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บทคĆดยŠĂ 
กøąïüîกćøñúĉêìĊęêšĂงกćøðøĆïðøčงคčèõćóđðŨîขĆĚîêĂîกćøชčïñĉüชĉĚîÿŠüîîćāĉกćขšĂöČĂéšü÷ĕôôŜćǰðøą÷čกêŤĔชšđìคîĉคซĉกซŤǰ
ซĉกöŠćǰ(Six sigma) ĔชšกćøüĉđคøćąĀŤĕéĂąĒกøöÿćđĀêčĒúąñúǰ(Cause and effect diagram) ĒúąüĉđคøćąĀŤðŦจจĆ÷ìĊęÿŠงñú
กøąìïêŠĂคčèõćóǰ(Failure mode and effect analysis, FMEA) đóČęĂúéðŦญĀćคøćïìĊęñĉüชĉĚîงćîǰ(Stains on plates) 

ชĉĚîงćîïĉéงĂǰ(Bending of plates) ĒúąñĉüชĉĚîงćîìĊęđคúČĂïéšü÷îĉđกĉúúĂกǰ(Nickel on plate peeling) óïÿćđĀêčÿĞćคĆญ
จćกĒìŠงêĆüîĞćĕôôŜćìĆĚงøĎðøŠćงĒúąขîćéìĊęĕöŠđĀöćąÿöǰêĞćĒĀîŠงĒúąกćøđคúČęĂîìĊęขĂงêćขŠć÷óúćÿêĉกĒúąĂĆêøćÿŠüîÿćø
ชčïĕöŠđĀöćąÿöǰìĞćกćøðøĆïðøčงēé÷กćøđóĉęöøĆýöĊÿŠüîēคšงขĂงĒìŠงêĆüîĞćĕôôŜćจćกǰ20ǰmm. đðŨîǰ30ǰmm. úéขĂïคüćö
ĀîćขĂงĒìŠงêĆüîĞćĕôôŜćúงจćกǰ1.0ǰmm. đðŨîǰ0.5ǰmm. ðøĆïêĞćĒĀîŠงêćขŠć÷óúćÿêĉกจćกǰ1.25ǰmm. đðŨîǰ1.50ǰmm. 

ðøĆïøąïïกćøđคúČęĂîìĊęĒïïĀöčîขĂงêąกøšćïøøจčชĉĚîงćîĔĀšĂ÷ĎŠĔîชŠüงคüćöëĊęǰ285ǰı 425ǰHz ðøĆïĂĆêøćÿŠüîÿćøชčïîĉđกĉú
ĔĀšöĊคüćöđขšöขšîขĂงคúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉกđðŨîǰ45, 55ǰĒúąǰ45ǰg/l êćöúĞćéĆïǰĒúąđóĉęöคüćöëĊęĔîกćøøĆกþć
คčèõćóÿćøชčïđðŨîǰ1ǰคøĆĚงêŠĂÿĆðéćĀŤǰñúงćîüĉจĆ÷ðøćกฏüŠćǰÿćöćøëúéชĉĚîงćîđÿĊ÷ǰ(Defects) จćกǰ19,924ǰชĉĚîĔîĀîċęง
úšćîชĉĚîǰđðŨîǰ5,416ǰชĉĚîĔîĀîċęงúšćîชĉĚîǰĀøČĂúéúงøšĂ÷úąǰ86.4ǰÿŠงñúêŠĂกćøúéêšîìčîชĉĚîงćîđÿĊ÷đðŨîđงĉîðøąöćèǰ
180,486ǰïćì 

คĞćÿĞćคĆญ: ชĉĚîงćîđÿĊ÷ ñĉüđคúČĂïîĉđกĉúǰกćøชčïñĉüéšü÷ĕôôŜćǰîćāĉกćขšĂöČĂ ซĉกซŤǰซĉกöŠć 
 

Abstract 
The electroplating of wrist watch part is improved quality by applying six sigma techniques, cause and 

effect diagrams and failure mode and effect analysis (FMEA) to reduce the defects of stains on plates, 

bending of plates and nickel on plate peeling. The important causes of defects are unsuitable shape 

and size of power distribution system, inapplicable position and movement of the plastic mesh and 

unsuitable the plating ratio. Improved by increasing the arc radius of electrode from 20 mm. to 30 mm. 

and reducing the thickness of electrode from 1.0 mm to 0.5 mm. Adjust the plastic net position from 

1.25 mm. to 1.50 mm. Adjust the rotating system of the basket to be in the frequency range 285 - 425 Hz. 



 
 

 
 

 
กćรปรąชčมวĉชćกćรนวĆตกรรมดšćนวĉศวกรรมĒลąđทคēนēลยĊđพČęĂđศรþฐกĉจĒลąÿĆงคมǰครĆĚงทĊęǰ3 

 The 3rd Conference on Innovation Engineering and Technology for Economy and Society 
วĆนทĊęǰ29ǰมĊนćคมǰ2563 ณǰมĀćวĉทยćลĆยđกþมบĆณฑĉตǰวĉทยćđขตรŠมđกลšć 

 

472 

Adjust the ratio of nickel plating to the concentration of chloride nickel and boric acid to 45, 55 and 45 g/l 

respectively and increase frequency maintaining of plating solution once a week. The results of 

improvement show that reduce defects from 19,924 ppm to 5,416 ppm or 86.4%. The cost decrease 

approximately 180,486 baht. 

Keywords: Defect, Nickel coating, Electroplating, Wristwatch, Six Sigma 

 

1. บทนĞćǰ(Introduction) 
 ðŦจจčïĆîđìคēîēú÷ĊกćøđคúČĂïñĉüชĉĚîÿŠüîîćāĉกćđขšćöćöĊ
ïìïćìêŠĂกćøñúĉêîćāĉกćǰซċęงđðŨîÿĉîคšćĔîชĊüĉêðøąจĞćüĆî
đคøČęĂงöČĂĒúąđคøČęĂงĔชšëĎกóĆçîćĔĀšìĆîÿöĆ÷éšü÷đìคēîēú÷Ċ
ÿöĆ÷ĔĀöŠđóČęĂđóĉęöคüćöðúĂéõĆ÷ǰคüćöÿąéüกêŠĂกćøĔชšงćîǰ
ขċĚîกĆïđคøČęĂงöČĂìĊęĔชšìĊęöĊกćøñúĉêǰกćøĔชšงćîìĊęöĊกćøðøĆïđðúĊę÷î
øĎðúĆกþèŤêćöคüćöกšćüĀîšćขĂงđìคēîēú÷ĊøüöìĆĚงîĞćđĂć
đìคēîēú÷Ċÿćøÿîđìýǰ(Information technology, IT) öćĔชšงćîǰ 
 îćāĉกćขšĂöČĂđðŨîÿĉîคšćìĊęöĊกćøóĆçîćคčèõćóกćøñúĉê
Ă÷ŠćงêŠĂđîČęĂงǰÿŠงñúĔĀšĂčêÿćĀกøøöîćāĉกćĒïïđéĉöĒúą
îćāĉกćĂĆจฉøĉ÷ąǰ(Smart watch) öĊกćøĒขŠงขĆîกĆîÿĎงǰ[1]ǰ
éĆงîĆĚîĂčêÿćĀกøøöกćøñúĉêîćāĉกćĒïïđéĉöจċงêšĂงîĞćđÿîĂ
จčéđéŠîéšćîøĎðìøงǰขîćéǰคüćöđðŨîđĂกúĆกþèŤขĂงĒïøîéŤǰ
ĒúąคčèõćóขĂงñúĉêõĆèฑŤêćööćêøฐćîǰขĆĚîêĂîĀîċęงìĊęöĊ
คüćöÿĞćคĆญĔîกćøñúĉêชĉĚîÿŠüîîćāĉกćขšĂöČĂคČĂกøąïüîกćøชčïǰ
đóøćąîĂกจćกจąìĞćĔĀšîćāĉกćđกĉéคüćöÿü÷งćöĒúšüǰ÷ĆงđðŨî
กćøðŜĂงกĆîกćøñčกøŠĂîǰ(Anti - corrosion) Ēúą÷ČéĂć÷č
กćøĔชšงćîขĂงชĉĚîÿŠüîîćāĉกćǰ[2]ǰกøąïüîกćøชčïñĉüöĊขĂงđÿĊ÷
ìĊęĕöŠĒîŠîĂîǰจćกüĉíĊกćøñúĉêĕöŠöĊคüćöñĆîĒðøขĂงđคøČęĂงจĆกøกúǰ
đงČęĂîĕขĔîกćøñúĉêìĊ ęđกĉéจćกกćøĔชšðøąÿïกćøèŤĒúą
คüćöชĞćîćญขĂงñĎšðฏĉïĆêĉงćîđîČęĂงจćกđðŨîกøąïüîกćø
ðฏĉกĉøĉ÷ćĕôôŜćđคöĊìĊę ĕöŠÿćöćøëöĂงđĀĘîĕéšéšü÷êćđðúŠć
đĀöČĂîขĆĚîêĂîĂČęîėǰ[3]ǰĒúąชčïชĉĚîงćîóøšĂöกĆîคøĆĚงúąĀúć÷
óĆîชĉĚîǰëšćÿĉîคšćìĊęñúĉêĂĂกöćĕöŠĕéšคčèõćóêćöìĊęêšĂงกćøจą
ìĞćĔĀšđกĉéกćøÿĎญđÿĊ÷ìĆĚงêšîìčîüĆêëčéĉïǰĒøงงćîǰđüúćìĊęĔชšĔî
กćøñúĉêǰกćøซŠĂöงćîǰ(rework) ĀøČĂกćøñúĉêĔĀöŠǰéĆงîĆĚî
กćøðøĆïðøčงĒúąóĆçîćđìคēîēú÷ĊกćøñúĉêĔĀšéĊöĊðøąÿĉìíĉõćóǰ
จąđðŨîขšĂĕéšđðøĊ÷ïĔîกćøĒขŠงขĆîกĆïñĎšñúĉêÿĉîคšćøć÷ĂČęîǰ 
ǰǰǰǰǰǰđìคîĉคซĉกซŤǰซĉกöŠćđðŨîüĉíĊĀîċęงìĊęöĊกćøîĞćöćĔชšĔîกćøðøĆïðøčง
กøąïüîกćøñúĉêǰซċęงöĊจčéðøąÿงคŤđóČęĂúéคüćöñĉéóúćéìĊę
đกĉéขċĚîĔîกøąïüîกćøǰēé÷öčŠงđîšîĔĀšđกĉéคüćöñĉéóúćéîšĂ÷
ìĊęÿčéĒúąöĊคüćöÿĎญđÿĊ÷ĕöŠđกĉîǰ3.4ǰĀîŠü÷ĔîúšćîĀîŠü÷ǰēé÷Ĕชš
ĀúĆกกćøìćงÿëĉêĉǰđóČęĂúéคüćöĕöŠĒîŠîĂîǰ(Variation) Ēúą

ðøĆïðøčงขĊéคüćöÿćöćøëĔîกćøìĞćงćîĔĀšĕéšêćöđðŜćĀöć÷
ìĊęกĞćĀîéǰđìคîĉกซĉกซŤǰซĉกöŠćǰëĎกîĞćĕððøą÷čกêŤĔชšĔîกćøðøĆïðøčง
กøąïüîกćøñúĉêĂ÷Šćงกüšćงขüćงǰ[4ǰ-ǰ5]ǰđชŠîǰกćøðøĆïðøčง
กøąïüîกćøđคúČĂïéšü÷ĕôôŜćđคöĊขĂงกćøñúĉêüงจøĕôôŜćøüöǰ
éšü÷กćøúéขĂงđÿĊ÷จćกกćøüĉđคøćąĀŤĀćÿćđĀêčéšü÷ĕéĂąĒกøö
ÿćđĀêčĒúąñúǰĒúąǰFMEA óïüŠćÿćđĀêčìĊęìĞćĔĀšđกĉéขĂงđÿĊ÷
öćจćกÿĉęงðîđðŚŪĂîĔîÿćøđคöĊǰขĆĚîêĂîกćøìĞćงćîǰกćøïĞćøčงøĆกþć
đคøČęĂงจĆกøǰĒúąóćøćöĉđêĂøŤìĊęĔชšĔîกćøñúĉêĕöŠđĀöćąÿöǰ
ĀúĆงðøĆïðøčงîĚĞć÷ćđคúČĂïǰขĆĚîêĂîกćøðฏĉïĆêĉงćîøüöìĆĚง
กćøïĞćøčงøĆกþćđคøČęĂงจĆกøǰÿćöćøëúéขĂงđÿĊ÷ðøąđõìēúĀą
ÿŠüîđกĉîǰคüćöĀîćขĂงéĊïčกĕöŠêøงêćöìĊęกĞćĀîéǰĒúąĕöŠñŠćî
กćøìéÿĂïǰsolderability test úงđĀúČĂǰ5%, 0.3%ǰĒúąǰ
0.05%ǰêćöúĞćéĆïǰ[5]ǰกćøúéขĂงđÿĊ÷จćกกøąïüîกćøชčï
ēคøđöĊ÷öǰēé÷ðøą÷čกêŤĔชšüĉíĊกćøซĉกซŤǰซĉกöŠćǰēé÷กĞćĀîé
ðŦญĀćéšü÷ĒñîõĎöĉóćøćēêคČĂǰกćøđกĉéđöĘéĀøČĂêćöéïî
ñĉüชĉĚîงćîǰĒúšüüĉđคøćąĀŤĀćÿćđĀêčéšü÷ĕéĂąĒกøöÿćđĀêčĒúąñúǰ
ĒúšüîĞćöćđชČęĂöē÷งกĆïคŠćøąéĆïคüćöđÿĊę÷งจćกกćøüĉđคøćąĀŤǰ
FMEA đóČęĂüĉđคøćąĀŤĀćÿćđĀêčìĊęîŠćจąöĊñúกøąìïöćกìĊęÿčéǰ
ซċęงĕéšĒกŠǰüĉíĊกćøúšćงชĉĚîงćîǰคŠćǰpH ขĂงïŠĂîĉđกĉúđงćǰĂčèĀõĎöĉขĂง
ïŠĂîĉđกĉúđงćǰĒúąคüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćǰìĞćกćøðøĆïðøčง
éšü÷กćøĂĂกĒïïกćøìéúĂงĀćÿõćüąìĊęđĀöćąÿöǰĒúąđóČęĂ
คüïคčöêĆüĒðøêŠćงėǰจċงจĆéìĞćคĎŠöČĂกćøðฏĉïĆêĉงćîǰÿćöćøëúé
กćøđกĉéขĂงđÿĊ÷ĕéšǰ82%ǰ[6]ǰกćøðøĆïðøčงกøąïüîกćøชčïñĉü
éšü÷ĕôôŜćขĂงชĉĚîÿŠüîðøąกĂïĂĉđúĘกìøĂîĉกÿŤđóČęĂúéกćøîĞć
ชĉĚîงćîกúĆïöćซŠĂöǰéšü÷กćøüĉđคøćąĀŤĀćÿćđĀêčéšü÷ĕéĂąĒกøö
ÿćđĀêčĒúąñúǰĒúąĂĂกĒïïกćøìéúĂงđóČęĂĀćÿõćüąìĊę
đĀöćąÿöĔîกćøขĆéñĉüĒúąกćøชčïǰĀúĆงกćøĀćÿõćüąìĊę
đĀöćąÿöÿĞćĀøĆïกćøขĆéñĉüĒúąกćøชčïĕöŠðøćกฏชĉĚîงćîìĊę
êšĂงîĞćกúĆïöćซŠĂöǰ[7]ǰđðŨîêšî 

ǰǰǰǰǰǰงćîüĉจĆ÷îĊĚ öĊ üĆêëčðøąÿงคŤðøĆïðøč งกøąïüîกćøชčï
ñĉüชĉĚîงćîéšü÷ĕôôŜćđคöĊǰĔĀšöĊøąïïกćøêøüจÿĂïคčèõćó
đðŨîöćêøฐćîǰēé÷กćøกĞćĀîéðŦญĀćǰüĉđคøćąĀŤÿćđĀêčจćก
กćøđúČĂกĔชšđคøČęĂงöČĂคčèõćóĒúąðøą÷čกêŤđìคîĉคซĉกซŤǰซĉกöŠćǰ
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đóČęĂêøüจÿĂïคčèõćóĔîÿëćîĊงćîชčïñĉüēúĀąǰđóČęĂúéชĉĚîงćî
đÿĊ÷ìĊęđกĉéขċĚîĔîกøąïüîกćøชčïúงĕöŠîšĂ÷กüŠćøšĂ÷úąǰ70 
 

2. วĉธĊกćรวĉจĆยǰ(Methodology) 
      ขĆĚîêĂîĔîกćøéĞćđîĉîงćîüĉจĆ÷êćöĒîüìćงขĂงซĉกซŤǰ
ซĉกöŠćǰĒÿéงéĆงøĎðìĊęǰ1ǰÿćöćøëĒïŠงĕéšđðŨîǰ5ǰขĆĚîêĂîǰéĆงîĊĚ 
ǰǰǰǰǰǰ2.1ǰกĞćĀîéðŦญĀćéšü÷ĒñîõĎöĉóćđøēêǰéšü÷กćøîĞć
ðøĉöćèชĉĚîงćîđÿĊ÷ìĊęđกĉéขċĚîǰ6ǰúĆกþèąĕéšĒกŠǰกćøđกĉéคøćïìĊę
ñĉüชĉĚîงćîǰชĉĚîงćîïĉéงĂǰñĉüชĉĚîงćîìĊęđคúČĂïéšü÷îĉđกĉúúĂกǰ
ขîćéขĂงชĉĚîงćîĕöŠêøงêćöìĊęกĞćĀîéǰชĉĚîงćîöĊđýþคøĊïìĊęñĉüǰ
ĒúąชĉĚîงćîđÿĊ÷đîČęĂงจćกúĆกþèąĂČęîėǰöćÿøšćงđðŨîĒñîõĎöĉ
óćđøēêǰĒúšüĔชšĀúĆกǰ80/20ǰĔîกćøกĞćĀîéðŦญĀćìĊęêšĂง
éĞćđîĉîกćøĒกšĕขกŠĂî 

ǰǰǰǰǰǰ2.2ǰüĉđคøćąĀŤøąïïขšĂöĎúกćøüĆéĒïïîĆïǰēé÷üĉđคøćąĀŤ
øąïïกćøüĆéขĂงóîĆกงćîêøüจÿĂïคčèõćóชĉĚîÿŠüîîćāĉกć
ขšĂöČĂǰéšü÷กćøđðøĊ÷ïđìĊ÷ïñúกćøêĆéÿĉîĔจøąĀüŠćงชĉĚîงćîìĊęéĊ
ĒúąชĉĚîงćîđÿĊ÷ĔîúĆกþèąêŠćงėขĂงóîĆกงćîǰǰǰ 

 
øĎðìĊęǰ1ǰĒñîõćóēé÷øüöขĂงกćøéĞćđîĉîงćîüĉจĆ÷ 

 

ǰǰǰǰǰǰ2.3ǰüĉđคøćąĀŤĀćÿćđĀêčขĂงðŦญĀćǰéšü÷ĕéĂąĒกøö
ÿćđĀêčĒúąñúǰĒúąกćøüĉđคøćąĀŤðŦจจĆ÷ìĊęÿŠงñúกøąìïêŠĂ
คčè õ ćó ǰ(Failure mode and effect analysis, FMEA)ǰ
ĒúšüðøąđöĉîคŠćêĆüđúขúĞćéĆïคüćöÿĞćคĆญ ǰ(Risk Priority 

Number, RPN) ĀúĆงจćกîĆĚîคĆéđúČĂกÿćđĀêčìĊę öĊ คŠ ćǰRPN 

öćกกüŠćคŠćǰRPN ขĂงđðĂøŤđซĘîêŤĕìúŤǰ80ǰđóČęĂกĞćĀîéđðŨî

ÿćđĀêčìĊęêšĂงìĞćกćøĒกšĕข 

ǰǰǰǰǰǰ2.4ǰðøĆïðøčงกøąïüîกćøชčïǰ 
ǰǰǰǰǰǰ2.4.1ǰðøĆïðøčงøĎðøŠćงĒúąขîćéขĂงĒìŠงêĆüîĞćĕôôŜćǰ
ēé÷กćøđóĉęöøĆýöĊÿŠüîēคšงจćกǰ20 mm. đðŨîǰ30 mm. úéขĂï
คüćöĀîćúงจćกǰ1.0 mm. đðŨîǰ0.5 mm. éĆงĒÿéงĔîøĎðìĊęǰ2 
ǰǰǰǰǰǰ2.4.2ǰðøĆïêĞćĒĀîŠงêćขŠć÷óúćÿêĉกจćกǰ1.25 mm. đðŨîǰ1.50 mm. 

 

 

 

 

 
¦¼�ท¸É 2  ÂบบÂ�¨น ก) Âท่งตª́นÎµÅ¢¢้µÁด·¤ Â¨³ข) Âท่งตª́นÎµÅ¢¢้µ

Ä®¤่ 

2.4.3ǰðøĆïøąïïกćøđคúČęĂîìĊęĒïïĀöčîขĂงêąกøšćïøøจč
ชĉĚîงćîēé÷ĀćïŠĂชčïìĊęêąกøšćïøøจčชĉĚîงćîĀöčîĕéšéĊǰคČĂǰĀöčî
Ă÷ŠćงÿöęĞćđÿöĂǰĕöŠöĊกćøĀ÷čéĀöčîđðŨîชŠüงėǰĒúšüüĆéคŠćคüćöëĊę
éšü÷đคøČęĂงüĆéคüćöÿĆęîÿąđìČĂîǰ(Vibration Meter)ǰõć÷ĔîïŠĂชčïǰ
đóČęĂกĞćĀîéđðŨîคŠćöćêøฐćîĔîกćøêĆĚงคüćöëĊęขĂงïŠĂชčï 

      2.4.4 กćøðøĆïêĆĚงคŠćǰDosing pump ĔĀšจŠć÷ÿćøđคöĊđขšć
ÿĎŠïŠĂชčïĔîðøĉöćèìĊęëĎกêšĂงǰéšü÷กćøÿĂïđìĊ÷ïðøĉöćèกćøจŠć÷
ÿćøđคöĊจøĉงกĆïðøĉöćèìĊęêĆĚงคŠćĕüšǰ 
      2.4.5 ðøĆïĂĆêøćÿŠüîÿćøชčïîĉđกĉúǰēé÷กćøĀćคüćöđขšöขšî
ขĂงคúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉกìĊęđĀöćąÿöกĆïîĚĞć÷ćชčïîĉđกĉúǰ
éšü÷กćøìéúĂงăĆúúŤđซúúŤéĆงêćøćงìĊęǰ1 ìĊęĂčèĀõĎöĉǰ56oC 

pH 4.5ı5.0 กøąĒÿĕôôŜćǰ3.5 AǰĔชšđüúćǰ2 min 

ǰǰǰǰǰǰ2.4.6ǰðøĆïคüćöëĊęĔîกćøøĆกþćคčèõćóÿćøชčïđðŨîǰ1 คøĆĚง
êŠĂÿĆðéćĀŤ 
êćøćงìĊęǰ1ǰǰกćøìéúĂงĀćคüćöđขšöขšîîĉđกĉúǰคúĂĕøéŤǰĒúą ǰǰǰǰǰ 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰกøéïĂøĉกǰìĊęđĀöćąÿöกĆïÿćøชčïîĉđกĉúǰ 

êĆüĂ÷ŠćงìĊę [Cl] (g/l) [Ni] (g/l) [H3BO3] (g/l) 

1 45 60 45 

ข) 

ก) 
1.000 
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2 40 60 45 

3 35 60 45 

4 30 60 45 

5 25 60 45 

6 20 60 45 

7 

[Cl] 

ìĊęĔĀšñú
กćøชčï 

ìĊęéĊìĊęÿčé 

55 45 

8 50 45 

9 45 45 

10 40 45 

11 [Ni] ìĊęĔĀšñú
กćøชčï 

ìĊęéĊìĊęÿčé 

40 

12 35 

ǰǰǰǰǰǰ2.5ǰคüïคčöกøąïüîกćøชčïǰซċęงđðŨîöćêøกćøðŜĂงกĆî
ĒúąกćøÿøšćงøąïïคüïคčöǰđóČęĂðŜĂงกĆîĕöŠĔĀšðŦญĀćđกĉéขċĚîซĚĞć 
 
3. ผลกćรวĉจĆยĒลąĂภĉปรćยผลǰ(Results and discussions) 
      3.1ǰðŦญĀćขĂงกøąïüîกćøชčïìĊęêšĂงéĞćđîĉîกćøĒกšĕขǰ
จćกĒñîõĎöĉóćđøēêéĆงøĎðìĊęǰ3ǰóïüŠćชĉĚîงćîđÿĊ÷ÿŠüîĔĀญŠöć
จćกðŦญĀćคøćïìĊęñĉüชĉĚîงćîǰชĉĚîงćîïĉéงĂǰĒúąñĉüชĉĚîงćîìĊę

đคúČĂïéšü÷îĉđกĉúúĂกǰซċęงìĞćĔĀšđกĉéขĂงđÿĊ÷øüöìĆĚงÿĉĚîǰ80.7%ǰ 

 
øĎðìĊęǰ3ǰĒñîõĎöĉóćđøēêĒÿéงขšĂïกóøŠĂงขĂง 
ǰǰǰǰǰǰǰǰǰǰชĉĚîÿŠüîîćāĉกćìĊęđÿĊ÷ĔîขĆĚîêĂîกćøชčï 

ǰǰǰǰǰǰ3.2ǰจćกñúกćøüĉđคøćąĀŤøąïïขšĂöĎúกćøüĆéĒïïîĆïǰóïüŠć
óîĆกงćîìčกคîìĞćĒïïìéÿĂïëĎกêšĂงìĆĚงĀöéǰĒÿéงüŠć
óîĆกงćîêøüจÿĂïöĊคüćöđìĊę÷งêøงĒúąĒöŠî÷ĞćĔîกćøìĞćงćî 

ǰǰǰǰǰǰ3.3ǰñúกćøüĉđคøćąĀŤĀćÿćđĀêčขĂงðŦญĀćคøćïìĊęñĉüชĉĚîงćîǰ 
 

ชĉĚîงćîïĉéงĂǰĒúąñĉüชĉĚîงćîìĊę đคúČĂïéšü÷îĉ đกĉúúĂกéšü÷
ĕéĂąĒกøöÿćđĀêčĒúąñúĒÿéงĔîøĎðìĊęǰ4ǰ-ǰ6ǰēé÷ÿćđĀêčìĊęüงéšü÷
đÿšîðąÿĊéĞćđðŨîÿćđĀêčìĊęñŠćîกćøüĉđคøćąĀŤĒúšüüŠćÿŠงñúêŠĂ
ðŦญĀćǰõć÷ĀúĆงกćøîĞćÿćđĀêčöćðøąđöĉîคŠćǰRPN éšü÷ǰFMEA 

 

 
¦¼�ท¸É 4  Åด°³Âก¦¤­µÁ®ต»Â¨³�¨Â­ดง­µÁ®ต»Äนกµ¦Áก·ด�́ญ®µ�·ªช·Êนงµนท¸ÉÁค¨º°บดª้¥น·Áก·̈ ¨°ก 

 
 
 
 
 

êćøćงìĊę 2ǰǰกćøüĉđคøćąĀŤ FMEAǰขĂงðŦญĀćñĉüชĉĚîงćîìĊęđคúČĂïéšü÷îĉđกĉúúĂก 
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úĆกþèą
ขšĂïกóøŠĂง 

ĒîüēîšöขĂงñú
จćกขšĂïกóøŠĂง 

SEV ĒîüēîšöขĂงÿćđĀêč OCC 
กćøคüïคčöĔîðŦจจčïĆî 

DET RPN 
ðŜĂงกĆî êøüจจĆï 

ñĉüชĉĚîงćîìĊę
đคúČĂïéšü÷
îĉđกĉúúĂก 

ĕöŠÿćöćøëÿŠง
ชĉĚîงćîĔĀšกĆï
úĎกคšćĕéšǰĒêŠ
ĀîšćìĊęขĂง
ชĉĚîÿŠüîîćāĉกć
ÿćöćøëĔชšงćî
ĕéšêćöðกêĉ 

8 ìŠĂÿŠงîĚĞćöĊขîćéđúĘก 4 ĕöŠöĊ ĕöŠöĊ 10 320 

คŠćǰTOC ĔกúšคŠćúĉöĉêǰ 8 üĉđคøćąĀŤìčกđéČĂî ĕöŠöĊ 10 640 

NiCl2  đกĉîúĉöĉê 8 üĉđคøćąĀŤìčกđéČĂî ĕöŠöĊ 10 640 

Dosing pump จŠć÷
ÿćøđคöĊđขšćïŠĂชčïĕöŠคงìĊę 

8 ĕöŠöĊ ĕöŠöĊ 
 

10 640 

úĘĂคêąกøšćชĉĚîงćîĕöŠéĊ 3 êøüจÿĂïกćøúĘĂค ĕöŠöĊ 6 144 

ÿðøĉงđðŨîÿîĉö 2 กćøïĞćøčงøĆกþć êćđðúŠć 7 112 

ÿðøĉงøšćü 2 กćøïĞćøčงøĆกþć êćđðúŠć 7 112 

คüćöëĊęìĊęêĆĚงĔĀšêąกøšćïøøจč
ชĉĚîงćîĀöčîกĆïคüćöëĊęìĊęüĆé
คŠćจøĉงĕöŠđìŠćกĆî 

10 ĕöŠöĊ ĕöŠöĊ 10 800 

คüćöคúćéđคúČęĂîขĂง
đคøČęĂงจŠć÷กøąĒÿĕôôŜćǰ 

1 กćøïĞćøčงøĆกþć ĕöŠöĊ 10 80 

 
¦¼�ท¸É 5  Åด°³Âก¦¤­µÁ®ต»Â¨³�¨Â­ดง­µÁ®ต»Äนกµ¦Áก·ด�́ญ®µช·Êนงµนบ·ดง° 

 

 

 

 

ตµ¦µงท¸É 3  กµ¦ª·Áค¦µ³®์ FMEA ข°ง�́ญ®µช·Êนงµนบ·ดง° 
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úĆกþèą
ขšĂïกóøŠĂง 

ĒîüēîšöขĂงñú
จćกขšĂïกóøŠĂง 

SEV ĒîüēîšöขĂงÿćđĀêč OCC 
กćøคüïคčöĔîðŦจจčïĆî 

DET RPN 
ðŜĂงกĆî êøüจจĆï 

ชĉĚîงćî 

ïĉéงĂ 

ĕöŠÿćöćøëÿŠง
ชĉĚîงćîĔĀšกĆï
úĎกคšćĕéšǰ
đîČęĂงจćกĀîšćìĊę
ขĂงชĉĚîÿŠüî
îćāĉกćĕöŠ
ÿćöćøëĔชšงćî
ĕéšêćöðกêĉ 

8 ขćéคüćöøąöĆéøąüĆง 2 òřกĂïøö ĕöŠöĊ 1 16 

đøŠงøĊï 2 òřกĂïøö ĕöŠöĊ 1 16 

กćøđìชĉĚîงćîìĞćĔĀš
ชĉĚîงćîกøąìïกĆî 

2 đìชĉĚîงćîĔî
øąéĆïêęĞć 

ĕöŠöĊ 
 

2 32 

ĒìŠงêĆüîĞćĕôôŜćÿĎงกüŠć
óČĚîêąกøšćǰ0.5ǰmm 

10 ĕöŠöĊ ĕöŠöĊ 10 800 

êćขŠć÷óúćÿêĉกÿĎงกüŠć
óČĚîêąกøšćǰ0.25ǰmm. 

10 ĕöŠöĊ ĕöŠöĊ 10 800 

úĘĂคêąกøšćชĉĚîงćîĕöŠéĊ 3 êøüจÿĂïกćøúĘĂค ĕöŠöĊ 6 144 

ÿðøĉงđðŨîÿîĉö 2 กćøïĞćøčงøĆกþć êćđðúŠć 7 112 

ÿðøĉงøšćü 2 กćøïĞćøčงøĆกþć êćđðúŠć 7 112 

คüćöëĊęìĊęêĆĚงĔĀšêąกøšć
ïøøจčชĉĚîงćîĀöčîกĆï
คŠćìĊęüĆéจøĉงĕöŠđìŠćกĆî 

10 ĕöŠöĊ êćđðúŠć 10 800 

 

øĎðìĊę 6 ǰĕéĂąĒกøöÿćđĀêčĒúąñúĒÿéงÿćđĀêčĔîกćøđกĉéðŦญĀćคøćïìĊęñĉüชĉĚîงćî 

 

 

 

 
êćøćงìĊę 3ǰǰกćøüĉđคøćąĀŤ FMEAǰขĂงðŦญĀćคøćïìĊęñĉüชĉĚîงćî 
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úĆกþèą
ขšĂïกóøŠĂง 

ĒîüēîšöขĂงñú
จćกขšĂïกóøŠĂง 

SEV ĒîüēîšöขĂงÿćđĀêč OCC 
กćøคüïคčöĔîðŦจจčïĆî 

DET RPN 
ðŜĂงกĆî êøüจจĆï 

กćøđกĉé
คøćïìĊę
ñĉüชĉĚîงćîǰ 

ĕöŠÿćöćøëÿŠง
ชĉĚîงćîĔĀšกĆï
úĎกคšćĕéšǰĒêŠ
ĀîšćìĊęขĂง
ชĉĚîÿŠüîîćāĉกć
ÿćöćøëĔชšงćî
ĕéšêćöðกêĉ 

7 NiCl2 đกĉîúĉöĉêǰ 8 üĉđคøćąĀŤìčกđéČĂî ĕöŠöĊ 10 560 

คŠćǰTOC ĔกúšคŠćúĉöĉêǰ 8 üĉđคøćąĀŤìčกđéČĂî ĕöŠöĊ 10 560 

îĚĞćúšćงöĊÿćøĂĉîìøĊ÷ŤðîĂ÷ĎŠ 8 ĕöŠöĊกćøðŜĂงกĆî ĕöŠöĊ 10 560 

ĒìŠงêĆüîĞćĕôôŜćÿĎงกüŠćóČĚî
êąกøšćǰ0.5ǰmm. 

10 ĕöŠöĊกćøðŜĂงกĆî ĕöŠöĊ 10 700 

êćขŠć÷óúćÿêĉกÿĎงกüŠć
óČĚîêąกøšć 0.25 mm. 

10 ĕöŠöĊกćøðŜĂงกĆî ĕöŠöĊ 10 700 

úĘĂคêąกøšćชĉĚîงćîĕöŠéĊ 3 êøüจÿĂïกŠĂîìĞćงćî ĕöŠöĊ 6 126 

ÿðøĉงđðŨîÿîĉö 2 กćøïĞćøčงøĆกþć ĕöŠöĊ 7 98 

ÿðøĉงøšćü 2 กćøïĞćøčงøĆกþć ĕöŠöĊ 7 98 

คüćöëĊęìĊęêĆĚงĔĀšêąกøšć
ïøøจčชĉĚîงćîĀöčîกĆï
คŠćìĊęüĆéจøĉงĕöŠđìŠćกĆî 

10 ĕöŠöĊกćøðŜĂงกĆî ĕöŠöĊ 10 700 

óîĆกงćîขćéðøąÿïกćøèŤ 1 öĊกćøòřกĂïøö ĕöŠöĊ 1 7 

éĆงêćøćงìĊęǰ1-3ǰÿćöćøëđúČĂกÿćđĀêčìĊęêšĂงìĞćกćøĒกšĕขĕéšéĆงîĊĚ 
ǰǰǰǰǰǰ1)ǰĒìŠงêĆüîĞćĕôôŜćÿĎงกüŠćóČĚîêąกøšćĔÿŠชĉĚîงćîǰ0.50 mm. 

ǰǰǰǰǰǰ2)ǰêĞćĒĀîŠงêćขŠć÷óúćÿêĉกÿĎงกüŠćóČĚîêąกøšćïøøจč
ชĉĚîงćîǰ0.25 mm.         

ǰǰǰǰǰǰ3)ǰคüćöëĊęìĊęêĆĚงĔĀšêąกøšćïøøจčชĉĚîงćîĀöčîกĆïคüćöëĊęìĊę
üĆéคŠćจøĉงĕöŠđìŠćกĆî 

ǰǰǰǰǰǰ4)ǰDosing pump จŠć÷ÿćøđคöĊđขšćïŠĂชčïĕöŠคงìĊę 
ǰǰǰǰǰǰ5)ǰคüćöđขšöขšîîĉđกĉúคúĂĕøéŤđกĉîúĉöĉêǰ60 ı 80 g/l 
ǰǰǰǰǰǰ6)ǰคŠćÿćøĂĉîìøĊ÷ŤìĆĚงĀöéĔîîĚĞć÷ćชčïîĉđกĉúĔกúšคŠćúĉöĉêǰ
5000 g/l 
ǰǰǰǰǰǰ3.4ǰñúกćøðøĆïðøčงกøąïüîกćøชčïñĉü 
ǰǰǰǰǰǰ3.4.1ǰñúกćøðøĆïøĎðøŠćงĒúąขîćéขĂงĒìŠงêĆüîĞćĕôôŜćǰ
ĒúąðøĆïêĞćĒĀîŠงêćขŠć÷óúćÿêĉกĒÿéงĔîøĎðìĊęǰ7 óïüŠć
ĒìŠงêĆüîĞćĕôôŜćĒúąêćขŠć÷óúćÿêĉกĂ÷ĎŠĔîøąîćïđéĊ÷üกĆï
óČĚîêąกøšćïøøจčชĉĚîงćîǰéĆงîĆĚîđöČęĂêąกøšćïøøจčชĉĚîงćîĀöčîǰ
ชĉĚîงćîจąđกĉéกćøđคúČęĂîìĊęñŠćîĒìŠงêĆüîĞćĕôôŜćĒúąêćขŠć÷
óúćÿêĉกĕðĕéšงŠć÷ǰĕöŠêĉéคšćงĂ÷ĎŠïøĉđüèขĂïขĂงĒìŠงêĆüîĞćĕôôŜć
ĒúąêćขŠć÷óúćÿêĉกǰซċęงจąĕöŠìĞćĔĀšชĉĚîงćîĕéšøĆïกøąĒÿĕôôŜć
öćกđกĉîĕðจîđกĉéชĉĚîงćîĕĀöšǰĀøČĂìĞćĔĀšđกĉéกćøชîกĆîขĂง
ชĉĚîงćîìĞćĔĀšชĉĚîงćîïĉéงĂ ĂĊกìĆĚงĒìŠงêĆüîĞćĕôôŜćìĊęöĊøĆýöĊ
คüćöēคšงìĊęîšĂ÷กüŠćจąöĊคüćöชĆîöćกกüŠćǰÿŠงñúĔĀšชĉĚîงćî
กćøđคúČęĂîìĊęñŠćîĕéš÷ćกกüŠćǰ[8-9] 

 
øĎðìĊęǰ7ǰĒìŠงêĆüîĞćĕôôŜćìĊęĂĂกĒïïĔĀöŠǰĒúąêćขŠć÷óúćÿêĉก 

ðøąกĂïđขšćกĆïêąกøšćĔÿŠชĉĚîงćî 

 

      3.4.2 จćกกćøĀćïŠĂชčïìĊ ęìĞćĔĀšøąïïกćøđคúČ ęĂîìĊę
ĒïïĀöčîขĂงêąกøšćïøøจčชĉĚîงćîìĊęĀöčîĂ÷ŠćงÿöęĞć đÿöĂǰ
ĕöŠĀ÷čéĀöčîđðŨîชŠüงėǰคČĂïŠĂǰDI spray rinse ēé÷öĊคŠćคüćöëĊęǰ
285-425ǰHz ซċęงõć÷ĀúĆงกćøðøĆïคüćöëĊęขĂงïŠĂชčïìčกïŠĂ
ĔĀšĂ÷Ď ŠĔîชŠüงคüćöëĊęéĆงกúŠćüǰóïüŠćกćøĀöčîขĂงêąกøšć
ïøøจčชĉĚîงćîĔîïŠĂชčïìčกïŠĂĀöčîĂ÷ŠćงÿöęĞćđÿöĂ 
      3.4.3 ñúกćøÿĂïđìĊ÷ïกćøìĞćงćîขĂงǰDosing pump 

óïüŠćõć÷ĀúĆงกćøÿĂïđìĊ÷ïðŦūöìčกêĆüÿćöćøëจŠć÷ÿćøđคöĊ
đขšćÿĎŠïŠĂชčïĕéšêøงêćöคŠćìĊęêšĂงกćøǰ 
      3.4.4 ñúกćøìéúĂงĀćคüćöđขšöขšîขĂงคúĂĕøéŤìĊę
đĀöćąÿĞćĀøĆïกøąïüîกćøชčïéšü÷กćøìéÿĂïăĆúúŤđซúúŤ
ĒÿéงĔîøĎðìĊęǰ8กǰı 8ฉǰĒñŠîăĆúúŤđซúúŤìĊęชčïéšü÷คüćöđขšöขšî
ขĂงคúĂĕøéŤǰ40, 35, 30, 25ǰĒúąǰ20ǰg/LǰจąđกĉéกćøđคúČĂï
ĕöŠêĉéĔîชŠüงคüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćêęĞć (ïøĉđüèìĊę
üงกúöđÿšîðą)ǰđîČęĂงจćกคúĂĕøéŤจąìĞćĀîšćìĊęĔĀšîĉđกĉúìĊęĂ÷ĎŠìĊę
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ขĆĚüïüกúąúć÷ĂĂกöćĔîÿćøชčïǰĒúąชŠü÷đóĉęöกćøîĞćĕôôŜćขĂง
ÿćøชčïǰéĆงîĆĚîëšćðøĉöćèคúĂĕøéŤĔîÿćøชčïîšĂ÷จąìĞćĔĀš
กćøúąúć÷îĉđกĉúìĊęขĆĚüïüกĕöŠéĊǰöĊðøĉöćèîĉđกĉúĔîÿćøชčïîšĂ÷ǰ
ซċęงกćøìéÿĂïéšü÷ăĆúúŤđซúúŤĒñŠîìéÿĂïìĊęĂ÷ĎŠĔกúšขĆĚüïüกǰ
(คüćöĀîćĒîŠîขĂงกøąĒÿÿĎง)ǰจąöĊกćøđคúČĂïìĊęĀîćกüŠćĒúą
ïćงúงĔîจčéìĊęĀŠćงจćกขĆĚüïüกǰ(คüćöĀîćĒîŠîขĂงกøąĒÿêęĞć)
éĆงîĆĚîđöČęĂĔชšđüúćĔîกćøชčïđìŠćกĆîǰÿćøชčïìĊęöĊðøĉöćèîĉđกĉú
îšĂ÷กüŠćจąđกĉéกćøđคúČĂïñĉüĔîïøĉđüèìĊęöĊคüćöĀîćĒîŠî
ขĂงกøąĒÿêęĞćĔîðøĉöćèîšĂ÷จîĕöŠÿćöćøëÿĆงđกêĕéšǰซċęงđðŨîĕð
êćöกฎขšĂìĊęǰ1ǰขĂงôćøćđé÷ŤǰìĊęกúŠćüüŠćกćøĔชšกøąĒÿĕôîšĂ÷ė
ĒêŠĔชšđüúćชčïîćîėǰĀøČĂĔชšกøąĒÿĕôöćกėǰĒêŠĔชšđüúćîšĂ÷ėǰ
จąĕéšēúĀąìĊęĕðđกćąìĊęขĆĚüúïĔîðøĉöćèđìŠćกĆîǰ[7, 10-11]ǰĒúą
ìĊęคüćöđขšöขšîขĂงคúĂĕøéŤǰ30, 25ǰĒúąǰ20ǰg/LǰĒñŠîăĆúúŤđซúúŤ
đกĉéกćøúĂกขĂงîĉđกĉúìĊęคüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćÿĎงǰ
(ïøĉđüèìĊęüงกúöđÿšîìċï) éĆงîĆĚîคüćöđขšöขšîขĂงคúĂĕøéŤǰ
45ǰg/LǰđกĉéกćøชčïìĊęéĊìĊęÿčéจċงđúČĂกđðŨîคŠćคüćöđขšöขšîìĊę
đĀöćąÿöกĆïÿćøชčï 
ǰǰǰǰǰǰñúกćøìéúĂงĀćคüćöđขšöขšîขĂงîĉđกĉúìĊęđĀöćąĒÿéง
ĔîøĎðìĊęǰ8ก, 8ชǰıǰ8ญǰคüćöđขšöขšîขĂงîĉđกĉúǰ50, 45ǰĒúąǰ
40 g/L จąđกĉéกćøđคúČĂïĕöŠêĉéïîĒñŠîăĆúúŤđซúúŤĔîชŠüง
คüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćêęĞćǰ(üงกúöđÿšîðą)ǰđîČęĂงจćก
îĚĞć÷ćชčïöĊðøĉöćèîĉđกĉúúéúงจċงđกĉéกćøđคúČĂïîĉđกĉúìĊęïøĉđüè
ìĊęöĊคüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćêęĞćĕéšîšĂ÷จîĕöŠÿćöćøë
ÿĆงđกêđĀĘîéĆงìĊęกúŠćüĕðĒúšüขšćงêšîǰซċęงđöČęĂđðøĊ÷ïđìĊ÷ïñú
กćøชčïขĂงĒñŠîăĆúúŤđซúúŤóïüŠćîĚĞć÷ćชčïìĊęöĊคüćöđขšöขšîขĂง
îĉđกĉúǰ60ǰĒúąǰ55ǰg/LǰđกĉéกćøชčïìĊęéĊĒúąĕöŠđกĉéกćøúĂกขĂง
îĉđกĉúǰĕöŠöĊจčéïกóøŠĂงïîชĉĚîงćîǰĒúąĕöŠöĊคøćïïîñĉüชĉĚîงćîǰ

éĆงîĆĚîจċงđúČĂกคüćöđขšöขšîขĂงîĉđกĉúìĊęǰ55ǰg/LǰđðŨîคŠćคüćöđขšöขšî
ìĊęđĀöćąÿöกĆïÿćøชčïǰđîČęĂงจćกกćøđúČĂกĔชšðøĉöćèคüćöđขšöขšîÿĎงǰ
÷ŠĂöđðŨîกćøĔชšÿćøđคöĊĔîðøĉöćèöćกǰÿŠงñúĔĀšêšîìčîđóĉęöขċĚî 

ǰǰǰǰǰǰñúกćøìéúĂงĀćคüćöđขšöขšîขĂงกøéïĂøĉกìĊęđĀöćą
ĒÿéงĔîøĎðìĊęǰ8ช, 8ฎǰıǰ8ฏǰคüćöđขšöขšîขĂงกøéïĂøĉกǰ40ǰ
Ēúąǰ35 g/L จąđกĉéกćøđคúČĂïñĉüìĊęöĆüǰĕöŠđงćǰïøĉđüèìĊę öĊ
คüćöĀîćĒîŠîขĂงกøąĒÿĕôôŜćðćîกúćงëċงคüćöĀîćĒîŠîขĂง
กøąĒÿĕôôŜćêęĞćǰ(üงกúöđÿšîìċï)ǰđîČęĂงจćกคüćöđขšöขšîขĂง
กøéïĂøĉกöĊñúêŠĂคüćöđงćขĂงชĉĚîงćîชčïǰēé÷คüćöđงćขĂง
ชĉĚîงćîđóĉęöขċĚîđöČęĂöĊกćøĔชšกøéïĂøĉกĔîกćøชčïöćกขċĚîǰ[12]ǰ
éĆงîĆĚîจċงđúČĂกคüćöđขšöขšîขĂงกøéïĂøĉกìĊęǰ45ǰg/LǰđðŨîคŠć
คüćöđขšöขšîìĊęđĀöćąÿöกĆïÿćøชčïǰéĆงîĆĚîคüćöđขšöขšîขĂง
คúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉกìĊęđĀöćąÿöกĆïÿćøชčïîĉđกĉúǰ
คČĂǰ45, 55 Ēúąǰ45 g/L êćöúĞćéĆïǰêšĂงคüïคčöĔĀšคงìĊęêúĂé
กćøชčïđóøćąÿŠงñúêŠĂคčèõćóขĂงชĉĚîงćîìĊęชčïĕéšǰĂĊกìĆĚง
คüćöđขšöขšîขĂงÿćøđคöĊĔîÿćøชčïชčïจąúéúงđøČęĂ÷ėêćö
øą÷ąđüúćĔîกćøĔชšงćîซċęงđกĉéจćกðฏĉกĉøĉ÷ćđคöĊกćøøüöêĆüกĆîขĂง
ēúĀąìĞćĔĀšðøĉöćèĂąêĂöขĂงÿćøđคöĊúéúงǰÿŠงñúĔĀš
คüćöđขšöขšîขĂงÿćøđคöĊìĊęĂ÷ĎŠĔîÿćøชčïชčïúéúงǰซċęงจąÿŠงñúêŠĂ
คčèõćóขĂงชĉĚîงćîìĊ ęชčïǰéĆงîĆ ĚîจċงêšĂงöĊกćøคüïคčöĔĀš
คüćöđขšöขšîขĂงÿćøđคöĊìĊęĂ÷ĎŠĔîÿćøชčïชčïĂ÷ĎŠĔîðøĉöćèìĊę
đĀöćąÿöǰ[7, 13]ǰǰǰǰǰǰ 
ǰǰǰǰǰǰ3.4.5ǰñúกćøðøĆïกćøđðúĊę÷îñงëŠćîกĆööĆîêŤจćกǰ2ǰ
ÿĆðéćĀŤ/คøĆĚงǰđðŨîìčกÿĆðéćĀŤǰēé÷ÿćöćøëúéคŠćÿćøĂĉîìøĊ÷Ť
คćøŤïĂîìĆĚงĀöéúงจćกǰ4,213 mg/l ǰđðŨîǰ2,994 mg/l คĉéđðŨî
øšĂ÷úąǰ27.28 
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øĎðìĊę 8 ñúกćøìéÿĂïăĆúúŤđซúúŤขĂงÿćøชčïชčïîĉđกĉúìĊęöĊคúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉกǰìĊęคüćöđขšöขšîêŠćงė 

Áค¨º°บÅ¤่ต·ด

�·ª 

Áค¨º°บÅ¤่ต·ด

�·ª Áค¨º°บÅ¤่ต·ด

�·ª น·Áก·̈ ท¸ÉÁค¨º°บ�·ªช·Êนงµน

¨°ก 

คªµ¤®นµÂน่นข°ง 
ก¦³Â­Å¢¢้µ­¼ง 

คªµ¤®นµÂน่นข°ง 
ก¦³Â­Å¢¢้µตÎÉµ 
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øĎðìĊęǰ8ǰñúกćøìéÿĂïăĆúúŤđซúúŤขĂงÿćøชčïชčïîĉđกĉúìĊęöĊคúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉกǰìĊęคüćöđขšöขšîêŠćงėǰ(êŠĂ)

ǰǰǰǰǰǰจćกกćøéĞćđîĉîกćøðøĆïðøčงกøąïüîกćøชčïñĉüชĉĚîÿŠüî
îćāĉกćขšĂöČĂéšü÷ĕôôŜćขšćงêšîǰÿćöćøëúéðøĉöćèชĉĚîงćîđÿĊ÷
จćกǰ64,527ǰชĉĚî/đéČĂîǰคĉéđðŨîǰ19,924ǰppm đðŨîǰ23,693ǰ
ชĉĚî/đéČĂîǰคĉéđðŨîǰ5,416ǰppm ēé÷ชĉĚîงćîđÿĊ÷úéúงøšĂ÷úąǰ

86.4ǰéĆงĒÿéงĔîøĎðìĊęǰ9ǰĒúąÿćöćøëúéöĎúคŠćคüćöÿĎญđÿĊ÷จćกǰ
285,209ǰïćìêŠĂđéČĂîǰđðŨîǰ104,723ǰïćìêŠĂđéČĂîǰöĎúคŠć
คüćöÿĎญđÿĊ÷úéúงǰ180,486ǰïćìêŠĂđéČĂîǰÿŠงñúĔĀšêšîìčî
úéúงøšĂ÷úąǰ2.6 ĒúąđöČęĂđðøĊ÷ïđìĊ÷ïĒñîõĎöĉóćđøēêกŠĂî

Áค¨º°บÅ¤่ต·ด
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Áค¨º°บÅ¤่ต·ด
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Áค¨º°บÅ¤่ต·ด
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�·ª 
Áค¨º°บÅ¤่ต·ด

�·ª 

น·Áก·̈ ท¸ÉÁค¨º°บ�·ªช·Êนงµน
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ĒúąĀúĆงìĞćกćøðøĆïðøčงกøąïüîกćøชčïéĆงĒÿéงĔîøĎðìĊęǰ10 

óïüŠćõć÷ĀúĆงìĞćกćøðøĆïðøčงกøąïüîกćøชčïชĉĚîงćîìĊęđกĉé
ðŦญĀćคøćïìĊęñĉüชĉĚîงćîǰชĉĚîงćîïĉéงĂǰĒúąñĉüชĉĚîงćîìĊę
đคúČĂïéšü÷îĉđกĉúúĂกǰöĊðøĉöćèชĉĚîงćîđÿĊ÷úéúงคĉéđðŨîǰ
94.8, 93.5 Ēúąǰ92.8 êćöúĞćéĆï 

      3.5ǰคüïคčöกøąïüîกćøǰ(Control phase) đóČęĂðŜĂงกĆî

ĕöŠĔĀšðŦญĀćîĆĚîđกĉéขċĚîซĚĞćǰจċงöĊĒîüìćงĔîกćøคüïคčöกćøðøĆïðøčง
กøąïüîกćøชčïñĉüชĉĚîÿŠüîîćāĉกćขšĂöČĂéšü÷ĕôôŜćéĆงîĊĚ 
ǰǰǰǰǰǰǰǰǰǰǰ1)ǰคĎŠöČĂกćøðฏĉïĆêĉงćî 

ǰǰǰǰǰǰǰǰǰǰǰ2)ǰĒïïôĂøŤöกćøêøüจÿĂïðøąจĞćüĆîǰðøąจĞćÿĆðéćĀŤǰ
ĒúąðøąจĞćđéČĂî 

 
øĎðìĊęǰ9  กøćôĒÿéงจĞćîüîðøĉöćèขĂงđÿĊ÷ĔîĀîċęงúšćîชĉĚîขĂงกćøñúĉê 

 
กŠĂîðøĆïðøčง     ĀúĆงðøĆïðøčง 

øĎðìĊęǰ10  đðøĊ÷ïđìĊ÷ïĒñîõĎöĉóćđøēêกŠĂîĒúąĀúĆงìĞćกćøðøĆïðøčงกøąïüîกćøชčï 

 

4. ÿรčปผลกćรวĉจĆยǰ(Conclusion) 
กćøðøĆïðøčงกøąïüîกćøชčïñĉüéšü÷กćøðøą÷čกêŤĔชš

đìคîĉกซĉกซŤǰซĉกöŠćǰēé÷กćøđóĉęöøĆýöĊÿŠüîēคšงขĂงĒìŠงêĆüîĞćĕôôŜć
จćกǰ20ǰmm. đðŨîǰ30ǰmm. úéคüćöĀîćúงจćกǰ1.0ǰmm. 

đðŨîǰ0.5ǰmm. ðøĆïêĞćĒĀîŠงêćขŠć÷óúćÿêĉกúงจćกǰ1.25ǰmm. 

đðŨîǰ1.50ǰmm. ðøĆïøąïïกćøđคúČęĂîìĊęĒïïĀöčîขĂงêąกøšć
ïøøจčชĉĚîงćîĔĀšĂ÷ĎŠĔîชŠüงคüćöëĊęǰ285ǰı 425ǰHz ðøĆïĂĆêøćÿŠüî
ÿćøชčïîĉđกĉúĔĀšöĊคüćöđขšöขšîขĂงคúĂĕøéŤǰîĉđกĉúǰĒúąกøéïĂøĉก

¨ด¨ง Š6.4 % 
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đðŨîǰ45, 55ǰĒúąǰ45ǰg/l êćöúĞćéĆïǰĒúąđóĉęöคüćöëĊęĔî
กćøøĆกþćคčèõćóÿćøชčïđðŨîǰ1ǰคøĆĚงêŠĂÿĆðéćĀŤǰซċęงÿćöćøë
úéðøĉöćèชĉĚîงćîđÿĊ÷úงøšĂ÷úąǰ84 ซċę งđðŨîïøøúčêćö
đðŜćĀöć÷ìĊęกĞćĀîéĒêŠ÷ĆงĕöŠÿćöćøëìĞćĔĀšïøøúčđðŜćĀöć÷ขĂง
ซĉกซŤǰซĉกöŠćǰĒêŠÿćöćøëđóĉęöøąéĆïซĉกซŤöŠćจćกǰ3.6 đðŨîǰ4.0 

ĒúąđóĉęöคüćöÿćöćøëขĂงกøąïüîกćøจćกǰ0.69 đðŨîǰ0.85 

ĒúąÿćöćøëúéêšîìčîชĉĚîงćîđÿĊ÷đðŨîđงĉîðøąöćèǰ180,486 ïćì 
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