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 D���� �!��F����<G=��A�D�:;8H�6;��6@����Dก��������=Dก�A���ก���B�6�<������ID��JJ�7��D@�DK�ก��
�L6Dก��ก��;ก�BM=N�@>A�6!
�B
I����O�P�;>��: QB!KRPO>�กก��S�กS: S�ก�I� ��Aก6�BP�! 5 
�F�<6��H6 ก����!���TJO� 
(Define Phase), ก����B;8H�6กC�O�B��;O<=
6D�TJO� (Measure Phase), ก����;���AO:��;O<=
6D�TJO� (Analysis 
Phase), ก��������=D@กPE
ก�A���ก�� (Improve Phase) @>Aก������=�ก�A���ก���B�6� (Control Phase)       
 �กก���aก9�ก�A���ก���B�6� �TJO����8��H6 b>�<c�8ก��b>�< �กก�A���ก���B�6� 3 models O>�ก���I�<�C�   
QB!���I�;�>��!6!eI��� 88.9% ��B;�h��e>�I�
6D
6D;��!;�>��! 14,000 ;O��!J�O��j<I6;BH6�  aDEBP�C�ก��;>H6กb>�<c�7k:��� A
�C����aก9�QB!;>H6ก 1 K� 3 models O>�ก @>A��B;>H6ก<��@����� A�C����aก9�  QB!ก��KRP;�����>�ก97A�ก8�I6D@>A
b>ก�A�� (FMEA) @>A;�����ก����;���AO:�TJO� �ก��;O<=@>Ab> (Cause and Effect Diagram)  AEBP�T  �!����IDb>
<I6ก���B�6�>P�;O>� �H6ก��;ก�BM=N�@>A�6!
�B
I����O�P�;>��: Sa�D����;O<=;ก�B �ก��m�ก���C������A6�B��!En;�6�:
@>AM=N� �ก���8�ก��!En;�6�: (LC holder) b> �กก��������=Dก�A���ก���B�6�8��I� b>�<c�8ก��b>�< �ก
ก�A���ก���B�6�
6Db>�<c�7k:���;>H6ก�C����aก9� ���I�;8���
aF� �ก 84.49% ;�h� 93.06% ��B;�h��e>�I�
6D
6D;��!���
>B>D �ก;�>��! 17000 ;O��!J�O��j<I6;BH6�;O>H6 7500 ;O��!J�O��j<I6;BH6� O�H6>B�e>�I�
6D
6D;��!EBP 55.88%   <I6;BH6� 
�!��!���� :  S�กS: S�ก�I�, ก��������=Dก�A���ก���B�6�, <������ID��JJ�7��D@�D 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

                                                 
* 1) ����<���JJ�Q� c����R�����ก���6=<��Oก�� �7A����ก������<�:  =q�>Dก�7:�O����!�>�! 
      E-mail: orawan_pit@yahoo.com 
      2) �6D���<�� ��!: c����R�����ก���6=<��Oก�� �7A����ก������<�:  =q�>Dก�7:�O����!�>�! 
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Improvement of Optical Transceiver Testing Process in Electronics Industry 
 

Orawan Pitukkiattikul* 1) and Damrong Thawesaengskulthai2) 

 

 

ABSTRACT 
 

 The objective of this research is to improve testing process of optical transceiver in order to 
prevent dust and scratch on lens by applying six sigma approaches consisting of 5 phases - Define phase, 
Measure phase, Analysis phase, Improve phase and Control phase. Based on the result of studying, it was 
founded 3 main models have shown the low yield - average about 88.9%. There is equal to the cost of defects 
around 14,000 $ per month. In this regard, one has been selected from 3 main models to study. Importantly, 
the methodologies to screen factors comprise Failure Mode and Effect Analysis, Cause and Effect Diagram 
techniques and Reliability Theory. Accordingly, the factors which affect significantly to the testing process are 
both dust and scratch on lens occurred from fiber cleaning method and dust from LC holder. Yield of testing 
process after implementation have been improved significantly from 84.49% to 93.06%, which is equivalence 
to the cost of defect reducing from 17,000$ to 7,500$ per month , approximately cost saving 55.88% per month. 
Keywords:  Six Sigma, Improvement of testing process, Optical transceiver 
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1. ���!� 
 6=<��Oก ���6� ; >� ก��6�� ก�:GH 6 EBP �I � ;�h �
6=<��Oก���O�a�D�����������C���J<I6;��9jก� E�!     
 =B@
�D����C���J
6D6=<��Oก���6�;>�ก��6��ก�:
6DE�!�H6 
; �h � j � � ก � � b >� < ; 8H� 6 ก � � �I D 6 6 ก ��� �C � �� J 
 6 D
�O��j6;���ก� ��D�Q��: QB!;�8�AJ���=N� ���;
P���>D�=�
 C������กK�E�!  =B6I6�
6D6=<��Oก���6�;>�ก��6��ก�:

6DE�! �H6 6=<��Oก���6�;>�ก��6��ก�:;�h�6=<��Oก���
�����;��Q�Q>!�K�ก��b>�<S��SP6� @>A<P6DKRP;D��>D�=�
�I6�
P�D��ก;�H�6;��!�ก��6=<��Oก���6H��� B�D��F�
beP��Aก6�ก��c�!K���A;�� aD!�DE�I�� ;��Q�Q>!�       
ก��b>�<;�h�
6D<�;6D !�D�D<P6D�C�;
P�;��Q�Q>!� �ก
<I�D��A;�� O�H6;�h�ก��GI�!�6B;��Q�Q>!�bI����D
���9��@�IK�<I�D��A;�� �T  =���E�!;�����eJ;��!����
EBP;���!���Dก��@
ID
��KOPก����A;��;8H�6��P�� 6���  ��
@>A;��!B���  �กก������I�@�DD��;8����eD
aF�  aD�C�KOP;ก�B
ก��!P�!j��ก��b>�<E�!�D��A;��;8H�6��P����ก
aF�    
�C�KOPก��@
ID
��c�!K�6=<��Oก�����F���I6�
P�D�eD 
;��H�6D�H6O�a�D��� A�����G;8�������EBP;���!���Dก��
@
ID
��EBP ก��H6ก��b>�<b>�<c�7k:<�D<����<�j��O�H6
����<P6Dก��
6D>eก�P� c�!K<P<P��=����<�C�ก�I� @����B 
K�ก��>B
6D;��! �กก�A���ก��b>�< QB!ก��KRP
;��H�6D�H6<I�D� K�ก��������=D aD;ก�B
aF� 
 

2. ��
���ก��
!��������
�D�  
D���� �!��FKRPO>�กก��S�กS: S�ก�I�;�h�@����D  

K�ก��BC�;���D���� �! S�กS: S�ก�I��H6;��H�6D�H6@>A@����B
K�ก��������=D�=7c�8K�6D�:ก�;8H�6>B����b�B8>�B���
;ก�B
aF�K�ก�A���ก��<I�D� KOP;O>H6�P6!����=BQB!KRP
O>�กก����D�G�<� @>A�=I�;�P�>eก�P�;�h�O��K �C���JK�
ก��@กPE
�TJO�;8H�6ก��������=D@>A8����ก�A���ก�� 

�F�<6�ก��BC�;���ก����Aก6�BP�! 5 
�F�<6� ���
;��!ก�I� DMAIC EBP@กI D-Define ก����!���TJO�,      
M-Measure ก����B;8H�6กC�O�B��;O<=
6D�TJO�,        
A-Analyze ก ���� ;� ��A O:�� ;O <= 
6 D�TJ O� ,                    
I-Improve ก��������=D@กP E
ก�A���ก�� @>A                      
C-Control ก������=�ก�A���ก�� 

�T  =���;�����
6DS�กS: S�ก�I� EBP8�����e�@��
@>A@����DE�6!I�D��ก Sa�D �ก;B����� C�ก�B
6�;
<
6D
ก��������=D;�8�A���ก�A���ก��b>�<
6DQ�DD��
6=<��Oก���;�I���F� @<I�T  =���;�����S�กS: S�ก�I� EBPGeก
�C � E� KRP 
 ! � !b>ก� �ก � A � �� ก � �� � D m= �ก�  6H� � �             
6�ก��ก��!��FDก�A���ก��b>�<�����
�F�<6�ก��b>�<       
E�IS��SP6�E� �GaDก�A���ก��b>�<���������S��SP6��eD 
O�H6E�I ;�P�@�P@<I K�;�H�6D
6Dก��;D��  ก��m����� 
�A��D�����ก��<I�D� ���E�GaD�A��ก���aก9�Sa�DE�I�I�
 A�C�S�กS: S�ก�I�E�KRPก��ก�A���ก��m=�ก� KBก�<�� 
b>>�8m:
6Dก��BC�;���Q��Dก��������=Dก�;�h�������ก�
6!I�DR�B; �@>P��I������G>B<P��=�
6D6D�:ก�@>A;8���
b>กC�E� �กก��BC�;���D��
6D6D�:ก�EBP6!I�D�O���> 
 

3. F�G����ก��
!��������
�D�  
3.1 ก���� ���H���  

ก����!���TJO� �H6 ก��กC�O�B;�L�O��!ก��
������=Dก�A���ก���C�D������6B�>P6Dก������<P6Dก��

6D>eก�P�@>A!=�m���<�:
6D6D�:ก� QB!D���� �!��FEBP   
�C�ก��8� ��7�b>�<c�8ก��b>�< �กก�A���ก��
�B�6�b>�<c�7k:, 
P6�e>��DBP��ก��<>�B ���E�GaD
ก����;���AO:>�ก97A�ก8�I6D@>Ab>ก�A�� (Failure 
Mode and Effect Analysis: FMEA) @>Aก��8� ��7�
>C�B�������C���J<��O>�กก��
6D8�;�Q< (Pareto 
Diagram) ;8H�6��B;>H6กb>�<c�7k:@>A<��@����� A�C�ก��
@กPE
@>A������=D 

 

3.2 ก��
�
�IJK�ก!���
������F���H��� 
ก����B;8H�6กC�O�B��;O<=
6D�TJO� �H6 ก����B

��A;B��O>�ก� 
6Dก�A���ก���C�D��K��T  =��� Sa�D A
;����<�FD@<Iก��������
P6�e>���;ก��!�
P6Dก������;��!O�! 
@>A��;O<=���;�h�E�EBP �C�
P6�e>;O>I���F�����;���AO:      
O���;O<=O>�ก���@�P ��D  ���E�GaDก��กC�O�B
��B
<��6!I�D��� AKRPK�D���� �! D���� �!��FEBP�C�ก����;���AO:
�A��ก��<�� �6�;8H�6KOP;ก�B����;RH�6����<I6
P6�e>���KRP
K�ก���� �! @>AKRPก����;���AO:�TJO� �ก��;O<=@>Ab> 
(Cause and Effect Diagram)    ;8H�6�C�E��eI�T  �!���;�h� 



6����7  8���ก9:;ก�!�<�ก=> @>A BC��D�:  ���@�D�ก=>E�! 
 

12 

��;O<=
6D�TJO� QB!���
��B<��6!I�D���KRP A��กO�H6
�P6!��F�
aF�6!eIก���AB������;RH�6����K�
P6�e>����B�6� 
�I�KRP I�!@>A;�>����KRPK�ก���B�6�  �กก���C���7
QB!ก��กC�O�B�I�����;RH�6GH6EBP@>A�AB������;RH�6����
QB!KRPQ��@ก����D�G�<�  AEBP
��B<��6!I�D 29 <��6!I�D 
B�D@�BDK��e���� 1 B�D��F�D���� �!R�F���F aDกC�O�BKOP
��B

6DR�F�<��6!I�D;�I�ก�� 30 <��6!I�D�=กก���B>6D  
 

 
�L��MK 1 ก��������	��
���
���� 
          

3.3 ก��
�����	��������F���H��� 
ก����;���AO:��;O<=
6D�TJO� �H6 ก����;���AO:


P6�e>;8H�6BeGaD�������8��m:�AO�I�D;O<=@>Ab>���;ก�B
aF� 
D���� �!��FEBP�C���9�������I�;RH�6GH6EBP (Reliability 
Theory) ��KRP QB!��������I�;RH�6GH6 (Reliability)        
;�h��=7����<�O�H6�I������I� A;�h� (Probability)        
���R�F��I��O�H66=�ก�7:�����G�C�D��EBP6!I�D;O��A��
<��RI�D;�>����กC�O�B c�!K<P�c��Aก��KRPD������ก<� 
�����G8� ��7�EBP �ก�I�;�>��!6�!=ก��KRPD��กI6�����
>P�;O>� (Mean time to failure; MTTF) Sa�D�C���7EBP   
B�D��ก����� (1) �I� MTTF ;�h��I�����6ก�A!A;�>�;�>��!

6D6=�ก�7:O�H6R�F��I����F���I���6�!=ก��KRPD��;�>��!
;�I�KB aD A;ก�B����;��!O�!O�H6RC��=B 

             
   
                                        

       
(
1
) 

3.4 ก�����������กOPFก�	�
�ก�� 
ก��������= D@กP E
ก�A���ก�� �H6 ก��O�          

@����Dก��������=Dก�A���ก���C�D�� ��B;>H6ก@����D
���KOP��AQ!R�:�eD�=B QB!KRPb>ก����;���AO:
P6�e>�����ก��
KRP;�����6!I�D;O��A�� กC�O�B66ก��K��e�
6D
@b�D�� b>�กB��E��eIก�������<� ��B@>A��A;���b> 

 

3.5 ก���
����ก�	�
�ก�� 
ก������=�ก�A���ก�� �H6 ก������=�;8H�6KOP

;ก�B����@�IK �I�ก��;���!D;�� �ก;�L�O��!EBPGeก@กPE

;��!��P6!@>P�กI6���� A;ก�Bก���eJ;��! QB!ก���C��I6D
 �B�C���<�j��
6Dก�A���ก��K��AB��<I�D� กC�O�B
ก>Eกก������=� @>Aก��<�B<��ก�A���ก��;O>I���F�
6!I�D<I6;�H�6D Sa�D6� ���E�GaDก��M�ก6����=�>�ก�    
ก���C�
P6��=�@>Aก�A �!b>E��eIก>=I�<I�D� ���;ก��!�
P6D 
8�P6���FDKOP
P6@�A�C��C�O���ก����D@b�K�6���< 

 

4. R�ก��
!��������
�D�  
 

4.1 ก���� ���H��� 
 �ก
P6�e>
6DQ�DD��ก�7��aก9�8��I�b>�<c�8

ก��b>�< �กก�A���ก���B�6�<������ID��JJ�7��D
@�D Sa�D��ก��b>�<6!eI 3 models O>�ก ���I�;�>��!
6Db>�<
c�8ก��b>�<6!eI��� 88.9% Sa�D��B;�h��e>�I�
6D
6D;��! 
;�>��! 14,000 ;O��!J�O��j<I6;BH6� B�D@�BDK��e���� 2   
 aDEBP��ก���AB�������BQB!8� ��7� �ก
P6�e><I�D� 
�C� KOP EBP b>�<c�7k:���  A�C �ก��@กP E
@>A������= D           
�H6 Model C @>A<��@����� A�C�ก����;���AO:@>A@กPE
 
EBP@กI M=N�@>A�6!
�B
I����O�P�;>��:��FD��DBP��<���ID
��JJ�7��D@�D (Transmitter : Tx) @>A<�������JJ�7
��D@�D (Receiver : Rx) B�D@�BDK��e���� 3 Sa�Dก��
�B�6�>P� ;O>���� ; ก�B �ก�T  � !��DBP ��R�F �D�� 
(Material) ;6D @>A �ก@bD�D �EnnL� (Print Circuit 
Board Assembly : PCBA)  AE�IGeก�C���8� ��7� 
;�H�6D �ก�6ก;O�H6�������b�BR6�
6DbeP�� �! 
 

unitstestedofNumber

TimeTotal
MTTF =

(1) 
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Unit build and Yield
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�L��MK 2 �������ก���������������ก������	
�������
��������������� 
 

R
P
N

P
e
rc
e
n
t

Cause of failure

Count 14 14

Percent 18.9 16.2 13.5 10.8 8.1 8.1 8.1

49

5.4 5.4 5.4

Cum % 18.9 35.1 48.6 59.5 67.6 75.7

42

83.8 89.2 94.6100.0

35 28 21 21 21 14
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�L��MK 3 ��  ���!"�����ก������
ก���
�
��#�$%�� 
 

4.2 ก��
�
�IJK�ก!���
������F���H��� 
  �กก����;���AO:����@�I�!C�
6D�A��ก����B 
QB!ก��8� ��7� �ก;ก7k:ก��<�B���K 
6D8��กD�����
�����<�D��K�
�F�<6�ก��<�� �6�M=N�@>A�6!
�B
I����
O�P�;>��:  8��I�  8��กD�������������GK�ก��
<�� �6�M=N�@>A�6!
�B
I����O�P�;>��:EBP6!I�DGeก<P6D  
QB!������I������A���m�� Cohen's kappa : K 6!eIK�RI�D 
0.81 � 1.00 (Landis J.R. and Koch G.G,1977)��FDK�
�I��
6D Within Appraisers (Repeatability), Between 
Appraisers (Reproducibility) @>A Appraiser vs 
Standard (Accuracy) B�D@�BDK�<���D��� 1 �����H6

P6�e>���EBP �ก�A��ก����B��F�����GKRPK�ก����;���AO:
K�
�F�<6�<I�D�EBP 
 
 
 
 
 

������MK 1 ��ก����$����%&����ก����
 

 

  �กก����;���AO:�TJO� �ก��;O<=@>Ab> 
(Cause and Effect Diagram)  AEBP�T  �!����IDb>KOP;ก�B
M=N�@>A�6!
�B
I����O�P�;>��: 3 �T  �! EBP@กI ก���C�
�����A6�B��!En;�6�: (Fiber Cleaning), M=N� �ก���8�ก
��!En;�6�: (LC Holder) @>AM=N� �กO��;��!���!En
;�6�: (Fiber connector) B�D@�BDK��e���� 4 �T  �!;�H�6DM=N�
 �ก���D@�B>P6�EBP<�B66ก �กก��8� ��7� ;�H�6D �ก    
E�I�����GBC�;���ก��@กPE
EBP 
 

 
�L��MK 4 ��������
�$%�'������!"���(%#$ก�
)'*�����
�	!

	�����%�#�$���& 
 

4.3 ก��
�����	��������F���H��� 
  �ก
�F�<6�ก����B;8H�6กC�O�B��;O<=
6D�TJO�
 AEBP�T  �!�C�;
P���FDO�B 3 �T  �! �C�ก���B�6�@<I>A
�T  �!B�D��F 

 Operator K 
%Assessment 
Agreement 

A 1 100 
B 1 100 

Within 
Appraisers 
(Repeatability) C 1 100 

A 1 100 

B 1 100 
C 0.9333 96.67 

Each Appraiser 
vs Standard 
(Accuracy) 

Overall 0.9778 96.67 

Between 
Appraisers 
(Reproducibility) 

 0.9644 96.67 
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ก � � �C � � � � � �A 6 � B �� ! En ; � 6 �:  ( Fiber 
Cleaning) QB!�ก<�ก�A���ก���B�6� A��ก��;��!�
��!En;�6�:;
P�ก��<������ID��JJ�7��D@�D กI6���� A  
�C�ก���B�6�  A<P6D�C������A6�BO�P�;>��:
6D     
O��;��!� QB!KRPก�AB�9�C������A6�BO�P�;>��: (Wiper 
Paper) 6!I�DE�ก�<�� ก���C������A6�BO�P�;>��:
6D  
O��;��!���F !�DE�I����m�ก��!H�!�� (Verification) GaD����
�A6�B
6DO�P�;>��:O��;��!��I��A6�BO�H6E�I ;8�!DKB 
B�D��F�O�กO�P�;>��:
6DO��;��!���FE�I�A6�B @>A;�H�6    
O��;��!�Geก;��!�;
P�ก��R�F�D��  aD6� ;�h���;O<=O�a�D���
�C�KOP;ก�BM=N�������;�7O�P�;>��:
6D<��R�F�D��EBP  aD�C�
ก���B�6��T  �!QB!KRP;����� SEM/EDX Sa�D�����G
<�� 8����:�6� (Carbon : C)@>A66กS�; � (Oxygen : 
O) EBPK������7�eD��8HF�b��
6Dก�AB�9�C������A6�B
O�P�;>��: K�
7A������;�7�����M=N���O�P�;>��:
6D<�����
��JJ�7��D@�D��F�  A<�� 8����:�6� (Carbon : 
C) , 66กS�; � (Oxygen : O), S�>��6� (Silicon : Si) @>A
;S6�:Q�;��!� (Zirconium : Zr)QB!��������7
6D���:�6�
@>A66กS�; ����<�� 8���F�  A�������7�P6!ก�I����<�� 
8���ก�AB�9�C������A6�BO�P�;>��:  B�D@�BD        
K�<���D��� 2 B�D��F�  aD6� ��=�EBP�I�ก���C������A6�B
O�P�;>��:O��;��!�QB!KRPก�AB�9 @<IE�I����m�ก��!H�!�� 
(Verification) GaD�����A6�B
6DO�P�;>��:O��;��!��I�
�A6�BO�H6E�I  aD;�h���;O<=O�a�D����C�KOP;ก�BM=N�@>A�6!

�B
I����O�P�;>��:
6D<������ID��JJ�7��D@�DEBP 

 

������MK 2 ��ก����$����%&+
�(,#$����� SEM/EDX ��

ก��
�3���������
�
%�#�$���& (Wiper paper) ���
)'*���%�#�$���&	
������������������� ��ก��
��$����%&����ก����
 

Wiper paper Dust on Tx Len 
Element 

Weight% Atomic% Weight% Atomic% 
C 51.51 58.59 27.12 39.47 

O 48.49 41.41 40.72 44.49 
Si - - 22.90 14.26 
Zr - - 9.26 1.77 

 

���8�ก��!En;�6�: (LC Holder) ��b><I6ก��;ก�B
M=N���O�P�;>��:O��;��!� �C�ก���B>6DQB!�C�O��;��!�
��!En;�6�:;��!�;
P�ก�����8�ก��!En;�6�:@>A�C�ก��
<�� �6�Be�I�;ก�BM=N���O�P�;>��:O��;��!�O�H6E�I       
QB!�T  �!���<P6D�C�ก������=�EBP@กI ��!En;�6�:���KRP    
K�ก���B>6D A<P6D;�h���!KO�I�=ก��! @>A A<P6D�C�
�����A6�B;��H�6D���KRPK�ก��<�� �6�O�P�;>��:�=ก���FD
กI6�ก��KRP<�� �6� ;8H�6KOP����K �I�M=N����;ก�B
aF���F�;ก�B
 �ก���8�ก��!En;�6�: ;�I ���F �  E�I EBP ;ก�B �ก;��H�6D
<�� �6�  �กก���B>6D8��I�ก��;��!���!En;�6�:  
;
P�E�K����8�ก��!�����G�C�KOP;ก�BM=N�
aF����O��;��!�EBP 
QB!���I� MTTF ;�I�ก��  3.9631 O�H66� ��=�EBP�I�ก��
;��!���!En;�6�:;
P�E�K����8�ก��!��A��7 4 ���FD aD A
�C�KOP;ก�BM=N�
aF����O��;��!� B�D@�BDK��e���� 5 

 

Times of dust found
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Table of Statistics

Median 3.88893

IQR 1.02281

Failure 30

Censor 0

AD* 2.614

Loc

Correlation 0.924

1.35813

Scale 0.194408

Mean 3.96312

StDev 0.777800

Probability Plot for Times of dust found

Complete Data - LSXY Estimates

Lognormal - 95% CI

 
�L��MK 5 ��ก���
�
���  ���!"��ก���<=$�
�& 
 

O��;��!���!En;�6�: (Fiber Connector) ��b>
<I6ก��;ก�BM=N���O�P�;>��:<��D�� �C�ก���B>6D@>A
����=��T  �!;RI�;B�!�ก��ก���B�6����8�ก��!En;�6�: 
(LC Holder) ��b><I6ก��;ก�BM=N���O�P�;>��:O��;��!�   
@<I;�>��!� �กก��;��!�O��;��!���!En;�6�:;
P�E�K����8�ก
��!En;�6�:��;�h�;��!�;
P�E�K�<��D��@�� 8��I�ก��
;��!�O��;��!�;
P�E�K�<��D��E�I�����G�C�KOP;ก�BM=N�
aF����
O�P�;>��:
6D<��D��EBP QB!���I� MTTF ;�I�ก�� 6.9608 
O�H66� ��=�EBP�I�ก��;��!�O��;��!���!En;�6�:;
P�E�K�
<��D����A��7 7 ���FD aD A�C�KOP;ก�BM=N�
aF����O�P�;>��:



ก��������=Dก�A���ก���B�6�<������ID��JJ�7��D@�DK�Q�DD��6=<��Oก���6�;>�ก��6��ก�: 
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<��D�� B�D@�BDK��e���� 6 @<IQB!�ก<�@>P�ก���B�6� A
6�=J�<KOP��ก��;��!���!En;�6�:;
P�E�K�<��D��EBP;8�!D 
2 ���FD Sa�D���I�<�C�ก�I� MTTF  aD�����G��=�EBP�I�ก��
;��!�O��;��!���!En;�6�:;
P�E�K�<��D��E�I�IDb><I6ก��
;ก�BM=N���O�P�;>��:<��D�� 

 

Times of dust found
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Table of Statistics

Median 7.01933

IQR 2.57149

Failure 30

Censor 0

AD* 0.844

Shape

Correlation 0.987

4.22320

Scale 7.65573

Mean 6.96079

StDev 1.85913

Probability Plot for Times of dust found

Complete Data - LSXY Estimates

Weibull - 95% CI

 
�L��MK 6 ��ก���
�
���  ��%��$�!�����<=$�
�& 
 

b>ก���B�6��T  �!��FD 3 �T  �! 8��I�;O>H6
;8�!D 2 �T  �!�C�;
P�����C���J����IDb><I6ก��;ก�BM=N�@>A
�6!
�B
I����O�P�;>��: �H6 ก���C������A6�B��!En
;�6�: (Fiber Cleaning) @>AM=N� �ก���8�ก��!En;�6�: (LC 
Holder) 
 

4.4 ก�����������กOPFก�	�
�ก�� 
BC�;���ก��@กPE
 2 �T  �!B�Dก>I�� QB!�T  �!@�ก

;�H�6Dก���C������A6�BO��;��!���!En;�6�:���!�DE�I��
��m�ก��!H�!�������A6�B
6DO�P�;>��:��F� EBPBC�;���ก��
@กPE
QB!;8���
�F�<6�ก��<�� �6������A6�B
6DO�P�
;>��:O��;��!�O>�D �ก�C������A6�BBP�!ก�AB�9�C�
�����A6�BO�P�;>��:@>P� QB!KRP;��H�6D�I6D��!En;�6�:  
(Fiber Microscope) B�D@�BDK��e���� 7 

 

 
�L��MK 7 $��?"
���
����<=$�
�& $�?"
��� �
�����
��
�
	
�%�#�$���&%��$�!�����<=$�
�& 
 

�T  �!;�H�6D���8�ก��!En;�6�: BC�;���ก��@กPE

QB!KOPRI�D;������C�ก��
!�!Q8�DBP��K�
6D���8�ก��! 
;8H�6KOP��RI6D�I�D�AO�I�DO��;��!�@>Ab��DBP��K����8�ก��! 
O>�D �ก��F��C�ก���B�6�b>O>�Dก��������=D 8��I��I� 
MTTF ;8��� �ก 3.9631 ;�h� 47.3205 O�H66� ��=�EBP�I�
ก��;��!���!En;�6�:;
P�E�K����8�ก��!��A��7 47 ���FD
 aD A�C�KOP;ก�BM=N�
aF����O��;��!� B�D@�BDK��e���� 8 

 

Times of dust found_After
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Table of Statistics

Median 48.0061

IQR 10.5558

Failure 30

Censor 0

AD* 0.738

Shape

Correlation 0.986

7.07262

Scale 50.5595

Mean 47.3205

StDev 7.87505

Probability Plot for Times of dust found_After

Complete Data - LSXY Estimates

Weibull - 95% CI

 
�L��MK 8 ��ก���
�
���  ���!"��ก���<=$�
�&%���
������'� 

 

4.5 ก���
����ก�	�
�ก���
��� 
  �กก��BC�;���ก��������=D@กPE
B�Dก>I��  aDEBP
�C�ก������=�ก�A���ก�� QB!�=ก�G���ก���B�6� A��
ก��;8���
�F�<6�ก��<�� �6������A6�B��O�P�;>��:
O��;��!���!En;�6�:O>�D �ก�C������A6�BQB!KRP
ก�AB�9�C������A6�BO�P�;>��: @>A��P�D��<�j��
ก���C�D�� (Work Instruction) �C�O�����m�ก���C�����
�A6�B@>Aก��<�� �6������A6�B
6DO�P�;>��:    
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O��;��!���!En;�6�: �I��<��@��<I�D� ;RI� 6=7Oce�� 
����RHF�@>A C����6�=c��K���!ก��b>�<��F�  AGeก
����=�<����<�j��
6DOP6D�>���e� QB!O�I�!D�����
���b�BR6� B�D��F�<��@��;O>I���F aDE�I�IDb><I6ก���B>6D
��FDกI6�@>AO>�Dก��������=D 
 

5. �������
�D�  
  �กก����A!=ก<:KRP;�����S�กS: S�ก�I� ;8H�6
������=Dก�A���ก���B�6�<������ID��JJ�7��D@�D 
8��I��TJO�����C�KOPb>�<c�8ก��b>�< �กก�A���ก��
�B�6�<�C�;ก�B �กก��;ก�BM=N�@>A�6!
�B
I����O�P�;>��:

6D<��D�� Sa�Dก��;ก�BM=N�@>A�6!
�B
I��B�Dก>I����F�    
;ก�B �ก��m�ก���C������A6�B��!En;�6�:���E�I;O��A��
@>AM=N� �ก���8�ก��!En;�6�:;6D  aDEBP�C�ก��������=D
@กPE
 2 �T  �!B�Dก>I�� b>O>�Dก��������=D8��I� b>�<c�8
ก��b>�< �กก�A���ก���B�6�
6D Model C ;8����eD
aF�
 �ก 84.49% ;�h� 93.06% ��B;�h��e>�I�
6D
6D;��!���
>B>D �ก;�>��! 17000 ;O��!J�O��j<I6;BH6�;O>H6 7500 
;O�� !J�O�� j<I6 ;BH6�  O�H 6>B�e>�I �
6D
6D;�� !            
EBP 55.88% <I6;BH6� 
 

��ก����O�����  
ก��!��<�: ����R�A.  2547.  �ก���C� Six Sigma ��

��A!=ก<:KRPK�ก��������=D�=7c�8ก���aก9�� 

�������	ก�����W�I���
�� ��� F���ก�� 
�
��� 5 ������� 1 �ก����-��G=��!�: 20-34. 

ก=�=��  ���D�:����B��, ��.��;ก�!�<�  D��A���m��8� @>A B�.
��R�! �=ID;�H6D6���<:.  2550.  �ก����A!=ก<:KRP 
FMEA @>A AHP ;8H�6������=Dก�A���ก��
b>�<n��< ก�7��aก9� : Q�DD��b>�<���;�>H6�
;S����ก�: �  ก����	X��
�X�ก��F�� ���


�Y
ก���������ก��  2007; 24-26 <=>��� 
2550; ce;ก�<: 963-969. 

��A;���j ����=J ����: @>A �� �<� >�cQ��;
��.  2550.  
�ก��>B
6D;��!K�ก�A���ก��b>�<���:BB��ก:
QB!;����� S�ก�:S�ก�I��  ก����	X��
�X�ก��

F�� ���
�Y
ก���������ก��  2007; 24-26 
<=>��� 2550  ; ce;ก�< : 1033-1038. 

c���� 6�!=����:.  2546.  ก��>B
6D;��!���;ก�B �ก�I�ก��
����FC�O��กกB
6DR=BO��6I���C�;�� E�IEBP<��

P6กC�O�BK�ก�A���ก����Aก6�O��6I��QB!KRP
@����DS�กS:  S�ก�I� [
�� ���I�[� ������

�Y
ก���Y�����������\�� ��F�
�X�

�Y
ก���������ก�� ].  ก�=D;�8�:  =q�>Dก�7: 
�O����!�>�!. 

����<: 8=กb��=ก @>A6��Gก� ;กID8>.  2550.  �ก��>B
6D
; �� !  � ก ก � A � � � ก � � R= � Q � � ; �� ! �  Q B !
��A!=ก<:KRP��m�ก��S�กS: S�ก�I� ก�7��aก9� : 
���9��K�6=<��Oก���R=�Q��;��!��  ก��
� � 	 X� � 
� X � ก � � F� �  � � � 
� Y 
 ก � � �
������ก��  2007; 24-26 <=>��� 2550; 
ce;ก�<: 957-962. 

�=8��<�� ;ก9��8D�:, ���m�  D��ก9:, m���: ;8�R�
�� 
@>A ;������กB�� ��กB���=��!�.  2550.  �ก��
��A!=ก<:KRPO>�กก��S�กS:S�ก�� ;8H�6>B�����7

6D;��!���;ก�B �ก�A��;<��O�aก�  ก����	X��

�X�ก��F�� ���
�Y
ก���������ก��  
2007; 24-26 <=>��� 2550; ce;ก�<: 990-994. 

;��� !e��8��m:,  �eJ �O��m�n6Dก=>, BC��D�: ���@�D�ก=>E�!.  
2550.  ������ก���
�������W�I.  
ก �= D ; � 8 � : Q � D 8� � 8: @ OI D  = q � > D ก � 7:
�O����!�>�!. 

��Q<R� �=;�A.  2546.  
�[M���� �̂���IJK�ก��I�_��

���W�I.   ก�=D ;�8�: �C ���ก8��8:�����
�ID;����;��Q�Q>!� (E�!-J���=N�). 


