¬îÂóäÅèÛÅùâ
ÅèóâËøĈÚÃîÈăâ­ãóÈßóäó 
 2. ÿßøćîìóäñÕòÛØöćÿìâóñëâÃîÈÜòÉÉòãØöćâöÝæÖ¬î
ÂóäÅèÛÅùâÅèóâËøĈÚÃîÈăâ­ãóÈßóäó 

3. ÿßøćîÅèÛÅùâÅèóâËøĈÚÃîÈăâ­ãóÈßóäóĀæñæÕ
äñãñÿèæóĂÚÂóäîÛăâ­ãóÈßóäóîÛĀì­È  
 
 

3. èõÙöÂóäèõÉòã 
ƙ.1 é÷ÂêóĀæñèõÿÅäóñì°Ã­îâúæÿÛøĈîÈÖ­Ú 
ƙ.Ƙ ëČóäèÉÃ­îâúæßøĈÚÑóÚĀæñÿÂĆÛÃ­îâúæ 
ƙ.ƙ îîÂĀÛÛÖóäóÈÂóäÿÂĆÛÃ­îâúæÅèóâËøĈÚÃîÈăâ­ 
ƙ.4 ÜäòÛÿÜæöćãÚèõÙöÂóäÿÂĆÛÃ­îâúæÅèóâËøĈÚÃîÈăâ­ 
ƙ.5 ÿÂĆÛÃ­îâúæÅèóâËøĈÚÃîÈăâ­ 
ƙ.6 èõÿÅäóñì°ÝæØöćăÕ­ 
ƙ.7 ÖäèÉëîÛÿÜîä°ÿÌĆÚÖ°ăâ­ÿëöãÉóÂÂäñÛèÚÂóäîÛ 
ƙ.8 ßòÓÚóÜäòÛÜäùÈÂäñÛèÚÂóäîÛăâ­ãóÈßóäó 
ƙ.9 ØÕæîÈÚČóăÜĂË­ÈóÚ 
ƙ.ƗƖ ÿÜäöãÛÿØöãÛÝæÉóÂÂóäîÛĀÛÛÿÖõâÂòÛÂóäîÛĀÛÛ

ØöćăÕ­ÜäòÛÜäùÈĀæ­è 
ƙ.ƗƗ ÂČóìÚÕâóÖäÑóÚÂóäØČóÈóÚ 
ƙ.ƗƘ ëäùÜÝæÂóäèõÉòã 
 ĂÚÂóäé÷Âêó ĂË­ĀÛÛĀÝÚÂóäØÕæîÈĀÛÛ
ĀàÅØîÿäöãæÿÖĆâäúÜĀÛÛ  āÕãĂË­ÜòÉÉòãîùÔìáúâõîÛĀì­È 3 
äñÕòÛÅøîØöćîùÔìáúâõ 80 , 85 Āæñ 90 îÈéóÿÌæÿÌöãë  Āæñ
ÃÚóÕÃîÈăâ­ãóÈßóäóØöć 1 , 1.5 Āæñ 2 ÚõĈè  āÕãĂË­
ÉČóÚèÚÌČĈó 3 ÌČĈó  âöÉČóÚèÚÖòèîã¬óÈØòĈÈìâÕ 27 Öòèîã¬óÈ  
ƚ. ÝæÂóäèõÉòã 
4.1 ÝæÂóäèõÿÅäóñì°ÂóäØÕæîÈāÕãĂË­ÂóäîîÂĀÛÛ
ÂóäØÕæîÈĀÛÛĀàÂØîÿäöãæÿÖĆâäúÜĀÛÛ (General 
Full Factorial) 

 
1) ÝæÂóäÖäèÉëîÛÂóäĀÉÂĀÉÈĀÛÛÜÂÖõ  

 
äúÜØöć 1 ÂäóàĀëÕÈÝæÂóäÖäèÉëîÛÂóäĀÉÂĀÉÈĀÛÛÜÂÖõ 
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ÉóÂäúÜØöć 1 ßÛè¬ó Ã­îâúæâöÂóäÂäñÉóãÖòèĂÂæ­
ÿë­ÚÖäÈìäøîÃ­îâúæ×úÂæóÂÝ¬óÚăÕ­āÕã ÿë­ÚÖäÈ Ì÷ćÈĀëÕÈè¬ó
Ã­îâúæØöćÚČóâóèõÿÅäóñì°ÚòĈÚâöÂóäĀÉÂĀÉÈĀÛÛÜÂÖõ 

2) ÝæÂóäÖäèÉëîÛÅèóâĀÜäÜäèÚÃîÈÅ¬ó
ÅèóâÅæóÕÿÅæøćîÚ 

 

 
äúÜØöć 2 ÂäóàĀëÕÈÅèóâëòâßòÚÙ°ÃîÈÅ¬óÅèóâÝõÕßæóÕĀæñ 

Å¬óßãóÂäÔ° 

 
ÉóÂäúÜØöć 2 ßÛè¬ó Ã­îâúæâöÂóäÂäñÉóãÖòèîã¬óÈ

ëâČćóÿëâîäîÛÿë­ÚÂ÷ćÈÂæóÈéúÚã° Āæñăâ¬âöæòÂêÔñäúÜĀÛÛ
Åæ­óãæČóāßÈ (Megaphone) ĀëÕÈè¬óÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚâöÅèóâĀÜäÜäèÚÅÈØöć 

 
3) ÝæÂóäÖäèÉëîÛÅèóâÿÜĆÚîõëäñÃîÈÅ¬ó

ÅæóÕÿÅæøćîÚ 
 

 
äúÜØöć 3 ÂäóàĀëÕÈÅèóâëòâßòÚÙ°ÃîÈÅ¬óÅèóâÅæóÕÿÅæøćîÚÂòÛæČóÕòÛ

ØöćÃîÈÂóäØÕæîÈ 
 

ÉóÂäúÜØöć 3 ßÛè¬ó ÉùÕÃîÈÃ­îâúæÂäñÉóãÖòèäîÛ
ÿë­ÚÂ÷ćÈÂæóÈéúÚã° Āæñăâ¬âöæòÂêÔñ ÃîÈĀÚèāÚ­âìäøîâöäúÜ

ĀÛÛîã¬óÈËòÕÿÉÚ ĀëÕÈè¬óÅ¬óÅèóâÅæóÕÿÅæøćîÚÿÜĆÚÖòè
ĀÜäëù¬âîõëäñăâ¬âö ëìëòâßòÚÙ° (Correlation) Ö¬îÂòÚ 
4.2 ÝæÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ  
 

 
 
 
 
 
 
 
 
 

äúÜØöć 4 ÝæÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ 

ÉóÂäúÜØöć 4 ĀëÕÈÝæÂóäèõÿÅäóñì°Åèóâ
ĀÜäÜäèÚ (ANOVA) ßÛè¬óÜòÉÉòãîùÔìáúâõîÛĀæñÃÚóÕ
ÃîÈăâ­ãóÈßóäóÝæÖ¬îÅèóâËøĈÚÃîÈăâ­ãóÈßóäóîã¬óÈâö
ÚòãëČóÅòÎ  (P-Value < 0.05)  

 
4.3 ÝæÂóäèõÿÅäóñì°Åèóâ×Õ×îã  
 

 
äúÜØöć 5 ÝæÂóäèõÿÅäóñì°Åèóâ×Õ×îã 

  
äúÜØöć 5 ĀëÕÈÝæÂóäèõÿÅäóñì°Åèóâ×Õ×îã āÕã

ÖòèĀÜä X1 Āæñ X2 ĀØÚÖòèĀÜäÛ¬ÈËöĈ ( Indicator 
Variable )  ÃîÈÖòèĀÜäÃÚóÕÃîÈăâ­ãóÈßóäó  ÉñÿìĆÚăÕ­
è¬óÖòèĀÜäîùÔìáúâõ   X1 Āæñ X2 âöÚòãëČóÅòÎ 
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ÝæÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÖòèĀÛÛ 3 
ÜäñÂóä ßÛè¬ó Ã­îâúæâöÂóäĀÉÂĀÉÈĀÛÛÜÂÖõ Å¬ó
ÅèóâÅæóÕÿÅæøćîÚâöÅèóâĀÜäÜäèÚÅÈØöćĀæñÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚÿÜĆÚÖòèĀÜäëù¬âîõëäñăâ¬âöëìëòâßòÚÙ° 
(correlation) Ö¬îÂòÚ ĀëÕÈăÕ­è¬ó Ã­îâúæìæòÈÉóÂăâ¬ßÛ
Ã­îâúæÝõÕÜÂÖõÉóÂÂóäèõÿÅäóñì°ëâÂóä×Õ×îãâöÅèóâ
×úÂÖ­îÈĀæñÿìâóñëâ 
            ìæòÈÉóÂÚòĈÚÉ÷ÈăÕ­ØČóÂóäØÕëîÛëââÖõÑóÚØöć
äñÕòÛÚòãëČóÅòÎ 0.05 Ì÷ćÈÛ¬ÈÛîÂè¬óÖòèĀÜäâöÝæÖ¬î
ÅèóâËøĈÚÃîÈăâ­ãóÈßóäó  ĀæñÿâøćîèõÿÅäóñì°Åèóâ×Õ×îã
ßÛè¬ó ëâÂóäÜäñâóÔÅ¬óØöćĂË­îÙõÛóãÅ¬óÖîÛëÚîÈØöć
ÿìâóñëâ Åøî 

Y   =   33.0 - 0.244 *Temp + 1.39 X1 + 3.28 X2 

 
4.4 ÂóäèõÿÅäóñì°ìóÉùÕÿìâóñëâ 

ÝæÂóäèõÿÅäóñì°îõØÙõßæä¬èâÃîÈÜòÉÉòãØöćÝæÖ¬î
Å¬óÅèóâËøĈÚăâ­ãóÈßóäó 
 

 
äúÜØöć 6 ÝæÂóäèõÿÅäóñì°ÝæÂäñØÛä¬èâ 

 
ÉóÂäúÜØöć 6 ÂäóàÝæÂäñØÛä¬èâäñìè¬óÈÜòÉÉòãØöć

âöîõØÙõßæÖ¬îÅèóâËøĈÚăâ­ãóÈßóäó ÿâøćîßõÉóäÔó
ÝæÂäñØÛä¬èâäñìè¬óÈîùÔìáúâõØöćĂË­ĂÚÂóäîÛăâ­ãóÈßóäó 
ĀæñÃÚóÕÃîÈăâ­ãóÈßóäóØöćĂË­ĂÚÂóäîÛØÕëîÛ  ÝæÉóÂ
ÂóäèõÿÅäóñì° ßÛè¬ó ×­óĂË­îùÔìáúâõØöć 80 îÈéóÿÌæÿÌöãë 
ÂòÛăâ­ãóÈßóäóÃÚóÕ 2µ  ä¬èâÂòÚ Å¬óÅèóâÅèóâËøĈÚÉñâö
Å¬ó ëúÈ ĀæñăÕ­ÜäñëõØÙõáóßĂÚÂóäĂË­ÈóÚØöćÖČćó Āæñ×­óĂË­
îùÔìáúâõØöć 90 îÈéóÿÌæÿÌöãë ÂòÛăâ­ãóÈßóäó 2µ  ÉñăÕ­
Å¬óÅèóâËøĈÚÖČćó ÕòÈÚòĈÚ×­óÖ­îÈÂóäăâ­ãóÈßóäóØöćâö
ÅùÔáóßëúÈ ÅèóâËøĈÚÖČćó ÅèäĂË­îùÔìáúâõîÛØöć 90 îÈéó
ÿÌæÿÌöãë ÂòÛăâ­ØöćâöÃÚóÕ 2 ÚõĈè 

4.5 ÝæÂóäØÕæîÈÿßøćîãøÚãòÚÝæ  
ÖóäóÈØöć 1 ÛòÚØ÷ÂÝæÂóäØÕëîÛÅ¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäóÃîÈ
Öòèîã¬óÈØÕæîÈ 

æČóÕòÛÖòèîã¬óÈØÕîÈ Å¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäó 
ăâ­Ø¬îÚØöć Ɨ 12.1 
ăâ­Ø¬îÚØöć Ƙ 11.3 
ăâ­Ø¬îÚØöć ƙ 11.8 
ÿâøćîßõÉóäÔóÅ¬óÜäñâóÔÅ¬óÅèóâËøĈÚÃîÈăâ­

ãóÈßóäó āÕãÂóäĀØÚÅ¬óäñÕòÛëáóèñÃîÈÜòÉÉòãØöćÉùÕ
ÿìâóñëâĂÚëâÂóäÜäñâóÔÅ¬ó (Estimated function) Éñ
ăÕ­è¬ó 

Y   =   33.0 - 0.244 *Temp + 1.39 X1 + 3.28 X2 
äñÕòÛÜòÉÉòãØöćØóĂì­ÝææòßÙ°ØöćÕöØöćëùÕÉóÂìòèÃ­îØöć 

4.5 Éñëóâóä×ĀëÕÈÂóäĀØÚÅ¬óăÕ­ÕòÈÖ¬îăÜÚöĈ 
Ăì­ X1 = 0, X2 = 0 ĀæñĂì­ Temperature = 90 

Āæ­èĀØÚÅ¬óĂÚëâÂóäÉñëóâóä×ØóÚóãÅ¬óÅèóâËøĈÚÃîÈ
ăâ­ãóÈßóäóÿØ¬óÂòÛ 11.04 ÿÜîä°ÿÌĆÚÖ° (%) 

ÉñÿìĆÚăÕ­è¬óâöÅ¬óÿÜîä°ÿÌĆÚÖ°ÅèóâÝõÕßæóÕ
äñìè¬óÈÅ¬óËøĈÚÃîÈăâ­ãóÈßóäóØöćăÕ­ÉóÂÂóäØÕæîÈÂòÛ
Å¬óÜäñâóÔØöćăÕ­ÉóÂëâÂóäÿÜĆÚ 

|(12.1 · 11.04) / 11.04| x 100% = 9.601 % 
|(11.3 · 11.04) / 11.04| x 100% = 2.355 % 
|(11.8 · 11.04) / 11.04| x 100% = 6.884 % 
ÕòÈÚòĈÚ Å¬óÿÊæöćãÃîÈÿÜîä°ÿÌĆÚÖ°ÅèóâÝõÕßæóÕÉñ

ÿØ¬óÂòÛ 6.28 % Ì÷ćÈĀëÕÈĂì­ÿìĆÚè¬óëóâóä×ãîâäòÛÂóä
ØÕæîÈăÕ­ 
 
5. ëäùÜÝæĀæñîáõÜäóãÝæ 

ÂóäØÕæîÈÚöĈÿÜĆÚÂóäìóäñÕòÛëáóèñÜòÉÉòãØöć
ÿìâóñëâĂÚÂóäîÛăâ­ãóÈßóäó āÕãÅČóÚ÷È×÷ÈâóÖäÑóÚ
ÝæõÖáòÔÒ°ØöćÂČóìÚÕ ÿßøćîÿÜĆÚÂóäãøÚè¬óÂóäÿÜæöćãÚ
ÂäñÛèÚÂóäîÛăâ­ãóÈßóäóëóâóä×ØČóăÕ­ āÕãØöćÅ¬ó
ÅèóâËøĈÚÃîÈăâ­ãóÈßóäóÚòĈÚãòÈÅÈÝ¬óÚÿÂÔÒ°âóÖäÑóÚØöć
ÂČóìÚÕ Āæñë¬ÈÝæßæîãăÕ­ĂÚÂóäÿßõćâÂČóæòÈÂóäÝæõÖÉóÂ
ÂóäØöćëóâóä×æÕÃòĈÚÖîÚĀæñÿèæóĂÚÂóäÝæõÖæÈÿÚøćîÈÉóÂ
ÂóäÂäñÛèÚÂóäîÛăâ­ãóÈßóäóÚòĈÚăâ¬âöÃòĈÚÖîÚĂÚÂóäÚČó
ăâ­ãóÈßóäóîîÂâóÿËĆÅÅ¬óÅèóâËøĈÚ Āæ­èÚČóÂæòÛăÜÿÃ­óăÜ
îÛîöÂÅäòĈÈ ÚîÂÉóÂÚòĈÚãòÈëóâóä×ÜäòÛÜäùÈÂäñÛèÚÂóä
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Ăì­âöâóÖäÑóÚ āÕãÂóäÂČóìÚÕëáóèñÜòÉÉòãØöćÿìâóñëâ
ë¬ÈÝæĂì­ÅèÛÅùâÅùÔáóßÂóäîÛăâ­ãóÈßóäóăÕ­ 

ÂóäîîÂĀÛÛÂóäØÕæîÈÚöĈâöÅ¬óÖîÛëÚîÈÖ¬îÅ¬ó
ÅèóâËøĈÚÃîÈăâ­ãóÈßóäó āÕãăÕ­ÖòĈÈëââÖõÑóÚÂóäØÕæîÈ
ăè­è¬ó îùÔìáúâõØöćĂË­ĂÚÂóäîÛăâ­ãóÈßóäó ĀæñÃÚóÕÃîÈ
ăâ­ãóÈßóäó âöÝæÖ¬îÅ¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäóìäøîăâ¬ 
ÂóäØÕæîÈÚöĈăÕ­ÜäñãùÂÖ°ĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈĀÛÛ
ĀàÂØîÿäöãæÿÖĆâäúÜĀÛÛ ØöćäñÕòÛÅèóâÿËøćîâòćÚ 95% āÕã
âöÜòÉÉòãĀæñäñÕòÛÜòÉÉòãÕòÈÚöĈ 

1. îùÔìáúâõØöćĂË­ĂÚÂóäîÛăâ­ãóÈßóäó 
(Temperature) âö ƙ äñÕòÛÜòÉÉòã ÜäñÂîÛăÜÕ­èã Øöć
îùÔìáúâõ ƞƖ ,85 Āæñ ƟƖ îÈéóÿÌæÿÌöãë 

2. ÃÚóÕÃîÈăâ­ãóÈßóäóØöćĂË­ĂÚÂóäîÛØÕæîÈ 
(Size) âöƙ äñÕòÛÜòÉÉòã  ÜäñÂîÛăÜÕ­èã ØöćÃÚóÕ Ɨ,Ɨ.ƛ 
Āæñ Ƙ ÚõĈè āÕãØČóÂóäØÕæîÈÌČĈóØòĈÈìâÕ 3 ÅäòĈÈ 

ÿâøćîăÕ­ØČóÂóäØÕëîÛÅ¬óÅèóâËøĈÚÃîÈăâ­
ãóÈßóäó Ô äñÕòÛëáóèñÜòÉÉòãÖ¬óÈą ÿÜĆÚØöćÿäöãÛä­îã É÷È
ăÕ­ÚČóÝæÂóäØÕæîÈØöćăÕ­âóÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈ
äúÜĀÛÛÂóäØÕæîÈ ßÛè¬ó Ã­îâúæØöćăÕ­âöÅèóâ×úÂÖ­îÈ
ÿìâóñëâÉ÷ÈÚČóÃ­îâúæØöćăÕ­ÉóÂÂóäØÕæîÈâóèõÿÅäóñì°
ÅèóâĀÜäÜäèÚ (ANOVA) ßÛè¬ó ØöćäñÕòÛÚòãëČóÅòÎ 0.05 
ÜòÉÉòãØöćÂČóìÚÕÃ÷ĈÚĂÚÂóäØÕæîÈ Åøî ÜòÉÉòãîùÔìáúâõØöćĂË­
îÛ ĀæñÃÚóÕÃîÈăâ­ãóÈßóäóØöćĂË­ĂÚÂóäîÛØÕëîÛ æ­èÚ
âöÝæÖ¬îÅ¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäó āÕãÜòÉÉòãØöć
ÿìâóñëâìäøîĂì­ÅèóâËøĈÚÖČćóØöćëùÕ Åøî ØöćîùÔìáúâõ ƟƖ 
îÈéóÿÌæÿÌöãë ĂË­ÃÚóÕăâ­ãóÈßóäóØÕëîÛÃÚóÕ Ƙ ÚõĈè 
Ì÷ćÈÅ¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäóØöćăÕ­âöÅ¬óÚ­îãÂè¬óÅ¬ó
âóÖäÑóÚÃîÈāäÈÈóÚØöćÂČóìÚÕăè­ ÚîÂÉóÂÚòĈÚãòÈ
èõÿÅäóñì°ĀÛÛÉČóæîÈ×Õ×îã ÿßøćîĂË­ßãóÂäÔ°Å¬óÅèóâËøĈÚ
ÃîÈăâ­ãóÈßóäóØöćÿÜæöćãÚĀÜæÈăÜÉóÂÂóäÿÜæöćãÚëáóèñ
ÜòÉÉòãăÕ­ ìäøîĂË­ÂČóìÚÕäñÕòÛÜòÉÉòãÿßøćîĂì­Å¬óÅèóâËøĈÚ
ÃîÈăâ­ãóÈßóäóÿÜĆÚăÜÖóâØöćÖ­îÈÂóä ăÕ­ëâÂóä
ßãóÂäÔ°Å¬óÅèóâËøĈÚÃîÈăâ­ãóÈßóäóÕòÈÚöĈ 
   Y   =   33.0 - 0.244 *Temp + 1.39 X1 + 3.28 X2 

 
6. ÂõÖÖõÂääâÜäñÂóé 

ÈóÚèõÉòãÊÛòÛÚöĈăÕ­äòÛÂóäëÚòÛëÚùÚÉóÂáóÅèõËó
èõéèÂääâîùÖëóìÂääâĀæñÂóäÉòÕÂóä ÅÔñ

èõéèÂääâéóëÖä°ĀæñÿØÅāÚāæãöîùÖëóìÂääâ
âìóèõØãóæòãéõæÜóÂä ÚÅäÜÑâ 
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ÛØÅòÕã¬î 
èõÙöÂóäØóÂùËõÿÜĆÚèõÙöÂóäØóÈë×õÖõÿßøćîìóÅ¬óßóäóâõÿÖîä°ÃîÈÂäñÛèÚÂóäØöćÕöØöćëùÕĀæñÿÜĆÚÂóäÜäòÛÜäùÈÅùÔáóßÃîÈ
ËõĈÚë¬èÚÜäñÂîÛĂÚāäÈÈóÚîùÖëóìÂääâ èòÖ×ùÜäñëÈÅ°ÃîÈÂóäé÷ÂêóÚöĈÿÜĆÚÂóäÚČóÿîóÖòèîã¬óÈÕ­èãèõÙöÂóäØóÂùËõâóĂË­
ĂÚÂóäÕČóÿÚõÚÂäñÛèÚÂóäÂæ÷ÈìäøîÿÅäøćîÈÉòÂäØöćĂË­ĂÚÂóäÝæõÖ ÖóäóÈĀÚèÊóÂ Å¬ó S/N ĀæñÂóäèõÿÅäóñì°Åèóâ
ĀÜäÜäèÚăÕ­ÚČóâóĂË­ĂÚÂóäé÷Âêóÿßøćîé÷Âêó×÷ÈæòÂêÔñëâää×ÚñÃîÈÂóäÂæ÷È ÂóäØÕæîÈÿÜĆÚÂóäÚČóÿîóÿìæĆÂÂæ­ó
Åóä°ÛîÚëúÈÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈ 25.4 âõææõÿâÖä ĀæñÅèóâãóèÿØ¬óÂòÛ 470 âõææõÿâÖäāÕãĂË­âöÕÂæ÷ÈØöćØČóÉóÂ
ÿìæĆÂÅèóâÿäĆèäîÛëúÈ ĀæñìóÜäñëõØÙõáóßÂóäÂæ÷ÈāÕãèòÕîòÖäóÂóäÂČóÉòÕÿéêØöćăÕ­äòÛ ÅøîÅ¬ó MRR (Material 
Removal Rate)  ØČóÂóäÂČóìÚÕÜòÉÉòãØöćé÷Âêóâö  3  ÖòèĀÜä  ăÕ­ĀÂ¬ ÅèóâÿäĆèÿßæóìâùÚ  îòÖäóÂóäÜ­îÚ   Āæñ
äñãñÂóäÜ­îÚæ÷ÂÉñ×úÂÚČóâóßõÉóäÔó Ì÷ćÈëîÕÅæ­îÈÂòÛÖóäóÈĀÚèÊóÂØöćÿìâóñëâĂÚÂóäÿæøîÂÿßøćîØČóÂóäØÕæîÈ
ëČóìäòÛÚČóâóĂË­ĂÚÈóÚÚöĈ ìæòÈÉóÂÚČóâóĂË­ĂÚÂóäØÕæîÈÂòÛîòÖäóÂóäÂČóÉòÕÿéêØČóÂóäèòÕÅ¬óÕ­èãÅ¬ó S/N ØöćăÕ­ÉóÂ
ÂóäÅČóÚèÔ ÕòÈÚòĈÚÉČóÚèÚëČóìäòÛÂóäØÕæîÈÅøî 9 äòÚ (Run) ĀæñìæòÈÉóÂØČóÂóäØÕæîÈĀæñãøÚãòÚÝæÂóäØÕæîÈ 
ßÛè¬óÅ¬ó S/N ØöćĀëÕÈÕ­èãèõÙöÂóäØóÂùËõÿÜĆÚèõÙöÂóäØöćâöÜäñāãËÚ°Ë¬èãæÕæÈÃîÈÉČóÚèÚÜòÉÉòãØöćØČóÂóäØÕæîÈāÕãØöć
ăâ¬âöÝæÂäñØÛĂÕąÖ¬îÂóäØÕæîÈÚöĈĀæñãòÈëóâóä×Ë¬èãÜäñìãòÕÿèæóĂÚÂóäØÕæîÈîöÂÕ­èã 
ÅČóìæòÂ èõÙöÂóäØóÂùËõ ÂäñÛèÚÂóäÂæ÷È Å¬óßóäóâõÿÖîä°ÃîÈÿÅäøćîÈÉòÂä  ÂóäÝæõÖ 
 
Abstract 
Taguchi Method is a statistical approach to optimize the process parameters and improve the quality of 
components that are manufactured. The objective of this study is to illustrate the procedure adopted in 
using Taguchi Method to a machining or turning process operation. The orthogonal array, signal-to-noise 

https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.surintech.ac.th%2Fhome%2Findex.php%2Fcomponent%2Fcontent%2Fcategory%2F33-%25E0%25B8%259B%25E0%25B8%25A3%25E0%25B8%25B0%25E0%25B8%258A%25E0%25B8%25B2%25E0%25B8%25AA%25E0%25B8%25B1%25E0%25B8%25A1%25E0%25B8%259E%25E0%25B8%25B1%25E0%25B8%2599%25E0%25B8%2598%25E0%25B9%258C%25E0%25B8%25A0%25E0%25B8%25B2%25E0%25B8%25A2%25E0%25B9%2583%25E0%25B8%2599&ei=e1obVZnEB9SQuATp2YGwCA&usg=AFQjCNEYefkbMiq9Mg7tnD80tM5D-eeT0A
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ratio, and the analysis of variance are employed to study the performance characteristics on turning 
operation. The  experiment  is  turning  the high carbon steel  sizing a diameter of 25.4 mm and a length 
of 470 mm by using  a cutting tool made of the high speed steel. The machining efficiency is evaluated 
by measuring the rate of turning scrap  or Material Removal Rate (MRR).  In this analysis, three factors 
namely spindle speed; feed rate and depth of cut were considered. Accordingly, a suitable orthogonal 
array was selected and experiments were conducted. After conducting the experiments the scrap  or 
Material Removal Rate (MRR) was measured and Signal to Noise ratio (S/N) was calculated. Therefore 
the number of experiments are  9 runs  and  after doing experiment and confirmation test, it shows that 
the Taguchi method is useful in reducing the number of factors that does not  effect on this experiment 
and saving  the experimental time.  
Keywords: Taguchi method, turning process, machining parameter, production 
 
1. ÛØÚČó 
 ÿÅäøćîÈÂæ÷È (Turning) ÿÜĆÚÿÅäøćîÈÉòÂäØöćØČóÈóÚāÕã
ÉòÛã÷ÕËõĈÚÈóÚĂì­ĀÚ¬ÚĀæñËõĈÚÈóÚìâùÚÿßøćîØČóÂóäÖòÕÿÊøîÚ
āæìñËõĈÚÈóÚØöć×úÂÖòÕÿÊøîÚÕ­èãÿÅäøćîÈÂæ÷ÈÌ÷ćÈÉñÿÅæøćîÚØöć
ăÜÖóâÅèóâãóèÃîÈËõĈÚÈóÚØöćØČóÂóäÖòÕÿÊøîÚ ÂóäÂæ÷È
ÖòÕÿÊøîÚÜäñÂîÛÕ­èã ÂóäÂæ÷ÈÜóÕìÚ­ó æÛÅâ Âæ÷ÈÜîÂ 
Âæ÷ÈÿÂæöãè ÖæîÕÉÚÂóäÿÉóñËõĈÚÈóÚÛÚÿÅäøćîÈÂæ÷ÈÿÜĆÚ
Ö­Ú Ì÷ćÈÖ­îÈîóéòãÅèóâÿäĆèäîÛ îòÖäóÂóäÜ­îÚ ĀæñÅèóâ
æ÷ÂĂÚÂóäÖòÕÿÊøîÚ äèâØòĈÈÚČĈóìæ¬îÿãĆÚØöćË¬èãĂì­ÂóäÂæ÷Èâö
ÜäñëõØÙõáóß ÿÅäøćîÈÂæ÷ÈÉ÷ÈÚõãâĂË­ÂòÚîã¬óÈĀßä¬ìæóã 
ëóâóä×ØČóÂóäÝæõÖăÕ­ìæóÂìæóãäúÜĀÛÛë¬èÚÿÅäøćîÈÂæ÷È
ØöćĂË­ĂÚÂóäØÕëîÛìóÜäñëõØÙõáóßÕòÈĀëÕÈĂÚäúÜØöć 1 
1.1 âöÕÂæ÷È (Cutting Tool )  
 âöÕÂæ÷ÈØöćĂË­ÈóÚāÕãØòćèăÜ ÉñØČóâóÉóÂÿìæĆÂ
ÿÅäøćîÈâøî (Tool steel) ØöćÖ­îÈØÚÅèóâä­îÚăÕ­ëúÈ âöÅèóâ
ÿìÚöãè âöÅèóâĀÃĆÈ Öòèîã¬óÈÿË¬Ú ÿìæĆÂäîÛëúÈ (High 
speed steel) ØòÈëÿÖÚÅóä°ăÛÖ° (Carbide tip) ìäøîÿÌäó
âõÂ (Ceramic) ÿÜĆÚÖ­Ú äúÜä¬óÈæòÂêÔñâöÕÂæ÷ÈØöćØČóÉóÂ
ÿìæĆÂäîÛëúÈÉñâöØòĈÈËÚõÕØöćÿÜĆÚĀØ¬ÈĂìÎ¬ăâ¬Ö­îÈĂË­Õ­óâÉòÛ
ĂÚÃÔñØČóÈóÚĀæñĀØ¬ÈÃÚóÕÿæĆÂÖ­îÈîóéòãÕ­óâÉòÛÃÔñ
ØČóÈóÚ ĀÖ¬ĂÚÈóÚèõÉòãÚöĈÉñÿæøîÂâöÕÂæ÷ÈËÚõÕÿÜĆÚĀØ¬ÈĂìÎ¬
ăâ¬Ö­îÈĂË­Õ­óâÉòÛØöćØČóÉóÂèòëÕùÿìæĆÂäîÛëúÈ (High speed 
steel) ÕòÈĀëÕÈĂÚäúÜØöć 2 ë¬èÚäúÜØöć 3 Öòèîã¬óÈÂóäÂæ÷È
ÜîÂËõĈÚÈóÚÕ­èãâöÕÂæ÷ÈÅâÖòÕÃèó (Right hand tool) 
 
 
 

 
 

äúÜØöć 1 ÿÅäøćîÈÂæ÷ÈØöćĂË­ĂÚÂóäìóÜäñëõØÙõáóßÂóäØÕëîÛ [1] 
 

 
 

äúÜØöć 2 ë¬èÚÖ¬óÈ ą ÃîÈâöÕÂæ÷ÈÜîÂÃèó [1] 
 

 äúÜä¬óÈĀæñæòÂêÔñÖ¬óÈą ÃîÈâöÕÂæ÷ÈîÙõÛóãÖóâ
ìâóãÿæÃÕòÈÚöĈ 
 1.ÅèóâãóèÅâÖòÕ  
 2.æČóÖòè 
  3.ÅâÖòÕìæòÂ 
 4.ÜæóãÅâÖòÕ 
 5.âùâìæÛìäøîâùâàäöÃîÈÅâÖòÕ 
 6.ÝõèÃ­óÈÅâÖòÕäîÈ 
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äúÜØöć 3  Öòèîã¬óÈÂóäÂæ÷ÈÜîÂÃèó [1] 
 

 ĂÚÂóäÂæ÷ÈÜäñÂîÛÕ­èãÅèóâÿäĆè ĀæñÂóäÿÅæøćîÚØöć
ÃîÈÿÅäøćîÈâøîÖòÕÿÊøîÚØöćÿÜĆÚæòÂêÔñÿÊßóñÃîÈ
Å¬óßóäóâõÿÖîä°ØòĈÈìæóã Å¬óßóäóâõÿÖîä°Øöć×úÂÿæøîÂëČóìäòÛ
ĀÖ¬æñßøĈÚÑóÚĂÚÂóäØČóÈóÚÉñÃ÷ĈÚîãú¬èòëÕùØöćÚČóâóØČó
ËõĈÚÈóÚ  èòëÕù ÃÚóÕÿÅäøćîÈâøîĀæñÅ¬óÖ¬óÈąØöćÿÂöćãèÃ­îÈÂòÛ
ÂóäÂæ÷È Å¬óßóäóâõÿÖîä°ĂÚÂóäÂæ÷ÈËõĈÚÈóÚâöÝæÂäñØÛÖ¬î
ÂäñÛèÚÂóäÜÐõÛòÖõÈóÚÕòÈÿË¬Ú [1],[2] 

1. ÅèóâÿäĆèĂÚÂóäÖòÕ ÅèóâÿäĆèÃîÈÝõèËõĈÚÈóÚÉñâö 
ÅèóâëòâßòÚÙ°âùâÃîÛÃîÈÿÅäøćîÈâøîÖòÕÿÊøîÚĂÚäñìè¬óÈØČó
ÂóäÖòÕÿÊøîÚ âöìÚ¬èãÿÜĆÚ àùÖÖ¬îÚóØö (FSM) 

2. ÅèóâÿäĆèÿßæóìâùÚ ÅèóâÿäĆèĂÚÂóäìâùÚÃîÈ 
ÿßæóìâùÚÂòÛËõĈÚÈóÚ âöìÚ¬èãÿÜĆÚäîÛÖ¬îÚóØö (RPM) 
ÅèóâÿäĆèÿßæóìâùÚÖ­îÈëòâßòÚÙ°ÂòÛÅèóâÿäĆèĂÚÂóäÖòÕ
ÿÊøîÚĂÚÃÔñØöćìâùÚäîÛÃîÈËõĈÚÈóÚ  

3. îòÖäóÂóäÜ­îÚ ÅèóâÿäĆèÃîÈÿÅäøćîÈâøîÖòÕÿÊøîÚ 
ĂÚÂóäÿÅæøćîÚØöćÉñâöÅèóâëòâßòÚÙ°ÂòÛËõĈÚÈóÚÖóâØöćĂË­
ÿÅäøćîÈâøîĂÚÂóäÖòÕÿÊøîÚ îòÖäóÂóäÜ­îÚÉñØČóÂóäèòÕÿÜĆÚ
ìÚ¬èã âõææõÿâÖäÖ¬îäîÛ (mm/rev) 

4. äñãñÜ­îÚæ÷ÂÅèóâæ÷ÂëČóìäòÛÿÅäøćîÈâøîäñìè¬óÈ 
ÿë­ÚäòéâöÃîÈËõĈÚÈóÚĂÚÃÔñØöćØČóÂóäÖòÕÿÊøîÚÃîÈ
ÿÅäøćîÈÉòÂä äñãñÜ­îÚæ÷ÂÃÚóÕÅèóâÂè­óÈÉñÖ­îÈÂóäîòÖäó
ÂóäÜ­îÚØöćÖČćóìäøîâõÊñÚòĈÚÅèóâæ÷ÂĂÚÂóäÖòÕÿÊøîÚâóÂ
ÿÂõÚăÜÃîÈÿÅäøćîÈâøîÉñØČóĂì­îóãùÅââöÕæÕæÈ [1],[2] 
1.2 èòëÕùËõĈÚÈóÚØöćØČóÂóäé÷Âêó 
èòëÕùØöćÚČóâóØČóËõĈÚÈóÚÉñÿæøîÂÿìæĆÂÿìÚöãèëČóìäòÛØČó 

ÂóäØÕæîÈÿßøćîìóÅ¬óØöćÕöØöćëùÕÖ¬îîòÖäóÂóäÂČóÉòÕÿéê 
(Material removal rate, MRR) āÕãØöćèòëÕùËõĈÚÈóÚÕòÈ
ĀëÕÈĂÚäúÜØöć 4 
 
 
 

 
 
 
 

 
äúÜØöć 4  Öòèîã¬óÈÃÚóÕËõĈÚÈóÚØöćÉñØČóÂóäÂæ÷ÈÜîÂ 

 
1.3 îòÖäóÂóäÂČóÉòÕÿéê (material removal rate, 

MRR) 
îòÖäóÂóäÂČóÉòÕÿéê (MRR) ÿÜĆÚÂóäèòÕÅ¬óÉóÂÂ¬îÚ 

ĀæñìæòÈÚČĈóìÚòÂÃîÈËõĈÚÈóÚÉñĂË­ĂÚÂóäÅČóÚèÔĀæñ
ÅèóâëòâßòÚÙ°äñìè¬óÈîòÖäóÂóäÂČóÉòÕÿéêìóăÕ­ÕòÈÚöĈ 
 
  ÚČĈóìÚòÂÿäõćâÖ­Ú · ÚČĈóìÚòÂëùÕØ­óã         (1)         
      ÿèæóØöćĂË­ÂóäÝæõÖ 
 

MRR ÅøîÂóäÅČóÚèÔÅ¬óØöćăÕ­ÉóÂÂóäØÕæîÈ ë¬èÚ 
ÂóäßõÉóäÔóÜäòÛĀÂ­ăÃÕ­èãîòÖäóë¬èÚ S/N ÉñĂË­
āÜäĀÂäâ Minitab release 15.00 âóË¬èãĂÚÂóäÅČóÚèÔ 
 ÕòÈÚòĈÚÈóÚèõÉòãÚöĈÉ÷ÈÿÜĆÚÂóäÚČóÿîóÿØÅÚõÅèõÙöÂóäØóÂù
ËõâóË¬èãĂÚÂóäèõÿÅäóñì°ÿßøćîØČóÂóäÖäèÉëîÛîòÖäóÂóä
ÚČóÿîóÿéêèòëÕùîîÂÉóÂËõĈÚÈóÚÉóÂÿìæĆÂÿìÚöãè 
(ĀÂÚÿßæóæúÂìõÚÃòÕÃ­óè) ØöćÚČóâóØÕëîÛāÕãØÕëîÛÂòÛ
âöÕÂæ÷ÈØöćØČóâóÉóÂèòëÕùÿìæĆÂäîÛëúÈ  āÕãÜòÉÉòãØöćÅèÛÅùâ
ăÕ­ĀÂ¬ ÅèóâÿäĆèÿßæóìâùÚ îòÖäóÂóäÜ­îÚĀæñäñãñÜ­îÚ
æ÷ÂÿßøćîèõÿÅäóñì°ÝæØöćăÕ­ÂòÛÂäñÛèÚÂóäÂæ÷ÈËõĈÚÈóÚÕ­èã
ÿÅäøćîÈÂæ÷ÈØöćĂË­ĂÚÂóäÝæõÖ  
 ÂóäîîÂĀÛÛÂóäØÕæîÈāÕãèõÙöÂóäØóÂùËõ ÿÜĆÚÂóä
ÜäñãùÂÖ°ÂóäîîÂĀÛÛÂóäØÕæîÈ ÜòÉÉòãÅèÛÅùâ(Control 
Factor) ÜòÉÉòãØöćÅèÛÅùâăâ¬ăÕ­ (Uncontrollable Factor) 
ìäøî Noise Factor Ì÷ćÈÖòèĀÜäÿìæ¬óÚöĈãòÈÿÜĆÚĀìæ¬ÈÃîÈ
ÅèóâÝòÚĀÜäîöÂÕ­èã Ì÷ćÈîõØÙõßæØöćÿÂõÕÉóÂÖòèĀÜäÿìæ¬óÚöĈ
ăâ¬ëóâóä×ØöćÉñÂČóÉòÕăÕ­ ÿßäóñÊñÚòĈÚìÚ­óØöćìæòÂÃîÈ
èõÙöÂóäØóÂùËõ ÅøîÂóäæÕÅèóâÝòÚĀÜäÃîÈÝæõÖáòÔÒ° āÕã
ØČóÂóäÿæøîÂÜäòÛÜòÉÉòãÅèÛÅùâ (Control Factor) ÝæÂóä
ØÕæîÈÃ­îâúæÕõÛÉñ×úÂĀÜæÈĂì­îãú¬ĂÚäúÜÃîÈîòÖäóë¬èÚÃîÈ 
Signal to Noise (S/N Ratio) Ì÷ćÈâöÅèóâëČóÅòÎÿÜĆÚîã¬óÈ
âóÂ ĂÚÂóäìóÿÜ­óìâóãØöć×úÂÖ­îÈÿßøćîìóÅ¬óØöćÕöØöćëùÕ 
(Optimize) āÕãØöćÅùÔæòÂêÔñÃîÈ S/N Ratio ëóâóä×
ĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 3 ËÚõÕ Åøî Small · the · Better Type 

470 mm. 

Å 25.4 mm. 
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Problem, Nominal · the · Best · Type Problem Āæñ
Larger · the · Better Type Problem ĀæñÜäñāãËÚ°Øöć
ăÕ­ÉóÂèõÙöÂóäØóÂùËõÿÜĆÚÂóäË¬èãæÕÉČóÚèÚÃîÈÂóä
ØÕæîÈ ØČóĂì­ÜäñìãòÕÿèæó Āæñ Ö­ÚØùÚĂÚÂóäØÕæîÈ 
Ë¬èãØČóĂì­ÂóäØÕæîÈÈ¬óãëñÕèÂãõćÈÃ÷ĈÚ ĀæñĂì­ÝææòßÙ°ÿÜĆÚ
ØöćÚ¬óÿËøćî×øîăÕ­ØČóĂì­ÝæõÖáòÔÒ°âöÅèóâÿËøćîâòćÚâóÂÃ÷ĈÚ 
[1],[3] 
 
Ƙ. èõÙöÂóäÕČóÿÚõÚÂóäØÕæîÈ 
2.1 ÃòĈÚÖîÚÂóäØÕëîÛÿßøćîìóÜäñëõØÙõáóßâö
ÃòĈÚÖîÚÕòÈĀëÕÈĂÚäúÜØöć 5 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
äúÜØöć 5 ÃòĈÚÖîÚÂóäØÕëîÛÃîÈÂäñÛèÚÂóäÂæ÷ÈÿßøćîìóÅ¬óØöćÕöØöćëùÕ

Õ­èãèõÙöÂóäØóÂùËõ [1] 
 

2.1.1 ÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó 
ÿâøćîÝú­îîÂĀÛÛÂóäØÕæîÈØäóÛÉČóÚèÚÃîÈÜòÉÉòã

ÅèÛÅùâ (Control factor) ĀæñäñÕòÛÃîÈÜòÉÉòãÅèÛÅùâ 
(Control factor level) ØöćăÕ­îîÂĀÛÛăè­ āÕãÚČóÅ¬óØòĈÈëîÈ
ÚöĈâóØČóÂóäßõÉóäÔóÿæøîÂĂË­ËÚõÕ Orthogonal array Âóä
ĂË­ Orthogonal array Ì÷ćÈÉñØČóĂì­ëóâóä×ìóîõØÙõßæÃîÈ
ÜòÉÉòãØöćâöìæóãÜòÉÉòãăÕ­îã¬óÈâöÜäñëõØÙõáóßĂÚÂóä
ÂČóìÚÕÜòÉÉòãÅèÛÅùâìäøîÖòèĀÜäØöćăÕ­îîÂĀÛÛăè­ĂÚ 
Orthogonal array  îã¬óÈÿìâóñëâ ÕòÈÃòĈÚÖîÚÖ¬îăÜÚöĈ [1] 
ßõÉóäÔóÖòèĀÜäØöćâöÝæÖ¬îÂäñÛèÚÂóäÂæ÷ÈÕ­èã

ÿÅäøćîÈÂæ÷ÈÜäñÂîÛÕ­èã 3 ÖòèĀÜä 3 äñÕòÛ ÕòÈĀëÕÈĂÚ

ÖóäóÈØöć 1 ë¬èÚÖòèĀÜäØöćăâ¬Ö­îÈÂóäé÷ÂêóÉñÖ­îÈÂČóìÚÕ
èõÙöÂóäÅèÛÅùâÖòèĀÜäÿßøćîĂì­ÅèóâĀÜäÜäèÚÿÚøćîÈÉóÂ
ÜòÉÉòãáóãÚîÂ ÿÂõÕÃ÷ĈÚÚ­îãØöćëùÕÿË¬Ú îùÔìáúâõáóãÚîÂ
Āæñë×óÚØöćØČóÂóäØÕæîÈÖæîÕÉÚÝú­ÜÐõÛòÖõÈóÚ ÿÜĆÚÖ­Ú 
[1] 

 
ÖóäóÈØöć 1 ÜòÉÉòãĀæñßóäóâõÿÖîä°Ö¬óÈ ą ØöćĂË­ĂÚÂóäØÕæîÈ [1] 
ÜòÉÉòãÅèÛÅùâ äñÕòÛÂóäØÕæîÈ MRR 

1 2 3 
ÅèóâÿäĆèÿßæóìâùÚ 
(rev/min) 

220 380 510 - 

îòÖäóÂóäÜ­îÚ 
 (mm/rev) 

1.033 1.147 1.392 - 

äñãñÜ­îÚæ÷Â 
(mm) 

0.5 0.6 0.75 - 

 
2.2 ÂóäîîÂĀÛÛÂóäØÕæîÈāÕãèõÙöÂóäØóÂùËõ 
èõÙöÂóäØóÂùËõâöÃòĈÚÖîÚØöćëČóÅòÎ 4 ÃòĈÚÖîÚÅøî 
1. ÂČóìÚÕÜòÎìó 2. èóÈĀÝÚÂóäØÕæîÈ 
3. èõÿÅäóñì°ÝææòßÙ° Āæñ 4. ØÕæîÈÿßøćîãøÚãòÚÝæ 
 

2.2.1 èõÙöÂóäØóÂùËõ 
èõÙöØóÈèõéèÂääâÅùÔáóßÿëÚîāÕã ØóÂùËõ Åøî

ÿØÅÚõÅØöćâöÅèóâäú­ØöćÕöÿÜĆÚÂóäÿÖäöãâÂóäÃîÈèõÙöÂóä
ÕČóÿÚõÚÈóÚîã¬óÈâöÜäñëõØÙõáóßĀæñâöäñÛÛĀÛÛĀÝÚ
ëČóìäòÛØČóÂóäé÷ÂêóìóÅ¬óØöćÿìâóñëâØöćëùÕÃîÈ
ÂäñÛèÚÂóä Ã­îÂČóìÚÕÃîÈØóÂùËõ ÅøîÅùÔáóßÃîÈ
ÝæõÖáòÔÒ°ĂÚË¬èÈäñãñÿèæóëòÕë¬èÚÃîÈÿëöãāÕãÝæõÖáòÔÒ° 
ÛóÈëõćÈÛóÈîã¬óÈØöćëúÎÿëöãÌ÷ćÈăâ¬ëóâóä×ìæöÂÿæöćãÈăÕ­
ÉÚÂäñØòćÈÿÂõÕÅèóâÿÛöćãÈÿÛÚëČóìäòÛÅùÔæòÂêÔñÿÊßóñ
ÃîÈÝæõÖáòÔÒ°ØöćÿÜĆÚÅèóâÖ­îÈÂóäëČóìäòÛÅ¬óÿÜ­óìâóã
ÃîÈèõÙöÂóäØóÂùËõĀæñ×úÂÿäöãÂè¬óÅèóâëúÎÿëöãØöćìæöÂÿæöćãÈ
ăâ¬ăÕ­ÉÚ×÷ÈÅ¬óØöćÿÛöćãÈÿÛÚ ÜòÉÉòãØöćÅèÛÅùâăâ¬ăÕ­ÿÜĆÚîöÂ
ëóÿìÖùìÚ÷ćÈÃîÈÅùÔæòÂêÔñÃîÈÝæõÖáòÔÒ°ØöćÿÛöćãÈÿÛÚÉóÂ
Å¬óÿÜ­óìâóãÚòĈÚą ×úÂÿäöãÂè¬óÜòÉÉòã Noise Øöćâöîãú¬áóãĂÚ
ĀæñáóãÚîÂ ëóâóä×ØČóÂóäé÷ÂêóÝæÂäñØÛÃîÈìÚ÷ćÈ
ÜòÉÉòãáóãĂÖ­ÝææòßÙ° ÂóääèâÿîóÜòÉÉòãìæóãąÖòèØöćÕöØöćëùÕ
É÷È×úÂÚČóâóßõÉóäÔó [4] 
 ØóÂùËõăÕ­ÿëÚî 8 ÃòĈÚÖîÚâóÖäÑóÚÕòÈÚöĈ 

1. ÉČóĀÚÂÂóäÕČóÿÚõÚÈóÚìæòÂ Ì÷ćÈîóÉÉñë¬ÈÝæ 

ÿÖäöãâèòëÕù 
- ÿìæĆÂÿßæóÿìÚöãèÉČóÚèÚ 9 ËõĈÚ  
 

ÜòÉÉòãÅèÛÅùâ 
-ÅèóâÿäĆèÿßæó
ìâùÚ 
-îòÖäóÂóäÜ­îÚ 
-äñãñÜ­îÚæ÷Â 

 
ØÕëîÛìóÜäñëõØÙõáóß 
ÖóâØöćăÕ­îîÂĀÛÛăè­Õ­èã
èõÙöÂóäØóÂùËõ 

 

ØČóÂóäÖäèÉèòÕĀæñ
ÖäèÉëîÛÕ­èãëóãÖó 

ÖäèÉëîÛ
Å¬óØöćÕöØöćëùÕ 
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ÂäñØÛÃ­óÈÿÅöãÈĀæñāìâÕÅèóâÿëöãìóãØöćÉñÿÂõÕÃ÷ĈÚ 
2. ÉČóĀÚÂÜòÉÉòã Noise  áóãĂÖ­ÿÈøćîÚăÃÃîÈÂóä 

ØÕëîÛ ĀæñæòÂêÔñÿÊßóñÃîÈÅùÔáóß 
3. ÉČóĀÚÂÿÜ­óìâóãÃîÈÂóäÕČóÿÚõÚÈóÚÉÚăÕ­Å¬óØöćÕö 

ØöćëùÕ 
4. ÉČóĀÚÂÜòÉÉòãÅèÛÅùâĀæñäñÕòÛÖ¬óÈą 
5. ÿæøîÂ ÂóäØÕæîÈÿâÖäõÂÌ°ĀÛÛ Orthogonal  

array 
6. ÕČóÿÚõÚÂóäØÕæîÈĀÛÛÿâÖäõÂÌ° 
7. èõÿÅäóñì°Ã­îâúæ ØČóÚóãÝæĂÚäñÕòÛØöćÅóÕìèòÈ 

Āæñëâää×ÚñÃÛèÚÂóäØöćÕöØöćëùÕ 
8. ÕČóÿÚõÚÂóäØÕæîÈÿßøćîßõëúÉÚ°ÅèóâÉäõÈĀæñèóÈ 

ĀÝÚÂóäÕČóÿÚõÚÈóÚĂÚîÚóÅÖ [5] 
2.2.2 ÚõãóâÃîÈèõÙöÂóäØóÂùËõ (Definition Taguchi 
Method) 
 ØóÂùËõÿÜĆÚÂóäÅõÕèõÙöĂìâ¬āÕãÂóäÕČóÿÚõÚÂóäîîÂĀÛÛ
ØÕæîÈÌ÷ćÈÿÜĆÚßøĈÚÑóÚÂóäĀÚñÚČóĂÚÃ­îÉČóÂòÕØöćÕö èõÙöÂóä
ØóÂùËõĂË­ÂóäÉòÕæČóÕòÛĀÛÛßõÿéêÿäöãÂè¬ó æČóÕòÛÃîÈ 
Orthogonal âóÖäÑóÚÂóäÉòÕæČóÕòÛÿÜĆÚÂóäÂČóìÚÕØöćÿÜĆÚ
ĀÚèØóÈÂóäÕČóÿÚõÚÈóÚÃîÈÉČóÚèÚÖòèÿæÃØöćâöÅ¬óÚ­îãëùÕ
ëČóìäòÛÂóäØÕæîÈÌ÷ćÈëóâóä×ÂČóìÚÕĂì­Ã­îâúæâöÅèóâ
æñÿîöãÕâóÂëùÕÃîÈÜòÉÉòãØòĈÈìâÕØöćâöÝæÂäñØÛÖ¬î
ëâää×ÚñÃîÈÅ¬óßóäóâõÿÖîä°ÿìæ¬óÚòĈÚ  [6] 
2.3 ÂóäÅČóÚèÔ       
 ìæòÈÉóÂÿæøîÂÃ­îâúæØČóÂóäèõÿÅäóñì°ìóÅ¬óÿÊæöćã
ëČóìäòÛÂóäÅČóÚèÔÕ­èãîòÖäóë¬èÚ S/N îòÖäóë¬èÚ S/N 
ÿÜĆÚÅèóâÿÃ­óĂÉØóÈÕ­óÚÅùÔáóßâù¬ÈÿÚ­ÚăÜØöćÝæÂäñØÛ
ëČóìäòÛÂóäÿÜæöćãÚĀÜæÈāÕãÅ¬óßóäóâõÿÖîä°ÃîÈ
ÂäñÛèÚÂóäĂÚëâää×ÚñÃîÈÂäñÛèÚÂóäìäøîÝæÝæõÖØöć
ăÕ­ÉóÂÂóäØÕæîÈ Ì÷ćÈÅùÔæòÂêÔñÃîÈ îòÖäóë¬èÚ S/N  
ĀÛ¬ÈăÕ­ÿÜĆÚ 3 ËÚõÕ ÕòÈØöćÂæ¬óèâóĀæ­èÚòĈÚĀæñĂÚÈóÚèõÉòãÚöĈ
ÿæøîÂ ÜòÎìóËÚõÕ Larger · the · Better Type Problem 

ÿÜĆÚÂóäëââÖõîòÖäóë¬èÚ S/N ÿÜ­óìâóãÅøîÅ¬óëúÈëùÕÃîÈ
ÝæÖîÛĀæñÿÜĆÚÅ¬óØöćÿìâóñëâìóăÕ­ÉóÂëúÖäÕòÈÚöĈ 
 

 
ö
ö
÷

õ
æ
æ
ç

å
-= ä 2

11
log10/

i

L
yn

NS                 (2) 

 
 

2.3.1 é÷ÂêóÜòÉÉòãØöćÿìâóñëâ 
 ÜòÉÉòãØöćÿìâóñëâÖ¬îÂóäÂæ÷ÈÕ­èãÂäñÛèÚÂóäÂæ÷È
ëČóìäòÛâöÕÂæ÷ÈØöćØČóâóÉóÂÿìæĆÂäîÛëúÈÂòÛËõĈÚÈóÚØöćÿÜĆÚ
ÿìæĆÂÂæ­óÝëâÅóä°ÛîÚëúÈ āÕãèõÙöÂóäØóÂùËõ 
ÂóäîîÂĀÛÛÂóäØÕæîÈÕ­èãèõÙö Taguchi ĂÚÂóä

ØÕæîÈÚöĈăÕ­é÷ÂêóÜòÉÉòãØöćâöÝæÖ¬îÂäñÛèÚÂóäÂæ÷ÈÕ­èã
ÿÅäøćîÈÂæ÷ÈÂòÛâöÕÂæ÷ÈĀæñËõĈÚÈóÚØöćÚČóâóØÕëîÛ Ì÷ćÈâö
ØòĈÈìâÕ 3 ÜòÉÉòãāÕãĀÖ¬æñÜòÉÉòãâö 3 äñÕòÛ ĂË­ 
Orthogonal array (OAs) ĀÛÛ L-9 (33) ØČóÂóäØÕæîÈ
ÅäòĈÈĀäÂÿßøćîãøÚãòÚÝæÂóäØÕæîÈÿßøćîìóÜäñëõØÙõáóß 
ÕòÈÚòĈÚÉ÷ÈăÕ­ØČóÂóäØÕæîÈÿØ¬óÂòÛ 9 äòÚ(Run) ìäøî 9 
æČóÕòÛÂóäØÕæîÈ ÜäñÂîÛÕ­èãÉČóÚèÚÂóäØÕæîÈØöć
Ã÷ĈÚîãú¬ÂòÛäñÕòÛÃîÈÜòÉÉòãØöćÂČóìÚÕÕòÈĀëÕÈĂÚÖóäóÈØöć 2 
ĀæñÅ¬óØöćăÕ­ÉóÂÂóäØÕæîÈÕòÈĀëÕÈĂÚÖóäóÈØöć 3  
 

ÖóäóÈØöć 2  L-9 (33) Orthogonal array 
æČóÕòÛ 
ØÕæîÈ 

ÜòÉÉòã MRR 

1 220 1.033 0.50 - 
2 220 1.147 0.60 - 
3 220 1.392 0.75 - 
4 380 1.033 0.60 - 
5 380 1.147 0.75 - 
6 380 1.392 0.50 - 
7 510 1.033 0.75 - 
8 510 1.147 0.50 - 
9 510 1.392 0.60 - 

 
ÖóäóÈØöć 3 Taguchi orthogonal array ĀæñÝææòßÙ°ØöćăÕ­ 
Job No. A B C D E F G H 

1 220 1.033 0.5 14.82 295 275 20 1.350 

2 220 1.147 0.6 13.75 288 271 17 1.236 

3 220 1.392 0.75 10.14 289 272 17 1.677 

4 350 1.033 0.6 8.88 298 278 20 2.252 

5 350 1.147 0.75 9.8 290 271 19 1.939 

6 350 1.392 0.5 9.99 286 267 19 1.902 

7 510 1.033 0.75 9.79 277 265 12 1.226 

8 510 1.147 0.5 8.95 284 276 8 0.894 

9 510 1.392 0.6 7.77 290 279 11 1.416 

ìâóãÿìÖù: 
A = Spindle of speed (RPM), B = Feed of rate (mm/rev) 
C = Dept of cut (mm), D = Time (sec) 
E = Initial weight (g), F = Final weight (g) 
G = Different of weight (g) ,H = Material removal rate (MRR) 
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ƙ.  îáõÜäóãÝæ 
3.1 é÷ÂêóÜäñëõØÙõáóßÃîÈÂäñÛèÚÂóäÂæ÷ÈÕ­èã
ÿÅäøćîÈÂæ÷ÈÂòÛâöÕÂæ÷ÈØöćØČóÉóÂÿìæĆÂäîÛëúÈ 
 ÿâøćîØČóÂóäÂæ÷ÈËõĈÚÈóÚÕ­èãÿÅäøćîÈÂæ÷ÈØöćèòëÕùØČóâöÕ
Âæ÷ÈÿÜĆÚÿìæĆÂäîÛëúÈ ĀæñÚČóăÜØÕëîÛìóÜäñëõØÙõáóß
ÃîÈîòÖäóÂóäÂČóÉòÕÿéêÖóâëáóèñØöćăÕ­ÉóÂÂóäîîÂĀÛÛ
āÕãèõÙöÂóäØóÂùËõØòĈÈ 9 ÂóäØÕæîÈ ĀæñÚČóËõĈÚÈóÚØöćăÕ­âó
ØČóÂóäèòÕÿßøćîìóÅ¬óÚČĈóìÚòÂĀæñÉóÂÂóäÉòÛÿèæó ë¬èÚ
ÿèæóĂÚÂóäÂæ÷ÈÿÜĆÚÂóäÛòÚØ÷ÂāÕãÂóäÉòÛÿèæóĀæñèòÕÅ¬ó
ëùÕØ­óãÃîÈÂóäÂæ÷ÈÈóÚØòĈÈìâÕ îòÖäóÂóäÂČóÉòÕÿéê 
(Material removal rate, MRR) ÿÜĆÚÂóäÅČóÚèÔāÕãĂË­
ÅèóâëòâßòÚÙ°äñìè¬óÈ (ÚČĈóìÚòÂÿäõćâÖ­Ú - ÚČĈóìÚòÂëùÕØ­óã / 
ÿèæóĂÚÂóäÂæ÷ÈìäøîÂóäÝæõÖ) ĀæñÉóÂÂóäèõÿÅäóñì°ßÛè¬ó
ÂóäØÕæîÈØöćØČóĂì­ăÕ­Å¬óëáóèñÿìâóñëâØöćëùÕ Åøî Âóä
ØÕæîÈæČóÕòÛØöć 8 āÕãâöÜòÉÉòãØöćìÚ÷ćÈăÕ­ĀÂ¬ ÅèóâÿäĆèÿßæó
ìâùÚ 510 äîÛÖ¬îÚóØö ÜòÉÉòãØöćëîÈÅøîîòÖäóÂóäÜ­îÚ
ÿØ¬óÂòÛ  1.147 âõææõÿâÖäÖ¬îäîÛĀæñÜòÉÉòãØöćëóâÿÜĆÚ
äñãñÂóäÜ­îÚæ÷Â 0.50 âõææõÿâÖä ăÕ­îòÖäóÂóäÂČóÉòÕÿéê
Ú­îãØöćëùÕÿØ¬óÂòÛ 0.894 ÂäòâÖ¬îèõÚóØöĂË­ÿèæóÚ­îãëùÕØöć 
8.95 ÚóØö ë¬èÚîòÖäóÂóäÂČóÉòÕÿéêëúÈØöćëùÕîãú¬ØöćæČóÕòÛÂóä
ØÕæîÈØöć 4 āÕãâöÜòÉÉòãØöćìÚ÷ćÈăÕ­ĀÂ¬ ÅèóâÿäĆèÿßæóìâùÚ 
380 äîÛÖ¬îÚóØö ÜòÉÉòãØöćëîÈÅøîîòÖäóÂóäÜ­îÚÿØ¬óÂòÛ  
1.033 âõææõÿâÖäÖ¬îäîÛĀæñÜòÉÉòãØöćëóâÿÜĆÚäñãñÂóä
Ü­îÚæ÷Â 0.60 âõææõÿâÖä ăÕ­îòÖäóÂóäÂČóÉòÕÿéêØöćëúÈØöćëùÕ
ÿØ¬óÂòÛ 2.252 ÂäòâÖ¬îèõÚóØöĂË­ÿèæó 8.88 ÚóØö ë¬èÚæČóÕòÛ
ÂóäØÕæîÈØöćÿìæøîÃîÈĀÖ¬æñÜòÉÉòãĀÖ¬æñäñÕòÛÕòÈĀëÕÈĂÚ
ÖóäóÈØöć 3 
3.2 ÂóäèõÿÅäóñì°ÝææòßÙ° 
 ìæòÈÉóÂìóÅ¬óØòĈÈìâÕØöćăÕ­ÉóÂìù¬ÚÉČóæîÈëòâÜäñëõØÙõċ
ëČóìäòÛîòÖäóë¬èÚ S/N ÕòÈĀëÕÈĂÚÖóäóÈØöć 4 ØöćăÕ­ÉóÂÂóä
ÅČóÚèÔĀæñÂäóàØöćÖ¬óÈËÚõÕëČóìäòÛÂóäèõÿÅäóñì°āÕã
āÜäĀÂäâ Minitab release 15.00 Ì÷ćÈĂÚÈóÚèõÉòãÚöĈÉñØČó
îãú¬ÛÚßøĈÚÑóÚÂóäèõÿÅäóñì°ØòĈÈìâÕÕ­èãèõÙöÂóäØóÂùËõāÕã
ÂóäÖòÕëõÚĂÉÕ­èãÝæÂäñØÛìæòÂëČóìäòÛÅ¬óßóäóâõÿÖîä°
ÃîÈÂäñÛèÚÂóä ØČóÂóäÕČóÿÚõÚÂóäÕ­èãÂóäèõÿÅäóñì°
ÅèóâĀÜäÜäèÚ (ANOVA) ÂóäèõÿÅäóñì°ëòâÜäñëõØÙõċ
Åèóâ×Õ×îã ëòâÜäñëõØÙõċÂóäÖòÕëõÚĂÉ ĀæñÂóäÂČóìÚÕ
ÿÈøćîÚăÃÅ¬óßóäóâõÿÖîä°ØöćÕöØöćëùÕ ÂóäèõÿÅäóñì°ÝæÂäñØÛ

ìæòÂÿÜĆÚÂóäÚČóâóĂË­ĂÚÂóäé÷ÂêóÚöĈĀÚèāÚ­âÃîÈ
ÝæÂäñØÛĀÖ¬æñÜòÉÉòãÕòÈĀëÕÈĂÚäúÜØöć 6  
 

 
 

äúÜØöć 6 ÝæÂäñØÛÃîÈÜòÉÉòãÅèÛÅùâëČóìäòÛîòÖäóë¬èÚ S/N 
 

ĂÚë¬èÚÃîÈÂóäÅČóÚèÔìóëòâÜäñëõØÙõċĀæñÂóä
èõÿÅäóñì°ÅèóâĀÜäÜäèÚÕòÈĀëÕÈĂÚÖóäóÈØöć  4 Āæñ 5 
ÖóâæČóÕòÛ 
 
ÖóäóÈØöć 4 ìù¬ÚÉČóæîÈëòâÜäñëõØÙõċëČóìäòÛîòÖäóë¬èÚ S/N 

Estimated model coefficients for SN ratios 
Term Coef SE Coef T P 

Constant 3.4594 
 

0.2120 
 

16.318 
 

0.004 
 

SS 220 
 

-0.4811 
 

0.2998 
 

-1.605 
 

0.250 
 

SS 350 2.6695 0.2998 8.904 0.012 
FE 1.033 

 
0.3486 

 
0.2998 

 
1.163 

 
0.365 

 
FE 1.147 

 
-1.2531 

 
0.2998 

 
-4.180 

 
0.053 

 
DC 0.50 

 
-1.0551 

 
0.2998 

 
-3.519 

 
0.072 

 
DC 0.60 

 
0.5122 

 
0.2998 

 
1.708 

 
0.230 

 
S = 0.6360   R-Sq = 98.4%   R-Sq(adj) = 93.5% 

 
ÉóÂÖóäóÈØöć 4 ÝææòßÙ°ëòâÜäñëõØÙõċëČóìäòÛîòÖäóë¬èÚ 
S/Nn ÃîÈÂäñÛèÚÂóäÂæ÷ÈØöćäñÕòÛÚòãëČóÅòÎ 5%(0.05) 
ÅøîÅ¬ó ÅèóâÿäĆèÿßæóìâùÚ Øöć 350 äîÛÖ¬îÚóØö âö
ÚòãëČóÅòÎ ë¬èÚÖóäóÈØöć 5 ÝææòßÙ°ÂóäèõÿÅäóñì°Åèóâ
ĀÜäÜäèÚÃîÈÅ¬óÅèóâÿäĆèÿßæóìâùÚÃîÈÂäñÛèÚÂóäÂæ÷È
ØöćäñÕòÛÚòãëČóÅòÎ 5% (0.05) ÅøîÅ¬óÅèóâÿäĆèÿßæóìâùÚâö
ÚòãëČóÅòÎ ë¬èÚÜòÉÉòãØöćÿìæøîăâ¬âöÚòãëČóÅòÎëČóìäòÛ
ÂäñÛèÚÂóäÂæ÷ÈĂÚÂóäé÷ÂêóÚöĈ 

510350220

6

4

2

1.3921.1471.033

0.750.600.50

6

4

2

SS

M
e

a
n
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s

FE

DC

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Larger is better
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ÖóäóÈØöć 5 ÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚëČóìäòÛîòÖäóë¬èÚ S/N 
Analysis of variance for SN ratios 
Source 

 
DF 
 

Seq SS 
 

Adj SS 
 

Adj MS 
 

F 
 

P 
 

SS 
 

2 
 

36.4413 
 

36.4413 
 

18.2207 
 

18.2207 
 

0.022 
 

FE 
 

2 
 

7.5294 
 

7.5294 
 

3.7647 
 

9.31 
 

0.097 
 

DC 
 

2 
 

5.0110 
 

5.0110 
 

2.5055 
 

6.19 
 

0.139 
 

Residual 
Error 

 

2 
 

0.8090 
 

0.8090 
 

.4045 
 

  

Total 
 

8 
 

49.7907 
 

 

 
äúÜĀÛÛÂóäÜäñâóÔÅ¬óëòâÜäñëõØÙõċëČóìäòÛîòÖäóë¬èÚ S/N 
Å¬ó P-Value ÃîÈÅ¬óÅÈØöć ÿØ¬óÂòÛ 0.004 ĀæñÂóäÜäòÛÅ¬ó
ëòâÜäñëõØÙõċÂóäÖòÕëõÚĂÉÿØ¬óÂòÛ 93.5 % ĀëÕÈÕòÈÖóäóÈØöć 
4 ë¬èÚĂÚÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚÉóÂ P-Value 
îòÖäóë¬èÚ S/N  âöÅ¬óÿØ¬óÂòÛ 0.022 ÕòÈĀëÕÈĂÚÖóäóÈØöć 5
ĀæñëâÂóäëòâÜäñëõØÙõċÅèóâ×Õ×îãëČóìäòÛîòÖäóë¬èÚ 
S/N ÃîÈ % MRR Åøî 
% MRR = 3.4594+(SS220)(0.4811)+(SS350)(2.6695) 
+(FE1.033)(0.3486)+(FE1.147)(-1.2531)+(DC0.50) 
(-1/0551)+(DC0.60)(0.5122)            (3) 
 
4.  ëäùÜÝæÂóäØÕæîÈ 
 ĂÚÈóÚèõÉòãÚöĈßõÉóäÔóÝæÂäñØÛìæòÂĂÚÂóäÜ­îÚ
Å¬óßóäóâõÿÖîä°ÃîÈÂäñÛèÚÂóäÂæ÷ÈĂÚÂóäÂæ÷ÈËõĈÚÈóÚØöć
ØČóÉóÂÿìæĆÂÂæ­óÝëâÅóä°ÛîÚëúÈ ĀæñâöÕÂæ÷ÈØöćØČóÉóÂ
ÿìæĆÂäîÛëúÈāÕãĂË­èõÙöÂóäØóÂùËõÚòĈÚ ßÛè¬óëáóèñØöć
ÿìâóñëâÅøîÅèóâÿäĆèÿßæóìâùÚ 510 äîÛÖ¬îÚóØö îòÖäó
ÂóäÜ­îÚ 1.147 âõææõÿâÖäÖ¬îäîÛ ĀæñäñãñÂóäÜ­îÚæ÷Â
ÿØ¬óÂòÛ 0.50 âõææõÿâÖäØČóĂì­ăÕ­ä­îãæñîòÖäóÂóäÂČóÉòÕÿéê
îãú¬Øöć 0.894 ÂäòâÖ¬îèõÚóØö ĂË­ÿèæóĂÚÂóäÂæ÷ÈÚ­îãëùÕ
ÿØ¬óÂòÛ 8.95 ÚóØö ÕòÈÚòĈÚèõÙöÂóäØóÂùËõëóâóä×ÚČóâó
îîÂĀÛÛÂäñÛèÚÂóäÂæ÷ÈÕ­èãÂóäÂæ÷ÈāÕãĂË­âöÕÂæ÷ÈØöćØČó
ÉóÂÿìæĆÂäîÛëúÈăÕ­îã¬óÈâöÜäñëõØÙõáóß Āæñëáóèñ
ÕòÈÂæ¬óèÉñ×úÂÚČóăÜĂË­ÿßøćîÿÜĆÚĀÚèØóÈĂÚÂóäßòÓÚó
ØòÂêñÃîÈÚòÂé÷ÂêóÉñăÕ­ÿÜĆÚÜäñāãËÚ°Ö¬îÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóäØČóÈóÚĂÚáóÅÜÐõÛòÖõāÕãÿÊßóñîã¬óÈãõćÈ
ØòÂêñØóÈÕ­óÚÂóäĂË­ÿÅäøćîÈÉòÂäØöćĂË­ĂÚÂóäÝæõÖÿË¬Ú

ÿÅäøćîÈÂæ÷È ×­óăÕ­âöÂóäèóÈĀÝÚÂóäØČóÈóÚØöćÕöìäøîé÷Âêó
ìæòÂÂóäØČóÈóÚÃîÈÿÅäøćîÈÉòÂä èòëÕùÖæîÕÉÚîùÜÂäÔ°ØöćĂË­
ĂÚÂóäÝæõÖ ÉñË¬èãæÕÖ­ÚØùÚÂóäÝæõÖ ÜäñìãòÕÿèæóâö
ÅèóâÜæîÕáòãĂÚÂóäØČóÈóÚĀæñØČóĂì­ÃîÈÿëöãâöÚ­îã  
 
ÂõÖÖõÂääâÜäñÂóé 
 ÃîÃîÛÅùÔëóÃóèõËóÿØÅāÚāæãöîùÖëóìÂóä ÅÔñ
èõéèÂääâéóëÖä° âìóèõØãóæòãÿØÅāÚāæãöäóËâÈÅæ
æ­óÚÚó  ÿËöãÈĂìâ¬ Ăì­ÂóäëÚòÛëÚùÚØùÚĂÚÂóäÚČóÿëÚî
ÝæÈóÚĂÚÅäòĈÈÚöĈ 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîé÷ÂêóĀæñßòÓÚóÝæõÖáòÔÒ°ÂùÚÿËöãÈāÕãÂóäÚČóĀÚèÅõÕÂóäĂË­ÿØÅÚõÅÂóäÂäñÉóã
ìÚ­óØöćÿËõÈÅùÔáóß ä¬èâÂòÛÂóäîîÂĀÛÛÂóäØÕæîÈâóÜäñãùÂÖ°ĂË­ÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóßÿÜĆÚ
ÿÅäøćîÈâøîĂÚÂóäìóÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óØöćâöÖ¬îÝæõÖáòÔÒ°ÂùÚÿËöãÈÉóÂÚòĈÚÉ÷ÈØÕæîÈÿßøćîîîÂĀÛÛë¬èÚÝëâĂì­ÖäÈ
ÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó āÕãÂóäÕČóÿÚõÚÂóäèõÉòãÿäõćâÉóÂëä­óÈĀÛÛëîÛ×óâØöćăÕ­ÉóÂÂóäĀÜæÈÿëöãÈÃîÈæúÂÅ­ó 
ăÜëú¬Ë¬èÈÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóßĂÚÿàëØöć Ɨ ìäøîÛ­óÚĀì¬ÈÅùÔáóß ÿßøćîÅ­ÚìóĀæñîÙõÛóãÅèóâ
Ö­îÈÂóäØöćĀØ­ÉäõÈÃîÈæúÂÅ­óØöćâöÖ¬îÝæõÖáòÔÒ°ÂùÚÿËöãÈ āÕãÚČóâóÿÜäöãÛÿØöãÛÂóäÝæõÖáòÔÒ°Ăìâ¬ØöćîîÂĀÛÛë¬èÚÝëâ
Õ­èãÿØÅÚõÅ Mixture design ĂÚĀÛÛ Extreme Vertices ÿßøćîÜäòÛÜäùÈäëëòâÝòëĂì­ÖäÈÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó
ÝæÉóÂÂóäé÷ÂêóĀëÕÈĂì­ÿìĆÚăÕ­è¬óÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóßĀæñÂóäîîÂĀÛÛÂóäØÕæîÈëóâóä×
ÚČóâóÜäñãùÂÖ°ĂË­ĂÚÂóäßòÓÚóÝæõÖáòÔÒ°ĂÚäúÜĀÛÛÃîÈÝæõÖáòÔÒ°îóìóä (ÂùÚÿËöãÈ) ăÕ­îã¬óÈâöÜäñëõØÙõáóß Ì÷ćÈ
Ë¬èãĂì­ÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óîã¬óÈÖäÈÉùÕĀæñëä­óÈÅèóâß÷ÈßîĂÉÃîÈæúÂÅ­óăÕ­ÕöãõćÈÃ÷ĈÚÕ­èã 
ÅČóìæòÂ ÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóß ÂóäßòÓÚóÝæõÖáòÔÒ° îóìóä ÂùÚÿËöãÈ 

Abstract 
This research is aimed to develop the Chinese sausages using Quality Function Deployment (QFD) and 
Design of Experiment (DOE). QFD is the tools for analyzing voice of customer. The DOE is use to 
analyze the ingredient ratio to conform to voice of customer. This research is started by developing the 
questionnaire for collecting data to QFD phase 1.Extreme Vertices Mixture Design Approach is then used 
to achieve the suitable ingredient ratio. The result of this study show that QFD and DOE are the effective 
tools to improve food product and increase the customer satisfaction. 
Keywords: Quality Function Deployment, Product Development, Food, Chinese Sausage 
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Ɨ. ÛØÚČó 
 ÜòÉÉùÛòÚîùÖëóìÂääâîóìóäĀÜääúÜãòÈÿÜĆÚ
îùÖëóìÂääâîöÂÜäñÿáØØöćâöÂóäÿÉäõÎÿÖõÛāÖîã¬óÈäèÕÿäĆè
ÿÚøćîÈÉóÂăÕ­äòÛÂóäëÚòÛëÚùÚÉóÂáóÅäòÑĀæñãòÈëóâóä×ĂË­
èòÖ×ùÕõÛĂÚÂóäĀÜääúÜØöćăÕ­ÉóÂáóãĂÚÜäñÿØéÿÜĆÚë¬èÚ
ĂìÎ¬É÷È×øîè¬óÿÜĆÚîöÂìÚ÷ćÈÜäñÿáØĂÚîùÖëóìÂääâØöćëČóÅòÎ
ÃîÈăØã ÿÚøćîÈÉóÂëóâóä×ëä­óÈâúæÅ¬óÿßõćâĂì­ÂòÛÝæÝæõÖ
ÉóÂáóÅÂóäÿÂêÖä ØČóĂì­ĂÚË¬èÈÅä÷ćÈÜöĀäÂÃîÈÜö 2557 
(âÂäóÅâ - âõ×ùÚóãÚ) îùÖëóìÂääâîóìóäĀÜääúÜëä­óÈ
äóãăÕ­Ăì­ÂòÛÜäñÿØéÂè¬ó 5 - 6 ĀëÚæ­óÚÛóØ [1] ĀÖ¬Õ­èã
ĂÚÜòÉÉùÛòÚîùÖëóìÂääâîóìóäĀÜääúÜâöÂóäĀÃ¬ÈÃòÚëúÈĀæñ
ÅèóâÖ­îÈÂóäÃîÈÝú­ÛäõāáÅÚòĈÚâöÂóäÿÜæöćãÚĀÜæÈ
ÖæîÕÿèæóëøÛÿÚøćîÈÉóÂÿØÅāÚāæãöăÕ­ÿÃ­óâóâöë¬èÚä¬èâĂÚ
ÂóäÖòÕëõÚĂÉ îöÂØòĈÈØóÈÕ­óÚÝú­ÛäõāáÅãòÈÿÜĆÚÝú­ÂČóìÚÕ
ØõéØóÈØöćâöÝæÖ¬îÅèóâÖ¬îÂóäĂÚÕ­óÚÖ¬óÈąÃîÈëõÚÅ­óĀæñ
ÝæõÖáòÔÒ°âóÂÃ÷ĈÚÕ­èã 
 ÝæõÖáòÔÒ°îóìóäĀÜääúÜÜäñÿáØÂùÚÿËöãÈìâúÿÜĆÚîöÂ
ÝæõÖáòÔÒ°ìÚ÷ćÈØöćâöÂóäĀÃ¬ÈÃòÚĂÚØ­îÈÖæóÕëúÈâóÂ
ÿÚøćîÈÉóÂâöÂóäÝæõÖØöćìæóãëúÖäìæóãäúÜĀÛÛÖóâæòÂêÔñ
ÃîÈØ­îÈ×õćÚĀæñáúâõáóÅÚòĈÚąÜäñÂîÛÂòÛĂÚÜòÉÉùÛòÚ
ØóÈÕ­óÚÝú­ÛäõāáÅăÕ­ÿäõćâĂë¬ĂÉĂÚÿäøćîÈëùÃáóßâóÂÃ÷ĈÚ
ÝæõÖáòÔÒ°ÂùÚÿËöãÈÉ÷ÈâöÃ­îÿÜäöãÛÿØöãÛØóÈÂóäÖæóÕĂÚ
Õ­óÚÖ¬óÈąâóÂÃ÷ĈÚÖóâăÜÕ­èã 
 ÕòÈÚòĈÚ ÈóÚèõÉòãÚöĈÉ÷ÈÚČóÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈ
ÅùÔáóß (Quality Function Deployment: QFD) âóĂË­ĂÚ
ÂóäìóÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óĀæñßòÓÚóÝæõÖáòÔÒ°
îóìóäĀÜääúÜÜäñÿáØÂùÚÿËöãÈìâúÿßøćîĂì­ÝæõÖáòÔÒ°
Ö­ÚĀÛÛØöćÖäÈÂòÛÅèóâÖ­îÈÂóäÃîÈÝú­ÛäõāáÅāÕãÖäÈ 

 
2.ØåêÏöØöćÿÂöćãèÃ­îÈ 
2.1 ØöćâóÃîÈÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóß 
 ÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćØóÈÅùÔáóß (Quality 
Function Deployment: QFD) ×úÂßòÓÚóÃ÷ĈÚÅäòĈÈĀäÂĂÚ
ÜäñÿØéÎöćÜù¬Ú āÕã Professors Shigeru Mizuno Āæñ 
Dr.Yoji Akao ăÕ­ßòÓÚóèõÙöÂóäØöćÉñßòÓÚóĀæñîîÂĀÛÛ
ÝæõÖáòÔÒ°ØöćÖäÈÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óÂ¬îÚØöćÉñ
ÝæõÖÉäõÈÌ÷ćÈÚČóâóÜäñãùÂÖ°ĂË­ÿÜĆÚÅäòĈÈĀäÂÂòÛÝæõÖáòÔÒ°×òÈ
ÿÂĆÛÚČĈóâòÚØöćîú¬Ö¬îÿäøîÃîÈÛäõêòØ Kobe Shipyards of 
Mitsubishi Heavy Industries Ltd. ĀæñĂÚÿèæóÖ¬îâó

ÛäõêòØāÖāãÖ­óăÕ­ÚČóâóÜäñãùÂÖ°ĂË­ÉÚÂäñØòćÈĀßä¬ìæóã 
āÕãÖ¬îâóÛäõêòØāÖāãÖ­óăÕ­ÛòÈÅòÛĂì­Ýú­ÝæõÖËõĈÚë¬èÚØöćë¬È
ÝæõÖáòÔÒ°ÿÃ­óÛäõêòØāÖāãÖ­óØòĈÈìâÕĂË­ÿØÅÚõÅÂóä
ÂäñÉóãìÚ­óØöćØóÈÅùÔáóß ÿßøćîË¬èãÅèÛÅùâÅùÔáóßÃîÈ
ÝæõÖáòÔÒ° ØČóĂì­ÜòÉÉùÛòÚÚöĈÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćØóÈ
ÅùÔáóß ăÕ­×úÂÚČóâóĂË­îã¬óÈĀßä¬ìæóãĂÚîùÖëóìÂääâ
Ö¬óÈą [2] 
2.2 ÅèóâìâóãÃîÈÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈ
ÅùÔáóß 

 ÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóß (Quality 
Function Deployment: QFD) ÿÜĆÚÿØÅÚõÅØóÈèõéèÂääâ
ØöćĂË­ëČóìäòÛÂóäèóÈßòÓÚóÝæõÖáòÔÒ°Øöćâöîãú¬ ìäøî
ÝæõÖáòÔÒ°Ăìâ¬ØöćÂóäÖîÛëÚîÈÖ¬îÅèóâÖ­îÈÂóäÃîÈÂæù¬â
æúÂÅ­óÿÜĆÚìæòÂîã¬óÈÿÜĆÚäñÛÛ Ì÷ćÈÉñË¬èãäñÛùÅèóâ
Ö­îÈÂóäÃîÈæúÂÅ­óĂì­ËòÕÿÉÚÃ÷ĈÚ āÕãîóéòãìæòÂÂóäĀÜæÈ
ÅèóâÖ­îÈÂóäÃîÈÂæù¬âæúÂÅ­óØöćäèÛäèâăÕ­Õ­èãÿØÅÚõÅÿËõÈ
èõéèÂääâĀæñÜäñÿâõÚÅùÔæòÂêÔñÿßøćîĂì­ÝæõÖáòÔÒ°
ëóâóä×ÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óăÕ­ÿÜĆÚîã¬óÈÕö 
āÕãØöćÅùÔáóßÝæõÖáòÔÒ°āÕãäèâØòĈÈìâÕÉñÿÂõÕÉóÂÂóä
ÿËøćîâāãÈÅèóâëòâßòÚÙ°ÃîÈĀÖ¬æñÜòÉÉòã ìäøîÅèóâ
Ö­îÈÂóäĂÚÖòèÃîÈÝæõÖáòÔÒ°ÚòĈÚą ĀæñÉñĀëÕÈæČóÕòÛ
ÅèóâëČóÅòÎÃîÈÜòÉÉòãØöćâöÝæÖ¬îÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó
ĂÚë¬èÚÃîÈÛ­óÚĀì¬ÈÅùÔáóß (House Of Quality) ĀæñÉñ
ÿËøćîâāãÈÃ­îâúæÿìæ¬óÚòĈÚăÜßòÓÚóÝæõÖáòÔÒ° ÕòÈäúÜØöćƗ 

 
 

äúÜØöć Ɨ ë¬èÚÜäñÂîÛÃîÈÛ­óÚĀì¬ÈÅùÔáóß 
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3. èõÙöÕČóÿÚõÚÂóäèõÉòã 
3.1 é÷ÂêóĀæñäèÛäèâÃ­îâúæØöćÿÂöćãèÃ­îÈ 
 ÂùÚÿËöãÈìâú (Chinese Sausage) ìâóã×÷È ăë­
ÂäîÂËÚõÕìÚ÷ćÈØČóÉóÂÿÚøĈîìâúĀæñăÃâòÚìâú ØöćÚČóâóÛÕ
ìãóÛĀæ­èÝëâÿÅäøćîÈÜäùÈÿË¬Ú ÚČĈóÖóæ ÿÂæøî Āæñ
ë¬èÚÜäñÂîÛîøćÚØöćÿìâóñëâ ÿË¬Ú ÿÅäøćîÈÿØéĀæñëâùÚăßä 
Ìöîõĉè ÚČóăÜÛääÉùăë­āÕãîóÉìâòÂÂ¬îÚÛääÉù ìäøîăâ¬ÂĆăÕ­ 
Āæ­èØČóĂì­Āì­È ÂùÚÿËöãÈÿÜĆÚăë­ÂäîÂĀì­ÈâöÖ­ÚÂČóÿÚõÕÉóÂ
ÜäñÿØéÉöÚ ÉòÕÿÜĆÚăë­ÂäîÂÛÕìãóÛ (Coarse ground 
sausage) Ì÷ćÈÂùÚÿËöãÈØöćÉČóìÚ¬óãĂÚØ­îÈÖæóÕâöîãú¬ Ƙ ĀÛÛ  
1. ÂùÚÿËöãÈĀÛÛÂèóÈÖù­È Ì÷ćÈâöë¬èÚÝëâÃîÈÿÚøĈîĀÕÈâóÂ 
âöăÃâòÚÚ­îã ë¬èÚÝõèÚîÂÉñÿìöćãèã¬Ú ÿâøćîÉòÛÕúÉñäú­ë÷Â
Å¬îÚÃ­óÈĀì­È âöäëÿÅĆââóÂÂè¬óìèóÚ ÿâøćîÚČóâóÜäñÂîÛ
îóìóäÉñĀÃĆÈÂè¬óĀÛÛîøćÚą äóÅóÉñĀßÈÂè¬ó 
2. ÂùÚÿËöãÈĀÛÛĀÖ­ÉõĊè âöë¬èÚÝëâÃîÈÿÚøĈîĀÕÈÚ­îãÂè¬ó
ĀÛÛÂùÚÿËöãÈĀÛÛÂèóÈÖù­È É÷ÈØČóĂì­ÝõèÿäöãÛÿÚöãÚÿâøćîÉòÛÕú
Éñäú­ë÷ÂÚù¬ââøî âöäëìèóÚÚČóÿÅĆâ ÿâøćîÚČóâóÜäñÂîÛîóìóä
Éñăâ¬ĀÃĆÈ äóÅó×úÂÂè¬ó [3] 
 āÕãÝæõÖáòÔÒ°Öòèîã¬óÈØóÈÝú­èõÉòãĂË­ÂùÚÿËöãÈĂÚØöć
ÝæõÖĂÚÿÃÖÉòÈìèòÕîùÛæäóËÙóÚö Ì÷ćÈÿÜĆÚÝæõÖáòÔÒ°ìÚ÷ćÈ
ÖČóÛæìÚ÷ćÈÝæõÖáòÔÒ° (OTOP) ƛ ÕóèÿÜĆÚÝæõÖáòÔÒ°
ÂäÔöé÷Âêó āÕãÿÜĆÚÝæõÖáòÔÒ°ÂùÚÿËöãÈìâúÃîÈÂäÔöé÷Âêó
âöë¬èÚÝëâÕòÈÖóäóÈØöć Ɨ ĀæñâöÃòĈÚÖîÚÂóäÝæõÖÖóâäúÜØöć 
Ƙ 
 
ÖóäóÈØöć 1 ë¬èÚÝëâÃîÈÂùÚÿËöãÈÝæõÖáòÔÒ°ÂäÔöé÷Âêó 

ë¬èÚÝëâ 
ä­îãæñ 
āÕãìÚòÂ 

ÿÚøĈîìâú 
âòÚìâú 
ÚČĈóÖóæ 
ÿÂæøî 
ßäõÂăØã 
ÌöîõĉèÃóè 

ƞƖ 
10 
8 
2 

1 Ë­îÚËó 
1 Ë­îÚËó 

 

 
 

äúÜØöć Ƙ ÃòĈÚÖîÚÂóäÝæõÖÂùÚÿËöãÈÃîÈÝæõÖáòÔÒ°ÂäÔöé÷Âêó 
 

3.2 ëČóäèÉĀæñÿÂĆÛäèÛäèâÃ­îâúæÅèóâÖ­îÈÂóä 
 ĂÚë¬èÚÃîÈÃòĈÚÖîÚÂóäëČóäèÉĀæñÿÂĆÛäèÛäèâÅèóâ
Ö­îÈÂóäÃîÈæúÂÅ­óÉñÿÜĆÚĂÚë¬èÚÂóäëä­óÈĀÛÛëîÛ×óâ
ÿßøćîÚČóăÜìóÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óØöćËòÕÿÉÚâóÂÃ÷ĈÚāÕã
âöÃòĈÚÖîÚÕòÈÚöĈ 
ƙ.Ƙ.ƗëòâáóêÔ°æúÂÅ­ó 
 ÿÂĆÛäèÛäèâÿëöãÈÿäöãÂä­îÈÃîÈæúÂÅ­ó ìäøî×­îãÅČó
ÃîÈæúÂÅ­óæúÂÅ­ó (Voice of Customer; VOC) ÿÂöćãèÂòÛ
ÝæõÖáòÔÒ°ÂùÚÿËöãÈ ĂÚÿÛøĈîÈÖ­ÚăÕ­ØČóÂóäÂČóìÚÕÂæù¬âÃîÈ
æúÂÅ­óØöćÿÜĆÚÿÜ­óìâóãāÕãĂË­Âæù¬âÖòèîã¬óÈĀÛÛëù¬âăâ¬ÉČóÂòÕ
ÿßé îóãù îóËöß ĂÚÿÃÖÉòÈìèòÕîùÛæäóËÙóÚö  
 ØČóÂóäëÚØÚóÂòÛÂæù¬âæúÂÅ­óāÕãîóéòãÂóäëîÛ×óâ
ÂòÛÛùÅÅæØöćÿÜĆÚÂæù¬âÿÜ­óìâóã āÕãĂË­Ã­îâúæØöćăÕ­äòÛÉóÂ
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ÂóäëÚØÚóÉóÂÂæù¬âÚöĈÿÜĆÚÖòèîîÂĀÛÛ ĀÛÛëîÛ×óâÿßøćî
äèÛäèâÿëöãÈæúÂÅ­óĂÚæòÂêÔñÖ¬îăÜ  āÕãĂË­Âæù¬âæúÂÅ­ó
Âæù¬âÚöĈÿÜĆÚÖòèĀØÚ āÕãÿÚøĈîìóĂÚÂóäëÚØÚóÉñâöîãú¬ ƙ 
ìòèÃ­îìæòÂÕòÈÚöĈ 
 Ɨ Ø¬óÚâöÅèóâÅõÕîã¬óÈăäÿÂöćãèÂòÛÝæõÖáòÔÒ°
ÂùÚÿËöãÈØöćÃóãØòćèăÜ 
 Ƙ Ø¬óÚÖ­îÈÂóäĂì­ÝæõÖáòÔÒ°ÂùÚÿËöãÈÿÜĆÚîã¬óÈăä/
ÅùÔæòÂêÔñÖ­îÈìóäÿÜĆÚîã¬óÈăä 
 ƙ ĂÚÂóäÖòÕëõÚĂÉÌøĈîÝæõÖáòÔÒ°ÂùÚÿËöãÈ Ø¬óÚ
ßõÉóäÔóÉóÂÿÂÔÒ°ĂÕÛ­óÈ 
ƙ.Ƙ.Ƙ  Âóäëä­óÈĀÛÛëîÛ×óâ 
 ÉóÂÂóäëòâáóêÔ°æúÂÅ­óØČóĂì­ăÕ­ÅèóâÖ­îÈÂóäÃîÈ
æúÂÅ­ó ìäøîÿëöãÈÃîÈæúÂÅ­óØöćÝ¬óÚÉóÂÉòÕÿäöãÈĀæ­èØČóĂì­ăÕ­
Ã­îâúæØöćÿÂöćãèÃ­îÈÂòÛÝæõÖáòÔÒ°ÂùÚÿËöãÈ É÷ÈÚČóâóĂË­
ĀÝÚÝòÈÂæù¬âÿËøćîâāã (Affinity Diagram) ÿßøćîÉòÕìâèÕìâú¬
ÖóâîÈÅ°ÜäñÂîÛÃîÈæòÂêÔñÜòÉÉòãÚòĈÚąÿßøćîÈ¬óãĀÂ¬Âóä
ÉòÕÿäöãÈÃ­îâúæÿßøćîëä­óÈĀÛÛëîÛ×óâìæòÈÉóÂÚòĈÚÚČóÂæù¬â
ÃîÈ×­îãÅČóÅèóâÖ­îÈÂóäÕòÈÂæ¬óèâóèõÿÅäóñì°äèâÅèóâ
Ö­îÈÂóäØöćÅæ­óãÂòÚ ìäøîÌČĈóÌ­îÚÂòÚÿÃ­óÕ­èãÂòÚ āÕãĂË­
ĀÝÚÝòÈÖ­Úăâ­ (Tree Diagram) ÿßøćîĂì­È¬óãÖ¬îÂóä
ßõÉóäÔóÅùÔæòÂêÔñØöćÌČĈóÌ­îÚÂòÚ ĀæñÖòÕÅùÔæòÂêÔñ
ÕòÈÂæ¬óèîîÂÿßøćîëä­óÈĀÛÛëîÛ×óâØöćËòÕÿÉÚăâ¬ÌČĈóÌ­îÚ
ÂòÚ 
 ÿâøćîÚČóÅèóâÖ­îÈÂóäÕòÈÂæ¬óèâóÉòÕØČóĀÛÛëîÛ×óâ 
ÿßøćîëČóäèÉÅñĀÚÚÅèóâëČóÅòÎĀæñÝæÖ¬îÅèóâß÷ÈßîĂÉĂÚ
ĀÖ¬æñÜòÉÉòãÅèóâÖ­îÈÂóäÿìæ¬óÚöĈ è¬óâöÝæÖ¬îÅèóâß÷È
ßîĂÉâóÂÚ­îãÿßöãÈĂÕ āÕãĂÚĀÛÛëîÛ×óâăÕ­ÂČóìÚÕ
äñÕòÛÅñĀÚÚăè­ØòĈÈìâÕ ƛ äñÕòÛÅñĀÚÚ āÕãĂÚĀÖ¬æñ
äñÕòÛÅñĀÚÚÉñÖòèĀëÕÈÅèóâëČóÅòÎÃîÈÅùÔæòÂêÔñ
ÜòÉÉòãĀæñÝæÂäñØÛÖ¬îÅèóâß÷ÈßîĂÉîòÚÚČóăÜëú¬Âóä
ÖòÕëõÚĂÉÌøĈîÝæõÖáòÔÒ°ăÕ­ āÕãÂČóìÚÕÅèóâëČóÅòÎÃîÈ
äñÕòÛÅñĀÚÚăÕ­ÕòÈÚöĈĀæñăÕ­æòÂêÔñĀÛÛëîÛ×óâÖóâ
ÖóäóÈØöć Ƙ  
  
ƛ ìâóã×÷È  ëČóÅòÎâóÂØöćëùÕĀæñâöÝæÖ¬îÅèóâß÷ÈßîĂÉ   
      âóÂØöćëùÕ 
ƚ ìâóã×÷È  ëČóÅòÎâóÂĀæñâöÝæÖ¬îÅèóâß÷ÈßîĂÉâóÂ 
ƙ ìâóã×÷È  ëČóÅòÎÜóÚÂæóÈĀæñâöÝæÖ¬îÅèóâß÷ÈßîĂÉ 
      ÜóÚÂæóÈ 

Ƙ ìâóã×÷È  ëČóÅòÎÚ­îãĀæñâöÝæÖ¬îÅèóâß÷ÈßîĂÉÚ­îã 
Ɨ ìâóã×÷È  ëČóÅòÎÚ­îãØöćëùÕĀæñâöÝæÖ¬îÅèóâ 
 
ÖóäóÈØöć Ƙ æòÂêÔñÜòÉÉòãĂÚĀÛÛëîÛ×óâ 

Å
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æ
ò
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Ô
ñ
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î
È
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ù
Ú
ÿ
Ë
ö
ã
È

 ØóÈÜäñëóØëòâÝòë 

âöëöëòÚÖóâÙääâËóÖõ 

ăâ¬âöÂæõćÚìøÚ 

ÃÚóÕßîÕö 

äëËóÖõîä¬îã 

ÜäõâóÔ âöÜäõâóÔĂì­ÿæøîÂìæóÂìæóã 

ÜäñāãËÚ°Ö¬îëùÃáóß âöë¬èÚÃîÈëâùÚăßä 

ăÕ­äòÛâóÖäÑóÚäòÛäîÈ
ÅùÔáóß 

Ý¬óÚâóÖäÑóÚäòÛäîÈÅèóâ
ÜæîÕáòãÖ¬îÝú­ÛäõāáÅ (î.ã.) 
Ý¬óÚâóÖäÑóÚäòÛäîÈäñÛÛ
ÂóäÝæõÖØöćÕö (GMP) 

Û
ä
ä
É
ù
á
ò
Ô
Ò
°

 

ÊæóÂĀæñäóãæñÿîöãÕ
ÃîÈÝæõÖáòÔÒ° 

ĀëÕÈÃ­îâúæāáËÚóÂóä 

ĀëÕÈÃ­îâúæÜäñāãËÚ°ØöćăÕ­äòÛ
ÉóÂë¬èÚÜäñÂîÛ 
ĀëÕÈÖäóäòÛäîÈÅèóâ
ÜæîÕáòãĂÚÂóäÛäõāáÅ 

âöÖäóëõÚÅ­óîã¬óÈËòÕÿÉÚ 

ĀëÕÈèòÚÝæõÖĀæñìâÕîóãù
îã¬óÈËòÕÿÉÚ 

äñÛùäóÅóØöćËòÕÿÉÚ 

Â
ó
ä
Ö
æ
ó
Õ

 

äóÅó 
äóÅóÿìâóñëâÂòÛÅùÔáóß
ÃîÈÝæõÖáòÔÒ° 

Ë¬îÈØóÈĂÚÂóäÉòÕ
ÉČóìÚ¬óã 

âöÂóäÜäñËóëòâßòÚÙ°
ÝæõÖáòÔÒ°ØöćÕö 

ÖòĈÈîãú¬ĂÚë×óÚØöćÿÃ­ó×÷ÈëñÕèÂ 

ÖòĈÈîãú¬ĂÚë×óÚØöćÜæîÕáòã 

âöîùÜÂäÔ°îČóÚèãÅèóâëñÕèÂ 
ÿË¬Ú ÖñÂä­ó ä×ÿÃĆÚ 

âöëùÃóëñîóÕ 

 
4. ÝæÂóäèõÉòã 
4.1 ÝæÂóäèõÿÅäóñì°ÉóÂĀÛÛëîÛ×óâ 
 ÉóÂÂóäëČóäèÉÃ­îâúæÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óĂÚ
ßøĈÚØöćÿÃÖÉòÈìèòÕîùÛæäóËÙóÚö āÕãĂË­ÉČóÚèÚĀÛÛëîÛ×óâ
ØòĈÈìâÕ ƗƖƖ ËùÕĂÚÿÛøĈîÈÖ­ÚăÕ­ØČóÂóäÂČóìÚÕÂæù¬âÃîÈ
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æúÂÅ­óØöćÿÜĆÚÿÜ­óìâóãāÕãĂË­Âæù¬âÖòèîã¬óÈĀÛÛëù¬âăâ¬ÉČóÂòÕ
ÿßé îóãù îóËöß ëóâóä×ìóÅ¬óÿÊæöćãØóÈÅÔõÖéóëÖä°ăÕ­
ÕòÈÖóäóÈØöć ƙ āÕã A ìâóã×÷ÈÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óØöćâö
Ö¬îÝæõÖáòÔÒ°ÂùÚÿËöãÈ Āæñ B ÿÜĆÚÅèóâß÷ÈßîĂÉÃîÈæúÂ
Å¬óØöćâöÖ¬îÝæõÖáòÔÒ°ÂäÔöé÷Âêó 
 
ÖóäóÈØöć ƙ Å¬óÿÊæöćãØóÈÅÔõÖéóëÖä°ÉóÂĀÛÛëîÛ×óâ 

ÅùÔæòÂêÔñÅèóâÖ­îÈÂóä A B 

Å
ù
Ô
æ
ò
Â
ê
Ô
ñ
Ã
î
È
Â
ù
Ú
ÿ
Ë
ö
ã
È

 

ØóÈÜäñëóØ
ëòâÝòë 

âöëöëòÚÖóâÙääâËóÖõ 3.89 3.93 
ăâ¬âöÂæõćÚìøÚ 4.07 3.90 
ÃÚóÕßîÕö 3.89 3.74 
äëËóÖõîä¬îã 4.09 3.70 

ÜäõâóÔ 
âöÜäõâóÔĂì­ÿæøîÂ
ìæóÂìæóã 

3.85 3.84 

ÜäñāãËÚ°Ö¬î
ëùÃáóß 

âöë¬èÚÃîÈëâùÚăßä 3.51 3.72 

ăÕ­äòÛ
âóÖäÑóÚ
äòÛäîÈ
ÅùÔáóß 

Ý¬óÚâóÖäÑóÚäòÛäîÈ
ÅèóâÜæîÕáòãÖ¬î
Ýú­ÛäõāáÅ (î.ã.) 

4.04 3.68 

Ý¬óÚâóÖäÑóÚäòÛäîÈ
äñÛÛÂóäÝæõÖØöćÕö 
(GMP) 

4.05 3.88 

Û
ä
ä
É
ù
á
ò
Ô
Ò
°

 ÊæóÂĀæñ
äóãæñÿîöãÕ
ÃîÈ
ÝæõÖáòÔÒ° 

ĀëÕÈÃ­îâúæāáËÚóÂóä 3.86 3.80 
ĀëÕÈÃ­îâúæÜäñāãËÚ°Øöć
ăÕ­äòÛÉóÂë¬èÚÜäñÂîÛ 

3.94 3.81 

ĀëÕÈÖäóäòÛäîÈÅèóâ
ÜæîÕáòãĂÚÂóäÛäõāáÅ 

3.88 3.60 

âöÖäóëõÚÅ­óîã¬óÈËòÕÿÉÚ 3.88 3.75 
ĀëÕÈèòÚÝæõÖĀæñ
ìâÕîóãùîã¬óÈËòÕÿÉÚ 

4.00 3.67 

äñÛùäóÅóØöćËòÕÿÉÚ 3.93 3.78 

Â
ó
ä
Ö
æ
ó
Õ

 

äóÅó 
äóÅóÿìâóñëâÂòÛ
ÅùÔáóßÃîÈÝæõÖáòÔÒ° 

3.99 3.79 

Ë¬îÈØóÈĂÚ
ÂóäÉòÕ
ÉČóìÚ¬óã 

âöÂóäÜäñËóëòâßòÚÙ°
ÝæõÖáòÔÒ°ØöćÕö 

3.88 3.68 

ÖòĈÈîãú¬ĂÚë×óÚØöćÿÃ­ó×÷È
ëñÕèÂ 

3.85 3.68 

ÖòĈÈîãú¬ĂÚë×óÚØöćÜæîÕáòã 3.99 3.64 
âöîùÜÂäÔ°îČóÚèãÅèóâ
ëñÕèÂ ÿË¬Ú ÖñÂä­ó 
ä×ÿÃĆÚ 

3.85 3.35 

âöëùÃóëñîóÕ 3.86 3.63 
Å¬óÿÊæöćãäèâ ƙ.ƟƗ ƙ.Ɲƙ 

ÉóÂÃ­îâúæĂÚÖóäóÈØöć ƙ  
 ÿâøćî 1mÅøîÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó  
 Āæñ 2mÅøîÅèóâß÷ÈßîĂÉÃîÈæúÂÅ­óÖ¬îëõÚÅ­ó 
ëââÖõÑóÚ   

 HƖ  : 21 mm¢  

  HƗ : 21 mm>  
 ØöćäñÕòÛÚòãëČóÅòÎØöć Ŭ  = 0.05 
 āÕãÿÅäøćîÈâøîØöćĂË­ĂÚÂóäèõÿÅäóñì°ÝæØóÈë×õÖõāÕãĂË­
āÜäĀÂäâ Minitab R.16 ÉóÂÂóäÅČóÚèÔăÕ­ÝæÕòÈäúÜØöć ƙ
ĀæñÂäóàÃ­îâúæÖóâäúÜØöć ƚ Āæñ ƛ 
 ÉóÂÂóäÅČóÚèÔÕ­èãāÜäĀÂäâ Minitab R.16 ăÕ­Å¬ó 
P-Value ÿÜĆÚ 0 É÷ÈÜÐõÿëÙëââùÖõÑóÚìæòÂ ĀëÕÈè¬óÅèóâ
ß÷ÈßîĂÉâöÅ¬óÚ­îãÂè¬óÅèóâÖ­îÈÂóäîã¬óÈâöÚòãëČóÅòÎØöć
äñÕòÛ 0.05 [4]    
 

 
 

äúÜØöć ƙ ÝæÂóäÅČóÚèÔÉóÂāÜäĀÂäâ Minitab R.16 
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äúÜØöć ƚ Individual Value Plot ÉóÂāÜäĀÂäâ Minitab R.16 
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BA

4.1

4.0

3.9

3.8

3.7

3.6

3.5

3.4

3.3

D
a

ta

Boxplot  of  A, B

 
äúÜØöć ƛ Boxplot ÉóÂāÜäĀÂäâ Minitab R.16 

 
4.2 ÝæÂóäèõÿÅäóñì°Õ­èãÛ­óÚĀì¬ÈÅùÔáóß 
 ÉóÂÃ­îâúæÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâĂÚë¬èÚÃîÈ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óÉóÂÖóäóÈØöć ƙ É÷Èëóâóä×ĀÜæÈ
ÅèóâÖ­îÈÂóäÖóâĀÛÛëîÛ×óâĂì­ÿÜĆÚÅèóâëòâßòÚÙ°
äñìè¬óÈÃ­îÂČóìÚÕØóÈÿØÅÚõÅÂòÛÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó
Ì÷ćÈæòÂêÔñÃ­îâúæÉñăÕ­îîÂâóÖóâÖóäóÈØöć ƚ Āæñëóâóä×
ëä­óÈÛ­óÚĀì¬ÈÅùÔáóßăÕ­ÕòÈÿË¬ÚäúÜØöć Ɯ 
 
ÖóäóÈØöć ƚ ÅèóâëòâßòÚÙ°äñìè¬óÈÃ­îÂČóìÚÕØóÈÿØÅÚõÅÂòÛÅèóâ
Ö­îÈÂóäÃîÈæúÂÅ­ó 

ØóÈÜäñëóØëòâÝòë 

ëö 
ÂæõćÚ 
ÃÚóÕ 
äë 

ÜäõâóÔ âöìæóãÃÚóÕ 

ā×ËÚóÂóä 

ÝëâëâùÚăßä 
èòÖ×ùÕõÛ 

ÅèóâÜæîÕáòãÃîÈÝæõÖáòÔÒ° 
ÅèóâÜæîÕáòãäñÛÛÂóäÝæõÖ 

ÛääÉùáòÔÒ° 

äóãæñÿîöãÕāáËÚóÂóä 
ËÚõÕÃîÈÛääÉùáòÔÒ° 
ÖäóäòÛäîÈÅèóâÜæîÕáòã 

ÖäóëõÚÅ­ó 
îóãùÂóäÿÂĆÛäòÂêó 
ĀëÕÈäóÅóëùØÙõ 

ÂóäÖæóÕ 
äóÅóÉòÕÉČóìÚ¬óãëõÚÅ­ó 
Ë¬îÈØóÈÂóäÉòÕÉČóìÚ¬óã 

 
 

4.2.1ÜòÉÉòãÅèóâÖ­îÈÂóäØöćâöÝæÖ¬îÂóäÿæøîÂÌøĈî
ÝæõÖáòÔÒ°ĀæñäñÕòÛÅèóâëČóÅòÎ 
 ÉóÂÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâØöćăÕ­ÉóÂÂóäëČóäèÉ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó ÉñÿìĆÚăÕ­è¬óÅèóâÖ­îÈÂóäÃîÈ
æúÂÅ­óÉñĂì­Å¬óÅñĀÚÚ äëËóÖõîä¬îã ăâ¬âöÂæõćÚìøÚ Ý¬óÚ
âóÖäÑóÚäòÛäîÈäñÛÛÂóäÝæõÖØöćÕö (GMP) ĀæñÝ¬óÚ
âóÖäÑóÚäòÛäîÈÅèóâÜæîÕáòãÖ¬îÝú­ÛäõāáÅ (îã.) ÿÜĆÚ
ÅèóâÖ­îÈÂóäØöćâöÅ¬óÅñĀÚÚÿÊæöćãëúÈëùÕÖóâæČóÕòÛØČóĂì­
ëóâóä×äú­ëóÿìÖùìæòÂąĂÚÂóäßõÉóäÔóăÕ­ 
4.2.2 ÿÜäöãÛÿØöãÛÅú¬ĀÃ¬ÈĀæñìóĀÚèìóßòÓÚóĂì­ăÕ­
ÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó 
 ÿÚøćîÈÉóÂĂË­ÝæõÖáòÔÒ°ÂäÔöé÷ÂêóÿßöãÈìÚ÷ćÈ
ÂäÔöé÷ÂêóÅøîÝæõÖáòÔÒ°ÂùÚÿËöãÈÂùÚÿËöãÈĂÚØöćÝæõÖĂÚÿÃÖ
ÉòÈìèòÕîùÛæäóËÙóÚö Ì÷ćÈÿÜĆÚÝæõÖáòÔÒ°ìÚ÷ćÈÖČóÛæìÚ÷ćÈ
ÝæõÖáòÔÒ° (OTOP) ƛ ÕóèÿßøćîèóÈĀÚèØóÈĂÚÂóä
îîÂĀÛÛÝæõÖáòÔÒ°ÉóÂÂóäÿÂĆÛäèÛäèÛÃ­îâúæÅèóâß÷È
ßîĂÉÃîÈæúÂÅ­óØöćâöÖ¬îÝæõÖáòÔÒ°ÂäÔöé÷ÂêóßÛè¬ó
ÝæõÖáòÔÒ°ÂäÔöé÷ÂêóâöÅ¬óÅñĀÚÚÿÊæöćãØöćÖČóÂè¬óÅèóâ
Ö­îÈÂóäÃîÈæúÂÅ­óîã¬óÈĂÚØùÂąÕ­óÚîã¬óÈËòÕÿÉÚ ĀÖ¬ëõćÈØöć
æúÂÅ­óß÷ÈßîĂÉÿÜĆÚæČóÕòÛÖ­Úą ăÕ­ĀÂ¬ âöëöëòÚÖóâÙääâËóÖõ 
ăâ¬âöÂæõćÚìøÚ Ý¬óÚâóÖäÑóÚäòÛäîÈäñÛÛÂóäÝæõÖØöćÕö 
(GMP) ÖóâæČóÕòÛÌ÷ćÈÿØöãÛÿÅöãÈÂòÛÅèóâÖ­îÈÂóäÃîÈ
æúÂÅ­ó 
4.2.3ÿâÖäõÂÌ°ÅèóâëòâßòÚÙ° 
 ÿÜĆÚÂóäĂì­ÅñĀÚÚÅèóâëòâßòÚÙ°äñìè¬óÈÅèóâ
Ö­îÈÂóäÃîÈÝú­ÛäõāáÅĀæñÅùÔæòÂêÔñØóÈÿØÅÚõÅĂÚë¬èÚ
ÿâÖäõÂÌ°ÖäÈÂæóÈÃîÈÛ­óÚÅùÔáóßāÕãìóÂâö
ÅèóâëòâßòÚÙ°ÂòÚâóÂÉñĂË­ÖòèÿæÃ Ɵ âöÅèóâëòâßòÚÙ°ÜóÚ
ÂæóÈÉñĂË­ÖòèÿæÃ ƙ âöÅèóâëòâßòÚÙ°Ú­îãĂË­ÖòèÿæÃ Ɨ Āæñ
ăâ¬âöÅèóâëòâßòÚÙ°Éñăâ¬âöĀØÚÅ¬ó ÖóâäúÜØöć Ɯ 
4.2.4 ÅèóâëòâßòÚÙ°äñìè¬óÈÅùÔæòÂêÔñØóÈÿØÅÚõÅ 
 ÿÜĆÚë¬èÚØöćĂË­ĀëÕÈÅèóâëòâßòÚÙ°áóãĂÚäñìè¬óÈ
äóãæñÿîöãÕØóÈÿØÅÚõÅ Ö¬óÈ ą ÿÜĆÚÂóäÚČóÿëÚîÅèóâ
ÿìâøîÚÂòÚ ÅèóâĀÖÂÖ¬óÈĂÚÿËõÈÿØÅÚõÅÃîÈäóã æñÿîöãÕØöć
ÂČóìÚÕÃ÷ĈÚāÕãØóÈÝú­èõÉòãĂË­ëòÎæòÂêÔ°ĀØÚÅèóâìâóãÕòÈ
ÖóäóÈØöć ƛ ĀæñĂÚäúÜØöć Ɯ 
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äúÜØöć Ɯ Û­óÚĀì¬ÈÅùÔáóß 
 

ÖóäóÈØöć ƛ ëòÎæòÂêÔ°ĀæñÅèóâìâóãÃîÈÅèóâëòâßòÚÙ°äñìè¬óÈ
ÅùÔæòÂêÔñØóÈÿØÅÚõÅ 

 

 ÉóÂÂóäèõÿÅäóñì°ĂÚë¬èÚÃîÈÛ­óÚĀì¬ÈÅùÔáóßĂÚ
ë¬èÚÝæäèâÃîÈÅ¬óÂČóìÚÕØóÈÿØÅÚõÅĂÚë¬èÚÃîÈäñìè¬óÈ
Ã­îÂČóìÚÕØóÈÿØÅÚõÅÂòÛÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óĀæñÂóä
ÉòÕæČóÕòÛÉñßÛè¬óëõćÈØöćâöÅ¬óÅèóâëČóÅòÎâóÂØöćëùÕÅøî 
èòÖ×ùÕõÛ ÅèóâÜæîÕáòãÃîÈÝæõÖáòÔÒ° ÖäóäòÛäîÈÅèóâ
ÜæîÕáòã äóÅóÉòÕÉČóìÚ¬óãëõÚÅ­ó ÅèóâÜæîÕáòãäñÛÛ
ÂóäÝæõÖ ÖóâæČóÕòÛ Ì÷ćÈÉñÿìĆÚăÕ­è¬óÿâøćîØČóÖóâÿØÅÚõÅ
ÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóß ÉñßÛÜòÉÉòãëČóÅòÎØöćÖ­îÈ
ßòÓÚóÿÜĆÚîòÚÕòÛĀäÂÕòÈØöćÂæ¬óèâóÚòĈÚÿîÈ 
 

ëòÎæòÂêÔ° Åèóâìâóã 

 âöÅèóâëòâßòÚÙ°ØóÈæÛâóÂ 

 âöÅèóâëòâßòÚÙ°ØóÈæÛ 
 ăâ¬âöÅèóâëòâßòÚÙ° 

 âöÅèóâëòâßòÚÙ°ØóÈÛèÂ 

 âöÅèóâëòâßòÚÙ°ØóÈÛèÂâóÂ 
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5. ëäùÜÝæÂóäèõÉòã 
 ĂÚÂóäßòÓÚóÝæõÖáòÔÒ°ÂùÚÿËöãÈÚòĈÚâöÅèóâëČóÅòÎ
âóÂĂÚÂóäÝæõÖÿßøćîÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óĂì­
ÖäÈÖóâÅèóâÿÜĆÚÉäõÈĂÚÂóäÕČóÿÚõÚÈóÚèõÉòãÿÜĆÚÂóä
ÜäñãùÂÖ°ĂË­ÿØÅÚõÅÂóäÂäñÉóãìÚ­óØöćÿËõÈÅùÔáóß 
(Quality Function Deployment: QFD) ĂÚË¬èÈÃîÈ 
ÿâÖäõÂÌ°ÂóäèóÈĀÝÚÝæõÖáòÔÒ° (Productplanning ìäøî 
 HOQ) Ì÷ćÈĀëÕÈĂì­ÿìĆÚè¬óÂóäĂË­èõÙöÚöĈëóâóä×ØČóĂì­ØäóÛ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óîã¬óÈĀØ­ÉäõÈĀæñìóĀÚèØóÈÂóä
ĀÂ­ăÃÜäòÛÜäùÈÝæõÖáòÔÒ°Ăì­ÖäÈÅèóâÖ­îÈÂóäăÕ­ÿÜĆÚîã¬óÈ
Õö Ì÷ćÈĂÚÈóÚèõÉòãÚöĈæČóÕòÛÅèóâëČóÅòÎØöćÖ­îÈßòÓÚóÅøî 
èòÖ×ùÕõÛ ÅèóâÜæîÕáòãÃîÈÝæõÖáòÔÒ° ÖäóäòÛäîÈÅèóâ
ÜæîÕáòã äóÅóÉòÕÉČóìÚ¬óãëõÚÅ­ó ÅèóâÜæîÕáòãäñÛÛ
ÂóäÝæõÖ ÖóâæČóÕòÛ Ì÷ćÈÉñË¬èãĂì­ÝæõÖáòÔÒ°ÂäÔöé÷Âêó
ëä­óÈÅèóâß÷ÈßîĂÉĂì­ÂòÛæúÂÅ­óÖæîÕÉÚÖòèĀØÚÉČóìÚ¬óã
Ö¬îăÜ 
 
ÂõÖÖõÂääâÜäñÂóé 
Ýú­èõÉòãÃîÃîÛÅùÔÛäõêòØÝú­ÝæõÖÝæõÖáòÔÒ°ÂùÚÿËöãÈ

ĀæñÝú­ÜäñÂîÛÂóä ĂÚ É.îùÛæäóËÙóÚö ØöćăÕ­Ăì­Åèóâ
ä¬èââøîĂÚÂóäØÕæîÈ ĀæñÃîÃîÛÅùÔĂÚìæóãáóÅë¬èÚØöć
Ăì­ÂóäëÚòÛëÚùÚ Ăì­ÅèóâË¬èãÿìæøî ĀæñĂì­Ã­îâúæĂÚÂóä
ÕČóÿÚõÚÂóäèõÉòãĂÚÅäòĈÈÚöĈ 
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Abstract 

The defect of the manufacturing process is one of the costs that are non-value added. The case study is the 
mold manufacturer that has many defects in the manufacturing process. However, these defects do not have the 
management and do not have the prevention plan. Therefore, the objective of this research is to manage the 
defect in the manufacturing process. The methodologies of this research are to study the manufacturing process 
and type of defect, to analyze the cause, to propose the guideline of management and take action. The results 
show that when the manufacturer received the order, the purchasing department will order the materials both 
domestics and import raw materials. Next, the manufacturing process is started such as turning, drilling. In the 
manufacturing process, 11 types of defects were found. After that, pareto diagram is used to select the 
significance of defect type. There are two defect types; material scrap and improper size. Case and effect 
diagram is used to analyze the root cause. The guideline of the defect management is proposed by using 3R 
principle. The first R is to reduce the two defect types by training the new employees, checking the results by the 
chief, cleaning schedule for machines, inspecting the machine and cutting head. Moreover, if the process has the 
defect, employees will take responsibilities. The second R is to reuse the defect. The defects are separated by 
type of steel and stored in the warehouse. In addition, the storage and pick systems are used. The last R is the 
recycle. The trial assemble parts are used to produce new products for using in the factory and souvenirs for the 
key customer. After implement the guideline, the defects have decreased by 24.09%. 
Keywords: 3R Principle, Defect management, Mold. 
 
1. ÛØÚČó 
 îùÖëóìÂääâĀâ¬ßõâß°×øîăÕ­è¬óÿÜĆÚîùÖëóìÂääâØöćâö
ÅèóâëČóÅòÎÌ÷ćÈØČóĂì­îùÖëóìÂääâÂóäÝæõÖîøćÚëóâóä×ÝæõÖ
ËõĈÚë¬èÚăÕ­îã¬óÈäèÕÿäĆèÿÜĆÚÉČóÚèÚâóÂ âöäúÜä¬óÈĀæñÃÚóÕ
ăÕ­âóÖäÑóÚ 
 ÛäõêòØÂäÔöé÷ÂêóÿÜĆÚāäÈÈóÚØöćÝæõÖĀâ¬ßõâß° ĂÚ
ÃòĈÚÖîÚÂóäÝæõÖĀâ¬ßõâß°ßÛÅèóâëúÎÿëöãÿÂõÕÃ÷ĈÚâóÂâóã 
ÿË¬Ú ÃîÈÿëöãØöćăâ¬ăÕ­ÃÚóÕÖóâĀÛÛ ÿéêèòÖ×ùÕõÛØöćÿìæøî×úÂ
èóÈØòćèăÜ ÿéêāæìñØöćÿÂõÕÉóÂØÕëîÛĀâ¬ßõâß° îã¬óÈăäÂĆ
ÖóâÃîÈÿëöãÿìæ¬óÚòĈÚăâ¬ăÕ­äòÛÂóäÉòÕÂóä ăâ¬âöĀÚèØóÈÂóä
Ü­îÈÂòÚ ăâ¬âöÂóäĀãÂÜäñÿáØÃîÈÿëöã Āæñăâ¬ØäóÛëóÿìÖù
ÃîÈÜòÎìóØöćØČóĂì­ÿÂõÕÃîÈÿëöã äèâØòĈÈØóÈāäÈÈóÚăâ¬âöÂóä
ÿÂĆÛÃ­îâúæÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚ ØČóĂì­ÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÚòĈÚ
ÂæóãÿÜĆÚÖ­ÚØùÚØöć×úÂèóÈØõĈÈăè­ Ì÷ćÈÿÜĆÚëóÿìÖùØöćØČóĂì­ÿÂõÕ
Ö­ÚØùÚÃîÈÛäõêòØÿßõćâëúÈÃ÷ĈÚ āÕãØóÈÛäõêòØÂäÔöé÷Âêóâö
Ö­ÚØùÚØöćĂË­ĂÚÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß°ÃîÈĂÚÜö ß.é.2557 
ÿÊæöćã 306,146 ÛóØ/ËùÕ ÕòÈÚòĈÚÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćî
ØČóÂóäÉòÕÂóäÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖ 

 

2. ØåêÏöĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 
 ØåêÏöØöćĂË­ĂÚÈóÚèõÉòãÚöĈÅøî ÂóäÉòÕÂóäÃîÈÿëöãÖóâ
ìæòÂÂóä 3Rs 
2.1 ìæòÂÂóä 3Rs 
 3Rs ÿÜĆÚìæòÂÂóäØöćâöÂóäÚČóâóÜäñãùÂÖ°ĂË­îã¬óÈ
Āßä¬ìæóã ÜäñÂîÛÕ­èã R1-Reduce ÅøîÂóäæÕìäøîĂË­Ú­îã
ÿØ¬óØöćÉČóÿÜĆÚìäøîÿÜĆÚÂóäæÕÂóäÿÂõÕÃîÈÿëöã R2-Reuse Åøî
ÂóäĂË­ÌČĈó Rƙ-Recycle ÅøîÂóäĀÜääúÜâóĂË­Ăìâ¬ [1] 
 ÂóäÉòÕÂóäÃîÈÿëöãÖóâìæòÂ ƙRs ìâóã×÷ÈÂóäÉòÕÂóä
ÃîÈÿëöãØöćĂì­ÅèóâëČóÅòÎĂÚÂóäæÕÂóäÿÂõÕÃîÈÿëöãĂì­ÿìæøî
Ú­îãØöćëùÕÿÜĆÚæČóÕòÛĀäÂ āÕãâù¬ÈÿÚ­ÚÂóäĂË­èòÖ×ùÕõÛìäøî
ØäòßãóÂäÂóäÝæõÖîã¬óÈâöÜäñëõØÙõáóß Ö¬îâóÿâøćîÿÂõÕÃîÈ
ÿëöãĀæ­èÖ­îÈßãóãóâìóĀÚèØóÈÂóäÚČóÂæòÛăÜĂË­ÌČĈóìäøîĂË­
Ăìâ¬Ăì­ăÕ­âóÂØöćëùÕ āÕãßõÉóäÔó×÷ÈéòÂãáóßÂóäĂË­
ÜäñāãËÚ°ÃîÈÃîÈÿëöãĀÖ¬æñÜäñÿáØĀæñÂÏìâóãØöćÿÂöćãèÃ­îÈ 
ÿßøćîĂì­ÿìæøîÃîÈÿëöãØöćÉñÖ­îÈÛČóÛòÕìäøîÂČóÉòÕĂÚÜäõâóÔ
Ú­îãØöćëùÕ āÕãÿæøîÂĂË­èõÙöÂóäÂČóÉòÕÃîÈÿëöãÿÜĆÚèõÙöëùÕØ­óã  
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2.2 ÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 
 ÈóÚèõÉòãØöćÂæ¬óè×÷ÈĂÚÛØÅèóâÚöĈÿÜĆÚÿßöãÈÛóÈë¬èÚÃîÈ
ÈóÚèõÉòãØöćÿÂöćãèÂòÛìæòÂÂóä 3Rs ÿØ¬óÚòĈÚ 
 ßääÔÙõèó (2556) [2] é÷ÂêóÜäñëõØÙõÝæÃîÈÂóä
ÜäñãùÂÖ°ĂË­ìæòÂ ƙRs ĂÚÂóäæÕÜäõâóÔâúæÞîãÃîÈáóÅö
ÜäñËóËÚĂÚÿÃÖÖČóÛæÛ­óÚäóêÏä° ÉòÈìèòÕÚÅääóËëöâó 
ÝæÂóäèõÉòãßÛè¬óâúæÞîãîõÚØäöã°ĀæñâúæÞîãØöćâöâúæÅ¬óâö
ÜäõâóÔæÕæÈ ĀæñÉñĂË­ÿÜĆÚĀÚèØóÈĂÚÂóäæÕÜäõâóÔâúæ
ÞîãĂÚËùâËÚîøćÚÖ¬îăÜ 
 ÔòÑßÈê° (2553) [3] ăÕ­é÷ÂêóßåÖõÂääâÂóä
ÜäñãùÂÖ°ĂË­ìæòÂ ƙRs ÃîÈÝú­ÚČóËùâËÚĂÚÂóäæÕÜäõâóÔÃãñ 
ÝæÂóäé÷ÂêóßÛè¬óÉñÖ­îÈâöÂóäÉòÕØČóāÅäÈÂóäÙÚóÅóäÃãñ
ÿßøćîĂì­ÜäñËóËÚäòÛØäóÛĀæñÖäñìÚòÂ×÷ÈÜòÎìóĀæñ
Å¬óĂË­É¬óãĂÚÂóäÂČóÉòÕÃãñØöćÿßõćâÃ÷ĈÚ  
 ßöäãó (2552) [4] ăÕ­é÷ÂêóÂóäÉòÕÂóäèòëÕùÿìæøîĂË­ĂÚ
āäÈßõâß°îîàÿÌÖÕ­èãìæòÂÂóä ƙRs ØòĈÈ Reduce Reuse 
Āæñ Recycle ëóâóä×ÚČóâóĂË­ÉòÕÂóäèòëÕùÿìæøîĂË­ĂÚāäÈ
ßõâß°ăÕ­îã¬óÈâöÜäñëõØÙõáóß 
 
3. ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚ 
 ĂÚÂóäÕČóÿÚõÚÂóäÿßøćîÂóäé÷ÂêóĀæñÂóäÉòÕÂóäÃîÈ
ÿëöãĂÚÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß°ÃòĈÚÖîÚÕòÈäúÜØöć 1 
 

 
 

äúÜØöć 1 ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚèõÉòã 
 

 ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚÜäñÂîÛăÜÕ­èã 5 ÃòĈÚÖîÚ ÿäõćâ
ÉóÂÂóäé÷ÂêóÃ­îâúæÃòĈÚÖîÚÂóäÝæõÖĀâ¬ßõâß° ÖòĈÈĀÖ¬äòÛ
äóãÂóäÝæõÖÉÚÂäñØòĈÈ×÷ÈÂóäë¬ÈâîÛëõÚÅ­ó ÉóÂÚòĈÚØČóÂóä
ÿÂĆÛäèÛäèâÃ­îâúæÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÿÜĆÚÿèæó 2 ÿÕøîÚ Åøî
ÿÕøîÚÂòÚãóãÚ-ÖùæóÅâ ß.é.2557 āÕãĂË­ĂÛÖäèÉëîÛ 

(Check sheet) ÿÂĆÛÃ­îâúæ ÿâøćîăÕ­Ã­îâúæĀæ­èÚČóÃ­îâúæâóØČó
ÂóäèõÿÅäóñì°āÕãĂË­ĀÝÚáóßßóÿäāÖ (Pareto Diagram) 
ÿßøćîèõÿÅäóñì°ìóæòÂêÔñÃîÈÿëöãØöćëČóÅòÎ ĀæñĂË­ĀÝÚÝòÈÿìÖù
ĀæñÝæÿßøćîìóëóÿìÖùäóÂÿìÈ­óØöćØČóĂì­ÿÂõÕÃîÈÿëöã ßä­îâØòĈÈ
ÚČóÿëÚîĀÚèØóÈÂóäÜ­îÈÂòÚĀæñĀÂ­ăÃāÕãĂË­ìæòÂÂóä 3Rs 
îã¬óÈăäÂĆÖóâĀÚèØóÈØöćÚČóÿëÚîÖ­îÈâöÂóäÜäñÿâõÚÅèóâ
ÿÜĆÚăÕ­ÉóÂÝú­ÿËöćãèËóÎáóãĂÚÛäõêòØÂäÔöé÷ÂêóÂ¬îÚ ÿßøćî
äñÕâëâîÈìóĀÚèØóÈØöćÕöØöćëùÕ ĀæñÚČóăÜØÕæîÈĂË­ÿÜĆÚ
äñãñÿèæó 2 ÿÕøîÚ ÅøîÿÕøîÚÂùâáóßòÚÙ°-âöÚóÅâ ß.é.2558 
ßä­îâØòĈÈÿÂĆÛÃ­îâúæÃîÈÿëöã ĀæñØČóÂóäëäùÜÝæÿÜäöãÛÿØöãÛ
Ã­îâúæÃîÈÿëöãÂ¬îÚ-ìæòÈÂóäÜäñãùÂÖ°ĂË­ 3Rs 
 
4.ÝæÂóäÕČóÿÚõÚÈóÚ 
4.1 ÃòĈÚÖîÚÂóäÝæõÖĀâ¬ßõâß° 
 ÃòĈÚÖîÚÂóäÝæõÖĀâ¬ßõâß° ÕòÈĀëÕÈĂÚäúÜØöć 2 
 

äúÜØöć 2 ÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß° 

 
4.2 Ã­îâúæÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚ 
 ÉóÂÂóäÿÂĆÛÃ­îâúæÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚ ßÛè¬óâöÃîÈÿëöãØöć

äèÛäèâÃ­îâúæÜäõâóÔÃîÈÿëöã 

é÷ÂêóÃòĈÚÖîÚÂóäÝæõÖ 

èõÿÅäóñì°ìóëóÿìÖù ĀæñÚČóÿëÚîĀÚèØóÈ 

ÜäñÿâõÚÅèóâÿÜĆÚăÜăÕ­ ĀæñÚČóăÜÜÐõÛòÖõ 

ÿÜäöãÛÿØöãÛÝæÂ¬îÚĀæñìæòÈ 

ÜäñÂîÛĀâ¬ßõâß° 

äòÛäóãÂóäëòćÈÌøĈîëõÚÅ­ó î¬óÚĀÛÛ 

ëòćÈÌøĈîèòÖ×ùÕõÛ èòÖ×ùÕõÛ (Material) 

Ý¬óÚÂäñÛèÚÂóäÖ¬óÈą 
×ÖòÕÕ­èãæèÕăàà­ó (Wire Cutting) 

×ÂòÕÿÌóñËõĈÚÈóÚÕ­èãÂäñĀëăàà­ó (EDM) 

×ÈóÚØöćØČóÕ­èãâøî (Manual) 

×ìæ¬îĀâ¬ßõâß°āæìñ (Die Section) 

×ìæ¬îĀâ¬ßõâß°ßæóëÖõÂ (Mold Section) 

 

ÖäèÉëîÛ 

ë¬ÈâîÛæúÂÅ­ó 

ăâ¬Ý¬óÚ 

×Âæ÷È, ÿÉöãä Õ­èãäñÛÛÅîâßõèÿÖîä° (CNC) 
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ÿÂõÕÃ÷ĈÚØòĈÈìâÕ 11 ÜäñÿáØ ìæòÈÉóÂÚòĈÚĂË­ĀÝÚáóßßóÿäāÖ
ĂÚÂóäèõÿÅäóñì°ìóÜòÎìóØöćâöÅèóâëČóÅòÎâóÕČóÿÚõÚÂóäĀÂ­ăÃ 
ÕòÈĀëÕÈĂÚäúÜØöć 3 
 

 
 

äúÜØöć 3 ĀÝÚáóßßóÿäāÖ 

 
ÉóÂĀÝÚáóßßóÿäāÖßÛè¬óâöÃîÈÿëöã 2 ÜäñÿáØØöć

ÿÂõÕÃ÷ĈÚÛ¬îãØöćëùÕÖóâìæòÂÂóäßóÿäāÖ ăÕ­ĀÂ¬ ÿéêèòÖ×ùÕõÛ 
ÅõÕÿÜĆÚä­îãæñ 40.90 ĀæñËõĈÚÈóÚăâ¬ăÕ­ÖóâÃÚóÕ ÅõÕÿÜĆÚ
ä­îãæñ 30.50 Ì÷ćÈØòĈÈ 2 ÜòÎìóâöÿÜîä°ÿÌĆÚÖ°ëñëâÿØ¬óÂòÛ 
71.30 ĀæñÜòÎìóîøćÚ ą îöÂ 28.70 ÕòÈÚòĈÚÉ÷ÈÚČó 2 ÜòÎìó
ÕòÈÂæ¬óèÃ­óÈÖ­ÚăÜØČóÂóäèõÿÅäóñì°ìóëóÿìÖùØöćĀØ­ÉäõÈØöćØČóĂì­
ÿÂõÕÃîÈÿëöãÕ­èãĀÝÚÝòÈÿìÖùĀæñÝæ 

 
4.3 ÝæÂóäèõÿÅäóñì°ëóÿìÖù ĀæñÚČóÿëÚîĀÚèØóÈ 
 ÝæÉóÂÂóäèõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìóÿéêèòÖ×ùÕõÛ
ÕòÈĀëÕÈĂÚäúÜØöć 4 
 

 
 

äúÜØöć 4 ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóÿéêèòÖ×ùÕõÛ (Scarp) 

 ÉóÂäúÜØöć ƚ ßÛè¬óëóÿìÖùìæòÂØöćØČóĂì­ÿÂõÕÃîÈÿëöãâó
ÉóÂ ƙ ëóÿìÖùìæòÂÅøî ÿÂõÕÉóÂßÚòÂÈóÚ ăÕ­ĀÂ¬ ÖòÕèòÖ×ùÕõÛ
ÿÂõÚÃÚóÕØöćĂË­ÈóÚÉäõÈ ÅČóÚèÔÅ¬óÝõÕßæóÕ ĀæñÅóÕÿÕóÅ¬ó
ÿÝøćîāÕãăâ¬âöÂóäÅČóÚèÔîã¬óÈĀâ¬ÚãČó èõÙöÂóäØČóÈóÚ ăÕ­ĀÂ¬ 
èòÕÃÚóÕÿÝøćîÂóäÉòÛâóÂÿÂõÚăÜ ĀæñÿÅäøćîÈÉòÂä ăÕ­ĀÂ¬ ĂÛâöÕ
ÖòÕăâ¬ÅâÖ­îÈÖòÕÿÝøćî 
 ÝæÉóÂÂóäèõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìóËõĈÚÈóÚăâ¬ăÕ­
ÃÚóÕÕòÈĀëÕÈĂÚäúÜØöć 5 
 

 
 

äúÜØöć 5 ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóËõĈÚÈóÚăâ¬ăÕ­ÖóâÃÚóÕ 
 
 ÉóÂäúÜØöć 5 ßÛè¬óëóÿìÖùìæòÂØöćØČóĂì­ÿÂõÕÃîÈÿëöãâó
ÉóÂ ƙ ëóÿìÖùìæòÂÅøî ÿÂõÕÉóÂßÚòÂÈóÚ ăÕ­ĀÂ¬ ÖòĈÈÅ¬óÂóä
ÿÉóñÝõÕßæóÕ èõÙöÂóäØČóÈóÚ ăÕ­ĀÂ¬ î¬óÚĀÛÛÝõÕ ĂË­
ÿÅäøćîÈâøîÝõÕÜäñÿáØ ĀæñĀÂ­ÈóÚÉÚÿÂõÚÃÚóÕØöćÂČóìÚÕ 
ÿÅäøćîÈÉòÂäăÕ­ĀÂ¬ ËõĈÚÈóÚÿÅæøćîÚ ĀæñÿÅäøćîÈâöÅ¬óÅèóâë¬óãăâ¬
ÅÈØöć 
 ìæòÈÉóÂÚòĈÚÉ÷ÈÚČóÿëÚîĀÚèØóÈĂÚÂóäÉòÕÂóäÜòÎìó
ÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖÕ­èãìæòÂÂóä 3Rs Ì÷ćÈ
ÉñĀÛ¬ÈÂóäÉòÕÂóäÿÜĆÚ 3 ë¬èÚ ÜäñÂîÛÕ­èã ë¬èÚØöć 1 ÉòÕÂóä
ÃîÈÿëöãÕ­èã Reduce ë¬èÚØöć 2 ÉòÕÂóäÃîÈÿëöãÕ­èã Reuse 
Āæñë¬èÚØöć 3 ÉòÕÂóäÃîÈÿëöãÕ­èã Recycle  
 Â¬îÚÚČóĀÚèØóÈăÜÜÐõÛòÖõÖ­îÈĂì­Ýú­ÿËöćãèËóÎ 5 Ø¬óÚ
ÜäñÂîÛÕ­èã Ýú­Ë¬èãÝú­ÉòÕÂóäÞ¬óãÝæõÖ ìòèìÚ­óÞ¬óãÂóäèóÈ
ĀÝÚÂóäÝæõÖ ìòèìÚ­óĀÝÚÂ CNC äîÈìòèìÚ­óĀÝÚÂ Die 
ĀæñĀÝÚÂÖõÕÖ¬îÜäñëóÚÈóÚÂòÛæúÂÅ­ó âóä¬èâäòÛàòÈĀæñ
ä¬èâÂòÚÜäñÿâõÚè¬ó ĀÚèØóÈÂóäÉòÕÂóäÃîÈÿëöãāÕãĂË­
ìæòÂÂóä 3Rs ÚòĈÚâöÅèóâÿÜĆÚăÜăÕ­ìäøîăâ¬ Ì÷ćÈÿÜĆÚÛùÅÅæ
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ÕòÈÂæ¬óèÿÜĆÚÝú­âöë¬èÚÿÂöćãèÃ­îÈĂÚÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß°
ØòĈÈëõĈÚÕòÈĀëÕÈÝæĂÚÖóäóÈØöć 1 
 
ÖóäóÈØöć 1 ÝæĀÛÛÜäñÿâõÚÅèóâÿÜĆÚăÜăÕ­ÃîÈĀÚèØóÈĂÚÂóä
ÉòÕÂóäÃîÈÿëöãĂË­ìæòÂÂóä 3Rs 

ìòèÃ­îÜäñÿâõÚ 
ÅèóâÿÜĆÚăÜăÕ­/ăâ¬ăÕ­(ÅÚ) 
ăÕ­ ăâ¬ăÕ­ ÿìÖùÝæ 

ÉòÕÂóäÜòÎìóÿéêèòÖ×ùÕõÛÕ­èã Reduce 

Ɨ. Þ÷ÂîÛäâßÚòÂÈóÚĂìâ¬Āæñ
ëä­óÈÅèóââòćÚĂÉĂÚÂóäÖòÕ
èòÖ×ùÕõÛāÕãâöèõÙöÂóäÖòÕîã¬óÈ
ËòÕÿÉÚăè­ìÚ­óÈóÚĂì­ 

5 

  

2. âöÂÏîã¬óÈËòÕÿÉÚĂÚÂóä
äòÛÝõÕËîÛÖ¬îÂóäØČóĂì­ÿÂõÕ
ÜòÎìóÿéêèòÖ×ùÕõÛ 

5 
  

3. ÿßõćâßòÕæâÿßøćîæÕÅèóâä­îÚ
ÃÔñØČóÈóÚ 

5 
  

4. ÿßõćâäñãñÿèæóĂÚÂóäßòÂ
ÿÛäÂÉóÂË¬èÈæñ 10 ÚóØöÿÜĆÚ 
15-20 ÚóØö 

 5 

ÜäñëõØÙõáóß
äèâ×÷È
ÜäñëõØÙõÝæĂÚ
ÂóäØČóÈóÚæÕ 

5. Þ÷ÂîÛäâßÚòÂÈóÚĂìâ¬Ăì­
ÿÂõÕÂóäÿäöãÚäú­ÂòÛÿÅäøćîÈÉòÂä
ĀæñĂì­ØÕæîÈÂ¬îÚÜÐõÛòÖõÈóÚ
ÉäõÈÿßøćîæÕÂóäÂæòèÿÅäøćîÈÉòÂä 

5 

  

6. ÂČóìÚÕÖóäóÈÿèæóĂÚÂóä
æòÛÅââöÕĀæñÕúĀæÿÅäøćîÈÉòÂä
Â¬îÚ-ìæòÈĂË­ÈóÚÖõÕăè­ØöćìÚ­ó
ÈóÚ 

5 

  

7. ÂČóìÚÕâóÖäÑóÚĂÚÂóäÅõÕ
Å¬óÿÝøćîîã¬óÈËòÕÿÉÚ 

5 
  

8. ìòèìÚ­óÈóÚÖäèÉÿËĆÅÅèóâ
×úÂÖ­îÈîã¬óÈÖ¬îÿÚøćîÈ 

5 
  

ÉòÕÂóäÜòÎìóËõĈÚÈóÚăâ¬ăÕ­ÖóâÃÚóÕÕ­èã Reduce 
Ɨ. Þ÷ÂîÛäâßÚòÂÈóÚĂìâ¬Āæñ
ßÚòÂÈóÚØöćÃóÕÜäñëÛÂóäÔ°
ĂÚÂóäÅČóÚèÔÅ¬óÿÉóñ 

5 
  

2. ÂČóìÚÕÖóäóÈÂóäØČóÅèóâ
ëñîóÕÿÅäøćîÈÉòÂäÂ¬îÚ-ìæòÈÂóä
ĂË­ÈóÚ ÖõÕăè­ØöćìÚ­óÈóÚ 

5 
  

ƙ. âöÂóäÉòÕĀãÂÜäñÿáØÃîÈ
ÿÅäøćîÈâøîîîÂÿÜĆÚìâèÕìâú¬ 

5 
  

4. ÛČóäùÈäòÂêóÖòèÉòÛËõĈÚÈóÚ
îã¬óÈëâČćóÿëâî 

5 
  

ƛ. âöâóÖäÑóÚĂÚÂóäËāæâ
ÚČĈóâòÚÃîÈËõĈÚÈóÚÃÔñÉòÛ 4 1 

ÃóÕÛùÅæóÂä
ØöćâöÅèóâäú­ĂÚ
ÂóäÂČóìÚÕ 

Ɯ. Â¬îÚÂóäØČóÈóÚÉñÖ­îÈâöÂóä
ÖäèÉÿËĆÅÿÅäøćîÈìäøîìòèÿÉóñ 

5 
  

7. Ö­îÈâöÿßøćîÚä¬èâÈóÚìäøî
ìòèìÚ­óÈóÚÅîãÖäèÉëîÛ 

2 3 
Ăì­ìòèìÚ­ó
ÖäèÉëîÛ 

8. âöÖóäóÈæòÛÅââöÕÿÜĆÚ
ÜäñÉČóÂ¬îÚ-ìæòÈĂË­ÈóÚ 

5 
  

ÉòÕÂóäÃîÈÿëöãāÕãìæòÂÂóä Reuse 
Ɨ. ĀãÂÜäñÿáØÃîÈÿëöã
îîÂÿÜĆÚìâèÕìâú¬ 

5 
  

Ƙ. ÉČóĀÚÂËÚõÕÿìæĆÂÖóâÿÂäÕ
Ăì­ÿÜĆÚëòÕë¬èÚ 

5 
  

3. ØČóÂóäÖõÕÜ­óãÛîÂËÚõÕÃîÈ
ÿìæĆÂ 

5 
  

4. ÉòÕØČóÿÜĆÚ Store 2 ëČóìäòÛ
ÃîÈÿëöãØöćëóâóä×ÚČóÂæòÛâóĂË­
Ăìâ¬ăÕ­ 

5 
  

ÉòÕÂóäÃîÈÿëöãāÕãìæòÂÂóä Recycle 
Ɨ. ĀãÂÜäñÿáØÃîÈÿëöã
îîÂÿÜĆÚìâèÕìâú¬ 

5 
  

Ƙ. ĀÜääúÜĂì­ÿÜĆÚëõćÈĂìâ¬Āæ­èÚČó
ÂæòÛâóĂË­ 

5 
  

3. ÉČóìÚ¬óãĂì­ÂòÛæúÂÅ­ó 4 1 ÿëöãÿÅäÕõÖ 
4. ÉČóìÚ¬óãÝ¬óÚØóÈîîÚăæÚ° 4 1 ãù¬ÈãóÂ 
5. ÉČóìÚ¬óãĂì­ÂòÛÛäõêòØØöćëÚĂÉ
ÿéêāæìñ 

5 
  

Ɯ. ÚČóÝæõÖáòÔÒ°ĀÜääúÜâóĂË­
ĂÚÛäõêòØ 

5 
  

**ìâóãÿìÖù: ÖòèÿæÃĂÚÖóäóÈÅøîÉČóÚèÚÃîÈÝú­ÿËöćãèËóÎØöćØČóÂóä
ÜäñÿâõÚĀÚèØóÈ 3Rs 
 
 ÉóÂÚòĈÚÉ÷ÈÚČóÝæÂóäÜäñÿâõÚÅèóâÿÜĆÚăÜăÕ­ÉóÂ
ÖóäóÈØöć 1 ØöćâöÝú­ÜäñÿâõÚÿìĆÚÕ­èãăÜÕČóÿÚõÚÂóä 

  
4.4 ÚČóĀÚèØóÈÂóäÉòÕÂóäÃîÈÿëöãāÕãĂË­ìæòÂÂóä 
3R ØöćÿìâóñëâăÜÜÐõÛòÖõ 
 ÿâøćîÝú­ÿËöćãèËóÎØČóÂóäÜäñÿâõÚÅèóâÿÜĆÚăÜăÕ­ÃîÈ
ĀÚèØóÈÂóäÉòÕÂóäÃîÈÿëöãĀæ­è ÂĆÖ­îÈØČóÂóääñÕâëâîÈ
ÿßøćîÿæøîÂĀÚèØóÈØöćâöÅèóâÿìâóñëâØöćëùÕĂÚÂóäÉòÕÂóä
ÃîÈÿëöãāÕãĂË­ìæòÂÂóä 3Rs Ì÷ćÈÉñĀÛ¬ÈîîÂÿÜĆÚ 3 ë¬èÚ
ÕòÈÚöĈ 
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ë¬èÚØöć1 ÉòÕÂóäÃîÈÿëöãÕ­èã Reduce ÿÜĆÚÂóäÜ­îÈÂòÚăâ¬Ăì­
ÿÂõÕÃîÈÿëöãÿìæ¬óÚòĈÚÃ÷ĈÚîöÂ Ì÷ćÈÉñØČóÂóäÜ­îÈÂòÚÜòÎìóØöć
ÿÂõÕÃ÷ĈÚÛ¬îãØöćëùÕ 2 ÜòÎìóÅøî ÿéêèòÖ×ùÕõÛ ĀæñËõĈÚÈóÚăâ¬ăÕ­
ÖóâÃÚóÕÕòÈĀëÕÈĂÚÖóäóÈØöć 2 

 
ÖóäóÈØöć 2 ĀÚèØóÈÂóäÜ­îÈÂòÚÂóäÿÂõÕÜòÎìóÉóÂìæòÂÂóä 
Reduce Øöćÿìâóñëâ 
ÜäñÿáØÃîÈÿëöã ĀÚèØóÈÂóäÜ­îÈÂòÚ 

ÜäñÿáØÿéêèòÖ×ùÕõÛ  

Ɨ. Þ÷ÂîÛäâßÚòÂÈóÚĂìâ¬Āæñëä­óÈ
ÅèóââòćÚĂÉĂÚÂóäÖòÕèòÖ×ùÕõÛāÕãâö
èõÙöÂóäÖòÕîã¬óÈËòÕÿÉÚăè­ìÚ­óÈóÚĂì­
ßÚòÂÈóÚÕú 
2. âöÂÏîã¬óÈËòÕÿÉÚĂÚÂóääòÛÝõÕËîÛ
Ö¬îÂóäØČóĂì­ÿÂõÕÃîÈÿëöãÃ÷ĈÚ 
3. ÿßõćâßòÕæâÿßøćîæÕÅèóâä­îÚÃÔñ
ØČóÈóÚ 
4. âöìòèìÚ­óÈóÚÅîãÖäèÉÿËĆÅÅèóâ
×úÂÖ­îÈîã¬óÈÖ¬îÿÚøćîÈ 

ÜäñÿáØËõĈÚÈóÚăâ¬ăÕ­
ÖóâÃÚóÕ 

Ɨ. Þ÷ÂîÛäâßÚòÂÈóÚĂìâ¬ĀæñßÚòÂÈóÚ
ØöćÃóÕÜäñëÛÂóäÔ°ĂÚÂóäÅČóÚèÔÅ¬ó
ÿÉóñ 
2. ÂČóìÚÕÖóäóÈÂóäØČóÅèóâëñîóÕ
ÿÅäøćîÈÉòÂäÂ¬îÚ-ìæòÈÂóäĂË­ÈóÚ ÖõÕăè­Øöć
ìÚ­óÈóÚ 
3. Â¬îÚÂóäØČóÈóÚÉñÖ­îÈâöÂóä
ÖäèÉÿËĆÅÿÅäøćîÈìäøîìòèÿÉóñÿßøćî
Ü­îÈÂòÚÂóäÿÂõÕÃîÈÿëöãÃ÷ĈÚ 

 
 ë¬èÚØöć 2 ÉòÕÂóäÃîÈÿëöãÕ­èã Reuse ÿÜĆÚÂóäÚČó
ëõćÈÃîÈØöćãòÈăâ¬ìâÕëáóßâóĂË­ÈóÚÖ¬îăÜ Ì÷ćÈÿÜĆÚÂóäÚČó
ÃîÈÿëöã 2 ÜäñÿáØØöćÿÂõÕÃ÷ĈÚâóĀæ­èÚČóâóÉòÕÂóäÿßøćîÿÂĆÛ
ăè­ĂË­ĂÚÂäñÛèÚÂóäÝæõÖÖ¬îăÜ āÕãÉñÿÂĆÛăè­ĂÚ Store2
Ì÷ćÈ×úÂëä­óÈÃ÷ĈÚâóÿßøćîÿÂĆÛÃîÈÿëöãÜäñÿáØ ÿéêèòÖ×ùÕõÛ 
ĀæñËõĈÚÈóÚăâ¬ăÕ­ÖóâÃÚóÕ âöÃòĈÚÖîÚÕòÈäúÜØöć 6 

 
 

äúÜØöć 6 ÂóäĀÂ­ăÃÜòÎìóÕ­èãìæòÂÂóä Reuse 

  
 ë¬èÚØöć 3 ÉòÕÂóäÃîÈÿëöãÕ­èã Recycle ÿÜĆÚÂóäÚČó
ÃîÈÿëöãØöćĂË­ÜäñāãËÚ°ĂÚäúÜĀÛÛÿÕõâăâ¬ăÕ­Āæ­è ÚČóâóØČó
ÂóäĀÜääúÜĂì­ÿÜĆÚëõćÈĂìâ¬ ÿßøćîÚČóÂæòÛâóĂË­ÜäñāãËÚ°
Ö¬îăÜ āÕãÉñÚČóËõĈÚÈóÚØÕæîÈÜäñÂîÛÕòÈäúÜØöć 7 ĀæñÚČó
ÿéêāæìñÉóÂÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß° ØöćÿÜĆÚÃîÈÿëöãØöć
ÿÂõÕÃ÷ĈÚØùÂÅäòĈÈØöćâöÂóäÝæõÖĀâ¬ßõâß° Ì÷ćÈĂÚÂóäÝæõÖØùÂÅäòĈÈ
ÉñÿÂõÕÃîÈÿëöã 2 ÜäñÿáØÚöĈÃ÷ĈÚâóÿëâî É÷ÈÖ­îÈâöÂóä
ÉòÕÂóäÖóâÃòĈÚÖîÚÕòÈáóßäúÜØöć 8 
 

 
 

äúÜØöć 7 ÃîÈÿëöãØöćÿÜĆÚËõĈÚÈóÚØÕæîÈÜäñÂîÛ 
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äúÜØöć 8 ÂóäÉòÕÂóäÃîÈÿëöãÕ­èãìæòÂÂóäRecycle 

 
4.5 ÿÜäöãÛÿØöãÛÝæÂ¬îÚĀæñìæòÈ 
ìæòÈÉóÂÚòĈÚÚČóĀÚèØóÈØöćăÕ­äòÛÂóäßõÉóäÔóîÚùâòÖõĂì­

ÕČóÿÚõÚÂóäăÜÜÐõÛòÖõĀæñÿÂĆÛÃ­îâúæÿßøćîØČóÂóäÿÜäöãÛÿØöãÛ
ÕòÈĀëÕÈĂÚÖóäóÈØöć 3  
 ÉóÂÖóäóÈØöć ƙ ßÛè¬óÜäõâóÔÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚ
ÂäñÛèÚÂóäÝæõÖĀâ¬ßõâß°æÕæÈăÕ­ĀÂ¬ ÿéêèòÖ×ùÕõÛæÕæÈ 
15.67% ËõĈÚÈóÚăâ¬ăÕ­ÖóâÃÚóÕæÕæÈ ƚƘ% ËõĈÚÈóÚâöÅäöÛ
æÕæÈ ƙƖ% äîãĀÖÂæÕæÈ ƜƜ.Ɯ7% ĀæñÖČóìÚõØöćÝõèËõĈÚÈóÚ 
âöÉČóÚèÚÃîÈÿëöãÿØ¬óÿÕõâăâ¬ÿßõćâĀæñăâ¬æÕÿâøćîÿØöãÛÂòÛÿÕøîÚ 
ÂòÚãóãÚ-ÖùæóÅâ 2557 ĀæñÃîÈÿëöãæòÂêÔñîøćÚą ĂÚÖóäóÈ
Øöćăâ¬ăÕ­Âæ¬óè×÷ÈÅøî ăâ¬ÿÂõÕÃîÈÿëöãÿìæ¬óÚòĈÚÃ÷ĈÚÿæãáóãĂÚ
äñãñÿèæó Ƙ ÿÕøîÚÅøî ÿÕøîÚÂùâáóßòÚÙ°-âöÚóÅâ 2558 ë¬èÚ
ËõĈÚÈóÚØÕæîÈÜäñÂîÛßÛè¬óâöÃîÈÿëöãÿßõćâÃ÷ĈÚ Ɯ ËõĈÚ
ÿÚøćîÈÉóÂâöÜäõâóÔÈóÚØöćÖ­îÈÝæõÖâóÂÃ÷ĈÚÉ÷ÈÖ­îÈØČóÂóä
ØÕæîÈÜäñÂîÛâóÂÃ÷ĈÚ  

 
 

ÖóäóÈØöć 3 ÿÜäöãÛÿØöãÛÝæÃîÈÃ­îâúæÃîÈÿëöãÂ¬îÚ-ìæòÈÜäòÛÜäùÈ 

æòÂêÔñÃîÈ
ÿëöã 

ÉČóÚèÚÃîÈÿëöã 
(ËõĈÚ)/ÿÕøîÚ 

ÃîÈ
ÿëöãØöć
æÕæÈ 

(%) 
ÃîÈ
ÿëöãØöć
æÕæÈ 

Â.ã.-Ö.Å. 
2557 

Â.ß-âö.Å. 
2558 

Ɨ. ÿéêèòÖ×ùÕõÛ  268 226 42 15.67 
2. ËõĈÚÈóÚăâ¬ăÕ­
ÖóâÃÚóÕ 

200 116 84 42.00 

3. ËõĈÚÈóÚ
ØÕæîÈÜäñÂîÛ 

134 140 (6) (4.48) 

4. ËõĈÚÈóÚâöäîã
ÃúÕÃöÕ 

12 0 12 100 

5. ËõĈÚÈóÚâöÅäöÛ 10 7 3 30 
6. äîãĀÖÂ 9 3 6 66.67 
7. î¬óÚĀÛÛÝõÕ 7 0 7 100 
8. ËõĈÚÈóÚØöćÿîöãÈ
ÉóÂÂóäÃ÷ĈÚäúÜ 

6 0 6 100 

9. ÖČóìÚõØöć
ÝõèËõĈÚÈóÚ 

6 6 0 0 

10. ÿÂõÕäîãØöć
àòÚÿàøîÈ 

2 0 2 100 

11. ËõĈÚÈóÚÿÂõÕ
ÖóâÕ 

2 0 2 100 

äèâ 656 498 158 24.09 
 

5. ëäùÜÝæĀæñÃ­îÿëÚîĀÚñ 
 ìæòÈÉóÂØČóÂóäÉòÕÂóäÜäòÛÜäùÈÕ­èãìæòÂÂóä ƙRs Āæñ
ëä­óÈĀÚèØóÈÂóäÜ­îÈÂòÚăâ¬Ăì­ÿÂõÕÜòÎìóÿìæ¬óÚòĈÚÌČĈóîöÂ 
ßÛè¬óÿâøćîÚČóÉČóÚèÚÃîÈÿëöãÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈâóÅõÕ
ÿÜĆÚä­îãæñØČóĂì­ØäóÛè¬ó ëóâóä×ØČóĂì­ÃîÈÿëöãØöćÿÂõÕĂÚ
ÂäñÛèÚÂóäÝæõÖæÕæÈ 24.09% Ì÷ćÈëóâóä×Ûääæù
èòÖ×ùÜäñëÈÅ°ĂÚÂóäé÷ÂêóÅäòĈÈÚöĈ Āæñ×øîăÕ­è¬óĀÚèØóÈØöćØČó
ÂóäÜäñÿâõÚÅèóâÿÜĆÚăÜăÕ­ĀæñÿæøîÂĀÚèØóÈăÜÜÐõÛòÖõÚòĈÚâö
Åèóâÿìâóñëâ 
 îã¬óÈăäÂĆÖóâØóÈāäÈÈóÚÂäÔöé÷Âêó ãòÈâöÜòÎìóĂÚ
ÿäøćîÈÃîÈÂóäÿÂĆÛÃ­îâúæÃîÈÿëöãØöćÿÜĆÚÿîÂëóäĀæñÛóÈÅäòĈÈÂĆ
æñÿæãÂóäÿÂĆÛÃ­îâúæÃîÈÿëöã É÷ÈîãóÂĀÚñÚČóĂì­âöÂóäÿÂĆÛ
Ã­îâúæÃîÈÿëöãÿÜĆÚÜäñÉČó ÿßøćîÕúÅèóâÝõÕßæóÕĀæñÂóä
ÿÜæöćãÚĀÜæÈØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖ ÿßøćîÉñëóâóä×ØČó
Ăì­ĀÂ­ÜòÎìóÿìæ¬óÚòĈÚăÕ­ØòÚÿèæó ßä­îâØòĈÈÅèäâöäñÛÛĂÚÂóä
ÉòÕÿÂĆÛÿîÂëóäÃîÈÿëöãØöćëóâóä×Å­ÚìóÈ¬óã ëñÕèÂ äèÕÿäĆè
ĂÚÂóäÿÃ­ó×÷ÈÃîÈßÚòÂÈóÚØùÂÅÚ ĀæñÅèäÿÃöãÚ Work 
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Instruction ÃîÈÿÅäøćîÈÉòÂäĀÖ¬æñÿÅäøćîÈ ÿßøćîĂì­ßÚòÂÈóÚăÕ­
ÿäöãÚäú­Āæñé÷ÂêóìÚ­óÈóÚÕ­èãÖÚÿîÈ ÿßøćîÉñăÕ­ăâ¬Ö­îÈîóéòã
ßÚòÂÈóÚØöćÿËöćãèËóÎÿßöãÈîã¬óÈÿÕöãè 
 
ÿîÂëóäî­óÈîõÈ  
[1] ëČóÚòÂÛäõìóäÉòÕÂóäÂóÂîùÖëóìÂääâ ÂäâāäÈÈóÚ
îùÖëóìÂääâ, Åú¬âøî ƙRs ÂòÛÂóäÉòÕÂóäÃîÈÿëöãáóãĂÚ
āäÈÈóÚÂäâāäÈÈóÚîùÖëóìÂääâ, Ã­îâúæÉóÂ
http://www2.diw.go.th/iwmb/form/iwd04ÝÚèÂ%20Å_
Åú¬âøî3Rs.pdf (èòÚØöćëøÛÅ­ÚÃ­îâúæ15âõ×ùÚóãÚ2557)    

[2] ßääÔÙõèó ÿÂ¬ÈÚîÂ, ÜäñëõØÙõÝæÃîÈÂóäÜäñãùÂÖ°ĂË­ìæòÂ 
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ìæòÂ 3Rs ÃîÈÝú­ÚČóËùâËÚĂÚÂóäæÕÜäõâóÔÃãñ ÿØéÛóæ
ÖČóæÛìÚîÈăÝ¬æ­îâ îČóÿáîÿâøîÈ ÉòÈìèòÕÚÅääóËëöâó,
äóãÈóÚÂóäé÷Âêóîõëäñ ÜäõÎÎóäòÑÜäñéóëÚéóëÖä
âìóÛòÔÒõÖ ëóÃóèõËóÂóäÜÂÅäîÈØ­îÈ×õćÚèõØãóÂóä
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ÛØÅòÕã¬î 
ÿÚøćîÈÉóÂâöÉČóÚèÚÝæõÖáòÔÒ°ÛÂßä¬îÈÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖÉóÚÿÌäóâõÂë°âóÂÿÂõÚÂè¬óäñÕòÛØöćăÕ­ÂČóìÚÕăè­ É÷È
âöÅèóâÉČóÿÜĆÚÖ­îÈìóĀÚèØóÈæÕÉČóÚèÚÃîÈÝæõÖáòÔÒ°ÛÂßä¬îÈæÈ ÉóÂÂóäé÷ÂêóÿÛøĈîÈÖ­ÚßÛè¬ó āäÈÈóÚĀì¬ÈÚöĈ
ÝæõÖëõÚÅ­óÿÜĆÚÉČóÚèÚâóÂ âöÂóäĂË­ÿÅäøćîÈÉòÂäîòÖāÚâòÖõĂÚÂóäÝæõÖ ĀæñĂË­ëóãßóÚÿßøćîÃÚ×¬óãèòëÕù ÿâøćîÂóäÝæõÖâö
ÜòÎìóÉ÷ÈÿÂõÕÝæõÖáòÔÒ°ÛÂßä¬îÈÿÜĆÚÉČóÚèÚâóÂĂÚÿèæóîòÚëòĈÚ É÷ÈăÕ­ÿæøîÂé÷ÂêóÂóäÝæõÖÉóÚÿÌäóâõÂë° Âóä
èõÿÅäóñì°ÅèóâëúÎÿëöã 7 ÜäñÂóäĀæñÿÅäøćîÈâøîÅùÔáóßÉ÷È×úÂÚČóâóĂË­ ÉóÂÂóäÜäòÛÜäùÈèõÙöÂóäØČóÈóÚÃîÈ
ÂäñÛèÚÂóäÃ÷ĈÚäúÜ ßÛè¬ó ëóâóä×æÕîòÖäóÝæõÖáòÔÒ°ÛÂßä¬îÈÿÕõâāÕãÿÊæöćã Øöć 5.35 % Ö¬îèòÚ æÕæÈÿìæøî 0.86 % 
Ö¬îèòÚ  
ÅČóëČóÅòÎ  ÂóäæÕÝæõÖáòÔÒ°ÛÂßä¬îÈ, ÅèóâëúÎÿëöã Ɲ ÜäñÂóä, ÿÅäøćîÈâøîÅùÔáóß, ÿÌäóâõÂë° 
 
 
Abstract 
Number of product defects occur in the production of ceramic plates is higher than expected amounts. 
Therefore it is necessary to reduce the number of defects. The study found that this plant produces a 
large quantity of ceramic plates. Automation machines are used in manufacturing. Conveyor belts are 
also used to transport the materials. When some mistakes were happened, there were a lot of defect 
products in a short period of time. Ceramic plate production is studied. Seven wastes and quality tools 
are deployed in this study. Improvement of working methods of forming processes can be reduced the 
average defect at 5.35% to 0.86% per day.  
Keywords: defect reduction, seven wastes, quality tools, ceramics 
 
 
1. ÛØÚČó 

 ĂÚÜòÉÉùÛòÚîùÖëóìÂääâÿÌäóâõÂë°ÃîÈÜäñÿØé
ăØã āÕãÿÊßóñáóÅÿìÚøîăÕ­âöÂóäÃãóãÖòèÿßõćââóÂÃ÷ĈÚ
ÿäøćîãą ÖóâÅèóâÖ­îÈÂóäÃîÈÖæóÕÝú­ÛäõāáÅØòĈÈĂÚ

ÜäñÿØé ĀæñÖ¬óÈÜäñÿØé ÜòÉÉùÛòÚîùÖëóìÂääâÿÌäóâõÂë° 
âöÂóäĀÃ¬ÈÃòÚĂÚØùÂąÕ­óÚ ØòĈÈĂÚÕ­óÚÂóäÖæóÕ ÂóäÝæõÖ 
ĀæñÂóäÛäõìóä ÿÚøćîÈÉóÂîùÖëóìÂääâÿÌäóâõÂë°âöÝú­ÝæõÖ
ÉČóÚèÚâóÂ ÂĆÉñãõćÈâöÂóäĀÃ¬ÈÃòÚëúÈ îòÚÿÜĆÚÝæÕöÖ¬î
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Ýú­ÛäõāáÅĂÚÂóäÿÜäöãÛÿØöãÛÝæõÖáòÔÒ°Â¬îÚÂóäÖòÕëõÚĂÉ
ÌøĈî Õ­èãäñÕòÛÂóäĀÃ¬ÈÃòÚØöćëúÈ ĀæñÿØÅāÚāæãöÖ¬óÈą âöÂóä
ßòÓÚóîã¬óÈäèÕÿäĆè  
ÅèóâëúÎÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖÿÜĆÚÿäøćîÈØöć

ÿÂõÕÃ÷ĈÚÅèÛÅú¬ÂòÛÂóäÂóäÝæõÖ ÚòÂèõËóÂóäăÕ­ÉČóĀÚÂ
ÜäñÿáØÅèóâëúÎÿëöãîîÂÿÜĆÚ 7 ÜäñÿáØ [1] ÕòÈÚöĈ 1) 
ÅèóâëúÎÿëöãÉóÂÂóäÝæõÖâóÂÿÂõÚăÜ 2) ÅèóâëúÎÿëöã
ÉóÂÂóäÿÂĆÛèòëÕùÅÈÅæòÈØöćăâ¬ÉČóÿÜĆÚ 3) ÅèóâëúÎÿëöãÉóÂ
ÂóäÃÚë¬È 4) ÅèóâëúÎÿëöãÉóÂÂäñÛèÚÂóäØöćÃóÕ
ÜäñëõØÙõÝæ 5) ÅèóâëúÎÿëöãÉóÂÂóäÿÅæøćîÚăìè 6) Åèóâ
ëúÎÿëöãÉóÂÂóääîÅîã Āæñ 7) ÅèóâëúÎÿëöãÉóÂÂóäÝæõÖ
ÝæõÖáòÔÒ°ÛÂßä¬îÈìäøîÂóäĀÂ­ăÃÈóÚÿëöã 
Âóäé÷ÂêóÂóäæÕÅèóâëúÎÿëöãāÕãë¬èÚĂìÎ¬ Úõãâ

é÷ÂêóÂóäæÕÅèóâëúÎÿëöãÉóÂÂóäÝæõÖÝæõÖáòÔÒ°
ÛÂßä¬îÈìäøîÂóäĀÂ­ăÃÈóÚÿëöã [2] ÿÚøćîÈÉóÂÿÜĆÚÅèóâ
ëúÎÿëöãØöćâîÈÿìĆÚăÕ­îã¬óÈËòÕÿÉÚ ĀæñâöÝæÖ¬îÖ­ÚØùÚÂóä
ÝæõÖîã¬óÈËòÕÿÉÚ 
āäÈÈóÚÖòèîã¬óÈÿÜĆÚāäÈÈóÚÿÌäóâõÂë°ÃÚóÕĂìÎ¬ÃîÈ

áóÅÿìÚøî âößÚòÂÈóÚÜäñâóÔ 1,000 ÅÚ ØČóÈóÚÖæîÕ 
24 ËòćèāâÈ ÝæõÖëõÚÅ­óìæóãËÚõÕ ÿË¬Ú ÉóÚ ×­èãÂóĀà 
ÿÜĆÚÖ­Ú ëõÚÅ­óØòĈÈìâÕØöćÝæõÖë¬ÈîîÂÉČóìÚ¬óãăÜãòÈ
Ö¬óÈÜäñÿØé ÿÚøćîÈÉóÂÖ­îÈÝæõÖëõÚÅ­óÿÜĆÚÉČóÚèÚâóÂ 
ØóÈāäÈÈóÚÉ÷ÈĂË­ÿÅäøćîÈÉòÂäîòÖāÚâòÖõ ĀæñĂË­ëóãßóÚ
æČóÿæöãÈË¬èãÿßõćâÂČóæòÈÂóäÝæõÖ 
ÂóäÝæõÖāÕãĂË­ÿÅäøćîÈÉòÂäîòÖāÚâòÖõĀæñÂóäĂË­

ëóãßóÚæČóÿæöãÈ Āâ­âöÃ­îÕöĂÚÂóäÝæõÖëõÚÅ­óăÕ­ÿÜĆÚ
ÉČóÚèÚâóÂ ĂÚäñãñÿèæóëòĈÚÂĆÖóâ ĀÖ¬ìóÂÿÂõÕ
Ã­îÝõÕßæóÕÃ÷ĈÚĂÚäñÛÛÂóäÝæõÖ ÂĆîóÉÿÜĆÚÿìÖùĂì­ÿÂõÕ
ÃîÈÿëöãìäøîÝæõÖáòÔÒ°ÛÂßä¬îÈÃ÷ĈÚÿÜĆÚÉČóÚèÚâóÂĂÚ
ÿèæóîòÚäèÕÿäĆèÕ­èãÿË¬ÚÂòÚ 
ÅèóâëúÎÿëöãÉóÂÂóäÝæõÖÝæõÖáòÔÒ°ÛÂßä¬îÈ ìäøî

ÂóäĀÂ­ăÃÈóÚÿëöãÃîÈîùÖëóìÂääâÿÌäóâõÂë° âöîòÖäóØöć
Å¬îÚÃ­óÈëúÈ āÕãØòćèăÜÜäñâóÔ ƘƖ% ìâóãÅèóâè¬ó ×­ó
æúÂÅ­óÖ­îÈÂóäëõÚÅ­ó ƗƖƖ ËõĈÚ Ýú­ÝæõÖÖ­îÈÿÖäöãâèòÖ×ùÕõÛăè­
ÉČóÚèÚ ƗƘƖ ËõĈÚ ÿÝøćîÿÂõÕÃîÈÿëöãÃ÷ĈÚĂÚÂóäÝæõÖ ØČóĂì­
ë¬ÈÝæÂäñØÛÖ¬îÖ­ÚØùÚÂóäÝæõÖāÕãÖäÈ 
ÿÅäøćîÈâøîÅùÔáóß ÿÜĆÚÿÅäøćîÈâøîëČóÅòÎØöć×úÂÚČóâóĂË­

ĂÚÂóäé÷ÂêóÚöĈ ÿÜĆÚÿÅäøćîÈâøîØöćÚõãâĂË­é÷ÂêóÜòÎìó
ÅùÔáóßØöćÿÂõÕÃ÷ĈÚĂÚÂóäØČóÈóÚ āÕãÿÊßóñĂÚāäÈÈóÚ

îùÖëóìÂääâ Âæù¬âÂõÉÂääâÅùÔáóß (Quality Control 
Circle, QCC) ÚõãâĂË­ÿÅäøćîÈâøîÚöĈĂÚÂóäÜäòÛÜäùÈÂóä
ØČóÈóÚÃîÈÂæù¬â [3] 

 
1. ÿÅäøćîÈâøîÅùÔáóß 
ÿÅäøćîÈâøîÅùÔáóß ÛóÈÅäòĈÈÿäöãÂè¬ó ÿÅäøćîÈâøî

ÅùÔáóß Ɲ ÜäñÂóä (7 QC Tools) âöÿÅäøćîÈâøîØöćĀÖÂÖ¬óÈ
ÂòÚ Ɲ ËÚõÕ ÕòÈÚöĈ 

1) ĀÝ¬ÚÖäèÉëîÛ (Check Sheet) ĀÝ¬ÚÖäèÉëîÛ
ÿÜĆÚĀÝ¬ÚØöćâöĀÛÛàîä°â Ì÷ćÈăÕ­äòÛÂóäîîÂĀÛÛ
Ë¬îÈè¬óÈÖ¬óÈąĀæñßõâß°âóÿäöãÛä­îãÿßøćîĂì­Ýú­
ÛòÚØ÷Âëóâóä×æÈÛòÚØ÷ÂÃ­îâúæÖ¬óÈą æÈĂÚĀÖ¬æñ
Ë¬îÈè¬óÈăÕ­îã¬óÈëñÕèÂ 

2) ĀÝÚáúâõßóÿäāÖ (Pareto Diagram) ÿÜĆÚ
ĀÝÚáúâõØóÈë×õÖõ ĂË­ÉČóĀÚÂÜäñÿáØÃîÈÃ­îâúæ 
(Data Stratification) āÕãîóéòãìæòÂÂóäÉòÕ
ÿäöãÈæČóÕòÛÅèóâëČóÅòÎÃîÈÜòÎìóÖ¬óÈąØöćÿÂõÕÃ÷ĈÚ
ĂÚÂóäÝæõÖ 

3) Âäóà (Graphs) ÿÅäøćîÈâøîëČóìäòÛĂË­ĂÚÂóä
ĀëÕÈÃ­îâúæØöćÿÜĆÚÖòèÿæÃîîÂâóĂì­ÿìĆÚáóß 
ëóâóä×ØČóĂì­È¬óãÖ¬îÂóäØČóÅèóâÿÃ­óĂÉāÕã
îóéòãÂóäßõÉóäÔóÕ­èãÖóÿÜæ¬óăÕ­ 

4) ĀÝÚÝòÈëóÿìÖùĀæñÝæ (Cause and Effect 
Diagram) ÿÜĆÚĀÝÚÝòÈØöćĀëÕÈ×÷ÈÅèóâëòâßòÚÙ°
äñìè¬óÈÜòÎìó (Problem) ÂòÛëóÿìÖùØòĈÈìâÕØöć
ÿÜĆÚăÜăÕ­ØöćîóÉÂ¬îĂì­ÿÂõÕÜòÎìóÚòĈÚ (Possible 
Cause)  

5) ïõëāÖĀÂäâ (Histogram) ÿÜĆÚ ÝòÈáóßØöćĀëÕÈ
ÂóäÂäñÉóãÖòè (ÅèóâÝòÚĀÜäîîÂÉóÂ
éúÚã°ÂæóÈ) ÃîÈÃ­îâúæËùÕìÚ÷ćÈÌ÷ćÈĀëÕÈ
ÅùÔæòÂêÔñîã¬óÈĂÕîã¬óÈìÚ÷ćÈ ÿË¬Ú ÚČĈóìÚòÂ 
ÿèæó îùÔìáúâõ ÅèóâĀÃĆÈ ÿÜĆÚÖ­Ú 

6) ĀÝÚÝòÈÂóäÂäñÉóã (Scatter Diagram) Åøî ÝòÈ
ØöćĂË­ĀëÕÈÅ¬óÃîÈÃ­îâúæØöćÿÂõÕÉóÂÅèóâëòâßòÚÙ°
ÃîÈÖòèĀÜä 2 Öòè ÿË¬Ú X, Y ÿÜĆÚÖ­Ú è¬óâö
ĀÚèāÚ­âĂÚØóÈĂÕ ÿßøćîØöćÉñĂË­ìóÅèóâëòâßòÚÙ°Øöć
ĀØ­ÉäõÈ āÕãÖòèĀÜä X Åøî ÖòèĀÜäîõëäñ Āæñ Öòè
ĀÜä Y Åøî ÖòèĀÜäÖóâ 
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7) ĀÝÚáúâõÅèÛÅùâ (Control Chart) ÿÜĆÚĀÝÚáúâõØöć
ĂË­ëČóìäòÛÿÝ­óÖõÕÖóâ (Monitoring) Å¬óÃîÈÖòè
ĀÜäØöćÖ­îÈÂóäÅèÛÅùâÅùÔáóßè¬ó ÿÂõÕÅèóâÝòÚ
ĀÜäÿÂõÚßõÂòÕ (ÃöÕÉČóÂòÕ) ØöćÂČóìÚÕăè­ìäøîăâ¬ 
ĀæñÅèóâÝòÚĀÜäÚòĈÚâöĀÚèāÚ­âîã¬óÈăä 
 

2. Ã­îâúæÿÛøĈîÈÖ­Ú 
Ýú­ÛäõìóäÈóÚÃîÈāäÈÈóÚ ăÕ­ÂČóìÚÕîòÖäóÃîÈÿëöã

ÃîÈÃòĈÚÖîÚÂóäÝæõÖÖ¬óÈąÿîóăè­Øöć 5 % ÃîÈÂóäÝæõÖĂÚ
ĀÖ¬æñèòÚ ÿßøćîĂì­ëóâóä×ÅèÛÅùâäñÕòÛîòÖäóÃîÈÿëöãÃîÈ
ØòĈÈāäÈÈóÚăÕ­ îã¬óÈăäÂĆÖóâßÛè¬ó âöÛóÈĀÝÚÂØöćâöäñÕòÛ
îòÖäóÃîÈÿëöãëúÈÂè¬óäñÕòÛØöćÂČóìÚÕ ÉóÚÿÌäóâõÂë° ÃÚóÕ
ÿë­ÚÝ¬óéúÚã°ÂæóÈ 27 Ì.â. ÿÜĆÚÝæõÖáòÔÒ°Øöć×úÂÿæøîÂâó
é÷ÂêóÿÚøćîÈÉóÂÿÜĆÚÝæõÖáòÔÒ°ØöćÝæõÖÉČóÚèÚâóÂØöćëùÕ  
ÂäñÛèÚÂóäÝæõÖÉóÚÿÌäóâõÂë°  âöÃòĈÚÖîÚÂóäÝæõÖ

āÕãØòćèăÜ ÕòÈÚöĈ ÿäõćâÖ­ÚÉóÂÂóäÿÖäöãâèòÖ×ùÕõÛ (ÕõÚ) Âóä
ÿÖäöãâÚČĈóÿÅæøîÛ ÂóäÃ÷ĈÚäúÜÝæõÖáòÔÒ° ÂóäÿÝóÛõëÂõÖ 
(ÿÝóÕõÛ) ÂóäÿÅæøîÛ ÂóäÿÝóÿÅæøîÛ ĀæñÂóäÛääÉù Ýú­èõÉòã
âöÅèóâëÚĂÉé÷ÂêóÂóäæÕÅèóâëúÎÿëöãĂÚÃòĈÚÖîÚÂóäÃ÷ĈÚ
äúÜ Ì÷ćÈÿÂõÕÃîÈÿëöãÅ¬îÚÃ­óÈëúÈ 
ÂóäÃ÷ĈÚäúÜÉóÚÿÌäóâõÂë° âöÃòĈÚÖîÚÂóäØČóÈóÚã¬îãą 

ÕòÈÚöĈ 
1. äòÛèòÖ×ùÕõÛØöćÿÜĆÚÕõÚÝÈ 
2. ÖäèÉÕúÅèóâËøĈÚĀæñë¬èÚÝëâîøćÚą 
3. ÖòĈÈÅ¬óÿÅäøćîÈÜòĉâ ÿßøćîÃ÷ĈÚäúÜ 
4. ßÚòÂÈóÚìãõÛÉóÚÉóÂëóãßóÚâóÃòÕÃîÛÉóÚ 
5. ßÚòÂÈóÚìãõÛÉóÚèóÈë¬ÈÿÃ­óÿÖóÖñĀÂäÈ 
6. îÛĂì­Āì­ÈĂÚÿÖóÖñĀÂäÈ 
7. ë¬ÈÖ¬îĂì­ĀÝÚÂËùÛÿÅæøîÛ 
ÉóÂÂóäé÷ÂêóÃ­îâúæÿÛøĈîÈÖ­Ú ßÛè¬ó ÃòĈÚÖîÚÂóäÃ÷ĈÚ

äúÜ âöîòÖäóÂóäÿÂõÕîòÖäóÃîÈÿëöãÿÂõÚäñÕòÛØöćāäÈÈóÚ
ÂČóìÚÕ Åøî 5.35 %  ĀÖ¬âöÜòÎìóÿÂõÕÃ÷ĈÚ 3 æòÂêÔñ Åøî 
1) ÉóÚĀÖÂÃîÛÜóÂ 2) ÉóÚØöćÝ¬óÚÂóäÿÅæøîÛâöÖČóìÚõ 
Āæñ 3) ÉóÚĀÖÂìæòÈÿÝó  ĀæñÝú­èõÉòãÿæøîÂé÷ÂêóÜòÎìóØöć 
2 ÉóÚĀÖÂÃîÛÜóÂ ÿÚøćîÈÉóÂÿÜĆÚÜòÎìóØöćâöÃÚóÕĂìÎ¬
âóÂØöćëùÕ ÿâøćîÿØöãÛÂòÛÜòÎìóîøćÚą 
 
 
 
    

3. ÝæÂóäé÷Âêó 
ÜòÎìóìæòÂÃîÈÂäñÛèÚÂóäÃ÷ĈÚäúÜ Åøî ÉóÚĀÖÂÃîÛ

ÜóÂ Ã÷ĈÚÿÜĆÚÉČóÚèÚâóÂÿÂõÚÂè¬óäñÕòÛØöćāäÈÈóÚÂČóìÚÕØöć 
5% ßÛè¬ó ÂóäĀÖÂØöćÃîÛÜóÂÃîÈÉóÚ ÉñÿÂõÕØöć ÃòĈÚÖîÚ
Øöć 4 Āæñ 5 ÂóäìãõÛÉóÚÃ÷ĈÚÉóÂëóãßóÚÿßøćîÚČóâóÃòÕ
ÃîÛÂ¬îÚë¬ÈÿÃ­óÿÖóÖñĀÂäÈ ØöćâöëóãßóÚîöÂËùÕìÚ÷ćÈ 
Ã­îâúæÂ¬îÚÂóäÜäòÛÜäùÈ ÃîÈÂäñÛèÚÂóäÝæõÖ ÿÜĆÚÿèæó 6 
èòÚ ÕòÈăÕ­ĀëÕÈăè­ĂÚÖóäóÈØöć 1  ÕòÈÚöĈ 

 
ÖóäóÈØöć 1  Ã­îâúæëòÕë¬èÚÂóäĀÖÂØöćÃîÛÜóÂÃîÈÉóÚ
Â¬îÚÂóäÜäòÛÜäùÈ 

èòÚØöć îòÖäóÃîÈÿëöã (%) 
1 7.65 
2 4.16 
3 4.62 
4 4.16 
5 4.38 
6 7.17 
Å¬óÿÊæöćã 5.35 

 
ÉóÂÚòĈÚ Ýú­èõÉòãăÕ­ä¬èâÂòÛìòèìÚ­óÈóÚĀæñßÚòÂÈóÚÃîÈ
ÃòĈÚÖîÚÂóäÃ÷ĈÚäúÜ ăÕ­èõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìóāÕãĂË­
ÝòÈÂ­óÈÜæó ÕòÈăÕ­ĀëÕÈĂÚäúÜÃ­óÈæ¬óÈ 
 
 
 

 

 
 
äúÜØöć Ɨ ÝòÈÂ­óÈÜæóèõÿÅäóñì°ëóÿìÖùÉóÚĀÖÂÃîÛÜóÂ 
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ÉóÂÝæÂóäèõÿÅäóñì°ìóëóÿìÖùĂÚäúÜØöć 1 ÿâøćîăÕ­
ÿÃ­óăÜëòÈÿÂÖùÂóäØČóÈóÚÃîÈßÚòÂÈóÚÃÔñÜÐõÛòÖõÈóÚßÛ
ÜäñÿÕĆÚØöćÚ¬óëÚĂÉìæóãÜäñÂóä ÕòÈÚöĈ 
1. ßÚòÂÈóÚìãõÛÉóÚîîÂÉóÂëóãßóÚăâ¬ØòÚ É÷ÈØČóĂì­
ÉóÚØöć×úÂÃ÷ĈÚäúÜâóìæ¬ÚæÈßøĈÚÿëöãìóã 
2. ßÚòÂÈóÚìãõÛÉóÚÕ­èãâøîÿßöãÈÃ­óÈÿÕöãè ØČóĂì­ÉóÚ
ĀÖÂÛäõÿèÔØöćÉòÛ 
3. ăâ¬âöÂóäÚòÛÉČóÚèÚÝæõÖáòÔÒ°ØöćÉùÕØČóÈóÚÚöĈ ĀÖ¬ÉñâöÂóä
ÚòÛÉČóÚèÚÃîÈÕöĀæñÃîÈÿëöãØöćÉùÕëùÕØ­óãÃîÈëóãÂóäÝæõÖ 
ØČóĂì­ßÚòÂÈóÚÃóÕÅèóâÿîóĂÉĂë¬ÿØ¬óØöćÅèä 

ÕòÈÚòĈÚ É÷ÈÿëÚîĀÚèØóÈÜäòÛÜäùÈèõÙöØČóÈóÚ
ÛäõÿèÔØöćâöÂóäÃòÕÃîÛ âöÕòÈÚöĈ 
1.  ÅèäÜäòÛèõÙöÂóäìãõÛÉóÚ ÉóÂèõÙöÿÕõâØöćĂË­âøîÃ­óÈÿÕöãè
ìãõÛ ÿÜæöćãÚâóĂË­ëîÈâøîìãõÛÉóÚÿßøćîÜäñÅîÈÉóÚăÕ­
îã¬óÈëâÕùæ ÿßøćîÜ­îÈÂòÚăâ¬Ăì­ÿÂõÕÂóäĀÖÂØöćÃîÛÜóÂ
ØòÚØöĀæñÜ­îÈÂòÚÂóäÿÂõÕäîãä­óèÃ÷ĈÚĂÚÉóÚ 
2. ÅèäÂČóìÚÕäñãñìãõÛÉóÚØöćÿìâóñëâ ìóÂäñãñìãõÛ
ì¬óÈÿÂõÚăÜ ÉñØČóĂì­ßÚòÂÈóÚÖ­îÈāÚ­âÖòèăÜìãõÛĀæñÉñĂË­
âøîÃ­óÈÿÕöãèìãõÛÉóÚ ĀæñîóÉØČóĀÝÈÂòĈÚĀÛÛāÜä¬ÈĂëÛÚ
ëóãßóÚ ÿßøćîÜ­îÈÂòÚÂóäÿîøĈîâìãõÛ ĀæñË¬èãĂì­ßÚòÂÈóÚ
âîÈÿìĆÚÉóÚØöćÂČóæòÈăìæâóÕ­èã 
3. ÂóäßæõÂÉóÚ ÅèäâöèòëÕùìäøîáóËÚñäîÈäòÛÉóÚÃÔñÃòÕ
ÃîÛÉóÚ āÕãÉòÕĂì­âöāÖ®ñÃÚóÕÿæĆÂ ĀæñâöÝ­óìÚóąäîÈ 
ÃÔñØöćèóÈÉóÚæÈ 
 ÝæÃîÈÂóäÜäòÛÜäùÈÈóÚÛäõÿèÔØöćâöÂóäÃòÕÃîÛ
ÉóÚ ăÕ­ÝæÕòÈĀëÕÈĂÚÖóäóÈØöć 2 ÚöĈ 
 
ÖóäóÈØöć 2  Ã­îâúæëòÕë¬èÚÂóäĀÖÂØöćÃîÛÜóÂÃîÈÉóÚìæòÈ
ÂóäÜäòÛÜäùÈ 

èòÚØöć îòÖäóÃîÈÿëöã (%) 
1 0.50 
2 0.71 
3 1.0 
4 1.0 
5 1.0 
6 1.0 
Å¬óÿÊæöćã 0.86 

 

ÝæÃîÈÂóäÜäòÛÜäùÈèõÙöÂóäØČóÈóÚ ØČóĂì­îòÖäóÂóä
ÿÂõÕÃîÈÿëöã (ÝæõÖáòÔÒ°ÛÂßä¬îÈ) æÕæÈîã¬óÈâóÂĂÚ
ÃòĈÚÖîÚØöć 4 Āæñ 5 ÃîÈÂóäÃ÷ĈÚäúÜÉóÚ ×÷È (5.35 · 0.86) 
= 4.49 % ÅõÕÿÜĆÚâúæÅ¬óÜäñâóÔ 472,500 ÛóØÖ¬îÜö 
ÉóÂÃ­îâúæÂ¬îÚÂóäÜäòÛÜäùÈĀæñìæòÈÂóäÜäòÛÜäùÈ 

ßÛè¬óâöÅèóâĀÖÂÖ¬óÈÂòÚîã¬óÈËòÕÿÉÚ É÷Èăâ¬âöÅèóâ
ÉČóÿÜĆÚÖ­îÈĂË­ìæòÂÂóäë×õÖõâóèõÿÅäóñì°ÿßõćâÿÖõâ 

 
4. ÂóäîáõÜäóãÝæ 
ÂóäÜäòÛÜäùÈèõÙöÂóäØČóÈóÚ äèâØòĈÈÂóäÉòÕÛäõÿèÔÈóÚ

Ăì­ÿìâóñëâÂòÛÂóäØČóÈóÚÚòÛè¬óâöë¬èÚëČóÅòÎĂÚÂóäæÕ
ÉČóÚèÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÿÜĆÚîã¬óÈâóÂ ÿÚøćîÈÉóÂÃîÈÿëöã
ØöćÿÂõÕÃ÷ĈÚÿÂõÕÉóÂëóÿìÖùÚöĈ [4] [5]  
îã¬óÈăäÂĆÖóâ ÂóäÉòÕÂóäĂì­âöÂóäÅèÛÅùâÂóäØČóÈóÚ

ØöćÿìâóñëâÂĆÚòÛè¬óâöÅèóâëČóÅòÎ ìóÂëóâóä×ëä­óÈÅèóâ
äñâòÕäñèòÈÃ÷ĈÚÉóÂÂóäÂČóìÚÕĂì­âöÂóäÛòÚØ÷ÂÝæÝæõÖ Ô 
ÉùÕØöćâöÂóäÝæõÖ ßÚòÂÈóÚÉñăÕ­âöÅèóâÿîóĂÉĂë¬ÿßõćâÃ÷ĈÚîóÉ
âöë¬èÚË¬èãæÕÂóäÿÂõÕÃîÈÿëöãæÈăÕ­Û­óÈ 

 
5. ëäùÜ 
ÂóäæÕÝæõÖáòÔÒ°ÛÂßä¬îÈØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóä

ÝæõÖÿÜĆÚèõÙöÂóäØöćØČóăÕ­ĀæñĂì­ÝæÂóäÜäòÛÜäùÈØöćËòÕÿÉÚ 
ĀÖ¬Ö­îÈîóéòãÂóäëòÈÿÂÖ ÿÂĆÛÃ­îâúæ èõÿÅäóñì°ÜòÎìó Āæñ
ĀëèÈìóĀÚèØóÈÜäòÛÜäùÈä¬èâÂòÚÃîÈßÚòÂÈóÚĂÚÉùÕ
ÜÐõÛòÖõÈóÚÚòĈÚą É÷ÈÉñÛòÈÿÂõÕÝææòßÙ°ØöćÕö 

Ýú­ÛäõìóäîÈÅ°ÂäÉ÷ÈÅèäÿîóĂÉĂë¬ĂÚÿäøćîÈÂóäæÕ
ÝæõÖáòÔÒ°ÛÂßä¬îÈîã¬óÈÿÜĆÚäñÛÛ ÿË¬Ú ÂóäĂË­Âæù¬â
ÂõÉÂääâÅùÔáóß äñÛÛÃ­îÿëÚîĀÚñ ÿÜĆÚÖ­Ú ĀæñÖ­îÈ
ëÚòÛëÚùÚĂì­äñÛÛÕòÈÂæ¬óèÿÂõÕÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈ îÈÅ°ÂäÉ÷È
ÉñâöÅèóâÿÃ­âĀÃĆÈĂÚäñÛÛÂóäÝæõÖ ëóâóä×ĀÃ¬ÈÃòÚĂÚ
ÙùäÂõÉăÕ­ 
  
 ÿîÂëóäî­óÈîõÈ 
[1] Ã­îâúæÉóÂ 
www.rmuti.ac.th/faculty/production/ie/html/WASTES.h
tml (èòÚØöćëøÛÅ­Ú 5 âöÚóÅâ 2558). 
[2] ÿâÙóäòÖÚ° ÚÂĀÂ­è Āæñ ËòãËÚñ ãîÕÅČó, Âóäé÷Âêó
ÂóäæÕÉČóÚèÚÃîÈÿëöãĂÚāäÈÈóÚÝæõÖîõÑâèæÿÛóāÕãĂË­
ÿÅäøćîÈâøîÅèÛÅùâÅùÔáóß 7 ÜäñÂóä, áóÅèõËóèõéèÂääâ
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Application of Taguchi method to reduce packet loss 
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ÛØÅòÕã¬î 
èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòãÚöĈÿßøćîæÕÜòÎìóÛääÉùáòÔÒ°ØöćâöÃ­îÛÂßä¬îÈĂÚÂäñÛèÚÂóäÛääÉùÃ­óèÿÂäöãÛÃîÈÛäõêòØ

ÂäÔöé÷Âêó  ÉóÂÂóäèõÿÅäóñì°Ã­îâúæÃîÈÿëöãßÛè¬óÿÜĆÚÃîÈÿëöãØöćÿÂõÕÉóÂÛääÉùáòÔÒ° 10% ĀæñĂË­ĀÝÚáúâõßóÿäāÖ 
ĀÝÚáóßÿìÖùĀæñÝæ âóèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó Ì÷ćÈāÕãØòćèąăÜÜòÎìóØöćßÛÅøîßÚòÂÈóÚăâ¬âöâóÖäÑóÚĂÚÂóäÂČóìÚÕ
Å¬óßóäóâõÿÖîä°Ăì­ÂòÛÿÅäøćîÈÉòÂä Ì÷ćÈÅ¬óßóäóâõÿÖîä°ØöćÿÂöćãèÃ­îÈÅøî îùÔìáúâõÌöæÛÚ îùÔìáúâõÌöæÂæóÈ îùÔìáúâõÌöææ¬óÈ 
äñãñÿèæóĂÚÂóäÜõÕÌöæ ĀæñÅèóâÿäĆèĂÚÂóäÛääÉù ÂóäîîÂĀÛÛÂóäØÕæîÈ×úÂĂË­ÿÜĆÚÿÅäøćîÈâøîĂÚÂóäÂČóìÚÕ
Å¬óßóäóâõÿÖîä°Ö¬óÈąÕòÈÂæ¬óèÃ­óÈÖ­ÚØöćÿìâóñëâ āÕãÂóäßõÉóäÔóÅ¬ó signal to noise ratio ØöćØČóĂì­ÿÂõÕÅ¬ó smaller the 
better  

ÉóÂÝæÂóäé÷ÂêóĀëÕÈĂì­ÿìĆÚè¬óÅ¬óßóäóâõÿÖîä°ØöćÿìâóñëâĂÚÂóäÜäòÛÖòĈÈÿÅäøćîÈÉòÂäăÕ­ÕòÈÚöĈÅøî Åøî îùÔìáúâõ 
ÌöæÛÚ 155 îÈéóÿÌæÿÌöãë îùÔìáúâõÌöæÂæóÈ 133 îÈéóÿÌæÿÌöãë   îùÔìáúâõÌöææ¬óÈ 150 îÈéóÿÌæÿÌöãë ÉòÈìèñÂóäÜõÕ
ÃîÈÌöæ 0.52 èõÚóØö ÿèæóĂÚÂóäÜõÕÖòèÌöæ 0.3 èõÚóØö ĀæñÅèóâÿäĆèĂÚÂóäÛääÉù 58 èõÚóØö/×ùÈ Ì÷ćÈáóãìæòÈÂóäÜäòÛÜäùÈÅ¬ó
ëòÕë¬èÚÃîÈÿëöãæÕæÈÿìæøî 2.748% ìäøîæÕæÈÉóÂÿÕõâÂ¬îÚØČóÂóäÜäòÛÜäùÈ 72.52% 
ÅČóìæòÂ  ÂóäÜäñãùÂÖ°ĂË­ØóÂúËõ  ÜòÎìóÌîÈäòćè 
 
Abstract 

The objective of this research was to reduce a packaging defective problem in the cracker packaging 
process of a case study company. From the analysis data of defective found that a packaging defective was 
10% and used the Pareto chart and cause · effect diagram to analysis the problem.  The general problem 
was employees not have any suitable standard to set up parameters of the machine. The parameters that 
concerned were an upper seal temperature, a middle seal temperature, a lower seal temperature, time to 
close a seal and speed of the packaging process. Design an Experiment was a tool to determine the 
appropriate set of parameters that mention above by consideration signal to noise ratio that had a smaller the 
better value. 
  The result of the study showed that the appropriate parameter to use for setting up the machine 
were followed:  an upper seal temperature was 155 degrees of Celsius, a middle seal temperature was 133 
degrees of Celsius, a lower seal temperature was 150 degrees of Celsius, End seal close was 0.52 second, 
time to close a seal was 0.3 second and speed of the packaging process was 58 second/piece.  The after 
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improved showed that a packaging defective decreased to 2.748% or decreased 72.52% from the former 
process. 
Keywords: Application of Taguchi, pack leakage problems 
 
1.ÛØÚČó 
ÉóÂëáóèñÿéäêÑÂõÉĂÚÜòÉÉùÛòÚÃîÈÜäñÿØéăØã
áóÅîùÖëóìÂääâÖ¬óÈąăÕ­ÿæĆÈÿìĆÚ×÷ÈÅèóâëČóÅòÎĂÚÿäøćîÈ
ÂóäæÕÅèóâëúÎÿëöãĂÚÂóäÝæõÖ ÿßøćîĂì­âöÖ­ÚØùÚØöćæÕæÈ
ëóâóä×ÜäòÛÖòèîãú¬äîÕăÕ­ĂÚëáóèñÿéäêÑÂõÉØöćÖÂÖČćó Āæñ
ë¬ÈÝæÖ¬îÂóäăÕ­ÿÜäöãÛĂÚÂóäĀÃ¬ÈÃòÚĂÚÙùäÂõÉ ÚîÂÉóÂÚöĈ
ÜäñÿØéăØãăÕ­ÿÃ­óëú¬ÂóäÿÜõÕÂóäÅ­óÿëäöîóÿÌöãÚ Ì÷ćÈ
ìâóã×÷ÈÉñâöÅú¬ĀÃ¬ÈÃòÚØöćÿßõćââóÂÃ÷ĈÚÕ­èãÿË¬ÚÂòÚ āÕãÂæ
ãùØÙ°ØöćĂË­ĂÚÂóäÿßõćâÝæÝæõÖĀæñæÕÖ­ÚØùÚ Åøî ÂóäæÕÃîÈ
ÿëöãĂÚÂäñÛèÚÂóäÝæõÖ āÕãÿÊßóñîã¬óÈãõćÈîùÖëóìÂääâ
ÝæõÖîóìóä ÛäõêòØÖ­îÈÂóäĂì­ÝæõÖáòÔÒ°âöÅùÔáóßØöćÕöÿßøćî
ë¬ÈÖ¬îĂì­ÂòÛæúÂÅ­óëä­óÈÅèóâß÷ÈßîĂÉĂÚÂóäÿæøîÂÛäõāáÅ
ÝæõÖáòÔÒ°ÃîÈÛäõêòØÚòĈÚą ÕòÈÚòĈÚÂäñÛèÚÂóäÝæõÖîóìóä
Ö­îÈâöÅèóâĀÚ¬ĂÉè¬óÝæõÖáòÔÒ°ÚòĈÚ ÉñëñîóÕ âöÅùÔáóß
ÖäÈÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó ĀæñëõćÈìÚ÷ćÈØöćëČóÅòÎØöćÉñ
ë¬ÈÝæÖ¬îÅùÔáóßÃîÈîóìóä ĀæñâöîóãùÂóäÿÂĆÛäòÂêóÖóâ
ÊæóÂÛäõāáÅÚòćÚÂĆÅøî ÛääÉùáòÔÒ° Ì÷ćÈÛääÉùáòÔÒ°ÃîÈÃÚâ
ÃÛÿÅöĈãèâòÂÜäñëÛÜòÎìóÌîÈäòćè āÕãÜòÎìóÌîÈäòćè
ÿÂõÕÃ÷ĈÚăÕ­ìæóãËÚõÕÕ­èãÂòÚ Ì÷ćÈÛäõêòØÂäÔöé÷ÂêóâòÂßÛ
ÜòÎìóËÚõÕÌîÈäòćèÕòÈÚöĈ äúÛÚàõæ°â, äîãÌöæÛÚ · æ¬óÈ, ëóâ
ĀãÂ, Ø­îÈĀÖÂ, ìÚöÛ, æâÚ­îã, ÌîÈßòÛ, âùâÌîÈ ÕòÈäúÜØöć 
1 ĀëÕÈËÚõÕÌîÈäòćè 

ÉóÂäúÜØöć 1 ÿÜĆÚÂäóàßóÿäāÖĀëÕÈËÚõÕÃîÈ
ÜòÎìóÌîÈäòćèßÛè¬ó 80 ÿÜîä°ÿÌÚÖ°ÃîÈÜòÎìóØöćÿÂõÕÃ÷ĈÚ 
ăÕ­ĀÂ¬ ÌöæÛÚ · æ¬óÈ, äúÛÚàõæ°â, âùâÌîÈ, ìÚöÛ, ÌîÈßòÛ 
Ì÷ćÈÝú­èõÉòãăÕ­èõÿÅäóñì°ÜòÎìóØöćÿÂõÕÃ÷ĈÚāÕãÂóäĂË­ĀÝÚáúâõ
ÿìÖùĀæñÝæ (Cause · and · Effect Diagram) ÿßøćîìó
ëóÿìÖùÃîÈÜòÎìó [1] ÕòÈĀëÕÈĂÚäúÜØöć 2 

 
 
 
 
 

 

        äúÜØöć 1 ËÚõÕÃîÈÜòÎìóÌîÈäòćè 
 

 
 
 
 
 
 
 
 
      äúÜØöć 2 ĀÝÚáúâõÿìÖùĀæñÝæÜòÎìóÌîÈäòćè 

 
ÉóÂäúÜØöć 2 ĀÝÚáúâõĀëÕÈÿìÖùĀæñÝæÜòÎìóÌîÈ

äòćè ßÛè¬ó ÂäÔöÃîÈÅÚ (Man) ÿÜĆÚÜòÎìóÿÂöćãèÂòÛØòÂêñ
ÂóäÜäòÛÖòĈÈÅ¬óÿÅäøćîÈÉòÂä ÿÚøćîÈÉóÂăâ¬âöâóÖäóÑóÚĂÚÂóä
ÜäòÛÖòĈÈÿÅäøćîÈ ÕòÈÚòĈÚ Ýú­èõÉòãăÕ­ÿæøîÂĀÂ­ÜòÎìóĂÚë¬èÚÃîÈ
èõÙöÂóä āÕãÂóäÜäñãùÂÖ°ĂË­ĀÚèÅõÕÃîÈÂóäîîÂĀÛÛÂóä
ØÕæîÈ ĂÚØÕëîÛÂóäĀÂ­ăÃÜòÎìóÌîÈäòćè āÕãØÕæîÈ
ÂóäÜäòÛÖòĈÈÅ¬óßóäóâõÿÖîä°ÃîÈÿÅäøćîÈÉòÂäĂÚÂóäÛääÉù
áòÔÒ°  
 
2. ØåêÏöØöćÿÂöćãèÃ­îÈ  
2.1 ÂóäîîÂĀÛÛÂóäØÕæîÈ 

Montgomery [2] ăÕ­Âæ¬óèăè­è¬ó ×­óÖ­îÈÂóäĂì­
ÂóäØÕæîÈ ÿÂõÕÜäñëõØÙõáóßĂÚÂóäèõÿÅäóñì°ÝæăÕ­ëúÈëùÕ
ÉñÖ­îÈÚČóèõÙöØóÈ èõØãóéóëÖä°ÿÃ­óâóË¬èãĂÚÂóäèóÈ
ĀÝÚÂóäØÕæîÈ ÅČóè¬ó Ấóä îîÂĀÛÛÂóäØÕæîÈÿËõÈ
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ë×õÖõµ ìâóã×÷È ÂäñÛèÚÂóäĂÚÂóäèóÈ ĀÝÚÂóäØÕæîÈ
ÿßøćîè¬óÉñăÕ­âóÌ÷ćÈÃ­îâúæØöćÿìâóñëâØöćëóâóä× ÚČóăÜĂË­ĂÚ
ÂóäèõÿÅäóñì°āÕãèõÙöÂóäØóÈë×õÖõ Ì÷ćÈÉñØČóĂì­ëóâóä×ìó 
Ã­îëäùÜØöćëâÿìÖùÝæăÕ­ÂóäîîÂĀÛÛÂóäØÕæîÈ [3] Åøî
ÂóäØÕëîÛ ÿßöãÈÅäòĈÈÿÕöãèìäøîÖ¬îÿÚøćîÈ āÕãØČóÂóä
ÿÜæöćãÚĀÜæÈÅ¬óÖòèĀÜä ÚČóÿÃ­ó (Input Variables) ĂÚ
äñÛÛìäøîÂäñÛèÚÂóäØöćëÚĂÉé÷Âêó ÿßøćîØöćÉñØČóĂì­
ëóâóä×ëòÈÿÂÖĀæñËöĈ×÷ÈëóÿìÖùÖ¬óÈą ØöćÂ¬îĂì­ÿÂõÕÂóä 
ÿÜæöćãÚĀÜæÈÃîÈÝææòßÙ°ØöćăÕ­ (Output or Response) 
ÉóÂ ÂäñÛèÚÂóäìäøîäñÛÛÚòĈÚ āÕãÖòèĀÜäÚČóÿÃ­óÉñ×úÂ
ÉòÕĀÛ¬ÈÿÜĆÚ 2 Âæù¬âÅøî Âæù¬âØöćÅèÛÅùâăÕ­ ÿäöãÂè¬ó Ö́òèĀÜä 
(ìäøîÜòÉÉòã) ØöćÅèÛÅùâăÕ­ (Controllable Variables or 
Factors) ìäøîÖòèĀÜä (ìäøîÜòÉÉòã) Øöćëóâóä×îîÂĀÛÛăÕ­µ 
(Design Variables or Factors) ĀæñÂæù¬âØöć ăâ¬ëóâóä×
ÅèÛÅùâăÕ­ ÿäöãÂè¬ó Ö́òèĀÜä (ìäøîÜòÉÉòã) ØöćäÛÂèÚ 
äñÛÛµ (Uncontrollable or Noise Variables Factors) 
ÕòÈĀëÕÈ ĂÚäúÜØöć 3  

 

 
äúÜØöć 3 ÅèóâëòâßòÚÙ°äñìè¬óÈÖòèĀÜäÖ¬óÈą ĂÚ
ÂäñÛèÚÂóä ìäøîäñÛÛØöćëÚĂÉ 

 
2.2 ĀÛÛÂóäØÕæîÈØóÂúËõ ĀÛÛÂóäØÕæîÈØóÂúËõ [4] 
Åøî ÂóäØÕæîÈØöćâöæòÂêÔñÿÜĆÚ ĀÛÛÂóäØÕæîÈîîä°Øî
ÂîÚòæ (Orthogonal Array) ÿìâóñĂÚ Âóäé÷Âêó
ÝæÂäñØÛÜòÉÉòãìæòÂ (Main Effects) ÿÜĆÚĀÛÛÂóä
ØÕæîÈ Resolution III Âæ¬óèÅøî ÝæÂäñØÛÜòÉÉòãìæòÂâö
āÅäÈëä­óÈÌČĈóÌ­îÚÂòÛÝæÂäñØÛÜòÉÉòãìæòÂ ĀæñÝæÂäñØÛ
ä¬èâ 2 ÜòÉÉòãÉ÷ÈÿìâóñëČóìäòÛÂóäÅòÕÜòÉÉòãØõĈÈ 
(Screening Factors) 

èõÙöÂóäÃîÈØóÂúËõăÕ­ÿîóìæòÂÂóäîîÂĀÛÛÂóä
ØÕæîÈâóÜäñãùÂÖ°ĂË­ āÕãßãóãóâÜäòÛĂì­È¬óãÃ÷ĈÚĂÚ

ÃòĈÚÖîÚÂóäèõÿÅäóñì°ÝæÌ÷ćÈăâ¬ĂË­ÂóäĀÉÂĀÉÈØóÈë×õÖõ 
ĀæñÖóäóÈÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ ÿßøćîëñÕèÂ
ëČóìäòÛÂóäÚČóăÜÜäñãùÂÖ°ĂË­ĂÚÈóÚÉäõÈ ĀÖ¬ÉñĂË­èòÕÅ¬óØöć
ăÕ­ßòÓÚóÃ÷ĈÚÿîÈ ăÕ­ĀÂ¬ îòÖäóë¬èÚëòÎÎóÔÖ¬îëõćÈäÛÂèÚ
äñÛÛ (Signal · to · Noise Ratio: S/N) Ì÷ćÈÉČóĀÚÂÖóâ
æòÂêÔñØóÈÅùÔáóß ĀÛ¬ÈăÕ­ 3 ÂäÔö Åøî 

 2.2.1 ÂäÔöÅ¬óãõćÈâóÂãõćÈÕö (Lager · The · 
Better) ÿË¬Ú äñãñØöćä×èõćÈăÕ­Ö¬îæõÖä (ÂõāæÿâÖä) ÝæÝæõÖØöć
ăÕ­ (Yield (%)) 

2.2.2 ÂäÔöÅ¬óãõćÈÚ­îããõćÈÕö (Smaller · The · 
Better) ÿË¬Ú ÅèóâÿÃ­âÃ­ÚÃîÈÂ®óÌßõêĂÚîóÂóé (%) ÃîÈ
ÿëöãĂÚÂäñÛèÚÂóä (%) 

2.2.3 ÂäÔöÅ¬óÖäÈÿÜ­óìâóãÕöØöćëùÕ (Target · 
The · Better) ÿË¬Ú ÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈÃîÈÈóÚÿÉóñ 
ÜäõâóÔÛääÉùĀÜ­ÈÿÕĆÂ Å¬óÅèóâÖ­óÚØóÚĀäÈÕ÷ÈÃîÈĂãÝ­ó  
 
3. ÂóäÕČóÿÚõÚÂóäèõÉòã 

ÈóÚèõÉòãÊÛòÛÚöĈÿÜĆÚÂóäÜäñãùÂÖ°ÂóäîîÂĀÛÛ
ÂóäØÕæîÈÕ­èãèõÙöØóÂúËõ ÿßøćîìóÅ¬óÜòÉÉòãØöćÿìâóñëâÃîÈ
ÂóäÜäòÛÖòĈÈÿÅäøćîÈÛääÉùáòÔÒ° ÿßøćîæÕÜòÎìóĂÚÿäøćîÈÌîÈ
äòćèØöćÿÂõÕÉóÂÂóäÜõÕÝÚ÷Âăâ¬ëÚõØÖæîÕØòĈÈĀÚèÌöæ 
3.1 ÜòÉÉòãĀæñäñÕòÛÜòÉÉòã 
 ÜòÉÉòãĀæñäñÕòÛÜòÉÉòãØöćé÷ÂêóĂÚÈóÚèõÉòãÚöĈ
ßõÉóäÔóÿÊßóñÜòÉÉòãØöćÅèÛÅùâăÕ­ (Factor) Āæñăâ¬ëÚĂÉ
ÜòÉÉòãØöćÅèÛÅùâăâ¬ăÕ­ (Noise Factor) āÕãÜòÉÉòãØöćé÷Âêó
ÜäñÂîÛÕ­èã 6 ÜòÉÉòã ăÕ­ĀÂ¬ îùÔìáúâõÌöæÂæóÈ, îùÔìáúâõ
ÌöæÛÚ, îùÔìáúâõÌöææ¬óÈ, ÉòÈìèñÂóäÜõÕÃîÈÖòèÌöæ (End 
seal close), ÿèæóĂÚÂóäÜõÕÖòèÌöæ (End seal time) Āæñ
ÅèóâÿäĆè (Speed) āÕãÅ¬óäñÕòÛÜòÉÉòãÖ¬óÈąÕòÈÖóäóÈØöć 1 
 
ÖóäóÈØöć 1 ÜòÉÉòãĀæñäñÕòÛÜòÉÉòã 

ÜòÉÉòã 
äñÕòÛÃîÈÜòÉÉòã 

Min Max 
îùÔìáúâõÌöæÂæóÈ 131 133 
îùÔìáúâõÌöæÛÚ 148 155 
îùÔìáúâõÌöææ¬óÈ 150 155 
ÉòÈìèñÂóäÜõÕÃîÈÖòèÌöæ 0.50 0.52 
ÿèæóĂÚÂóäÜõÕÖòèÌöæ 0.10 0.30 
ÅèóâÿäĆè 58 61 
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3.2 ÂóäîîÂĀÛÛÂóäØÕæîÈÕ­èãèõÙöØóÂúËõ 

ÂóäîîÂĀÛÛÂóäØÕæîÈÿßøćîÿÂĆÛÃ­îâúæÕ­èãèõÙö
ØóÂúËõ Ì÷ćÈĂË­Âóäëä­óÈĀÝÚÂóäØÕæîÈĀÛÛÿâÖäõÂÌ° 
(Design the matrix experiment) âöäúÜĀÛÛÂóäØÕæîÈØöć 
ÿæøîÂâóÉóÂÂóäØÕæîÈĀÛÛëâÛúäÔ°ÿßøćîæÕÿèæóĀæñ 
ÅèóâëõĈÚÿÜæøîÈØäòßãóÂäÉóÂÂóäØÕæîÈÉČóÚèÚâóÂ 
āÕãĂË­ĀÝÚÂóäØÕæîÈĂÚäúÜĀÛÛ Orthogonal Array 
ὒς  ĀæñÿâøćîØČóÂóäØÕæîÈÖóâĀÝÚØöćîîÂĀÛÛăè­ 
Ýú­èõÉòãÉñØČóÂóäØÕæîÈÌČĈó 3 ÅäòĈÈ āÕãÉñÚČóÅ¬óÝæÂóä
ØÕæîÈ (ÿÜîä°ÿÌĆÚÖ°äòćè) ØöćăÕ­âóÅČóÚèÚîòÖäóë¬èÚ
ëòÎÎóÔÖ¬îëõćÈäÛÂèÚ Signal · To · Noise Ratio ÿßøćî
ìóäñÕòÛÜòÉÉòãØöćÿìâóñëâ 

 
4. ÝæÂóäØÕæîÈĀæñÂóäèõÿÅäóñì° 
4.1 ÝæÂóäØÕæîÈ 
 ÝæÂóäØÕæîÈÖóâäúÜĀÛÛ Orthogonal Array 
ὒς ØÕæîÈÌČĈó 3 ÅäòĈÈ Å¬óÝæÂóäØÕæîÈ (Response) 
ĂÚÈóÚèõÉòãÚöĈ Åøî ÿÜîä°ÿÌĆÚÖ°ÌîÈäòćè ĀæñÅČóÚèÔÅ¬ó
îòÖäóë¬èÚëòÎÎóÔÖ¬îëõćÈäÛÂèÚäñÛÛ (S/N Ratio) āÕã
ÂóäèõÉòãÅäòĈÈÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîæÕÉČóÚèÚÃîÈÿëöãÉóÂ
ÜòÎìóÌîÈäòćè Ì÷ćÈÅ¬óãõćÈÚ­îããõćÈÕö ìâóãÅèóâè¬ó Å¬ó
ÿÜîä°ÿÌĆÚÖ°ÌîÈäòćèãõćÈÚ­îããõćÈÕö ÖóâØåêÐöÃîÈØóÂúËõÂóä
ÅČóÚèÚÕòÈÂæ¬óèÉñîãú¬ĂÚäúÜÃîÈ Smaller · The · Better 
ÝæÂóäØÕæîÈÕòÈÖóäóÈØöć 3  

 
ÖóäóÈØöć 3 ÝæÂóäØÕæîÈ 

æČóÕòÛ
ØÕæîÈ 

ÜòÉÉòãØöćÅèÛÅùâĂÚÂóäØÕæîÈ ÿÜîä°ÿÌĆÚÖ°äòćè 
Å¬ó 
ÿÊæöćã 

S/N 
Ratio 

îùÔìáúâõÌö
æÂæóÈ 

îùÔìáúâõÌö
æÛÚ 

îùÔìáúâõÌö
ææ¬óÈ 

ÉòÈìèñÂóä
ÜõÕÃîÈÖòè
Ìöæ 

ÿèæóĂÚÂóä
ÜõÕÖòèÌöæ 

ÅèóâÿäĆ
è 

äîÛØöć 1 äîÛØöć 2 äîÛØöć 3 

1 131 148 150 0.50 0.1 58 0.97 1.20 0.88 1.02 -4.99 
2 131 148 150 0.52 0.3 61 1.74 1.58 1.20 1.51 -3.65 
3 131 155 155 0.50 0.1 61 3.12 2.70 2.50 2.77 -8.89 
4 131 155 155 0.52 0.3 58 0.73 0.81 0.83 0.79 2.01 
5 133 148 155 0.50 0.3 58 0.93 0.76 0.75 0.81 1.74 
6 133 148 155 0.52 0.1 61 0.79 0.77 0.70 0.75 2.44 
7 133 155 150 0.50 0.3 61 0.33 0.21 0.44 0.33 9.21 
8 133 155 150 0.52 0.1 58 0.81 0.79 0.79 0.80 2.01 

 
4.2 ÂóäèõÿÅäóñì°ÝæÖóâÃòĈÚÖîÚÃîÈØóÂúËõ 
 ÿßøćîÂóäÂČóìÚÕÅ¬óäñÕòÛÜòÉÉòãØöćÿìâóñëâ
ëóâóä×ßõÉóäÔóÉóÂäñÕòÛÜòÉÉòãØöćØČóĂì­Å¬óîòÖäóë¬èÚ 
 
ëòÎÎóÔÖ¬îëõćÈäÛÂèÚâöÅ¬óëúÈëùÕ (Max Signal · to · 
Noise Ratio)  
 
ÉóÂÖóäóÈØöć 4 ëäùÜăÕ­è¬ó ÜòÉÉòãØöćâöîõØÙõßæÖ¬î
ÝæÖîÛëÚîÈÅ¬óÿÊæöćãÃîÈîòÖäóë¬èÚëòÎÎóÔÖ¬î
ëõćÈäÛÂèÚĂÚÂäñÛèÚÂóäÛääÉùáòÔÒ°Øöćë¬ÈÝæÖ¬îÉČóÚèÚ
ÃîÈÿëöãÉóÂÜòÎìóÌîÈäòćè āÕãßõÉóäÔóÉóÂÅ¬ó
ÝæÂäñØÛÃîÈĀÖ¬æñÜòÉÉòãÉóÂâóÂăÜÚ­îã Åøî 

îùÔìáúâõÌöæÂæóÈ, ÿèæóĂÚÂóäÜõÕÖòèÌöæ, îùÔìáúâõÌöæ
æ¬óÈ, ÅèóâÿäĆè, îùÔìáúâõÌöæÛÚ, ĀæñÉòÈìèñÂóäÜõÕÃîÈ
ÖòèÌöæ    
ÖóäóÈØöć 4 ÝæÖîÛëÚîÈÅ¬óÿÊæöćãÃîÈîòÖäóë¬èÚ
ëòÎÎóÔÖ¬îëõćÈäÛÂèÚØöćäñÕòÛÖ¬óÈąÃîÈĀÖ¬æñÜòÉÉòã 

 
 

ÂóäèõÿÅäóñì°ÝæÃîÈØóÂúËõÿßøćîìóäñÕòÛÜòÉÉòã
Øöćÿìâóñëâ ßõÉóäÔóÉóÂäñÕòÛÅ¬óØöćØČóĂì­îòÖäóë¬èÚ
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ëòÎÎóÔÖ¬îëõćÈäÛÂèÚ (Signal · to · Noise Ratio: 
S/N) âöÅ¬óëúÈëùÕÕòÈäúÜØöć 4  

 

äúÜØöć 4 ÂäóàÝæÖîÛëÚîÈÅ¬óîòÖäóë¬èÚëòÎÎóÔÖ¬î
ëõćÈäÛÂèÚ 

 
ÉóÂäúÜäñÕòÛÜòÉÉòãØöćÿìâóñëâĂÚÂóäÜäòÛÖòĈÈ

ÿÅäøćîÈÛääÉùáòÔÒ° ÿßøćîæÕÜòÎìóĂÚÿäøćîÈÌîÈäòćèÚ­îã
ØöćëùÕÕòÈÚöĈ  
 - îùÔìáúâõÌöæÂæóÈ Å¬óØöćÿìâóñëâ Åøî 133 îÈéó

ÿÌæÿÌöãë (äñÕòÛÜòÉÉòã 2) 

-  ÿèæóĂÚÂóäÜõÕÖòèÌöæ Å¬óØöćÿìâóñëâ Åøî 0.3 èõÚóØö 

(äñÕòÛÜòÉÉòã 2) 

- îùÔìáúâõÌöææ¬óÈ Å¬óØöćÿìâóñëâ Åøî 150 îÈéó

ÿÌæÿÌöãë (äñÕòÛÜòÉÉòã 1) 

- ÅèóâÿäĆè Å¬óØöćÿìâóñëâ Åøî 58 èõÚóØö/×ùÈ (äñÕòÛ

ÜòÉÉòã 1) 

- îùÔìáúâõÌöæÛÚ Å¬óØöćÿìâóñëâ Åøî 155 îÈéó

ÿÌæÿÌöãë (äñÕòÛÜòÉÉòã 2) 

- ÉòÈìèñÂóäÜõÕÃîÈÖòèÌöæ Å¬óØöćÿìâóñëâ Åøî 0.52 

èõÚóØö (äñÕòÛÜòÉÉòã 2) 

 

5. ëäùÜ 

ÉóÂÝæÂóäé÷ÂêóĀëÕÈĂì­ÿìĆÚè¬ó
Å¬óßóäóâõÿÖîä°ØöćÿìâóñëâĂÚÂóäÜäòÛÖòĈÈÿÅäøćîÈÉòÂäăÕ­
ÕòÈÚöĈÅøî Åøî îùÔìáúâõÌöæÂæóÈ 133 îÈéóÿÌæÿÌöãë 
ÿèæóĂÚÂóäÜõÕÖòèÌöæ 0.3 èõÚóØö îùÔìáúâõÌöææ¬óÈ 150 

îÈéóÿÌæÿÌöãë ÅèóâÿäĆè 58 èõÚóØö/×ùÈ îùÔìáúâõÌöæÛÚ
155 îÈéóÿÌæÿÌöãë ĀæñÉòÈìèñÂóäÜõÕÃîÈÖòèÌöæ 0.52 
èõÚóØö Ì÷ćÈáóãìæòÈÂóäÜäòÛÜäùÈÅ¬óëòÕë¬èÚÃîÈÿëöãæÕæÈ
ÿìæøî 2.748% ìäøîæÕæÈÉóÂÿÕõâÂ¬îÚØČóÂóäÜäòÛÜäùÈ 
72.52% 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈ ÿÜĆÚÂóäÜäòÛÜäùÈÜäñëõØÙõáóßÿÅäøćîÈÊóãäòÈëöîõÚàóÿäÕÂČóÉòÕâîÕÖ­ÚĀÛÛÿßøćîßòÓÚóëú¬ÿËõÈßóÔõËã° Ì÷ćÈâö
èòÖ×ùÜäñëÈÅ°ÿßøćîé÷ÂêóÿÜäöãÛÿØöãÛÜäñëõØÙõáóßÂóäØČóÈóÚÃîÈÿÅäøćîÈÖ­ÚĀÛÛÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈ äèâØòĈÈ
é÷ÂêóÜòÎìóØöćÿÂõÕÃ÷ĈÚÿâøćîÚČóăÜĂË­ÈóÚÂČóÉòÕâîÕĂÚÃ­óèëóäÕîÂâñæõ ƗƖƛ ĂÚāäÈëöØöćä¬èâāÅäÈÂóä ØöćÿÕõâĂË­ÂóäÛääÉù
ĀÛÛëúÎÎóÂóéÿßøćîÜ­îÈÂòÚâîÕ ÃòĈÚÖîÚÂóäØČóÈóÚÿäõćâÉóÂîîÂĀÛÛëČóäèÉÿßøćîÜäñÿâõÚÅèóâß÷ÈßîĂÉĀæñÅèóâ
ÅõÕÿìĆÚÃîÈæúÂÅ­óÂ¬îÚÂóäĂË­ÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕ āÕãÝæÅñĀÚÚÿÊæöćãäèâÿØ¬óÂòÛ ƙ.ƖƟ ÅõÕÿÜĆÚä­îãæñ ƜƗ.ƞ 
ÉóÂÚòĈÚăÕ­ØČóÂóäÜäòÛÜäùÈÃ­îÛÂßä¬îÈØöćÿÂõÕÃ÷ĈÚ ĀæñØČóÂóäëČóäèÉÿßøćîÜäñÿâõÚÅèóâÅõÕÿìĆÚĀæñÅèóâß÷ÈßîĂÉìæòÈ
ÂóäĂË­ÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕ ÝæÂóäëČóäèÉßÛè¬ó ÝæÅñĀÚÚÿÊæöćãìæòÈÜäòÛÜäùÈäèâÿØ¬óÂòÛ ƙ.ƝƖ ÅõÕÿÜĆÚä­îãæñ 
Ɲƚ Ì÷ćÈÅñĀÚÚÿÊæöćãäèâëúÈÂè¬óÂ¬îÚØČóÂóäÜäòÛÜäùÈ Ɩ.ƜƗ ìäøîÿØ¬óÂòÛÿßõćâÃ÷ĈÚä­îãæñ ƗƘ.Ƙ Ì÷ćÈ×øîè¬óáóßāÕãäèâÃîÈ
ßÚòÂÈóÚÝú­ĂË­ÈóÚÿÅäøćîÈÉäõÈÿÂõÕÅèóâß÷ÈßîĂÉĂÚÂóäÚČóÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕăÜĂË­ ÂóäÛääÉùÃ­óèëóäìîââñæõ 
ƗƖƛ ĀÛÛ×ùÈëúÎÎóÂóéÃîÈāäÈëöâöÖ­ÚØùÚÿØ¬óÂòÛ ƗƞƜ,ƜƖƖ ÛóØÖ¬îÿÕøîÚ ë¬èÚÖ­ÚØùÚÿÅäøćîÈÖ­ÚĀÛÛäèâÅ¬óăàà­óĂÚ
ÿÕøîÚĀäÂÿØ¬óÂòÛ Ɨƞƛ,ƟƟƚ.Ɲƛ ÛóØÖ¬îÿÕøîÚ Ì÷ćÈßÛè¬óāäÈëöâöäñãñÿèæóĂÚÂóäÅøÚØùÚăÕ­áóãĂÚÿÕøîÚĀäÂÿØ¬óÚòĈÚ    
ÅČóìæòÂ  âîÕ, äòÈëöîõÚàäóÿäÕ, äñãñÅøÚØùÚ 
 
Abstract 
This research aims to improve the efficiency of the rice weevil removal prototype machine by using 
infrared radiation for commercial purpose. The main objective was to compare the performance of the 
prototype before and after improvements. Another objective was to indicate problems that may arise 
during applied to Dawk Mali 105 in the selected mill in which currently uses a vacuum packaging method 
to protect rice weevils.  The questionnaire was designed to obtain satisfaction and customer feedback 
after using new infrared radiation technology. Before any improvement, the total average score was 3.09 
or 61.8 percent.  After that, some improvements were introduced. After the improvements, it was found 
that an average score was increased to 3.70 or 74 percent. It was 0.61 points or 12.2 percent greater 
than that of the previous satisfaction.  This was indicated that the user satisfied with the infrared 
application. Total cost of vacuum packing of Dawk Mali 105 was 186,600 baht per month. Compared to 
the total cost of infrared radiation technology was 185,994.75 baht per month. It was shown that the mill 
can have the payback period within the first month of use. 
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Keywords:  weevil, infrared radiation, payback period 
1. ÛØÚČó 
 Ã­óè ÿÜĆÚßøËØöćâöÅèóâëČóÅòÎÖ¬îâÚùêã°âóÚóÚÚòÛßòÚ
ÜöÌ÷ćÈâöÜäñËóÂäÂè¬óÅä÷ćÈìÚ÷ćÈÃîÜäñËóÂäāæÂÛäõāáÅÃ­óè
ÿÜĆÚîóìóäìæòÂÉñÿìĆÚăÕ­ÉóÂÿÂêÖäÂäÝú­ÜæúÂÃ­óèìäøî
ËóèÚóĂÚÜäñÿØéăØã ØöćâöâóÂ×÷È ƙ.Ɲ æ­óÚÅäòèÿäøîÚ ìäøî
ÅõÕÿÜĆÚä­îãæñ ƜƜ ÃîÈÅäòèÿäøîÚÿÂêÖäÂäØòĈÈìâÕâößøĈÚØöć 
(ÂäâÂóäÅ­óáóãĂÚ, Ƙƛƛƙ) Ì÷ćÈĂÚÜäñÿØéăØãâöÂóäÜæúÂ
Ã­óèØöćìæóÂìæóãëóãßòÚÙ°ëóâóä×ĀÛ¬ÈîîÂÿÜĆÚ Ƙ 
ÜäñÿáØìæòÂą Åøî Ã­óèßòÚÙù°ßøĈÚÿâøîÈ ĀæñÃ­óèßòÚÙù°
æúÂÝëâ Ì÷ćÈÃ­óèßòÚÙù°æúÂÝëâăÕ­ĀÂ¬ ËòãÚóØ Ɨ, ËòãÚóØƘ 
ÜØùâÙóÚö Ɨ ë¬èÚÃ­óèßòÚÙù°ßøĈÚâøîÈ ăÕ­ĀÂ¬ ßòÚÙù°Ã­óèÕîÂ
âñæõ ƗƖƛ  æòÂêÔñāÕãØòćèăÜÃîÈÃ­óèÃóèÕîÂâñæõ ÿâæĆÕ
Ã­óèÿÜæøîÂëöàóÈ  äúÜä¬óÈÿâæĆÕãóè  ÜæóãāÅ­ÈâÚÿæĆÂÚ­îã
ÿâæĆÕÃ­óèÂæ­îÈĂëâöØ­îÈăÃ¬Ú­îãâöÅèóâÿæøćîââòÚÉâúÂÿæĆÂ
ÅèóâãóèÿâæĆÕÃ­óèÂæ­îÈÜäñâóÔ  Ɲ.ƛ  âõææõÿâÖä   
Ã­óèëóäâöÉČóÚèÚîñâõāæëÿÊæöćã  ÜäñâóÔä­îãæñ Ɨƛ · ƗƜ 
Ã­óèëùÂâöæòÂêÔñÿìÚöãèÚù¬ââöÂæõćÚìîâäëËóÖõØöćÕöÌ÷ćÈ
îÈÅ°ÜäñÂîÛØöćâöÝæÖ¬îÅèóâìîâÃîÈÃ­óèìîââñæõ Ã­óè
ìîââñæõÉñâöëóä Ƙ-Acetyl-Ɨ-Pyrolline āÕãîóÉâöëóäÚöĈĂÚ
Ã­óèëóäÜäñâóÔ Ɩ.Ɩƚ-Ɩ.Ɩƞ ăâāÅäÂäòâÖ¬îÂäòâ ĀæñĂÚ
Ã­óèÂæ­îÈâöÜäñâóÔ Ɩ.Ɨ-Ɩ.ƙ ăâāÅäÂäòâÖ¬îÂäòâ 
(ëČóÚòÂÈóÚÿÂêÖäĀæñëìÂäÔ°ÉòÈìèòÕä­îãÿîĆÕ, Ƙƛƚƞ)  Ì÷ćÈ
Ã­óèìîââñæõăØã   ÿÜĆÚÃ­óèØöćÝú­ÛäõāáÅÚõãâÉČóÚèÚâóÂ
āÕãâöØòĈÈáóãĂÚÜäñÿØéĀæñÖ¬óÈ ÜäñÿØéĂÚÜòÉÉùÛòÚÃ­óè
ìîââñæõØöćÝæõÖáóãĂÚ ÜäñÿØéâöîãú¬ìæóãëóãßòÚÙù°
Õ­èãÂòÚ ÿË¬Ú Ã­óèÃóèÕîÂâñæõ ƗƖƛ,   Ã­óè  ÂÃ.Ɨƛ  Ã­óè
ìîââñæõÜØùâÙóÚö ĀÖ¬Ã­óèìîââñæõØöćÿÜĆÚØöćÚõãââóÂØöćëùÕ  
Åøî   Ã­óèÃóèÕîÂâñæõ ƗƖƛ  ĀæñÂäñØäèÈßóÔõËã°ÂĆăÕ­
ÉòÕØČóâóÖäÑóÚ  ĂÚÂóäë¬ÈîîÂÃ­óèìîââñæõ ăÜãòÈÖ¬óÈ 
ÜäñÿØé  (èäÂóä  ÛòèÚèæ, Ƙƛƚƞ) Ì÷ćÈÜòÎìóØöćßÛĂÚÂóä
ë¬ÈîîÂÃ­óèØöćëČóÅòÎÅøîÂóäÜÚÿÜøĈîÚÃîÈĀâæÈÿâøćîâöÂóä
ØČóæóãÃîÈĀâæÈĂÚÿâæĆÕÃ­óè    ÉñßÛè¬óÅùÔáóßÃîÈ
ÿâæĆÕÃ­óèăâ¬ÿìâøîÚÿÕõâăâ¬ëóâóä×ÚČóâóĂË­ÜäñāãËÚ°ăÕ­
îöÂĂÚÜòÉÉùÛòÚÂóääñâòÕäñèòÈÿäøćîÈÅèóâëñîóÕâöâóÂÃ÷ĈÚ 
ÂóäßÛĀâæÈ ìäøîËõĈÚë¬èÚĀâæÈĂÚîóìóäØČóĂì­Ýú­ÛäõāáÅ
ÿÂõÕÅèóâăâ¬ßîĂÉ   îóÉÅøÚ×ùÈîóìóäĂì­ä­óÚÅ­ó    Ýú­Ýæõ
ìäøîÝú­ÜäñÂîÛÂóäĂÚØöćëùÕ (Âùëùâó  ÚèæèòÓÚ°, Ƙƛƚƛ)  Ì÷ćÈ
ÜòÎìóÂóäÅèÛÅùâÃîÈĀâæÈ ÿÜĆÚÜòÎìóĂìÎ¬ØöćÿÂõÕ Ã÷ĈÚĂÚ

ØùÂë×óÚØöćÃîÈÜäñÿØéĀæñãõćÈâöÂóäĂË­ëóäÿÅâöâóÂÃ÷ĈÚ
ÿØ¬óĂÕ   ÂĆãõćÈØČóĂì­ÿÂõÕÝæÃ­óÈÿÅöãÈÿÂõÕÃ÷ĈÚÂòÛëòÖè°  Āæñ
âÚùêã°âóÂÃ÷ĈÚÿØ¬óÚòĈÚÝæÃîÈëóäÿÅâöãòÈØČóĂì­
ëáóßĀèÕæ­îâÿëöãìóãăÜÕ­èã āÕãĂÚëâòãÂ¬îÚÂóäÂČóÉòÕ
ĀâæÈÂ¬îÚë¬ÈîîÂÃ­óè   āÕãĂË­èõÙöäâëóä Ethylene  
Dibromide (EDB) ÿÜĆÚèõÙöÂóäØöćâöÜäñëõØÙõáóßëúÈ  Āæñ
ĂË­ÂòÚîã¬óÈĀßä¬ìæóã  Ö¬îâóßÛè¬óÂóäĂË­ëóääâ  EDB   
ÿÜĆÚëóäÿÅâöØöćÂ¬îĂì­ÿÂõÕÜòÎìóÃîÈāäÅâñÿäĆÈ  Āæñëóäßõê
ÖÂÅ­óÈìæòÈÉóÂÂóäĂË­ ĂÚÜö ß.é. ƘƛƙƖ  É÷ÈãÂÿæõÂÂóäĂË­ 
EDB  ÿßøćîäâÂČóÉòÕĀâæÈìäøîÕ­èÈ  ĂÚÂóäë¬ÈîîÂ É÷ÈăÕ­âö
Ýú­é÷ÂêóĀÚèÅõÕĂÚÂóäßòÓÚóèõÙöÂóäÂČóÉòÕĀâæÈĂÚÃ­óèëóä
āÕãÂóäĂË­äòÈëöîõÚàäóÿäÕ Ì÷ćÈÿÜĆÚäòÈëöÅèóâä­îÚÅæøćÚëòĈÚ  
ĂÚÂóäĂì­Åèóâä­îÚÿÜĆÚäñãñÿèæóëòĈÚ āÕãĂË­äñÛÛ
ëóãßóÚæČóÿæöãÈ ØČóÂóäØÕæîÈÂČóÉòÕâîÕĂÚÃ­óèëóäìîâ
âñæõ āÕãÜäñëõØÙõáóßÂóäÂČóÉòÕÕ­èÈÈèÈÃ­óèä­îãæñ ƗƖƖ 
áóãĂÚäñãñÿèæó Ƙ - ƙ ÚóØö    (ÜäõèääÖ ÚóëèóëÕõċ, 
ƘƛƛƜ) 
 ÕòÈÚòĈÚèòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòãÚöĈ É÷ÈÉòÕØČóÃ÷ĈÚâó
ÿßøćîÚČóÿÅäøćîÈÂČóÉòÕâîÕāÕãìæîÕîõÚàäóÿäÕâóÜäòÛĂË­ĂÚ
ÿËõÈßóÔõËã°Ăì­ÿÂõÕÜäñāãËÚ°îã¬óÈëúÈëùÕĀæñØČóÂóä
ÜäòÛÜäùÈĀÂ­ăÃÜòÎìóØöćßÛÂòÛÿÅäøćîÈÂČóÉòÕâîÕÿßøćîĂì­
ÖîÛëÚîÈÂóäĂË­ÈóÚÉäõÈ ĀæñÖ¬îÅèóâß÷ÈßîĂÉÃîÈæúÂÅ­ó 
Ã­îâúæØöćăÕ­ÚöĈÉñ×úÂÚČóăÜßòÓÚóÿÅäøćîÈÂČóÉòÕâîÕäñÛÛîõÚ
àóÿäÕĂì­âöÜäñëõØÙõáóßëúÈÃ÷ĈÚĂÚāîÂóëÖ¬îăÜ 
 
èòëÕùîùÜÂäÔ°ĀæñèõÙöÂóäèõÉòã 
èòëÕù 
 Ã­óèëóäÕîÂâñæõ ƗƖƛ  āÕãØČóÂóäØÕæîÈØöć ÛäõêòØ
Ã­óèäòËâÈÅæ ÉČóÂòÕ  
îùÜÂäÔ° 
 ÿÅäøćîÈÂČóÉòÕâîÕÖ­ÚĀÛÛäñÛÛëóãßóÚßä­îâ
ÖñĀÂäÈÅòÕĀãÂÃ­óè ÕòÈĀëÕÈĂÚáóßØöć Ɨ Ì÷ćÈÿÜĆÚÿÅäøćîÈ
ÂČóÉòÕâîÕØöćßòÓÚóÃ÷ĈÚâóāÕãâöĀìæ¬ÈßæòÈÈóÚÅèóâä­îÚ
Åøî ìæîÕîõÚàäóÿäÕāÕãĂË­ìæîÕîõÚàäóÿäÕÂČóæòÈ Ɨ,ƖƖƖ 
èòÖÖ° ÉČóÚèÚ Ƙ ìæîÕ 
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èõÙöÂóäèõÉòã 
èõÙöÂóäĂË­ÿÅäøćîÈ 
 Ɨ.ÚČóÃ­óèëóäÕîÂâñæõ ƗƖƛ âóĂë¬ĂÚË¬îÈÿØÃ­óèëóä
ÜäòÛÃÚóÕË¬îÈÜæ¬îãÃ­óèĂì­ëúÈÜäñâóÔ Ɨ.ƛ ÿÌÚÖõÿâÖä 
 Ƙ.ÜäòÛ ÜòÉÉòãØöćé÷Âêó ƙ ÜòÉÉòã Åøî îùÔìáúâõÊóãäòÈëö 
Ɲƛ °C ÅèóâìÚóÃ­óèÛÚëóãßóÚ Ɨ.ƛ ÿÌÚÖõÿâÖä 
ÅèóâÿäĆèëóãßóÚ Ɨ ÚóØö ƙƖ èõÚóØö ĀæñÂČóìÚÕ
äñãñì¬óÈÃîÈìæîÕÂòÛÃ­óèëóä ƗƖ ÿÌÚÖõÿâÖä 
 
èõÙöÂóäÕČóÿÚõÚÈóÚ 
 Ɨ.ÚČóÿÅäøćîÈăÜÖõÕÖòĈÈØöć ÛäõêòØÃ­óèäòËâÈÅæÉČóÂòÕ Āæñ
×¬óãØîÕèõÙöÂóäĂË­ÈóÚÿÅäøćîÈÂČóÉòÕâîÕĀÂ¬ßÚòÂÈóÚāäÈëö 
 Ƙ.ÚČóÿÅäøćîÈăÜÖõÕÖòĈÈØöć ÛäõêòØÃ­óèäòËâÈÅæ ÉČóÂòÕ 
Āæñ×¬óãØîÕèõÙöÂóäĂË­ÈóÚÿÅäøćîÈÂČóÉòÕâîÕĀÂ¬ßÚòÂÈóÚ 
 ƙ.Ăì­ßÚòÂÈóÚØöćĂË­ÈóÚÿÅäøćîÈÂČóÉòÕâîÕØČó
ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷ÈßîĂÉÂ¬îÚØČóÂóäÜäòÛÜäùÈ  
 ƚ.ØČóÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷È
ßîĂÉÂ¬îÚØČóÂóäÜäòÛÜäùÈāÕãßÚòÂÈóÚÝú­ĂË­ÿÅäøćîÈÉäõÈ 
 ƛ.ØČóÂóäÜäòÛÜäùÈÿÅäøćîÈÂČóÉòÕâîÕĂì­ÖäÈÖóâÅèóâ
Ö­îÈÂóäÃîÈØóÈßÚòÂÈóÚØöćĂË­ÿÅäøćîÈÉóÂÂóäèõÿÅäóñì°
ĀÛÛëîÛ×óâ ßÛîãú¬ ƙ Ã­î Åøî Ɨ.) ÖñĀÂäÈÅòÕĀãÂ
Ã­óèëóäÿÜĆÚëÚõâë¬ÈÝæĂì­Ã­óèëóäØöćÝ¬óÚÖñĀÂäÈâöëöÃóè
Ãù¬ÚāÕÚÜÂÖõÃ­óèëóäâñæõ ƗƖƛ ÉñâöëöÃóèìäøîÅäöâî¬îÚą
ØČóĂì­ăâ¬ăÕ­ÖäÈÖóââóÖäÑóÚØöćÂČóìÚÕ  Ƙ.) ÂóäÿÅæøćîÚØöć
ăâ¬ëñÕèÂÿÂõÕÉóÂæ­îÿÕõâÿÜĆÚæ­îßæóëÖõÂĀæñæúÂÜøÚĀÖÂ
ÿÚøćîÈÉóÂÚČĈóìÚòÂÃîÈÿÅäøćîÈ ƙ.) ÖæòÛæúÂÜøÚØöćë¬ÈÂČóæòÈĂì­
ÖñĀÂäÈĀãÂÃ­óèĀÖÂØČóĂì­ÿÂõÕÿëöãÈÕòÈÿèæóÿÕõÚÿÅäøćîÈ  
 Ɯ.Ăì­ßÚòÂÈóÚØöćĂË­ÈóÚÿÅäøćîÈÂČóÉòÕâîÕØČó
ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷ÈßîĂÉìæòÈØČóÂóäÜäòÛÜäùÈ  
 Ɲ.ØČóÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷È
ßîĂÉÉóÂßÚòÂÈóÚĂË­ÈóÚÉäõÈìæòÈØČóÂóäÜäòÛÜäùÈ
 ƞ.ØČóÂóäÜäòÛÜäùÈÿÅäøćîÈÂČóÉòÕâîÕĂì­ÖäÈÖóâÅèóâ
Ö­îÈÂóäÃîÈØóÈßÚòÂÈóÚØöćĂË­ÿÅäøćîÈÉóÂÂóäèõÿÅäóñì°
ĀÛÛëîÛ×óâ 
 Ɵ.èõÿÅäóñì°Ã­îâúæØóÈÿéäêÑéóëÖä°ÿßøćîìóÉùÕÅù­âØùÚ
ĂÚØóÈÛäõêòØÃ­óèäòËâÈÅæ ÉČóÂòÕ 
 

 
áóßØöć Ɨ ÿÅäøćîÈÂČóÉòÕâîÕÕ­èãäòÈëöîõÚàäóÿäÕ  

(ÜäõèääÖ  ÚóëèóëÕõċ, 2556) 
 

ÝæÂóäèõÉòãĀæñîáõÜäóã 
Ɨ.ÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâ

ß÷ÈßîĂÉÂ¬îÚØČóÂóäÜäòÛÜäùÈ 
ëäùÜÝæÂóäÜäñÿâõÚÅèóâÅõÕÿìĆÚĀæñÅèóâß÷È

ßîĂÉĂÚÂóäĂË­ÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕÂ¬îÚØČóÂóä
ÜäòÛÜäùÈ ÉóÂÝú­ÂäîÂĀÛÛëîÛ×óâØòĈÈìâÕ ƚ ÅÚ ÉóÂ Ɯ 
ÅÚ ÅõÕÿÜĆÚä­îãæñ ƜƜ.ƜƝ  ÕòÈÖóäóÈØöć Ƙ 

Ƙ.ÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâ
ß÷ÈßîĂÉìæòÈØČóÂóäÜäòÛÜäùÈ 

ëäùÜÝæÂóäÜäñÿâõÚÅèóâÅõÕÿìĆÚĀæñÅèóâß÷È
ßîĂÉßÚòÂÈóÚÝú­ĂË­ÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕìæòÈØČóÂóä
ÜäòÛÜäùÈÜäñëõØõáóßÃîÈÿÅäøćîÈÂČóÉòÕâîÕÖóâÅèóâ
Ö­îÈÂóä ÉóÂÝú­ÂäîÂĀÛÛëîÛ×óâØòĈÈìâÕ Ɯ ÅÚ ÉóÂ Ɯ 
ÅÚ ÅõÕÿÜĆÚä­îãæñ ƗƖƖ ÕòÈÖóäóÈØöć ƙ 

ÂóäĀëÕÈÂóäÿÜäöãÛÿØöãÛÅèóâëòâßòÚÙ°ÃîÈÂóä
èõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷ÈßîĂÉÂ¬îÚĀæñ
ìæòÈØČóÂóäÜäòÛÜäùÈ ÖóâáóßØöć Ƙ Ì÷ćÈÂóäÜäñÿâõÚìæòÈØČó
ÂóäÜäòÛÜäùÈâöÅñĀÚÚÿßõćÈëúÈÃ÷ĈÚĂÚØùÂÕ­óÚ 

ƙ.ÂóäìóäñãñÿèæóÅøÚØùÚÃîÈÿÅäøćîÈÊóã
äòÈëöîõÚàäóÿäÕ 
  ÂóäèõÿÅäóñì°ØóÈÿéäêÑéóëÖä° ÿßøćîÅČóÚèÔìó
äñãñÿèæóÅøÚØùÚ  ÃîÈÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕ   ÿÜĆÚ
èõÙöÂóäÜäñÿâõÚîã¬óÈÈ¬óã   ÿßøćîßõÉóäÔóè¬óÿâøćîÉ¬óãÿÈõÚ
æÈØùÚăÜĀæ­è  ÉñÖ­îÈĂË­äñãñ ÿèæóÿØ¬óăìä¬   ×÷ÈÉñăÕ­äòÛ
ØùÚÅøÚ   Ì÷ćÈâöÃ­îâúæØöćĂË­ĂÚÂóäÅČóÚèÔ  ÕòÈÚöĈÅøî 
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ƙ.Ɨ.  Ö­ÚØùÚÂóäÝæõÖ 
- äóÅóÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕ    
             ÿØ¬óÂòÛ ƗƝƜ,Ɵƛƞ ÛóØ 
- Å¬óßæòÈÈóÚăàà­ó 
    ÿØ¬óÂòÛ Ɩ.ƙ  ÂõāæèòÖÖ°  
- äèâÉČóÚèÚÂõāæèòÖÖ°    
              ÿØ¬óÂòÛ Ƙ.ƟƖ  ÂõāæèòÖÖ° 
- Å¬óăàà­óÅõÕÿÜĆÚìÚ¬èãæñ      
              ÿØ¬óÂòÛ ƚ.ƝƖ  ÛóØ 
-  äèâÅ¬óăàà­ó Ƙ.ƟƖ ÂõāæèòÖÖ° x ƚ.ƝƖ ÛóØ  
              ÿØ¬óÂòÛ Ɨƙ.Ɯƙ  ÛóØ/ËòćèāâÈ 
-  ÕòÈÚòĈÚÂóäÊóãäòÈëö (ƘƝƖ ÂõāæÂäòâ/ÅäòĈÈ)   
               ÿØ¬óÂòÛ Ɨƙ.Ɯƙ  ÛóØ/ËòćèāâÈ 
-  ËòćèāâÈÅ¬óăàà­óäèâËòćèāâÈÂóäØČóÈóÚÖ¬îÜöÅúÔÅ¬óăàÖ¬î
ËòćèāâÈ (ƞxƘƜƚ x Ɨƙ.Ɯƙ)     
               ÿØ¬óÂòÛ Ƙƞ,ƝƞƜ.ƛƜ  ÛóØ/Üö 
- Å¬óÛČóäùÈäòÂêóÿÅäøćîÈ ÅõÕÿÜĆÚ Ƙ % (ƗƝƜ,Ɵƛƞ ÛóØxƖ.ƖƘ) 
                       ÿØ¬óÂòÛ ƙ,ƛƙƟ.ƗƜ ÛóØ/Üö 
- Å¬óĂË­É¬óãäèâØòĈÈìâÕ (Ƙƞ,ƝƞƜ.ƛƜ+ƙ,ƛƙƟ.ƗƜ)  
  ÿØ¬óÂòÛ ƙƘ,ƙƘƛ.ƝƘ ÛóØ/Üö  
- ÕòÈÚòĈÚÅ¬óĂË­É¬óãÖ¬îèòÚ    
             ÿØ¬óÂòÛ ƗƘƘ.ƚƛÛóØ/èòÚ 
ƙ.Ƙ. ÂČóæòÈÂóäÝæõÖ 
- ÂóäÛääÉùÃ­óèÕ­èã×ùÈëùÎÎóÂóé   
  ÿØ¬óÂòÛ ƘƖ ÖòÚ/ÿÕøîÚ 
- ×ùÈëùÎÎóÂóé ÃÚóÕ Ɨ ÂõāæÂäòâ ƛƖ %ÉóÂØòĈÈìâÕĀæñ
Å¬óÛääÉù Ɨƛ ÛóØ/×ùÈ    
  ÿØ¬óÂòÛ ƗƛƖ,ƖƖƖ ÛóØ/ÿÕøîÚ 
- ×ùÈëùÎÎóÂóé ÃÚóÕ ƛ ÂõāæÂäòâ ƛƖ %ÉóÂØòĈÈìâÕ Āæñ
Å¬óÛääÉù Ɨƛ ÛóØ/×ùÈ    
   ÿØ¬óÂòÛ ƙƖ,ƖƖƖ ÛóØ/ÿÕøîÚ 

äèâÅ¬óĂË­É¬óãĂÚÂóäÛääÉù×ùÈëùÎÎóÂóé ÃÚóÕ 
Ɨ Āæñ ƛ ÂõāæÂäòâ   
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĪƞŅĔńĭ 180,000 ĭŅĪ-ŏħŊŀĬ 
 
 
 
 
 

 
ÖóäóÈØöć Ɨ ÖóäóÈĀëÕÈÂóäÿÜäöãÛÿØöãÛÅ¬óĂË­É¬óãÃîÈÿÅäøćîÈÊóã
äòÈëöÂòÛÂóäÛääÉùëùÎÎóÂóé 

 
ìâóãÿìÖù 
äñÕòÛÅèóâß÷ÈßîĂÉ 
5 = âóÂØöćëùÕìäøîÕöâóÂ 
4 = âóÂìäøîÕö 
3 = ÜóÚÂæóÈìäøîßîĂË­ 
2 = Ú­îãìäøîÖČćóÂè¬óâóÖäÑóÚ 
1 = Ú­îãØöćëùÕìäøîÖ­îÈÜäòÛÜäùÈĀÂ­ăÃ 
 

ÖóäóÈØöć 2 ÝæÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷ÈßîĂÉ
Â¬îÚØČóÂóäÜäòÛÜäùÈ 
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ÿÂÔÒ° 
4.51-5.00 = ÕöâóÂ 
3.51-4.50 = Õö 
2.51-3.50 = ÜóÚÂæóÈ 
1.51-2.50 = ßîĂË­ 
1.00-1.50 = ÜäòÛÜäùÈ 
×­óâöÅñĀÚÚÿÊæöćãÖòćÈĀÖ¬ 2.50 Ã÷ĈÚăÜ×øîè¬óăâ¬Ö­îÈØČóÂóä
ÜäòÛÜäùÈ 
 

 
áóßØöć 2 ÂäóàÿÜäöãÛÿØöãÛÝæÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚ
Åèóâß÷ÈßîĂÉÂ¬îÚ-ìæòÈØČóÂóäÜäòÛÜäùÈ 
 
ÖóäóÈØöć 3 ÝæÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚÅèóâß÷ÈßîĂÉ

ìæòÈØČóÂóäÜäòÛÜäùÈ 

 
 
 
ëäùÜÝæÂóäèõÉòã 

1.ëäùÜÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚ
Åèóâß÷ÈßîĂÉÂ¬îÚØČóÂóäÜäòÛÜäùÈ 

Ì÷ćÈăÕ­ÂČóìÚÕĂì­ ÅñĀÚÚØöćäòÛăÕ­Åøî 2.50 Ã÷ĈÚăÜ 
×­óâöÅñĀÚÚØöćÖČćóÂè¬ó 2.50 ÉñÖ­îÈâöÂóäĀÂ­ăÃÜäòÛÜäùÈ 
ÿßøćîĂì­ÿÂõÕÅèóâß÷ÈßîĂÉÃîÈÝú­ĂË­ÿÅäøćîÈ ÉóÂÖóäóÈßÛè¬ó 
1.) Õ­óÚāÅäÈëä­óÈ Åøî ÿäøćîÈÃîÈÚČĈóìÚòÂ ăÕ­ÅñĀÚÚÿÊæöćãØöć 
2.25 ÅñĀÚÚ 2.) Õ­óÚèòëÕù ăâ¬ßÛÜòÎìóØöćÖ­îÈÜäòÛÜäùÈ 
3.) Õ­èÚÅèóâëñÕèÂ ăâ¬ßÛÜòÎìó 4.)Õ­óÚÂóäĂË­ÈóÚ ăâ¬
ßÛÜòÎìóØöćÖ­îÈÜäòÛÜäùÈ  5.) Õ­óÚÂóäÌ¬îâÛČóäùÈ ăâ¬ßÛ
ÜòÎìóØöćÖ­îÈÜäòÛÜäùÈ ĀæñÅñĀÚÚÿÊæöćãāÕãäèâÂóäØČó
ĀÛÛÜäñÿâõÚÅèóâÅõÕÿìĆÚĀæñÅèóâß÷ÈßîĂÉ ăÕ­ÅñĀÚÚ
ÿÊæöćãØöć 3.39 ÅñĀÚÚÉóÂ 5 Ì÷ćÈ×øîè¬ó áóßāÕãäèâ
Ýú­ĂË­ÈóÚÿÂõÕÅèóâß÷ÈßîĂÉĂÚÂóäÚČóÿÅäøćîÈăÜĂË­ÈóÚ 

2.ëäùÜÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâÜäñÿâõÚ
Åèóâß÷ÈßîĂÉìæòÈØČóÂóäÜäòÛÜäùÈ 

Ì÷ćÈĂÚäóãæñÿîöãÕÃîÈĀÛÛÜäñÿâõÚìæòÈÂóä
ÜäòÛÜäùÈăâ¬âöÅñĀÚÚØöćÖČćóÂè¬ó 2.50 ĀæñÅ¬óÅñĀÚÚÿÊæöćã
îãú¬Øöć 3.75 ÅñĀÚÚÉóÂ 5 Ì÷ćÈëúÈÂè¬óÂ¬îÚØČóÂóäÜäòÛÜäùÈ
îãú¬ä­îãæñ 10.62 É÷È×øîè¬ó Ýú­ĂË­ÈóÚÿÂõÕÅèóâß÷ÈßîĂÉĂÚ

 ĶŅĵĸŃŏŀňĵħ ėŃŐĬĬ ĶŃħńĭėĺŅĴėŃŐĬĬĶŃħńĭėĺŅĴ
1.őėĶĚĽĶƟŅĚ 1 2 3 4 ŏĜĸňŗĵ ıŉĚıŀŒěŏĜĸňŗĵĶĺĴıŉĚıŀŒěĶĺĴ
1.1 ėĺŅĴŐĕŖĚŐĶĚ 4 4 3 3 3.500.58ĮŅĬĔĸŅĚ
1.2 ĩŀħĮĶŃĔŀĭœħƟĚƞŅĵ 3 3 3 3 3.000.00ĮŅĬĔĸŅĚ
1.3 ĔŅĶŀŀĔŐĭĭĪňŗŏľĴŅŃĽĴ 3 3 3 2 2.750.50ĮŅĬĔĸŅĚ
1.4 ĕĬŅħĕŀĚŏėĶŊŗŀĚȮ 3 3 4 2 3.000.82ĮŅĬĔĸŅĚ
1.5 ĬŘŜŅľĬńĔŏĭŅ 2 3 3 1 2.250.96 ıŀŒĝƟ
2. ĺńĽħŋ
2.1 ĮĶŃŏĳĪĕŀĚĺńĽħŋĨńĺŏėĶŊŗŀĚĴňėĺŅĴŏľĴŅŃĽĴ 4 3 4 3 3.500.58ĮŅĬĔĸŅĚ
2.2 ĮĶŃŏĳĪĕŀĚĽŅĵıŅĬĸŜŅŏĸňĵĚ 4 4 4 4 4.000.00 ħň
2.3 ĺńĽħŋĕŀĚĨŃŐĔĶĚ 4 4 3 3 3.500.58ĮŅĬĔĸŅĚ
3. ėĺŅĴĽŃħĺĔ
3.1 ĨŃŐĔĶĚėńħŐĵĔĕƟŅĺĽŅĶĪňŗŏľĴŅŃĽĴ 3 3 3 4 3.250.50ĮŅĬĔĸŅĚ
3.2 ĝŋħėĺĭėŋĴŀŋĦľĳŌĴŇĽŅĴŅĶĩĮĶńĭŐĸŃ
ȮȮȮȮȮŒĝƟĚŅĬœħƟĽŃħĺĔ
3.3 ĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĽŅĵıŅĬ 3 4 3 2 3.000.82ĮŅĬĔĸŅĚ
3.4  ŏėĸŊŗŀĬĵƟŅĵĽŃħĺĔ 2 4 4 5 3.751.26 ħň
3.5 ĨŜŅŐľĬƞĚĝŋħėĺĭėŋĴŏľĴŅŃĽĴ 3 4 3 3 3.250.50ĮŅĬĔĸŅĚ
3.6 œĲĽńĠĠŅĦŐĽħĚĽĩŅĬŃĕŀĚĮŋƙĴĝŋħėĺŅĴėŋĴ 3 4 3 5 3.750.96 ħň
3.7 ĨŜŅŐľĬƞĚŐĸŃĕĬŅħĕŀĚĝƞŀĚŒĽƞĕƟŅĺ 3 3 3 3 3.000.00ĮŅĬĔĸŅĚ
4. ĔŅĶŒĝƟĚŅĬ
4.1 ėĺŅĴĮĸŀħĳńĵ 4 4 3 3 3.500.58ĮŅĬĔĸŅĚ
4.2 ĔŜŅĸńĚĔŅĶįĸŇĨĕŀĚŏėĶŊŗŀĚŏľĴŅŃĽĴ 2 4 3 1 2.501.29 ıŀŒĝƟ
4.3 ėĺŅĴĪĬĪŅĬ 3 4 4 3 3.500.58ĮŅĬĔĸŅĚ
4.4 ĶŃħńĭŏĽňĵĚĕĦŃŒĝƟĚŅĬ 4 4 4 1 3.251.50ĮŅĬĔĸŅĚ
4.5 ėŌƞĴŊŀĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚŀƞŅĬŐĸŃŏĕƟŅŒěĚƞŅĵ 4 3 4 4 3.750.00 ħň
5. ĞƞŀĴĭŜŅĶŋĚ
5.1 ĞƞŀĴĭŜŅĶŋĚĚƞŅĵ 3 4 4 4 3.750.50 ħň
5.2 ŀŃœľĸƞľŅĞŊŘŀœħƟĚƞŅĵ 3 5 4 4 4.000.82 ħň
5.3 ėŌƞĴŊŀĔŅĶĞƞŀĴĭŜŅĶŋĚ 3 4 3 4 3.500.58ĮŅĬĔĸŅĚ

įŌƟĮĶŃŏĴŇĬ/ĶŃħńĭėĺŅĴıŉĚıŀŒě

2.90

3.67

S.D.

3.36

3.30

3.75

ėƞŅŏĜĸňĵĶĺĴ 3.39

ĮŅĬĔĸŅĚ

ħň

ĮŅĬĔĸŅĚ

ĮŅĬĔĸŅĚ

ħň

2 4 4 4 3.501.00ĮŅĬĔĸŅĚ

 ĶŅĵĸŃŏŀňĵħ ėŃŐĬĬ ĶŃħńĭėĺŅĴėŃŐĬĬĶŃħńĭėĺŅĴ
1.őėĶĚĽĶƟŅĚ 1 2 3 4 5 6 ŏĜĸňŗĵ ıŉĚıŀŒěŏĜĸňŗĵĶĺĴıŉĚıŀŒěĶĺĴ
1.1 ėĺŅĴŐĕŖĚŐĶĚ 5 5 3 5 4 3 4.17 0.98 ħň
1.2 ĩŀħĮĶŃĔŀĭœħƟĚƞŅĵ 4 5 3 5 4 3 4.00 0.89 ħň
1.3 ĔŅĶŀŀĔŐĭĭĪňŗŏľĴŅŃĽĴ 4 5 2 3 4 3 3.50 1.05 ħň
1.4 ĕĬŅħĕŀĚŏėĶŊŗŀĚȮ 4 3 3 4 3 2 3.17 0.75ĮŅĬĔĸŅĚ
1.5 ĬŘŜŅľĬńĔŏĭŅ 3 3 2 5 3 2 3.00 1.10ĮŅĬĔĸŅĚ
2. ĺńĽħŋ
2.1 ĮĶŃŏĳĪĕŀĚĺńĽħŋĨńĺŏėĶŊŗŀĚĴňėĺŅĴŏľĴŅŃĽĴ 5 4 3 5 4 3 4.00 0.89 ħň
2.2 ĮĶŃŏĳĪĕŀĚĽŅĵıŅĬĸŜŅŏĸňĵĚ 5 5 3 3 4 4 4.00 0.89 ħň
2.3 ĺńĽħŋĕŀĚĨŃŐĔĶĚ 5 5 3 3 3 4 3.83 0.98 ħň
3. ėĺŅĴĽŃħĺĔ
3.1 ĨŃŐĔĶĚėńħŐĵĔĕƟŅĺĽŅĶĪňŗŏľĴŅŃĽĴ 4 5 2 5 4 4 4.00 1.10 ħň
3.2 ĝŋħėĺĭėŋĴŀŋĦľĳŌĴŇĽŅĴŅĶĩĮĶńĭŐĸŃ
ȮȮȮȮȮŒĝƟĚŅĬœħƟĽŃħĺĔ
3.3 ĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĽŅĵıŅĬ 4 4 2 4 4 3 3.50 0.84ĮŅĬĔĸŅĚ
3.4  ŏėĸŊŗŀĬĵƟŅĵĽŃħĺĔ 5 4 3 5 4 3 4.00 0.89 ħň
3.5 ĨŜŅŐľĬƞĚĝŋħėĺĭėŋĴŏľĴŅŃĽĴ 5 4 3 4 4 3 3.83 0.75 ħň
3.6 œĲĽńĠĠŅĦŐĽħĚĽĩŅĬŃĕŀĚĮŋƙĴĝŋħėĺŅĴėŋĴ5 4 3 4 3 4 3.83 0.75 ħň
3.7 ĨŜŅŐľĬƞĚŐĸŃĕĬŅħĕŀĚĝƞŀĚŒĽƞĕƟŅĺ 4 4 3 2 3 3 3.17 0.75ĮŅĬĔĸŅĚ
4. ĔŅĶŒĝƟĚŅĬ
4.1 ėĺŅĴĮĸŀħĳńĵ 5 4 3 4 4 4 4.00 0.63 ħň
4.2 ĔŜŅĸńĚĔŅĶįĸŇĨĕŀĚŏėĶŊŗŀĚŏľĴŅŃĽĴ 3 3 2 3 3 3 2.83 0.41ĮŅĬĔĸŅĚ
4.3 ėĺŅĴĪĬĪŅĬ 5 4 3 3 4 3 3.67 0.82 ħň
4.4 ĶŃħńĭŏĽňĵĚĕĦŃŒĝƟĚŅĬ 4 4 3 5 3 5 4.00 0.89 ħň
4.5 ėŌƞĴŊŀĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚŀƞŅĬŐĸŃŏĕƟŅŒěĚƞŅĵ 4 4 3 4 4 4 3.83 0.41 ħň
5. ĞƞŀĴĭŜŅĶŋĚ
5.1 ĞƞŀĴĭŜŅĶŋĚĚƞŅĵ 4 5 3 4 4 4 4.00 0.63 ħň
5.2 ŀŃœľĸƞľŅĞŊŘŀœħƟĚƞŅĵ 4 4 3 4 4 4 3.83 0.41 ħň
5.3 ėŌƞĴŊŀĔŅĶĞƞŀĴĭŜŅĶŋĚ 4 4 2 4 4 4 3.67 0.82 ħň

S.D.

3.57

3.94

įŌƟĮĶŃŏĴŇĬ/ĶŃħńĭėĺŅĴıŉĚıŀŒě

3.75ėƞŅŏĜĸňŗĵĶĺĴ

ħň

ħň

ħň

ħň

ħň

3.74

3.67

3.83

5 4 3 4 3 4 3.83 0.75 ħň



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

46 

ÂóäÚČóÿÅäøćîÈăÜĂË­ÈóÚâóÂÃ÷ĈÚ 
3.ëäùÜÂóäìóäñãñÿèæóÅøÚØùÚÃîÈÿÅäøćîÈ

ÊóãäòÈëöîõÚàäóÿäÕ 
×­óāäÈÈóÚĂË­ÿÅäøćîÈÊóãäòÈëöîõÚàäóÿäÕÉñâöÅ¬ó

ÛääÉùÚ­îãâóÂÉ÷Èăâ¬ÚČóâóÅõÕÿØ¬óÂòÛ 0 ÛóØ Ì÷ćÈÅ¬óĂÚÂóä
ëä­óÈÿÅäøćîĀæñÅ¬óĂË­É¬óãÿÕøîÚĀäÂâöÅ¬óÿØ¬óÂòÛ 179,407 
ÛóØ ĀæñÿÈõÚØöćÜäñìãòÕăÜăÕ­ 1 ÿÕøîÚâöÅ¬óÿØ¬óÂòÛ 
180,000 ÛóØ É÷ÈëäùÜè¬ó Åù­âØÚáóãĂÚÿÕøîÚĀäÂÿßäóñ
ëóâóä×ÜäñìãòÕÿÈõÚăÕ­ÿØ¬óÂòÚÅ¬óÿÅäøćîÈÖòĈÈĀÖ¬ÿÕøîÚĀäÂØöć
ØČóÂóäĂË­ÈóÚ 

 
Ã­îÿëÚîĀÚñ 
 ÉóÂÂóäØČóÂóäÜäñÿâõÚìæòÈÜäòÛÜäùÈ
ÜäñëõØÙõáóßĂÚë¬èÚäñÕòÛÅèóâß÷ÈßîĂÉßÛè¬óâö
äóãæñÿîöãÕÛóÈìòèÃ­îîãú¬ĂÚäñÕòÛÜóÚÂæóÈ ÕòĈÈÚöĈ 1.) ĂÚ
ìòèÃ­îÃîÈāÅäÈëä­óÈ Åøî ÃÚóÕÃîÈÿÅäøćîÈĀæñÚČĈóìÚòÂÿÛó 
āÕãÉñÖ­îÈâöÂóäÜäòÛÃÚóÕĀæñÚČĈóìÚòÂÃîÈÿÅäøćîÈĂì­âö
ÃÚóÕÿìâóñëâÂòÛāäÈëö 2.) ÅèóâëñÕèÂ Åøî ËùÛÅèÛÅùâ
ÅèóâÿäĆèäîÛëóãßóÚ ĀæñÖČóĀìÚ¬ÈÃÚóÕÃîÈË¬îÈĂë¬Ã­óè 
āÕãÉñÖ­îÈîîÂĀÛÛËùÛÅèâÅùâÅèóâÿäĆèäîÛëóãßóÚĂì­
âöÃÚóÕ ÂóäĂË­ÈóÚØöćëñÕèÂâóÂÃ÷ĈÚ ĀæñĂÚë¬èÚÃîÈ
ÖČóĀìÚ¬ÈĀæñÃÚóÕË¬îÈĂë¬Ã­óè ÅèäîîÂĀÛÛĂÚîãú¬ĂÚäñÕòÛ
ØöćÖČćóæÈÉóÂÜÂÖõÿßøćîĂì­ëñÕèÂÖ¬îÂóäĂË­ÈóÚ 3.) ÂóäĂË­
ÈóÚ Åøî ÂČóæòÈÂóäÝæõÖÃîÈÿÅäøćîÈ āÕãÉñÖ­îÈîîÂĀÛÛ
ÿÅäøćîÈĂì­ÿìâóñëâÖ¬îÂČóæòÈÂóäÝæõÖÿßøćîĂì­ØòÚÖ¬îÂČóæòÈ
ÂóäÝæõÖÃîÈāäÈÈóÚÚòĈÚą 
 
ÂõÖÖõÂääâÜäñÂóé 

Ýú­èõÉòãÃîÃîÛÅùÔÛäõêòØÃ­óèäòËâÈÅæ ÉČóÂòÕ 
ÉòÈìèòÕÊñÿËõÈÿØäó ØöćîÚùÎóÖĂì­ÚČóÿÅäøćîÈÂČóÉòÕâîÕăÜ
ØÕæîÈĂË­áóãĂÚāäÈÈóÚ ĀæñāÅäÈÂóäîùØãóÚ
èõØãóéóëÖä° âìóèõØãóæòãîùÛæäóËÙóÚö ØöćëÚòÛëÚùÚØùÚ
ĂÚÂóäèõÉòãĀæñÿÅäøćîÈÂČóÉòÕâîÕ 
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ÛØÅèóâèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîÜäñÿâõÚÅèóâßä­îâÃîÈÝú­ÜäñÂîÛÂóäĀæñßòÓÚóÖ­ÚĀÛÛäñÛÛ GMP Codex 
ÂäÔöé÷Âêó āäÈÈóÚÜæóë­âëòÚÿèöãÈĂìâ¬ (éäöØÚÜæóë­â) āÕãāäÈÈóÚÚöĈăÕ­Ý¬óÚÂóääòÛäîÈÿÂöćãèÂòÛâóÖäÑóÚ GMP 
ÖóâÜäñÂóéÂäñØäèÈëóÙóäÔëùÃ ĀæñÖ­îÈÂóäßòÓÚóÿÜĆÚâóÖäÑóÚ GMP Codex Ì÷ćÈÿÜĆÚâóÖäÑóÚäñÛÛëóÂæ 
āÕãÝæÂóäÜäñÿâõÚÕ­èãìæòÂÿÂÔÒ°èõÙöÂóäØöćÕöĂÚÂóäÝæõÖîóìóä ßÛè¬ó Ý¬óÚÖóâÿÂÔÒ°ØöćÂäñØäèÈëóÙóäÔëùÃ ÿâøćî
ÜäñÿâõÚÅèóâßä­îâÿßøćîĂì­ëîÕÅæ­îÈÂòÛäñÛÛ GMP Codex ÝæÂóäÜäñÿâõÚ ãòÈăâ¬Ý¬óÚÿÂÔÒ° ÿßäóñâöÂóäÖäèÉ
ßÛÃ­îÛÂßä¬îÈĂÚäñÕòÛ Serious ØòĈÈÚöĈ Ýú­èõÉòãăÕ­ÉòÕØČóÃ­îÿëÚîĀÚñĂÚÂóäÜäòÛÜäùÈāÅäÈëä­óÈĀæñäñÛÛÂóäăìæ
Ö¬óÈą ÿË¬Ú ÿÜæöćãÚØõéØóÈÂóääñÛóãÚČĈóĂì­ăìæăÜĂÚØõéØóÈÿÕöãèÂòÚ ĀæñÜäòÛØõéØóÈÂóääñÛóãîóÂóé ÿÜĆÚÖ­Ú 
ĀæñâöÂóäÉòÕØČóÿîÂëóäÛòÚØ÷ÂÝæÂóäÜÐõÛòÖõÈóÚ ÿË¬Ú ĀÛÛÛòÚØ÷ÂÖäèÉëùÃæòÂêÔñßÚòÂÈóÚ ĀÛÛÛòÚØ÷ÂÂóääòÛÿÃ­ó
èòÖ×ùÕõÛ ĀæñÂóäÞ÷ÂîÛäâÕ­óÚëùÃæòÂêÔñ ÿßøćîßòÓÚóĂì­Ý¬óÚÂóäÜäñÿâõÚĀæñëîÕÅæ­îÈäñÛÛ GMP Codex 
ÅČóìæòÂ  ÂóäÜäñÿâõÚ, ìæòÂÿÂÔÒ°èõÙöÂóäØöćÕöĂÚÂóäÝæõÖîóìóä, Üæóë­â 
 
Abstract 
The purposes of the paper were to study Good Manufacturing Practice (GMP) according to The Ministry 
of Health (Thai law) and GMP CODEX (International regulation). Data from this audit was collected and 
plant model was developed complying with GMP CODEX. The evaluation criteria for a Good 
Manufacturing Practice was pass criteria of The Ministry of Public Health. On the other hand, audit result 
of GMP CODEX did not pass because it found the serious defects. Therefore, the researchers introduced 
to develop plant layout such as increasing the manufacturing process flow. For the example, change 
direction of water flow to flow one way and change ventilation by use curtain to separate each the room 
and so on. And issued records related with processing such as Check-list form, Personal Hygiene 
Inspection form, Raw material Inspection Form and Hygiene training program. Thus, to develop and 
ready for GMP CODEX audit in the future. 
Keywords:  Evaluation, Good Manufacturing Practice, Pla-Som 
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1. ÛØÚČó 
 ÙùäÂõÉ SME ĂÚÉòÈìèòÕßñÿãó âöÂóäÿÖõÛāÖÃ÷ĈÚâóÂ 
āÕãÿÊßóñîã¬óÈãõćÈÙùäÂõÉØöćÿÂöćãèÂòÛÂóäĀÜääúÜîóìóä
Ø­îÈ×õćÚ îòÚăÕ­ĀÂ¬ ÂóäØČóÜæóë­âāÕãÜæóë­âÚòĈÚ×øîè¬óÿÜĆÚ
ëõÚÅ­óÃîÈÞóÂÃîÈÉòÈìèòÕßñÿãóØöćăÕ­äòÛÅèóâÚõãâÿÜĆÚ
îã¬óÈâóÂāÕãâöÂóäÝæõÖăâ¬ÖČćóÂè¬ó 5 ÖòÚ ìäøî 5 ßòÚ
ÂõāæÂäòâÖ¬îèòÚ [1] ĀæñÖõÕîòÚÕòÛÅèóâÚõãâĂÚëõÚÅ­óËùâËÚ
ĀæñØ­îÈ×õćÚ ìäøî OTOP ÃîÈÉòÈìèòÕßñÿãó  
 ëČóÚòÂÈóÚÅÔñÂääâÂóäîóìóäĀæñãó ìäøî îã. ăÕ­
ÂČóìÚÕìæòÂÿÂÔÒ°ÃòĈÚÖČćóĂÚÂóäÕČóÿÚõÚÂóäë×óÚØöćÝæõÖ
îóìóä (Minimum Requirement) ÿßøćîĂì­ëîÕÅæ­îÈÂòÛ
ÂÏÂäñØäèÈÊÛòÛØöć 1 áóãĂÖ­ ß.ä.Û.îóìóä ß.é.2522 
āÕãâöèòÖ×ùÜäñëÈÅ°ÿßøćîĂì­Ýú­ÝæõÖÉòÕë×óÚØöć ÿÅäøćîÈÉòÂä
îùÜÂäÔ°ĀæñÂóäÕČóÿÚõÚÂóäÿÜĆÚăÜÖóâìæòÂÂóäÃòĈÚÖČćóĂÚ
ÿäøćîÈëùÃóáõÛóæĀæñëùÃæòÂêÔñÿÛøĈîÈÖ­ÚÌ÷ćÈÝú­ÝæõÖÉñăÕ­âö
ĀÚèØóÈĂÚÂóäÕČóÿÚõÚÂóäØöć×úÂÖ­îÈÂ¬îÚØöćîóìóäÉñ×÷È
Ýú­ÛäõāáÅ ÜòÉÉùÛòÚÂäñØäèÈëóÙóäÔëùÃăÕ­âöÂóäßòÓÚóÂóä
ÅèÛÅùâë×óÚØöćÝæõÖĀæñÂäñÛèÚÂóäÝæõÖ āÕãĂË­
ìæòÂÿÂÔÒ°ĀæñèõÙöÂóäØöćÕöĂÚÂóäÝæõÖìäøîØöćÿäöãÂè¬ó GMP 
(Good Manufacturing Practice) āÕãîîÂÿÜĆÚÜäñÂóé
ÂäñØäèÈëóÙóäÔëùÃ (ÊÛòÛØöć 193) ß.é. 2543 ÿäøćîÈ 
èõÙöÂóäÝæõÖ ÿÅäøćîÈâøîÿÅäøćîÈĂË­ĂÚÂóäÝæõÖ ĀæñÂóäÿÂĆÛ
äòÂêóîóìóä (GMP ëùÃæòÂêÔñØòćèăÜ) ÛòÈÅòÛĂË­ÂòÛÂæù¬â
îóìóä 57 ËÚõÕ [2] 
 ÚîÂÉóÂ äñÛÛÅùÔáóßĂÚîùÖëóìÂääâîóìóä 
GMP Āæ­èãòÈâöäñÛÛèõÿÅäóñì°îòÚÖäóãĀæñÅèÛÅùâÉùÕ
èõÂåÖ ìäøî HACCP (Hazard Analysis and Critical 
Control Point) Ì÷ćÈÿÜĆÚäñÛÛÅùÔáóßîóìóäØöćëúÈÃ÷ĈÚÂè¬ó 
GMP ĀæñìæóãÜäñÿØéÿäõćâÂČóìÚÕÂÏìâóãÛòÈÅòÛĂì­
Ýú­ÜäñÂîÛÂóäÖ­îÈÚČóäñÛÛ HACCP âóĂË­ĂÚ
îùÖëóìÂääâîóìóä ÿßøćîÿßõćâÅèóâÜæîÕáòãĂì­ĀÂ¬îóìóä 
ØöćÝæõÖ ĀæñĂÚÜö ß.é. 2540 îÈÅ°ÂóäâóÖäÑóÚîóìóä
äñìè¬óÈÜäñÿØé (Codex) ä¬èâÂòÛ ÿîà ÿî āî/ÕòÛÛæõè 
ÿîË āî (FAO/WHO) ÜäñÂóéĂË­Ã­îĀÚñÚČóëČóìäòÛÂóäÚČó
äñÛÛÂóäèõÿÅäóñì°îòÚÖäóãĀæñÉùÕèõÂåÖØöćÖ­îÈÅèÛÅùâ 
(Codex Alimentarius Supplement to Volume 1B-
1997; Annex to CAC/RCP-1 (1969), Rev.3 (1997) : 
Hazard Analysis and Critical Control Point (HACCP) 
System and Guidelines for its Application) ÿÜĆÚ

Ã­îÂČóìÚÕëóÂæāÕãäèâìæòÂÿÂÔÒ°ØòćèăÜÿÂöćãèÂòÛ
ëùÃæòÂêÔñîóìóä (Recommendation Codex Code of 
Practices : General Principle for Food Hygiene) Ăì­
ÿÜĆÚāÜäĀÂäâßøĈÚÑóÚØöćÉñÖ­îÈÕČóÿÚõÚÂóä Ì÷ćÈÂóäØöćÝú­ÝæõÖ
ÉñÕČóÿÚõÚÂóäÉòÕØČóäñÛÛ HACCP ÚöĈ Ö­îÈâößøĈÚÑóÚĂÚ
ÿäøćîÈäñÛÛ GMP ØöćÕöÿëöãÂ¬îÚ āÕãÿÜĆÚäñÛÛ GMP ëóÂæ 
ìäøîØöćÿäöãÂè¬ó GMP Codex Öóâÿë­ÚØóÈĀæñæČóÕòÛ
ÃòĈÚÖîÚÃîÈäñÛÛÅùÔáóßîóìóäØöćÕö [3] 
  

   
äúÜØöć 1 ÿë­ÚØóÈĀæñæČóÕòÛÃòĈÚÖîÚÃîÈäñÛÛÅùÔáóßîóìóäØöćÕö 

 
 ÿÚøćîÈÉóÂ āäÈÈóÚÝæõÖîóìóäĀÜääúÜÜæóë­âëòÚÿèöãÈ
Ăìâ¬ (éäöØÚÜæóë­â) ăÕ­äòÛâóÖäÑóÚÖóâÜäñÂóé
ÂäñØäèÈëóÙóäÔëùÃ (ÊÛòÛØöć 193) ß.é. 2543 Āæ­è Āæñ
Ö­îÈÂóäãÂäñÕòÛâóÖäÑóÚĂì­ÕöãõćÈÃ÷ĈÚ ëóâóä×ÚČóëõÚÅ­ó
Üæóë­âÌ÷ćÈÿÜĆÚÝæõÖáòÔÒ°ËùâËÚĀæñØ­îÈ×õćÚÃîÈăØã
ë¬ÈîîÂÖ¬óÈÜäñÿØéăÕ­ Ýú­èõÉòãÉ÷ÈâöÅèóâëÚĂÉØöćÉñé÷Âêó
ÂóäÉòÕØČóâóÖäÑóÚ GMP Codex ìäøî GMP ëóÂæ âó
ÜäòÛÜäùÈÿßøćîãÂäñÕòÛâóÖäÑóÚÂäñÛèÚÂóäÝæõÖĀæñÿÜĆÚ
îöÂÖòèË¬èãĂÚÂóäÜäòÛÜäùÈÝæõÖáòÔÒ°Ăì­âöäñÕòÛÅèóâ
ÜæîÕáòãÿÜĆÚØöćÚ¬óÿËøćî×øîĂÚäñÕòÛāæÂăÕ­  
 
2. èòÖ×ùÜäñëÈÅ° 
 2.1 ÿßøćîÜäñÿâõÚÅèóâßä­îâÃîÈÝú­ÜäñÂîÛÂóäĂÚ
ÂóäÿÃ­óëú¬äñÛÛ GMP Codex 
 2.2 ÿßøćîßòÓÚóÝú­ÝæõÖëõÚÅ­óËùâËÚĀæñØ­îÈ×õćÚĂì­ÿÜĆÚ
Ö­ÚĀÛÛĂÚÂóäßòÓÚóäñÛÛÅùÔáóßÂóäÝæõÖëú¬äñÛÛëóÂæ 
 
3. îùÜÂÔ°ĀæñèõÙöÂóäÕČóÿÚõÚÂóä 
 ÂóäèõÉòãĂÚÅäòĈÈÚöĈÿÜĆÚÂóäé÷ÂêóāÅäÈÈóÚÿËõÈÅùÔáóß 
(Qualitative Research) Øöćâù¬ÈÿÚ­ÚÂóäÜäñÿâõÚÅèóâßä­îâ
ÃîÈÝú­ÜäñÂîÛÂóäĀæñßòÓÚóÖ­ÚĀÛÛäñÛÛ GMP Codex 
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ĂÚÂäñÛèÚÂóäÝæõÖÜæóë­â Ì÷ćÈÝú­èõÉòãăÕ­ÿæøîÂé÷ÂêóØöć 
āäÈÈóÚÝæõÖîóìóäĀÜääúÜÜæóë­âëòÚÿèöãÈĂìâ¬ (éäöØÚ
Üæóë­â) ÉòÈìèòÕßñÿãó ÿÚøćîÈÉóÂ āäÈÈóÚÚöĈÿÜĆÚë×óÚ
ÜäñÂîÛÂóäØöćăÕ­äòÛâóÖäÑóÚÖóâÜäñÂóéÂäñØäèÈ
ëóÙóäÔëùÃ (ÊÛòÛØöć 193) ß.é. 2543 Āæ­è āÕãÂóä
ÖäèÉëîÛ (Audit) ÿßøćîÜäñÿâõÚÝæÖóâìæòÂÿÂÔÒ°Āæñ
ÿÈøćîÚăÃĂÚÂóäÖäèÉÜäñÿâõÚ GMP ëùÃæòÂêÔñØòćèăÜ ÃîÈ
ëČóÚòÂÈóÚÅÔñÂääâÂóäîóìóäĀæñãó ĀæñÂóäÜäñÿâõÚ
Åèóâßä­îâ (Evaluation) ÖóâÃ­îÂČóìÚÕâóÖäÑóÚ GMP 
Codex ØöćëČóÚòÂÈóÚâóÖäÑóÚÝæõÖáòÔÒ°îùÖëóìÂääâ 
(ëâî.) ăÕ­ÂČóìÚÕăè­ÿÜĆÚâóÖäÑóÚ âîÂ. 34·2546 āÕãâö
äóãæñÿîöãÕÕòÈÖ¬îăÜÚöĈ 
 
3.1  ÂóäÖäèÉëîÛ (Audit) ÿßøćîÜäñÿâõÚÝæÖóâ
ìæòÂÿÂÔÒ°ĀæñÿÈøćîÚăÃĂÚÂóäÖäèÉÜäñÿâõÚ GMP 
ëùÃæòÂêÔñØòćèăÜ  
 ØČóÂóäÿÂĆÛäèÛäèâÃ­îâúæÿÛøĈîÈÖ­ÚÖóâĀÛÛÜäñÿâõÚ
ØóÈÕ­óÚëùÃæòÂêÔñØöćÕöĂÚÂóäÝæõÖÃîÈëČóÚòÂÈóÚ
ÅÔñÂääâÂóäîóìóäĀæñãó ÖóâÜäñÂóéÂäñØäèÈ
ëóÙóäÔëùÃ (ÊÛòÛØöć 193) ß.é. 2543 Øöćâöîãú¬ 6 
Ã­îÂČóìÚÕ ÕòÈÚöĈ [4] 
1. ë×óÚØöćÖòĈÈĀæñîóÅóäÝæõÖ 
2. ÿÅäøćîÈâøî ÿÅäøćîÈÉòÂä ĀæñîùÜÂäÔ°ĂÚÂóäÝæõÖ 
3. ÂóäÅèÛÅùâÂäñÛèÚÂóäÝæõÖ 
4. ÂóäëùÃóáõÛóæ 
5. ÂóäÛČóäùÈäòÂêóĀæñÂóäØČóÅèóâëñîóÕ 
6. ÛùÅæóÂäĀæñëùÃæòÂêÔñ  
  
 āÕãĂË­ìæòÂÿÂÔÒ°ÂóäÜäñÿâõÚāÕãÂóäĂì­ÅñĀÚÚĂÚ
ÂóäÖäèÉ GMP ëùÃæòÂêÔñØòćèăÜ ÿßøćîëČóäèÉÜòÎìóĀæñ
Åèóâßä­îâÂ¬îÚÉñĂË­ÿÜĆÚĀÚèØóÈĂÚÂóäÉòÕØČóäñÛÛ
ÅùÔáóßâóÖäÑóÚ GMP Codex Ì÷ćÈâöäóãæñÿîöãÕ
ìæòÂÿÂÔÒ°ÂóäÖòÕëõÚĂÉĂÚÂóäĂì­ÅñĀÚÚĂÚ 3 äñÕòÛ Öóâ
Åú¬âøîÂóäÖäèÉë×óÚØöćÝæõÖîóìóäÖóâìæòÂÿÂÔÒ° GMP 
ëùÃæòÂêÔñØòćèăÜ [2] ĀæñÿîÂëóäìæòÂÿÂÔÒ°ĀæñÿÈøćîÚăÃ
ĂÚÂóäÖäèÉÜäñÿâõÚ GMP ÃîÈëČóÚòÂÈóÚÅÔñÂääâÂóä
îóìóäĀæñãó äìòë RL·F7·2 [5] ÕòÈÚöĈ 
 
 
 

ÖóäóÈ 1 äñÕòÛÂóäÖòÕëõÚĂÉĂÚÂóäĂì­ÅñĀÚÚ 
äñÕòÛ Úõãóâ ÅñĀÚÚ

ÜäñÿâõÚ 
Õö ÿÜĆÚăÜÖóâìæòÂÿÂÔÒ°ØöćÂČóìÚÕĂÚÛòÎËö

ĀÚÛØ­óãÜäñÂóéÂäñØäèÈëóÙóäÔëùÃ
(ÊÛòÛØöć 193) ß.é.2534 ĀæñÊÛòÛĀÂ­ăÃ
ÿßõćâÿÖõâ 

2 

ßîĂË­ ÿÜĆÚăÜÖóâìæòÂÿÂÔÒ°ØöćÂČóìÚÕĂÚÛòÎËö
ĀÚÛØ­óãÜäñÂóéÂäñØäèÈëóÙóäÔëùÃ
(ÊÛòÛØöć 193) ß.é.2534 ĀæñÊÛòÛĀÂ­ăÃ
ÿßõćâÿÖõâ ĀÖ¬ãòÈßÛÃ­îÛÂßä¬îÈÌ÷ćÈãîâäòÛăÕ­ 
ÿÚøćîÈÉóÂâöâóÖäÂóäÜ­îÈÂòÚÂóäÜÚÿÜøĈîÚ
ĂÚîóìóä ìäøîÃ­îÛÂßä¬îÈÚòĈÚăâ¬âö
ÝæÂäñØÛÖ¬îÅèóâÜæîÕáòãāÕãÖäÈÂòÛ
îóìóäØöćÝæõÖ 

1 

ÜäòÛÜäùÈ ăâ¬ÿÜĆÚăÜÖóâìæòÂÿÂÔÒ°ØöćÂČóìÚÕĂÚÛòÎËö
ĀÚÛØ­óãÜäñÂóéÂäñØäèÈëóÙóäÔëùÃ
(ÊÛòÛØöć 193) ß.é.2534 ĀæñÊÛòÛĀÂ­ăÃ 

0 

 

èõÙöÂóäÅČóÚèÔÅñĀÚÚĂÚĀÖ¬æñìòèÃ­îâöëúÖä ÕòÈÚöĈ 
ÅñĀÚÚØöćăÕ­ = ÚČĈóìÚòÂÅñĀÚÚĂÚĀÖ¬æñÃ­î x ÅñĀÚÚÜäñÿâõÚØöćăÕ­ 
ä­îãæñÃîÈÅñĀÚÚØöćăÕ­ĂÚĀÖ¬æñìòèÃ­î = (ÅñĀÚÚØöćăÕ­äèâ × 100) 
            ÅñĀÚÚäèâĂÚĀÖ¬æñìòèÃ­î 
 

 ëČóìäòÛ ÿÂÔÒ°ÂóäÜäñÿâõÚÝæÂóäÖäèÉëîÛ ÉñÖ­îÈ
âöÅñĀÚÚäèâØöćăÕ­ĂÚĀÖ¬æñìòèÃ­îĀæñÅñĀÚÚäèâØòĈÈëõĈÚăâ¬
Ú­îãÂè¬óä­îãæñ 60 É÷ÈÉñãîâäòÛÝæÂóäÖäèÉè¬ó Ý́¬óÚµ
ÂóäÖäèÉëîÛÖóâìæòÂÿÂÔÒ°ĀæñÿÈøćîÚăÃĂÚÂóäÖäèÉ
ÜäñÿâõÚ GMP ëùÃæòÂêÔñØòćèăÜ 
 
3.2  ÂóäÜäñÿâõÚÅèóâßä­îâ (Evaluation) Öóâ
Ã­îÂČóìÚÕâóÖäÑóÚ GMP Codex ØöćëČóÚòÂÈóÚ
âóÖäÑóÚÝæõÖáòÔÒ°îùÖëóìÂääâ (ëâî.) ÂČóìÚÕ
ÿÜĆÚâóÖäÑóÚ âîÂ. 34 · 2546  
 ìæòÂÂóäâóÖäÑóÚ GMP Codex ÿÜĆÚìæòÂÂóäØöć
ăÕ­äòÛÂóäãîâäòÛĂÚäñÕòÛëóÂæâóĂË­ÜäòÛÿÜĆÚĀÚèØóÈÂóä
ÂČóìÚÕäñÛÛÂóäÅèÛÅùâÂäñÛèÚÂóäÝæõÖîóìóäĀæñÂóä
ÝæõÖÛääÉùáòÔÒ°ëČóìäòÛîóìóä āÕãÂóäÉòÕØČóäñÛÛ
ÿîÂëóäĂì­ëîÕÅæ­îÈÖóâÃ­îÂČóìÚÕâóÖäÑóÚĀæñĂË­
äñÛÛÿîÂëóäÿÜĆÚÿÅäøćîÈâøîĂÚÂóäÛäõìóäĀæñÖõÕÖóâ
ÜäñëõØÙõÝæÃîÈÂóäÉòÕØČóäñÛÛāÕãâù¬ÈÜäñÿÕĆÚăÜØöć
ÃòĈÚÖîÚ ÂóäÿÖäöãâÖòèÃîÈîÈÅ°Âä ìäøî Preliminary Step 
ĀæñÃòĈÚÖîÚÂóäÜäñãùÂÖ° āÕãÚČóâóÖäÑóÚ
ÝæõÖáòÔÒ°îùÖëóìÂääâ (ëâî.) âîÂ. 34·2546 [6] âó
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ÜäòÛĀæñÜäñãùÂÖ°ÂòÛâóÖäÑóÚëùÃæòÂêÔñë×óÚĀÜääúÜ
ÝæõÖáòÔÒ°ëòÖè°ÚČĈóßøĈÚÿâøîÈ ĀæñÃ­îÂČóìÚÕëùÃæòÂêÔñĂÚ
ÂóäÝæõÖÝæõÖáòÔÒ°ÜäñâÈ āÕãâöìòèÃ­îëČóÅòÎą ÕòÈÚöĈ [3] 
1. ÂóäîîÂĀÛÛĀæñëõćÈîČóÚèãÅèóâëñÕèÂ 
2. ÂóäÅèÛÅùâÂóäÜÐõÛòÖõÈóÚ 
3. ÂóäÛČóäùÈäòÂêóĀæñÂóäëùÃóáõÛóæ 
4. ëùÃæòÂêÔñë¬èÚÛùÅÅæ 
5. ÂóäÃÚë¬È 
6. Ã­îâúæÿÂöćãèÂòÛÝæõÖáòÔÒ°ĀæñÂóäëä­óÈÅèóâÿÃ­óĂÉ
Ăì­ÂòÛÝú­ÛäõāáÅ 
7. ÂóäÞ÷ÂîÛäâ 
 āÕãìæòÂÿÂÔÒ°ÂóäßõÉóäÔóÝæÂóäÜäñÿâõÚÅèóâ
ßä­îâ GMP Codex ÖóâÿÂÔÒ°âóÖäÑóÚëùÃæòÂêÔñ
ë×óÚĀÜääúÜÝæõÖáòÔÒ°ëòÖè°ÚČĈóßøĈÚÿâøîÈ [7] Āæñ
Ã­îÂČóìÚÕëùÃæòÂêÔñĂÚÂóäÝæõÖÝæõÖáòÔÒ°ÜäñâÈ [8] 
ÃîÈÂäâÜäñâÈ âöÂóäÂČóìÚÕÿÂÔÒ°ÂóäÜäñÿâõÚ ÕòÈÚöĈ 
 Critical (C) ìâóã×÷È ÂóäÜÐõÛòÖõØöćăâ¬ÿÜĆÚăÜÖóâ
Ã­îÂČóìÚÕÃîÈÂäâÜäñâÈ ĀæñâöÝæØČóĂì­ÝæõÖáòÔÒ°ÚòĈÚ 
ăâ¬ÜæîÕáòãÖ¬îÂóäÛäõāáÅìäøîÿÜĆÚîòÚÖäóãÖ¬îëùÃáóß 
 Serious (Se) ìâóã×÷È ÂóäÜÐõÛòÖõØöćăâ¬ÿÜĆÚăÜÖóâ
Ã­îÂČóìÚÕÃîÈÂäâÜäñâÈ âöÝæØČóĂì­ÝæõÖáòÔÒ°ÚòĈÚ ăâ¬
ÜæîÕáòãÖ¬îÂóäÛäõāáÅ ĀæñÃ­îÛÂßä¬îÈÕòÈÂæ¬óèăâ¬ÉòÕîãú¬
ĂÚäñÕòÛ Critical 
 Major (M) ìâóã×÷È ÂóäÜÐõÛòÖõØöćăâ¬ÿÜĆÚăÜÖóâ
Ã­îÂČóìÚÕÃîÈÂäâÜäñâÈ âöÝæØČóĂì­ÝæõÖáòÔÒ°ÚòĈÚ îóÉ
ăâ¬ÜæîÕáòãÖ¬îÂóäÛäõāáÅ ĀæñÃ­îÛÂßä¬îÈÕòÈÂæ¬óèăâ¬ÉòÕ
îãú¬ĂÚäñÕòÛ Critical Āæñ Serious 
 Minor (N) ìâóã×÷È ÂóäÜÐõÛòÖõØöćăâ¬ÿÜĆÚăÜÖóâ
Ã­îÂČóìÚÕÃîÈÂäâÜäñâÈ ĀÖ¬ăâ¬âöÝæØČóĂì­ÝæõÖáòÔÒ°ÚòĈÚ 
ăâ¬ÜæîÕáòãÖ¬îÂóäÛäõāáÅ ĀæñÃ­îÛÂßä¬îÈÕòÈÂæ¬óèăâ¬ÉòÕ
îãú¬ĂÚäñÕòÛ Critical Serious ĀæñMajor 
 ÖóäóÈ 2 ÿÂÔÒ°ÂóäÜäñÿâõÚ 

 ÉČóÚèÚÃ­îÛÂßä¬îÈ 
 C Se M N 
ăâ¬Ý¬óÚ > 0 2 15 - 

ìâóãÿìÖù: 5 Minor = 1 Major 
  

 ìóÂâöÉČóÚèÚÃ­îßÂä¬îÈâóÂÂè¬óÿÂÔÒ°ÂóäÜäñÿâõÚ
ÖóâÖóäóÈ 2 ×øîè¬ó ắâ¬Ý¬óÚµ ÂóäÜäñÿâõÚÅèóâßä­îâ
ÖóâÃ­îÂČóìÚÕâóÖäÑóÚ GMP Codex 

 4. ÝæÂóäØÕæîÈ 
 ÂóäÕČóÿÚõÚÂóäÿÂĆÛÃ­îâúæÿÛøĈîÈÖ­ÚÖóâĀÛÛÜäñÿâõÚ
ØóÈÕ­óÚëùÃæòÂêÔñØöćÕöĂÚÂóäÝæõÖÃîÈëČóÚòÂÈóÚ
ÅÔñÂääâÂóäîóìóäĀæñãó Ì÷ćÈâöÝæÂóäÖäèÉÜäñÿâõÚ 
GMP ëùÃæòÂêÔñØòćèăÜ ÕòÈÖ¬îăÜÚöĈ 
ÖóäóÈ 3 Å¬óÂóäÜäñÿâõÚÂäñÛèÚÂóäÝæõÖÜæóë­âéäöØÚ Öóâ

ìæòÂÿÂÔÒ° GMP ëùÃæòÂêÔñØòćèăÜ  

Ã­î äóãÂóä 
ÚČĈóìÚòÂ
ÅñĀÚÚ 

ÅñĀÚÚ 
 ØöćăÕ­ 

  ä­îãæñ 
 ( % ) 

1 ë×óÚØöćÖòĈÈĀæñîóÅóäÝæõÖ 19 13.00 68.42 
2 ÿÅäøćîÈâøî ÿÅäøćîÈÉòÂä Āæñ
îùÜÂäÔ°ØöćĂË­ĂÚÂóäÝæõÖ 

8 5.00 62.50 

3 ÂóäÅèÛÅùâÂäñÛèÚÂóäÝæõÖ 25 16.50 66.00 
4 ÂóäëùÃóáõÛóæ 15 9.00 60.00 
5 ÂóäÛČóäùÈäòÂêóĀæñÂóäØČó
ÅèóâëñîóÕ 

13 8.00 61.54 

6 ÛùÅæóÂäĀæñëùÃæòÂêÔñ
Ýú­ÜÐõÛòÖõÈóÚ 

15 11.50 76.67 

äèâ 95 63.00 66.32 
  

 ÉóÂÖóäóÈ 3 ßÛè¬ó ÂäñÛèÚÂóäÝæõÖÜæóë­âéäöØÚ
îãú¬ĂÚäñÕòÛÿÂÔÒ°âóÖäÑóÚ ìäøî Ý¬óÚÂóäÜäñÿâõÚ 
(66.32%) 
 ë¬èÚÂóäÜäñÿâõÚÅèóâßä­îâÖóâìæòÂâóÖäÑóÚ 
GMP Codex âöÝæÂóäÜäñÿâõÚÕòÈÚöĈ  
ÖóäóÈ 4 Å¬óÂóäÜäñÿâõÚÅèóâßä­îâÖóâìæòÂâóÖäÑóÚ 

GMP Codex  
Ã­î äóãÂóä C Se M N 
1 ÂóäîîÂĀÛÛĀæñëõćÈîČóÚèãÅèóâ
ëñÕèÂ 

- 1 8 3 

2 ÂóäÅèÛÅùâÂóäÜÐõÛòÖõÈóÚ - 1 7 - 
3 ÂóäÛČóäùÈäòÂêóĀæñÂóäëùÃóáõÛóæ - 1 3 2 
4 ëùÃæòÂêÔñë¬èÚÛùÅÅæ - - 4 2 
5 ÂóäÃÚë¬È - - 2 1 
6 Ã­îâúæÿÂöćãèÂòÛÝæõÖáòÔÒ°ĀæñÂóä
ëä­óÈÅèóâÿÃ­óĂÉĂì­ÂòÛÝú­ÛäõāáÅ 

    

7 ÂóäÞ÷ÂîÛäâ - - 1 - 
äèâ   0  3   25 8 

 
 ÉóÂÖóäóÈ 4 ßÛè¬ó ÂóäÜäñÿâõÚÅèóâßä­îâÖóâ
ìæòÂâóÖäÑóÚ GMP Codex ãòÈßÛÃ­îÛÂßä¬îÈ Ì÷ćÈÉóÂ
ÝæÂóäÜäñÿâõÚ ăâ¬Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ É÷ÈÖ­îÈâöÂóä
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ÜäòÛÜäùÈĂì­ÕöãõćÈÃ÷ĈÚāÕãÿÊßóñìòèÃ­î Serious (Se) ÉñÖ­îÈ
âöÂóäÜäòÛÜäùÈîã¬óÈÿä¬ÈÕ¬èÚÿßøćîĂì­ÖäÈÖóââóÖäÑóÚ 
GMP Codex îòÚăÕ­ĀÂ¬ ìâèÕØöć 1 ÂóäîîÂĀÛÛÝòÈ
āäÈÈóÚĀæñëõćÈîČóÚèãÅèóâëñÕèÂÃîÈÂóäÉòÕèóÈÝòÈ
áóãĂÚÃîÈë×óÚÜäñÂîÛÂóä ÿßøćîÂóäÜ­îÈÂòÚÂóä
ÜÚÿÜøĈîÚÃ­óâ (Cross·Contamination) Ë¬èÈÃîÈÂóäÝæõÖ 

 
äúÜØöć 2 ÂäñÛèÚÂóäÝæõÖāäÈÈóÚÜæóë­âéäöØÚ 

  
 ìâèÕØöć 2 ÂóäÅèÛÅùâÂóäÜÐõÛòÖõÈóÚÿÜĆÚÂóääñÛù
ÃòĈÚÖîÚĂÚÂóäÜÐõÛòÖõÈóÚÌ÷ćÈÿÜĆÚÃòĈÚÖîÚëČóÅòÎÖ¬îÅèóâ
ÜæîÕáòãÃîÈîóìóä āÕãÖ­îÈâöäñÛÛÂóäÖäèÉÖõÕÖóâ 
èõÙöÂóäÅèÛÅùâÅùÔáóßÖòĈÈĀÖ¬ÂäñÛèÚÂóääòÛèòÖ×ùÕõÛ
ÖæîÕØòĈÈæúÂāÌ¬îóìóä É÷ÈÖ­îÈâöÂóäÉòÕØČóäñÛÛÿîÂëóä 
ÃòĈÚÖîÚäñÿÛöãÛèõÙöÂóäÜÐõÛòÖõÈóÚ (Work Instruction) 
ĀæñÿîÂëóäÂóäÖäèÉëîÛÖ¬óÈą (Check-list) āÕãÂóä
ÜäòÛÜäùÈāÅäÈëä­óÈ ÂóäÅèÛÅùâÂäñÛèÚÂóäÝæõÖĀæñ
ÅùÔáóßèòÖ×ùÕõÛĂÚ äñÛÛ GMP Ăì­âöÜäñëõØÙõáóßëúÈÂĆÉñ
ÿÜĆÚÂóäæÕÉùÕèõÂåÖØöćÖ­îÈÅèÛÅùâÌ÷ćÈëóâóä×ÚČóäñÛÛ 
HACCP âóÜäñãùÂÖ°ĂË­ăÕ­îã¬óÈâöÜäñëõØÙõáóß [9]   
 ìâèÕØöć 3 ÂóäÛČóäùÈäòÂêóĀæñÂóäëùÃóáõÛóæÌ÷ćÈ
ë×óÚÜäñÂîÛÂóäîãú¬ĂÚëáóßØöćÖ­îÈâöÂóäÜäòÛÜäùÈ
Ì¬îâĀÌâÿßøćîÜ­îÈÂòÚÂóäÜÚÿÜøĈîÚ ÿË¬Ú î¬óÈæ­óÈâøîÖ­îÈ
ÿÜĆÚĀÛÛâöÂ®îÂÚČĈóØöćăâ¬ĂË­âøî ÜõÕ-ÿÜõÕ ßä­îâëÛú¬ÿìæè Āæñ
îùÜÂäÔ°ØČóĂì­âøîĀì­È ÿÜĆÚÖ­Ú 
 

  
äúÜØöć 3 î¬óÈæ­óÈâøîìÚ­óāäÈÈóÚ 

5. ëäùÜÝæÂóäèõÉòãĀæñÃ­îÿëÚîĀÚñ 
 ÉóÂÃ­îâúæßøĈÚÑóÚĀæñÂóäÜäñÿâõÚÝæÖóâ
ìæòÂÿÂÔÒ°ĀæñÿÈøćîÚăÃĂÚÂóäÖäèÉÜäñÿâõÚ GMP 
ëùÃæòÂêÔñØòćèăÜÃîÈëČóÚòÂÈóÚÅÔñÂääâÂóäîóìóäĀæñ
ãó ĀæñÖóâÃ­îÂČóìÚÕâóÖäÑóÚ GMP Codex Øöć
ëČóÚòÂÈóÚâóÖäÑóÚÝæõÖáòÔÒ°îùÖëóìÂääâ (ëâî.) ăÕ­
ÂČóìÚÕăè­ÿÜĆÚâóÖäÑóÚ âîÂ. 34·2546 ßÛè¬ó
āäÈÈóÚÝæõÖîóìóäĀÜääúÜÜæóë­âëòÚÿèöãÈĂìâ¬ (éäöØÚ
Üæóë­â) ÉòÈìèòÕßñÿãó ëóâóä×Ý¬óÚÂóäÖäèÉëîÛÖóâ
ÂóäÜäñÿâõÚ GMP ëùÃæòÂêÔñØòćèăÜ ĀÖ¬ãòÈăâ¬Ý¬óÚÂóä
ÜäñÿâõÚÅèóâßä­îâÖóâìæòÂâóÖäÑóÚ GMP Codex É÷È
âöÃ­îÿëÚîĀÚñĂì­ÜäòÛÿÜæöćãÚÝòÈāäÈÈóÚĀæñØõéØóÈÂóä
ăìæÖ¬óÈą ĂÚÂóäÂäñÛèÚÂóäÝæõÖ ÕòÈäúÜ 
 

 

 
äúÜØöć 3 ÂóäÜäòÛÿÜæöćãÚÝòÈāäÈÈóÚĀæñÂäñÛèÚÂóäÝæõÖ 

 

 
äúÜØöć 4 ØõéØóÈÂóäăìæÃîÈîóÂóé (Â¬îÚ · ìæòÈ) 

 

 
äúÜØöć 5 ØõéØóÈÂóäăìæÃîÈÚČĈóÿëöã (Â¬îÚ · ìæòÈ) 
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 ÕòÈÚòĈÚ ÂóäÜäòÛÜäùÈāäÈÈóÚĀæñÿÜæöćãÚĀÜæÈ
ÂäñÛèÚÂóäÝæõÖÉ÷ÈÂæóãÿÜĆÚÜòÉÉòãëČóÅòÎØöćÂ¬îĂì­ÿÂõÕ
ÅèóâëČóÿäĆÉĂÚÂóäßòÓÚóĀæñÉòÕØČóäñÛÛ GMP Codex 
ĀæñÂĆÿÜĆÚÜòÎìóĀæñîùÜëääÅĂÚÂóäÜäòÛÜäùÈĀæñßòÓÚó 
ÿÚøćîÈÉóÂÿÜĆÚë×óÚÜäñÂîÛÂóäÃÚóÕÿæĆÂ âößÚòÂÈóÚăâ¬
âóÂĀæñĂË­ßøĈÚØöćāäÈÈóÚÿÜĆÚë¬èÚìÚ÷ćÈĂÚÂóäßòÂîóéòã 
äèâ×÷ÈâöÅ¬óĂË­É¬óãÅ¬îÚÃ­óÈëúÈĂÚÂóäÌ¬îâĀÌâĀæñ
ÜäòÛÜäùÈÝòÈāäÈÈóÚÿßøćîĂì­ÿÃ­óÃ¬óãäñÛÛ GMP Codex Ì÷ćÈ
ëîÕÅæ­îÈÂòÛÈóÚèõÉòãÃîÈéäöèääÔ èõäõãñÕČóäÈÅ° [10] 
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The development of carbon dust protector for products molding in CNC 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîæÕÿèæóÂóäÖõÕÖòĈÈÃîÈÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚĂÚÂäñÛèÚÂóä
Ã÷ĈÚäúÜËõĈÚÈóÚ ÿÚøćîÈÉóÂÜòÎìóØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ ßÛè¬óÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ âöÅèóâæ­óË­óë¬ÈÝæĂì­äñãñÿèæóĂÚÂóäÃ÷ĈÚäúÜËõĈÚÈóÚÚóÚ Ýú­èõÉòãÉ÷ÈÚČóĀÚèÅõÕÂóäĀÂ­ÜòÎìó 
āÕãÂóäßòÓÚóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚâóË¬èãĂÚÂóäØČóÈóÚÃîÈÂäñÛèÚÂóäÖõÕÖòĈÈ ÿßøćîÿëäõâĂì­ÂäñÛèÚÂóä
ÖõÕÖòĈÈÿäĆèÃ÷ĈÚĀæñÿßõćâÜäñëõØÙõáóßÂóäØČóÈóÚÃîÈÂäñÛèÚÂóäÃ÷ĈÚäúÜËõĈÚÈóÚ ìæòÈÉóÂØČóÂóäÜäòÛÜäùÈèõÙöÂóäØČóÈóÚ
ÖóâÂäñÛèÚÂóäĂìâ¬ëóâóä×æÕÿèæó ÉóÂÿÕõâÿÊæöćã 6,279.2 èõÚóØö ÿÜĆÚ 645.6 èõÚóØöÅõÕÿÜĆÚ 89.78 % 
ÅČóìæòÂ  æÕÿèæó,ÂäñÛèÚÂóäÃ÷ĈÚäúÜËõĈÚÈóÚ,ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ 
 
Abstract 
This research aims to reduce the installation time of carbon dust protector in forming process. Due to the 
problems occurring during the installation of carbon dust protector in forming process, the processes take 
too long time, resulting in a delay of works. Therefore, we, the researchers, come up with the solution by 
enhancing the carbon dust protector to improve the installation processes to increase rate of installation 
and effectiveness of forming process. After the enhancement, we can reduce the installation time from 
6,279.2 seconds to 645.6 seconds which is accounted for 89.78% 
Keywords:  Reduced time, Forming process, Carbon dust protector 
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1. ÛØÚČó 
ÜòÉÉùÛòÚîùÖëóìÂääâÿìæĆÂĀæñÅóä°ÛîÚ×øîăÕ­è¬ó

ÿÜĆÚìÚ÷ćÈĂÚîùÖëóìÂääâßøĈÚÑóÚØöćâöÅèóâëČóÅòÎĂÚÂóä
ßòÓÚóÜäñÿØé ÿÚøćîÈÉóÂÿÜĆÚîùÖëóìÂääâØöćâöÅèóâ
ÿËøćîâāãÈÂòÛîùÖëóìÂääâîøćÚą ÿÜĆÚÉČóÚèÚâóÂ ØČóĂì­
ÅèóâÖ­îÈÂóäÃîÈÝú­ÛäõāáÅâöĀÚèāÚ­âÿßõćâëúÈÃ÷ĈÚ É÷ÈÉČóÿÜĆÚ
ØöćÉñÖ­îÈØČóÂóäÝæõÖĂì­ÿßöãÈßîÖ¬îÅèóâÖ­îÈÂóäÃîÈ
Ýú­ÛäõāáÅ ÛäõêòØ ßÌòÚ ÿâÅÅóÚõÅîæ ÉČóÂòÕ Ì÷ćÈÿÜĆÚìÚ÷ćÈĂÚ
Ýú­ÜäñÂîÛÂõÉÂóäÕ­óÚÃ÷ĈÚäúÜËõĈÚë¬èÚāæìñĀæñÅóä°ÛîÚÿâøćî
ØČóÂóäÃ÷ĈÚäúÜËõĈÚë¬èÚÅóä°ÛîÚÉñßÛÜòÎìóĂÚÂóäÖõÕÖòĈÈ
ÿÅäøćîÈâøîæ¬óË­ó  ë¬ÈÝæĂì­Ö­ÚØùÚëúÈÃ÷ĈÚÿÚøćîÈÉóÂÖ­îÈ
ØČóÈóÚÿÂõÚÿèæó ĀæñÿëöãÿèæóāÕãÿÜæ¬óÜäñāãËÚ° É÷È
ÉČóÿÜĆÚÉñÖ­îÈæÕÿèæóÂóäÖõÕÖòĈÈÿÅäøćîÈâøî ØóÈÝú­èõÉòãăÕ­
ÿæĆÈÿìĆÚ×÷ÈÜòÎìóÕòÈÂæ¬óèÉ÷ÈăÕ­âöÂóäÂóäÚČóÿîóØåêÐö
Âóäé÷ÂêóÂóäØČóÈóÚ (Work Study) ĀæñØåêÐöÕ­óÚ
èõéèÂääâÂóäÿÃöãÚĀÛÛÕ­èã Solidwork ÚČóâóÜäñãùÂÖ°ĂË­
ßòÓÚóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÅóä°ÛîÚ āÕãăÕ­ÅČóÚ÷È×÷ÈÂóäæÕ
ÿèæóĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈâøîÿÜĆÚìæòÂ ÿßøćîĂì­æÕÿèæóĂÚÂóä
ÖõÕÖòĈÈÿÅäøćîÈâøîÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚĀæñË¬èãØČóĂì­âö
ÿèæóÚČóăÜĂË­ÿßõćâÝæÝæõÖăÕ­âóÂãõćÈÃ÷ĈÚ 
 
2. ØåêÏöØöćĂË­ĂÚÂóäÕČóÿÚõÚÈóÚ 
2.1 Âóäé÷ÂêóÈóÚ [1], [2], [3] 
 2.1.1 ÅèóâìâóãÃîÈÂóäÂóäé÷ÂêóÈóÚ
Âóäé÷ÂêóÈóÚÿÜĆÚèõÙöÂóäØöćĂË­ÂòÚîã¬óÈÂè­óÈÃèóÈĂÚ
îùÖëóìÂääâÂóäÝæõÖìäøîÛäõÂóä Ì÷ćÈÿÜĆÚØöćäú­ÉòÂÂòÚĂÚÚóâ
ÃîÈ Âóäé÷ÂêóÂóäÿÅæøćîÚØöć (Time and Motion Study) 
Âóäé÷ÂêóÈóÚ (work study) ÿÜĆÚÅČóØöćĂË­ĀØÚèõÙöÂóäÖ¬óÈą 
ÉóÂÂóäé÷ÂêóèõÙöÂóäØČóÈóÚ ĀæñÂóäèòÕÝæÈóÚ Ì÷ćÈĂË­ĂÚ
Âóäé÷ÂêóèõÙöÂóäØČóÈóÚÃîÈÅÚîã¬óÈâöäñÿÛöãÛĀÛÛĀÝÚ 
ĀæñßõÉóäÔóîÈÅ°ÜäñÂîÛÖ¬óÈą ØöćâöÝæÖ¬îÜäñëõØÙõáóß
ĀæñëáóèñÃîÈÂóäØČóÈóÚÿßøćîÜäòÛÜäùÈÂóäØČóÈóÚÚòĈÚĂì­Õö
Ã÷ĈÚ             
Ƙ.Ƙ ÿØÅÚõÅÃîÈÂóäèòÕÈóÚ [1], [2], [3] 

2.2.1 Âóäé÷ÂêóÿèæóāÕãÖäÈ Âóäé÷Âêó
āÕãÖäÈÿÜĆÚÿØÅÚõÅÂóäèòÕÝæÈóÚîã¬óÈìÚ÷ćÈāÕãÝú­ØöćØČó
ÂóäèòÕÝæÈóÚăÜÕúÂóäÜÐõÛòÖõÈóÚÃîÈÅÚÈóÚĀæñÉòÛÿèæó
ĂÚÂóäØČóÈóÚÚòĈÚÕ­èãÚóíõÂóÉòÛÿèæó 

       Âóäé÷ÂêóÉòÛÿèæóāÕãÖäÈ ÚîÂÉóÂØČóĂì­ØäóÛ
ÿèæóØöćĂË¬ĂÚÂóäØČóÈóÚÚòĈÚą Āæ­èãòÈëóâóä×ÚČóăÜìó
ÿèæóâóÖäÑóÚÃîÈÈóÚÚòĈÚ ĀæñãòÈëóâóä×ØČóÈóÚĀæ­è
ÿëäĆÉÕ­èãîòÖäóÂóäØČóÈóÚÜÂÖõÖóâèõÙöÂóäØöćÂČóìÚÕĂì­ 
ÿäöãÂè¬ó ÿèæóâóÖäÑóÚ Âóäé÷Âêó 
       Âóäé÷Âêóÿèæó Åøî ÂóäìóÿèæóÂóäØČóÈóÚāÕã
ÅÚÈóÚØöćÿìâóñëâÌ÷ćÈăÕ­Ý¬óÚÂóäÞ÷ÂîÛäâèõÙöÂóäØČóÈóÚ
ÚòĈÚâóîã¬óÈÕö ëóâóä×ØČóÈóÚĀæ­èÿëäĆÉÕ­èãîòÖäóÂóä
ØČóÈóÚÜÂÖõÖóâèõÙöÂóäØöćÂČóìÚÕĂì­ ÿèæóÚöĈÿäöãÂè¬ó ÿèæó
âóÖäÑóÚ 
 
2.3 îÈÅ°ÜäñÂîÛÃîÈÿèæóâóÖäÑóÚ[1], [2], [3] 

2.3.1 ÂóäÿæøîÂßÚòÂÈóÚØöćÉñé÷Âêó Âóäé÷Âêó
ÿèæóāÕãîóéòãÂóäÉòÛÿèæó  âòÂâöÝæāÕãÖäÈÖ¬î
ÅÚØČóÈóÚØóÈÕ­óÚÉõÖĂÉ  ÕòÈÚòĈÚÉ÷ÈîÙõÛóãĂì­ßÚòÂÈóÚ
ØäóÛ×÷ÈÿìÖùÝæÃîÈÂóäÉòÛÿèæó  è¬óÖ­îÈÂóäé÷ÂêóÕú
ÿèæóÿÊæöćãÃîÈÂóäØČóÈóÚ  ĀæñÕúè¬óÈóÚØöćØČóÚòĈÚ×úÂÖ­îÈ
ÖóâèõÙöØöćÂČóìÚÕăè­Õ­èãîòÖäóÅèóâÿäĆèĂÂæ­ÿÅöãÈÂòÛ
âóÖäÑóÚØöćÖ­îÈÂóä 

2.3.2 ÂóäĀÛ¬ÈÃòĈÚÖîÚÈóÚîîÂÿÜĆÚÈóÚã¬îã ÈóÚ
ã¬îã ìâóã×÷È  ìÚ¬èãã¬îãÃîÈÈóÚ  Ì÷ćÈÿìĆÚăÕ­ËòÕÿÉÚ
ëóâóä×îÙõÛóã  ĀæñÉòÛÿèæóăÕ­  ÕòÈÚòĈÚÈóÚã¬îãÚöĈÖ­îÈ
ăâ¬ÿæĆÂÿÂõÚăÜ  ìäøîĂìÎ¬ÿÂõÚăÜÉÚÌòÛÌ­îÚ   

2.3.3 ÂóäëòÈÿÂÖĀæñÉòÛÿèæóØČóÈóÚĂÚĀÖ¬æñ
ÃòĈÚÖîÚĂÚÂóäÛòÚØ÷ÂÃ­îâúæ  ÚóíõÂóØöćĂË­ÉòÛÿèæóĂË­ÿÜĆÚ
ĀÛÛèõÚóØö  ÂóäÉòÛÿèæóÃîÈĀÖ¬æñÈóÚã¬îã  ÿÃĆâÚóíõÂó
ÿäõćâÖ­ÚØöć 0 ØùÂÅäòĈÈ                       

2.3.4 ÂóäÂČóìÚÕÉČóÚèÚÅäòĈÈØöćÖ­îÈÉòÛÿèæó 
Âóäé÷ÂêóÿèæóāÕãĂË­ÚóíõÂóÉòÛÿèæóÚòĈÚÃ­îâúæÉñâöÅèóâ
ÅæóÕÿÅæøćîÚîòÚÿÚøćîÈÉóÂÅèóâĀÜäÜäèÚÃîÈÈóÚ  
ÅèóâÿäĆèÃîÈßÚòÂÈóÚĂÚÂóäØČóÈóÚ   
 
2.4 ÜäñÿâõÚîòÖäóÅèóâÿäĆèÃîÈßÚòÂÈóÚ[1], [2], [3] 

èõÙöÜäñÿâõÚîòÖäóÂóäØČóÈóÚĂË­èõÙö  
´ Westinghouse  System  of  Rating µ  āÕãßõÉóäÔó
ÉóÂîÈÅ°ÜäñÂîÛ  4  Öòè Åøî 

2.4.1 ØòÂêñìäøîÅèóâËČóÚóÎ (Skill) Åøî Åèóâ
ËČóÚóÎĂÚÈóÚØöćØČó 
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2.4.2 Åèóâßãóãóâ (Effort) Åøî ÅèóâÖòĈÈĂÉìäøî
ÅèóâĂë¬ĂÉĂÚÂóäØČóÈóÚÚòĈÚą 

2.4.3 ëáóßÿÈøćîÚăÃÂóäØČóÈóÚ (Condition) Åøî 
ëáóßĀèÕæ­îâāÕãØòćèăÜĂÚÂóäØČóÈóÚÚòĈÚą 

2.4.4 ÅèóâëâČćóÿëâî (Consistency) ÅøîÂóä
äòÂêóÅèóâÿäĆèÉòÈìèñìäøîäñÕòÛÃîÈÝæÈóÚĂÚÂóä
ØČóÈóÚ 
 
2.5 ÂóäÅČóÚèÔìóÿèæóÜÂÖõ[1], [2], [3] 
 ìæòÈÉóÂăÕ­ØČóìóÿèæóÜÂÖõĀæ­èèõÿÅäóñì°ÿèæóØöć
ĂË­ĂÚÂóäØČóÈóÚÉäõÈÿÊæöćã  (Selected Time) ĀæñìóÅ¬ó
ÜäñëõØÙõáóßĂÚÂóäØČóÈóÚ (Rating Factor) ÕòÈÚòĈÚÿäó
ëóâóä×ìóÿèæóÜÂÖõÃîÈÈóÚã¬îãą ăÕ­āÕãèõÙöÂóä
ÅČóÚèÔÕòÈÚöĈ 
 
  NT = ST x RF         (1) 
 
ÿâøćî NT = ÿèæóÜÂÖõ (Normal Time) 
     ST = ÿèæóØöćĂË­ĂÚÂóäØČóÈóÚÉäõÈ (Selected Time) 
     RF = ÜäñëõØÙõáóßĂÚÂóäØČóÈóÚ (Rating Factor) 
 
2.6 ÂóäÅČóÚèÔìóÿèæóæÕìã¬îÚ[1], [2], [3] 
 ÿÚøćîÈÉóÂßÚòÂÈóÚÉČóÿÜĆÚÖ­îÈâöÿèæóëČóìäòÛØČó
ÂõÉë¬èÚÖòèëČóìäòÛÂóäßòÂÿìÚøćîã  ĀæñëČóìäòÛÂóäëúÎÿëöã
îòÚÿÚøćîÈÉóÂëóÿìÖùØöćÿìæöÂÿæöćãÈăâ¬ăÕ­  ÂóäÂČóìÚÕÿèæó
æÕìã¬îÚÿìæ¬óÚöĈÅèäßõÉóäÔóÖ¬óÈÉóÂë¬èÚÃîÈÂóäĂì­
Å¬óÜäòÛîòÖäóÅèóâÿäĆèĂÚÂóäØČóÈóÚ ÿèæóÿèæóæÕìã¬îÚ 
ÿÜĆÚÿèæóØöćÛèÂÿßõćâĂì­ÿèæóØöćĂË­ØČóÈóÚÉäõÈą Å¬óÿèæó
æÕìã¬îÚÚöĈĀÛ¬ÈîîÂÿÜĆÚëóâë¬èÚÅøîÿèæóæÕìã¬îÚë¬èÚ
ÛùÅÅæ  (Personal Allowance) āÕãØòćèăÜĀæ­èÉñîãú¬
äñìè¬óÈ 4.5% - 6.5% ĀÖ¬ĂÚîùÖëóìÂääâØòćèăÜâòÂ
ÂČóìÚÕăè­Øöć 5% ÃîÈÿèæóØČóÈóÚØòĈÈìâÕ ÕòÈÚòĈÚĂÚ 1 èòÚ
âöÿèæóØČóÈóÚ 8 ËòćèāâÈÿÖĆâìäøîÿØ¬óÂòÛ 480 ÚóØö Éñâö
ÿèæóæÕìã¬îÚë¬èÚÛùÅÅæ = 0.05X 8 X 60 =24 ÚóØö
ÿèæóæÕìã¬îÚÅèóâÿÅäöãÕ (Fatigue Allowance ÕòÈÚòĈÚ
Å¬óÿèæóæÕìã¬îÚÅèóâÿÅäöãÕßøĈÚÑóÚ (Basic Fatigue 
Allowance) ÿÜĆÚÅ¬óÅÈØöćëČóìäòÛÈóÚØòćèąăÜÿèæó
æÕìã¬îÚÅèóâæ¬óË­ó  (Delay Allowance) Åèóâæ¬óË­óØöć
îóÉÉñÿÂõÕÃ÷ĈÚăÕ­ĂÚìæóÂìæóãäúÜĀÛÛ ĀÛÛìæöÂÿæöćãÈăÕ­ 

(Avoidable Delay)  ÕòÈÚòĈÚÿèæóæÕìã¬îÚĀÛÛìæöÂÿæöćãÈ
ăÕ­Éñăâ¬ÚČóâóÅõÕĂÚÂóäÅČóÚèÔÿèæóâóÖäÑóÚ ĀÛÛ
ìæöÂÿæöćãÈăâ¬ăÕ­ (Unavoidable Delay) âòÂÿÂõÕÂñØòÚìòÚ
ÉóÂÂóäØČóÈóÚĀÛÛìæöÂÿæöćãÈăâ¬ăÕ­ Åèóâæ¬óË­óÖ¬óÈą 
ÿìæ¬óÚöĈ×øîè¬óÿÂõÕÉóÂÂóäÃóÕÜäñëõØÙõáóßĂÚäñÛÛÂóä
ØČóÈóÚ É÷ÈÅèäßãóãóâæÕÂóäÿÂõÕÚöĈĂì­æÕÿìæøîÚ­îãØöćëùÕ 
ÿßøćîÂóäìóÅ¬óÿèæóâóÖäÑóÚăÕ­âöÅèóâÚ¬óÿËøćî×øîÕòÈÚòĈÚ
É÷ÈĂË­ÖóäóÈèõÿÅäóñì°ÿèæóÿÝøćîÃîÈÂóäØČóÈóÚÿßøćîìóÿèæó
ÿÝøćî    
 
2.7 ÂóäÅČóÚèÔìóÿèæóâóÖäÑóÚ[1],[2],[3] 

ĂÚÂóäé÷ÂêóÿßøćîìóÿèæóâóÖäÑóÚÚòĈÚ  É÷ÈÅèä
ÿäõćâÂóäèõÿÅäóñì°ÈóÚ  ÛòÚØ÷ÂëáóßÂóäØČóÈóÚÖóâÜÂÖõ
ÃîÈÈóÚ  ßä­îâÂòÛÿæøîÂßÚòÂÈóÚØöćâöÅèóâËČóÚóÎìäøî
Åù­ÚÿÅãÂòÛÈóÚÿÜĆÚîã¬óÈÕö  ĀæñØČóÈóÚÚòĈÚą Õ­èã
ÅèóâÿäĆèØöćëâČćóÿëâî ìæòÈÉóÂÿäóăÕ­ÅČóÚèÔìóÿèæóÜÂÖõ
(Normal Time) ĀæñìóÿèæóÅ¬óÿÝøćîÖ¬óÈą (Allowance 
Time) ăÕ­Āæ­èÕòÈÚòĈÚÿäóëóâóä×ìóÿèæóâóÖäÑóÚăÕ­ 
 
2.8 ÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ[4], [5] 

2.8.1 ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîæÕÿèæóÂóä
ØČóÈóÚÃîÈÂäñÛèÚÂóäÖÂĀÖ¬ÈËõĈÚÈóÚ ÿÚøćîÈÉóÂÜòÎìó
ØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÖÂĀÖ¬ÈËõĈÚÈóÚÃîÈĀÝÚÂ ßÛè¬ó
ÂóäÿÉöãäñăÚÞóâîÿÖîä° VC200 âöÅèóâæ­óË­óØČóĂì­ÿÂõÕ
ÉùÕÅîÃèÕ Ì÷ćÈë¬ÈÝæĂì­ÂóäØČóÈóÚÿÂõÕÅèóâæ­óË­óĂÚ
ĀÝÚÂ 

2.8.2 ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîæÕÿèæóÂóä
ÜäòÛÖòĈÈæúÂîòÕëČóìäòÛÂóäÝæõÖ ăâ­ÞóëòÈÿÅäóñì° ÿÚøćîÈÉóÂ
ÂäñÛèÚÂóäÕòÈÂæ¬óèĂË­ÿèæóëúÈëùÕĂÚÂóäÜäòÛÖòĈÈ
ÿÅäøćîÈÉòÂäĂÚĀÖ¬æñÅäòĈÈ āÕãÜòÎìóÕòÈÂæ¬óèÿÂõÕÉóÂÂóäâö
ÃòĈÚÖîÚÂóäØČóÈóÚØöćÿÂõÚÅèóâÉČóÿÜĆÚìäøîăä­ 
ÜäñëõØÙõáóß Ì÷ćÈØČóĂì­ÿëöãÿèæóĀæñÿÂõÕÅèóâëúÎÿëöã
ÃîÈØäòßãóÂäÃ÷ĈÚ ØòĈÈÚöĈÈóÚèõÉòãÚöĈăÕ­ĂË­Åèóâäú­ĂÚÕ­óÚ 
Âóäé÷Âêóÿèæó Âóäé÷ÂêóèõÙöÂóäØČóÈóÚ  
 
3. èõÙöÂóäÕČóÿÚõÚÈóÚèõÉòã 
3.1 é÷ÂêóÃ­îâúæÿÛøĈîÈÖ­ÚÃîÈÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 
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 é÷ÂêóÃ­îâúæÿÂöćãèÂòÛÃÚóÕÃîÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ ÿßøćîØČóÂóäèõÿÅäóñì°ìóÃ­îâúæ       

 
 
 
 
 
 
 
 

äúÜØöć 1 ÃÚóÕÃîÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 
ÉóÂäúÜØöć 1 ĀëÕÈĂì­ÿìĆÚ×÷ÈÅèóâÂè­óÈĀæñÅèóâ

ãóèĂÚë¬èÚÃîÈÖòèÂæ¬îÈÃîÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ 
 
3.2 é÷ÂêóÃòĈÚÖîÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 

é÷ÂêóÃòĈÚÖîÚÂóäÖõÕÖòĈÈĀÖ¬æñÃòĈÚÖîÚĀæñ
èõÿÅäóñì°ìóëóÿìÖùÉóÂ Flowchart ÕòÈÚöĈ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
äúÜØöć 2 Flowchart ĀëÕÈÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ

Åóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 

ÉóÂäúÜØöć 2 Flowchart ĀëÕÈÂäñÛèÚÂóäÖõÕÖòĈÈ
ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ ßÛÜòÎìóĂÚÂóäÖõÕÖòĈÈ

ÿÅäøćîÈâøîæ¬óË­ó  Ì÷ćÈÃòĈÚÖîÚÂóäãõÈÌõæõāÅÚĀæ­èäîĂì­
ÌõæõāÅÚĀì­È ØČóĂì­ÿëöãÿèæóĂÚÂóäÝæõÖĀæñë¬ÈÝæĂì­Ö­ÚØùÚ
ëúÈÃ÷ĈÚÿÚøćîÈÉóÂÖ­îÈØČóÈóÚÿÂõÚÿèæó ĀæñÿëöãÿèæóāÕã
ÿÜæ¬óÜäñāãËÚ° ÉČóÿÜĆÚÉñÖ­îÈæÕÿèæóÂóäÖõÕÖòĈÈÿÅäøćîÈâøî
æÈ É÷ÈÿÜĆÚÜòÎìóĂÚÂóäØČóèõÉòãĂÚÅäòĈÈÚöĈ 
 
3.3 é÷ÂêóÿèæóÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 

é÷ÂêóÿèæóĂÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) āÕãØöćĂì­ĀÖ¬æñÃòĈÚÖîÚÉñ
ÉòÛÿèæóÿÊßóñë¬èÚÃîÈÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ ÕòÈĂÚÖóäóÈØöć 1 
 
ÖóäóÈØöć 1 ĀëÕÈÖóäóÈÿèæóĀÖ¬æñÃòĈÚÖîÚĂÚë¬èÚÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) 

 

ÃòĈÚ  
ÖîÚ 

äóãæñ 
ÿîöãÕÂóä
ØČóÈóÚ 

ÿèæóã¬îãĂÚĀÖ¬æñÃòĈÚÖîÚ (èõÚóØö) 
ÿèæó
ÿÊæöćã 

1 ÖõÕÖòĈÈÑóÚ 
Ɯƛ Ɯƙ ƜƗ Ɯƚ Ɯƙ 

62.7 
ƜƗ Ɯƚ ƜƘ ƜƗ Ɯƙ 

2 
ÖõÕÖòĈÈ
ĀÝ¬Ú
ÿßæØ 

ƗƝƟ ƗƝƛ ƗƝƝ ƗƝƞ ƗƝƜ 
176.6 

ƗƝƛ ƗƝƞ ƗƝƜ ƗƝƛ ƗƝƝ 

3 

ÖõÕÖòĈÈ
ÿÅäøćîÈ
Ü­îÈÂòÚ
Þù¬ÚÝÈ
Åóä°ÛîÚ 

ƘƙƘ ƘƙƜ Ƙƙƚ ƘƙƜ ƘƙƝ 

234.2 

Ƙƙƙ Ƙƙƛ ƘƙƗ Ƙƙƛ Ƙƙƙ 

4 

ÖõÕÖòĈÈ
ÿÅäøćîÈÕúÕ
Þù¬ÚÿÅäøćîÈ
Øöć Ɨ 

ƘƜ ƘƟ Ƙƛ ƘƝ ƘƜ 

26.3 

Ƙƞ Ƙƚ ƘƜ ƘƝ Ƙƛ 

5 

ÖõÕÖòĈÈ
ÿÅäøćîÈÕúÕ
Þù¬ÚÿÅäøćîÈ
Øöć Ƙ Āæñ
ÿÅäøćîÈÿÜ¬ó
æâ 

ƙƛ ƙƘ ƙƛ ƙƚ ƙƝ 

33.9 

ƙƚ ƙƗ ƙƛ ƙƘ ƙƚ 

6 Ăë¬ÞóäîÈ 
ƙƚ ƙƖ ƙƘ Ƙƞ ƙƗ 

30.3 
ƘƟ Ƙƞ ƙƘ 30 29 

ÖõÕÖòĈÈÑóÚ 

ÖõÕÖòĈÈĀÝ¬ÚÿßæØ 

ÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ

äîÌõæõāÅÚĀì­È (ßîØČóÈóÚăÕ­) 

ãõÈÌõæõāÅÚ 

Ăë¬ÞóÅäîÛ 

ÖõÕÖòĈÈÿÅäøćîÈÕúÕÞù¬ÚÿÅäøćîÈØöć Ɨ 

ÖõÕÖòĈÈÿÅäøćîÈÕúÕÞù¬ÚÿÅäøćîÈØöć Ƙ 
ĀæñÿÅäøćîÈÿÜ¬óæâ 

Ăë¬ÞóäîÈ 
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ÖóäóÈØöć 2 ĀëÕÈÖóäóÈÿèæóĀÖ¬æñÃòĈÚÖîÚĂÚë¬èÚÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ (Â¬îÚÜäòÛÜäùÈ) Ö¬î 

 
 
 
 
 
 
 
 
 
 
 
 

äúÜØöć 3 ÂäóàĀëÕÈÿèæóØöćĂË­ĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ 

3.4 ëäùÜÂóäèõÿÅäóñì° 
ÉóÂÂóäé÷ÂêóÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ

Åóä°ÛîÚÉóÂÂóäÃ÷ĈÚäúÜÕ­èãÿÅäøćîÈ CNC ăÕ­ßÛè¬óëóÿìÖù
ØöćØČóĂì­ÂäñÛèÚÂóäÖõÕÖòĈÈ ĂË­ÿèæóÚóÚÚòĈÚâöîãú¬ìæóã
ëóÿìÖùÕ­èãÂòÚ ÉóÂÂóäèõÿÅäóñì°ìóëóÿìÖùßÛëóÿìÖù
ìæòÂÅøî ÂäñÛèÚÂóäÖõÕÖòĈÈÌ÷ćÈĂË­ÿèæóÚóÚ Ýú­èõÉòãÉ÷ÈăÕ­æÈ
ÅèóâÿìĆÚè¬óÅèäßòÓÚóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ
Ã÷ĈÚâóÿßøćîË¬èãĂì­æÕÿèæóĂÚÂóäÖõÕÖòĈÈ ĀæñãòÈË¬èãÿßõćâ
ÜäñëõØÙõáóßĂÚÂóäÝæõÖĂì­äèÕÿäĆèãõćÈÃ÷ĈÚ 
4. Âóäé÷ÂêóÂóäîîÂĀÛÛĀæñÂóäØÕæîÈ 
4.1 èõÿÅäóñì°Ã­îâúæÿßøćîîîÂĀÛÛÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ 

4.1.1 ĀÚèÅõÕĂÚÂóäîîÂĀÛÛÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚÝú­èõÉòãâöĀÚèÅõÕĂÚÂóäîîÂĀÛÛÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ āÕãâù¬ÈÿÚ­ÚÉóÂÃÚóÕÃîÈîùÜÂäÔ°Āæñ
ØõéØóÈÃîÈìòèÂæ÷ÈÿÅäøćîÈ CNC ĂÚÃÔñØČóÈóÚ ÜòÉÉòã
ëČóÅòÎÂĆÅøî ÞóÃîÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚØöćâöÃÚóÕ
ÅèóâÂè­óÈ ƙƟ ÿÌÚÖõÿâÖä Åèóâãóè ƜƘ ÿÌÚÖõÿâÖä Āæñ
âöË¬îÈÖäÈÂæóÈÃÚóÕÅèóâÂè­óÈ 15 ÿÌÚÖõÿâÖä Āæñ
Åèóâãóè 27 ÿÌÚÖõÿâÖä  

4.1.2 ìæòÂÂóäîîÂĀÛÛÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚăÕ­âöÂóäîîÂĀÛÛÖóâìæòÂÃîÈÂóäØČóÈóÚĀæñ
ìÚ­óØöćÃîÈîùÜÂäÔ°ĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ 

ÃòĈÚÖîÚØöć 1 ìæòÂĂÚÂóäîîÂĀÛÛÉñßõÉóäÔóÉóÂ
ìæòÂÂóäØČóÈóÚÃîÈîùÜÂäÔ°ÿÕõâāÕãØČóÂóäÜäòÛÜäùÈÉóÂ
ìÚ­óØöćÂóäØČóÈóÚÃîÈîùÜÂäÔ°ÿÕõâ  

ÃòĈÚÖîÚØöć 2 ìæòÂÂóäØöćÉñĂË­îîÂĀÛÛāÕãÂóä
îîÂĀÛÛßõÉóäÔóÉóÂÅèóâëñÕèÂÖ¬îÂóäØČóÈóÚ ĀæñæÕ
ÿèæóĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ āÕãÂóä
ÜäòÛÜäùÈÂäñÛèÚÂóäÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚĂìâ¬Ăì­ØČóÈóÚÈ¬óãëñÕèÂĀæñäèÕÿäĆèâóÂÃ÷ĈÚ 

ÃòĈÚÖîÚØöć 3 ÕČóÿÚõÚÂóäîîÂĀÛÛÿÅäøćîÈĀæñÿÃöãÚ
ĀÛÛÕ­èãāÜäĀÂäâ Solidwork āÕãÚČóìæòÂÂóäÂóä
îîÂĀÛÛÉóÂÃòĈÚÖîÚØöć 1 Āæñ 2 ÿßøćîëä­óÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚÃ÷ĈÚâóÕòÈäúÜØöć 4.2 
 

 
 

äúÜØöć 4 ĀëÕÈĀÛÛÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ (Solidwork) 
 

4.1.3 ÂóäÿæøîÂĂË­èòëÕù ÂóäÿæøîÂèòëÕùĂÚÂóäØČó
ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚÿæøîÂèòëÕùØöćÿæøîÂâó 3 ËÚõÕÚöĈ
ÿÜĆÚèòëÕùØöćìóăÕ­È¬óãìóÈ¬óãÖóâØ­îÈÖæóÕĀæñâöäóÅóăâ¬

ÃòĈÚ  
ÖîÚ 

äóãæñ 
ÿîöãÕÂóä
ØČóÈóÚ 

ÿèæóã¬îãĂÚĀÖ¬æñÃòĈÚÖîÚ (èõÚóØö) 
ÿèæó
ÿÊæöćã 

7 
Ăë¬Þó
ÅäîÛ 

ƙƖ ƙƘ Ƙƞ ƙƘ ƙƖ 
30.8 

ƘƟ ƙƚ ƙƖ ƙƘ ƙƗ 

8 ãõÈÌõæõāÅÚ 
Ƙƛƛ ƘƜƗ ƘƝƘ ƘƝƖ ƘƜƛ 

263.8 
ƘƜƖ ƘƛƟ ƘƜƝ ƘƜƙ ƘƜƜ 

9 

äîÿèæó
ÌõæõāÅÚ
Āì­È 
(ßî
ØČóÈóÚ
ăÕ­) 

ƛƚƚ
Ɩ 
ƚƞƞ
Ɩ 
ƛƝƗ
ƙ 
ƛƙƚ
Ɩ 
ƛƚƖ
Ɩ 

5420.6 
ƛƛƞ
Ɩ 
ƛƙƜ
ƚ 
ƛƜƜ
ƛ 
ƛƙƗ
Ɩ 
ƛƛƗ
ƚ 

ÿèæóÿÊæöćãäèâ 6279.2 
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ĀßÈâóÂÿÂõÚăÜĀæñâöÅùÔëâÛòÖõÿìâóñëâÂòÛÂóäÚČóâóØČó
ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚØöćĀëÕÈĂÚÖóäóÈØöć 2 
 
ÖóäóÈØöć 3 ÂóäÿæøîÂèòëÕùØČóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ 

 
4.2 é÷ÂêóÃòĈÚÖîÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (ìæòÈÜäòÛÜäùÈ) 

é÷ÂêóÃòĈÚÖîÚĀæñèõÙöÂóäÖõÕÖòĈÈØòĈÈ 8 ÃòĈÚÖîÚÉóÂ 
Flowchart ÕòÈÚöĈ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

äúÜØöć 5 Flowchart ĀëÕÈÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ (ìæòÈÜäòÛÜäùÈ) 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
äúÜØöć 6 ĀëÕÈáóßÃòÚÚĆîÖÿßøćîã÷ÕÂæ¬îÈÂòÛĀÝ¬ÚÿìæĆÂ 

 
ÉóÂäúÜØöć 6 ÃòÚÚĆîÖÉČóÚèÚ 8 Öòè ÿßøćîã÷ÕĂì­Öòè

Âæ¬îÈÖõÕÂòÛĀÝ¬ÚÿìæĆÂ ÿßøćîÜ­îÈÂòÚăâ¬Ăì­Âæ¬îÈÿÅæøćîÚăìè
ÃÔñØöćÃ÷ĈÚäúÜËõĈÚÈóÚ  ìæòÈÉóÂØöćăÕ­ßòÓÚóÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚāÕãâöäúÜä¬óÈØöćĀÃĆÈĀäÈĀæñăâ¬Ö­îÈãõÈ
ÌõæõāÅÚâóĂË­ÈóÚ āÕãæÕÿèæóË¬èÈãõÈÌõæõāÅÚîîÂăÜ ĀÖ¬
ÿÜæöćãÚâóÿÜĆÚÃòÚÚĆîÖ ƞ ÉùÕĀØÚ 

 
4.2 é÷ÂêóÿèæóĂÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚ (ìæòÈÜäòÛÜäùÈ) 

Âóäé÷ÂêóÿèæóÃîÈÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ ìæòÈÉóÂÂóäÜäòÛÜäùÈ (ÉóÂÂóäÉòÛ
ÿèæó) Åøîé÷ÂêóÕ­óÚÿèæóÂóäÖõÕÖòĈÈ āÕãÿèæóÂóäÖõÕÖòĈÈĀÖ¬
æñÃòĈÚÖîÚĂÚë¬èÚÃîÈÂäñÛèÚÂóäÃ÷ĈÚäúÜĀÝ¬ÚÅóä°ÛîÚ 
ìæòÈÉóÂÂóäßòÓÚóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ ÃòĈÚÖîÚ
ĂÚÂóäØČóÈóÚâöÂóäÿÜæöćãÚĀÜæÈ āÕãæÕÿèæóË¬èÈãõÈ
ÌõæõāÅÚîîÂăÜ ĀÖ¬ÿÜæöćãÚâóÿÜĆÚÃòÚÚĆîÖ ƞ ÉùÕĀØÚ ÿßøćî
ØČóÂóäÿÜäöãÛÿØöãÛÿèæóÂ¬îÚĀæñÂóäÜäòÛÜäùÈÕòÈĀëÕÈĂÚ
ÖóäóÈØöć 4 
 
 
 
 
 
 
 
 
 
 

ËÚõÕÃîÈ
èòëÕù 

âöÅèóâ
ØÚØóÚ 

ÚČĈóìÚòÂ
ÿÛó 

äóÅó
×úÂ 

ìóÌøĈî
ăÕ­È¬óã 

Ã÷ĈÚäúÜ
ăÕ­
È¬óã 

ÿìæĆÂ     ã      ã    ã  
îñÅäõæõÅ     ã     ã ã    ã   ã 
îñæúâõÿÚöãâ     ã      ã  

ÖõÕÖòĈÈÑóÚ 

ÖõÕÖòĈÈĀÝ¬ÚÿßæØ 

ÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ 

ÃòÚÚĆîÖÿßøćîã÷ÕÖòèÂæ¬îÈÖõÕÂòÛĀÝ¬ÚÿìæĆÂ 

ÖõÕÖòĈÈĀÝ¬ÚÿìæĆÂ 

ÖõÕÖòĈÈÿÅäøćîÈÕúÕÞù¬ÚÿÅäøćîÈØöć Ɨ  

ÖõÕÖòĈÈÿÅäøćîÈÕúÕÞù¬ÚÿÅäøćîÈØöć Ƙ ĀæñÿÅäøćîÈÿÜ¬óæâ 

Ăë¬ÞóÅäîÛ 
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ÖóäóÈØöć 4 ĀëÕÈÖóäóÈÿèæóĀÖ¬æñÃòĈÚÖîÚĂÚë¬èÚÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ (ìæòÈÜäòÛÜäùÈ) 

 
4.3 ëäùÜÿÜäöãÛÿØöãÛÂóäÕČóÿÚõÚāÅäÈÈóÚ 

ÉóÂÂóäé÷ÂêóĂÚÿäøćîÈÂóäæÕÿèæóĂÚÂóäÖõÕÖòĈÈ
ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚĂÚÂäñÛèÚÂóäÃ÷ĈÚäúÜĀÝ¬Ú
Åóä°ÛîÚÕ­èãÿÅäøćîÈ CNC ìæòÈÉóÂØöćăÕ­ßòÓÚóÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚāÕãâöäúÜä¬óÈØöćĀÃĆÈĀäÈĀæñăâ¬Ö­îÈ
ãõÈÌõæõāÅÚ ßÛè¬óÿèæóØöćĂË­ĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚÉóÂÂ¬îÚÜäòÛÜäùÈÉñĂË­ÿèæóĂÚÂóäÖõÕÖòĈÈ 
ƗƖƚ.Ɲ ÚóØö ĀæñÿâøćîØČóÂóäÜäòÛÜäùÈĀæ­èÿèæóĂÚÂóäÖõÕÖòĈÈ
æÕæÈÿìæøî Ɯƚƛ.Ɯ èõÚóØö ìäøîÜäñâóÔ ƗƖ.Ɲ ÚóØö  

 
äúÜØöć 7 ĀëÕÈÿèæóâóÖäÑóÚØöćĂË­ĂÚÂäñÛèÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ

Þù¬ÚÅóä°ÛîÚìæòÈÉóÂØČóÂóäÜäòÛÜäùÈ 

 
 

äúÜØöć 8 ĀëÕÈÿèæóÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈÂóäÖõÕÖòĈÈÿÅäøćîÈ
Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚ 

 
ÉóÂäúÜØöć 8 ÉñĀëÕÈĂì­ÿìĆÚÿèæóÂóäÖõÕÖòĈÈÿÅäøćîÈ

Ü­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚìæòÈÉóÂÂóäÜäòÛÜäùÈāÕãÂóä
ØČóÈóÚâöÂóäÿÜæöćãÚĀÜæÈ Ì÷ćÈæÕÿèæóË¬èÈãõÈÌõæõāÅÚ
îîÂăÜ ÿÜæöćãÚâóÿÜĆÚÃòÚÚĆîÖ ƞÉùÕĀØÚ ØČóĂì­ÿèæóæÕæÈ
ÉóÂÿÕõâ 104.7 ÚóØö ÿÜĆÚ 10.7 ÚóØö   

 

5. ëäùÜÝæÂóäÕČóÿÚõÚÈóÚèõÉòãĀæñÃ­îÿëÚîĀÚñ 
5.1 ëäùÜÝæÂóäÕČóÿÚõÚÈóÚèõÉòã 

ÂóäæÕÿèæóĂÚÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚ ÉóÂÿÕõâØöćĂË­ÂóäãõÈÌõæõāÅÚÿÜæöćãÚâóÿÜĆÚ
ÃòÚÚĆîÖ ƞ ÉùÕ ÂĆÿßäóñè¬óÂóäÃòÚÚĆîÖÿÜĆÚÂóäÉòÛã÷ÕăÕ­
îã¬óÈâòćÚÅÈĀæñëñÕèÂÂè¬óèòëÕùîùÜÂäÔ°ËÚõÕîøćÚ āÕãÝæ
îîÂâóÿÜĆÚØöćÚ¬óßîĂÉÃîÈØóÈèõéèÂäÃîÈÛäõêòØÿÜĆÚîã¬óÈ
âóÂ ÿßäóñëóâóä×ØöćÉñæÕÿèæóÂóäÖõÕÖòĈÈÿÅäøćîÈÜ­îÈÂòÚ
Þù¬ÚÝÈÅóä°ÛîÚăÕ­ÉäõÈ ÉóÂÃîÈÿÕõâÅøîÿèæó 104.7 ÚóØö 
ÿÜĆÚÿèæó 10.7 ÚóØö ĀæñăÕ­îîÂĀÛÛÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈ
Åóä°ÛîÚĂì­ëóâóä×Ë¬èãĂì­ÂóäØČóÈóÚÃîÈßÚòÂÈóÚâö

ÃòĈÚ  
ÖîÚ 

äóãæñ 
ÿîöãÕÂóä
ØČóÈóÚ 

ÿèæóã¬îãĂÚĀÖ¬æñÃòĈÚÖîÚ (èõÚóØö) 
ÿèæó
ÿÊæöćã 

1 
ÖõÕÖòĈÈ
ĀÝ¬Ú
ÿìæĆÂ 

ƚƝ ƚƞ ƚƛ 46 ƚƞ 
46.9 

ƚƝ ƛƖ ƚƛ ƚƞ ƚƛ 

2 ÖõÕÖòĈÈÑóÚ 
Ɯƛ Ɯƙ ƜƗ Ɯƚ Ɯƙ 

62.7 
ƜƗ Ɯƚ ƜƘ ƜƗ Ɯƙ 

3 
ÖõÕÖòĈÈ
ĀÝ¬Ú
ÿßæØ 

ƗƝƟ ƗƝƛ ƗƝƝ ƗƝƞ ƗƝƜ 

176.6 

ƗƝƛ ƗƝƞ ƗƝƜ ƗƝƛ ƗƝƝ 

4 

ÖõÕÖòĈÈ
ÿÅäøćîÈ
Ü­îÈÂòÚ
Þù¬ÚÝÈ
Åóä°ÛîÚ 

ƘƙƘ ƘƙƜ Ƙƙƚ ƘƙƜ ƘƙƝ 

234.2 

Ƙƙƙ Ƙƙƛ ƘƙƗ Ƙƙƛ Ƙƙƙ 

5 

ÃòÚÚĆîÖ
ÿßøćîã÷ÕÖòè
Âæ¬îÈÖõÕ
ÂòÛĀÝ¬Ú
ÿìæĆÂ 

ƙƙ ƙƛ ƙƜ ƙƚ ƙƚ 

34.2 

ƙƛ ƙƙ ƙƛ ƙƙ ƙƚ 

6 

ÖõÕÖòĈÈ
ÿÅäøćîÈÕúÕ
Þù¬ÚÿÅäøćîÈ
Øöć Ɨ 

ƘƜ ƘƟ Ƙƛ ƘƝ ƘƜ 

26.3 
Ƙƞ Ƙƚ ƘƜ ƘƝ Ƙƛ 

7 

ÖõÕÖòĈÈ
ÿÅäøćîÈÕúÕ
Þù¬ÚÿÅäøćîÈ
Øöć Ƙ Āæñ
ÿÅäøćîÈÿÜ¬ó
æâ 

ƙƛ ƙƘ ƙƛ ƙƚ ƙƝ 

33.9 

ƙƚ ƙƗ ƙƛ ƙƘ ƙƚ 

8 
Ăë¬Þó
ÅäîÛ 

ƙƖ ƙƘ Ƙƞ ƙƘ ƙƖ 
30.8 

ƘƟ ƙƚ ƙƖ ƙƘ ƙƗ 

ÿèæóÿÊæöćãäèâ 645.6 
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ÜäñëõØÙõáóß ëóâóä×ØČóÈóÚăÕ­äèÕÿäĆèâóÂÃ÷ĈÚăÕ­ ĀÖ¬
Ö­îÈîãú¬ĂÚÃîÛÿÃÖÃîÈÈóÚØöćäòÛâó 
 
5.2 Ã­îÿëÚîĀÚñ 

ÉóÂÂóäèõÉòãÚöĈØČóĂì­ÖäèÉßÛăÕ­è¬óĂÚÂóäÃ÷ĈÚäúÜ
ËõĈÚë¬èÚÅóä°ÛîÚÚòĈÚÉñâöÂäñÛèÚÂóäÃ÷ĈÚäúÜÃîÈËõĈÚÈóÚØöć
ĀÖÂÖ¬óÈÂòÚÖóâæòÂêÔñÃîÈÅèóâÖ­îÈÂóäæúÂÅ­ó Ì÷ćÈë¬ÈÝæ
Ăì­ÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚÉñÖ­îÈâöäúÜĀÛÛØöćĀÖÂÖ¬óÈ
ÂòÚîîÂăÜ ÕòÈÚòĈÚÉ÷ÈØČóĂì­Ö­îÈâöÂóäÜäòÛÿÜæöćãÚĀæñ
ßòÓÚóÿÅäøćîÈÜ­îÈÂòÚÞù¬ÚÝÈÅóä°ÛîÚÖæîÕÿèæó ÿßøćîØöćÉñ
ëóâóä×ĂË­ăÕ­ĂÚÂòÛØùÂÂäñÛèÚÂóäĂÚÂóäÃ÷ĈÚäúÜËõĈÚÈóÚ 
 
ÂõÖÖõÂääâÜäñÂóé 

ÃîÃîÛÅùÔ ÛäõêòØ ßÌòÚ ÿâÅÅóÚõÅîæ ÉČóÂòÕ 
ëČóìäòÛÃ­îâúæĀæñÚòÂé÷Âêó ÚóãäòÂêõÖ ăÂäëõÚÙù°         
ÚóãÉóä÷Â ÕèÈĂÉäòÂÿÂêâ Ë¬èãÿÂĆÛÃ­îâúæ 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîÚČóÿëÚîÖ­ÚĀÛÛÂäñÛèÚÂóäîîÂĀÛÛÝæõÖáòÔÒ°ËõĈÚë¬èÚãóÚãÚÖ°āÕãÂóäÛúäÔóÂóä 
ÌõÂÌ° ÌõÂâ¬óÿßøćîÂóäîîÂĀÛÛä¬èâÂòÛâóÖäÑóÚ ISO/TS 16949 āÕãĂË­āË­ÅîòßãóÚãÚÖ° ÿÜĆÚÝæõÖáòÔÒ°ÂäÔöé÷Âêó 
ÂóäÕČóÿÚõÚÂóäèõÉòãÿäõćâÖ­ÚÉóÂÂóäé÷ÂêóÂäñÛèÚÂóäîîÂĀÛÛĀæñßòÓÚóÝæõÖáòÔÒ°ÃîÈÛäõêòØÂäÔöé÷Âêó ÃòĈÚØöć 2 
ăÕ­ßòÓÚóÖ­ÚĀÛÛÂäñÛèÚÂóäßòÓÚóÝæõÖáòÔÒ°ÖóâÃòĈÚÖîÚ DMADV ÃîÈ ÌõÂÌ° ÌõÂâ¬ó ä¬èâÂòÛèÈÉä PDCA ÿßøćî
ÜäòÛÜäùÈäñÛÛÛäõìóäÅùÔáóßÝæõÖáòÔÒ° ĀæñăÕ­ÚČóÿëÚîÿÅäøćîÈâøîØóÈë×õÖõØöćÿìâóñëâëČóìäòÛÂóäèõÿÅäóñì°ĂÚØùÂ
ÃòĈÚÖîÚ Āæñëóâóä×ÖäèÉëîÛØÛØèÚÂóäÕČóÿÚõÚÂóäĂì­ÖäÈÖóââóÖäÑóÚ ISO/TS 16949 ÃòĈÚØöć 3 ÿÜĆÚÂóä
ÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛØöćÚČóÿëÚîÂòÛÝæõÖáòÔÒ°āË­ÅîòßãóÚãÚÖ°  ÝæÂóäÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛÂóäîîÂĀÛÛÝæõÖáòÔÒ°ÂòÛ
ÂäÔöé÷Âêó ßÛè¬ó ÂóäîîÂĀÛÛāË­ÅîòßãóÚãÚÖ°âöÜäñëõØÙõáóßÿßõćââóÂÃ÷ĈÚ ĀæñÿÂõÕÿÜĆÚÂóäÜäòÛÜäùÈÃòĈÚÖîÚÂóä
îîÂĀÛÛîã¬óÈÖ¬îÿÚøćîÈÖóââóÖäÑóÚ ISO/TS 16949 Ë¬èãë¬ÈÿëäõâĂì­ÿÜĆÚÂóäîîÂĀÛÛØöćĀÃĆÈĀÂä¬È  
ÅČóëČóÅòÎ ÂóäîîÂĀÛÛĀæñßòÓÚóÝæõÖáòÔÒ°, ÌõÂÌ° ÌõÂâ¬óÿßøćîÂóäîîÂĀÛÛ, âóÖäÑóÚ ISO/TS 16949, āË­Åîòß
ãóÚãÚÖ°  
 
Abstract 
The objective of this research is to propose a methodology for designing and developing automotive 
parts integrating design for Six Sigma with ISO/TS 16949. The shock absorber was selected as the case 
study product. The research started with studying the current product design processes of the case study 
company. In step 2, the methodology for designing and developing automotive part was developed 
following the DMADV process of the design for Six Sigma and PDCA cycle to improve the management 
of product quality. The methodology also recommended appropriate statistical tools to analyze all the 
steps of the processes and provided verification check points that consistent with the ISO/TS 16949 
standard. In step 3, the application of the methodology to the shock absorber was performed. Result of 
this study showed that the methodology for designing and developing automotive part developed in this 
research increased the design efficiency. It also provided the continuous improvement in the design 
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process consistency with ISO/TS 16949 standard. As the result, it encouraged the rigorous design and 
development processes for the automotive part industry. 
Keyword: Product design and development, Design for Six Sigma, ISO/TS 16949 standard, Shock 
absorber 
 
1. ÛØÚČó 
 ĂÚÜòÉÉùÛòÚÜäñÿØéăØãÂ­óèëú¬ÂóäÿÜĆÚÑóÚÂóäÝæõÖ
ãóÚãÚÖ°ØöćëČóÅòÎĀì¬ÈìÚ÷ćÈÃîÈāæÂ É÷ÈÉČóÿÜĆÚÖ­îÈßòÓÚó
Ăì­ÿÜĆÚÑóÚÂóäÝæõÖ ØöćâöÂóäØÕëîÛ èõÉòã ĀæñßòÓÚóãóÚ
ãÚÖ° Ăì­ëîÕÅæ­îÈÂòÛĀÚèāÚ­âÃîÈÿØÅāÚāæãöãóÚãÚÖ°ĂÚ
îÚóÅÖ Āæñëä­óÈâúæÅ¬óÿßõćâáóãĂÚāÌ¬îùÜØóÚÃîÈ
îùÖëóìÂääâãóÚãÚÖ° āÕãÿÚ­ÚĂì­âöÂóäëÚòÛëÚùÚ
îùÖëóìÂääâËõĈÚë¬èÚãóÚãÚÖ°áóãĂÚÜäñÿØéĂì­âöÅèóâ
ĀÃĆÈĀÂä¬È ÿÜĆÚÿæõéÕ­óÚÿØÅāÚāæãö ÂóäèõÉòãĀæñßòÓÚó 
(Research and Technology and Development: R&D) 
ÿßøćîÿÜĆÚĀäÈÃòÛÿÅæøćîÚ ĂÚÂóäãÂäñÕòÛÃöÕÅèóâëóâóä×
ØóÈÂóäĀÃ¬ÈÃòÚÃîÈîùÖëóìÂääâÝæõÖãóÚãÚÖ° Āæñ
îùÖëóìÂääâÝæõÖËõĈÚë¬èÚãóÚãÚÖ° Āæñëóâóä×äîÈäòÛ
ÂóäÅóÕÂóäÔ°ÂóäÃãóãÖòèÃîÈîùÖëóìÂääâÂóäÝæõÖãóÚ
ãÚÖ°áóãĂÚÜäñÿØé [1] ÕòÈäúÜØöć Ɨ  
 

 
äúÜØöć Ɨ ÂóäÅóÕÂóäÔ°ÂóäÃãóãÖòèîùÖëóìÂääâÂóäÝæõÖ 

ãóÚãÚÖ°ăØã ×÷ÈÜö ß.é. ƘƛƟƙ [1] 
 
Ɨ.Ɨ ÅèóâÿÜĆÚâóĀæñÅèóâëČóÅòÎÃîÈÜòÎìó 
 ĀÝÚãùØÙéóëÖä°ßòÓÚóîùÖëóìÂääâãóÚãÚÖ°âö
ÅèóâëîÕÅæ­îÈÂòÛèòÖ×ùÜäñëÈÅ°ĂÚÂóäÂ¬îÖòĈÈÛäõêòØ
ÂäÔöé÷ÂêóØöćăÕ­Â¬îÖòĈÈÃ÷ĈÚÿßøćîÿÜĆÚéúÚã°ØÕëîÛ èõÉòã Āæñ
ßòÓÚóāË­ÅîòßãóÚãÚÖ°ĂÚäñÕòÛâóÖäÑóÚāäÈÈóÚ (OEM) 
ĀæñäñÕòÛîñăìæ¬ØÕĀØÚ (REM) ĀÖ¬ÂóäÿäõćâÖ­ÚßòÓÚó
ÝæõÖáòÔÒ°ãòÈÕČóÿÚõÚÂóäØöćÛäõêòØĀâ¬ÜäñÿØéÎöćÜù¬ÚÿÜĆÚìæòÂ

ÕòÈÚòĈÚÈóÚèõÉòãÚöĈ É÷Èâù¬ÈÿÚ­ÚÂóäÚČóÿëÚîÖ­ÚĀÛÛÃîÈÂóä
ÜäòÛÜäùÈÂäñÛèÚÂóäîîÂĀÛÛÝæõÖáòÔÒ°îã¬óÈÿÜĆÚäñÛÛ 
ëČóìäòÛĂË­ÿÜĆÚĀÚèØóÈĂÚÂóäÿÖäöãâÅèóâßä­îâÿßøćîÿÜĆÚ
éúÚã°ØÕëîÛ èõÉòã ĀæñßòÓÚóāË­ÅîòßãóÚãÚÖ°ÜäñÉČó
áúâõáóÅîóÿÌöãÚîã¬óÈÿÖĆâäúÜĀÛÛ 
Ɨ.Ƙ èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòã 
 ÿßøćîëä­óÈÖ­ÚĀÛÛÂóäÛúäÔóÂóä ÌõÂÌ° ÌõÂâ¬ó Öóâ
ÃòĈÚÖîÚ DMADV ä¬èâÂòÛèÈÉä PDCA ØöćăÕ­äòÛÂóä
ÖäèÉëîÛÃòĈÚÖîÚÕČóÿÚõÚÂóäÖäÈÖóââóÖäÑóÚ ISO/TS 
16949 ĀæñÚČóâóÜäñãùÂÖ°ĂË­ÂòÛÂäñÛèÚÂóäîîÂĀÛÛ
ÝæõÖáòÔÒ° ÂäÔöé÷ÂêóāË­ÅîòßãóÚãÚÖ°  
 
Ƙ. ØåêÏöĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 
 Âóäé÷ÂêóØåêÏöĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈÂòÛÈóÚèõÉòã
ÊÛòÛÚöĈ Åøî ìæòÂÂóäØČóÈóÚÃîÈāË­ÅîòßĀÛÛØ¬îÅú¬ (Double 
tube shock absorber working principle) ÌõÂÌ° ÌõÂâ¬ó 
ÿßøćîÂóäîîÂĀÛÛ (Design for six sigma: DFSS) Āæñ
äñÛÛÛäõìóäÈóÚÅùÔáóßÖóââóÖäÑóÚ ISO/TS 16949 
âöÂóäÕČóÿÚõÚÂóäé÷ÂêóÕòÈÖ¬îăÜÚöĈ 
Ƙ.Ɨ ìæòÂÂóäØČóÈóÚÃîÈāË­ÅîòßÂäñÛîÂÅú¬ 
 āË­ÅîòßãóÚãÚÖ°ÛääÉùÚČĈóâòÚÿÜĆÚÖòèÂæóÈĂÚÂóäØČó
Ăì­ÿÂõÕĀäÈÕòÚáóãĂÚÉóÂÂóäăìæÃîÈÚČĈóâòÚÝ¬óÚäúÿæĆÂ ą 
ÃîÈæúÂëúÛ (Piston) ë¬ÈÝæĂì­ÿÂõÕĀäÈÕòÚáóãĂÚÂäñÛîÂ
ëúÛ (Outer Shell) ÃÔñØöćãóÚãÚÖ°ÿÅæøćîÚØöć ÕòÈäúÜØöć Ƙ 
 

 
äúÜØöć Ƙ ìæòÂÂóäØČóÈóÚÃîÈāË­ÅîòßÂäñÛîÂÅú¬ [2] 

37 39 53 48 55 56 59 64 66 68 70 71
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Post & 
Launch 

Test/ 
Validate 

Final 
Design 

Primary 
Design 

Concept 
Design 

D  V  M & A 

Customer 
needs 

D 

 ĀäÈÕòÚØöćÿÂõÕÃ÷ĈÚáóãĂÚÉñâöâóÂÃ÷ĈÚ ÿâøćîÿÂõÕÂóä
ÿÅæøćîÚØöć ĀæñÂóäÿÖ­Úîã¬óÈäèÕÿäĆèÃîÈÖòè×òÈãóÚãÚÖ°
ĀÜäÿÜæöćãÚÿÜĆÚÅèóâÿäĆèÃîÈæúÂëúÛ (Piston) ë¬ÈÝæĂì­
ÅèóâÿäĆèÃîÈæúÂëúÛ âöÅèóâëîÕÅæ­îÈÂòÛëáóßÃîÈ
ßøĈÚÝõè×ÚÚØöćîãú¬ĂÚëáóèñÂóäÃòÛÃöćĀÛÛÜÂÖõ ÿÂõÕĀäÈÕòÚ
Ö­óÚ (Damping Force) Ë¬èãÕúÕÌòÛĀäÈÂäñĀØÂØöćÿÂõÕÃ÷ĈÚ 
ÉóÂÅèóâĀÖÂÖ¬óÈÃîÈßøĈÚÝõè×ÚÚ [3]  
Ƙ.Ƙ ÌõÂÌ° ÌõÂâ¬ó ÿßøćîÂóäîîÂĀÛÛ (DFSS) 
 ÿÜĆÚÃòĈÚÖîÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóäîîÂĀÛÛ
ÝæõÖáòÔÒ°ÿËõÈë×õÖõÖóâÃòĈÚÖîÚ DMADV âöÃòĈÚÖîÚ
ÕČóÿÚõÚÂóäāÕã ÂóäÂČóìÚÕÚõãóâ (Define) ÂóäèòÕÝæ 
(Measure) ÂóäèõÿÅäóñì° (Analyze) ÂóäîîÂĀÛÛ 
(Design) ĀæñÂóäØèÚëîÛÂóäîîÂĀÛÛ (Verify) Āæñâö
ÅèóâëòâßòÚÙ°ÂòÛ Ɯ ÃòĈÚÖîÚã¬îãÅøî ÅèóâÅóÕìèòÈĀæñ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó (Customer need) ĀÚèÅõÕÕ­óÚ
ÂóäîîÂĀÛÛ (Concept Design) ÂóäîîÂĀÛÛÿÛøĈîÈÖ­Ú 
(Primary Design) ÝæÂóäîîÂĀÛÛ (Final Design) Âóä
ØÕëîÛÝæõÖáòÔÒ°Ö­ÚĀÛÛ (Test validation) ÝææòßÙ°ÉóÂ
ÂäñÛèÚÂóäîîÂĀÛÛ (Post & Launch) [4] ÕòÈäúÜØöć ƙ 
 

äúÜØöć ƙ ÃòĈÚÖîÚ DMADV ÃîÈ ÌõÂÌ° ÌõÂâ¬ó ÿßøćîÂóäîîÂĀÛÛ [4] 
 
Ƙ.ƙ âóÖäÑóÚ ISO/TS 16949 

 ÿÜĆÚâóÖäÑóÚÃ­îÂČóìÚÕØöćăÕ­äòÛÂóäãîâäòÛÂòÚĂÚ
îùÖëóìÂääâãóÚãÚÖ°ØòćèāæÂ Ë¬èãĂì­îÈÅ°ÂäÿÂõÕÂóä
ÜäòÛÜäùÈîã¬óÈÖ¬îÿÚøćîÈÖóâÃîÈèÈÉä PDCA Åøî èóÈĀÝÚ 
(Plan) ÜÐõÛòÖõ (Do) ÖäèÉëîÛ (Check) ĀÂ­ăÃ (Action) 
āÕãâöÿÅäøćîÈâøîìæòÂ (Core tools) Ë¬èãĂÚÂóäÜäòÛÜäùÈ Åøî 
ÂóäèóÈĀÝÚÅùÔáóßÝæõÖáòÔÒ°æ¬èÈìÚ­ó (APQP) Âóä
èõÿÅäóñì°äñÛÛÂóäèòÕ (MSA) ÂóäèõÿÅäóñì°ĀÚèāÚ­â
æòÂêÔñÃ­îÛÂßä¬îÈĀæñÝæÂäñØÛ (FMEAs) ÂóäÅèÛÅùâ
ÂäñÛèÚÂóäāÕãĂË­ÿØÅÚõÅØóÈë×õÖõ (SPC) ÂäñÛèÚÂóä
îÚùâòÖõËõĈÚë¬èÚÂóäÝæõÖ (PPAP) ĀæñĀÝÚÅèÛÅùâ 
(Control Plan) ëČóìäòÛÂóäßòÓÚóÅùÔáóßÃîÈÝæõÖáòÔÒ°
îã¬óÈÖ¬îÿÚøćîÈ ĀæñÖîÛëÚîÈÅèóâß÷ÈßîĂÉÃîÈæúÂÅ­ó [ƛ] 

3. ÂóäÕČóÿÚõÚÂóäèõÉòã 
 ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚèõÉòãÿäõćâÖ­ÚÉóÂé÷Âêó
ÂäñÛèÚÂóäîîÂĀÛÛÃîÈÂäÔöé÷ÂêóāË­ÅîòßãóÚãÚÖ°
ëä­óÈÖ­ÚĀÛÛÂóäÜäòÛÜäùÈ ÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛ èõÿÅäóñì°
ĀæñëäùÜÝæÕČóÿÚõÚÂóä ÕòÈäúÜØöć ƚ 
 
 
 
 
 
 
 
 
 
 
 

äúÜØöć ƚ ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚèõÉòã 
 

ƙ.Ɨ é÷ÂêóÂäñÛèÚÂóäîîÂĀÛÛÃîÈÂäÔöé÷Âêó 
 ÉóÂÂóäé÷ÂêóÃòĈÚÖîÚÂóäîîÂĀÛÛĀæñßòÓÚó
ÝæõÖáòÔÒ° ÃîÈÂäÔöé÷ÂêóāË­ÅîòßãóÚãÚÖ°ØòĈÈäñÛÛ ÚČó
ëóâóä×ëäùÜÝæÃîÈÃòĈÚÖîÚÂóäÕČóÿÚõÚÂóä ÕòÈäúÜØöć ƛ 
 

äúÜØöć ƛ ÃòĈÚÖîÚÂóäßòÓÚóÝæõÖáòÔÒ°ÂäÔöé÷Âêó 
 
 ÉóÂäúÜØöć ƛ ÂóäÕČóÿÚõÚÂóäĂÚÜòÉÉùÛòÚÃîÈÛäõêòØ
ÂäÔöé÷ÂêóÅøîÂóäÕČóÿÚõÚÂóäĂÚÃòĈÚÖîÚØöć Ƙ ÜäñÂîÛÕ­èã 
 Ɨ. ÜäòÛäñÕòÛëâää×ÚñØöćÿìâóñëâ ìäøîÿäöãÂè¬óÈóÚ
ÜäòÛĀäÈÕòÚÖ­óÚ (Tuning work) Ăì­ÿìâóñĀÂ¬ÂóäĂË­ÈóÚ 

ëäùÜÝæÂóäèõÉòã 

ÜäòÛÜäùÈ 

Ý¬óÚ 

é÷ÂêóÂäñÛèÚÂóäîîÂĀÛÛÃîÈÂäÔöé÷Âêó 

ßòÓÚóÖ­ÚĀÛÛÂóäîîÂĀÛÛÝæõÖáòÔÒ° 

ÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛÂòÛÂäÔöé÷Âêó 

ÝæÂóäèõÉòã 

Ɨ. ÂóäîîÂĀÛÛÝæõÖáòÔÒ°Ăìâ¬ 
- ĀÚèÅõÕ ØåêÏö ĀæñÃ­îÂČóìÚÕÅùÔæòÂêÔñ 
- ØÛØèÚÂóäîîÂĀÛÛÅäòĈÈØöć Ɩ   

2. Âóäëä­óÈÖ­ÚĀÛÛÝæõÖáòÔÒ° 
- ÜäòÛÅ¬óëâää×ÚñØöćÿìâóñëâ ĀæñØÕëîÛ 
- ØÛØèÚÂóäîîÂĀÛÛÅäòĈÈØöć Ɨ    

ƙ. ÂóäØÕæîÈÝæõÖÉäõÈ 
- ÜäñÿâõÚÅèóâëóâóä×ĂÚÂóäÝæõÖ 
- ØÛØèÚÂóäîîÂĀÛÛÅäòĈÈØöć Ƙ    



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

64 

 Ƙ. ÂóäØÕëîÛÅèóâÚ¬óÿËøćî×øîÝæõÖáòÔÒ° Åøî Âóä
ØÕëîÛëâää×Úñ ĀæñÅèóâÅÈØÚÃîÈāË­ÅîòßãóÚãÚÖ°
Ăì­ăÕ­ÝæÖäÈÖóâÃ­îÂČóìÚÕÉóÂÂóäîîÂĀÛÛ Āæñ
Ã­îÂČóìÚÕÃîÈæúÂÅ­ó 
3.2 ÂóäßòÓÚóÖ­ÚĀÛÛÉóÂÂóäÛúäÔóÂóä 
 ÂóäßòÓÚóÖ­ÚĀÛÛÂóäÛúäÔóÂóä ÌõÂÌ° ÌõÂâ¬ó 
ä¬èâÂòÛâóÖäÑóÚ ISO/TS 16949 ëČóìäòÛÂäñÛèÚÂóä
îîÂĀÛÛÝæõÖáòÔÒ° ÉóÂÂóäé÷ÂêóßÛÅèóâëòâßòÚÙ°
äñìè¬óÈÃòĈÚÖîÚ DMADV ÂòÛèÈÉä PDCA ÕòÈäúÜØöć Ɯ 

 
äúÜØöć Ɯ ÅèóâëòâßòÚÙ°ÃîÈ DMADV ÂòÛ PDCA [6] 

 
 ÂóäÜäñãùÂÖ°ÅèóâëòâßòÚÙ°ÃîÈÃòĈÚÖîÚ DMADV 
ÂòÛ PDCA ÕòÈäúÜØöć Ɲ ĀæñÖóäóÈØöć Ɨ ĀëÕÈÅèóâëòâßòÚÙ°
äñìè¬óÈÃòĈÚÖîÚØåêÏö/ÿÅäøćîÈâøî  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

äúÜØöć Ɲ Ö­ÚĀÛÛÂóäÛúäÔóÂóä ÌõÂÌ° ÌõÂâ¬ó ÂòÛâóÖäÑóÚ ISO/TS 16949 ëČóìäòÛÂäñÛèÚÂóäîîÂĀÛÛÝæõÖáòÔÒ°  
(ÜäòÛÜäùÈÉóÂ [4])

 
ÖóäóÈØöć Ɨ ÅèóâëòâßòÚÙ°äñìè¬óÈÃòĈÚÖîÚĀæñÿÅäøćîÈâøî/ØåêÏö ëČóìäòÛĂË­ĂÚÖ­ÚĀÛÛÂóäîîÂĀÛÛÝæõÖáòÔÒ° 
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ÿëöãÈÃîÈæúÂÅ­ó ĀÝÚÙùäÂõÉ ĀæñÂæãùØÙ° ǒ ǒ ǒ ǒ ǒ
Ã­îÂČóìÚÕ ëââÖõÑóÚĀæñÅèóâÚ¬óÿËøćî×øî ǒ ǒ ǒ ǒ ǒ ǒ  

ÂóäèóÈĀÝÚÅùÔáóßÝæõÖáòÔÒ° (APQP) ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
Ã­îâúæÂóäèòÕÿÜäöãÛÿØöãÛÝæõÖáòÔÒ° ǒ ǒ ǒ ǒ ǒ ǒ ǒ

ÂóäèõÿÅäóñì°äñÛÛÂóäèòÕ (MSA) ǒ ǒ ǒ ǒ
ÿÜ­óìâóãÅùÔáóß Āæñëâää×ÚñØöćèòÕÅ¬óăÕ­ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
äóãÂóäèòÖ×ùÕõÛ ĀæñÅùÔëâÛòÖõÿÛøĈîÈÖ­Ú ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
ÂóääñÛùÅùÔæòÂêÔñßõÿéêÃîÈÝæõÖáòÔÒ° ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ

ÂóäèõÿÅäóñì°Åèóâæ­âÿìæè (DFMEA) ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
ÂóäîîÂĀÛÛÿßøćîÂóäÝæõÖ ĀæñÂóäÜäñÂîÛ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
ÂČóìÚÕëâää×Úñ ÂóäĂË­ÅäøćîÈâøî ĀæñîùÜÂäÔ° ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
Âóäëä­óÈÝæõÖáòÔÒ°Ö­ÚĀÛÛ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
ÂóäØÛØèÚÂóäîîÂĀÛÛ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ

ÂóäØèÚëîÛÂóäîîÂĀÛÛ (SPC) ǒ ǒ ǒ ǒ ǒ ǒ  ǒ

ÂóäÖäèÉÜäñÿâõÚÿßøćîÂóäÜäòÛÜäùÈ (IQA) ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ
ÂóäÜ­îÈÂòÚÂóäÿÂõÕÌČĈó ĀæñÂóäÜ­îÈÂòÚăè­Â¬îÚ ǒ ǒ ǒ ǒ
ÂóäØÛØèÚÉóÂÞ¬óãÛäõìóä ĀæñÂóäëÚòÛëÚùÚ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ

ÂóäÉòÕØČóĀÝÚÅèÛÅùâÅùâ (Control Plan) ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ ǒ

ÂóäÃîîÚùâòÖõÝæõÖáòÔÒ° (PPAP) ǒ ǒ ǒ ǒ

Øè
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ÂóäØÕëîÛãøÚãòÚ

ÅèóâÖ­îÈÂóä

ÃîÈæúÂÅ­óÂČó
ìÚ
Õ

èòÕ
Ýæ

ĀÚèÅõÕÂóäîîÂĀÛÛ

ÿÅäøćîÈâøî ĀæñØåêÏö

ÂõÉÂääâÜäòÛÜäùÈÂóäîîÂĀÛÛ

D M A D V 

P D A C 

ÂČóìÚÕ èõÿÅäóñì° ØèÚëîÛ îîÂĀÛÛ 

ÂóäèõÿÅäóñì°ĀÚèāÚ­âĀæñÝæÂäñØÛÃîÈÂóäîîÂĀÛÛ (DFMEA) 

ÅèóâÖ­îÈÂóäæúÂÅ­ó ĀÚèÅõÕÂóäîîÂĀÛÛ ÿäõćâîîÂĀÛÛ ÝæîîÂĀÛÛ ØÕëîÛ ëäùÜÝæ 

ÂóäèóÈĀÝÚÅùÔáóßÝæõÖáòÔÒ°æ¬èÈìÚ­ó (APQP) 

ÂóäèõÿÅäóñì° 
äñÛÛÂóäèòÕ  

(MSA) 

ÂóäÅèÛÅùâ
ÂäñÛèÚÂóäāÕã
ë×õÖõ (SPC) 

ÂóäÖäèÉ 
ÜäñÿâõÚÖ¬óÈ ą 

ĀÝÚÅèÛÅùâ
Ö­ÚĀÛÛ  

(Control Plan) 

ĀÚèØóÈ
ÅèóâÅõÕìæóÂ 
ìæóãëóãÈóÚ 

èòÕÝæ 

PPAP 
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 ÉóÂäúÜØöć Ɲ ĀæñÖóäóÈØöć Ɨ ÿÜĆÚÖ­ÚĀÛÛÃîÈÂóä
ÜäòÛÜäùÈ DMADV ØöćäñÛùÿÅäøćîÈâøîìæòÂ (Core tools) Öóâ
âóÖäÑóÚ ISO/TS 16949 ä¬èâÂòÛÿÅäøćîÈâøîìäøîÿØÅÚõÅØöć
ĂË­ØóÈë×õÖõ ÿßøćîÂóäÜäòÛÜäùÈèÈÉä PDCA îã¬óÈÖ¬îÿÚøćîÈ
 Ɨ. ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó îãú¬ÃòĈÚÖîÚÂČóìÚÕÃîÈ 
DMADV ĂÚÃòĈÚÖîÚÚöĈëõćÈØöćÖ­îÈÕČóÿÚõÚÂóäÅøî  äñÛùÿëöãÈ
ÃîÈæúÂÅ­óĀæñÂæãùØÙ° äñÛùÃ­îÂČóìÚÕĀæñÅèóâÚ¬óÿËøćî×øî
ĀæñèóÈĀÝÚĀâ¬ÛØÕ­óÚÅùÔáóßÝæõÖáòÔÒ° 
 2. ĀÚèÅõÕÂóäîîÂĀÛÛ ÂóäÕČóÿÚõÚÂóäÚöĈîãú¬ĂÚ
ÃòĈÚÖîÚèòÕÝæĀæñèõÿÅäóñì°ÃîÈ DMADV ÕČóÿÚõÚÂóäÅøî 
ÉòÕØČóÃ­îâúæÂóäèòÕÿßøćîÿÜäöãÛÿØöãÛ ØČóÂóäèõÿÅäóñì°
äñÛÛÂóäèòÕ ÂČóìÚÕÿÜ­óìâóãÅùÔáóßĀæñëâäää×ÚñØöć
èòÕÅ¬óăÕ­ ÂČóìÚÕäóãÂóäèòÖ×ùÕõÛĀæñÅùÔëâÛòÖõÝæõÖáòÔÒ° 
äñÛùÅùÔæòÂêÔñßõÿéêÃîÈÝæõÖáòÔÒ° ĀæñÂóäèõÿÅäóñì°
ĀÚèāÚ­âÃîÈÅèóâæ­âÿìæè ÉóÂÂäñÛèÚÂóäîîÂĀÛÛ 
 ƙ. ÂóäÿäõćâÖ­ÚÂóäîîîÂĀÛÛ ÕČóÿÚõÚÂóäÅøî 
îîÂĀÛÛÂóäÜäñÂîÛÿßøćîÂóäÝæõÖ ĀæñÜäòÛäñÕòÛÃîÈ
ëâää×ÚñÖæîÕÉÚÂóäÿæøîÂĂË­ÿÅäøćîÈâøîĀæñîùÜÂäÔ°Âóä
ÕČóÿÚõÚÂóäÚöĈÿÜĆÚÃòĈÚÖîÚÂóäîîÂĀÛÛÃîÈ DMADV  
 ƚ. ÝææòßÙ°ÃîÈÂóäîîÂĀÛÛ ÿÜĆÚÃòĈÚÖîÚÂóä
îîÂĀÛÛÃîÈ DMADV ëõćÈØöćÖ­îÈÕČóÿÚõÚÂóäĂÚÃòĈÚÖîÚÚöĈ
Åøî ëä­óÈÝæõÖáòÔÒ°Ö­ÚĀÛÛĀæñØÛØèÚÂóäîîÂĀÛÛ 
 ƛ. ÂóäØÕëîÛãøÚãòÚ ÿÜĆÚÃòĈÚÖîÚîîÂĀÛÛÃîÈ 
DMADV ëõćÈØöćÕČóÿÚõÚÂóäÅøî ÂóäØèÚëîÛÂóäîîÂĀÛÛ
ĀæñÂóäÖäèÉÜäñÿâõÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóäÖ¬óÈ ą 
 Ɯ. ÂóäëäùÜÝæ ÿÜĆÚÃòĈÚÖîÚØèÚëîÛÃîÈ DMADV 
ëõćÈØöćÕČóÿÚõÚÂóäÅøî ÂóäÜ­îÈÂòÚăè­Â¬îÚĀæñÂóäÜ­îÈÂòÚÂóä
ÿÂõÕÌČĈó ÂóäØÛØèÚÃîÈÞ¬óãÛäõìóä ÂóäÉòÕØČóĀÝÚ
ÅèÛÅùâ ĀæñäèÛäèâÃ­îâúæÿßøćîÃîîÚùâòÖõÂóäÝæõÖËõĈÚë¬èÚ  
ƙ.ƙ ÜäñãùÂÖ°ĂË­ÂòÛÂäÔöé÷Âêó 
 ÂóäÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛÂóäîîÂĀÛÛÝæõÖáòÔÒ°ÂòÛ
ÂäÔöé÷ÂêóÂóäîîÂĀÛÛāË­ÅîòßãóÚãÚÖ° ĂÚÃòĈÚÖîÚÜäòÛ
äñÕòÛĀäÈÕòÚÖ­óÚĀæñÂóäØÕëîÛÅèóâÚ¬óÿËøćî×øî âö
äóãæñÿîöãÕĀëÕÈÕòÈ ÖóäóÈØöć Ƙ ÕòÈÚöĈ 
 Ɨ. äñÛùÃòĈÚÖîÚ DMADV ÃîÈ ÌõÂÌ° ÌõÂâ¬ó ÿßøćîÂóä
îîÂĀÛÛ (Design for Six Sigma: DFSS) 
 Ƙ. äñÛùÂóäÕČóÿÚõÚÂóäĂÚÃòĈÚÖîÚã¬îãÃîÈ DMADV 
ëČóìäòÛÂóäÜäòÛÜäùÈÝæõÖáòÔÒ° 
 ƙ. äñÛùÃòĈÚÖîÚÂóäßòÓÚóÝæõÖáòÔÒ°ÂäÔöé÷ÂêóĂÚ 

Ö­ÚĀÛÛØöćăÕ­ÉóÂÂóäÛúäÔóÂóäÃîÈÂäñÛèÚÂóäîîÂĀÛÛ     
 ƚ. ÂóäÿæøîÂĂË­ÿÅäøćîÈâøîìäøîØåêÏö ØöćÿÜĆÚÿØÅÚõÅ
ØóÈë×õÖõ ĂÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóäîîÂĀÛÛÝæõÖáòÔÒ°
ÂäÔöé÷ÂêóÂäñÛèÚÂóäîîÂĀÛÛāË­ÅîòßãóÚãÚÖ° 
 
ÖóäóÈØöć Ƙ ÂóäÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛÂóäÜäòÛÜäùÈ 

ÃòĈÚÖîÚ 
DMADV 

Ö­ÚĀÛÛ
Âóä 
ÜäòÛÜäùÈ 

ÂäÔöé÷ÂêóÂóä
îîÂĀÛÛ 

āË­ÅîòßãóÚãÚÖ° 

ÿÅäøćîÈâøî 
ĀæñØåêÏö 

Define 
Åèóâ
Ö­îÈÂóä
ÃîÈæúÂÅ­ó 

ĀÛÛä¬óÈ Āæñ
Ã­îÂČóìÚÕ 

Focus Group 
èóÈĀÝÚÅùÔáóß
ÝæõÖáòÔÒ° 

Measure 
& 

Analysis 

ĀÚèÅõÕ
ÃîÈÂóä
îîÂĀÛÛ 

ÂóäèõÿÅäóñì°äñÛÛ
ÂóäèòÕ 

MSA 

äóãÂóäèòÖ×ùÕõÛ
ÿÛøĈîÈÖ­Ú 

DFMEA 
ÂóäèõÿÅäóñì°Åèóâ
æ­âÿìæè 

Design 

ÿäõćâÖ­Ú
îîÂĀÛÛ 

ÜäòÛ/ÂČóìÚÕäñÕòÛ
ÃîÈĀäÈÕòÚÖ­óÚ 

DOE 

ÝæÂóä
îîÂĀÛÛ 

ëä­óÈÖ­ÚĀÛÛāË­Åîòß
ãóÚãÚÖ° Reliability 

test & SPC ØÕëîÛ
ãøÚãòÚ 

ÜäñëõØÙõáóß Āæñ
ÅèóâÅÈØÚ 

Verify ëäùÜÝæ ĀÝÚÅèÛÅùâÖ­ÚĀÛÛ Control plan 
 
 ÉóÂÖóäóÈØöć Ƙ ăÕ­ÉòÕØČóĀÝÚÝòÈÕČóÿÚõÚÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóäîîÂĀÛÛ ëČóìäòÛÂóäÿæøîÂĂË­ÿÅäøćîÈâøîĀæñ
ØåêÏö ÿßøćîÜäòÛÜäùÈÂäñÛèÚÂóäîîÂĀÛÛÃîÈÂäÔöé÷Âêó 
ÂäñÛèÚÂóäîîÂĀÛÛāË­ÅîòßãóÚãÚÖ° ÕòÈäúÜØöć ƞ  
 
 
 
 
 
 
 
 
 

 
äúÜØöć ƞ ÃòĈÚÖîÚÂóäĂË­ÿÅäøćîÈâøîëČóìäòÛÖ­ÚĀÛÛÂóäÜäòÛÜäùÈ 

Focus Group 

DFMEA 

DOE 

Control Plan 

Reliability & SPC 

MSA 

Improve 

Pass 
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4. ÝæÂóäÕČóÿÚõÚÈóÚèõÉòã 
 ÉóÂÂóäÜäñãùÂÖ°ĂË­Ö­ÚĀÛÛÂóäîîÂĀÛÛÝæõÖáòÔÒ°
ÂäÔöé÷ÂêóÂäñÛèÚÂóäîîÂĀÛÛāË­ÅîòßãóÚãÚÖ° āÕã
ÂóäÉòÕØČóÃòĈÚÖîÚÜÐõÛòÖõÛòÖõÈóÚ (Procedure) ÕòÈÖ¬îăÜÚöĈ 
4.1 ÂóäîáõÜäóãÂæù¬â (Focus Group) 
 ÉòÕØČóÅú¬âøîÜÐõÛòÖõÈóÚëČóìäòÛé÷ÂêóÅèóâÿÜĆÚăÜăÕ­
Õ­óÚÂóäîîÂĀÛÛāÕãØöâÈóÚ ĀæñÉòÕØČóäóãÂóä
ÖäèÉëîÛÂóäèóÈĀÝÚÅùÔáóßÝæõÖáòÔÒ° ÿßøćîË¬èãĂÚÂóä
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Abstract 
Nowadays, the pressure of competition from multi-national companies had increased and more complex 
customer needs in a business calls Electronic Manufacturing Service provider (EMS). The demands have 
forced through the entire industries and organizations to improve productivity and reducing costs for 
gaining a strategic competitive advantage. Thus, this study aimed to improve the quality level by 
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decrease the defective rate, reduce the cost of poor quality and increase bottom line profits from 
assembly process of the RF Power Supply through Six Sigma methodology that it³s very effective tool to 
enhance quality performance of any process. The methodology called for define the problem, collecting 
data, analyzing of data and then systematically eliminating causes of defects by using appropriate 
problem solving techniques. In the case study existing process could not able to provide good first pass 
yield of assembled RF Power Supply during Oscillation test process. The yield was drop dramatically 
from 97% down to 69% and resulted 447,000 baht lost per month from the cost of poor quality. The 
study found that there are 3 factors related to the process including Relative Impedance, The positioning 
of transformers installed and impedance mismatches. The systematic analysis of data along with the 
process parameter able to focus on the correct identification of problem and then gradually arrives at the 
optimum solution of the problem which resulted into considerable improvement of first pass yield of RF 
Power Supply after Oscillation testing and costs reduction have achieved. 
Keywords:  Oscillation Test, Relative Impedance, Voltage Standing Wave Ratio, Six Sigma 
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ÃîÈÿëöãØöćßÛÉóÂæúÂÅ­ó āÕãìæòÂÂóäÃîÈÂóäĀÂ­ÜòÎìó
ë¬èÚĂìÎ¬âòÂã÷ÕÖõÕÂòÛØòÂêñÂóäĀÂ­ÜòÎìóÃîÈÝú­ÿËöćãèËóÎ
ĂÚÂóäÝæõÖ ìäøîāÚ­âÿîöãÈăÜÖóâÿëöãÈÃ­óÈâóÂ ÛóÈÅäòĈÈÂĆ
ĂË­ëòÎËóÖÎóÔÉóÂÜäñëÛÂóäÔ°ë¬èÚÖòèĂÚÂóäÖòÕëõÚĂÉ 
āÕãăâ¬ëóâóä×î­óÈîõÈÖóâØåêÏöĀæñèõÙöÂóäØóÈ
èõØãóéóëÖä° ÕòÈÚòĈÚ ìæòÈÉóÂÂóäìóëóÿìÖùÃîÈÜòÎìó ãòÈ
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ßÛè¬ó ÂóääñÛùëóÿìÖùÚòĈÚîîÂâóĀÖÂÖ¬óÈÂòÚîã¬óÈëõĈÚÿËõÈ 
îöÂÜäñÂóäìÚ÷ćÈØöćëČóÅòÎ ÅøîÂóäâöë¬èÚä¬èâÃîÈÝú­Ûäõìóä
äñÕòÛëúÈ ÿÜäöãÛăÕ­ÕòćÈÂùÎĀÉĀì¬ÈÂóäÜäñëÛÅèóâëČóÿäĆÉ
ÃîÈāÅäÈÂóä Ì÷ćÈÝæòÂÕòÚĂì­ÿÂõÕèòÓÚÙääâĂìâ¬ Āæñâö
ÉùÕâù¬Èìâóãä¬èâÂòÚáóãĂÚîÈÅ°Âä [3] 
 ÈóÚèõÉòã Saja Albliwi, Jiju Antony, Sarina Abdul 
Halim Lim Āæñ Ton van der Wiele ĀëÕÈÝæÂóäèõÉòãĂÚ
ÿËõÈèõËóÂóäè¬ó āÅäÈÂóäÖ¬óÈ ą ÃîÈæöÚ ÌõÂÌ°ÌõÂâ¬ó (LSS) 
ÉñÜäñëÛÅèóâæ­âÿìæèîã¬óÈëõĈÚÿËõÈ×­óÝú­ÛäõìóääñÕòÛëúÈ
ÃóÕØòéÚñÅÖõĂÚÿËõÈÛèÂĀæñÅèóââù¬ÈâòćÚÖ¬îÂóä
ÜäñãùÂÖ°ĂË­æöÚÌõÂÌ°ÌõÂâ¬ó äèâ×÷ÈÂóäëÚòÛëÚùÚĀæñâöë¬èÚ
ä¬èâÖ¬îāÅäÈÂóäÖ¬óÈ ą ÂóäĂì­Âóäé÷ÂêóĀæñÞ÷ÂîÛäâÂòÛ
ßÚòÂÈóÚăâ¬Õößî ÂóäÿæøîÂĀæñÉòÕæČóÕòÛÅèóâëČóÅòÎ
āÅäÈÂóäæöÚÌõÂÌ°ÌõÂâ¬ó îã¬óÈăä­äñÿÛöãÛĀÛÛĀÝÚăâ¬
ëîÕÅæ­îÈÂòÛèòÖ×ùÜäñëÈÅ°ÿËõÈÂæãùØÙ°ÃîÈîÈÅ°Âä ĀæñÂóä
ÃóÕÝú­ÿËöćãèËóÎØóÈÕ­óÚÿØÅÚõÅĀæñèõéèÂääâĂÚÂóäØöćÉñ
Ë¬èãèõÿÅäóñì°ëóÿìÖùĀæñÿëÚîĀÚñÂóäĀÂ­ăÃÜòÎìóîã¬óÈ
ãòćÈãøÚ Ì÷ćÈëõćÈÖ¬óÈą ÿìæ¬óÚöĈÅøîÖòèĀÜäëČóÅòÎØöćÉñØČóĂì­Âóä
ÜäñãùÂÖ°ĂË­æöÚÌõÂÌ°ÌõÂâ¬ó ÜäñëÛÜòÎìóĀæñæ­âÿìæèĂÚ
Ø­óãØöćëùÕ [4] 
 ÌõÂÌ°ÌõÂâ¬ó ÚîÂÉóÂÉñÿÜĆÚÖòèËöĈèòÕÜäñëõØÙõáóß
ÂóäØČóÈóÚĀæñÅèóâĀÜäÜäèÚÂäñÛèÚÂóäĀæ­è ãòÈÿÜĆÚ
ÿÅäøćîÈâøîĂÚÂóäìóëóÿìÖùÃîÈÃ­îÛÂßä¬îÈÿßøćîÚČóăÜëú¬Âóä
ĀÂ­ÜòÎìóĀæñÂóäÜäòÛÜäùÈèõÙöÂóäØČóÈóÚ îöÂØòĈÈ ãòÈÿÜĆÚ
ÜäòËÎóÂóäÛäõìóäÉòÕÂóäĀæñÂæãùØÙ°ØöćË¬èãĂì­îÈÅ°Âä
ëóâóä×ÛääæùÜäñëÈÅ°ĂÚÂóäæÕÅ¬óĂË­É¬óã ÚòÂèõÉòãÛóÈ
Ø¬óÚãøÚãòÚè¬óÜäñāãËÚ°ìæòÂØöćîÈÅ°ÂäÉñăÕ­äòÛÉóÂÂóäĂË­ 
ÌõÂÌ°ÌõÂâ¬ó ÅøîÂóäæÕÅ¬óĂË­É¬óãāÕãÂóäÜäòÛÜäùÈäîÛÿèæó
ÂóäÝæõÖ ÂČóÉòÕÖ­ÚØùÚÅèóâÛÂßä¬îÈ ÿßõćâÅèóâß÷ÈßîĂÉ
Ăì­ĀÂ¬æúÂÅ­ó ĀæñÝæÂČóăäÉóÂÂóäÕČóÿÚõÚÙùäÂõÉØöćÿßõćâÃ÷ĈÚ
îã¬óÈâöÚòãëČóÅòÎ ÿßøćîĀëÕÈĂì­ÿìĆÚ×÷ÈÜäñāãËÚ°ÃîÈÂóäĂË­ 
ÌõÂÌ°ÌõÂâ¬ó ĂÚÈóÚèõÉòãÚöĈăÕ­ĀëÕÈĂì­ÿìĆÚ×÷ÈÂóäĂË­ÿØÅÚõÅ
ĀæñÿÅäøćîÈâøîØóÈÅùÔáóßØöćìæóÂìæóãâóÜäñãùÂÖ°ĂË­ĂÚ
ÿËõÈÛúäÔóÂóäÔ° ÖæîÕÉÚØòÂêñÅèóâäú­ĂÚÿËõÈèõéèÂääâ
Ì÷ćÈÿÂöćãèÃ­îÈÂòÛÂóäèõÿÅäóñì°èÈÉäîõÿæĆÂØäîÚõÂë° äèâ×÷È
ÿØÅÚõÅĀæñØòÂêñĂÚÂóäÜäñÂîÛ ÛòÕÂäöËõĈÚë¬èÚ
îõÿæĆÂØäîÚõÂë° îÈÅ°ÂäÿîÈăÕ­äòÛÜäñāãËÚ°ÉóÂÂóä
ÕČóÿÚõÚÂóäÌõÂÌ°ÌõÂâ¬ó ĂÚĀÈ¬ÃîÈÂóäÜäñìãòÕÅ¬óĂË­É¬óã 
ÂóäÿßõćâÜäñëõØÙõáóßÂóäÝæõÖĀæñÂóäÜäòÛÜäùÈ

ÂäñÛèÚÂóä ĂÚÃÔñØöćÛùÅÅæØöćÿÂöćãèÃ­îÈãòÈăÕ­äòÛÅèóâäú­
ØóÈë×õÖõĀæñØòÂêñÂóäĀÂ­ÜòÎìóÉóÂÂóäÕČóÿÚõÚÂóä
āÅäÈÂóä  
  
3. èõÙöÂóäé÷ÂêóĀæñÕČóÿÚõÚÈóÚèõÉòã 
 ĂË­ĀÚèØóÈÂóäèõÿÅäóñì°ĀÛÛèõÙöÂóä DMAIC      
āÕãÈóÚèõÉòãÚöĈăÕ­ÿæøîÂĀÂ­ÜòÎìóÉóÂÂäñÛèÚÂóäÝæõÖÃîÈ
ÝæõÖáòÔÒ°ÿÅäøćîÈÉ¬óãăà (Power Supply) ĀÛÛÅæøćÚèõØãù 
(Radio Frequency) āÕãâöÿÜ­óìâóãìæòÂĂÚÂóäæÕÖ­ÚØùÚ
ÅèóâÛÂßä¬îÈ (Cost of Poor Quality) ÉóÂÂóäèõÿÅäóñì°
ÖóâÃòĈÚÖîÚÂóäÅ­ÚìóĀæñäñÛùÜòÎìó ăÕ­ÅòÕÿæøîÂìòèÃ­î
ÂóäæÕÃîÈÿëöãÉóÂÂóäØÕëîÛÅèóâÝòÚÝèÚÃîÈÿÅäøćîÈ
É¬óãăà Ì÷ćÈÿÜĆÚÂäñÛèÚÂóäëùÕØ­óãĂÚÂóäÝæõÖÝæõÖáòÔÒ°
ÕòÈÂæ¬óè ÿâøćîÝæØÕëîÛăâ¬ÿÜĆÚăÜÖóâÃ­îÂČóìÚÕ       
(Out of Specification/Fail test) ĀæñÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÚòĈÚ
ăâ¬ëóâóä×ÚČóÂæòÛâóĀÂ­ăÃìäøîÌ¬îâĀÌâ  
 ë¬èÚÃòĈÚÖîÚÂóäèõÿÅäóñì°ăÕ­ÚČóÂóäèõÿÅäóñì°ĀÛÛ
ÅäòĈÈæñìÚ÷ćÈÖòèĀÜä ìäøî OFAT (One Factor of the 
Time) âóØČóÂóäé÷ÂêóÂæù¬âÖòèîã¬óÈÃîÈÝæõÖáòÔÒ°ÕöĀæñ
ÿëöãÉóÂÂäñÛèÚÂóäØÕëîÛÅèóâÝòÚÝèÚ ÿßøćîìóÖòèĀÜä
âóëÚòÛëÚùÚëââùÖõÑóÚĂÚÂóäÅ­ÚßÛÅèóâëòâßòÚÙ°ÃîÈÅ¬ó
îõÚßùØîõâßöĀÕÚÌ° (Relative Impedance) Ì÷ćÈë¬ÈÝæÿËõÈ
æÛÂòÛÅèóâÝòÚÝèÚÃîÈÂäñÛèÚÂóäÜäñÂîÛÿÅäøćîÈ
É¬óãăà ĀÛÛÅæøćÚèõØãù (RF Power Supply) 
 
4. ÝæÂóäé÷Âêó 
 ÝæÂóäèõÿÅäóñì°ÜòÎìó âöÜòÉÉòãØöćâöÝæÂäñØÛÂòÛ
ÂäñÛèÚÂóäîãú¬Õ­èãÂòÚ ƙ ÜòÉÉòã Åøî (Ɨ) ÅèóâëòâßòÚÙ°
ÿËõÈÌ­îÚ (Relative Impedance) (Ƙ) ÖČóĀìÚ¬ÈÂóä
ÜäñÂîÛØäóÚëàîä°ÿâîä° (RF Transformer)            
(ƙ) îõâßöĀÕÚÌ°âõëĀâØË° (Impedance Mismatches)    
Ì÷ćÈÉČóÿÜĆÚÖ­îÈØČóÂóäÜäòÛÜäùÈÂäñÛèÚÂóäāÕãâöÃòĈÚÖîÚ
ÕòÈÖ¬îăÜÚöĈ 
ƚ.Ɨ ÂóäÅòÕÿæøîÂāÅäÈÂóä 
 ØČóÂóäé÷ÂêóäóãæñÿîöãÕ ØöćâöÝæÿÂöćãèÃ­îÈāÕãĂË­
èõÙöÂóä DMAIC ÿÜĆÚĀÚèØóÈÂóäÕČóÿÚõÚāÅäÈÂóä  
ƚ.Ƙ ÂóäÅ­ÚìóĀæñäñÛùÜòÎìó (Define Phase)  
 āÕãÿäõćâÉóÂÂóäÂČóìÚÕÜòÎìó (Problem 
Statement) Ì÷ćÈÿÜĆÚÜòÎìóĂÚÿËõÈÙùäÂõÉØöćâöÝæÂäñØÛ
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ØóÈÖäÈÂòÛÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó ÿÜĆÚÜòÎìóØöćßÛ
ĂÚË¬èÈäñãñ ƙ ÿÕøîÚ āÕãîòÖäóäñÕòÛÅùÔáóß (Yield) îãú¬
Øöćä­îãæñ ƜƟ ØČóĂì­ÿÂõÕÖ­ÚØùÚÅèóâÛÂßä¬îÈ (Cost of 
Poor Quality) ÿØ¬óÂòÛ ƚƝƖ,ƖƖƖ ÛóØÖ¬îÿÕøîÚ ÉóÂ
äóãÈóÚîòÖäóäñÕòÛÅùÔáóß ßÛè¬óÿÂõÕÃîÈÿëöãîãú¬Øöć
ÂäñÛèÚÂóäØÕëîÛÅèóâÝòÚÝèÚ (Oscillation Test)  Ì÷ćÈ
âöîóÂóäÿëöã (Failure Symptom) ØöćÿäöãÂè¬ó OSC Fail 
āÕãØöćÃîÈÿëöãăâ¬ëóâóä×ÚČóÂæòÛâóÜäòÛÜäùÈ (Debug) 
ĀÂ­ăÃ ìäøîÌ¬îâĀÌâ (Rework/Repair) ĀÖ¬Ö­îÈØČóÂóä
ÝæõÖÃ÷ĈÚâóĂìâ¬ÿßøćîØÕĀØÚîòÖäóÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚ 
 ƚ.Ƙ.Ɨ ØČóÂóäèõÿÅäóñì° Roll Throughput Yield 
(RTY) ìäøîÅèóâÚ¬óÉñÿÜĆÚØöćÝæõÖáòÔÒ°Éñăâ¬ÿÂõÕÅèóâ
ÛÂßä¬îÈìäøîÃîÈÿëöã ÿâøćîăÕ­Ý¬óÚØùÂÃòĈÚÖîÚÃîÈ
ÂäñÛèÚÂóäÝæõÖ āÕãâö RTY îãú¬Øöćä­îãæñ ƜƟ ĀæñßÛ
äñÕòÛîóÂóäÿëöãØöćÿäöãÂè¬ó OSC fail âóÂØöćëùÕØöćä­îãæñ Ɵƚ 
ÃîÈîóÂóäÿëöãØòĈÈìâÕ  
ƚ.ƙ ÂóäèòÕÿÂĆÛÃ­îâúæĂÚÂäñÛèÚÂóä (Measure 
Phase)  

ƚ.ƙ.Ɨ é÷ÂêóÅ¬óîõâßöĀÕÚÌ°Õ­óÚîõÚßùØ (Input 
Impedance) ĀæñîõâßöĀÕÚÌ°Õ­óÚÿîóØ°ßùØ (Output 
Impedance) ÃîÈÖòèîã¬óÈÝæõÖáòÔÒ° āÕãî­óÈîõÈÉóÂ
ØåêÏö Voltage Standing Wave Ratio (VSWR) Ì÷ćÈÅ¬ó
ÖóâîùÕâÅÖõÃîÈÂóäèòÕ SWR Øöć Ɨ:Ɨ ÚòĈÚìâóãÅèóâè¬ó 
ÜäñëõØÙõáóßëúÈëùÕÃîÈÂóäë¬ÈÂČóæòÈÃîÈÿÅäøćîÈÉ¬óãăÜĀÛÛ
ÅæøćÚèõØãù (RF Power Supply) ÉñÿÂõÕÃ÷ĈÚÂĆÖ¬îÿâøćîÅ¬ó
îõÚßùØîõâßöĀÕÚØ° (Input Impedance) Āæñÿî­óØßùØîõâßö
ĀÕÚØ° (Output Impedance) âöÅ¬óÿØ¬óÂòÚĂÚË¬èÈØöćÂČóìÚÕ 
 ƚ.ƙ.Ƙ é÷ÂêóÂäñÛèÚÂóäØöćØČóĂì­ÿÂõÕÃîÈÿëöã
āÕãĂË­ĀÝÚáóßÂäñÛèÚÂóääñÕòÛëúÈ (High Level 
Process Map) ìäøî SIPOC ÿßøćîé÷ÂêóÅèóâÿÜĆÚăÜăÕ­Øöć
ÂäñÛèÚÂóäÂ¬îÚìÚ­óÂóäØÕëîÛÅèóâÝòÚÝèÚ 

4.3.3 èõÿÅäóñì°ÃöÕÅèóâëóâóä×ÃîÈÂóäèòÕĀæñ
ÂóäØČóÌČĈó Õ­èãèõÙöÂóä Gage R&R âóÿÜĆÚâóÖäÑóÚĂÚ
ÂóäèòÕÿÅäøćîÈâøîèòÕ ÿßøćîÜäñÿâõÚÿÅäøćîÈØÕëîÛÅèóâÝòÚ
ÝèÚ (Oscillation tester) ĀæñÅ¬óÅèóâÅæóÕÿÅæøćîÚÃîÈ
ÿÅäøćîÈâøîèòÕĂÚÂäñÛèÚÂóäèòÕ ÿßøćîëä­óÈÅèóâÿËøćîâòćÚĂÚ
ÿÅäøćîÈâøîØÕëîÛè¬óâöÜäñëõØÙõáóßĂÚÂóäÚČóÃ­îâúæâóĂË­
ØČóÂóäèõÿÅäóñì°ĂÚÿËõÈë×õÖõ Ì÷ćÈÅ¬óØöćăÕ­Ú­îãÂè¬óä­îãæñ 10 
Ì÷ćÈÿÜĆÚÅ¬óØöćãîâăÕ­ÖóâóÖäÑóÚ MSA 

4.3.4 ÂóäèõÿÅäóñì°ÃöÕÅèóâëóâóä×ÃîÈ
ÂäñÛèÚÂóä (Process Capability: CPK) ÚČóÅ¬ó
îõâßöĀÕÚÌ° (Impedance) ÃîÈÝæõÖáòÔÒ° âóØČóÂóä
èõÿÅäóñì° ÿßøćîØČóÂóäìóÜòÉÉòãÅèóâëòâßòÚÙ°äñìè¬óÈ Å¬ó
ÅèóâÖ­óÚØóÚÿËõÈÌ­îÚ (Relative Impedance) ÂòÛÂóä
ØÕëîÛÅèóâÝòÚÝèÚ āÕãÃöÕÅèóâëóâóä×ØöćèòÕăÕ­ĀÅ¬
ÿßöãÈ 0.28 Cpk ĀæñÅ¬óÿÊæöćãÃîÈÂäñÛèÚÂóäÝæõÖâöÂóä
ÿÜæöćãÚĀÜæÈăÜØóÈÌ­óã (Mean shift) ÉóÂäúÜØöć 1 

 

3330272421

LSL Target USL

LSL 25

Target 30

USL 35

Sample Mean 27.4145

Sample N 207

StDev (Within) 2.89412

StDev (Ov erall) 3.28014

Process Data

Cp 0.58

CPL 0.28

CPU 0.87

Cpk 0.28

Pp 0.51

PPL 0.25

PPU 0.77

Ppk 0.25

Cpm 0.40

Ov erall Capability

Potential (Within) Capability

PPM <  LSL 275362.32

PPM >  USL 0.00

PPM Total 275362.32

Observ ed Performance

PPM <  LSL 202062.63

PPM >  USL 4383.49

PPM Total 206446.12

Exp. Within Performance

PPM <  LSL 230836.46

PPM >  USL 10373.49

PPM Total 241209.95

Exp. Ov erall Performance

Within

Overall

҄ ҷҖ̓ ҩҴңҬҴңҴҥҘ҄ ү҉҃ҥҲҜҩқ҃ Ҵҥ

 
äúÜØöć 1 ÝæÂóäèõÿÅäóñì°ÃöÕÅèóâëóâóä×ÃîÈÂäñÛèÚÂóä 

 
4.ƚ ÂóäèõÿÅäóñì°ìóÜòÉÉòãØöćâöÝæÂòÛÜòÎìó (Analysis 
Phase)  

ĂË­ÂóäèõÿÅäóñì°ĀÛÛÖòèĀÜäÿËõÈÿÕöćãè āÕã
èõÿÅäóñì°ØöæñëóÿìÖù ØöæñÜòÉÉòã (One Factor at a Time) 
ÿßøćîÂæòćÚÂäîÈÜòÎìóîîÂØöæñÜòÉÉòã ÉÚÂè¬óÉñÿìæøî
ÿÊßóñÜòÉÉòãØöćâöÝæāÕãÖäÈ 
 ƚ.ƚ.Ɨ èõÿÅäóñì°ÛæĆîÂăÕîñĀÂäâÂóäØČóÈóÚ 
ĀæñÂóäîîÂĀÛÛèÈÉä (Product Functionality Block 
Diagram and Circuit Design Diagram) ßÛè¬óâö Ƙ 
ÜòÉÉòãØČóĂì­ÿÂõÕÅèóâëúÎÿëöãäñìè¬óÈëóãë¬ÈëòÎÎóÔ 
(Transmission) âóãòÈÃóÿÃ­óÃîÈÂäñÛèÚÂóäØÕëîÛ
ÅèóâÝòÚÝèÚÅøî ÅèóâëòâßòÚÙ°ÃîÈîõâßöĀÕÚÌ° (Relative 
Impedance) ĀæñÂóäĀâØË°ËõćÈîõâßöĀÕÚÌ°Õ­èãÖòèÿÂĆÛ
ÜäñÉù (Matching Capacitors) Ì÷ćÈ×úÂîîÂĀÛÛăè­ÿßøćî
ËÕÿËãÅ¬óëúÎÿëöãØöćÿÂõÕÃ÷ĈÚäñìè¬óÈØóÈ 

ÂóäèõÿÅäóñì°ÅèóâëòâßòÚÙ°ÃîÈîõâßöĀÕÚÌ° 
(Relative Impedance) ßÛè¬óÅ¬óîõÚßùØîõâßöĀÕÚÌ°ÃîÈ
ÝæõÖáòÔÒ°âöÅ¬óØöćĀÖÂÖ¬óÈÂòÚăÜ Ã÷ĈÚîãú¬ÂòÛÖČóĀìÚ¬ÈÂóä
ÜäñÂîÛØäóÚë°àîä°ÿâîä° (Transformers) TƗ Āæñ TƘ 
ÿâøćîèòÕÿØöãÛÂòÛÂóäÜäñÂîÛØäóÚÌõëÿÖîä° (Transistor) 
QƘ ÂóäèõÿÅäóñì°ÂóäĀâØË°ËõćÈÅ¬óîõâßöĀÕÚÌ°Õ­èãÖòèÿÂĆÛ
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ÜäñÉù (Matching Capacitors) ÉóÂÂæù¬âÝæõÖáòÔÒ°
Öòèîã¬óÈßÛè¬óÅ¬óîõâßöĀÕÚÌ°ĂÚË¬èÈ 25.1 ×÷È 35 āîì°â 
(Ohm) ÿÜĆÚÅ¬óĂÚË¬èÈØöćÝ¬óÚÂóäØÕëîÛ ĀæñÅ¬ó
îõâßöĀÕÚÌ°Ë¬èÈ 17.0 ×÷È 25.0 ÂòÛ 35.1 ×÷È 40.0 ÚòĈÚØČó
Ăì­ÝæõÖáòÔÒ°ÿÂõÕîóÂóäÿëöãÃ÷ĈÚĂÚÂäñÛèÚÂóäØÕëîÛ
ÅèóâÝòÚÝèÚ (Oscillation Test)  

 
ÖóäóÈØöć 1 Å¬óîõÚßùØîõâßöĀÕÚÌ°ØöćăÕ­ÉóÂÂóäØÕëîÛÅèóâÝòÚÝèÚ 
Å¬óÅèóâëòâßòÚÙ°ÃîÈ
îõÚßùØîõâßöĀÕÚÌ° 
(ìÚ¬èãÂóäèòÕÿÜĆÚāîì°â) 

Å¬óîõâßöĀÕÚÌ°
ĀØÚÕ­èãÿÂäÕëö 

ÝæÂóäØÕëîÛ
ÅèóâÝòÚÝèÚ 

17.0 · 25.0 ëöë­â ăâ¬Ý¬óÚ 
25.1 · 30.0 ëöÿÃöãè Ý¬óÚ 
30.1 · 35.0 ëöĀÕÈ Ý¬óÚ 
35.1 · 40.0 ëöÿìæøîÈ ăâ¬Ý¬óÚ 

 
4.4.2 ÂóäèõÿÅäóñì°Åèóâæ­âÿìæèĀæñÝæÂäñØÛ 

(Failure Modes and Effects Analysis: FMEA) āÕãÚČó
ÜòÉÉòãØòĈÈìâÕâóèõÿÅäóñì° Ì÷ćÈ FMEA ÉñĀëÕÈĂì­ÿìĆÚ×÷È
ÉùÕÿÜäóñÛóÈÃîÈÝæõÖáòÔÒ°ìäøîÂäñÛèÚÂóäØöćÿÂõÕÅèóâ
æ­âÿìæè ĀæñäñÕòÛÅèóâÿëöćãÈÃîÈÅèóâæ­âÿìæèĀÖ¬æñ
ë¬èÚ äèâØòĈÈÅèóâÉČóÿÜĆÚĂÚÂóäĀÂ­ăÃ ÿßøćîĂì­ÝæõÖáòÔÒ°
ìäøîÂäñÛèÚÂóäâöÅèóâëâÛúäÔ°âóÂÃ÷ĈÚ ÉÚßÛè¬ó
ÂäñÛèÚÂóäÜäñÂîÛØäóÚë°àîä°ÿâîä° âöäñÕòÛÅèóâÿëöćãÈ
Øöć (Risk Priority Number: RPN) âóÂëùÕ×÷È 144 

4.4.3 ÂóäèõÿÅäóñì°ìóÅèóâëòâßòÚÙ°ÃîÈ
îõâßöĀÕÚÌ°Øöćë¬ÈÝæÂòÛÖČóĀìÚ¬ÈÂóäÜäñÂîÛØäóÚë°àîä°
ÿâîä° (Transformer) T1 Āæñ T2 āÕãĂË­ÂäóàāÅäÈä¬óÈ 
(Contour Plot) âóØČóÂóäèõÿÅäóñì° ÿßøćîË¬èãìóÅ¬óØöćÕö
ØöćëùÕ (Optimization)  
4.5 ÂóäÜäòÛÜäùÈĀÂ­ăÃÂäñÛèÚÂóä (Improvement 
Phase)  
 4.5.1 ÂóäØÕæîÈ (Design of Experiment: 
DOE) ÂČóìÚÕÂóäØÕæîÈāÕãĀÛ¬ÈÿÜĆÚ 2 Âæù¬âÖòèîã¬óÈ 
Âæù¬âæñ 5 Ì÷ćÈÂæù¬âĀäÂÜäñÂîÛ T1 Øöć 2.4, 2.5, 2.6, 2.7 
Āæñ 2.8 âõææõÿâÖä ë¬èÚÂæù¬âØöćëîÈĂì­ÜäñÂîÛ T2 Øöć 0.5, 
0.6, 0.7, 0.8 Āæñ 0.9 âõææõÿâÖäÖóâæČóÕòÛ  

4.5.2 ëäùÜÝæÂóäØÕæîÈ ĀæñäñÛùäúÜĀÛÛÂóä
ÜÐõÛòÖõÈóÚÉóÂÝæÂóäØÕæîÈÚòĈÚ ăÕ­ÖČóĀìÚ¬ÈÂóäÜäñÂîÛ
ØöćÿìâóñëâÅøî T1 ÿØ¬óÂòÛ 2.7 âõææõÿâÖä Āæñ T2 ÿØ¬óÂòÛ 

0.6 âõææõÿâÖä Ì÷ćÈßÛè¬óÖČóĀìÚ¬ÈÂóäÜäñÂîÛÕòÈÂæ¬óèØöć
ăâ¬āîÂóëßÛÃîÈÿëöãÿæã ĀæñÿßøćîĂì­ÿÂõÕÿë×öãäáóßĂÚ
ÂäñÛèÚÂóäÜäñÂîÛÉ÷ÈÉòÕØČóÿÅäøćîÈâøî (Jig/Tool) Āæñ
îùÜÂäÔ°ÂóäÖäèÉëîÛ (Go/No-Go Gauge) ÿßøćîÉČóÂòÕ
ÖČóĀìÚ¬ÈÂóäÜäñÂîÛØäóÚë°àîä°ÿâîä° āÕãÂČóìÚÕÿÜĆÚ
äñÿÛöãÛĀÛÛĀÝÚÌ÷ćÈäñÛùĂÚÿîÂëóäÂóäÜÐõÛòÖõÈóÚ 
(Assembly Requirement Document)  
4.6 ÂóäÅèÛÅùâÖòèĀÜä (Control Phase)  

ØČóÂóäÜäòÛÜäùÈÖóäóÈÅèóâæ­âÿìæèĀæñÅ¬ó
ÝæÂäñØÛ (FMEA) ßòÓÚóĀÝÚÅèÛÅùâ (Control Plan) 
ÂČóìÚÕÖČóĀìÚ¬ÈÂóäÜäñÂîÛăè­ĂÚÿîÂëóäÜÐõÛòÖõÈóÚĀæñ
ÂóäÖäèÉëîÛ ĀæñÅèÛÅùâÅùÔáóßāÕãĂË­äñÛÛ Process 
Feedback System (PFS) Ì÷ćÈÿÜĆÚäñÛÛÜÐõÛòÖõÂóäØöć×úÂ
ÜäñãùÂÖ°âóÉóÂìæòÂÂóäÂóäÅèÛÅùâÂäñÛèÚÂóäØóÈë×õÖõ 
(Statistical Process Control: SPC) ÿßøćîĂË­ÅèÛÅùâîòÖäó
Åèóâăâ¬âöÅùÔáóßĂì­îãú¬Øöćä­îãæñ 97 āÕãÂČóìÚÕĂì­âöÂóä
ÿÖøîÚ (Warning Level) Øöćä­îãæñ 90 ÿßøćîĂì­ìãùÕÂóäÝæõÖ 
(Shutdown Production) ÿâøćîÿÂõÕëõćÈÝõÕÜÂÖõĂÚ
ÂäñÛèÚÂóä 

 
5. ëäùÜ 
 ÂäÔöé÷ÂêóÚöĈĀëÕÈĂì­ÿìĆÚÅèóâëČóÿäĆÉÃîÈÂóä
ÜäñãùÂÖ°ĂË­ìæòÂÂóäÜäòÛÜäùÈÅùÔáóßĀÛÛÌõÂÌ°ÌõÂâ¬ó 
āÕãĂË­èõÙöÂóä DMAIC ÂòÛÂóäÝæõÖÿÅäøćîÈÉ¬óãăàĀÛÛ
ÅæøćÚèõØãù Ì÷ćÈÂóäîîÂĀÛÛÂóäØÕæîÈ DOE ĂÚÃòĈÚÖîÚ
ÂóäÜäòÛÜäùÈ (Improve Phase) ÿßøćîìóëóÿìÖùÃîÈÜòÎìó 
ĀæñÅ­ÚìóÅ¬óØöćâöÅèóâÿìâóñëâ ĀæñĂì­ÝææòßÙ°Ö¬î
ÂäñÛèÚÂóäØöćÕöØöćëùÕáóãĂÖ­ëáóßØöćÖ¬óÈÂòÚ āÕãÿÜ­óìâóã 
ëČóÅòÎëùÕÅøî Âóäé÷ÂêóÅùÔæòÂêÔñÿÊßóñÃîÈÝæõÖáòÔÒ° 
(Characteristic of Product) ĀæñÂóäÚČóăÜĂË­ÈóÚ 
(Product Application) Ì÷ćÈĀëÕÈĂì­ÿìĆÚè¬óèõÙöÂóä DMAIC 
ëóâóä×Ë¬èãäñÛùÜòÎìóĀæñëóÿìÖùÃîÈÃ­îÛÂßä¬îÈÃîÈ
ÝæõÖáòÔÒ° āÕãÝæØöćăÕ­äòÛÉóÂÂóäé÷ÂêóâöÕòÈÚöĈ 
 1) ÿßõćâîòÖäóÝæÝæõÖāÕãäèâÉóÂä­îãæñ 69 
ÂæòÛâóØöćä­îãæñ 97 āÕãîòÖäóÂóäÿëöãÃîÈ OSC ÿÜĆÚéúÚã° 
 2) îòÖäóÝæÝæõÖÖîÛĀØÚØöćÂäñÛèÚÂóäØÕëîÛ
ÅèóâÝòÚÝèÚëúÈëùÕ ìäøî 100% 
 3) æÕîòÖäóÂóäÿÂõÕÃ­îÛÂßä¬îÈÖ¬îÂóäÝæõÖĂÚ
îòÖäóë¬èÚÖ¬îìÚ÷ćÈæ­óÚÅäòĈÈÿÜĆÚéúÚã° 
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 4) ÿßõćâÃöÕÅèóâëóâóä×ÃîÈÂäñÛèÚÂóäÝæõÖØöć 
1.72 ìäøîäñÕòÛÅùÔáóßØöć 6 ÌõÂâ¬ó  
 5) Ö­ÚØùÚÅèóâÛÂßä¬îÈÿÜĆÚéúÚã°  
5.1 ÝæÂäñØÛÖ¬îèòÓÚÙääâîÈÅ°Âä  

ÉóÂÂóäé÷ÂêóßÛè¬óĂÚÃÔñØöćÌõÂÌ°ÌõÂâ¬óÿÜĆÚ
ÜäóÂÐÂóäÔ°ØöćäòÛäú­āÕãØòćèăÜĀæ­è ãòÈâöÅèóâÿìâóñëâ
âóÂÃ÷ĈÚëČóìäòÛÅèóâÿëöćãÈëúÈØöćÌòÛÌ­îÚ ÂòÛāÅäÈÂóäÃ­óâ
ëóãÈóÚĀæñÅ¬óĂË­É¬óãîòÚăâ¬ëâÅèäëČóìäòÛāÅäÈÂóäÃÚóÕ
ÿæĆÂ Ì÷ćÈÌõÂÌ°ÌõÂâ¬óÿÜĆÚÿÅäøćîÈâøîĂÚÂóäÛ¬ÈËöĈĀæñĀÂ­ÜòÎìó
ØöćÌ¬îÚÿä­ÚĂÚäñÛÛ ĀæñÿÜĆÚÂæãùØÙ°ĂÚÂóäÿßõćâÝæÂČóăä
ØóÈÙùäÂõÉ Ì÷ćÈìÚ÷ćÈĂÚÿìÖùÝæëČóìäòÛÂóäÜäñãùÂÖ°ĂË­ÌõÂÌ°
ÌõÂâ¬ó ÚòĈÚÿÚøćîÈÉóÂÅèóâÉäõÈØöćè¬ó îÈÅ°Âäëóâóä×ëä­óÈ
ÝæÖîÛĀØÚØóÈÂóäÿÈõÚāÕãÂóäÜäòÛÜäùÈÂäñÛèÚÂóä
ÝæõÖĀÛÛ Low Volume, High Variety ăÕ­îã¬óÈâö
ÜäñëõØÙõáóß îöÂØòĈÈÌõÂÌ°ÌõÂâ¬ó ãòÈÜäñāãËÚ°ĂÚÂóäëä­óÈ
ÂäñÛèÚÂóäØöćÕöÂè¬óîã¬óÈãòćÈãøÚĀæñâöÜäñëõØÙõáóßØöć
ëóâóä×ÖîÛëÚîÈÅèóâÖ­îÈÂóäØöćÿßõćâÃ÷ĈÚÃîÈæúÂÅ­ó Ì÷ćÈ
ÝæÉóÂÂóäé÷ÂêóĀæñÜäñãùÂÖ°ÅäòĈÈÚöĈ ÛäõêòØăÕ­äòÛ
ÝæÖîÛĀØÚÂæòÛâóÉČóÚèÚ Ɨ,ƚƗƖ,ƖƖƖ ÛóØ ÉóÂáóãĂÚ
äñãñÿèæóìÚ÷ćÈăÖäâóë Ì÷ćÈÜÂÖõĀæ­è îùÖëóìÂääâ EMS 
ÿÜĆÚÙùäÂõÉØöćîòÖäóÂČóăäÖČćóÿÊæöćãëõØÙõØöćÜäñâóÔ ƛ% [ƛ] Ì÷ćÈ
ÝææòßÙ°ØöćăÕ­ÚöĈëä­óÈĀäÈÝæòÂÕòÚĂÚîÈÅ°Âä āÕãÿÊßóñÞ¬óã
ÛäõìóäĂÚÂóäÚČóÌõÂÌ°ÌõÂâ¬ó ëČóìäòÛÂóäÜäòÛÜäùÈ
ÜäñëõØÙõáóßØòĈÈìâÕØùÂáóÅë¬èÚĂÚîÈÅ°Âä āÕãăâ¬ÉČóÂòÕ
ÿÊßóñĂÚë¬èÚÂäñÛèÚÂóäÝæõÖÿØ¬óÚòĈÚ ãÂÖòèîã¬óÈÿË¬Ú 
ÂóäÜäñãùÂÖ°ĂË­ÌõÂÌ°ÌõÂâ¬ó ÿßøćîæÕëõÚÅ­óÅÈÅæòÈ æÕ
äñãñÿèæóĂÚÂóäÉòÕìóĀæñÉòÕÌøĈîèòÖ×ùÕõÛ ÂóäæÕÿèæóĂÚ
ÂóäĀÂ­ÜòÎìóÂóää­îÈÿäöãÚÃîÈæúÂÅ­óÿÜĆÚÖ­Ú  
5.2 Ã­îÿëÚîĀÚñ 

ÂóäÜäòÛÜäùÈÂäñÛèÚÂóäāÕãÜäñãùÂÖ°ĂË­ÌõÂÌ°
ÌõÂâ¬óìäøîèõÙöÂóäĀÂ­ÜòÎìóĀÛÛ DMAIC Ăì­ÜäñëÛ
ÅèóâëČóÿäĆÉÕ­èã ƚ ÜòÉÉòãìæòÂ Åøî Ɨ) ÂóäâöØòéÚÅÖõØöćÕö, 
Åèóââù¬ÈâòćÚ ĀæñÂóäâöë¬èÚä¬èâÃîÈÝú­ÛäõìóääñÕòÛëúÈ Ƙ) 
ÂóäÅòÕÿæøîÂāÅäÈÂóäĀæñÂóäÉòÕæČóÕòÛÅèóâëČóÅòÎØöćÕö ƙ) 
èòÓÚÙääâîÈÅ°ÂäÂòÛÂóäãîâäòÛÅèóâÿÜæöćãÚĀÜæÈ ƚ) 
ÂóäÿËøćîâāãÈÌõÂÌ°ÌõÂâ¬óÂòÛÂæãùØÙ°ØóÈÙùäÂõÉ ë¬èÚÜòÎìó
ØöćßÛäñìè¬óÈÂóäØČóāÅäÈÂóäÅøî ÃóÕÂóäÞ÷ÂîÛäâĀæñ
Âóäé÷ÂêóÃ­îâúæÂóäĂË­ÜäñāãËÚ°ÉóÂÿÅäøćîÈâøîØöćâö
ÅùÔáóßØóÈë×õÖõĀæñÂóäèõÿÅäóñì°Ã­îâúæ ĀæñÂóäÃóÕ

ĀÅæÚØäòßãóÂäØóÈÕ­óÚÿØÅÚõÅÿÊßóñØóÈ îã¬óÈăäÂĆÖóâ
èõÙöÂóäÃîÈāÅäÈÂóäÜäòÛÜäùÈÅùÔáóßăÕ­äòÛÂóäãîâäòÛ
ÿÜĆÚîã¬óÈÕöÉóÂßÚòÂÈóÚĀæñāÅäÈÂóäÜäòÛÜäùÈÅùÔáóß
îøćÚØöćÿëÚîÂĆăÕ­äòÛîÚùâòÖõÉóÂÝú­ÛäõìóääñÕòÛëúÈìæòÈÉóÂÂóä
ÕČóÿÚõÚÂóäÜäñëÛÅèóâëČóÿäĆÉ Âóäâöë¬èÚä¬èâĂÚÃîÈ
Ýú­ÛäõìóääñÕòÛëúÈßõëúÉÚ°ăÕ­è¬óÿÜĆÚÜòÉÉòãÅèóâëČóÿäĆÉØöć
ëČóÅòÎÃîÈāÅäÈÂóä Ì÷ćÈÂäÔöé÷ÂêóÚöĈÿÜĆÚÉùÕÿäõćâÖ­ÚÃîÈ
èòÓÚÙääâëóãĂìâ¬ĀæñÉùÕâù¬Èìâóãä¬èâÂòÚáóãĂÚîÈÅ°Âä 
Ì÷ćÈãøÚãòÚè¬óÌõÂÌ°ÌõÂâ¬ó ÉñÜäñëÛÅèóâëČóÿäĆÉÚ­îãÂè¬ó 
ìóÂâù¬ÈâòćÚÿÂõÚăÜÂòÛÿÜ­óìâóãØóÈÂóäÿÈõÚĂÚäñãñëòĈÚ ĀÖ¬
ÃóÕÂóäâöë¬èÚä¬èâĂÚÂóäÉòÕÂóä 
 
ÂõÖÖõÂääâÜäñÂóé 
 ÅÔñÝú­èõÉòãÃîÃîÛÅùÔáóÅèõËóèõéèÂääâîùÖëóìÂóä 
ÅÔñèõéèÂääâéóëÖä° âìóèõØãóæòãÙääâéóëÖä° ØöćĂì­Âóä
ëÚòÛëÚùÚÂóäØČóÈóÚèõÉòãÚöĈĂì­ëČóÿäĆÉæùæ¬èÈăÜăÕ­Õ­èãÕö 
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ëóâóä×æÕÃòĈÚÖîÚÂóäÿÜæöćãÚĀæñÖäèÉëîÛàòÚæúÂāâ¬æÈăÕ­ 23.68%  ĀæñÿèæóæÕæÈ 32.50% ëóâóä×æÕÅ¬óĂË­É¬óã
ĂÚÂóäÌ¬îâÛČóäùÈæúÂāâ¬ÉóÂÿÕõâ 164,166 ÛóØ æÕæÈÿìæøî 23,452 ÛóØÖ¬îåÕúÂóæ (æÕæÈ 85.72%) 
ÅČóìæòÂ : ÂóäÜäòÛÜäùÈîã¬óÈÖ¬îÿÚøćîÈ ÅèóâëúÎÿÜæ¬ó ĀÜ­ÈâòÚëČóÜñìæòÈ  
 
Abstract 

This research is an application of continuous improvement method in productivity improvement 
in a starch mill.  In the case study factory, there was repetition in the changing milling blades procedures 
by a production operator and inspection by a maintenance worker.   This caused excess working times. It 
was also found that operators sometime did not follow an instruction method caused damaging in the 
milling blades and consequently machine broken down. Therefore, flow process chart method was 
introduced in order to recover wastes occurred in the process. The working procedure was improved 
using Kaizen technique to identify and reduce wastes. The standard working instruction was developed. 
As a result, the procedure in changing blades was reduced by 23.68 percent. Time in changing milling 
blades was reduced by 32.50 percent. The expenditure in maintenance of mills was also reduced from 
164,166 to 23,452 Baht per season (85.72% reduction).  
Keywords: Continuous improvement, Waste, Tapioca starch 
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1. ÛØÚČó 
 ÅèóâëČóÿäĆÉÃîÈÂóäØČóÈóÚĀæñÂóäÛäõìóäÈóÚÚòĈÚâö
ÅèóâÉČóÿÜĆÚØöćìÚ¬èãÈóÚÖ­îÈâöÂóäßòÓÚóÜäòÈÜäùÈîã¬óÈ
Ö¬îÿÚøćîÈ (Continuous Improvement) ÿßøćîÖîÛëÚîÈ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó æÕÖ­ÚØùÚ ĀæñæÕÂóäëúÎÿëöã
Ö¬óÈą ÿÜĆÚÿèæóÂè¬ó 50 ÜöØöćÝú­ÚČóîùÖëóìÂääâÝæõÖä×ãÚÖ° 
îã¬óÈāÖāãÖ­ó (Toyota) ăÕ­ÚČóÿØÅÚõÅÂóäÜäòÛÜäùÈîã¬óÈ
Ö¬îÿÚøćîÈ ìäøîĂÚáóêóÎöćÜù¬ÚÿäöãÂè¬ó ăÅÿÌĆÚ (Kaizen) âó
ĂË­ĂÚÂóäÿßõćâÜäñëõØÙõáóßÃîÈÂäñÛèÚÂóäÝæõÖ Âóä
ÛäõÂóäĀæñÝæõÖáòÔÒ° āÕãâù¬ÈÿÚ­ÚÂóäâöë¬èÚä¬èâÃîÈ
ßÚòÂÈóÚØùÂÅÚ ÖòĈÈĀÖ¬Ýú­ÛäõìóääñÕòÛëúÈ äñÕòÛÂæóÈĀæñ
ßÚòÂÈóÚä¬èâÂòÚĀëèÈìóĀÚèØóÈĂìâ¬ą ÿßøćîÜäòÛÜäùÈ
èõÙöÂóäØČóÈóÚĀæñëáóßĀèÕæ­îâĂÚÂóäØČóÈóÚĂì­ÕöÃ÷ĈÚîãú¬
ÿëâî [1]  ÿÅäøćîÈâøîØóÈèõéèÂääâîùÖëóìÂóäăÕ­×úÂÚČóâó
ßòÓÚóĀæñĂË­ĂÚÂóäÜäòÈÜäùÈĀæñìÚ÷ćÈĂÚèõÙöÂóäØöćÿÜĆÚØöć
ÚõãâÂĆÅøî  PDCA cycle ìäøîØöćÿäöãÂè¬ó èÈÉäÅùÔáóßÃîÈ
ÿÕââõćÈ (Deming Cycle) ÜäñÂîÛÕ­èã P-Plan : é÷Âêó
ÜòÎìó ÉòÕØČóâóÖäèòÕÿßøćîÖõÕÖóâÝæ ÿË¬Ú ÿèæó Ö­ÚØùÚ 
ÉóÂÚòĈÚÿëÚîèõÙöÂóäĀæñèóÈĀÝÚÿßøćîÂóäÿÜæöćãÚĀÜæÈ , 
D-Do: ÚČóèõÙöÂóäÜäùÈăÜĂË­ĂÚäñÛÛÈóÚÃÚóÕÿæĆÂÂ¬îÚ 
ìäøîÈóÚĂÚË¬èÈäñãñÿèæóëòĈÚÂ¬îÚ ,C-Check: ÚČóÃ­îâúæâó
èõÿÅäóñì° ĀæñßõÉóäÔóè¬óăÕ­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈìäøîăâ¬ 
îã¬óÈăä ÿÜäöãÛÿØöãÛâóÖäèòÕ Āæñ A-Action: ìóÂÿÂõÕ
ÂóäÿÜæöćãÚĀÜæÈØöćÕöĂÚÈóÚÃÚóÕÿæĆÂ ÂĆÚČóèõÙöÂóäÚòĈÚâó
ÃãóãÜäòÛÜäùÈĂÚÈóÚÃÚóÕĂìÎ¬Ã÷ĈÚ ĀæñÃãóãÝæÖ¬îÿÚøćîÈ 
ÿßøćîÃÉòÕÅèóâëúÎÿÜæ¬ó [2]    
 ÅèóâëúÎÿÜæ¬ó (Waste) ÿÜĆÚÂõÉÂääâØöćăâ¬Â¬îĂì­ÿÂõÕ
âúæÅ¬óÿßõćâÂòÛÂäñÛèÚÂóäÝæõÖĀæñÝæõÖáòÔÒ° îóÉÉñÿÜĆÚ
ëõćÈØöć×úÂîîÂĀÛÛăè­ĂÚÂäñÛèÚÂóäÝæõÖāÕãÝú­ÜÐõÛòÖõÈóÚ
ăâ¬äú­è¬óÿÜĆÚÅèóâëúÎÿëöã ìäøîîóÉÉñÿÜĆÚëõćÈØöćÝú­ÜÐõÛòÖõÈóÚ
Ö­îÈØČóÿßøćîĀÂ­ăÃÅèóâÝõÕßæóÕ ĀæñÛóÈÅäòĈÈØČóÉÚÿÂõÕ
Åèóâäú­ë÷Âè¬óÿÜĆÚìÚ­óØöćÜäñÉČó ÅèóâëúÎÿëöãÉñ×úÂÅ­ÚßÛ
ĀæñÂČóÉòÕîîÂăÜÿßøćîÜäòÛÜäùÈÅùÔáóßîã¬óÈÖ¬îÿÚøćîÈ ÿßõćâ
ÜäñëõØÙõáóßĀæñÜäñëõØÙõÝæÃîÈÂäñÛèÚÂóäÝæõÖ              
Ì÷ćÈÅèóâëúÎÿÜæ¬óĂÚÈóÚîùÖëóìÂääâ×úÂÉČóĀÚÂîîÂÿÜĆÚ 
7 ÜäñÂóä ăÕ­ĀÂ¬ ÅèóâëúÎÿÜæ¬óÿÚøćîÈÉóÂÂóäÝæõÖâóÂ
ÿÂõÚăÜ ÅèóâëúÎÿÜæ¬óÿÚøćîÈÉóÂÂóäÿÂĆÛèòëÕùÅÈÅæòÈ Åèóâ
ëúÎÿÜæ¬óÿÚøćîÈÉóÂÂóäÃÚë¬È ÅèóâëúÎÿÜæ¬óÿÚøćîÈÉóÂÂóä

ÿÅæøćîÚăìè ÅèóâëúÎÿÜæ¬óÿÚøćîÈÉóÂÂäñÛèÚÂóäÝæõÖ 
ÅèóâëúÎÿÜæ¬óÿÚøćîÈÉóÂÂóääîÅîã ĀæñÅèóâëúÎÿÜæ¬ó
ÿÚøćîÈÉóÂÂóäÝæõÖÃîÈÿëöã [3] ĀÚèÅõÕ ECRS  ÿÜĆÚ
ĀÚèÅõÕìÚ÷ćÈÃîÈÂóäÜäòÛÜäùÈĀÛÛăÅÿÌĆÚ Øöć×úÂÚČóâóĂË­
îã¬óÈĀßä¬ìæóãĂÚÂóäæÕÅèóâëúÎÿÜæ¬óØöćÂæ¬óèâó 
ÜäñÂîÛÕ­èã Eliminate (ÂóäÃÉòÕÈóÚØöćăâ¬ÉČóÿÜĆÚîîÂ), 
Combine (ÂóääèâÈóÚÿÃ­óÕ­èãÂòÚ), Rearrange (Âóä
ÜäòÛÿÜæöćãÚÃòĈÚÖîÚÂóäØČóÈóÚ) Āæñ Simplify (ÂóäØČóĂì­
È¬óãĀæñëñÕèÂÃ÷ĈÚ) [4] āÕãÂäñÛèÚÂóäÜäòÛÜäùÈÈóÚ
îã¬óÈÖ¬îÿÚøćîÈÉñăÕ­ÝæÕö ÉČóÿÜĆÚÖ­îÈâöÂóäÚČóÿÅäøćîÈâøî
ÅèÛÅùâÅùÔáóßØòĈÈ 7 (7 QC Tools)  ÿÃ­óâóä¬èâÕ­èã Ì÷ćÈ
ÿÅäøćîÈâøîÅùÔáóß×úÂÚČóâóĂË­ĂÚÂóäĀÂ­ÜòÎìóØóÈÕ­óÚ
ÅùÔáóßĂÚÂäñÛèÚÂóäØČóÈóÚ ëóâóä×Ë¬èãĂÚÂóäé÷Âêó
ëáóßØòćèăÜÃîÈÜòÎìó ÂóäÿæøîÂÜòÎìó ÂóäëČóäèÉëáóß
ÜòÉÉùÛòÚÃîÈÜòÎìó ÂóäÅ­ÚìóĀæñèõÿÅäóñì°ëóÿìÖùĀì¬È
ÜòÎìóØöćĀØ­ÉäõÈÿßøćîÂóäĀÂ­ăÃăÕ­×úÂÖ­îÈÖæîÕÉÚË¬èãĂÚ
ÂóäÉòÕØČóâóÖäÑóÚĀæñÅèÛÅùâÖõÕÖóâÝæîã¬óÈÖ¬îÿÚøćîÈ 
ÿÅäøćîÈâøîÅèÛÅùâÅùÔáóßØòĈÈ 7 ÜäñÂîÛÕ­èã ĀÝ¬Ú
ÖäèÉëîÛ(Check Sheet) ĀÝÚÝòÈßóÿäāÖ (Pareto 
Diagram) Âäóà (Graph) ĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ
(Cause & Effect Diagram)ĀÝÚÝòÈÂóäÂäñÉóã(Scatter 
Diagram) ĀÝÚáúâõÅèÛÅùâ(Control Chart) Āæñ ïõëāÖĀÂ
äâ (Histogram) [5] 
 ĂÚîùÖëóìÂääâÂóäĀÜääúÜÝæõÖáòÔÒ°ÿÂêÖä
ÃîÈăØãÚòĈÚ âòÚëČóÜñìæòÈ×øîÿÜĆÚßøËÿéäêÑÂõÉØöćëČóÅòÎ
ÃîÈÜäñÿØéăØã ÝæõÖáòÔÒ°ìæòÂÉóÂâòÚ Åøî ĀÜ­ÈâòÚ
ëČóÜñìæòÈ (Tapioca Starch) ëóâóä×ÚČóâóØČóÿÜĆÚ
ÝæõÖáòÔÒ°ăÕ­ìæóÂìæóã ĀæñÿÜĆÚëõÚÅ­óë¬ÈîîÂØöćâö
ÅèóâëČóÅòÎ ÉóÂÂóäé÷ÂêóÿÛøĈîÈÖ­ÚĂÚāäÈÈóÚÂäÔöé÷Âêó
ÛäõêòØ É.ÿÉäõÎâóä°ÿÂĆÖÖõĈÈ ÉČóÂòÕ Ì÷ćÈÿÜĆÚāäÈÈóÚÝæõÖĀÜ­È
âòÚëČóÜñìæòÈ Èîãú¬ØöćÉòÈìèòÕÿæã ßÛè¬óÜòÎìóëČóÅòÎØöćÿÜĆÚ
ÉùÕî¬îÚĀæñîùÜëääÅÖ¬îÂóäÕČóÿÚõÚÈóÚÃîÈÛäõêòØ ăÕ­ĀÂ¬ 
ÂóäÃóÕÅèóâäú­ĀæñØòÂêñÃîÈßÚòÂÈóÚĂÚÈóÚăÕ­äòÛ
âîÛìâóãĂì­ÜÐõÛòÖõ  ÿÅäøćîÈÉòÂäËČóäùÕÛ¬îãÅäòĈÈĀæñØČóĂì­âö
ÂóäÌ¬îâĂË­ÿèæóÚóÚ ÂóäâöäñÛÛÂóäÝæõÖØöćâö
ÜäñëõØÙõáóßÖČćóØČóĂì­âöëòÕë¬èÚÃîÈÿëöãëúÈÂè¬óâóÖäÑóÚ 
Ýú­ÜäñÂîÛÂóäăÕ­ÿæĆÈÿìĆÚ×÷ÈÜòÎìóĀæñÖ­îÈÂóäØöćÉñĀÂ­ăÃ
ÜäòÛÜäùÈ ÕòÈÚòĈÚÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ìæòÂÿßøćî
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ÜäñãùÂÖ°ĂË­èõÙöÂóäÜäòÛÜäùÈÂäñÛèÚÂóäØČóÈóÚîã¬óÈ
Ö¬îÿÚøćîÈ ÿßøćîĀÂ­ăÃÜòÎìóĀæñÜäòÛÜäùÈÂäñÛèÚÂóä
ØČóÈóÚÿßøćîæÕÂóäëúÎÿÜæ¬óĀæñÿßõćâÜäñëõØÙõáóßĂÚÂóä
ØČóÈóÚÃîÈāäÈÈóÚÝæõÖĀÜ­ÈâòÚëČóÜñìæòÈ 
 
2. èõÙöÂóäÕČóÿÚõÚÂóäèõÉòã  
ÿßøćîĂì­ÛääæùèòÖ×ùÜäñëÈÅ°ÃîÈÂóäèõÉòã ØóÈÝú­èõÉòãăÕ­ 

ÚČóìæòÂÂóä PDCA âóĂË­ĂÚÂóäÜäòÛÜäùÈÈóÚ āÕãâö
äóãæñÿîöãÕÕòÈÚöĈ               
ÃòĈÚØöć 1  ÂóäèóÈĀÝÚ (Plan ; P)   

1) Âóäé÷ÂêóëáóßÜòÎìó 

      ÉóÂÂóäé÷ÂêóëáóßÜòÎìóÃîÈÛäõêòØ
ÂäÔöé÷ÂêóĂÚåÕúÂóæÜö ß.é. 2556 · 2557 ßÛè¬óÛäõêòØ
ăÕ­ÜäñëÛÜòÎìóæúÂāâ¬ÿëöãîãú¬Û¬îãÅäòĈÈ àòÚæúÂāâ¬ìòÂ ìäøî 
ÉČóÚèÚàòÚæúÂāâ¬ăâ¬×úÂÖ­îÈ ØČóĂì­ÂäñÛèÚÂóäÝæõÖÿÂõÕ
ÂóäìãùÕËñÈòÂ ë¬ÈÝæĂì­Ö­îÈëúÎÿëöãÿèæóĂÚÂóäÝæõÖĀæñ
ÿëöãÅ¬óĂË­É¬óãĂÚÂóäÌ¬îâÛČóäùÈæúÂāâ¬ÜäñâóÔ 164,166 
ÛóØÖ¬îåÕúÂóæ  ĂÚÃòĈÚÖîÚÂóäØČóÈóÚÿÜæöćãÚàòÚæúÂāâ¬ăâ¬
âöÃòĈÚÖîÚÂóäÖäèÉëîÛÉ÷ÈâòÂßÛÜòÎìóÉČóÚèÚàòÚæúÂāâ¬
ăâ¬×úÂÖ­îÈ ë¬èÚÂäñÛèÚÂóäÖäèÉëîÛàòÚæúÂāâ¬ÉñÿÜĆÚ
ìÚ­óØöćÃîÈĀÝÚÂÌ¬îâÛČóäùÈ Ì÷ćÈÉñâöÃòĈÚÖîÚâóÂ×÷È 38 
ÃòĈÚÖîÚ ë¬ÈÝæÂäñØÛÖ¬îÿèæóĂÚÂäñÛèÚÂóäÝæõÖ  

2) ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó  
ëČóìäòÛÂóäèõÿÅäóñì°ëóÿìÖùØöćØČóĂì­ÿÂõÕÜòÎìó

æúÂāâ¬ÿëöã ØóÈÝú­èõÉòãăÕ­ØČóÂóääñÕâëâîÈ (Brain 
Storming) ä¬èâÂòÛØöâ QCC ÃîÈÛäõêòØ ÜäñÂîÛÕ­èã 
ìòèìÚ­óĀÝÚÂÝæõÖ ìòèìÚ­óĀÝÚÂÌ¬îâÛČóäùÈ ßÚòÂÈóÚ
ÜäñÉČóĀÝÚÂ ĀæñĂË­ÝòÈĀëÕÈÿìÖùĀæñÝæ (Cause & 
Effect Diagram) âóÜäñãùÂÖ°ĂË­ä¬èâÂòÛÂóääñÕâëâîÈ 
ÿßøćîĂì­ëóâóä×èõÿÅäóñì°ìóëóÿìÖùăÕ­È¬óãÃ÷ĈÚ ÝæÂóä
èõÿÅäóñì°×÷ÈëóÿìÖùÃîÈÜòÎìó ëóâóä×ëäùÜÿÜĆÚÕ­óÚÖ¬óÈą 
ÕòÈÚöĈ  

1. ëóÿìÖùØöćÿÂõÕÉóÂèõÙöÂóä  
              ÿÚøćîÈÉóÂÅú¬âøîÂóäØČóÈóÚÿÕõâăâ¬ËòÕÿÉÚ 
äóãæñÿîöãÕĂÚÂóäÜÐõÛòÖõÈóÚãòÈăâ¬ÅäîÛÅæùâØùÂÃòĈÚÖîÚ
ÂóäØČóÈóÚ ØČóĂì­ßÚòÂÈóÚÃóÕäóãæñÿîöãÕØöćâóÂßîĂÚ
ÂóäØČóÅèóâÿÃ­óĂÉ ÿÜĆÚÝæØČóĂì­ÂóäÿÜæöćãÚàòÚæúÂāâ¬ăâ¬
×úÂÖ­îÈ ÌöćàòÚĀæñÜäñÂòÛØöćĂë¬Ăìâ¬âöÃÚóÕăâ¬ëâČćóÿëâîÂòÚ 
ĀæñâöÉČóÚèÚàòÚĀæñÜäñÂòÛăâ¬ÅäÛÖóââóÖäÑóÚÃîÈ

ÿÅäøćîÈ ë¬ÈÝæĂì­æúÂāâ¬ëúÎÿëöãëâÕùæ ÿÂõÕÂóäëòćÚëñÿØøîÚ
ØòÚØöìæòÈÿÜæöćãÚàòÚæúÂāâ¬ØČóĂì­ÿÂõÕÂóäØČóÈóÚìãùÕËñÈòÂ
Ã÷ĈÚ  

2. ëóÿìÖùØöćÿÂõÕÉóÂßÚòÂÈóÚ 

         ßÚòÂÈóÚÃóÕÅèóâäú­ĀæñÅèóâËČóÚóÎĂÚ
ÂäñÛèÚÂóäÿÜæöćãÚàòÚæúÂāâ¬îã¬óÈ×úÂèõÙö ÿÚøćîÈÉóÂÿÂõÕ
ÂóäìâùÚÿèöãÚÃîÈßÚòÂÈóÚăÜØČóÈóÚëóãÂóäÝæõÖîøćÚ
Û¬îãÅäòĈÈ ĀæñÛäõêòØãòÈăâ¬âöÿîÂëóäÂóäÜÐõÛòÖõÈóÚØöćÿÜĆÚ
âóÖäÑóÚĂì­ÂòÛßÚòÂÈóÚ ØČóĂì­ÿÂõÕÅèóâÝõÕßæóÕĂÚÂóä
ÿÜæöćãÚàòÚæúÂāâ¬  

3. ëóÿìÖùØöćÿÂõÕÉóÂÿÅäøćîÈÉòÂäĀæñ
îùÜÂäÔ°  

ÿÅäøćîÈÉòÂäĀæñîùÜÂäÔ°ØöćĂË­ĂÚÂóäÝæõÖ
ÿÜĆÚÃîÈÿÂ¬ó ØČóĂì­ÜäñëÛÜòÎìóĂÚÂóäÌ¬îâ Āæñìó
îñăìæ¬ĂÚÂóäÛČóäùÈäòÂêó  

ÉóÂëóÿìÖùÕòÈÂæ¬óèÃ­óÈÖ­Ú ÉñÿìĆÚè¬óÜòÎìóÕ­óÚ
ÿÅäøćîÈÉòÂäâöÅèóâÿÂöćãèÃ­îÈÂòÛÿÈõÚæÈØùÚ É÷ÈÃ÷ĈÚîãú¬ÂòÛÂóä
ÖòÕëõÚĂÉÃîÈÝú­ÛäõìóäÛäõêòØ ĀÖ¬ëóÿìÖùÜòÎìóØöćÿÂõÕÉóÂ
ßÚòÂÈóÚĀæñèõÙöÂóäëóâóä×ØČóÂóäĀÂ­ăÃÕ­èãÂóäé÷Âêó
ĀæñèõÿÅäóñì°ÈóÚĀæñÂóäÜäòÛÜäùÈÈóÚîã¬óÈÖ¬îÿÚøćîÈ   

3) èõÙöÂóäĀÂ­ăÃĀæñÂóäÜäòÛÜäùÈ 
            ìæòÈÉóÂØäóÛëóÿìÖùÃîÈÜòÎìó ØóÈÝú­èõÉòãăÕ­
ÂČóìÚÕèõÙöÂóäĀÂ­ăÃĀæñÜäòÛÜäùÈ ÖóâæČóÕòÛÃòĈÚÖîÚ
Ö¬îăÜÚöĈ     

1. é÷ÂêóÂäñÛèÚÂóäØČóÈóÚëČóìäòÛÂóäÿÜæöćãÚ
àòÚæúÂāâ¬ĀæñÂóäÖäèÉëîÛàòÚæúÂāâ¬ ÉóÂßøĈÚØöćÉäõÈ ÃîÈ  
ÉäõÈĀæñë×óÚÂóäÔ°ÉäõÈä¬èâÂòÛØöâ QCC ÃîÈÛäõêòØ 

2. ÿÃöãÚĀÝÚáúâõÂäñÛèÚÂóäăìæ (Flow 
Process Chart) ÃîÈÂóäÿÜæöćãÚàòÚæúÂāâ¬ĀæñÂóä
ÖäèÉëîÛàòÚæúÂāâ¬ ĂÚèõÙöÂóäØČóÈóÚÜòÉÉùÛòÚ ÕòÈÖòèîã¬óÈ
ĀëÕÈĂÚäúÜØöć 1 

3. ÜäòÛÜäùÈèõÙöÂóäØČóÈóÚÃîÈÂóäÿÜæöćãÚàòÚ
æúÂāâ¬ĀæñÂóäÖäèÉëîÛàòÚæúÂāâ¬ Õ­èãìæòÂÂóä ECRS 
(Eliminate, Combine, Rearrange and Simplify) ÕòÈÚöĈ  

- ĂË­ìæòÂÂóääèâÈóÚ (Combine) ÿßøćîæÕ
ÃòĈÚÖîÚÂóäØČóÈóÚÃîÈĀÝÚÂÌ¬îâÛČóäùÈĂÚÃòĈÚÖîÚÂóä
ÖäèÉëîÛæúÂāâ¬ Õ­èãÂóääèâÃòĈÚÖîÚÈóÚØöćÌČĈóÌ­îÚÂòÛ
Þ¬óãÝæõÖĀæñÖòÕÈóÚØöćăâ¬ÉČóÿÜĆÚîîÂÌ÷ćÈăÕ­ĀÂ¬Âóä
ÖäèÉëîÛàòÚæúÂāâ¬ Ì÷ćÈÿÜĆÚÃòĈÚÖîÚÃîÈÞ¬óãÝæõÖØöćÖ­îÈ
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ÖäèÉëîÛ ØČóĂì­ÃòĈÚÖîÚÈóÚæÕæÈÉóÂ 38 ÿìæøî 29 
ÃòĈÚÖîÚ ĀæñæÕÿèæóÉóÂ 1601 ÿÜĆÚ 1081 ÚóØö ÕòÈäúÜØöć 2 

- îîÂĀÛÛÿîÂëóäâóÖäÑóÚÂóäØČóÈóÚ (Work 
Instruction) ÃîÈÂóäÿÜæöćãÚàòÚæúÂāâ¬Ăìâ¬ ĀëÕÈÕòÈäúÜØöć 3 
āÕãĂË­ìæòÂÂóäØČóĂì­È¬óãÃ÷ĈÚ (Simplify)  ÿßøćîĂì­ÂäñËòÛ 
ÿÃ­óĂÉÈ¬óã âöäúÜáóßÜäñÂîÛØöćËòÕÿÉÚĀæñÿÜĆÚÃòĈÚÖîÚ 
ĀæñăÕ­ØČóÂóäÿßõćâÃòĈÚÖîÚ ÂóäÖäèÉëîÛàòÚæúÂāâ¬ 
ìæòÈÉóÂÿÜæöćãÚàòÚÿëäĆÉĀæ­è ÿßøćîĂì­ßÚòÂÈóÚăÕ­
ÖäèÉëîÛÈóÚÂ¬îÚØöćÉñÿÕõÚÿÅäøćîÈ ÿßøćîæÕÅèóâëúÎÿëöãØöć
ÿÂõÕÉóÂÂóäÿëöãëâÕùæÃîÈæúÂāâ¬ Ì÷ćÈăÕ­ĀÂ¬ æúÂÜøÚĀÖÂ   
ÚĆîÖÃóÕ ĀØ¬ÚäîÈÿÅäøćîÈĀÖÂ ÖæîÕÉÚîîÂĀÛÛ
âóÖäÑóÚÂóäØČóÈóÚÃîÈÃòĈÚÖîÚÂóäÖäèÉëîÛ ÕòÈäúÜØöć 4 

 

 
äúÜØöć 1 Öòèîã¬óÈĀÝÚáúâõÂóäăìæÃîÈÃòĈÚÖîÚ 
ÂóäÖäèÉëîÛàòÚæúÂāâ¬ Â¬îÚÜäòÛÜäùÈ 

 

 
äúÜØöć 2 Öòèîã¬óÈĀÝÚáúâõÂóäăìæÃîÈÃòĈÚÖîÚ 
ÂóäÖäèÉëîÛàòÚæúÂāâ¬ ìæòÈÜäòÛÜäùÈ 

 

 

 
äúÜØöć 3 Öòèîã¬óÈâóÖäÑóÚÂóäØČóÈóÚÃòĈÚÖîÚÂóäÿÜæöćãÚàòÚæúÂāâ¬  

 

 
äúÜØöć 4 Öòèîã¬óÈâóÖäÑóÚÂóäØČóÈóÚÂóäÖäèÉëîÛæúÂāâ¬Øöć

îîÂĀÛÛĂìâ¬ 
 

- ĂË­ìæòÂÂóäÜäòÛÿÜæöćãÚ (Rearrange) Āæñ Âóä
ØČóĂì­È¬óãÃ÷ĈÚ (Simplify) ĀÚñÚČóÂóäÉòÕäñÛÛìâèÕìâú¬ĂÚ
ì­îÈëāÖä° ÂóäÜäòÛÝòÈÉòÕèóÈîùÜÂäÔ°ĂÚëāÖä° ĀæñäñÛÛ
ÂóäÿÛõÂÉ¬óãèòëÕùÂóäÖòÕëÖ®îÂ ÿßøćîĂì­ëóâóä×æÕÿèæóĂÚ
ÂóäÅ­ÚìóĀæñæÕÅèóâÝõÕßæóÕØöćÉñÿÂõÕÃ÷ĈÚÉóÂèòëÕùÃóÕ
ëÖĆîÂ Öòèîã¬óÈÂóäÉòÕäñÛÛĂÚëāÖä°ĀÝÚÂÚĆîÖØöćÜäòÛÜäùÈ
Ăìâ¬ĀëÕÈÕòÈäúÜØöć 5 
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äúÜØöć 5 Öòèîã¬óÈÂóäÉòÕëÖĆîÂÚĆîÖØöćâöÃ­îâúæËòÕÿÉÚ  

ĀæñÉòÕÿäöãÈÿÜĆÚìâèÕìâú¬ 

 

ÃòĈÚØöć 2  ÂóäæÈâøîÜÐõÛòÖõ  (DO; D)   
ØČóÂóäÉòÕÞ÷ÂîÛäâÿÂöćãèâóÖäÑóÚèõÙöÂóäØČóÈóÚĂìâ¬

ØöćăÕ­ÜäòÛÜäùÈĂì­ÂòÛßÚòÂÈóÚĂÚæòÂêÔñ on the job 
training ÕòÈäúÜØöć 6 

 

 
äúÜØöć 6 îÛäâßÚòÂÈóÚĂÚÂóäØČóÈóÚÂóäÖäèÉëîÛàòÚæúÂāâ¬   

 

ÃòĈÚØöć 3  ÂóäÖäèÉëîÛĀæñÖõÕÖóâÝæ  (Check; C)   
ØČóÂóäÿÂĆÛäèÛäèâÃ­îâúæÿßøćîÚČóâóØČóÂóäèõÿÅäóñì°

ÝæÂ¬îÚÂóäÜäòÛÜäùÈÂòÛìæòÈÂóäÜäòÛÜäùÈ  
ÃòĈÚØöć 4  ÂóäÂČóìÚÕâóÖäÑóÚ  (Action; A)   
ÉòÕØČóÿîÂëóäèõÙöÂóäÜÐõÛòÖõÈóÚØöćÿÜĆÚâóÖäÑóÚāÕã

âöÃòĈÚÖîÚÂóäÜÐõÛòÖõÈóÚîã¬óÈËòÕÿÉÚßä­îââöäúÜáóß
ÜäñÂîÛÃîÈĀÖ¬æñÃòĈÚÖîÚÂóäÝæõÖÿßøćîĂì­ßÚòÂÈóÚØöćî¬óÚ
ìÚòÈëøîăâ¬îîÂìäøîÿÜĆÚËóèÖ¬óÈÜäñÿØéëóâóä×ÚČóăÜ
ÜÐõÛòÖõăÕ­ 
 

3.  ÝæÂóäèõÉòã  
ÉóÂÂóäÜäòÛÜäùÈÂäñÛèÚØČóÈóÚÕ­èãÂóäÜäòÛÜäùÈ

îã¬óÈÖ¬îÿÚøćîÈ ßÛè¬óÜòÎìóÂóäÿëöãÃîÈæúÂāâ¬ØöćâöëóÿìÖùâó
ÉóÂßÚòÂÈóÚÃóÕÅèóâäú­ĀæñÅèóâËČóÚóÎĂÚÂóäÿÜæöćãÚ

àòÚæúÂāâ¬îã¬óÈ×úÂèõÙöÚòĈÚ ìæòÈÉóÂØČóÂóäÜäòÛÜäùÈ ØČóĂì­æÕ
ÂóäÿëöãëâÕùæÃîÈæúÂāâ¬æÈăÕ­ ÿÜĆÚÝæØČóĂì­Å¬óĂË­É¬óãĂÚÂóä
Ì¬îâÛČóäùÈÿÚøćîÈÉóÂÂóäÿëöãëâÕùæÃîÈæúÂāâ¬æÕæÈÉóÂ 
164,166 ÛóØ (ÅõÕÉóÂÅ¬óîùÜÂäÔ°ØöćÖ­îÈÿÜæöćãÚĀæñÅ¬óĀäÈ
ßÚòÂÈóÚÌ¬îâÛČóäùÈÖ¬îåÕúÂóæ Ì÷ćÈÃ­îâúæÚöĈăÕ­ÉóÂÂóä
ÜäñâóÔÂóäÃîÈë×óÚÜäñÂîÛÂóä) ÿìæøî 23,452 ÛóØ
Ö¬îåÕúÂóæ (æÕæÈ 85.72%) ĀæñÿìæøîÿßöãÈÂóäÌ¬îâÛČóäùÈ
ÖóâäîÛÜÂÖõÿØ¬óÚòĈÚ ĀæñĂÚë¬èÚÂäñÛèÚÂóäÖäèÉëîÛàòÚ
æúÂāâ¬ ìæòÈÉóÂØČóÂóäÜäòÛÜäùÈÃòĈÚÖîÚÂóäØČóÈóÚ ØČóĂì­æÕ
ÃòĈÚÖîÚÂóäØČóÈóÚÉóÂ 38 ÃòĈÚÖîÚ ÿìæøî 29 ÃòĈÚÖîÚ 
(æÕæÈ 23.68%) ĀæñÿèæóÂóäÖäèÉëîÛæÕæÈÉóÂ 26.68 
ÚóØö ÿìæøî 18.01 ÚóØö (æÕæÈ 32.50%) āÕãÝæÂóä
ÿÜäöãÛÿØöãÛÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈÂäñÛèÚÈóÚ
ëóâóä×ëäùÜăÕ­ÕòÈÖóäóÈØöć 1 ÚîÂÉóÂÚöĈÝæÉóÂÂóä
ÜäòÛÜäùÈäñÛÛÃîÈì­îÈëāÖä° ØČóĂì­ëóâóä×Å­ÚìóèòëÕù
îùÜÂäÔ°ăÕ­È¬óãÃ÷ĈÚ ÂóäÃóÕëÖ®îÂÃîÈèòëÕùĀæñîùÜäÔ°æÕæÈ 
Ì÷ćÈÝæÿÜäöãÛÿØöãÛÂ¬îÚĀæñìæòÈÜäòÛÜäùÈĀëÕÈÕòÈäúÜØöć 7  

 
äúÜØöć 7   ÿÜäöãÛÿØöãÛëáóßì­îÈëāÖä° Â¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈ 

 
ÖóäóÈØöć 1  ÝæÂóäÿÜäöãÛÿØöãÛÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóäØČóÈóÚ 
ÖòèËöĈèòÕ ìÚ¬èã Â¬îÚ

ÜäòÛÜäùÈ 
ìæòÈ
ÜäòÛÜäùÈ 

%     
ØöćæÕæÈ 

ÉČóÚèÚÃòĈÚÖîÚĂÚ
ÂóäÖäèÉëîÛàòÚ
æúÂāâ¬ 

ÃòĈÚÖîÚ 38 29 23.68 

ÿèæóĂÚÂóä
ÖäèÉëîÛàòÚæúÂāâ¬ 

ÚóØö 26.68 18.01 32.50 

Å¬óĂË­É¬óãĂÚÂóä
Ì¬îâÛČóäùÈæúÂāâ¬ 

ÛóØÖ¬î
åÕúÂóæ 

164,166 23,452 85.72 
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4. ëäùÜÝæÂóäèõÉòãĀæñÃ­îÿëÚîĀÚñ 

4.1 ëäùÜÝæÂóäèõÉòã  
 Âóäé÷ÂêóèõÉòãÅäòĈÈÚöĈăÕ­ÚČóìæòÂÂóä ECRS âóĂË­

ÜäòÛÜäùÈèõÙöÂóäØČóÈóÚÿßøćîĀÂ­ÜòÎìóæúÂāâ¬ÿëöã ÉóÂÂóä
ÜäòÛÜäùÈâóÖäÑóÚÂóäØČóÈóÚ ĀæñîÛäâßÚòÂÈóÚ ßÛè¬ó
ëóâóä×ØČóĂì­Å¬óĂË­É¬óãĂÚÂóäÌ¬îâÛČóäùÈÿÚøćîÈÉóÂÂóäÿëöã
ÃîÈæúÂāâ¬æÕæÈ 85.72% Āæñëóâóä×æÕÃòĈÚÖîÚÂóä
ÖäèÉëîÛæúÂāâ¬æÈăÕ­ 23.68% ĀæñæÕÿèæóÂóäÖäèÉëîÛ
æÈăÕ­ 32.50% ĀæñãòÈëóâóä×ÂČóìÚÕÿîÂëóäÂóä
ÜÐõÛòÖõÈóÚØöćÿÜĆÚâóÖäÑóÚĂì­ÂòÛßÚòÂÈóÚ  

4.2 Ã­îÿëÚîĀÚñ  

1) ÅèäÉòÕÞ÷ÂîÛäâĂì­Åèóâäú­ĀæñÿßõćâØòÂêñĂÚ
ÂóäØČóÈóÚĂì­ÂòÛßÚòÂÈóÚĂì­ØČóÈóÚăÕ­îã¬óÈ×úÂÖ­îÈ ÿßøćî
æÕÜòÎìóÂóäÝæõÖÃîÈÿëöãìäøîÂóäËČóäùÕÃîÈÿÅäøćîÈÉòÂä
ĀæñÅèäÉòÕĂì­ßÚòÂÈóÚâöë¬èÚä¬èâĂÚÂóääòÛäú­×÷È
Ã­îÛÂßä¬îÈĀæñÝæØöćÿÂõÕÃ÷ĈÚ ÿßøćîĂì­ßÚòÂÈóÚăÕ­âöë¬èÚ
ä¬èâĂÚÂóäèóÈĀÝÚ ĀÂ­ăÃ ÖäèÉëîÛĀæñÖõÕÖóâÝæ
Ö¬îăÜ  

2)  ÂóäÜäòÛÜäùÈÅäòĈÈÖ¬îăÜÃîÈÛäõêòØ ÅèäĂì­

ÅèóâëČóÅòÎÂòÛÂóäÛČóäùÈäòÂêóØèöÝæĀÛÛØùÂÅÚâöë¬èÚ

ä¬èâ(TPM) ÿÚøćîÈÉóÂÿÅäøćîÈÉòÂäĂÚāäÈÈóÚ 80 %ÿÜĆÚ

ÿÅäøćîÈÉòÂäÿÂ¬óÿßøćîæÕÅèóâëúÎÿëöãĂÚÂäñÛèÚÂóäÝæõÖ 

Āæñëä­óÈÜäñëõØÙõÝæĂì­ÂòÛÿÅäøćîÈÉòÂäëúÈëùÕ  

ÂõÖÖõÂääâÜäñÂóé  
ÈóÚèõÉòãÚöĈÿÜĆÚë¬èÚìÚ÷ćÈÃîÈāÅäÈÂóäÿßõćâÝæõÖ

áóßĀäÈÈóÚÖóâÅèóâÖ­îÈÂóäë×óÚÜäñÂîÛÂõÉÂóä                
ØöćăÕ­äòÛÂóäëÚòÛëÚùÚÉóÂÂäâßòÓÚóÞöâøîĀäÈÈóÚáóÅ Ɯ 
ÉòÈìèòÕÃîÚĀÂ¬Ú   
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîæÕÃîÈÿëöãĂÚÂäñÛèÚÂóäÝæõÖîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°ÃîÈāäÈÈóÚ
ÂäÔöé÷ÂêóÝæõÖËõĈÚë¬èÚîõÿæĆÂØäîÚõÂë° āÕãÂóäé÷ÂêóÿäõćâÉóÂÂóäßõÉóäÔóÂäñÛèÚÂóäÝæõÖÕ­èãĀÝÚáúâõ
ÂäñÛèÚÂóäÝæõÖ èõÿÅäóñì°ÜòÎìóĀæñëóÿìÖùÂóäÿÂõÕÜòÎìóÕ­èãĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ ßÛè¬óÜòÎìóìæòÂØöćØČóĂì­
ÿÂõÕÃîÈÿëöãÅøî ÜòÎìóÂóäÿÉóñäúîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° ÉóÂÚòĈÚäñÕâëâîÈÿßøćîìóĀÚèØóÈĀÂ­ăÃ
ÜòÎìóÚòĈÚ āÕãâöâóÖäÂóäĀÂ­ăÃÅøî ÉòÕØČóìòèÃ­îĂÚÂóäÖäèÉëîÛ (Check List) ÂČóìÚÕäîÛÿèæóĂÚÂóäÖäèÉëîÛ 
ĀæñÉòÕØČóîùÜÂäÔ° (JIG) Øöćëóâóä×ÖäèÉëîÛÅùÔáóßÃîÈÝæõÖáòÔÒ°ÛääÉùËõĈÚë¬èÚîõÿæĆÂØäîÚõÂë°ăÕ­ ìæòÈÉóÂ
ÜäòÛÜäùÈÂóäØČóÈóÚĀæ­è ßÛè¬óÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° 
ëóâóä×æÕÖ­ÚØùÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÉóÂÿÕõâ  60,200 ÛóØ/ÿÕøîÚ ÿÜĆÚ 17,200 ÛóØ/ÿÕøîÚ æÕæÈ 43,000 ÛóØ/ÿÕøîÚ 
ĀæñæÕäñãñÿèæóĂÚÂóäÖäèÉëîÛÉóÂÿÕõâ 84.76 èõÚóØö ÿÜĆÚ 72.81 èõÚóØö æÕæÈ 11.95 èõÚóØö  
ÅČóìæòÂ ÃîÈÿëöã, îùÜÂäÔ°ÛääÉùáòÔÒ°îõÿæĆÂØäîÚõÂë°, ÉõĉÂ 
 
Abstract 
The purpose of this research was to reduce defect in packaging for electronic parts product of case 
study electronic part manufacturing. The study started with consideration production process of flow 
process chart, analyzing the problems the major causes by using cause and Effect Diagram. Found that 
the main cause of waste was drilling the hole electronic products. Brainstorming was used to indicate the 
remedial action, which are: topic in check (Check List) determines the time to check. And provision of 
equipment (JIG) to determine the quality of electronic part products. After problem solving and problem 
protection procedures to implement in production process, the defects from packaging for electronic 
parts production process can be reduced cost the wastes by average from 60,200 bath/month to 17,200 
bath/month, or equal to cost reduction of 43,000 bath/month. And reduced the actual time less time from  
84.76 seconds to 72.81, or reduction of 11.95 seconds.   
Keywords: Waste, Electronic Parts, Jig  

http://dict.longdo.com/search/Packaging
http://dict.longdo.com/search/Packaging
http://dict.longdo.com/search/Packaging
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1. ÛØÚČó 
 ĂÚÜòÉÉùÛòÚâöÂóäĀÃ¬ÈÃòÚĂÚáóÅîùÖëóìÂääâØöćëúÈ
âóÂÃ÷ĈÚÿßøćîäîÈäòÛÂòÛÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó îÈÅ°ÂäÉ÷È
Ö­îÈâöÂóäßòÓÚóÜäòÛÜäùÈîã¬óÈÖ¬îÿÚøćîÈÿßøćîÅèóâîãú¬äîÕ
ÃîÈÙùäÂõÉ ĀæñÿßõćâÃöÕÅèóâëóâóä×ĂÚÂóäĀÃ¬ÈÃòÚÂòÛ
Åú¬ĀÃ¬ÈĂÚØóÈÕ­ÚÂóäÖæóÕ ÚČóăÜëú¬ÂóäÝæõÖëõÚÅ­óØöćâö
ÅùÔáóßĀæñÿÜĆÚØöćÚ¬óÿËøćî×øîÃîÈÝú­ÛäõāáÅ ÂóäæÕÅèóâ
ëúÎÿëöã îòÚÿÂõÕÿÜĆÚ ÃîÈÿëöã ìäøî Waste ĂÚÂäñÛèÚÂóä
ÝæõÖØöćâòÂßÛè¬óâöÅèóâëúÎÿëöãÖ¬óÈą ĀÞÈîãú¬ Ì÷ćÈÿÜĆÚ
ëóÿìÖùØČóĂì­ÜäñëõØÙõáóßĀæñÜäñëõØÙõÝæÃîÈ
ÂäñÛèÚÂóäÖČćóÂè¬óØöćÅèäÉñÿÜĆÚ [1] ÛäõêòØÂäÔöé÷Âêó
ÿÜĆÚÛäõêòØìÚ÷ćÈØöćÝæõÖËõĈÚë¬èÚîõÿæĆÂØäîÚõÂë° āÕãâöÂóä
ÝæõÖËõĈÚë¬èÚîõÿæĆÂØäîÚõÂë°ĀæñîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°
îõÿæĆÂØäîÚõÂë° ÉóÂÂóäëČóäèÉÃ­îâúæÃîÈÛäõêòØÂäÔöé÷Âêó
Āì¬ÈÚöĈ ßÛè¬óâöÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖĂÚ
ë¬èÚÃîÈÂóäÝæõÖîùÜÂäÔ°ÛääÉùáòÔÒ°îõÿæĆÂØäîÚõÂë°ĀëÕÈ
ÕòÈÖóäóÈØöć 1 
 
ÖóäóÈØöć 1 Ã­îâúæÂóäÝæõÖĀæñÃîÈÿëöãØöćÿÂõÕÉóÂîùÜÂäÔ°ÛääÉù
ÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°  

 
 ÉóÂÃ­îâúæÖóäóÈØöć 1 ßÛè¬óÛäõêòØÂäÔöé÷ÂêóâöÃîÈ
ÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚîõÿæĆÂØäîÚõÂë° 
ÅõÕÿÜĆÚä­îãæñ 11.34 Ì÷ćÈ×øîè¬óÿÜĆÚÉČóÚèÚØöćÅèäØČóÂóä
ĀÂ­ăÃÜòÎìóØöćÿÂõÕÃ÷ĈÚ É÷ÈÿæĆÈÿìĆÚ×÷ÈÅèóâëČóÅòÎāÕã
ØČóÂóäé÷ÂêóÂäñÛèÚÂóäÝæõÖÃîÈÛäõêòØÂäÔöé÷Âêóÿßøćî
ìóÉùÕÛÂßä¬îÈÿßøćîæÕÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóä
ÝæõÖ Ì÷ćÈÂóäæÕÃîÈÿëöãÚòĈÚÉñØČóĂì­ÿÂõÕÝæÕöÖ¬îÛäõêòØ
ÂäÔöé÷ÂêóÿÜĆÚîã¬óÈãõćÈ ØòĈÈĂÚÿäøćîÈÂóäæÕÖ­ÚØùÚÂóäÝæõÖ
Ăì­ÖČćóæÈ ÂóäÿßõćâÜäñëõØÙõáóßĂÚÂóäØČóÈóÚĀæñ
Â¬îĂì­ÿÂõÕÅèóâß÷ÈßîĂÉÃîÈæúÂÅ­ó 

Ƙ. èòÖ×ùÜäñëÈÅ°ÃîÈÂóäèõÉòã  
 ÿßøćîæÕÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÉóÂÂäñÛèÚÂóäÝæõÖ
îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° 
 
3. ÂóäÕČóÿÚõÚÂóäèõÉòã 
 ØČóÂóäé÷ÂêóÃòĈÚÖîÚĂÚÂóäÝæõÖîùÜÂäÔ°ÛääÉù
ÝæõÖáòÔÒ°îõÿæÂØäîÚõÂë°äù¬Ú A ÿÚøćîÈÉóÂÜäõâóÔÃîÈÿëöã
ØöćÿÂõÕÃ÷ĈÚĂÚîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°äù¬Ú A ÿÜĆÚäù¬ÚØöćâöÃîÈ
ÿëöãâóÂØöćëùÕ ĀëÕÈÃ­îâúæÕòÈÖóäóÈØöć 2 
 
ÖóäóÈØöć  2 ÂóäĀãÂÜäñÿáØÃîÈÿëöãÃîÈ îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°
îõÿæĆÂØäîÚõÂë°äù¬Ú A 
ÜäñÿáØÃîÈÿëöã ÜäõâóÔØöćÿëöã (â­èÚ) îòÖäóÃîÈÿëöã 
âöÿéêìæòÈÂóäÿÉóñ 10 14% 
ÿÉóñăâ¬ÖäÈ 34 49% 
ÿÉóñăâ¬ëâÛúäÔ° 13 19% 
ÿÂõÕäîãÂÕ 8 12% 
îøćÚą 4 6% 

  
 ÉóÂÖóäóÈØöć 2 ßÛè¬óîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°
îõÿæĆÂØäîÚõÂë°äù¬Ú A âöëóÿìÖùâóÉóÂÿÉóñăâ¬ÖäÈâöÜäõâóÔ
ÃîÈÿëöãâóÂØöćëùÕÅøîä­îãæñ 49 äîÈæÈâóÅøîëóÿìÖùÉóÂ
ÿÉóñăâ¬ëâÛúäÔ°ä­îãæñ 19 ĀæñäîÈæÈâóÅøîâöÿéêìæòÈÂóä
ÿÉóñä­îãæñ 14 ÖóâæČóÕòÛ É÷ÈăÕ­ØČóÂóäÿäöãÈæČóÕòÛÃîÈ
ëóÿìÖùìäøîÜäñÿáØÃîÈÿëöãÕòÈäúÜØöć 1 
 

 
 
äúÜØöć 1 ÜäõâóÔÃîÈÜäñÿáØÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂóäÝæõÖîùÜÂäÔ°

ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°äù¬Ú A 
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ĀÝÚáúâõßóÿäāÖ­ 

äù¬Ú 
ÜäõâóÔÂóäÝæõÖ ÜäõâóÔÃîÈÿëöã 

ÃîÈÿëöã 
â­èÚ ËõĈÚ â­èÚ ËõĈÚ 

A 1,296 226,800,000 69 12,075,000 5.32% 

B 4,224 823,680,000 104 20,280,000 2.46% 
C 816 159,120,000 15 2,925,000 1.84% 
D 348 15,660,000 6 270,000 1.72% 
äèâ 6,684 1,225,260,000 194 35,550,000 11.34% 
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4. èõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìó 
  ØČóÂóäèõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìóØöćÿÂõÕÃîÈÿëöã
âóÂØöćëùÕāÕãĂË­ĀÝÚÝòÈĀëÕÈëóÿìÖùĀæñÝæ (Cause & 
Effect Diagram) [3] ÕòÈäúÜØöć 2 
 

 
  

 ÉóÂÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóÂóäÿÂõÕÃîÈÿëöã
āÕãîóéòãìæòÂÂóäÖ¬óÈą ßÛè¬óëóÿìÖùÃîÈÂóäÿÂõÕÃîÈ
ÿëöãâöëóÿìÖùâóÉóÂÿÅäøćîÈÉòÂä (Machine) ĀæñèõÙöÂóä
ØČóÈóÚ (Method) ØòĈÈÚöĈÂóäìóĀÚèØóÈÂóäÜäòÛÜäùÈÿßøćî
æÕÜäõâóÔÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÚòĈÚÖ­îÈèõÿÅäóñì°ìóĀÚè
ØóÈÂóäÜäòÛÜäùÈØöćÿÜĆÚăÜăÕ­āÕãĂË­ Why Why Analysis 
ĀëÕÈÕòÈÖóäóÈØöć 3  

äúÜØöć 2 ĀëÕÈĀÝÚÝòÈĀëÕÈëóÿìÖùĀæñÝæ 
 
ÖóäóÈØöć 3 ÂóäèõÿÅäóñì°ÜòÎìóāÕãĂË­ Why Why Analysis 

ìòèÃ­îÜòÎìó 
Item 

ìòèÃ­îÂóäĀÂ­ăÃ WhyƗ WhyƘ Whyƙ Whyƚ 
Counter 
Measure 
âóÖäÂóäĀÂ­ăÃ 

ÜòÎìóÂóäÿÉóñäú
îùÜÂäÔ°ÛääÉù
ÝæõÖáòÔÒ°
îõÿæĆÂØäîÚõÂë° 
 ÝõÕßæóÕ 

ÂóäĀÂ­ăÃÜòÎìó
ÂóäÿÂõÕëõćÈ
ÝõÕßæóÕ 

 âöÂóäÿÉóñäúăâ¬
ÖäÈÖČóĀìÚ¬ÈāÕã
ÝõÕăÜÉóÂ
ÖČóĀìÚ¬ÈØöćäñÛù 

ÿÅäøćîÈÉòÂäÿÂõÕ
Âóäë÷ÂìäîÃîÈ
îùÜÂäÔ° ØČóĂì­
äñãñĂÚÂóäÿÉóñ
ÅæóÕÿÅæøćîÚ  

ăâ¬âöìòèÃ­îÂóä
èóÈÂóä
ÛČóäùÈäòÂêó ĂÚ
ÿÅäøćîÈÉòÂä
ÕòÈÂæ¬óèØČóĂì­
ÿÂõÕÅèóâ
ÝõÕÜÂÖõ 

ăâ¬âöÿÅäøćîÈâøîĂÚ
ÂóäÛČóäùÈäòÂêó 

- ÉòÕØČóìòèÃ­îĂÚ
ÂóäÖäèÉëîÛ
ĀæñÂČóìÚÕäîÛ
ÿèæóĂÚÂóä
ÖäèÉëîÛ 

   îùÜÂäÔ°
ÖäèÉëîÛăâ¬
ÅäîÛÅæùâ 

ăâ¬ëóâóä×
ÖäèÉëîÛÃÚóÕ
ÃîÈäúØöćÿÉóñăÕ­ 

   ÉòÕØČóîùÜÂäÔ°Øöć
ëóâóä×
ÖäèÉëîÛ ĂË­
ÅäîÛÅæùâìòèÃ­î
ÂóäÿÂõÕÜòÎìó 

 
5. ĀÚèØóÈĂÚÂóäĀÂ­ăÃ 
5.1 ÉòÕØČóìòèÃ­îĂÚÂóäÖäèÉëîÛĀæñÂČóìÚÕäîÛ
ÿèæóĂÚÂóäÖäèÉëîÛ 
 ĔŅĶĭŜŅĶŋĚĶńĔļŅŏĝŇĚĮƚŀĚĔńĬȮ(Preventive 
Maintenance : PM) [4,5] ŏıŊŗŀĮƚŀĚĔńĬŏĔŇħĔŅĶĝŜŅĶŋħ ľĶŊŀȮ
Breakdown ĕŀĚŏėĶŊŗŀĚěńĔĶȮěŉĚěńħĪŜŅľńĺĕƟŀŒĬĔŅĶĨĶĺěĽŀĭ
ŐĸŃĔŜŅľĬħĶŀĭŏĺĸŅŒĬĔŅĶĨĶĺěĽŀĭ őħĵħŜŅŏĬŇĬĔŅĶĨƞŀœĮ 

¶ ÂóäÛČóäùÈäòÂêóÜäñÉČóèòÚ 
 

 
¶ ÂóäÖäèÉëîÛÖóâäñãñÿèæó 
¶ ÕČóÿÚõÚÂóäÛČóäùÈäòÂêóìäøîÌ¬îâÜäòÛÅøÚëáóß 

 ÂóäÅČóÚèÔìóÅ¬óÿÊæöćãîóãùÂóäĂË­ÈóÚÂ¬îÚÿëöãìóã 

          ÂóäèòÕÝæāÕãĂË­Å¬óäñãñÿèæóÿÊæöćãäñìè¬óÈÂóä
ÿÂõÕÿìÖùÃòÕÃ­îÈÃîÈÿÅäøćîÈÉòÂä (Mean Time Between 
Failure: MTBF) Ì÷ćÈÂóäìóÅ¬ó MTBF ìóăÕ­ÉóÂëúÖä  

 

         ὓὝὄὊ
ÿèæóØöćÿÅäøćîÈÉòÂäØČóÂóäÝæõÖ

ÉČóÚèÚÅäòĈÈØöćÿÅäøćîÈÉòÂäÿëöã
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        ὓὝὄὊ
ÿèæóØòĈÈìâÕÿèæóëúÎÿëöã

ÉČóÚèÚÅäòĈÈØöćÿÅäøćîÈÉòÂäÿëöã
 

 

       ὓὝὄὊ
ȟ

 
                      = 11,515.33 ËòćèāâÈ 
 

 ÉóÂÅ¬óÂóäÅČóÚèÔìóÅ¬óÿÊæöćãîóãùÂóäĂË­ÈóÚÂ¬îÚ
ÿëöãìóã îòÖäóÂóäÿÂõÕÅèóâÿëöãìóãÃîÈÿÅäøćîÈÉòÂäîãú¬Øöć 
11,515.33 ËòćèāâÈ É÷ÈăÕ­âöÂóäÚČóÝææòßÙ°ØöćăÕ­ÉóÂÂóä
ÅČóÚèÔìóÅ¬ó MTBF âóëä­óÈĀÝÚÂóäÛČóäùÈäòÂêó
ÿÅäøćîÈÉòÂä ÿßøćîÿÜĆÚÂóäÛČóäùÈäòÂêóÿËõÈÜ­îÈÂòÚÂ¬îÚÿÂõÕ
ÂóäÿëöãìóãÃîÈÿÅäøćîÈÉòÂä 
 ÉóÂÝææòßÙ°ÂóäÅČóÚèÔìóÅ¬ó MTBF ØöćăÕ­ Åøî 
îòÖäóÂóäÿÂõÕÅèóâÿëöãìóãÃîÈÂäñÛèÚÂóäÿÉóñîùÜÂäÔ°
ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°ÿÊæöćãĀæ­èîãú¬Øöć 515.33 
ËòćèāâÈ É÷ÈăÕ­ØČóĀÝÚÂóäÛČóäùÈäòÂêóĂÚìòèÃ­î 
PERFORMATION āÕãâóäñãñÿèæóÅèóâ×öćÿÃ­óăÜ
ÛČóäùÈäòÂêóĂÚÉùÕØöćÿÜĆÚÜòÎìóÕòÈÂæ¬óè  
 
5.2 Âóäëä­óÈÿÅäøćîÈâøîĂÚÂóäÖäèÉëîÛîùÜÂäÔ°
ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° 
 ëČóìäòÛÿÅäøćîÈâøîĂÚÂóäÖäèÉëîÛĀÛÛÿÕõâÉñ
ëóâóä×ÖäèÉëîÛăÕ­ÿÊßóñÃÚóÕÅèóâÝõÕÜÂÖõ Åèóâ
Âè­óÈĀæñÅèóâãóèÃîÈÃÚóÕÂóäÃ÷ĈÚäúÜÃîÈÕ­óÚĂÚË¬îÈ
îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° ÕòÈáóßØöć 3 āÕã
ĂË­Õ­óÚ Min èòÕĂÚë¬èÚÅèóâÂè­óÈ Õ­óÚ Max èòÕĂÚë¬èÚ
ÅèóâãóèÃîÈË¬îÈîùÜÂäÔ°ÛääÉùáòÔÒ°îõÿæĆÂØäîÚõÂë° Ăì­
ăÕ­ÖóâÃÚóÕ Specification ÕòÈäúÜØöć 4 ĀæñÃ­îÉČóÂòÕÃîÈ 
JIG ĀÛÛÿÕõâăâ¬ëóâóä×ÖäèÉëîÛäú PIN ØöćÿÉóñÛÚ
îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°ăÕ­ 

äúÜØöć 3 îùÜÂäÔ° Jig ĂÚÂóäÖäèÉëîÛËõĈÚÈóÚĀÛÛÿÕõâ 

 
äúÜØöć 4 ÃÚóÕ Specification îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ° 

îõÿæĆÂØäîÚõÂë° äù¬Ú A 
 

 ÿÚøćîÈÉóÂ JIG ĀÛÛÿÕõâÖ­îÈØČóÂóäèòÕÃÚóÕÃîÈË¬îÈ
îùÜÂäÔ°ÛääÉùáòÔÒ°îõÿæĆÂØäîÚõÂë°ĂÚÕ­óÚÅèóâÂè­óÈĀæñ
Åèóâãóè ĀæñãòÈăâ¬ëóâóä×ÖäèÉëîÛäú PIN ØöćÿÉóñÛÚ
îùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°ăÕ­ [5] É÷ÈØČóÂóä
îîÂĀÛÛ JIG ĀÛÛĂìâ¬Øöćëóâóä×èòÕÃÚóÕÅèóâÂè­óÈ
ĀæñÅèóâãóèĂÚÃòĈÚÖîÚÿÕöãè Āæñëóâóä×ÖäèÉëîÛäú 
PIN ØöćÿÂõÕÉóÂÂóäÿÉóñäúÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°ăÕ­ 
(ĀëÕÈÕòÈäúÜØöć 5-7) 
 
 
 

 
 
 

 
äúÜØöć 5 ĀëÕÈÃÚóÕÃîÈ Jig ØöćØČóÂóäîîÂĀÛÛĂìâ¬ 

 

 
äúÜØöć 6 ĀëÕÈ Jig ØöćØČóÂóäîîÂĀÛÛĂìâ¬ 
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äúÜØöć 7 Öòèîã¬óÈÂóä Jig ĀÛÛĂìâ¬ ĂÚÂóäÖäèÉëîÛËõĈÚÈóÚ 
 

6. ÝæÂóäÕČóÿÚõÚÂóä 
 ÉóÂÂóäØÕæîÈÚČóĀÚèØóÈÂóäĀÂ­ăÃÜòÎìóăÜ
ÜÐõÛòÖõ ßÛè¬óÜäõâóÔÃîÈÿëöãØöćßÛÂ¬îÚĀæñìæòÈÂóä
ÜäòÛÜäùÈ ĀëÕÈÕòÈÖóäóÈØöć 4 
 
ÖóäóÈØöć 4 ÂóäÿÜäöãÛÿØöãÛÃîÈÿëöãîùÜÂäÔ°ÛääÉùÝæõÖáòÔÒ°
îõÿæĆÂØäîÚõÂë° (ÿÊæöćãÖ¬îÿÕøîÚ)  
 

  
 ÉóÂÖóäóÈØöć 4 ßÛè¬óìæòÈÜäòÛÜäùÈëóâóä×ØČóĂì­
ÃîÈÿëöãÉóÂëóÿìÖùÿÉóñăâ¬ÖäÈæÕæÈÉóÂÿÊæöćã 9 â­èÚ/
ÿÕøîÚ ÉÚăâ¬âöÃîÈÿëöãØöćÿÂõÕÉóÂÿÉóñăâ¬ÖäÈ ĀæñßÛè¬ó
ÃîÈÿëöãÉóÂëóÿìÖùÿÉóñăâ¬ëâÛúäÔ°æÕæÈÉóÂÜäõâóÔÃîÈ
ÿëöãÿÊæöćã 2 â­èÚ/ÿÕøîÚ ÿìæøîÿßöãÈÜäõâóÔÃîÈÿëöãÿÊæöćã 
1 â­èÚ/ÿÕøîÚ ëóâóä×æÕÖ­ÚØùÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÉóÂ
ÿÕõâ 60,200 ÛóØ/ÿÕøîÚ ÿÜĆÚ 17,200 ÛóØ/ÿÕøîÚ æÕæÈ 
43,000 ÛóØ/ÿÕøîÚ ÚîÂÉóÂÚöĈÂóäîîÂĀÛÛ Jig Ăìâ¬ãòÈ
ëóâóä×æÕÃòĈÚÖîÚĂÚÂóäÖäèÉëîÛăÕ­ ĀëÕÈÂóä
ÿÜäöãÛÿØöãÛÕòÈÖóäóÈØöć 5 

ÖóäóÈØöć 5 ÂóäÿÜäöãÛÿØöãÛÂäñÛèÚÂóäØČóÈóÚĂÚÂóäÖäèÉëîÛ
îùÜÂäÔ°āÕãĂË­ JIG ĀÛÛÿÕõâĀæñĀÛÛĂìâ¬ 
 

ĀÛÛÿÕõâ 
ÿèæó 
(èõÚóØö) 

ĀÛÛĂìâ¬ 
ÿèæó 
(èõÚóØö) 

1. ÂäñÛèÚÂóäÖòÕ
ËõĈÚÈóÚ 

4.35 1. ÂäñÛèÚÂóäÖòÕ
ËõĈÚÈóÚ 

4.55 

2. ÂäñÛèÚÂóä
ÖäèÉëîÛËõĈÚÈóÚ
Õ­èãëóãÖó 

28.05 2. ÂäñÛèÚÂóä
ÖäèÉëîÛËõĈÚÈóÚ
Õ­èãëóãÖó 

28.08 

3. ÖäèÉëîÛËõĈÚÈóÚ
āÕãĂË­ Jig ØóÈÕ­óÚ 
Min 

13.16 3. ÖäèÉëîÛËõĈÚÈóÚ
āÕãĂË­ Jig 

14.96 

4. ÖäèÉëîÛËõĈÚÈóÚ
āÕãĂË­ Jig ØóÈÕ­óÚ 
Max 

11.40 4. ÉÕÛòÚØ÷ÂÃ­îâúæØöć
ăÕ­æÈ Check Sheet 

25.22 

5. ÉÕÛòÚØ÷ÂÃ­îâúæØöć
ăÕ­æÈ Check Sheet 

27.80   

äèâ 84.76 äèâ 72.81 

 
 ÉóÂÂóäÕČóÿÚõÚÂóäÈóÚèõÉòã āÕãØČóÂóäé÷Âêóÿßøćî
ÜäòÛÜäùÈ āÕãĂË­èõÙöÂóäÛČóäùÈäòÂêóÿËõÈÜ­îÈÂòÚ āÕãØČóÂóä
ÿÜäöãÛÿØöãÛÅ¬ó MTBF ÃîÈÿÅäøćîÈÉòÂä ÕòÈĂÚÖóäóÈØöć 6 
ÕòÈÚöĈ 
 
ÖóäóÈØöć 6 ÜäñëõØÙõáóßÂ¬îÚĀæñìæòÈÂóäÛČóäùÈäòÂêóÿËõÈÜ­îÈÂòÚ 

ÿÅäøćîÈÉòÂä 
MTBF (ËòćèāâÈ) 

Â¬îÚÜäòÛÜäùÈ ìæòÈÜäòÛÜäùÈ 
11,515.33 34,556 

 
7.ëäùÜÝæÂóäÕČóÿÚõÚÈóÚ 
 ÉóÂÜòÎìóØöćßÛÉóÂÂóäÿÂõÕÃîÈÿëöãØöćÿÂõÕîùÜÂäÔ°
ÛääÉùÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë° É÷ÈÕČóÿÚõÚÂóäÖäèÉëîÛ
ÂóäØČóÈóÚÃîÈÿÅäøćîÈÉòÂä āÕãØČóÂóäÉòÛÿèæóìó
Ã­îÛÂßä¬îÈÃîÈÿÅäøćîÈÉòÂäØöćØČóÂóäÿÉóñäúÉóÂÝæÂóäëä­óÈ
ĀÝÚÂóäÛČóäùÈäòÂêóÿÅäøćîÈÉòÂäÂ¬îÚÿÂõÕÅèóâÿëöãìóãÌ÷ćÈ
Ö­îÈÿÃ­óăÜÛČóäùÈäòÂêóĂÚËùÕîùÜÂäÔ°ÂóäÿÉóñÃîÈ
ÿÅäøćîÈÉòÂä ÝæØöćăÕ­Åøî ë¬ÈÝæØČóĂì­ÿÂõÕÃîÈÿëöãæÕæÈ 
ëóâóä×æÕÖ­ÚØùÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÉóÂÿÕõâ 60,200 ÛóØ/
ÿÕøîÚ ÿÜĆÚ 17,200 ÛóØ/ÿÕøîÚ æÕæÈ 43,000 ÛóØ/ÿÕøîÚ   
 ÂóäĂË­ Jig ĀÛÛĂìâ¬ëóâóä×ÖäèÉëîÛËõĈÚÈóÚăÕ­
îã¬óÈÅäîÛÅæùâ āÕãëóâóä×ÖäèÉëîÛäú Pin ØöćÿÂõÕÉóÂ

  Â¬îÚÜäòÛÜäùÈ ìæòÈÜäòÛÜäùÈ 

ÜäñÿáØ
ÃîÈÿëöã 

ÜäõâóÔ 
Øöćÿëöã
(â­èÚ) 

ÅõÕÿÜĆÚ
âúæÅ¬ó
(ÛóØ) 

ÜäõâóÔ
Øöćÿëöã
(â­èÚ) 

ÅõÕÿÜĆÚ
âúæÅ¬ó
(ÛóØ) 

ÿÉóñăâ¬ÖäÈ 9 38,700 - - 

ÿÉóñăâ¬
ëâÛúäÔ° 

2 8,600 1 4,300 

âöÿéêìæòÈ
ÂóäÿÉóñ 

1 4,300 1 4,300 

ÿÂõÕäîãÂÕ 1 4,300 1 4,300 

îøćÚą 1 4,300 1 4,300 

äèâ 14 60,200 4 17,200 
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ÂóäÿÉóñäúÛÚÝæõÖáòÔÒ°ÛääÉùËõĈÚÈóÚîõÿæĆÂØäîÚõÂë°ăÕ­ 
Āæñëóâóä×æÕÿèæóĂÚÃòĈÚÖîÚÂóäÖäèÉëîÛÌ÷ćÈÉóÂÿÕõââö
ÂóäØČóÈóÚØòĈÈìâÕ 5 ÃòĈÚÖîÚ ÂóäĂË­ JIG ĀÛÛĂìâ¬
ëóâóä×æÕÃòĈÚÖîÚĂì­ÿìæøî 4 ÃòĈÚÖîÚ āÕãÂóääèâ
ÃòĈÚÖîÚØöć 3 Āæñ 4 ÿÃ­óÕ­èãÂòÚ ĀæñßÛè¬óîùÜÂäÔ°ĀÛÛ
Ăìâ¬ëóâóä×æÕäñãñÿèæóĂÚÂóäÖäèÉëîÛÉóÂÿÕõâ 84.76 
èõÚóØö ÿÜĆÚ 72.81 èõÚóØö æÕæÈ 11.95 èõÚóØö   
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ÂóäÜäòÛÜäùÈÅùÔáóßĂÚÂäñÛèÚÂóäÊöÕÂóèÜäñëóÚ 
Quality improvement in injecting glue process 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÊÛòÛÚöĈÿÜĆÚÂóäé÷ÂêóÂóäÜäòÛÜäùÈÅùÔáóßëČóìäòÛÂóäĀÂ­ÜòÎìóÂäñÛèÚÂóäÝæõÖĂÚāäÈÈóÚÝæõÖËõĈÚë¬èÚ
ïóä°ÕÕõëÂ°ÃîÈÛäõêòØìÚ÷ćÈ èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòãÿßøćîæÕëòÕë¬èÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÂäñÛèÚÂóäÊöÕÂóèÜäñëóÚ
äñìè¬óÈ Plate Āæñ Magnet āÕãĂË­ 5 ÃòĈÚÖîÚăÕ­ĀÂ¬ ÂóäÂČóìÚÕÜòÎìó ÂóäèòÕ ÂóäèõÿÅäóñì° ÂóäÜäòÛÜäùÈ Āæñ
ÂóäÅèÛÅùâ ÝæÂóäé÷ÂêóÜòÎìóßÛè¬óÂäñÛèÚÂóäÊöÕÂóèæÈăÜØöć Plate âöÅèóâÅóÕÿÅæøćîÚăÜÉóÂÿë­ÚĀÚèĀæñ
ÖČóĀìÚ¬ÈÃîÈÂóè ÕòÈÚòĈÚØöâÈóÚèõÉòãÉ÷ÈăÕ­ÿëÚîèõÙöÂóäÜäòÛÜäùÈÅùÔáóßāÕãØČóÂóäëä­óÈÖ­ÚĀÛÛâóÖäÑóÚÿë­ÚĀÚè
ĀæñÖČóĀìÚ¬ÈÃîÈÂóèĂì­âöÅèóâĀâ¬ÚãČóâóÂÃ÷ĈÚ ÚîÂÉóÂÚòĈÚÝú­èõÉòãăÕ­ÿëÚîäñÛÛÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÖóâäîÛ
ÿèæóîã¬óÈëâČćóÿëâî ìæòÈÉóÂÂóäÜäòÛÜäùÈ ßÛè¬óëòÕë¬èÚÃîÈÿëöãÉóÂĀÝÚÂ VMI æÕæÈÉóÂ 18.44% ÿìæøî 4.60% 
ĀæñĀÝÚÂ OQA æÕæÈÉóÂ 23.13% ÿìæøî 8.18%. 
ÅČóìæòÂ  ÂäñÛèÚÂóäÊöÕÂóè; ëòÕë¬èÚÃîÈÿëöã; ÂóäÜäòÛÜäùÈÅùÔáóß 
 
Abstract 
This paper was to study the quality improvement for solving a problem in a harddisk parts manufacturing 
plant of a company. The purpose of this research was to reduce defects in the process of spraying 
adhesive  interface between Magnet and Plate using five phases improvement methods including define, 
measurement, analysis, improvement and control phases. The study found that the injection of glue to 

the plate is expected to move out of the line and the position of the adhesive. Therefore, we proposed a 
method to improve the quality by creating a standard of the pattern line and position of the spray 
adhesive to be more precise. Moreover, we proposed the system to monitor the accuracy of the sessions 
regularly. Having improved, the defect of VMI was reduced from 18.44% to 4.60% and the defects of 
OQA was reduced from 23.13% to 8.18%. 
Keywords:  injection of glue; Defect; Quality Improvement 

 
  



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

86 

1. ÛØÚČó 
 ÜòÉÉùÛòÚîùÖëóìÂääâÂóäÝæõÖïóä°ÕÕõëÂ° (Harddisk) 
âöĀÚèāÚ­âØöćâöÂóäÝæõÖÿßõćâëúÈÃ÷ĈÚÌ÷ćÈëîÕÅæ­îÈÂòÛÅèóâ
Ö­îÈÂóäĂË­ÅîâßõèÿÖîä°ÿßõćâÃ÷ĈÚÿÜĆÚÉČóÚèÚâóÂ Åèóâ
Ö­îÈÂóäÛäõāáÅÃ­îâúæÃ¬óèëóäØóÈëøćîîõÿæĆÅØäîÚõÅë°ÃîÈ
âÚùêã°Ý¬óÚëòÈÅâîîÚăæÚ°ÿÜĆÚÜäñÿÕĆÚëČóÅòÎ ØöćÉČóÿÜĆÚ
Ö­îÈÂóäĂË­ßøĈÚØöćÃÚóÕĂìÎ¬ÿßöãÈßîĂÚÂóäÿÂĆÛÛòÚØ÷Â
Ã­îâúæĀæñâöÅèóâëñÕèÂĂÚÂóäÿÃ­ó×÷ÈÃ­îâúæëČóìäòÛÂóä
ĀÛ¬ÈÜòÚë¬ÈÖ¬îÃ­îâúæÿìæ¬óÚòĈÚ āÕãØöćïóä°ÕÕõëÂ°ÿÜĆÚ
ë¬èÚÜäñÂîÛëČóÅòÎîã¬óÈìÚ÷ćÈÃîÈÅîâßõèÿÖîä°ØČóìÚ­ó
ÿÂĆÛÛòÚØ÷ÂÃ­îâúæÖ¬óÈą ÕòÈÂæ¬óè ÂóäÝæõÖïóä°ÕÕõëÂ°ÚòĈÚâö
ÅèóâÌòÛÌ­îÚâóÂÿÚøćîÈÉóÂâöë¬èÚÜäñÂîÛâóÂâóã Ì÷ćÈ
ĀÖ¬ËõĈÚë¬èÚÉñØČóìÚ­óØöćĀÖÂÖ¬óÈÂòÚîîÂăÜ 
 ÛäõêòØÂäÔöé÷ÂêóÿÜĆÚāäÈÈóÚÝæõÖËõĈÚë¬èÚ
îõÿæĆÅØäîÚõÅë° ÜäñÿáØîùÖëóìÂääâÝæõÖËõĈÚë¬èÚ
ïóä°ÕÕõëÂ° āÕãÛäõêòØÿÜĆÚìÚ÷ćÈĂÚÿÅäøîÃîÈÂæù¬â
îùÖëóìÂääâÝæõÖËõĈÚë¬èÚïóä°ÕÕõëÂ° ä¬èâÂòÛîöÂ 17 ÛäõêòØ
áóãĂÖ­ÂóäÛäõìóäÃîÈÛäõêòØĀâ¬ĂÚÜäñÿØéëõÈÅāÜä° âö
ëóÃóã¬îãĂÚÜäñÿØéăØã ÜäñÿØéÉöÚ ĀæñÜäñÿØéâóÿæ
ÿËöã ÕČóÿÚõÚÙùäÂõÉÕ­èãèõëòãØòéÚ°Ö­îÈÂóäÿÜĆÚÝú­ÝæõÖËõĈÚë¬èÚ
ïóä°ÕÕõëÂ°îòÚìÚ÷ćÈÃîÈāæÂ 
 ÛäõêòØÕòÈÂæ¬óèăÕ­ÝæõÖËõĈÚë¬èÚĂÚïóä°ÕÕõëÂ°ËõĈÚìÚ÷ćÈ
ÿäöãÂè¬ó VCM (Voice Coil Motor) ØČóÂóäÜäñÂîÛÿßøćî
ÿÜĆÚËõĈÚë¬èÚĂÚïóä°ÕÕõëÂ°ØöćØČóìÚ­óØöćÅèÛÅùâ Actuator 
arm ØöćâöìÚ­óî¬óÚÃ­îâúæÛÚÉóÚĂÚïóä°ÕÕõëÂ° ĂÚëóã
ÂäñÛèÚÂóäÝæõÖËõĈÚÈóÚ VCM ÜäñëÛÅèóâëúÎÿëöã
ÉČóÚèÚâóÂĂÚÂäñÛèÚÂóäÊöÕÂóèÜäñëóÚäñìè¬óÈ Plate 
Āæñ Magnet ÿÚøćîÈÉóÂÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóèÂäñ
É¬óãăÜãòÈë¬èÚÖ¬óÈą ÃîÈËõĈÚÈóÚ ĀæñÿÜĆÚÜòÎìóîòÚÕòÛ
ìÚ÷ćÈØöć×úÂÖäèÉßÛăÕ­ÉóÂæúÂÅ­óáóãĂÚ ÕòÈäúÜØöć 1 ĀëÕÈ 
áóßĀÝÚÝòÈÂóäăìæÃîÈÂäñÛèÚÂóäÝæõÖ VCM  
 

 
äúÜØöć 1 áóßĀÝÚÝòÈÂóäăìæÃîÈÂäñÛèÚÂóäÝæõÖ VCM  

2. èõÙöÂóäÕČóÿÚõÚÈóÚèõÉòã 
 ÃòĈÚÖîÚÂóäØČóèõÉòãëóâóä×ĀÛ¬ÈăÕ­ÕòÈÚöĈ 
2.1 ÂóäÂČóìÚÕÜòÎìó (Define Phase) 
 ÉóÂäóãÈóÚÜòÎìóÃîÈæúÂÅ­óáóãĂÚ VCM Model 
AXXX ØöćÿÜĆÚÂäÔöé÷ÂêóßÛäóãÂóäÃîÈÿëöã 5 îòÚÕòÛĀäÂ
ØöćìæùÕäîÕăÜãòÈĀÝÚÂ OQA ĂÚÿÕøîÚßåéÉõÂóãÚ 25557 
×÷ÈÿÕøîÚâÂäóÅâ 2558 ßÛÜòÎìóëòÕë¬èÚÃîÈÿëöã [1] 
ÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè (Adhesive contamination) 
âóÂØöćëùÕÿÜĆÚîòÚÕòÛØöć 1 ĂÚË¬èÈäñãñØòĈÈ 3 ÿÕøîÚÕòÈäúÜØöć 2 
 

 
äúÜØöć 2 ĀÝÚáúâõĀëÕÈÃîÈÿëöã 5 îòÚÕòÛĀäÂØöćìæùÕäîÕăÜãòÈĀÝÚÂ 

OQA 
 

 Ýú­èõÉòãÉ÷Èä¬èâÂòÛØöâÈóÚÿæøîÂØöćÉñÜäòÛÜäùÈÜòÎìó
ÃîÈÿëöãÃîÈÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè ÕòÈäúÜØöć 3  
 

 

 
äúÜØöć 3 Öòèîã¬óÈÃîÈÿëöãâöÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóèĀæñÃîÈÕöØöć

ÜäóéÉóÂÅäóÛÂóè 
 ÿÊßóñÜòÎìóÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóèØöćßÛÂóä
ìæùÕäîÕëóâóä×èõÿÅäóñì°ÿÜĆÚÿÜîä°ÿÌĆÚÖ°ëòÕë¬èÚÃîÈÿëöã
ĂÚĀÖ¬æñëòÜÕóì° ÕòÈäúÜØöć 4  

ÃîÈÿëöãÜÚÿÜøĈîÚ
ÅäóÛÂóè 

ÃîÈÕöÜäóéÉóÂ
ÅäóÛÂóè 
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äúÜØöć 4 ÂäóàĀëÕÈëòÕë¬èÚÃîÈÿëöãÃîÈÅäóÛÂóèĂÚĀÖ¬æñëòÜÕóì°

×úÂÖäèÉßÛăÕ­āÕãĀÝÚÂ OQA 
 
 ÉóÂÿÜîä°ÿÌĆÚÖ°ëòÕë¬èÚÃîÈÿëöãāÕãÿÊæöćã 23.13% 
Ö¬îëòÜÕóì°ØöćìæùÕäîÕăÜãòÈĀÝÚÂ OQA ĀæñÜòÎìóÂóä
ÜÚÿÜøĈîÚÃîÈÅäóÛÂóè âöëòÕë¬èÚÃîÈÿëöãĂÚäñÕòÛëúÈ
ÿË¬ÚÂòÚĂÚë¬èÚÃîÈĀÝÚÂ VMI (ßÚòÂÈóÚÖäèÉëîÛ
ÃòĈÚÖîÚëùÕØ­óãāÕãĂË­ëóãÖó) ØöćâöëòÕë¬èÚÃîÈÿëöãāÕã
ÿÊæöćã 18.44% ÉóÂË¬èÈÿèæóÿÕöãèÂòÚ ÕòÈäúÜØöć 5 
 ØóÈØöâÈóÚèõÉòãÅóÕìèòÈè¬óìæòÈÉóÂÂóäÕČóÿÚõÚ
ÈóÚèõÉòãĀæ­è Éñëóâóä×ÃÉòÕÃîÈÿëöãĂì­ìâÕăÜÉóÂĀÝÚÂ 
VMI Āæñ OQA ĀÖ¬ĂÚØóÈÜÐõÛòÖõØöâÈóÚèõÉòãâöÿÜ­óìâóãØöć
ÉñæÕëòÕë¬èÚÃîÈÿëöãĂì­Ú­îãÂè¬ó 10 % 
 

 
äúÜØöć 5 ÂäóàĀëÕÈëòÕë¬èÚÃîÈÿëöãÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóèĂÚĀÖ¬

æñëòÜÕóì°×úÂÖäèÉÉòÛăÕ­āÕãÃîÈĀÝÚÂ VMI 
 
2.2 ÂóäèòÕ (Measurement Phase) 
 ÂóäèòÕĀæñÿÂĆÛÃ­îâúæĂÚÂäñÛèÚÂóä  ĂÚÂóäé÷Âêó
ÂäñÛèÚÂóäÖäèÉëîÛĂË­èõÙöÂóäÖäèÉëîÛÕ­èãÖóÿÜæ¬ó
Ý¬óÚÂæ­îÈÂČóæòÈÃãóã  ƗƖ  ÿØ¬ó  āÕãĂË­ÿÂÔÒ°âóÖäÑóÚ  
ICS (Inspection Capability Study) Ì÷ćÈÿÜĆÚÂóäé÷Âêó
Åèóâëóâóä×ĂÚÂóäÖäèÉëîÛ āÕãÝæÜäñÿâõÚØöć 90% 
ìäøîâóÂÂè¬óÉ÷È×øîè¬óÝ¬óÚÿÂÔÒ° Ì÷ćÈÿÜĆÚÿÂÔÒ°âóÖäÑóÚ
ÃîÈæúÂÅ­óĀæñāäÈÈóÚÂäÔöé÷ÂêóÖÂæÈä¬èâÂòÚ ÕòÈÚòĈÚÉ÷È

ăÕ­âöÂóäèõÿÅäóñì°ÅèóâĀâ¬ÚãČóÃîÈäñÛÛÂóäèòÕÚöĈăÜØöćÖòè
ÛùÅÅæÿÜĆÚìæòÂāÕãÂóäĂË­  Attribute  Gauge  R&R  [2] 
āÕãÿæøîÂÖòèîã¬óÈĂÚÂäñÛèÚÂóäÝæõÖ  ƘƖ  ËõĈÚ  Ì÷ćÈëõćÈ
Öòèîã¬óÈÿìæ¬óÚöĈÜäñÂîÛăÜÕ­èãëõćÈÖòèîã¬óÈØöćâöÅùÔáóßÕö  
12  ËõĈÚ  Āæñăâ¬Õö  8  ËõĈÚ ØČóÂóäÖäèÉëîÛÖòèîã¬óÈØöć
ÿæøîÂØòĈÈ  ƘƖ  ËõĈÚ  Āæ­èÿæøîÂßÚòÂÈóÚØöćØČóìÚ­óØöć
ÖäèÉëîÛ  ÉČóÚèÚ  ƙ  ÅÚ  āÕãßÚòÂÈóÚØùÂÅÚăÕ­äòÛ
Ý¬óÚÂóäÞ÷ÂîÛäâĀæñâöØòÂêñÿÜĆÚîã¬óÈÕö   
 ÉóÂÂóäÖäèÉëîÛāÕãâöÅ¬óÕòËÚöØùÂÅ¬óèòÕÜäñÿâõÚ
ÿØ¬óÂòÛ 85%  Ì÷ćÈÚ­îãÂè¬óÿÂÔÒ°ØöćāäÈÈóÚÂäÔöé÷Âêó
ÂČóìÚÕăè­ØöćÖ­îÈăÕ­îã¬óÈÚ­îã 90% ÕòÈÚòĈÚëóâóä×ëäùÜ
ÿÛøĈîÈÖ­ÚăÕ­è¬óÜòÎìóÉóÂÂóäßÛÃîÈÿëöãĂÚÂóäÖäèÉëîÛ
ÿÂõÕÉóÂÂóäÖäèÉëîÛØöćÝõÕßæóÕÃîÈßÚòÂÈóÚÖäèÉëîÛ
ÃòĈÚëùÕØ­óã (VMI) ØóÈØöâÈóÚÉ÷ÈÚČóëóÿìÖùÚöĈÿÃ­óëú¬
ÂäñÛèÚÂóäèõÿÅäóñì°Õ­èãĀÝÚáóßëóÿìÖùĀæñÝæ 
(Cause and Effect Diagram) [2] ä¬èâÂòÛÂóäèõÿÅäóñì°
ÜòÉÉòãÃîÈÂäñÛèÚÂóäÊöÕÂóèāÕãÚČóëóÿìÖùØòĈÈìâÕâóÅòÕ
ÂäîÈÜòÉÉòãĂì­ÿìæøîÜòÉÉòãÅèÛÅùâØöćëóâóä×ÜäòÛÅ¬óăÕ­ 
ÉóÂÚòĈÚĂì­ÅñĀÚÚÅèóâëČóÅòÎāÕãĂË­ÿâÖäõÂÌ°ÿìÖùĀæñÝæ 
(Cause and Effect Matrix) [2]  ĀæñÂóä×¬èÈÚČĈóìÚòÂ
ÅèóâäùÚĀäÈØöćÉñÂäñØÛăÜìóæúÂÅ­óÉóÂÂóääñÕâÅèóâäú­ 
ØòÂêñ ÜäñëÛÂóäÔ°ÃîÈØöâÈóÚ ĀæñèõéèÂäÝú­ÿËöćãèËóÎ
Âóä āÕãÿÂÔÒ°ÂóäßõÉóäÔóâóÉóÂÜòÉÉòãÅèÛÅùâ
ÿìæ¬óÚòĈÚ ë¬ÈÝæÂäñØÛÖ¬îÂóäÿÂõÕÅäóÛÂóèÜÚÿÜøĈîÚăÜãòÈ
ËõĈÚÈóÚ āÕãâöÅñĀÚÚÿÖĆâ 70 ÅñĀÚÚÌ÷ćÈÿÜĆÚÅñĀÚÚäèâØöć
Ýú­ÛäõìóäÂČóìÚÕĂì­ 
 ÉóÂÂóäèõÿÅäóñì°Ã­îâúæ ëóâóä×ëäùÜëóÿìÖùÜòÉÉòã
ìæòÂØöćë¬ÈÝæÖ¬îÂóäÿÂõÕÅäóÛÂóèÜÚÿÜøĈîÚÉóÂÜòÉÉòãăÕ­ĀÂ¬ 
ĀÚèÿë­ÚĀæñÖČóĀìÚ¬ÈÂóäÊöÕÂóè äúÜĀÛÛÃîÈÿë­ÚÃîÈÂóè
ØöćÊöÕæÈăÜ ÜäõâóÔÂóèØöćÊöÕæÈăÜ èõÙöÂóäØČóÅèóâëñîóÕ
ÿÃĆâÊöÕÂóè ÂóäèóÈËõĈÚÈóÚÿÃ­óÿÅäøćîÈÊöÕÂóè ĀæñÂóä
ÖäèÉëîÛëîÛØöćÝõÕßæóÕ ÕòÈĀëÕÈÖóâäúÜØöć 6 ĀæñÖóäóÈ
Øöć 1 
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äúÜØöć 6 ĀëÕÈĀÝÚáóßÜòÉÉòãĀæñëóÿìÖùÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè 

 
ÖóäóÈØöć 1 ÂóäÜäñÿâõÚÚČĈóìÚòÂÅèóâäùÚĀäÈÖ¬îæúÂÅ­ó 

 
 

 ÉóÂÜòÉÉòã 6 îòÚÕòÛĀäÂÚòĈÚë¬ÈÝæÖ¬îÂóäÜÚÿÜøĈîÚ
ÃîÈÅäóÛÂóèăÜãòÈÖòèËõĈÚÈóÚ ìóÂÜäòÛĀÖ¬ÈÂäñÛèÚÂóä
ÊöÕÂóèăâ¬ÿìâóñëâĀæñÂäñÛèÚÂóäÝõÕßæóÕÿÂõÕÃ÷ĈÚĀæ­è
ăâ¬ëóâóä×ÖäèÉÉòÛăÕ­ØòÚØöÉ÷ÈÿÜĆÚëóÿìÖùÿäõćâÖ­ÚØČóĂì­ÿÂõÕ
ÜòÎìóÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè ÕòÈÖòèîã¬óÈäúÜØöć 7 Āæñ
ÂäñÛèÚÂóäÖäèÉëîÛÃòĈÚëùÕØ­óãØöćÝõÕßæóÕÕ­èã É÷È
ÝÚèÂÂòÚÿÜĆÚëóÿìÖùØöćâöÃîÈÿëöãØöćæúÂÅ­óáóãĂÚÖäèÉßÛ 
 

 
äúÜØöć 7 ĀëÕÈÂóäÊöÕÂóèĀæñÂóäĀÝ¬ÂäñÉóãÖòèÃîÈÂóèìæòÈÂóä

ÜäñÂÛËõĈÚÈóÚ 
 

2.3 ÂóäèõÿÅäóñì° (Analysis Phase) 
 ÃòĈÚÖîÚÚöĈÿÜĆÚÂóäÅòÕÂäîÈÜòÉÉòãèõÙöÂóä 6 ÜòÉÉòãĀäÂ
ØöćăÕ­ÉóÂÿàëÂóäèòÕÿßøćîÂČóìÚÕëóÿìÖùÃîÈÜòÎìóÝ¬óÚÂóä 
èõÿÅäóñì°ĀæñÖäèÉëîÛÂäñÛèÚÂóäÊöÕÂóèÖóâÜòÉÉòãØöćâö

Ýæ Ì÷ćÈâöÅèóâëòâßòÚÙ°ÃîÈÜòÉÉòãØöćâöÝæîã¬óÈÿÜĆÚÿìÖùĀæñ
Ýæ îÙõÛóãÕ­èãÿØÅÚõÅ why-why analysis [1],[5] 
 
2.3.1 ÂäÔöØöć 1 ÂóäëòâÝòë×úÂÿÚøĈîÂóèÉóÂÂäñÛèÚÂóäÊöÕ
ÂóèØöćÝõÕÜÂÖõ 
Why1 ìãõÛÈóÚîîÂÉóÂÿÅäøćîÈāÕãëòâÝòë×úÂÿÚøĈîÂóèØöćæ­Ú 
WhyƘ ĀÚèÿë­ÚĀæñÖČóĀìÚ¬ÈÂóäÊöÕÂóèÿÜæöćãÚăÜ 
Whyƙ ÜæóãÿÃĆâÊöÕÂóèÿÛöĈãèÉóÂéúÚã°ÿÕõâ ÕòÈäúÜØöć 8 
Whyƚ ÿÃĆâÊöÕÂóèÜñØñËõĈÚÈóÚîã¬óÈäùÚĀäÈÃÔñÊöÕÂóè 
Whyƛ èóÈËõĈÚÈóÚÿÂãăâ¬ĀÚÛăÜÂòÛßøĈÚäóÛÃîÈÿÅäøćîÈ 

 

 
äúÜØöć 8 ĀëÕÈÖòèîã¬óÈÿÃĆâÊöÕÂóèØöćÿÛöĈãèăÜÉóÂÖČóĀìÚ¬ÈéúÚã°ÿÕõâ 

 
2.3.2 ÂäÔöØöć 2 ÂóäëòâÝòë×úÂÿÚøĈîÂóèÉóÂÂäñÛèÚÂóäØČó
ÅèóâëñîóÕìòèÿÃĆâÊöÕÂóè 
Why1 âöÿÚøĈîÂóèÖõÕ×ùÈâøîìæòÈÉóÂØČóÅèóâëñîóÕìòèÿÃĆâ
Āæ­è ÕòÈäúÜØöć 9 
Why2 ×ùÈâøîØöćëèâÖ­îÈëòâÝòëÂòÛÝ­óØČóÅèóâëñîóÕØöćâö
ÿÚøĈîÂóèîãú¬āÕãÖäÈ 
Why3 Ý­óØöćØČóÅèóâëñîóÕìòèÿÃĆâÊöÕÂóèâöÿÚøĈîÂóèÖõÕîãú¬ 
 

 
äúÜØöć 9 Öòèîã¬óÈÃîÈÿÚøĈîÂóèØöćÿÜøĈîÚ×ùÈâøîÉóÂÂóäØČóëñÅèóâ

ëñîóÕìòèÿÃĆâÊöÕÂóè 
 

2.3.3 ÂäÔöØöć 3 ÂóäëòâÝòë×úÂÿÚøĈîÂóèÉóÂÂäñÛèÚÂóä
ÝæõÖØöćîóÉÉñâöÜäõâóÔÃîÈÂóèâóÂÿÂõÚăÜ ÕòÈäúÜØöć 10 
Why1 ìãõÛÈóÚîîÂÉóÂÿÅäøćîÈāÕãëòâÝòë×úÂÿÚøĈîÂóèØöćæ­Ú
ÉóÂÂóäÜäñÂÛÃîÈËõĈÚÈóÚ 
WhyƘ ÂóèăìæîîÂĂÚÜäõâóÔâóÂÿÂõÚăÜ 

ÿÃĆâÊöÕÂóèÿÛöĈãè 
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Why3 ÂóäÖòĈÈäñãñÜæóãÿÃĆâ×÷ÈËõĈÚÈóÚĀÚèÕõćÈĀæñØČóâùâ 
ËõÕÂòÛËõĈÚÈóÚâóÂÿÂõÚăÜ ÿÃĆâ×úÂÂÕæÈĀæñÜæóãÿÃĆâÿÜõÕ
âùâÿßõćâ 
Why4 ÜæóãÿÃĆââöâùâÿÜõÕâóÂÃ÷ĈÚÂóèÉ÷ÈăìæÿßõćâÃ÷ĈÚ 
 

 
äúÜØöć 10 Öòèîã¬óÈÂóäÊöÕÂóèĂÚÜäõâóÔâóÂÿÂõÚăÜ 

 
 ëäùÜăÕ­è¬óÜòÉÉòãìæòÂØöćë¬ÈÝæÖ¬îÂóäÿÂõÕÅäóÛÂóè
ÜÚÿÜøĈîÚÅøî 1) âöëóÿìÖùÉóÂÂóäÜÐõÛòÖõÈóÚĂÚÃòĈÚÖîÚÃîÈ
ÂóäÊöÕÂóèØöćÝõÕÜÂÖõ 2) ÂóäØČóÅèóâëñîóÕìòèÿÃĆâÊöÕ
ÂóèÕ­èãèõÙöØöćăâ¬ÿìâóñëâ 3) ÂóäÖòĈÈÅ¬óÃîÈÂóäÊöÕÂóèØöć
ØČóĂì­ÜäõâóÔÃîÈÂóèăìæîîÂâóâóÂÿÂõÚăÜ ÜòÉÉòã
ÕòÈÂæ¬óèÉ÷ÈÿÜĆÚëóÿìÖùØöćÂ¬îĂì­ÿÂõÕÜòÎìóÃîÈÅäóÛÂóè
ÜÚÿÜøĈîÚăÜãòÈËõĈÚÈóÚăÕ­  āÕãâö×ùÈâøîØöćëèâìäøîâøî
Ýú­ÜÐõÛòÖõÈóÚÿÜĆÚÿëâøîÚßóìñØöćË¬èãë¬ÈÖ¬îĂì­ÿÚøĈîÂóè
ÿÅæøćîÚØöćÖ¬îăÜĂÚÂäñÛèÚÂóä Ì÷ćÈÿÂõÕÉóÂëóÿìÖùĂÚÃÔñ
ÜÐõÛòÖõÈóÚĀæñÂóäÖòĈÈÅ¬ó ØöćÿÜĆÚÿìÖùÂóäÔ°ØöćâóÉóÂØòĈÈ 3 
ÂäÔöØöćÝÚèÂÿÃ­óÕ­èãÂòÚ ÿÚøćîÈÉóÂÂäñÛèÚÂóäÿÂõÕÅèóâ
ÝõÕÜÂÖõĀæñăâ¬ëóâóä×ÖäèÉÉòÛÅèóâÝõÕÜÂÖõăÕ­ØòÚØö É÷È
ÿÜĆÚëóÿìÖùÃîÈÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóèăÜãòÈËõĈÚÈóÚ 
ĀæñĂÚÂóäÖäèÉëîÛÃòĈÚëùÕØ­óãØČóÂóäÖäèÉÝõÕßæóÕ É÷È
âöÃîÈÿëöãÕòÈÂæ¬óèìæùÕäîÕăÜãòÈæúÂÅ­óáóãĂÚ (OQA) 
ĀæñÿÂõÕÃ­îä­îÈÿäöãÚĂì­âöÂóäĀÂ­ăÃÜäòÛÜäùÈÿßøćîĂì­ÜòÎìó
ÕòÈÂæ¬óèìâÕăÜ 
 
2.4 ÂóäÜäòÛÜäùÈ (Improvement Phase) 
 ÃòĈÚÖîÚÚöĈÿÜĆÚÂóäÚČóÜòÉÉòãâöÝæØöćăÕ­ÉóÂÂóä
èõÿÅäóñì°ĀæñØČóÂóäîîÂĀÛÛèõÙöÂóäĀÂ­ăÃ 
2.4.1 OJT Ăì­ÂòÛßÚòÂÈóÚØùÂÅÚØöćÿÂöćãèÃ­îÈØöćĀÝÚÂ
ÂäñÛèÚÂóäÊöÕÜäñëóÚ ĀæñĀÝÚÂÃîÈßÚòÂÈóÚ
ÖäèÉëîÛÃòĈÚëùÕØ­óã (VMI)  
 ÝæØöćăÕ­ÅøîëòÕë¬èÚÃîÈÿëöãÉóÂÂóäÜÚÿÜøĈîÚÅäóÛ
æÕæÈ ÉóÂĀÝÚÂÂóäÖäèÉëîÛÃòĈÚëùÕØ­óã (VMI) Āæñ 
ÂóäØÕëîÛ GR&R îöÂÅäòĈÈÂòÛßÚòÂÈóÚëóâÅÚËùÕÿÕõââö
ÝæØöćßòÓÚóÃ÷ĈÚāÕãâöÅ¬óÕòËÚöØùÂÅ¬óèòÕÜäñÿâõÚÿØ¬óÂòÛ 95%   

2.4.2 ëä­óÈÿÂÉëČóìäòÛÂóäèòÕÿßøćîÖäèÉëîÛĀÚèÿë­ÚĀæñ
ÖČóĀìÚ¬ÈÃîÈÂóèĂì­ăÕ­ÿÂÔÒ°âóÖäÑóÚ āÕãâöäîÛÿèæóØöć
ÿìâóñëâĂÚÖäèÉëîÛØöćëâČćóÿëâî Ì÷ćÈÿÜĆÚèõÙöÂóäØöćÿßõćâÃ÷ĈÚ
ÉóÂÿÕõâØöćâöÿßöãÈÂóäÖäèÉëîÛÜäõâóÔÃîÈÂóèÿØ¬óÚòĈÚ 
ĀæñãòÈëóâóä×ÖîÛëÚîÈĂÚĀÈ¬ÃîÈÅèóâÿäĆèÂóä
ÖäèÉëîÛÅèóâ×úÂÖ­îÈĂÚÂäñÛèÚÂóäăÕ­ØòÚØö ìóÂßÛ
ÅèóâÝõÕÜÂÖõ ÕòÈäúÜØöć 11 
 

 
äúÜØöć 11 ÿÂÉëČóìäòÛÂóäÖäèÉëîÛĀÚèÿë­ÚĀæñÖČóĀìÚ¬ÈÃîÈÂóèØöć

ÿìâóñëâ 
 

2.4.3 ÂóäØČóÅèóâëñîóÕìòèÿÃĆâÊöÕÂóèāÕãĂË­îùÜÂäÔ°
ìÚöÛÉòÛÝ­óĀæñÿËĆÕØČóÅèóâëñîóÕăÜØöćìòèÿÃĆâ ÿßøćî
ìæöÂÿæöćãÈÿÚøĈîÂóèØöćÉñÖõÕâóÂòÛ×ùÈâøî ÕòÈäúÜØöć 12 
 

 
äúÜØöć 12 ĀëÕÈÂóäØČóÅèóâëñîóÕìòèÿÃĆâÊöÕÂóèāÕãĂË­îùÜÂäÔ°

ìÚöÛÉòÛÝ­ó 
 

2.5 ÂóäÅèÛÅùâ (Control Phase) 
 ÿâøćîăÕ­èõÙöÂóäëČóìäòÛÖäèÉÉòÛÅèóâÝõÕÜÂÖõÃîÈ
ÂäñÛèÚÂóäÊöÕÂóèĀæñèõÙöÂóäØČóÅèóâëñîóÕØöć
ÿìâóñëâĀæ­è ăÕ­âöÂóäÂČóìÚÕĀÝÚÂóäÅèÛÅùâÜòÉÉòã
Ö¬óÈą āÕãÉòÕØČóÿÜĆÚÿÂÔÒ°ÂóäßõÉóäÔóâóÖäÑóÚÃîÈ
ĀÚèÿë­ÚĀæñÖČóĀìÚ¬ÈÃîÈÂóè ëČóìäòÛÂóäÜäòÛĀÖ¬ÈÖòĈÈÅ¬ó
ÂóäÊöÕÂóèìäøîÂóäÿÜæöćãÚÿÃĆâÊöÕÂóè ĀæñæÈÛòÚØ÷ÂĂÚĂÛ
ÖäèÉëîÛ (Check Sheet) [4] ëČóìäòÛÂóäÖõÕÖóâ
ÂäñÛèÚÂóäîã¬óÈÿìâóñëâ āÕãìæòÈÉóÂÂóäÚČóÂóä
ÜäòÛÜäùÈăÜĂË­ĂÚÂóäÂäñÛèÚÂóäĀæ­è ĂÚëòÜÕóì°Âóä
ØČóÈóÚØöć 32, 33, 34 Āæñ 35 âöëòÕë¬èÚÃîÈÿëöãÿÊæöćãØöć
ÜÚÿÜøĈîÚÅäóÛÂóèæÕæÈØòĈÈ 2 ĀÝÚÂ  āÕãØöćĀÝÚÂ
ÖäèÉëîÛÃòĈÚÖîÚëùÕØ­óãÃîÈßÚòÂÈóÚ (VMI) æÕæÈÿìæøî 
4.60% ĀæñĀÝÚÂÃîÈÿÉ­óìÚ­óØöćÖäèÉëîÛÅùÔáóß 
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(OQA) æÕæÈÿìæøî 8.18% ÕòÈäúÜØöć 13 Āæñ 14 
ÖóâæČóÕòÛ 
       ÖóâÂóäÕČóÿÚõÚÈóÚāÕã DMAIC [3] ăÕ­âöÂóäßòÓÚó
ØöćÕöÃ÷ĈÚ ĀÖ¬ãòÈăâ¬ÛääæùèòÖ×ùÿÜ­óìâóãØöćÖòĈÈăè­ ÕòÈÚòĈÚÝú­èõÉòã
É÷ÈăÕ­ÿÖäöãâĀÝÚÂóäØÕæîÈ DOE ÿßøćîÿëÚîÖ¬îÝú­Ûäõìóä
Ö¬îăÜ ÿßøćîÂóäÜäòÛÜäùÈîã¬óÈÖ¬îÿÚøćîÈ 
 

 
äúÜØöć 13 ÂäóàĀëÕÈëòÕë¬èÚÃîÈÿëöã ÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè

ÃîÈĀÝÚÂ VMI 
 

 
äúÜØöć 14 ÂäóàĀëÕÈëòÕë¬èÚÃîÈÿëöã ÂóäÜÚÿÜøĈîÚÃîÈÅäóÛÂóè

ÃîÈĀÝÚÂ OQA 
 

3.  ëäùÜ 
 ÈóÚèõÉòãÊÛòÛÚöĈÿÜĆÚÂóäĀÂ­ÜòÎìóÂäñÛèÚÂóäÝæõÖ
ĂÚāäÈÈóÚÝæõÖËõĈÚë¬èÚïóä°ÕÕõëÂ° âöèòÖ×ùÜäñëÈÅ°ÃîÈ
ÈóÚèõÉòãÿßøćîæÕÃîÈÿëöãĀæñÃÉòÕÅèóâëúÎÿëöãØöćÿÂõÕÃ÷ĈÚĂÚ
ÂäñÛèÚÂóäÊöÕÂóèÜäñëóÚäñìè¬óÈ Plate Āæñ Magnet 
āÕãèõÙöÂóäÅèÛÅùâÿë­ÚĀÚèĀæñÖČóĀìÚ¬ÈÃîÈÂóèØöćÊöÕæÈ
ăÜĂì­âöÅèóâ×úÂÖ­îÈ ÉóÂÂóäÕČóÿÚõÚÈóÚèõÉòã Ýæ
Âóäé÷ÂêóÜòÎìóßÛè¬óÂäñÛèÚÂóäÊöÕÂóèæÈăÜØöć Plate 
âöÅèóâÅóÕÿÅæøćîÚăÜÉóÂÿë­ÚĀÚèĀæñÖČóĀìÚ¬ÈÃîÈÂóè 
ÕòÈÚòĈÚÝú­èõÉòãÉ÷ÈăÕ­ÿëÚîèõÙöÂóäÜäòÛÜäùÈÅùÔáóßāÕãØČóÂóä
ëä­óÈÖ­ÚĀÛÛâóÖäÑóÚÿë­ÚĀÚèĀæñÖČóĀìÚ¬ÈÃîÈÂóèĂì­âö
ÅèóâĀâ¬ÚãČóâóÂÃ÷ĈÚ ÚîÂÉóÂÚòĈÚÝú­èõÉòãăÕ­ÿëÚîäñÛÛÂóä
ÖäèÉëîÛÅèóâ×úÂÖ­îÈÖóâäîÛÿèæóîã¬óÈëâČćóÿëâî ÉóÂ

ÂóäÜäòÛÜäùÈßÛè¬ó ÂóäÖäèÉëîÛÃòĈÚÖîÚëùÕØ­óãÃîÈ
ßÚòÂÈóÚ (VMI) ëóâóä×æÕëòÕë¬èÚÃîÈÿëöãÉóÂ 18.44% 
æÕæÈÿìæøî 4.60% ĀæñĀÝÚÂÃîÈÿÉ­óìÚ­óØöćÖäèÉëîÛ
ÅùÔáóß (OQA) ëóâóä×æÕëòÕë¬èÚÃîÈÿëöãÉóÂ 23.13% 
æÕæÈÿìæøî 8.18% 
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ÛØÅòÕã¬î 

āÅäÈÂóäèõÉòãÚöĈé÷ÂêóÂäñÛèÚÂóäÝæõÖĂÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂÃîÈÛäõêòØìÚ÷ćÈ āÕãâù¬ÈÿÚ­ÚÜòÎìóØöćÂäñØÛ

Ö¬îÂóäÕČóÿÚõÚÙùäÂõÉ ÜòÎìóØöćÿæøîÂâóĀÂ­ăÃÿÜĆÚÜòÎìóØöćÂäñØÛÖ¬îÅùÔáóßÃîÈÝæõÖáòÔÒ° āÕãÕČóÿÚõÚÂóäÝ¬óÚ ƚ 

ÃòĈÚÖîÚăÕ­ĀÂ¬ ÃòĈÚÖîÚÂóäÂČóìÚÕÜòÎìó ÃòĈÚÖîÚÂóäèõÿÅäóñì° ÃòĈÚÖîÚÂóäÜäòÛÜäùÈ ĀæñÃòĈÚÖîÚÂóäÅèÛÅùâ 

ìæòÈÉóÂÂóäé÷ÂêóÂäñÛèÚÂóäÝæõÖßÛè¬óÃîÈÿëöãÉóÂÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂâöÅ¬óÿØ¬óÂòÛ 8.99 ÿÜîä°ÿÌĆÚÖ° 

ÉùÕÜäñëÈÅ°ìæòÂÃîÈÈóÚèõÉòãÚöĈÿßøćîæÕÃîÈÿëöãØöćÿÂõÕÉóÂÂäñÛèÚÂóäÝæõÖĂì­Ú­îãÂè¬ó 5.5 ÿÜîä°ÿÌĆÚÖ° ÿÅäøćîÈâøî

ÅùÔáóßÖ¬óÈ ą ÿË¬Ú ĀÝÚáúâõßóÿäāÖ ÝòÈÂóÈÜæó ĀæñÂóäèõÿÅäóñì°Ã­îÛÂßä¬îÈĀæñÝæÂäñØÛ ÿÜĆÚÿÅäøćîÈâøîìæòÂØöć

ĂË­ĂÚÂóäØČóèõÉòã āÕãìæòÈÉóÂØöćÕČóÿÚõÚÂóä×÷ÈÃòĈÚÖîÚÂóäÜäòÛÜäùÈëóâóä×ÛääæùÿÜ­óìâóãØöćÖòĈÈăè­ ÅøîÃîÈÿëöãæÕæÈ

Ú­îãÂè¬ó 5.5 ÿÜîä°ÿÌĆÚÖ° ë¬èÚÃòĈÚÖîÚÂóäÅèÛÅùâăÕ­ÿëÚîĀÚèØóÈÿßøćîĂì­ÜÐõÛòÖõÖ¬îăÜ 

ÅČóìæòÂ  ÃîÈÿëöã, ÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂ, ìúàòÈ 
 
Abstract  
This research project was to study the process of Small Loudspeaker Assembly of a company 
emphasizing on business problems. The problem of critical to quality was selected to be solved by using 
four steps: defining phase, analyzing phase, improving phase, and controlling phase. After the 
manufacturing process was studied, we found that the defect of Small Loudspeaker Assembly was equal 
to 8.99 percent. The main objective of this research was to reduce the defect at least 5.5 percent. Quality 
tools such as pareto diagram, fishbone diagram, and Failure Mode Effects Analysis were used as tools to 
conduct this research. After the step of improving, the result of the defect met the aim, 5.5 percent. The 
guide of performance was introduced for the step of controlling.  
Keywords:  Defect, Small Loudspeaker Assembly, Head phone 
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1. ÛØÚČó 
1.1 ÅèóâÿÜĆÚâóĀæñÅèóâëČóÅòÎÃîÈÜòÎìó 
       ĂÚÜòÉÉùÛòÚîùÖëóìÂääâÝæõÖáòÔÒ°îõÿæĆÂØäîÚõÂë°×øîè¬ó
ÿÜĆÚîùÖëóìÂääâØöćÝæõÖÿßøćîÂóäë¬ÈîîÂ ØöćâöĀÚèāÚ­âÿßõćâ
ëúÈÃ÷ĈÚÿäøćîã ą âöÂóäÃãóãÖòèØóÈÂóäÖæóÕîã¬óÈäèÕÿäĆè 
ĀæñâöÂóäĀÃ¬ÈÃòÚáóãĂÚîùÖëóìÂääâÅ¬îÚÃ­óÈëúÈØòĈÈ
áóãĂÚÜäñÿØéĀæñÚîÂÜäñÿØé   ëČóìäòÛÈóÚèõÉòãÚöĈ Ýú­èõÉòã
ăÕ­ØČóÂóäé÷ÂêóÂäñÛèÚÂóäÝæõÖÂóäÜäñÂîÛæČóāßÈÃÚóÕ
ÿæĆÂÕòÈĀëÕÈĂÚäúÜáóßØöć1 
 

 
 

äúÜØöć 1 áóßÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂ 
 
           ÂóäĂÚÕČóÿÚõÚÂóäèõÉòãÅÔñÝú­èõÉòãăÕ­ĂË­ÃòĈÚÖîÚ
ÛóÈë¬èÚÃîÈÂóäÕČóÿÚõÚāÅäÈÂóäèõÉòãÖóâĀÚèØóÈÃîÈÌõÂÌ° 
ÌõÂâ¬ó ÿÚøćîÈÉóÂăÕ­é÷ÂêóÈóÚèõÉòãØöćăÕ­ÕČóÿÚõÚāÅäÈÂóäĂÚ
îÕöÖ ßÛè¬óÿÜĆÚĀÚèØóÈØöćĂË­ăÕ­ÝæĂÚÂóäÂóäæÕÃîÈÿëöãØöć
ÿÂõÕÃ÷ĈÚÉóÂÂäñÛèÚÂóäÝæõÖ ãÂÖòèîã¬óÈÿË¬Ú Âóäé÷Âêó
äúÜĀÛÛÂóäæÕÖ­ÚØùÚāäÈÈóÚÝæõÖÛääÉùáòÔÒ°ßæóëÖõÂËÚõÕ
î¬îÚāÕãÿÜäöãÛÿØöãÛäóÅóÃîÈÿâØØòæăæÌ°ßîæõÿîëÿÖîä°
Āæñàîãæ°îæúâõÿÚöãâ ßÛè¬óëóâóä×æÕÖ­ÚØùÚăÕ­ÖČćóÂè¬ó 
41% [1] ÂóäæÕÅèóâëúÎÿëöãÉóÂÂóäÊöÕßæóëÖõÂËõĈÚë¬èÚ
ã¬îãÃîÈÂæ¬îÈÿÂĆÛÃîÈÕ­óÚìÚ­óÃîÈÅîÚāÌæä×ãÚÖ° 
ëóâóä×æÕÜäõâóÔ Scrap purge ÉóÂ 7.8 ÂõāæÂäòâÖ¬î
ÅäòĈÈ ÿìæøî 4.24 ÂõāæÂäòâÖ¬îÅäòĈÈ ÅõÕÿÜĆÚä­îãæñ 45.64 Āæñ
æÕÜäõâóÔÂóäĂË­ Purging Compound ÉóÂ 4.0 ÂõāæÂäòâ
Ö¬îÅäòĈÈ ÿìæøî 2.28 ÂõāæÂäòâÖ¬îÅäòĈÈ ÅõÕÿÜĆÚä­îãæñ 43.00 
[2] ÂóäæÕÜòÎìóëõćÈĀÜæÂÜæîâĂÚÂäñÛèÚÂóäæîÂæóã
ÿë­ÚæóãèÈÉä ÝæìæòÈÂóäÜäòÛÜäùÈßÛè¬óÅ¬óÿÊæöćãÃîÈÿëöã
æÕæÈÉóÂ 47.52% ÿìæøîÿßöãÈ 1.38% āÕãÂóäßãóÂäÔ°
ÜäõâóÔÂóäÝæõÖÅóÕè¬óâúæÅ¬óÅèóâëúÎÿëöãÉñæÕæÈăÕ­×÷È 
3,435,984 ÛóØÖ¬îÜö [3] ÂóäÜäòÛÜäùÈĀæñæÕÜäõâóÔÃîÈ

ÿëöãÉóÂÂäñÛèÚÂóäÛòÕÂäöÃîÈÂóäÜäñÂîÛĀÝÈèÈÉä
îõÿæĆÂØäîÚõÂë° ëóâóä×æÕÜäõâóÔÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚÉóÂ
ÂäñÛèÚÂóäÛòÕÂäöăÕ­âóÂÂè¬óä­îãæñ 90 ÃîÈÜäõâóÔÃîÈ
ÿëöãØöćÿÂõÕÃ÷ĈÚØòĈÈìâÕāÕãÜäõâóÔÃîÈÿëöãæÕæÈÉóÂä­îãæñ 
4.81ÿìæøîÿßöãÈä­îãæñ0.27 [4] ÂóäæÕÃ­îÛÂßä¬îÈÉóÂÂóä
ÜäñëóÚÂóèæ­ÚÃîÛ ëóâóä×æÕëòÕë¬èÚÃîÈÿëöãÉóÂ 
4.Ɵƛ% ÿìæøî 0.51% ë¬ÈÝæĂì­ëóâóä×æÕÅ¬óĂË­É¬óãăÕ­×÷È
ÜäñâóÔ 6 æ­óÚÛóØÖ¬îÜö [5]   
       ìæòÈÉóÂÝú­èõÉòãăÕ­é÷ÂêóÈóÚèõÉòãØöćÿÂöćãèÃ­îÈÉ÷ÈÚČóĀÚè
ØóÈÂóäĀÂ­ăÃÜòÎìóâóÜäñãùÂÖ°ĂË­ĀÂ­ÜòÎìóëČóÅòÎØöćÿÂõÕ
ÂòÛÛäõêòØÖòèîã¬óÈ ÉóÂÂóäÿÂĆÛÃ­îâúæÃîÈÿëöãÖòĈÈĀÖ¬ÿÕøîÚ
ÂòÚãóãÚ ×÷È ÿÕøîÚÙòÚèóÅâ ƘƛƛƝ ÕòÈĀëÕÈĂÚäúÜØöć 2 ßÛè¬ó
Å¬óÿÊæöćãÃîÈÃîÈÿëöãîãú¬Øöć ƞ.ƟƟ ÿÜîä°ÿÌĆÚÖ° 

 

 
 

äúÜØöć 2 ĀÝÚáúâõÜòÎìóÃîÈÿëöãĂÚÂäñÛèÚÂóäÜäñÂîÛÖòĈÈĀÖ¬ÿÕøîÚ
ÂòÚãóãÚ ×÷È ÙòÚèóÅâ 2557 

        èòÖ×ùÜäñëÈÅ°ÃîÈÂóäÕČóÿÚõÚÈóÚèõÉòãÚöĈÿßøćîæÕ
ÜäõâóÔÃîÈÿëöãĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂ
ĀæñÿßøćîæÕÖ­ÚØùÚÂóäÝæõÖĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈ
ÃÚóÕÿæĆÂ   āÕãâöÿÜ­óìâóãĂÚÂóäèõÉòãÅøî æÕÃîÈÿëöã
ÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂĂÚëóãÜäñÂîÛ
ÃîÈÛäõêòØÖòèîã¬óÈÉóÂÿÕõâ 8.99 % Ăì­æÕæÈ 5.5 %
ÜäñāãËÚ°ØöćÅóÕè¬óÉñăÕ­äòÛÉóÂÈóÚèõÉòãÚöĈÅøîÜäõâóÔÃîÈ
ÿëöãĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂæÕæÈ Āæñ
Å¬óĂË­É¬óãÂóäÝæõÖĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕ
ÿæĆÂæÕæÈ 
 
Ƙ. èõÙöÂóäÕČóÿÚõÚÈóÚèõÉòã 
       ÃòĈÚÖîÚÂóäÕČóÿÚõÚèõÉòãăÕ­ÕČóÿÚõÚÈóÚÖóâ 4 
ÃòĈÚÖîÚÕòÈÚöĈ 
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Ƙ.Ɨ ÂóäÂČóìÚÕÜòÎìó 
       ĂÚÃòĈÚÖîÚÿÛøĈîÈÖ­ÚÝú­èõÉòãăÕ­äèÛäèâØöâÈóÚ
ÜäñÂîÛÕ­èãèõéèÂäÂóäÝæõÖ ìòèìÚ­óÈóÚ Ë¬óÈÿØÅÚõÅ 
èõéèÂäÅùÔáóß ßÚòÂÈóÚÞ¬óãÝæõÖ ĀæñÝú­ÉòÕÂóäÞ¬óã ÿßøćî
Ë¬èãäñÕâëâîÈĀæñĀëÕÈÅèóâÅõÕÿìĆÚÖæîÕØòĈÈÿëÚîĀÚñ 
äèâ×÷ÈÂóäé÷ÂêóĀÚèØóÈÂóäæÕÃîÈÿëöãÉóÂÈóÚèõÉòãØöć
ÿÅãØČóâóĂÚîÕöÖÖóâÿîÂëóäî­óÈîõÈØòĈÈ Ɯ ÿäøćîÈ ÿßøćîĂË­
ÿÜĆÚĀÚèØóÈĂÚÂóäÂČóìÚÕÜòÎìóØöćëČóÅòÎĂÚÂóäØČó
āÅäÈÂóäèõÉòã ÉóÂÂóäé÷ÂêóÜòÎìóØöćÿÂõÕÉóÂÂóäÜäñÂîÛ
æČóāßÈÃÚóÕÿæĆÂÃîÈāäÈÈóÚÂäÔöé÷Âêó ÖòĈÈĀÖ¬ÿÕøîÚ
ÂòÚãóãÚ ×÷È ÙòÚèóÅâ 2557 ÕòÈĀëÕÈĂÚäúÜØöć 3 (ÜäõâóÔ
ÃîÈÿëöãĀãÂÖóâËÚõÕÃ­îÛÂßä¬îÈ) ßÛè¬óÜòÎìóæČóāßÈ
ÿëöãÈĀÖÂÿÜĆÚÜòÎìóĀäÂØöćØóÈØöâÈóÚÿæøîÂ ÿßøćîÚČóâó
ÂČóìÚÕÿÜĆÚìòèÃ­îÃîÈÜòÎìóĂÚÂóäÕČóÿÚõÚÂóäèõÉòã 
 

 
 
äúÜØöć 3 ĀÝÚáúâõßóÿäāÖĀëÕÈÜäõâóÔÃîÈÿëöãĀãÂÖóâËÚõÕÃîÈ

Ã­îÛÂßä¬îÈ 

 
 

äúÜØöć 4 ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóÕ­èãĀÝÚáóßëóÿìÖùĀæñÝæ 
āÕãĂË­ìæòÂÂóäÃîÈ 4M 

 
2.2 ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó  

       ĂÚÃòĈÚÖîÚÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó Ýú­èõÉòãÉóÂ
ăÕ­äñÕâëâîÈÂòÛØöâÈóÚÿßøćîìóëóÿìÖùØöćÿÜĆÚăÜăÕ­ØöćâöÝæ
Â¬îĂì­ÿÂõÕÜòÎìóæČóāßÈÿëöãÈĀÖÂ āÕãĂË­ĀÝÚáóßëóÿìÖù
ĀæñÝæ (Cause and Effect Diagram) ÕòÈĀëÕÈĂÚäúÜØöć 4 
 

 
 

äúÜØöć 5 èõÿÅäóñì°Ã­îÛÂßä¬îÈĀæñÝæÂäñØÛ 
       ÉóÂäúÜØöć 4 ÜòÎìóØöćîóÉÉñØČóæČóāßÈÿëöãÈĀÖÂ âö
ìæóãëóÿìÖùÕ­èãÂòÚ ĀÖ¬ØóÈØöâÈóÚÿæøîÂÿÊßóñ Ɯ ëóÿìÖù
ØöćëČóÅòÎăÕ­ĀÂ¬ Ɨ) Öòèã÷ÕÉòÛËõĈÚÈóÚăâ¬ăÕ­éúÚã° Ƙ) ËõĈÚÈóÚ
ăâ¬ăÕ­ÃÚóÕ ƙ) ßÚòÂÈóÚÿîóËõĈÚÈóÚîîÂæČóÛóÂ ƚ) 
ßÚòÂÈóÚèóÈËõĈÚÈóÚăâ¬Õö ƛ) ÿÅäøćîÈÖîÂÖóăÂ¬ăâ¬ÖäÈ Āæñ 
Ɯ) Ë¬óÈÿØÅÚõÅÖòĈÈÿÅäøćîÈăâ¬×úÂÖ­îÈ âóØČóÂóäèõÿÅäóñì°
Ã­îÛÂßä¬îÈĀæñÝæÂäñØÛ (Failure Mode and Effect 
Analysis : FMEA) ÕòÈĀëÕÈĂÚäúÜØöć 5 āÕãëóÿìÖùÃîÈ
ÜòÎìóØöćâöÅ¬óÅèóâÿëöćãÈËöĈÚČó (Risk Priority Number : 
RPN) ëúÈØöćëùÕăÕ­ĀÂ¬ ßÚòÂÈóÚÿîóËõĈÚÈóÚîîÂæČóÛóÂ ØóÈ
ØöâÈóÚèõÉòãÉ÷ÈĂÚÚČóÜäñÿÕĆÚÚöĈÿÃ­óëú¬ÃòĈÚÖîÚÂóäÜäòÛÜäùÈ
Ö¬îăÜ 
Ƙ.ƙ ÂóäÜäòÛÜäùÈ  
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      ÉóÂÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóÕ­èãĀÝÚáóß
ëóÿìÖùĀæñÝæ äèâ×÷ÈÂóäèõÿÅäóñì°Ã­îÛÂßä¬îÈĀæñ
ÝæÂäñØÛ ëóÿìÖùĀäÂØöćØČóĂì­æČóāßÈÿëöãÈĀÖÂ ë¬èÚìÚ÷ćÈ
ÿÂõÕÉóÂÂóäÚČóËõĈÚÈóÚîîÂÉóÂÖòèÉòÛËõĈÚÈóÚăâ¬ÖäÈÂòÛ
ØõéØóÈØöć×úÂÖ­îÈ ÿÚøćîÈÉóÂÿÂõÕÅèóâæČóÛóÂĂÚÂóäÚČó
ËõĈÚÈóÚîîÂ ØöâÈóÚÉ÷ÈăÕ­ØČóÂóäÜäòÛÜäùÈÖòèã÷ÕÉòÛËõĈÚÈóÚ
Ăì­âöÅèóâëñÕèÂÃ÷ĈÚĀæñăâ¬ØČóĂì­ËõĈÚÈóÚØöćÝ¬óÚÂóäÖõÕÖòĈÈ
Öòèã÷ÕĀæ­èÿÂõÕÂóäÿëöãäúÜ äúÜØöć 6 ĀëÕÈÖòèã÷ÕÉòÛÂ¬îÚĀæñ
ìæòÈÂóäÜäòÛÜäùÈ 
 

 

 

    

 

 

 

Â¬îÚÂóäÜäòÛÜäùÈ                     ìæòÈÂóäÜäòÛÜäùÈ 
äúÜØöć  6 áóßÖòèÉòÛËõĈÚÈóÚÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈ 

 

Ƙ.ƚ ÂóäÅèÛÅùâ  
       ìæòÈÉóÂØöćăÕ­ÕČóÿÚõÚÂóäÜäòÛÜäùÈĀÂ­ăÃĂÚÿÛøĈîÈÖ­ÚĀæ­è 
ØóÈØöâÝú­èõÉòãăÕ­ÂČóìÚÕèõÙöÂóäÅèÛÅùâĀæñÖõÕÖóâÿßøćîØöćÉñ
ăâ¬Ăì­ÿÂõÕÜòÎìóĂÚÃ­îÛÂßä¬îÈØöćØČóÂóäĀÂ­ăÃÕòÈÚöĈ 
       2.4.1 ÂČóìÚÕâóÖäÑóÚĂÚÂóäØČóÈóÚĂÚÃòĈÚÖîÚØöćØČó
ÂóäÜäñÂîÛËõĈÚÈóÚ 
       2.4.2 ÂČóìÚÕĂì­ÿÉ­óìÚ­óØöćÕúĀæëóãÂóäÝæõÖâöÂóäÚČó
ËõĈÚÈóÚØöćÝ¬óÚÂäñÛèÚÂóäÜäñÂîÛăÜØČóÂóäèòÕËõĈÚÈóÚĂÚ
äñìè¬óÈèòÚ 2 ÿèæó Â¬îÚÿäõćâÈóÚĀæñìæòÈßòÂÂæóÈèòÚ 
       2.4.3 ÂČóìÚÕĂì­Ë¬óÈÿØÅÚõÅØöćäòÛÝõÕËîÛÿÅäøćîÈÉòÂäâö
ÂóäÌ¬îâÛČóäùÈÖóâäîÛäñãñÿèæóÂóäÛČóäùÈäòÂêó  
 
 3. ëäùÜÝæāÅäÈÂóä  
      èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòãÅøî ÿßøćîæÕÜäõâóÔÃîÈÿëöã
ĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂ ĀæñÿßøćîæÕ
Ö­ÚØùÚÂóäÝæõÖĂÚÂäñÛèÚÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂ
ìæòÈÉóÂÕČóÿÚõÚÂóäÝ¬óÚÃòĈÚÖîÚ 3 ÃòĈÚÖîÚăÕ­ĀÂ¬ Ɨ) Âóä

ÂČóìÚÕÜòÎìó Ƙ) ÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó ƙ) Âóä
ÜäòÛÜäùÈ āÕãØČóØČóÂóäîîÂĀÛÛÖòèäîÈÉòÛËõĈÚÈóÚĂìâ¬ ÕòÈ
ĀëÕÈĂÚäúÜØöć6 ÿßøćîĂì­ßÚòÂÈóÚÚČóÈóÚîîÂăÕ­ëñÕèÂ ë¬ÈÝæ
Ăì­ÃîÈÿëöãØöćÿÂõÕÉóÂÂóäÜäñÂîÛæČóāßÈÃÚóÕÿæĆÂæÕæÈ 

āÕãÜäõâóÔÃîÈÿëöãĂÚÿÕøîÚâÂäóÅâ Ƙƛƛƞ ëóâóä×æÕ
ÃîÈÿëöãăÕ­  ƛ.Ɲƙ% ÖòĈÈĀÖ¬ÿÕøîÚÂùâáóßòÚÙ°ÿÜĆÚÖ­ÚăÜ 
ëóâóä×æÕÃîÈÿëöãăÕ­ÖČćóÂè¬óÿÜ­óØöćÖòĈÈ ƛ.ƛ% ÕòÈĀëÕÈĂÚäúÜ
Øöć 7 îöÂØòĈÈãòÈëóâóä×æÕÅ¬óĂË­É¬óãÃîÈÛäõêòØæÈăÕ­ 
240,699 ÛóØÖ¬îÿÕøîÚ ĂÚÃòĈÚÖîÚÂóäÅèÛÅùâØóÈÅÔñ
Ýú­ØČóÂóäèõÉòãăÕ­ÿëÚîĀÚèØóÈĂÚÂóäÅèÛÅùâÕòÈĀëÕÈĂÚÃ­î 
2.4 ØòĈÈÚöĈë¬èÚÜäõâóÔÃîÈÿëöãØöćãòÈÅÈâöÜäõâóÔØöćëúÈîãú¬ÚòĈÚ 
ØóÈÝú­ÕČóÿÚõÚÈóÚèõÉòãÉñìóëóÿìÖùÿßøćîÕČóÿÚõÚÂóäĀÂ­ăÃ
ÜòÎìóØöćÿÂõÕÃ÷ĈÚĂÚîÚóÅÖ 
 

      
 

äúÜØöć 7 áóßÂäóàĀëÕÈÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈĀÂ­ăÃ 
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The application of Quality Control Circle to improve production efficiency 
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ÛØÅòÕã¬î 
èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòãÚöĈÅøî ÂóäÿßõćâÜäñëõØÙõáóßÂóäÝæõÖāÕãÜäñãùÂÖ°ĂË­ÂõÉÂääâÂæù¬âÅùÔáóßÃîÈÂäÔöé÷Âêó 
āÕãØČóÂóäé÷ÂêóÃ­îâúæØòćèăÜÃîÈÂäÔöé÷Âêó é÷ÂêóÂäñÛèÚÂóäØČóÈóÚĂÚĀÖ¬æñÃòĈÚÖîÚÃîÈÂäñÛèÚÂóäÝæõÖ CCL 
(Crepe cup lump) ÿßøćîæÕÜòÎìóÂóäìãùÕëóãÂóäÝæõÖĀæñÿßõćâÜäñëõØÙõáóßÂóäÝæõÖĂì­ÕöÃ÷ĈÚ Õ­èãÂóäîîÂĀÛÛ
îùÜÂäÔ°Ë¬èãĂÚÂóäÜ­îÈÂòÚãóÈÖõÕÂóä°ÕÅäîÛæúÂÂæõĈÈ CP-ƖƗ ØöćÿÂõÕĂÚÂäñÛèÚÂóäÚöĈ Âóäé÷ÂêóßÛè¬óëóâóä×æÕ
ÂóäìãùÕëóãÂóäÝæõÖÉóÂÿÕõâ ƗƜƖ ÚóØö ÿìæøî Ɩ ÚóØö ĀæñăÕ­ÝæÝæõÖÉóÂÿÕõâ ƞ.Ɨƛ ÖòÚ/Ëâ. ÿÜĆÚ Ɵ.Ɨƛ ÖòÚ/Ëâ. 
ÿßõćâÃ÷ĈÚ Ɨ ÖòÚ/Ëâ. ÅõÕÿÜĆÚ ƗƘ.ƘƝ ÿÜîä°ÿÌĆÚÖ° ìæòÈÉóÂÜäñãùÂÖ°ĂË­ÂõÉÂääâÂæù¬âÅùÔáóß (Quality Control Circle: 
QCC) 
 

Abstract 
The purpose of this research Increase productivity by applying Quality Control Circle of case studies to 
learn of the case study. The process works at each stage of the production process CCL (Crepe cup 
lump) to reduce stoppages and maximize productivity for the better. The design helps to prevent rubber 
roller cover CP-01 card which occur in this process. The study found that can reduce stoppages from 
160 minutes to 0 minutes, and Yields from 8.15 tons / hour was 9.15 tons / hour, up to 1 ton / hour, 
equivalent to 12.27 percent after the application of Quality Control Circle 
Keywords:  ÂõÉÂääâÂæù¬âÅùÔáóß, ÂóäĀÜääúÜãóÈßóäó, ÜäñëõØÙõáóß 
 
1. ÛØÚČó 
 ĂÚÜòÉÉùÛòÚÖæóÕîùÖëóìÂääâÂóäÝæõÖãóÈâöÂóä
ĀÃ¬ÈÃòÚÂòÚîã¬óÈäùÚĀäÈâóÂÃ÷ĈÚ ØČóĂì­ë×óÚÜäñÂîÛÂóä
ĀÖ¬æñĀì¬ÈÖ­îÈâöÂóäÜäòÛÖòèĀæñßòÓÚóäúÜĀÛÛÂóäÝæõÖ 
ØòĈÈÕ­óÚÂóäßòÓÚóÝæõÖáòÔÒ° ÂóäÜäòÛÜäùÈÂäñÛèÚÂóä
ÝæõÖ ÿßøćîĂì­ÙùäÂõÉëóâóä×ĀÃ¬ÈÃòÚÂòÛÝú­ÝæõÖäóãîøćÚĀæñîãú¬
äîÕăÕ­ ÕòÈÚòĈÚĀÚèØóÈØöćë×óÚÜäñÂîÛÂóäÖ­îÈÚČóâóĂË­
ÿßøćîßòÓÚóäúÜĀÛÛÙùäÂõÉĂì­ëóâóä×ĀÃ¬ÈÃòÚÂòÛÅú¬ĀÃ¬È
ÂóäÅ­óäóãîøćÚą Åøî ÂóäØČóĂì­ëõÚÅ­óÿÜĆÚØöćäú­ÉòÂĀæñãîâäòÛ
ÉóÂÝú­ÌøĈî āÕãîóéòãÂóäëä­óÈÅèóâß÷ćÈßîĂÉëúÈëùÕĀÂ¬æúÂÅ­ó

ĀæñÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó āÕãÂóäÝæõÖ
ëõÚÅ­óØöćăÕ­âóÖäÑóÚÖäÈÖóâÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó 
ÝæõÖËõĈÚÈóÚÖóâÅèóâÖ­îÈÂóäĀæñë¬ÈâîÛëõÚÅ­óăÕ­ĂÚ
ÿèæóØöćæúÂÅ­óÖ­îÈÂóä (JIT) 
 ÛäõêòØ äòÛÿÛîä°ĀæÚÕ° āÜäÕòÂë° ÉČóÂòÕ ëóÃóÛ÷ÈÂóí 
ÿÜĆÚìÚ÷ćÈĂÚÝú­ÜäñÂîÛÂóäîùÖëóìÂääâãóÈ āÕãâöëõÚÅ­ó
ìæòÂØöćØČóÂóäÝæõÖ Åøî ãóÈĀØ¬È STR ƗƖ ãóÈĀØ¬È STR 
ƘƖ ĀæñãóÈÝëâ Ì÷ćÈÿÜĆÚë¬èÚÜäñÂîÛĂÚÂóäÝæõÖãóÈä×
Ö¬îăÜ ĀæñÿâøćîÿÂõÕÂóäĀÃ¬ÈÃòÚĂÚÖæóÕîùÖëóìÂääâÂóä
ÝæõÖãóÈÕ­óÚÅùÔáóß ĀæñäóÅóØöćëúÈÃ÷ĈÚ ØČóĂì­ÛäõêòØăÕ­äòÛ

mailto:nujira.k@gmail.com*
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ÝæÂäñØÛĀæñë¬ÈÝæĂì­ÛäõêòØÖ­îÈâöÂóäÜäòÛäúÜĀÛÛÙùäÂõÉ 
ÿßøćîÿÖäöãâÅèóâßä­îâĂÚÂóäÂ­óèÿÃ­óëú¬ëáóßÂóäĀÃ¬ÈÃòÚ
ØöćäùÚĀäÈÿßøćîĂì­îÈÅ°Âäîãú¬äîÕĀæñÕČóÿÚõÚÙùäÂõÉÖ¬îăÜăÕ­ 
Ì÷ćÈÜòÉÉùÛòÚÜòÎìóØöćØóÈÛäõêòØÜäñëÛ Åøî ÜòÎìóãóÈÖõÕ
Âóä°Õ (Hopper) CP-01 āÕãæúÂÂæõĈÈäöÕãóÈ (Creeper) 
CP-01 ÚòÛè¬óÿÜĆÚÿÅäøćîÈÉòÂäØöćëČóÅòÎÃîÈÂäñÛèÚÂóäÝæõÖ
ë¬ÈÝæĂì­ëóãÂóäÝæõÖÖ­îÈìãùÕØòÚØö Ì÷ćÈÂ¬îĂì­ÿÂõÕÅèóâ
ëúÎÿëöãÉóÂÂóäìãùÕëóãÂóäÝæõÖ ØòĈÈÂóäÿëöãÿèæóĂÚÂóä
ØČóÂóäĀÂ­ăÃ ÅèóâÜæîÕáòãÃîÈßÚòÂÈóÚĂÚÂóäĀÂ­ăÃ
ä¬èâØòĈÈë¬ÈÝæÖ¬îîòÖäóÂóäÝæõÖÃîÈÛäõêòØ ÕòÈÚòĈÚØòĈÈ
Ýú­ÜäñÂîÛÂóäÉ÷ÈâöÅèóâÖ­îÈÂóäØöćÉñæÕÿèæóĂÚÂóäìãùÕ
ëóãÂóäÝæõÖ 
 Âóäé÷ÂêóÂóäÜäñãùÂÖ°ĂË­ÿØÅÚõÅØóÈèõéèÂääâ    
îùÖëóìÂóäÕ­èãÂõÉÂääâÂæù¬âÅùÔáóß [2,6,11] ÿßøćîÿßõćâ
ÜäñëõØÙõáóßÂóäÝæõÖ ÅäòĈÈÚöĈÿÜĆÚÂóäé÷ÂêóÿßøćîÂóä
ĀÂ­ÜòÎìó (Problem Solving Research) āÕãØČóÂóä 
é÷ÂêóÿßøćîìóĀÚèØóÈĂÚÂóäÜäòÛÜäùÈãóÈÖõÕÂóä°Õ 
(Hopper) CP-ƖƗ āÕãÂóäé÷ÂêóìóëóÿìÖù ĀæñÚČóâóìó
ĀÚèØóÈĂÚÂóäĀÂ­ăÃÜäòÛÜäùÈÿßøćîÿèæóĂÚÂóäìãùÕ
ëóãÂóäÝæõÖÃîÈÂäñÛèÚÂóäÚöĈ ĀæñÿßøćîÿßõćâîòÖäóÂóä
ÝæõÖĂÚÂäñÛèÚÂóäÚöĈ ÖæîÕÉÚÿÜĆÚÂóäÿßõćâÃöÕ
Åèóâëóâóä×ĂÚÂóäĀÃ¬ÈÃòÚÂòÛÝú­ÝæõÖäóãîøćÚ Āæñîãú¬äîÕ
ĂÚÖæóÕîùÖëóìÂääâãóÈăÕ­îã¬óÈãòćÈãøÚ 
 

2. èõÙöÂóäÕČóÿÚõÚÈóÚ 
 Âóäé÷ÂêóÿäøćîÈÂóäÜäñãùÂÖ°ĂË­ÿØÅÚõÅØóÈ  
èõéèÂääâîùÖëóìÂóä Õ­èãÂõÉÂääâÂæù¬âÅùÔáóß (Quality 
Control Circle: QCC) ÿßøćîÿßõćâÜäñëõØÙõáóßÂóäÝæõÖ    
Ýú­é÷ÂêóăÕ­ØČóÂóäÿÂĆÛäèÛäèâÃ­îâúæ ĀæñØČóÂóäèõÿÅäóñì°
Ã­îâúæÉóÂāäÈÈóÚÂäÔöé÷Âêó Ì÷ćÈÿÜĆÚëóãÂäñÛèÚÂóä
ÝæõÖ CCL ÝæõÖãóÈĀÝ¬Ú BK ÿßøćîÿÜĆÚèòÖ×ùÕõÛëČóìäòÛ
ÂäñÛèÚÂóäÝæõÖãóÈĀØ¬È Ýú­é÷ÂêóăÕ­ÿæøîÂÕČóÿÚõÚÂóäÖóâ
ÃòĈÚÖîÚÃîÈÂõÉÂääâÂæù¬âÅùÔáóß (QCC) ØöćëČóÅòÎÕòÈÚöĈ 
 2.1 ÅòÕÿæøîÂìòèÃ­î āÕãĂË­ÂóääñÕâÅèóâÅõÕÿìĆÚ
ÉóÂßÚòÂÈóÚØùÂäñÕòÛĂÚÂóä list ÜòÎìóÉóÂÂóäØČóÈóÚ
ÃîÈÂäñÛèÚÂóäÝæõÖ CCL æÈĂÚ check Sheet 
 ÉóÂÃ­îâúæÜòÎìóØöćäñÕâÅèóâÅõÕÿìĆÚ ÚČóâó
ÉòÕæČóÕòÛÅèóâëČóÅòÎÃîÈÜòÎìóÕ­èãÂóäĂì­Å¬óÅñĀÚÚÖóâ
ÅèóâäùÚĀäÈ Åèóâ×öćĀæñÅèóâÿÜĆÚăÜăÕ­ Ì÷ćÈăÕ­ìòèÃ­î

ÜòÎìóÕòÈÚöĈ 
 

ÖóäóÈØöć Ɨ ÖóäóÈÂóäÉòÕæČóÕòÛÅèóâëČóÅòÎÃîÈÜòÎìó 

 
 

 
 

äúÜØöć Ɨ ÂäóàßóÿäāÖĀëÕÈÜòÎìóĀæñÉČóÚèÚÅñĀÚÚÉóÂÂóä
ÉòÕæČóÕòÛÅèóâëČóÅòÎÃîÈÜòÎìó 

 

 2.2 ØČóÅèóâÿÃ­óĂÉë×óÚÂóäÔ°ÜòÎìó Āæñ
ÖòĈÈÿÜ­óìâóã āÕãĂì­ëîÕÅæ­îÈÂòÛèòÖ×ùÜäñëÈÅ°ÅùÔáóß
ÃîÈîÈÅ°ÂäÿäøćîÈ Production = 100% on target Āæñ 
Downtime Ò 3% 

 
 

äúÜØöć Ƙ ĀëÕÈÿÜ­óìâóãĂÚÂóäĀÂ­ăÃÜòÎìó 
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 2.3 èóÈĀÝÚÂõÉÂääâ 
 Âóäé÷ÂêóĂÚÅäòĈÈÚöĈ âöÂóäÂČóìÚÕÖóäóÈÂóä
ÕČóÿÚõÚÈóÚÕòÈÖóäóÈØöć Ƙ āÕãÿäõćâÕČóÿÚõÚÂóäÿÕøîÚ
ßåêáóÅâ ×÷ÈèòÚØöć ƗƜ ÂäÂÏóÅâ ƘƛƛƝ 
 

 ÖóäóÈØöć Ƙ ÖóäóÈèóÈĀÝÚÂõÉÂääâ 

   

 2.4 èõÿÅäóñì°ìóëóÿìÖùØöćØČóĂì­ÿÂõÕÜòÎìó ÚČóÜòÎìó
ØöćÖ­îÈÂóäĀÂ­ăÃâóèõÿÅäóñì°ìóëóÿìÖùÕ­èãĀÝÚÝòÈÂ­óÈÜæó
āÕãÂóääñÕâÅèóâÿìĆÚĂÚÂóäÉòÕØČóĀÝÚÝòÈÂ­óÈÜæó 
 ÉóÂÂóäÉòÕæČóÕòÛÅèóâëČóÅòÎÃîÈÜòÎìóÌ÷ćÈßÛè¬ó 
ÜòÎìóÉóÂãóÈÖõÕÂóä°Õ CP-01 âöÅ¬óÅñĀÚÚëúÈØöćëùÕÉ÷ÈăÕ­
ÿæøîÂÜòÎìóÚöĈ âóØČóÂóäèõÿÅäóñì°Ý¬óÚÝòÈÂ­óÈÜæó (Cause 
& Effect Diagram) āÕãÂČóìÚÕĂì­ìòèÜæóÿÜĆÚÜòÎìóØöć
ßÛÉóÂãóÈÖõÕ Hopper CP-01 ĀæñßÛëóÿìÖùìæòÂą  
 

ÖóäóÈØöć ƙ ĀëÕÈÂóäèõÿÅäóñì°ÜòÎìóÕ­èãĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ 
 

èõÿÅäóñì°ëóÿìÖùÕ­èãĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ 
ëóÿìÖùìæòÂ ÜòÎìó 

ÅÚ 
- ÃóÕÂóäÖõÕÖóâÖæîÕÿèæó 
- ØòÂêñÂóäÅèÛÅùâÿÅäøćîÈÃîÈßÚòÂÈóÚ Ăìâ¬ 
- Åèóâÿâøćîãæ­ó 

ÿÅäøćîÈÉòÂä 
- ÅèóâÂè­óÈæúÂ feeder ăâ¬ÿìâóñëâ 
- äúÜĀÛÛ Hopper ăâ¬ÿìâóñëâ Âè­óÈÿÂõÚăÜ 
- ăâ¬âöäîÛÿèæóÂóäæòÛæúÂ Feed 

èòëÕù 

- ãóÈĀÃĆÈ 
- ãóÈä¬èÚÃÚóÕÿæĆÂæúÂ Feed Õ÷Èăâ¬Ã÷ĈÚ 
- ãóÈÿìÚöćãèÖõÕÿÜĆÚÂ­îÚÂäñÉùÂ Hopper 
- ãóÈ Rework ÿâøćîÚČóÿÃ­óăæÚ°ÉñäèâÖòèĂÚÛ¬î
ÿÜĆÚÂ­îÚĂìÎ¬ 

èõÙöÂóä 
- ăâ¬âöâóÖäÑóÚÂóäìãîÕãóÈæÈ CP 
- ăâ¬âöÂóäĀÂñãóÈîîÂÂ¬îÚëñëâÿÜĆÚÂ¬îÚĂìÎ¬ 

èõÿÅäóñì°ëóÿìÖùÕ­èãĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ 
ëóÿìÖùìæòÂ ÜòÎìó 

- ãòÈÃóÕâóÖäÑóÚÂóäØČóÈóÚ 
 

 Ƙ.ƛ ßõÉóäÔó ĀæñëČóäèÉëáóßÜòÉÉùÛòÚ ÿÂĆÛÃ­îâúæ
 ìæòÈÉóÂÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóØöćØČóĂì­ãóÈ
ÖõÕ Hopper CP-01 ØòĈÈìâÕÉóÂ ƚM  ăÕ­Ã­îëäùÜëóÿìÖù
ìæòÂą ÕòÈÚöĈ Ɨ. âöË¬îÈè¬óÈØöćÿÂõÕÃ÷ĈÚÃîÈ Hopper CP-01 
ë¬ÈÝæĂì­ãóÈÿÃ­óăÜÖõÕăÕ­ Ƙ. æúÂ Feeder ÃóÕÅèóâÅâĂÚ
ÂóäÜ­îÚãóÈ ÿâøćîëóâóä×ÿæøîÂëóÿìÖùÜòÎìóìæòÂąăÕ­
ÃîÈÂóäÿÂõÕãóÈÖõÕ Hopper CP-01 ÂĆØČóÂóäÿÂĆÛÃ­îâúæ
ëČóäèÉëáóßÜòÎìó ä¬èâØòĈÈÂóäÿæøîÂèõÙöÂóäĀÂ­ÜòÎìóØöć
ÖäÈÖ¬îÂóäĀÂ­ÜòÎìóØöćÿÂõÕÃ÷ĈÚâóÂØöćëùÕ ÉóÂÂóääñÕâ
ÅèóâÅõÕÿìĆÚÃîÈßÚòÂÈóÚØöćÿÂöćãèÃ­îÈ  
 ØČóÂóäëČóäèÉëáóßÜòÉÉùÛòÚÃîÈÜòÎìóØöćÿÂõÕÃ÷ĈÚ
ßÛè¬ó ãóÈÖõÕëñëâÿÜĆÚÂ­îÚÖ­îÈÿëöãÿèæóĂÚÂóäÈòÕĀÈñ
ãóÈØöćÖõÕîîÂĀæñîòÚÖäóãÖ¬îßÚòÂÈóÚØöćÜÐõÛòÖõÈóÚ ÕòÈ
ĀëÕÈĂÚäúÜØöć ƚ  
 ØČóÂóäÿÂĆÛÃ­îâúæÿèæóÂóäìãùÕëóãÂóäÝæõÖÉóÂ
ÜòÎìóãóÈÖõÕ (Down Time, DT) Ë¬èÈÿÕøîÚßåêáóÅâ 
Â¬îÚæÈâøîĀÂ­ăÃ ÕòÈĀëÕÈĂÚÖóäóÈØöć ƙ Ì÷ćÈÉóÂÂóäÿÂĆÛ
Ã­îâúæÃîÈÂäñÛèÚÂóäÝæõÖ CCL ÉČóÚèÚ ƗƗ ÅäòĈÈÖóâ
ÉČóÚèÚÂóäìãùÕÉóÂëóÿìÖùãóÈÿìÚöãèÖõÕ CP-01 ĂÚ
ÿÕøîÚßåêáóÅâ ßÛè¬óâö DT ãóÈÖõÕ CP-01 = ƗƜƖ ÚóØö 
 ÿÂĆÛÃ­îâúæÜäõâóÔÂóäÝæõÖäñìè¬óÈèòÚØöć Ɨ 
ßåêáóÅâ ×÷È ƚ âõ×ùÚóãÚ ÕòÈäúÜØöć ƛ ßÛè¬ó ÜäõâóÔ
ÿÊæöćãØöćÝæõÖăÕ­ÿØ¬óÂòÛ ƞ.ƛ ÖòÚ/ËòćèāâÈ  

 

P
A
P
A
P
A
P
A
P
A
P
A
P
A
P
A

2 Å­ÚìóÜòÎìó

7 ëČóäèÉëáóßáóãìæòÈĀÂ­ăÃ

5

äóãÂóä
ß.Å. âõ.ã. Â.Å.

2557

5 ÕČóÿÚõÚÂóäĀÂ­ăÃ 

3 ëČóäèÉëáóßÜòÉÉùÛòÚ

6 ÂČóìÚÕèõÙöÂóäĀÂ­ăÃ

1 èóÈĀÝÚÂõÉÂääâ

èõÿÅäóñì°ëóÿìÖù

4 ÂČóìÚÕÿÜ­óìâóã
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äúÜØöć ƚ ëáóßÜòÎìóãóÈÖõÕëñëâÿÜĆÚÂ­îÚÃîÈÿÅäøćîÈ  
Hopper CP-01 ÂäñÛèÚÂóäÝæõÖ CCL 

 

ÖóäóÈØöć ƚ ÖóäóÈÿÂĆÛÃ­îâúæÿèæóÂóäìãùÕëóãÂóäÝæõÖ 

Date Week Shift Line Start Finish 
DT 

Time 
(CCL) 

5/5/2014 03-09 5/5/2014 A CCL 1:40 2:00 20 
13/5/2014 10-16 5/5/2014 B CCL 5:10 5:20 10 
14/5/2014 10-16 5/5/2014 B CCL 23:30 23:40 10 
17/5/2014 17-23 5/5/2014 A CCL 22:40 22:50 10 
17/5/2014 17-23 5/5/2014 A CCL 0:00 0:10 10 
17/5/2014 17-23 5/5/2014 A CCL 5:00 5:10 10 
19/5/2014 17-23 5/5/2014 A CCL 8:35 8:45 10 
20/5/2014 17-23 5/5/2014 B CCL 20:10 20:20 10 
20/5/2014 17-23 5/5/2014 A CCL 9:50 10:20 30 
22/5/2014 17-23 5/5/2014 B CCL 19:10 19:40 30 
27/5/2014 24-30 5/5/2014 A CCL 1:20 1:30 10 

    ĶĺĴ 160 
      

 
 

äúÜØöć ƛ ÜäõâóÔÂäñÛèÚÂóäÝæõÖ CCL ÖòÚ/Ëâ.Â¬îÚÜäòÛÜäùÈË¬èÈ 
èòÚØöć Ɨ ß.Å. ×÷È ƚ âõ.ã. 2557 

 
 Ƙ.Ɯ èõÙöÂóäĂÚÂóäĀÂ­ăÃÜòÎìó 
 ăÕ­âöÂóääñÕâÅèóâÅõÕÿìĆÚìóèõÙöÂóäÜäòÛÜäùÈ
ÜòÎìóØöćÿÂõÕÃ÷ĈÚÕ­èãÂóäÿëÚîĀÚñèõÙöÂóäĂÚÂóäĀÂ­ăÃĀæñ
ØČóÂóäèõÿÅäóñì°×÷ÈÃ­îÕö Ã­îÿëöãÃîÈèõÙöÂóäØöćăÕ­ÚČóÿëÚî 
ĀæñăÕ­Ã­îëäùÜ×÷ÈèõÙöÂóäØöćÉñÚČóâóĀÂ­ăÃ ÕòÈÚöĈ 
 Ɨ. ÜäòÛÜäùÈ Hopper CP-01 æÕË¬îÈè¬óÈØöćØČóĂì­ãóÈ
ÖõÕ 
 Ƙ. æòÛÅâæùÂ Feeder ÿßøćîĂì­Ü­îÚãóÈÕöÃ÷ĈÚ 
 

ÖóäóÈØöć 5 Ã­îÕö-Ã­îÿëöãÃîÈèõÙöÂóäĀÂ­ăÃÜòÎìó 
Ã­îÕö Ã­îÿëöã 

Ɨ. æÕÜòÎìóãóÈÖõÕæÈăÕ­ - 
Ƙ. ÉòÕØČóăÕ­È¬óãăâ¬ÌòÛÌ­îÚ - 
ƙ. ăâ¬Ö­îÈæÈØùÚÿßõćâ ĂË­èòëÕùÿìæøîĂË­ĂÚ
ÂóäÉòÕØČó 

- 

 
3. ÂóäĀÂ­ăÃÜòÎìó 
 ÉóÂÂóäèõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìóØöćÿÂõÕÃ÷ĈÚĀæñìó
èõÙöÂóäĂÚÂóäĀÂ­ÜòÎìóßä­îâØòĈÈèõÿÅäóñì°Ã­îÕö Ã­îÿëöãÃîÈ
ÂóäĀÂ­ăÃÜòÎìóĀæ­èÚòĈÚ Ýú­é÷ÂêóăÕ­ØČóÂóäÜäòÛÜäùÈÖóâ
èõÙöÂóäĀÂ­ăÃÜòÎìóØöćăÕ­ÖÂæÈä¬èâÂòÚÃîÈßÚòÂÈóÚ ÕòÈäúÜ
Øöć Ɯ āÕãăÕ­Ăë¬Âóä°ÕæÕßøĈÚØöć Hopper CP-01 Ü­îÈÂòÚÂóä
ëñëâÃîÈãóÈÿÜĆÚÂ­îÚ (Pokayoke) Ã÷ĈÚÿßøćîÜ­îÈÂòÚÂóä
ÖõÕÃîÈãóÈ 

 
 

äúÜØöć Ɯ ÂóäĀÂ­ăÃÜòÎìóÖóâèõÙöÂóäØöćÂČóìÚÕ 
  

0

5

10

15

/ 1 3 5 7 // /1 /3 /5 /7 0/ 01 03 05 07 1/ 0 2 

Ton/Hr ĔƞŀĬĔŅĶĮĶńĭĮĶŋĚȮ/ȮMay-4 Jun 

TON/Hr



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

100 

4. ÝæÂóäé÷Âêó 
 ÝæÂóäÜäòÛÜäùÈìæòÈÂóäÕČóÿÚõÚÂóäÉòÕØČóÂóä°ÕĂë¬ĂÚ 
Hopper CP-01 ÿßøćîßøĈÚØöć ăÕ­ÝæÕòÈĀëÕÈĂÚäúÜØöć Ɲ-1 
ĀëÕÈäúÜÉČóæîÈÂóäØČóÈóÚÃîÈ Hopper CP-01 ØöćăÕ­Ăë¬
Âóä°ÕÿÃ­óăÜÿßøćîæÕßøĈÚØöć, 7-2 ĀëÕÈäúÜÉČóæîÈÂóäØČóÈóÚ
ÃîÈ Hopper CP-01 ØöćăÕ­Ăë¬Âóä°ÕÿÃ­óăÜÿßøćîæÕßøĈÚØöć Āæñ
âöÂóäăìæÃîÈãóÈÝ¬óÚæúÂÂæõĈÈ Āæñ 7.3 ĀëÕÈäúÜÂóä
ØČóÈóÚÃîÈ Hopper CP-01 

 

äúÜØöć Ɲ-Ɨ ĀëÕÈäúÜÉČóæîÈÂóäØČóÈóÚÃîÈ Hopper CP-01Ăë¬Âóä°Õ
ÿÃ­óăÜÿßøćîæÕßøĈÚØöć 

 
äúÜØöć Ɲ-Ƙ ĀëÕÈäúÜÉČóæîÈÂóäØČóÈóÚÃîÈ Hopper CP-01 ØöćăÕ­Ăë¬
Âóä°ÕÿÃ­óăÜÿßøćîæÕßøĈÚØöć ĀæñâöÂóäăìæÃîÈãóÈÝ¬óÚæúÂÂæõĈÈ 

 
äúÜØöć Ɲ-3 ĀëÕÈäúÜÂóäØČóÈóÚÃîÈ Hopper CP-01 ØöćăÕ­Ăë¬Âóä°ÕÿÃ­ó

ăÜÿßøćîæÕßøĈÚØöć ĀæñâöÂóäăìæÃîÈãóÈÝ¬óÚæúÂÂæõĈÈ 
 

ÖóäóÈØöć ƛ ÝæØöćăÕ­äòÛÉóÂÂóäĀÂ­ăÃÜòÎìó 
 

ÝæØöćăÕ­äòÛØóÈÖäÈ ÝæØöćăÕ­äòÛØóÈî­îâ 
Ɨ. ßÚòÂÈóÚăâ¬Ö­îÈÿëöćãÈĂÚÂóä
ÈòÕãóÈÖõÕ 

Ɨ. ßÚòÂÈóÚÿìĆÚÜäñāãËÚ°ÃîÈ
ÂõÉÂääâ QCC 

Ƙ. æÕÜòÎìóìãùÕÿÅäøćîÈÉòÂäÉóÂ
ãóÈÖõÕÂóä°Õ CP-01 æÈÉóÂ 
ƗƜƖ ÚóØö ÿìæøî Ɩ ÚóØö 

2. æÕÅèóâæ­óÃîÈßÚòÂÈóÚ 

ƙ. ăÕ­ÝæÝæõÖâóÂÃ÷ĈÚ ÉóÂ ƞ.Ɨƛ 
ÖòÚ/Ëâ. ÿÜĆÚ Ɵ.Ɨƛ ÖòÚ/Ëâ. 

ƙ. ßÚòÂÈóÚÖäñìÚòÂ×÷ÈÅùÔÅ¬ó
ÃîÈÂóäÚČóèòëÕùÂæòÛâóĂË­Ăìâ¬ 
(Re-Use) 

 

 
äúÜØöć 8 ĀëÕÈäúÜÂäóàÂ¬îÚĀæñìæòÈÂóäÜäòÛÜäùÈ 
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5. ëäùÜ 
 ÿâøćîÕČóÿÚõÚÂóäÜäòÛÜäùÈĀÂ­ăÃÕ­èãÿØÅÚõÅØóÈ
èõéèÂääâîùÖëóìÂóä āÕãÂóäÜäñãùÂÖ°ĂË­ÂõÉÂääâ
ÂõÉÂääâÅùÔáóß (QCC) Āæñ Pokayoke ßÛè¬óëóâóä×
æÕÜòÎìóìãùÕÿÅäøćîÈÉòÂäÉóÂãóÈÖõÕÂóä°Õ CP-ƖƗ æÈÉóÂ 
ƗƜƖ ÚóØö ÿìæøî Ɩ ÚóØö Ì÷ćÈâóÂÂè¬óÿÜ­óìâóãØöćÖòĈÈăè­×÷È 
ƛƖ% ĀæñăÕ­ÝæÝæõÖâóÂÃ÷ĈÚ ÉóÂ ƞ.Ɨƛ ÖòÚ/Ëâ. ÿÜĆÚ Ɵ.Ɨƛ 
ÖòÚ/Ëâ.  
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ÛØÅòÕã¬î 

ÈóÚèõÉòãÚöĈÚČóÿëÚîÂóäĀÂ­ÜòÎìóÅùÔáóßĂÚÂäñÛèÚÂóäÝæõÖØ¬îË¬èãìóãĂÉ ÛäõêòØÝæõÖîùÜÂäÔ°ÂóäĀßØã°  
āÕãæòÂêÔñÃîÈÿëöãØöćßÛĂÚÂäñÛèÚÂóäÜõÕÝÚ÷ÂÛääÉùáòÔÒ°ÜäñÿáØØöćÿÂõÕäîãÌöæë¬èÚÿÂõÚ Ì÷ćÈÜòÉÉùÛòÚâöîòÖäóë¬èÚ
ÃîÈÿëöãîãú¬Øöć 8,807  DPPM   ÿØÅÚõÅØóÈÂóäèõÿÅäóñì°āÕãÂóäîîÂĀÛÛÂóäØÕæîÈ×úÂÚČóâóĂË­ĂÚÂóäÜäòÛÜäùÈ
ÅùÔáóßÃîÈÂäñÛèÚÂóä āÕãÖòĈÈÿÜ­óìâóãÿßøćîØČóĂì­ÃîÈÿëöãÜäñÿáØØöćÿÂõÕäîãÌöæë¬èÚÿÂõÚ  æÕæÈ ƛƖ% ÉóÂÂóä
èõÿÅäóñì°Õ­èãÂóäĂË­ĀÝÚÝòÈĀëÕÈÿìÖùĀæñÝæ (Cause and Effect Diagram) ÉóÂÚòĈÚâóØČóÂóäÜäñãùÂÖ°ĂË­Âóä
èõÿÅäóñì°ÅèóâÿëöãìóãĀæñÝæÂäñØÛ (Failure Mode and Effect Analysis : FMEA) ßÛè¬óâö 3 ÜòÉÉòãìæòÂ Øöć
îóÉÉñâöÝæÂäñØÛÖ¬îÂóäÿÂõÕÜòÎìó Åøî Åèóâæ÷ÂÃîÈĀâ¬ĀÛÛ (Die depth) îùÔìáúâõØöćĂË­ÿÜ¬óä­îÚ (Temperature) 
ĀäÈÕòÚÿÜ¬óä­îÚ (Pressure) ÉóÂÚòĈÚĂË­ÿØÅÚõÅÂóäØÕæîÈÿËõÈĀàÅØîÿäöãæĀÛÛ Ƙk ØČóÂóäØÕæîÈÌČĈó ƛ ÅäòĈÈ  ĂÚÂóä
ìóÜòÉÉòãØöćâöÝæÖ¬îÂóäÿÂõÕÂóäÜòÎìó ĀæñĂË­ëâÂóäÅèóâëòâßòÚÙ°ĂÚÂóäìóäñÕòÛÃîÈÜòÉÉòãØČóĂì­ÿÂõÕÃîÈÿëöãØöćÚ­îã
ØöćëùÕ ÿâøćîÚČóÅ¬óØöćÿìâóñëâÃîÈßóäóâõÿÖîä°ÿìæ¬óÚöĈ âóÕČóÿÚõÚÂóäÝæõÖÉäõÈßÛè¬ó ëóâóä×æÕÜäõâóÔÃîÈÿëöãæÕæÈ
ÿìæøî Ƙ,ƚƚƜ DPPM 
ÅČóìæòÂ ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÅØîÿäöãæ, îùÜÂäÔ°ÂóäĀßØã°, ÂóäÜäòÛÜäùÈÂäñÛèÚÂóä 
 
Abstract 
 This research proposes a quality improvement for Endo Tracheal Tube Production 
process a case study of Medical Device Company. The defect is sealing excess area that 
current defective rate about 8,807 DPPM.  The design of experiment is employed to 
make a significant improvement of this process. The goal of this improvement is to 
reduce the sealing excess area 50% .The root cause analysis is performed by utilizing 
the cause and effect diagram and Failure Mode and Effect Analysis (FMEA). There are 3 
key processes input variables or factors that potentially affect to sealing excess area 
are; Die depth, Temperature, Pressure. Then, ƛ replicate of Ƙk factorial designs is 
conducted to determine the significant factors that generate the defect. A regression 
model is used to find the optimal process parameters which yield us the lowest defective 
rate of defect.  
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The confirmation experiment is done and guarantees that new process setting can 
significantly reduce defect to 2,446 DPPM 
Keywords:  Factorial Design, Medical device, Process improvement 
 
1. ÅČóÚČó 
 Âæù¬âÝæõÖáòÔÒ°îùÖëóìÂääâÿÅäøćîÈâøîĀßØã° ×øî
è¬óÿÜĆÚîùÖëóìÂääâìÚ÷ćÈØöćâöëáóèñÂóäĀÃ¬ÈÃòÚØóÈÙùäÂõÉØöć
Å¬îÚÃ­óÈëúÈâóÂ Āâ­è¬óÂóäĀÃ¬ÈÃòÚĂÚÖæóÕÃîÈ
îùÖëóìÂääâÿÅäøćîÈâøîĀßØã°ÉñâöÂóäÿÉäõÎÿÖõÛāÖîã¬óÈ
Ö¬îÿÚøćîÈ ĀÖ¬Õ­èãëáóèñÜòÎìóØóÈÿéäêÑÂõÉĂÚÜòÉÉùÛòÚÚöĈ 
ëõćÈØöćØČóĂì­îùÖëóìÂääâØóÈÂóäĀßØã°ëóâóä×ÿÖõÛāÖĀæñ
ĀÃ¬ÈÃòÚîãú¬ĂÚÖæóÕăÕ­ ÚîÂÿìÚøîÉóÂÅùÔáóßÃîÈ
ÝæõÖáòÔÒ°Āæ­è ëõćÈëČóÅòÎØöćëùÕØöćë¬ÈÝæĂì­Ýú­ÝæõÖëóâóä×
ÕČóÿÚõÚîùÖëóìÂääâÕ­óÚÚöĈăÕ­îã¬óÈâòćÚÅÈÚòĈÚ Åøî ÂóäæÕ
Ö­ÚØùÚÂóäÝæõÖØöćâöâóÂÿÂõÚăÜ ë¬èÚìÚ÷ćÈØöćØČóĂì­Ö­ÚØùÚÂóä
ÝæõÖâóÂÿÂõÚăÜ Åøî ÂóäëúÎÿëöãÉóÂÃîÈÿëöãäñìè¬óÈ
ÂäñÛèÚÂóäÝæõÖĂÚĀÖ¬æñÃòĈÚÖîÚ 

ÉóÂÂóäÿÂĆÛÜäñèòÖõÉČóÚèÚÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚ
ÂäñÛèÚÂóäÜäñÂîÛĀæñÂäñÛèÚÂóäÜõÕÝÚ÷Â×ùÈÛääÉù
áòÔÒ°ĂÚäñìè¬óÈÂóäÝæõÖÖòĈÈĀÖ¬ÿÕøîÚÖùæóÅâ 2554 ÉÚ×÷È 
ÿÕøîÚÂòÚãóãÚ 2555 ßÛè¬óØöćÉČóÚèÚÝæõÖáòÔÒ°ØòĈÈìâÕ 
2,342,700  ËõĈÚ ßÛÃîÈÿëöãØòĈÈìâÕ 97,652 ËõĈÚ ìäøî 
4.168 % Ì÷ćÈÿÜĆÚÃîÈÿëöãÉóÂÂäñÛèÚÂóäÜõÕÝÚ÷ÂÛääÉù
áòÔÒ°âóÂÿÜĆÚîòÚÕòÛìÚ÷ćÈ ĀæñâöÃîÈÿëöãÜäñÿáØäîãÌöæ
ë¬èÚÿÂõÚâóÂØöćëùÕ Åøî 0.881 % Åøî  ÅõÕÿÜĆÚ 8,807  
DPPM Ì÷ćÈÉóÂÅèóâëČóÅòÎÃîÈÂäñÛèÚÂóäÜõÕÝÚ÷ÂÛääÉù
áòÔÒ°ĀæñÜäõâóÔÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚ   ÂóäèõÉòãÅäòĈÈÚöĈÉ÷È
ÿæøîÂØČóÂóäé÷ÂêóĂÚë¬èÚÃîÈÂóäæÕÃîÈÿëöãĂÚ
ÂäñÛèÚÂóäÛääÉùÝæõÖáòÔÒ° āÕãÿæøîÂèõÙöÂóäÅèÛÅùâ
ÅùÔáóß èõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìóĀæñĀÚèØóÈĂÚ
ÂóäĀÂ­ăÃÜäòÛÜäùÈāÕãĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈ ÿßøćîĂì­
ÿÂõÕÂóäé÷ÂêóÜòÎìóĀæñĀÂ­ăÃÜòÎìóîã¬óÈâöäñÛÛ 
ÉóÂÂóäÅ­ÚÅè­óÈóÚèõÉòãØöćÝ¬óÚâóÿÂöćãèÂòÚÂóäÛäõìóä
ÅùÔáóßÕ­èãèõÙöÂóäÌõÂÌ° ÌõÂâ¬ó ßÛè¬óâöÈóÚèõÉòãÉČóÚèÚ
âóÂØöćÚČóĀÚèØóÈÃîÈÌõÂÌ° ÌõÂâ¬ó âóĂË­ĂÚÂóäĀÂ­ăÃ
ÜòÎìó ĂÚÂäñÛèÚÂóäÝæõÖ ĀæñÚČóâóÜäñãùÂÖ°ĂË­ĂË­ĂÚ
ÂóäĀÂ­ăÃÜòÎìóĂÚîùÖëóìÂääâÕòÈÿË¬ÚîùÖëóìÂääâ 
îõÿæĆÂØäîÚõÂë° [6] [10] îùÖëóìÂääâä×ãÚÖ° [2] [3] [5] 
[9] [10] ĀæñîùÖëóìÂääâßæóëÖõÂ [7] [8] Ì÷ćÈÿÜĆÚ
ÈóÚèõÉòãâöèõÙöÂóäÕČóÿÚõÚÈóÚÖóâèõÙöÂóäØóÈ ÌõÂÌ° ÌõÂâ¬ó ƛ 
ÃòĈÚÖîÚ Âæ¬óèÅøî ÂóäÿäõćâÖ­ÚÕ­èãÂóääñÛùÜòÎìóØöć
Ö­îÈÂóäĀÂ­ăÃ ÜäòÛÜäùÈ ÉóÂÚòĈÚÉ÷ÈìóëóÿìÖùÃîÈÜòÎìó 

ÉóÂÚòĈÚÉ÷ÈØČóÂóä ÜäñÿâõÚäñÛÛèòÕ  ÿßøćîÖäèÉëîÛè¬ó 
ÖòèËöĈèòÕÜòÎìó ëóâóä×ÿËøćî×øîăÕ­ìäøîăâ¬      ĀæñÿÃ­óëú¬
ÃòĈÚÖîÚÂóäèõÿÅäóñì°ìóëóÿìÖùØöćĀØ­ÉäõÈÕ­èãèõÙöÂóäØóÈ
ë×õÖõ   ÿâøćîăÕ­Ö­ÚÿìÖùÃîÈÜòÎìóØöćĀØ­ÉäõÈ ìäøîÜòÉÉòãØöćÝæ
Ö¬îÅ¬óØöćÖ­îÈÂóäé÷ÂêóĀæ­è É÷ÈÕČóÿÚõÚÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóä āÕãÿØÅÚõÅØöćĂË­âöìæóÂìæóã Ã÷ĈÚîãú¬ÂòÛ
ÅèóâÿìâóñëâÃîÈÜòÎìó ĀæñØòÂêñÃîÈÝú­èõÉòãÿîÈ   ÿâøćî
ØäóÛè¬óÜòÉÉòãâöÝæÖ¬îÅ¬óØöćÖ­îÈÂóäé÷ÂêóĂÚäúÜĀÛÛĂÕ
Āæ­è ëùÕØ­óãÉ÷ÈÅèÛÅùâÅ¬óÃîÈÜòÉÉòãÚòĈÚ Ăì­îãú¬ĂÚëáóèñØöć
ÕöÖ¬îÝæÖîÛëÚîÈâóÂØöćëùÕ  āÕãÿâøćîÿäõćâÖ­ÚÂäñÛèÚÂóä
îóÉßÛè¬ó ëóÿìÖùÃîÈÜòÎìóâöâóÂâóã ĀÖ¬ÿâøćîĂË­Âóä
èõÿÅäóñì°Õ­èãĀÝÚáúâõßóÿäāÖ ä¬èâÂòÛÂóäèõÿÅäóñì°
ÝæÂäñØÛĂÚÂäñÛèÚÂóä(FMEA) ÉñË¬èãĂì­ÅòÕÂäîÈĂì­
ÿìæøîĀÖ¬ÜòÉÉòãëČóÅòÎ  ÉòÂäèääÕõ ÕöãõćÈ[7] ßÛè¬óÜòÎìóÂóä
ÿËøćîâØöćăâ¬ëâÛúäÔ°ÃîÈĀÃÚÉòÛìòèî¬óÚÿÃöãÚïóä°ÕÕõëÂ° âö
âóÂ×÷È 30 ëóÿìÖù ĀÖ¬ÿâøćîØČóÂóäèõÿÅäóñì°ÝæÂäñØÛĂÚ
ÂäñÛèÚÂóä (FMEA) ÿßøćîË¬èãÿßõćâÅèóâÿØöćãÈÖäÈÃîÈ
ÂäñÛèÚÂóä ØČóĂì­ÿìæøîÜòÉÉòãØöćâöÝæÖ¬îÃîÈÿëöã æÕæÈ 5 
ÜòÉÉòãìæòÂ Ì÷ćÈĂÚÂóäØČóÂóäèõÉòãÚòĈÚâöÛóÈÅäòĈÈØöć ÜäõâóÔ
ÃîÈÿëöãØöćßÛ Ã÷ĈÚîãú¬ÂòÛèõÙöÂóäÖòÕëõÚĂÉÃîÈÝú­ÖäèÉëîÛ 
èõéÔù ÛùÎÉòÚØä° [5] Ö­îÈÂóäæÕÜòÎìóæîã×æîÂĂÚ
ÝæõÖáòÔÒ°ä×ÂäñÛñ āÕãÕČóÿÚõÚÂóäĀÂ­ÜòÎìó ÿäõćâÉóÂ
Âóäé÷ÂêóÂäñÛèÚÂóäØČóÈóÚ ĀæñèõÿÅäóñì°äñÛÛèòÕ Ì÷ćÈ
ĂÚÅäòĈÈĀäÂÚòĈÚßÛè¬ó ßÚòÂÈóÚØòĈÈ Ƙ ÂñâöÅèóâëóâóä×ĂÚ
Õ­óÚ ÂóäØČóÌČĈó (Repeatability) ăâ¬ÿØ¬óÂòÚ āÕãëóÿìÖù
ÃîÈÅèóâĀÖÂÖ¬óÈÚòĈÚÿÚøćîÈâóÉóÂßÚòÂÈóÚØòĈÈ Ƙ Âñ âö
ÅèóâÿÃ­óĂÉĂÚÂóäÖòÕëõÚÜòÎìóÃÚóÕĀÛÛÂČĈóÂ÷ćÈØöćăâ¬
ÖäÈÂòÚ ÿÚøćîÈÉóÂăÕ­äòÛÂóäÞ÷ÂÞÚÉóÂìòèìÚ­óÈóÚØöćâö
ÅèóâÿÃ­óĂÉÖ¬óÈÂòÚ ëČóìäòÛÂäÔöÚöĈÿâøćîâöÂóäØÛØèÚäñÛÛ
ÂóäèòÕĀæñØČóĂì­ÂóäÖòÕëõÚĂÉÂóäØČóÈóÚÃîÈØòĈÈ Ƙ Âñ
ÿìâøîÚÂòÚĀæ­è ë¬ÈÝæĂì­ÅèóâÝòÚĀÜäĂÚÂóäèòÕæÕæÈ  Ì÷ćÈ
âöÝæÕöÖ¬îÂóäèõÿÅäóñì°ÝæÃîÈÜòÉÉòãăÕ­ËòÕÿÉÚÃ÷ĈÚ āÕã
ßÛè¬óëóÿìÖùÃîÈÜòÎìóØöćØČóĂì­ÿÂõÕÃîÈÿëöãÚòĈÚ âóÉóÂ
ÂóäÃóÕîùÜÂäÔ°Ü­îÈÂòÚĂÚÂóäØČóÈóÚ îöÂØòĈÈÿÂõÕÉóÂÝÈ
āæìñØöćëñëâÖòèĂÚ Protector ĀæñÅèóâãóèÃîÈ Power 
Bit Ì÷ćÈÿâøćîĀÂ­ăÃÉùÕÛÂßä¬îÈĀæ­è ëóâóä×æÕÜòÎìóÉóÂ
ÿÕõâăÕ­ 60% Åøî 0.25 Ö¬îìÚ¬èãæÕæÈÿìæøî 0.12 Ö¬î
ìÚ¬èã ë¬ÈÝæÖ­ÚØùÚĂÚÂóäÝæõÖØöćæÕæÈăÕ­âóÂ×÷È 



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

104 

3,259,370 ÛóØÖ¬îÜö   ëČóìäòÛÂóäÜäòÛÜäùÈÂäñÛèÚÂóäØöć
ÿÂõÕÉóÂìæóãÖòèĀÜäÚòĈÚ  ÿØÅÚõÅØöćÚõãâĂË­ÅøîÂóä
îîÂĀÛÛÂóäØÕæîÈ āëáõÕó Ø­èââö[8] ăÕ­ÜäñãùÂÖ° 
îîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÅØîÿäöãæĀÛÛ Ƙk ÿßøćîØČóÂóä
ÅòÕÂäîÈÜòÉÉòãÿÛøĈîÈÖ­Ú ØöćâöÝæÖ¬îÜäõâóÔÃîÈÿëöãĂÚ
ÂäñÛèÚÂóäÝæõÖßæóëÖõÂĀÝ¬Ú  ÉóÂÚòĈÚÉ÷ÈÃãóãÝæëú¬Âóä
îîÂĀÛÛÂóäØÕæîÈĀàÅØîÿäöãæĀÛÛ ƙk   Ì÷ćÈëóâóä×
ØČóĂì­ÃîÈÿëöãÜäñÿáØÿâĆÕßöèöÌöăâ¬ìæîâæñæóã æÕæÈăÕ­ 
Ɲƙ.Ɩƞ % ÿË¬ÚÿÕöãèÂòÚÂòÛ ÚáòëÚòÚØ° Åù­âÂòÚ [7]  Øöćé÷Âêó
ìóäñÕòÛÃîÈßóäóâõÿÖîä°ØöćÿìâóñëâĂÚÂäñÛèÚÂóä
ÜäñÂîÛËùÕĂì­ÚČĈóÿÂæøî āÕãĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈ
ĀàÅØîÿäöãæĀÛÛ Ƙk ÃîÈ ƙ ÜòÉÉòã Åøî ĀäÈÕòÚÃîÈìòè
ÿËøćîâ äñãñĂÚÂóäÿËøćîâ ĀæñË¬èÈÿèæóĂÚÂóäÂÕØòÛËõĈÚÈóÚ 
Ì÷ćÈÿâøćîăÕ­Å¬óëáóèñØöćÿìâóñëâÃîÈÜòÉÉòãØòĈÈ ƙ Āæ­è ÚČóâó
ÜäñãùÂÖ°ĂË­ĂÚÂóäØČóÈóÚ ØČóĂì­Å¬óĀäÈÕ÷ÈÃîÈËùÕĂì­
ÚČĈóÿÂæøî âöÅ¬óëúÈÂè¬óĀÛÛÿÂ¬óîãú¬×÷È Ƙƙ.ƙƚ%   Ì÷ćÈÿâøćîăÕ­
ëáóèñØöćÿìâóñëâÃîÈÜòÉÉòãØöćÖ­îÈÂóäĀæ­èÿßøćîĂì­
ÂäñÛèÚÂóäØöćăÕ­ÜäòÛÜäùÈîãú¬ĂÚëáóèñØöćÖ­îÈÂóäîãú¬ÿëâî  
ĀÝÚáúâõØóÈë×õÖõÿÜĆÚÿÅäøćîÈâøîØöćÚõãâìäòÛëČóìäòÛÃòĈÚÖîÚ 
ÅèÛÅùâ ëùáèääÔ éäöèääÔú[9]  ÚČóĀÝÚÅèÛÅùâX bar-R 
Chart ÃîÈÝæÂóäëù¬âèòÕÅ¬óÅèóâÚõćâĀÃĆÈÃîÈØöćßõÈ ĀæñÅ¬ó
ÚČĈóìÚòÂÃîÈØöćßõÈéöäêñìæòÈÂóäÜäòÛÜäùÈ ÿßøćîÿÜĆÚÖòèËöĈèòÕ
ÝæÃîÈÿÜ­óìâóã Ì÷ćÈÿâøćîèõÿÅäóñì°ÜòÎìóÕ­èãÿØÅÚõÅÂóä
èõÿÅäóñì°ÝæÂäñØÛÿÚøćîÈÉóÂÅèóâÝõÕßæóÕ
(FMEA)ä¬èâÂòÛÂóäîîÂĀÛÛÂóäØÕæîÈ Āæ­èßÛè¬ó Âóä
ĀÂ­ÜòÎìóÿÂõÕāßäÈîóÂóéØöćßõÈéöäêñ Ö­îÈÜäòÛÜäùÈÿÅäøćîÈ
ß¬ÚÂóè ä¬èâØòĈÈÿßõćâÖČóĀìÚ¬ÈÂóäÂÕËõĈÚÈóÚ Ì÷ćÈÂóä
ÜäòÛÜäùÈÕòÈÂæ¬óèăÕ­×úÂÂČóìÚÕÿÜĆÚâóÖäÑóÚÂóäØČóÈóÚ 
ĀæñÖõÕÖóâÝæ 3 ÿÕøîÚ āÕãĂË­ĀÝÚÅèÛÅùâ X bar-R 
Chart ßÛè¬óëóâóä×æÕÜòÎìóăÕ­ 99.45%  
 
2. ÂóäÕČóÿÚõÚÂóäèõÉòãĀæñÝæÂóäèõÉòã 
2.1 Define (ÂČóìÚÕÜòÎìóØöćÿÂõÕÃ÷ĈÚ) 
 ÉóÂÜòÎìóÃîÈÿëöãĂÚÂäñÛèÚÂóäÜõÕÝÚ÷ÂÛääÉù
áòÔÒ°ØöćÿÜĆÚÂäñÛèÚÂóäëČóÅòÎĂÚÂóäÅÈëáóßÅèóâ
ÜæîÕÿËøĈî Ì÷ćÈÉóÂÂóääèÛäèâÜòÎìó āÕãĂË­ĀÝÚáúâõßó
ÿäāÖèõÿÅäóñì°ÜòÎìóØöćßÛĂÚÂäñÛèÚÂóäÜõÕÝÚ÷ÂÛääÉù
áòÔÒ° ÉóÂáóßØöć 1 ßÛè¬óÜòÎìóìâóãÿæÃ 29 ÅøîÿäøćîÈ
äîãÌöæë¬èÚÿÂõÚâöÜäõâóÔâóÂØöćëùÕ ÕòÈÚòĈÚÉ÷ÈÿæøîÂ ÂČóìÚÕ
ÿÜ­óìâóãĂÚÂóäÜäòÛÜäùÈ Åøî ÂóäæÕæÈÃîÈÃîÈÿëöã
ÜäñÿáØäîãÌöæë¬èÚÿÂõÚÿÜĆÚäîããóè (ĀëÕÈĂÚáóßØöć 2) 
ĂÚîòÖäó ä­îãæñ 50 ìäøî æÕæÈÿìæøî 4,403 DPPM 

 îòÖäóÃ­îÛÂßä¬îÈÖ¬îìÚ¬èãÿÊæöćã Ô ÜòÉÉùÛòÚ = 
8,807 DPPM 
 îòÖäóÃ­îÛÂßä¬îÈÖ¬îìÚ¬èãÖóâÿÜ­óìâóã     
=4,403 DPPM 

 
áóßØöć 1 ĀÝÚáúâõßóÿäāÖÃîÈÜäõâóÔÃîÈÿëöãØöćÿÂõÕÃ÷ĈÚĂÚ
ë¬èÚÃîÈÂóäÜõÕÝÚ÷ÂÛääÉùáòÔÒ° ÃîÈÂäñÛèÚÂóäÝæõÖØ¬î
Ë¬èãìóãĂÉÖòĈÈĀÖ¬ÿÕøîÚÖùæóÅâ 2554 ÉÚ×÷È ÿÕøîÚ
ÂòÚãóãÚ 2555 
 
áóßØöć 2 ÃîÈÿëöãÃîÈÂóäÜõÕÝÚ÷ÂÛääÉùáòÔÒ°ÜäñÿáØØöć
ÿÂõÕäîãÌöæ (ë¬èÚÿÂõÚ) ÿÜĆÚäîããóè 

2.2 Measure (ÂóäèòÕÿßøćîÂČóìÚÕëóÿìÖùÃîÈÜòÎìó) 
ĂÚÃòĈÚÖîÚÚöĈ ØČóÂóäèõÿÅäóñì° ÿßøćîìóÜòÉÉòãØöćÝæÖ¬îÅ¬ó
ÖîÛëÚîÈØöćÖ­îÈÂóäĀæñ ØČóÂóäÜäñÿâõÚäñÛÛÂóäèòÕ Ì÷ćÈ
ìâóã×÷È ÖäèÉëîÛâóÖäÑóÚÃîÈèõÙöÂóäÖäèÉëîÛÃîÈ
ÿëöãÃîÈßÚòÂÈóÚ 
2.2.1 èõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó  
 ëČóìäòÛÂóäÅ­ÚìóëóÿìÖùØöćëČóÅòÎØöćÚ¬óÉñë¬ÈÝæ
ÂäñØÛÖ¬îäñÕòÛÅùÔáóßÃîÈ Output ÃîÈÂäñÛèÚÂóä
ÚòĈÚ ØóÈÝú­èõÉòãĂË­ĀÝÚáúâõÂ­óÈÜæó ÿßøćîìóÜòÉÉòã (Xs) Øöć
îóÉÿÜĆÚëóÿìÖùÃîÈ äîãÌöæë¬èÚÿÂõÚÿÜĆÚäîããóè (Y) Ì÷ćÈâö
ëóÿìÖùØöćÿÜĆÚăÜăÕ­ÃîÈÜòÎìó 10 ëóÿìÖùÕ­èãÂòÚ (î­óÈîõÈ
ÖóäóÈØöć 1) ÉóÂÚòĈÚÚČóëóÿìÖùØòĈÈìâÕ ÚČóâóèõÿÅäóñì°
ÝæÂäñØÛĂÚÂäñÛèÚÂóä (FMEA Process) ăÕ­ÝæäñÕòÛ
ÅñĀÚÚ (RPN) ÖóâáóßØöć 3 ëúÈëùÕ  3 îòÚÕòÛĀäÂÅøî X1 



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

105 

Åèóâæ÷ÂÃîÈĀâ¬ĀÛÛ(Die depth) X2 îùÔìáúâõØöćĂË­ÿÜ¬ó
ä­îÚ (Temperature) Āæñ X3 ĀäÈÕòÚÿÜ¬óä­îÚ (Pressure)  
 
áóßØöć 3 ÝæÂóäèõÿÅäóñì° ßóÿäāÖëČóìäòÛ äñÕòÛ RPN 
ÉóÂÝæÂóäèõÿÅäóñì°ÅèóâÿëöãìóãĀæñÝæÂäñØÛ 
(Failure Mode and Effect Analysis : FMEA 

 
ÖóäóÈØöć 1 ëóÿìÖùÃîÈÜòÎìó 10 ÜòÎìóØöćăÕ­ÉóÂÂóä
èõÿÅäóñì°ÝæÕ­èãĀÝÚáúâõÂ­óÈÜæóĀæñ äñÕòÛÅñĀÚÚ 
(RPN) ØöćăÕ­ÉóÂÂóäèõÿÅäóñì°ÝæÂäñØÛÂäñÛèÚÂóäÕ­èã 
FMEA  
 
ìâóãÿæÃ ëóÿìÖùÃîÈÜòÎìó äñÕòÛÅñĀÚÚ

ÃîÈÝæÂóä
èõÿÅäóñì° 

FMEA (RPN) 
1 äñÕòÛÅèóâæ÷ÂÃîÈĀâ¬ĀÛÛ 350 
2 îùÔìáúâõĂÚÂóäÿÜ¬óæâä­îÚ 340 
3 ĀäÈÕòÚĂÚÂóäÿÜ¬óæâä­îÚ 330 
4 ÚČĈóìÚòÂÃîÈÝæõÖáòÔÒ° 109 
5 ÿèæóĂÚÂóäÿÜ¬óæâä­îÚ 85 
6 ÅèóâìÚóÃîÈèòÖ×ùÕõÛ 85 
7 ÅèóâÿäĆèĂÚÂóäÂÕØòÛ 80 

8 
ÅèóâÿäĆèĂÚÂóäÜæ¬îã
Āâ¬ßõâß°ìæòÈÉóÂÂÕØòÛ 10 

9 îùÔìáúâõÚČĈóìæ¬îÿãĆÚ 10 
10 ÿèæóĂÚÂóäÂÕØòÛ 10 

 
2.2.2 ÖäèÉëîÛäñÛÛèòÕ 

 ÿÚøćîÈÉóÂÃîÈÿëöãÃîÈÝæÖîÛëÚîÈÿÜĆÚæòÂêÔñ
ÂóäÖòÕëõÚĂÉĀÛÛÕöÿëöã ÕòÈÚòĈÚÂóäÖäèÉëîÛĂÚÅäòĈÈÚöĈÉ÷È
ÿÜĆÚÂóäèõÿÅäóñì°äñÛÛÂóäèòÕØöćâöæòÂêÔñÿÜĆÚÃ­îâúæÚòÛ
(Gage R&R ìäøî Gage Repeatability & 
Reproducibility for Attribute Data ) āÕãĂÚÂóäÜäñÿâõÚ
Åèóâëóâóä×ÃîÈäñÛÛÂóäèòÕāÕãĂË­ āÜäĀÂäâ Minitab 
ÚòĈÚßÛè¬óßÚòÂÈóÚÜäñëõØÙõáóßĂÚÂóäÖäèÉëîÛîãú¬ĂÚ
ÿÂÔÒ°ØöćãîâäòÛăÕ­ îÙõÛóãÿÜĆÚÝæăÕ­ÕòÈÖ¬îăÜÚöĈ  

āÕãÝæÂóäÜäñâèæßÛè¬ó Å¬óØöćÿìâóñëâØöćØČóĂì­
ÿÂõÕÃîÈÿëöãÚ­îãØöćëùÕÅøî Åèóâæ÷ÂÃîÈĀâ¬ßõâß°ØöćäñÕòÛ Ɨ  
îùÔìáúâõØöć Ɵƚ  îÈéóÿÌæÿÌöãë ĀäÈÕòÚæâØöćĂË­ĂÚÂóäÿÜ¬ó
àõæ°âØöćäñÕòÛƗƗ.Ɲƛ PSI ÉóÂáóßØöć 4 ÿâøćîÿÜäöãÛÿØöãÛ Å¬ó
Åèóâëóâóä×ĂÚÂóäÖäèÉëîÛÌČĈó ÃîÈßÚòÂÈóÚ ĀÖ¬æñÅÚ 
ßÛè¬ó ÖäèÉëîÛÅÚØöć Ɨ âöÅ¬óÿØ¬óÂòÛ Ɵƙ.ƙƙ % ÅÚØöć Ƙ âö
Å¬óÿØ¬óÂòÛ ƟƜ.ƜƝ   % Āæñ Āæñ ÅÚØöć ƙ âöÅ¬óÿØ¬óÂòÛ 
Ɵƙ.ƙƙ   %  Ì÷ćÈĀëÕÈè¬óßÚòÂÈóÚØùÂÅÚâöÅèóâëóâóä×ĂÚ
ÂóäÖäèÉëîÛÌČĈó ëúÈâóÂ  

 
áóßØöć ƚ ÝæÂóäèõÿÅäóñì° Attribute Agreement 

Analysis within Appraisers 
 

ÉóÂáóßØöć 5 ÿâøćîÿÜäöãÛÿØöãÛÅèóâëóâóä×ĂÚ
ÂóäÖäèÉëîÛ ËõĈÚÈóÚÿØöãÛÂòÛËõĈÚÈóÚâóÖäÑóÚÃîÈ
ßÚòÂÈóÚ ĀÖ¬æñÅÚ ßÛè¬ó ÖäèÉëîÛÅÚØöć Ɨ âöÅ¬óÿØ¬óÂòÛ 
ƟƖ % ÅÚØöć Ƙ âöÅ¬óÿØ¬óÂòÛ Ɵƙ.ƙƙ% Āæñ Āæñ ÅÚØöć ƙ âöÅ¬ó
ÿØ¬óÂòÛ ƟƖ  %  Ì÷ćÈĀëÕÈè¬óßÚòÂÈóÚØùÂÅÚâö
Åèóâëóâóä×ĂÚÂóäĀãÂĀãñËõĈÚÈóÚÕöĀæñËõĈÚÈóÚÿëöãîãú¬
ĂÚäñÕòÛØöćÕöâóÂ  

 
áóßØöć ƛ ÝæÂóäèõÿÅäóñì° Attribute Agreement 

Analysis within each Appraiser vs. Standard 
 

ÉóÂáóßØöć 6 ÜäñëõØÙõÝæÕ­óÚÅèóâëóâóä×ĂÚÂóäèòÕÌČĈó
ÿØ¬óÂòÛ ƞƜ.ƜƝ % ĀëÕÈè¬ó ×­óßÚòÂÈóÚ ƙ ÅÚ ÖäèÉëîÛ
ÈóÚ ƗƖƖ ËõĈÚ Éñâö ƞƜ ËõĈÚØöćÖäèÉëîÛăÕ­×úÂÖ­îÈ
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ÿìâøîÚÂòÚ Āæñ ÂóäÜäñâóÔÅ¬óÅèóâÿËøćîâòćÚ Ɵƛ % 
ëČóìäòÛÜäñëõØÙõÝæÕ­óÚ äößöØØñÛöæõÖöĈÉñîãú¬ĂÚË¬èÈ  ƜƟ.Ƙƞ 
% - ƟƜ.Ƙƚ % 

 
áóßØöć Ɯ ÝæÂóäèõÿÅäóñì° Attribute Agreement 
Analysis All Appraiser vs. Standard 
 

 
áóßØöć Ɲ ÝæÂóäèõÿÅäóñì° Attribute Agreement 
Analysis Between Appraiser 
ÉóÂáóßØöć 7 ÜäñëõØÙõÝæÕ­óÚÅèóâăâ¬ăÛîòëÃîÈßÚòÂÈóÚ
ÿØ¬óÂòÛ ƞƜ.ƜƝ %   ĀëÕÈè¬ó ×­óßÚòÂÈóÚ ƙ ÅÚ ÖäèÉëîÛ
ÈóÚ ƗƖƖ ËõĈÚâö ƞƜ ËõĈÚØöćÖäèÉëîÛăÕ­×úÂÖ­îÈÿìâøîÚÂòÚ 
Āæñ ÂóäÜäñâóÔÅ¬óÅèóâÿËøćîâòćÚ Ɵƛ % ëČóìäòÛ
ÜäñëõØÙõÝæÕ­óÚ āÜäÕõèÌõÛæõÖöĈÉñîãú¬ĂÚË¬èÈ ƜƟ.Ƙƞ % - 
ƟƜ.Ƙƚ %  

 

 
áóßØöć ƞ ÝæÂóäèõÿÅäóñì° Assessment Agreement 
Analysis ëČóìäòÛßÚòÂÈóÚ ƙ ÅÚ 
 ÿâøćîÿÜäöãÛÿØöãÛÂóäØČóÈóÚÃîÈßÚòÂÈóÚØòĈÈ 3 
ßÛè¬ó ßÚòÂÈóÚÅÚØöć 2 âöÅèóâëóâóä×ĂÚÂóäÖäèÉëîÛ
âóÂØöćëùÕ Ì÷ćÈĀëÕÈăÕ­ÉóÂÅ¬óÅèóâëóâóä×ĂÚÂóä
ÖäèÉëîÛÌČĈó (within Appraiser) ĀæñÅèóâëóâóä×ĂÚ
ÂóäÖäèÉëîÛ ËõĈÚÈóÚÿØöãÛÂòÛËõĈÚÈóÚâóÖäÑóÚ ( 
Appraiser vs. Standard) Ì÷ćÈāÕãáóßäèâĀæ­è äñÛÛÂóä
ÖäèÉëîÛÃîÈßÚòÂÈóÚØòĈÈ  3 ÅÚ îãú¬ĂÚÿÂÔÒ°ØöćãîâäòÛ
ăÕ­  ÿâøćîäñÛÛèòÕØöćÿËøćî×øîăÕ­ØČóĂì­ëóâóä×ÿÃ­óëú¬ÃòĈÚÖîÚ
×òÕăÜÃîÈÂóäèõÉòãăÕ­ 
 2.3 Analyze (èõÿÅäóñì°ëóÿìÖùÃîÈÜòÎìó)  
 ÕČóÿÚõÚÂóäèõÿÅäóñì°Ý¬óÚèõÙöÂóäØóÈë×õÖõÿËõÈ
îÚùâóÚ ÿßøćîÕúè¬óÜòÉÉòã XƗ Åèóâæ÷ÂÃîÈĀâ¬ĀÛÛ  XƘ 
îùÔìáúâõØöćĂË­ÿÜ¬óä­îÚ Āæñ Xƙ ĀäÈÕòÚÿÜ¬óä­îÚ âö
ÝæÂäñØÛÖ¬îÂäñÛèÚÂóäîã¬óÈâöÚòãëČóÅòÎìäøîăâ¬  āÕã
ĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈĀÛÛ Full factorial 2 k  āÕã k 
ÅøîÜòÉÉòãØòĈÈìâÕ ƙ  ÜòÉÉòã  ÂČóìÚÕÂóäØČóÌČĈóÿÜĆÚ ƛ ÅäòĈÈ 
ØòĈÈìâÕ 40 ÂóäØÕæîÈ æČóÕòÛÂóäØÕæîÈ ĀæñäñÕòÛÃîÈ
ÜòÉÉòã (-1) Āæñ (+1) îÙõÛóãăÕ­Öóâ ÖóäóÈØöć  2  
 ÉóÂÉČóÚèÚÃîÈÿëöãØöćăÕ­ÉóÂÂóäØÕæîÈÂóä
îîÂĀÛÛÂóäØÕæîÈĀÛÛ Ƙƙ Full factorial 40 Âóä
ØÕæîÈ ÚČóâóèõÿÅäóñì°ÅèóâĀÜäÜäèÚ (ANOVA)  Öòè
ëâÂóäÖ­ÚĀÛÛØöćĂË­ĂÚÂóäØÕæîÈĀëÕÈăÕ­ÖóâëâÂóäØöć 
(1) Åøî  
ώ ‘ † ‍ ‎ †‍ †‎

                   ‍‎  †‍‎ ꜡                            
(1) 
 
őħĵĪňŗ 

Ȯ‘   ìâóã×÷È  ÝæÿÊæöćãØòĈÈìâÕ (Overall Mean) 
 †     ìâóã×÷È  ÝæØöćÿÂõÕÉóÂäñÕòÛØöć i  ÃîÈÜòÉÉòã A 
†     ìâóã×÷È  ÝæØöćÿÂõÕÉóÂäñÕòÛØöć i  ÃîÈÜòÉÉòã A 
 ‍     ìâóã×÷È  ÝæØöćÿÂõÕÉóÂäñÕòÛØöć j ÃîÈÜòÉÉòã B 
‎     ìâóã×÷È  ÝæØöćÿÂõÕÉóÂäñÕòÛØöć k ÃîÈÜòÉÉòã C 
 †‍    ìâóã×÷È  ÝæØöćÿÂõÕÉóÂîòÚÖäÂõäõãóäñìè¬óÈ 
† Āæñ ‍ 
 †‎  ìâóã×÷È  ÝæØöćÿÂõÕÉóÂîòÚÖäÂõäõãóäñìè¬óÈ † 
Āæñ  ‎  
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-1 1

ҩ̓ҴңҧҸ҃҄ү҉ҿңӤҠҶңҠӨ (ҥҲҖҳҜ) ҥҲҖҳҜҙҷӆ 1 ҥҲҖҳҜҙҷӆ 3

үҺҕҭҢһңҶ  (ү҉ҪҴҾҍҧҾҍҷҤҬ) 94 100

ҿҥ҉ҖҳқҧңҙҷӆӁҌӥӁқ҃ҴҥҾҝӤҴҡҶҧӨң (PSI) 4 12

ҝҳҊҊҳҤҙҷӆҙӋҴ҃ҴҥҪҸ҃ҫҴ
ҥҲҖҳҜ҄ү҉ҝҳҊҊҳҤ

‍‎   ìâóã×÷È  ÝæØöćÿÂõÕÉóÂîòÚÖäÂõäõãóäñìè¬óÈ 
‍ Āæñ ‎   
†‍‎   ìâóã×÷È  ÝæØöćÿÂõÕÉóÂîòÚÖäÂõäõãóäñìè¬óÈ 
† , ‍ ‎ 
  ꜡     ìâóã×÷È  îÈÅ°ÜäñÂîÛÃîÈÅèóâÝõÕßæóÕ
ĀÛÛëù¬â  
  āÕãâöëâÖõÑóÚÕòÈÚöĈ ÂóäØÕëîÛëââÖõÑóÚÃîÈÜòÉÉòã
ìæòÂ 

H0 : ÜòÉÉòãìæòÂăâ¬âöÝæÖ¬îÅ¬óÖîÛëÚîÈ 
H1 : ÜòÉÉòãìæòÂâöÝæÖ¬îÅ¬óÖîÛëÚîÈ 

ÂóäØÕëîÛëââÖõÑóÚÃîÈÜòÉÉòãä¬èâ 
H0: ÜòÉÉòãä¬èâăâ¬âöÝæÖ¬îÅ¬óÖîÛëÚîÈ 

 H1: ÜòÉÉòãä¬èââöÝæÖ¬îÅ¬óÖîÛëÚîÈ 
ÖóäóÈØöć 2 æČóÕòÛÂóäØÕæîÈ ĀæñäñÕòÛÜòÉÉòãØöćĂË­ĂÚĀÖ¬æñ
ÂóäØÕæîÈ  

 
ÿßøćîìóÜòÉÉòãØöćâöîõØÙõßæÖ¬îÝæÂóäÖîÛëÚîÈÕòÈÂæ¬óè Øöć
äñÕòÛÚòãëČóÅòÎ Ɩ.Ɩƛ (Ŭ = Ɩ.Ɩƛ) āÕãĂË­āÜäĀÂäâ 
Minitab  ßÛè¬óÜòÉÉòãØöćâöîõØÙõßæÖ¬îÂóäÿÂõÕÃîÈÿëöã
ÜäñÿáØäîãÌöæÌČĈóîã¬óÈâöÚòãëČóÅòÎ (P value < 0.05) ÚòĈÚ
ÜäñÂîÛÕ­èã 2 ÜòÉÉòãÅøî Åèóâæ÷ÂÃîÈĀâ¬ßõâß°  Āæñ
îùÔìáúâõ    ë¬èÚĀäÈÕòÚæâØöćĂË­ĂÚÂóäÿÜ¬ó ăâ¬âöîõØÙõßæÖ¬î
ÂóäÿÂõÕÃîÈÿëöãØöćäñÕòÛÚòãëČóÅòÎ Ɩ.Ɩƛ    ÚîÂÉóÂÚöĈÉóÂó
ÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚëóâóä×ĀëÕÈÿÜĆÚĀÝÚáóß
ÃîÈ îõØÙõßæÉóÂÜòÉÉòãÖ¬óÈą ØöćâöÝæÖ¬îÂóäÿÂõÕÃîÈÿëöã 
Åøî ĀëÕÈîõØÙõßæìæòÂ(Main effect) ÕòÈáóßØöć 10 Āæñ 
ÅèóâëòâßòÚÙ°ÃîÈîõØÙõßæä¬èâÃîÈäñìè¬óÈÜòÉÉòã 
(Interaction plot)  
 
ÕòÈáóßØöć 11 Ì÷ćÈÉóÂÅ¬ó R2 Adjusted âöÅ¬ó 83.34% ĀëÕÈ
è¬óâöÅèóâĀâ¬ÚãČóÃîÈÂóäÚČóëâÂóäăÜĂË­ÿßøćîØČóÚóãìäøî
ÅóÕÅñÿÚÝæăÕ­ [7]  āÕã R2 Āæñ R2 (Adjust) îÙõÛóã
ÿÜĆÚëâÂóäăÕ­ÕòÈÚöĈ 
R2      =  [SS model / SS total ]  (2) 
R2 adj= 1- [[SS model /n ] / [SS total /n ]] (3) 

 
áóßØöć Ɵ ÝæÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ (ANOVA) ÃîÈ
ÉČóÚèÚÃîÈÿëöãØöćÿÂõÕÉóÂÂäñÛèÚÂóäÌöæ×ùÈÛääÉùáòÔÒ° 
 
 ÉóÂÝæÂóäØÕæîÈÃ­óÈÖ­Ú ØČóÂóäìóëáóèñØöć
ÿìâóñëâāÕãĂË­ āÜäĀÂäâëČóÿäĆÉäúÜ ÿæøîÂ àòÈËòćÚ 
Response optimization ĀæñÂČóìÚÕĂì­ÿÜ­óìâóãÿÜĆÚ
éúÚã° ĀëÕÈÝæăÕ­ÖóâáóßØöć 12  
 
áóßØöć 10 ÝæÂóäèõÿÅäóñì°Õ­èãÂäóàîõØÙõßæìæòÂ (Main 
effect) 
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áóßØöć 11ÝæÂóäèõÿÅäóñì°Õ­èãÂäóàĀëÕÈÅèóâëòâßòÚÙ°
ÃîÈîõØÙõßæä¬èâÃîÈäñìè¬óÈÜòÉÉòã 

 
 
áóßØöć 12 ÝæÂóäÜäñâèæ Response optimization ÿßøćî
ìóÅ¬óÜòÉÉòãØöćÿìâóñëâØöćØČóĂì­ÿÂõÕÃîÈÿëöãÚ­îãØöćëùÕ 

 
āÕãÝæÂóäÜäñâèæßÛè¬ó Å¬óØöćÿìâóñëâØöćØČóĂì­ÿÂõÕÃîÈ
ÿëöãÚ­îãØöćëùÕÅøî Åèóâæ÷ÂÃîÈĀâ¬ßõâß°ØöćäñÕòÛ 1  
îùÔìáúâõØöć 94  îÈéóÿÌæÿÌöãë ĀäÈÕòÚæâØöćĂË­ĂÚÂóäÿÜ¬ó
àõæ°âØöćäñÕòÛ11.75 PSI  
3. ëäùÜÝæÂóäèõÉòã 
 ÿßøćîÂČóìÚÕĀÚèØóÈĂÚÂóäæÕÃîÈÿëöãĂÚ
ÃòĈÚÖîÚÂóäÜõÕÝÚ÷Â×ùÈÛääÉùáòÔÒ°Ì÷ćÈÜòÉÉòãÖ¬óÈą ăÕ­×úÂ
ÚČó  âóèõÿÅäóñì°āÕãĂË­ĀÝÚáóßĀëÕÈÿìÖùĀæñÝæÌ÷ćÈØČó
Ăì­ëóâóä×ĀãÂĀãñÜòÉÉòãÖ¬óÈąØöćÚ¬óÉñâöÝæØČóĂì­ÿÂõÕäîã
Ìöæë¬èÚÿÂõÚ Åøî Åèóâæ÷ÂÃîÈĀâ¬ĀÛÛ (Die depth)
îùÔìáúâõØöćĂË­ÿÜ¬óä­îÚ (Temperature) ĀæñĀäÈÕòÚÿÜ¬óä­îÚ 
(Pressure)  ÉóÂÚòĈÚØÕëîÛäñÕòÛÃîÈÜòÉÉòãØöćâöÝæÖ¬îÂóä
ÿÂõÕÃîÈÿëöã   ăÕ­ØČóÂóäØÕæîÈÿßøćîîîÂĀÛÛÂóäØÕæîÈ
ĀÛÛ Full factorial 2k  ØČóÂóäØÕæîÈÌČĈó  5  ÅäòĈÈ Ì÷ćÈÉóÂ
ÝæÂóäØÕæîÈ ßÛè¬óâöÅ¬óëòâÜäñëõØÙ°ÂóäÖòÕëõÚĂÉâöÅ¬óîãú¬ 
83.34 %  ÉóÂÅ¬óÿÅäøćîÈÉòÂäØöćÿìâóñëâÚČóăÜĂË­ØČóÈóÚ
ÉäõÈ ĀæñÿÂĆÛÃ­îâúæ 3 ÿÕøîÚßÛè¬óÜäõâóÔÃîÈÿëöãæÕæÈ
ÖóâÿÜ­óìâóã 
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ÛØÅòÕã¬î 
ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°îîÂĀÛÛßóäóâõÿÖîä°ØöćÿìâóñëâëČóìäòÛÂóäÝæõÖāäÿÖîä°ÿßøćîĂì­ăÕ­ÅèóâëúÈÃîÈāäÿÖîä°Øöć
Ö­îÈÂóä ÜòÉÉòãìæòÂØöćâöÝæÖ¬î ÅèóâëúÈÃîÈāäÿÖîä°ÜäñÂîÛăÜÕ­èã 4 ÜòÉÉòãăÕ­ĀÂ¬ ĀäÈÕòÚĂÚÂóääöÿèĆØ ÅèóâëúÈÃîÈ
ìòèäöÿèĆØ äñãñÂóäÂÕĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖ ĂÚÿÛøĈîÈÖ­ÚÿØÅÚõÅÂóäîîÂĀÛÛÂóäØÕæîÈ
ĀàÅØîÿäöãæÿÖĆâäúÜĀÛÛ 2k ×úÂÚČóâóÜäñãùÂÖ°ĂË­ÿßøćîÅòÕÂäîÈÜòÉÉòãØöćâöÝæîã¬óÈâöÚòãëČóÅòÎÖ¬îÅèóâëúÈÃîÈāäÿÖîä° 
ÉóÂÂóäØÕæîÈßÛè¬óÜòÉÉòãØöćâöÝæÖ¬îÅ¬óÅèóâëúÈÃîÈāäÿÖîä°ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Åøî ĀäÈÕòÚĂÚÂóääöÿèĆØ äñãñ
ÂóäÂÕ ĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖ ÃòĈÚÖîÚÖ¬îăÜÅøîÂóäìóÅ¬óßóäóâõÿÖîä°ØöćÿìâóñëâÃîÈÜòÉÉòãÕ­èã
ÿØÅÚõÅÂóäîîÂĀÛÛÂóäØÕæîÈĀÛÛë¬èÚÜäñëâÂæóÈĀæñßøĈÚÝõèëñØ­îÚ ßÛè¬óÅ¬óßóäóâõÿÖîä°ÿìâóñëâØöćëùÕØöćØČó
Ăì­ÅèóâëúÈāäÿÖîä°ÿÜĆÚăÜÖóâÿÜ­óìâóãØöćÂČóìÚÕ Åøî ĀäÈÕòÚĂÚÂóääöÿèĆØØöć 3.7 MPa äñãñÂóäÂÕØöć 4.80 âõææõÿâÖä
ĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖØöć 3.2 MPa ÚîÂÉóÂÚòĈÚĀæ­èĂÚÃòĈÚÖîÚÂóäãøÚãòÚÝæăÕ­ØČóÂóä ØÕæîÈ
ÝæõÖāäÿÖîä°āÕãĂË­Å¬óßóäóâõÿÖîä°ØöćÿìâóñëâÕòÈÂæ¬óè ßÛè¬óÅèóâëúÈÿÊæöćãÃîÈāäÿÖîä°ØöćäñÕòÛÅèóâÿËøćîâòćÚ 95% âö
Å¬óÿØ¬óÂòÛ 74 âõææõÿâÖä Ì÷ćÈîãú¬ĂÚÿÜ­óìâóãØöćÂČóìÚÕ 
ÅČóìæòÂ  ÂóäîîÂĀÛÛÂóäØÕæîÈ, ÂóäîîÂĀÛÛßóäóâõÿÖîä°, ÂäñÛèÚÂóäÝæõÖāäÿÖîä° 

 
Abstract 
The objective of research is to perform parameter design for rotor production process in order to achieve 
the desirable rotor height. The rotor height is affected by four factors namely a riveting pressure, the 
height of riveting head, a distance inserter and a stamping pressure. The first step is to perform a 
screening design using 2k factorial design. The result suggests that only the riveting pressure, the 
distance inserter and the stamping pressure affect the process with the significance level of 0.05. Next 
step is to perform a parameter design using central composite designs (CCD) and response surface 
method. The optimal parameters obtained for these factors are 3.7 MPa, 4.80 mm and 3.2 MPa, 
respectively. In order to confirm the result, a trial experiment is performed with obtained optimal 
parameters. The average rotor height is 74 mm with the confidence level of 95% which is well in the 
desirable target range.  
Keywords:  Design of Experiment, Parameter Design, Rotor Production Process 
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1. ÛØÚČó 
 âîÿÖîä°ÿÜĆÚîùÜÂäÔ°ăàà­óØöćØČóìÚ­óØöćĂÚÂóä
ÿÜæöćãÚĀÜæÈßæòÈÈóÚăàà­óÿÜĆÚßæòÈÈóÚÂæ ĀæñâîÿÖîä°
ÃîÈÅîâÿßäëÿÌîä°ëČóìäòÛÿÅäøćîÈÜäòÛîóÂóéÿÜĆÚâîÿÖîä°
ÌõÈāÅäÚòëËÚõÕĀâ¬ÿìæĆÂ×óèäÌ÷ćÈÜäñÂîÛÕ­èã 2 ë¬èÚÅøî  
ëÿÖÿÖîä° ĀæñāäÿÖîä° āÕãëÿÖÿÖîä°âöìÚ­óØöćëä­óÈ
ëÚóâĀâ¬ÿìæĆÂØöćÿÂõÕÉóÂÂóäÜ­îÚÂäñĀëăàà­óĀæ­èØČóĂì­
ÿÂõÕÂóäÿìÚöćãèÚČóÃòĈèÛèÂÃòĈèæÛ ë¬èÚāäÿÖîä° ÿÜĆÚîùÜÂäÔ°
ØöćâöĀâ¬ÿìæĆÂ×óèäîãú¬ĂÚÖòèØöćØČóâóÉóÂÿàîä°ăäÖ°āÕã
ÂäñÛèÚÂóäØČóĀâ¬ÿìæĆÂ ÿâøćîëÿÖÿÖîä°ÿÜĆÚëÚóâĀâ¬ÿìæĆÂ
ÉñÿÂõÕÂóäÝæòÂÃòĈèÛèÂÃòĈèæÛÂòÚäñìè¬óÈ ëÿÖÿÖîä°ÂòÛāä
ÿÖîä° ë¬ÈÝæĂì­āäÿÖîä°ÿÂõÕÂóäìâùÚ ĀæñØČóĂì­ËùÕ
ÃòÛÿÅæøćîÚØČóÈóÚ [1] 
 ÜòÉÉùÛòÚÂäñÛèÚÂóäÝæõÖāäÿÖîä°ÃîÈāäÈÈóÚÝæõÖ
ÅîâÿßäëÿÌîä°âòÂßÛÜòÎìóÃîÈÿëöãØöćÿÂõÕÉóÂÅèóâëúÈ
ÃîÈāäÿÖîä°ăâ¬ÿÜĆÚăÜÖóâÃ­îÂČóìÚÕ×÷È 10.72% (ÉóÂ
Âóäëù¬âÖäèÉÅùÔáóßÃîÈËõĈÚÈóÚØòĈÈìâÕ 4,608 ËõĈÚ) ØòĈÈÚöĈ
Ã­îÂČóìÚÕÃîÈÅèóâëúÈÃîÈāäÿÖîä°ëČóìäòÛÅîâÿßäëÿÌîä°
ÚöĈÅøî 74 ± 0.5 âõææõÿâÖä  ĀÖ¬ÉóÂÂóäÖäèÉëîÛÅùÔáóß
ßÛè¬óÅèóâëúÈÃîÈāäÿÖîä°ÖČćóÂè¬óÃ­îÂČóìÚÕ ë¬ÈÝæØČóĂì­
ÂóäØČóÈóÚÃîÈÅîâÿßäëÿÌîä°âöÜäñëõØÙõáóßÕ­îãæÈ ĂË­
ÿèæóĂÚÂóäØČóÅèóâÿãĆÚÚóÚÃ÷ĈÚ ØČóĂì­ĂË­ÂäñĀëăàâóÂ
Ã÷ĈÚĂÚÂóäØČóĂì­ÿÅäøćîÈÜäòÛîóÂóéăÕ­ÖóâîùÔìáúâõØöć
Ö­îÈÂóä ÕòÈÚòĈÚËõĈÚÈóÚØöćăâ¬Ý¬óÚÅùÔáóßÉČóÚèÚìÚ÷ćÈîóÉ
×úÂë¬ÈÂæòÛăÜØČóÂóäÌ¬îâ ĀæñîöÂë¬èÚìÚ÷ćÈÖ­îÈØČóÂóäÝæõÖ
ËõĈÚÈóÚĂìâ¬ØÕĀØÚ  Ì÷ćÈÿÜĆÚÂóäÿßõćâÖ­ÚØùÚÂóäÝæõÖĀæñ
ëúÎÿëöãÿèæóĂÚÂóäÝæõÖ ë¬ÈÝæĂì­ăâ¬ëóâóä×ë¬ÈÈóÚĂì­
ÂäñÛèÚÂóäÝæõÖÅîâÿßäëÿÌîä°ăÕ­ØòÚÿèæóØöćÂČóìÚÕ   
 ÈóÚèõÉòãÚöĈâöèòÖ×ùÜäñëÈÅ°ÿßøćîé÷ÂêóßóäóâõÿÖîä°Øöć
ÿìâóñëâëČóìäòÛÂäñÛèÚÂóäÝæõÖāäÿÖîä°ÿßøćîĀÂ­ÜòÎìó
Å¬óÅèóâëúÈÃîÈāäÿÖîä°ăâ¬ăÕ­ÖóâØöćâóÖäÑóÚÕ­óÚÅùÔáóß
ØöćÂČóìÚÕ āÕãèõÙöÂóäîîÂĀÛÛÂóäØÕæîÈĀæñÂóä
èõÿÅäóñì°ßøĈÚÝõèÖîÛëÚîÈÝ¬óÚÂóäØÕæîÈĀÛÛë¬èÚ
ÜäñëâÂæóÈ ÉóÂÂóäé÷ÂêóìæóãÈóÚèõÉòãØöćÝ¬óÚâó [2-7] 
âöÃòĈÚÖîÚĀæñèõÙöÂóäØČóØöćÅæ­óãÅæ÷ÈÂòÚ āÕãâö 2 ë¬èÚ
ìæòÂą ÅøîÂóäĂË­èõÙöÂóäîîÂĀÛÛÂóäØÕæîÈĀæñÂóä
èõÿÅäóñì°ßøĈÚÝõèÖîÛëÚîÈÿßøćîÜäñãùÂÖ°ĂË­ĂÚÂäñÛèÚÂóä
ÝæõÖØöćìæóÂìæóã 

2. ÂóäîîÂĀÛÛÂóäØÕæîÈÿßøćîÅòÕÂäîÈÜòÉÉòã 
 ÉóÂÂóäé÷ÂêóÂäñÛèÚÂóäÝæõÖāäÿÖîä°ßÛè¬ó ÜòÉÉòã
Øöćâöë¬ÈÝæÖ¬îÅ¬óÅèóâëúÈāäÿÖîä°âóÂØöćëùÕâöØòĈÈìâÕ 4 
ÜòÉÉòã Åøî ĀäÈÕòÚĂÚÂóääöÿèĆØ (A) ÅèóâëúÈÃîÈìòèäöÿèĆØ 
(B) äñãñÂóäÂÕÃîÈāäÿÖîä° (C) ĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāä
ÿÖîä°Åîä°æóâõÿÚÖ (D) ÿØÅÚõÅÂóäîîÂĀÛÛÂóäØÕæîÈ
ĀÛÛ 2k=4 ĀàÅØîÿäöãæ (24 Factorial Design) ×úÂÚČóâó
ÜäñãùÂÖ°ĂË­ÿßøćîÂóäÅòÕÂäîÈÜòÉÉòãØöćâöÝæÖ¬îÅ¬óÅèóâëúÈāä
ÿÖîä° āÕãĀÖ¬æñÜòÉÉòãëóâóä×ÜäòÛÿÜæöćãÚăÕ­ 2 äñÕòÛ ÕòÈ
ĀëÕÈäóãæñÿîöãÕÂóäÂČóìÚÕäñÕòÛÃîÈÜòÉÉòãÖ¬óÈÕòÈ
ÖóäóÈØöć 1 ÉČóÚèÚĀÛÛÂóäØÕæîÈØòĈÈìâÕÅøî  = 18 Âóä
ØÕæîÈ ĀæñĂÚĀÖ¬æñÂóäØÕæîÈÂČóìÚÕÂóäØČóÂóä
ØÕæîÈÌČĈó 3 äîÛ (48 ÂóäØÕæîÈ)  āÕãØöćÅ¬óÖîÛëÚîÈ 
(Response) ÃîÈÂóäØÕæîÈÅøî ÅèóâëúÈāäÿÖîä° (ìÚ¬èã: 
âõææõÿâÖä) ØòĈÈÚöĈèõÙöÂóäèòÕÅ¬óÖîÛëÚîÈāÕãĂË­ÕõÉõÖîæÅóæõ
ÿÜîä° 
 
ÖóäóÈØöć Ɨ äñÕòÛÜòÉÉòãëČóìäòÛÂóäØÕæîÈÿßøćîÅòÕÂäîÈÜòÉÉòãĀÛÛ 
24 ĀàÅØîÿäöãæ 

ÜòÉÉòãØöćØČóÂóä
ØÕæîÈ 

ëòÎæòÂêÔ° 
äñÕòÛ
ÖČćó 
(-) 

äñÕòÛ
ëúÈ 
(+) 

ìÚ¬èã 

ĀäÈÕòÚĂÚÂóääöÿèĆØ A 3.8 4.2 MPa 
ÅèóâëúÈÃîÈìòè 
äöÿèĆØ 

B 15 16 mm. 

äñãñÂóäÂÕÃîÈ 
āäÿÖîä° 

C 4.4 4.7 mm. 

ĀäÈÕòÚÿÅäøćîÈãČĈó 
āäÿÖîä°Åîä°æóâõÿÚÖ 

D 3.5 4.5 MPa 

 
 ÝæÂóäØÕæîÈØòĈÈ 48 ÂóäØÕæîÈ×úÂĀëÕÈÖóâ
ÖóäóÈØöć 2 Āæñëóâóä×èõÿÅäóñì°ÝæØöćăÕ­ÉóÂÂóäßæĆîÖÅ¬ó
ÅèóâÅæóÕÿÅæøćîÚÃîÈ 24 ĀàÅØîÿäöãæ (Residual Plots) 
ÕòÈÚöĈ Ã­îâúæâöÂóäĀÉÂĀÉÈÜÂÖõ Å¬óÅèóâÅæóÕÿÅæøćîÚâöÅ¬ó
ÅèóâĀÜäÜäèÚÅÈØöć ĀæñÅ¬óÅèóâÅæóÕÿÅæøćîÚÿÜĆÚÖòè
ĀÜäëù¬âĀæñâöÅèóâÿÜĆÚîõëäñÖ¬îÂòÚ  ÕòÈĀëÕÈÖóâäúÜØöć 1 
ÚîÂÉóÂÚòĈÚÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ (Analysis of 
Variance) ßÛè¬óÜòÉÉòãØöćâöÝæÂäñØÛìæòÂ (Main Effect) 
Ö¬îÅèóâëúÈÃîÈāäÿÖîä°âöØòĈÈìâÕ 3 ÜòÉÉòã ÅøîĀäÈÕòÚĂÚ
ÂóääöÿèĆØ äñãñÂóäÂÕÃîÈāäÿÖîä° ĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāä
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ÿÖîä°Åîä°æóâõÿÚÖ ØöćäñÕòÛÚòãëČóÅòÎ (Ŭ) 0.05  (P-value 
âöÅ¬óÿØ¬óÂòÛ 0.000 Ì÷ćÈÚ­îãÂè¬óÅ¬óäñÕòÛÚòãëČóÅòÎ) ĀæñÅ¬ó
ÂóäØÕëîÛĀÛÛÉČóæîÈÂóä×Õ×îã (Lack of Fit Test) âö
Åèóâÿìâóñëâ (P-value âöÅ¬óÿØ¬óÂòÛ 0.746 Ì÷ćÈâóÂÂè¬ó
Å¬óäñÕòÛÚòãëČóÅòÎ)  ÝæÂóäØÕæîÈĀëÕÈÕòÈäúÜØöć 2 
 
ÖóäóÈØöć 2 ÝæÂóäØÕæîÈ 24 ĀàÅØîÿäöãæ  

ĀäÈÕòÚĂÚ
ÂóääöÿèĆØ 

( A ) 

ÅèóâëúÈ
ÃîÈìòè 
äöÿèĆØ 
( B ) 

äñãñÂóäÂÕÃîÈāäÿÖîä° ( C )  
4.4 mm (-1) 4.7 mm (1) 

ĀäÈÕòÚÿÅäøćîÈãČĈóāä
ÿÖîä°Åîä°æóâõÿÚÖ 

( D ) 

ĀäÈÕòÚÿÅäøćîÈãČĈóāä
ÿÖîä°Åîä°æóâõÿÚÖ 

( D ) 

3.5 
MPa 
(-1) 

4.5 
MPa 
(1) 

3.5 
MPa 
(-1) 

4.5 
MPa 
(1) 

3.8 MPa 
(-1) 

15 mm  
(-1) 

73.64 73.61 73.76 73.58 
73.62 73.61 73.84 73.68 
73.63 73.59 73.78 73.64 

16 mm 
(1) 

73.63 73.60 73.75 73.65 
73.67 73.59 73.83 73.63 
73.58 73.58 73.79 73.59 

4.2 MPa 
(1) 

15 mm  
(-1) 

73.61 73.51 73.67 73.57 
73.58 73.49 73.58 73.60 
73.59 73.54 73.64 73.56 

16 mm 
(1) 

73.55 73.54 73.69 73.58 
73.58 73.50 73.63 73.60 
73.58 73.47 73.65 73.61 

 

 
äúÜØöć Ɨ ÂóäßæĆîÖÅ¬óÅèóâÅæóÕÿÅæøćîÚÃîÈ 24 ĀàÅØîÿäöãæ  

 

 
äúÜØöć 2 ÝæÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚÃîÈ 24 ĀàÅØîÿäöãæ 

 
3. ÂóäìóßóäóâõÿÖîä°ØöćÿìâóñëâÃîÈÂäñÛèÚÂóä 
 ÿØÅÚõÅÂóäîîÂĀÛÛÂóäØÕæîÈĀÛÛë¬èÚÜäñëâ
ÂæóÈ (Central Composite Designs: CCD) [7] ×úÂÚČóâó
ÜäñãùÂÖ°ĂË­ĂÚÂäñÛèÚÂóäèõÿÅäóñì°îã¬óÈæñÿîöãÕÿßøćî
ßõÉóäÔóÜòÉÉòãØòĈÈ 3 ØöćâöÝæÂäñØÛÖ¬îÅèóâëúÈÃîÈāäÿÖîä°
ÅøîĀäÈÕòÚĂÚÂóääöÿèĆØ äñãñÂóäÂÕÃîÈāäÿÖîä° Āæñ
ĀäÈÕòÚÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖ āÕãîîÂĀÛÛĂì­âö
ÉČóÚèÚÉùÕÃîÈĀàÅØîÿäöãæ (Factorial Points) 8 ÉùÕ 
ÉČóÚèÚÉùÕØöćĀÂÚ (Axial Points) 6 ÉùÕĀæñÉČóÚèÚÉùÕ
éúÚã°ÂæóÈ (Center Points) 6 ÉùÕ äèâÉČóÚèÚÉùÕÃîÈÂóä
îîÂĀÛÛ 20 ÉùÕ ĂË­äñãñì¬óÈØöćĀÂÚ ‌ = 2k/4 Ì÷ćÈ k 
ÿØ¬óÂòÛÉČóÚèÚÜòÉÉòãÅøî 3 ÜòÉÉòã É÷ÈăÕ­ ‌ = 23/4 = 1.682 
É÷ÈÂČóìÚÕÂóäîîÂĀÛÛĀÖ¬æñÜòÉÉòãâö 5 äñÕòÛÅøî  -1.682, 
-1, 0, 1 Āæñ1.682 ÕòÈĀëÕÈäóãæñÿîöãÕÂóäÂČóìÚÕäñÕòÛ
ÜòÉÉòãÕòÈÖóäóÈØöć 3  
 
ÖóäóÈØöć 3 äñÕòÛÜòÉÉòãëČóìäòÛÂóäØÕæîÈĀÛÛë¬èÚÜäñëâÂæóÈ 

ÜòÉÉòãØöćØČóÂóä
ØÕæîÈ 

äñÕòÛÃîÈÜòÉÉòã 
ìÚ¬èã 

-‌ -1 0 1 ‌ 

ĀäÈÕòÚĂÚÂóä 
äöÿèĆØ  (A) 

3.66 3.80 4.00 4.20 4.34 MPa 

äñãñÂóäÂÕ
ÃîÈāäÿÖîä° (C) 

4.30 4.40 4.55 4.70 4.80 mm. 

ĀäÈÕòÚÿÅäøćîÈãČĈó
āäÿÖîä°Åîä°æóâõ
ÿÚÖ (D) 

3.16 3.50 4.00 4.50 4.84 MPa 
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 ØòĈÈÚöĈÅ¬óÖîÛëÚîÈØöćăÕ­ÉóÂÂóäØÕæîÈØòĈÈìâÕĀëÕÈ
ÕòÈÖóäóÈØöć 4 Āæñ ÉóÂäúÜØöć 3 ÉóÂÂóäØÕæîÈëóâóä×
ÉČóæîÈëâÂóä×Õ×îãăÕ­ÕòÈÚöĈ  
ὣ πȢρππψὃ πȢπυυρὅ πȢπτστὈ πȢπρυςὃ 

                     πȢππφπὅ πȢπςωτὈ πȢπςςὃὅ 

                πȢπςφσὃὈ πȢπςρςὅὈ χσȢχρσω    (1) 
 ÚîÂÉóÂÚòĈÚãòÈßÛè¬óëâÂóä×Õ×îãØöćÿÜĆÚ
ĀÛÛÉČóæîÈÚöĈâöÂóäÜäñâóÔăÕ­ÿìâóñëâÂòÛÃ­îâúæ ÿÚøćîÈ
Õ­èãÅ¬ó R2 âöÅ¬óëúÈ (93.69%) ĀæñëîÕÅæ­îÈÂòÛÅ¬ó   R2-
Adjust Āæñ Pred-R2 ØöćâöÅ¬ó 88.01% Āæñ 69.47% 
ÖóâæČóÕòÛ ĂÚÃÔñØöćÅ¬ó Press Ì÷ćÈĀëÕÈè¬óĀÛÛÉČóæîÈ
ÿìâóñëâÂòÛÉùÕØöćîîÂĀÛÛâöÅ¬óÖČćó (0.076%) ĀæñÅ¬ó 
Lack-of-fit âöÿØ¬óÂòÛ 0.439 Ì÷ćÈâóÂÂè¬óäñÕòÛÚòãëČóÅòÎ 
0.05  
 
ÖóäóÈØöć 4 ÝæÂóäØÕæîÈÂóäîîÂĀÛÛÂóäØÕæîÈë¬èÚÜäñëâÂæóÈ 

Âóä
ØÕæîÈ
Øöć 

ÜòÉÉòã A  
ĀäÈÕòÚĂÚ
ÂóääöÿèĆØ 
(MPa) 

ÜòÉÉòã C 
äñãñÂóä
ÂÕÃîÈ 
āäÿÖîä° 
(mm.) 

ÜòÉÉòã D 
 ĀäÈÕòÚÿÅäøćîÈ
ãČĈóāäÿÖîä°Åîä°
æóâõÿÚÖ
(MPa) 

Åèóâ
ëúÈÃîÈ
āäÿÖîä° 
(mm.) 

1 3.80 4.40 3.50 73.77 
2 3.80 4.40 4.50 73.58 
3 3.80 4.70 3.50 73.86 
4 3.80 4.70 4.50 73.80 
5 4.20 4.40 3.50 73.57 
6 4.20 4.40 4.50 73.53 
7 4.20 4.70 3.50 73.64 
8 4.20 4.70 4.50 73.62 
9 4.00 4.55 4.00 73.69 
10 4.00 4.55 4.00 73.74 
11 4.00 4.55 4.00 73.71 
12 4.00 4.55 4.00 73.67 
13 4.00 4.55 4.00 73.76 
14 4.00 4.55 4.00 73.70 
15 4.34 4.55 4.00 73.47 
16 3.66 4.55 4.00 73.89 
17 4.00 4.30 4.00 73.65 
18 4.00 4.80 4.00 73.83 
19 4.00 4.55 4.84 73.55 
20 4.00 4.55 3.16 73.73 

 

 
äúÜØöć 3 ÝæÂóäèõÿÅäóñì°ÂóäîîÂĀÛÛÂóäØÕæîÈë¬èÚÜäñëâÂæóÈ 
 
 ÉóÂÝæÂóäØÕæîÈÖóâĀÝÚÂóäîîÂĀÛÛÂóä
ØÕæîÈĀÛÛë¬èÚÜäñëâÂæóÈ ÿâøćîÚČóâóØČóÂóäèõÿÅäóñì°
ßøĈÚÝõèÖîÛëÚîÈ ßÛè¬óÅ¬óßóäóâõÿÖîä°ÃîÈÜòÉÉòãØöćë¬ÈÝæ
Ăì­Å¬ó Y âöÅ¬óÖóâÿÜ­óìâóãÿØ¬óÂòÛ Ɲƚ ± Ɩ.ƛ âõææõÿâÖä âö
Å¬óÕòÈÚöĈ ĀäÈÕòÚĂÚÂóääöÿèĆØâöÅ¬óÿØ¬óÂòÛ ƙ.ƜƞƛƘ MPa ìäøî 
ƙ.Ɲ MPa, äñãñÂóäÂÕÃîÈāäÿÖîä° âöÅ¬óÿØ¬óÂòÛ ƚ.ƞƖƘƙ 
âõææõÿâÖä ìäøî ƚ.ƞƖ âõææõÿâÖäĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāä
ÿÖîä°Åîä°æóâõÿÚÖâöÅ¬óÿØ¬óÂòÛ ƙ.ƗƛƟƗ MPa ìäøî ƙ.Ƙ 
MPa ØòĈÈÚöĈÅ¬óÅèóâß÷ÈßîĂÉÃîÈÅ¬óÖîÛëÚîÈ 
(Composite Desirability: D) âöÅ¬óÿØ¬óÂòÛ Ɨ.ƖƖƖ ĀëÕÈè¬ó
Å¬óÖîÛëÚîÈÃîÈÂóäØÕæîÈăÕ­äòÛÅèóâß÷ÈßîĂÉîã¬óÈ
ëâÛúäÔ° (äúÜØöć 4)  
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äúÜØöć 4 ÝæÂóäèõÿÅäóñì°Å¬óÖîÛëÚîÈØöćÿìâóñëâ 

 
4. ÂóäØÕæîÈÿßøćîãøÚãòÚÅèóâ×úÂÖ­îÈ 
 ìæòÈÉóÂØäóÛÅ¬óßóäóâõÿÖîä°Øöćÿìâóñëâ É÷ÈâöÂóä
ÚČóÅ¬óßóäóâõÿÖîä°ÕòÈÂæ¬óèâóĂË­ĂÚÂóäØÕæîÈÝæõÖāäÿÖîä°
ÿßøćîãøÚãòÚÅèóâ×úÂÖ­îÈÃîÈÝæÂóäØÕæîÈ āÕãØČóÂóä
ÝæõÖāäÿÖîä°ÉČóÚèÚ 100 ËõĈÚ ĀæñÕČóÿÚõÚÂóäÜäòÛÅ¬óÜòÉÉòã 
ØòĈÈ 3 ÜòÉÉòã ÕòÈÚöĈ ĀäÈÕòÚĂÚÂóääöÿèĆØâöÅ¬ó 3.7 MPa äñãñ
ÂóäÂÕÃîÈāäÿÖîä° âöÅ¬ó 4.80 âõææõÿâÖä ĀæñĀäÈÕòÚ
ÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖâöÅ¬ó 3.2 MPa āÕãßõÉóäÔó
ÜòÉÉòãÕòÈÂæ¬óèè¬óë¬ÈÝæÖ¬îÅ¬óÅèóâëúÈÃîÈāäÿÖîä° ëóâóä×
ØÕëîÛëââÖõÑóÚÃîÈÿÈøćîÚăÃĂÚÂóäÝæõÖØöćäñÕòÛ
ÚòãëČóÅòÎØöć 0.05 ăÕ­ÕòÈÚöĈ 
H0: Å¬óÿÊæöćãÅ¬óÅèóâëúÈÃîÈāäÿÖîä°ÿØ¬óÂòÛ 74 ââ. 
H1: Å¬óÿÊæöćãÅ¬óÅèóâëúÈÃîÈāäÿÖîä°ăâ¬ÿØ¬óÂòÛ 74 ââ. 
 

 
äúÜØöć 5 ÝæÂóäØÕëîÛëââÖõÑóÚÅ¬óÿÊæöćãÅèóâëúÈÃîÈāäÿÖîä° 

 
 ÉóÂäúÜØöć 5 ßÛè¬ó P-value ÿØ¬óÂòÛ 0.088 Ì÷ćÈâöÅ¬ó
âóÂÂè¬óäñÕòÛÚòãëČóÅòÎ 0.05 ÚòćÚÅøîăâ¬ëóâóä×ÜÐõÿëÙ
ëââÖõÑóÚìæòÂ ĀëÕÈè¬óÅ¬óÿÊæöćãÃîÈÅ¬óÅèóâëúÈÃîÈāä
ÿÖîä°ØöćÿìâóñëâÿØ¬óÂòÛ 73.99 âõææõÿâÖäØöćäñÕòÛÚòãëČóÅòÎ 
0.05 
 
5. ëäùÜ 
 Âóäé÷ÂêóßóäóâõÿÖîä°ØöćÿìâóñëâëČóìäòÛ

ÂäñÛèÚÂóäÝæõÖāäÿÖîä°āÕãĂË­ÿÈøćîÚăÃĂÚÂóäÝæõÖÅøî 
ĀäÈÕòÚĂÚÂóääöÿèĆØØöć ƙ.Ɲ MPa äñãñÂóäÂÕØöć ƚ.ƞƖ 
âõææõÿâÖäĀæñĀäÈÕòÚÿÅäøćîÈãČĈóāäÿÖîä°Åîä°æóâõÿÚÖØöć ƙ.Ƙ 
MPa ÿÜĆÚÅ¬óØöćÿìâóñëâÖ¬îÅ¬óÅèóâëúÈÃîÈāäÿÖîä° Ì÷ćÈÉóÂ
ÝæÂóäØÕæîÈĂÚÂóäÜäòÛÿÈøćîÚăÃāÕãØČóÂóäÝæõÖÉČóÚèÚ 
ƗƖƖ ËõĈÚ ăâ¬ßÛîòÖäóÃîÈÿëöãĀæñÅ¬óÿÊæöćãÃîÈÅèóâëúÈÃîÈ
āäÿÖîä°îãú¬Øöć Ɲƙ.ƟƟ âõææõÿâÖä 
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ÛØÅòÕã¬î 
ÂóäëúÎÿëöãĂÚÜö 2554 - 2556 ÃîÈÝú­ÝæõÖâóëÿÖîä°ĀÛØßÛè¬óâöÅ¬óëúÈÃ÷ĈÚĂÚØùÂąÜö ÉóÂ 0.90% ÿÜĆÚ 0.95% Āæñ 
1.20% ÖóâæČóÕòÛ Âóäé÷ÂêóÿßøćîæÕÚČĈóìÚòÂÅ¬óÿÝøćî×úÂÂäñØČóÕ­èãĀÚèÅõÕÃîÈÂóäîîÂĀÛÛÂóäØÕæîÈ âöÂóäĂË­Âóä
îîÂĀÛÛÂóäØÕæîÈ 2 ÜòÉÉòã ÿßøćîÅèÛÅùâÂäñÛèÚÂóäÛääÉù×ùÈÿßøćîĂì­ăÕ­ÚČĈóìÚòÂÅ¬óÿÝøćîØöć 40 ÂäòâÖ¬îÂóäÛääÉù×ùÈ
æñ 25 ÂõāæÂäòâ ĀæñĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÂØîÿäöãæĀÛÛÿÖĆâäúÜ ÜäñÂîÛÕ­èã 3 ÜòÉÉòãìæòÂØöć×úÂ
ÅèÛÅùâ ăÕ­ĀÂ¬ ÂóäÖòĈÈÅèóâÕòÚæâØöćĂË­ĂÚÂóäÛòÈÅòÛÂäñÛîÂëúÛĂÚÂóäÿÜõÕÜõÕĀÝ¬ÚÂòĈÚÂóäÿÖõâØöć 4.5 5.0 Āæñ 5.5 
Ûóä° ÂóäÖòĈÈÅ¬óÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕØöć 4 6 Āæñ 8 ÂõāæÂäòâ āÕãÉñÿÜĆÚÂóäÿÖõâĀÛÛìãóÛØöć 21 19 Āæñ 
17 ÂõāæÂäòâ ÖóâæČóÕòÛ ĀæñÂóäÖòĈÈÅ¬óÚČĈóìÚòÂÅ¬óÿÝøćîØöć 0.020 Āæñ 0.030 ÂõāæÂäòâ ÝæÉóÂÂóäØÕæîÈĀëÕÈĂì­ÿìĆÚ
è¬óÜòÉÉòã 2 ÜòÉÉòã ăÕ­ĀÂ¬ ÂóäÖòĈÈÅ¬óÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕĀæñÂóäÖòĈÈÅ¬óÚČĈóìÚòÂÅ¬óÿÝøćîâöÝæÖ¬îÚČĈóìÚòÂÅ¬ó
ÿÝøćî ÂóäÖòĈÈÅ¬óÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕØöć 7 ÂõāæÂäòâ ĀæñÂóäÖòĈÈÅ¬óÚČĈóìÚòÂÅ¬óÿÝøćî 0.030 ÂõāæÂäòâ×úÂÿæøîÂĂË­ 
ØČóÂóäÖäèÉëîÛÿßøćîãøÚãòÚØöćÅèóâÕòÚæâ 5.0 Ûóä° ÚČĈóìÚòÂÅ¬óÿÝøćîæÕæÈÿìæøî 34.13 Âäòâ ØČóĂì­ëóâóä×æÕÅèóâ
ëúÎÿëöãÖ¬îÜöăÕ­āÕãÜäñâóÔ 680,888 ÛóØ äñãñÿèæóÅøÚØùÚëČóìäòÛÂóäÜäòÛÜäùÈÚöĈØöć 1.89 ÿÕøîÚ 
ÅČóìæòÂ  âóëÿÖîä°ĀÛØ ÚČĈóìÚòÂÅ¬óÿÝøćî Å¬óÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕ 
 

Abstract 
Loss in 2011-2013 of a masterbatchs manufacturer increases from 0.90% to 0.95% and 1.20% 
respectively. The study for product giveaway reduction is performed using design of experiments 
concept. Two factors are used for 40 g of giveaway weight controlling in 25 kg of bag. Full Factorial 
Design is performed, consisting of three main controlled factors following packing process condition, air 
pressure for pneumatic cylinder operating for damper positioning at 4.5, 5.0 and 5.5 bars, a slow filling 
setting weight at 4, 6 and 8 kg which is filled at 21, 19 and 17 kg by fast filling respectively, giveaway 
setting weight at 0.02 and 0.03 kg. The experimental result is shown that 2 main factors, slow filling 
setting weight and giveaway setting weight, are affected to giveaway weight. 7 kg of slow filling setting 
weight and 0.030 kg of giveaway setting weight are selected for validating with 5 bars of air pressure. 
The giveaway weight is decreases to 34.13 g which can save loss around 680,888 THB per year with 
1.89 month of payback period from an investment for machine improvement. 
Keywords:  Masterbatchs, Giveaway Weight, Slow Filling Setting Weight 
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1. ÛØÚČó 
 ÉóÂÃ­îâúæÂóäÝæõÖĂÚÜö ß.é. 2554 - 2556 ßÛè¬ó 
ÜäõâóÔèòÖ×ùÕõÛëúÎìóãäñìè¬óÈÂóäÝæõÖĂÚāäÈÈóÚÂäÔö 
é÷Âêó âöĀÚèāÚ­âÿßõćâÃ÷ĈÚÉóÂ 0.90% ÿÜĆÚ 0.95% Āæñ 
1.20% ÖóâæČóÕòÛ āÕãÿÊßóñÉóÂëóãÂóäÝæõÖ 15 ØöćĂË­ 
ÿÜĆÚÂäÔöé÷ÂêóÌ÷ćÈâöÂČóæòÈÂóäÝæõÖëúÈëùÕ ßÛè¬óĂÚÜö ß.é. 
2556 ÜäõâóÔèòÖ×ùÕõÛëúÎìóãÿØ¬óÂòÛ 1.39% ìäøîÅõÕÿÜĆÚ 
47.40% ÃîÈÜäõâóÔèòÖ×ùÕõÛëúÎìóãÉóÂØùÂëóãÂóäÝæõÖ 
ÅõÕÿÜĆÚèòÖ×ùÕõÛëúÎìóã 157,043 ÂõāæÂäòâ äóÅóèòÖ×ùÕõÛ 
ÿÊæöćã 66.38 ÛóØÖ¬îÂõāæÂäòâ äèââúæÅ¬óØöćëúÎÿëöãØòĈÈëõĈÚ 
10,424,117 ÛóØÖ¬îÜö Ì÷ćÈØóÈāäÈÈóÚÂäÔöé÷ÂêóÖ­îÈÂóä 
æÕÜäõâóÔèòÖ×ùÕõÛëúÎÿëöã āÕãÂóäÿßõćâÜäñëõØÙõáóß ĂÚ
ÂóäÛääÉùÿâĆÕÝæõÖáòÔÒ°ăè­Ø°âóëÿÖîä°ĀÛØÕ­èãÿÅäøćîÈ 
ÛääÉù×ùÈĀÛÛîòÖāÚâòÖõ 

 
2. ÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 
 âóëÿÖîä°ĀÛØ Åøî ßæóëÖõÂØöćĂë¬ëóäÿÖõâĀÖ¬ÈØöćĂì­ 
ÅùÔëâÛòÖõÿÊßóñÕ­óÚìäøîÝëâÝÈëöÿÃ­âÃ­Ú ëóäÿÖõâĀÖ¬È 
îóÉîãú¬ĂÚë×óÚñÃîÈĀÃĆÈìäøîÃîÈÿìæè.ÚČóăÜĂË­ĂÚ 
ÂäñÛèÚÂóäÃ÷ĈÚäúÜÝæõÖáòÔÒ° ÿßøćîĂì­ăÕ­ÅèóâÿÃ­âÃ­Ú ÃîÈ
ëóäÿÖõâĀÖ¬ÈìäøîÅèóâĀÖÂÖ¬óÈÃîÈëö (Delta E) [1] ĂÚ
ÝæõÖáòÔÒ°ÖóâØöćæúÂÅ­óÖ­îÈÂóä.ÂäñÛèÚÂóäÝæõÖ 
âóëÿÖîä°ĀÛØ ĀÛ¬ÈÿÜĆÚ 6 ÃòĈÚÖîÚ ÕòÈäúÜØöć 1 
 

 
äúÜØöć 1 ÂäñÛèÚÂóäÝæõÖâóëÿÖîä°ĀÛØÃîÈāäÈÈóÚÂäÔöé÷Âêó 

 
2.1 ÂóäØČóëâÕùæâèæëóä (Material Balance) 
 āÕãÜÂÖõèòÖ×ùÕõÛØöćĂË­ĂÚÂäñÛèÚÂóäÝæõÖØöćĂË­èõÙöÚòÛ
ËõĈÚÈóÚÿÜĆÚËõĈÚĂÚÂóäÝæõÖĂÕÚòĈÚ Ö­îÈăÕ­ÿÜĆÚÝæõÖáòÔÒ° 
ØòĈÈìâÕ ìäøîÛóÈë¬èÚîóÉÿÜĆÚÝæõÖáòÔÒ°Øöćăâ¬ăÕ­âóÖäÑóÚ 
āîÂóëØöćèòÖ×ùÕõÛëúÎìóãäñìè¬óÈÂäñÛèÚÂóäÝæõÖÚòĈÚ ăâ¬
ÿÂõÕÃ÷ĈÚÿæã ĀÖ¬ĂÚÂäñÛèÚÂóäÝæõÖÃîÈāäÈÈóÚÂäÔö 
Öòèîã¬óÈ èòÖ×ùÕõÛØöćĂË­×úÂÿÜæöćãÚëáóßÿÜĆÚÝæõÖáòÔÒ° 
(finished goods), ÝæõÖáòÔÒ°ăâ¬ăÕ­âóÖäÑóÚĀÖ¬ëóâóä× 
ÚČóÂæòÛâóÿÃ­óÂäñÛèÚÂóäÝæõÖĂìâ¬.(rework).ìäøî ÃîÈ
ÿëöã.(scrap).ĀæñâöÛóÈë¬èÚëúÎìóãăÜĂÚäñìè¬óÈ 

ÂäñÛèÚÂóäÝæõÖÕ­èã āÕãâöëúÖäÂóäÅČóÚèÔÕòÈÚöĈ  
Loss = RM · FG · Scrap · RWI               (1)  

% Loss = Loss x 100 / RM                         (2) 
āÕãØöć Loss ÅøîÚČĈóìÚòÂÃîÈëúÎìóãĂÚäñìè¬óÈÂóäÝæõÖ 
RM ÅøîÚČĈóìÚòÂÃîÈèòÖ×ùÕõÛÃóÿÃ­ó FG ÅøîÚČĈóìÚòÂÃîÈ 
ÝæõÖáòÔÒ°ØöćÝ¬óÚâóÖäÑóÚ Scrap ÅøîÚČĈóìÚòÂÃîÈÃîÈÿëöã 
RWI ÅøîÚČĈóìÚòÂÃîÈÝæõÖáòÔÒ°Øöćăâ¬ăÕ­âóÖäÑóÚĀÖ¬ 
ëóâóä×ÚČóÂæòÛâóÿÃ­óÂäñÛèÚÂóäÝæõÖĂìâ¬ăÕ­ (rework 
inventory) ÕòÈĀëÕÈĂÚäúÜØöć 2 
 

 
äúÜØöć 2 ĀëÕÈîõÚßùÖ (input) Āæñÿî­óØ°ßùÖ (output) ÃîÈ

ÂäñÛèÚÂóäÝæõÖÃîÈāäÈÈóÚÂäÔöé÷Âêó 
 
2.2 äúÜĀÛÛØòćèăÜÃîÈÂóäîîÂĀÛÛÿËõÈĀàÂØîÿäöãæ 
 ÂóäîîÂĀÛÛÂóäØÕæîÈ (Design and Analysis of 
Experiment, DOE) ÿÜĆÚÿØÅÚõÅØóÈë×õÖõËòĈÚëúÈ ĂË­ĂÚÂóä 
ÜäòÛëáóèñÃîÈÂäñÛèÚÂóäĂì­ÿÜĆÚăÜÖóâëáóßØöćÿäó 
Ö­îÈÂóä [2] 
 ßõÉóäÔóĀÛÛÉČóæîÈÂóäèõÿÅäóñì°ÅèóâĀÜäÜäèÚ 3 
ÜòÉÉòã A, B Āæñ C āÕãÜòÉÉòã A âö a äñÕòÛ, ÜòÉÉòã B âö 
b äñÕòÛ ĀæñÜòÉÉòã C âö c äñÕòÛ Ì÷ćÈØòĈÈìâÕÚöĈ×úÂÉòÕĂì­îãú¬ 
ĂÚäúÜÃîÈÂóäîîÂĀÛÛÿËõÈĀàÂØîÿäöãæ ÚòćÚÅøî ĂÚĀÖ¬æñ 
ÿäßæõÿÅÖÃîÈÂóäØÕæîÈ ÜäñÂîÛÕ­èãÂóäØÕæîÈä¬èâ 
ÜòÉÉòãØòĈÈìâÕ abc ÂóäØÕæîÈ āÕãâöÉČóÚèÚÿäßæõÿÅÖ 
ØòĈÈìâÕ n ÅäòĈÈ ÂČóìÚÕĂì­ yijkl Åøî ÝæÖîÛØöćëòÈÿÂÖăÕ­ 
ÿâøćîÜòÉÉòã A îãú¬ØöćäñÕòÛ i (ÿâøćî i = 1, 2, ..., a), ÜòÉÉòã B 
îãú¬ØöćäñÕòÛ j (ÿâøćî j = 1, 2, ..., b) ĀæñÜòÉÉòã C îãú¬ØöćäñÕòÛ 
k (ÿâøćî k = 1, 2, ..., c) ëČóìäòÛÿäßæõÿÅÖØöć l (ÿâøćî l = 1, 
2, ..., n) Ã­îâúæÉóÂÂóäØÕæîÈÿÃöãÚĂÚäúÜÃîÈĀÛÛÉČóæîÈ 
ë×õÖõÿËõÈÿë­Ú (Linear Statistical Model) Åøî 
Ù  ʈ  ʐ  ɼ  ɾ  ʐɼ  ʐɾ

   ɼɾ  ʐɼɾ  ʀ  

   É ρȟςȟȣȟÁ  
 Ê ρȟςȟȣȟÂ
Ë ρȟςȟȣȟÃ
 Ì ρȟςȟȣȟÎ

        (3) 

āÕãØöć ʈ ÅøîÝæÿÊæöćãØòĈÈìâÕ (Overall Mean) 
ʐ ÅøîÝæØöćÿÂõÕÉóÂäñÕòÛØöć É ÃîÈÜòÉÉòã A 
ɼ ÅøîÝæØöćÿÂõÕÉóÂäñÕòÛØöć Ê ÃîÈÜòÉÉòã B 

Feeding

ĔŅĶĮƚŀĬĺńĨĩŋħŇĭ

Mixing & Extrusion

ĔŅĶįĽĴŐĸŃĜňħŀńħ

Pelletizing

ĔŅĶĨńħŏĴŖħ

Drying

ĔŅĶĪŜŅŒľƟŐľƟĚ

Packing

ĔŅĶĭĶĶěŋ

Classifying

ĔŅĶėńħĕĬŅħŏĴŖħ

FG
RWI
Scrap
Loss

RM Process
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ɾ ÅøîÝæØöćÿÂõÕÉóÂäñÕòÛØöć Ë ÃîÈÜòÉÉòã C 
ʐɼ ÅøîÝæØöćÿÂõÕÉóÂîõØÙõßæä¬èâäñìè¬óÈ ʐ Āæñ ɼ 
ʐɾ ÅøîÝæØöćÿÂõÕÉóÂîõØÙõßæä¬èâäñìè¬óÈ ʐ Āæñ ɾ 
ɼɾ ÅøîÝæØöćÿÂõÕÉóÂîõØÙõßæä¬èâ äñìè¬óÈ ɼ Āæñ ɾ 
ʐɼɾ ÅøîÝæØöćÿÂõÕÉóÂîõØÙõßæä¬èâäñìè¬óÈ ʐ, ɼ  Āæñ 
ɾ Āæñ ʀ  Åøî îÈÅ°ÜäñÂîÛÃîÈÅèóâÝõÕßæóÕĀÛÛëù¬â 
(Random Error) 
 
2.3 ÂóäèõÿÅäóñì°ÿËõÈÿéäêÑéóëÖä° 
 äñãñÿèæóÅøÚØùÚ (Payback Period Method) ÿÜĆÚ 
ÂóäìóäñãñÿèæóØöćØČóĂì­ÝæÜäñāãËÚ°ØöćăÕ­Åù­âÂòÛ ÿÈõÚ
æÈØùÚâöìÚ¬èãÿÜĆÚÿèæó ÿË¬Ú ÿÕøîÚ ìäøîÜö ÿÜĆÚÖ­Ú āÕãÅõÕ
îòÖäóÝæÖîÛĀØÚÿÜĆÚéúÚã° [3]  
 

(4)                       

 
āÕãØöć C0 ĀØÚÿÈõÚæÈØùÚÿäõćâĀäÂ, Rt ĀØÚäóãäòÛëùØÙõ Øöć
ÅóÛäñãñÿèæó t, t ĀØÚÅóÛäñãñÿèæó Āæñ m ĀØÚ 
äñãñÿèæóÅøÚØùÚ 
 
3. èõÙöÂóäÕČóÿÚõÚÈóÚ 
3.1 ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚèõÉòã 

1.  é÷ÂêóëáóßÜòÎìóØöćÿÂõÕÃ÷ĈÚĂÚāäÈÈóÚ 
2.  ëČóäèÉÈóÚèõÉòãĀæñØåêÏöØöćÿÂöćãèÃ­îÈ 
3.  ÂóäèõÿÅäóñì°ìóëóÿìÖùÃîÈÜòÎìó ÿßøćîÂČóìÚÕ 

ÜòÉÉòãØöćÉñÚČóâóßõÉóäÔó 
4. ÚČóßóäóâõÿÖîä°ØöćÿæøîÂâóîîÂĀÛÛÂóäØÕæîÈ 

āÕãĂË­ÿØÅÚõÅÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÂØîÿäöãæ 
ÿÖĆâäúÜĀÛÛ (Full Factorial Design) 

5. ÂČóìÚÕëââÖõÑóÚÂóäØÕæîÈ 
6. ÕČóÿÚõÚÂóäØÕæîÈ ĀæñÿÂĆÛäèÛäèâÝæÂóäØÕæîÈ 
7. ØČóÂóäèõÿÅäóñì°Ýæ ìóßóäóâõÿÖîä°ØöćâöÚòãëČóÅòÎ 

Ö¬îÚČĈóìÚòÂÅ¬óÿÝøćîĂÚ×ùÈÛääÉùÕ­èãÿÅäøćîÈÛääÉù×ùÈ ĀÛÛ
îòÖāÚâòÖõ 

8. ëäùÜÝæÂóäèõÉòãĀæñÃ­îÿëÚîĀÚñ 
 

3.2 Âóäé÷ÂêóëáóßÜòÎìóÃîÈāäÈÈóÚ 
 ÈóÚèõÉòãÚöĈÿÜĆÚÂóäìóÜòÉÉòãØöćÿìâóñëâĂÚÂóäÛääÉù 
ÿâĆÕâóëÿÖîä°ĀÛØÕ­èãÿÅäøćîÈÛääÉù×ùÈĀÛÛîòÖāÚâòÖõ É÷È

Âæ¬óè×÷ÈÿÊßóñÃòĈÚÖîÚÂóäØČóÈóÚÃîÈÿÅäøćîÈÛääÉù×ùÈ 
ĀÛÛîòÖāÚâòÖõ Åøî ÃòĈÚÖîÚÂóäËòćÈÚČĈóìÚòÂĀæñÂóäÖäèÉèòÕ 
ÚČĈóìÚòÂÉóÂÂóäÛääÉù×ùÈāÕãæñÿîöãÕÕòÈÚöĈ 
 ÿâĆÕâóëÿÖîä°ĀÛØÉóÂ×òÈßòÂ×úÂÜæ¬îãæÈëú¬ÿÅäøćîÈËòćÈ
ÚČĈóìÚòÂÕ­èãÂóäÅèÛÅùâÃîÈĀÝ¬ÚÂòĈÚ.(shutter).āÕãâö Âóä
ØČóÈóÚÿÜĆÚ 2 ÃòĈÚÖîÚ Åøî ÂóäÿÖõâÚČĈóìÚòÂĀÛÛìãóÛ 
(fast fill) ĀæñĀÛÛæñÿîöãÕ (slow fill) Õ­èãÂóäÅèÛÅùâÂòÛ 
ËùÕÂäñÛîÂëúÛ 2 ËùÕ Ì÷ćÈÜæóãÃîÈËùÕÂäñÛîÂëúÛØòĈÈëîÈ 
ÉñÿËøćîâÖ¬îÂòÛÿßæóìâùÚÃîÈĀÝ¬ÚÂòĈÚ ÿßøćîÅèÛÅùâÂóäăìæ 
ÃîÈÿâĆÕÝæõÖáòÔÒ° ÕòÈäúÜØöć 3 ×÷È 5 
 
 

ȮȮȮȮ  
äúÜØöć 3 æòÂêÔñÂóäØČóÈóÚÃîÈËùÕÂäñÛîÂëúÛĀæñÖČóĀìÚ¬È ÃîÈ

ĀÝ¬ÚÂòĈÚĂÚÖČóĀìÚ¬ÈìãùÕÿÖõâ 
 
 

ȮȮȮȮ  
äúÜØöć 4 æòÂêÔñÂóäØČóÈóÚÃîÈËùÕÂäñÛîÂëúÛĀæñÖČóĀìÚ¬È ÃîÈ

ĀÝ¬ÚÂòĈÚĂÚÖČóĀìÚ¬ÈÿÖõâĀÛÛìãóÛ 
 
 

ȮȮȮȮ  
äúÜØöć 5 æòÂêÔñÂóäØČóÈóÚÃîÈËùÕÂäñÛîÂëúÛĀæñÖČóĀìÚ¬È ÃîÈ

ĀÝ¬ÚÂòĈÚ ĂÚÖČóĀìÚ¬ÈÿÖõâĀÛÛæñÿîöãÕ 
 
 
 ìæòÈÉóÂËòćÈÚČĈóìÚòÂăÕ­ÖóâÅ¬óØöćÂČóìÚÕ Õ­èãÂóä 
ÅèÛÅùâÃîÈÿÅäøćîÈÅèÛÅùâÿËõÈÖääÂ ÿâĆÕÝæõÖáòÔÒ°Éñ×úÂ 
Üæ¬îãæÈëú¬×ùÈÛääÉùáòÔÒ° ÕòÈäúÜØöć 6 
  

2Ô #  
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  Ȯ  
äúÜØöć 6 ĀëÕÈÅ¬ó PL1 Āæñ PL2 ØöćÖòĈÈăè­ĂÚ 
ÿÅäøćîÈÅèÛÅùâÿËõÈÖääÂäù¬ÚÿÕõâ 

 
 ÉóÂÂóäèõÿÅäóñì°ÿßøćîØČóÂóäĀÂ­ăÃÜòÎìóÚČĈóìÚòÂ Å¬ó
ÿÝøćîĂÚÂóäÛääÉù×ùÈØöćâóÂÿÂõÚăÜ âöÂóäØÕæîÈÿÂĆÛ 
Öòèîã¬óÈÉóÂÂóäØČóÈóÚÕ­èãëáóßÿÅäøćîÈÉòÂäÜòÉÉùÛòÚ 
ßÛè¬óÅ¬óÅèóâÿÛöćãÈÿÛÚâóÖäÑóÚÃîÈÚČĈóìÚòÂÅ¬óÿÝøćî ëúÈ
âóÂØöć 30.95 Âäòâ Å¬óÿÊæöćãÃîÈÚČĈóìÚòÂÅ¬óÿÝøćîÿØ¬óÂòÛ 
57.83.Âäòâ.āÕãÿÊßóñÛóÈ×ùÈăâ¬âöÚČĈóìÚòÂÅ¬óÿÝøćî ÕòÈĀëÕÈ
ĂÚäúÜØöć 7 ×÷È 8 Ö­îÈâöÂóäÜäòÛÜäùÈÿÅäøćîÈÉòÂäĂì­ îãú¬ëáóß
ßä­îâĂË­ÈóÚ Â¬îÚØöćÿäõćâÂóäØÕæîÈ 
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äúÜØöć 7 ĀëÕÈÚČĈóìÚòÂÅ¬óÿÝøćîÃîÈĀÖ¬æñÖòèîã¬óÈ Â¬îÚÂóäÜäòÛÜäùÈ

ÿÅäøćîÈÉòÂä 
 

140120100806040200

LSL Target

LSL 0

Target 60

USL *

Sample Mean 57.8333

Sample N 30

StDev (Within) 28.4299

StDev (Ov erall) 30.9528

Process Data

Cp *

CPL 0.68

CPU *

Cpk 0.68

Pp *

PPL 0.62

PPU *

Ppk 0.62

Cpm 0.64

Ov erall Capability

Potential (Within) Capability

PPM <  LSL 0.00

PPM >  USL *

PPM Total 0.00

Observ ed Performance

PPM <  LSL 20963.66

PPM >  USL *

PPM Total 20963.66

Exp. Within Performance

PPM <  LSL 30850.57

PPM >  USL *

PPM Total 30850.57

Exp. Ov erall Performance

Within

Overall

Process Capabi l i t y of  FG Giveaw ay

 
äúÜØöć 8ȮĀÝÚáúâõÂóäÂäñÉóãĀÛÛÜÂÖõÃîÈÖòèîã¬óÈ Â¬îÚÂóä

ÜäòÛÜäùÈÿÅäøćîÈÉòÂä 
 
 ìæòÈÉóÂăÕ­âöÂóäÜäòÛÜäùÈÿÅäøćîÈÉòÂäĂì­ÂæòÛâóîãú¬ĂÚ
ëáóßßä­îâĂË­ÈóÚ.ĀæñÿÜæöćãÚîùÜÂäÔ°ÿÅäøćîÈÅèÛÅùâ ÿËõÈ
ÖääÂÿÜĆÚäù¬ÚĂìâ¬ (äúÜØöć 9) ØöćâöÅèóâĀâ¬ÚãČóĂÚÂóä 
ÖäèÉèòÕ ÿÂĆÛÃ­îâúæÿÜäöãÛÿØöãÛÂ¬îÚÂóäÜäòÛÜäùÈāÕãĂË­ 

Å¬óëáóèñÅèÛÅùâÿÅäøćîÈÉòÂäÅ¬óÿÕõâ Å¬óÅèóâÿÛöćãÈÿÛÚ 
âóÖäÑóÚÃîÈÚČĈóìÚòÂÅ¬óÿÝøćîæÕæÈÿìæøî.30.95.Âäòâ 
Å¬óÿÊæöćãÃîÈÚČĈóìÚòÂÅ¬óÿÝøćîÿØ¬óÂòÛ 46.5 Âäòâ ÕòÈäúÜØöć 10 
×÷È 11 
 

 

   
äúÜØöć 9 ËùÕîùÜÂäÔ°ÿÅäøćîÈÅèÛÅùâÿËõÈÖääÂÿÅäøćîÈĂìâ¬ØöćÚČóâóĂË­ÈóÚ 
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äúÜØöć 10 ĀëÕÈÚČĈóìÚòÂÅ¬óÿÝøćîÃîÈĀÖ¬æñÖòèîã¬óÈ ìæòÈÂóäÜäòÛÜäùÈ

ÿÅäøćîÈÉòÂä 
 

6050403020100

LSL Target

LSL 0

Target 60

USL *

Sample Mean 46.5

Sample N 30

StDev (Within) 6.72536

StDev (Ov erall) 6.31774

Process Data

Cp *

CPL 2.30

CPU *

Cpk 2.30

Pp *

PPL 2.45

PPU *

Ppk 2.45

Cpm 1.32

Ov erall Capability

Potential (Within) Capability

PPM <  LSL 0.00

PPM >  USL *

PPM Total 0.00

Observ ed Performance

PPM <  LSL 0.00

PPM >  USL *

PPM Total 0.00

Exp. Within Performance

PPM <  LSL 0.00

PPM >  USL *

PPM Total 0.00

Exp. Ov erall Performance

Within

Overall

Process Capabi l i t y of  FG Giveaw ay_2

 
äúÜØöć 11 ĀÝÚáúâõÂóäÂäñÉóãĀÛÛÜÂÖõÃîÈÖòèîã¬óÈ ìæòÈÂóä

ÜäòÛÜäùÈÿÅäøćîÈÉòÂä  
 

 

3.3 ÂóäîîÂĀÛÛÂóäØÕæîÈĀÛÛĀàÂØîÿäöãæ ÿÖĆâ
äúÜĀÛÛ (Full Factorial Design) 
 ÚČóÜòÉÉòãìæòÂØöćâöÝæÖ¬îÖòèĀÜäÖîÛëÚîÈ 3 ÜòÉÉòã 
ÅøîĂĀäÈÕòÚæâØöćĂË­ĂÚÂóäÛòÈÅòÛÂäñÛîÂëúÛëČóìäòÛ ĀÝ¬Ú
ÂòĈÚÂóäÿÖõâØöć 4.5, 5.0 Āæñ 5.5 Ûóä°, Å¬óÚČĈóìÚòÂ ÂóäÿÖõâ
ĀÛÛæñÿîöãÕØöć 4, 6 Āæñ 8 ÂÂ. ĀæñÅ¬óÚČĈóìÚòÂ Å¬óÿÝøćî
Øöć.0.02.Āæñ 0.03 ÂÂ. ÚČóâóîîÂĀÛÛÂóäØÕæîÈ ĀÛÛ 
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Full.Factorial ØČóÂóäØÕæîÈØòĈÈìâÕ 18 ÂóäØÕæîÈ Āæñ
ØÕæîÈÌČĈó 5 ÌČĈó äèâÿÜĆÚ 18 x 5 = 90 ÂóäØÕæîÈ āÕã
ăÕ­ÂČóìÚÕÅ¬óäñÕòÛÚòãëČóÅòÎ h  Øöć 0.05 ÿßøćîØÕæîÈìóÉùÕ
ØöćÿìâóñëâÂòÛÂóäÛääÉù×ùÈØöćÕöØöćëùÕ  
 
4. ÝæÃîÈÂóäèõÉòã 
4.1 ÂóäèõÿÅäóñì°Ã­îâúæÂóäØÕæîÈØóÈë×õÖõ 
 ÖäèÉëîÛÅùÔëâÛòÖõÃ­îâúæ ëóâóä×ëäùÜăÕ­è¬óÃ­îâúæ 
ØöćăÕ­ÉóÂÂóäØÕæîÈÚöĈâöÅùÔëâÛòÖõÅäÛØòĈÈ 3 ÜäñÂóä Åøî 
ÅèóâÿÜĆÚÜÂÖõÃîÈÃ­îâúæ ÅèóââöîõëäñÃîÈÃ­îâúæ Āæñ 
Åèóââöÿë×öãäáóßÃîÈÅèóâĀÜäÜäèÚ ÕòÈĀëÕÈĂÚäúÜØöć 
12 ×÷È 17 
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äúÜØöć 12 ÝææòßØ°ÂóäØÕëîÛëââùÖõÑóÚÂóäÂäñÉóãĀÛÛÜÂÖõ ÃîÈ

ÚČĈóìÚòÂÅ¬óÿÝøćî 
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äúÜØöć 13 ÝææòßØ°ÂóäØÕëîÛëââùÖõÑóÚÂóäÂäñÉóãĀÛÛÜÂÖõ ÃîÈ

ÿèæóØöćĂË­ĂÚÂóäÛääÉù×ùÈ 
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äúÜØöć 14ȮÝææòßØ°ÂóäØÕëîÛëââùÖõÑóÚÅèóâÿÜĆÚîõëäñ ÃîÈÃ­îâúæ

ÚČĈóìÚòÂÅ¬óÿÝøćî 
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äúÜØöć 15 ÝææòßØ°ÂóäØÕëîÛëââùÖõÑóÚÅèóâÿÜĆÚîõëäñ ÃîÈÃ­îâúæ

ÿèæóØöćĂË­ĂÚÂóäÛääÉù×ùÈ 
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äúÜØöć 16 ĀëÕÈÂóäÂäñÉóãÖòèÃîÈÅ¬ó.Residuals.ÿØöãÛÂòÛ 

Å¬ó.Fitted.Values.ÃîÈÚČĈóìÚòÂÅ¬óÿÝøćî 
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äúÜØöć 17 ĀëÕÈÂóäÂäñÉóãÖòèÃîÈÅ¬ó.Residuals.ÿØöãÛÂòÛ 

Å¬ó.Fitted.Values.ÃîÈÿèæóØöćĂË­ÛääÉù×ùÈ 
 

 ÚČóÝæÂóäØÕæîÈâóèõÿÅäóñì°ÅèóâĀÜäÜäèÚ ÿßøćî 
é÷Âêó×÷ÈÝæÃîÈÜòÉÉòãìæòÂ (Main Effect) ÂóäâöîõØÙõßæ 
ä¬èâ (Interaction) ØöćâöÝæÖ¬îÚČĈóìÚòÂÅ¬óÿÝøćî ĀæñÿèæóØöćĂË­ 
ĂÚÂóäÛääÉù×ùÈ āÕãĂË­āÜäâĀÂäâ Minitab 16 ÂČóìÚÕ 
äñÕòÛÅèóâÿËøćîâòćÚØöć 95%  ßÛè¬óÅ¬óÚČĈóìÚòÂØöćĂË­èõÙöÂóä
ÿÖõâĀÛÛæñÿîöãÕĀæñ Å¬óÚČĈóìÚòÂÅ¬óÿÝøćî ÿÜĆÚÜòÉÉòãìæòÂ 2 
ÜòÉÉòãØöćâöÅ¬ó P-Value Ú­îãÂè¬ó 0.05 ëäùÜè¬óÅ¬óÚČĈóìÚòÂĂÚ
ÂóäÿÖõâĀÛÛæñÿîöãÕ ĀæñÅ¬óÚČĈóìÚòÂÅ¬óÿÝøćî âöÝæÖ¬î
ÚČĈóìÚòÂÅ¬óÿÝøćîØöćăÕ­ÉóÂÂóä ÛääÉùÉäõÈ ë¬èÚÅèóâÕòÚæâ
ÃîÈÂäñÛîÂëúÛ âöÅ¬ó P-Value âóÂÂè¬ó 0.05 ĀëÕÈè¬óăâ¬
âöÝæÖ¬îÚČĈóìÚòÂÅ¬óÿÝøćî ĀæñÅ¬ó P-Value ÃîÈîõØÙõßæä¬èâ
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äñìè¬óÈÜòÉÉòãìæòÂØòĈÈ 3 ÜòÉÉòã âöÅ¬óâóÂÂè¬ó 0.05 ëäùÜăÕ­
è¬óÜòÉÉòãìæòÂØòĈÈ 3 ÜòÉÉòã ÿÜĆÚ ÜòãÉòãØöćăâ¬âöîõØÙõßæä¬èâ
Ö¬îÂòÚ ë¬èÚÿèæóĂÚÂóäÛääÉù ßÛè¬óÅ¬óÚČĈóìÚòÂĂÚÂóäÿÖõâ
ĀÛÛæñÿîöãÕ.ÿÜĆÚÜòÉÉòãìæòÂ ÿßöãÈÜòÉÉòãÿÕöãèØöćâöÅ¬ó P-
Value Ú­îãÂè¬ó 0.05 ëóâóä× ëäùÜăÕ­è¬óÅ¬óÚČĈóìÚòÂĂÚ
ÂóäÿÖõâĀÛÛæñÿîöãÕâöÝæÖ¬îÿèæó ØöćĂË­ĂÚÂóäÛääÉù×ùÈ ØČó
ÂóäØÕëîÛÅèóâÿßöãÈßîÃîÈÉČóÚèÚÖòèîã¬óÈ Âóä
ØÕæîÈ.ßÛè¬óÉČóÚèÚÖòèîã¬óÈÖ­îÈÂóäÿßöãÈ 36 Ã­îâúæ
ìäøîØČóÂóäØÕæîÈÌČĈóÿßöãÈĀÅ¬.2.ÌČĈó.ÂĆÿßöãÈßîĀæ­è Ì÷ćÈĂÚ
ÂóäØÕæîÈÉäõÈØČóÂóäØÕæîÈÌČĈó.5.ÌČĈó.ăÕ­ÉČóÚèÚÃ­îâúæ
ØòĈÈëõĈÚ 90 Ã­îâúæ 
 
5. ëäùÜ 
 ÜòÉÉòãìæòÂØöćâöîõØÙõßæÖ¬îÚČĈóìÚòÂÅ¬óÿÝøćîĂÚÂóäÛääÉù 
×ùÈāÕãÖäÈ Åøî Å¬óÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕĀæñ Å¬ó
ÚČĈóìÚòÂÅ¬óÿÝøćî.ë¬èÚÅèóâÕòÚæâăâ¬âöÝæÖ¬îÚČĈóìÚòÂ Å¬ó
ÿÝøćî.ĀæñÜòÉÉòãØöćâöîõØÙõßæÖ¬îÿèæóØöćĂË­ĂÚÂóäÛääÉù ÅøîÅ¬ó
ÚČĈóìÚòÂĂÚÂóäÿÖõâĀÛÛæñÿîöãÕ ĀÖ¬ÿâøćîÅČóÚèÔìó îòÖäó
ÂóäÛääÉù×ùÈÖČćóëùÕ ÿØöãÛÉóÂÿèæóÉóÂÂóäØÕæîÈ ØöćĂË­
âóÂëùÕ ßÛè¬óâóÂÂè¬óÜäñëõØÙõáóßÂóäÝæõÖÉäõÈ É÷Èăâ¬
Ö­îÈØČóÂóäÜäòÛÜäùÈÿßøćîÿßõćâîòÖäóÂóäÛääÉùîöÂ 
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ÛØÅòÕã¬î 
ÿÅäøćîÈâøîÖòÕâöÅèóâëČóÅòÎĂÚìæóãîùÖëìÂääâÂóäÝæõÖ ÿË¬Ú ÿÅäøćîÈÂæ÷È ÿÅäøćîÈÖòÕ ÿÅäøćîÈÜòĉâ ĀæñîùÜÂäÔ°ÖòÕîøćÚą 
ĂÚÂóäĂË­ÈóÚÿÅäøćîÈâøîÖòÕØöćÿëøćîâëáóßÉñØČóĂì­ăÕ­ÝæõÖáòÔÒ°Øöćăâ¬ăÕ­ÅùÔáóßĀæñâöÅèóâÿëöćãÈëúÈØöćÉñØČóĂì­ÿÅäøćîÈâøî
ÖòÕÿÂõÕÿëöãìóã îóãùÂóäĂË­ÈóÚÃîÈÿÅäøćîÈâøîÖòÕÉñĀÖÂÖ¬óÈÂòÚÖóâëáóßĀèÕæ­îâÃîÈÂóäØČóÈóÚ èòÖ×ùÜäñëÈÅ°ÃîÈ
Âóäé÷ÂêóÚöĈ ÿßøćîÂóäãøÕîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ ØöćĂË­ĂÚÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚ
ä×ãÚÖ° āÕãĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÅØîÿäöãæ ÿßøćîìóäñÕòÛÜòÉÉòãØöćÿìâóñëâ Āæñë¬ÈÝæÖ¬îîóãùÂóäĂË­
ÈóÚÃîÈÿÃĆâÿÉóñäú Ì÷ćÈâöÜòÉÉòãìæòÂØòĈÈìâÕ 3 ÜòÉÉòã Øöć 3 äñÕòÛ (ƙƙ Factorial Design) âöÂóäÂČóìÚÕäñÕòÛÜòÉÉòãÿßøćî
ØÕæîÈÕòÈÚöĈ ÿÃĆâÿÉóñäúØöćØČóÉóÂèòëÕù HSS SKH51 ĀæñSKD11 Ý¬óÚÂääâèõÙöÿÅæøîÛÝõèÕ­èã CVD, PVD Āæñăâ¬Ý¬óÚ
ÂääâèõÙöÿÅæøîÛÝõè ØöćÅèóâÿäĆèäîÛ 35 40 Āæñ45 äîÛÖ¬îÚóØö āÕãØČóÂóäØÕæîÈÌČĈóØòĈÈìâÕ ƙ ÅäòĈÈØöćäñÕòÛÅèóâ
ÿËøćîâòćÚ Ɵƛ% ÉóÂÂóäØÕæîÈëäùÜăÕ­è¬ó îóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈâöÅ¬óâóÂØöćëùÕÿâøćîĂË­
èòëÕù SKD11 Ì÷ćÈÝ¬óÚÂääâèõÙöÿÅæøîÛÝõèÕ­èã PVD Āæñ ØöćäñÕòÛÅèóâÿäĆèäîÛØöć 35 äîÛÖ¬îÚóØö ØČóĂì­ëóâóä×æÕ
Ö­ÚØùÚĂÚÂóäÝæõÖăÕ­ 1,144,000 ÛóØÖ¬îÜö 
ÅČóìæòÂ  ÿÃĆâÿÉóñäú Āâ¬ßõâß°ĀÛÛÖ¬îÿÚøćîÈ ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÅØäîÿäöãæ ÝæõÖËõĈÚë¬èÚä×ãÚÖ° 
 

Abstract 
Cutting tools are very important for many manufacturing industries. Examples of cutting tools include 
lathe, machine presses, and cutting devices. Machine operations using a deteriorated cutting tool often 
lead to poor product quality performance and high risk of tool damage.  The life cycle of machine tool 
varies upon operating conditions.  The purpose of the current study is to lengthen the life cycle of the 
punch in the progressive die using in an automotive parts manufacturer.  A full factorial experimental 
design (33) is employed to investigate the optimal factors and levels in conditions of punch and die 
continuous usage.  Three factors with three levels (1) punching materials with HSS, SKH51 and SKD11, 
(2) coating processes with uncoating, CVD coating, and PVD coating, and (3) punching speeds with 35, 
40, and 45  strokes/minute at three replicates are tested at the 95% confidence level.  Findings from the 
study reveal that the maximum punch life cycle is found when using SKD11 with PVD coating at 35 
strokes/minute.  As a result, the production cost can be saved 1,144,000 THB annually. 
Keywords:  Punch, progressive die, full factorial experimental design, automotive parts 
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1. ÛØÚČó 
 ĂÚÜòÉÉùÜòÚâöÂóäĀÃ¬ÈÃòÚØóÈÙùäÂõÉĂÚ
áóÅîùÖëóìÂääâ âóÂâóãÕòÈÚòĈÚÙùäÂõÉÖ¬óÈą É÷ÈÖ­îÈâö 
ÂæãùØÙ°äîÈäòÛÂòÛÜòÎìóÖ¬óÈą ÿßøćîĂÚÿÂõÕÅèóââù¬ÈâòćÚĀæñ
ßòÓÚóëú¬ÅèóâÿÜĆÚÝú­ÚČóĂÚÕ­óÚÂóäÝæõÖ āÕãÖòèĀÜäëČóÅòÎ
Åøî æúÂÅ­ó ÕòÈÚòĈÚÂóäßòÓÚóÅùÔáóßÝæõÖáòÔÒ°Ăì­ÕöÚòĈÚãòÈ
ăâ¬ÿßöãÈßîÖ¬îÅèóâÖ­îÈÂóäÃîÈæúÂÅ­ó Ì÷ćÈëõćÈÿìæ¬óÚöĈÉñ
ÿÂõÕÃ÷ĈÚăÕ­Ö­îÈîóéòãÂóäÅèÛÅùâÂóäÝæõÖ ĀæñÂóäÜäòÛÜäùÈ
ÅùÔáóßîã¬óÈÖ¬îÿÚøćîÈ ÿßøćîìóèõÙöÂóäæÕÖ­ÚØùÚÂóäÝæõÖ 
Ì÷ćÈÿÜĆÚèõÙöØöćăÕ­äòÛÂóäãîâäòÛĂÚÜòÉÉùÛòÚ āäÈÈóÚ
îùÖëóìÂääâØöćÿæøîÂØČóÂóäé÷ÂêóÅøî ÛäõêòØ ăØãîîāÖ 
Øúæë° ĀîÚÕ°Õóã ÉČóÂòÕ (Thai Auto Tools And Die, Co, 
Ltd) ÿÜĆÚāäÈÈóÚØöćÝæõÖËõĈÚë¬èÚä×ãÚÖ°Ăì­ÂòÛÛäõêòØ
ÜäñÂîÛä×ãÚÖ°äóãĂìÎ¬ìæóãäóã ØòĈÈÚöĈÂóäÝæõÖËõĈÚë¬èÚ
ä×ãÚÖ°ÚòĈÚ ÉñĂË­Āâ¬ßõâß°āæìñĂÚÂóäÝæõÖĂÚËõĈÚë¬èÚÖ¬óÈą
ÃîÈä×ãÚÖ° ÈóÚèõÉòãÚöĈØČóÂóäèõÿÅäóñì°ÜòÎìóĂÚ
ÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ° ÈóÚĀâ¬ßõâß°āæìñÃîÈ
ÜòÎìóîóãùÂóäĂË­ÈóÚÃîÈÿÃĆâÿÉóñäú ÿßøćîØöćÉñÿßõćâîóãùÂóä
ĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ āÕã
ÜäñãùÂÖ°ĂË­ÂóäîîÂĀÛÛÂóäØÕæîÈ ÂČóìÚÕäñÕòÛÜòÉÉòãØöć 
3 äñÕòÛ âöØòĈÈìâÕ 3 ÜòÉÉòã (èòëÕùÃîÈÿÃĆâÿÉóñäú 
ÂäñÛèÚÂóäÿÅæøîÛÝõè ÅèóâÿäĆèäîÛ) ĀæñØÕæîÈÌČĈó
ØòĈÈìâÕ 3 ÅäòĈÈ ËõĈÚÈóÚâöÅèóâìÚó 5 ââ. ÂČóìÚÕ
Ë¬îÈè¬óÈÅâÖòÕØöć 0.1 ââ. äñÕòÛÅèóâÿËøćîâòćÚØöć 95% 
 

2. ØåêÏöĀæñèääÔÂääâØöćÿÂöćãèÃ­îÈ 
2.1 ÂäñÛèÚÂóäÃ÷ĈÚäúÜāæìñ 

ÂäñÛèÚÂóäÃ÷ĈÚäúÜāæìñ (Metal Forming 
Process) ÅøîÂäñÛèÚÂóäÝæõÖ ÜäñÿáØìÚ÷ćÈØöćÿÜæöćãÚ
äúÜä¬óÈÃîÈèòÖ×ùÕõÛ Ăì­ÿÜĆÚÝæõÖáòÔÒ° ìäøîËõĈÚÈóÚØöćâö
äúÜä¬óÈÖóâÖ­îÈÂóäāÕãĂË­Āâ¬ßõâß°ìäøîÿÅäøćîÈâøîÿÊßóñ 
(Die ìäøî Forming) ĂÚÂóäÃ÷ĈÚäúÜĂÚÃÔñØöćèòÖ×ùÕõÛîãú¬ĂÚ
ëáóèñÃîÈĀÃĆÈāÕãăâ¬âöÂóäÿëöãÿéê Āæñăâ¬âöÂóä
ÿÜæöćãÚĀÜæÈîÈÅ°ÜäñÂîÛáóãĂÚÃîÈèòëÕùÚòĈÚą ØóÈ
èõËóÂóäÿäöãÂÂäñÛèÚÂóäÚöĈè¬ó ÈóÚÃ÷ĈÚäúÜāæìñ ìäøîÈóÚ
ÿÜæöćãÚäúÜāæìñĂÚË¬èÈÂóäÿÜæöćãÚäúÜ×óèä ÿßøćîĂì­ăÕ­
ËõĈÚÈóÚÖóâÖ­îÈÂóä [1] 

 
 

2.2 ËÚõÕÃîÈĀâ¬ßõâß°ÖòÕ 
 Āâ¬ßõâß°ÜäñÿáØÚöĈĂË­ĂÚÂóäÖòÕĀãÂë¬èÚāæìñîîÂ
ÉóÂÂòÚ ÉñÿäöãÂĀâ¬ßõâß°ÜäñÿáØÚöĈ ÿäöãÂÖóâæòÂêÔñÈóÚ 
ĂÚÈóÚèõÉòãÚöĈÿÜĆÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ°āÕãĂË­Āâ¬ßõâß°
Ö¬îÿÚøćîÈ (Progressive Die) ÉñÿÜĆÚĀâ¬ßõâß°ØöćâöâóÂÂè¬ó 
 1 ë×óÚö ËõĈÚÈóÚÉñ×úÂÜ­îÚÖ¬îÿÚøćîÈ Ý¬óÚÅäòĈÈæñë×óÚöĂÚ
äñãñÿØ¬óąÂòÚÉñăÕ­äúÜä¬óÈËõĈÚÈóÚÖóâØöćîîÂĀÛÛăè­ [2] 
 
2.3 ÿÅäøćîÈâøîØóÈë×õÖõ 
2.3.1 ÂóäîîÂĀÛÛÂóäØÕæîÈ  

ÂóäØÕæîÈĂì­âöÜäñëõØÙõáóßĂÚÂóäèõÿÅäóñì°Õö
ØöćëùÕ ÉñÖ­îÈÚČóèõÙöÂóäØóÈèõØãóéóëÖä°âóË¬èãĂÚÂóä
ØÕæîÈ Åøî ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈë×õÖõ ÿÜĆÚ
ÂäñÛèÚÂóäèóÈĀÝÚÂóäØÕæîÈÿßøćîĂì­ăÕ­Ã­îâúæØöć
ÿìâóñëâĀæñëóâóä×ÚČóăÜĂË­ĂÚÂóäèõÿÅäóñì°āÕãèõÙöØóÈ
ë×õÖõ ÉñØČóĂì­ëóâóä×ìóÃ­îëäùÜØöćâöÿìÖùÝæăÕ­ èõÙöÂóä
îîÂĀÛÛÂóäØÕæîÈĂÚØóÈë×õÖõÿÜĆÚëõćÈØöćÉČóÿÜĆÚ ×­ó
Ö­îÈÂóäìóÃ­îëäùÜØöćâöÅèóâìâóãÉóÂÃ­îâúæØöćâö Āæñ×­ó
ÜòÎìóØöćëÚĂÉÿÂöćãèÂòÛÅèóâÝõÕßæóÕĂÚÂóäØÕæîÈ èõÙö
ØóÈë×õÖõÿÜĆÚèõÙöØöćÛ¬ÈÛîÂăÕ­è¬óÂóäèõÿÅäóñì°ÝæÂóäØÕæîÈ
ÚòćÚâöÅèóâÝõÕßæóÕâóÂÚ­îãÿØ¬óĂÕ [3] 
 
2.3.2 ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÂØîÿäöãæ 

ÂóäØÕæîÈë¬èÚĂìÎ¬ĂÚØóÈÜÐõÛòÖõÉñÿÂöćãèÃ­îÈ
ÂòÛÂóäé÷ÂêóÝæÃîÈÜòÉÉòã ÖòĈÈĀÖ¬ Ƙ ÜòÉÉòãÃ÷ĈÚăÜ ĂÚÂäÔö
ÚöĈ ÂóäîîÂĀÛÛÿËõÈĀàÂØîÿäöãæ (Factorial Design) Éñ
ÿÜĆÚèõÙöÂóäØÕæîÈØöćâöÜäñëõØÙõáóßëúÈëùÕ ÂóäîîÂĀÛÛ
ÿËõÈĀàÂØîÿäöãæ ìâóã×÷È ÂóäØÕæîÈØöćßõÉóäÔó×÷ÈÝæØöć
ÿÂõÕÉóÂÂóääèâÂòÚÃîÈäñÕòÛ (Level) ÃîÈÜòÉÉòãØòĈÈìâÕ
ØöćÿÜĆÚăÜăÕ­ĂÚÂóäØÕæîÈ  ĂÚÜö1997 Alauddin, 
BaradieTool  ĂË­ìæòÂÂóäÂóäîîÂĀÛÛÂóäØÕæîÈìó
äñÕòÛÜòÉÉòãØöćÿìâóñëâÖ¬îîóãùÂóäĂË­ÈóÚÃîÈâöÕÂæ÷ÈâóÂ
ØöćëùÕĂÚâöÕÂæ÷ÈØöćÝæõÖÕ­èãÿìæĆÂ high strength steel (290 
BHN) ĀæñÉñÿìĆÚăÕ­è¬ó ÅèóâÿäĆèØöćĂË­ĂÚÂóäÝæõÖ âöÝæÖ¬î
îóãùÂóäĂË­ÈóÚÃîÈÿÅäøćîÈâøîÖòÕĂÚÂóäÝæõÖ [4] ĂÚÜö 1998 
Yang , Tarng âöÂóäĂË­ìæòÂÂóäØóÈë×õÖõâóË¬èãĂÚÂóä
ÜäòÛÖòĈÈßóäóâõÿÖîä°ÿßøćîìóÉùÕØöćÿìâóñëâĂÚÂóäÂæ÷È
ËõĈÚÈóÚĀæñëóâóä×ÿßõćâîóãùÂóäĂË­ÈóÚâöÕÂæ÷ÈĀæñãòÈ
ëóâóä×æÕÖ­ÚØùÚĂÚÂäñÛèÚÂóäÝæõÖăÕ­ [5] ĂÚÜö1998 
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Choudhury, Baradie ăÕ­ÜäñãùÂÖ°ĂË­ÂóäîîÂĀÛÛÂóä
ØÕæîÈĂÚÂóäìóäñÕòÛÜòÉÉòãØöćâöÝæÖ¬îîóãùÂóäĂË­ÈóÚ 
ÕîÂÂòÕ (milling) ĀæñÿßøćîìóÅèóâÿäĆèäîÛØöćÿìâóñëâĂÚ
ÂóäĂË­ÈóÚÕîÂÂòÕ ØöćÝæõÖÕ­èãÿìæĆÂ ËÚõÕ(190 BHN) Āæñ
ÉñÿìĆÚăÕ­è¬ó ÅèóâÿäĆèäîÛâöÝæÖ¬îîóãùÂóäĂË­ÈóÚÃîÈ
ÿÅäøćîÈâøîÖòÕØöćĂË­ĂÚÈóÚÝæõÖÿË¬ÚÂòÚ [6] 

 
2.4 ÂäñÛèÚÂóäÿÅæøîÛÝõè 

ÂóäÿÅæøîÛÝõèÿÜĆÚÂääâèõÙöìÚ÷ćÈØöćĂË­ĂÚÂóä
ÜäòÛÜäùÈÅùÔëâÛòÖõÃîÈÝõèËõĈÚÈóÚĂì­ÿìâóñëâÂòÛæòÂêÔñ
ÂóäĂË­ÈóÚ Ì÷ćÈØČóāÕãÂóäÚČóÿîóèòëÕùîøćÚąØöćâöÅùÔëâÛòÖõØöć
ÕöÂè¬ó ÿìâóñëâÂè¬óâóÿÅæøîÛæÈÛÚÝõèÃîÈËõĈÚÈóÚÿßøćî
Ë¬èãÜäòÛÜäùÈëáóèñĂÚÂóäØČóÈóÚĂì­ÿìâóñëâ îöÂØòĈÈãòÈ
ÿÜĆÚÂóäÿßõćâÃöÕÉČóÂòÕĂÚÂóäØČóÈóÚĂÚÕ­óÚÖ¬óÈąâóÂÃ÷ĈÚ 
ÿË¬Ú æÕÅ¬óÅèóâÿëöãÕØóÚäñìè¬óÈÝõèëòâÝòë ÿßõćâ
Åèóâëóâóä×ĂÚÂóäÖ­óÚØóÚÂóäë÷Âìäî ÿßõćâÅ¬óÅèóâ
ĀÃĆÈÛäõÿèÔÝõèÃîÈËõĈÚÈóÚ ð Öòèîã¬óÈÃîÈÂóäÿÅæøîÛÝõè
ĂÚÜäñÿØéăØãØöćÚõãâĂË­ÈóÚÂòÚ ăÕ­ĀÂ¬ ÂóäÿÅæøîÛÝõèÕ­èã
ÂäñÛèÚÂóäăîÿÅâö (Chemical Vapour Deposition : 
CVD) ĀæñÂóäÿÅæøîÛÝõèÕ­èãÂäñÛèÚÂóäăîÂóãáóß 
(Physical Vapour Deposition : PVD) ÿÜĆÚÖ­Ú  [7]èòëÕù
ØČóĀâ¬ßõâß° ĂË­ëóäÿÅæøîÛÝõèĀâ¬ßõâß°ØòĈÈÂääâèõÙö CVD 
Āæñ PVD ØöćÚČóâóĂË­ÂòÛÈóÚÖòÕìäøîÿÉóñäú ëóâóä×Ăì­
ÅùÔëâÛòÖõØöćÕöĂÚÿäøćîÈÜ­îÈÂòÚÂóäÿÂõÕã÷ÕÖõÕ Åèóâ
Ö­óÚØóÚÖ¬îäîãÃöÕÃ¬èÚ ĂÚÜö 1987, Steinmann P.A. [8] 
ăÕ­ØČóÂóäØÕëîÛÅùÔëâÛòÖõĀæñÅèóâëòâßòÚÙ°äñìè¬óÈĀäÈ
ĂÚÂóäÿÂóñã÷Õ ĀäÈÿëöãÕØóÚ ĀæñÂóäë÷ÂìäîÃîÈëóä
ÿÅæøîÛÝõèìæóã ą ËÚõÕØòĈÈÂääâèõÙö CVD Āæñ PVD  

 
3. ÂóäÕČóÿÚõÚÈóÚèõÉòã 
3.1 ÂóäÂČóìÚÕÜòÉÉòãĀæñäñÕòÛÜòÉÉòã 

ÃòĈÚÖîÚÚöĈÿÜĆÚÂóääñÕâÅèóâÅõÕÃîÈØöâèõéèÂäØöć
ÅèÛÅùâÂóäÝæõÖĀæñÝú­èõÉòã ÉóÂÚòĈÚÚČóÿÅäøćîÈâøîØöćĂË­ĂÚØóÈ
ë×õÖõ ÿäöãÂè¬ó ĀÝÚáóßÿìÖùĀæñÝæ âóË¬èãĂÚÂóä
èõÿÅäóñì°ëóÿìÖùĂÚÿÛøĈîÈÖ­Ú ÿßøćîìóäñÕòÛÜòÉÉòãØöćâöÝæÖ¬î
îóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúÉñÚČóâóèõÿÅäóñì° ĀæñÉóÂØöćăÕ­
ÜòÉÉòãØöćâöÝæÖ¬îîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúÉóÂÂóääñÕâ
ÅèóâÅõÕÃîÈØöâèõéèÂäĀæñÝú­èõÉòãĀæ­è ØóÈÝú­èõÉòãÉñÚČó
ÜòÉÉòãÖ¬óÈąØöćăÕ­âóØČóÂóä èõÿÅäóñì°îöÂÅäòĈÈÕ­èãÿÅäøćîÈâøî 

ÂóäèõÿÅäóñì°Ã­îÛÂßä¬îÈĀæñÝæÂäñØÛ ÿßøćîĂì­ăÕ­ÜòÉÉòãØöć
âöÝæÖ¬îîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúâóÂØöćëùÕ ìæòÈÉóÂØöćăÕ­
ÜòÉÉòãØöćâöÝæÖ¬îîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĀæ­èÝú­èõÉòãÉñÚČó 
ÜòÉÉòãØöćăÕ­ÉóÂÂóäèõÿÅäóñì°âóØČóÂóäîîÂĀÛÛÂóä
ØÕæîÈĀæñØČóÂóäÿÂĆÛÝæÂóäØÕæîÈĂÚæČóÕòÛÖ¬îăÜ 
 ÉóÂëóÿìÖùĂÚëóÿìÖùÃîÈÜòÎìóÜòÎìóîóãùÂóäĂË­
ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ ĂÚëóÿìÖùèòëÕù 
ĀæñÿÅäøćîÈÉòÂäÿìĆÚè¬ó âö 5 ÜòÉÉòã Åøî èòëÕùØöćĂË­ØČóÿÃĆâÿÉóñ
äú, ÂääâèõÙöÿÅæøîÛÝõè, ÖòĈÈÅèóâÿäĆè Spm ăâ¬ÿìâóñëâ, 
Clearance ăâ¬ÿìâóñëâĀæñ ËõĈÚÈóÚâöÅèóâìÚóÿÂõÚăÜ Øöć
ăÕ­âóÉóÂÂóääñÕâÅèóâÅõÕÃîÈØöâèõéèÂä ĀæñìæòÈÉóÂØöć
ăÕ­ëóÿìÖùâóĀæ­èÿßøćîÅèóâĀâ¬ÚãČóĂÚÂóäÿæøîÂÜòÉÉòãÝú­èõÉòã
É÷ÈăÕ­ÚČóÿÅäøćîÈâøîØóÈÂóäÖäèÉëîÛÅùÔáóßâóĂË­ Åøî 
ÂóäèõÿÅäóñì°æòÂêÔñÃ­îÛÂßä¬îÈĀæñÝæÂäñØÛ (Failure 
Mode and Effects Analysis) ÿßøćîĂì­ÅñĀÚÚÅèóâÿëöćãÈ 
(RPN) ÃîÈëóÿìÖù ÕòÈÖóäóÈØöć 1 
 
ÖóäóÈØöć 1 ÖóäóÈÅñĀÚÚÉóÂÂóäèõÿÅäóñì°Ã­îÛÂßä¬îÈĀæñ
ÝæÂäñØÛ  
æČóÕòÛ ëóÿìÖù äñÕòÛ 

RPN 
1 èòëÕùØöćĂË­ØČóÿÃĆâÿÉóñäú 576 
2 ÂääâèõÙöÂóäÿÅøîÛÝõè 576 
3 ÖòĈÈÅèóâÿäĆè Spm ăâ¬ÿìâóñëâ 504 
4 Clearance ăâ¬ÿìâóñëâ 392 
5 ÂóäÜ­îÚÿÃ­óÿÅäøćîÈăâ¬ÃÚóÚ 112 
6 ăâ¬ăÕ­ĂË­ÖóâÅú¬âøîÜÐõÛòÖõÈóÚ 84 
7 ăâ¬ØČóÅèóâëñîóÕÂ¬îÚÂóäÝæõÖ 80 
8 ËõĈÚÈóÚâöÅèóâìÚóÿÂõÚăÜ 54 
9 ÅèóâÿäĆèĂÚÂóäÜ­îÚăâ¬ÿìâóñëâ 48 
10 ÂóäÖõÕÖòĈÈĀâ¬ßõâß°ăâ¬×úÂÖ­îÈ 48 
11 ÚČĈóìÚòÂØöćĂË­ăâ¬ÿìâóñëâ 42 
12 ÅèóâëúÈØöćĂË­ (Die High)  ăâ¬ÿìâóñëâ 28 
13 ËõĈÚÈóÚâöÃÚóÕØöćăâ¬ÿØ¬óÂòÚ 14 

 
 ÉóÂÕòÈÖóäóÈØöć 1 ÉñÿìĆÚăÕ­è¬óâöÂóäÿäöãÈæČóÕòÛ
ÅñĀÚÚØöćâöÝæÂäñØÛÖ¬îîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚ
Āâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ ÅñĀÚÚØöćăÕ­âóÉóÂÂóäĂì­
ÅñĀÚÚÃîÈØöâèõéèÂä ĀæñË¬óÈÿØÅÚõÅØöćÜÏõÛòÖõìÚ­óÈóÚ 
ìæòÈÉóÂÚòĈÚÝú­èõÉòãÉČóÚČóÅñĀÚÚØöćăÕ­âóØČóÂóäÅòÕÂäîÈ É÷È



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

124 

ăÕ­ÜòÉÉòãØöćâöÅñĀÚÚëúÈØöćëùÕâóØČóÂóäîîÂĀÛÛÂóäØÕæîÈ 
âöÕòÈÚöĈ 
 ÜòÉÉòãØöć 1 ÅøîèòëÕùØöćĂË­ØČóÿÃĆâÿÉóñäú ĂÚÜòÉÉùÛòÚØóÈ
āäÈÈóÚØöćØČóÂóäé÷ÂêóĂË­ÿÜĆÚ HSS (High speed steel)  
 ÜòÉÉòãØöć 2 ÅøîÂääâèõÙöÂóäÿÅæøîÛÝõè ĂÚÜòÉÉùÛòÚØóÈ
āäÈÈóÚØöćØČóÂóäé÷ÂêóăÕ­ĂË­ÿÜĆÚèõÙö CVD  
 ÜòÉÉòãØöć 3 Åøî ÅèóâÿäĆèØöćĂË­ăâ¬ÿìâóñëâ ĂÚÜòÉÉùÛòÚ
ĂË­ 35 äîÛÖ¬îÚóØö (Storke) ÿÅäøćîÈÉòÂäëóâóä×ÜäòÛÖòĈÈ
ăÕ­ 35-70 äîÛ Ö¬îÚóØö ÿÅäøćîÈÉòÂäØöćĂË­ĂÚÂóäØÕæîÈ ÿÜĆÚ
ÿÅäøćîÈÉòÂäØöćëóâóä×ÿßõćâÃ÷ĈÚăÕ­ÅäòĈÈæñ 5 äîÛ ÕòĈÈÚòĈÚ Âóä
îîÂĀÛÛÂóäØÕæîÈÉñØČóÂóäÜäòÛÿßõćâÃ÷ĈÚØöæñ 5 äîÛ  
 ÂóäÂČóìÚÕäñÕòÛÜòÉÉòã ÉóÂÂóäé÷ÂêóÂóäãøÕîóãù
ÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ Ýú­èõÉòãÉñ
ĂË­Ã­îâúæÿÕõâĂÚÜòÉÉùÛòÚ ØöćÝú­èõÉòãăÕ­ØČóÂóäé÷Âêó Āæñ
ÂČóìÚÕäñÕòÛÜòÉÉòãĀæñîîÂĀÛÛÂóäØÕæîÈ ĂÚëáóèñ
ÜòÉÉùÛòÚāäÈÈóÚØöćØČóÂóäé÷ÂêóăÕ­ÿæøîÂĂË­ÖóâÅèóâ
ÿìâóñëâÿÕõâ ĂÚÈóÚèõÉòãÚöĈâöÂóäĂË­ Clearance Øöć
ĀÖÂÖ¬óÈÉóÂÿÕõâ ÕòÈÚòĈÚîóãùÂóäĂË­ÈóÚÃîÈÿÃĆâÿÉóñäúÉ÷È
æÕæÈ Ýú­èõÉ÷ÈăÕ­ÿæøîÂäñÕòÛÜòÉÉòãÉóÂØöćāäÈÈóÚĂË­ÿÕõâÅøî 
èòëÕùÿÃĆâÿÉóñäú HSS (High speed steel) ÿÅæøîÛÝõèÕ­èã
ÂäñÛèÚÂóä CVD ĀæñĂË­ÅèóâÿäĆèäîÛØöć 35 äîÛÖ¬îÚóØö 
ĀæñØČóÂóäîîÂĀÛÛØÕæîÈ ÕòÈÖóäóÈØöć 2  
 
ÖóäóÈØöć 2 ÜòÉÉòãĀæñäñÕòÛÃîÈÜòÉÉòãØöćĂË­ĂÚÂóäØÕæîÈÿËõÈĀàÂØî
ÿäöãæĀÛÛëóâäñÕòÛ 

ÜòÉÉòã 
äñÕòÛÜòÉÉòã 

ìÚ¬èã 
(+1) (0) (-1) 

èòëÕùÿÃĆâÿÉóñäú HSS SKH51 SHD11 - 
ÂäñÛèÚÂóäÿÅæøîÛ
Ýõè 

Non-
Coated 

CVD PVD - 

ÅèóâÿäĆèäîÛ  35 40 45 Spm 
 
  ÉóÂÖóäóÈØöć 2 âöÜòÉÉòãØöć 1  èòëÕùØöćĂË­ØČóÿÃĆâÿÉóñäú 
âöäñÕòÛÜòÉÉòã 3 äñÕòÛ Åøî  ÿìæĆÂ HSS (High speed 
steel) ÿìæĆÂ SKH51 Āæñ ÿìæĆÂ SKD11 ĂÚäñÕòÛÜòÉÉòã
ØòĈÈëóâ ăÕ­ÿæøîÂâóÉóÂÂóäĂË­ÈóÚĂÚāäÈÈóÚØöć
ØČóÂóäé÷ÂêóâöÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚÜòÉÉùÛòÚ 
  ÜòÉÉòãØöć 2 ÂäñÛèÚÂóäÿÅæøîÛÝõè âöäñÕòÛÜòÉÉòã
3 äñÕòÛ Åøî ÂäñÛèÚÂóä CVD Coating ÂòÛ ÂäñÛèÚÂóä 
PVD Coating ĀæñÿßøćîĂì­ÿìĆÚÅèóâĀÖÂÖ¬óÈÃîÈÂóäËùÜ

É÷ÈÿæøîÂîöÂäñÕòÛÅøî ăâ¬Ý¬óÚÂóäËùÛÿÅæøîÛÝõè ÂóäÿæøîÂ
äñÕòÛÜòÉÉòãØòĈÈëîÈăÕ­âóÉóÂÂóäé÷ÂêóĂÚāäÈÈóÚØöć
ØČóÂóäé÷ÂêóĀæñÂóäé÷ÂêóÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ [6] âö
Âóäé÷ÂêóÿÂöćãèÂòÛÂäñÛèÚÂóäÿÅæøîÛ ØòĈÈëîÈĀÛÛØòĈÈ 
CVD Āæñ PVD  
  ÜòÉÉòãØöć 3 ÅèóâÿäĆèäîÛ (Storke) âöäñÕòÛÜòÉÉòã 
3 äñÕòÛ Åøî 35 40 Āæñ 45 äîÛÖ¬îÚóØö ÝæÂóä
ÖîÛëÚîÈÉóÂÂóäØÕæîÈØöćĂË­ĂÚÈóÚèõÉòãÚöĈÅøî îóãùÂóäĂË­
ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈ ÉóÂÂóäé÷Âêó
Ã­îâúæÃîÈÿÅäøćîÈÉòÂä âöäñÕòÛØöć 35 -70 ĀÖ¬âöÂóäÜäòÛÖòĈÈăÕ­
ÅäòĈÈæñ 5 äñÕòÛ É÷ÈØČóÂóäÿæøîÂÉóÂ ÂóäĂË­ÈóÚÜòÉÉùÛòÚØöć 
35 äîÛÖ¬îÚóØöĀæñÿæøîÂîöÂÜäòÛÃ÷ĈÚ 2 äñÕòÛ 
 
3.2 ÂóäîîÂĀÛÛÂóäØÕæîÈ 
 ÂóäîîÂĀÛÛÂóäØÕæîÈÿËõÈĀàÂØîÿäöãæĀÛÛëëóâ
äñÕòÛ (3k Factorial Design) ÜäñÂîÛăÜÕ­èã 3 ÜòÉÉòã 
ĀÖ¬æñÜòÉÉòãâö 3 äñÕòÛ ĀæñÿßøćîÅèóâĀâ¬ÚãČóĂÚÂóä
ØÕæîÈ ÉñØČóÂóäØÕæîÈ 3 ÂóäØČóÌČĈó ÕòÈÚòĈÚÂóäØÕæîÈ
ÚöĈ ÉñÖ­îÈâöÝæÂóäØÕæîÈ 3x3x3x3=81 ÂóäØÕæîÈ 
 
4.  ÂóäèõÿÅäóñì°ÝæÂóäØÕæîÈ 
  ÉóÂØöćăÕ­ØČóÂóäîîÂĀÛÛÂóäØÕæîÈ Ýú­èõÉòãÉñÿÂĆÛ
Ã­îâúæÂóäÝæõÖÖóâÜòÉÉòãØöćÖòĈÈăè­ ÿßøćîìóäñÕòÛÜòÉÉòãØöć
ÿìâóñëâØöćë¬ÈÝæÖ¬îîóãùÂóäĂË­ÈóÚÃîÈÿÃĆâÿÉóñäúĂÚ
Āâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈĂì­âöîóãùÂóäĂË­ÈóÚâóÂØöćëùÕ 
ÉóÂÚòĈÚØČóÂóäèõÿÅäóñì°Ã­îâúæāÕãĀÛ¬ÈîîÂÿÜĆÚ 3 ìòèÃ­î 
ăÕ­ĀÂ¬ ÂóäèõÿÅäóñì°Å¬óÅèóâĀÜäÜäèÚĂÚÂóäØÕæîÈ 
(ANOVA) ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÂóäØÕæîÈ 
(Model adequacy checking) ĀæñÂóäìóÅ¬óØöćÿìâóñëâ
ØöćëùÕÃîÈÜòÉÉòã (Response optimization) āÕãâö
äóãæñÿîöãÕÕòÈÖ¬îăÜÚöĈ 
 
4.1 ÂóäèõÿÅäóñì°Å¬óÅèóâĀÜäÜäèÚÃîÈÃ­îâúæ 
ÂóäèõÿÅäóñì°Å¬óÅèóâĀÜäÜäèÚÃîÈÃ­îâúæÉñßÛè¬ó 

ØòĈÈ 3 ÜòÉÉòã ÜäñÂîÛăÜÕ­èã èòëÕùØöćĂË­ØČóÿÃĆâÿÉóñäú 
ÂäñÛèÚÂóäÿÅæøîÛÝõè ĀæñÅèóâÿäĆèäîÛ āÕãëóâóä×ßõ
ÉóäóÔóÜäñÂîÛÂòÛĀÂäóàîõØÙõßæä¬èâ Ì÷ćÈãøÚãòÚăÕ­è¬ó
ÜòÉÉòãØòĈÈìâÕâöĀÚèāÚ­âÃîÈÿë­ÚÂäóàØöćÉñÖòÕÂòÚÕòÈĀëÕÈ
ĂÚäúÜØöć 1 
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äúÜØöć 1 ÂäóàîõØÙõßæä¬èâÃîÈØòĈÈ 3 ÜòÉÉòã 
 

ìæòÈÉóÂØöćÝú­èõÉòãØČóÂóäèõÿÅäóñì°Å¬óÅèóâ
ĀÜäÜäèÚÃîÈÃ­îâúæĀæ­è Ýú­èõÉòãÉñÚČóÃ­îâúæÕòÈÂæ¬óèăÜØČó
ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÃ­îâúæÕòÈĀëÕÈ
äóãæñÿîöãÕĂÚìòèÃ­î×òÕăÜ 

 
4.2 ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÃ­îâúæ 
 ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈÃ­îâúæÉñØČóÂóä
ÖäèÉëîÛāÕãĂË­ÂóäèõÿÅäóñì°Å¬óë¬èÚÖÂÅ­óÈ (Residual) 
ØöćăÕ­ÉóÂÂóäèõÿÅäóñì°Å¬óÅèóâĀÜäÜäèÚÃîÈÃ­îâúæ Ì÷ćÈÅ¬ó
ë¬èÚÖÂÅ­óÈÉñÖ­îÈâöÂóäĀÉÂĀÉÈĀÛÛÜÂÖõ (Normal 
distributed) Å¬óÅèóâĀÜäÜäèÚÃîÈÅ¬óë¬èÚÖÂÅ­óÈÃîÈ
ÜòÉÉòãÖ¬óÈ ą ÉñÖ­îÈâöÅ¬óÅÈØöć (Constant) ĀæñÅ¬óë¬èÚ
ÖÂÅ­óÈÖ­îÈâöÂóäÂäñÉóãÖòèĀÛÛëù¬â (Randomization) 
āÕãÝæÂóäÖäèÉëîÛÂóäØÕæîÈØòĈÈìâÕßõÉóäÔóăÕ­ÉóÂ
Å¬ó P-value Ì÷ćÈßÛè¬óâöÅ¬óâóÂÂè¬ó 0.05 ĀëÕÈè¬óÃ­îâúæØöć
ăÕ­ÉóÂÂóäØÕæîÈâöÂóäÂäñÉóãÖòèĀÛÛÜÂÖõ Ã­îâúæăâ¬âö
ĀÚèāÚ­âăÜØóÈæÛìäøîØóÈÛèÂ É÷ÈëäùÜăÕ­è¬óÃ­îâúæâö
ÅèóâÿÜĆÚîõëäñÖ¬îÂòÚ ĀæñÅèóâĀÜäÜäèÚÃîÈÅ¬óë¬èÚ
ÖÂÅ­óÈÃîÈÃ­îâúæâöÅ¬óÅÈØöć ÕòÈÚòĈÚÉ÷ÈëäùÜăÕ­è¬óÃ­îâúæâö
Åèóâ×úÂÖ­îÈĀæñÿìâóñëâ ĂÚÃòĈÚÖîÚÖ¬îăÜÉñÿÜĆÚÂóäìó
äñÕòÛØöćÿìâóñëâØöćëùÕÿßøćîØČóĂì­ÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕ
ĀÛÛÖ¬îÿÚøćîÈâöîóãùÂóäĂË­ÈóÚëúÈëùÕëČóìäòÛÂäñÛèÚÂóä
ÝæõÖËõĈÚë¬èÚä×ãÚÖ° 
 
4.3 ÂóäìóÅ¬óØöćÿìâóñëâØöćëùÕÃîÈÜòÉÉòã  
 Ýú­èõÉòãăÕ­ĂË­àòÈÂ°ËòćÚÂóäìóÅ¬óÖîÛëÚîÈØöćÕöØöćëùÕ 
ÿßøćîìóÅ¬óØöćÿìâóñëâØöćëùÕÃîÈÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕ
ĀÛÛÖ¬îÿÚøćîÈâöîóãùÂóäĂË­ÈóÚëúÈëùÕ āÕãÂČóìÚÕË¬èÈÃîÈ
Å¬óÖîÛëÚîÈÖóâØöćØóÈāäÈÈóÚÖ­îÈÂóäÌ÷ćÈÂĆÅøî Å¬óÖČćóëùÕ 

Āæñ Å¬óÂæóÈ ÿØ¬óÂòÛ 3,000 ËõĈÚ Āæñ 9,000 ËõĈÚ 
ÖóâæČóÕòÛ ÿÚøćîÈÉóÂîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°
ÖòÕĀÛÛÖ¬îÿÚøćîÈĂÚÜòÉÉùÛòÚëóâóä×ÝæõÖăÕ­ëúÈëùÕÜäñâóÔ 
3,000 ËõĈÚ ĀÖ¬ØóÈāäÈÈóÚâöÅèóâÖ­îÈÂóäÜäòÛÜäùÈĂì­îóãù
ÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈëóâóä×
ÝæõÖăÕ­ëúÈëùÕ×÷È 9,000 ËõĈÚ ìæòÈÉóÂÚöĈÉČóÚČóÂäóàĀëÕÈ
ÝæÂäñØÛÅ¬óÿÊæöćãÃîÈÜòÉÉòãÿßøćîĀëÕÈĂì­ÿìĆÚäñÕòÛÜòÉÉòã
ØöćÿìâóñëâØöćëùÕÿßøćîãøÕîóãùÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚ
Āâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈĀëÕÈÕòÈäúÜØöć 2 
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äúÜØöć 2 ĀëÕÈÝæÂäñØÛÅ¬óÿÊæöćãÃîÈÜòÉÉòã 

 

  ÉóÂäúÜØöć Ɲ ÉñÿìĆÚè¬óäñÕòÛÜòÉÉòãØöćâöÝæØČóĂì­îóãù
ÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈÚòĈÚ Åøî ÿâøćî
ĂË­èòëÕù SKD11 ØöćÝ¬óÚÂäñÛèÚÂóäÿÅæøîÛÝõèÕ­èã PVD  
ĀæñĂË­ÅèóâÿäĆèäîÛØöć 35 äîÛÖ¬îÚóØö 
 
5.ëäùÜÝæÂóäØÕæîÈ 
 äñÕòÛÜòÉÉòãØöćÿìâóñëâØöćëùÕëČóìäòÛÂóäØČóĂì­îóãù
ÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈĂÚ
ÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ° Åøî ÿÃĆâÿÉóñäúØöćØČóÉóÂ
èòëÕù SKD11 ØöćÝ¬óÚÂäñÛèÚÂóäÿÅæøîÛÝõè PVD ĀæñØöć
ÅèóâÿäĆèäîÛ 35 äîÛÖ¬îÚóØö ăÕ­ÝæÂóäØÕæîÈÅøîÿÃĆâ
ÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈĂÚÂäñÛèÚÂóäÝæõÖ
ËõĈÚë¬èÚä×ãÚÖ°âöîóãùÂóäĂË­ÈóÚÿÊæöćãÿØ¬óÂòÛ 9,581 ËõĈÚ  

ìæòÈÉóÂØöćăÕ­ÝæÂóäØÕæîÈĂÚÃ­óÈÖ­ÚÝú­èõÉòãăÕ­
ØČóÂóäÅČóÚèÚÅ¬óĂË­É¬óãÖ¬îÂóäÿÜæöćãÚÿÃĆâÿÉóñäú 1 ÅäòĈÈ 
ÉóÂÿÃĆâÿÉóñäúÂ¬îÚÜäòÛÜäùÈØöćØČóÉóÂèòëÕù HSS Ý¬óÚ
ÂäñÛèÚÂóäÿÅæøîÛÝõè CVD âöäóÅó 950 ÛóØÖ¬î ËõĈÚ âö
îóãùÂóäĂË­ÈóÚĂÚÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ°
ÜäñâóÔ 1,850 ×÷È 1,950 ËõĈÚ ĀæñÿÃĆâÿÉóñäúìæòÈ
ÜäòÛÜäùÈØöćØČóÉóÂèòëÕù SKD11 Ý¬óÚÂäñÛèÚÂóäÿÅæøîÛ
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Ýõè PVD âöäóÅó 750 ÛóØ ĀÖ¬âöîóãùÂóäĂË­ÈóÚĂÚ
ÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ°ÜäñâóÔ 9,500 ×÷È 
9,600 ËõĈÚĀæñĂÚÂóäÿÜæöćãÚÿÃĆâÿÉóñäúĂÚĀÖ¬æñÅäòĈÈâö
Å¬óĂË­É¬óãîãú¬Øöć 1,500 ÛóØÖ¬îËòćèāâÈ  ÕòÈĀëÕÈÂóä
ÿÜäöãÛÿØöãÛÅ¬óĂË­É¬óãÂ¬îÚÜäòÛÜäùÈĀæñìæòÈÜäòÛÜäùÈîóãù
ÂóäĂË­ÈóÚÿÃĆâÿÉóñäúĂÚĀâ¬ßõâß°ÖòÕĀÛÛÖ¬îÿÚøćîÈĂÚ
ÂäñÛèÚÂóäÝæõÖËõĈÚë¬èÚä×ãÚÖ°ĂÚÖóäóÈØöć 3 ÿâøćîĂÚìÚ÷ćÈ
ëòÜÕóì°Ö­îÈÂóäÝæõÖËõĈÚÈóÚÜäñâóÔ 10,000 ËõĈÚ 
 

ÖóäóÈØöć 3 ÂóäÿÜäöãÛÿØöãÛÅ¬óĂË­É¬óãÿÃĆâÿÉóñäú 

ÿÃĆâÿÉóñäú 
äóÅó 
(ÛóØ/ËõĈÚ) 

ÉČóÚèÚ 
(ËõĈÚ) 

ÿèæóØöć
ĂË­
(ËòćèāâÈ) 

äóÅóäèâ 
(ÛóØ) 

HSS · 
PVD 

950 5 15 27,250 

SKD11 - 
PVD 

750 1 3 5,250 

ÝæÖ¬óÈ  22,000 
 

ÕòÈÚòĈÚìóÂÖ­îÈÂóäÝæõÖËõĈÚÈóÚ 10,000 ËõĈÚ ÿÃĆâÿÉóñäú
ìæòÈÜäòÛÜäùÈÉñĂË­Å¬óĂË­É¬óãÚ­îãÂè¬óÿÃĆâÿÉóñäúÂ¬îÚ
ÜäòÛÜäùÈ 22,000 ÛóØ ÕòÈÚòĈÚìóÂāäÈÈóÚØöćØČóÂóäé÷Âêó
ØČóÂóäÝæõÖËõĈÚÈóÚÕòÈÂæ¬óèÕ­èãÿÃĆâÿÉóñäúØöćØČóÉóÂèòëÕù 
SKD11 ØöćÝ¬óÚÂäñÛèÚÂóäÿÅæøîÛÝõè PVD ĀæñØöć
ÅèóâÿäĆèäîÛ 35 äîÛÖ¬îÚóØö ÿÜĆÚäñãñÿèæó 1 Üö (52 
ëòÜÕóì°) āäÈÈóÚØöćØČóÂóäé÷ÂêóÉñâöÂČóăäÿßõćâÃ÷ĈÚÜäñâóÔ 
1,144,000 ÛóØÖ¬îÜö 

 

ÂõÖÖõÂääâÜäñÂóé 
 Ýú­èõÉòãÃîÃîÛÅùÔÛäõêòØ ăØãîîāÖ­Øúæë° ĀîÚÕ° 
Õóã ÉČóÂòÕ ØöćĂì­ÅèóâîÚùÿÅäóñì°Ã­îâúæ ĀæñèòëÕùØÕæîÈØöć
ĂË­ĂÚÈóÚèõÉòãÚöĈ ĀæñÃîÃîÛÅùÔÛòÔÒõÖèõØãóæòã 
âìóèõØãóæòãÿØÅāÚāæãößäñÉîâÿÂæ­óßäñÚÅäÿìÚøî ØöćĂì­
ØùÚîùÕìÚùÚÛóÈë¬èÚëČóìäòÛÈóÚèõÉòãÚöĈ 
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ÛČóäùÈăÕ­ÂòÛÿÅäøćîÈÛõÚâóÂÂè¬ó Ƙ ĀÛÛ Õ­èãÿìÖùÚöĈÉ÷ÈØČóĂì­ÿÂõÕÅèóâÌòÛÌ­îÚĂÚÂóäßãóÂäÔ°ÅèóâÖ­îÈÂóäîùÜÂäÔ°
îóÂóéãóÚĂÚÈóÚÌ¬îâÛČóäùÈîóÂóéãóÚĀÛÛ Unscheduled (ÿÜĆÚÈóÚØöćÿÂõÕÃ÷ĈÚÉóÂÃ­îËČóäùÕìäøîÃ­îÛÂßä¬îÈÃîÈ
ÿÅäøćîÈÛõÚØöćÖ­îÈÂóäĀÂ­ăÃîã¬óÈØòÚØöØòÚĂÕ) Ì÷ćÈÅèóâÖ­îÈÂóäîñăìæ¬ĂÚÂóäÌ¬îâëČóìäòÛÈóÚÜäñÿáØÚöĈâöÅèóâ
ĀÜäÜäèÚÅ¬îÚÃ­óÈëúÈ  ĀæñØČóĂì­ÿÂõÕîòÖäó Cannibalization (Åøî ÂóäÚČóËõĈÚë¬èÚÃîÈÿÅäøćîÈÛõÚæČóìÚ÷ćÈâóÌ¬îâ
ÿÅäøćîÈÛõÚîöÂæČóìÚ÷ćÈ) ØöćëúÈÃ÷ĈÚĂÚÂóäÌ¬îâÛČóäùÈîóÂóéãóÚĂÚäñÕòÛÜÐõÛòÖõÂóäæóÚÉîÕ ÉóÂÜòÎìóÂóäÃóÕĀÅæÚ
îùÜÂäÔ°îóÂóéãóÚÉóÂÂóäÿÛõÂÉ¬óãÉóÂÅæòÈßòëÕù Cannibalization É÷ÈÿÜĆÚèõÙöÂóäÿÕöãèĂÚÂóäĀÂ­ÜòÎìóÿÊßóñìÚ­ó
āÕãÂóäăÜÚČóîùÜÂäÔ°îóÂóéãóÚØöćÖõÕÖòĈÈîãú¬ÛÚîóÂóéãóÚØöćăâ¬ăÕ­ØČóÂóäÛõÚ Ô ÃÔñÚòĈÚ âóÖõÕÖòĈÈĀØÚîùÜÂäÔ°Øöć
ÿëöãÃîÈîóÂóéãóÚØöćÂČóæòÈÉñØČóÂóäÛõÚ  Ì÷ćÈÂóäÜÐõÛòÖõÈóÚÿË¬ÚÚöĈăâ¬ăÕ­ë¬ÈÝæÂäñØÛÖ¬îÅèóâÜæîÕáòãĂÚÂóäÛõÚ
ĀæñÅèóâëñÕèÂëÛóãÃîÈÝú­āÕãëóäáóãĂÚì­îÈāÕãëóä ÃîÛÿÃÖÂóäèõÉòãÅäòĈÈÚöĈÉ÷ÈÚČóÿëÚîèõÙöÂóäßãóÂäÔ°Åèóâ
Ö­îÈÂóäîñăìæ¬ßòëÕùāÕãĂË­èõÙö Croston ĀÛÛÖ¬óÈą Ì÷ćÈâöÅèóâĀâ¬ÚãČóâóÂÂè¬óÂóäßãóÂäÔ°āÕãĂË­ÿØÅÚõÅîÚùÂäâ
ÿèæóĀÛÛÕòĈÈÿÕõâ (Traditional Time Series) îöÂØòĈÈÖòèĀÛÛ Heuristic Solution Approach Ì÷ćÈÚČóâóÜäñãùÂÖ°ĂË­ĀØÚ
ÖòèĀÛÛ EOQ ĀæñÝæÉóÂÂóäÿÜäöãÛÿØöãÛÅ¬óÅèóâÅæóÕÿÅæøćîÚ MAPE ÉóÂÂóäßãóÂäÔ°ĀëÕÈĂì­ÿìĆÚè¬óèõÙö 
Croston âöÅ¬ó MAPE ÿÂõÕÃ÷ĈÚÚ­îãÂè¬ó Ɨƞ% ë¬èÚÖ­ÚØùÚäèâÃîÈßòëÕùÅÈÅæòÈØöćÅČóÚèÔăÕ­ÉóÂèõÙö Heuristic solution 
Approach ßõëúÉÚ°Ăì­ÿìĆÚè¬óîùÜÂäÔ°îóÂóéãóÚËÚõÕĂÕØöćâöÅèóâÖ­îÈÂóäØöćâöÅ¬óÿÜĆÚéúÚã°ÿÂõÕÃ÷ĈÚÛ¬îãÅäòĈÈ ăâ¬
ÿìâóñëâØöćÉñÜäñãùÂÖ°ĂË­èõÙö Silver Meal ÕòÈÚòĈÚÂóäÿæøîÂĂË­èõÙö Least Unit Cost ÿÜĆÚØóÈÿæøîÂØöćÕöÂè¬ó Ì÷ćÈØČóĂì­
Ö­ÚØùÚäèââöÅ¬óæÕæÈ 10% āÕãÿÊæöćã 
ÅČóìæòÂ  ÂóäèóÈĀÝÚÅèóâÖ­îÈÂóä, ÂóäßãóÂäÔ°, îùÜÂäÔ°îóÂóéãóÚ, îùÜÂäÔ°ìâùÚÿèöãÚ, ËõĈÚë¬èÚØöćĂË­ĀØÚÂòÚ
ăÕ­ 
 
Abstract 
Due to the airline operating with many types of aircraft in each fleet (Airbus and Boeing) and components 
common use more than one aircraft type, these reasons make difficult in demand forecasting for 
unscheduled maintenance and result in cannibalization level increment at Line Maintenance. Because of 
component shortage from store, Cannibalization is a method to resolve problem promptly by removing 
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installed part from nonscheduled aircraft then reinstall to scheduled aircraft. The practices will not effect 
on aircraft safety for flight and passenger comfort. The scope for this study presents new forecasting 
method, Croston Series, which accuracy is higher than Traditional Time Series methods. Including to 
Heuristic solution Approach will be applied in place of EOQ model. Finally, Croston is the best way to 
implement with error (MAPE) less than 18%. For inventory policy, the difference of total cost between 
Silver Meal (SM) and Least Unit Cost (LUC) was proved that component with high frequency of zero 
demand is not suitable for applying SM method, LUC is better way with reducing error 10% on the 
average. 
Keywords:  requirement planning, forecasting, croston, aircraft components, rotable components, 
interchangeable parts, cannibalization 
 
1. ÛØÚČó  
 ÂóäÛäõìóäîÈÅ°ÂäÿßøćîÿßõćâéòÂãáóßÅèóâëóâóä×
ĂÚÂóäĀÃ¬ÈÃòÚ ë¬èÚĂìÎ¬Āæ­èâóÉóÂÂóäÂČóìÚÕÂæãùØÙ°ĂÚ
Õ­óÚÖ¬óÈą ăÕ­îã¬óÈâöÜäñëõØÙõáóß ÿË¬Ú Õ­óÚÂóäÿÈõÚ, 
Õ­óÚæúÂÅ­ó, Õ­óÚÂäñÛèÚÂóäáóãĂÚ ìäøîĀâ­ÂäñØòćÈÕ­óÚ
Åèóâëóâóä×ĂÚÂóäÿäöãÚäú­ ĀæñÿâøćîßõÉóäÔóāÕã
ÿÊßóñÿÉóñÉÈĂÚë¬èÚÃîÈÂäñÛèÚÂóäáóãĂÚ ßòëÕùÅÈÅæòÈ
ÚòÛè¬óÿÜĆÚÜäñÿÕĆÚØöćâöÅèóâëČóÅòÎâóÂØöćë¬ÈÝæÂäñØÛÖ¬î
Åèóâëóâóä×ĂÚÂóäØČóÂČóăä ÕòÈÚòĈÚÂóäÂČóìÚÕÚāãÛóã  
ĀÝÚÈóÚ ĀæñèõÙöÂóäĂÚÂóäÅèÛÅùâßòëÕùÅÈÅæòÈ É÷ÈÖ­îÈ
ä¬èââøîÂòÚèõÿÅäóñì°ØòćèØòĈÈîÈÅ°Âä [1] 
 ÉóÂÂóäßõÉóäÔó 20 ÙùäÂõÉØöćĀÖÂÖ¬óÈÂòÚßÛè¬ó 
ßòëÕùÅÈÅæòÈë¬èÚÿÂõÚâöâúæÅ¬óÜäñâóÔ 10 ÿÜîä°ÿÌÚÖ° ×÷È 
98 ÿÜîä°ÿÌĆÚÖ°ÃîÈØòĈÈìâÕ ÿÂõÕÉóÂÂóäèóÈĀÝÚĀæñ
ÅèÛÅùâÂóäëòćÈÌøĈîØöćĂË­ĂÚÂóäÅèÛÅùâßòëÕùÅÈÅæòÈØöćăâ¬
ÿìâóñëâ ÿË¬Ú ÂóäÂČóìÚÕÜäõâóÔëõÚÅ­óÅÈÅæòÈëČóäîÈ 
(Safety stock) Øöćëóâóä×äîÈäòÛÅèóâÖ­îÈÂóäØöćăâ¬
ĀÚ¬ÚîÚ (Uncertainty demand) ÂóäèóÈĀÝÚÂóäÿÖõâÿÖĆâ
ßòëÕùÅÈÅæòÈÅÈÿìæøîÿßøćîäòÂêóäñÕòÛßòëÕùÅÈÅæòÈìâùÚÿèöãÚ 
(Cycle stock) ĀæñÂóäÅèÛÅùâÅèóâÚ¬óÉñÿÜĆÚĂÚÂóäÿÂõÕ
ßòëÕùÅÈÅæòÈë¬èÚÿÂõÚ (Overage Inventory) Õ­èãÿìÖùÚöĈ×­ó
ĂÚĀÖ¬æñÙùäÂõÉĂì­ÅèóâëČóÅòÎÂòÛÿäøćîÈÚöĈâóÂÃ÷ĈÚ ã¬îâÉñÚČó
ÙùäÂõÉÚòĈÚąăÜëú¬ÜäñëÛÅèóâëČóÿäĆÉîã¬óÈÿÜĆÚØöćÚ¬óßîĂÉ [2] 
 ÂóäßãóÂäÔ°ÃîÈÅÈÅæòÈĀÚèĂìâ¬ØöćÜäñãùÂÖ°ĂË­ÂòÛ
îñăìæ¬ßòëÕù âòÂÉñ×úÂÚČóâóĂË­ÂòÛÙùäÂõÉÂóäÛõÚ ãóÚãÚÖ° 
Øìóä ĀæñÿØÅāÚāæãöëóäëóäÿØé ÉóÂäóãÈóÚßÛè¬ó
âúæÅ¬óÃîÈÃîÈÅÈÅæòÈìäøîËõĈÚë¬èÚîñăìæ¬ÿìæ¬óÚöĈâöâúæÅ¬ó
âóÂÂè¬óîùÖëóìÂääâØòćèăÜâóÂ×÷È ƜƖ% ØöćÝ¬óÚâóÙùäÂõÉ

ÿìæ¬óÚöĈßãóãóâÛäõìóäÉòÕÂóäÂòÛÅèóâÖ­îÈÂóäØöćăâ¬
ĀÚ¬ÚîÚÌ÷ćÈâöîõØÙõßæâóÉóÂìæóãÿìÖùÜòÉÉòã ÂóäßãóÂäÔ°
Õ­èãèõÙöÕòĈÈÿÕõâîã¬óÈÈ¬óã îã¬óÈÿË¬Ú Simple Exponential 
Smoothing  Āæñ Moving Average É÷Èăâ¬ÿìâóñØöćÉñ
ÚČóâóÜäñãùÂÖ°ĂË­ Ö¬îâóÉ÷ÈâöèõÙöÂóäßãóÂäÔ°Åèóâ
Ö­îÈÂóäĀÛÛ Croston Ì÷ćÈâöÂóäÜäñãùÂÖ°ĂË­ìæòÂÂóäÃîÈ 
Exponential Smoothing ÂòÛÅèóâÖ­îÈÂóäØöćÿÂõÕÃ÷ĈÚ Āæñ
ÂòÛË¬èÈÿèæóäñìè¬óÈÅèóâÖ­îÈÂóä ĀæñëòÕë¬èÚÃîÈ
Å¬óÜäñâóÔ Ƙ Å¬óÚöĈ ëóâóä×ÚČóâóßãóÂäÔ°ÅèóâÖ­îÈ
æ¬èÈìÚ­óÖ¬îÅóÛÿèæóÌ÷ćÈâöÅèóâĀâ¬ÚãČóëúÈÂè¬ó [3] 
 ØöćÝ¬óÚâóÛäõêòØÂóäÛõÚăØãâöÚāãÛóãÕ­óÚÂóäÉòÕÌøĈî
îóÂóéãóÚÉóÂìæóãÛäõêòØÝú­ÝæõÖ Ì÷ćÈâöØòĈÈ Airbus Āæñ 
Boeing Õ­èãÿìÖùÚöĈÉ÷Èë¬ÈÝæĂì­ÂóäßãóÂäÔ°ÜäõâóÔÂóä
ÿÛõÂĂË­îùÜÂäÔ°îóÂóéãóÚâöÅèóâãù¬ÈãóÂ îöÂØòĈÈäñÛÛÂóä
èóÈĀÝÚÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùĀæñÂóäÖõÕÖóâ
îùÜÂäÔ°îóÂóéãóÚìæòÈÂóäÌ¬îâÉóÂĀìæ¬ÈÌ¬îâÿßøćîÿÖõâ
ÿÖĆâäñÕòÛßòëÕùÅÈÅæòÈØöćâöîãú¬ăâ¬ÿÃ­âÈèÕÿìâóñëâÿßöãÈßî 
ØČóĂì­ăâ¬ëóâóä×ÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈÞ¬óãÌ¬îâĂÚ
äñÕòÛÜÐõÛòÖõÂóäæóÚÉîÕìäøî Line Maintenance ØöćĂË­
ÿÜĆÚÂäÔöé÷ÂêóăÕ­ØòÚØö 
 
2. ØåêÏöØöćÿÂöćãèÃ­îÈ 

2.1 æòÂêÔñÃîÈîùÜëÈÅ° (Demand) [4] 
æòÂêÔñÃîÈîùÜëÈÅ° (Demand) âöîãú¬ìæóÂìæóã

äúÜĀÛÛ Ã÷ĈÚîãú¬ÂòÛĀÖ¬æñÜäñÿáØÃîÈëõÚÅ­ó ÕòÈÚòĈÚ ÂóäÉñ
ÿæøîÂĂË­ÿØÅÚõÅÂóäßãóÂäÔ°îùÜëÈÅ°Ăì­ÝæĀâ¬ÚãČóëúÈëùÕ Ýú­
ßãóÂäÔ°É÷ÈÅèäßõÉóäÔó×÷ÈæòÂêÔñÃîÈîùÜëÈÅ°Õ­èãè¬óâö
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æòÂêÔñÿÜĆÚÿË¬ÚăäĀæ­èÉ÷ÈÅ¬îãßõÉóäÔóÿæøîÂèõÙöØöć
ÿìâóñëâÖ¬îăÜ 

Perpetual Demand Åøî îùÜëÈÅ°ÃîÈëõÚÅ­óØöćâöÅèóâ
Ö­îÈÂóäîã¬óÈÖ¬îÿÚøćîÈăÜãòÈîÚóÅÖ ăâ¬âöØöćëõĈÚëùÕ Öòèîã¬óÈ
ÃîÈëõÚÅ­óØöćâöîùÜëÈÅ°ĀÛÛÚöĈăÕ­ĀÂ¬ ëõÚÅ­óîùÜāáÅ ÛäõāáÅ Øöć
âöÅèóâÉČóÿÜĆÚÖ­îÈĂË­ĂÚÂóäÕČóäÈËöèõÖ ÿË¬Ú Ã­óè ÚČĈóÖóæ 
ëÛú¬ ÚČĈóâòÚÿÜĆÚÖ­Ú 

Seasonal Demand Åøî îùÜëÈÅ°ØöćâöÜäõâóÔâóÂ
ÿÊßóñÛóÈË¬èÈÿèæó Ì÷ćÈë¬èÚĂìÎ¬ÅøîĂÚË¬èÈåÕúÂóæ ĀæñÉñ
âöÜäõâóÔÚ­îãĂÚË¬èÈÚîÂåÕúÂóæ ÿË¬Ú ÿëøĈîÂòÚìÚóè ä¬â 
ËùÕÚòÂÿäöãÚ ÿÜĆÚÖ­Ú 

Lumpy Demand Åøî îùÜëÈÅ°ØöćâöÅèóâĀÜäÜäèÚëúÈ 
Âæ¬óèÅøî ÿÜĆÚîùÜëÈÅ°ØöćâöË¬èÈÂè­óÈâóÂ Āæñăâ¬ĀÚ¬ÚîÚÌ÷ćÈ
ëóâóä×ÖäèÉëîÛăÕ­āÕãÅČóÚèÔìóÅ¬óÅèóâÿÛöćãÈÿÛÚ 
(Standard Deviation, )̀ ĀæñÅ¬óÿÊæöćã (Mean) ÃîÈîùÜ
ëÈÅ°ĂÚîÕöÖìóÂ 3 ÿØ¬óÃîÈÅ¬óÅèóâÿÛöćãÈÿÛÚÃîÈîùÜëÈÅ°
âöÅ¬óâóÂÂè¬óÅ¬óÿÊæöćãÃîÈîùÜëÈÅ°Āæ­è (3̀ җMean) Éñ×øî
ăÕ­è¬óëõÚÅ­óËÚõÕÚòĈÚâöîùÜëÈÅ°ĀÛÛ Lumpy Ì÷ćÈâöÅèóâ
ĀÜäÜäèÚëúÈ ĀæñãóÂÖ¬îÂóäÅóÕÂóäÔ°ÚòćÚÿîÈ 

Regular Demand Åøî îùÜëÈÅ°Øöćăâ¬âöæòÂêÔñÿÜĆÚ 
Lumpy Demand ìäøî 3 ÿØ¬óÃîÈÅ¬óÅèóâÿÛöćãÈÿÛÚÃîÈ
îùÜëÈÅ°âöÅ¬óÚ­îãÂè¬óÅ¬óÿÊæöćãÃîÈîùÜëÈÅ° (3̀ <Mean) Ì÷ćÈ
âòÂÉñÿÜĆÚëõÚÅ­óØöćâöÅèóâÖ­îÈÂóäĂË­Å¬îÚÃ­óÈĀÚ¬ÚîÚ 
ëâČćóÿëâîĀæñÅóÕÂóäÔ°ăÕ­È¬óã 

Terminating Demand Åøî îùÜëÈÅ°ØöćæòÂêÔñÖäÈÂòÚ
Ã­óâÂòÛ Perpetual Demand Ì÷ćÈÿÜĆÚîùÜëÈÅ°ØöćÉñâöÃÚóÕ
æÕæÈÿäøćîãą ÉÚâöÅ¬óÿØ¬óÂòÛéúÚã°ĂÚîÚóÅÖ ĀæñÉñăâ¬âö
ÅèóâÖ­îÈÂóäëõÚÅ­óÚòĈÚą îöÂÿæãÖæîÕăÜ ÿË¬Ú ëõÚÅ­óÃîÈ
Øöćäñæ÷ÂĂÚÂóäĀÃ¬ÈÃòÚÂöíóāîæõâÜõÂ ÉñÿìĆÚăÕ­è¬óëõÚÅ­ó
ÜäñÿáØÚöĈ ÿâøćîÝæõÖîîÂâóĀæ­èÉñÉČóìÚ¬óãăÕ­ĂÚË¬èÈ
äñãñÿèæóìÚ÷ćÈÿØ¬óÚòĈÚ ĀæñÉñăâ¬âöÅèóâÖ­îÈÂóäîöÂÿæã
ìæòÈÉóÂìâÕÂóäĀÃ¬ÈÃòÚÂöíó ÚîÂÉóÂÚöĈ ÿâøćîâöÿØéÂóæ
ÂöíóāîæõâÜõÂÅäòĈÈÖ¬îăÜ ëõÚÅ­óÿìæ¬óÚöĈăâ¬ëóâóä×ÚČóâó
ÉČóìÚ¬óãăÕ­îöÂ ÿÚøćîÈÉóÂæúÂÅ­óÂĆÖ­îÈÂóäÃîÈØöćäñæ÷Â
äúÜĀÛÛĂìâ¬ą  

2.2 ÿØÅÚõÅÂóäßãóÂäÔ°ÿËõÈÜäõâóÔ 
èõÙöÂóäßãóÂäÔ°ÿËõÈÜäõâóÔ (Quantitative 

Forecasting Methods) ÉñĂË­ÿØÅÚõÅØóÈÅÔõÖéóëÖä°ÛÚ
ßøĈÚÑóÚÃîÈÃ­îâúæ ÜäõâóÔÅèóâÖ­îÈÂóäØöćÿÂĆÛäèÛäèâăè­

ĂÚîÕöÖ (Historical Data) äèâØòĈÈÃ­îâúæØöćÿÂöćãèÃ­îÈîøćÚ ą 
ÿßøćîĂË­ĂÚÂóäßãóÂäÔ° āÕãÉñÉČóĀÚÂèõÙöÂóäßãóÂäÔ°
îîÂÿÜĆÚ 2 èõÙöĂìÎ¬ ą Åøî (1) ÂóäßãóÂäÔ°Õ­èãÿØÅÚõÅ
îÚùÂäâÿèæó(Time Series Forecasting) Ì÷ćÈÉñâöÃ­îëââùÖõ
Øöćè¬ó Å¬óßãóÂäÔ°ØöćÿÂõÕÃ÷ĈÚÉñÃ÷ĈÚÂòÛÃ­îâúæØöćÝ¬óÚâóĂÚîÕöÖ 
ÕòÈÚòĈÚèõÙöÂóäÚöĈÉ÷ÈÉñĂË­ÿÊßóñÃ­îâúæÿËõÈÜäõâóÔØöćÿÂĆÛ
äèÛäèâăè­ĂÚîÕöÖâóßãóÂäÔ° Āæñ (2) ÂóäßãóÂäÔ°ÿËõÈ
ëóÿìÖù(Causal or Associating Forecasting) ÉñëââùÖõ
è¬óÜòÉÉòãîøćÚ ą ÖòĈÈĀÖ¬ 1 ÖòèĀÜäÃ÷ĈÚăÜ (ÖòèĀÜäîõëäñ) âö
ÅèóâëòâßòÚÙ°ÂòÛÜäõâóÔÅèóâÖ­îÈÂóä Ì÷ćÈÉñÚČóÿÃ­óâóĂË­
ĂÚÖòèĀØÚØöćÉñßãóÂäÔ°ÅèóâÖ­îÈÂóäĂÚîÚóÅÖÿÚøćîÈÉóÂ
ÂóäßãóÂäÔ°ÿËõÈÜäõâóÔÚòĈÚÃ÷ĈÚÂòÛÃ­îâúæĂÚîÕöÖ ÕòÈÚòĈÚÅ¬ó
ÂóäßãóÂäÔ°ÉñâöÅèóâÿËøćî×øîæÕæÈÿâøćîäñãñÿèæóÂóä
ßãóÂäÔ°ÿßõćâÃ÷ĈÚ [5] 

2.3 ÿØÅÚõÅÂóäßãóÂäÔ°āÕãèõÙö Croston ĀÛÛ
Ö¬óÈą 
ìæòÂÑóÚĀÚ¬ÚîÚØöćĀëÕÈè¬ó èõÙö Croston (Ì÷ćÈĂË­ÂòÛ 

Erlang distribution) ÉñâöÅèóâĀÖÂÖ¬óÈÉóÂèõÙöÂóäÜäòÛ
ÿäöãÛĀÛÛÿîĆÂÌ°āÜĀÚÚÿËöãæ (ĂË­ÂòÛ Normal distribution) 
ØöćĂË­ĂÚÂóäÅèÛÅùâßòëÕùÅÈÅæòÈ èõÙöÂóäÜäòÛÿäöãÛĀÛÛ
ÿîĆÂÌ°āÜĀÚÚÿËöãæăâ¬ÿìâóñÂòÛÂóäÚČóăÜĂË­ÂòÛÅèóâ
Ö­îÈÂóäØöćăâ¬ëâČćóÿëâî ÃÔñØöćÂóäßãóÂäÔ°Õ­èãèõÙö 
Croston âöÅèóâÿìâóñëââóÂÂè¬ó āÕãÉñâöÂóäÜäòÛÜäùÈ
ÂóäßãóÂäÔ°ÉñÿÂõÕÃ÷ĈÚÿâøćîâöÅèóâÖ­îÈÂóäÿÂõÕÃ÷ĈÚÉäõÈ 
ìäøîâöÂóäÖòÕÉ¬óã ĀæñÉñăâ¬Ã÷ĈÚÂòÛË¬èÈÿèæó  Segerstedt 
(2004) ăÕ­ÜäòÛÜäùÈèõÙö Croston Ăì­ĂË­ÈóÚĂÚÿËõÈÜÐõÛòÖõăÕ­
âóÂÃ÷ĈÚÂòÛßòëÕùØöćâöîòÖäóÂóäĂË­Ú­îãĀæñîòÖäóÂóäĂË­ÜÂÖõ
āÕãæÕÖòèĀÜäØöćăâ¬ÉČóÿÜĆÚĀæ­èÿäöãÂäúÜĀÛÛĂìâ¬ÚöĈè¬ó 
Modified Croston Precedure  ÿÚøćîÈÉóÂØòĈÈÂóäßãóÂäÔ°
ĀæñÅèóâĀÜäÜäèÚÉñăâ¬×úÂÜäòÛÜäùÈĂÚË¬èÈăâ¬âöÅèóâ
Ö­îÈÂóä ĂÚÂäñÛèÚÂóäØČóÚóãÉñăâ¬âöÂóäÿÖøîÚĂÚÂóä
îîÂĂÛëòćÈÌøĈî ĀÖ¬×­óÅèóâÖ­îÈÂóäÿÂõÕÃ÷ĈÚØùÂąèòÚ 
Modified Croston Precedure ÉñâöæòÂêÔñØöćëîÕÅæ­îÈ
ÂòÛèõÙöÂóäÜäòÛÿäöãÛĀÛÛÿîĆÂÌ°āÜĀÚÚÿËöãæ āÕãÂóä
ÜäñãùÂÖ°ĂË­ Modified Croston Procedure Éñëóâóä×
ØČóÚóãîòÖäóÅèóâÖ­îÈÂóäĂÚèòÚ×òÕăÜăÕ­ĀæñëČóìäòÛ
Ë¬èÈÿèæóÚČóØöćãóè ÝæÉóÂÂóääèâîòÖäóÅèóâÖ­îÈÂóäØöćâö
ÂóäÂäñÉóãĀÛÛ Erlang ÉñâöÂóäÂäñÉóãØöćâöæòÂêÔñ
Åæ­óãÂòÛÂóäÂäñÉóãĀÛÛÜÂÖõ [6]  
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ÂČóìÚÕĂì­ [3] 
ᾀ   Åøî ÅèóâÖ­îÈÂóäØöćÿÂõÕÃ÷ĈÚĂÚĀÖ¬æñÅóÛÿèæó ὸ 
ᾀǶ   Åøî Å¬óßãóÂäÔ°ÅèóâÖ­îÈÂóäĂÚÅóÛÿèæó×òÕăÜ     
           ὸ ρ  
ᾀᶻ   Åøî Å¬óÅèóâÖ­îÈÂóäÿÊæöćãÖ¬îÅóÛÿèæó 
ὴ   Åøî äñãñÿèæóäñìè¬óÈÅèóâÖ­îÈÂóäØöćâöÅ¬óÿÜĆÚÛèÂ 
ὴǶ   Åøî Å¬óßãóÂäÔ°Ë¬èÈÿèæóÃîÈÅèóâÖ­îÈÂóä 
ή    Åøî ÉČóÚèÚÅóÛÿèæóØöćÿÂõÕÃ÷ĈÚÖòĈÈĀÖ¬Å¬óÅèóâÖ­îÈÂóä

ëùÕØ­óã 
‌   Åøî Å¬óëòâÜäñëõØÙõċÜäòÛĂì­ÿäöãÛ 
 

ὍὪ   ᾀ   π  ὸὬὩὲ  
 

ᾀǶ       ᾀǶ  

 

ὴǶ       ὴǶ  

 

ὩὰίὩ  
 

ᾀǶ  ᾀǶ  ‌ᾀǶ  ᾀǶ  

 

ὴǶ  ὴǶ  ‌ή  ὴǶ  

 

ή ρ 
 

ὉὲὨ 
  

                           ᾀᶻ ᾀǶὴǶϳ                                              (1) 
 

ÚòÂèõÉòãâóÂâóãßõëúÉÚ°ăÕ­è¬óèõÙö Croston(ƗƟƝƘ) ÕòÈëâÂóä
Øöć(Ɨ) âöÝæÿÜĆÚØöćÚ¬óßîĂÉÕöÂè¬óÂóäßãóÂäÔ°Õ­èãèõÙö
îÚùÂäâÿèæóĀÛÛÕòĈÈÿÕõâ ĂÚÿèæóÖ¬îâó Syntetos and 
Boylan(2001) ÿìĆÚè¬óÅ¬óØöćăÕ­ÉóÂÂóäßãóÂäÔ°Õ­èãèõÙö 
CrostonâöĀÚèāÚ­âÿÜĆÚÛèÂ É÷ÈăÕ­âöÂóäÜäòÛÜäùÈÕòÈëâÂóä
Øöć (2) [3] 
                         ᾀᶻ ρ ‌ςϳ ϽᾀǶὴǶϳ                      (2) 
 
ìæòÈÉóÂÚòĈÚ Leven and Segerstedt(2004) ÂĆăÕ­ßãóãóâ
ÜäòÛÜäùÈèõÙö Croston Ăì­ĂË­ăÕ­ÂòÛØòĈÈäóãÂóäÃîÈÅÈÅæòÈØöć
ìâùÚÿèöãÚëúÈĀæñÖČćó ÕòÈëâÂóäØöć (3) [3] 
 
                                    ᾀᶻ  ‌ϽᾀǶὴǶϳ ρ ‌Ͻᾀᶻ     (3) 

 

2.4 ÂóäèòÕÅèóâ×úÂÖ­îÈÃîÈÂóäßãóÂäÔ° [5] 

ÿÜ­óìâóãëúÈëùÕĂÚÂóäßãóÂäÔ°ØöćÝú­ÿÂöćãèÃ­îÈÂòÛÂóä
ßãóÂäÔ°ØùÂ ą Þ¬óãÖ­îÈÂóä ÅøîÂóäăÕ­Å¬óßãóÂäÔ°Øöćâö
Åèóâ×úÂÖ­îÈĀæñăâ¬ÿîöãÈÿÊ ĀæñÅ¬óÅèóâ×úÂÖ­îÈÃîÈÂóä
ßãóÂäÔ°ÉñâóÂìäøîÚ­îãÚòĈÚÉñÃ÷ĈÚîãú¬ÂòÛÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚĂÚÂóäßãóÂäÔ° (Forecast Error ìäøî Ὡ) 
ÂóäèòÕÅèóâ×úÂÖ­îÈÃîÈÂóäßãóÂäÔ°ÉñÿÜĆÚÂóä
ÖäèÉëîÛè¬óÅ¬óØöćăÕ­ÉóÂÂóäßãóÂäÔ°ĀÖÂÖ¬óÈÉóÂÅ¬óÉäõÈ
âóÂÚ­îãÿßöãÈĂÕ Ô Ë¬èÈÿèæó t ÿÕöãèÂòÚĂÕ ą ìóÂÅ¬óÉäõÈ
ĀÖÂÖ¬óÈÉóÂÅ¬óßãóÂäÔ°âóÂ Å¬óÅèóâÅæóÕÿÅæøćîÚÃîÈ
ÂóäßãóÂäÔ°ÂĆÉñâöÅ¬óëúÈ ëČóìäòÛÅ¬óÅèóâÅæóÕÿÅæøćîÚĂÚ
ÂóäßãóÂäÔ°ëóâóä×ÅČóÚèÔăÕ­ÕòÈëâÂóäØöć (ƚ)  

 
                                 Ὡ   ὣ  Ὂ                                (4) 
 
ÿâøćî Å Åøî Å¬óÅèóâÅæóÕÿÅæøćîÚÃîÈÂóäßãóÂäÔ° Ô 
Ë¬èÈÿèæó t 
     ὣ Åøî Å¬óÜäõâóÔÅèóâÖ­îÈÂóäÉäõÈ Ô Ë¬èÈÿèæó t 
     Ὂ Åøî Å¬óßãóÂäÔ° Ô Ë¬èÈÿèæó t 
āÕãÜÂÖõĀæ­èâòÂÉñÚõãâèòÕÅ¬óÅèóâÅæóÕÿÅæøćîÚÃîÈ

ÂóäßãóÂäÔ°ĂÚäñãñãóè Ì÷ćÈèòÕÉóÂÅ¬óÅèóâÅæóÕÿÅæøćîÚ
ÃîÈÂóäßãóÂäÔ°ëñëâ āÕãÿÜäöãÛÿØöãÛÅ¬óÃ­îâúæÉäõÈĂÚ
îÕöÖĀæñÅ¬óØöćăÕ­ÉóÂÖòèĀÛÛÂóäßãóÂäÔ° ĂÚÂóäÿæøîÂĂË­
ÖòèĀÛÛÂóäßãóÂäÔ°É÷ÈÅèäßõÉóäÔóè¬óÂóäßãóÂäÔ°ØöćăÕ­
ÚòĈÚâöÅèóâ×úÂÖ­îÈëúÈ ìäøîîöÂÚòãìÚ÷ćÈÂĆÅøîâöÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚÃîÈÂóäßãóÂäÔ°ÖČćóÚòćÚÿîÈ èõÙöèòÕÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚÃîÈÂóäßãóÂäÔ°ØöćÚõãâĂË­âöÕòÈÚöĈ 

2.4.1Å¬óÅèóâÅæóÕÿÅæøćîÚëòâÛúäÔ°ÿÊæöćã (Mean 
Absolute Deviation: MAD) âöëúÖäĂÚÂóäÅČóÚèÔÕòÈ
ëâÂóäØöć (ƛ) 

           ὓὃὈ  В ȿὩȿ                           (5)   
  
Å¬óÅèóâÅæóÕÿÅæøćîÚëòâÛúäÔ°ÿÊæöćã ìäøî MAD 

ÿÜĆÚÖòèËöĈèòÕÅèóâ×úÂÖ­îÈÃîÈÂóäßãóÂäÔ°ØöćÚõãâĂË­ÂòÚ
îã¬óÈĀßä¬ìæóã ÚîÂÉóÂÚòĈÚãòÈÚõãâÚČóâóĂË­èòÕÿßøćî
ÿÜäöãÛÿØöãÛèõÙöÂóäßãóÂäÔ° āÕãÝú­ßãóÂäÔ°ÅèäÉñÿæøîÂ
ëâÂóäßãóÂäÔ°ØöćâöÅ¬ó MAD ÖČćóëùÕ 
 2.4.2 Å¬óÅèóâÅæóÕÿÅæøćîÚÂČóæòÈëîÈÿÊæöćã 
(Mean Squared Error: MSE) âöëúÖäĂÚÂóäÅČóÚèÔÕòÈ
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ëâÂóäØöć (Ɯ)        

                             ὓὛὉ 
В                                   (6) 

 
ÂóäèòÕÅèóâ×úÂÖ­îÈÃîÈÂóäßãóÂäÔ°ØöćÚõãâĂË­ÂòÚîã¬óÈ
Āßä¬ìæóãîöÂèõÙöìÚ÷ćÈ Åøî ÂóäìóÅ¬óÅèóâÅæóÕÿÅæøćîÚ
ÂČóæòÈëîÈÿÊæöćã ìäøî MSE Ì÷ćÈÅ¬óÚöĈĂË­ìæòÂÂóäÿÕöãèÂòÚÂòÛ
ÂóäìóÅ¬óÅèóâĀÜäÜäèÚĂÚØóÈë×õÖõ ÂóäèòÕÅ¬óÅèóâ
ÅæóÕÿÅæøćîÚÕ­èãèõÙöÚöĈÉñăÕ­Å¬óÅèóâÅæóÕÿÅæøćîÚØöćëúÈ 
ÿÚøćîÈÉóÂÿÜĆÚÂóäÚČóÅèóâÅæóÕÿÅæøćîÚ Ô ÿèæóĂÕ ąâó
ãÂÂČóæòÈëîÈÂ¬îÚØöćÉñìóÝæäèâĀæ­èÉ÷ÈÚČóâóìóÅ¬óÿÊæöćã
îöÂÅäòĈÈìÚ÷ćÈ 
 2.4.3 Å¬óä­îãæñÅèóâÅæóÕÿÅæøćîÚëòâÛúäÔ°ÿÊæöćã 
(Mean Absolute Percentage Error: MAPE) âöëúÖäĂÚ
ÂóäÅČóÚèÔÕòÈëâÂóäØöć (Ɲ) 

                         ὓὃὖὉ 
В
Ὡὸ

ὣὸ
ρzππ

ὲ
                                     (7) 

 
ÂóäèòÕÅèóâ×úÂÖ­îÈÃîÈÂóäßãóÂäÔ°āÕãĂË­Å¬óä­îãæñ
ÅèóâÅæóÕÿÅæøćîÚëòâÛúäÔ°ÿÊæöćã ìäøî MAPE ÚòĈÚÉñâöÃ­î
ăÕ­ÿÜäöãÛÂè¬óîöÂ 2 èõÙöØöćÂæ¬óèâó ÿÚøćîÈÉóÂÿÜĆÚÂóäèòÕ
ÅèóâÅæóÕÿÅæøćîÚÃîÈÂóäßãóÂäÔ°ÿØöãÛÂòÛÅ¬óÃ­îâúæÉäõÈ
É÷Èëóâóä×ØöćÉñĂË­ĂÚÂóäÜäñÿâõÚÂóäßãóÂäÔ°ăÕ­
ÿìâóñëâÂè¬ó                                                                  

2.5 ÂóäÅèÛÅùâëõÚÅ­óÅÈÅæòÈÂäÔöâöÅèóâÖ­îÈÂóäăâ¬
ÅÈØöć 

                 ὠὅ   ὉίὸȢὺὥὶ Ὀ
Ὠ
ς                           (8) 

 
āÕãØöć  ὉίὸȢὺὥὶ Ὀ Åøî ÜäñâóÔÅ¬óÅèóâĀÜäÜäèÚÃîÈ 
D Āæñ d Åøî ÅèóâÖ­îÈÂóäØöćÿÂõÕÃ÷ĈÚÖóâË¬èÈÿèæóÖ¬óÈą 

ìæòÈÉóÂØÕëîÛÅèóâÿìâóñëâÃîÈäúÜĀÛÛ
ÅèóâÖ­îÈÂóäÕ­èã Peterson · Silver Rule ÕòÈëâÂóäØöć 
(ƞ) Āæ­èÜäóÂÐè¬óÝææòßÙ° (Å¬óVC) âöÅ¬óâóÂÂè¬ó 0.20 
ĀëÕÈè¬óÅèóâÖ­îÈÂóäăâ¬ÅÈØöć Āæñăâ¬ëóâóä×ÉñĂË­ëúÖä 
EOQ ĂÚÂóäÅČóÚèÔăÕ­ ĀÖ¬Éñëóâóä×ØöćÉñĂË­èõÙöîøćÚą ĂÚ
ÂóäÅČóÚèÔ ÿË¬Ú ÂóäĂË­ÿØÅÚõÅÿËõÈïõèäõëÖõÂë° (Heuristic 
Methods) ÿØÅÚõÅÿËõÈïõèäõëÖõÂë°ÉñĂË­ÂĆÖ¬îÿâøćîăâ¬ëóâóä×
ØöćÉñÅČóÚèÔĂì­ăÕ­Å¬óØöćĂÂæ­ÿÅöãÈăÕ­ (Sipper Āæñ 
Bulfin,1998) [7]  

2.5.1 Silver-Meal method (SM) 

ÿÜĆÚèõÙöÂóäÂČóìÚÕÜäõâóÔÂóäëòćÈÌøĈîāÕã
ßõÉóäÔóÂóäëòćÈÌøĈîÖóâÅèóâÖ­îÈÂóäĂÚĀÖ¬æñË¬èÈÿèæó
æ¬èÈìÚ­ó ÿßøćîØöćÉñìóÜäõâóÔÂóäëòćÈÌøĈîØöćâöÖ­ÚØùÚÖČćóëùÕĂÚ
Ë¬èÈÿèæóäèâØöćØČóÂóäëòćÈÌøĈîæ¬èÈìÚ­ó āÕãÖ­ÚØùÚØöćØČóÂóä
ßõÉóäÔóÉñÿÜĆÚÖ­ÚØùÚĀÜäÝòÚ (variable cost) îòÚ
ÜäñÂîÛÕ­èãÖ­ÚØùÚÂóäëòćÈÌøĈîÂòÛÖ­ÚØùÚĂÚÂóäÉòÕÿÂĆÛ
ëõÚÅ­ó [8] 

ìæòÂÂóäÃîÈèõÙöÚöĈßõÉóäÔóÖ­ÚØùÚÿÊæöćãÖ¬î
Ë¬èÈÿèæó ÉñØČóÂóäëòćÈÌøĈîĂÚË¬èÈÿèæóØöćÖ­ÚØùÚÿÊæöćãÖ¬î
Ë¬èÈÿèæóÿßõćâÃ÷ĈÚ ĀÖ¬âöÃ­îÿëöãÅøîăâ¬ÿìâóñëâĂÚÂäÔöØöćîùÜ
ëÈÅ°âöÅ¬óæÕæÈÖæîÕ ĀæñÂäÔöØöćâöìæóãË¬èÈÿèæóØöćîùÜëÈÅ°
âöÅ¬óÿÜĆÚéúÚã° (Silver and Meal, 1973) [9] 

2.5.2 Least Unit Costing (LUC) 
ÿÜĆÚèõÙöÂóäÂČóìÚÕÜäõâóÔÂóäëòćÈÌøĈîØöćÅæ­óãÅæ÷È

ÂòÛ Silver-Meal method ĀÖ¬ÉñØČóÂóäßõÉóäÔóÖ­ÚØùÚ
ĀÜäÝòÚÿÊæöćãÖ¬îìÚ¬èã ĀØÚÂóäßõÉóäÔóÖ­ÚØùÚĀÜäÝòÚ
ÿÊæöćãÖ¬îË¬èÈÿèæó (Sipper Āæñ Bulfin, 1998) [8] 

 
3. èõÙöèõÉòã 

3.1 ÜäñËóÂäØöćĂË­é÷Âêó 
ÂóäĀÛ¬ÈÜäñÿáØîñăìæ¬ßòëÕùāÕãäñÛÛ ABC ÿäõćâ

ÉóÂÂóäÿÂĆÛäèÛäèâÃ­îâúæ Cannibalization ÃîÈîùÜÂäÔ°
îóÂóéãóÚËÚõÕ Serialized Rotable Component (Åøî 
îùÜÂäÔ°ØöćëČóÅòÎâöäóÅóĀßÈ ÂóäÌ¬îâÛČóäùÈÚòĈÚÉñÖ­îÈØČó
ÂóäÌ¬îâÛČóäùÈĂÚ Workshop ĀæñÖ­îÈÂóäÿÅäøćîÈâøî
îùÜÂäÔ°ĂÚÂóäÌ¬îâÛČóäùÈÿÊßóñĀÛÛØöćÖ¬óÈąÂòÚ îùÜÂäÔ°
ÿìæ¬óÚöĈëóâóä×ØČóÂóäÌ¬îâÛČóäùÈÿâøćîÿÂõÕËČóäùÕ āÕãÂóä
ÿÜæöćãÚìäøîÌ¬îâĀÌâËõĈÚë¬èÚØöćËČóäùÕ āÕãÂóäÿÜæöćãÚìäøî
Ì¬îâĀÌâËõĈÚë¬èÚØöćËČóäùÕĀæñìâùÚÿèöãÚÂæòÛâóĂË­ÈóÚăÕ­
Ăìâ¬ āÕãâöÅùÔáóßĀæñÜäñëõØÙõáóßÂóäĂË­ÈóÚÅÈÿÕõâ 
ĀæñăÕ­äòÛÂóäÂČóìÚÕìâóãÿæÃÜäñÉČóÖòè ĀÖ¬æñËõĈÚÃîÈ
îùÜÂäÔ°) ĂÚîÕöÖĀæñâúæÅ¬óßòëÕùÅÈÅæòÈĂÚĀÖ¬æñÿÕøîÚØöć
Ý¬óÚâóÖòĈÈĀÖ¬Üö 2010- ƘƖƗ4 ÉóÂäñÛÛ SAP ÿßøćî
ÉòÕæČóÕòÛÅèóâëČóÅòÎÃîÈÂæù¬âîñăìæ¬ßòëÕù ÿÜĆÚÂóäĀëÕÈ
Ăì­ÿìĆÚ×÷ÈäñÕòÛÜäõâóÔÂóäÃóÕĀÅæÚÃîÈîñăìæ¬ßòëÕùĀÖ¬
æñäóãÂóäè¬óâöâóÂÚ­îãÿßöãÈĂÕ Āæ­èÚČóäóãÂóäßòëÕùØöćîãú¬
ĂÚ Class ´Aµ âóØČóÂóäèõÉòã 

3.2  ĀÝÚÂóäÕČóÿÚõÚÂóäèõÉòã 



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

133 

3.2.1 ÿÂĆÛäèâäèâÃ­îâúæÅèóâÖ­îÈÂóäîñăìæ¬
ßòëÕù Class ´Aµ ØöćÿÂõÕÃ÷ĈÚÉäõÈÖòĈÈĀÖ¬Üö 2011 ÉÚ×÷ÈÜö 2014 
ÉóÂÈóÚ Unscheduled Maintenance  

3.2.2 ÿÜäöãÛÿØöãÛÅ¬óÿÊæöćãÃîÈîùÜëÈÅ°ÂòÛ ëóâ 
ÿØ¬óÃîÈÅ¬óÅèóâÿÛöćãÈÿÛÚÃîÈîùÜëÈÅ°ÿßøćîäñÛùæòÂêÔñ
ÃîÈîùÜëÈÅ° ĀæñìóÂóäĀÉÂĀÉÈÅèóâÚ¬óÉñÿÜĆÚÃîÈÃ­îâúæ
ÅèóâÖ­îÈÂóäÃîÈäóãÂóäßòëÕùĀÖ¬æñäóãÂóäāÕãĂË­
āÜäĀÂäâ Crystal Ball 
 3.2.3 ÿÜäöãÛÿØöãÛÅ¬óÅèóâÅæóÕÿÅæøćîÚ MAPE
ÉóÂÂóäßãóÂäÔ°āÕãèõÙö Croston ÂòÛ ÂóäßãóÂäÔ°Õ­èã
ÿØÅÚõÅîÚùÂäâÿèæóĀÛÛÖ¬óÈą ØöćÅČóÚèÔăÕ­ÉóÂāÜäĀÂäâ 
Win QSB Āæ­èÚČóèõÙöÂóäßãóÂäÔ°ØöćâöÅèóâÅæóÕÿÅæøćîÚ
Ú­îãØöćëùÕâóÜäñãùÂÖ°ĂË­ÈóÚ 

3.2.4 ÜäñãùÂÖ°ĂË­ÖòèĀÛÛîñăìæ¬ßòëÕùÅÈÅæòÈăÕ­
îã¬óÈÿìâóñëâÂòÛäúÜĀÛÛÃîÈÅèóâÖ­îÈÂóä ÿßøćîÛäõìóä
ÉòÕÂóäÖ­ÚØùÚßòëÕùÅÈÅæòÈăÕ­îã¬óÈâöÜäñëõØÙõáóß (ÉóÂ
ÂóäÜäñâóÔÅ¬óĂË­É¬óãĂÚÂóäÛäõìóäÉòÕÂóäîñăìæ¬ßòëÕù
ăÖäâóëØöć 3 Üö 2014 Ö­ÚØùÚÂóäëòćÈÌ¬îâÖ¬îÅäòĈÈâöÅ¬ó
ÿØ¬óÂòÛ 660.97 ÛóØ Āæñ Ö­ÚØùÚÂóäÉòÕÿÂĆÛÖ¬îìÚ¬èãĂÚ 
1 Ë¬èÈÿèæó âöÅ¬óÿØ¬óÂòÛ 6.60) 
 
4. ÝæÂóäèõÉòã 

4.1 Ã­îâúæÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕù Class ´Aµ 
ÖòĈÈĀÖ¬Üö 2011 ÉÚ×÷È Üö 2014  
 
ÖóäóÈØöć 1 Ã­îâúæÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùÜö 2011 

 
 
 
 
 

ÖóäóÈØöć 2 Ã­îâúæÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùÜö 2012 

 
 
ÖóäóÈØöć 3 Ã­îâúæÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùÜö 2013 

 
 
ÖóäóÈØöć 4 Ã­îâúæÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùÜö 2014 

 
 

4.2 ÿÜäöãÛÿØöãÛÅ¬óÿÊæöćãÃîÈîùÜëÈÅ°ÂòÛ ëóâÿØ¬ó
ÃîÈÅ¬óÅèóâÿÛöćãÈÿÛÚÃîÈîùÜëÈÅ° ĀæñìóÂóäĀÉÂĀÉÈ
ÅèóâÚ¬óÉñÿÜĆÚÃîÈÅèóâÖ­îÈÂóääóãÂóäßòëÕùĀÖ¬æñ
äóãÂóäăÕ­ÝæÕòÈÖóäóÈØöć 5 
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ÖóäóÈØöć 5 æòÂêÔñÃîÈîùÜëÈÅ° ĀæñÂóäĀÉÂĀÉÈÅèóâ
Ú¬óÉñÿÜĆÚÃîÈÅèóâÖ­îÈÂóäÃîÈäóãÂóäßòëÕù 

 
 

4.3 ÿÜäöãÛÿØöãÛÅ¬óÅèóâÅæóÕÿÅæøćîÚ MAPE 
äñìè¬óÈèõÙöÂóäßãóÂäÔ°Õ­èãÿØÅÚõÅîÚùÂäâÿèæóĀÛÛ
Ö¬óÈą ÂòÛèõÙö Croston ÕòÈÖóäóÈØöć 6 ĀæñÖóäóÈØöć 7 
 
ÖóäóÈØöć 6 ÂóäÿÜäöãÛÿØöãÛÅ¬ó MAPE ÉóÂÂóäßãóÂäÔ°
èõÙöÖ¬óÈą 

 
 
 
 
 
 
 
 
 
 
 

ÖóäóÈØöć 7  ëäùÜèõÙöÂóäßãóÂäÔ°ØöćâöÅ¬óÅèóâÅæóÕÿÅæøćîÚ
Ú­îãØöćëùÕ 

 
 

4.4 ìóÅ¬óØÕëîÛëòâÜäñëõØÙõċÅèóâĀÜäÜäèÚ
(Variability Coefficient: VC) ÉóÂÃ­îâúæÜäõâóÔÂóäÿÛõÂ
ĂË­îùÜÂäÔ°îóÂóéãóÚÿßøćîÖäèÉëîÛè¬ó ÖòèĀÛÛÅÈÅæòÈ 
EOQ ÉñÿìâóñëâØöćÉñÜäñãùÂÖ°ĂË­ÂòÛĀÖ¬æñäóãÂóäßòëÕù
ìäøîăâ¬ ÕòÈÖóäóÈØöć 8 
 
ÖóäóÈØöć 8 ëäùÜÅ¬óØÕëîÛëòâÜäñëõØÙõċÅèóâĀÜäÜäèÚ
ÃîÈÅèóâÖ­îÈÂóäîñăìæ¬ßòëÕùĀÖ¬æñäóãÂóä 

 
 
 4.5 ÉóÂÅ¬ó VC ØöćÅČóÚèÔăÕ­ÕòÈÖóäóÈØöć 8 ÃîÈ
îñăìæ¬ßòëÕùØòĈÈ Ɨƙ äóãÂóä ÜäóÂÏè¬óâöÅ¬óâóÂÂè¬ó Ɩ.Ƙ 
ØùÂäóãÂóä ĀëÕÈĂì­ÿìĆÚè¬ó ÖòèĀÛÛÅÈÅæòÈĀÛÛ EOQ ăâ¬
âöÅèóâÿìâóñëâØöćÉñÚČóâóÜäñãùÂÖ°ĂË­ ÿÚøćîÈÉóÂÃ­îâúæ
ÜäõâóÔÂóäÿÛõÂĂË­âöÅèóâăâ¬ĀÚ¬ÚîÚëúÈâóÂ ÕòÈÚòĈÚÉ÷È
ÉČóÿÜĆÚÖ­îÈĂË­ÖòèĀÛÛ Heuristic Solution Approaches 
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ĂÚØöćÚöĈÖòèĀÛÛ Silver-Meal Āæñ Least Unit Cost Éñ×úÂ
ÚČóâóÜäñãùÂÖ°ĂË­ÂòÛäóãÂóäßòëÕùØòĈÈ Ɨƙ äóãÂóäÕòÈÖóäóÈ
Øöć 9 
 
ÖóäóÈØöć 9 ÿÜäöãÛÿØöãÛÖ­ÚØùÚäèâäñìè¬óÈÖòèĀÛÛ 
Silver-Meal ÂòÛ ÖòèĀÛÛ Least Unit Cost 

 
 
5. ëäùÜ 
 5.1 ëäùÜÝæÂóäèõÉòã 
 ÿÚøćîÈÉóÂÃ­îâúæÅèóâÖ­îÈÂóäÂóäĂË­îùÜÂäÔ°îóÂóé
ãóÚâöÂóäĀÉÂĀÉÈÅèóâÚ¬óÉñÿÜĆÚÃîÈÖòèĀÜäëù¬âËÚõÕăâ¬
Ö¬îÿÚøćîÈ ĀæñîùÜëÈÅ°âöæòÂêÔñĀÜäÜäèÚëúÈ (Lumpy 
demand) ØČóĂì­ÂóäßãóÂäÔ°āÕãĂË­ÿØÅÚõÅîÚùÂäâÿèæó
ĀÛÛÕòĈÈÿÕõââöÅèóâÅæóÕÿÅæøćîÚëúÈÂè¬óèõÙö Croston 
Å¬îÚÃ­óÈâóÂ äèâØòĈÈÖòèĀÛÛßòëÕùÅÈÅæòÈ EOQ îã¬óÈÈ¬óã
ăâ¬ëóâóä×ÚČóâóÜäñãùÂÖ°ĂË­ăÕ­ ÿßøćîÜäñëõØÙõáóßĂÚÂóä
ÛäõìóäÉòÕÂóäÖ­ÚØùÚßòëÕùÅÈÅæòÈ ÖòèĀÛÛÿËõÈïõèæõëÖõÂë°É÷È
ÿÜĆÚèõÙöÂóäØöćÕöØöćëùÕ ÉóÂÂóäÿÜäöãÛÿØöãÛÖ­ÚØùÚāÕãĂË­Öòè
ĀÛÛ Silver-Meal Āæñ Least Unit Cost ÂòÛäóãÂóäßòëÕù
ĀëÕÈĂì­ÿìĆÚè¬ó îùÜÂäÔ°îóÂóéãóÚËÚõÕĂÕØöćâöÅèóâ
Ö­îÈÂóäØöćâöÅ¬óÿÜĆÚéúÚã°ÿÂõÕÃ÷ĈÚÛ¬îãÅäòĈÈ ăâ¬ÿìâóñëâØöćÉñ
ÜäñãùÂÖ°ĂË­èõÙö Silver-Meal ÕòÈÚòĈÚÂóäÿæøîÂĂË­èõÙö Least 
Unit Cost ÿÜĆÚØóÈÿæøîÂØöćØČóĂì­ÿÂõÕÖ­ÚØùÚäèâØöćÖČćóÂè¬ó 
 5.2 ÜäñāãËÚ°ØöćăÕ­äòÛÉóÂÂóäèõÉòã 
 äñÛÛÂóäÅèÛÅùâîñăìæ¬ßòëÕùÅÈÅæòÈāÕãĂË­ÿØÅÚõÅ
ÂóäßãóÂäÔ°ĀæñÚāãÛóãßòëÕùÅÈÅæòÈØöćÿìâóñëâ ÿÜĆÚ
ÂóäæÕäñÕòÛ Cannibalization ĀæñÜäõâóÔÂóäÉòÕÿÂĆÛ
îñăìæ¬ÅÈÅæòÈØöćăâ¬ÉČóÿÜĆÚØöćâöâóÂÿÂõÚăÜ äèâ×÷ÈäñÛÛÂóä
ĀÛ¬ÈÜäñÿáØîñăìæ¬ßòëÕùăÕ­îã¬óÈ×úÂÖ­îÈÿÜĆÚÂóäÿßõćâ

ÜäñëõØÙõáóßĂÚÂóäØČóÈóÚ Āæñëóâóä×ĀÂ­ÜòÎìóăÕ­
äèÕÿäĆèîã¬óÈâöÜäñëõØÙõáóßâóÂãõćÈÃ÷ĈÚ 
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Abstract 

There are several factors affecting vehicle volumes. When the demand for vehicle 

increases, transport infrastructure development, such as number of lanes, and highway 

connection, needs to be prepared in advance. It is necessary to plan and predict traffic 

flow in the future using existing information. In addition, the opening of the Association 

of Southeast Asian Nations (ASEAN) Economic Community (AEC) is another major 

factor that will cause free movement of population among the AEC countries which will 

result in an increased demand of vehicles. In this work, the amount of vehicles in 

Thailand and Laos, traffic flow on the border of Thailand-Laos, effects that may occur 

after the launch of the AEC, and the ability to handle the volume of Thailand-Laos cross-

border vehicles are studied. In order to predict traffic flow, a nonlinear auto regressive 

with exogenous input (NARX) is utilized. The NARX model can forecast the traffic flow 

on the border with the lowest mean square error (MSE) of Mukdahanôs checkpoint at 

1.0724 and the lowest MSE of Chiang Khongôs checkpoint at 0.2351.  This study can be 

applied to other Thailandôs cross border by adjusting the relative factors depending on 

each border situation. 

Keywords:  Forecasting, Traffic, Nonlinear auto regressive with exogenous input 
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1. Introduction   

 Thailand is regarded as the center of 

ASEAN with respect to business, tourism, 

and so forth. The location of the country 

provides easy access to various countries in 

the ASEAN region. The most popular and 

convenient means of transportation is ground 

transportation. 

Due to an increase in population and 

other contributing factors, current volume of 

vehicles has increased steadily every year. In 

addition, the opening of AEC in 2015 will  

result in more travels among member 

countries.  Therefore, traffic flow prediction 

is one of methods that would assist in 

planning and developing of ground 

transports as well as traffic routes along the 

border in the future.  The border of Thailand 

can be classified into three cross border 

categories, including permanent cross 

border, temporary cross border and informal 

cross border.  There is inadequate 

availability of crossingôs infrastructure 

causing congestion and inflexibilities in 

logistics, freights, and neighborhood 

tourism, such as Laos, Myanmar, Cambodia, 

and Malaysia.  This work will  be focused on 

Thailand-Laos border, which is also a 

pathway to Vietnam and China.  

 NARX is utilized in predicting the 

traffic flows. Mukdahan and Chiang Khong 

crossing point are chosen as examples in the 

study as shown in Figure 1. The information 

and references used in this work have been 

compiling from the Office of Transport and 

Traffic Policy and Planning, Customs 

Department and other trustworthy websites 

[1] to acquire the most accurate predictions.  

It issued as a guide in developing the 

Thailand borders and also to accommodate 

the number of vehicles that will be changing 

after the AEC in the future. 

 

 
Figure 1 Number of vehicles accessing cross-borders 

from the year 2008 to 2014 

 

 
Figure 2 Simple block diagram of NARX   

 

2. Literature Review  

2.1 Theory of Time Series Forecasting  

Time series refers to information that 

shows the movement which changes over 

time as part of an ongoing basis, may be 

collected monthly, quarterly or annually 

depending on benefits that will  be used. Four 

components of time series are as follows: 

1. Long term trend (T) represents 

movement or change of information in long-

term period for example Thailandôs 

electricity consumption, imports of crude oil, 

etc. 

2. Seasonal variation (S) refers to 

seasonal changes which occurred repeatedly 

in the past one year and have become a 

pattern, such as rice yield is higher in the 

first quarter of the year, sales of shopping 

mall tend to increase at the end of the year. 

Seasonal variation is measured in the form of 

seasonal index. 

3. Cyclical variation (C) refers to 

movement that follows the cycle. This 

movement cycles are said to be similar to 

seasonal variation, but have a longer period 

of life. 

 4. Irregular variation (I) is a variation of 

uncertainty which cannot be predicted in 

advance, such as natural disasters, wars, 

strikes [2-3].  
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From the aforementioned components, if  

Y represents a set of time series data, the 

simulation model can be divided into 2 

types: 

1. Additive model is a sum of the four 

components 
 

                               Y = T + S + C + IȢ                    (1) 
 

2. Multiplicative model is a product of the 

four components 

 
                               Y = T Ĭ S Ĭ C Ĭ IȢ                   (2) 

 

       From equations (1) and (2), separation 

of components can be done in several 

methods such as autoregressive (AR) 

models, integrated (I) models, and moving 

average (MA) models. Moreover, there are 

also other techniques that do not require a 

separate component of the signal which are 

nonlinear autoregressive models (NAR) and   

NARX. These techniques demand the use of 

computer to facilitate in solving. In this 

work, NARX is selected as forecasting 

methods because external factors are 

utilized. 

2.2 Nonlinear Autoregressive with 

Exogenous Input 

Nonlinear Autoregressive with 

exogenous input (NARX) is one of the time 

series forecasting model. NARX model 

utilizes artificial neural network containing 

neurons, which model from the work of 

human brain.  The simple block diagram of 

nonlinear autoregressive models with 

exogenous input is illustrated in Figure 2 in 

order to model time series up. From Figure 

2, we can see that NARX consists of two 

layers, i.e., hidden and output layers. In both 

layers contain transfer functions fϽ, fϽ, 

weight W, bias value b, and tapped delay line 

with d buffers.  These parameters can be any 

value depending on training process [4].  

In the hidden layer with delay, input 

data x(t) feeds into the tapped delay line and 

the output of the tapped delay line is 

weighted with W  and becomes an input data 

of the transfer function fϽ. The output of 

transfer function is sent to next layer.  In the 

output layer, the same process with hidden 

layer is performed except using the different 

value of fϽ, W, and b. 

2.3 Related Work  
There are a few works that focus on the 

transportation forecasting and NARX.  

Those works can be summarized as follows.  

Wen D. and Siji H. [5] used the grey 

Verhulst model to describe the development 

tendency of vehicle population and to 

forecast the vehicle population in the next 20 

years in China. A nonlinear combination 

forecasting model is backpropagation (BP) 

neural network. Result of the vehicle 

population of China is growing up in the 

next 20 years. 

Chuanjin J. and Fugen S. [6] used 

nonlinear autoregressive with exogenous 

input and chaotic time series analysis to 

forecast sunspot. It is compared with BP 

neural network and ARIMA.  This work 

takes the sunspot number in 310 years from 

1700 to 2009 as time series sample. The 

result shows that forecasting with NARX 

network is more accurate than BP neural 

network and ARIMA  model. 

Teerachai L. [7] used the nonlinear 

model applies the NARX and polynomial 

equation for forecasting the latex volume. 

The model uses correlation of 

meteorological parameter data such as mean 

air temperature, mean dew point 

temperature, and etc. The results are found 

that the errors are not over ± 5% compared 

with the real volume of latex. 

 

3. Implementation 

3.1 Data Collection 

 The data used in this work have been 

compiled from the Office of Transport and 

Traffic Policy and Planning, Customs 

Department, Transport Statistics Sub-

Division, Planning Division, The World 

bank, and ASEAN-Japan Transport 

Partnership. These agencies have collected 

statistical information on number of vehicles 

accumulated within the country, values of 

Gross Domestic Product (GDP) of each 

country in ASEAN region, number of 
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vehicles access cross-borders as well as 

infrastructure and transport of Thailand.  

 This work is primarily focused on 

Thailand and Laos, where the variables used 

in the forecast are 4 input variables, 

including cumulative number of vehicles in 

Thailand and Laos, Thailandôs GDP per 

Capita, and Laosô GDP per Capita. The 

output variable is the number of vehicles 

access Thailand-Laos border which 

Mukdahanôs checkpoint and Chiang Khongôs 

checkpoint are selected as samples for 

forecasting. Monthly data from January 2008 

to December 2014 are used. 

3.2 Transportation  Forecasting   

This work has applied the NARX for 

forecasting traffic flow in Thailand-Laos 

border crossing points. The neural networks 

which is used in the work will  adjust W in 

accordance to the nodes. The adjustment is 

based on differences of the output y(t) that 

was calculated from four input variables and 

one desired variable by predicting one border 

at a time.  

Data as described in Subsection 3.1 are 

applied to neural training process of NARX 

model.  In this work, there are four input 

data sets called ñinputò and one output data 

set called ñtargetò.  These data sets are 

randomly separated into 3 parts, i.e., training 

set, validation set, and test set.  The training 

set indicates the neural network to recognize 

a relationship between the input and output 

produced by the open-loop model. The 

validation set is data set for verifying 

accuracy of the data.  The test set is a data 

set used in neural network testing that have 

been predicted by neural network. There are 

various conditions that need to be set 

beforehand, including number of neurons in 

the hidden layer, delays, model variations of 

NARX, number of input, number of target, 

numbers of training set, validation set, and 

also test set. The training condition is shown 

in Table 1. Bayesian regularization is an 

algorithm approach used in this paper. It is 

suitable for limited amount of data set, noisy 

data, and free validation data. This method 

may be time-consuming than other 

algorithms [8]. 

Table 1 Training Conditions 

Conditions Mukdahan Chiang Khong 

Hidden Neurons 10 10 

Delay 2 2 

NARX Model Open-loop Open-loop 

Input 84 Ĭ 4 84 Ĭ 4 

Target 84 Ĭ 1 84 Ĭ 1 

Training Set 80% 80% 

Validation Set 0% 0% 

Test Set 20% 20% 

 

4. Results 

After training the NARX model with the 

condition provided in Table 1, the output of 

the NARX model is obtained as presented in 

this section. 

4.1 Time-Series Response 

Graphs respond to the output and target 

of the training data and test data by the x-

axis represents the number of months of data 

and the y-axis represents the traffic flow by 

target and output. These values are similar as 

seen in Figures 3 and 4. 

4.2 Regression 

Correlation coefficient (R) is a measure 

of linear relationship of two variables in this 

case refers to Target and Output. The value 

of Mukdahan and Chiang Khong correlation 

coefficient are 0.96428 and 0.96432, 

respectively, as shown in Figures 5 and 6. 

4.3 Error  Autocorrelation 

Figures 7 and 8 illustrate error 

autocorrelation where the y-axis represents 

the lag and the x-axis represents the 

correlation. We can see that most of the error 

autocorrelation values are smaller than the 

confidence limit  value. 

4.4 Mean Square Error 

The error occurred in the mean square 

error (MSE) is calculated by the equation 3 

                      MSE= 
В (Ὕi - Yi)

2
N
i=1

N
,                    (3) 

where 

T is volume of traffic flow from the target,  

Yi is amount of vehicles calculated by the 

model,  

N is number of data. 

The lowest mean square error of 

Mukdahanôs checkpoint is 1.0724 while the 

lowest mean square error of Chiang Khongôs 

checkpoint is 0.2351. 
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Figure 3 Time-Series response graph of Mukdahan 

border crossing point 

 

 
Figure 4 Time-Series response graph of Chiang 

Khong border crossing point 

Figure 5 Regression graph of Mukdahan border 

crossing point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Regression graph of Chiang Khong border 

crossing point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7 Error autocorrelation function of Mukdahan 

border crossing point 

 

 
Figure 8 Error autocorrelation function of Chiang 

Khong border crossing point 
 

 



IE Network Conference 2015 

6-7 August 2015 Bangkok 

141 

5. Effects of AEC to Border Crossing 

Points 
Thailand is a member of AEC. The 

objective is to establish a single market by 

having the same rules and regulations. 

Compared with other members of the AEC, 

Thailand has advantages in many ways, for 

example, the location where we are 

becoming the center of transportation; 

bordering the most countries in the region as 

well as becoming a production base of 

industrial and agricultural products. These 

strengths make Thailand have a high 

potential for the AEC economic, i.e., trade 

and investment. Thus, it is significant to be 

prepared in opening of the AEC in 

December 31, 2015. 

This section presents examples of 

impact place on Thailand-Laos borders after 

opening of the AEC. Based on the 

information collected from Nong Khai 

checkpoint, which is a permanent checkpoint 

with the first Thai-Lao Friendship Bridge 

connecting to Vientiane, passport holders 

can pass the immigration. However, those 

who do not have passport or border pass 

must be obtained at another office away from 

the border checkpoint. Nong Khai 

checkpoint is divided into immigration 

section and customs vehicles check section. 

The vehicles check point has three channels 

for personal vehicle, one channel for bus and 

coach, and one channel for diplomatic. The 

immigration procedure takes about 5 minutes 

per person. The customs vehicles check will  

take about 15 minutes to inspect one vehicle. 

Upon completion of these procedures, 

travelers are now able to cross to the Laos 

side. 

From the foregoing, it is observed that 

Nong Khai checkpoint is experiencing the 

following issues: 

1. People without passport will  be 

required to obtain border pass at 

another place; border pass cannot be 

issued right away at the checkpoint. 

2. Customs vehicles check channels are 

not enough. It may cause delays 

process if  there is a large number of 

vehicles crossing. 

3. People without vehicles will  have to 

queue to buy bus tickets.  

The opening of AEC will  increase a number 

of vehicles crossing the borders according to 

the forecast in Mukdahanôs and Chiang 

Khongôs checkpoints which will  affect the 

traffic flow at border crossing points and 

may be further delay in procedures. Potential 

of the border today may not be sufficient to 

accommodate more vehicles that are rising. 

Therefore, it is necessary to study and 

improve the border of Thailand to be ready 

for the near future. 

 

6. Conclusion 

This work uses NARX to forecast the 

traffic flow of Mukdahan and Chiang Khong 

checkpoints. For Mukdahanôs checkpoint 

results, we can see that graph pattern is 

consisted only of trend signal. While result 

of Chiang Khongôs checkpoint consisted of 

trend and seasonal signals.  

The correlation coefficient R is equal to 

0.96428 and 0.96432. This implies that the 

target and output has a positive relationship. 

In addition, the MSE is as low as 1.0724 and 

0.2351, holding that the forecast is accurate 

and correct. 

 Forecasting of the traffic flow could be 

the prophet to give benefits to the country to 

prepare for the improvement and 

development of the border of Thailand to 

better devoted in the AEC to come. The 

forecast using NARX is a new and 

interesting methodology which can be used 

to forecasting other constraints. 
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ÛØÅòÕã¬î 
ÛØÅèóâÚöĈâöèòÖ×ùÜäñëÈÅ° ÿßøćîÿßõćâéòÂãáóßÂóäÛäõìóäÉòÕÂóäîùÖëóìÂääâëõćÈØîÃÚóÕã¬îâ ÂäÔöé÷Âêó ì­óÈ

ìù­Úë¬èÚÉČóÂòÕ ABC Ì÷ćÈÝú­ÝæõÖĀæñÉČóìÚ¬óã×ùÈÿØ­ó èõÙöÕČóÿÚõÚÂóäāÕãĂË­ØåêÏöĀæñìæòÂÂóäÿÂöćãèÂòÛāÌ¬îùÜØóÚĀÛÛ
æöÚ  (Lean Supply Chain) ĂÚÂóäèõÿÅäóñì°ĀæñîîÂĀÛÛÿßøćîÂóäèóÈĀÝÚØäòßãóÂäîÈÅ°Âä (ERP) ÿßøćîÜäòÛÜäùÈ
ÂäñÛèÚÂóäØóÈÙùäÂõÉ äèâ×÷ÈÂóäèóÈĀÝÚāÌ¬îùÜØóÚ ĀæñÂäñÛèÚÂóäÕČóÿÚõÚÈóÚÿßõćâÅùÔÅ¬ó ÿË¬Ú ÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóäÝæõÖ ÂóäæÕäîÛÿèæó ÂóäæÕÅèóâëúÎÿÜæ¬ó ĀæñÂóäæÕÂõÉÂääâØöćăâ¬ÿßõćââúæÅ¬ó ÝæÉóÂÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóä ÅèÛÅú¬ÂòÛÂóäèõÿÅäóñì°ĀæñîîÂĀÛÛÂóäèóÈĀÝÚØäòßãóÂäîÈÅ°Âä (ERP) ëóâóä×æÕÅèóâëúÎÿëöãØöć
ÿÂõÕĂÚÂäñÛèÚÂóäØČóÈóÚ ĀæñÿßõćâÜäñëõØÙõáóßÂóäÛäõìóäØäòßãóÂäîÈÅ°ÂäāÕãäèâ ÅõÕÿÜĆÚä­îãæñ 40 
ÚîÂÉóÂÚòĈÚÂóäßòÓÚóäñÛÛèóÈĀÝÚØäòßãóÂäîÈÅ°Âä ãøÕìãù¬Úëóâóä×äîÈäòÛÂäñÛèÚĂÚÿËõÈÙùäÂõÉØöćÿÜæöćãÚĀÜæÈ
îã¬óÈäèÕÿäĆè ÚČóăÜëú¬ÂäñÛèÚÂóäØóÈÙùäÂõÉØöćâöÜäñëõØÙõáóß Âæ¬óèāÕãëäùÜ Ýú­ÛäõìóäãîâäòÛäñÛÛÂóäèóÈĀÝÚ
ØäòßãóÂäîÈÅ°Âä (ERP) ØöćßòÓÚóÃ÷ĈÚÿîÈ ÿÚøćîÈÉóÂëóâóä×äîÈäòÛÂóäÛäõìóäÉòÕÂóäÙùäÂõÉØöćâöÂóäÿÜæöćãÚĀÜæÈÂòÛ
ÂóäĀÃ¬ÈÃòÚØöćäèÕÿäĆèĀæñãòćÈãøÚ 
ÅČóìæòÂ  ÂóäèóÈĀÝÚØäòßãóÂäîÈÅ°Âä Ýú­ÝæõÖĀæñÉČóìÚ¬óã×ùÈÿØ­ó  āÌ¬îùÜØóÚĀÛÛæöÚ 
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Abstract 

This article aims to enhance the management efficiency of small textile industry case 
studies in ABC Socks, Co, Ltd. which manufactures and sells socks. The methodology in 
this study: the analysis and design using enterprise resource planning (ERP) as a tool of 
based on the theory and principles of supply chain lean.  To improve business processes 
include planning, supply chain and operational processes for value-added such as the 
production process improvement, reduce cycle time, reduce waste and reducing non value-
added activities. The results from this study can demonstrate that the process improvement 
together with the analysis and design using ERP can reduce the loss in the process. It can 
be concluded that the overall process can enhance the management efficiency by 
optimizing the resource management about 40 percent. In addition, the enterprise resource 
planning development is flexible to support the change in business processes rapidly. 
Finally, the Executive Management supports the ERP by their own. Moreover, the system 
supports the competition in business management that change rapidly and sustainability. 
Keywords:  Enterprise resource planning (ERP), Manufacturer & stocking distributor, Lean Supply Chain 

 
1. ÛØÚČó 
ÛØÅèóâÚöĈĀëÕÈ×÷ÈÂóäèõÿÅäóñì°ĀæñîîÂĀÛÛäñÛÛ

ÂóäèóÈĀÝÚØäòßãóÂäîÈÅ°Âä [1] ÿßøćîÿßõćâéòÂãáóßÂóä
ÛäõìóäÉòÕÂóäîùÖëóìÂääâëõćÈØîÃÚóÕã¬îâ æÕÜòÎìó
ĀæñÿßõćâāîÂóëĂì­ëóâóä×äîÈäòÛÅèóâÖ­îÈÂóäëòćÈÌøĈîÃîÈ
æúÂÅ­óăÕ­ØòÚÿèæó ĀæñæÕÃîÈÿëöãĂÚÂäñÛèÚÂóä āÕãÜäòÛ
ÂäñÛèÚÂóäÖ¬óÈą Ăì­ÕöÃ÷ĈÚ ëä­óÈäñÛÛÈóÚĀæñ
ÂäñÛèÚÂóäØČóÈóÚĂì­×úÂÖ­îÈ ĀæñâöÅèóâã÷Õìãù¬Úÿâøćîâö
ÂóäÜäòÛÿÜæöćãÚìäøîÃãóãäñÛÛÈóÚĂì­ëóâóä×ØČóÈóÚăÕ­
ÖäÈÖóâÂäñÛèÚÂóäØóÈÙùäÂõÉØöćÖ­îÈÂóä ĀæñæÕÖ­ÚØùÚ
ăÕ­ĂÚäñãñãóè āÕãÂäÔöé÷Âêó ì­óÈìù­Úë¬èÚÉČóÂòÕ ABC 
Ì÷ćÈÿÜĆÚÝú­ÝæõÖĀæñÉòÕÉČóìÚ¬óãëõÚÅ­óëõćÈØî×ùÈÿØ­ó ÙùäÂõÉ
îùÖëóìÂääâëõćÈØîÃÚóÕã¬îâ Ýú­ÛäõìóäâöÅèóâÖ­îÈÂóä
ßòÓÚóîÈÅ°ÂäĂì­âöÜäñëõØÙõáóßâóÂ 
 ÂóäèóÈĀÝÚÂóäÃóã ÂóäÝæõÖ ÂóäÉòÕÂóäëÖ®îÂ

ëõÚÅ­ó ÿÜĆÚÿäøćîÈëČóÅòÎĂÚÂóäÛäõìóäÉòÕÂóäîã¬óÈãõćÈ 
āÅäÈëä­óÈßøĈÚÑóÚØóÈÿØÅāÚāæãöëóäëÚÿØé (IT 
Infrastructure) ÃîÈÛäõêòØĂÚÜäñÿØéăØã×øîÿÜĆÚÜòÉÉòãØöć
Â¬îĂì­ÿÂõÕÅèóâëČóÿäĆÉĂÚÂóäîõâßæöÿâ­ÚÖ° ERP ÉóÂÝæ
ÂóäëČóäèÉÂóäÚČó ERP ăÜĂË­ĂÚîùÖëóìÂääâÃÚóÕÂæóÈ
ÃÚóÕã¬îâĂÚÜäñÿØéăØã [2] ĀæñÚîÂÉóÂÚöĈãòÈßÛè¬ó 

ÜòÉÉòãÅèóâßä­îâÖ¬îÂóäÿÜæöćãÚĀÜæÈĀæñÞöÂîÛäâ ë¬ÈÝæ
Ö¬îÂóäãîâäòÛÿØÅāÚāæãö ERP Software ÃîÈÝú­ĂË­ÈóÚ
âóÂØöćëùÕ [3] É÷ÈÅèäâöÂóäÿÖäöãâÅèóâßä­îâĂì­ÂòÛ
Ýú­ĂË­ÈóÚØòĈÈĂÚÕ­óÚÂóäÞ÷ÂîÛäâ ÂóäĂì­Åèóâäú­ Åèóâ
ÿÃ­óĂÉ ĀæñßòÓÚóÅèóâëóâóä×ÃîÈßÚòÂÈóÚĂÚ
ÿØÅāÚāæãöÚòĈÚą îã¬óÈÖ¬îÿÚøćîÈ ÿßøćîĂì­ßÚòÂÈóÚäòÛäú­×÷È
ÅèóâÈ¬óãÖ¬îÂóäĂË­ÈóÚ ĀæñäòÛäú­×÷ÈÜäñāãËÚ°ØöćăÕ­äòÛÉóÂ 
ERP Software ë¬ÈÝæÖ¬îÅèóâëČóÿäĆÉĂÚÂóäĂË­āÜäĀÂäâ
ĂÚÂóäÜÏõÛòÖõÈóÚĂì­îÈÅ°Âä ĀæñÂóäÜäñãùÂÖ°ĂË­äñÛÛÝæõÖ
ĀÛÛæöÚä¬èâÂòÛÂóäÉòÕÂóäĀÛÛāÌ¬îùÜØóÚ [4] ëóâóä×
ÂČóÉòÕÂõÉÂääâØöćăä­ÜäñāãËÚ°îîÂăÜÉóÂÂäñÛèÚÂóäÝæõÖ 
ÿßøćîæÕÖ­ÚØùÚ ÿßõćâÅèóâãøÕìãù¬ÚĂÚÂóäÝæõÖÖæîÕëóãāÌ¬
îùÜØóÚ āÕãÿÚ­ÚØöćÂóäÿßõćâÅèóâäèÕÿäĆèĂÚÂóäëÚîÈ
ÅèóâÖ­îÈÂóäÃîÈæúÂÅ­óăÕ­îã¬óÈÖ¬îÿÚøćîÈ 

 
2. èòÖ×ùÜäñëÈÅ°ÃîÈÂóäé÷Âêó 

1. ÿßøćîÜäñãùÂÖ°ĂË­āÌ¬îùÜØóÚĀÛÛæöÚ (Lean Supply 
Chain) ĂÚÂóäÜäòÛÜäùÈ ÿßõćâ ìäøîæÕÂäñÛèÚÂóäÖ¬óÈą Øöć
ØČóĂì­ÿÂõÕÝæÿëöãÖ¬îîÈÅ°Âä ØČóĂì­îÈÅ°ÂäâöÜäñëõØÙõáóßĂÚ
ÂóäÛäõìóäØäòßãóÂäîÈÅ°Âä 
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2. ÿßøćîèõÿÅäóñì°ĀæñîîÂĀÛÛäñÛÛ ERP 
(Enterprise Resource Planning) ĂÚÂóäÿßõćâéòÂãáóß
ÂóäÛäõìóäÉòÕÂóäîùÖëóìÂääâëõćÈØîÃÚóÕã¬îâ 

 
3. èõÙöÂóäÕČóÿÚõÚÂóä 

 
 

4. ÝæÂóäé÷Âêó 
4.1 ÝæÂóäëČóäèÉÿÂĆÛäèÛäèâÃ­îâúæÜòÎìó ĀæñÃòĈÚÖîÚ
ÂäñÛèÚÂóäÖ¬óÈąÃîÈ ì­óÈìù­Úë¬èÚÉČóÂòÕ ABC āÌ¬
îùÜØóÚîùÖëóìÂääâëõćÈØî ĀëÕÈĂÚáóßØöć 1 ĀæñÃòĈÚÖîÚ
ÂäñÛèÚÂóäÖ¬óÈąÃîÈ ìÉÂ. ABC ÕòÈáóßØöć 2 
 
 
 
 
 
 
 
 
 
 

áóßØöć 1 āÌ¬îùÜØóÚîùÖëóìÂääâëõćÈØî 

 
 
 
 
 
 
 
 
 
 

áóßØöć 2 Öòèîã¬óÈÃòĈÚÖîÚÖ¬óÈą ÃîÈāäÈÈóÚ 
 

ÉóÂáóßØöć 1 ĀëÕÈāÌ¬îùÜØóÚîùÖëóìÂääâëõćÈØî 
ÜäñÂîÛÕ­èãÜòÉÉòãÚČóÿÃ­ó (Input) ăÕ­ĀÂ¬ èòÖ×ùÕõÛ Āæñ
ÅČóëòćÈÌøĈî ÖòèÃòÛÿÅæøćîÚ (Mechanism) ăÕ­ĀÂ¬ ĀäÈÈóÚ 
ÿÅäøćîÈâøî ÿÈõÚØùÚ ÛùÅæóÂä äñÛÛÛäõìóäÉòÕÂóä Öòè
ÅèÛÅùâ(Control) ăÕ­ĀÂ¬ ÂČóìÚÕèòÚë¬ÈâîÛ Ã¬óèëóäðæð 
Ã­îâúææúÂÅ­ó Ã­îâúæÝú­Ãóã Ã­îâúæÿë­ÚØóÈ ÃòĈÚÖîÚÂóäÝæõÖ 
ÉČóÚèÚÂóäëòćÈÌøĈîÃòĈÚÖČćó ÉČóÚèÚÃòĈÚÖČćóëÖ®îÂëõÚÅ­ó Ã­îâúæ
ÕČóĀìÚ¬ÈÉòÕÿÂĆÛëõÚÅ­ó ĀæñÅú¬âøîÂóäĂË­ÈóÚÿÅäøćîÈÉòÂä 
ÝææòßÙ° (Output) ÿÜĆÚÝæõÖáòÔÒ°×ùÈÿØ­ó 
ÝæÂóäëČóäèÉßÛè¬ó ÜòÎìóØöćëČóÅòÎĂÚāÌ¬îùÜØóÚ 

ÅøîÂóäÃóÕâóÖäÑóÚĂÚÂóäÅèÛÅùâ äñÛÛÛäõìóäÉòÕÂóä
ØöćÿÜĆÚäñÛÛ ĀÖ¬ÃóÕÿÅäøćîÈâøîäñÛÛëóäëÚÿØéĂÚÂóä
äèÛäèâÃ­îâúæ èõÿÅäóñì° ÿÂõÕÅèóâæ¬óË­ó ÿëöãāîÂóë
ØóÈÂóäĀÃ¬ÈÃòÚ ÂóäÝæõÖÃóÕÂóäèóÈĀÝÚ×÷ÈÅèóâ
Ö­îÈÂóäÃîÈÖæóÕ ĀæñÂóäÝæõÖÃ÷ĈÚîãú¬ÂòÛåÕúÂóæ 
áúâõîóÂóéÿÜĆÚÜòÉÉòãìÚ÷ćÈØöćë¬ÈÝæÖ¬îãîÕÃóãëõÚÅ­ó ÃóÕ
ÂóäÜäñëóÚÈóÚāÕãäèâÃîÈîÈÅ°Âä 
ÉóÂáóßØöć 2 ĀëÕÈÂóäÿËøćîâāãÈÃ­îâúæÃîÈāäÈÈóÚ  

ÜäñÂîÛÕ­èãîÈÅ°ÜäñÂîÛÖòĈÈĀÖ¬Ö­ÚÚČĈóÉÚ×÷ÈÜæóãÚČĈó Ì÷ćÈ
ÂäñÛèÚÂóäã¬îãĂÚÃòĈÚÖîÚāäÈÈóÚØî/ÝæõÖ×ùÈÿØ­ó (äñÕòÛ 
A3) ÉñâöÂõÉÂääâÖ¬óÈą ăÕ­ĀÂ¬ ÂóäÃóã ÂóäèóÈĀÝÚÝæõÖ 
ÂóäëÖ®îÂëõÚÅ­ó ÂóäÉòÕÌøĈîÉòÕìó ĀæñÂóäë¬ÈâîÛëõÚÅ­ó
ăÜãòÈæúÂÅ­ó 
ØòĈÈÚöĈÂóäÃóÕÂóäÿËøćîâāãÈÃ­îâúæÃîÈāäÈÈóÚ ØČóĂì­

ÿÂõÕÃ­îÿëöãÿÜäöãÛØóÈÂóäÅ­ó ăâ¬ëóâóä×ÿÃ­ó×÷ÈÝú­ÌøĈîăÕ­
āÕãÖäÈ ÃóÕÂóäĀæÂÿÜæöćãÚÃ­îâúæÿßøćîèóÈĀÝÚÂóäÝæõÖNODE: NO.:A-0 TITLE: āÌ¬îùÜØóÚîùÖëóìÂääâëõćÈØî (×ùÈÿØ­ó)

A0
āÌ¬îùÜØóÚîùÖëóìÂääâëõćÈØî (×ùÈÿØ­ó)èòÖ×ùÕõÛ

ÅČóëòćÈÌøĈî ÝæõÖáòÔÒ° ×ùÈÿØ­ó

ÛùÅæóÂä ÿÅäøćîÈÉòÂäÿÈõÚØùÚ äñÛÛÛäõìóäÉòÕÂóä

ÂČóìÚÕèòÚë¬ÈâîÛ

Ã¬óèëóäßãóÂäÔ°îóÂóéáúâõîóÂóé

PROJECT: AS IS

USED AT:
NOTES: CONTEXT :

TOP

Ã­îâúææúÂÅ­ó
Ã­îâúÝú­Ãóã ÉČóÚèÚëòćÈÌøĈîÃòĈÚÖČćó

Åú¬âøîÂóäĂË­ÈóÚÿÅäøćîÈÉòÂä

Ã­îâúæÿë­ÚØóÈ

ÃòĈÚÖîÚÂóäÝæõÖ

ÉČóÚèÚÃòĈÚÖČćó ëÖ®îÂëõÚÅ­ó

Ã­îâúæÖČóĀìÚ¬ÈÉòÕÿÂĆÛëõÚÅ­ó

ÅČóëòćÈÌøĈî

ÝæõÖáòÔÒ° 
×ùÈÿØ­ó

ÛùÅæóÂä

ÿÅäøćîÈÉòÂä

ÿÈõÚØùÚ

äñÛÛÛäõìóäÉòÕÂóä

ÂČóìÚÕèòÚë¬ÈâîÛ
Ã¬óèëóäßãóÂäÔ°îóÂóéáúâõîóÂóé

PROJECT: AS IS

USED AT:
NOTES: CONTEXT :

A0

ÿë­ÚÕ­óã

A1

ÿëÚîÃóã

A2

èóÈĀÝÚÂóäÝæõÖ

A3

ëÖ®îÂëõÚÅ­ó

A4

ÉòÕÌøĈî ÉòÕìó

A5

ÉòÕë¬ÈëõÚÅ­ó

Åú¬âøîÂóäĂË­ÈóÚÿÅäøćîÈÉòÂä
ÃòĈÚÖîÚÂóäÝæõÖ

ÿÅäøćîÈãÚÖ°

Ã­îâúæÖČóĀìÚ¬ÈÉòÕÿÂĆÛëõÚÅ­ó

ĂÛëòćÈÌøĈîëõÚÅ­ó ÉČóÚèÚÃòĈÚÖČćó ëÖ®îÂëõÚÅ­ó
Ã­îâúæÝú­Ãóã

ÉČóÚèÚëòćÈÌøĈîÃòĈÚÖČćó

ĂÛÿÛõÂÃîÈ

ĂÛÃîÌøĈî

ĂÛÿÛõÂÃîÈ

Ã­îâúæÿë­ÚØóÈÃ­îâúææúÂÅ­ó

ĂÛëòćÈÌøĈî

ĂÛäòÛÃîÈ

ĂÛë¬ÈÃîÈ

ÂČóìÚÕèòÚë¬ÈâîÛ

×ùÈÿØ­ó

ĂÛÃîÌøĈî

NODE: NO.:A3 TITLE: āäÈÈóÚØî/ÝæõÖ×ùÈÿØ­ó
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ä¬èâÂòÚäñìè¬óÈÅú¬Å­ó äèâØòĈÈăâ¬âöîČóÚóÉÖ¬îäîÈĂÚÕ­óÚ
äóÅó ÿÚøćîÈÉóÂÜäõâóÔØöćÝæõÖâöăâ¬âóÂßî 
 
4.2 ÝæÂóäèõÿÅäóñì°ÜòÎìóĀæñÅèóâÿÜĆÚăÜăÕ­ĂÚÂóä
ÜäñãùÂÖ°ĂË­āÌ¬îùÜØóÚĀÛÛæöÚ ÿßøćîÜäòÛÜäùÈ ÿßõćâìäøîæÕ
ÂäñÛèÚÂóäÖ¬óÈą ÉóÂÂóäé÷ÂêóØČóÅèóâÿÃ­óĂÉ ÜòÎìó
ĀæñÃòĈÚÖîÚÂäñÛèÚÂóäßÛè¬ó âöÅèóâÿÜĆÚăÜăÕ­ĂÚÂóä
ÜäòÛÜäùÈÂäñÛèÚÂóä ăÕ­ÕòÈÚöĈ 

 
ÖóäóÈØöć 1 ÝæÂóäÜòÎìóèõÿÅäóñì°ĀæñÃòĈÚÖîÚĂÚÂóäÜäòÛÜäùÈ
ÂäñÛèÚÂóä 
Þ¬óã/ĀÝÚÂ ÂäñÛèÚÂóä

ìæòÂ 
ÂõÉÂääâã¬îã 

Þ¬óãÛòÎËö
ĀæñÂóäÿÈõÚ 
(Accounting 
and 
Finance) 

ÂóäËČóäñìÚöĈ
Å¬óèòÖ×ùÕõÛ/
ëõÚÅ­óĂì­ÂòÛ
ÛäõêòØÅú¬Å­ó/
Ýú­Ãóã 

-ÖäèÉëîÛÃ­îâúæäòÛÿÃ­óèòÖ×ùÕõÛ 
-ÖäèÉëîÛÃ­îâúæëòćÈÌøĈîèòÖ×ùÕõÛ 
-ÉòÕØČóĂÛæÕìÚöĈ/ ĂÛÿßõćâìÚöĈ 
-ËČóäñìÚöĈĂì­ÂòÛÝú­Ãóã āÕã
ëóâóä×ÿæøîÂëòćÈÉ¬óãĀÛÛĀÛ¬È
É¬óãËČóäñÛóÈë¬èÚ ëõÚÅ­óØöćäòÛ
Āæ­èăÕ­ĂÚÃòĈÚÖîÚËČóäñìÚöĈ 

ÂóäÉòÕØČó
äóãÂóä ĂÛæÕ
ìÚöĈĂÛÿßõćâìÚöĈ  

äèâÂõÉÂääâã¬îãăè­ÿÜĆÚ
ÃòĈÚÖîÚÿÕöãèÂòÛÂäñÛèÚÂóä
ËČóäñìÚöĈ 

ĀÝÚÂ
èóÈĀÝÚÝæõÖ 
(Planning) 

èóÈĀÝÚÂóä
ÝæõÖ 

-äñÛÛĀÉ­ÈÿÖøîÚÂČóæòÈÂóäÝæõÖ
āÕãäèâØòĈÈìâÕ 
-ÖòÕëõÚĂÉëòćÈÝæõÖëõÚÅ­ó 
-ÉòÕØČóĂÛëòćÈÝæõÖ 

ĀÝÚÂÝæõÖ 
(Production) 

ÝæõÖëõÚÅ­ó -äòÛÈóÚäóãÂóäĂÛëòćÈÝæõÖ
äñÛÛĀëÕÈÃ­îâúæìÚ­óÈóÚ 
-ÖäèÉëîÛÉČóÚèÚ Āæñëù¬â
ÖäèÉÅùÔáóßĂÚÂóäÝæõÖ 
-ÛòÚØ÷ÂÂóäÜÏõÛòÖõÈóÚ æòÂêÔñ
ËõĈÚÈóÚØöćßÚòÂÈóÚäòÛÿìâó
äóãèòÚØČó 

Þ¬óãÃóãĀæñ
ÂóäÖæóÕ 
(Marketing 
Sales) 

ÿëÚîÃóã -äòÛîîä°ÿÕîä°ÂóäëòćÈÌøĈîÉóÂ
æúÂÅ­ó 
-ÖäèÉëîÛëõÚÅ­óÉóÂÃ­îâúæ
ÅæòÈëõÚÅ­óÅÈÿìæøî 
-ĀÉ­ÈäóãÂóäëõÚÅ­óØöćăâ¬âöĂì­
æúÂÅ­óØäóÛ 
-ÉòÕØČóÿîÂëóäĂÛÿëÚîäóÅó 
ĀæñÅČóÚèÚäóÅó 
-ĀÜæÈĂÛÿëÚîäóÅóÿÜĆÚĂÛëòćÈ

Þ¬óã/ĀÝÚÂ ÂäñÛèÚÂóä
ìæòÂ 

ÂõÉÂääâã¬îã 

ÌøĈîÿâøćîæúÂÅ­óãøÚãòÚÂóäëòćÈÌøĈî 
-ÛòÚØ÷ÂĀæñÉòÕÿÂĆÛÿîÂëóäÿÜĆÚ
ÜäñèòÖõÂóäÌøĈîÃîÈæúÂÅ­ó 

 
4.3 ÝæÂóäèõÿÅäóñì°ÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäÚČóäñÛÛ 
ÿØÅāÚāæãöëóäëÚÿØé 
ëõćÈØöćÝú­ÛäõìóäÃîÈì­óÈìù­Úë¬èÚ ABC ÉČóÂòÕ âöÅèóâ 

ÂòÈèæÖ¬îäñÛÛ ERP ÕòÈÚöĈ 
¶ äóÅóÅèóâÅù­âÅ¬ó 
¶ Ö­îÈÜäòÛÖòèÿÃ­óìóāÜäĀÂäâ  
¶ ßÚòÂÈóÚîóÉÖ¬îÖ­óÚÂóäĂË­āÜäĀÂäâ ERP ăÕ­ 
¶ ÅèóâĂë¬ĂÉÃîÈßÚòÂÈóÚĂÚÂóäÜ­îÚÃ­îâúæ 
¶ ÅèóâÿìâóñëâÃîÈäñÛÛ ERP 
¶ Implement äñÛÛ ERP ăâ¬ÜäñëÛÅèóâëČóÿäĆÉ ăâ¬ÖîÛāÉØã°
ÅèóâÖ­îÈÂóä 

4.4  ÜäòÛÜäùÈāÅäÈëä­óÈîÈÅ°Âä 
ÉóÂÂóäèõÿÅäóñì°ÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäÚČóäñÛÛ
ÿØÅāÚāæãöëóäëÚÿØé ßÛè¬óëõćÈØöćëČóÅòÎĀæñÿÜĆÚÖòè
ÃòÛÿÅæøćîÚîÈÅ°ÂäăÕ­îã¬óÈÖ¬îÿÚøćîÈ Ăì­ëîÕÅæ­îÈÂòÛÂóäÚČó
äñÛÛ ERP âóĂË­ āÕãÂóäÿßõćâÞ¬óãäñÛÛëóäëÚÿØé IT 
ĂÚîÈÅ°Âä ÕòÈÚöĈ 

 
áóßØöć 3 āÅäÈëä­óÈîÈÅ°Âä ì­óÈìù­Úë¬èÚÉČóÂòÕ ABC  

ìæòÈÂóäÜäòÈÜäùÈ (To BE) 
 

4.5 ÝæÂóäßõÉóäÔóäúÜĀÛÛÃîÈäñÛÛ ERP Øöćÿìâóñëâ 
ÂòÛîÈÅ°ÂäÃÚóÕã¬îâ 

4.5.1 ÈÛÜäñâóÔÃîÈÂóäØČó ERP ØòĈÈäñÛÛ  
- Å¬ó hardware ĀæñîùÜÂäÔ°ØöćÿÂöćãèÃ­îÈ (äóÅóÜäñâóÔ
Âóä)  äèâ  220,000  ÛóØ 

- Å¬ó software ĀæñÅ¬óÖõÕÖòĈÈÖ¬óÈą (äóÅóÜäñâóÔÂóä)  
äèâ  130,000 ÛóØ 



ÂóäÜäñËùâèõËóÂóäÃ¬óãÈóÚèõéèÂääâîùÖëóìÂóä ÜäñÉČóÜö ß.é. 2558 
6-7 ëõÈìóÅâ 2558 ÂäùÈÿØßð 

 

147 

4.5.2 ÿÅäøćîÈâøîØöćĂË­ ĂÚÂóäé÷ÂêóĂÚÅäòĈÈÚöĈ 
- āÜäĀÂäâäñÛÛÂóäÉòÕÂóäÑóÚÃ­îâúæ (Microsoft SQL 

Server 2008 R2) 
- āÜäĀÂäâ Mendix Application [5] ÿÜĆÚ Application 

plateform ØöćĂË­ßòÓÚóāÜäĀÂäâ ERP ĂÚÂóäé÷ÂêóĂÚ
ÅäòĈÈÚöĈ 

4.5.3 äñãñÿèæóĂÚÂóäßòÓÚóāÜäĀÂäâ  
- ÜäñâóÔ 3-6 ÿÕøîÚ (Ã÷ĈÚîãú¬ÂòÛÅèóâÖ­îÈÂóäæúÂÅ­ó) 
4.6 ÝæÂóäèõÿÅäóñì°ĀæñîîÂĀÛÛäñÛÛ ERP ÿßøćî 
ÖòÕëõÚĂÉÿæøîÂĂË­äñÛÛ ERP 
ÂóäîîÂĀÛÛäñÛÛ ABC Socks ERP Module 
ÜäñÂîÛÕ­èã Module ìæòÂą ÕòÈÚöĈ 

MODULE FUNCION 
1. MASTER DATA ÿÜĆÚÃ­îâúæÖòĈÈÅ¬óßøĈÚÑóÚÖ¬óÈą  
2. HR MANAGEMENT äñÛÛÛäõìóäÉòÕÂóäØäòßãóÂäâÚùêã° 
3. SALES MANAGEMENT äñÛÛÂóäÛäõìóäÂóäÃóã 
4. ACCOUNT FINANCIAL  äñÛÛÛäõìóäÉòÕÂóäÛòÎËöÂóäÿÈõÚ 
5. INVENTORY äñÛÛÛäõìóäÉòÕÂóäëõÚÅ­óÅÈÅæòÈ 
6. MANUFACURING äñÛÛèóÈĀÝÚÝæõÖ ĀæñÝæõÖ 

7. PURCHASING äñÛÛÛäõìóäÉòÕÂóäÉòÕÌøĈî 
8. DELIVERY  äñÛÛÛäõìóäÉòÕÂóäÃÚë¬È 
9. ADMINISTRATOR  Administration 
10. SYSTEM MODULE System 

Öòèîã¬óÈ Module : MASTER DATA ÿÜĆÚÃ­îâúæÖòĈÈÅ¬ó
ßøĈÚÑóÚÖ¬óÈąØöćĂË­ä¬èâÂòÚĂÚäñÛÛØöćîîÂĀÛÛÿßøćîßòÓÚó
äñÛÛ ERP Ăì­ëîÕÅæ­îÈÂòÛÅèóâÖ­îÈÂóäæúÂÅ­ó Āæñâö
ÅèóâãøÕìãù¬Úëóâóä×ÜäòÛÿÜæöćãÚßòÓÚóäñÛÛĂì­ëóâóä×
ĀÃ¬ÈÃòÚØóÈÙùäÂõÉăÕ­ āÕãĂË­ÿÅäøćîÈâøî Mendix Application 
Tool  

MASTER MODULE 
 
 
 
 
 
 
 

 
 

 
 
 
áóßØöć 4 Öòèîã¬óÈìÚ­óÉî Login ÿÃ­óĂË­ÈóÚäñÛÛ ERP 

 
 
 
 
 
 
 
 
áóßØöć 5 Öòèîã¬óÈìÚ­óÉî ÿâÚúÖòĈÈÅ¬óØòćèăÜ Ã­îâúæĀÝÚÂ 

 

ÖóäóÈØöć 2 ÝæÿÜäöãÛÿØöãÛÂóäÜäñÿâõÚéòÂãáóßÂóäĂË­
ÈóÚäñÛÛ ERP ÃîÈì­óÈìù­Úë¬èÚÉČóÂòÕ ABC (ÿÚøćîÈÉóÂ
îÈÅ°ÂäãòÈăâ¬ÿÅãâöÂóäĂË­ÈóÚäñÛÛ ERP âóÂ¬îÚ) 

ÖòèËöĈèòÕ Ú.Ú. ÅñĀÚÚØöćăÕ­ 

Â¬îÚ ìæòÈ 

1 ÂóäÖäñìÚòÂ×÷ÈÅèóâëČóÅòÎĀæñÜäñāãËÚ°
äñÛÛ ERP ÃîÈÛùÅæóÂä  

10% 3 3 

2 äñÕòÛÅèóâäú­ÅèóâÿÃ­óĂÉÃîÈÛùÅæóÂäÿÂöćãèÂòÛ 
ERP  

10% 1.5 3 

3 ĀÝÚÂóäÜäòÛÜäùÈäñÛÛ ERP  10% 2 3 

4 ÅèóâÿÃ­óĂÉÜòÎìóĀæñëóÿìÖùÃîÈÜòÎìóĂÚ
ÂóäĂË­ÈóÚäñÛÛ ERP 

15% 2 2.5 

5 Åèóâëóâóä×ĂÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóä
ØČóÈóÚĀæñĀÂ­ăÃÜòÎìóäñÛÛ ERP  

15% 2 3 

6 ÝæÂóäÕČóÿÚõÚÂóäÜäòÛÜäùÈÂäñÛèÚÂóäØČóÈóÚ 
(ÉČóÚèÚÜòÎìóØöćĀÂ­ăÃăÕ­) 

15% 1.5 2.5 

7 ÜäñâóÔÂóä ÜäñëõØÙõáóß ÃîÈÂóäĀÂ­ăÃ
ÜòÎìóÂóäĂË­ÈóÚäñÛÛ ERP  (% 
ÜäñëõØÙõáóßØöćÿßõćâÃ÷ĈÚ) 

15% 2 3 

8 ÂóäèóÈĀÝÚĂÚÂóäßòÓÚóÛùÅæóÂä ÿßøćîäîÈäòÛ
ÂóäĂË­äñÛÛ ĀæñÂóäĂì­äóÈèòæ  

10% 1 1 

 äèâ 100% 15 21 

 ëäùÜÅñĀÚÚÿÊæöćã  1.875 2.625 

ÅñĀÚÚÿÊæöćãÿßõćâÃ÷ĈÚ = 2.625  -  1.875   =  0.75 
ÅñĀÚÚ ìäøîÿßõćâÃ÷ĈÚ  =  40% 


