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Abstract 

Among the display industry, one of the major investment targets of Taiwanese 
government at the present, the back light unit manufacturing is the most important 
downstream sector. Carbon Nano-tube Back Light Unit (CNT-BLU) is a highly potential 
product which can be used as the back light source in place of the current back light unit for 
display product. Until now, the development of CNT-BLU is still in the research and 
development stage. Therefore, the production of CNT-BLU encounters various process 
problems that are detected by engineers based on their experience. The processes of 
determining the causes of the manufacturing process problems usually take considerable time 
and cost in the R&D stage. This study constructs a CNT-BLU manufacturing process problem 
analysis model on the basis of failure mode and effect analysis (FMEA) which integrates the 
techniques of the fault tree analysis (FTA), cause and effect diagram, fuzzy Delphi and fuzzy 
inference.  

This study extensively reviews the literature related to the current problems of 
manufacturing process and showed the validity of the proposed model. After conducting a 
real-world case comparison, we find that the differences between the analytic result and the 
actual result are insignificant. From the results of this study, the capability of conducting 
process problem analysis of this model has been justified. The model also provides a useful 
tool for those who are interested in the analysis of CNT-BLU manufacturing process 
problems. 

  

Keyword����CNT-BLU�FMEA�FTA�Cause and Effect Diagram kFuzzy Delphik 
Fuzzy Inference 



 iii 

� �� �� �� �  
 

"# $ % &' ( )* � + , -. / )0 1 2 3 &45 6 7 8 9: ; )

� � �< = >? @A B !C D EF &GH I J K � LMN�O P QL6 N

�)R S !TGU V WX )Y Z @&[\ ] C ^ _`)a b ! 

G8 9)��  �c d&D ef g )h ij k!l m em f g � � n

o ��  � �p� � � � ���� q )r s � �p� t u � �pv w x �

�&y 6 Gz � �{`)| 
 W}&~\ e)�� �� p� h �� � � ~

�� � �� k!� "� ef g n o � �� t )�� � � �� � )� �! 

G� t � � � Q&�� ef g � � � � �p� t   � �¡¢£ k� �

)� ��� 	&�� t ¤ ¥ ¦~§ ¨ © �� ª !~f g � �«¬  ® ¯ °

± d² ³ ´ µ � ¶ pv ·¸ ¹ ¶ pº » ¼ � �½k¾ ¿ À �Á h Â G� Ã

Ä � Q)k� Å Æ �Ç ÈÉ Ê &�� GË Ì � t "Í ÎÆ WÏ &ÐÑ ÒÓ

�)Ô Õ ! 

Ö}&ef g ��  � �× Ø p# Ù pÚ Û pÜ � pÝ Þ pß à pá

âpã ä -� å �æ ç è é pê Å pë ì píî ��ï ð � ñ Ý pä ò p

ó ñ pô �G7 õ� Q¤ )ö ÷ § ø &�� Gùú � t û ü -ý þ � "�

¦x �� � Ð � ¡� � � � � )C 	 !T_`Ê 	 
 � p�  )��É Ê &

~ � � ¦� x ² � ¨ � � )� t ! 

ÓÎ&ef g � ) � � p � � pð ð - � � 
 ¦&G7 8 9) � ��

< d&¡¢� G � X - � � `Ó�)Ô Õ � � � !G�� >7  !!) �

" � i# ² � )h $ � %& ! 

� � �     � ' ( 

� � ��� � � ��� � � � ��   

dé ) * + , - 9. / 

 

 



 iv 

�  �  �  �   

0 e........................................................................................................................i 

Abstract ................................................................................................................ ii 

' g ..................................................................................................................... iii 

12 ......................................................................................................................iv 

312 ..................................................................................................................vi 

412 ................................................................................................................ vii 

5$ 6  7 � .........................................................................................................1 

1.1�� 8 9 � : ; ......................................................................................1 

1.2�� 1)..................................................................................................2 

1.3�� < = � > ? ......................................................................................2 

1.4�� � @..................................................................................................3 

1.5 �� A B.................................................................................................4 

1.6 � t C D..................................................................................................4 

5E 6  t F G H.................................................................................................6 

2.1 IJ K L 8 # M N .................................................................................6 

2.1.1 IJ K L 8 # M N OD...............................................................6 

2.1.2 P Q 8 # RS T ...........................................................................7 

2.1.3 IJ K L 8 # M N U �...............................................................9 

2.2 VW M X�W Y %Z...........................................................................11 

2.2.1 FMEA [ \] ^ ..........................................................................11 

2.2.2 FMEA _ ` a O ..........................................................................12 

2.2.3 FMEA b Q A B-c�..............................................................14 

2.2.4 VW de f g �R h .................................................................18 

2.2.5 FMEAij B ..............................................................................21 

2.2.6 FMEA k # t F © ¶ ..................................................................22 



 v 

2.3 l m n %Z...........................................................................................26 

2.3.1 l m n %Zo e .........................................................................26 

2.3.2 l m n %Zpqr s t ·.........................................................27 

2.3.3 t F © ¶ � G H .........................................................................28 

2.4 M u k # ¶ � .......................................................................................29 

2.4.1 M u v w @ .................................................................................29 

2.4.2 M u x � .....................................................................................31 

2.5 \6 Oy ...............................................................................................34 

5z 6  D{U �|}%ZM X.......................................................................35 

3.1 IJ K L 8 # M N ~ ��U �-� ��...........................................35 

3.1.1 ~ ��� ¦-ó ¶ ......................................................................35 

3.1.2 ~ ��U � ..................................................................................36 

3.1.3 U ��� ......................................................................................40 

3.2IJ K L 8 # M N ~ ��U �|}%ZM X ...................................42 

5� 6  � �� � ...............................................................................................62 

4.1 � � IJ K L ��U �|}...............................................................62 

4.1.1 � � �¾ ��� |}%Z.........................................................62 

4.1.2 O" t · .....................................................................................75 

4.2 c � U �|}.......................................................................................76 

4.2.1 ~ ��� �|}%Z.................................................................76 

4.2.2 O" t · .....................................................................................88 

4.3 | � RPN�\M XW S T .................................................................88 

4.4 !O .......................................................................................................89 

5- 6  O � �{� ...........................................................................................90 

5.1 O � .......................................................................................................90 

5.2 � � �� � � �{� ...........................................................................90 

� � t F .............................................................................................................92 

� 2 .....................................................................................................................98 



 vi 

! �  ! �  ! �  ! �   
3 1.1 � t C D3...............................................................................................5 

3 3.1IJ K L 8 # M N Á # ó ¶ ................................................................36 

3 3.2 ~ ��U �3.........................................................................................36 

3 3.3IJ K L 8 # M N ~ ��U �|}%ZM X ....................................42 

3 3.4|}%� � � � � X.............................................................................45 

3 3.5 l m n %Z3.........................................................................................50 

3 3.6��e�3.............................................................................................52 

3 3.7 � \ � �   ¡ ¢ 3.................................................................................56 

3 3.8 Á �� �   ¡ ¢ 3.................................................................................57 

3 3.9 � £ � �   ¡ ¢ 3.................................................................................57 

3 3.10 ó �$ W � \ � �   ¡ ¢ 3 ..............................................................58 

3 3.11 ¤ ¥¦ § ¨ O" W �   ¡ ¢ 3...........................................................59 

3 4.1 � � |}l m n .....................................................................................64 

3 4.2 � � |}��e�3.............................................................................64 

3 4.3 c � |}l m n .....................................................................................78 

3 4.4 ~ ��� ���e�3.........................................................................80 



 vii 

" �  " �  " �  " �   
4 2.1 P Q 8 # M N ij B S T .....................................................................8 

4 2.2 © X8 # R± {G # ª � « `W S T .................................................9 

4 2.3 _ ` a O 4............................................................................................13 

4 2.4 VW M X�W Y %Z4........................................................................17 

4 2.5 � \ � f %4........................................................................................19 

4 2. 6 Á �� f %4........................................................................................20 

4 2.7 � £ � f %4........................................................................................20 

4 2.8  FMEA t F © ¶ 4 .............................................................................22 

4 2.9 l m n %Zpq¬ s t ·4 ...............................................................27 

4 2.10 l m n t F © ¶ ...................................................................................28 

4 3.1 ~ ��U �|}t ·4.........................................................................44 

4 3.2|}%� �  s t ·.............................................................................46 

4 3.3 U �  s t ·4.....................................................................................46 

4 3.4 ® ¯  s t ·4.....................................................................................46 

4 3.5 � ° s t ·4.....................................................................................47 

4 3.6 ~ ��U �%± ² 3 4.........................................................................48 

4 3.7 ~ ��U �VW M X� W Y %Z4 ....................................................51 

4 3.8 � \ � f %4.........................................................................................53 

4 3.9 Á �� f %4.........................................................................................54 

4 3.10 � £ � f %4.......................................................................................54 

4 3.11 ¤ ¥¦ - �O � ½ ± Ó�³4...........................................................60 

4 4.1 ~ ��� � U �|}%Z4 ................................................................63 

4 4.2 � � |} FMEA%Z4 .......................................................................65 

4 4.3 � � �¾ �� � W � \ � pÁ �� p � £ � f %4 ........................66 

4 4.4 ´ $ ó �� \ � pÁ �� p� £ � WÓ!³pÓ�³p µ ¶ î · ¢

.......................................................................................................67 

4 4.5 � � |}� \ � pÁ �� p� £ � W ¸ $ ³ ....................................68 



 viii 

4 4.6 � � |}© ó �W y � ½ ± -�   ¡ ¢ ³ ........................................69 

4 4.7 © ó �W© �x � O" .........................................................................70 

4 4.8 © ó �W”Min-Max”³..........................................................................71 

4 4.9 © ó �WM u ¹ \ de ³.....................................................................73 

4 4.10 � � �¾ �� � ó �º » ..................................................................75 

4 4.11 ~ �� c � U �|}%Z4...............................................................77 

4 4.12 c � |} FMEA%Z4 .....................................................................79 

4 4.13 � � �¾ �� � W � \ � pÁ �� p � £ � f %4 ......................80 

4 4.14 c � |}© ó �WÓ!³pÓ�³p µ ¶ î · ¢ ..........................82 

4 4.15 c � |}� \ � pÁ �� p� £ � W ¸ $ ³ ..................................83 

4 4.16 c � |}© ó �W y � ½ ± -�   ¡ ¢ ³ ......................................83 

4 4.17 © ó �W © �x � O" .......................................................................84 

4 4.18 © ó �W”Min-Max”³........................................................................85 

4 4.19 © ó �W M u ¹ \ de ³ ..................................................................86 

4 4.20 ~ ��� �ó �º »...........................................................................87 

4 4.21�| � RPN@W S T 4.....................................................................89 



 1 

# $ %# $ %# $ %# $ %  & '& '& '& '  
 

1.1���������������������������� 

¼ ° ± ½ � ¾ i¼ de p ¿ À Á : p½ Â � Ã Ä � Å p± { Æ Ç ¼ )

� � &È� É Ê ¼ ° ± ½ � d) Ë � Ì Í ¾ ¯ ~ ¿ À )�Y ¦È&� ¦G

Î Ï Ð Ñ ) Ò Ó d� Ô [21]!� d� � Õí ½ � ~Ö× Ø G Ù 209d)Úe
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Lè Á þ R&���èIJ K L 8 # M N (Carbon Nano-tube Back Light 

Unit)!Úe1« è�  P Q ) 8 # M N &Ð � è� � � ð ñ ® ¯ ò Ó ¾ �

È) 8 # R H I [18]! 
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�è� ® ¯ p � �ph Â ± {Q ¾ i¼ � ) # � �&��E U �VW |}
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TVW M X� W Y %Z(Failure Mode and Effects Analysis, FMEA).

19509Á ·õ� &ç / 0 1 è$ ��V qG�Á � õL� 	 � 2 )_�%

Z ± {!ÚeÖ3 4 G_�VW W	 &= m Q G H � GVW M XpVW ó

�&Ð Y q�5 � � ¦� 6 3%Zí_��Ú_�VW W¬ ' �� & � �

�o ¦GVW � Á � 	 = 7 � 8 9õ: ; VW Á �M< ý Á �); -

[42]!G,= t F d[11] [16] [19] [28] [32]& ç � ·VW M X� W Y %Z�

� � V qG > ? � p @ «pA � B ½ � p C qD E � � - $ ! � � W � F

½ � `! 

��\�� ( ) ¦G üVW M X�W Y %Z)c�&{D$ H_��

) U �|}%ZM X!��>� � � �o Gùú U �|}"i $ « å %Z

A B&õO Q U �|} � ! I � &�%ZM X~�� �Á � õW� � �
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Â ¿ À K̀ )iê ! 
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��ùú ) U �|} � �� k � !� dG ~ ��U �&f g 6 IJ K L �
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ÖY q5E 6  G H)� @{D¨ %ZM X&Ð� � t · M X)A B��

1!5� 6 ¥ÖõIJ K L 8 # M N ~ ��d) � � U �-c � U �W|

}è�&Lè5z 6 %ZC D) N ¶ �� � !5- 6 4̈ \�� )O � �

{� ! 
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3 1.1 � t C D3 



 6 

# ( %# ( %# ( %# ( %  ) * + ,) * + ,) * + ,) * + ,  
 

h {D$ HIJ K L 8 # M N U �|})%ZM X&l m Ì Í � �I

J K L 8 # M N ) ½ Â ��p\ e�p U �L $ �� 6 � ! � � &ü(\

%ZM XÖ{�GVW M X� W Y %Z)c�`&��i Ì e�VW M X

� W Y %Z)¶ � - � Y qL�� )t F G H�© ¶ !Ö}&è � � \M

X)¨ © �&G\6 � � � l m n %Zp��e�3p M u v w @p M u

x � L k # ) G H� � á! 

 

2.1 � � � � �� �  � � � � �� �  � � � � �� �  � � � � �� �   

ü(ð ñ Õ � (Liquid Crystal Television, LCD TV)è$ � � . Á # W®

¯ b É &�Õ�Õ � PPlasma Display Panel TV, PDP TVQM | �

CRT(Cathode Ray Tube )Õ � ¦Ú: 4T· � � ù)®  � X ¨ á �� &�

�LCD TV� ei $ �ù � )# R b É õ4T� ùÅ ·Wq!   

T P o pqW# R ± {è� q8 # M N (Backlight Unit) � Lè Å · �

R!1 	 G K � �̀ q))© � 8 # M N � ¾ i © .)ij B [49]&� dI

J K L 8 # M N ü(¾ i� � � p ; * }± {   ¡ ¹ � ¢ p Ò é ½k � i

B / � � � èLCD TV8 # M N dÓ¾ i 	 9 )] ½ Â [43]!õ@ £ % t F

`)� �&�(IJ K L 8 # M N )ODp � S Á # RW S T p U ���

L $ t ·! 

 

2.1.1 � � � � � � � 	 
 �� � � � � � � 	 
 �� � � � � � � 	 
 �� � � � � � � 	 
 �  

IJ K L &Ö199191/ü ¤ \NEC0 ¥ � ¦ �� Â § ¨ © ª 	
 G�

� K « "& R ,¼ � Z ¬ R XÕí®  ® (High Resolution Transmission 

Electron Microscope,HR-TEM)  Á P )[22]!IJ K L )� Õ - Ö ¯ )1°

±&3 � Ö² )100±&T\ � ³ i ² ) x %W$ !Ö}&ü(IJ K L ¾

i ¼ æ ´ S (Aspect Ratio)pÀ µ ¶ - A ´ !p¼ OD 3 � p� ��� Z S p

ý · : Õ� ) ¼ Á þ Õc½��&1	 / � ȩ̀ � ¹ Ói � È)� Á þ ®

¯ ò º �[6]!�qIJ K L � e )� Á þ �� Á ² ¨ ) 8 # R= èIJ

K L 8 # M N ! 
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IJ K L 8 # M N )OD�3 2.1 ¯ !IJ K L 8 # M N ) ® |¶

^ ÚeÖR.(Õ� ® ¯ ò ) U �OD&ÚeÖ f g 6 @ � ) ~ ��

PCathodeQpdQ)IJ K L Á þ R(Cnt)- » Õ�PAgQp` � )̀ ��

(Anode)!T � Á # ó ¶ Ö>~ ���ÕÎ&¼ � @� G~ ��d)IJ K

L Á þ RÁ þ Õí½ ¾ ¿ �̀ ` ��) À # Á (White phosphor)&�T ½ �

Á ¨ � # ) W " ! 

 

3 2.1IJ K L 8 # M N OD3 
� �� R:� �« ¢ ¾ ¬  ® ¯ d²  

 

2.1.2 �  � � � � ��  � � � � ��  � � � � ��  � � � � �  

1 	 � Â  � q)8 # R&õ Ã ~ �L (Cold Cathode Fluorescent Lamp, 

CCFL)) K ï - Ó¼ [41]! � �èCCFLd g ) Ä ~ � � Ò Ó `)Å Æ&

Z Á Ò é |}&�� � Â � �Á ¨ � S ) 8 # M N ± {q� Ç  CCFL!1

	 GÁ ² d) 8 # ± { f È iIJ K L 8 # M N pÁ # E � B (Light 

Emitting Diode,LED)pÕ�(Plasma)-} _ Õ� À # É L (External Electrode 

Fluorescent Lamp, EEFL)& � Úe S T �4 2.1-4 2.2! 

ü4 2.1d� Á P &CCFLWÓ�i B èU �) Z S �¼ &� \ ý Ê &

� ËeEL� û 8 # M N )8 # R>~ iæ û � Î�Z S ) P Ì !T 

4 2.1d � ¨ )CCFLÇ  � � ��õ : ; Í � g Ä T� � ) Ò é |

}& � Ök � � t &G U L± { Î � � p U �Z S �p� \pz �¹ `�

� ùú [ k E�)ã ä !��G4 2.2d§ ÞIJ K L 8 # M N

PCNT-BLUQ>õS T ! 
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4 2.1 P Q 8 # M N ij B S T  

� �� R�� �«� � d² ITIS|� [49] 

 

G4 2.2d&� � �õ·® Ï ¨ IJ K L 8 # M N (CNT-BLU)G � \p

4ù Ð � p ¼ : ÕÑ `) f S k T � S 8 # R� ® )~è� ¨ !Ý T&~

� e )iê Öù�CCFLÓ� Ï � ) Ò é |}-�ù � � |}"&IJ K L

8 # M N �� ¨ á ) Ò Ó !7 �  4� � G © H 8 # M N ) Î Ï @&IJ

K L 8 # M N >Ô iÓi�) Î Ï iê & � è© � 8 # M N dÓÕ » )]

Ö! 
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4 2.2 © X8 # R± {G # ª � « `W S T  

� �� R: � �«� � d² × Ø × Ù |� [49] 

 

2.1.3 � � � � � � � 	 � �� � � � � � � 	 � �� � � � � � � 	 � �� � � � � � � 	 � � 

ü(\�� ÚeÖ� �IJ K L 8 # M N ) U �|}4̈ $ %ZM

X&��Ì Í m �IJ K L 8 # M N U �i $ �� 6 � !IJ K L 8 # M

N U �Úe�%è̀ ��U �p ~ ��U �pa b U �z � _  &T ~ �

�� ` �Ú ) U �Û k � Ü Ý & õ� � " U �&�3 2.2 ¯ ! 

` ��U �c�� 

1. > Þ ß [ � à �̀ þ � PReflective LayerQ! 
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2. �q� � )� X>À # Á � � � à á � þ � )Ö $ ù! 

3. G À # Á � ` b É ¢ , Ô )Ô C PSpacerQ&õLè� ~ �� â 3 )E       

  Q!  

4. ã É ( a N ä ¤ O Q å O(Sintering)): L& å O ¨ * = � å ¯ �~ �  

  � O Q a b )U �! 

 

~ ��U �c�� 

1. R , � � (Printing)) A B>Õ� º �æ � � Þ ß [ �`! 

2. �q ç # ® ¬ )� X>Õ�º � è ¨ � S ) ë � X3� ! 

3. > 4 U á )IJ K L ��� � � Õ�º �` 

4. O Þ å Oä å O 

5. > å OÎW Þ ß [ �Lc � PTapingQ) : L 

6. � ` ��L a b )U � 

 

a b U �� 

1. G ` ��` é [ ê C PSide FrameQ&Ð ë ` é [ ì &�~ ��Lé N

) : L! 

2. >¨ © )CNT-BLUã É G í � E ¼ Ñ × `&O Q í � E -B � ):

L! î � Í + Î= ¨ � ! 
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3 2.2 IJ K L 8 # M N U �3 

� �� R:� �« ¢ ¾ ¬  ® ¯ d²  

 

2.2 ! " � # �" $ % &! " � # �" $ % &! " � # �" $ % &! " � # �" $ % &  
 

2.2.1 FMEA � � � �� � � �� � � �� � � �  

VW M X� W Y %ZPFailure Mode and Effects Analysis, FMEAQÖ$

U V q_�� %Z) � 2 �± {!Úe1)Öq� y �G_�d i�¦

Á �)VW M X&Ð G H© VW M XÁ �)ó ���� )¬ ' &O T 7 Q

� 2 � 8 9- ï � � O )�Ì &õ4¼ ½ Â )�5 � [3]! 

G ½ Â )�Á �U �� õ&ù� ½ Â j ð |}- U �|}&t F ` ç

i k Ek)� @&�ñ � X� � � �PTaguchi’s Quality EngineeringQp�

Arc-
generation
CNT-buk

�������������� � � � � � �

CNT Paste 

������������ �	 
 � � 

Priting&Patternin
g(Cathode,Gate)

CNT coating 

Sintering

Cathode Plate

������������ �� 
 � � 

ITO 
electrode

Screen printing 
(phosphor)

Sintering

Ahode Plate

Vacuum 
Sealing

������������ �� �

������������ �� � � �

Package
Testing



 12

| U � Â L PStatistics Process Control, SPCQp l m n %Z@PFault Tree 

Analysis, FTAQp� ì n PEvent Tree Analysis,ETAQòVW M X�W Y %

ZPFailure Mode and Effects Analysis, FMEAQ½!TG`L)� @d&V

W M X�W Y %ZÖG ½ Â � ½ 	 &Ói W %Z½ Â òU ��5 � )± {

W $ [7] [36]! � [ \ � Z � � �3 2.3 ¯ ! 

 

3 2.3 FMEA) � Z � �  

 
� �� R: ! ó ô õ \ [31] 

 

! ó ô õ \ [31]4 ¨ FMEAÖ$ � � ¨ _�M b É ½)l m e�Wk

@!ED� _�W; ò M ö ì ½Á �l m "&� k @�q� � Z÷ l m �

_�� � ¶ � ¬ ' &Ð� ¨ ¶ � ; ò M ö ì �� \ �W¬ ' !ø3 2.3d&

� � �ù ú Ï ^ FMEAÖü ý � � ^ ¼ � � &ü!_�̂ �_�&�© B

_� O Q � Z): L&��Ö  (� O X) k @! 

 

2.2.2 FMEA � � � �� � � �� � � �� � � �  

FMEA.19509  øn * ( RÎ&� [ \ Gde � 2 ) ] ^ `& õ

Óm Y qG ¼ de � � ) û ¦p � � p ü � p� ` ý ø `! Ý T�(½ Â

Â � ��5 � � i b � ) � &��� þ � � ) D � � � p A � B � � p

� � � � ç � � � q! � a O ) _ ` �4 2.3 ¯ [28][42] [53] [62]� 
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4 2.3  _ ` a O 4 

"Q � ì  

19509 n * �� � (Grumman) $ ; 0 ¥ è 6 2 
 $ Q Â � Ã l m

4 ¨ FMEA& Y q( $ ; Õí ' � _�`! 

19579 	 
 (Boeing)� � � (Martin Marietta)0 ¥  XG� � k � d

� ¨ FMEAW�»! 

19639 ����������	
������� � � � � �

� � � � � � � FMEA� 

19749 n * C � ¨ Ú C q« å FMEA�»MIL-STD-1629! 

19779  ! " # $ % & ' FMEA� ( ) * �+ , - . / �0 1 (

) * �+ , 2 * �3 4 5 6 7 � 

19809 FMEA�» � Ú èMIL-STD-1629A&� èá â \ eWFMEA

� �« å W $ ! 

19859 * V Õ � ± { � Â ~ IEC(International Electro technical 

Commission)P � MIL-STD-1629A&̈ Ú * V « å IEC-812&

8 9FMEA � ' � : ; < = > % ? 8 @ A B C D !�}&

ISO9000- � � ½ Â CE« ' &� >FMEA� è \ e)® | L

|� � á %Z � @! 

19939 ��E F G � � 3 ) H I J QS-9000�9FMEA 3 K L �

' � * �< , 2 M N D � > ? � � Q : !N ¨ � � � GV

W M X�W Y %Z� � k � �&Ð�$ VW %Z)�»�4

�&~§ � S FMEA)� � � ¾ ! 

19959 � � � k � ¨ � P S E Ú &Ð � èSAE)  X ± {t ì

SAE J-1739! 

20039 ¼ ° ± Õí ½ � � ÞFMEA!¼ ° ± Õí ½ � )��è½ Â

� Ã Ä � Å p� � ¿ pde ¼ pU �c d p�Á � � 3 !�

�>FMEA� Þ(U �± {d>i��Ê � 
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2.2.3 FMEA �  � � � � ��  � � � � ��  � � � � ��  � � � � � 

VW M X� W Y %Z� Y qG ½ Â p® ¯ M U �)3 Á `& � �� Ö

® |FMEAM U �FMEA&� �»`�� ` k � !b Q A B-c�© ¶ �@

[23][45][53][67]� 

1. S �  e%ZW_�� ¦p�� � � � Ò Ó � � p-' L Ò Ó � 

(1) _�� ¦õ Æ � � S W � ¦e � è$% &� � t ·_� ¤ p} ¦

 ^ W � ¦! 

(2) �� � � è_��© � õO Q �� � L! 

(3) Ò Ó � � è�_�� Q © � õ�� WÒ Ó ë ì &§ õ � LW t · ! 

(4) ' L Ò Ó Ö � _�G ' L � q"WÒ Ó ! � &ü(�� W ' L Ò Ó

�(Ò Ó � � -�� � � �i�� )¬ ' & l öÌ Í S � ù ú ! 

 

�� z � � L!N � ø`LS �&½ � � y 1 h b 9FMEA W_�p

%_�ò² 3 w å )�� &"¦¨  � � � # � )1)! 

 

2. y S %Z� � p� S _�p%_�-N ì &Ð$ U %& � 6 3� 

_��pü £ k�� ö ì � N N T� !è 6 ·y ? %%Z) Â �&õ

-� ' WÎ � Q %ZL� &G � Q FMEAW 	 Y m y 1 %Z) � � !T

FMEAb 9Ö ( iW " � R (L� )² 3 w å ! ) ² 3 w å Ö� >_�

� %)�� &�" ´ ì ® |) ½ Â �% � � ö N ì &¥~ � � "� * + p

Í @ y 1 ½|}!Ö $ � ù&� " %Z w å � � , ¼ &¥ ~ ½ ��  VW

ó �Ö + , � õy 1 &õ � Í @ 7 � i E) -  Q : & õ i E) ² 3 w

å "¦ # ^ � � )W " ! 

G_�W© _ ö ì Â S ù ú Î&= �O Q $ U %& � 6 3)� L!%

& � 6 3�%è� ¦� 6 3PFunctional Block DiagramQ��5 � � 6 3

(Reliability Block Diagram)!� ¦� 6 3Öt ·_�© � ¦- © � ¦Q Û k

) # . &õ3 2.4è�!�5 � � 6 3. � / Ã Ä � ¤ _�© ¸ 0 QG�

5 � |} `W 1 pÐ � # . !õ 2 Ê FMEA L� ) b 9&õ3 2.5è�! 
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3 2.4 IJ K L 8 # M N ~ ��� ¦� 6 3 

 

 

3 2.5 IJ K L 8 # M N ~ ���5 � � 6 3 

 

3. � S � � � � � 

� � � � Úe1)G(� 3 _�© _ ¾ W s � &"¦øs � d � � ©

_ ¾ W � � &øTÒ 4 � G_�Wk # OD ¾ É !G© H�� � � ) � ¦

� Y �3 2.6§ õ� � &{�© ² 3 � � ) 5 6 « å ò7 Z $% !>�(

WÎFMEA) � Q ij � W �! 
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3 2.6 _�� � 3 

� �� R� 8 Y 9 [45] 

 

4. %Z  i�¦ � GWVW P Ì � 

ü(FMEAL� ÖG ® |W	 M  X� ½ 	 = O Q VW � 2 )%Z �

L!��G : D d)VW �õü 8 � ù � � D ! 

(1) ø k � M� ; )0 ì < � G� S _�d � q" Á �,)VW P Ì

� x * ! 

(2) ø' L � qW Ò Ó �( 0 ì � � W¬ ' � %Z! 

 

��ü z � !N � Â & R ,� ; )� �� ��� � &� = ¨ Í @ ^

� ¦e � W�¦VW |}!G � = "� � > @� �� � 

(1) � Å � ; ) ® ¯ Mö N ì  

(2) � Å � ; ) ? V L� M § @ � @ 

(3) £ H�Ò Ó ë ì ½ Z ( )VW M�� M X 

(4) £ H h è)L� V+  

(5) ® ¯ � U Â WQ)Ü Ý ½! 
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5. {�FMEA %Z4� 

>VW M X ¤ ¥ -� � © ¶ &Ð ¬ 2 (FMEA 4d!FMEA %Z4�

[ \�X�4 2.4!ó ¥`FMEA4�Ð A i B S �X&�C ! � § õ 4 © ! 

 

4 2.4 VW M X�W Y %Z4 

� �� R�m Þ Ë L [10] 

 

6. Y ¨ � � VW M X)ó �� 

´ $ HVW M X)ó ��¦� ³ $ �&��&Ì Í � k # )ó �á _

� ¨ !t F d[66]� ¨ ½ �VW )ó �&�%� . �ù � &f È h Â p® ¯ p

� @p º �p � î p Ò Ó ½!GO Q ó �%Z"&�ON ��e�3$�

. �ù � O Q VW ó �) G H& W " >�~¨ ! 

 

7. �� VW D £ � @-VW � 2 � O 8 9� 

�� VW D £ � @Y w N ® | � �o & � � �3 $ U VW D E WF ´

�� @&� i W � 2 VW WÁ �!GVW D £ ¨ WÎ&Y ü® |� �o �

� � O �h &Ð{�VW � 2 � O ? � &õ y é Â � )4N! 
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8. �  � " f G  

FMEAí î ¨ � Î&= Y H � I W� O 8 9 J K b 9!TG� ,U �

\ ] ® |M � L 8 9 b 9Î& � f G _�VW - Ö ( ç  ^ e � W « å !

Ë� Í  ^ « å ¥�¦Ö�è A iY ^ VW )Ú�&M� �  )� � H I

�E&MÖFMEA � § h Â )z � 4 � � � &�� ^ Y I õFMEAc�\

] L £ H& � ] ½ Â )�5 � ò � ¦Òõ² P Ó � � " ! 

 

2.2.4  ! " # $ % & ' ( ! " # $ % & ' ( ! " # $ % & ' ( ! " # $ % & ' (  

FMEA�(VW M X � Wi m x »& Ì Í ei $ H ¢ ³� j i m �

W � �!$% de i m ¢ M # ª ³)�!& � R S VW M X�Á �R)

�  « å ò�  x »!TGde f G ò R h � @) k # t F d&i£ k|

} � X / H � !Tde i m ¢ PRPNQ@ / > ? ½ � � � ) � q&� "G

|} `� S T ¥ M &��\�� � q�@LèVW de W f g � @!RPN

)|} Öõ� \ � (S)pÁ � � (O)ò � £ � (D)½ ± k N ) $ H ¢ ³

[36][15]! 

����

) * +) * +) * +) * + ,,,,����

 ) � \ � Ö � O � j B Á �Î&�� P �¦½ �W� \ Q � !$�

� T � &�qRSRT U�%¢ � f S RT U� Q V &�4UW X Y  ¯ !f G � \ �

"&Y � ½ Â � �̧ ¾ ~ ß ÎR S � f %&i"è3 4 j B ¬ ' W\ e�&

�> � \ � f %4¼ [12]!U

����

- . +- . +- . +- . + ,,,,����

 ) Á �� &Ö� O � j B Wó �WÁ � ; - Z ; - WG |&q1~10

W|%èf G « å &�4 2.6 ¯ ! ® S Á �� W f %"& Y �� �h Â

þ [ É ß H � ÎR S i E)¢ \ [12]! 

�« å � i@�µ B Ì Í �> )[36]� 

1. � ¶ $,½ )� � ] * N ì ò ; ¦Q) Â > ! 

2. N ì Ö ( ~ �m 	 ) ; ¦òe � w å k ; ! 

3. � ¶ ® ^ � % � m 	 ) ; ¦ò N ì &ò P �� ) f G w å ! 
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4. P G) N ì Ö ( òm 	 ) N ì ¨ á �� ¹ _ �! 

5. N ì Ö ( ] * « å � $ ! 

6. Ò Ó �� )� � ! 

` X  � �o )%Z« å Ö ( � S T &Ö( ò � ) )« å r N !U

 

/ 0 +/ 0 +/ 0 +/ 0 + ,,,,����

 ) � £ � &Ö� G $ � ö ì M N ì ç � ¨ � & a 3 U � P � Mb w

�  	 &¦ ( £ ¨ � ç Á �W j B T� !� £ � %¢ ü1S10%4 ¯ &�4 

2.7 ¯ !�pG C ; Â L £ b d&�$ S ¦>j B b ù ú &��� £ � �

$ S �õæ ý &� Ö$ ! �|� í c £ b & Y è� Q W�¶ � @[12]! 

 

4 2.5 � \ � f %4 

� �� R�v ë d [12] 
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4 2. 6 Á �� f %4 

� �� R�v ë d [12] 

 

4 2.7 � £ � f %4 

� �� R�v ë d [12] 

 

Gilchrist[57]� �de i m ¢ 4 ¨ µ � e f & t � f [26]© ¶ �@�  

1. Á �� (O)è � ��# . &� £ � (D)¥è��# . &��P Ì Ð� N ¶ !  

2. �� )SpOpD�õN N k � )RPN³& � � �`¥̈ á �� !  
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3. RPNg h 6 ½ � )¬ ' !  

4. RPNÍ @ G |� � � ) W " !  

 

2.2.5 FMEA 1 2 31 2 31 2 31 2 3  

FMEA Ö$ � � . / 7 q)� � L ¶ ± {&OD� )_��» � @&

� ij B %Z�@! 

    FMEA)i B © ¶ �@[33] [37]� 

1. ó ¶ i ¸ p� @i ' & [ \`Ö S �%Z&� � O Q S � %Z! 

2. i N G ® |� õ� qPDFMEAQ&� �G U �� õ � q(PFMEA)&�

¶ � ½ � � &�; j p D E p > ? pA � B ½· �i q! 

3. �õ £ % Æ � �½ Â ® |�U �� � )¬ ' �&� ¨ VW M X)� O x

»&üË � H im x » k $ � O ! 

4. 4T U Ll m n  (FTA)) [ � &iÊ (� Ì VW £ P k � ! « å W{

�&iÊ (Ë � ¤ W	 l m n � W ! 

5. 4T ® |f G pU � P � � R |})� � � �&qõo � � �� � &p

��4 � L ¶ �)W " ! 

6. �( q B ® ¯ )£ û k E r s &�t ¾ What-if%Z@Wi B ! 

7. %Z c d _�)�ò  

 

    FMEA) j B © ¶ �@[33] [37] [3] [35]� 

1. ¾ ik � ¦p�� ö N ì )c d �½ Â &> � _�%� Î9õFMEA e

� > ) � � �k&� Q ( � ^ ® Òu d T Î � ! 

2. FMEA ÚeÖ O Q 4� � pt ì � Ð� e C "P 3 &� L � � ¹ v "&

� � Ö_� w µ )ö ì f g � Á "! 

3. FMEA ÖG H¸ $ �� )VW M X&ËÖk � VW M X� "LqMk Û

¬ ' & ^ � õ%Z6 ! 

4. j x %Zh èV+  

5. |} de ¹ ¢ "&p ~ �èÚ] � � M� ��� T� � de i m x »�

¦ � � � b P Ì ! 
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£ % `Lt F &� � �Ò 4 VW M X� W Y %Z� Y qS �MS � )

%Zù � &ÐG�Á M � ½ � õ4T$ H_��)%Zc�!��Ë>V

W M X�W Y %ZY qG1	 �(�Á � õ)IJ K L 8 # M N `&>�

4T � �o G � R U �|}")_��� �!�,&VW M X�W Y %Z

�¾ i`L j B &�� � 2 õ� S %Z ± {§ õ � 3 !Gt F [3][35][25]

d4^ � ql m n %Zp��e�3p M u v w @pM u x � >�� R V

W M X�W Y %Z) j B &��ø@$ � &3 m � á l m n p��e�3p

M u v w @pM u x � W��- � q� @&õLè\�� M XW¶ � [ � ! 

 

2.2.6 FMEA 4 5 6 7 8 94 5 6 7 8 94 5 6 7 8 94 5 6 7 8 9  

\�� � � Ù 109 � &� � VW M X�W Y %ZY qG© H y z d)

k # t F & � = �4 2.8! 

4 2.8 FMEA t F © ¶ 4 

L � /9 >  }1 Úe { F  

8 Y 9 [45] 

P1999Q 

z � L ¶ )VW M X

� W Y %Z 

>FMEAk @ V qGz � L ¶

`&>z � ¤ ¥ õL� ² 3 3

PWBSQ% � � n | ! ! )� L

e � &Ð = Ó¾  4�)� { �

�z � ��� Á ² z � b ��

� � ! 

� � [1] 

P2000Q 

{D A � B U �� 

WVW M X� W Y %

ZC D-� Y q��  

�qFMEA2 Ê A � B U �± {

�Á � � &> © H U �VW ;

- -VW ÎW � \} V|} O

Þ%ZC Dd&qõ S � ¨ ~ �

Ö# ª �U �-G } U �O Q

� ÎW� \W �! 
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L � /9 >  }1 Úe { F  

� l â[30]

P2000Q 

< �¦ x � ± {W�

� - � GVW M X�

W Y %Z`W Y q 

H q< �¦ x � ± {PCase 

based reasoning , CBRQ � {�

FMEAW 2 Ê _�! G ü� i

½ Â � � � � �   �� {�<

�¦ &Ý Î I õx � � @ü< �

¦ d � � �] ½ Â Ó k ; W�

½ Â &õLè ] ½ Â FMEAW �

�! 

� i � [11]

P2002Q 

� � X � á � WVW

%Z��5 � f G  

G H � � � á � VW ; ? � ¶

� � Á � W�" �&R ,VW M

X� W Y %ZPFMEAQ f G x

S VW ø ê &O Q � á � ö ì /

Ã b � &õVW ��� ¢ ½� �

¢ % � �G H; - % w p� G �

� / Ã -�5 � �|��! 

v � � [16] 

P2003Q 

V qVW M X�W Y

%Z( k {c�W�

h � á f G -õd _ O

° z 	�@ «è� 

V q @ � VW M X- W Y %Z

f G k {q c�� Gde �

í&Ð4 ¨ � k {q � h � á

W� Q � �  

t � â[27] 

P2003Q 

FMEAY q(4 � �

� q H.V.A.C._� �

5 � W��  

. �qFMEA� G H¼ ° ± Ä �

Í � � � q WH.V.A.C.( � ÷ p�

dp E 4  )_�&� 4 � _�W

V   �5 � ! 

¶ � � [19] 

P2003Q 

õde %Zèo ^ )

VW M X� W Y %Z

WÁ ² �Y q-õ > ?

ö N ì � WH � ��  

q z � _�dW� �Xx ¶ ±

{PCase Based Reasoning&

CBRQ& i ¸ S �è� G ü � �

,½ � R |})� Xò � � �

É Ê Ð 2 Ê 1 	  Á �)|}! 
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L � /9 >  }1 Úe { F  

� � � [36] 

P2003Q 

õVW è[ � )® |

C � - � W f � _� 

ø U �)  � ½ {�Õí N b

� ® | ¸ ¾ Y ¡ ¢ )) ® | 

�� ¤ < &Ð{�® | ¸ ¾ � W

4P ) f � _�! 

� £ � [32]

P2003Q 

ø ¤ ¥ �½ �VW M

X- W Y %Z 

Y qU �VW M X� W Y %Z

k @&G H O H � 0 ¥ ø ¤ ��

½ �) U �c�&Ð4 ¨ k � �

� h ! 

Davidson and 
Labib[51] 

(2003) 

Learning from 
failures:design 
improvements using a 
multiple criteria 
decision-making 
process 

> � ± %Z@�VW M X�W

Y %ZLO N &õ4 ¨ $ Hk\

� « R h c�)� @ � !  

p ¦ 0 [5] 

P2004Q 

V qFMEA § �

ISO14001 ® [ Ò Ó

� � ùWH � ��  

 

$de im � ¢ %¢ W ¼ ý �

§ S ® [ Ò Ó �� ù&Ý Î I q

¨ ~ # ² �� p�  ± {W� Q

�- � � \½z � � « WN

� ó % O Q 5E � f G &õ R S

i m � x »! 

© ª « [46] 

P2004Q 

� � ¬  Y q(½ Â

VW M X� W Y %Z-

õ� ® Ȭ � � è� 

� �PCB � ) Â � |} 7 q�

�G ° ± { � %ZÐ � O ¨ �

� ]pWU �ó �) 4 � �

�&Ð�qVW M X� W Y %Z

� � � � � ó �W�� &õ � R

VW M XW £ \ó � 

t ± ¸ [28] 

P2004Q 

£ î PCBAWFMEA_

�{� 

G H� ® Õ ¯ N b �G� Ä µ

î � 3 Á )c�� -FMEA_

�{�! 
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UUUU� ü`4  � ¨ W13² t F G H&� Á P FMEA� V qG © X) ½ �

d&Ð ¹ � ·FMEA� ³ �õ� qG Y q � ù&� �õ� qG{D� @ �

) M Xd!� d�¼ ° ± ½ � k # Wt F &iY qGA � B � ù)”{D A

� B U �� WVW M X�W Y %ZC D- � Y q�� ”[1]pÕí N b �

)”õVW è[ � )® | C � - � W f � _�” [36]pPCB½ � W”� � ¬ 

Y q(½ Â VW M X� W Y %Z-õ� ® Õ ¯ �� è�”[46]-”£ î PCBA

WFMEA_�{�”[28]! 

    G� � [1] 4 ¨ W”{D A � B U � � WVW M X� W Y %ZC D

- � Y q�� ”d&ÚeÖ V qFMEAO N � ì n %Z¶ � p l m n %Z¶

� {D$ HA � ´ U �)%ZC D!T � dÓ�� )_  Ö § Þ� \%Z

) ] ^ � O N l m n %Z ¶ � &TS � ¨ # ª U ���  U �ÎW � \W

�! 

    TÖ} z ² t F (� � � [36] 4̈ )”õVW è[ � ) ® | C � - �

W f � _�”p© ª « [46] 4 ¨ )”� � ¬  Y q(½ Â VW M X� W Y %

Z-õ� ® Õ ¯ �� è�”pt ± ¸ [28] 4 ¨ )”£ î PCBAWFMEA_�{

�”)�Ö� qFMEA)c�� @&� Þ© .)° ± ½ � Ed&Ðõ � Î)

O" � � 	 )O" L S T & G õ� ·� ÞFMEAW� Q �! 

    üõ` ¼ ° ± ½ � � qFMEAWt F &� � �Ò 4 FMEA�O N � S %

Z � @Lè{DU �%ZM XWq&� � ¸ _ � qFMEAO Q � 	 ÎW

� ¾ !Ö}&ü(IJ K L 8 # M N � �(�Á � õ&ÐÍ $ ° � � W_

�%Z � @õ O Q U �ù%Z � !��Ë¦4T $ U V qFMEAO N �

S %Z � ¾ �IJ K L 8 # M N U ���)%ZM X>S " # � qFMEA

O Q � � P Q )IJ K L 8 # M N W�Á � õ~i� �- { F ! õ&

\�� >õ{D$ U ° � � )%ZM XèÚe1)! 
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2.3 ' ( ) % &' ( ) % &' ( ) % &' ( ) % &  

l m n %Z(Fault Tree Analysis, FTA)Öõ � Ì ¬ s p%& r s ½ k #

¬ s & Y � Z ( ÚeVW )�� QW%& # . &Ð w N µ ¶  ¢ |} Úe

l m )Á � ; - &G�5 � � Z k @d&�FMEAk @$ c G * V ` � �

Y q[10]! 

 

2.3.1 : ; < = > ? @: ; < = > ? @: ; < = > ? @: ; < = > ? @  

l m n %Z�%èz H� õ&�3 2.7&õ@ ^ © � õLt · [25]! 

� õ $ �m R S D 2 
 )� ì ! 

    m H ¨ $ H® D � l &ÐR S è¶ · ~ Á �&Ģ $ � Q V @Á �&

I O Q £ H!E© � � Q �¦i © �N N "&� ^ � @� � �  

1. _�X)G 7 � @Ö � e) 

2. Ì Í ù ú ¬ 2 i# )� � Ì �� G 7 )¤ ¥  

3. ¬ Lp ~ ¹ ½ P b ) û �  

4. õ3 V 4̄ O" >~¥ M Á º h )» �¦È 

 

� õ E �U L l m n  

V q S �� ��S � ¢ % )%Z&�ÓF  ® D W� l Y ¨ P ! _�

)Ó ¼ )� � !G» �  i) ¼ B "& � � ¼ B L� m f g ) : L! f g

Î&¼ B ËÖ� p\ e)&̂ Ì Í ½ Y J �¶ &ËÖÐ� ~ , � \ ) ¼ B &

³ � i ¸ ) � � &�i m � R ! 

 

� õ z �© ¶ O�  

\ B G » �� ¶ �P b ½ É !E U Ll m n õÎ&� 4 b b É ) ¼ B &

Ð% � § õf g !� O"  ¾ ¿ )�  � � �pÐ � $ H&i"� ~ ¨ P

Û À )� � &��L ¨ R S )� X= è� P b ) ½ É ! 
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3 2.7l m n )� ZA B 

� �� R� t » u [25] 

 

2.3.2 : ; < = > A B C D E F: ; < = > A B C D E F: ; < = > A B C D E F: ; < = > A B C D E F  

ü(l m n %ZÖ� q%& ¬ s � 4̄ © l m e�)# . ! õpÌ

Í � q¬ s  4� Ì &�42.9[31]!! 

4UW X ÁUl m n %Zpq¬ s t ·4U

U

� �� R�! ó ô õ \ Â Ã RÄU
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2.3.3 6 7 8 9 & G H6 7 8 9 & G H6 7 8 9 & G H6 7 8 9 & G H  

� � � � FTA Y qG A � B U �- FTA� FMEAO N ) C DL $ t

F © ¶ ! 

4 2.10 l m n t F © ¶  

L � /9 >  }1 { F  

v 
 z [14] 

P1998Q 

FMEA�FTA ± {(

�5 � Y qW��  
G HFMEA�FTA� ¶ f G _�)

VW p Å � _�)�5 � &õ  �

_�® |)1«  

� � [1] 

P2000Q 

{D A � B U � �

WVW M X� W

Y %Z C D- � Y

q��  

© N FMECApl m n p� ì n %Z

� @&{D¨ A � B U � � ��

C D 

Krasich and 
Milena[58] 

(2000) 

Use of fault tree 
analysis for 
evaluation of 
system-reliability 
improvements in 
design phase 

G ½ Â ® |� õ� qFTA� �� �

f G _�dW Æ q B � ¦Ly b ¹

¦ Þ)%Z 

�·  [44] 

P2001Q 

A � B � - 4Nz

� _�W l m n {

D�%Z-z � _

�W � Ç  

{D$ z � _�&�qFMEAY ¨ U

�VW M X� A � B 0 ì � ¶ � ¢

)¬ ' &Ðõl m n ¶ � � OU �

VW M X� A � B � ¢ Q)# .  

� � � [36] 

P2003Q 

õVW è [ � ) ®

| C � - � W f �

_� 

�qFMEAp��e�%Zpl m n

¶ � %ZU �|} B &Ðõ�X

VBA{D® | ¸ ¾ � W C � � f �

_� 

Bluvband and 
Zigmund 

[50] 

P2005Q 

Bouncing Failure 
Analysis (BFA): The 
unified FTA-FMEA 
methodology 

4 ¨ $ HÈ N FMEA�FTA)%Z

� @ � !1)G� ¸ _ � qFMEA

MFTA" ùú )j B Ó!� &i

B Ó� � ! 
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2.4 � * + , - �� * + , - �� * + , - �� * + , - �  

M u ¶ � Öü n * § É ��. : � ? � � Zadeh(19659l m 4 ¨ !Ú

eÖè 6 � R � b Ê Â � � Ô G)M u P Ì TÁ ² )$ Æ �|!M u ¶ �

Ð� � ej u c )|} ,�& ^ �õ>� y S �)��� �4  ¨ ! � Ë

Ì ) < = Í � &f È M u � N p M u # . p M u %& pM u � î � o ; x

� ½[38]! 

Zadeh 	
 4 ¨ M u ¶ � Ö$ � S � 4  � ¾ &Öq� 4P O � Í @

� y S �W M u o ^ & � � ÖG4P h � y � �i)y � M u P Ì � ùi

T � ) � " [34]!� � 1 	 è
 &M u ¶ � ) Y q y z k E � . &f È L ¶

° �pR h Ô Î p3 V Ï � p @ � Ð * p� Û � î ph � Ü � p. : � ?

- Ñ � f G ½ y z ! 

 

2.4.1 � I J K L� I J K L� I J K L� I J K L   

| �v w @(Delphi Method)ý $ z � � î @&öÖ � B R h @) $

�&ÓÒ (1950 9  / Y qG C � � ì � î � ù!Úe)1)G( Ñ � z

� � ) � � & � � z � � ��S |}W $ � �� �!b 9,�dG ü|Ó

� æ 4 b )� X� Ô | O $ y z d¾ iz � �� Wz � &Ð � L� � � î

� 1) Ï @! l Ý � � @�õ  ^ � » � �)W " &� �õÒ^ z � _ È

] * ) Â � [13][29]&� Ö � ¾ i 4 b � ¢ ,kp"Q Õ v �Ö p�� � \

,kpz � � �/ × ¶ ) j B [20]! 

� �õ j̀ B &Ishikawa½h G19939&> M u ¶ � � Þv w @dÐ �

qµ ¶ î · ¢ LèR h � B Ø H f G å ¥)$% !üb � %Z&Ò^ õ@

O � �1.�| �v w @WO" k # Ù Z2.�G ü�� @ < x | Ó � ¢ Z3.G

"Q� � \`~¾ i� Û W �Z4.¦ � Ù %² P z � Hh � � Z5.�( z �

4 � &� üM u ¶ � )�¶ &~ r N b V Q � [17][56]! 

M u v w @)O Q A B%èz � õ�@[56][9],,,, 

1. � � R h � B � � 

�q| Ó )� X&� � R h � B )� �&õ � Ò ´ ¾ z � � © HF m

� « W f g ³!́ ¾ z � �q � B y � Á ¢ &4  z � �(´ HF m � «

\ e�)f G ³! 
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2. {� z   M u ¢  

>ø z � | Ó  � � ^ Wz � f G ³&$% @X&{�́ � ¬ ' ��

W z   M u ¢ ! 

1

1 2

( , , )  

( )   1, 2,3...,

( .... )

max( )    1, 2,3,...,

A A A

A Ai

n
A A A An

A Ai

A L M U

L Min X i n

M X X X

U X i n

=
= =

= × × ×
= =

�

 

AiX  �5i H R h � �A¬ ' �� Wf g  

AL  � R h � B �A¬ ' �� f G ³W@>  

AM �è R h � B �A¬ ' �� f G ³Wµ ¶ î · ¢  

AU �R h � B �A¬ ' �� f G ³W >̀  

A �¬ ' ��  

i  �R h �  

A�  �A¬ ' �� \ e�W M u ¢  

 

3. Ø H f G � «  

>Ò^ Wz   M u ¢ & I ṍ H ¬ ' �� M u z   ¡ ¢ dW µ ¶ î ·

¢ è� Ú   ¡ ¢ T&qõ 4R h � B ���� f g ³W� � !ÓÎ$��

1)R S N i )Æ Ç ³S&Ð R ,@� )� X Ø H ¨ T i E) f G å ¥! 

(1) MAÛS& # � A ¬ ' �� èf G å ¥! 

(2) MAÜS& Ý y A ¬ ' �� ! 

� d&MA è R h � B �A ¬ ' �� W � � &S èÆ Ç ³! 

 

Ý TGVW M X�W Y %Zd)de ¹ \ ³ � � "�� ^ 3� � « &%

� è� \ � pÁ �� p � £ � !��G � qM u v w @O Q A Bz "&�

¦ ³ $ Å µ ¶ î · ¢ Lè Þ B ) f G ³!Ì Í L $ 4 © !£ z { [34]{� õ

} ¢ î · ¢ ) ] ^ > z   M u ¢   � ¸ $ � « &Ð� ÞM u x � õ O Q f

G de ¹ \ !��\�� G� � £ z { [34]Î&R S � Þ� P  Î) M u v
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w @& � U �|}%ZM X¦� � ^ kh R h ) Q � &Ð ß � VW M X�

W Y %Z) � q> ? ! 

 

2.4.2 � I M N� I M N� I M N� I M N   

M u _�W [ \C D�3 2.8 ¯ & � dÚe)� ¦ f g [8]� 

1. M u � ; DPfuzzifierQ 

2. M u ¤ ¥¦ Pfuzzy rule baseQ 

3. M u x � Z à Pfuzzy inference engineQ 

4. ½ M u � ; DPdefuzzifierQ! 

 

     ) M u x � ^ ÖM I h � » ��R h )� X,> § Þ_�)y � Á

¢ � üM u x � )� @Ò^ $ HN ¶ )_�§ ¨ &ö��èÙ ; x � !Ú

e)1)̂ Ö>| �)%& x � V } x ² � M u x � V } ! 

                32.8 M u _�C D 

              � �� R: á ¹ â [8] 

 

p�) M u x � û Xi@ � z �[60][61][59]: 

1. � �ã S 	 4X(Generalized Modus Ponens, GMP) 

	 41 :  x Ö A� 

	 42 : Ë x Ö A ,¥ y Ö B 

--------------------------------- 

O �  : y Ö B� 
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2. � �( S Î� X(Generalized Modus Tollens, GMT) 

	 41 : y Ö B� 

	 42 : Ë x Ö A ,¥ y Ö B 

---------------------------------- 

O �  : x Ö A� 

3. � �: ® z õX(Generalized Hypothetical Syllogism, GHS) 

	 41: Ë x Ö A ,¥ y Ö B 

	 42: Ë y Ö B� ,¥ z Ö C 

------------------------------- 

O �  : x Ö A� , ¥ z Ö C� 

 

© �x � @¥GY q`� © iij B &õ@� Óp/ � q)Ó!-Ó�

N � V } @A BLo L[47]� 

 

õÓ!-Ó� N � V } @ O Q M u x � ) A B%� � H_ %� 

1. ´ H § ÞÁ ¢ G	 ì _ PPremise PartQ� Y �   ¡ ¢ �õ� Y ^  

$ H �   � &  4y �  4 )�� ! 

2. > 	 ì _ �   � &R ,� Ó!³),�&� ´ $ M u ¤ ¥&G 	 A _ Ò

^ ¹ \ ³! 

3. £ % ´ $ M u ¤ ¥) ¹ \ &½ ��Y ´ $ M u ¤ ¥)Îì _  

PConsequent PartQ! 

4. � üÎ A _ ) � M u � & ½ �· y § ¨ ! 

 

� M u � )� @iz �&�@ � 3�� @  ¯ &Ð A i�S ~ � � @è

Ó á )� @& µ � � q � )� q � � TS !O Q � M u � Î ½ ¨ )· y ³

= �LèO Q ] * © � � � á ä )� « ³[39]: 
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1. \ ² @ 

E� z è� K û ": 

 
E� z èa å û ": 

 
� d   k  4§ ¨ ) � � ¢ ! 

       yi  45k H) � � ³! 

       B (yi )  4yi   (M u � N  B ) �   ³! 
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������������ � � � � � 	 
 � � � � � � � 	 
 � � � � � � � 	 
 � � � � � � � 	 
 � �   
 

G� ,5E 6 )t F G H © ¶ Î&\�� >G�6 � Z qVW M X�

W Y %Z)de ¹ ¢ ³%Z � @O N l m n p��e�3p M u v w @p
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) U �|}%ZM X!õ@ © � &> � �IJ K L 8 # M N ~ ��W U �
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3.1 � � � � �� �  2 3 4 5 6 7 8 9 :� � � � �� �  2 3 4 5 6 7 8 9 :� � � � �� �  2 3 4 5 6 7 8 9 :� � � � �� �  2 3 4 5 6 7 8 9 :  

� ü5E 6 )t F G H�Ò 4 &IJ K L 8 # M N ) U ��%èz �

_ %&% � è~ ��U �p ` ��U �- a b U �! � d& ~ ��U �ü

( f È Á # R)U L&�(IJ K L 8 # M N U �)¬ ' �~è® [ ! 
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L � &\ h Òõ � � �«¬  ® ¯ ° ± d² O Q æ  A 9)Ã Ä m n - b

L!G7 � Q�IJ K L 8 # M N z � O Q k � ) W X �H � &O T � �

~ ��U �W��-IJ K L 8 # M N z � Gùú U �|}`) � R �

X! 

��&\�� G � � � �«¬  ® ¯ ° ± d²  4T)� �-Ä ¤ m

n )² Ò&� �IJ K L 8 # M N ~ ��U �-� ��&§ õ� O -© ¶ &
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3.1.1 O P Q R S � T 9O P Q R S � T 9O P Q R S � T 9O P Q R S � T 9  

~ ��(Cathode Plate))Úe � ¦è�qIJ K L ) � Á þ ��&õ  

^ >Õíè þ � ` ��(Anode Line))1)& [ \OD�3 3.1!Úeó ¶

t ·�@:E§ Þ�S Õ Ñ Î&~ ��(Cathode Line)`)IJ K L >~ �è

é��(Gate Line)`)Õ ¾ T ~ ��¼ &T>IJ K L Ð Á ¨ )Õíè þ �

é��! Ý TG� $ "Q&� �è ` ��)Õ ¾ S é��~ ¼ &�� / é

�Õ Ñ ê Z , � )Õí è ~ / � Z � ` ��!Ð ¹ � üOD`) ® |&Õ

í è > ~ ö G ` ��) À # Á ° z &T  ^ Á # )1)! 
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3.1.2 O P Q �O P Q �O P Q �O P Q � ���� 

~ ��U �Úe�%è� � Õ� º �p ë # ° ç ® p � � IJ K L �

�pc � � �_ %&10Hí U �! U �c�3�3 3.2  ¯ !� � t ·�

@! 

 
3 3.2 ~ ��U �3 

� �� R:� �«¬  ® ¯ ° ± d² (2005);\�� $ U  

 

1. ù ì Þ ß [ � 

1 	 Þ ß [ ��Ö� ¤ \G × Ø ) Þ ß [ � ¶ ß 3 í &MÖü× Ø

\� Þ ß [ � Ä ß " # T Y ! l Ý & Þ ß [ �)} _ ç i � q R · î ï U
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�! õ&G�U � � �q Þ ß ù ì ; & G ü; × d² î × ) ¼ À ó   &
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2. � � Õ� 
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� � Õ�)� L= þ î ¨ � ! 
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è� � ,�d)VW ! � &T� � Õ���(Peeling)) P Ì !Ë�" £ b ¨
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3. Æ �  

G y 1 , � � U �Í + Î&= � O Q Æ � ) U �!Eù � �o ~ � �

� `Õ� º �) Þ ß ; � @ � § � �`& G ü § � �ü@T` · � )§ �

� X&O Q ÷ � ) : L!G�U �dÓ\ e) : LÖ� �� ? § � �® S

) Ð � -§ � )"Q!E Þ ß [ � § � )"Q �  ^ ó m ® S )"Q&�

	 = @ $ U �"&T ¥ M ½ �Õ�º ���)P Ì ! 

��&�A B)Úe1)è� Õ� º �¦~ B � G Þ ß [ �`!~O
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 GO Q @ $ � õ) ë # ° ç ® U �"&Õ� º ���
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(e)® ¯ : 
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� L  � q) ® ¯ è¶ ;��:� � ; ! 

(f)� ¢ : 

    � LE"G® ¯ ` ® S ) © � � ¢ è¶ ;��:ü ý À � è 10cm/s 

(g) Á � � °: 

� L Á �U �|}"W � °;��� ë # PA1° 

(h) Á �"Q: 

� L U �|} Á �)"Q B &�Xõ9/ ¤ "%èÚ ;���

9501010910  4|} Á �"Qè) * 959 $ /$ ¤ Ò ` + B , %! 

(i) ' Lh Â : 

ü(½ Â G�Á � L � õ&z � Þ ? �pè 5-6 h @ A !��&̧ ù

) ' Lh Â �p � B a 6 £ � h Â )   C !TG7 E �d& D Ì ' Lh Â

)´ \ ! 

(j) |}%� � : 

|}� � )1)G( G ü_��� � S 7 _�d © _ ¾ ) s � &� �

�o ¦ E M ø s � d ] * ¨ �|} F � )� � !� � � [36]�q� � ó ¥

>|} B )Á �"Qp|}� û (VW � )pÁ ��p� \ � p1 2 ¸ ¾ õ-

1 2 h Â �¢õ·y )4·! S Ð� ¨ ��� � � XiB i!(1)� �o �

G À )._ ` � �d Y � õ= Á �)� �&É Ê P � |} B ) � R Z(2)i

�Ë � �k # �Á - U � 4 � ) L ¶ - I �qZ(3)�Lè> � Ü � û H �

� R |}_�)[ � ! 

G U �|} B `)� � `&\�� � � � � � ) � � ó ¥&Ð>

(c)(e)(g)(h)(i))� � õs � � X � P &� � � X�3 3.4& � � t ·�4

3.2~3.5; 

 

 

 

 

 

3 3.4|}%� � � � � X 
      

IJ KU IL KU

M M M M M M M M M M UUNUUM M UUNUUM M UUNUUM M UUNUUM M M  

IO KU IPKU IQKU
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4 3.2|}%� �  s t · 

 

4 3.3 U �  s t ·4 

 

4 3.4 ® ¯  s t ·4 
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4 3.5 � ° s t ·4 

 

��: 9501010910-02-02-01-001  4�U �|}Ö Á �G) * 959 1

/ 1 ¤ Ò +̀ B 10 %& � B Gë # PA1 °&G � � Õ�º �"&ü� s

001 h Â Á P |}! 

(k)̄ R : 

�� h � L Á �|}) � RÖ� . h èM ; ò )|}&MÖ� ( S  

� � )� };� ¶ �G4� ¤ d)� � ��G�D Ì ! 

 

STEP 2.y S %Z � �  

_��pü £ k�� ö ì � � N N T� &è 6 · y ? % FMEA%Z)

Â �&G� Q FMEA 	 Í m y S %Z) � ± [23]!��&G\A Bd&�

q% � ² 3 4(Explosion Type BOM) $ U ¨ ~ ��U �)© � � � 4&�4 

3.6 ~ ��U �%± ² 3 4  ¯ &y �U �) 	 Î # . !T�² 3 4 � G©

U � A B y �Î&= � m {�&"¦LèÎK �¶ ) � �!��$ � &E

U �|} Á �WÎ&= �G ü�² 3 4] � ¨ &�U �|}�¦ ~ � ¸ �

U �� � ¬ ' &-̧ � U �� � �U �)|}½ �! 
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4 3.6 ~ ��U �%± ² 3 4 
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STEP 3.Y � � � � �¦  

G üU �|}) � � &� �o �G� �¦ d Y � õ = Ö ( i < � ¨ P

, k � M � ; ) � �!TG\�� d � W� �¦ &ÚeèIJ K L 8 #

M N Ä ß W� �o  C ® ) FTPù! 

 

STEP 4.] * �U �|},½ G k � ë ì @Ö ( < � Á � 

G � � � � � �¦ (FTPù)WÎ&� " Á P �U �|},½ G k � ) U

� ë ì @& < � Á �,&= õ,½ )� XL � &Ð>\ B ã É Gè¶ ~

\ ] Á ��|}`!� " �U �|}� < Á �,&= O Þ5E � õ)%Z! 

 

5E � õ: l m n 3p��e�3%ZpFMEA 

STEP 5.T 3 � N ~ �  

# K 5$ � õ) STEP 4&ü z � !N N æ T � z � !N k # h Â � �

�U �|} O Q Þ B H � ! ^ z � !N T � &!N h Â l Ý î " ³ 1 2 ©

.W ¸ ù � L& � G U 	 m n - ´ Ä B S ) Þ B ~ � H � Î&��� i

U �|}i $ S �� ) 1 � ! 

 

 

STEP 6.� ¨ U �|})VW W Y pVW ó �p£ b � X 

1. z � !N h Â $Å . Ê � � � ¨ ��U �|}� � )VW W Y pVW ó

�p £ b � X! 

2. >!N � Â � ¨ )VW W Y pVW ó �p £ b � X V ó Î& V Þ$ �

FMEA4�&�4 3.7  ¯ ! 

3. >VW ó �Q)� O# . $ U � l m n %Z3! 

Gi # � á �M�5 �) � Z ± @d&õ3 ¯ ¬ Le�W k Û # . &1 	

³ i l m n T ç ! õ� L Ö � ì n PEvent Tree Analysis,ETAQM° 6 �

3&7 � �L�̂ [25]!��\�� �ql m %Z3>VW ó �Q)# . L

$ t ·&õ3 3.5è�! 
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A

B1 B2

C1 C2

B3

C3

C4 C6C5

 

 

 

 

 

 

 

 

 

 
 

 
 

3 3.5 l m n %Z3[37] 

A:U �|} B:Úel m ó � C:� e l m ó �



 51 

� 3.7 � � � � � � � 	 
 � � �  � �

������������� � � � � 	 
 � � �  �� � � � � 	 
 � � �  �� � � � � 	 
 � � �  �� � � � � 	 
 � � �  � ������ � � � � � � �� � � � �� �� � � � � � � ! � � " # � # $�� � � � � � � �� � � � �� �� � � � � � � ! � � " # � # $�� � � � � � � �� � � � �� �� � � � � � � ! � � " # � # $�� � � � � � � �� � � � �� �� � � � � � � ! � � " # � # $ ����

���������������������������������������� � 	 
 ����������������  � �����������������������������

� � � � �������������������������� � � � � ���������������� � � � � � ������������

�

����������������������� ���� ���� ���� � ���� � 	 
 � �� 	 
 � �� 	 
 � �� 	 
 � � ����  � � � � � � � � � � � � ���� � � � � � � � � � � � � � � � � ����  � � � � � � � � � � � � � � � � ���� � � � �� � � �� � � �� � � � ���� � � � �� � � �� � � �� � � � ���� � � �� � �� � �� � ����� �  �  �  �  �������� ! � �! � �! � �! � �����

� � � � � � � �

�

� � �

� �
�

� � �

� �
�

� � �

� �
�

� � �

� �

� � � � �

� �

� �

�

� � �
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4. ��������	
���� � �� 

� � � �� � � �� �� �� � ��� � ! " # $% & ' (�) * � �

+ �, $ AND - . OR - / 01 " 2 # $3 4 5 6 [25]78 (�9: ; <

= > ? @A * $	
���� � ���B C D E F ��� $ G �H�

3.6IJ7 

 

 

 
 
 
 
 
 
 
 
 

� 3.6	
��� 

A:�� � �  B:K �� � �� C:L �� � �� 

 

STEP 7.M N O P QRS ��R�� � � $T U V WX Y V WZ [ V \ ] � 

^_ ` a b ; c d e f g 9h i j k \ l m ��8 9) * FMEA n o

p V T U V WX Y V WZ [ V �(�2 ^q o rs $t o u Iv Z 7�

8 98 w x @y z { M N O P $2 | / \ q 
$��  

98 w x S M N O P } z s ~ � 2 | . ] �0� 0 3.8~0 3.10��Q

R9 STEP6(� � $ FMEA0� @$S � � ��$T U V WX Y V WZ [

V \ � S ~ $] �7 

] �0: �� IT U V ] �0WX Y V ] �0WZ [ V ] �0��S

] �0$p V � � �� �� IM � � ~ � 7 

1. T U V ] �0(� 0 3.8): 

T U V q 6 �� � � ��� ��� � � $T U � V  

T U V �I 5 � � ���� I� A �W�W@� W�W� A ��� H 1-10

�/ 01 �� � � V � T U � �r� � 
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2. X Y V ] �0(� 0 3.9): 

X Y V q 6 �� ��� � � �� � � ��$X Y � �  

X Y V �I 5 � � ���� I� A �W�W@� W�W� A ��� H 1-10

�/ 01 �X Y � � � �� �r� �7 

3. Z [ V ] �0(� 0 3.10): 

Z [ V q 6 �98 �� � � @�S � � ��% � [ � � $v Z � V 7 

Z [ V �I 5 � � ���� I� A �W�W@� W�W� A ��� H 1-10

�/ 01 �� [ � � �� � � �� �r� �7 

 

0 3.8 T U V ] �0 
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0 3.9 X Y V ] �0 
 

 

0 3.10 Z [ V ] �0 
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  ¡ l m :¢ * e £ ¤ ¥ ? . e £ ¦ § ¨ ©  

STEP 8.̈ © S ��� �$e £ ª « ¬ U  

^ STEP 7@B X ® M N ¯ f � ° f P QR�� � � $�� ] ��^_

± \ 2 | �K �² ³ $´ µ% ¶��8 � �S 4 S ~ $T U V WX Y V W

Z [ V $�r798 I· ¸ � O K ¹ 5 º $� � � �» ¼ $½ , ��8 ¾

¿ Klir� Folger[57]À � $e £ ¤ ¥ ? (Fuzzy Delphi Method)�Á * Â Ã Ä

Å r\ I¡ Æ e £ r$@� �/ Ç È M N ¯ f $5 É �� 8 �B )  Ê

��$Ë Ì Í Î Ï È Ð Ñ ® Ò 7� Saaty(1980)[65]Ó Ô I9Õ Ö Ä Å r×

Ø Ù (�) * Â Ã Ä Å r/ Ú 0M � Û $Ü Ý Þº ��B Hßà u á $â

�7�8 �ã h i �) * Â Ã Ä Å r\ I¡ Æ e £ r$@� 7 

9) * e £ ¤ ¥ ? �M N ¯ f O P RS ��$T U V WX Y V WZ [

V , �e £ ä È å 7æ Û } ç �e £ ä È è é e £ Ö § �ê ë e £ Ù �ß

à & ' $e £ ª « ¬ U å �ì Í í HË Ì 7î ï ð [35]�8 ñ ? ¢ * 9ò

ó : ô X (�õ ö Ü Ý ÷�� ¨ © � S ���� �e £ ª « ¬ U 7Moss

�Woodhouse(1999)[63]�e £ Ö § ¾ ¿̈ © ª « ¬ r@�� À � ×  Ê


�� ñ ? * / ] ø B ù V ú û 7�8 �ã l m ü t ÷F ý þ ) * $ñ ? �

Ñ � w x � �: 

1. �� × ° M � QR� × �� � � � × X Y ��� � � $T U �rWX Y

V �rWZ [ V �r�S \ ê � ¯ (l)WÂ Ã Ä Å r(m)W � = (u)$

¨ © �� H8 Ú 0� � ���T U V WX Y V WZ [ V $¡ Æ e £ ä È 7 

  � � 	 
 � ��� ßê � ¯ W� = WÂ Ã Ä Å r� 

 
2. 9 � ¯ WÂ Ã Ä Å rW� = � � �$¡ Æ e £ ä È @�I � Ä n 

� � � � �8 e £ ä È $� � 7�8 ã w x ü t ) * î ï ð [35]� À

� � � � ���÷F ¨ © ßà $� × ��� � ¯ WÂ Ã Ä Å rW� =

Á * Ä Å r? (� �3.1)� � �´ × K��\ I8 e £ ä È �e £
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r7 

�� � � ��

�

� � � �
� �

− + −= +      ………………………�3.1 

�8 �æ Û 98 w x B Hßà S � ��$T U V WX Y V WZ [ V � R¢

� k798 Hkij0�7 

i=1,2,3… 0�� � �  

j=1,2,3 �� 0T U V WX Y V WZ [ V  

J�k120  × � ��$X Y V �	q  

   � � ÷J� 

 

3. �T U V WX Y V WZ [ V �] �0� Ù I � � � r� 

^_ 9ã h i @M � � q �T U V WX Y V WZ [ V $ � 5 � �� �

¶��8 � R¢ � � � � � r � � ¶�� �3.7~3.9� 1 7 

 

 
 
 
 
 
 
 
 

� 3.7 T U V � � � r� 
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� 3.8 X Y V � � � r� 
 

 

 
 
 
 
 

 
 

� 3.9 Z [ V � � � r� 
 

^_ � � � r�� � � ¶��8 � � � r � � ¶7H�� � � × p V

� � � � r� �3.2~3.67 

� A �: 

�� �

��� �
� �

� �� �

�� �

�

�
� �

� �

�

<�
� ≤ ≤�= � − < <�
� ≥�

  ………………………………………�(3.2) 

 

�: 

�� �

��� �

� � � �� �

	 �� 	

�� 	

�

� �

� � �

� �

�

≤�
� − < <��= ≤ ≤�
� − < <
�

≥��

………………………………………�(3.3) 
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4.5 

@� : 

�� �

� �� 	

� � � �	 


� �
 �

�� �

�

� �

� � �

� �

�

≤�
� − < <��= ≤ ≤�
� − < <
�

≥��

………………………………………�(3.4) 

�: 

�� 



 �
 �

� � � �� �

 �� 

�� 

�

� �

� � �

� �

�

≤�
� − < <��= ≤ ≤�
� − < <
�

≥��

………………………………………�(3.5) 

� A �: 

�� �

��� �
� �

� �� � �

�� � �

�

� �
� �

�

�

≤�
� − < <�= � ≤ ≤�
� >�

………………………………………�(3.6) 

4. �w x 2@� ßà kij � � � r�. �3.2~3.6@� B ßà S ~ $ � � �

r7 � ! kijR¢ à � � r% " × f �  �� ß � r� � � 7 

   Hk11=4.5IJ�R¢ � � � � r�� �3.10� 1 �� R¢ # �3.3. � 

   3.4�â �� �� 

 

 

 

 

 

 

 

 

� 3.10��× �T U V � � � r� 
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  ê � � � r� � � 1 � 

� 5 � � � � � r 

� 0.5 

@�  0.5 

 

5. $ % ¦ § & ' (  

9e £ ú û @,e £ � � � r. e £ & ' ( IÜ q e £ ¦ § ú û 
Í

$  = K �,ê � ¨ � ) * Rú û 
Í � � # + , - 7� ¨ � . . � / 0 1

k � 2 � (Trial and Error)$2 | ? ' Hk � u á $ & 3 ñ �[2]7� & ' (

× Ø y H”if…then”$ñ � \ I 4 ¿� � 4 � � $0 5 ñ �7�ã h i 9T

U V WX Y V WZ [ V � S 4 5� � 5 � ���8 9 & ' ( ñ 6 � Þ4 125

	 & ' �4 � â �Þ��% U �W�W@� WU �W7 U ��Þ58 � � �

�7& ' ( $� q ñ � } 8̂ 9 : @$M � í H� q ��[68]7ã h i � &

' ( ; É < = 7 

J� � 

if T U V I”� A �”WX Y V I”� A �”WZ [ V I”� A �” 

then � � � �I”� A �”7 

^ & ' ( $58 � � � � $ % � � � r��� �3.11� 1 �� �S � �R¢

� � = � � � 03.117 

 

 

 

 
 
 
 
 

� 3.11 & ' ( 4 � â �� � � � r� 
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0 3.11 & ' ( > 8 â § � �� = 0 

 

6. ) * ”Min-Max”Ö § ? � S ��$e £ â §  

”Min-Max”ñ ? � 

�w x 4ßà $T U V WX Y V WZ [ V ¡ � � 5 � �$� � � V @ � ¯

� ! 4 A � � _ ¶× � �$ª « ] ø � ' @ B C â �@$ � = �� �

â § � � � V � I”Degree of truth”[24][35]7 

7. �w x 6ßà $e £ â § � � ë e £ Ù �  B ßS ��$e £ ¬ U  

ë e £ Ù $ñ �4 î A 8 �× Ø A * $ë e £ Ù ñ ? 4 U D ?  

(center of gravity; COG)WÄ Å  � = ? (mean of maximum; MOM) E 6 F @

D ? (center of Area ;COA)W � = í ¬ Ä Å ? Weight mean of 

maximum ;WMOM�[4]7 

� G 9S ñ ? � � H I J % I � � � � " �S ~ $ K * ½ L �4 � � � 7

� � G � = í ¬ Ä Å ? I � A ) * $ñ ? [63][35]7^_ � = í ¬ Ä Å ? M

N O P Q P R MB S T �� � ë e £ Ù $Ý U �N V R Mâ � W 9 Ê 
 X Y $! �

Z[ ÷\N ] R & ' ] ø � ^ s _` Ñ � V a t b � Ï $& ' [35]7�8 ã h

i ) * � = í ¬ Ä Å ? (� �3.7)\ Ië e £ Ù $ñ ? �H¨ © � S ��$

e £ ª « ¬ U & ' 7 

c � � ��

�

���������������������������������� �� �

� � 	 
 ��� � � � �� � � � � � � � � � � � � � � �

� � �� 	 
 ����  ! " #$% "

� &' ( ) * + ,- "

���

�

�

� �
� � � �

�

� � � �

� � �

� � � �

= �
�

 

 

STEP 9.z e £ ª « ¬ U  d Y  

^ s STEP 8 $¨ © B ? � � � � �� � � @S � ��$e £ ª « ¬
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U �98 w x @z { ^= à ¯ � � d Y $ e \ 7 

 

STEP 10. Re £ ª « ¬ r= � À � $ f  

^ s STEP 9$â ��B HX ® à ¬ U  � = � ��y � � 8 �� � �

�  Ê $����8 ± � g B H�4 h i j k l 98 ��$ m n � o p

÷�� 8 �B 4 �ë Ü 8 �� � � 7 

STEP 11.�N J q ¿ i r (  

9ë Ü � � �å �B �9ë Ü 8 N J� � $é � @� ó Y $ i r � �

# i r ( (FTPµ)@�HÀ s �å � ¶t u v � � �ë Ü w ? ü t 7 
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������������ � � � �� � � �� � � �� � � �  
 

^_ ã h i À � � × � �� � � �� e ���8 x  � �� � � IJ

H� � ã h i e ��È Ö 
y & 7�9` a b ; c d e f z � { �� @�

|} ` a b ; ~ r �� � � Ù �� I� � � �$�� 7�8 �ã � H B 

� �� @� 2 X Y é $� � IZJ7� * ã h i � $ � � $�� e ��R

�� � � � � ú û 
$�� �� ��� å � ßà $â �� � ` a b ; c d

e f � � À s �â �\ × � u � � Hy & ã e ��È Ö 
79N J y & �

��I z � { �� ÷� 2 X Y é $N J��� y : (1)|} ` a b ; ~ r ��

@$R° 
% á � � ;(2)� Ù �� @z � � � W $� � 7 

 

4.1 ��������	
����������	
����������	
����������	
�� 

^_ ` a b ; I` a b ; c d e f �K �X � j ��8 |} ` a b ;

~ r �� I` a b ; c d e f �� @ � I Ê $× � 79|} ` a b ; ~

r �� @� � I � $U �I�|} �� ` a b ; � $� � 
. R° 
7

�ã ¯ � y QR|} ` a b ; ~ r R° 
��% á $� � � / í H�� 7 
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