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Abstract

In this engineering research, we apply the Six Sigma discipline to solve problems in real
production processes at the Seagate technology (Thailand) Rangsit, a manufacturer of spindle
motors in computer harddisks. The objective of this research is to reduce all unnecessary expenditures
and watses in such production processes as much as possible. We have improved quality of its
measuring system to promote customer confidence. The data is used to build up highly efficient
decision making in production processes. We have also investigated motor vibration which should
not exceed 150% ACT. Such investigation aims at finding ways to enhance accuracy and precision.
There were four steps in our experiment i.e. measuring phase, analyzing phase, improving phase
and controlling phase. Cheetah 18LP model was selected for such an experiment. We have found
that the vibration measuring system lack of linearity and precision property. Bearing is a major
component generating the vibration.

1 Associate Professor, Center of Operation for Field Robotics Development (FIBO).
2 Graduate Student, Center of Operation for Field Robotics Development (FIBO).



249ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 3 ¡Ñ¹ÂÒÂ¹-¸Ñ¹ÇÒ¤Á 2544

1. º·¹Ó
ÃÐËÇèÒ§»Õ 1970 ¶Ö§»Õ 1980 ÁÕ¡ÒÃ¾Ñ²¹Ò´éÒ¹à·¤â¹âÅÂÕÍÂèÒ§ÃÇ´àÃçÇ (Technology boom)

Ö̈§à»ç¹àËµØãËé¡ÒÃ¼ÅÔµÊÔ¹¤éÒÁÕ¤ÇÒÁ«Ñº«éÍ¹ÁÒ¡¢Öé¹ ÃÐÂÐàÇÅÒã¹¡ÒÃ¼ÅÔµàÃçÇ¢Öé¹ µé¹·Ø¹ã¹¡ÒÃ¼ÅÔµµèÓÅ§
ªèÇ§ªÕÇÔµ¢Í§¼ÅÔµÀÑ³±ìÊÑé¹Å§¡ÇèÒáµè¡èÍ¹ à»ç¹µé¹ ´Ñ§¹Ñé¹ã¹¡ÒÃ¼ÅÔµ¨Óà»ç¹µéÍ§ÁÕ¤ÇÒÁÂ×´ËÂØè¹µèÍ¡ÒÃ
à»ÅÕèÂ¹á»Å§àËÅèÒ¹ÕéáÅÐ¨ÐµéÍ§¡éÒÇµÒÁãËé·Ñ¹ã¹àÃ×èÍ§¢Í§à·¤â¹âÅÂÕà¾×èÍµÍºÊ¹Í§µèÍ¤ÇÒÁµéÍ§¡ÒÃ
¢Í§ÅÙ¡¤éÒ ́ éÇÂàËµØ¹ÕéºÃÔÉÑ··Ñé§ËÅÒÂ Ö̈§¨Óà»ç¹µéÍ§áÊÇ§ËÒá¹Ç·Ò§ã¹¡ÒÃ·ÓãËéÅÙ¡¤éÒà¡Ố ¤ÇÒÁ¾Ö§¾Íã¨
(Customer satisfaction) ã¹ªèÇ§µé¹»Õ 1980 ºÃÔÉÑ·µèÒ§æ ̈ Ö§àÃÕÂ¹ÃÙéÇèÒÀÒÂãµé¡ÒÃá¢è§¢Ñ¹·ÕèÃØ¹áÃ§¼Ùéª¹Ð
ã¹¸ØÃ¡Ô¨¹Ñé¹äÁèãªèà¾ÕÂ§á¤èÁÕ¡ÒÃ¾Ñ²¹Ò·Ò§´éÒ¹à·¤â¹âÅÂÕ´ÕÍÂèÒ§à´ÕÂÇáµèµéÍ§·ÓãËéÅÙ¡¤éÒà¡Ô´¤ÇÒÁ
¾Ö§¾Íã¨áººàºç´àÊÃç¨´éÇÂ (Total customer satisfaction) ºÃÔÉÑ·âÁâµâÃÅèÒ ¤×Í ºÃÔÉÑ·Ë¹Öè§·ÕèµÃÐË¹Ñ¡
¶Ö§»Ñ­ËÒàËÅèÒ¹Õé̈ Ö§ä é́ÁÕ¡ÒÃ¤é¹¤ÇéÒÇÔ̈ ÑÂáÅÐ¾Ñ²¹Òá¹Ç·Ò§Ë¹Öè§¢Öé¹ÁÒàÃÕÂ¡ÇèÒ«Ô¡Êì«Ô¡ÁèÒ â´Â äÁà¤ÔÅ à¨
áÎÃÕè (Mikel J. Harry) áÅÐ¨Ò¡¡ÒÃ¹Óâ»Ãá¡ÃÁ¹ÕéÁÒãªé¹Ñé¹àÍ§·ÓãËéºÃÔÉÑ·âÁâµâÃÅèÒà»ç¹ºÃÔÉÑ··Õè
»ÃÐÊº¤ÇÒÁÊÓàÃç¨áÅÐÁÕ¡ÒÃ¾Ñ²¹Ò·Ò§´éÒ¹¤Ø³ÀÒ¾ÍÂèÒ§ÃÇ´àÃçÇ¨¹¡ÃÐ·Ñè§ä´éÃÑºÃÒ§ÇÑÅ Malcolm
Baldrige National Quality Award àÁ×èÍ»Õ 1988

¶Ö§áÁéª×èÍ¢Í§«Ô¡Êì«Ô¡ÁèÒ¨Ðà»ç¹ª×èÍ·Ò§Ê¶ÔµÔ¡çµÒÁ áµè̈ ÃÔ§æ áÅéÇà»ç¹ËÅÑ¡¢Í§¡ÒÃºÃÔËÒÃ «Öè§à»ç¹
ÊèÇ¹Ë¹Öè§¢Í§¡ÒÃ»ÃÑº»ÃØ§¤Ø³ÀÒ¾ (Quality Improvement) â´Âà¹é¹ä»·Õè¡ÒÃ»ÃÑº»ÃØ§áºº¾ÅÔ¡â©ÁË¹éÒ
(Breakthrough) ËÃ×Íà»ç¹¡ÒÃ»ÃÑº»ÃØ§·Õèà¹é¹¼ÅÅÑ¾¸ì à¾×èÍ¤é¹ËÒ§Ò¹·ÕèäÃéÁÙÅ¤èÒà¾ÔèÁËÃ×Í»Ñ­ËÒ·Õè
«èÍ¹àÃé¹ÍÂÙèã¹ÃÐºº (Hidden Factory) »Ñ­ËÒ·Õèä é́ÃÑº¡ÒÃàÅ×Í¡ÁÒ¹Ñé¹ Ö̈§µéÍ§ÁÕàÊ¶ÕÂÃÀÒ¾ áÅÐ¡ÒÃàÅ×Í¡
â¤Ã§¡ÒÃµéÍ§¶Ù¡¡ÓË¹´â´Â¼ÙéºÃÔËÒÃÃÐ´ÑºÊÙ§ áÅéÇ´Óà¹Ô¹¡ÒÃºÃÔËÒÃà¾×èÍ¡ÒÃ»ÃÑº»ÃØ§¤Ø³ÀÒ¾
·ÕèºÑ§¤Ñº·ÑèÇ·Ñé§Í§¤ì¡Ã (Company Wide) áÅÐà»ç¹·Ò§àÅ×Í¡ãËÁèã¹¡ÒÃ¨Ñ´¡ÒÃ¡Ñº»Ñ­ËÒà¾×èÍ¡ÒÃ
»ÃÑº»ÃØ§¤Ø³ÀÒ¾ÍÂèÒ§µèÍà¹×èÍ§ â´Â¡ÒÃà»ÅÕèÂ¹ÁØÁÁÍ§ã¹¡ÒÃÁÍ§¡ÃÐºÇ¹¡ÒÃàÊÕÂãËÁèãËéÁÍ§
¡ÃÐºÇ¹¡ÒÃã¹ÃÐÂÐÂÒÇ (Long Term) à¹×èÍ§¨Ò¡¶éÒÁÍ§¡ÃÐºÇ¹¡ÒÃáµèà¾ÕÂ§ã¹ªèÇ§àÇÅÒÊÑé¹æ (Short
Term) áµèà¾ÕÂ§ÍÂèÒ§à´ÕÂÇÍÒ¨·ÓãËé¾ÅÒ´âÍ¡ÒÊã¹¡ÒÃá¡éä¢»Ñ­ËÒ·Õ è«èÍ¹àÃé¹ÍÂÙ èã¹ÃÐºº
áÅÐÍÒ¨à¢éÒã¨ÇèÒ¡ÃÐºÇ¹¡ÒÃ·Õ è·Ó§Ò¹ÍÂÙ è¹Ñ é¹´ÕÍÂÙ èáÅéÇäÁè¨Óà»ç¹µéÍ§á¡éä¢ËÃ×Í»ÃÑº»ÃØ§ÍÐäÃ
ËÃ×Í¡ÒÃ·Õè¤èÒà©ÅÕèÂ¢Í§¡ÃÐºÇ¹¡ÒÃäÁèµÃ§¡Ñº¤èÒà»éÒËÁÒÂ¹Ñé¹¨ÐµÕ¤ÇÒÁ¡ÅÒÂà»ç¹ÇèÒÁÑ¹à¡Ô´¢Öé¹
â´Â¸ÃÃÁªÒµÔ¤Çº¤ØÁäÁèä´é áµèÊÔè§µèÒ§æ ·Õè¡ÅèÒÇÁÒ¹Ñé¹¶éÒÁÍ§ãËé´ÕáÅéÇ¨Ð¾ºÇèÒµÒÁ¤ÇÒÁà»ç¹¨ÃÔ§
¡ÃÐºÇ¹¡ÒÃäÁèä´éÍÂÙèÀÒÂãµéà§×èÍ¹ä¢·Õè´Õ·ÕèÊØ´µÅÍ´àÇÅÒ ¡ÅèÒÇ¤×Íã¹ÃÐÂÐÂÒÇáÅéÇäÁèÁÕã¤Ã·ÕèÊÒÁÒÃ¶
¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃãËé́ ÕÍÂÙèä é́µÅÍ´àÇÅÒ ¾¹Ñ¡§Ò¹» Ô̄ºÑµÔ§Ò¹àÍ§¡çäÁèä é́·Ó§Ò¹ä é́́ ÕÍÂÙèµÅÍ´ àÁ×èÍ·Ó§Ò¹
ä»¹Ò¹æ ¡ç̈ Ðà¡Ố ¤ÇÒÁÅéÒ¢Öé¹ ËÃ×Íà¤Ã×èÍ§ Ñ̈¡ÃàÁ×èÍãªé§Ò¹ä»¹Ò¹æ ¡ç̈ Ðà¡Ố ¡ÒÃàÊ×èÍÁÊÀÒ¾ ªÓÃǾ  ÊÖ¡ËÃÍ
«Öè§ÊÔ è§àËÅèÒ¹Õ éà»ç¹á¤èà¾ÕÂ§µÑÇÍÂèÒ§·Õ è¹ÓÁÒ¡ÅèÒÇà¾× èÍãËéà¢éÒã¨ã¹¡ÒÃÁÍ§¡ÃÐºÇ¹¡ÒÃÃÐÂÐÂÒÇ
«Öè§ã¹¤ÇÒÁà»ç¹¨ÃÔ§ÊÀÒÇÐµèÒ§æ àËÅèÒ¹ÕéÁÕ¨Ó¹Ç¹ÁÒ¡ÁÒÂáÅÐá»Ãà»ÅÕèÂ¹ä»µÅÍ´àÇÅÒ «Öè§ÊÔè§àËÅèÒ¹Õé
à¡Ô´¢Öé¹â´ÂÃÐºº
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2. ·ÄÉ®ÕáÅÐËÅÑ¡¡ÒÃ
¤ÇÒÁÊÒÁÒÃ¶¢Í§¡ÃÐºÇ¹¡ÒÃ (Process Capability)
¤ÇÒÁÊÒÁÒÃ¶¢Í§¡ÃÐºÇ¹¡ÒÃã¹ÃÐÂÐÊÑé¹ (Short Term Capability) ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ

¶éÒÊÒÁÒÃ¶¤Çº¤ØÁ¡ÒÃ¼ÅÔµãËéµÃ§¡Ñº·ÕèÍÍ¡áººä´éáÅÐÊÒÁÒÃ¶·ÓãËé·Ø¡ÍÂèÒ§·ÕèµéÍ§¡ÒÃ¤Çº¤ØÁ
àËÁ×Í¹à´ÔÁä´éËÁÒÂ¤ÇÒÁÇèÒ ¤èÒà©ÅÕèÂ¢Í§¡ÃÐºÇ¹¡ÒÃµéÍ§µÃ§¡Ñº¤èÒ¡ÅÒ§¢Í§¢éÍ¡ÓË¹´à©¾ÒÐ
«Öè§á¹Ç¤ÇÒÁ¤Ô´¹ÕéÁÑ¡à»ç¹¨ÃÔ§à¾ÕÂ§á¤èã¹ÍØ´Á¤µÔà·èÒ¹Ñé¹ à¹×èÍ§¨Ò¡ÀÒÂãµéËÅÑ¡¡ÒÃ¹Õé·Ø¡ÍÂèÒ§µéÍ§ÍÂÙè
ÀÒÂãµéà§×èÍ¹ä¢·Õè´Õ·ÕèÊØ´ µÑÇÍÂèÒ§àªè¹ÇÑµ¶Ø´Ôº·Õè¹Óà¢éÒÁÒµéÍ§´ÕµÃ§¡Ñº·ÕèÍÍ¡áººäÇé ¤¹§Ò¹µéÍ§
äÁèÁÕ¤ÇÒÁÅéÒà¡Ô´¢Öé¹ à¤Ã×èÍ§¨Ñ¡ÃäÁèÁÕ¡ÒÃàÊ×èÍÁªÓÃØ´ËÃ×ÍÊÖ¡ËÃÍ «Öè§ÊÒÁÒÃ¶à¡Ô´¢Öé¹ä´éã¹ªèÇ§àÇÅÒÊÑé¹æ
à·èÒ¹Ñé¹ (Instant Reproducibility)

¤ÇÒÁÊÒÁÒÃ¶¢Í§¡ÃÐºÇ¹¡ÒÃã¹ÃÐÂÐÂÒÇ (Long Term Capability) àÁ×èÍÁÕ¡ÒÃ¼ÅÔµä»àÃ×èÍÂæ
ã¹ªèÇ§àÇÅÒË¹Öè§¤èÒà©ÅÕèÂ¢Í§¡ÃÐºÇ¹¡ÒÃ¨ÐÁÕ¡ÒÃá¡Çè§ä»¨Ò¡¤èÒ¡ÅÒ§¢Í§¢éÍ¡ÓË¹´à©¾ÒÐàÊÁÍ
à¹×èÍ§¨Ò¡ÍÔ·¸Ô¾Å¢Í§¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹â´ÂÃÐºº (Perturbing Nonrandom Influences) ¤ÇÒÁ
äÁèá¹è¹Í¹·Õ èà¡ Ô´¢Ö é¹¹Õ éÍÒ¨¨ÐÁÕÊ èÇ¹»ÃÐ¡ÍºÁÒ¨Ò¡ËÅÒÂÊÒàËµØ´éÇÂ¡Ñ¹áÅÐ¼Å¡ÃÐ·º¨Ò¡
¡ÒÃàÅ×èÍ¹¹ÕéàÍ§ÁÕ¼Å·ÓãËé¨Ó¹Ç¹¢Í§àÊÕÂ·Õèà¡Ô´¢Öé¹ÁÕà¾ÔèÁ¢Öé¹ â´ÂµÒÁá¹Ç¤Ô´ÀÒÂãµéËÅÑ¡¡ÒÃ¢Í§
«Ô¡Êì«Ô¡ÁèÒ¹Ñé¹¨ÐÂÍÁãËéÁÕ¡ÒÃàÅ× èÍ¹¢Í§¡ÃÐºÇ¹¡ÒÃä»ä´é +/-1.5 Sigma «Öè§¨Ð·ÓãËé¢Í§àÊÕÂ
·Õèà¡Ô´¢Öé¹ã¹¡ÒÃ¼ÅÔµ¹Ñé¹à·èÒ¡Ñº 3.4 PPM ´Ñ§ÃÙ»·Õè1

ÃÙ»·Õè 1 ¤ÇÒÁÊÒÁÒÃ¶¢Í§¡ÃÐºÇ¹¡ÒÃµÒÁá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒ

¼Å§Ò¹ÇÔ¨ÑÂ·Õè¼èÒ¹ÁÒã¹Í´Õµ
à¹×èÍ§¨Ò¡«Ô¡Êì«Ô¡ÁèÒà»ç¹¡ÒÃºÃÔËÒÃ¤Ø³ÀÒ¾·ÕèµéÍ§¡ÃÐ·Ó·Õè·Ø¡æ ÊèÇ¹¢Í§¸ØÃ¡Ô¨ ´Ñ§¹Ñé¹

¨Ö§ÁÕá¹Ç·Ò§ÁÒ¡ÁÒÂã¹¡ÒÃ»ÃÐÂØ¡µìãªé »ÃÑª­Ò ·ÄÉ®Õ á¹Ç¤Ô´ µÅÍ´¨¹ËÅÑ¡¡ÒÃã¹¡ÒÃ
´Óà¹Ô¹¡ÒÃá¡éä¢»Ñ­ËÒ·Õèà¡Ô´¢Öé¹ã¹·Ø¡æ Ë¹èÇÂ¸ØÃ¡Ô¨ ÊÓËÃÑº§Ò¹ÇÔ¨ÑÂ·Õè¼èÒ¹ÁÒ¹Ñé¹ÊÒÁÒÃ¶ÊÃØ»
à»ç¹»ÃÐà´ç¹µèÒ§æ ä´é´Ñ§µèÍä»¹Õé

¡ÒÃ¹Óá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒà¢éÒÁÒá¡é»Ñ­ËÒã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ µéÍ§àÃÔèÁ·Õè¡ÒÃ¾Ñ²¹ÒºØ¤ÅÒ¡Ã
â´Â¡ÒÃ¨Ñ´µÑé§¤³Ð·Ó§Ò¹¢Öé¹ÁÒáÅéÇáºè§¡ÅØèÁ·Ó§Ò¹ÍÍ¡à»ç¹ 3 ·ÕÁ Mulligan [1] ä´éá¡è
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1. ·ÕÁá¡é»Ñ­ËÒã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ (Process Team)
2. ·ÕÁá¡é»Ñ­ËÒ·Õèà¡ÕèÂÇ¢éÍ§¡Ñº¼ÙéÊè§ÁÍº (Supplier Team)
3. ·ÕÁ¡ÒÃÍÍ¡áºº (Design Team)

â´ÂáµèÅÐ·ÕÁ¨ÐÁÕË¹éÒ·Õèã¹¡ÒÃá¡é»Ñ­ËÒ¢Í§µ¹àÍ§â´ÂÁØè§ËÒÊÒàËµØ·Õèà»ç¹µé¹àËµØ¢Í§»Ñ­ËÒ¹Ñé¹
áÅÐ¾ÂÒÂÒÁÅ´¤ÇÒÁ¼Ñ¹á»Ã¢Í§áËÅè§¡Óà¹Ô´·Õè¨ÐÊè§¼Åä»ÂÑ§µÑÇ¼ÅÔµÀÑ³±ì µÅÍ´¨¹¡ÒÃ¹Óá¹Ç·Ò§
«Ô¡Êì«Ô¡ÁèÒà¢éÒÁÒãªéã¹¡ÒÃºÃÔËÒÃ¨Ñ´¡ÒÃÍ§¤ì¡Ã Tabias [2] áÅÐ¡ÒÃá¡é»Ñ­ËÒã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ
Fuller [3]

¡ÒÃãªéá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒã¹¡ÒÃ¤Çº¤ØÁÇÑµ¶Ø´Ôº¹Óà¢éÒ (Incoming Material) ¡ÒÃ·Õè¨Ð¼ÅÔµ
ÊÔ¹¤éÒãËéÁÕ¤Ø³ÀÒ¾äÁèãªèà¾ÕÂ§á¤è¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ´ÕËÃ×ÍÁÕà¤Ã×èÍ§¨Ñ¡Ã·Õè·Ñ¹ÊÁÑÂà·èÒ¹Ñé¹ áµè¤Ø³ÀÒ¾
¢Í§ÇÑµ¶Ø´Ôº¹Óà¢éÒµéÍ§ÁÕ¤Ø³ÀÒ¾·Õè´Õ´éÇÂ ´Ñ§¹Ñé¹ã¹¡ÒÃ·ÓãËéÇÑµ¶Ø´Ôº¹Óà¢éÒÁÕ¤Ø³ÀÒ¾·Õè´Õä´é¹Ñé¹
¨Óà»ç¹µéÍ§ÊÃéÒ§¤ÇÒÁÃèÇÁÁ×Í·Õè´Õ¡Ñº¼ÙéÊè§ÁÍº«Öè§à»ç¹¼Ùé·Õè¨Ñ´Êè§ÇÑµ¶Ø´ÔºËÃ×ÍªÔé¹ÊèÇ¹ÁÒãËé µÅÍ´¨¹
ÊÃéÒ§¤ÇÒÁÊÑÁ¾Ñ¹ ì̧·Õè́ ÕãËéà»ÃÕÂºàÊÁ×Í¹ËØé¹ÊèÇ¹·Ò§ Ø̧Ã¡Ô̈  Fuller [4] ÊÓËÃÑºã¹¡ÒÃÈÖ¡ÉÒÇÔ̈ ÑÂ¹Õé¼Ùé¼ÅÔµ¹Ñé¹
ÁÕÊèÇ¹ÃèÇÁã¹¡ÒÃªèÇÂ¼ÙéÊè§ÁÍºã¹¡ÒÃá¡é»Ñ­ËÒ â´Â¡ÒÃ¹Óá¹Ç¤Ô´ã¹àÃ×èÍ§¢Í§«Ô¡Êì«Ô¡ÁèÒà¢éÒÁÒ
»ÃÐÂØ¡µìãªéã¹¡ÒÃá¡é»Ñ­ËÒ¼ÅÔµÀÑ³±ì Cantrell [5]

¡ÒÃãªéá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´ÂÍÒÈÑÂÊ¶ÔµÔ (Statistical Process
Control) ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´ÂÍÒÈÑÂÊ¶ÔµÔã¹§Ò¹ÇÔ¨ÑÂ¹Õéãªéàá¼¹ÀÙÁÔ¤Çº¤ØÁà»ç¹à¤Ã×èÍ§Á×Íã¹¡ÒÃ
ÇÔà¤ÃÒÐËì»Ñ­ËÒÃÐËÇèÒ§¡ÒÃ¼ÅÔµ à¹×èÍ§¨Ò¡¡ÒÃá¡é»Ñ­ËÒã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµâ´ÂÊèÇ¹ãË­èà»ç¹¡ÒÃá¡éä¢
·Õè»ÅÒÂàËµØ ¡ÒÃ´Óà¹Ô¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´ÂÍÒÈÑÂÊ¶ÔµÔ¹Ñé¹ä´é¹Óá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒÁÒªèÇÂ
ã¹¡ÒÃÇÔà¤ÃÒÐËì»Ñ­ËÒãËéà»ç¹ÃÐººà¾×èÍ´Óà¹Ô¹¡ÒÃËÒÊÒàËµØ¢Í§»Ñ­ËÒ ËÅÑ§¨Ò¡àÁ×èÍ·ÃÒºÊÒàËµØáÅéÇ Ö̈§
´Óà¹Ô¹¡ÒÃá¡éä¢»Ñ­ËÒ·Õèµé¹àËµØ Nixon [6]

¡ÒÃãªéá¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒã¹¡ÒÃÍÍ¡áºº·Õèá¢ç§á¡Ãè§ (Robust Design) ã¹¡ÒÃÍÍ¡áºº
·Õèá¢ç§á¡Ãè§¹Ñé¹ã¹§Ò¹ÇÔ̈ ÑÂ¹Õéä é́áÂ¡¡ÒÃÍÍ¡áººÍÍ¡à»ç¹ÊÍ§»ÃÐàÀ· William [7] áÅÐ Robert [8] ä é́á¡è
¡ÒÃÍÍ¡áºº¼ÅÔµÀÑ³±ìáÅÐ¡ÒÃÍÍ¡áºº¡ÃÐºÇ¹¡ÒÃ

ã¹¢Ñé¹µÍ¹¢Í§¡ÒÃÍÍ¡áººáºº¼ÅÔµÀÑ³±ì¹Ñé¹µéÍ§´Óà¹Ô¹¡ÒÃÍÍ¡áººãËé¤ÇÒÁÊÙ­àÊÕÂ·Õèà¡Ố ¢Öé¹
ã¹¢Ñé¹µÍ¹¢Í§¡ÒÃ¼ÅÔµËÃ×Í¤ÇÒÁÊÙ­àÊÕÂ·ÕèÍÒ¨à¡Ố ¢Öé¹µèÍÅÙ¡¤éÒÁÕ¤èÒµèÓ·ÕèÊǾ  (Loss Function) ã¹¢³Ð·Õè
¡ÒÃÍÍ¡áºº¡ÃÐºÇ¹¡ÒÃµéÍ§´Óà¹Ô¹¡ÒÃ·Ø¡ÍÂèÒ§ÀÒÂãµé¢éÍ¡ÓË¹´·Õèä é́ÃÑº¡ÒÃÍÍ¡áººäÇé áÅéÇ´Óà¹Ô¹
¡ÒÃ Ñ́̈ ¡ÒÃà¾×èÍÅ´¤ÇÒÁ¼Ñ¹á»Ãã¹¡ÒÃ¼ÅÔµ (Reduce Variation) ãËé¹éÍÂ·ÕèÊǾ Ö̈§¨Ðä é́ÊÔ¹¤éÒ·ÕèÁÕ¤Ø³ÀÒ¾
ÊÙ§ÊØ´à¾×èÍÊ¹Í§µèÍ¤ÇÒÁ¾Ö§¾Íã¨¢Í§ÅÙ¡¤éÒ Powell [9]

3. ¼Å¡ÒÃÇÔ¨ÑÂ
ÊÓËÃÑº§Ò¹ÇÔ¨ÑÂ¹Õé¢Ñé¹µÍ¹¡ÒÃ´Óà¹Ô¹§Ò¹·Ñé§ËÁ´¨Ñ´ÍÂÙèã¹ÃÐ´Ñº¡ÃÐºÇ¹¡ÒÃ «Öè§à¹é¹ä»·Õè

¡ÒÃá¡é»Ñ­ËÒã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµà»ç¹ËÅÑ¡ ¼Ùé·ÕèÁÕº·ºÒ·ÊÓ¤Ñ­ã¹ÊèÇ¹¹Õéä´éá¡è¤³Ð·Ó§Ò¹·ÕèàÃÕÂ¡ÇèÒ
áºÅ¤àºÅ·ì (Black Belt) «Öè§ÁÕË¹éÒ·Õèã¹¡ÒÃà½éÒ¾Ô¹Ô¨¶Ö§»Ñ­ËÒ·Õèà¡Ô´¢Öé¹ã¹¡ÃÐºÇ¹¡ÒÃ áÅéÇ´Óà¹Ô¹¡ÒÃ
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á¡éä¢à¾×èÍÁÔãËé»Ñ­ËÒ´Ñ§¡ÅèÒÇà¡Ô´¢Öé¹ÁÒÍÕ¡ËÃ×ÍËÒ·Ò§»éÍ§¡Ñ¹»Ñ­ËÒ·ÕèÁÕá¹Çâ¹éÁÇèÒ¨Ðà¡Ô´ «Öè§ÁÕ
ÃÒÂÅÐàÍÕÂ´â´ÂÊÑ§à¢»à¡ÕèÂÇ¡Ñº¢Ñé¹µÍ¹¡ÒÃ´Óà¹Ô¹§Ò¹ Ñ́§µèÍä»¹Õé Harry áÅÐ Schroeder [10], Pande,
Neuman áÅÐ Cavanagh [11]

1. ¢Ñé¹µÍ¹¡ÒÃÇÑ´¼Å (Measure Phase)
ã¹¢Ñé¹µÍ¹¡ÒÃÇÑ´¼Å ÊÔè§áÃ¡·ÕèµéÍ§·Ó¤×Í¡ÒÃàÅ×Í¡¡ÃÐºÇ¹¡ÒÃ·Õèà»ç¹»Ñ­ËÒÁÒ´Óà¹Ô¹¡ÒÃ

á¡éä¢ â´Â»Ñ­ËÒ·ÕèàÅ×Í¡ÁÒ¹Ñé¹µéÍ§à»ç¹»Ñ­ËÒ·ÕèÇÔ¡ÄµµèÍ¤Ø³ÀÒ¾ (Critical to Quality) à¾×èÍ¹ÔÂÒÁ
¶Ö§¤Ø³ÅÑ¡É³Ð·ÕèÇÔ¡Äµ¢Í§¼ÅÔµÀÑ³±ì (Critical Product Response Characteristic) áÅéÇ´Óà¹Ô¹
¡ÒÃà»ÅÕèÂ¹¤Ø³ÅÑ¡É³Ð¹Ñé¹ãËéà»ç¹µÑÇá»ÃµÍºÊ¹Í§ (Response Variable) â´Â¼èÒ¹¡ÃÐºÇ¹¡ÒÃ
ÇÑ´à¾×èÍÈÖ¡ÉÒ¶Ö§¤Ø³ÅÑ¡É³ÐáÅÐ¾ÄµÔ¡ÃÃÁ¢Í§¼ÅÔµÀÑ³±ì ÊÓËÃÑº¡ÃÐºÇ¹¡ÒÃ·ÕèàÅ×Í¡ÁÒ´Óà¹Ô¹¡ÒÃ
á¡éä¢¼èÒ¹á¹Ç·Ò§«Ô¡Êì«Ô¡ÁèÒã¹§Ò¹ÇÔ¨ÑÂ¹Õéà»ç¹¡ÃÐºÇ¹¡ÒÃ¡ÒÃ·´ÊÍº¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹
ã¹ÁÍàµÍÃì¢³Ð¡ÓÅÑ§ËÁØ¹´éÇÂ¤ÇÒÁàÃçÇÃÍº¤èÒË¹Öè§ ¼Å¡ÒÃÈÖ¡ÉÒ¼èÒ¹¡ÒÃÇÔà¤ÃÒÐËìàÃ× èÍ§¤ÇÒÁ
ÊÒÁÒÃ¶¢Í§¡ÃÐºÇ¹¡ÒÃ·Ñé§ã¹ÃÐÂÐÊÑé¹áÅÐÃÐÂÐÂÒÇ¾ºÇèÒ¼ÅÔµÀÑ³±ì·ÕèÁÕ¤ÇÒÁäÇµèÍÊÔè§Ãº¡Ç¹
(Noise Effect) ÁÒ¡·ÕèÊØ´ä´éá¡è âÁà´ÅªÕµéÒ 18 áÍÅ¾Õ «Öè§¨Óà»ç¹µéÍ§¡ÓË¹´á¹Ç·Ò§ã¹¡ÒÃá¡éä¢
ÍÂèÒ§äÃ¡çµÒÁã¹¡ÒÃµÑ´ÊÔ¹ã¨¨Óà»ç¹µéÍ§ÍÒÈÑÂ¢éÍÁÙÅ·ÕèÁÕ¤Ø³ÀÒ¾ ¹Ñè¹¤×Í¢éÍÁÙÅµéÍ§ÁÕ¤ÇÒÁ¶Ù¡µéÍ§
áÅÐáÁè¹ÂÓ ´Ñ§¹Ñé¹¡èÍ¹¡ÒÃÇÔà¤ÃÒÐËìã´æ à¾×èÍ´Óà¹Ô¹¡ÒÃá¡é»Ñ­ËÒ¨Ö§¨Óà»ç¹µéÍ§ÇÔà¤ÃÒÐËìÃÐºº
¡ÒÃÇÑ́ ¡èÍ¹ ¶éÒËÒ¡ÃÐºº¡ÒÃÇÑ́ ¹Ñé¹ÁÕ»Ñ­ËÒ¡çËÁÒÂ¤ÇÒÁÇèÒ¢éÍÁÙÅ·Õèà¡çºÁÒä é́äÁèÁÕÊÒÃÊ¹à·Èà¾ÕÂ§¾Í
·Õè¨Ð¹ÓÁÒãªéã¹¡ÒÃµÑ´ÊÔ¹ã¨¨Óà»ç¹µéÍ§ËÒÊÒàËµØáÅéÇ´Óà¹Ô¹¡ÒÃá¡éä¢ ÊÓËÃÑº¼Å¡ÒÃÇÔà¤ÃÒÐËìÃÐºº
¡ÒÃÇÑ́ ¤ÇÒÁÊÑè¹ÊÐà·×Í¹ã¹¡ÃÐºÇ¹¡ÒÃ Ñ́§¡ÅèÒÇÊÒÁÒÃ¶ÊÃØ»ä é́ÇèÒÃÐºº¡ÒÃÇÑ́ ¤ÇÒÁÊÑè¹ÊÐà·×Í¹¹Õé¢Ò´
¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§ (Linearity) áÅÐ¤Ø³ÊÁºÑµÔ¤ÇÒÁáÁè¹ÂÓ (Gage R&R) ´Ñ§µÒÃÒ§·Õè 1 áÅÐ 2

¤�ÒÍ�Ò§ÍÔ§ ¤�ÒäºÍÑÊ σ σ6 % äºÍÑÊ
50 -16 55 330 4.848485
100 -5.5 55 330 1.666667
150 5 55 330 1.515152
200 15.5 55 330 4.69697
250 26 55 330 7.878788
300 36.5 55 330 11.06061
350 47 55 330 14.24242
400 57.5 55 330 17.42424
450 68 55 330 20.60606
500 78.5 55 330 23.78788
550 89 55 330 26.9697
600 99.5 55 330 30.15152

¨Ò¡¼Å¡ÒÃ·´ÅÍ§´Ñ§µÒÃÒ§·Õè1 ÊÃØ»ä´éÇèÒàÁ×èÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹ÊÙ§¢Öé¹¤èÒà©ÅÕèÂ¢Í§
¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹¨ÃÔ§¢Í§ªÔé¹§Ò¹ (True Value) ¨ÐÁÕ¤ÇÒÁáµ¡µèÒ§ä»¨Ò¡¤èÒà©ÅÕèÂ·ÕèÇÑ´ä´é
à¾ÔèÁÁÒ¡¢Öé¹ â´Â¤ÇÒÁáµ¡µèÒ§´Ñ§¡ÅèÒÇ¹ÕéàÃÕÂ¡ÇèÒ¤èÒäºÍÑÊ (Bias) «Öè§µÒÁà¡³±ì¡ÒÃµÑ´ÊÔ¹ã¨
â´Â·ÑèÇä»áÅéÇÊÒÁÒÃ¶ÂÍÁÃÑºãËéà¡Ô´ÃéÍÂÅÐ¢Í§¤èÒäºÍÑÊä´éäÁèà¡Ô¹ÃéÍÂÅÐ 10 áµè¨Ò¡¼Å´Ñ§µÒÃÒ§·Õè1

µÒÃÒ§·Õè 1 ¤èÒ»ÃÐÁÒ³ÃéÍÂÅÐ¢Í§äºÍÑÊ·ÕèáµèÅÐÂèÒ¹¤ÇÒÁÊÑè¹ÊÐà·×Í¹
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Two-Way ANOVA Table With Interaction
Source         DF  SS       MS       F        P
Part            9  36693.2  4077.03  3.04059  0.02134
Operator        2   1359.5   679.77  0.50696  0.61067
Operator*Part  18  24135.6  1340.87  4.15884  0.00002
Repeatability  60  19344.8   322.41
Total          89  81533.2

Gage R&R
Source           VarComp  StdDev   5.15*Sigma
Total Gage R&R      661.90   25.7274     132.496
Repeatability       322.41   17.9559      92.473
Reproducibility     339.48   18.4251      94.889
Operator              0.00    0.0000       0.000
Operator*Part       339.48   18.4251      94.889
Part-To-Part        304.02   17.4361      89.796
Total Variation     965.92   31.0792     160.058

Source           %Contribution  %Study Var  %Tolerance
Total Gage R&R          68.53          82.78        22.34
Repeatability           33.38          57.77        15.59
Reproducibility         35.15          59.28        16.00
Operator                 0.00           0.00         0.00
Operator*Part           35.15          59.28        16.00
Part-To-Part            31.47          56.10        15.14
Total Variation        100.00         100.00        26.99

Number of Distinct Categories = 1

àÁ×èÍªÔé¹§Ò¹ÍÂÙèã¹ÂèÒ¹¤ÇÒÁÊÑè¹ÊÐà·×Í¹·ÕèÊÙ§¢Öé¹ (µÑé§áµè 300%ACT ¢Öé¹ä») ¤èÒäºÍÑÊ¨Ðà¾ÔèÁÊÙ§¢Öé¹´éÇÂ
«Öè§¨Óà»ç¹µéÍ§ÇÔà¤ÃÒÐËìáÅÐËÒá¹Ç·Ò§¡ÒÃá¡é»Ñ­ËÒã¹¢Ñé¹µÍ¹µèÍä» áÅÐ¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËì
´Ñ§µÒÃÒ§·Õè 2

µÒÃÒ§·Õè 2 ¼Å¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁáÁè¹ÂÓ¢Í§ÃÐºº¡ÒÃÇÑ´

àÃ×èÍ§¢Í§¤ÇÒÁáÁè¹ÂÓã¹ÃÐºº¡ÒÃÇÑ´ÊÃØ»ä´éÇèÒ ¢éÍÁÙÅ·Õèä´é¨Ò¡ÃÐººÇÑ´·Õè¹ÓÁÒãªéã¹¡ÒÃ
µÑ´ÊÔ¹ã¨¹Ñé¹äÁèÁÕÊÒÃÊ¹à·Èà¾ÕÂ§¾Í·Õè¨ÐàÍÒä»Í¸ÔºÒÂ¶Ö§¤ÇÒÁ¼Ñ¹á»Ã¢Í§¡ÃÐºÇ¹¡ÒÃä´é (%Study
Var ÁÕ¤èÒà·èÒ¡Ñº 82.78 «Öè§äÁèÊÒÁÒÃ¶ÂÍÁÃÑºä´é áÅÐµÒÁà¡³±ì¡ÒÃµÑ´ÊÔ¹ã¨â´Â·ÑèÇä»áÅéÇ¨ÐäÁè
ÂÍÁãËéà¡Ô¹ÃéÍÂÅÐ 30) ·Ñé§¹ÕéÊÒÁÒÃ¶áÂ¡áËÅè§¤ÇÒÁ¼Ñ¹á»ÃËÅÑ¡·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¡ÒÃÇÑ´ä´é´Ñ§¹Õé
¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÇÑ´«éÓ (Repeatability) áÅÐ¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹¨Ò¡
ÍÔ·¸Ô¾ÅÃèÇÁ¢Í§¾¹Ñ¡§Ò¹ÇÑ´áÅÐªÔé¹§Ò¹ (Interaction Effect) «Öè§¨Óà»ç¹µéÍ§ËÒá¹Ç·Ò§ã¹¡ÒÃá¡éä¢
ã¹¢Ñé¹µÍ¹µèÍä» áÅÐÊÒÁÒÃ¶ÊÃØ»à»ç¹Ê¶Ò¹ÀÒ¾¢Í§»Ñ­ËÒä´é´Ñ§¹Õé

»Ñ­ËÒàÃ×èÍ§¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§¢Í§à¤Ã×èÍ§Á×ÍÇÑ´
Ê¶Ò¹ÀÒ¾»Ñ­ËÒ ¤×Í ÃÐºº¡ÒÃÇÑ´¤ÇÒÁÊÑè¹ÊÐà·×Í¹ (ACT) ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµÊ»Ô¹à´ÔÅ

ÁÍàµÍÃìâÁà´Å ªÕµéÒ 18 áÍÅ¾Õ ¢Ò´¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§ â´Â·Õè¤èÒ¤ÇÒÁà»ç¹àÊé¹µÃ§¢Í§ÃÐºº
¡ÒÃÇÑ´àÁ×èÍà·ÕÂº¡Ñº¤ÇÒÁ¼Ñ¹á»Ã¢Í§¡ÃÐºÇ¹¡ÒÃÁÕ¤èÒà·èÒ¡Ñº 21% «Öè§äÁèÊÒÁÒÃ¶ÂÍÁÃÑºä´é¨Óà»ç¹
µéÍ§ÃÐºØ¶Ö§ÊÒàËµØáÅéÇ´Óà¹Ô¹¡ÒÃá¡éä¢

à»éÒËÁÒÂ ¤×Í »ÃÑº»ÃØ§¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§¢Í§ÃÐºº¡ÒÃÇÑ´¤ÇÒÁÊÑè¹ÊÐà·×Í¹¨Ò¡ 21%
ãËéàËÅ×Í 5%



ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 3 ¡Ñ¹ÂÒÂ¹-¸Ñ¹ÇÒ¤Á 2544254

»Ñ­ËÒàÃ×èÍ§¤Ø³ÊÁºÑµÔ¤ÇÒÁáÁè¹ÂÓ¢Í§à¤Ã×èÍ§Á×ÍÇÑ´
Ê¶Ò¹ÀÒ¾»Ñ­ËÒ ¤×Í ÃÐºº¡ÒÃÇÑ́ ¤ÇÒÁÊÑè¹ÊÐà·×Í¹ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµÊ»Ô¹à ỐÅÁÍàµÍÃìâÁà´Å

ªÕµéÒ 18 áÍÅ¾Õ ¢Ò´¤Ø³ÊÁºÑµÔ¤ÇÒÁáÁè¹ÂÓã¹ÃÐºº¡ÒÃÇÑ´ â´Â·Õè¤èÒ¤ÇÒÁáÁè¹ÂÓ¢Í§ÃÐºº¡ÒÃÇÑ´
àÁ×èÍà·ÕÂº¡Ñº¤ÇÒÁ¼Ñ¹á»Ã¢Í§¡ÃÐºÇ¹¡ÒÃÁÕ¤èÒà·èÒ¡Ñº 82.78% «Öè§äÁèÊÒÁÒÃ¶ÂÍÁÃÑºä´é¨Óà»ç¹
µéÍ§ÃÐºØ¶Ö§ÊÒàËµØáÅéÇ´Óà¹Ô¹¡ÒÃá¡éä¢

à»éÒËÁÒÂ ¤×Í »ÃÑº»ÃØ§¤Ø³ÊÁºÑµÔ¤ÇÒÁáÁè¹ÂÓ¢Í§ÃÐºº¡ÒÃÇÑ́ ¤ÇÒÁÊÑè¹ÊÐà·×Í¹¨Ò¡ 82.78%
ãËéàËÅ×Í 30%

ã¹¡ÒÃÇÔà¤ÃÒÐËì»Ñ­ËÒ à¾×èÍãËéà¢éÒã¨ÀÒ¾ÃÇÁ¢Í§¡ÃÐºÇ¹¡ÒÃä´éªÑ´à¨¹¢Öé¹¨Ö§µéÍ§ºÃÃÂÒÂ
¼èÒ¹á¼¹·Õè¡ÃÐºÇ¹¡ÒÃ (Process Mapping) ´Ñ§ÃÙ»·Õè 2 â´Â¡ÒÃÃÐ´ÁÊÁÍ§«Öè§á¼¹·Õè¡ÃÐºÇ¹¡ÒÃ¹Õé
à»ç¹à¤Ã×èÍ§Á×Í·ÕèªèÇÂã¹¡ÒÃ¹ÔÂÒÁ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§µÑÇá»Ã»éÍ¹à¢éÒ·ÕèÊÓ¤Ñ­µèÍ¡ÃÐºÇ¹¡ÒÃ (Key
Process Input Variable) áÅÐµÑÇá»Ã»éÍ¹ÍÍ¡·ÕèÊÓ¤Ñ­µèÍ¡ÃÐºÇ¹¡ÒÃ (Key Process Output
Variable) µÅÍ´¨¹ªèÇÂã¹¡ÒÃÊÃéÒ§á¼¹ÀÙÁÔ¡éÒ§»ÅÒà¾×èÍÇÔà¤ÃÒÐËìËÒÊÒàËµØ¢Í§»Ñ­ËÒ ´Ñ§ÃÙ»·Õè 3

ÃÙ»·Õè 2 á¼¹·Õè¡ÃÐºÇ¹¡ÒÃ

»ÃÐà´ç¹ÊØ´·éÒÂã¹¢Ñ é¹µÍ¹¢Í§¡ÒÃÇÑ´¼Å¤×Í¡ÒÃàÅ×Í¡»Ñ¨¨ÑÂ·Õ è¨Ð¹ÓÁÒãªéã¹¡ÒÃÈÖ¡ÉÒ
áµèà¹×èÍ§¨Ò¡ÀÒÂãµé»Ñ­ËÒ·ÕèÊ¹ã¨´Ñ§¡ÅèÒÇ »ÃÐ¡Íº´éÇÂÊÒàËµØ·Õèà»ç¹ä»ä´éÁÒ¡ÁÒÂ ¡ÒÃàÅ×Í¡»Ñ¨¨ÑÂ
·Õè¨Ð¹ÓÁÒãªéã¹¡ÒÃÈÖ¡ÉÒ¹Ñé¹¨Ö§µéÍ§ä´éÁÒÍÂèÒ§ÁÕËÅÑ¡¡ÒÃ à¤Ã×èÍ§Á×Í·ÕèªèÇÂã¹¡ÒÃÇÔà¤ÃÒÐËì»Ñ¨¨ÑÂ·Õè¹èÒ
¨Ðà»ç¹ÊÒàËµØ¢Í§»Ñ­ËÒËÃ×Í»Ñ¨¨ÑÂ·ÕèÁÕá¹Çâ¹éÁ¨Ð·ÓãËéà¡Ô´»Ñ­ËÒä´éá¡è¡ÒÃÇÔà¤ÃÒÐËì¶Ö§¼Å¡ÃÐ·º
ÍÑ¹à¹×èÍ§¨Ò¡ÅÑ¡É³Ð¢éÍº¡¾ÃèÍ§ (Failure Modes and Effect Analysis) ËÃ×Í·ÕèàÃÕÂ¡ÇèÒ FMEA «Öè§à»ç¹
¡ÅÇÔ¸Õ·Õèãªéã¹¡ÒÃà¢éÒ¶Ö§ÊÒàËµØ¢Í§»Ñ­ËÒÍÂèÒ§à»ç¹ÃÐºº à¾×èÍãªéã¹¡ÒÃÈÖ¡ÉÒ»Ñ­ËÒ·Õèà»ç¹ä»ä´éà¾×èÍ

è è
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Top Shaft

Upper Cylinder
Move Down

Lower Cylinder
Move Up

B&K Real Time
Frequency Analyzer
(Convert Vibration

Signal to dB)

CONVERT dB VALUE TO ACT LINEAR%
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»éÍ§¡Ñ¹ÁÔãËé»Ñ­ËÒ·ÕèÁÕá¹Çâ¹éÁÇèÒ¨Ðà¡Ô´»ÃÒ¡¯¢Öé¹ÁÒ «Ö è§¡ÅÇÔ¸Õ´Ñ§¡ÅèÒÇ¹Õé¶×ÍÇèÒà»ç¹¡ÒÃàÊÃÔÁ
·Ñ¡ÉÐã¹¡ÒÃá¡é»Ñ­ËÒãËé¡ÑºÇÔÈÇ¡ÃãËéÁÕÅÓ´Ñº·Ò§¤ÇÒÁ¤Ô´·Õèà»ç¹ÃÐººÁÕ¢Ñé¹µÍ¹áÅÐÁÕ¡ÒÃ¨Ñ´ÅÓ´Ñº
¡èÍ¹ËÅÑ§¢Í§¡ÒÃá¡é»Ñ­ËÒâ´Âà¹é¹ä»·Õ è¡ÒÃ»éÍ§¡Ñ¹»Ñ­ËÒ·Õ èÁÕâÍ¡ÒÊà¡Ô´ à¾× èÍµÍºÊ¹Í§µèÍ
¤ÇÒÁ¾Ö§¾Íã¨¢Í§ÅÙ¡¤éÒáººàºç´àÊÃç¨ â´Âã¹·Õè¹Õé¶×ÍÇèÒà»ç¹¡ÒÃÇÔà¤ÃÒÐËì¶Ö§¼Å¡ÃÐ·ºÍÑ¹à¹×èÍ§¨Ò¡
ÅÑ¡É³Ð¢éÍº¡¾ÃèÍ§ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµ (Process FMEA) ´Ñ§µÒÃÒ§·Õè 3 â´ÂÊÒÁÒÃ¶ÊÃØ»¶Ö§»Ñ¨¨ÑÂ
·Õè¨ÐµéÍ§ÇÔà¤ÃÒÐËìã¹¢Ñé¹µÍ¹¶Ñ´ä»ä´éá¡è ÂèÒ¹¤ÇÒÁ¶Õè¢Í§áºÃÔè§ ¤ÇÒÁÊÍ´¤ÅéÍ§¡Ñ¹ã¹¡ÒÃ»ÃÐ¡Íº
áºÃÔè§µÑÇº¹áÅÐµÑÇÅèÒ§à¢éÒ´éÇÂ¡Ñ¹ áÅÐ¤èÒ¢Í§áÃ§àÃÔèÁµé¹

(%Linear,%GR&R)

Vibration Insulate

Preload Force

Maintenance

Calibration

Bearing Frequency

Bearing Consistency

Correlation

Pressure

Alignment

Improperly Loading

Standard

Men

Machine

Material

Set Up

Noise

Environment

Cause-and-Effect Diagram

ÃÙ»·Õè 3 á¼¹ÀÙÁÔ¡éÒ§»ÅÒ

µÒÃÒ§·Õè 3 ¡ÒÃÇÔà¤ÃÒÐËì¶Ö§¼Å¡ÃÐ·ºÍÑ¹à¹×èÍ§¨Ò¡ÅÑ¡É³Ð¢éÍº¡¾ÃèÍ§
Process Step Key Process

Input
Potential

Failure Mode
Potential

Failure Effect

S E V

Potential Cause O C C

Current Control D E T

R P N

Piority

Motor Assembly Preload Over or
Under Load

Poor %
Linearity

7 Force 6 Calibrate Frame 5 210 A

Motor Loading Work Standard Improperly
Loading

Poor
Reproducibility
& Interaction

4 Operators 5 Training 6 120 B

Upper & Lower
Cylinder Move

Pressure Improperly
Air Pressure

Poor
Repeatability

3 Set Up Pressure 2 Pressure Gauge
Monitoring

8 48 C

Center Pin Press
on the Shaft

Alignment
(Mechanism)

Misalignment Poor
Repeatability

6 Set Up
Alignment

3 Maintenance 7 126 B

Motor Spin Consistency Consistency
of Bearing
Assembly

Poor %
Linearity &

GR&R

8 Upper & Lower
Bearing

Assembly

9 Bearing Sampling 4 288 A

Frequency
Analyzer

Bearing
Frequency

Bearing
Vibration

Poor % GR&R 10 Frequency Band
of Bearing

10 Supplier Control 3 300 A

2. ¢Ñé¹µÍ¹¡ÒÃÇÔà¤ÃÒÐËì (Analyze Phase)
ã¹¢Ñ é¹µÍ¹¡ÒÃÇÔà¤ÃÒÐËì¹Ñ é¹¨ÐµéÍ§¹Ó¢éÍÁÙÅ·Õ èä´é¨Ò¡¡ÒÃÇÑ´¼Å«Ö è§à»ç¹¢éÍÁÙÅ·Õ èä´éÃ Ñº

¡ÒÃÃÇºÃÇÁÁÒà¾×èÍà»ç¹ÊÒÃÊ¹à·Èà¡ÕèÂÇ¡Ñº·ÔÈ·Ò§ã¹¡ÒÃ»ÃÑº»ÃØ§ â´ÂÈÖ¡ÉÒ¨Ò¡ÍÒ¡ÒÃ¢Í§»Ñ­ËÒ
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KPIV’s MatrixKPIV’s Matrix

ACT MeasurementACT Measurement
SystemSystem

Preload Force

High Band Bearing Frequency

Consistency of Bearing

HIGH

%GR&R

Mid Band Bearing Frequency

Low Band Bearing Frequency

áÅéÇÂéÍ¹¡ÅÑºä»¤Ô´¶Ö§ÊÒàËµØ¢Í§¡ÃÐºÇ¹¡ÒÃ·Õèà»ç¹µé¹àËµØáËè§¤ÇÒÁ¼Ñ¹á»Ãà¾× èÍºÃÃÂÒÂ¶Ö§
¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§µÑÇá»ÃµèÒ§æ ã¹¡ÃÐºÇ¹¡ÒÃ â´Â¡ÒÃÇÔà¤ÃÒÐËì¢éÍÁÙÅ¢Í§¼ÅÔµÀÑ³±ì¹Ñé¹ÊÒÁÒÃ¶
à»Ô´à¼Â¶Ö§¾ÄµÔ¡ÃÃÁ¢Í§¡ÃÐºÇ¹¡ÒÃä´éÇèÒ ÊÒàËµØ¢Í§»Ñ­ËÒ¹Ñ é¹¹èÒ¨ÐÁÒ¨Ò¡»Ñ¨¨ÑÂã´ºéÒ§
ÊÓËÃÑº»Ñ­ËÒ·Õèà¡Ô´¢Ö é¹ã¹ÃÐºº¡ÒÃÇÑ´¤ÇÒÁÊÑè¹ÊÐà·×Í¹¹Õé à¹× èÍ§¨Ò¡ÃÐºº¡ÒÃÇÑ´´Ñ§¡ÅèÒÇ¢Ò´
¤Ø³ÊÁºÑµÔ·ÕèÊÓ¤Ñ­ÊÍ§»ÃÐ¡ÒÃ¤×Í¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§áÅÐ¤Ø³ÊÁºÑµÔ¤ÇÒÁáÁè¹ÂÓ ¨Ö§äÁèÊÒÁÒÃ¶
´Óà¹Ô¹¡ÒÃá¡éä¢·Õè¡ÃÐºÇ¹¡ÒÃä´é ´Ñ§¹Ñé¹ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§§Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§ÁØè§à¹é¹ä»·Õè¡ÒÃá¡é»Ñ­ËÒ
ã¹ÃÐºº¡ÒÃÇÑ´à»ç¹ËÅÑ¡ ¨Ò¡¼Å¡ÒÃ·´ÅÍ§ã¹¢Ñ é¹µÍ¹¡ÒÃÇÑ´¼Å¹Ñ é¹ÊÒÁÒÃ¶¡ÓË¹´á¹Ç·Ò§
ã¹¡ÒÃá¡é»Ñ­ËÒä´é¤×Í ¨ÐµéÍ§ËÒ·Ò§¡Ó¨Ñ´¤ÇÒÁ¼Ñ¹á»Ã·ÕèáËÅè§¡Óà¹Ô´¤ÇÒÁ¼Ñ¹á»Ã â´ÂÊÒàËµØËÅÑ¡
à¡Ô´¨Ò¡¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÇÑ´«éÓ áÅÐ¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹¨Ò¡ÍÔ·¸Ô¾ÅÃèÇÁ
¢Í§¾¹Ñ¡§Ò¹ÇÑ´áÅÐªÔé¹§Ò¹ â´Â¡ÒÃÇÔà¤ÃÒÐËì»Ñ­ËÒ´Ñ§¡ÅèÒÇ¼èÒ¹á¼¹ÀÙÁÔÁÑÅµÔáÇÃÔ (Multi-Vari Chart)
«Ö è§ÊÒÁÒÃ¶¡ÓË¹´á¹Ç·Ò§ã¹¡ÒÃá¡é»Ñ­ËÒä´é¤×Í¡ÒÃÅ´¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Ö é¹ã¹ªÔé¹§Ò¹
ãËéÍÂÙ èã¹ÃÐ´Ñº¤ÇÒÁÊÑ è¹ÊÐà·×Í¹µèÓæ ¨ÐÊè§¼ÅãËé¤èÒà©ÅÕ èÂ¢Í§¤ÇÒÁÊÑ è¹ÊÐà·×Í¹·Õ èà¡Ô´¢Ö é¹¨ÃÔ§
ÁÕ¤ÇÒÁáµ¡µèÒ§ä»¨Ò¡¤èÒà©ÅÕèÂ·ÕèÇÑ´ä´é¹éÍÂÅ§ «Öè§ÊÒÁÒÃ¶á¡é»Ñ­ËÒàÃ×èÍ§¤Ø³ÊÁºÑµÔàªÔ§àÊé¹µÃ§
¢Í§ÃÐºº¡ÒÃÇÑ´ä´é ÊÓËÃÑº¤Ø³ÊÁºÑµÔ´éÒ¹¤ÇÒÁáÁè¹ÂÓ¹Ñ é¹¨Ò¡á¼¹ÀÙÁÔÁÑÅµÔáÇÃÔÊÃØ»ä´éÇèÒ
·ÕèÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹ÊÙ§ ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÇÑ´«éÓ¨ÐµèÓÅ§ «Öè§ÊÍ´¤ÅéÍ§¡Ñºá¹Ç·Ò§ã¹¡ÒÃ
á¡é»Ñ­ËÒ¤ÇÒÁà»ç¹àÊé¹µÃ§ ´Ñ§¹Ñé¹á¹Ç·Ò§ã¹¡ÒÃá¡é»Ñ­ËÒã¹§Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§ä´éá¡è¡ÒÃÅ´¤ÇÒÁ
ÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹ã¹¼ÅÔµÀÑ³±ìãËéÁÕ¤èÒäÁèà¡Ô¹ 200%ACT áÅÐ¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËì¶Ö§¼Å¡ÃÐ·º
ÍÑ¹à¹×èÍ§¨Ò¡ÅÑ¡É³Ð¢éÍº¡¾ÃèÍ§ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµÊÒÁÒÃ¶ÊÃØ»à»ç¹¤ÇÒÁÊÑÁ¾Ñ¹¸ì ä´é´Ñ§ÃÙ»·Õè 4

ÃÙ»·Õè 4 ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§»Ñ¨¨ÑÂ·Õè¤Ò´ÇèÒ¨ÐÁÕ¼ÅµèÍÃÐºº¡ÒÃÇÑ´

¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËìÊà»¤µÃÑÁ¢Í§¤ÇÒÁÊÑè¹ÊÐà·×Í¹ã¹ÃÙ»¢Í§¤ÇÒÁ¶Õè (Vibration Spectrum
Analysis) ³ ¤ÇÒÁ¶Õè·Õè 1/3 Octave â´ÂàÅ×Í¡§Ò¹·ÕèÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹µèÒ§æ ¡Ñ¹ÁÒ¾Ô¨ÒÃ³Ò
ªèÇ§¤ÇÒÁ¶Õè¤ÃÍº¤ÅØÁ·Ñé§§Ò¹´ÕáÅÐ§Ò¹àÊÕÂ ÊÒÁÒÃ¶ÊÃØ»¼Åä´é´Ñ§ÃÙ»·Õè 5
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ÃÙ»·Õè 5 ¡ÒÃÇÔà¤ÃÒÐËìÊà»¤µÃÑÁ¢Í§¤ÇÒÁÊÑè¹ÊÐà·×Í¹ (1/3 Octave Frequency)

¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËì¾ºÇèÒ·Õè¤ÇÒÁ¶ÕèµÑé§áµè 0-2,000 àÎÔÃìµ §Ò¹·ÕèÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹µèÒ§æ
äÁèÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹ÁÒ¡¹Ñ¡ áµè·Õè¤ÇÒÁ¶ÕèµÑé§áµè 2,000 àÎÔÃìµ ¢Öé¹ä»§Ò¹·ÕèÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹µèÒ§æ
àÃÔèÁÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹ÍÂèÒ§àËç¹ä´éªÑ´áÅÐÂÔè§ªÑ´à¨¹¢Öé¹àÁ×èÍ¤ÇÒÁ¶ÕèÊÙ§¢Öé¹ ÍÕ¡»Ñ¨¨ÑÂË¹Öè§·Õè¹èÒ¨ÐÁÕ¼Å
µèÍ¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹¹Ñè¹¤×Í¡ÃÐºÇ¹¡ÒÃáÃ§àÃÔèÁµé¹ (Preload Force) «Öè§à»ç¹¡ÃÐºÇ¹¡ÒÃ
·ÕèãÊèáÃ§¡´ãËé¡ÑºµÑÇÊ»Ô¹à´ÔÅÁÍàµÍÃìÀÒÂËÅÑ§¡ÒÃ»ÃÐ¡Íºà¾×èÍ¡ÓË¹´·Ò§à´Ô¹ãËé¡ÑºáºÃÔè§ª¹Ô´¡ÅÁ
â´Âãªé¤èÒ¢Í§áÃ§àÃÔèÁµé¹·Õè 4, 5, 6, 7 »Í¹´ì â´Â¡ÓË¹´»Ñ¨¨ÑÂÍ×è¹ãËé¤§·ÕèáÅéÇ´Óà¹Ô¹¡ÒÃ·´ÅÍ§
à¾× èÍÇÑ´¼Å¶Ö§ÃÐ´Ñº¤ÇÒÁÊÑ è¹ÊÐà·×Í¹·Õ èà¡Ô´¢Ö é¹áÅéÇÇÔà¤ÃÒÐËì¼èÒ¹à¤Ã× èÍ§Á×Í·Ò§Ê¶ÔµÔ·Õ èàÃÕÂ¡ÇèÒ
¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹ (ANOVA) áÅÐ¨Ò¡¼Å¡ÒÃ·´ÅÍ§ÊÃØ»ä é́ÇèÒ¡ÒÃà»ÅÕèÂ¹¤èÒ¢Í§áÃ§àÃÔèÁµé¹
äÁèÁÕ¼ÅµèÍ¤ÇÒÁÊÑ è¹ÊÐà·×Í¹ÍÂèÒ§ÁÕ¹ÑÂÊÓ¤Ñ­ áµèÁÕ¢éÍÊ§ÊÑÂÇèÒ¡ÒÃ·´ÅÍ§¹Õ éà»ç¹áºº One
Factor at a Time (OFAT) ¨ÃÔ§ËÃ×ÍäÁè¨Ö§¹Ó»Ñ¨¨ÑÂ´Ñ§¡ÅèÒÇÁÒÈÖ¡ÉÒÍÕ¡¤ÃÑé§ «Öè§ÇÑµ¶Ø»ÃÐÊ§¤ì
à¾×èÍ¡ÒÃÍÍ¡áººµÑÇá»Ãã¹¡ÒÃ·´ÅÍ§ áÅÐà¹×èÍ§¨Ò¡ÊèÇ¹»ÃÐ¡Íº¢Í§ÁÍàµÍÃì¹Ñé¹»ÃÐ¡Íº´éÇÂ
áºÃÔ è§ÊÍ§µÑÇä´éá¡èáºÃÔ è§µ ÑÇº¹áÅÐáºÃÔ è§µ ÑÇÅ èÒ§ ´Ñ§¹Ñ é¹¼Å¨Ò¡¡ÒÃ»ÃÐ¡ÍºáºÃÔ è§·Ñ é§ÊÍ§
¹èÒ¨ÐÁÕ¼ÅµèÍÃÐ´Ñº¤ÇÒÁÊÑ è¹ÊÐà·×Í¹ «Ö è§ÊÒÁÒÃ¶¡ÓË¹´à»ç¹»Ñ¨¨ÑÂ·Õ è¨Ð¹ÓÁÒãªéã¹¡ÒÃÈÖ¡ÉÒ
ã¹¢Ñé¹µÍ¹¡ÒÃÇÔà¤ÃÒÐËìä´é ´Ñ§ÃÙ»·Õè 6

Spectrum Vibration Analysis
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ÃÙ»·Õè 6 ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§»Ñ¨¨ÑÂ·Õè¹ÓÁÒÈÖ¡ÉÒã¹¢Ñé¹µÍ¹¡ÒÃ»ÃÑº»ÃØ§

3. ¢Ñé¹µÍ¹¡ÒÃ»ÃÑº»ÃØ§ (Improve Phase)
ã¹¢Ñé¹µÍ¹¢Í§¡ÒÃ»ÃÑº»ÃØ§¹Ñé¹µéÍ§µÃÐË¹Ñ¡¶Ö§¡ÒÃá¡é»Ñ­ËÒ¢Í§¼ÅÔµÀÑ³±ìâ´Â¼èÒ¹¡ÒÃ

»ÃÑº»ÃØ§·Õè¡ÃÐºÇ¹¡ÒÃ áÅÐµéÍ§ÁÕ¡ÒÃºè§ªÕéÇèÒÁÕ»Ñ¨¨ÑÂã´ºéÒ§·ÕèÁÕ¼Å¡ÃÐ·ºµèÍ¡ÃÐºÇ¹¡ÒÃ ã¹¢Ñé¹µÍ¹
¡ÒÃ»ÃÑº»ÃØ§¹ÕéµéÍ§ËÒ»Ñ¨¨ÑÂàËÅèÒ¹Ñé¹ãËéä´éáÅéÇ´Óà¹Ô¹¡ÒÃÈÖ¡ÉÒ¶Ö§¤ÇÒÁÊÑÁ¾Ñ¹¸ì¼èÒ¹¡ÒÃÇÔà¤ÃÒÐËì
·Ò§Ê¶ÔµÔ â´ÂÁÕ»Ñ¨¨ÑÂ·Õ è¨ÐµéÍ§´Óà¹Ô¹¡ÒÃÈÖ¡ÉÒ·Ñ é§ËÁ´ 3 »Ñ¨¨ÑÂ´éÇÂ¡Ñ¹ä´éá¡è»Ñ¨¨ÑÂ A ¤×Í
ÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§µÑÇº¹ »Ñ¨¨ÑÂ B ¤×Í ÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§µÑÇÅèÒ§ áÅÐ»Ñ¨¨ÑÂ C ¤×Í ¤èÒ¢Í§
áÃ§àÃÔèÁµé¹

¡ÒÃ·´ÅÍ§à»ç¹áººÊÍ§¡ÓÅÑ§à¤á¿¡·ÍàÃÕÂÅ (2k Factorial) Montgomery [12] «Öè§ÁÕ
ÇÑµ¶Ø»ÃÐÊ§¤ìà¾×èÍµéÍ§¡ÒÃ·ÃÒº¶Ö§¡ÒÃ¡ÓË¹´ÃÐ´Ñº¢Í§»Ñ¨¨ÑÂ·ÕèÈÖ¡ÉÒÇèÒµéÍ§¡ÓË¹´äÇéã¹ÃÐ´ÑºäË¹
¶Ö§¨Ð·ÓãËé¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹ÁÕ¤èÒ¹éÍÂ·ÕèÊØ´ â´ÂÁÕá¼¹¡ÒÃ·´ÅÍ§ ´Ñ§µÒÃÒ§·Õè 4

Modify Modify KPIV’sKPIV’s  Matrix Matrix

ACT MeasurementACT Measurement
SystemSystem

High Band Bearing Frequency
(Top Bearing)

HIGH

%GR&R

High Band Bearing Frequency
(Bottom Bearing)

Preload Force

StdOrderRunOrder CenterPt Blocks A B C StdOrderRunOrder CenterPt Blocks A B C

31 1 1 1 -1 1 1 16 25 1 1 1 1 1

14 2 1 1 1 -1 1 2 26 1 1 1 -1 -1

33 3 1 1 -1 -1 -1 26 27 1 1 1 -1 -1

13 4 1 1 -1 -1 1 23 28 1 1 -1 1 1

42 5 1 1 1 -1 -1 28 29 1 1 1 1 -1

18 6 1 1 1 -1 -1 5 30 1 1 -1 -1 1

41 7 1 1 -1 -1 -1 15 31 1 1 -1 1 1

29 8 1 1 -1 -1 1 7 32 1 1 -1 1 1

20 9 1 1 1 1 -1 4 33 1 1 1 1 -1

34 10 1 1 1 -1 -1 8 34 1 1 1 1 1

39 11 1 1 -1 1 1 27 35 1 1 -1 1 -1

44 12 1 1 1 1 -1 1 36 1 1 -1 -1 -1

35 13 1 1 -1 1 -1 37 37 1 1 -1 -1 1

12 14 1 1 1 1 -1 22 38 1 1 1 -1 1

32 15 1 1 1 1 1 21 39 1 1 -1 -1 1

45 16 1 1 -1 -1 1 48 40 1 1 1 1 1

36 17 1 1 1 1 -1 30 41 1 1 1 -1 1

25 18 1 1 -1 -1 -1 11 42 1 1 -1 1 -1

3 19 1 1 -1 1 -1 19 43 1 1 -1 1 -1

38 20 1 1 1 -1 1 40 44 1 1 1 1 1

46 21 1 1 1 -1 1 24 45 1 1 1 1 1

17 22 1 1 -1 -1 -1 10 46 1 1 1 -1 -1

47 23 1 1 -1 1 1 43 47 1 1 -1 1 -1

6 24 1 1 1 -1 1 9 48 1 1 -1 -1 -1

µÒÃÒ§·Õè 4 á¼¹¡ÒÃ·´ÅÍ§
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«Öè§¨Ò¡¡ÒÃ·´ÅÍ§¨ÐàËç¹ÇèÒÁÕ¡ÒÃ·´ÅÍ§«éÓË¡¤ÃÑé§ (6 Replicate) ·Ñé§¹Õéà¹×èÍ§¨Ò¡¼Å¡ÒÃ
¤Ó¹Ç³ËÒ¢¹Ò´¢Í§ÊÔè§µÑÇÍÂèÒ§ã¹¡ÒÃÍÍ¡áºº¡ÒÃ·´ÅÍ§´Ñ§ÊÁ¡ÒÃ·Õè 1

∑∑∑ στβγ
−−−

=φ
i j k

2
ijk

2 )/(
)]1c)(1b)(1a[(

n (1)

àÁ×èÍ φ ËÁÒÂ¶Ö§ ¤èÒ·ÕèÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¡ÑºµÑÇá»Ã·ÕèÁÕ¤ÇÒÁàºÕèÂ§àº¹ä»¨Ò¡
ÈÙ¹Âì¡ÅÒ§

a ËÁÒÂ¶Ö§ ¨Ó¹Ç¹¢Í§ÃÐ´Ñº (Level) ¢Í§»Ñ¨¨ÑÂ A
b ËÁÒÂ¶Ö§ ¨Ó¹Ç¹¢Í§ÃÐ´Ñº (Level) ¢Í§»Ñ¨¨ÑÂ B
c ËÁÒÂ¶Ö§ ¨Ó¹Ç¹¢Í§ÃÐ´Ñº (Level) ¢Í§»Ñ¨¨ÑÂ C
n ËÁÒÂ¶Ö§ ¨Ó¹Ç¹¡ÒÃ·´ÅÍ§«éÓ (Replication)
∑∑∑ στβγ

i j k

2
ijk)/( ËÁÒÂ¶Ö§ ¼ÅÃÇÁ¡ÓÅÑ§ÊÍ§¢Í§¤ÇÒÁàºÕèÂ§àº¹·Õèà¡Ô´¢Öé¹¨Ò¡¤èÒà©ÅÕèÂ

¢Í§·ÃÕµàÁ¹µì¤ÍÁºÔà¹ªÑè¹Ë¹Öè§æ ¡Ñº¤èÒà©ÅÕèÂ¢Í§¢éÍÁÙÅ·Ñé§ËÁ´

à¾× èÍ¤Ó¹Ç³¶Ö§¤ÇÒÁàÊÕ èÂ§ã¹¡ÒÃÂÍÁÃÑºÊÁÁØµÔ°Ò¹àÁ× èÍÊÁÁØµÔ°Ò¹¹Ñ é¹à»ç¹à·ç¨ ËÃ×Í
¤ÇÒÁ¼Ố ¾ÅÒ´ª¹Ố ·Õè 2 (Type II error) áÅÐã¹¢³Ðà ṌÂÇ¡Ñ¹¨ÐµéÍ§¡ÓË¹´¤èÒ¢Í§¤ÇÒÁ¼Ố ¾ÅÒ´ª¹Ố ·Õè
1 (Type I error) ËÃ×Í¡ÒÃ¡ÓË¹´¤ÇÒÁàÊÕèÂ§ã¹¡ÒÃ»¯ÔàÊ¸ÊÁÁØµÔ°Ò¹àÁ×èÍÊÁÁØµÔ°Ò¹¹Ñé¹à»ç¹¨ÃÔ§
äÇé·Õ è¤èÒæ Ë¹Öè§ Kenett [13] ·Ñé§¹Õ éà¹× èÍ§¨Ò¡¤ÇÒÁ¼Ô´¾ÅÒ´·Õèà¡Ô´¢Ö é¹ã¹¡ÒÃ·´ÅÍ§à»ç¹ÊÔè§·Õ èäÁè
ÊÒÁÒÃ¶ËÅÕ¡àÅÕèÂ§ä´éáµèÊÒÁÒÃ¶¤Çº¤ØÁãËéÍÂÙèã¹¤èÒ·ÕèµéÍ§¡ÒÃä´é´éÇÂ¡ÒÃÍÍ¡áºº Montgomery
[14] ́ Ñ§¹Ñé¹ã¹¡ÒÃ·´ÅÍ§Ë¹Öè§æ ̈ ÐµéÍ§ÁÕ¡ÒÃ»ÃÐàÁÔ¹¶Ö§¤ÇÒÁàÊÕèÂ§àËÅèÒ¹ÕéàÊÕÂ¡èÍ¹ÊÓËÃÑºã¹¡ÒÃ·´ÅÍ§¹Õé
»ÃÐ¡Íº´éÇÂ»Ñ¨¨ÑÂ·Õèãªéã¹¡ÒÃ·´ÊÍº 3 »Ñ¨¨ÑÂ áÅÐà»ç¹»Ñ¨¨ÑÂáºº¤§·Õè (Fixed Effect Model)
«Öè§¼Å¡ÒÃ¤Ó¹Ç³¤ÇÒÁàÊÕèÂ§ ´Ñ§µÒÃÒ§·Õè 5

Power and Sample Size

2-Level Factorial Design

Sigma = 55 Alpha = 0.05 Effect = 66

Factors:            3 Base Design:              3, 8
Runs:               48 Replicates:                 6
Blocks:            none Center pts (total):       0
Reps:               6 Power:                        0.9819

µÒÃÒ§·Õè 5 ¼Å¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁàÊÕèÂ§àÁ×èÍ¢¹Ò´ÊÔè§µÑÇÍÂèÒ§à·èÒ¡ÑºË¡
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´Óà¹Ô¹¡ÒÃà¡çº¢éÍÁÙÅµÒÁá¼¹¡ÒÃ·´ÅÍ§´Ñ§µÒÃÒ§·Õè 4 â´Â´Óà¹Ô¹¡ÒÃ·´ÅÍ§ãËéà»ç¹ä»
ÍÂèÒ§ÊØèÁáººÊÁºÙÃ³ì áÅÐ»Ñ¨¨ÑÂ·Õèãªéã¹¡ÒÃ·´ÅÍ§ä´éÃÑº¡ÒÃ¡ÓË¹´¤èÒ¢Í§ªÔé¹§Ò¹·Õè¹ÓÁÒ·´ÅÍ§à»ç¹
2 ÃÐ´Ñº ´Ñ§µÒÃÒ§·Õè 6

¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËì¢éÍÁÙÅ¼èÒ¹¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹ÊÃØ»ä´éÇèÒ¼Å¨Ò¡»Ñ¨¨ÑÂ·Õèà¡Ô´
¨Ò¡»Ñ¨¨ÑÂËÅÑ¡ÁÕ¼ÅµèÍ¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹¢Í§Ê»Ô¹à´ÔÅÁÍàµÍÃìÍÂèÒ§ÁÕ¹ÑÂÊÓ¤Ñ­ «Öè§µéÍ§´Óà¹Ô¹
¡ÒÃËÒµÑÇáºº¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§µÑÇá»ÃµèÒ§æ ·ÕèÁÕ¼ÅµèÍ¤ÇÒÁÊÑè¹ÊÐà·×Í¹ã¹ÃÙ»áºº·Ò§¤³ÔµÈÒÊµÃì
à¾×èÍãªéã¹¡ÒÃ¾ÂÒ¡Ã³ìáÅÐ¤Ò´¡ÒÃ³ì¶Ö§¼Å·Õè¨Ðà¡Ô´¢Öé¹â´Â¡ÒÃÇÔà¤ÃÒÐËì¡ÒÃ¶´¶ÍÂ (Regression
Analysis) ´Ñ§µÒÃÒ§·Õè 8

Analysis of Variance for Average (ACT5)
Source DF Seq SS Adj SS Adj MS F       P
Main 3 10538855 10538855 3512952 19.71     0.000

2-Way 3 932094 932094 310698 1.74     0.174
3-Way 1 1035 1035 1035 0.01     0.940
Residual 40 7127919 7127919 178198

Error 40 7127919 7127919 178198
Total 47 18599903

Analysis of Variance for Average (ACT5)
Source DF Seq SS Adj SS Adj MS F P

Regression 6 11470949 11470949 1911825 11.00     0.000
Linear 3 10538855 10538855 3512952 20.20     0.000
Interaction 3 932094 932094 310698 1.79     0.165
Residual 41 7128954 7128954 173877
Lack-of-Fit 1 1035 1035 1035 0.01     0.940
Pure Error 40 7127919 7127919 178198
Total 47 18599903

µÒÃÒ§·Õè 6 ÃÐ´Ñº¢Í§»Ñ¨¨ÑÂ·Õèãªéã¹¡ÒÃ·´ÅÍ§

»�¨¨ÑÂ·Õèãª�ã¹¡ÒÃ·´ÅÍ§ Low Level (-1) High Level (1)
A 0.3 Anderon Unit 0.8 Anderon Unit
B 0.3 Anderon Unit 0.8 Anderon Unit
C 4.5 lbs. 6.5 lbs.

àÁ× èÍä´é¼Å¡ÒÃ·´ÅÍ§ÁÒÀÒÂËÅÑ§·Õ è·´ÊÍº¶Ö§¤Ø³ÀÒ¾¢Í§¢éÍÁÙÅ (Performing) áÅéÇ
¨Ö§´Óà¹Ô¹¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹ (ANOVA) ´Ñ§µÒÃÒ§·Õè 7

µÒÃÒ§·Õè 7 ¼Å¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹

µÒÃÒ§·Õè 8 ¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁ¶´¶ÍÂ
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¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËì¡ÒÃ¶´¶ÍÂÊÃØ»ä´éÇ èÒ ÍÔ·¸Ô¾Å¢Í§»Ñ¨¨ÑÂËÅÑ¡ÊÒÁÒÃ¶Í¸ÔºÒÂ
¤ÇÒÁ¼Ñ¹á»Ãã¹ÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹¢Í§Ê»Ô¹à´ÔÅÁÍàµÍÃìä´é áÅÐÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ìàªÔ§àÊé¹µÃ§
(Multiple Linear Regression Model) ÊÓËÃÑºµÑÇáºº¶´¶ÍÂ¹ÕéÁÕ¤ÇÒÁÊÁÃÙ» (Fit) ¡Ñº¢éÍÁÙÅ
´Ñ§¹Ñé¹¨Ö§ÊÒÁÒÃ¶ËÒ¤ÇÒÁÊÑÁ¾Ñ¹¸ìã¹àªÔ§¤³ÔµÈÒÊµÃìä´éâ´ÂÁÕ¤èÒÊÑÁ»ÃÐÊÔ·¸ì ´Ñ§µÒÃÒ§·Õè 9

Estimated Regression Coefficients for Average (ACT5)

Term Coef StDev T P
Constant 934.8 60.19 15.532        0.000
A 363.6 60.19 6.041        0.000
B 279.3 60.19 4.640        0.000
C 96.9 60.19 1.609        0.115
A*B -123.6 60.19 -2.054        0.046
A*C 6.5 60.19 0.108        0.914
B*C 64.0 60.19 1.063        0.294

µÒÃÒ§·Õè 9 ¤èÒÊÑÁ»ÃÐÊÔ·¸Ôì¢Í§µÑÇáºº¶´¶ÍÂ

¡ÓË¹´ãËé
x1 ËÁÒÂ¶Ö§ ¤èÒ¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§µÑÇº¹
x2 ËÁÒÂ¶Ö§ ¤èÒ¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§µÑÇÅèÒ§
y ËÁÒÂ¶Ö§ ¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹

¨Ò¡¼Å¡ÒÃ·´ÅÍ§µÒÃÒ§·Õè 7, 8 áÅÐ 9 ÊÒÁÒÃ¶ÊÃØ»à»ç¹¤ÇÒÁÊÑÁ¾Ñ¹¸ì·Ò§¤³ÔµÈÒÊµÃìä´é
´Ñ§ÊÁ¡ÒÃ·Õè 2 áÅÐÃÙ»·Õè 7 áÊ´§ãËéàËç¹¶Ö§ÍÔ·¸Ô¾Å¢Í§»Ñ¨¨ÑÂËÅÑ¡µèÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹
ã¹Ê»Ô¹à´ÔÅÁÍàµÍÃì

2121 xx6123-x3279+x6363+8934=y .... (2)

CBA
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Main Effects Plot - Data Means for Avg(ACT5)

ÃÙ»·Õè 7 ÍÔ·¸Ô¾Å¢Í§»Ñ¨¨ÑÂËÅÑ¡µèÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹

(ACT5)
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ÇÔ¸Õ¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹ (ANOVA) ¹Ñé¹ à»ç¹¡ÒÃ¾Ô¨ÒÃ³Ò·Õè¤èÒà©ÅÕèÂ áµè¡ÒÃá¡é»Ñ­ËÒ
¤ÇÒÁáÁè¹ÂÓ¢Í§ÃÐºº¡ÒÃÇÑ´¹Ñé¹à»ç¹¡ÒÃ¾Ô¨ÒÃ³Ò·Õè¤ÇÒÁ¼Ñ¹á»Ã ´Ñ§¹Ñé¹¨Ö§¨ÐµéÍ§ãªé´Ñª¹Õ·ÕèàÃÕÂ¡ÇèÒ
Signal to Noise Ratio à»ç¹à¡³±ìã¹¡ÒÃµÑ́ ÊÔ¹ã¨à¡ÕèÂÇ¡Ñº¤ÇÒÁ¼Ñ¹á»Ã â´Â¹Ó§Ò¹·Õèä é́ÃÑº¡ÒÃ»ÃÐ¡Íº
à¾×èÍ·´ÅÍ§µÒÁá¼¹¡ÒÃ·´ÅÍ§´Ñ§µÒÃÒ§·Õè 4 ÁÒÇÑ´ãËÁè´éÇÂ¡ÒÃÇÑ´«éÓÀÒÂã¹ªÔé¹§Ò¹à´ÔÁ 6 ¤ÃÑé§ áÅéÇ
»ÃÐàÁÔ¹ S/N ratio ́ Ñ§ÊÁ¡ÒÃ·Õè 3 «Öè§ÊÙµÃ¡ÒÃ¤Ó¹Ç³ Ñ́§¡ÅèÒÇ¹Õéà»ç¹áººÂÔè§ÊÙ§ÂÔè§ Ṍ (Larger is the Best)
ã¹áµèÅÐ»Ñ¨¨ÑÂ·Õè·Ó¡ÒÃ·´ÅÍ§ Ross [15] ´Ñ§ÃÙ»·Õè 8
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àÁ×èÍ
S/N ËÁÒÂ¶Ö§ Signal to Noise Ratio
n ËÁÒÂ¶Ö§ ¨Ó¹Ç¹¡ÒÃ·´ÅÍ§ã¹áµèÅÐ Trial
yi ËÁÒÂ¶Ö§ ¼Å¢Í§¢éÍÁÙÅã¹ Trail

ÃÙ»·Õè 8 ÍÔ·¸Ô¾Å¢Í§»Ñ¨¨ÑÂËÅÑ¡µèÍ¤ÇÒÁ¼Ñ¹á»Ã

Main Effects Plot for S/N Ratios

ÃÙ»·Õè 9 ¾×é¹¼ÔÇµÍºÊ¹Í§
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»�¨¨ÑÂ Low Level (-1)
A 0.3 Anderon Unit
B 0.3 Anderon Unit
C 4.5 lbs.

¨Ò¡ÃÙ»·Õè 8 áÅÐÃÙ»·Õè 9 ÊÃØ»ä´éÇèÒ¡ÒÃ¡ÓË¹´ÃÐ´Ñº¢Í§áµèÅÐ»Ñ¨¨ÑÂãËÁè ´Ñ§µÒÃÒ§·Õè 10 à¾×èÍ
»éÍ§¡Ñ¹ÁÔãËéÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹ÊÙ§¨¹Êè§¼Å¡ÃÐ·ºµèÍÃÐºº¡ÒÃÇÑ´ÍÕ¡ ·Ñé§ÂÑ§ÊÒÁÒÃ¶
á¡é»Ñ­ËÒ·Ò§ é́Ò¹¼ÅÔµÀÑ³±ìä é́ã¹àÇÅÒà ṌÂÇ¡Ñ¹ µÅÍ´¨¹à¾ÔèÁ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÇÑ́ «éÓ¢Í§à¤Ã×èÍ§Á×Í
ÇÑ´ä´é â´Â¡ÒÃ·Ó¼ÅÔµÀÑ³±ìãËéÁÕ¤ÇÒÁµéÒ¹·Ò¹µèÍ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§»Ñ¨¨ÑÂµèÒ§æ ·ÕèäÁèÊÒÁÒÃ¶
¤Çº¤ØÁä´é·Õèà¢éÒÁÒÃº¡Ç¹ÃÐºº (Robust Design) Taguchi [16]

400    
600    
800    

1000   
1200   
1400   

10-1

1
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B

Contour Plot of Avg(ACT5

Hold values: C: 0.0 

µÒÃÒ§·Õè 10 New Operating Point

¡ÒÃ¡ÓË¹´ÃÐ´Ñº¢Í§»Ñ¨¨ÑÂ A, B, C äÇé·Õè Low Level ÊÒÁÒÃ¶á¡é»Ñ­ËÒ¢Í§ÃÐºº¡ÒÃÇÑ´ä´é
·Ñé§àÃ×èÍ§¢Í§¤èÒà©ÅÕèÂáÅÐàÃ×èÍ§¢Í§¤ÇÒÁ¼Ñ¹á»Ã «Öè§ÊÒÁÒÃ¶áÊ´§ãËéàËç¹ã¹ÃÙ»¢Í§¾×é¹¼ÔÇµÍºÊ¹Í§
(Response Surface) ´Ñ§ÃÙ»·Õè 9 áÅÐàÊé¹·Ò§à´Ô¹ (Contour Line) ´Ñ§ÃÙ»·Õè 10 â´Â¾Ô¨ÒÃ³Ò·Õè»Ñ¨¨ÑÂ A
áÅÐ B à·èÒ¹Ñé¹ à¹×èÍ§¨Ò¡»Ñ̈ Ñ̈Â C µÒÁµÒÃÒ§¡ÒÃÇÔà¤ÃÒÐËì¤ÇÒÁá»Ã»ÃÇ¹ÁÕ¼ÅµèÍÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹
äÁèÁÒ¡¹Ñ¡ áÅÐã¹¡ÒÃá¡é»Ñ­ËÒ¨ÐµéÍ§´Óà¹Ô¹¡ÒÃ¼ÅÔµ Bearing ãËéÁṎ Ǿ ¡ÒÃ¤Çº¤ØÁ¼ÅÔµÀÑ³±ìãËÁè áÅÐ
¶éÒÊÒÁÒÃ¶¤Çº¤ØÁ¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹ã¹µÑÇ Bearing ä´éáÅéÇ¨ÐÊÒÁÒÃ¶¤Çº¤ØÁÃÐ´Ñº
¤ÇÒÁÊÑè¹ÊÐà·×Í¹ä´é â´Â¡ÒÃ»ÃÐÁÒ³¡ÒÃµÒÁÊÁ¡ÒÃ·Õè 2 ¨Ðä´é

3168=11612313279+16363+8934=y .))((.)(.)(.. ----- (4)

¨Ò¡¡ÒÃ»ÃÐÁÒ³¤èÒÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹µÒÁ¼Å·Õèä é̈́ Ò¡ÊÁ¡ÒÃ·Õè 4 ¶éÒËÒ¡ÊÒÁÒÃ¶¤Çº¤ØÁ
¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹ä´é·Õè 168.3%ACT ¨ÐÊÒÁÒÃ¶Å´»Ñ­ËÒ·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¡ÒÃÇÑ´Å§ä´é

ÃÙ»·Õè 10 àÊé¹·Ò§à´Ô¹¢Í§¼ÅÔµÀÑ³±ì ³ ÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹Ë¹Öè§æ

(ACT5)
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4. ¢Ñé¹µÍ¹¡ÒÃ¤Çº¤ØÁ (Control Phase)
à»ç¹¢Ñé¹µÍ¹¢Í§¡ÒÃ¹ÓÊÔè§·Õèä´éÃÑº¡ÒÃ»ÃÑº»ÃØ§ÁÒÃÑ¡ÉÒäÇé«Öè§¼Å·Õè¤ÇÃ¨Ðà»ç¹ãËéä´é â´Â¡ÒÃ

à½éÒ¾Ô¹Ô¨áÅÐµÔ´µÒÁ¶Ö§»Ñ¨¨ÑÂ¡ÒÃ¼ÅÔµ·Õèä´éÃÑº¡ÒÃÍÍ¡áººãËÁèÇèÒÁÕ¼ÅµèÍ¼ÅÔµÀÑ³±ìÍÂèÒ§äÃ áÅéÇ¨Ö§
´Óà¹Ô¹¡ÒÃà»ÃÕÂºà·ÕÂº¡Ñºà»éÒËÁÒÂ·Õèä é́¡ÓË¹´äÇéà¾×èÍÇÑ́ ¼Å·Õèä é̈́ Ò¡¡ÒÃ»ÃÑº»ÃØ§á¡éä¢ áÅéÇ¾ÂÒÂÒÁ
ÃÑ¡ÉÒäÇé«Öè§ÊÔè§·Õèä´é·Ó¡ÒÃ»ÃÑº»ÃØ§·ÕèáËÅè§¡Óà¹Ô´áÅÐ¡ÓË¹´ãËéà»ç¹ÁÒµÃ°Ò¹ áµèà¹×èÍ§¨Ò¡ã¹¢Ñé¹µÍ¹
¡ÒÃÇÔà¤ÃÒÐËìÊÃØ»ä´éÇèÒ»Ñ¨¨ÑÂ·ÕèÁÕ¼ÅµèÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹¹Õéà¡Ô´¨Ò¡¤èÒ¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§ «Öè§¶×Í
à»ç¹ÊèÇ¹»ÃÐ¡Íº·Õè¹Óà¢éÒÁÒ¨Ò¡¼Ùé¼ÅÔµµèÒ§»ÃÐà·È Ö̈§äÁèÊÒÁÒÃ¶à¢éÒä»´Óà¹Ô¹¡ÒÃã´æ ã¹¡ÒÃ¤Çº¤ØÁ
à¾×èÍá¡é»Ñ­ËÒ´Ñ§¡ÅèÒÇä´é ¨Ö§¡ÓË¹´à»ç¹á¹Ç·Ò§áÅÐá¼¹¡ÒÃã¹¡ÒÃ¤Çº¤ØÁ´Ñ§µèÍä»¹Õé

´Óà¹Ô¹¡ÒÃµÃÇ¨ÊÍºáÅÐà½éÒµÔ´µÒÁ¶Ö§¼Å§Ò¹¨ÃÔ§ã¹»Ñ¨¨ØºÑ¹ÇèÒ¢³Ð¹ÕéÁÕÊ¶Ò¹ÀÒ¾ÍÂèÒ§äÃ
«Öè§ã¹·Õè¹Õé¡ç¤×ÍãËé́ Óà¹Ô¹¡ÒÃµÃÇ¨ÊÍº¶Ö§¤èÒ¤ÇÒÁ¶ÕèÊÙ§¢Í§¤ÇÒÁÊÑè¹ÊÐà·×Í¹ã¹µÑÇáºÃÔè§·ÕèÃÑºÁÒ¨Ò¡¼Ùé¼ÅÔµ
áÅéÇÇÔà¤ÃÒÐËì¶Ö§¡ÒÃá¨¡á¨§¢Í§ÊÔè§µÑÇÍÂèÒ§à¾×èÍµÃÇ¨ÊÍº¶Ö§¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹¢Í§áºÃÔè§ÇèÒÁÕ¼Å
µèÍ¤ÇÒÁÊÑè¹ÊÐà·×Í¹¢Í§ÃÐººÍÂèÒ§äÃÀÒÂËÅÑ§¡ÒÃ»ÃÐ¡Íº µÅÍ´¨¹ÊÒÁÒÃ¶¹Ó¤ÇÒÁÊÑÁ¾Ñ¹¸ì
·Ò§¤³ÔµÈÒÊµÃì·ÕèËÒÁÒä´é¹Ñé¹ä»ãªéã¹¡ÒÃ¤Ò´¡ÒÃ³ì¶Ö§àËµØ¡ÒÃ³ìã¹Í¹Ò¤µÇèÒÁÕá¹Çâ¹éÁÍÂèÒ§äÃ
µèÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹

µèÍÁÒãËé´Óà¹Ô¹¡ÒÃµÑé§à»éÒËÁÒÂãËéÊÍ´¤ÅéÍ§¡ÑºÊ¶Ò¹ÀÒ¾»Ñ¨¨ØºÑ¹·Õèà¼ªÔ­ÍÂÙè«Öè§¡ç¤×Í µéÍ§ÁÕ
¤ÇÒÁà»ç¹ä»ä´éã¹¡ÒÃá¡éä¢ ´Ñ§¹Ñé¹ã¹¢Ñé¹áÃ¡µéÍ§ºÍ¡ãËéä´é¡èÍ¹ÇèÒ¤ÇÃãËé¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹
ÍÂÙèã¹ÃÐ´Ñºã´à¾×èÍá¡éä¢»Ñ­ËÒã¹àÃ×èÍ§¢Í§ÃÐºº¡ÒÃÇÑ´ (¤Ø³ÊÁºÑµÔ¤ÇÒÁà»ç¹àÊé¹µÃ§ áÅÐ¤Ø³ÊÁºÑµÔ
é́Ò¹¤ÇÒÁáÁè¹ÂÓ¢Í§à¤Ã×èÍ§Á×ÍÇÑ́ ) â´Â¨Ò¡¤ÇÒÁÃÙé·Õèä é́ÈÖ¡ÉÒÁÒ¹Ñé¹ºÍ¡ä é́ÇèÒ ³ ÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹

µèÓæ à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ÇÒÁ¶Ù¡µéÍ§áÅÐ¤ÇÒÁáÁè¹ÂÓÊÙ§«Öè§¨Ò¡¼Å¡ÒÃ·´ÅÍ§·Õè¼èÒ¹ÁÒ¹Ñé¹ÊÃØ»ä´éÇèÒ
µéÍ§¡ÓË¹´ãËé¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Ö é¹¹Ñ é¹ÁÕ¤èÒäÁèà¡Ô¹ 200%ACT «Ö è§¨ÐÊÒÁÒÃ¶á¡é»Ñ­ËÒ
·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¡ÒÃÇÑ´ä´é áÅéÇ´Óà¹Ô¹¡ÒÃà»ÅÕèÂ¹¼ÅãËéà»ç¹àËµØâ´Â¡ÒÃ¡ÓË¹´¤èÒ¤ÇÒÁÊÑè¹ÊÐà·×Í¹
¢Í§áºÃÔè§·ÕèµéÍ§¡ÒÃ¤Çº¤ØÁ

à»ÃÕÂºà·ÕÂº¼Å§Ò¹¨ÃÔ§ã¹»Ñ¨¨ØºÑ¹áÅÐà»éÒËÁÒÂ·Õèä´éÇÒ§äÇé«Öè§¼Å¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§
ÊÀÒÇÐ·Ñé§ÊÍ§¹ÕéàÃÕÂ¡ÇèÒ»Ñ­ËÒ áÅÐ¨ÐµéÍ§´Óà¹Ô¹¡ÒÃ·Ø¡ÍÂèÒ§à¾×èÍá¡é»Ñ­ËÒ â´Â¡ÒÃá¡é»Ñ­ËÒ
ã¹·Õè¹Õ é¶×ÍÇèÒà»ç¹¡ÒÃá¡é»Ñ­ËÒ·ÕèáËÅè§¡Óà¹Ô´¤ÇÒÁ¼Ñ¹á»Ã ËÃ×Í¡ÒÃá¡é»Ñ­ËÒ·ÕèµÑÇ¡ÃÐºÇ¹¡ÒÃ
«Öè§¨ÐµéÍ§´Óà¹Ô¹¡ÒÃ¨Ñ´¡ÒÃ·Õè¼ÙéÊè§ÁÍºÇÑµ¶Ø´Ôº â´ÂµéÍ§ÁÕ¡ÒÃ¡ÓË¹´¢éÍ¡ÓË¹´à©¾ÒÐ¢Í§¼ÅÔµÀÑ³±ì
áÅÐ¨Ø´·Õèãªéã¹¡ÒÃ¤Çº¤ØÁ¡ÒÃ¼ÅÔµãËÁèãËéÁÕ¤ÇÒÁàËÁÒÐÊÁ

´Óà¹Ô¹¡ÒÃá¡éä¢»Ñ­ËÒã¹¡ÒÃ¼ÅÔµâ´Â¤Çº¤ØÁãËé¼ÅÔµÀÑ³±ìÍÂÙèã¹¢éÍ¡ÓË¹´¢Í§¡ÒÃ¤Çº¤ØÁ
áÅÐàÁ×èÍá¡éä¢»Ñ­ËÒä´éáÅéÇµéÍ§´Óà¹Ô¹¡ÒÃÂ×¹ÂÑ¹¶Ö§ÊÁÁØµÔ°Ò¹·ÕèÁÕäÇéáµèà´ÔÁ â´Â¹Ó§Ò¹àËÅèÒ¹Ñé¹
ÁÒ·Ó¡ÒÃÇÔà¤ÃÒÐËìÃÐºº¡ÒÃÇÑ́ ãËÁè áÅéÇ»ÃÐàÁÔ¹¶Ö§¼Å·Õèà¡Ố ¢Öé¹ÇèÒÊÒÁÒÃ¶á¡éä¢»Ñ­ËÒã¹àÃ×èÍ§¢Í§ÃÐºº
¡ÒÃÇÑ´ä´éÁÒ¡¹éÍÂá¤èäË¹
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ÅíÒ´Ñº·Õè Â�Ò¹¤ÇÒÁ¶ÕèÊÙ§¢Í§
áºÃÔè§µÑÇº¹

Â�Ò¹¤ÇÒÁ¶ÕèÊÙ§¢Í§
áºÃÔè§µÑÇÅ�Ò§

¤�Ò¨ÃÔ§ ¤�Ò·íÒ¹ÒÂ ¤�Ò¤ÇÒÁ¼Ô´¾ÅÒ´

1 0.45 0.45 147.5 -176.3 323.8
2 0.45 0.75 1447.6 661.3 786.3
3 0.75 0.45 773.5 900.7 -127.2
4 0.75 0.75 1230.3 962.3 268
5 0.60 0.30 200.4 427.2 -226.8
6 0.90 0.60 1434.2 1603.4 -169.2
7 0.30 0.60 137.6 225.4 -87.8
8 0.60 0.90 1304.6 1326.4 -21.8
9 0.60 0.60 172.1 278.4 -106.3
10 0.60 0.60 181.4 278.4 -97
11 0.60 0.60 170.4 278.4 -108
12 0.60 0.60 174.6 278.4 -103.8
13 0.60 0.60 180.5 278.4 -97.9

·Ñé§¹Õé¼ÙéÇÔ¨ÑÂä´é·Ó¡ÒÃ·´ÅÍ§ºÒ§ÊèÇ¹à¾×èÍ¾ÔÊÙ¨¹ì¶Ö§ÊÁÁØµÔ°Ò¹ÇèÒÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ÁÒ¡¹éÍÂ
à¾ÕÂ§ã´ «Öè§¨Ò¡¼Å¡ÒÃ·´ÅÍ§à¾×èÍËÒ¤ÇÒÁÊÑÁ¾Ñ¹ ì̧¢Í§ÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹·Õèà¡Ố ¨Ò¡ÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§
¢Í§áºÃÔ è§µÑÇº¹áÅÐµÑÇÅèÒ§¹Ñ é¹µÒÁ¼Å¡ÒÃ·Ó¹ÒÂ´Ñ§ÊÁ¡ÒÃ·Õ è 2 à·ÕÂº¡Ñº¼Å¡ÒÃ·´ÅÍ§¨ÃÔ§
´Ñ§µÒÃÒ§·Õè11 ¾ºÇèÒÂÑ§ÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ÍÂÙè¾ÍÊÁ¤ÇÃ ·Ñé§¹Õéà¹× èÍ§¨Ò¡µÑÇáºº¶´¶ÍÂÁÔä´éÁÕ
¤ÇÒÁÊÁÃÙ»¡Ñº¢éÍÁÙÅ «Öè§¨ÐàËç¹ÇèÒ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹·Õèà¡Ô´¢Öé¹ÃÐËÇèÒ§¤èÒ¨ÃÔ§àºÕèÂ§àº¹ä»¨Ò¡¼Å¡ÒÃ
·Ó¹ÒÂ¹Ñé¹ÂÑ§ÁÕ¤èÒ·ÕèÊÙ§ÍÂÙè ¨Óà»ç¹µéÍ§ÁÕ¡ÒÃ¡ÓË¹´¨Ø´¡ÒÃ¤Çº¤ØÁ¤ÇÒÁÊÑè¹ÊÐà·×Í¹·ÕèÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§
·Õèà¡Ô´¢Öé¹ã¹áºÃÔè§ãËÁèà¾×èÍá¡é»Ñ­ËÒÃÐºº¡ÒÃÇÑ´ã¹¢Ñé¹µÍ¹¡ÒÃ¤Çº¤ØÁµèÍä»

4. ÊÃØ»¼Å
¨Ò¡¼Å¡ÒÃÇÔà¤ÃÒÐËìÃÐºº¡ÒÃÇÑ´ (Measurement System Analysis ; MSA) ¤ÇÒÁ

ÊÑè¹ÊÐà·×Í¹·Õèà¡Ô´¢Öé¹µèÍÊ»Ô¹à´ÔÅÁÍàµÍÃì¾ºÇèÒ ¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¡ÒÃÇÑ´ÁÕ¤èÒÁÒ¡¨¹
äÁèÊÒÁÒÃ¶¹Ó¢éÍÁÙÅ·Õèä´éÁÒÍ¸ÔºÒÂ¤ÇÒÁ¼Ñ¹á»Ã¢Í§¡ÃÐºÇ¹¡ÒÃä´é ´Ñ§¹Ñé¹á¹Ç·Ò§ã¹¡ÒÃá¡é»Ñ­ËÒ
¨Ö§µéÍ§´Óà¹Ô¹¡ÒÃá¡éä¢·ÕèÃÐºº¡ÒÃÇÑ´¡èÍ¹â´Â¨Ñ´¡ÒÃ·ÕèáËÅè§¡Óà¹Ô´¢Í§¤ÇÒÁ¼Ñ¹á»Ã «Öè§áºè§
¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¡ÒÃÇÑ´´Ñ§¡ÅèÒÇÍÍ¡à»ç¹ÊÍ§áËÅè§ãË­èæ ´éÇÂ¡Ñ¹¤×Í ¤ÇÒÁ¼Ñ¹á»Ã
·Õ èà¡Ô´¢Ö é¹¨Ò¡¡ÒÃÇÑ´«éÓáÅÐ¤ÇÒÁ¼Ñ¹á»ÃÃèÇÁÃÐËÇèÒ§¾¹Ñ¡§Ò¹áÅÐªÔ é¹§Ò¹ ¨Ò¡¡ÒÃÇÔà¤ÃÒÐËì
áÅÐÈÖ¡ÉÒ¶Ö§ÃÐºº¡ÒÃÇÑ´·Õè¼èÒ¹ÁÒ¹Õé·ÓãËéÊÒÁÒÃ¶ÊÃØ»ä´éÇèÒ»Ñ¨¨ÑÂ·Õ è¹èÒ¨ÐÁÕ¼ÅµèÍÃÐ´Ñº¤ÇÒÁ
ÊÑè¹ÊÐà·×Í¹¹Ñé¹ÁÕ·Ñé§ËÁ´ÍÂÙèÊÒÁ»Ñ¨¨ÑÂ´éÇÂ¡Ñ¹¤×Í ÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§¢Í§áºÃÔè§µÑÇº¹ ÂèÒ¹¤ÇÒÁ¶ÕèÊÙ§
¢Í§áºÃÔè§µÑÇÅèÒ§ áÅÐ¤èÒáÃ§àÃÔèÁµé¹ «Öè§¨ÐµéÍ§·Ó¡ÒÃÈÖ¡ÉÒ¶Ö§»Ñ¨¨ÑÂàËÅèÒ¹Õéà¾×èÍÂ×¹ÂÑ¹¶Ö§¤ÇÒÁàª×èÍ
ËÃ×ÍÊÁÁØµÔ°Ò¹·Õ èµÑ é§äÇé â´Â¡ÒÃ·´ÅÍ§áººÊÍ§¡ÓÅÑ§à¤á¿¡·ÍàÃÕÂÅáÅéÇ»ÃÐàÁÔ¹¶Ö§¼Å¢Í§
¤ÇÒÁ¼Ñ¹á»Ã·Õèà¡Ô´¢Öé¹µèÍ¤ÇÒÁÊÑè¹ÊÐà·×Í¹´éÇÂÇÔ¸Õ¡ÒÃÊÑ´ÊèÇ¹ÊÑ­­Ò³µèÍ¤Å×è¹Ãº¡Ç¹ ¨Ò¡¼Å
¡ÒÃÇÔà¤ÃÒÐËì¾ºÇèÒÍÔ·¸Ô¾Å¢Í§»Ñ¨¨ÑÂËÅÑ¡ÁÕ¼ÅµèÍÃÐ´Ñº¤ÇÒÁÊÑè¹ÊÐà·×Í¹¢Í§Ê»Ô¹à´ÔÅÁÍàµÍÃì

µÒÃÒ§·Õè 11 ¤èÒ¤ÇÒÁ¼Ô´¾ÅÒ´ÃÐËÇèÒ§¤èÒ¨ÃÔ§¡Ñº¤èÒ·Ó¹ÒÂ
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â´ÂµÃ§áÅÐÁÕ¼ÅµèÍ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÇÑ´«éÓ¢Í§à¤Ã× èÍ§Á×ÍÇÑ´´éÇÂ ´Ñ§¹Ñ é¹ã¹¡ÒÃá¡é»Ñ­ËÒ
¨Ö§¨Óà»ç¹·Õ è¨ÐµéÍ§¡ÓË¹´ÃÐ´Ñº¢Í§»Ñ¨¨ÑÂãËÁèà¾× èÍ¤Çº¤ØÁ¤èÒ¤ÇÒÁÊÑ è¹ÊÐà·×Í¹ãËéÍÂÙ èã¹ÃÐ´Ñº
·ÕèÂÍÁÃÑºä´éâ´Â¡ÒÃà»ÅÕèÂ¹¨Ø´¤Çº¤ØÁ¢Í§¼ÅÔµÀÑ³±ìãËÁè (Operating Point) ÊÓËÃÑºã¹¢Ñé¹µÍ¹
ÊØ´·éÒÂ«Öè§à»ç¹¢Ñ é¹µÍ¹¡ÒÃ¤Çº¤ØÁ¼ÙéÇÔ¨ÑÂÁÔä´éÇÔà¤ÃÒÐËìäÇé à¹× èÍ§¨Ò¡ÇèÒã¹¢Ñé¹µÍ¹¹ÕéµéÍ§à¢éÒä»
¤Çº¤ØÁ¡ÒÃ¼ÅÔµ¢Í§¼ÅÔµÀÑ³±ì¤×ÍáºÃÔè§«Öè§à»ç¹ªÔé¹ÊèÇ¹·Õè¹Óà¢éÒÁÒ¨Ò¡µèÒ§»ÃÐà·È¨Ö§äÁèÊÒÁÒÃ¶
·Ó¡ÒÃÈÖ¡ÉÒã¹¢Ñé¹µÍ¹¹Õéä´é áµè¨Ò¡¡ÒÃÈÖ¡ÉÒ·Õè¼èÒ¹ÁÒ·ÓãËé·ÃÒºã¹¡ÒÃ»ÃÐ¡ÍºÊ»Ô¹à´ÔÅÁÍàµÍÃì
ÊÔè§·ÕèÁÕ¼ÅµèÍÃÐ Ñ́º¤ÇÒÁÊÑè¹ÊÐà·×Í¹áÅÐ¤ÇÒÁ¼Ñ¹á»Ã¢Í§ÃÐºº¡ÒÃÇÑ́ ¹Ñé¹¤×ÍÍÐäÃ «Öè§¶×Íà»ç¹ÊÒÃÊ¹à·È
·ÕèÁÕ»ÃÐâÂª¹ìã¹¡ÒÃá¡éä¢»Ñ­ËÒã¹¢Ñé¹µÍ¹µèÍä»

¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ
ÈÙ¹Âì»¯ÔºÑµÔ¡ÒÃ¾Ñ²¹ÒËØè¹Â¹µìÀÒ¤Ê¹ÒÁ ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅéÒ¸¹ºØÃÕ

ä´éÃÑº¤ÇÒÁÃèÇÁÁ×Í¨Ò¡ºÃÔÉÑ·«Õà¡·à·¤â¹âÅÂÕ (»ÃÐà·Èä·Â) ÊÒ¢ÒÃÑ§ÊÔµ ã¹¡ÒÃà¢éÒä»ÈÖ¡ÉÒ
ÇÔ¨ÑÂ¶Ö§»Ñ­ËÒ·Õèà¡Ô´¢Öé¹¨ÃÔ§ «Öè§¤³Ð¼ÙéÇÔ¨ÑÂ¢Í¢Íº¾ÃÐ¤Ø³à»ç¹ÍÂèÒ§ÂÔè§µèÍ¤ÇÒÁ¡ÃØ³ÒÁÒ ³ âÍ¡ÒÊ¹Õé
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