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����� 2 
 

��	
��
������	
���������� � ����ก�������	 
 

2.1 ������
ก !�
ก"
 
 

  ��ก����ก	
 (Six Sigma, 6σ)  �	
���� ������ !"
#$%�ก���&'ก
�()�*+,-�%	.�/
	,$%�0�,�.'����1�/0#,�� 3.4 5�6'*7%ก
�()�*��'�/
)/
'5�6'��8%+,-0�,�ก&7
 3.4 #,#,0%9	 (Parts Per 
Million, PPM) C)�'%กD
ก',6���0EF'0��8-%�	8%57&�G �ก�D.�/�
	
��Cก/EHI�
� !"
#$%�����
$%�ก
�EJ���*�ก
�1�/%,ก�/&� (&�ก�#,0�,� �
�
' ก�	0��,, 2552)  ��ก����ก	
	,+,-	
D
กก
�E��� ก*�
�&
	�M/+
��/
'���*�	
.5/ ��-�D �กN
0'��$%�&�G,��ก����ก	
0��-	$�6'D
ก���O�+P	P*P�)
 (Motorola) 
1�/	,ก
�#�Q'
C)���/
�P���ก
�0#8-%E���E� �� !"
#$%���'�/
"
�.*/ก
�'N
$%� 0D CR�, 
(Harry, 1998) C)�.'EW �.X.1988  ���O�+P	P*P�)
1�/*,#�	#�C)�0EY�0(�&�G,.�	7.'ก
�E���E� �
� !"
#$%���'�/
P��0�,�ก&�G,���ก)7
&&7
 Z&�G,��ก����ก	
[  

 ��I)�กO!���ก	
 (Sigma, σ) 0EF'*�&%�กO�.'"
O
ก�,ก+,-.5/C+'�&
	�	
�$%��7&'
0�,-��0�'	
*�\
' (Standard Deviation) 0EF'*�&0)$+,-.5/&���&
	CE�E�&'��8%ก
�ก��D
�*�&
$%�$/%	M) (Distribution) ��-�0�,-��0�'1ED
ก�7
0b),-�	
*�\
' (Mean) .'�)�กก
�$%���ก����ก	

D�'��
	.�/E�
กJก
�!�+,-0ก��$�6'.'����0EF'ก
�CDกCD�Eก*� (Normal Distribution) ��8%ก
�
ก��D
�0EF'�ME��d���&-N
+�6��	� �7
0b),-�+,-D �ก�-�ก)
�$%�ก
�ก��D
�*�&�8% �7
+,-*/%�ก
� 
(Target Value) �7&'��ก	
�8%�'�-�57&�$%��&
	0�,-��0�'	
*�\
'+,-&��D
กD �ก�-�ก)
����ก)7
& 
C)�D�	,$%�0$*$%�ก
��%	���1�/%�M7 2 �7&'�8% $%�0$*DN
ก���'��8%�7
+,-	
ก+,-� �+,-�%	���1�/ 
(Upper Specification Limit, USL) C)�$%�0$*DN
ก��)7
���8%�7
+,-'/%�+,-� �+,-�%	���1�/ (Lower 
Specification Limit, LSL) ��-��
ก0EF'1E*
	0�/'P�/�ก
�ก��D
�*�&*
	Eก*�D���m +
����*�'�6'+,-
������ก��ก	
D�	,$%�0�,�+,-%�M7'%ก$%�0$*$%�ก
��%	���0+7
ก�� 0.002 #,#,0%9	 0+7
'�6'���
C������"
#+,- 2.1 C*7�)�กก
���ก����ก	
+,-.5/%�M7.'EHDD ��'	,ก
��%	���$%�0�,�+,- 3.4 #,#,0%9	 
0'8-%�D
ก.'$!�+,-���O�+P	P*P�)
+N
ก
�0ก9��&��&	$/%	M)C)�&�0��
����&
	CE�E�&''�6'1�/
#�&7
 1	7	,����ก
�()�*.�0)�+,-D�1	7�Mก��ก&'D
ก�"
#C&�)/%	"
�'%ก '�-'�8% 0�
1	7
�
	
���&�� 	EHDD��"
�'%ก0#8-%1	7.�/�7�()����&
	0�,-��0�'$%�$/%	M)1�/ ��-�����+,-1	7	,�&
	
CE�E�&'0)�D��0EF'0#,������.'% �	�*� (Ideal System)  ���'�6' P	P*P�)7
D��+N
ก
�0ก9�
�&��&	$/%	M).�	7.'ก���&'ก
�()�*0#8-%�
�&
	CE�E�&'+,-0ก��D
กEHDD��"
�'%ก%�'�7�()���
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ก
��)
�0�)8-%'$%��7
ก�-�ก)
� ��-�1�/$/%�� ED
กก
�&�0��
����8% �7
0�,-��0�'$%�$/%	M)%�'
0'8-%�D
กEHDD��"
�'%ก	,�7
%�M7.'57&� 1.4-1.6 0+7
$%���ก	
 D��'N
�7
0b),-��8% 1.5 0+7
$%���ก	

0EF'�7
�&
	0�,-��0�'$%��7
ก�-�ก)
�$/%	M)+,-�%	���1�/'N
	
.5/.'+pOq,��ก����ก	
 ��-��7
 3.4 #,#,
0%9	 D��0EF'�7
�&
	(��#)
�+,- 4.5 0+7
$%���ก	
*
	�)�ก���*�'�-'0%� ���C������"
#+,- 2.2 
 

 
 

"
#+,- 2.1 
$%�0$*DN
ก���'C)�$%�0$*DN
ก��)7
�+,-����� 6 ��ก	
 

  

 
 

"
#+,- 2.2 
�7
�&
	�)
�0�)8-%' 1.5 0+7
$%���ก	
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�)�กก
���8%C'&���$%���ก����ก	
	,#86'\
'	
D
กC'&�&
	���.'05�����*�"
�.*/
�		*�\
'+,-&7
 
 1. + ก��-�+ ก%�7
��8% ก���&'ก
� 
 2. ก���&'ก
�+ กก���&'ก
�	,�&
	CE�E�&'C���)
ก�)
� (Variation) %�M7
*)%�0&)
 
 ��&.D�N
��I$%���ก����ก	
$�6'%�M7ก���		*�\
'+,-&7
�/
0�
�
	
��'����8%&��DN
'&'
�,0r� (Defect) ��8%��-�+,-	,*N
�'� �ก#�7%� (��#)
���8%0�,�$%�()�*()+,-1�/D
กก���&'ก
�0�
ก9
�
	
���
&�G,+,-D�$D��DN
'&'�,0r��'()�*().�/'/%�+,-� �0+7
+,-D�'/%�1�/ 
 �N
&7
%�*�
�,0r� (Defect Rate) �8% %�*�
�7&'���&7
�()()�*+,-	,*N
�'� (��#)
� 
�ก#�7%���8%0�,�*7%DN
'&'()()�*+�6��	� ��-�.'�
�ก�!,%
DD�.5/0E%��0�9'*��,0r� ��-�0+7
ก�� 
100 �M!�/&�%�*�
�,0r� C*7�/
E����+G�"
#$%�ก���&'ก
��M�%�*�
�,0r�+,-�
1�/D�	,�7
'/%�
	
ก .'ก�!,057'',6D�.5/DN
'&'�,0r�*7%DN
'&'�'�-�)/
'()()�* %�*�
�,0r�.'�������ก	
*7
�m 
�
	
��0E�,��0+,��1�/���*
�
�+,- 2.1 
 

*
�
�+,- 2.1 
DN
'&'�,0r�.'�)
ก�)
������ 

 
$%�0$*

$/%กN
�'� 
(LCL & UCL) 

�7
0b),-� = 0Ew
�	
� �7
0b),-� = 0Ew
�	
�± 1.5σ Sigma 
Level %$%�()()�* 

+,-�, 
DN
'&'�,0r� 

.'�'�-�)/
'5�6' 
%$%�()()�*+,-

�,(1.5σ Shift) 

DN
'&'�,0r� 
.'�'�-�)/
'5�6' 

± 1σ 68.27 317,300 30.28 697,700 1 

± 2σ 95.45 45,500 69.13 308,700 2 

± 3σ 99.73 27,00 93.32 66,810 3 

± 4σ 99.9937 63 99.3790 6,210 4 

± 5σ 99.999943 0.57 99.97670 233 5 

± 6σ 99.9999998 0.002 99.99660 3.4 6 
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2.2 ��#�$��ก
%�&
	
���	�
ก !�
ก"
 (Six Sigma Methodology) 
 
 $�6'*%'.'ก
�EJ���*�0#8-%���) ����&
	�
	
��$%�ก���&'ก
�.'�������ก����ก	

�8%�)�กก
�+,-0�,�ก&7
 DMAIC 	
D
ก Define}Measure}Analyze}Improve}Control ��-�	,
�&
	�	
����',6  

 1. Define �8% $�6'*%'$%�ก
�'��
	��8%กN
�'�EHI�
 0)8%กP���ก
�+,-D�+N
ก
�
E���E� ���8%%%กC�� +�6�',60'/'�&
	*/%�ก
�$%�)Mก�/
0EF'�)�ก�/&� 0#8-%.�/P���ก
�+,-0)8%กD�+N

'�6'0EF'0�8-%��N
��ID��� +N
C)/&� /	�7
 *��E��0�9' C)�1	70�,�0&)
0E)7
 
 2. Measure �8% $�6'*%'ก
�&��E����+G�"
#C)��&
	�
	
��$%�ก���&'ก
�0#8-%
+N
.�/0$/
.D�"
#$%�ก���&'ก
�+,-	,��8%.5/%�M7.'EHDD ��'C)��
	
��'N
1E.5/E��P�5'�*7%ก
�
&�0��
����)��D
ก+,-1�/กN
�'�E��0�9'EHI�
1&/%�7
�5��0D'   

3. Analyze �8% $�6'*%'ก
�&�0��
��� (D
ก$/%	M)+,-&��	
1�/) 0#8-%�
��8%#��MD'�*�&CE�
�N
��I+,-� �.'ก���&'ก
� (Key Process Input Variable, KPIV) +,-0EF'*/'*%�
0�* $%�EHI�
 
(Key Process Output Variable, KPOV) +,-'��
	1&/.'$�6'*%'',6�8%&7
�N
��I	
ก0#�
��/
�
*�&
CE�1	70D%��8%�
(��ก91	7%
DD�E���E� ���8%E���E� �(��+,-   

4. Improve �8% $�6'*%'$%�ก
�E���E� � �)��D
ก+,-0�
D��*�&CE�+,-	,�N
��I1�/C)/& 0�

ก9)�	8%Cก/1$ E���E� � 0#8-%$D����8%�&�� 	�
0�* C)�*�&CE�+,-&�0��
���1�/   

5. Control �8% $�6'*%'$%�ก
��&�� 	 0#8-%.�/ก���&'ก
�'�6''�-� �	
���� %�M7"
�.*/
ก
��&�� 	%�7
��	-N
0�	% 

�
�)�0%,��ก���&'ก
� &�*� E������C)�*�&%�7
�0��8-%�	8%+,-'��	'N
	
.5/0#8-%E��� 
E� �ก���&'ก
�*
	�)�กก
�$%���ก����ก	
�
	
���� EP���&	���*
�
�+,- 2.2 
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*
�
�+,- 2.2  
$�6'*%'C)�*�&%�7
�0��8-%�	8%+,-.5/.'C*7)�$�6'*%'$%�ก���&'ก
���ก����ก	
 

 
ก���&'ก
� &�*� E������ *�&%�7
�0��8-%�	8%+,-.5/ 
'��
	��8%

กN
�'�EHI�
 
(Define ) 

1. ��� &7
.���8%)Mก�/
 
2. ��� EHDD��+,-	,()*7%�&
	#��#%.D$%�)Mก�/
 
3. ��� $%�0$*$%�P���ก
� C)�D��*�6�+,	 
4. ��� ก���&'ก
� (Micro-process mapping) 

1. Process mapping. 
2. CT matrix 

ก
�&�� 
(Measure) 

1. ��� �&
	�
	
��$%�ก���&'ก
� 
2. *�&D�%��&
	�Mก*/%�$%�����ก
�&�� 
3. ��� EHDD��Ew%'0$/
+,-0EF'1E1�/ 
4. ��� 0Ew
�	
�$%�P���ก
� 

1. Process mapping 
2. C&E analysis 
3. 7QC tools 
4. FMEA 
5. Gage R&R 
6. Graphical technique 

ก
�&�0��
��� 
(Analyze)  

 

1. )N
����&
	�N
��I$%�EHDD��+,-0EF'1E1�/ 
2. ��� �
0�* +,-C+/D���$%�EHI�
 
 

1. Process mapping 
2. Graphical technique 
3. Multi-Vari study 
4. Hypothesis testing 
5. Correlation & Regression 

ก
�E���E� � 
(Improve)  

 

1. ��� 0Ew
�	
�$%�EHDD��Ew%'0$/
 
2. ��� $%�0$*$%�EHDD��Ew%'0$/
+,-�%	��� 
3. +�)%��8'��'()+,-1�/ 

1. Process mapping 
2. DOE 
3. Simulation 
4. Optimization 

ก
��&�� 	 
(Control) 

1. D��+N
�����&�� 	ก���&'ก
� 
2. 'N
�M7ก
�EJ���*�0#8-%��กO
������&
	�
	
�� 
$%�ก���&'ก
�.�/��%�M7.'�����+,-E���E� �1&/ 

1.Control plans 
2.SPC 
3.Gage control plan 
4.PM 
5.Poka Yoke /Mistake 
proofing 
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2.3 89��&
	
���	�
ก !�
ก"
 
 

P���ก
���ก����ก	
 E��ก%��/&��!�+N
�
'���',6 
1. �0*,�����%		�**, (Steering Committee) �8% �!�ก��	ก
���-�	
D
ก�!�

(M/����
�C)�(M/����
�D
ก�'7&��
'*7
�m   +N
�'/
+,-กN
�'�ก�%���8%$%�0$*.'ก
��N
0'�'ก
� 
�'���' '+��#�
ก�*7
�m +,-DN
0EF' ��� C)����0)8%กP���ก
���8%ก���&'ก
� .�/ก
��'���' 'ก��
C5	0EW��' (Champion) ��8%�E%'0�%�� (Sponsor) .'ก
��N
0'�'P���ก
�*7
�m E��0	�'
�&
	ก/
&�'/
ก
��N
0'�'P���ก
� C�7�EH'E����ก
�!�+,-0EF'0)�X.�/ก��%���ก� &
�C('�%����
()ก��+�*7
�m +,-%
D*
		
%�7
��
�1	7��� *��*
	C)�+�+&' 0#8-%�'���' 'C)�Ew%�ก�'ก
�
����' 

2.  C5	0EW��' ��8%�E%'0�%�� �8% (M/����
�������M� (Executive-Level Manager) +N

�'/
+,-$D��% E���� .�/�
�&�)��8%�7
*%�C+' *%�EHI�
 %' 	�*�P���ก
� ����
�ก
�0E),-�' 
CE)�   กN
�'�&����+�X'�$%�P���ก
� กN
�'�0ก!��$%�P���ก
� C)��'���' '+��#�
ก� 1�/Cก7
�' 0��' 0&)
 ��
'+,- กN
)��.D C)��&
	5��0D'.'�'/
+,- 

3. 	
�0*%��C�)9�0�)+� (Master Black Belt) �8% (M/5N
'
Iก
��/
'0+�'��C)�
0��8-%�	8%+
����*� (Statistical Expert) 0EF'(M/+,-1�/���ก
�%��	0$/	$/' C)/&%��	C)���/
������
�
��N
$�6'	
	
ก	
� �7
�+%�&����+�X'�P���ก
�   ����
�P���ก
�C)�+��#�
ก�   57&����0)8%ก
P���ก
�+,-�%��)/%�ก��ก)� +G� ก��* /'C)��%��7%��MC)+ กP���ก
� C)�1�/���ก
�����%� 
(Certified) &7
�	�&�0EF'	
�0*%��C�)9�0�)+� 

4. C�)9�0�)+� (Black Belt) �8% (M/����
�P���ก
���8%(M/E���
'�
' +N
�'/
+,-0EF'
(M/'N
.'ก
�)�	8%0E),-�'CE)� %��	&�5
��ก����ก	
.�/��� 0EF'��&�'/
+,	 �%'.5/0+�'��C)�
0��8-%�	8%.'ก
�+N
%�7
�0�	
��	 กN
�'��
�)�0%,��$%�C(' E���
'�
'C)�กN
�'�ก
�
E��5 	+,	   �&��&	C)�&�0��
���$/%	M) E���
'�
'ก����
��
��'0+X *��*
	�
'C)�&��()
�
'   �&�� 	��E��	
!E���
'�
'ก����
�ก
�0��'C)���I5, 0*�,�	ก
�'N
0�'%()�
'$%�+,	   
�MC)C)�.�/�N
C'�'N
Cก7������
�0$,�& 	,()�
' 4-6 P���ก
�*7%EW D'1�/���ก
�����%�&7
�	�&�
0EF'������
��N
 

5. �	
5�ก.'+,	 (Team Member) %
DC�7�0EF' 2 ����� �8% ������
�$
& (White 
Belt) C)� ������
�0$,�& (Green Belt) +N
�'/
+,-+N
�
'*
	P���ก
�*
	C('+,-&
�1&/ �8-%�
�ก��
�'+,-1	71�/%�M7.'+,	 0ก9�$/%	M) C)�0$/
E��5 	  
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6. (M/D��ก
�ก���&'ก
� (Process Owner) +N
�'/
+,-.�/�&
	�7&		8%C)��8-%�
�
�&
	�M/0ก,-�&ก��ก���&'ก
�   %' 	�*�ก
�Cก/1$0E),-�'CE)�ก���&'ก
�   0)8%ก+,	�
'   ��/
�$&�I
กN
)��.D ก��* /'C)���/
��&
	���(��5%�C)�EJ���*�*
	&����+�X'�$%�(M/����
� 
 
2.4 ก%����ก
%�
	 ;
$
���<=�<�ก%����ก
%�
ก !�
ก"
 
 
 2.4.1 ก
%8�>����ก�&
���8%�#	?%����
>ก
%�>��	 (Replicates)  
 ก
��N
'&!DN
'&'���6���8%$'
�ก
�+�)%�+,-0�	
��	$%�*�&C��()ก��+���+,- 
(Fix Effect Model) �
	
��+N
1�/P��.5/0�/'P�/�C���� !)�กO!� (Operating Characteristic, 
OC-Curve) D
ก�M*� 
 

2
aσ

2
i

τn2 ∑
=∅     ��8% 

2aσ2

2nD2 =∅  

 
��-�	,$�6'*%'���',6 
  1. กN
�'�%N
'
Dก
�+��%� (Power of Test, 1-β) �N
����EJ�0�G�		*�\
'
�)�ก (Reject H0) 
  2. �N
'&!�7
 µ−µ=τ i  

3. กN
�'��7
 n C)/&�N
'&! 2∅  'N
�7
 ∅  1E0EY�ก�
r0�/'P�/�C���    
� !)�กO!�0#8-%%7
'�7
 β C)/&�N
'&! 1-β �/
 1-β '/%�ก&7
%N
'
Dก
�+��%�+,-*/%�ก
� +N
ก
�
0#�-	 n +,)��'�-�D'ก��+�-�%N
'
Dก
�+��%�	,�7
	
กก&7
  
  ก�!,กN
�'� iµ   1	71�/��8%�
กD�กN
�'�0EF' D (�&
	C*ก*7
�$%� iµ ) 
 
 2.4.2 ก
%�
�8%
�?!%���ก
%��> (Measurement System Analysis, MSA)  
 ����ก
�&��	,�&
	�N
��I*7%ก
��8'��'()ก
�*�&D�%�� !"
#%�7
�	
ก ���C	/&7

����ก
�()�*D�	,�&
	�Mก*/%�C*7�/
����ก
�&��	,�&
	(��#)
� ก9%
D�7�()*7%ก
�*����'.D+,-
�)
�0�)8-%'1�/ ���'�6'ก
�&�0��
�������ก
�&�� (MSA) D��0EF'ก
�&�0��
���� !�	��*�05�����*�
$%�����ก
�&��0#8-%C�กC��C�)7�$%��&
	(�'CE�*7
�m C)��N
0'�'ก
�E���E� � .'ก
�
&�0��
���D��'.D.'ก
�&�0��
����&
	�Mก*/%� C)�ก
�&�0��
����&
	C	7'�N
$%�����ก
�&��
C)/&#�
�
	E���.�/%�M7.'0ก!��+,-�%	��� ��-��&
	C	7'�N
$%�ก
�&��D�E��ก%�1E�/&�
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�&
	�
	
��.'ก
�+N
�6N
 (Repeatability) �	
���� �&
	C*ก*7
�$%�����ก
�&��"
�.*/
0�8-%'1$0�,�&ก�' C)��&
	�
	
��.'ก
�+N
0�	8%' (Reproducibility) �	
���� �&
	C*ก*7
�
$%�����ก
�&��"
�.*/0�8-%'1$*7
�ก�' 
  ก��	&�G,.'ก
�&�0��
�������ก
�&��'�6'�
	
��+N
1�/�)
��MEC��&�G,�'�-�+,-
'��	.5/�8% GR&R (Gauge Repeatability and Reproducibility) ก
�&��� !"
#()�*"�!�� 
�
	
��DN
C'ก*
	)�กO!�$%�()�*"�!��%%ก0EF' 2 )�กO!� ���',6 
 1. ก
�&��C��*�&CE��7
 (Variable) 0EF'ก
�&��()�*"�!��.'05��E��	
! 
��-�%
D%�M7.'�ME$%�'6N
�'�ก �&
	�
& E��	
*� ��8%�'7&�%8-'m +,-�
	
��&��1�/ *�&%�7
�ก
�&��
C��*�&CE��7
 057' 0�/'(7
'XM'��ก)
�$%�)/%���'*� $'
�D%"
#�%	#�&0*%�� C)������
% !�"M	�+,-+N
.�/%
�
�� ก 0EF'*/' 

   2. ก
�&��C��� !�	��*� (Attribute) 0EF'ก
�&��()�*"�!��.'05��
� !"
# P��DN
C'ก%%ก0EF')�กO!�*7
�m 057' Z�,}0�,�[ Z�Mก}(��[ ��8% Z5N
� �}1	75N
� �[ 0EF'*/' 
.'ก
�X�กO
�&
	�
	
��$%�����ก
�&��',6 �
	
��C�7�%%ก1�/0EF' 2 &�G, �8% ก
�E��0	�'().'
������6' (Short Method) C)�ก
�E��0	�'().'�����
& (Long Method) P��C'&�&
	���$%�
ก
�E��0	�'().'������6''�6'%
X��ก
�DN
C'ก5�6'��-�*�&%�7
�+,-	,)�กO!�+�6��, 1	7�,C)�ก6N
ก�-� 
(Marginal) .'DN
'&'+,-0�	
��	 C)/&.�/#'�ก�
'+N
ก
�*�&D�%�0#8-%DN
C'ก()&7
(7
'��8%1	7
(7
' D
ก'�6'D�#�D
�!
&7
()ก
�*�&D�%��6N
	,� !"
#*��ก���&
	D�����8%1	7 ��-�)�กO!�
���ก)7
&D��%ก����&
	�Mก*/%�.'ก
�*�&D�%� P��D�C�7�)�กO!��&
	�Mก*/%�%%ก0EF' 2 C�� 
�8% �&
	)N
0%,��$%�)Mก�/
 (Consumer Bias) �	
���� ก
�+,-#'�ก�
'*�&D�%�	,C'&P'/	.'
ก
�+,-D�*�&D�%�C)/&�� E()&7
1	7(7
' �N
�����
'�, C)��&
	)N
0%,��$%�(M/()�* (Producer  
Bias) �	
���� ก
�+,-#'�ก�
'*�&D�%�	,C'&P'/	+,-D��� E()&7
(7
'�N
�����
'+,-1	7�, ก
�
E��0	�'()����ก
�*�&D&��.'������6' E��0	�'�/&���5',*7
�m ���',6 
 
% ก
�+N
�6N
$%�#'�ก�
' = DN
'&'���6�+,-()ก
�+��%�0�	8%'ก�' x 100 

DN
'&'5�6'�
'*�&D�%� 
 

% �&
	1	7)N
0%,��$%�#'�ก�
' = DN
'&'���6�+,-()ก
�*�&D�%�0�	8%'ก�'C)��Mก*/%� x 100 
DN
'&'5�6'�
'*�&D�%� 
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% E����+G�()ก
�+N
�6N
= DN
'&'DN
'&'���6�+,-#'�ก�
'+ ก�'*�&D�%�0�	8%'ก�' x 100 

DN
'&'5�6'�
'*�&D�%� 
 

% E����+G�()�&
	1	7)N
0%,��= DN
'&'���6�+,-#'�ก�
'+ ก�'*�&D�%�1�/�Mก*/%�0�	8%'ก�'x100 
DN
'&'5�6'�
'*�&D�%� 
 

 2.4.3 ก
%�
�8%
�?!8�
" 
"
%;��	ก%����ก
% (Process Capability 
Analysis)  

 ก
�E��0	�'�&
	�
	
��$%�ก���&'ก
� D��N
0'�'ก
�(7
'�7
��5',��8%�7
%�*�
 
�7&'$%��&
	�
	
���/
'X�ก�"
#$%�ก���&'ก
� (Process Potential Capability) C)�
�&
	�
	
���/
'�	���'�$%�ก���&'ก
� (Process Performance Capability) P���&
	 
�
	
��$%�ก���&'ก
�D�C�7�0EF'C��������6' (Short Term, ST) 0EF'ก
�E��0	�'�&
	 
�
	
��$%�ก���&'ก
�"
�.'�"
&�0�,�&ก�' (Within Condition) P��	�1�/�N
'������&
	(�'
CE�*7
� m C)������
& (Long Term, LT)  0EF'ก
�E��0	�'�&
	�
	
��$%�ก���&'ก
�
�&	����&
	(�'CE�+,-0ก��$�6'���&7
�0�8-%'1$  (Between Condition) 057' �&
	(�'CE����&7
�
&�'+,-+N
ก
�()�* �&
	(�'CE����&7
�C('ก  �&
	(�'CE����&7
�#'�ก�
'   �&
	(�'CE�
���&7
�)9%*$%�&���  ��-�ก
�E��0	�'',6D��
	
���%ก1�/&7
ก
�D��ก
�.'ก���&'ก
�'�6'�,0#,��.� 
0	8-%0+,��ก���&
	*/%�ก
�$%�)Mก�/
 (7
'*�&5,6&��*7
�m ���*
�
�+,- 2.3 

 
*
�
�+,- 2.3  

C'&�&
	���ก
�E��0	�'�&
	�
	
��$%�ก���&'ก
� 
 

*�&5,6&�� ก
�X�กO
"
�.*/ก
��&�� 	
05�����*� (Short Term) 

ก
�X�กO
"
�.*/�"
#D���
$%�ก���&'ก
� (Long Term) 

�&
	�
	
���/
'
ก���&'ก
� RC,pC  RP,pP  

�&
	�
	
���/
'�	���'� pmC,pkC  pmP,pkP  
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����������	
���
�
��
�ก�����������
��
������ก�����ก��E��ก%��/&� 
 1. ��5',C���X�ก�"
#$%�ก���&'ก
� (Process Potential Index, Cp) 

 

σ6

LCLUCL

p
C

−
=  

 

�
���   σ  ��� ���
����	����
��������	��������ก�����ก��  
 

  2. ��5',C����&
	�
	
��$%�ก���&'ก
� (Process Capability Index, Cpk) 
 





 −−

=
σ3

LSLµ
,

σ3

µUSL
min 

pk
C  

 

  �
��� σ  ��� ���
����	����
��������	��������ก�����ก��  
 

 3. ��5',C����	���'�$%�ก���&'ก
����*� (Process Performance Index, 
Pp, Ppk) 

 
 
    
  

�
��� σ  ��� ���
����	����
��������	�	�����ก�����ก��  
 





 −−

=
σ3

LSLµ
,

σ3

µUSL
min

pk
P  

 

�
��� σ  ��� ���
����	����
��������	�	�����ก�����ก�� 
ก
��N
'&!�������ก	
P��.5/PE�Cก�		�'�C+Eก�!,���D
กDN
'&'$%�0�,� 057' ก
�E���E� �$%�
0�,� 	,$�6'*%'���',6  
    1. �M/DN
'&'$%�0�,�  057'  22 5�6' 

σ6

LSLUSL

p
P

−
=
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   2. �M/DN
'&'$%�ก
�()�*+�6��	�  057' 1,050 5�6' 
    3. �N
'&!�
�7
����7&'$%�0�,� 057'  22/1,050 = 0.0209   

4. 'N
 1 )�ก������7&'$%�0�,� 057' 1-0.0209 = 0.97904  
    5. 0$/
.'	�'�C+E  

Cal >  Probability   Distribution  >  Normal 
 !����ก��ก��ก���
"!�#���$��
�!%! ���&�#��� 2.3 
 

 
 

&�#��� 2.3  
����	*��ก��
�*�*�
�+$� ก�

��� �$�#���$��
�!%!,������-�ก
� 

 
D�1�/�7
%%ก	
���',6 

 
 

P��0	8-%���0+,��ก��0�/'P�/�Eก*�D�#�&7
 
- ����7&'$%��,  D�%�M7�/
'�/
�	8%  
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- ����7&'$%�0�,� D�%�M7�/
'$&
	8%  
 

   
 
 

 
 

���'�6'�������ก	
 = 2.0343+1.5 = 3.534 
 

ก
�0E�,��0+,���������ก	
C)���5',C����&
	�
	
��$%�ก���&'ก
� C������*
�
�
+,- 2.4 
 

*
�
�+,- 2.4 
ก
�0E�,��0+,���������ก	
C)���5',C����&
	�
	
��$%�ก���&'ก
� 

 
Sigma  Cpk 
1.50 0.50 
3.00 1.00 
3.50 1.17 
4.00 1.33 
4.50 1.50 
5.00 1.67 
6.00 2.00 

 
 2.4.4 ก
%$�#	 ""$
L
����ก
%�> �� ""$
L
� (Hypothesis Testing)  
 �8%ก
�+��%�0#8-%�� E��8%#��MD'�$/%�&
	��-�0EF'�		*�\
'0ก,-�&ก��������8%
ก���&'ก
�+,-�'.DX�กO
&7
0EF'1E*
	+,-�
���0'1&/��8%1	7 .'ก
�+��%��		*�\
''�6'D�C�7�
$/%�		*�%%ก0EF'�%��7&'�)�ก0�,�ก&7
�		*�\
'�)�ก (Null Hypothesis) C)��		*�\
'%8-'��8%
�		*�\
'�%� (Alternate or Alternative Hypothesis) 

 0.0209  1 - 0.0209 = 0.97904 

 x = 2.0343 
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  1. �		*�\
'�)�ก (Null Hypothesis, H0) E��ก%��/&�$/%�		*���8%$/%�&
	
+,-*/%�ก
�#��MD'�&7
0+9D (Disprove) ��8%$/%�&
	+,-*/%�ก
�EJ�0�G $/%�&
	+,-��� .'�		*�\
'
�)�กD�0EF'�+ก)����8%�7&'ก)��$%��		*�\
'%8-'��8%�		*�\
'�%�0�	% 
  2. �		*�\
'�%� (Alternate Hypothesis, Ha ��8% H1) E��ก%��/&�$/%
�		*�\
'��8%$/%�&
	+,-*/%�ก
�#��MD'�&7
D��� (Prove) ��8%*/%�ก
��%	��� �ก���� ก�!,+,-#��MD'�
&7
0+7
ก�' 0��8-%��	
�0+7
ก�' 0��8-%��	
�0+7
ก��D�E�
กJ.'�		*�\
'�)�ก 0'8-%�D
ก&�G,ก
�.' 
ก
�+��%�D�*/%�+N
ก
�กN
�'������ก
�+��%� (Significance Level ��8% Type I Error, α) 
D��DN
0EF'*/%�+�
��7
#
�
	�0*%��.' H0  
  ก
�+��%��		*�\
'C�7�0EF' 2 C�� �8% 
 1. ก
�+��%�+
�0�,�& (One-Tailed or One-Sided Test) �8% ก
�+��%�
�		*�\
'+,-0��8-%��	
�+,-��� .'�		*�\
'�%� �8% 0��8-%��	
� > ��8% <  
 2. ก
�+��%��%�+
� (Two-Tailed or Two-Sided Test) �8% ก
�+��%� 
�		*�\
'+,-0��8-%��	
�+,-��� .'�		*�\
'�%� �8% 0��8-%��	
� ≠   
.'ก
�+��%��		*�\
'DN
0EF'*/%�+�
����0&!&�กp*��8%���0&!EJ�0�G H0 (Critical Region or 
Rejection Region) �8%���0&!+,-	,#86'+,-�&	0+7
ก�� α C)�*N
C�'7�$%����0&!�'ก
�CDกCD����*�
+,-.5/+��%���� *
	0��8-%��	
�.'�		*�\
'�%� 
  - �/
0��8-%��	
�.' H1 �8% > ���0&!EJ�0�G H0 D�%�M7�/
'$&
C)�	,#86'+,-
0+7
ก�� α 
  - �/
0��8-%��	
�.' H1 �8% > ���0&!EJ�0�G H0 D�%�M7�/
'�/
�C)�	,#86'+,-
0+7
ก�� 1-α 
  - �/
0��8-%��	
�.' H1 �8% ≠ ���0&!EJ�0�G H0 D�%�M7�/
'�/
�C)�$&
 C*7)�
�/
'D�	,#86'+,-0+7
ก�� α/2 
  �7
+,-C�7�$%�0$*���0&!&�กp* D�0�,�ก&7
 �7
&�กp*� (Critical Value) .'ก
�
�� E()D�+N
ก
�EJ�0�G H0 0	8-%�7
���*�+,-.5/.'ก
�+��%�*ก.'���0&!EJ�0�G H0 (#86'+,-$'
�
0+7
ก�� α) 
  �7
 P-Value �8% �����'���N
��I+,-'/%�+,-� � ��8%P%ก
�+,-'/%�+,-� �+,-D��
	
��
EJ�0�G�		*�\
'�)�ก1�/.'ก
�+��%��		*�\
' 0	8-%�		*�\
''�6'�Mก*/%� 
  1-(P-Value) �8% ������&
	058-%	�-'+,-C+/D���$%�ก
�+��%��		*�\
''�6'm  
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  ก
��� E()0	8-%.5/PE�Cก�	�N
0�9D�ME.'ก
��N
'&! D�+N
ก
�EJ�0�G H0 0	8-%
�7
 P-Value < α  
 
 2.4.5 ก
%�
�8%
�?!8�
"����P% (Analysis of Variance) 
 0EF'&�G,ก
�&�0��
���$/%	M)0#8-%+��%��&
	C*ก*7
����&7
��7
0b),-�$%�E�� 5
ก�
	
กก&7
 2 5 �$�6'1EP��.5/0+�'��ก
�&�0��
����&
	CE�E�&' (Analysis of variance) �7
�&
	
CE�E�&'$%�$/%	M)+,-0ก��$�6'+�6��	� �
	
��C�ก1�/0EF'*
	C�)7�กN
0'��0EF'&�G,ก
�.�I7m 1�/ 2 
C�)7� �8% 
  1. �7
�&
	CE�E�&'���&7
�ก) 7	 (Between Groups) 0EF'()	
D
กก
�
1�/���Treatment +,-C*ก*7
�ก�' 
  2. �7
�&
	CE�E�&'"
�.'ก) 7	 (Within Groups) 0EF'()*%��'%�$%� 
Subject +,-C*ก*7
�ก�'��-�%�M7.' Treatment 0�,�&ก�' 
 $�6'*%'ก
�&�0��
����&
	CE�E�&' 	,���',6 

 1. กN
�'��		*�\
'0EF'ก)
� (H0) C)��		*�\
'*��$/
	 (H1) $%�ก
�&�D��  
��-�(M/&�D��D�*/%��
�ก
�!�0%�&7
D�กN
�'�1&/%�7
�1� 

 2. กN
�'������'���N
��I (a) 057' .05, .01 ��8% .001 *
	�&
	*/%�ก
�$%� 
(M/&�D��C)�C'&P'/	$%��&
	0EF'1E1�/ 

 3. �N
'&!�
�7
 F D
ก�M*�+,-กN
�'�.�/ P��#�D
�!
0)8%ก.5/�M*�*
	0�8-%'1$ 
$%��M*�กN
�'�1&/ 

 4. 0EY�*
�
� F 0#8-%�
�7
&�กp*�$%� F *
	�����'���N
��I 
 5. 0E�,��0+,���7
 F +,-�N
'&!1�/ก���7
+,-1�/D
กก
�0EY�*
�
� P���/
�7
 F +,- 

�N
'&!1�/	,�7
	
กก&7
��8%0+7
ก���7
&�กp*�+,-1�/D
กก
�0EY�*
�
� C���&7
�7
 F 	,'���N
��I+
�
���*� ก9D�EJ�0�G H0 C)��%	��� H1 

 6. �� E()+,-1�/ 
 ก
�&�0��
����&
	CE�E�&' DN
C'ก%%ก0EF' 2 E��0"+���',6 

 1. ก
�&�0��
����&
	CE�E�&'+
�0�,�& ��8%ก
�%%กC��%�7
�� 7	�	�M�!� 
(One-way ANOVA ��8% Complete Randomize Design, CRD) 0EF'ก
�X�กO
()ก��+�$%�
EHDD��0#,��EHDD��0�,�& ��-�DN
'&'�����+,-�'.DX�กO
$%�EHDD��',60+7
ก�� a ����� 0#8-%�M&7
�����+,-
C*ก*7
�ก�'$%�EHDD��'�6' D�	,()ก��+�*7%�7
0b),-�$%�*�&CE�*%��'%� (Y�s) %�7
�	,'���N
��I
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��8%1	7�		*�\
'�)�กD�กN
�'�.�/�7
0b),-�$%�E��5
ก�C*7)�ก) 7		,�7
0+7
ก�'�7&'�		*�\
' 
�%�กN
�'�.�/&7
D�	,�7
0b),-�%�7
�'/%� 1 �M7 +,-C*ก*7
�ก�'0$,�'0EF'�		*�\
'+
����*�1�/���',6 

Ho :  µ1 = µ2 = µ3 =� µa 

H1  :  	, µ %�7
�'/%� 1 �M7+,-C*ก*7
�ก�' 
  ��8% 

Ho :  τi  = 0 

H1  :  τi ≠ 0 
 *
�
�&�0��
����&
	CE�E�&'$%�ก
�&�0��
����&
	CE�E�&'+
�0�,�& 
�
	
���� E1�/���*
�
�+,- 2.5 
 

*
�
�+,- 2.5 
ก
�&�0��
����&
	CE�E�&' ก�!,&�0��
����&
	CE�E�&'+
�0�,�& 

 
Source 

(C�)7�+,-	
) 
d.f. 

(%�X
0��,) 
Sum Square 

(()�&กกN
)���%�) 
Mean Square 
(�7
0b),-� SS) 

F 
�7
���*� 

Treatment 
(&�G,EJ���*�) 

 
Error 

(�&
	(��#)
�) 

a-1 
 
 

N-a 

SSA 
 
 

SSE = SST-SSA 

1a
SSA MSA
−

=  

 

aN
SSE MSE
−

=  

MSE
MSA F=  

Total 
(+�6��	�+,-E���C)/&) 

N-1 SST   

 
2. ก
�&�0��
����&
	CE�E�&'�%�+
� ��8% ก
�� 7	�	�M�!�.'C)�ก) 7	 (Two- 

way ANOVA ��8% Randomized Block Design, RBD) 0EF'ก
�X�กO
()ก��+�$%�EHDD���%�
EHDD��*7%*�&CE�*%��'%�+,-�����*7
�ก�' P��0�,�กEHDD���'�-�&7
 &�G,EJ���*� EHDD��+,-�%��8%EHDD��
ก) 7	 *
�
�&�0��
����&
	CE�E�&'$%�ก
�&�0��
����&
	CE�E�&'�%�+
� �
	
���� E1�/���
*
�
�+,- 2.6 
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*
�
�+,- 2.6 
ก
�&�0��
����&
	CE�E�&' ก�!,&�0��
����&
	CE�E�&'�%�+
� 

 
Source 

(C�)7�+,-	
) 
d.f. 

(%�X
0��,) 
Sum Square 

(()�&กกN
)���%�) 
Mean Square 
(�7
0b),-� SS) 

F 
�7
���*� 

Treatment 
(&�G,EJ���*�) 

 
Block 
(ก) 7	) 

a-1 
 
 

b-1 

SSA 
 
 

SSB 

MSA 
 
 

MSB 
 

MSE
MSA F=  

 

MSE
MSB F=  

Error 
(�&
	(��#)
�) 

N-a-b+1 SSE MSE  

Total 
(+�6��	�+,-E���C)/&) 

N-1 SST   

 
ก
�0E�,��0+,��#� �M!  (Multiple comparison) 

  .'ก
�+��%�  F} test  D�0EF'ก
�+��%�P���&	  (Over  all  test)  ��-�0EF'ก
�
+��%�&7
D�	,�7
0b),-�C*ก*7
�ก�'��8%1	7  �/
C*ก*7
�ก�'%�7
�	,'���N
��I+
����* (Significant)  
ก9D��%ก0#,��&7
	,�7
0b),-�%�7
�'/%�  1  �M7+,-	,�7
C*ก*7
�ก�'C*7D�1	7�%ก&7
0EF'�M7.�  ��-�0�

D�*/%�+N
ก
�+��%��)��ก
�&�0��
���  (Post  hoc  test) P��&�G,ก
�0E�,��0+,��#� �M!  
(Multiple  comparison)  ��-�	,�)
�&�G,�/&�ก�' C*7.'+,-',6D�ก)7
&���0b#
�&�G,ก
�$%� Duncan ��-�
	,$�6'*%'���',6 

1. �N
'&!�7
 
n

MSE

iY
S =

.
  

2. �N
'&!�7
 R D
กก
�0EY�*
�
� .),( iYSfprpR α=  : a...,p 32=  P��+,-  

α = �����'���N
��I C)� f = %�X
0��,$%��7
(��#)
� (Error) 
3. 0�,��)N
���$%��7
0b),-�*�&%�7
� 

.iY
S .'C*7)������D
ก'/%�1E�
	
ก 

4. 0E�,��0+,���7
0b),-�*�&%�7
�.'C*7)��������8%
.iY

S D
ก�7
+,-'/%�+,-� �ก���7
+,-

	
ก+,-� �D'����7
ก7%'	
ก+,-� � 
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5. ก
�*����'.D  

: �/
�M71�'	
กก&7
 Rp  C���&7
 µI ≠  µj 

: �/
�M71�''/%�ก&7
 Rp  C���&7
 C���&7
 µi =  µj 
 

 2.4.6 ก
%��ก���ก
%�>��	 (Design of Experiment, DOE)  
 ก���&'ก
�.'ก
�0ก9�$/%	M)*�&%�7
�.'+
�&�+�
X
�*���8% ก
��N
0'�'ก
�+�)%� 
C)�C('ก
�.'ก
�0ก9�*�&%�7
�ก9�8% ก
�&
�C('ก
�+�)%� ��8%ก
�%%กC��ก
�+�)%�'�-'0%� 
*�&CE�+,-�Mก&��.'ก
�+�)%�0�,�ก&7
 *�&CE�*%��'%� �7&'�'7&�*�&%�7
�+,-.5/&��*�&CE�
*%��'%�ก9�8% �'7&�+�)%� *�&CE�%����.'ก
�+�)%�	,)�กO!�0EF'1�/+�6�*�&CE�05��� !"
# 
C)�*�&CE�05��E��	
! ��-�%
D	,()*7%*�&CE�*%��'%�0�,�ก&7
 EHDD�� C)��7
*7
� m $%�EHDD��+,-
กN
�'�$�6'.'ก
�+�)%�0�,�ก&7
 �����$%�EHDD�� �/
.'ก
�+�)%��'�-�	,0#,�� 1 EHDD��0+7
'�6' 
�����$%�EHDD��+,-กN
�'�$�6'.'ก
�+�)%�0�,�ก&7
 +�,+0	'*� C*7�/
.'ก
�+�)%��'�-�	,EHDD��+,-
�'.DX�กO
�)
�*�&+�,+0	'*��
1�/D
กก
��%	��0'5�' (Combination) $%������$%�EHDD��+,-
0ก,-�&$/%�+�6��	�.'ก
�+�)%��'�-� ก
�%%กC��ก
�+�)%�0EF'0+�'��+
����*�5�6'�M�+,-.5/.'ก
�
E���*�6��7
�"
&�$%�ก���&' ก
�.�/0EF'1E*
	�"
#+,-0�
*/%�ก
� P��ก
�+��%�0#,�����6�
0�,�&��8%*7%0'8-%�C)�+N
ก
�0E),-�'�7
*�&CE�'N
0$/
 (Input Variables) .'������8%ก���&'ก
�
+,-�'.DX�กO
0#8-%+,-D�+N
.�/�
	
�����0ก*C)�5,6����
0�* *7
�m +,-ก7%.�/0ก��ก
�0E),-�'CE)�$%�
())�#G�+,-1�/ (Outputs or Responses) D
กก���&'ก
���8%����'�6' P��*�&CE�'N
0$/
D��MกD��
C�7�0EF' 2 ก) 7	 �8% ก) 7	+,-�&�� 	1�/ 0�,�ก&7
 *�&CE�+,-�&�� 	1�/ (Controllable Variables or 
Factors) ��8%*�&CE�+,-�
	
��%%กC��1�/ (Designs Variables or Factors) C)�ก) 7	+,-1	7
�
	
���&�� 	1�/ 0�,�ก&7
 *�&CE�+,-��ก&'���� (Uncontrollable or Noise Variables 
(Factors)) ก
�กN
�'�*�&CE�+,-�&�� 	1�/C)�1	71�/$�6'%�M7ก������C*7)����� ��-�P���)�กC)/& 
*�&CE�+,-�&�� 	1	71�/��8%*�&CE���ก&'	�กD�0ก,-�&$/%�ก����-�C&�)/%	.'G��	5
*� 057' )	 
�&
	586'��	#�+G� % !�"M	�"
�'%ก ��8%�7&'$%�% Eก�!���8%����+,-�
กCก7ก
��&�� 	 0'8-%�D
ก
.'ก
��&�� 	*/%�.5/�&
	��	�� ��&���M� 0#�
�0	8-%5N
� �%
D�7�()����7
.5/D7
�+,-�M�	
ก �7&'*�&
CE�+,-�&�� 	1�/ 057' +,-	
$%�&�*� ��� 0��8-%�D�ก�+,-.5/.'ก
�()�* #'�ก�
'+,-�&�� 	 % !�"M	�+,-.5/
.'ก
�()�* 0EF'*/' .'+ กก���&'ก
��
	
����'+�ก1&/0#8-%E��P�5'�ก
�&�0��
���*7%1E $/%
C*ก*7
�%�7
�0�9'1�/5�����&7
�&�G,ก
�P��+�-&1Eก��0+�'��$%�ก
�%%กC��ก
�+�)%� �8% &�G,
P��+�-&1E	�ก0EF'C��ก
�)%�(��)%��Mก��8%.5/ก
�+�)%�E���*�6��7
$%�ก���&'ก
�+,)��7
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(One-Factor-At-A-Time) +�6�',6�MEC��$%�ก
�+�)%�+,-'��	.5/ก�'.'EHDD ��'�� E1�/���*
�
�+,- 
2.7  

 
*
�
�+,- 2.7 

0E�,��0+,��)�กO!� 0&)
 �&
	�Mก*/%�C)���E��	
!+,-.5/.'ก
�+�)%�C��*7
� m 
 

�MEC��ก
�
+�)%� 

)�กO!�ก
�+�)%� 
0&)
.'ก
�
&�0��
��� 

�&
	�Mก*/%� 
��E��
	
! 

Single Factor 
ก
�+�)%��N
�����'�-�EHDD�� P��EHDD��
���ก)7
&0EF'EHDD��+,-�
�&7
	,() ก��+�
�M�� �*7%EHI�
 

�&�0�9& E
'ก)
� '/%� 

Factorial 
Design 

ก
�+�)%�+,-	,	
กก&7
�'�-�EHDD��C)�
0EF'ก
�+�)%�C��0*9	�MEC�� 

.5/0&)
'
' 	
ก+,-� � 	
ก 

2K Design ก
�+�)%�+,-	,	
กก&7
�'�-�EHDD��C)�
0EF'ก
�+�)%�C��0*9	�MEC��C*7
กN
�'������$%�C*7)�EHDD��%�M7+,-EHDD��
)� 2 �����0+7
'�6' 

E
'ก)
� E
'ก)
� E
'
ก)
� 

2K-P Design ก
�+�)%�+,-	,	
กก&7
�'�-�EHDD��C*71	7
+N
ก
�+�)%�C��0*9	�MEC��+�6��	� 
()��ME) 

�&�0�9& '/%� '/%� 

 
 P��+�-&1EC)/&ก
�+�)%�C�� One-Factor-At-A-Time D�.�/()$%�ก
�0$/
�M7
D ��	
�+,-0�
*/%�ก
�$%�ก���&'ก
�1�/5/
	
กC)���6'0E)8%�+��#�
ก�.'ก
�&�0��
���C)�0ก9�
$/%	M)�M�C)����1	70�	
��	%�7
���-�ก��ก���&'ก
�+,-	,()$%��&
	��	#�'G��7&	 (Interaction 
Effect) ���&7
�*�&CE�$%�ก���&'ก
��/&�ก�'0%� $/%�,$%�0+�'��ก
�%%กC��ก
�+�)%� �8%
.�/()$%��&
	C	7'�N
C)��&
	�Mก*/%�.'ก
�&�0��
���$/%	M)1�/%�7
��M� P���
	
����� %%ก	

0EF'�7
*�&0)$+
����*�+,-C�������7
������&
	�N
��I$%�*�&CE�+,-�7�()*7%ก���&'ก
�
'%กD
ก',6���	,�&
	�&�0�9&.'ก
��N
0'�'ก
�*�&D�%��
0�* $%�EHI�
 5'��$%��MEC��ก
�
+�)%�'�6'	,.�/0)8%ก%�M7%�7
��)
ก�)
� ��-��)�ก0ก!��.'ก
�#�D
�!
&7
0�
�&�+,-D�0)8%ก
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�MEC��ก
�+�)%�C��1�''�6'$�6'%�M7ก��0ก!�����*7%1E',6 1�/Cก7 0&)
+,-	,.�/0#8-%ก
�&�0��
��� 
������&
	�Mก*/%�.'ก
�&�0��
��� ��E��	
!+,-	,.�/.'ก
�%%กC��ก
�+�)%� 0EF'*/'  
 
 2.4.7 ���XY"
8��8Z" (Control Chart)  
 0EF'C('"M	�ก�
r+,-.5/0#8-%�&�� 	ก���&' ก
�()�* )�กO!�$%�C('"M	�D�0EF'ก�
r
$%���-�+,-*/%�ก
��&�� 	 0$,�'0+,��ก��0&)
&�*� E�� �����)�ก$%�C('"M	��&�� 	�8% ก
��&�� 	
ก���&'ก
�()�*0#8-%.�/�M/&7
 ! 0&)
.�+,-	,EHI�
�/
'� !"
# +�6�',60#8-%ก
�Cก/1$E���E� �
ก���&'ก
�()�*.�/ก)���M7�"
#Eก*� D
ก�)�กก
�+
����*�+,-&7
 $/%	M)+,-&��1�/D
กก���&'ก
�
()�*D�	,ก
�CDกCD�C��Eก*� (Normal Distribution) ��-�	,�7
 
#
�
	�0*%��+,-0ก,-�&$/%� 2 �7
 �8% �7
0b),-� (µ) C)��7&'0�,-��0�'	
*�\
' (σ) P��	,P%ก
���8%
�&
	'7
D�0EF'+,-�7
���0ก*+,-&��1�/D�%�M7.'57&� ±3σ 0+7
ก�� 0.9974 �
	
��'N
�)�กก
����ก)7
&
	
��/
�ก�
rC('"M	��&�� 	 ��-�E��ก%��/&�0�/'�N
��I 3 0�/' �8% 0�/'Cก'ก)
� (Central Line, 
CL) 0EF'�7
0b),-�$%�ก���&'ก
�()�* ��-��N
'&!1�/P��'N
�7
D
กก) 7	*�&%�7
�+�6��	�	
�

�7
0b),-� $,�DN
ก���&�� 	�/
'�' (Upper Control Limit, UCL) 0EF'0�/'+,-	,�����7
�D
ก0�/'
Cก'ก)
�0+7
ก�� 3σ +
��7
	
ก $,�DN
ก���&�� 	�/
')7
� (Lower Control Limit, LCL) 0EF'0�/'
+,-	,�����7
�D
ก0�/'Cก'ก)
�0+7
ก�� 3σ +
��7
'/%� ���"
#+,- 2.4 

   

 
 

"
#+,- 2.4 
ก�
rC���%���E��ก%�$%�C('"M	��&�� 	 

 
 D
ก"
#+,- 2.4 $,�DN
ก���&�� 	�/
'�'C)�)7
� C������$%�0$*$%��&
	CE�(�'+,-

%�M7.'������ !"
#	
*�\
'+,-(M/()�*�%	���1�/ ��-�%�M7.'57&� ±3σ 0+7
'�6' ���'�6' �
ก�7
���0ก*+,-
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&��1�/ก��D
�%�M7"
�.'$%�0$*���ก)7
& ก9C���&7
ก���&'ก
�()�*��� %�M7"
�.*/ก
��&�� 	 (In 
Control) ��'�/
+,-()�*1�/	,� !"
#*��*
		
*�\
' .'+
�ก)��ก�' �
ก�&
	CE�(�'	,	
ก
0ก�'1E +N
.�/�7
���0ก*+,-&��1�/%�M7'%ก0�/'$,�DN
ก��+�6� 2 ก9C���&7
 ก���&'ก
�()�*',6 %�M70�'8%ก
�
�&�� 	 (Out of Control) ��8%��'�/
���ก)7
&1	71�/� !"
#*
		
*�\
'ก
�()�* '�-'0%�  
C('"M	�&�� 	0EF'0+�'��05�����*�+,-	,�&
	�N
��I%�7
�	
กC)�	,�MEC��*7
�m �)
��MEC��
C)/&C*7)�กO!�ก
��&�� 	 P���
	
��DN
C'ก1�/0EF' 2 E��0"+�)�กm �8% C('"M	��&�� 	5'��
CE�(�' (Variable Control Chart) C)�C('"M	��&�� 	*
	)�กO!� ��8%C('"M	��&�� 	5'��
C%**����&�*� (Attribute Control Chart)  

  1. C('"M	��&�� 	5'��CE�(�' (Variable Control Chart) 0EF'C('"M	��&�� 	
ก���&'ก
�()�*+,-	,ก
�*�&D&��()�*"�!��.'05��E��	
! 057' ก
�&��E��	
*�$%�'6N
%��)	+,- 
���D .'"
5'� ก
�&���&
	�
&$%�*�EM0�)9ก C)�ก
�+��%�%
� ก
�.5/�
'$%��)%�1r 0EF'
*/' C('"M	��&�� 	�N
����ก
�&��C��*�&CE�+,-'��	.5/�
'	, 2 5'�� �8% C('"M	��&�� 	�7
0b),-� 
(X bar-Chart) C)�C('"M	��&�� 	�7
#���� (R}Chart) 
 2. C('"M	��&�� 	5'��C%**����&�*� (Attribute Control Chart) 0EF'C('"M	�
�&�� 	ก���&'ก
�()�*+,-	,ก
�*�&D&��()�*"�!��.'05��� !"
# ก)7
&�8% 0EF'ก
�DN
C'ก
()�*"�!��%%ก0EF'E��0"+ Z�,[ �	
���� 1�/	
*�\
' ��8% Z0�,�[�	
���� 1	71�/	
*�\
' ��-�%
D
0ก��D
ก()�*"�!��	,$/%�ก#�7%���8%�%�*N
�'� 0EF'*/' C('"M	��&�� 	�N
����ก
�&��C��
� !�	��*�	, 2 E��0"++,-'��	.5/�
' �8% C('"M	��&�� 	����7&'$%�0�,� (P}Chart) C)�C('"M	�
�&�� 	DN
'&'$/%�ก#�7%� (C}Chart) ��-�.'+,-',6D�ก)7
&���0b#
�C('"M	��&�� 	����7&'$%�0�,� 
���',6 
 C('"M	��&�� 	����7&'$%�0�,� (Proportion Defective Control Chart, P}
Chart) 0EF'ก
�*�&D�%�� !"
#+,-	,#�D
�!
����7&'$%���'�/
+,-0�,���8%1	71�/	
*�\
'&7
%�M7
.'57&�+,-�%	���1�/��8%1	7 P��0	8-%กN
�'�.�/ P 0EF'��I)�กO!�C+'����7&'$%�0�,� ��-�	,
�&
	��	#�'G����',6 

n

x
P =   

   P��+,-  x �	
���� DN
'&'$%�0�,�D
ก*�&%�7
� 
n �	
���� $'
�$%�*�&%�7
� 

C)��
	
���
�7
0b),-�$%�����7&'$%�0�,� (P ) 1�/D
ก�M*����*7%1E',6 
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k

k

1i
Pi

P

∑
==  

P��+,- P �	
���� ����7&'$%�0�,�D
ก*�&%�7
�+,- i 
k �	
���� DN
'&'*�&%�7
� 

�
	
����/
�C('"M	��&�� 	����7&'$%�0�,�1�/D
ก�M*����',6 

P
p

CL =  

n

)P1(P
3P

p
LCL

−
−=  

 

n

)P1(P
3P

p
UCL

−
+=  

 
.'ก�!,+,-C*7)�*�&%�7
�	,$'
�1	70+7
ก�' �7
 n .'�M*�$/
�*/'D�*/%�0EF'�7
0b),-� 

 
2.5 �8%���	"��<�ก
%P%��P%Z	8Z9X
[���<=�<�ก%����ก
%�
ก !�
ก"
 

 
 2.5.1 C('(��ก���&'ก
� (Process Mapping) ��8%C('"M	�$�6'*%'ก
�()�* (Flow 

Process Chart) D�C���)N
���$�6'*%'ก
�()�* C)��&
	��	#�'G����&7
�D ��
'.'ก���&'ก
�
()�*+�6��	� ��-�D�57&�.�/(M/&�0��
���+�
�&7
EHI�
� !"
#D
กD ��
'.��/
�+,-�7�()ก��+�*7%
D ��
'%8-' 0#8-%�N
0'�'ก
�Cก/1$*7%1E 
 2.5.2 .��
�ก
�*�&D�%� (Check Sheet) 0EF'ก
�0ก9�$/%	M)%�7
��7
�.'�MEC��
*
�
� ��-�"
�.'*
�
�D���� $�6'*%'ก
�()�*C)�57%��N
����.�70��8-%��	
�0#8-%0ก9�DN
'&'���6�
$%�0�* ก
�!�*7
�m +,-1�/D
กก
����0ก* �ก*�&%�7
�057' .��
�ก
�*�&D�%�$/%�ก#�7%�$%�
��'�/
 D��&��&	�&
	�,-$%�$/%�ก#�7%�C�ก*
	)�กO!�+,-#�.'C*7)�&�'��8%C*7)�0�8%' 0EF' 
 2.5.3 C('"M	�ก/
�E)
 (Fish Bone Diagram) �
����6�0�,�ก&7
 C('"M	�%�5�ก
&
  
(Ishikawa Chart) ��8% C('"M	�0�* C)�() (Cause and Effect Diagram) D�C����&
	 
��	#�'G����&7
�0�* C)�()+,-0ก��$�6' P��+
�$&
	8%$%�Cก''%'��8%��&E)
 (Fish Head) C��� 
()ก��+���8%EHI�
+,-0ก��$�6' (Effect) �7&'�
0�* �)�ก$%�EHI�
ก9D�C���%�M7�'Cก''%'+,-	,
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)�กO!�0�	8%'ก/
�E)
 (Fish Bone) P��	,�
0�* �7%�C*กC$'�%%กD
ก�
0�* �)�ก*7%1E C(' 
"M	�ก/
�E)
57&�.�/(M/&�0��
���	%�0�9'�
0�* +,-C+/D��� C)�Cก/EHI�
1�/�Mก*/%�*��D �	
ก$�6' 
 2.5.4 C('"M	�C+7���8%R,�P*Cก�	 (Bar Chart or Histogram) 	,)�กO!�0EF'ก�
r
C+7�C����&
	��	#�'G����&7
�� !�	��*�ก��E��	
!$%�� !�	��*�'�6' P��Cก''%'.5/C+'�7
+,-
*/%�ก
�&�� C)�Cก'*�6�C+'�&
	�,-$%�$/%	M) ())�#G�+,-1�/D�'N
	
.5/*�&D�%�ก
�ก��D
�$%�
$/%	M)&7
 	,�7
0ก�'D
ก0ก!��	
*�\
'+,-กN
�'�1&/��8%1	7 

 2.5.5 C('"M	�#
0�P* (Pareto Chart) 0EF'ก
�'N
$/%	M)D
กR,�P*Cก�		
#)9%*
*
	)N
����&
	�,-$%�ก
�0ก��EHI�
 P��0�,��)N
���D
กEHI�
+,-	,�&
	�,-�M�� �1E����&
	�,-*-N
 
� � C('"M	�#
0�P*57&�.�/(M/&�0��
���*����'.D0)8%กEHI�
+,-D�Cก/1$1�/ P��#�D
�!
0)8%กEHI�
+,-
	,�&
	�,-�M�� �0EF'%�'���C�ก 

 2.5.6 ก
�&�0��
���()ก��+�*7%�&
	)/	0�)& (Failure Modes and Effects 
Analysis, FMEA) 0EF'ก���&'ก
�&�0��
���0#8-%	 7��
P%ก
�ก
�0ก���&
	(��#)
�$%�ก���&' 
ก
� C)�	 7�+,-D�)�P%ก
����ก)7
&.�/1�/	
ก+,-� � ��-�E��ก%��/&�ก
�C�กC��$�6'*%'$%�
ก���&'ก
�P��)�0%,�� (Process) EHI�
��8%$/%(��#)
�.�m +,-	,P%ก
�D�0ก��$�6' (Failure 
Mode) ()ก��+� (Effects) *)%�D'ก
�Ew%�ก�' C)�/��8%ก
�Cก/1$ (Action) $/%	M)+,-�N
��I0EF'
D �&�กp*��'*
�
� FMEA �8% Risk Priority Number (R.P.N) ��8% *�&0)$)N
����&
	�N
��I ��-�
0EF'*�&0)$+,-.5/C�7�C�ก������&
	0�,-��$%��&
	)/	0�)& C)�C���.�/0�9'�&
	0�7��,�.'ก
�
D��ก
�ก���&
	)/	0�)&'�6' �7
 RPN 0EF'()	
D
ก�7&'E��ก%� 3 *�& �8% Severity (S) 0EF'
�&
	� 'C��$%�()ก��+�+,-0ก��D
ก�&
	)/	0�)& Occurrence (O) 0EF'P%ก
�+,-D�0ก��$�6'D
ก
�
0�* '�6'&7
�7%�0#,��.�  C)� Detection (O) 0EF'�&
	�
	
��.'ก
�*�&DD��C)�Ew%�ก�'1	7.�/
0ก���&
	)/	0�)&$�6'1�/�,0#,��.� ���'�6'�7
 RPN 0EF'���',6 

RPN = S x O x D 

2.6 	
��
�������ก�������	 
 
 G�*�	
 #�O����ก
 (2551) X�กO
ก
�E��� ก*�.5/C'&+
���ก����ก	
0#8-%)�$%�0�,�.'
ก
�()�*0$,��1	/�
�#
�
 P��$%�0�,�+,-0ก��	
ก+,-� �	
D
กก
&0��6	 &�*� E�������8%*/%�ก
�)�
$%�0�,�D
กก
&0��6	D
ก 7.5 .�/0�)8% 3.75 0E%��0�9'*� ก
��N
0'�'ก
�&�D��1�/+N
ก
�X�กO
EHDD��+,-
�'.D1�/Cก7 % !�"M	�.'ก
�%� �&
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