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0�*(0�*2<O&P �#(*)C)! ,!XA�9)R$.A?!() �.29)!XA"Z*T0QC)>+&"[&;*8(*)N�&,,$Z*M�>�(&PC\]0*(*)+�A�. A*O
��*<Q* ?*((*)%&�9)*>0-8 +*�0,/0�!(^.A(*)+_]�+#2N�&,;*89R.(*)C)! ,!XA�9)R$.A?!()M�>(*)?!P,*)*AN�&,  
P!AO!XO(*)C)! C)/AC)>+&"[&;*8(*)N�&,?UA�/�A�OQO"#$(*)8!̀ O*(*)C)! ,!XA�9)R$.A?!()M�>)>  ?!P,*)*A(*)N�&, 
�8R$.�P�%�*(*)C)! ,!XA�9)R$.A?!()M�>�P(*)+�A�. A*O1��"!O,*�(Z*0OP (*)�P�%�*TO(*)C)! ,!XA�9)R$.A?!()
T<Q�"9O&9(*)C)! �C�#$2O�9)R$.A?!().2�*A)%P�)a%,*�MO%9&P SMED (Single-Minute Exchange of Dies) "#$
8!`O*SP2 Shingo SP2T<Q)�%�(! �"9O&9(*)'U(V*(*)"Z*A*O�8R$.%&�9)*>0-M�>..(M  (*)C)! ,!XA�9)R$.A?!() 
(*)8!`O*)>  ?!P,*)*A(*)N�&,T<Q.!�(.)&"U�^.A Takaku jU$A�#�Ck*0�*2TO(*)+�AA*O1��"!O,*�(Z*0OPT0Q
OQ.2"#$+/P )>  O#X"Z*T0Q,Q.A8!`O*)>  9.�8&%�,.)-�8R$.<�%2TO(*))% )%�^Q.�_�M�>C)>�%�N�"#$l_(,Q.AM�>
"!O(*)=-+Z*0)! (*)?!P,*)*AN�&,  
N�"#$1PQ?*((*)C)! C)/AP!A(��*%"Z*T0Q�#?Z*O%OA*O+�A�. ��*<Q*�P�A?*()Q.2�> 13 �0�R.�8#2A)Q.2�> 3 M�>
�P�%�*TO(*)C)! ,!XA�9)R$.A?!()�A?*()Q.2�> 25.5 ^.A�%�*(*)"Z*A*O�9)R$.A?!()TO(*)N�&,�0�R.)Q.2�> 1.7 
9&P�CmO�_�9�*^.A,QO"/O"#$C)>02!P1PQ 42 �Q*O *",�.Cn?*(�A&O�A"/O 4.3 �Q*O *" 
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MNA%A?), (*)C)! C)/AC)>+&"[&;*8(*)N�&,, (*)C)! ,!XA�9)R$.A?!(), (*)?!P,*)*AN�&,, (*)'U(V*(*)"Z*A*O 



doi:10.4186/ejth.2009.1.1.27 

www.ej.eng.chula.ac.th         �������������	���
��  : ���� 1 � ! "#$ 1 : %&'%())�'*+,)-(! ./,+*0())�1"2 ISSN 1906-3636 : ,. )!  8.9. 2552.  28 

 
 
 
 
 
 
 
 
 
 
 
 

PPPPRODUCTIVITYRODUCTIVITYRODUCTIVITYRODUCTIVITY    

IIIIMPROVEMENTMPROVEMENTMPROVEMENTMPROVEMENT    ofofofof    

AAAAUTOMATICUTOMATICUTOMATICUTOMATIC    PPPPRINTEDRINTEDRINTEDRINTED----

WWWWIRINGIRINGIRINGIRING----BBBBOARDOARDOARDOARD----AAAASSEMBLYSSEMBLYSSEMBLYSSEMBLY 

   
 
Suwanna Pupimai and Manop Readecha* 
 
Department of Industrial Engineering.  
Faculty of Engineering, Chulalongkorn University 
Bangkok, Thailand 
*Corresponding author; fiemrd@eng.chula.ac.th   

 

   

ABSTRACT  
 
The automatic printed-wiring-board assembly section in a television factory 
under this study is producing many varieties of products in small lots. This 
requires frequent changeovers, which results in production inefficiency and 
late deliveries. An analysis revealed that the major causes of productivity loss 
are setups and scheduling. Therefore, the productivity improvement in this 
study concentrates on developing new setup method and scheduling system 
to reduce setup time and late delivery. The setup method improvement to 
reduce setup-time uses the SMED (Single-Minute Exchange of Dies) 
techniques developed by Shingo in conjunction with work study techniques for 
analysis and design. The newly developed scheduling system uses Takaku’s 
algorithm, which aims at minimizing late deliveries. This system also requires 
the development of a computer system that helps collect and process accurate 
and timely data for scheduling.  
The improvements result in the reduction of late deliveries time 13% to 3% 
and reduction of setup time from 25.5 % of the machine available time to 
1.7 %. The improvements can save the company 42 million baht with a 4.3 
million baht investment..  
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I .  ��#*�  
C\??/ !OO#X�_(9Q*,Q.A(*)N�&,;!=W-"#$0�*(0�*2TOC)&�*=��8*>"#$,Q.A(*)�"�*O!XO "!XA2!A9*P0%!A9/=;*8"#$+_A 
�#)*9*"#$O�*8.T? �#(*)+�A�. +&O9Q*1PQ"!O,*�(Z*0OPM�>.2�*A)%P�)a%.#(PQ%2 (*)N�&,�CmO</P��a(Y <�%2T0Q
 )&V!"+*�*)lM^�A^!O1PQ�*(^UXO P!AO!XO?UA,Q.AC)! C)/AC)>+&"[&;*8(*)N�&,T0Q)>  (*)N�&,�#9%*�2RP02/�O
�8#2A8."#$?>�C�#$2OMC�A)%P�)a%,*�9%*�,Q.A(*)^.A�_(9Q*"#$�C�#$2OMC�A   
MNO(C)>(. MNA%A?)PQ%2�9)R$.A?!().!,SO�!,&"#$'U(V* �#0OQ*"#$0�!(9R.(*)N�&,MNA%A?)�8R$.+�AT0Q2!A+*2
C)>(. 0�!(T<QTO(*)C)>(. S")"!'O-  N�&,;!=W-MNA%A?)"#$N�&,�#0�*(0�*2<O&P  �#)_CM  (*)N�&,�CmO
M  10��R$O2RP02/�O0�*2^!XO,.O (Multi-stage flexible flow line)  �+QO"*A(*)10�^.AA*OM,��>A*O  �#(*)
10��+QO"*A�P#2%1���#(*)M2(A*O (Job splitting)  
()> %O(*)N�&,�# 2 (�/��0�!(,*��!(V=>(*)C)>(. <&XO+�%O.&��a9").O&9+-9R.  
-  (*)C)>(. M  �+#2 N�*O)_ (Through Hole Technology) jU$A�#�9)R$.A?!()"!XA0�P 4 M  ,*�

()> %O(*)N�&,"!XA0�P 75 �9)R$.A ?!P%*AM   process layout   �9)R$.A?!()M,��>M  %*A^O*OM�>�CmO
.&+)>,�.(!O  

-   (*)C)>(. M  2UP,&P ON&%PQ%2(*% 0)R. ,>(!$% (Surface Mount Technology, SMT)  C)>(. PQ%2
�9)R$.A?!()"#$?!P%*A�)#2A(!OSP2�#+*28*O�<R$.��CmO+*2(*)N�&,�#"!XA0�P 13 +*2(*)N�&, jU$A?!P%*AM   
product layout  

?*((*)%&�9)*>0-(Z*�!A(*)N�&,)*2%!OSP28&?*)=*?*(^Q.�_�?Z*O%O<&XO+�%O.&��a9").O&9+-"#$,Q.AC)>(. 
(Shot) �A OMNA%A?)^.AM,��>()> %O(*) 8 %�*()> %O(*)"#$�CmO9.^%PjU$A�CmO,!%(Z*0OP(Z*�!A(*)N�&,
^.AMNO(C)>(. MNA%A?) 9R. +l*O#A*O SMT M�>S)AA*O(a82*2*�?!P;*)>A*OT0Q�0�*>+�(! (Z*�!A(*)
N�&, jU$A;*)>(*)N�&,)*2%!OTO).  1 Cn"#$N�*O�* (�()*9�-[!O%*9� 8.'.2550) jU$A�(R. "/(�PR.O�#;*)>(*)
N�&,�(&O(Z*�!A(*)N�&,�*,)t*O+_A+/P^.AS)AA*O"Z*T0QS)AA*O,Q.A+�A;*)>(*)N�&,+�%O�(&OT0QN_Q)! �0�*<�%A 
(Outsourcer, OS) M,�.2�*A1)(a,*�TO<�%A"#$"Z*(*)'U(V*�#?Z*O%OA*O+�A�. ��*<Q*+_A"/(�PR.O 
?*((*)%&�9)*>0-)�%�(! N_QCv& !,&A*O"#$�(#$2%^Q.A�8R$.0*+*�0,/^.AC\]0* 8 %�*S)AA*O1��+*�*)lT<Q(Z*�!A(*)
N�&,.2�*A�#C)>+&"[&;*8P!AM+PATON!A(Q*AC�*TO)_C"#$ 1 M�>8 %�*(*)+_]�+#2�%�*TO(*)N�&,"#$+Z*9!]�*
?*((*)C)! ,!XA�9)R$.A?!())Q.2�> 25.5 M�>�%�*TO(*)).9.2�OR$.A?*((*)�C�#$2O,*)*A(>"!O0!O)Q.2�> 13.3 
P!AM+PATO)_C"#$ 2 P!AO!XO(*)C)! C)/AC)>+&"[&;*8TO(*)N�&,?UA�/�A�P(*)+_]�+#2TO(*)C)! ,!XA�9)R$.A?!()TO
+l*O#A*O SMT jU$A�CmO9.^%P^.A()> %O(*) M�>(*)C)! C)/A(*)?!P,*)*AN�&,T0Q�#C)>+&"[&;*8 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

�%��'  1  
MNON!A(Q*AC�*
(Cause and Effect 
Diagram)M+PA+*�0,/
^.A(*)+�A�. A*O
��*<Q* 
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2.1   ���������
�

.����� !��
���&!#��
����� 
�OR$.A?*(+l*O#A*O SMT �#�!(V=>()> %O(*)N�&,M  ,�.�OR$.AC)>(. 1CPQ%2�9)R$.A?!()0�*2<O&P
�<R$.�,�.(!O�CmO+*2(*)N�&, P!AO!XO(*)C)! C)/AC)>+&"[&;*8(*)C)! ,!XA�9)R$.A?!()?UA�/�A"#$?>"Z*T0Q�%�*
TO(*)C)! ,!XA�9)R$.A?!()"#$�CmO9.^%PT<Q�%�*1���(&O"#$2.�)! 1PQM�>?*((*)?! �%�*^.A(*)C)! ,!XA
�9)R$.A?!()"/(�9)R$.ATO+*2(*)N�&, P!AM+PATO)_C"#$ 3 8 %�*�9)R$.A?!()"#$T<Q�%�*TO(*)C)! ,!XA�9)R$.A?!()
O*O�(&O(%�*"#$2.�)! 1PQ 9R. �9)R$.A%*A<&XO+�%O.&��a9").O&9+-^O*P��a( (Pick & place )  M�> �9)R$.A%*A
<&XO+�%O.&��a9").O&9+-^O*PT0]� (IC placer) P!AO!XO(*)C)! C)/AC)>+&"[&;*8TO(*)C)! ,!XA�9)R$.A?!()
?UA�/�A'U(V*(*)C)! ,!XA�9)R$.A?!()"#$�9)R$.A?!()P!A(��*%"!XA 2 <O&P �CmO0�!( 
 
 

 
 
 
 
 
 
 
 
 
 
 
?*((*)'U(V*%&[#(*)"Z*A*O^.A(*)C)! ,!XA�9)R$.A Pick & place M�>�9)R$.A IC placer 8 %�*^!XO,.O
(*)"Z*A*O^.A�9)R$.A?!()"!XA 2 �9)R$.A�0�R.O(!O M,�T<Q�%�*TO(*)"Z*A*OM,(,�*A(!O^UXO.2_�(! ?Z*O%O
<&XO+�%O.&��a9").O&9+-"#$�9)R$.A?!()M,��>�9)R$.A,Q.AC)>(. �A OMNA%A?)  P!AM+PATO)_C"#$ 4 
 

 
 
 
 
 
 
 
 
 
 

�%��'  2  
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�%��'  3  
M+PA�%�*TO(*)C)! ,!XA
�9)R$.A?!()M,��>C)>�;"TO
+l*O#A*O SMT 
 

OUTPUTINPUT
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jU$AC)>(. PQ%2A*OC)! ,!XA;*2O.(1PQM(� (*)?!P%!,l/P& ��%A0OQ*,*�T 9%*�,Q.A(*)%!,l/P&  (Picking list) 
+�A1C2!AMNO(N�&,�8R$.).T<QTO(*)N�&,)/�O,�.1CM�>��R$.�9)R$.A?!()02/P"Z*A*OA*O(*)C)! ,!XA;*2TO�#"!XA0�P 
14 ^!XO,.O�#)*2�>�.#2PP!AO#X 9R. 8O!(A*Oyz*2N�&,M�>8O!(A*O9% 9/��9)R$.A?!()?>�^Q*�*"Z*A*O8)Q.�(!O
SP2 (1)8O!(A*Oyz*2N�&,PUA)l%!,l/P& ..(?*(�9)R$.A?!() (2)M2(%!,l/P& "#$?>,Q.AT<QC)>(. )/�O,�.1CM�>"#$
M,(,�*A�8R$.+�A(�! 1C2!Ayz*2%!,l/P&  (3)?*(O!XO�,)#2�%!,l/P& +Z*0)! (*)N�&,(kitting)PQ%2(*)C)>(. �Q%O
%!,l/P& (Reel)�^Q*(! ,!%Ck.O(feeder)?O9) ,*�?Z*O%O"#$,Q.AT<QTO(*)N�&, (4)M�>).?O()>"!$A8O!(A*Oyz*2
,)%?+. 9/=;*8 ,)%?+. 9%*�l_(,Q.A^.A(*)�,)#2�%!,l/P& �+)a? (5)�)&$�?!P�)#2A%!,l/P& ^UXO)l%!,l/P&  ).
(*),)%?+. jXZ*.#().  (6)TO^=>�P#2%(!O8O!(A*O9% 9/��9)R$.A?!()�A NC program  (7)C)! ^O*P
+*28*O�^Q*�9)R$.A?!() (8)C)! +*28*O..(?*(�9)R$.A?!() (9)�C�#$2O0!%?! <&XO+�%O.&��a9").O&9+- (10)�C�#$2O
?/P).A)! M)AT,QMNA%A?) (11)?*(O!XO+!$A02/P�9)R$.A (12)�8R$.T0Q8O!(A*Oyz*2N�&,OZ*%!,l/P& �^Q*�9)R$.A?!()  
(13)?*(O!XO?UA�)&$� Teaching jU$A0�*2lUA(*)C)! 9�*9%*�9�*P�9�R$.O^.A(*)C)>(. MNA%A?) (14)).
8O!(A*Oyz*29% 9/�9/=;*8 ,)%?+. 9%*�l_(,Q.A^.A(*),!XA9�*�9)R$.A?!() (�.O(*)N�&,?)&A 
 

2.2   5�
����������'�����
���������������������
�

.����� !��
�� 
0�!((*)C)! C)/AC)>+&"[&;*8(*)C)! ,!XA�9)R$.A?!()^.A()=#'U(V* 9R. (*)C)>2/(,-T<QMO%9&P(*)
C)! ,!XA�9)R$.A?!().2�*A)%P�)a% (Single-Minute Exchange of Dies, SMED) "#$8!`O*SP2 Shingo SP2
(*)8&?*)=*?*(A*OC)! ,!XA;*2TO (A*O"#$"Z*^=>"#$�9)R$.A?!()02/P)M�>A*OC)! ,!XA;*2O.( (A*O"#$"Z*
^=>"#$�9)R$.A?!()(Z*�!A"Z*A*O) jU$A(Z*0OP%&[#(*) 3 ^!XO,.O 9R. ^!XO,.O(*)M2(M2>A*OC)! ,!XA;*2TO"#$
+*�*)lC)! ,!XA;*2O.(1PQ  ^!XO,.O(*)MC�AA*OC)! ,!XA;*2TOT0Q�CmO;*2O.(  M�>^!XO,.O(*)
C)! C)/AC)>+&"[&;*8(*)"Z*A*O"/(YPQ*O  TO(*)PZ*�O&OA*O,*�^!XO,.O�0��*O#X1PQT<Q�"9O&9(*)'U(V*
(*)"Z*A*O+Z*0)! (*)%&�9)*>0-M�>..(M  (*)"Z*A*OT0�� jU$A)%�lUA(*)C)! C)/A8RXO"#$(*)"Z*A*O (*)

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

�%��'  4 
^!XO,.O(*)C)! ,!XA
�9)R$.A?!() Pick & place 
M�>�9)R$.A IC placer TO
+l*O#A*O SMT  
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^Ol�*2%!+P/ (*)..(M  ?&|( M�>PQ*O9%*�C�.P;!2 �*C)>2/(,-T<QTO(*)C)! C)/AA*OM+PAN�(*)
PZ*�O&OA*OM,��>^!XO,.OP!AO#X 

2.2.1. 7
.#
!#�' 1 �����������#��
�

.����� !��
�����2#�' ��	��8��
�

.�
���#!�9��   
?*((*)'U(V*%&[#(*)"Z*A*O (Work study))�%�(! (*)+!�;*V=-8O!(A*O"!XA0�P"#$�(#$2%^Q.ATO(*)"Z*
0OQ*"#$C)! ,!XA�9)R$.A?!() OZ*�*%&�9)*>0-^Q.�_��8R$.0*%!,l/C)>+A9-TO(*)"Z*A*OTOM,��>^!XO,.O OZ*1C+_�
(*)M2(A*O;*2TO..(?*(A*O;*2O.(1PQP!AM+PATO)_C"#$ 4 8 %�*�#A*OC)! ,!XA;*2TO"#$+*�*)l
C)! ,!XA;*2O.(1PQ 9R. A*OTO^!XO,.O"#$ (2), (3), (4), (5) M�>(7) 
 

2.2.2. 7
.#
!#�' 2    ���������#��
�

.����� !��
�����2#25���:#���#!� 
?*((*)'U(V*%&[#(*)"Z*A*O^.A(*)C)! ,!XA�9)R$.A?!()TO^!XO,.O(*)"Z*A*O"#$ (2), (3), (4), (5) M�>(7) 
OZ*^Q.�_��*%&�9)*>0- 8 %�*+*�*)lMC�AA*O^!XO,.OP!A(��*%T0Q�CmOA*O(*)C)! ,!XA;*2O.(1PQ SP2
(*)C)! C)/A,*�,Z*M0O�A+!]�!(V=-)_C[A"#$)> /TO^!XO,.O(*)"Z*A*OT0�� P!AM+PATO)_C"#$  5 M+PA
)*2�>�.#2PP!A,�.1CO#X 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 

(1) ..(M  T )*2(*),)%?+. (*)Cv& !,&(*)�8R$.�,)#2�9%*�8)Q.�^.A9OM�>�9)R$.A�R."#$
?Z*�CmO,Q.AT<Q(�.O(*)Cv& !,&A*O?)&AjU$A?>�CmO(*)�P�%�*+_]�+#2?*((*)).9.2 

(2)   (*),!P+*28*O�Z*��#2A"#$2*%�(&O9%*�?Z*�CmO..( ?*(O!XO?!PN!AS)AA*OT0���8R$.T0Q(*) Kitting 
��%A0OQ*M�>?!P�(a  Feeder .2_�TO8RXO"#$�P#2%(!O 

(3)    ..(M  M�>+)Q*A)l�^aO"#$T<QTO(*)?!P�)#2A%!,l/P&  
(4)   �8&$�()> %O(*)M2(0)R.)%��Q%O%!,l/P& T0Q�8#2A8.M�>�0�*>+�,�.(*)T<QA*O P!AM+PATO)_C"#$ 

6  �OR$.A?*((*)?!P�,)#2�%!,l/P& ��%A0OQ* "Z*T0Q%!,l/P& </P�(�*1��+*�*)lOZ*�*T<Q,�.1PQ^=>"#$
?!P�,)#2�%!,l/P& +Z*0)! N�&,</Pl!P1C +�AN�T0Q�(&P9%*�,Q.A(*)T<Q�Q%O%!,l/P& <O&P�P#2%(!O
?Z*O%O�*(^UXO jU$A,Q.A�A"/OjRX.�9)R$.A�R.TO(*) M2(-)%��Q%O%!,l/P&  ?Z*O%O 18 �9)R$.A M�>�8&$�
�%�*(*)?!P�,)#2�%!,l/P& �CmO�%�* 1.5 O*"# ,�.�Q%O  

(5)   ��R.(+*2(*)N�&,,!%.2�*A�8R$."P�.ACv& !,&,*�%&[#(*)C)! ,!XA�9)R$.A?!()"#$C)! C)/A 

 
 
 
 
 
 

�%��'  8 
^!XO,.O(*)C)! ,!XA
�9)R$.A?!() pick & place 
0�!A(*)C)! C)/APQ%2(*)
MC�AA*OC)! ,!XA;*2TO
�CmOA*OC)! ,!XA;*2O.( 

 
 
 
 

�%��'  5 
^!XO,.O(*)C)! ,!XA
�9)R$.A?!()"#$1PQ)! (*)
C)! C)/APQ%2%&[#(*)MC�A
A*OC)! ,!XA�9)R$.A?!()
;*2TO�CmO;*2O.( M�>
T )*2(*),)%?+. (*)
Cv& !,&(*)�8R$.�,)#2�
9%*�8)Q.�(�.O(*)
Cv& !,&A*O?)&A 

�9)R$.A?!() :................................

+*2(*)N�&, :..................................

(*)Cv& !,&(*) :C)! �C�#$2O?*()/�O.......................�CmO)/�O........................

%!O"#$ : .........................�%�*"#$�9)R$.A?!()02/P :...................

 

()> /<R$.)

8O!(A*O"#$1PQ)! (*)y�(. )�+Z*0)! (*)C)! ,!XA�9)R$.A?!()

yz*2N�&, 1 9O

 

()> /<R$.)

8O!(A*O"#$1PQ)! (*)y�(. )�+Z*0)! (*)C)! ,!XA�9)R$.A?!()

yz*29% 9/��9)R$.A?!() 1 9O

)l�^aO+Z*0)! T+� Kitting

)l�^aO+Z*0)! �)#2A Feeder

,!%.2�*AMNA%A?)�C��*

 

()> /?Z*O%O) Nozzle No.1

 

()> /?Z*O%O) Nozzle No.2

 

()> /?Z*O%O) Nozzle No.3

 

()> /?Z*O%O) Nozzle No.4

 

()> /?Z*O%O) Nozzle No.5

 

()> /)0!+) Overlay N0.

Setup Sheet

������
����!�����=��

����

���� !�	�!�' 
�!����

�!�����' 
�!�2(�

�9)R$.A?!() :................................

+*2(*)N�&, :..................................

(*)Cv& !,&(*) :C)! �C�#$2O?*()/�O.......................�CmO)/�O........................

%!O"#$ : .........................�%�*"#$�9)R$.A?!()02/P :...................

 

()> /<R$.)

8O!(A*O"#$1PQ)! (*)y�(. )�+Z*0)! (*)C)! ,!XA�9)R$.A?!()

yz*2N�&, 1 9O

 

()> /<R$.)

8O!(A*O"#$1PQ)! (*)y�(. )�+Z*0)! (*)C)! ,!XA�9)R$.A?!()

yz*29% 9/��9)R$.A?!() 1 9O

)l�^aO+Z*0)! T+� Kitting

)l�^aO+Z*0)! �)#2A Feeder

,!%.2�*AMNA%A?)�C��*

 

()> /?Z*O%O) Nozzle No.1

 

()> /?Z*O%O) Nozzle No.2

 

()> /?Z*O%O) Nozzle No.3

 

()> /?Z*O%O) Nozzle No.4

 

()> /?Z*O%O) Nozzle No.5

 

()> /)0!+) Overlay N0.

Setup Sheet

������
����!�����=��

����

���� !�	�!�' 
�!����

�!�����' 
�!�2(�
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(6)   ?!P. )�^!XO,.O(*)C)! ,!XA�9)R$.A?!()"#$C)! C)/AM(�8O!(A*O"#$�(#$2%^Q.A (�.OOZ*1CCv& !,&?)&A 
(7)  OZ*1CCv& !,&?)&A�CmO�%�* 1 �PR.OTO+*2(*)N�&,,!%.2�*A 8)Q.��(a N�(*)C)! C)/ASP2(*)?! 

�%�*(*)C)! ,!XA�9)R$.A?!()M,��>^!XO,.O,*�%&[#(*)T0�� 8 %�*�%�*TO(*)C)! ,!XA;*2TO^.A
+l*O#A*O SMT�P�A?*(�P&� 222 O*"# �CmO 63.7 O*"# 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.3. 7
.#
!#�' 3    �����
����������������2#���>���#  
?*((*)OZ*^Q.�_�%&[#(*)"Z*A*O M�>'U(V*�%�*^.A(*)C)! ,!XA�9)R$.A?!() Pick & place M�>�9)R$.A IC 
placer �*%&�9)*>0-�8R$.0*A*O"#$1)QC)>+&"[&;*8M�>�+O.MO%"*A(*)C)! C)/AC)>+&"[&;*8TO"/(Y
PQ*O P!AM+PATO)_C"#$ 7 +!]�!(V=-[AM+PAlUA^!XO,.O"#$1PQ)! (*)C)! C)/A �#)*2�>�.#2PP!AO#X 
(A)  (*)OZ*)>   *)-S9�P�*<�%2TO(*)C)! ,!XA�9)R$.A?!()  �8R$.�P�%�*(*),)%?+. 9%*�l_(,Q.APQ%2

(*).�*O)0!+M�>Ck.A(!O9%*�N&P8�*PTO(*)"Z*A*O 
(B) �P�%�*TO(*) Teaching PQ%2(*)?!P"Z*t*O^Q.�_� Teaching ^.AMNA%A?)M,��><O&PO.(

+*2(*)N�&, M�>9!PM2(MNA%A?)�C��*�CmO0�%P0�_�(�.O(*)Ck.O�^Q*+*2(*)N�&, 
(C)  (*)P!PMC�A�9)R$.A?!()�8R$.T0Q+*�*)lOZ*%!,l/P& �^Q*�9)R$.A?!()1PQTO^=>"#$8O!(A*O9% 9/�

�9)R$.A?!()C)! 9�*�9)R$.A?!()   
(D)  ..(M  8RXO"#$(*)"Z*A*OT0��SP2(*)(Z*0OPT0QOZ*%!,l/P& �^Q*�9)R$.A?!()PQ*O0�!A�9)R$.A�"�*O!XO 

�8R$.�PC\]0*8RXO"#$(*)"Z*A*O"#$9! M9   
(E)  (*)�P�%�*(*)OZ*%!,l/P& �^Q*�9)R$.A?!() SP2�#)l%!,l/P& +Z*).AC)>?Z*�9)R$.A?!()M,��>�9)R$.A�8R$.

?!P�)#2A%!,l/P& ^UXO)l�^aO��%A0OQ*��R$.�9)R$.A?!()02/P8O!(A*O+*�*)lOZ*9!OT0��M"O"#$1PQ"!O"#  
(F) (*)�P�%�*M�>9%*�N&P8�*P?*((*)9*P9>�OTO(*)C)! 9%*�(%Q*A^.A+*28*O�Z*��#2ASP2

(*)..(M  ?&|("#$<�%2TO(*)C)! ^O*P^.A+*28*O.T0Q�0�*>+�TO�%�*.!O)%P�)a% 
(G) (*)+)Q*AMN�O .(,Z*M0O�A?/P).A)! (Overlay) T,QMNA%A?) 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

�%��'  6 
)>  (*)9% 9/�%!,l/P& 
"#$T<QTO(*)N�&,MNA%A?)
PQ%2�9)R$.A?!().!,SO�!,& 
"#$C)! C)/AT0�� 
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��R$.OZ*1CCv& !,&?)&ATO+*2(*)N�&,,!%.2�*A�CmO�%�* 1 �PR.O8)Q.��(a N�(*)C)! C)/ASP2(*)?! �%�*(*)
"Z*A*O 8 %�*�%�*TO(*)C)! ,!XA�9)R$.A?!() Pick & place M�>�9)R$.A IC placer �CmO,!%(Z*0OP�%�*"#$+_]�+#2
TO(*)N�&,?*((*)C)! ,!XA�9)R$.A?!()^.A+l*O#A*O SMT 1PQ�P�A?*( 63.7 O*"#�CmO 7.3 O*"# 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3   �������
���������������������
�

.����� !��
�� 
(*)C)! C)/AC)>+&"[&;*8^.A(*)C)! ,!XA�9)R$.A?!()T0��,*�MO%9&P SMED PQ%2(*)'U(V*(*)"Z*A*O 
OZ*�*?!P"Z*�*,)t*O(*)"Z*A*O M�>�%�*�*,)t*O�8R$.T<Q�CmO9_��R.TO(*)OZ*1CCv& !,&A*O ?*(O!XO
OZ*1CCv& !,&?)&A8)Q.�%!PN�(*)C)! C)/AC)>+&"[&;*8?*(�%�*TO(*)+_]�+#2TO(*)N�&,�OR$.A?*((*)
C)! ,!XA�9)R$.A?!() N�C)*(v%�*(*)+_]�+#2TO(*)N�&,�P�A?*(�P&�)Q.2�>  25.5  ^.A�%�*�9)R$.A?!()
"Z*A*OTO(*)N�&,"!XA0�P�CmO)Q.2�> 1.7   
 

III.  �����
�������������
�
�������
 
 

3.1 ����
�
�������
�&!#�����
����� 
8O!(A*O?!P,*)*AN�&, "Z*0OQ*"#$?!P,*)*AN�&,)*2%!O^.AM,��>(> �8R$.+�AT0Qyz*2,�*AY"#$�(#$2%^Q.A M�>
,&P,*�9% 9/�(*)N�&,T0Q+�A�. A*O"!O,*�(Z*0OP 0*(�#(*)C)! �C�#$2O,*)*A(*)N�&,M�>M?QAT0Q
yz*2,�*AY"#$�(#$2%^Q.A")* ��%A0OQ* 4 <!$%S�A  ?*((*)%&�9)*>0-%&[#(*)?!P,*)*AN�&, 8 %�*C\]0*(*)
?!P,*)*AN�&,�#9%*�2/�A2*(j! jQ.O �#?Z*O%OA*O"#$,Q.A?!P,*)*AN�&,)*2%!O�#?Z*O%O�*( C)>(. (! 
(*)?!P,*)*A.*'!2C)>+ (*)=-̂ .A8O!(A*O�"�*O!XO1��1PQ9Z*OUAlUAN��!8[-^.A(*)?!P,*)*AN�&, "Z*T0Q
(*)?!P,*)*A1��"!O(*)=- M�>PQ.2C)>+&"[&;*8�#(*)+�A�. A*O��*<Q*+�AN�()>" ,�.+*2(*)
C)>(. S")"!'O-,Q.A02/P(*)N�&, P!AO!XO?UA�/�AC)! C)/A(*)?!P,*)*AT0Q�#C)>+&"[&;*8 SP2�#�Ck*0�*2
0�!(TO(*)+�AA*OT0Q"!O,*�(Z*0OP �#%!,l/C)>+A9-�8R$.�P?Z*O%OA*O"#$+�A�. ��*<Q*OQ.2"#$+/P  �P�%�*
)%�^.AA*O+*2OQ.2"#$+/P M�>�P�%�*A*O+*2�*("#$+/P�#9�*OQ.2"#$+/P   
 

 
 
 
 

 
 
 
 
 
 
 
 
 

�%��'  7 
^!XO,.O(*)C)! ,!XA
�9)R$.A?!()"#$C)! C)/A M�>
(*)OZ*)>   *)-S9�P�*
<�%2TO(*)C)! ,!XA
�9)R$.A?!() 
 

  ��������"������ !(&��2#��#�����
�

.����� !��
�� 

Picking List + 

Setup Sheet

Load NC/Teaching 

Program

Loading confirmation

Pre Loading 

confirmation

Kitting offline

Part sequencing 
offline
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.����� !��
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Picking List + 

Setup Sheet
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Setup Sheet
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Program

Loading confirmation

Pre Loading 
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Kitting offline

Part sequencing 
offline
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3.2 �����
���������
�
�������
  
,*)*A"#$ 1 M+PA(*)��R.(0�!((*)"#$�0�*>+�(! C\]0*(*)?!P,*)*A^.A()=#'U(V* jU$A�CmOC\]0*"#$�#
^O*PT0]� ).A)! (! 9%*�,Q.A(*))*2%!O (��(=W-"#$�0�*>+�M�>�CmO"#$2.�)!  9R. %&[#�&%)&+,&( 
(Heuristic)  ?*((*)'U(V*A*O%&?!28 %�* �#0�*2�&%)&+,&(TO(*)M(QC\]0*(*)?!P,*)*AN�&,^.A)>  
(*)N�&,M  10��R$O2RP02/�O0�*2^!XO,.O jU$A,�*A8&?*)=*.A9-C)>(. ^.AC\]0*(*)?!P,*)*AN�&,
M�>%!,l/C)>+A9-M,(,�*A(!O 
 

 
 
 
 
 
 
 
 
 
 
 
 

jU$A?*((*)%&�9)*>0-9%*��0�*>+�^.A�&%)&+,&(,�*AYP!AM+PATO,*)*A"#$ 1  8 %�*0�!(�(=W-^.A 
Takaku �#9%*��0�*>+�+.P9�Q.A(! C\]0*(*)?!P,*)*AN�&,+Z*0)! ()=#'U(V* P!AO#X  �!(V=>^.A
C\]0*(*)?!P,*)*AN�&,�CmOM  10��R$OM  2RP02/�O0�*2^!XO,.O M,��> !̂XO,.O�#�9)R$.A?!()0�*2
�9)R$.A"#$"Z*A*O�0�R.O(!O ?Z*O%OA*O�#�*(M�>0�*(0�*2 .A9-C)>(. ^.AC\]0*1���#(*)M2(A*O 
1��8&?*)=*^O*P^.A)/�O(*)N�&,"#$�0�*>+�  SP2�#�Ck*0�*20�!(TO(*)+�AA*OT0Q"!O,*�(Z*0OP
�<�O�P#2%(! ()=#'U(V* jU$A0�!(�(=W-^.A  Takaku M+PA+�(*)"#$ (3)   
                             

 
 (1) 

 
 
 

��R$.    J(i) : �%�*�^Q*�*lUA^.AA*O  i-th ��R$. (I = 1,2,�) 
r(i) : �%�*"#$A*O J(i) �^Q*�*lUA"#$()> %O(*)M)( 
p(I,j) : �%�*TO(*)N�&,^.AA*O J(i) TO^!XO,.O(*)N�&, j-th  ��R$. (i=1,2,�:j=1,2,�,n)  
d(i) : (Z*0OP+�A�. ^.AA*O  J(i) 
D(i,,j) : �%�*�Ck*0�*2^.AA*O J(i) N�&,�+)a? TO^!XO,.O j-th  
β(j) : ��^+!�C)>+&"[&�+Z*0)! �%�*�+)a?+&XO^.AA*O  J(i) TO^!XO,.O j-th . 

 

?*(0�!((*)^.A Takaku  "#$�#(*)2UP(Z*0OP(*)+�A�. A*O�CmO�(=W- jU$A�# )( jβ  "#$1PQ?*(%&[#(*)�<&A
,!%��^ �8R$.0*9�* )( jβ  "#$�0�*>+� jU$ATO()=#'U(V*1PQP!PMC�APQ%2(*)9Z*O%= SP2%&[#(*)0*9�*���#$2
^.A+!P+�%O)>0%�*A�%�*"#$1PQ?*((*)?! �%�*M�>�%�*�*,)t*O^.A(*)N�&,A*OTOM,��>+l*O#  ��R$.1PQ
9�* )( jβ  "#$�0�*>+�+Z*0)! +�(*)"#$ 3 �8R$.?!P�Z*P! A*O  ?*(O!XO?UA?!PA*O�^Q*�9)R$.A?!() 0�!((*)P!AO#X 
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Case st udy - Y Y Y Y Y N N N N N

Ko ich iro Takaku and  Ke niji  

Yura, (20 05)

Du eda te p rior i ty b ase o n 

he uris tic  
Y Y Y Y Y N N N N N

Ke nji Muram a tsu, A dity a 

W a rm a n an d M in ora 

Ko bayashi, (20 03)

Ne ar-op tim al  s olution  

th at cal led  narrow sense 

La grang ia n 

De com pos ition 

Co ordination  ( LDC)

N Y Y Y Y N N N N N

Sh im p ei Ma tsum oto , K oj i  

Okuh ara, N obuyuk i Uen o 

and  H i ro ak i Is h ii , (20 05)

Lo t s izing ru le  base  on 

he uris tic
Y Y N N Y Y N N N N

Tzu ng-P ei Hon g,P ei -Y in g 

Huan g a ndGwo boa  Horng , 

(2 006 )

LPT and  Pa lm e r 

ap proach es  to so lve s  

grou p s che dul ing.

Y N N N Y N N N N N

H irosh i Mori ta a nd N aok i 

Sh io , (200 5)

Hybr id  B ran ch an d 

bo und  w ith  Ge net ic  

alg ol ith m

Y Y N Y Y N N N N N

Fac tors  cons ide re d 

Ref ere nce Me tho de
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(a) ()=#"#$A*O�^Q*�*"#$()> %O(*)M�Q%�#�9)R$.A?!()%�*AT0Q�)&$�(*)N�&,"#$�9)R$.A?!()O!XO1PQ"!O"#   
(b) ()=#"#$�#A*O�^Q*�* =.()> %O(*)TPY M�Q%1���#�9)R$.A?!()%�*A T0Q8&?*)=*%�*�#�9)R$.A10O Q*A"#$

A*O+*�*)l�)&$�,QON�&,1PQ�)a%"#$+/P�"�*"#$�CmO1C1PQT0Q?!PA*OT0Q(! �9)R$.A?!()O!XOY  
jU$ATO(*)9Z*O%=1PQOZ*)>  9.�8&%�,.)-�^Q*�*<�%2�8R$.T0Q(*)?!P,*)*Al_(,Q.A M�>"!O(*)=-    
 

3.3 ������
�
�������
�������'25	& 
S)AA*O"#$'U(V*�#A*ON�&,"#$�C�#$2OMC�A,�.P�%�* ?UAT<Q(*)"P+. )>  ?!P,*)*AN�&,"#$C)! C)/AT0�� 
PQ%2(*)T<Q9_�^O*O(! %&[#(*)�P&��CmO)>2>�%�* 11 %!O (��*%9R.��R$.�#A*O�^Q*�* T0Q?!P,*)*AN�&,PQ%2
%&[#�P&�PQ%28O!(A*OC)>?Z*(>(>�> 4 9O 8)Q.�%&[#(*)T0��PQ%28O!(A*OC)>?Z*(>�8#2A 1 9O   
�OR$.A?*(%&[#�P&� 1��+*�*)l)> /(Z*0OP�+)a?^.AM,��>A*O ?UA1��+*�*)l%!P�%�*)%�^.AA*O+*2 M�>
�%�*A*O+*2�*("#$+/P  P!AO!XO?UA%!PN�?*()Q.2�>^.A?Z*O%OA*O��*<Q*?*(?Z*O%OA*O"#$+�A�. "!XA0�P
^.AM,��>%&[# 8 %�*?Z*O%OA*O��*<Q*"#$?!PPQ%2%&[#�P&��#?Z*O%O�P�A?*()Q.2�>13 �CmO)Q.2�> 3 jU$A%&[#
T0���#�%�*)%�^.AA*O+*2M�>�%�*^.AA*O+*2�*("#$+/POQ.2�*(TO)>P! "#$O�*8.T? 

 

V. �������
����������������������
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(*)C)! C)/AC)>+&"[&;*8
(*)N�&, 

A.Identify the overall value of machine setup

1 Shot of one fully burdened hour of machine time per line from Table 1.1 50,000                shot

2 Number of line 13                       Line

3 Cost per shot 0.1 Baht

4 Value of one fully burdened hour of machine time (1) * (2) * (3) 65,000                Baht

5 Divided by 60 (Minutes per hour) (4) / 60 1080 Baht

6 Times the average % of downtime for change over 25.26% 272.808 One minute setup value cost

270 (Significant value)

B.Identify the overall value of job-scheduling system improvement 

7 Number of operator reduction 6                         Person

8 Labor cost per hour 20 Baht

9 Value of job-scheduling system improvement (7) * (8) 120                     Baht

10 Value of job-scheduling system improvement by annual 2,500                300,000              Baht per year

B.Identifying the total purchase cost

11.Identify each item to be purchased (Material and equipment)

Item Price per unit Unit Delivered price

11.1 Split / Merge 20,000                18                 360,000              

11.2 Feeder / Kitting cart 30,000                130               3,900,000           

12 Identify labor costs to install ( Re-layout by 40 person * 5 Days) 20 2400 48000

13 Identify training cost to implement ( 59 Person in charge ) 20 2000 40000

14 Add all purchase costs (Investment) 4,348,000           Baht

C.Identifying the value of the purchase

15 Identify number of minutes reduced on each setup ( 222 to 7.3 Minutes) 214.7 Minutes

16 Time the number of setups per year 720 Times

17 Time the one minute setup value ( 6 ) 270

18 Annual setup value 41,737,680         Baht

19 Total Annual  value (10 ) + ( 18 ) 42,037,680         Baht

D.Identifying the payback

20 Total purchase cost 4,348,000           

21 Divided by annual benefit (ROI) 10% or 1.2 Month

% ROI Rule of thumb:

20% or less should be immediate purchase. (2.5 month or less payback)

20% or 100% should beavailable from budget. (1 year payback maximum)

Over 100% needs capital justification. (greater than 1 year payback)

Determining ROI of expenditures for Productivity Improvement project 
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