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The objective of this research is to reduce waste reduction in micro cable 

manufacturing by applying lean six sigma approach. Current working condition in this 

electronic manufacturing has high process waste which result in the production cost 

is very high at 94 .8% of selling price. 

The purpose of this research is to reduce the waste in the production line of 

micro coaxial cable and solving the problem by apply lean six sigma principle. This 

research consists of 5 steps (I) Identifying problem phase , analyzing causes which 

the project B-004 is chosen as it has the highest cost structure. (II) Measuring phase, 

is to identify the non-value added activity does. The proportion of this non-value 

added activity is as high as 65% of all activities. Moreover the problem of waste is a 

problem that occurs in short circuit. (III) Analysis phase was to analyses seven waste 

according to lean concept. (IV) Improvement phase was to find solutions to the 

problem, design process used ECRS principles to reduce waste from over 

production, of production layout process is to reduce waste in transportation . 

Reducing the waste of unnecessary inventory adopted the principles of 5S. Reduction 

of failure in production process followed by design of experiment after all solution to 

waste reduction were identified, they were implement by training employees. (V) 

Control phase, is to monitor and control the defined parameter input from the 

experimental and control the standard practices to all employees . The improvement 

result has shown production cost is reduced from 48.25 baht per piece to 42.54 baht 

per piece or by 11 .83% and productivity up from 3700 piece to 4090 piece or 9.45%. 
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" ~l!n'lI'WYl n rl'W~~'J'Wi'J~ 'Wll n'"ll n-WLL 'W'J A (;1 nlJ'e.J~ ~ LLUU~'W ~'ll-l'lufuuJ''luJ':;~YlfiJll~ nl J' . , . 

II 'II I 

~1 L il'W'lI'WJl'J~mlJ'~~I'l1,x Ln (;1 mJ'l ~~'llll'l'lI'W~~ll (;1"t1'l m:;u'J'WmJ'll~I'l ~ll L tlll'l ~'ll!'WL ~ll1,x 

U~~~ Lih~~ltJ L~~I~'"l:;rJfll'lJ':;'LJ~1 LL'Wnrl'Jl~~ 'kJ Ltl~l~ Ln(;1~'W1 'W~ltJmJ'e.J~{?l ~'l rl'Jl~~ 'kJ Ltl~1 
" , , 

1l1'"lJ''J~1i'l n'"l mJ'~ -n'W~ll'W ~1ll nJ':;u'J'WmJ'Vlll-1 nlll,x Ln (;1rlru~1 L~~l ,xnu~ n ~1 (Non-Value , '" 
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Added) LVlrJ~\l L ih..lIWEllJ~'W'el\l rl(Yl~ ~'el\l n1 ~"lI'el\l ~ n f11 L1j'W~1 f1'1! (Customer-focused) ~'JrJ 

rl ruJl1~~\l~ VI ~'WVl'W~1~ VI LL~:::H' L'J~1,J'elrJ~~ VI n1~\mL'W'J A VI"lJ'el\l n1~lJ1~1~~ VI n1m1~~~ (;1 
ill \l III q q q 

LLlJlJ~'W ~11~\l L1J'W~n Lrl1'el\ln'el~~\l~'"l:::i (ijJ'W1LL~:::L~~; VI rl'J1~~1~1nl1 'Wn1m~\l<]'WfllJ~ n f11 

nrJ~'W11~ 
~ ~, 

1 'W~'J'W"lJ'el\lnnll~mnihu'Wn1~~ m~n 1 'W~'J'W"lJ'el\l ~~ (;1Jl ru"Yl~'W~'J'W~ L~ rlVl~'el-nrlM\l LU'W 
~ , 

~1rJ n1~~~ (;1 LLlJlJ~~ (;1m~1 ru~1 n (;]'el rlf\l n1~~~ (;1 (Mass production) ~\l'ell PlrJ LL~\l\l1'Wrl'WLU'W 

i1'"l~rJ~1 fI 'kJ1 'Wm:::lJ'J'Wn1~~~ (;1 ~\l ~'el\liJn1~~ VI rl'J1~~ 'kJ L'Lh'h LL~:::n'"l n n~~hJri'el1-X Ln Vll;j~ rh 

'el'el n hJ'"l1 n m:::lJ'J'Wn1~~~ (;1 L~'el~ VI ~'WVl'Wn1~~ ~ (;1 LL~:::L ~~1.h:::~VlfiJl1~1 'Wn1~~~ (;1 LVlrJ'elI PlrJ , 

, ~ , 
~~ (;1L~'el~h\lrl'J1~~\l~'el1'"l1-XrilJ~nf11;1\lVl1\l ~1'WrlruJl1~ ~'WYl'W nrl1 LL~:::n1~~\l~'ellJ~(;1~\l 'IJ , , 

~ , 
L'J~1 ~\l oJ'W~\l ~'el\liJn1~~n'l:f1~Jl1~n1~V11\l1'W1 'Wi1'"l,U'WL~'el1JflJ'l.J~\l m:::lJ'J'Wn1~~~ (;1 LL~:::~ VI 

rl'J 1~ ~ '1! L~ rJ~ Ln VI~'W'"l1 n LL 'W'J A Vld\l1'W~~rJd~\l ~\l L ,J'W~'"l :::'el'el n LLlJlJ n ~:::lJ'J'Wn 1 ~~ ~ (;1 LVlrJ ~ VI 

9JQJ' J 1I Q 

rl'J1 ~ ~ '1J L~ rJVl Ln VI"lJ'WJl1 rJL 'Wn ~:::lJ'J'Wn 1 ~L ~'el ~ VI (;1'W~'WL 'Wn 1 ~n 1 ~~ ~ (;1 LL~::: ~ ruJl1 ~ "lJ'el\l 

Customer Current New product Market Market Product life cycle 

product Share Demand 

A A-027 A-028 50 % Growth 1 year 

8 8-003 8-004 8-005 100 % Growth 1 year 

C C-022 C-023 C-024 50 % Maturity 6 month 

D D-018 100 % Maturity 6 month 

E E-010 100 % Decline 6 month 

Sample Several Make to order 

product 
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0% 
10% 

I I ~ ~ 

ltJ~ 1.1 m'1yj~~~(;)'l~(;)~'J'W'Yimm'rum~~'l~'el~1mA~U~'H~',ml'l~~'el'W~nnA~ - nm{J1A~ 2552 

" ~'WVl'Wm~t:.J~ (;1"l1'el'l~'W~l1oJ'W~1il1~ru11il1 n 3 ~'J'W~'el ~'WVl'W(~h'W~ (;1 C1 ~1J (Direct material) • • • 

~'WVl'W~1'W~~~'l'l1'W (Direct Labor) ~b~:;~'WVl'W~1'W,"hl-if~1tJ"lI'el'lb~'l'l1'W (Overhead) b(;)tJ~'WVl'W • • • 

~1'W~(;1~~1J (Direct material) ~'Wbu'W1tJ(;11~m~'el'elmb1J1J"lI'el'l~n~hdj'W~rh"vl'W(;) ~'lhJ~1~1~C1 
" ", 

~ (;) ~'WVl'Wl 'W~'J'Wtl1~ tl1~ (;)~'l1~n ~~tJ'l b~ mJ'eltJ b 'VhoJ'W ~'J'W~'WVl'W~ bn (;)1il1 n m~t:.J~ (;1 b(;)tJ (;1N n~'el • • 

" , , 
~'loJ'W~'l A'J ~Yi1 m ~~ (;) ~'WVl'W~ bn (;)1il1 n m ~t:.J~ (;1 b(;)tJ (;1N b~'el~'l t:.J~ 1 ~~1~ 1 ~C1~ (;) ~'WVl'W • • 

" , 
m~t:.J~ (;1l'l'el"vltJ'JtJ"lI'el'l LPi'J t:.J ~ (;1Jl rusvl ~'l 1 'W~'J'W"lI'el'l n ~ru~ m~J'1tllil :;~'l b ,J'W1tJ~ ~'WVl'W~1'Wb~~'l'l1'W • • 

(Direct Labor) ~ti'el'l1il1 n~ n~:;1J'J'Wm~t:.J~ (;1~H bb~'l'l1'WA'WbU'W~ 1 ~ '1! ~'l~1~1~C1 ~ 1~1il1 n nnyj 

bb~(;)'l~'l~tJ~ 1.2 
OJ 

Cost per unit 

• DM • DL • OH • Profit 

th:;~VlfiJl1'Yi 1 'Wm ~Yi1'l1'WhJ~ ~'l A'J ~Yi1 m~~ bAn :;tfb ~'el~1 bb 'WntJ~:;IJlVl"ll'el'l nlil n ~~~"lI'el'l b~l'l~:; 

~ mtl'l1'Wbb~ :;,J11tJ~ m nbm "lItJf1JtJN 1 'Wn ~:;1J'J'Wm ~Yi1'l1'Wl'l'el1tJ 
OJ • 
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" I I II 

'l1'W~~tJ-nil dh\.uJ1 tJVI~ n b Yl'fl ~ (?) r1'"ll~~ ru btJ~l~ bn (?)~'WL 'Wn ~:;u'J'Wn1n.J~ l'l~1 tJ brl bij~ 
'U '" 

1) b ~'fl~ brln:;tf~JllY1'lJ'fl'l rI'Jl~~ b1! btJ~IV11'fln!Ol m~~~1~ bn (?)~~ ~1 bb~:;Vll~1 bVi ~VI~ n 

'lJ'fl'lif b1!Vll~ bn (?) L 'Wn ~:;U'J'Wn1 ~e.J ~ l'l~1 tJ brl dj~'lJ'W1 (?) b~ n 

2) b~'flY'h n1mnl'llif b1!Vll~ bn (?);'W t(?)tJ n1 ~'fl'fl n bbU1.Jn~:;U'J'Wn1~e.J~ l'l~ltJ brl bU~'lJ'W1 (?) 

b~nt(?)tJtJ~:;tJnl'l1.jfbb'W'JYll'l'lJ'fl'l~'W ~n ~n~1 , 

, ~ 

1) ~m~I~ltJ~:;b~tJ (?) bnm num:;u'J'Wn1~e.J~ l'l ~fin1m~:;-n'Wl'l'fl'Wn1~e.J~ l'l~ltJ brl bU~ 

2) Vii n1~~n~1 b~'fl~ (?)ifb1!Vll rI'Jl~~ b1! btJ~l~ bn (?)~'WL 'Wn1~e.J~ l'lJl'WY]~ltJ brlbU~'lJ'Wl(?) 
b~m'UYll:;i'W 8-004 L'Wm:;U'J'Wn1~e.J~l'l'lJ'fl'lt~'l\lI'Wmru~n~1 , 

~ 

bvh'!!'W 

4) ~(?)rI'Jl~~L1JbtJ~lbb~:;n!Oln~~~~1~.h~~~ru~1 ( Non -Value Added Activity) ~ 
... J' ~ ... 

bn (?)'lJ'W b 'Wn ~:;U'J'Wn1~e.J~ l'l 

>-
aQ CV Q Q Q' 0 cv 

1) 'fl'fl nbbUU m:;u'J'Wn1~'J fin1 nb~:;'lJ'Wl'l'fl'Wn1 ~e.J~ l'l~lmrl bU~'lJ'W1 (?) b~ n~IV1~U 

e.J~ l'lJl ru"Vl1 VI~l ,xiltJ~:;~YlfiJllY1 

2) ~(?)bb~:;rh~(?)ml~~b1!btJ~I~1~b~~~~~1 (Non-Value Added Activity) !OlIn 

n~:;u'J'Wn1~e.J~ l'l b~~ 

1.5 tJ~::L!J"i!,Jvlf'111?l~1'"l::1~~'I.J 

tJ~:;ttJ"llt!~rll (?)~I!Ol:;1~fu!Olln'lI'W~~tJ~mJ'l'fl'fln b1J'W 2 ~'J'W 

1. tJ~:;ttJ"llt!~ill1l'fl'lI'W~n~I~~tJ 

1.1 dJ'Wbb'W'JYll'ln1~~~'Wlr1'Jl~nVl~ b~'flbbnifruVllL'Wn1~e.J~l'l~lmrlbU~ 
'U '" 

'lJ'Wl(?)b~n 

1.2 dJ'Wbb'W'J Yl I'lL 'Wn1~~n~I~~tJL 'Wn1nbnif b1!VllV11'flL 'Wn~:;u'J'Wn1~e.J~ l'l~ 
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1.3 dJ-wm~Yl(il~tl,m~~,J1~~~n~1hJYl(il~tl~H''"l1-~lwLN~1'\.mnn~m=n 

1.4 L1Jt.lU~~L£J'1!oJ~1~¥tJ ~~~t.l1'"lvf') 1UlWn1~,J1 hJ~ n~1 L~~~1-tl1-n L1Jt.l 
" 

Ltl n~1~~1~:S~ 1 t.lm ~vl1';j9'£J~t.l~tl1U 

2. U~~L£J'1!oJ~~~tlnnn~n~1 

2.1 ~1 ~1 ~mL~ (iI~U ~~~ Yl fiJl1'V'1 m ~vl1~ 1 t.l'1Jtl~ m~tJ')t.ln1 ~ L(iI £J1-n~ 1£J n1 ~ 

, 0-

2.2 ~1~1~rJ~ (ilrI,)1~~ '1) LUth~ Ln (iI~t.l1 t.lm~tJ,)t.lm~~~ [;J 

2.3 L~tl L1Jt.lLL t.l,)Yl1~ 1 t.ln1 ~U¥tJU ~~ n ~~tJ')t.lm ~~~ [;J'1Jtl~ ~~ [;JJl ru-n~t.l1~ ~ 

~ n~ru~1n~ L~£J~ nt.l~1-tl L{jt.l.jJtl~~ 1 t.lm~u¥tJu~~ ~tl1u " , , , 
A A A d 11 

2.4 ~1~1~m 'V'I~ r1,)1~~1~1~rJ'1Jtl~ m~tJ')t.lm~~~ [;J~1mrl LtJ~ '1!~'"l~M1~ 
, 0-

r1,)1~~~'V'Itll'"l1 ,xntJ~ n ~1~1n~~~t.l 
" 

I I 11 I 

m ~~1 L tjt.l~1t.l';j9'£J L ~tl1 ,xtJ~~~ LU1~~ 1£J 1 t.lm ~~ (ilU '1)~1~ Ln (iI~t.l'"l1 n m ~~tl~~ 1t.lL~tl~ 

'1Jtl~~ 1mrl LU~ L(iI£J,J1 LL t.l,)Yl1~'1Jtl~~t.l ~ n ~n~1~1U~~£J n [;J1-D1,x m~1~~~ ntJ m~tJ')t.lmnJ~ [;J , 

2) n1~t.l(iltjm~u'1)~11 t.lmnLm '1JU '1)~1~ Ln (iI;t.l (Define Phase) 

1. ~n~1m~tJ')t.lm~~~[;J~1mrlLU~ (Micro coaxial cable) ~')~~~~,)tJ~')~.jJtl~~ 
" 

L~"" ~ n'''''1-''f n '''1 i L""n "" J''1J''~'' f.l\ 1"' n 1 "'PI ~ "" "(Jf"l l.J u0i;i VI " VI ".. b"..., (.J J "'."" LL~~vl1~~n~~tJ')t.ln1~ (Process 

Map) 
0-

2. n1~t.l~U'1)~1 .-r[;J~U~~~~fl LU1~~1£J (;]')~.-r~ LL~~~~£J~L,)~1'1Jtl~LrlNm~'1Jtl~ 

'l1t.l~9'£J 

3. 9' ~~'l rI ru~.yi1~1t.lL~tl L .jJ1i')~1 t.l LrI~'l m~ L~£J m ~n1~t.l~ rI ru~vl1'l1t.l'"l ~vl1 m ~ 
~~ L~tln'"l1 n~~~ r1,)1~! r1,)1~~1t.l1 '1)1 t.l~')t.l'1Jtl'l n~~tJ')t.lm~~~ [;J~ L~tl nvl1 m~ 

U¥tJUN , 
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3) m~.r(91b~'elfhww(91~lm~"lI'el'lury"vn (Measure Phase) 

1. ~1~'dIilU'1)Vllbb~:;'I'11mHnUU\.lYinU'1)VllC9l1'l1~~U b'lii.l ~fim~'I'11'l1i.l~hJbn(91 
" ~ ~ rilV11'elL~~1 btli.l ii.l~'eli.lm ~'I'11'l1i.l 1 i.l~ mtJ'l1i.lC9l1'l1 

I " 

2. bnu.jJ'el~ ~ bntl'd nlJ'Mll~"lI'el'lU CU'(..11 b'lii.lb'd ~11 i.ln1 ~'I'11'l1i.l1 i.lbbC9l~:;ii.l~'eli.ln1 ~ 
~ ~ 

i:.J~ ~ ~li.l'di.lbfl~'el'l~ n~ bb~:;~1Jn'l1i.l1 i.lbbC9l~:;~ mtJ'lli.l i:.J ~ ~Jll~1 i.ln1 ~i:.J ~ ~~ 

'1'11 Hn i.lVl~'l.ri.l ( Productivity) 

3. -Wl.jJ'el~~~L~~1'1'11 n 1 ~~ b~~l :;,Jbb~:;~~Ulh:;b~i.lU ryVll~~l ~1 b Ui.ln1nbm"ll 

C9l'elLU 

4) n1~~b~~l:;,J~lbVl~"lI'el'lUryVll (Analysis Phase) 

1. ~:;(91~ ~'dl ~ A (91 b ~'el bLIil n bblil'l ~1 LVI ~ Lb~:;MU i:.J ~ ~ Cl1 i.l:;UIilIilUi.l"ll'el'l m:::u'd i.ln1 ~ •• • 

i:.J~~ (Current Staste Conclusion) 

2. ~ b~~l:;,J~l bVl ~LL~:;U '1)Vll L~'el1 ~'Vl~lU~l LVI ~ LL~:;l?l'd LbU~~'I'111 ~bn (91U '1) Vlllil 1 n 

" I 

1Ji.l'l'11 m ~~ (91 n~~~l LVI ~"lI'el'lU f11V11V1~1 ~1 ~Cl bbm"ll ~'d tI~fi L~tI'd ni.l • • .l;j 

" 
3. ~~U i:.J ~tr'd.jJ'el"ll'el'lU ryVll bb~ :;'Jl'l LLi:.Ji.l1 i.ln1 Hbm "lIii.lC9l'elLU 

5) m~UfUUNLbm"llm:;U'di.ln1~ (Improvement Phase) • 

" I 

(91~ ~ ~'el'l lOll n1Ji.l~'l'l'11 m ~MU i:.J~ b Yl'elVll bb i.l'd'Vll'l LLm"ll1 i.lLLC9l~:;tr'd.jJ'el , 

2. n1~-Wl LLi.l'd'Vll'l n1 ~~ (91~'dl~~ ry LU~ 1 C9l1'l1 ~1'el'el nLLUU n1~'Vl (91~'el'l L~'el LUi.l~fi 

mmm"ll LL~:;~ (91 ~'dl~~ ru LU~l~ Ln (91~i.l1 i.lm:;U'di.lm ~i:.J~ ~~'lL~ 
~ ~ 

Vli.l(91L.n i.l'lli.l~~tI 

4. Yil n1~~ L~n :;,JLL~:;~~U i:.J~VI~~ n1~~1 LUi.ln1nLnL"lIufuu~'l L ~'el~ (91 ~'dl~~ ry 
I 0-

LU~lV1 Ln (91~i.l1 i.lm:;U'di.ln1~i:.J ~ ~ 

6) m~~'du~~m~i:.J~~ (Control phase) 

1. MUi:.J~"lI'el'ln1~~lLUi.ln1~LLm"llufuu~'l • • 
" I Q 0 Q,;' drv 0 Q .:!I cv 

2. ~Iill ~rul LL~:;n lV1i.l(91 ~'d"1! 'd (91 ~ Cll i.l:; i:.J ~ n 1 ~(911 L i.l i.l'lli.lLL~:; ~'dU ~ ~ L ~'el ~n 'rl'1 • 

7) ~~Ui:.J~n1~~~mL~:;.jJ'elL~i.l'elLLi.l:; • 

8) 
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!J II '" I 

ntJ ~::; b~tJ ~ n1~~1 b \h.l'l1'W~9mr'l'\UJ ~~ 1l-J1 ~b1MUtltl n l-J1 b1J'W"n'W(;ltl'WYi¥tll-Jl1'l b~l~tl'l;'jtl • 
I II '" t 

~1tl bYl AUA~tl1l-J11fl 'Wi'W(;ltl'Wb~~1~'W1Jl~'l (;l1n'l~ 1.2 

, " 
2.) ~ n~1~111Yi"lJtl'lil ru~1~ btl ~~'W 

'" 
" 

3.)9 ~ r;l'l~l-J'l1'W~1~f'tJuf'tJUN A rul11Yi , , 
" 4.)rh~'W~il '1J~1 l' (;l ~U~::;~'l ro1 b,j1~l-J1tJ r;l,)~1' ~ bb~::; 

~::;tJ::;b,)~11 'Wn1~~1 b U'WtA~'l n1~ 

II n''l.r~L~'iI1hVI1.1~.'L'lJI(;j'11'i1~,j'Y'lJI' (Measure Phase) 

m::;'tJ,)'Wn1~ 

nn~/mJ'W111YiYi1 b~t(;l 

n1~~n~1~fin1~vl1'l1'W (Time 

& Motion) / 

6.)~l-J'l1'Wbb~~'lA,)1l-J~~b'l1'W~'l~1b~~"lJtl'lil'1!~1 Process activity mapping 

" 
7 . )MUI:J~ bb~::;,)1'l bbl:J'Wi'W~tl1u n1~~::;~l-J~l-Jtl'l • 

13. )~~Nl'Wtll b~'Wtlbb'W,)Yl1'l1 'Wnlnbffil '1J~1 

14.)vl1 nI~tltln bb'tJ'tJm::;'tJ,)'Wn1n.J~ (;l1 mJ b~tl"lJ9 ~A,)1l-J 

15. )vl1 n1~Yl ~~tl'lil'"l9tJ~~rJ~tJ~1 r-l '1! b~tl~1 ~1~ b~l-J1::;~l-J 

16.)vll nI~~ bAn::;'lfbb~::;~~U I:J~ n1~Yl ~~tl'l bb~')tl11uuDllii 

b~tl1'~I:J~~~'ln1~tJf'tJtJ~'l • 

n1~~n~1~fin1~vl1'l1'W (Time 

& Motion) / 

Process activity mapping 
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s· ~ ~t-UL~ t-~ Ht-l!:! ~11 L~t,1;!11;!~l!:!j'1.k1.L~ ~j'1.@~j'1.,.[.;!~~1m}~j'1.Lt-L~~LU 
, ~ 

rI' 
j'1.LU~ LItj'1.[J1l!:!j'1.k1.L~ 

/ 1t~11t,l!J~LUj'1.~11t-Lt,~LU 

ra~e,n.Lt-n.m L~ L!te,,;:ra;:~ L' ~ ~ 'C:P 'C:P 0 

Jj'1.Mt1Ll1lA~It~1 [1~L~l!:J}(' 0(; 

Lj'1.@Lk1.fUr1U11~LUj'1.';!j'1. 11@j'1.~1 @1r.;!~1mbt,~Lu~r';Fl~~('6 ~ F h.·1i \, ",-1t ~ I" 

t-~[1111[1t-~k1.~LU~~[1~~('8 ~ 

1t~;!LItk1. 1 lAlt~I1t,l!J 1t[Jj'1.~11U@~1 U1j~LbM(' L ~ ~ 't::P r;:r ~ 



1 . ~m~nYl~~~UYlf'l,)1)..1Y11-:J~'l!1n1j'V1 
J" !:. J .. J~!;<l 

mtJ'l'lJ'fl-:Jj"))..IYI-:JLf'lj''fl-:J)..I'flYl.'l! .'l.ln1j' 

~1~~tJ 

3 . n1j'th~~n1J11-ifLf'l1'fl-:Jn'fl~\J :nn :nn 

)..11 

3.1. j'~tJ~~n~ii'fll;l~ LL~~n1j'QtJ1)..1 

Ury~1 

3.2. j'~tJ~n1j'1~ LL~~Lnuii'fll;l~ 

L~tJ'lnU~m~ury~1 

3.3. j'~tJ~n1j'~ Lf'lj'1~,x~1 L~VJ'lJ'fl-:J 

Ury~1 

9 

n.Y'L l1 .f'l . L)..I.tJ YLf'l . n.tJ . n.f'l. ~ . f'l. n.tJ 1J1 .f'l. 

2552 2552 2552 2552 2552 2552 2552 2552 2552 



d 
'U'Vl'Vl 2 

1'WU'Vl~"'l~n~I'dn'l'Vl~~~~1'l1 ~b~m-n'fl'lnUnI~~lbb'W'd'VlI'l"lJ'fl'l~'W :nneI:nm.J1 ~.J11.n 
1Jfu1J~'l n~~u'd'W nl ~c.J~ I'l bb~ ~tp) rullIYi"lJ'fl'l c.J ~ I'lI1 ru-n ~ W3~ tJ1rJlViI nl ~~'Wtp)11"'l1 n~,r'l ~'fl , , " 

" 0 0 

'd1~~I~ "11'l"'l1 n 1 'W1J~~ b'Vl f'1 bb~ ~~I'l1J~~ b'Vl f'1 ~'d~11Jn'l'lI'W~~tJVl bnm-n'fl'l nu nlml ~~1 bb 'W'd'VlI'l 

"lJ'fl'l ~ 'W :n neI :n n ~ 1 ~11J ~~tJ n 1'l1-if b ~'fl ~ (1)"lJ'fl'l b~ tJ1 'Wm~U'd'Wni ~~'d ~ n'l nI ~~ (1) "h 1-ifroi 1 tJ'Vll 'l , 

2.1 'V1'l~~b~!J'Jnu~'W ;ani ;amn 

'i::;uu n1'ie.J~ VI bbUU~'W 

~~u un 1 ~ c.J ~ I'l U U U ~ 'W b U 'W b tp)1'fl 'l ~ 'fl 1'W n 1 ~~ (1) n 1 ~ n ~ ~ u 'd 'W n 1 ~~ oJ! 'd tJ b ~ ~; (1) 

tp)'dI~~I~I~bl1 ,xbbn'fl'l ~nl~ t(1)tJ nI~Yhl~rul tp) ruto111 'WnI~~1 bU'W'lI'Wb~mJ'lI'l'flu~'fl'W'l tp)'dI~ , , 
o " 

~'fl'lnl~"lJ'fl'l~n ~1~'l~h'ltp)ruto111 'W~'d~'W~1 bb~~u1n1~ bb~~nl~ (1)tp)'dI~~ rub~tJVl bn(1);'WI'l~'fl(1) 
'\J q q q QI 

"I I I 

"11'l n~~U'd'Wnl ~'fl~I'l ~'fl b \1'fl'l Vi 11 ,x~I~I~bl~ (1) ~'W'Vl'Wnl ~c.J ~ I'l b ~~ c.J~ nI1~bb~ ~c.J~ -crYifi'Vl ~'VlI'l , 

~~n"'l1 'W~~(1) 1 'W"lJ ru~b~tJ'd n'Wfl1 ,xtp)'dI~~1 ~ 'kJ nUnI~c.J~ 1'l~'W~I~~ '"JrulllYi tp)'dU ~11JrJl'dtJ 
0" 

~1~1 "~'W" (Lean) bb1J~~1 c.J'fl~~~'flUI'l 1'WVltl~tp)'dI~~~ltJ1'Wbb~u'dn tllbmtJunu 

o " 

tp)'Wn~~ltJn'l tp)'WVl~h'lnltJ~~~'d'W1Jnf'1"'llni'W1"lJar'W Lb~'lLLN ~'fl'l1'd m~,rum~L'U'l LL~tll 

bmtJu nu'fl'l ~ n 1 ~"'l ~~~ ItJn'l 'fl'l ~ n1 ~~ ~1 L -w'Wnl ~t(1)tJ1J ~1 f'1"'l1 n fOI'd 1~ ~ '1d L~ tJ1 'W ~ n 1 

n~~U'd'WnI~ ~tp)'dI~~I~I~bl1 'Wni ~1Jfu~'d l'l'flU~'fl'W'l tp)'dI~ ~'fl'l nI~"lJ'fl'lI'l~1 (1) 1rJl"11'Wvl'd'lVl LL~~ 

~1J~~~'VlfillIYi L~\1'flto1 bL~'li'W L~1 IStJn'fl'l ~ nI~~~-cr n~ru~~'l n~I'd~1 "~~I~n"'l LLUU~'W" ~~'fl 1 'W 
" o 

Lnru-nn'lrr~tp)rullIYiLL"vi'l"1!I~lStJn~1 "~~I~n"'lVlm~iu" (Lean Enterprise) [1] , 

~I Q.QI 

FI'JI3J b u'W3JI"lJ'el.:l'i::;UU nl'ie.J~ VI bbUU~'W 

~~UUnl~c.J~ I'lLLuu~'Wnl LU(1);'W1 'W'flI'l~I~nn~ nI~c.J~ l'l~bltJ'W~ n~I'd n'W~1 1 'W , 
" 

'fl ~ I'l nI ~c.J ~ 1'l~'W~1 ~1'l 1 ~'d~"11'l ~bl tJ 'WL9li1 -cr n~ru~ dJ'WLLUU'l1 'Wtr I'l bl m~~~~'fl'lI'W!J ~'fl (Craft 

Production) 1~i1~ltJ nI~c.J~ I'l ~ c.J~ 1'l~'d'W1 ~ bl.!"'l~~1 LU'WnI~c.J~ I'l t(1)tJ'fl1 PltJ"11 n~~tp)'dI~~I'W1 'k! 
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" 
'1J !l 'l Yi 'I! n 'l1 'W L U 'W \H'r n ~ 'l 'I! 'W ~ 'l ~ ~ 'W Yl 'W m ~ t:J ~ [;1 ~ !l 'VI oJ 'J tl ~ 'l LL ~ n ~ 1 ~ 1 Hl t:J ~ [;1 ~ 'W ~h 1. ~ , ~ 

11 I I I I 

A~ltl num~1.n~'1J!l'l~ltl~l LL~:;~!l~lYl n~'l~ LU'WmJM~A~!l mnA~!l'W~L 'Wm:;u'J'Wm~~!l , , 

(Mowing Assembly Line) '1J!l'lu1',;'Yl LL~:;H~'W~'J'W~l[;1~~l'W~~l~l~mU~tl'WYl~LLYl'Wn'Wl~ 
d.9 

(Standardized Interchangeable Parts) Yi1L,n-D'L'J',nL'WmJ't:J~[;1~~~'l !lth'lhn[;11~ ~'Jtl 
" ~fimJ'~'l mh'J~lL.x~'W~'J'WLL~:;1' [;1 ~ ~ul~fum ~t:J~ [;1 LL~:;~'l ~!l1.UtJ'l m:;u'J'Wm Hi' ~ 1.ut~tlhj~ , 

..::::lrt. .:::t 11 I i::III cv 

mJ'Yi"'llH'W1 ~'l A'J1 ~ [;1!l\l mn 'll'WL~m nu 

m~t:J~ [;1~'W~h~l L~"'lJ'U ~:;UU~'l mh'J~'l~ m1tl n~l~:;uum~t:J~ [;1LLUU LtJ'Wm~lru (Mass 
~ ~ 

, " 
~:;UU n 1~t:J~ [;1'1J!l'lvf!lft'luJ':;~u A'Jl ~~1 L~"'l!l~ 1'l~'l n~ 1'J n'W~ 1tl A'I!'WL 'W!l L~1'm hJ ~ , 

, 
~..:::.I .&:::It. 0 I 0 

Yl~n1J't:J~[;1~~:;"'l1'V1'Wltl"'l1'W'J'W~ln 

" ," 
n'l LL~~ 1 J'~ i'WtJ"'l :;~~ 1 'VI oJ 1 tl L r;m ~ L~tl'J ~!l~ ~1 LL~ L il!l'l"'ll n~ 'J tl'l!'W[;1~ 1 t'ltJ'l A'l L U'W '1J!l'l ~ t:J ~ [;1 . ~ 

" LYin:;~ t:J~ [;1~~tl'W(;]il~l'W'J'WtJ!ltlntl LL~ A'J1~ ~!l'l m~~!lil~l'W'J'W~l n t:J~ [;1 L V11 hn~1'V1oJ1tll~ 
~ 

~n'VI~ltltJ~!l~l "'llnA'J1~~lL~"'l'1J!l'lu1',;'Ylvf!lft'l ~~ tYlttlt'l:; (Eiji Toyoda) LL~:;1.Yl~~ 

ttl t 'W:; (Taiichi Ohno) ~U1''VI1J''1J!l'lU1',;'Yl t[;1 ttl ~l1.~YitJ1tJ1~~l L!l1 LL 'W'J ~ t'l'1J!l'lvf!lft'l1.uufuU~'l 
~ . 

J':;UU mJ't:J~ [;1'1J!l'lu1',;'Yl t[;1 ttl ~1~ nju'W LL~Yi'J n L'1J1YiU~1~Jl1Yi'1J!l'lU1',;'YltJ'lhj L'VI~l :;nu mJ'L-D' 
~ , 

, " , 
J':;UU ~'l n~ 1'J L il!l'l"'ll n'1J ru:;'I! 'WUJ':;L Yl PI ~~'W!l~L 'W~Jl1Yi'VI~'l ~'l A~l ~ U"'l~ tl mJ't:J ~ [;1 ~1'l 1 

LL~:;L~'WYl'W~~lnt'l ~lL.x1.~~l~lm~'lYl'W~h'l "~:;uum~t:J~ [;1~ LtJ'Will~lru" [;11~ LLUU!l~l'l • • 
" 

'1J!l'lvf!l ft'l1.~ i'l ~ !l'l~'l1.M'J ~ nu~ ~'l1'W'1J!l'l U 1',;'Yl t[;1 ttl ~1 i WJ'Wl ~:;uu m J't:J ~ [;1'1J!l'l [;1'WL!l'l 

;'W~1"'l1 nUJ':;~umJ'ru~Yiu tt'ltl ~~ ~'W"'l1 n m J'~'W'VI1 LL~:;LLnu '1!'VI1~ Ln t'l;'WL 'WJ':;~uulju~ mJ' 

mJ'~l.jf!l L~'W!l L~'W:;mJ'ufuu~'l'll'W~l~"'ll nYi'l!n'll'W~lYl t'l~!l'luljllii LL~ :;uJ':;tJ n (;]LL'W'J ~ t'l'1J!l'l 

J':;uu1 LU!lf~l fLn [;1'V11!lJ':;uu ~'l ~1~ ~1'l J':;uu mJ't:J~ [;1~ C~tl n~ 1 "J':;UU mJ't:J~ [;1 LLUut[;1 ttl ~1" 

(Toyota Production System) [2] 'VI1!l~l~nn'W~L'W~!l'1J!l'l J':;uumJ't:J~[;1LLUui'WL'J~lYi!l~ 
, 

.dlClilcv ocv.o::!rl ~ .Q.i;.c!riI 

(Just in Time Production System: JIT) "]j'l~'VI~nmJ'~lA'1!A!l "mJ't:J~[;1L'UYi1:;~'WA1'V1J'!l 
"I I I 

~'W~'J'W~~1 LU'W [;11 ~ill~l ruViil A'J1 ~ ~!l'l m nL~ :;Jl1tlL 'WL'J ~ 1Viil A'Jl ~ rfI!l'l m J'" t~tl ~'l L tJ'W , 
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1. n1n~~tli.l1'v1'J~1~91LUi.l (Unnecessary Motion) 

2. n1~~tl~tltl (Idle Time / Delay) 

3. m:::u'Ji.ln1~~"lII(?),j~:::~Ylfi~~ (Non-effective Process) 

4. n1~~~~"lItl .. a~mL~:::LLm"ll~Ii.lL~t1 (Defects and Reworks) 

5. n1~~~~l-.nnLni.l1,j (Overproduction) 

6. n1~Lriut)~~~u~~~~~~1~91LUi.l (Unnecessary Stock) 

7. n1~"lIi.l~~ (Transportation) 

1'l.ltJ ~ . P\. 1990 L"UJi 'JtlLLij~ LL~:::LL(?)L~t1~ tiOli.li 1~i'Jl-Jn'l.lLL[;]~'vI,r~~tlL~l-J'vI~~~tl~1 

The Machine that Changed the World ~~LmtlULVltlUth~mLtA~~'JIl-J~IL~iOl~:::'vI~I~ 

tl ~~I'v1m~l-J ~~ ~~(ltl'l.l~1 'l.l,j~:::LYl P\n1U'l.l t1h,j LL~:::tl Ll-J1n1 L ~tltlfiUIt1~lu1-';'Yl~Il-JI~m ~l-J~~ 
ct ... '" q 

~'JIl-J~Il-JI~(l1'l.ln1~~(?)n1m~:::u'J'l.ln1~1~tlth~h LL~:::~l-JH~I~1 "~:::UUn1~~~~LLU~~'l.l" LU'l.l 

~'l.ll-J1 [3] :n~ttl :n'l.l1~ (Shigeo Shingo) ~mn~I"l1tl~u1-';Ylt~ttl~I~~n~I'J~1 "~:::UUn1~~~~ 

LLUU t~ ttl ~11~1-rl~:::uu~il LL 'l.l'J ~ (?)-n ~ LL~~ nu~:::UU n 1 ~~~ ~"lItl~yJtl f~ LL[;] LU'l.l~:::uu~1~fu n1 ~ 

~ ~'l.l1 [;]tlLtitl~l-J11-X~tl ~,j~:::~I'l.lnU~[l1~ ~~1 ~"lItl~,j~:::LYl P\ ~~'l.l t~t1~~vil n1~~~L9l91'l.l'J'l.l 
I I" I 

l-J1 n ~'JtI"lI'l.l1 ~i'l.ln1~~ ~ ~Vl L'~ n LL~:::il~:::~u~wlh ~~ ~~~ ~1" ~~,r'l.lLntlliOl n~I'J 1~~1 m~l-J . ~ 

, 

L~P\ (Best Practice) "lItl\l~:::UUn1~~~~LLUU~'l.l,r'l.lLtl~ 

t~t1~~,jLL~'J ~t)~'l.lIn1~"lItl~~:::uunl~~~~LLUU~'l.l LL~(?)~1~~\l~,j~ 2.1 C~~l-JiOllm:::uu . ~ 

, 
o 

~ 

~~1J1Jn1n·J~j;J 

LL1J1J\lI'1..nXv1ClnmJ 

'vI1!l\l1 tJ~!l 

~~1J1Jn1n.J~j;J 

LL1J1J L ulJuhn ru 
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~3nJ'fl~"lJ'fl~~'lJ (Lean Perspective) • 
" ~n~CW:::"lJ'el'lnfDlm'nJ 3 tJ~:::UlVl (Hines LL~::: Taylor, 2000) ~'lll 

, , 
.oCt. q .c:. I 

1. nfDlm'~~VlL·r'n-J~CWfl1 (Value adding activity) 
" , 

~1 LU'W'lTW tl1.y;fDl1~CW1fDl1 n~~~'el'l"lJ'el'l~ n r11fDl:::L ~'W1Jl~1 nfDl m'~~tJ~:::LJlVlllLtl'WnfDl n ~~~~"r111,x 
• 'lJ 

2. nfDlm'~~~1dJL~~~cw~h (Won valor adding activity) ~'el nfDlm'~~~1dJ91Ltl'Wtl1 
" , 

.y;fDl1 ~CW1fDl1 n~~~'el'l"lJ'el'l ~ n r11fDl::: L~'W1Jl~1 nfDl m'~~tJ~:::UlVlllLtl'WnfDl nn~~1dJ1Jl"r111,x e.J~ 1'111 cw'Yf 
• 'lJ 

e.J~ 1'111 CW"Yl~:::VI~l'l e.J ~ 1'1 1!11tJ1dJ L~'el~ ~'el L ~'el L.jf1~ m:::Ur:l'Wnl ~~'el hJ1 'Wr1'W~ nl ~"r11'l1'WVl1'el 
'lJ 

. " " 
nfDl m'~~ L~tJr:l rl'W~l 1 nfDl m~~ L mhllLtl'Wflr:l1~~ '1! LtJ~l'el~ 1'l L ~'W1Jl-n!11 flr:l~fDl :::Ltl'WLiJ1V1~1 tJ 

LLm~fDl :::"r11 mnLfll"lJ1 'W~:::tJ:::L r:l ~l~'Wi'W 

3. nfDlm'~~~1dJL~~~CWrl1LL~91Ltl'W (Necessary non value adding activity) ~'el 
, " 

nfDl n ~~~~1dJ91 Ltl'W tl1.y;fDl1~CW1fDl1 n~~~'el'l"lJ'el'l ~ n r11fDl:::L ~'W 1Jl~1 nfDl n ~~~tJ~::: LJl VlllLtl'WnfDl n ~~~ 
• 'lJ 

, , " 
~1dJ1Jl"r111,x e.J~ 1'111 CW"YlVl1'elu1m~n fl CWrl1 L.y;~~l n;'W LL~91 Ltl'W[ff'el'ln tJ n (;]r:l'el~1'l L~'W mn~'W • 

, ", . I I 

~:::tJ:::1n~ L~'elVltjU:n'W~r:l'WVl1'elt) I'lCl ~u nlHfl~'el'W~ltJ'eltJn HW Vl1'el Lfl1'el'l~'el~:::VI~1'l m~e.J~ 1'1 • • 
", " 

nfDl n~~~tJ~:::UlVlll Ltl'Wm~tJ1 n~fDl:::~l~l~f.lf.l n ri1~ !111Jl1 'W~:::tJ:::Lr:l~l~'W~'W flr:lntl'WLiJ1V1~ltJ1 'W 
'lJ 

, " 
~:::tJ:::tJ1'l LL~:::'el1fDl91 Ltl'W~'el'l"r11 mntJ~tJ'WLLtJ~'l n 1~"r11'l1'Wflf'l1 VI t1J 

n1m~:::"r111!11 1 r'i1'11~~1-nVlfY1tJ1mVl1'lJl1'WLLN'l1'W t)1'1~~1JLr:l~1 L~'WVl1'el 

VlfY1tJ1 m'Jl1'W~'W 1 LL~1dJ ri'el1,x Ln!11 ~ CWrl1 ~'el (;]r:l~'Wr11V11'elu1m~ ~ !111Jl~1 Ltl'Wflr:l1~~ '1! LtJ~l~'l 
~1~1~mLtJ'l1JlLtl'W 7 tJ~:::m~ (Hines LL~::: Taylor, 2000) ~'el 

, 
1. flr:l1~~t1}LtJ~lfDl1nm~e.J~I'1~lnLn'W1tJ (Overproduction) ~'el n1~e.J~I'1~'Wr11~~ln 

Ln'Wn~l flr:l1~ ~'el'l n1~ Vl1'el L~r:l Ln'Wn~l flr:l1 ~ ~'el'l n1 ~1 'W"lJ cw:::t!''W Ln !11fDl1 n LL 'Wr:l ~!11~ e.J~ 1'1"lJ'el'l 

'el'el n~11 ,x~1 n 1!11tJ1dJ ~1~'l ~'l flr:l1~91 Ltl'W Ltl'We.J~"r111,x Ln !11'eltJ~ ~~fl1 'Wn1 ~1n~"lJ'el'l.jf'el~ ~ 
• 'lJ 

~1r:l~1~ Vl1'el~'Wr11 LL~:::~'l ri'el1,x Ln!11~'Wr11 fl'lfl~'l~~lnLn'W1tJ 

2. flr:l1~~t1}LtJ~lfDl1n.jf'elunY1i'el'l"lJ'el'l~'Wr11 (Defects) ~'el flr:l1~~!11Y1~1!11~"r111,xLn!11 

u t1}Vl1L 'WJl1'W~ CWJl1Y1"lJ'el'l e.J~ 1'111 cw'Yf Vl1'el"r11L,x flr:l1~~1~1~f.lL 'Wn1~I'1'elU~'el'W'l ~'elflr:l1~ ~'el'l n1 ~ 

"lJ'el'l~ n r11~ !11~'l mnLfll"lJ flr:l ~Vl1 LL 'Wr:lVl1'lL 'Wm~iJ'el'l rl'Wmnn !11"lJ'el'l L~tJ LL Vl'Wm~I'1~r:lfDl~'elU LL~::: 
'lJ 
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3. ~'J1~~tl.J~tl~11Ol1n~i.J~h~'l~~'l~1~~1~Ui.J (Unnecessary inventory) ~'eJ mJ' 

~ ~~nU~~1 n Lni.Jltl LL~:::mJ'~1.jf1"lJ'eJ'lo]'eJ~~"1l1'J~1J'~1'eJt:.J~ (;1.rl ru'Yh:::~~1'l m:::u'Ji.Jm J' ~1 ~~ (;1 
'\J • 

I" I" I 

~'eJ'l n1J'~ ~ ~i.JYli.J ;'ltl1~1n~'eJ~1nlOl:::l~n ~l'Vl fin n~1 J''J~~'l mJ't:.J~ (;1 ~'JrJ"lJi.J1 ~~'eJ ~~1 ~ Il i 
• '\J .~ 

~1'eJ m:::u'Ji.JmJ'~1.jf ~'J~11 i.Jm J't:.J~ (;1i.J1i.J n ~ui.Jt:.J~vi11,x Ln ~'eJtlMJ'~ 1 i.JmJ'U1-m J'~ n ~h L~~ :::~1 
• '\J 

4 . ~'J1~~ru~tl~11Ol1m:::u'Ji.JmJ'~1~L~~1:::~~ (Inappropriate processing) 
'\J '" 

1.1 I 1 I '" I 

-ni.J(;1'eJi.Jm:::u'Ji.Jm J'~1'l1i.J~1.jf"l! ~ L~1'eJ'l ~'eJ 1fim J'~1'l1i.J ~1'eJJ':::uu~1~ L ~~1:::~~ U'eJrJ ~f'l~ • 

~U~11fim J'~ iSrJU~1rJ1 ,xt:.J~~~fi~~ n~1 ~'l~i.JnJ':::u'Ji.Jm J'~1'l1i.J~1~~1 LUi.J1 i.JYJ n 1 -rri.J(;1'eJi.J 

mJ'IOl:::(lnn1~~1,x~~~ltl 
'\J 

5 . ~'J1~~'1JLtl~11Ol1nn1J'"lJi.J~'l~~1mni.Jltl (Excessive transportation) ~'eJ mJ' 

~~ ~'eJi.J 1 ~'J~~ 1 mni.J ltl"lJ'eJ'l ~i.J n 1 J'"lJi.J~'l~ m mn i.J ltl"lJ 'eJ'lo] 'eJ~ ~"1l1 'J ~1 J' ~ 1'eJ ~ i.J~\.1 ~'l m J' 
'\J 

I ", 

~~~'eJi.Jl ~'J ~~~1tJl~1~ L'V1~ ~ rufll 1~ 1 1,xnu t:.J ~ (;1.rl ru-n LL~ :::tJ'l LUi.Jt:.J~~11,x ~n ~ ~'J~1 ~~~:::~i.JYJi.J 

~~ '1J Ltl~1 ~'l~i.J~'l ~'JJ'~1 LL i.J'JYl1'l1 i.JmJ'n1~ ~ mJ'"lJi.J~'l~1~~1 ~Ui.J ~1'eJ~11,x ~n ~ mJ'"lJi.J~'l~ 
,J'eJrJ~~ ~ LL Yli.Jn 1J'tlfutlN1fi1 i.Jn 1 J'"lJi.J~'l • • 

6 . m1~~'1JLtl~11Ol1nmn'eJ~'eJrJ (Waiting) ~'eJ J':::rJ:::L'J~1J''eJb~rJtlnP11Ol1nnlOlmJ'~1~ 1 

"lJ'eJ'l ~i.J O]'eJ~~"1l1'J~1J' ~1'eJ~i.J~h LUi.Jt:.J~~11,x Ln ~'eJtl~ J'J'~ 1 i.Jm J'1 ~~ LL~:::~11,x ~n ~ ~'J~1'!J1~ 
'\J • 

7. ~'J1~~tl.J~tl~11Ol1nn1J'L~~'eJi.Jl~'J~1~L~~1:::~~ (Unnecessary motion) ~'eJ mJ' 

~ ~mJ'~ mi.J~~1'l1i.J~1~ ~ ~~1:::~~ LUi.Jt:.J~~11,x Ln ~ m J'L~~'eJi.Jl ~'J~1~ (l n ~'eJ'l (;11~~~ n"lJ'eJ'l 
'\J 

mJ'tJP11~ (;1f L-ni.J mJ'~i.J~1'eJmn~'eJ~~~1 mni.JltlJ''J~ ~'l mJ'Ln ~ ~'J1~~ tl.J~1rJ"lJ'eJ'l~'l"lJ'eJ'l !?11'l 1 

~ti'eJ'l1Ol1n~n~ru:::mJ'~~~nu~~1'eJ'l~'eJ LL~:::'eJtlnnu~1~m~1:::~~ , 

LLi.J'lf.i (;1"lJ'fl~~~'l.J'l.J n1~eJ~ (;1 LL'l.J'l.J~i.J (Lean Thinking) 

n1J't:.J~ (;1 ~LUU~i.J ~'eJ 1fim J'~ih:::uu ~Lt:.Ji.J1 i.JmJ'J':::u LL~:::n1~ ~ ~'J1~~ ru ~~rJ 
• '\J '" 



1.1::~~rut'i') (Value) lI'il~~W·'f,)LLfI:: 

u1n,)11u>J).J).J'il~1I'il~~nPr')'bJ1')"\::dju 

~nPr')mulwLfl::~nPr')mUU'iln 

2. I'lr')~m::LLI'l~rufh (Value Stream) 

1u"ln1 ,rUIll'ilUmr~,)Lilu~,)UL~).J 
~ 

lii~ullimr'il'ilnLLUU n1r'n~ut.Ju LLfl:: 

mrt.J~IIl~uPr')mr4'(Il~')"'tl,)U'1fl'1L~'il 
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5. I'lr')~~rut'i') LLfI::n')4'(Ilf1'l,)).J 

4'(Il~t1JLtJfh (Perfection) L(IlU 4 .. H'r::uuli~ (Pull) L(Ilul1A'f1'l,)).J 

L~).J~,)LiluhJ1vi'ilEh~IIi'ilLct'il~ 

(Flow) L(IlutJnPl"\')nmr~(Il 

mr-a'il).J mrU'ilun~u mrf1'ilU 

~ 

djUf1'l')).J~t1JLtJfi,)ufl::n')4'(Il LVI1UU 

'il'ilnltJ'ilti')~IIi'il Lct'il~ 

nJ~ 2.2 ~~~'WlllY1~~'W';l~(?I']J'fl~~::;tJtJnI~~~[;l~~tJtJ~'W [4] 
" 

... 0) , .. _ I ... IV , 1- I .¥ 
'i1!J'&il::~'eltJJ;l b'W~~J;l'&il::'el-!lFlu'i::n'el'IJ [5] )JJ;l-!lJ;l'el u'lJ 

Wl'i'i::'IJ FI CU~1'lJ'el-!l~'lJrl1'\.~~'el'IJ~n1'i (Specify Value) • • 
'"' 

1 'W~~'W';l ~(?1~~~'W'fl1 ~ ~1~I~Cl~:;tJFlrurll']J'fl~ ~~ [;lJl ru.n~1'fltJ1'nI~1 ~Ji'~1 fl rurll • • • 

']J'fl~~'W~h~ ~~ [;l~ ~ rurll'fl~~1(?1 nlnmfJtJ ~ ~fJtJntJ ~ ~~ ~~ (Benchmarking) ri1Ji' ~~~~1 ~U'W~'fl~ 

~'fl~1'W~~']J'fl~~nAI (Customer's Perspective) hn-n~'fl~'"lln~~~'fl~']J'fl~~~~[;l (Producer's 
, "" 

Perspective) nI~~~I~1 ~m::;tJ1Ji'~I~'WA1~ fl rurll'flth~ h,r'W ,rtJ ~u'Wu'W1(?1-n'W~~m']J'fl~ ~~'W';l ~ (?I • • 

, '"' 
fl rurll'Vl~ n AI ~'fl~ nI~,r'W~1 ~u'W~~ 'W';lVll~ 1 'Wn 1~~1 ~ U'WnI~~ ~ [;l Ji'';lfJ , .., 

2 m'i~~'14J;l-!l'141t1fi1'i~~vi-!l~cu"h (Identity Value Stream) 

, I II i.I 

Mapping : VSM) ~~ ~U'WnI~~::;tJ nlOl nn~~ ~'fl~Yll'r1~~~ (?I (;]~ ~~~1' [;l Cl ~tJ ~ ojJ 1 t~~~ 1'W~ ~~ [;l . ." 
lOl'Wn ~::;~~~'WA11Ji' Cl n ~~ ~~ t~~~ 1'W~ n AI 'W'fl nlOll nd n 1 ~9 (?IYlI er~ ~~ ~~ fl rurlllOl :;Yll1 ~ ~ ~'W "" , 

'"' n~::;tJ';l'Wm~'r1~~::;tJtJ~~~::;~I~I~Cl~'fl~ ~~'Wfl';lI~~ C\! ~1.hh (Muda) 1Ji'41fJ ~~~ ::;~~ihh::;tfJ"]j'W1 'W 
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u~,ji-.jl'lJ\~tlth-.j~Jl L~~tl (;l~tl t'l L'J~l Lt'ltJ\JJn nlJ'O] t'l,]'Jl-.j~J'~mltJ t'l nlJ'C.J~ (;l ~'JtJ L ~ ~~'lJ1t'l n 
I "tI • '" I 

(;l1~ 1 ,x-.jl'lJ~l~lJ'(l \ ~~ \U\~tl~l-.j ~tl L~tl-.j L~ntl'lJL-rl'lJ~11 'lJLLJJ~l ;-.j LL~~lJ':;v1U~l'"l:;~ t'l~1~-.j 

LL~ntJ-.j\ ~~tl~ L~~tl 
" 

I I iI I II I 

~ t'l L1'~ ~ 'lJ ~ '"l :; ~ tl-.j .yil1 ,x Lii t'l ~ 'lJ ri tl 'lJ ~ '"l:;;1 1 n 1 J' ~ t'l ~ -.j J':;U U ~ 'lJ 1 '] tl-.j ~ 'lJ ~ tl hJ n1 J';1 11 ,x 

, " 
~ltJmu . .J~(;lLflt'lmJ'\~~tl~l-.j~tlL~tl-.j (Continuous Flow) ~1~1J'(l;11\~v1-.j-n 

1. tl~11,xL~1tl-.j~m~1-.j-.jl'lJ\JJ~1~'Jm~(;l~'lJ1t'ln(;l1~ (Idle) • 

2. ~lm~1tl-.j~mL~tJ (Breakdown) ~1tltltln'lJtlnnlJ'~'JurJ~ (Out of Control) ~tl-.j 

LLm'] Lm~n~U~Jll'J:;un~i1,xL~'J~~t'l " . 

5. ~ t'l nl~-.j nlJ't-J~ (;l']tl-.j LL~~:;m:;U'J'lJnlJ'L,xn ~'Jl~ ~~ ~~ n'lJ (Line Balanci(lg) ~-.j'"l:; 

;111 mJJn mJ'ntl-.j J'tl']tl-.j-.jl'lJ~1tl Lfl t'l ~tl,]'J t'l~'lJ (Bottleneck) 

6. ~t'lm~ln,!nlJ',]'lJthtJ 
, 

" "" "" 7. ~t'lmJ'LnU-.jl'lJLY'ltlJ'tlmJ't-J~(;l (Waiting) 

8. ~t'ler-.jLN-.jl'lJ (Line Layout) 1,xL~~1:;~~ 

, 
n1 J'1,x~ n fll LtJW.J~-.j ~ ru~l'"ll m:;u'J'lJn1 J' ~tl n1 J';1 1 n1 J't-J ~ (;l Lntl ~ n fll n ~'J 1 ~ 

lIJ CIJ q lIJ 

" , " 
~tl-.j nlJ'~'lJfll"r'lJ LL~ :;t-J~ (;l bb~ b YltJ--lY'ltl n U~ ~ n fll ~tl-.j n1 J' Lt'ltJ~~l tJ ~-.j ~-.j~ n fllJll tJL 'lJLb~:; 

" " 
JlltJ'lJtln LtJ'lJmJ't-J~ (;l~ L6ih Ln~ nu~ n~ru:;']tl-.j mJ't-J~ (;l (;ll~i-.j (Make to Order) 

5 ml~fl-3l"lnA,",1 bb~~n1~ (9l1"l'J1)J',Hm thh'el!h-3~'elb .Q'el-3 (Perfection) . .. .. 
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LFl~'£l-lihl'vh"J!''lJn~~'U'l'l.m1~~~~U'U'U;'lJ (Lean Tools) 

Lri~'tl-l;J'tl~1-iflw.J~InLLUU~'lJ (Lean Tools) 1~~~'W1 Toollcit "JJ'tl-lmn.J~InLLUU~'W 

),'lu),'l3-Ju·i~'tl-l;J'tlH~-l\nJ~ 27 "jjU~ LL~:;~1'W'l'WLfi~'tl-l;J'tl'tl'tlmiJ'W 4 lh:;LJl'Vlm3-J~~~yof~1~ 

~1mfi~'tl-l;J'tlJ'W 1 ~-l~'tlhJd 
1. Lfl~'tl-l;J'tllJ1Ulh-l'e11n),1m)'1~~ (Flow) 1~LLri rl3-JU-l (Kamban) m)'1~~i1~:;~'W , 

(One-piece Flow) 5~ (5x) m),~~In'l~tJc)-lL'l~13-J11n),~1'W (Production to takt Time) m)' .... 

;11-l1'W3-J11n),~1'W (Standard Work) LLUULL~~-l';)fhJliU~-l1'W (Method Sheet) m)'f)'lUfl3-J~'ltJ 
, 

o V I I ~ ~ 

~'ltJIn1 (Visual Control) m),U1~-lmM1'tltJ1-l'W1L"jj'tlrl'tl (Be liability Maintenance) m)' 

U1),-l1m11L~-lU'tl-lrl'W (Preventive Maintenance) m),u1N1nM1'l~tJm),'Y'ItJ1nnl1 (Predictive , , 

Maintenance) 

2 . Lf)i'tl-l;J'tl~-ri'ltJl'IX Ln~ f)'l13-J~ ~~~'Wl'Wm:;u'l'Wm)' (Flexibility) 1~LLri m)'~~ L'l~1 

mnU~tJ'W-l1'W (Set up Reduction) mm~InLLUUt.J~3-Ji'W (Mixed Model Production) m)'U1U , 

L~tJum),~~1n (Smoothed Production) m)'1Jn'tlu),3-J'Y'I,rn-l1'Wif13-J~1tJ-l1'W (Cross Trimmed 

workforce) 

3. Lf)i'tl-l;J'tl~~~L'l~11'Wm),;11-l1'W (Throng pet Rate) 1~LLri n~3-Jm),~~1n (Flow cell) 

,~H'-l1'W (Point of Used Storage) m)'f)'lUfl3-JIil'lL'tl-l'l~tJ'e1In'l'Wmi (Automation) Lf)i'tl-lU'tl-lrl'W 

m13-J~~'Y'I~1~ (Mistake Proofing) m)'m'l~~'tlU~'ltJln'WL'tl-l (Self Check Inspection) m)' 
, 

I I .dI Q" 

1n),'l~~'tlU'tltJ1-lIn'tlL'W'tl-l (Successive Check Inspection) m),~~~~1tJm),~~1n (Line stop) 

4 . Lf)i'tl-l;J'tl~1-if~~'W1'tltl1-l~'tlLct'tl-l (Continuous Improvement) 1~LLri m)'U1UUN , 
, 

I I I 4 ~ ~ 

'tltJ1-l'tltJ1-lIn'tlL'W'tl-l (Kaizen) m)''tl'tlmLuum),'Vl~~'tl-l ( Design of Experiment) m),'lLf))'1:;~ 

nn~1m~ (Root Cause Analysis) m)'f)'lUfl3-Jm:;U'l'Wm),'Vl1-l~(i~ (Statistical Process 

Control) n~3-JmnLfli1ry~1 (Team Based Problem Solving) 

n1~Wj;lJ'lJ1U 'lJ'lfl~"JI'£l-l;'lJ :an-i:am.11 ij.ff'lJ~'£l'lJVli' n"JI'eN LL 'lJ'lfl ~;'lJ :an-i:amn L:a-l'U~W1 
n1~~'£l (Andrew Thomas,2009) 

1 . n1)'fi1~'W~i1ruvn (Define) : 'tl:;h~'tli1ruWl 
~ ~ 

2.n1)'1~ (Measure) : 'tltl1-lh~'tlm:;u'l'Wm),1~ 'tltl1-lh~'tlmnL~~-l 

3.m)'';) Lf)),1:;\.f (Analysis) : 'tl:;h~'tl~1L~~f)'l13-J~1rl'1!3-J1n"JJ'tl-l"JJ'tl-lL~tJ 

4.m)'U1UU),-l (Improve) : ;11'tltl1-lh'Y'l'lmn~:;"JJr.r~~1mInLL~:;"JJ'tl-lL~tJ , , 

.. 
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, .. ... ... 
6.bYlf011..lfMW'el~~'el 5~ (5S) 

7. n'lJ'iJJ'~tJn ~1-n n'lJ'~ vIn1J'~ltJfi1J'f01 bWfh (VSM) , , 

8. n'lJ''el'el n LLUu1 tn.J L ~'el"ll~ V1 f01"J 1~ ~ t1! L~ tJ LLfl ~n'l J'iJfuiJ ~~ ~ 1tJfi1 J'~ bW~l 

9. n'lJ''el'eln LLUuJ'~UUn'ln.,J~ ~ L~1lUJ'J'fl e..Jfl LLe..J1..ln'lJ'1 Vlfl , 

Create Perfection Identify Value 

Define 

Gmprov~ Measure 

Measure Value Stream 
Pull on Demand 

Analvse~ . Control 

Create Flow 

bb'W'J~I?l~~n'lJ'fl~n1~e.J~l?lbb'l.J'l.J~'W (Core Concepts of Lean) (Alukal,George,2003) 

~~ L VI~hddJ1..lLL 1..I'J ~ V1 ~ 1..l~~iJ J'~ LtJ"ll'lrLLfl ~ W.l J'9 V1911 ~ L ~1l L~ 1-tJ~ ~ 1 VI fu n 1 niJ~ tJ1..lLLiJ fl~ 

• J'~V1~f01'J1~~V1~~1~MJ'Ari'el1..l;11n'lJ'fl~YJ1..l (Creativity before capital) 11..lLL1..l'J~V1"l1'el~~1..l 

1,x f01'J1~~1 ~ '1J rlUn'ln~V1~~~1l~"lI1l~~~~11..l11..ln'lJ'1l'el n f01'J1~ ~ V1 LLfl~~iin'lmnt"llD t1!Vl1 

LL Yl1..l ~ 9 ~1-n L~ 1..l911..l'J 1..l~ 1 n L tJ 1..l~11-n~ 1 tJ11..l n 1 J'fl ~ Yl1..l L ~ tJ~ 'el tJ 1~ L~ tJ 'J ~~ ;11~ 11..l11..l 
, 'IJ 

nJ'~u'J 1..ln1 J'(;]1~ 19~"J 1iJ J'~~U n1 J'ru r1 n ~~LLflY'l i{~ ~ ~'el~~ Y'l 'J n L"lI1~1l~~ 1-D'J tJ rl'W 

n1V11..lV1 LLe..J'W~l'W~lV1 fu n'l J'fl V1 f01'J1~~ ru L~tJ LLfl ~iJfUiJN m~u'J'Wn'l J' 
'IJ ~ , 

• n'lJ'"J1~iin1ndlD ruVl1~m99~hJ~~UJ'ruLLuU~11-n ri'el1..lLtJ1..l~~~~ n~l nlJ'J''el L~'elVl1 
~ 'IJ 

• I Iii '" 

LL 1..l'JYl1~ LLnD ruVl1~~~UJ'ruLLUU~~ d'j'el ~~ L'Jfl1~1..lfim99~~ltJ Ln1..l1iJ ~~~1..l9~fl~~'el;11 
~ 'IJ 



t-~~1~ifJ~kt~n,f111~~t':l~LU:::~11 LU~1 

~~~~~t':l~LUntUr,~:::~IiLr,l!l~t~~1 (118:) 6UUnp8JnU8lt\J) U~1~Lnrr.~~t':l~r,r.ktt-L~~~LU • 

t-~~l!l1 t-~ ~ ~~ LUnUn t L~ r, 1 ~ ~~~ 1 r,~1 ~ r,~t-L ~~~ U ~t-~~l!lm~ ~f11 n,1f1~ LU l!lGl!l1;\, 1 • 
I I'1i , ,t 

~r,,ltln,~U:::~f1IiUUktL~~@ 

t-LI;\,~r,~L~~LU IiL~n~n,f111 ~Qf1r,n 11 n~~Qf1r,n 11,1f VLU ~!1~~nLt-t-~l L~U t-~L~ ~~nLt-\i..n,Qf1 

~ LU ~ t':l r,~ n,~~1:::~~::: ~U,tt,lft L Iin~n,f111 ~lbQf1 r,n 11 L~1 n,1 ~~ ~ t':l ~ r,~11 ~lb Qf1t-L I;\, n t 

!f~ t-~ktn~U ~nl;\, 11,1f t U ~~1 L~1~ t~~~t-~~l!l1 

n lJ 1 ~ L U L ~ U U L Ii n 11 Ii r, f L !C' ~ L U ~,!J L ~ t-~ Jtl ~ t-~ n lJ' ~ t-L ifJ t} n r, ~ t-~ ~ ~ r, n 11 U L Ii M. L If [ I;\, ~::: ~ f1 
, I 1'1i" 

~~LktfU [t~LU ~ ~~ LU l!l~l!llA. 1 ~ ~1~ t L!C'::: ~L!1U [: ![.U [::::~1m~ t-L ~kt:::UiL~t':lIi~ t':l~LU !f~n~~ ~1 
, ~ 

~ t ~~1 L~IiLr,l!l t-L~~lj~LIiL~:::~t-~n11:::~1m11 t-~~~ L~t-~Jtlt}nr,~t-~~t-~t-LlA.r,n 11 L~IiLr,l!l ~Llikt 
, ~ ~ 

~ t-~ ~1 t-r,~n~~kt 1!f~n11 r, ~~1 t-~~1 n,11~ LU ~ ~lj~ L IiL ~ ~t-L lA.r,n 11nlJ1 n,~ unr,~t-~~ t-~ifJ11 U Lkt 
I I I 11 

n11 t-LifJ U ~11 IiLr,l!l ~~~LUnr,n,:::W:::~11 t-LlA.r,n 11 IiL~nh~n,!b~~LU n,1!f~ L!1U[: JoU [::::~1m~ 

~r,~:::LM.~1~' ~LUnr,n,:::W~~kt ,,~ .,. 

~t nr, ~ t-Uktnr,~ t-~~ L U::: ~1mL t-t-~1 t-~rr.t-L~ ~ t-~ l!l1 t-~ n,1f1~ LU t-~Iir,~n~~L~ktU L~kt!f~ ~f11m~ IiLr,l!l 
, ~ ~ 

~LU~ ~~LU t-LlA.r,n 11 t-~n~ 1~ t L!C'::: ~n11 lir,ft-L~~t-~~t-~t-LlA.r,n 11,1f VLU n~~ ~1 ~~f11m~~LU~ ~~~ 1 
" '" I I 

::: LM.~1 ~~LUnr,n,:::W~~ktnr,~n[:nr,nL~t-~~ 1 ~tn~ IiLr,l!l ~ t t-~:::~L!1U[: U [:~~t-~~l!l1 ifJ11 Ln~:::~11 I" I I 

nfnlJ1~~t':l~LU~L~~~~ifJ~~~LU~Lrr.~LU n,~1~~~LU roWf1@~~~n,l1~LU~~~LU ~~t':l~LUt-LlA.n~1 

n,11 1i~~M.L 1i~~f111n~~ L U ~ ~ ~r,f!.t-g t-~U ~ nlJ1 L~IiL r,l!ln~1 U Lli ~~ ~ t':l~ LU::: ~11 t-~ l!l t-l!l L}tn~ 
, ~ , 

, ~ " roW f1~n~~f11 n,1f1~ LU t-~nrr.~ L U ~~l!l~ LUn~1 ~~1 ru ~IiLr,l!l ~ ~1~ t ~~ ~IiUU ~~ ~ ~~~ 1 ~ ~t':l 

~ L U ~~ t-L~ ~ t-~ l!l1 n ~ ~f11 n,1f1t-~::: ~11 Iir,W~l nLt-t-~l t-~rr.nLt-nG 1 L~~ LUnts1 :::~f1~LUnlJm~ 

" " L!1U[: U[: ~~n,f111f1W~:::~11 n~n,f111~~t':l~LU~~U~1mf111f1~ 

1'0 1'\ b b 

ru ~ L~~n,f111 f1~ G ~ ~t':l~LUnL!fnLt-nG 1 L~~LU ~t':l t-~f1n,1f1~LU~~ 1 t-LlA.r,m1~t}nlb~~[tn t 
, , ~ 

~~:::~~~n~n,f111~~t':l~LUn,n,:::~ (~ 

(£OOZ'H 6unS) (8w6!s xIS pue 6upnpejnuelt\J ueal) LfW~ u~:::~"n~n.n.m~~rBLU 

~ ~n~~~!1~~t-LlA.n~1~LunlJ1 ifJ11W~1 t-1l!l t-~~ 1 L!C'1i0 ~t-~nlJm~ • 
II I I "I I I 

~~t':l~Lunr,n,:::~ut-lf1n,1f1~Lunt PV->j:)811J-OO-U8Id ~~t-r,H • 

~ " WJ1 t-~t-~rr.~M.1lA.n~~ifJ ~t':l t-~~U Lktt-LifJ ~~1 ru ~IiLr,l!l 

::: ~1miAnJtl ifJ11 U Lkt~U J1 t-~t-~rr.~M.1lA.n~t-~n~ 1~ tt-~ ~11 ~t-~~t!1~t-~l!l t-l!l ~ ~~~~ktL}tn~ • 

61 
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" , 
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"/", _ .....n,~:...".... 

t!tt'~""'~'-4.'" 
:ft'I ... ~ ... 

" , 

1;'2: ~f1lt-~t-@um~t-Lra@n]'~~~f1tt.LV L rl@~t-@Jtln!b,lft I t ~ ~ 

~~t-~n].t-~f1tt.LV~b6LU f1f1~6nIJ1t-Lra@nB~n].I'tL~L~t-BJtlnLt-L~6LUt-~f11mrl~f116LU • 
" " , 

t-~f11mrl~f116LUL~f1,£k1.L~ 

,!!ott-BJtln1J1 L~~B~t-B~L!J1~~'1 b\;!6hBlT.nLt-L~6LUt-~bt L~' I'tLt.L!J ~t-@Jtl ~'1 (lelldeJ) 

ntA.t-BIT.t-B~mtntA.t-~6LUfI.t['tt L rt,,~ t-L~6t~B~n!b ew61S XIS ueal ~\;!t.mgLUnU1L~ 
, '" 

6 L U f1,£ k1.L~nlJ 1 L ~~t-~!1n L U ~ L L!J 6 L un t 1.16 LI't L ~ I't L t. L!J t-l f1f1,£ f1~ ~1' 6 L U n t.f1~W 

t-@ IT. n t. 6 f16 f1 '1 I't L t. L!J I't ~ f1 t. L!J ~ b ~ B ~ 1 t-@ ? ' B ~ t-L ra @ I't ~ ~ L I't k1. 1 ~ B ~ t-B ~ L!J 1 6 6 ~ ~ } • 

t-~ntA.nJtl~~~b~@~1t-BU1B~t-LraBnLt-~gf16Luntn~~\;!1~rl~'t-BIT.~}L~~~1' h~6 • I I I '" I 

rl~l rlt.,lfntA.t1.Jtlt1.L,If t-LlAM.L If& lA~~6f1~ ~1~ t @~nl1 W~1 ~rulT.t1. t ,1ft ~ ~t-~M.Llf &lA~~6f1~Uf1 

~1'tk1.t-~~~~6LUt-~L~~~11 W}t-B~L!J' @t!t-B~L!J1 nL!Jt-~~t L~~6LULru61\~\;! t.m'~\;!'~tt1.~ U~~ 
" I I 1'1 I 

t-~ 6t L~~~ I't~ 1~~1' ntA.nJtl ~ ~6Lun trlt.fI.LI't~\;! t.m1 t-B~t-~Lr-,lftlA£1-tf1rlL~k1. t1.Lt-L~6Lunt ~~t-~ 
, , " 

M.Llf&lA~~6f1~Uf1~trlt.fI.~b~~\;!t.mmlJm!b ew61S XIS ~~'1 ueal f1f11mLt-~f1gf16LU 
, " 

(~SS2:'~I'tMI1M' RI:-MfuUl) ew61S XIS ueal 'tP '::' .,. • 

6LUt-@Jtlt1.~I'tLt.L!Jn~,lft~~'1 

.. t1.~~,lft~ ~~6Lu~n~~@t!t-@~L!J1~~1mt.~t1.~f1@I'tt-~6Lun1JBBmL~M.M.!of111 llr ,!!oVLU • 
'" I" I " 

~ ~~6Lun t L~t. 1 f1@6~ ~11 t-B~L!J1 t-~ ~~6Lun t L~ t. 1 ~ ~~6LU~@~~ LnlT.~ ~ 
, " 

@~1t-@?'@~~k1.tf1f11'~~~6LUL!JUL!JlA'~~'1 llr B~k1.~@M.L~t.m~f1f11'~~~6LUf1f1~6,!!oVLU • 

Ol 
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" I I I I 

O]'Wl'l'fl'Wl'h'l 1 LL~~~'1lnl'lm'~u'J'Wm~Yln1~'1~~l-J1llYl'WYl mnmtJu lYltJu~~"d1'1~'1Yl dJ'W'fl~ nu 

~'1~ fl'J ~~ ~lU'W~ n m'~Yl1l ~'flL ~in'l ~ 1 vlU fl'J 1l-J ~1 r-l '1! ri'fl'WVI~'1"lJ'fl'llh~L~'W~ 1'1 1 ~1Ol ~rX'fl'l 
~llU'Wm~. 

2. n1~~UI~~~ijtl'U~ru~1/1~1iI~1~~ (Value Streaml ining/Analyze) rX'Wi'J'W~1~~llll'W 
1Ol~t1 n n1~ ~'fl'fl n hJb~tJmn~u~ l'ltl ~U Ll~ ~VI,J1~~1~~llll'W Vl1'fl1~~ fl ru~h ll~~~ ~ l'J~lL 'Wm~ 

\J q q q 

~'1A1lfli'fl'l~m'(Setup Time) l~'fl~~fl'J1l-J~'1J lU~1~1~~llll'W . 
3. u~'U'u~·:m1~1~~"l.I'fl~~~'U'U ~~~~liIruI11'Vi/U~'UU~~ (Improve System Flow and • •• , 

Quality/ Improve) n1~~ ~fl'J1l-J llU~U~'J'Wt~tJ n1~ufuu~'1 n1~1 VI~ LL~~fOJ ru1l1'Y1 l YI'elL ~ 
~ ~ 

U~~~Ylfie.J~"lJ'el'lm~Ulju1i'll'W~ fl'J1l-J-D ~ LIOl'Wl-J1n~'W ll~~~ ~'Y1~1 ~,J'eltJ~'1 n1~Yl1l-ri'Wi1~'Jl-J n'l m~ 

Yl1L~fl'J1l-JL~'J"lJ'fl'l'l1'W (TAKT) m~Yl1 TPM ll~~ Poka-Yoke lVll-J1~~l-J~~~LL~~L-nlfli'el'ln'flYl1'1 . 
~ 1i~ L ojJ1l-J1-ri'JtJL 'Wn 1 ~~1Ol1 ~ru1. 

4. ~~'U'U~~/u~'Uu~~ (Pull System/Improve) ~~UU~'1rX'el'l~n'el'elmLUU ll~~~llU'Wn1~ 

L'W~n~ru~~Lll'W Make to Order l~'el~~ml-J1ru~'W~lfl'lfl~'1 rX'el'l~n1~~~"lJ'W1~ Vl1'elml-J1ru 
, ~ 

(Batch Size) YlrX'fl'le.J~l'lL'Wll~~~flf'l~'1t~tJHlYlflUfl"lJ'el'l JIT (Just in Time) ll~~ Kanban lojJ1 

"li'JtJUfUUN l 'J ~loW1ll~~~ ~~1'W'J'W~'W~1 fl'l fl~'1 . • .. 
5. 1iI'J1l-J'll3.J\!~ru"l.l'fl~~~'U'U/IiI'J'U~3.J (System Perfection/Control) m'~u'J'Wm~~n 

n1V1'W~~1V1fum~ufuu~'1 m~uljllii'll'W'el~l'1 ~'ell ti'el'l1~~~i'W~ ~ l~'elL-X~1l-J1~tl fl'JU fOJl-J fl'J1l-J 

LLU~U~'J'W L-X'el~L 'WLn ruryf~tJ'fll-J fu1~ l'l~'fl ~ L 'J ~ 1 

... l:.o cv 
~'VII"l'\Jliln1~UI~1iI1m3.J 5W 1 H ~~~~~~nn1~ ECRS 

m~l'l~'J1Ol~1Ol1~ru1~'JtJ~lml-J 5W Ll~~ 1 H Lll'Wl'l'J~'el~Hml-Jl'l'Wl'el'l L~'eln1~l'l~'J1Ol~1Ol1~ru1 
~ ~ 

i1 '1JVl1'el~1'1~'elU fl~'elU 1~~1i1 '1JVl1,j''WLll'W"lJ'el'l'l1'W';j Lfl~l~,ri'l~~UU Vl1'flU1'1~'J'W"lJ'fl'l~~U1J1i 
~ , 

l'l1l-J ';jfii1IOl~-ri'JtJ~~l'1 tfl~'1~¥l'1"lJ'fl'l LLe.J'W'I1'WufuUN L 'W~'J'WntJ~~L~tJ ~ l YI'fl L~1'l-JL ~ LLe.J'W'I1'W • 
~ULU~tJ'W"lJ'fl'l mn'l"lJ'flU L"lJ l'l"lJ'fl'l fl'J1l-J LU~tJ'WLLU~'1 lll'Wu~~ttJ'lf'Wl 'WL~'1uljllii ~'1IOl~oW1V1~ n m~ 

~1UL-n1 'Wn1~';j Lfln~,rfl'J1l-J~llll'W"lJ'fl'llL~~~i'Wl'l'fl'W"lJ'fl'l n1~e.J~ l'l L~'fl~ ~ fl'J1l-J~ ru LU~11Ol1 n 
'IJ ... 
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~ , 
• What: \'l1'!l~h'!l!i ~U'Wn1~~1~'J1~~~I1l'W~tl~~1~fin1~~'Vl1tltJ~tltl~h 

~ ~ 

• Why: \'l11a.J\'l1'!l~'!l!i1~,r'W ~u'Wn1~1~~1~I1l~lh::;~~~"lJtl~~1'W~'Wr.nn~1m~ What 

~~~::; Why vi11-'\~ ~~~1::;~~1~1m 11l~'J'"l~'"l1~ru1~ n L"li"lJtl~~ 111 ~U~::;~~ ~ ~b~::;~fin1~l~ 

• Where: \'l1~1 'VI'W ~U'W~1m~ ~~tl~'"l1~ru1~ rn'W~'Vl1~1'W~1n~ b~~1::;~~ n~1~1-tl hl 

• When: \'l1b~'!lh ~U'Wn1~Yl1JYl'J'W9~~'J::;~'J~1 ~~~::;~1v11Jn1~'Vl1~1'W1-.\m~1::;~~ 

~1 m1~ ~ ~i'Wff"lJtl~ ~'Wn1J ~~ itl~9 m 

• How: "l"1l'fi'!l~h\'l1~1'W ~u'W~1rn~~~tJ'Jn1J~fin1~'Vl1~1'W -ri'JtJ1-.\n~'J1~U~~~~~ ~~~::; 
.-

vi1~1'Wl~~1tJ~'W 

SWIll rrl<1IJ'IUJ1I'J 

J.dhmnv What? 'hHin(h~6tl8f111~tl 

mh;J~'lJtJt!lf.ltJf)fh~'~ 
1------I-----+----__ ----------f~,Il~ ,tI '"l1J.~l",) l'~W~f)tl1n1 l-nwanfll,Jl'i*tJ 

"'li11JJ" .nU1rtl~.a1l8 .nl1 \'l1l'¥tl 'Hl1H~t) 

... 
3. 't'liI1tlll 

• 
4. ~llil.l'lTu 

5. '1HI 

Why'! hiil!4f)~~U'1 ilTl1"Jlil 

lf~{)fl1nht1::th9it1:; 

Vy11eu ? tlUHJ\!~,J.!\hl'~lf?tJ 

fl1nilld6 'h~ll::: 

... ., '12 ... Who '! mm'IJ"l 111 11 HlI'.l 0 

lfl1fll:1l11i1\il~ 

. . 
·a-'lJ11l~ tlmh~l.I"1i'U t11"lhnu'~tI' 11» 

1.I6U1nJlVnU~llJfI111J1,.,1.I1'l1l 

th "6th,,h .. lil'1J~O_lt11!'JU1ilJ f)1'J'1~lJfl1!i'lhnu unhhfl;J'Jf1'lt 
I-~-.-.... - .. --.. "", -.. - 2--"'------1 J'" ..- ., ~ .... J- ";11' 

How'? IlJlJ11!fl1:l''BUt:JflUn';l1110 1 {]l.Iml'HlVHHV IlZl'mtnl11 mV'lY1 nJ 

fl,)l'lh')flHh~~~ hliu 1'rfnln~!!lWt11l1Jfilj~~nJ Ii.1W~U 
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ECRS ~'flI'1'"J~'fl~11Dl1nIl11j'1rer'm~1j' 4 1'1'"J A1~1'ihrh,lV1inn1~hm1~iJflJiJ~'1'11'kl ~'1~h'l 
J' "" 1/ 
"lI'kllDl1nn1~[;1~'"JIDl"r'llDl1~n..n"mJ 5W 1 H 

• E-Eliminate (n1'irh~(;l) : ~'"JtJn1~1~V111Dl(11iJ~~~'1fl rer'kl'r111~~1~1~f.ln1~(11i'kl[;1'fl'kl~1~ , 
" ~1 dJ'kl'fl'fl n liJl~ ~iJ LLlJlJt1~iJ~~~'Vl fi~~~'1 ~ (111 'kln1~iJflJiJN'I1'kl cu cu q q 

• C-Combine (n1'ieJ"UHJ~1'W): ~'"JtJn1nJ~w.J~1'kl'fl'lfliJ~~n'fllJ"lI'fl'l'l1'klV1~1tJiJ~~n1~ 

L-n1 ~'"JtJ n'kl -rl'"JtJ~ (11i'kl[;1'fl'kl"ll'fl'l'l1'kllJ1'1~'"J'kl~'11~ LL~~~'fl~tl'fltJ~"r'llJ~1';jfin1~1 V1~~"r'llJ 
" 

" " " IDl1nn1~~~~~~1'klt1'r111~'11'kl~'1~~lJlJ~1tJ;'kl 

• R-Rearrange (n1'i~ (;l~11K'Ui. \onl): n1~ btJ ntJ1tJilJ LiJ~tJ'kl~1I?llJ"lI'fl'l'fl'l fliJ~~n'fllJ"lI'fl'l 

'11'kl'fl11Dl~¥1'1 b'fln1~ n1~ (11'11'kllJ1'1~'"J'kl V11'fl b'fln1~ n1H.J~~ ~~1'kl1 V1~ 

• S-Simplify (l'11i.,r~1tJ): L~'flY;IDl1~ru1~'1n1~n1~(11 n1~~~~~~1'kl LL~~n1~~(11~1I?llJ1V1~ 

'fl~1'1~'fllJ A~'fllJ LL~'"J A'"J~"r'ltJ1tJ1~~ (11 n1~ 'fl'l fliJ~~n'fllJ"lI'fl'l'l1'kl~'"J'kl~ L V1~'fl'fl~1 ~ L1J'kl'l1'kl 
" 

n1 HLnu ruV11 A ru1l1"r'l rX'fl'l'fl1 ~tJV1i n n1~~1 fl ru 3 'fl~1'1 ~'fl A'"J1~~ ~'"J'klh~IDl1 n 
~ , ~ 

., ", 
lJA~1m~'1'fl'lflm n1HLnUn 1V11'fl~1'1~~~lJlJ LL~~n1~I'1(11~'kl11DllJ'kl~'kl~1'kl"ll'fl'l-n'flLVilDllDl1-'1 ~'1 n1~ ,.~ ~ 

LLnu l.l.JV11 ~ rull 1 "r'l1 ~ Ln (11iJ~~~'Vl fi ~~~'1 ~ (11 rX'fl'l~1V1i n n 1 ~I?l'l n ~1 '"J ~ 1iJ~~tJ n [;11-n-:h ~ n lJ LA1'fl'l n'fl 

~ L V1~1 ~~~ nlJ-n'fl~ ~ LL~ ~i n1j'ru~"lI'fl'lU ruV11 " ~ 

LL~'klll~n1~lV1~"lI'fl'lm~lJ'"J'kln1~ (Process flowchart) ~'fl LL~'klll~~LL~(11'1~'1 
" " 

~1I?llJ"lI'fl'lnlDln~~~ ~'"J~~'1A'"J1~i~~'klfi"ll'fl'lnlDlm~~r;h'l 1 (;J~'fl(111Dl'kln1~'r11 A'"J1~L-n111DlnlJA'"J1~ 

rX'fl'ln1~"lI'fl'l~nfh b(11tJ1-n-il.l.Jin1j'n.r~1'1 11'kl[;11n'l~ 2.2 n1~~h'lLL~'klJJ~n1~1V1~"lI'fl'l 

m~lJ'"J'kln1~~m~~~ rX'kllDl1 n n1 ~~ ¥1'1 LL'kl'"J A'"J1~ A (11"l1'fl'l n~~lJ'"J'kln1~1 'kl~iJ LLlJlJ"lI'fl'l SI poc 1?l'l~iJ 
" " 

~ 2.5 b(11tJ n1 ~n1V1'kl(11I'1'"J LLlJlJ I?l'l n ~1'"J 1 ~ ~~ rX'kllDl1 n n1 n;tJ'kl~1I?llJ"lI'fl'l nlDl m~~1 'klm~lJ'"J'kln1 ~ 

L~'fl n1V1'kl(11 ~'1 ~~i"r'lfi (Output) "lI'fl'l n~:;lJ'"J'kln1~~'1~'fllJ1 ~ nlJ~ n ~h LL~'"J~'1Y;IDl1~ru1UlDl~tJ 
" 

U'fl'klL-n1(1 nput) ~1~flJIDl1 n ~~'1~'fllJ (Supplier) LL~~1-nL 'kln1~~1 L-W'klnlDl m~~~ n1V1'kl(11 H 



(Activity) 

(Decision) 

(Document) 

1'v1~ ( Flow line) 

Input 

ii, Iicriltlul,r, 
ihmn 1Jn I 

ii\lm~1Jn 2 

i i 

n1~m::'t'l11(;1 1 YiiJn1~LY;).J 

~~ril 

i 

L'iln~11YiLL~(;1~~~ 

Hardware LL~:: Software 

n111'v1fl'll'il~~11~'WLYH"I~ln 

n~nm.J'vI~~~~n 
~ 

Output 

D 

<> 

c 
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1-if~ L 'vI~tJ).J'lI'W).J LUtJ n~'WLL~:: 

1~ 

~C1J~n~ruL'iln~I~LL~::'il1~1-if 

~C1J~n~ru-if'il'Wn'WL~'il'il~U1tJ 



25 

i i 

5) 't'lL'hJi1hJLL~~ LL~t'l-l,L~'~i1i1.JLL~~ 

('---~) 
" 

"l t'l~1.J~ t'l'lJ'El-ln"lm'j'l-i , , . 

(Terminal) 

o 
(Connector) 

n1'i'i~~3J?UJ'fl~ 6'Wf[;l~ ~'WYlnlil,2546) 

n1~~:::(;nJ~~'el~ ~'el n1mMl~PI'Jl~~ (;l ~~'W1'J~ ri'W~:::Vdl~~~l:n n ~~'el dJ'W~~'W'JYll~~Iil::: 

~l hJ~ nlH~nU fkjVll ~~1 'WYllil'Wl~m~l~ ~PI'Jl~VI~l~~l ~rJ'Wn1~~(;l~~lJlJU~~lJlJ ~~e.J'W (Free 

Form Thinking) i'W[;l'el'W~:::(;l~~~'el~Iil:::~n(;l;'Wl'W 3 i'W[;l'el'W(;]'elhJ~ 1.nl~~1~'JIilU fkjVll (Define 

Problem) 

2.n1~~h~ml~~(;l (Generating Ideas) 

3.n1~~WJ'W1V1'WYll~~~m'lJ (Developing the Solution) 

n1~~:::(;l~~~'el~ ~rJ'W':jfin1~~~ ~ru~l'elth~~l n 1 'Wn1~~h~ PI'Jl~~(;ll mJ 1 t(;l~ 

m ~~ PI'Jl~i~~'Wfilll~l 'Wn ~~ ~~ n1 n:::(;l~~ ~'el~~Vltnmu LLlJlJ LL~ :::~':jfi n1 ~~l n~ 1~1 'Wn 1 ~ 
• qJ 

, ", 
~'JlJ~'J~ojf'el~~~lJllill n n1~~:::(;l~~~'el~ ~~~~u LLlJlJ~ dj'WYll~ n1HL~:::hJ dj'WYll~ n1~ t(;l~ PI'J ~ 

qJ qJ 

L~'el n 1 ~fi n1 ~~~ PI'J l~~ (;lVltl'Wl ~ rilJ~~l:n n 1 'W~~Vl1'el n~ ~ n l~~:::(;l~~~'el~ Li~ ~'Wlill n n1 ~LfilJ , , 

~'JlJ~'J~ojf'el~~Iill n~~l:n n 1 'Wn ~~ lOll mr'W~~vll n1 ~ri lV1'W(;lU ruVllV11'el ~l bl1~;'W~1 LrJ'WU ~:::L~'W 
qJ, ~ 

, , , 
LPl1'el~~'elmlJPI~PlrulllYl 7 'eltll~ (7 QC Tools) ~rJ'WLPl1'el~~'el~'ell~~n1~PI'JlJPI~ , , . 

LL'(~:::nn~ ~1V1flJbPl1'el~~'el~Iil:::~1~lH1'Wnl~':j~~~ H1LLn LLe.J'WlllYlYllL~t[;l LLe.J'W~~nl~u~l 

LLe.J'WllnPl'JlJPI~ LLe.J'WlllYln1m~:::Iill~ ~L~:::nn~ 
qJ , 



~n~ '.fQ"bmU"~~" ~ fiL(;l!lnU'mrJ~' L'~nUml,(;~ ~ ~ L(;lT.nL,!t' ~Q, (fi~~~~n~1.fQ,f11 
, " 

L'Q,IT. %OG nU1fi' LJfiL(;l!l) "L nQ,,, L'lA.1H1.\L'Q,wrJ~1 L(;lT.nL~(;' LWLJfiL(;l!lfilA.~ki'L~~~11 rJLlfonL~ 10P I kF f" '''l t't " "k ~ F I'=' F '" 1'& 

,¥ \ L' ~ ~ fi L (; l!l ~ ~ ~ ki 1 L ~ U L te, n rJ ~ 1 n Q, n n U " L' ~ n U " ~ ~ 11 n Q, n n U 11 n rJ ~ , ( 17 
" " 

~liQ,JIoUn'1 L~6LU U L te,,!t'W~ ki' L~~ ~~1' L'Q,lT.fi~~ ~~n~ 1.fQ,f1' ~ ~" fi(;6~ Q,rJ Lkiru (;nL~:: ~" LkifU D 

J1.~L6l!l'~6LUL'Q,Jtl~~nLLJ~ULte, (~nkiL~~L~(;'L'(;~nu u~nl1~te,6LUL~ (S 

f1~16LUl!.~~~1' L~(;'~rJ::6 L~(;H(;~~nkiL~) ~liQ,JIou~nl1f1tf1m1UQ,Q, (G 

LkimD~li16LUL'Q,IT.~ki'L~UrJ"::~1' 6\~Q,LkimDL,gU~~te,L~te,tn~~~ (~ 

161!.1 LM.M.Ll1nr:m t-Lkb!.!.LUn tn@,16ng. 

(~Ii Q,lT.fi (;6 f1 (;6 
" 

L'~ki~lT.um»WrJQ,~fU~L~LkimDnIJ1~\LkimD~~" nQ,~IT.W1'L'f'6(;l!l~ 

ULfim~L~LkimDnlJ'~t LkimD Q,~ (;L~U fU~L~~U~ki~ki 'L~~U,A,t;,'Jt'1UQ,~1»t~'1 ~fiki»t~ki1L~ 

U V.Jt'1 L'Q,JtlnlJ' L~~\ Lkim DJt,gLUn t L ~f11~ rJLfiU Lfi~ ki' L~U Lte,~ limQ,~fU ~ L~fiL(;l!l ~~LkifU D 

~~" ~ki' L~~~\ULte,Lfin,!b L L'f,te,fU ~L~LkimD L~L'~n~ 1»\~~Q,~L'Q,tl!lmlJ'~te,w16'LM.M.LL!n~" I I'l t1' I 

n,!bL'~ n,!bLy.' LkimDL'Q,1T. %OG n(;nL~U~rJQ,~U~1 L'rJ~ 1 fU~ L~fiL(;l!l ~~LkifU DQ,~ ~~ ~::te,~ki' L~ 
" " , 

• • L'Q,IT. %08 ruLfi::6f1U~~~rulT.nt ~fikiL'~Wki'L~L'Q,1T. %OG ruLfi::6f1ULte,LfiWki1L~~::te,U,tt %08 
, " ~ ~ ~ ~ 

n(;nL~uLfiru~L~fiL(;l!l~~rJ~HU~fiL(;l!lQ,tkiLkiruD L~fiL(;l!lrJLfikiL'~ u8Jnr 'l/IJT rJ~lL!t~m' 

L'~ OG/08 [fufiLW fU~L~fiL(;l!lfiLWLkifUDf1~L~~~::~"h~ULUn1.JH W16'LM.M.LL!n~" 

" W16'LM.M.LL!n~'1L'L~Q,(;~ g'G ~f16 
...e.,.,,,,,oo ' 
~J 

"l() .... 1 ~~ ...e.g 'tI1....., -' 

,\llr 
,-~. 

" .. , 
i j 3 0,(19' 

foI 

" 'ILC - t' 

~l.J '. • 
eo: 

g'G ~f1lL'~ (nJtlnlJ' f1~l1W~L'Q,IT.~UlfoQ,tki nLL'L~6LUl!.~ ~UW~L'Q,tl!l1 nLL'U,!bM. 
, , 

ULte,,!t'\~ki'L~Un"L~te,LQ, L'Q,fM.Uf1~~L'Q,IT.LkifUDL'Q,~mt n~') ~ki'L~nlA." x nu" ~n~1.fQ,f1mlA.1' 

Q,~L(;lT.nU"::~" (nJtlnlJ' ~ ki 1 ~@n(;nL~Q,tki nrJ£I L'Q,~L~n(;nL~ L'Q,fM.Uf1~ ~n(;nL~n~') ~ fiL(;l!l 

nlA."Q,~rJL~nU" Q,~ nU'1 G ~ ;\ nu'm~l L(;IT.f1\rJL~ULte,::~11 rJQ,~f1\ULfiULte, L L'(;~nlJmliQ,JIo 

UrJ11L'f1.1'~L'y.11~LWnlJ'~ru,gu~~ (w8J681p O+8J8d) W16'LM.M.LL!n~" • 

91:: 
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5) ~~tJ1.lnnYh~vl'l~n~'J1l-Jn11'1Lvi1n1.l (nn~~~vl'l~'J~nU~:;l-J1ru 6 n'l 10 
~ , 

L~ vl'l L vl1tl'1.l) m~ :;',n n L~1.l~'J1l-J ti~ :;~l-J"l1 n.n1tJLtJ"lI'J1 

LL~1.JeJ-:Jri1-:Jthn (Fishbone diagram) 'VI~'f}LL~1.JeJ-:J~:an1'J1 (Ishikawa diagram)'VI~'f}LL~1.JeJ-:J 

LL"'HM?l1L'VI(;lLL~:::~~ (Cause-and-effect diagram) (Berman and Klefsjo, 1994) • 

(Causes) ~nl:J'C1 (Effect) 'l(;1tJl?l~'In1J~n~ru:;~ruJl1'V'l (Quality characteristic) "lI!l'lt1tIJ"vI1~ 

~1.l1"l ~ n~1 ( ~11.l'J1.lLLI:J1.ler'l n1'1U'C11"l:; L vl1 n1J'~11.l'J1.l~ n~ru:; ~ ruJl1'V'l~ ~ n~1 ) (P1Jl-ntJ 1.l1V1:; • • 

~1.l€, 2551) ~'I~1m~"lI!l'lt1tIJ"vI1~ruJl1'V'l~n(;1Hl"l1n 7 M's A!l 

1) n1~r.r(;1n1~ (Management) : ~:;1J1Jn1~r.r(;1n1~~1l-J1~Clr.r(;1"v11-if!l~'C1 ~L'C1:::n1~ 

~tl'1J~'41.l1 ~ LYitJ'I'V'l!l"vl1!l hJ? 

2 ) ~1.l (Man): ~un1J"in1~lJlf1Jn1~1Jn!l1J~l-J ~LN~'11"l~L'C1:::nU~:;~1Jn1nw~ 

ml-J1:::~l-J"vI1!l hJ? 
, , 

3) 1fin1~ (Method) : nn1~1-n~~1!l'ln!l~ml-J1:::~l-J"vI1!l1~? 'V'l1n~LI?l!lf"ll!l'l 

n ~:::1J'J1.ln1~~:::1J!l~1'1 L"vIl-J 1 :::~l-J LL'C1:::~ 1l-J1~Cl ~'J1J ~l-J lJl"vl1!l1~? • • 

4) n1~~(;1 (Measurement): ~~1!l'ln!l~(;1~1.jfnn1n~~~~1J~1?l (Calibrate) !l~ 1 '1 

L"vIl-J1 :::~l-J"vI1!l1~ nt1"lr.rtJ~ ~1Jn'J1.lMl1'V'l LL 'J (;1~!ll-J 11.ln1 ~~ (;1 "vi 1!l1~? 

5 ) L~1!l'lr.r n~ (Mach ine): n n1nJ1~'1 fn~1 ~~'1i1!l'l n1.l~ L"vIl-J1 :::~l-J"vI1!l1~? • 
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, ~ 

LL~tJ~,dh-lu~1 LLU-l dlw 2 lh:::LllYlY1U~:::tJni?lntJ~.nn 1tJ-l1tJ';j9tJ~-l1tJ~htJn1~~~ (;l n1~ , 

'" '" 'lJ~n1~ LL~:::n1~(1]~11?1 A'el 

1) LL~tJ~-ln1-lU~1~1~f'lJ';jLAn:::"rm:::'lJ'JtJn1~~~(1] (C&E for process-analysis type) 
~ , ~ 

n1 ~~h-l LL~tJ~-lU~::: LllYl.w'"l::: L~d-J'"l1 n n1 ~L~tJtJ-ntJ(1]'eltJn ~:::'lJ'JtJn 1 ~~~ (1] n'eltJ (~ 1 L ~ (1]~~ n ) LL~'J • 

L~'eld-JLtJ-l LL~~:::~1 m(1]~~n~'JtJ~1 L~(1]tJ'eltJ v1-lLL~ 1?1-l1 tJ~U~ 2 .7 
• , '\J 

2) LL~tJ~-ln1-lU~1~1~f'lJn1~';jLAn:::"rn1m~:::'"l1tJ (C&E for d ispersion-analys is 

type) n1~~h-l LL~tJ~-lU~:::LllYl~ L1d-J'"l1 n n1~n1~tJl?1~1 L ~ ~~~ n 1 ~ L~ ~'"l n'eltJC~:d-J ~tJn1~~:::I?1d-J 

A'J1d-J ~ 1?1 t) (1] ClU~:::~-l rl'lJ'el-l LL~tJ~-lU~::: LllYl~ ~h n1~';j LAn:::"r~1 L ~ (1]'lJ'el-l n1 ~m:::'"l1tJ (;]'J~1'el . , 

~1 L~ (1]'lJ'el-l n1nLU~~tJ Ll?1tJ n1~~-l ~1 Cl1d-J (1]~'el1?1 L'J ~1~1 "yh ld-J n1 m~:::'"l1tJ~-l Ln l?1;tJ" LL~:::Yh • 

A'J1d-J ~ 1?1 (Brainstorming) ~ L~tJ'JO]'el-l n'lJ~ m~ru:::~ ru1l1'V'l 1 tJn1~~:::I?1d-J A'J1d-J ~ 1?1 A'Jn~tJtJif '1J~1 

( ~n~ru:::~ ruIl1'V'l ) ~-l'lJtJn~:::mtJ~1~1'el m':::1?11~'lJtJ11?11 ~ 'lJ L~'el ntJ~1tJ LL~::: L~tJtJif '1J~1'lJtJ 
LL~tJ~-l n1-lU~1~1tJ'lJ'J1'lJ'el-l~ n M~ LLYltJm:::l?1nitJ~~-l'lJ'el-lU~1 v1-l LL~ 1?1-l1 tJ~U~ 2.7 

'\J 'U " 

2) ~:::1J~1 L~~~~n LL~:::L~tJtJ'lJtJLL~tJ~-l n1-lU~1~1tJ.n1tJ'lJtJn1-lU~1~~ n (n1-lu~11 ~ 'lJ) 
~c::l .... ~1I ........ .J .... r 
'l!-ld-J~'J~nP\~"ll L'lJ1~1 m:::~nitJ~~-l l?1-llUYl 2.71tJn1~~:::1J~1 L~~~~ n!l1'"lU~:::~n(1]LL~tJIl1'V'l'V'l1 

L~L(1] ~-l1~~:::1J~1 L~ ~~~ n'lJ'el-lif '1J~1 11 LL~'J LL~ rl1 hJ~1d-J1 ~ClU~:::~ n i?l1 ~ n1~tJl?1~1 L ~ ~Ll?1tJ 
';jfin1~91?1~1v1'lJA'J1d-J~1~'1J'lJ'el-l~1L~~LLYltJ ~-l~1L~~~~n~~1~'1JLnl?1'"l1n 7 M's ~1~n~1'Jd-J1 

0-
, " ... 
n'eltJ~tJ1tJ 

3) ~:::1J~1 m(1]tJ'eltJ~-l~d-J 1?1 Ll?1tJ n1~~:::I?1d-JA'J1d-J ~ l?1'lJtJn1-lU~1tJ'eltJ (n1-lU~1 L~ n) • • 

4) L~tJtJLAN~¥1-l A'J1d-Jld-J~tJfi A'Jn~tJtJ~1 L~~~~1 ~'1J'fltJv1'lJ~tJ111~ L'~'tJn1-lU~1 LL~::: 

A'Jn~tJtJ~ 1 L ~ ~~iJ A'J1 d-J~1 ~ Ck! 51?1~-ld-J1 11~ L~tJn1-lU~1tJ'eltJ LI?1m11 ~ n P\nL~ 1?1-l A'J1 d-Jld-J~tJfi 

~:::~~1-l~1 L~(1]n1 n'lJl~ ~'JtJ • 

• LL~tJJJ~ A'J'lJ~d-J (Control chart)L1JtJLA1'el-l~'el~ruIl1'V'l'eltJ1-l~C-l~H1 tJn1n~1 
~ 1?1 (1]1d-J n~:::'lJ'JtJn1~~~ (;l~ n1~-l ~1 L\ltJn1~~~ (1]'eltJ (On-line process) t) (1] ClU~:::~-l rl"lI'el-l LL~tJll~ 

" . " 



Due to normal variation Upper Control Umit 
(COI1lJn«l ClILIH) (UCL) 

130 - ' .. ,---.".- _._ , -_. _- , •. _ ., .,.", •• - . '.- -.~ 

i 120 - - - - - - - - - - - - - - - - - - ! ProceL 

; 110 r~Av.ng. 
Iloo+--+~----~~--------~~~ 

4 ~ 8 1 8 9 10,1 12 1314 15 Ie 17 1819 :lIl 
L_Contl"olUmlt 

Out .... t~1701 Polnt 
(Sp.dal C.~) " 

, i 

nJ~ 2.8 l'i,)'elth-lLLCJ'Wllijrl')UrI~ 
~ ~ q 

(UCl.) 

~ ~ 
.... i,I A .0=::11 cv Q 

"lJ'Wj;]'el'Wn1~M1'lLLCJ'Wll~murI~ ~(;1'l'W (Brassard, and Ritter, 1994) 
~ , 

, 
~ ~ i,I Q 

1) L~'elnm:::u,)'Wn1~Vl'"l:::M1'lLLCJ'Wll~ 
'IJ 

2) 

dI !.I I .... 

data) 'vI~'el"lJ'el~~ LLU'vI'W')t1'WU (Attribute Data) 
'U 
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j;]~,)'"l~'elUCJ~j;]Jlru~~')t1n1~rJ(;1CJ~j;]Jlru"Yl1'WL~'lill~1ru L'll'W nf~ L'll'W~L~j;]~ 'vI1'elnL~nf~ L1J'W 

~'W LLCJ 'Wll ij rI')U rI ~ ~ 1 'vi fu-ir'el ~ ~ LLuum .. h t1rJ (;1 'vI1'el-ir'el ~ ~ ~ ~ 1 ~'el L ti'el'l1.h::: n 'elU ~') tI LLCJ 'Wll ij 
cu" qJ cu cu 

sum control chart) 

2) LLCJ'Wllijrl')UrI~~1'v1fu-ir'el~~LLuuml')t1'11u (Control chart for attributes) dJ'W~fin1~ 
'IJ q 'IJ 

~ ~ , 
~')u~')~-ir'el~~~ n~ru:::llmj LL~,) ~'l'l1'WLN'l1'W~'lL~~1 LU'W~'el'l L~t1 ~1 H~1t11 'Wn 1~j;]~')'"l~'elU LYl'el 

'IJ 'U 

~ 

~¥1'l LLCJ'Wllij rI')U rI~ LLCJ'Wllij rI')U rI~~1'v1fu-ir'el~ ~ LLUU'vIi..htl'l1u~ ~'l ~'el hJll 
\I " \J" cu 

- LLCJ'Wllij~l ~ Lrln :::~"lJ'el'l L~t1 (Defectives) 1.J ~:::n'elU ~') tI LLCJ'Wllij mu rI~~ (;1~,)'W"lJ'el'l 
'U 'U , 

L~t1 (p chart) LL~:::LLCJ'WJJijmu~~~1'W,)'W"lJ'el'lL~t1 (np chart) 
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- LLe.J 'Wll il ~H'~h,", ~1 :;i-if 'el'lJ n v'/i'el'l (Defects) lh:; n 'el'lJ Jl'J tJ LLe.J 'Wll il ,",'J 'lJ '"' ~ 91 'W'J 'W 
~ ~ , 

I 

-if'el'lJ nvii'el'l !?lmn.l'JtJ n1~1'1 ~'JIOl ~'el'lJ (c chart) LL~:; LLe.J'Wilil ,",'J'lJ ,",~91'W'J'W-if'el'lJ nY1i'elWil~ tJ!?l'el 
~ . 

'vn.l'JtJ (u chart) 
. " 

L~'el'llOllnll1tJ1'W'l1'W~~tJ~1Jl~lUe.J'Wllil,",'J'lJ,",~91'W'J'W-if'el'lJnY1i'el'l!?l'el~ti'JtJn1~ 
~ . 

" " 1'I~'JIOl~'el'lJ~11.jf ~'l1J'W~'llOl :;"lJ'el n ~ l'J~ltJ~:;L~tJ ~"lJ'el'l LLe.J'Wilil ~'l~ 
~ 

number of nonconformities in unit: c chart ) HL~'el1lJ~1~1~r1~lLL'Wne.J~I'I11ruoyjdj'W"lJ'el'lL~tJ1Jl 

L~'el'llOll n~tJ1~~~ n"lJ'el'l e.J~ 1'111 ruoyjfi'l ,",'l-r11'l1'W1Jl L~tJ~'J'W1 ~ rulOl:;U~:;tJ n ~ n'lJ e.J~ 1'111 ru.vJ~n 
... . 

"lJ'W1 ~ 1 m1J L-n'W 91'W'J'W~'eltJ ~l~U'lJ'W~r1tJ'W~ 1 "''W ~1'el91'W'J'W~'eltJ ~l~U'lJ'W~l ~'lJ"lJ'W1 ~ 1 I'll n'l 

L~I'I~ LU'WrX'W ~n~ru:;Y11'l,",rulllY1"lJ'el'le.J~I'I11ruoyj~rX'el'ln1~~m~n ~'el -if'el'lJnY1i'el'l (Defect ~1'el 
. . 

Nonconformity) ~'l ~ e.J ~ 1'1 rX'el'l Y1 tJ 1 tJ 1 ~ LLn if 'kJ ~11 ~91'W'J 'W -if'el'lJ n Y1 i'el'l n tJ'el tJ ~ ~ ~ L ~'el'llOll n 

" ~ n ~1 ~ 1~1 ~r1 ~'l Ln 1'I-if'el'lJ n Y1i'el'l1Jl ~'l 1J'W'el11Ol -r111 ~tJ'el ~"lJ1 tJ1Jlf'lJ e.J ~ m:;Y1'lJ LLe.J'Wil il ,",'J 'lJ '"' ~ 
~ ~ . 

'jx -A x-c 
/l., .e -"I C .e 

p(x) = 'HH) ;x 0,1,2,3, ... 
x! x! 

= 0 
I 

." I .. 

;x ~,",1'el'W 1 

L~tJ~ x LLYI'W~91'W'J'W-if'el'lJnY1i'el'l LL~:; A ~1'el c rX'el'lLU'W91'W'J'W'lJ'Jn 

~1 L'il~tJ LL~ :;,",'J1~ LLU~U~'J'W"lJ'el'l n1~LLIOl n LLIOl'lif'J ;'1!'el'l 

~lL'il~tJ (Mean) ~'el E(x) = A ~1'el c 

m1~LLU~U~'J'W (Variance) ~'el V(x) = A ~1'el C 

" I 

LLe.J'WJJilt11Ol:;1-if1'WnnllVl~ti'JtJn1~I'I~'JIOl~'el'lJ (Inspection unit) nL~tJ'l~ti'Jm~m ~1'el 

~ti'JtJn1~I'I~'JIOl~'el'lJLYhn'W L-n'W ~ti'JtJl'I~'JIOl~'el'lJu~:;n'el'lJJl'JtJ 5 ~'W"lJ'el'le.J~I'IJiru.vJ ~1'el ~ti'JtJ 
" 1'I~'JIOl~'el'lJu~:;n'el'lJJl'JtJ 1 0 ~'W"lJ'el'le.J~I'IJiruoyj LU'WrX'W 

1) nn1l1lJYln'lJ~1 L'il~tJ (A ~1'el c) rX'el'l~l ~1 L'il~tJIOl1 n ~ LL~'J ~1'W'J ru~ ~91n ~,",'J'lJ '"'~ , 

~+3-Fc 
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c 

1'l'J'elth..:JLc;)tJ~'JiJ1V1'1! 99.73 LU'elfL-nw;l ~n'el~Jl1tJ1iJ~C;)~1nC;)n1~rl'Ju~l-J~'elU1 ~1 ~ ~'JtJ~1 

rl'J1l-J L~tJ..:J LUiJl-J1 ~~~1iJLYh nu ~ chiJlil c;) 1C;)'el'elniJ'eln~ C;)~1 n C;)n1~rl'JUrll-J"lI'el..:J LLe.JiJJlij rl'JU rll-J 
dJ 411 411 '-I Il1o 

~1iJ'JiJ-if'elunYii'el..:J (;]'elVltl'JtJn1~~~'JIil~'elULL~'J ~'el..:JVl1 ~1 rl'J1l-J LLUnriJ~ Ln C;);iJLc;)tJD~~l-J"l11 ~n w.~ 

L~'elil'el..:JniJhJ1 ,x~1 LVI ~~..:J n~1'J Ln C;);iJ~ n 1 iJn~ru~Yiu~ 1 LVI ~"lI'el..:J rl'J1 l-J ~iJLLU ~LLe.JiJJlij rl'JU rll-J 
II!. q cu II!. 

2) n~ru~Yl~1U~1 ~1l-J1~bl~1iJ'JruL~~..:J~ 

~C;)~1nC;)rl'JUrll-JUiJ (UCL) c + 3Jc , 

c 

c-3Jc 

~~e.J'lJ1l1'Vm1'in'i~1Ol1!J (Scatter diagram) 
I "" I 

1) 1-nVl1 rl'J1l-J~l-J~iJ€~:;VI~1..:J 1'l'J LLU~ ~..:J rl'J1l-J~l-J~iJ€ilu1..:J rlf..:Jlil:;tJ1LU1-nJ':;u 1'l'J LLUJ'Yi , 
" , " 

djiJl'l'J~rJ C;)"lI'el..:J'el..:J ~ n J' J'U LLUU rl'J1l-J ~ l-J~iJ€Yil-J1 n 1 iJn1 J'~ Lrln:;,J-if'ell-J ~~..:J 1 iJ'el ~ ~ LL~ :;i!IilIilUiJ 
" '" 

LtJiJ1JunJ'nr~1 ~ '1!~1il :;vi11 ,xYlnU~1'el:; h~ ~'el..:J rl'JU ~l-J 

4) HUiJ~n -if'ell-J~~ LnUL~~1l-J1J'blUiJ~ nLtJiJnn~L~ L~tJ 
" 



t'~ L t't:k1.l.,~t.1 t'{!,f!.n \ ~1ik1.t'~l.,k1.{!'U 1 t'{!,rr.nt.~u~~Iil.,~t'l.,tW ~n~~bU l.,b L nt.~nIJ1 U{!'{!'Ii~U t't. 
, ~ ~ 

. ~ 

t'{!,rr.~{!,U 1 t'[11Ml.,U rl~l Jt'\Ii~ UnIJ1 t'[1'1 ~~ Ii{!,Jtl1rl~ 1 I1rlW1 {!,ik1.{!,n~' l.,~JH Ii~U t't.t.A.l.,W 
, ~ , 

t'fA."t.A.UUt'l.,~{!,t.~ 0 ~ 'C: ~rtl 

;)j)~UOW ~"l.>fW 

poJl UOQJtO 3l"lfU!+J1I<I 0 
~ , I I -,.--" 

_,,'L. Ol: 

O~ 
'Yo6'ri 

0'3 

011 

OOt 
paJJl1beJ IIOIP'1 ~ 'II> 

A nU'ml1~{!'t'fA."t.A.UU{!'~1t'l.,~nl.,Jt'~l.,nrr.u{!'I1rr.~'t.~nrl~'~" x nu" 

~ 

nl1~{!'t'fA." t.A.l.,W{!'~' rll.,~nl.,Jt'nrl~' t'{!,Jtl~ l.,nrr.u {!'11rr.~, t.~:!~m l.,~t., 111J W~' {!,JtnlJ' ~tywn~' Url 

l., ~ t'fA." rt\l1rlW'& l.,U 11%k1.l., ~,H t'fA." t.A.l.,& U (t'fA." t.A.l.,W t'{!'rr.t'l., ~U lil., t.L!J l., ~U t'l.,~U& t.L!J [1\ t'l.,~ t'{!,f!.~ 

:! bl.,~~"Jt'W [1\ (!,ik1.~:! bt'fA. l' t'l.,~k1.:!&t'l.,~t'{!,f!.) Jt'Wt'~ t.n" (!,ik1.n{!,nt.n 'ml1~{!,n1J l.,fA.' t'l.,~UIil.,t.L!J ~~ ~ , 
~ -

t'fA. 'ml.,~k1.l.,~n~lirl~k1.' ~rtWt.Jt'I1{!,U:!&rt IiW" l!11 ~~ 111J w~mf!. ,:!ru-AU ~~:!b t'fA." t.A.UU 

~ 

n~'t.A.l.,wt'l.,~{!'t.~ 6'C: ~rt& 

r_~6f); ,_,_ ~~~ r-.-~-!--r--.--~~o 

··00(11 

oore _9 
j 

~J:I ())()9 

~ . .,.,fjtMI-~ p~~ 

hSOJda, :psJeuIWnS JO paleolPeJa AlJesN 

I1rl~mrlW'&l.,u{!'~rll.,~»\{!'~' nJtlnIJ1 Iirl~k1.ml.,~ Ii~Ut't. nf!.' ru-AU~m~H 

t'{!,Jtl n1Jw~'t.A.l.,Wn\n~ml.,~k1.~~tyW n~'t.A.l.,WJt'\:!b~~Iik1.t'~I1~l.,~~~b{!,~n~1Ul.,~ (S , ~ 

(A'X)I1~l.,~~l {!,~t.l.,~U 11{!'~~lA{!,ik1.t'{!'~~lA&l.,UUl.,bJt'\~~ii{!,Jtu~nD~b (c: 

n1J Ll.,fA.' t'l.,r-:!rl:!& Lu ~m~' ~ ~nlJ' rlt.rtk1.t'[1'm~' ~t'{!,Jtl t'{!,~t'~nu" ru l.,IiW{!,ik1.nt.nl.,~nlA l' " 
t'~ (A) 1il.,l!1&rt"t.~t'{!,rr.l.,~nlA"t'~nu":!~,, (X) :!&~~&rt"t.~t'{!'IT.L,~nlA'm{!,nnu,,»\ (~ 

, ~ 

~ 

nt'~ lin~,' Ul.,wnrlrr., f=7 ,.e; f=" ,.r r" fC' 
~ 

a~rl~16'C: ~rt&n\t'~~"t'~ rr.W"&l.,Ut'~k1.:!~'m{!,l-l~r·mrl~mrlwm%k1.l.,~H{!,ik1. rt\t'~rt'mrl~rt' , , 
~ 

l., ~t., {!,~, ~ Ii{!,Jtt'{!'rr. t'~rt'mrl~rt'& l.,U l!1 U, t'~ 11%k1.l., ~ ~ \ {!,ik1. l., ~ t., ~ l.,U lil., l!1 t'~ rt'mrl~rt' ~~J;b 1 t.n" 
I I I I 

t'~~'m%k1.l.,~~\:!~" t.~ G &rt"t.~t'l.,~k1.:!&Jn~~~Iil.,t.L!Jt'~~"~t.A.uunlJ' n~'t.A.l.,w 

Z£ 
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~~~ IML lJl1J~ 2 .11 lJ'eln'"lln~mlyj,)--l mUJtJ--lL-if~I"v1~;\Jn'l~[;j' (;1~lJL9 ~~'el~~rlU'1J"vIl--lllJ1mfin'l~ 

~~tJlJmlyj,)--l n~).J~ ~--l ~'el1U~ 
" 

1) ~~tJlJ,)--ln~).JL ~~ L~lJ~llJMlJ~n~I--l'Vi'elU~:;).Jlru L ~m).Jlrur1--l"vl).J (;1~')).J LUlJ 
" 

2)~(;1L~lJ~'l91nUlJ~--l).Jl~9 (;1 MlJ~n~l--l (nl"v1lJ(;1L ~ ~UlJL~lJ~llJ) ~L~,) Lm~')o]'el , " ~ 

LL~~:;~,)O]'elU~~9 ~--l1U (jIl).J).J).J~ ~llJ,) ru1~ '1(;1tJ ~~tJlJ 1UYll--l"ll,)I~'el (jIl).J L ~).JlJl~ n'l LL~:;L~tJlJ91 n , . 
2003 Estinated % Adspend by Region 

W ... un 

Eo"em 
Europe 

4"­
Wddle Eall 

1,. 

b'VIAilAnl'i'Yi1h~WI'U).JIIP1'i,jTU (Productivity Press Development Team .2550) 

).Jl (jI~~llJ (Standard) A'el "vI~ mn ru'l'l"vl1-'el [;j',)'eltll--l~ LL~ (;1--l ~--l~ AI (;1"v1).JltJB'eltll--l-D (;1 L9lJ 
~ 

~, I ~ 

~lJ'I!lJ ~fin'l~~1--l1VlL-nlJn'l~ufUU~--l'eltll--l~'elLi1'el--l (Continuous improvement) ~--l~lJ'el~rlU 

n 1 ~iltJ1).J n'l ~nl "vIlJ(;1 LL~:; n'l ~U fuu ~--l).J 1 (jI~~1 lJ~,) tJ '1(;1 tJ).J 1 (jI~~llJ9:; L UlJ [;j'') ~ ~1'l L~lJ ~1 lJ 
ill d ci9 os 

(Baseline) L ~ rlUYJ n 1 n 9 m~).J n 1 ~u fuu~--l ~L~ :;tJ--l LUlJ[;j'') n 1 "vI'W(;1 LU 1 "vI).Jl tlLL UU rll ') m:; '1(;1 (;1 

(Break though goals) L ~~'el--l'VitJ1tJ1).J'eltll--l"vl'l!m~'elL ~U~~~ 1 lJ~:;"vI~I--l~n9 m~).J n'l~ufuu~--l 
I "', ,'" 

'eltll--l ~'el ~i1'el--l'l!lJ~~).J L~N ~ "vI~tJ'l~lJ1u 

~1"v1ful lJ'el (jI ~ l"v1m~).J n'l ~e.J ~ (jIt!'lJ ~ n'l ~~I).Jl (jI ~~llJ).J IU ~:;tJ n (jI1-if rlU n'l ~e.J ~ (jI'eltl 2 
q d.9 q cu 

I I I 'iJ 

1) O]'el nl"v1lJ(;1 LL~:;~ rulll'Vi"ll'el--l ~~ (jill ruovl ~--l n ~~'el"ll~ (;1o]'elU n'Vii'el--l ~1--l1 Vl9:;Ln (;1~lJl lJ 

.... '" r 
~~(jImwYl 

2) n'l ~~ LA ~1 :;oJL~~:;U fuu~--l n ~:;U') lJn'l ~~~ (jI L ~'el"ll~ (;1 A') 1).J ~ '1J LU~ 1 ~ Ln (;191 n n'l ~ 
. . 

.:::t"' .dI: .:::. cv rQ cI '" I t; 

U,)lJn'l ~ 'll--l m')).J rI--l e.J~ (jill ru'YlYl).J"lI'elU n'Vi ~'el--l (;1')tJ 

--lllJ~djlJ).Jl(j1~~llJ (Standard work) A'el 'l!(;1~lJ(jI'ellJn'l~vll--lllJ~YlnAlJL~lJ~'el--l~'el--lrllJ 
~ . . 
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tJ I "I I 

L~~1il1 mln ~'JtJ \I 1 'WYl LU'W"J11P1J'~i1'Wil~ L,j1~l-J1tJ LYl'elYi11 ~\l1'W~~l-JJ'J'(1'W~~\I~ ~ "lJ ru~Yl n ~'fl\l~ ~ d.9 '\J , 

~'J1l-J~b1JLtJ~11'WmJ'tJnD1imnL~~Jl1J'~\l1'W (workload) "lJ'fl\lbbj;]~~~'W1~b~~'fl~'fltJ~~~~'JtJ 

mJ'vh 1 ~ bU'Wl-J11P1J'~1'W (Standardization) bu'W~fimJ'tJnD1i b~m rlD mJ'~'W~ mJ'~'fl~1J' 
mJ'tJJhJ~1Pl1l-J LL~~mJ'tJfDtJJ'\ll-J11P1J''ii1'W nJ'~D'J'Wm J't:.J~ lPlfDl ~~'fl\lm ~tJ mJ'vh 1 ~ LU'Wl-J11P1J''ii1'W -:u "d.9 ca 
" , , 
ilL~m111 ~ Ltl~~'J1l-J ~\I L~'W~\I'J1 (Consistency) ~'JtJ Ln ruSY]bb~:::~fitJlj~Yl LU'WLLDD L~mrl'W 

~~'fl m J'vi1\11'Wl-J11P1J''ii1'W~'J J'tJJ':::n'flD ~'JtJ ~1~1 rl ~ ~'J1l-J~ L -n11fDl1.~~tJ~1tJ 1-ifJl1~1~ 
'\J d.9 

~'fl ~ ~~'fl\l rlDl-J11P1J''ii1'WLL~ ~finl-J L iltJl-J"lJ'fl\l LLj;]~:::LN\l1'W LL~~hj~1 LLt:.J'Wn 1~~~1 LU'W~'fl\l1-if ~~'fl 
d.9 '\J 

" , , 
L~tJ'J rl'Wiln ~'JJ'fDl ~~1l-J1J'(1 L-n11fDl1.~~ L vl11 rl'W~'JtJ rl1 LLj;]~~LLt:.J'Wn 1-if ~1 ~Vivl ~'W~ ~~1 L Yl'fl L1tJ n~\I 

I' I " " 

L~tJ'J rl'W n ~'J J'fDl ~~'fl\l~ n1J'J''JDJ''Jl-J ~1Yl LntJ 'J L oW'fl\l rl'Wi1\1~l-J ~,r'W'l~ ~'JtJ rl'WLL~ :::UtJ 1l-J1 ~-n ~ LfDl'W 

~'JmtJ LLDDl-J11P1J''ii1'W (Standard format) ~'JJ'fDl:::~1tJ j;]'fl n1J'tJfDtJN LLm"lJ L ~'fl~1 L~1~1'W~1'fl 
qJ dJ III" 

n J':::D 'J 'W n 1 J'"lJ'fl\l t:.J ~ lPlJl rusy]~ n 1 ntJ~ tJ'W LL tJ ~ \I Ltl ~~'W nfDl ~1.~~ n 1 J'tJ fDtJ N ~~ 'fl1 mJ LL~ LVi tJ\I 
, '\J 

" , 
L~ n~'flmvl1,r'W -n'fll-J~ 1 'W~~'fln ~'JJ'fDl:::LU'W1.tJ1Pl1l-J1 lPl(1tJJ':::~\lrl~~ n"lJ'fl\l,J'W'fltl1\1 LLYlfDl1'\I ,r'W~'fl n1J' 

'\J '\J , 

m J'1J n'flDJ'l-JVi,rn\l1'WLu'Wm J'tJJ':::~ n 1P11-if L Yl ~U~ n1 J'vi11 ~ LU'Wl-J11P1 J'~1'W~fin1 J'~~\I L~tJ 

l-J11P1J''ii1'WmJ'1Jn'flDJ'l-J'fltl 3 LLDD ~'fl 
d.9 '\J 

" 
tJ n ~ LL~ 'J n1 J'1J n'flD J'l-J LL DDilfDl::: Lu'Wn1 J'1J n'flD J'l-J1 'W"lJ ru:::tJlj ~\l1'W (On-the-job-

training) LL~::: L U'Wn1 J'1J n'flDJ'l-J~1-if rl 'Wi'J 'ltJ l-J1 n~ ~ ~ 1 'W LJ'\I\l1'W LLj;]~1 nfDl:::1 ~~tJ J':::~Ylfi t:.J~ n 

fDl~~'fl\l~ m J'vi11 ~ LU'Wl-J1 m'ii1'WLL~:::~ m J'YifDl1 J'ru1 YlDYl 'J'W'J\lfDl J'n1 J'tJfDtJ N'fltl1\1 j;]'fl L ti'fl\l L ~'fl1.tJ d.9 , 

, , " 
~,rD~~'Wm J'tJljD1i 1P11l-J~fi mJ'Yl b~'fl ~'fl1.~,r'W 

2) mJ'1Jn'flDJ'l-JL~tJ~L~m'll1b1J~1'fl~r.r~n1J' 
~ L~m'll1 b1J~1'fl ~r.r ~ n1J'fDl :::tJlj~1 'WLL 'W'J Yl 1\1 ~~ 1 tJ 1 rl'WrlD m J'1J n'flD J'l-J LLDDVi,rn\l1'WrlD 

"I I' 
Vi,r n\l1 'W n1 J'1J n 'flD J'l-J ,r'W~ 'J n ~'W Yl n1 J'tJlj U~\l1 'WfDl1'\I Yl ~ (11'W Yl tJlj U~\l1 'W LL~ ~ 1fDl :::1.~~ n 1 J' 

" , " 
'flfiD1tJ~\I~~ n mnU'fl\l ~'W1 'W~'fl\l L1tJ'W'fltl1\1 ~J''flD ~~l-J LL~'J n lPl1l-J LL~:::~~\lfDl1 nYl1.~ L1tJ'W¥~'W'ii1'W 

, '\J d.9 

'fltl1\1 tl'fl\l LL Yl LL~'J ~~'fl'WnlOl~~'fl\l LL oJ1fDl~1 ~~1~fD n1 J'1J n'flDJ'l-J L -n11fDl ~fin1 nLm"lJiI b1J~1 j;]1\11~ 
L~m L ti'fl'l rl'WLL~'J LU'W'fltl1'1 ~ 

3) mJ'1J n'flDJ'l-JL~tJH LYl ~U~Yl1\1 mJ'~ ~mJ'~'JtJ~1tJ 1P11 (Virtual management) 

m~1J n'flD~l-J LLuudLu'WmJ'vi11 ~ L,j1~l-J1tJ LL~ :::~fi mJ'1 ~ ~'J1l-J LLl?l n j;]1'1~:::~~1'1 
l-J11P1J'j1'WLL~ :::t:.J~~Vi€"lJ'fl'lIOl1''I~1~ LL~:::I?l'J~fim ~vi1'11'W~ LU'Wl-J1 l?l~~1'WL'fl'l~1l-J1 ~(1l-J'fl'l L~'W1~ 

, " 
~'JtJ~1tJ 1P11 L~'fl~:::Yl'fl'W1 ~ L ~'W'fltl1\1-n ~ LIOl'W~1 n1ajlj~\l1'Wj;]1\11,r'WLU'W'ltJ 1P11l-J11P1J'j1'WLL~'l ~'W 
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I '" " I I I 

L(V)tJ/Ol~LLM1'l~'l L'ItI~hnH~~m\l'lTW h,ne]j~~ LL~~hI'Vh.l~Yl1'l1'W L~!l1 ~YfWn'l1'W~1).J1~C11-nL~!l 
I " ," 

LLm "lJr1'd1).J LLUnh'd'W (Variance) ~ bn (v)~'WLL~~l~¥~l1J1Nl 'ItI'W~~i1ru'ltl1 Ln (v)~'W 
'IJ '" 

, " , 
~'l"l1'lm~tJ'd'Wn1m~~~~tJtJ~1).J1~mLYl'W~'dmLtJtJ~1~!l'l~'l~UVl 2.12 

'IJ 

, " 
.d[ QI cv ~C=I cv..::ll 11 11 IV .c:II 

m~tJ'd".m1~ r1!l n1~~'dlJ L!l1r1'W'll'W Lr1~!l'l/Ol m 'dfin1~ LL~~Yl~'Vm1 m!l'W1 L"lJ1 (v)'dtJ n'WL 'Y1!l 

LU~ m.l:S'W'Y11J1 (L"ll'W 1'lJl C1 ~tJ) lu~ L!ll ~'Y11J1~ ~ ~~ lJl!ltJ!l!l n).J 1L 'W~U LLtJtJ'ItI~'l '1t11!llJ1 n n~l~'l 
~ ~ \J 'I \J 

~llJ1~m~'Wl~ r;l'dbbU~m~tJ'd".m1~tJ1'l"1lU(V) Xl' X2 '''. , X p dj'Wr;l'dLbU~~~llJ1~C1r1'dtJ~lJltrl'W 
'lJrw~~r;l'dLbU~tJ1'l"1lU(V) Zl' Z2 ''' . ,Z p dj'Wr;l'dLbU~~~llJ1~C1r1'dtJ~lJl~ (n'lbb~~lt'WtJ1'lr1f'l 

" 
!l1/Ol/Ol ~r1'dtJ r1lJ r;l'd bLU ~'Y1'd n\lltrl 'W"lJ rw~Yl1 n1 ~Yl (v)~!l'l n 1Jl1).J) • 

Controllable factors 

... 
Inputs Output 

Process 

~ -r-
... 

Zl Zz Zp 

Uncontrollable factors 

~1uu~~n~tJ~1~1~~~n1~~~~~~ 

'Zh'Wu~~n!ltJ~1'l1"lJ!l'ln1~Yl(v)~!l'l1~LLri (Montgomery, 2001) 

1) Yl1YlL).J'W~ (Treatment)~!l ~'l'ltl1!l~fi~bnu{jiJ~~!l~'lYl(v)~!l'l L~!l1'(V)~~ 
bmtJtJ L VltJtJ 1Jl1lJ1' 1Jl C1U~~~'1 A"lJ!l'l n1~Yl (v)~!l'l , 

2) m,!'dtJYl(v)~!l'l (Experiment unit) LU'WlJ1191n'ltl1!lm,!'dtJ~'lL-n1'(V):SYlfi'Y1~"lJ!l'lYl1Yl 

L).J'W~ ~'l L(V)tJ ~1~1 n (V) r1'd1lJ LL~'d 'ItIlJ1tJn'l ~'l'ltl~'l'ltl1!l mi).J'ItI~'l"lJ!l'l n1 ~Yl (v)~!l'l ~'l1~ftJ/Ol1 nYl1Yl , 
, " , 

b).J'W~b~tJ'd n'WL 'Wn1m~~Yl1r1f'l1(v)r1f'l'ltlt1'l m,!'dtJYl (v)~!l'l~"lJ'W1 (V) hJ~ln (V) !l1/Ol er'WbLu~lul~/Oll n 
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" 
Yl (Pl~'El~ LL~~:::f)f~9~ ~'El~ 1 ~ A191 n (Pl W.l'l~"]J'El~\nJ'JtJYl (Pl~'El~ 1 ~-n (Pl L9'kl 

" , , 
3) U99'tJ (Factor) U1LLri n~~"]J'El~Yl1YlL~'kl~~~'VI~1tJ~~f)'J1~LnmO]'El~n'kl m9HA1~1 • 

" " ~'Jm.h;SM:::ri1~ u99'mr'klm9dJ'kl1~~~O]'El~~~1~f)rufl'l'Vm~:::O]'El~~L1~m~1ru 
~. ~ 

,j"'l~!J~13J'Hl bbtl.:l'£l'£ln 1~b tJ'W 

1 )U99'tJ~ f)'J1J f)~1~ (Controllable factors) 'VI~1tJ ~~ U99'tJ~ ~1~1~Cl n1'V1'kl(Plrh"]J'El~ • 
" 

u99'mr'kl 1~ 'kln'l~~1 Lil'kln'l~Yl(Pl~'El~ 

2)U9 9' tJ ~ f)'J 1J f)~hJ1~ (Uncontrollable . 
" , , 

n 1'V1'kl(Pl ri 1 "]J 'El~U9 9' tJ oJ'kl1~ 'El19 L i1'El ~ ~ 19 1 n ~o] 'El n 1 'VI'kl (PlYl 1 ~ ~ 1 'kl L Yl f) L 'kl L~ ~ LL~::: ~'klYl 'kl U9 9' tJ ~ , 

• Noise variable 'VI1'El Background variable 'VI1'El~'JLLU~~1Jn'J'kl~~i:-J~~'Elri'JLLlh(;l'El1J 
~'El~ 1'kln'l~Yl(Pl~'El~LL~hJ1-riU99'tJ~ Lnn1~~ ~n~1 ~'J'kl1'VICu,r n1~LLri L'J~1 'VI1'El Lf)i'El~~'El'ElUnHW 

~ , 

• Nuisance variable ~'El~'JLLU~~~i:-J~~'El~'JLLU~(;l'El1J~'kl'El~LL~LnhjYln1J~1ri'El'kl L~1 

~1~1~Cln19'(Pl;SYlfi~~"]J'El~ Nuisance variable 1~(PltJn'l~~~ , 

", , 
;S~ ~:::oJ'klL'El~ 1 'kln'l ~Yl (Pl~'El~'VIi1~1m91' (Pl ri1 ~'J LL U~(;l1~ ~1 n n~1 1 ri1~ n'l~L~'El n ~'J LLU~(;l1~~ ~ 

, , " 
f)'J ~Y;91 ~ru191 n f)'J1~1'J (Sensitivity) f)'J1~ L~'El,r'kl1~ (Reliability) n'lnL9 nLL9~"]J'El~ ~'J LLU~oJ'kl 

" LL~:::m1~ Ltl'kl1u1~ 'klYl1~UD1J~ 'kl'El n91 ni11 'kln'ln~'El n ~'J LLU~(;l1~9:::~'El~Y;91~ru1~1 ri1~~ Ln (;l 

~1~f1J91 nYl1Yl L~'kl~'VIC~ 1 f)'J ~~ n'l ~9 nLL 9~ LL1J1JU n ~L(PltJU~:::~ 1 ru ~~ O]'El~ ~ ~ ~ j1'kl1 'klLi'El~ f)'J1 ~ 
" , , 

Ltl'klU n ~ (Normally) i1Ltl'kl~~9 1 Ltl'kl1 'kln 1 ~'El'El nLL1J1J n'l ~Yl (Pl ~'El~ ~~'El199 :::1-if n'l nLU~~ O]'El~ ~ 

(T ransformation) ri1~~ Ln (;l~~ n'lm LL 9 n LL9~ hJ Ltl'klU n ~1 ~ Ltl'klLL1J1JU n ~ 

, " 
1'(;l~u~:::~~tol"]J'El~n1~Yl(Pl~'El~m99:::LntJ':lO]'El~n1JU~:::L~'kl~1~ 1 r;)~i1 (u1n~P11~~1, 

2545) 

1) n'l~'VI1~'JLLU~~~i:-J~~1n~~(Pl~'Eli:-J~(;l'El1J y 

2) n'l~'VI1~fi~~ri1"]J'El~ x ~~i:-J~~'Elri1i:-J~(;l'El1J y L~m~11~ y 'El~~ri1~rX'El~n'l~ 
", , 

3) n'l~'VI1~fi~~ri1"]J'El~ x ~~i:-J~~'Elri1i:-J~(;l'El1J y L~m:h1~ y ~ri1~'EltJ 



t'~ U (!'~I1L~~LU U Lb~\ ft~l4 ~':!b 
" 

U (!'~I1:!~~'m t~LLJL t'L~ btm~Ll'\~rr. \ft(!,~m~~ m~W'~LU ~ ~~t'(!,rr.l4I1k1.t',LA~~' L~UU LI1 ft,kJ c,~~, 
, , " 

• ft ~ t'?k1.ft~ftlJ' 11 L c,l!l~:! b~ c,l!l ~t'(!, ~ l4 IA~ L U ft tJH~l4 ~ ~ t'(!,rr. t'?k1. ft C, ~ t'~ ~ L 11k1.:! bt'?k1.ft~ U (!'~11 

t'(!'~l4IA6LU~"~t (UOIS!88Jd) t'~~t'~~mLc,l!l11~1I1.fk1.L~JH~l!lUl!llAmlJ' t'~U(!'~11 (S 

~\ t'(!'~l4 IA~ LUft t [iu L~f1bL(!'~U (!,ft~L lf~~bDt'(!,rr.~1"l ~ ~Lg LI1L ~uw t L~ t'(!'~l4 IA~LUJsI1\I1(!' 
~ . l4ft~" L~' ~~ LU t'f.bftlJmL~ ~ 1111~~ t L~:!bftl-I[.' 11\11(!'l4ft~" :!~~~l1m' ~Lb:!W~LU ~~I1~~f1" c,~ 

ftlJ't'(!,Jtl:!b (l4L~M.l4t!I1LC,l!l(!,il1.) ~fi(!,JIo L~l4ftk1.L~~~~t'~gLUa~ (wopue~) 11~l1mmlJ't'.fl!l:!~ 
" 

~" t'(!'~l4 IA~ LU t'(!,rr.I1~ L ~:!~" t'(!'~l4 IA~ LUft U t~~ ~~t',LA~~t'(!'~l4 IA~LU t'~ ~LI1I1. ftl-I[.' 11\11(!'l4ft~" 
, '" 

t'(!'~l4 IA~LU I1m1U(!'(!'~LUft t~~ ~t'~'a~,H~LUI1.fk1.L~U~k1.ftL~ft~ftlJ' ftl-l[.mvml4ft~" (2: 
" 

u tC 
-=-.D 
z.D Z 

(!,~ Ut'L~(!'C,~ t'(!,rr.~~~, L~ t'(!,rr.ftc,~f1~f1"I1LC,l!lL~ ftr-t'~~l!l' ~M.~' 

'" " no 
U ~:!~" c,~:! ~~" ~11(!,JIot'(!,rr.ftc,~f1~f1" I1LC,l!l (!,~ l.D L~ ftJI.' t'L~(!'C,~ UI1IA:!W~l"lfU LI1:!~f1~LU 

" no no 
ft tft~t'~t'.(!,Jtl U ~ ~fU LI1:!~f1C,~ Lk1.~~LI1L~t'(!'~l4 IA~~ t L~ftl-l!l' ~M.~m-rt'~ t'(!'~l4IA~LUft tt'?k1.~~bD 

ULbl4~'~~l"lft~':!~f1(!'~'J!-tLI1L!bU~ (t1" ftJI.'t'L~(!'C,~) ~~t!,'L~L~ t'(!'~~~LU:!~f1 [1\(!,ik1.~~~ 

t'~,ft tft,kJ t'L~ U~" I1LC,l!l ~ftr-t'(!'~l4 IA~LU U Lb~\~~fi(!,JIoI1.fI1.L~t'L~ U~" I1LC,l!l L~LfU~Lb~I1.fI1.L~ 
" , 

~ 

ftL~ft~L~ l4 ~~LU t'(!,rr.~c,l'\k1.ftlJ' ~L~UUl4 L~M.~ t! I1LC,l!l L~fU LI1:!~f1C,~ ~\ t'(!'~l4 IA~LUft t l4 L~M.l4 t! 
" " 

I1LC,l!lt'(!,rr.fULI1:!~f1L~LI1.~~LI1L~t'(!'~l4IA~~tL~ftl-l!l'~M.~' U~"~LU:!~f1 (!,~ ~LU:!~f1 2: fiJ~L~ 

IA~ 1111 ~fU ~ 11ft I[.l!l' ~ M.~' L I[.t'(!, ~ l4 IAn U L IA~ L U t'~ 11 L 1111. (uolle81Id8~) ft I[.l!l' ~ M.~' (~ f'=''t:71'''0 P=' 1"'0 ~ 0 0 P 1"'0 "=' 
, " 

(SvS2: 'LI1~~ 1tl11'~Lf1) (6UI>j80I8) t'~U(!'~I1:!~" (uO!leZlwopue~) ftl-I[.'I1\I1(!'l4r-t~" 

(uO!le8!1d8~) ftl-l!l'~f,U' (!,~t'(!'~l4IA~LUl1m1U(!'(!'~LUI1.fI1.L~~LU:!~f1 S ftL~ft~~LUU~k1. 
" 

t-@,~~ lA.~LU n. m, U @'@'~LU n.~~L"'.nLE' nM.~LU U ~~ 
"" 0 ,f" "" 

1111:!~t'(!,rr.I1(!'~~I"lI1,kJUL~l1.m~bDt'(!,rr.I1IA:!W~I"lLI1. (!,~~ (t'(!'~l4IA~ L~U~~) t'(!'~l4IA 
" • • ~LU L~~~l!ll!lI1t'(!,rr.Jl t'~:!~f1~~~:! ~" c,~ ~L~k1.~ ~bDI1,kJ t'(!,JIow ~':!bU Lr-tftC,~t'(!'~l4 IA~ LU 

1 1 

l4~IA~(!,ftLl!lr-t dZ 
I ... 'lZ '~z~, 

F fl IF="" 1., 

r-t~I1C,l!l~~Lr-tL~[1\~~f1"r,~t'(!'rr.~I"l(!'~' A 11(!'~~I"lL~(!'~~I"l~~ x t'(!,rr.L~t'~a~LI1.~LU (v 
I I I '" 

L£ 
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LL 'IJ';l'V11.:1b 'IJ nl~'tI'tI n LL'lJ'lJ nl~'V1 j;l~'tI.:I 

m~L~fiL~'l~ Cl~1 t.lm~'el'eln LL'lJ LL~~~ Lfln~~nI~Yl !?1~'el'l;J Wn~~1 Ltlt.l'elrll'l~'l~ 
Yl n flt.l~ L~rJ')-n'el'l1 t.lm~Yl !?1~'el'l9~~'el'l;J fl,)l~ L-n119'elrll'l ~'el'l LLVI~,)'l~irl~1 Ln nl~'l ~ mn'el~h • , ~ ~ 

'elrl 9~Ln'lJ-n'el~ ~ 1rJl'elrll'l h LL~ ~9 ~~ Lfln ~~-n'el~~Yhn'lJ1rJl,rt.l'elrl 1'l h -nt.l~'elt.l1 t.lnl~~1 L Ut.lnl~ 
~ ~ ~ 

~ 

'el199~Yh1rJl~'l~'elhJ~ 
~ ~ 

1) Vii fl,)l~ L-n119 ~'lU '1!~1 'lJl'l flt.l'el19 ~ !?1~I-nt.l~'elt.l~~lmL~ ~~N hI ~N~1 LL~1 t.lfl,)l~ 
~ ~ I ~ ~ 

Ltlt.l91''l LL~ ') -nt.l~'elt.l~hJ1rJl~ 1 rJ 'el rl 1'l Yl fl!?1 1 t.l-n t.l~'elt.l ~ Ln 9 ~ ~ 'elW~ m rJ 1 ~~ (;J.Jt.ll LL t.l ') fl ') 1 ~ ~!?1 
, ~ , 

Ln rJ ') ri'lJ l' ~ mJ ~~~'l ~"lJ'el'l nI ~Yl!?1 ~'el'l LL~ ~U'el rJ fl ¥'lYl L~19 ~ ~'el'l 'v'l1-n 'el ~ ~;St.l'Yi ~91 n'lJ fl fl~ ~1'el 
iii \J iii iii 

, 
tI ~ 11 lJ !I CilCII Q,.o' C:iI I 

m~~~I!?1 e.J'lJ~'vn ~ ~ n fll LL~ ~LLe.Jt.ln'lJ flfl~ Cl'elmLCl~'l"lJ'el'l"lJ'el fl,)I~Yl~ fl') 1~"1l!?1 L9t.l9~~ e.J ~'elm'l 
~ ~ . 

, ~ ~ 

~ln~'elfl,)l~ L-nlL9 Lnmri'lJtJnn!JnlmrLL~~Al~'el'lJ~ !?1V11rJ"lJ'el'lU '1!~I,rt.l 1 rJl')m~[;J~L'el'lnl~ 
~ 

'el'el n LL'lJ'lJ m ~Yl !?1~'el'lYl n fl¥'l m ~9~;J m ~Vil'lIt.lLtlt.lYl~ • 

2) L~'el nU9~rJ ~~~'lJ LL~ ~"lJ'el'lJ L"lJ ~ ~Yl!?1 ~ 'el'l ~'el'l L~'el nU9 ~ rJ~9 ~1l1 ~ 1 LtJ~ rJ t.lLLtJ~'lL t.l 
~ 

I 'j.I I I 

~~~~I'lm~Yl!?1~'el'l rll~t.l!?1"lJ'el'lJL"lJ~YlU9~m~~1~9~LtJ~rJt.lLLtJ~'l LL~~nl~t.l!?1~~~'lJ (Level) Yl9~ 
~ " , 

Ln !?1~t.l1 t.lnl~Yl !?1~'el'l 9~~'el'l~91Ht.nrJl,)rJ119~fl,)'lJfl~U9~m~~I~ ru 9 !?1Ylrll~t.l!?1L ~'elrll'lh • • 
~ ~ 

LL~~9 ~1' !?1e.J~ ~'el'lJ1rJl'elrll'l h ~'l,rt.l1 t.ln~ruL ~t.l~~Yl !?1~'el'l9~~'el'l;J fl,)I~!91 nYll'lYl ~~~ ;J fl,)l~ 
I I 1.1 ,... " I 

~1 Ltlt.lYl L~19 ~~'el'l ~~,)9 ~'el'lJ ~~1 U9~rJYl n 1~t.l!?1~t.l~I;1'l~~ !?1~;J fl,)l~ ~11'1 '1!~1'el hi LL~ ~ Lij'el 

1'~~tJ~~~'l~"lJ'el'lm~Yl!?1~'el'l A'el mm~'el'lU9~rJ (Screening) Lnfl,)~9~nl~t.l!?11~~~~'lJ~I'l 1 Yl 

H1 t.lm~Yl !?1~'el'l;J~It.l')t.lir'elrJ 1 nln~'eln"lJ'el1JL"lJ ~"lJ'el'l nI~Yl !?1~'el'l n;J fl,)1 ~~11'1 '1! L~t.lrit.l 1 t.lm ~ 

Yl!?1~'el'lL~'eln~'el'lU9~mnfl,)~9~L~'eln"1I'el'lJL"lJ~1~;J fl,)l~n~I'l~ln 1 ~~lrJ~'l~1 "lJ'el'lJL"lJ ~~U9~rJ 
I It'" 

LL ~ ~ ~ I'l,) 9 ~ L tJ ~ rJ t.l LL tJ ~ 'l1 rJl fl ') ~;J ~ 1 n ~ 1 'l 1 LL ~ ~ L ij 'el L ~ 11 rJl L1 rJ t.l! L ~ ~ ~ t.l11 I'l,) LL tJ ~ 1!?1 ;J 

ml~~11'1 '1! LL~ ~~~~'lJ1!?1~Vil1 ~ Ln!?1 e.J~ ~'Yifi~~~ ~!?1 
~ 

3 ) L~'el n I'l,) LLtJ ~e.J ~ ~'el'lJ L t.lnl n~'el n I'l,) LLtJ ~e.J ~ ~'el'lJ ~Yl!?1 ~'el'l fl') ~9 ~LL '!.lL911 I'l,) LLtJ ~~9 ~ 
~ 

1 ~-n'el~ ~ L~rJ,) ri'lJ m~'lJ')t.lnl ~~ rll ~'l ~ n~I'elrl U'elrJ flf'l~ ~1 L'il~ rJ~1'el~')t.ld~rJ'l L'lJt.l~ 1 ~~~It.l 
~ ~ ... 
" , 

(~1'el;1'l~) "lJ'el'lJm~'lJ')t.lm~9~Ltlt.lI'l') LLtJ~e.J~ ~'el'lJ Ltlt.l1tJ1rJl~11 t.lm~Yl !?1~'el'l~\1'l'el199~;J e.J~ ~'el'lJ 
~ 

" , 
l' !?11'l,) LLtJ~L ~~1~1rJl'elrll'l h ri'elt.lYl9 ~iS~ ~1 L Ut.lm ~Yl !?1~'el'l91''l 

4) L~'el n m~'el'el n LL'lJ'lJ m~Yl !?1~'el'l rll n9 n ~~~'Jl'l LLe.Jt.lri'elt.lnl~Yl !?1~'el'lVil1rJl'elrll'l Cl n ~'el'l 
~ 

it.l~'elt.ld9 ~ Ltlt.lit.l~'elt.l~~1 rJ~ 1 n n 1 ~L~'el n n 1 ~'el'el n LL'lJ'lJ L~rJ 'J-n'el'l ri'lJ n 1 ~~91 ~ru 1"l1t.ll !?1"l1'el'l 

1'l'J'elrll'l (~It.l,)t.lL~'Yi ~ Lfl ~) nl ~L~'el n ~1 ~'lJ~ L ~~1 ~~ ~"lJ'el'l nl~Yl !?1~'el'l~9~L.n t.ln 1 ~Ln'lJ-n'el~ ~ 
~ 

LL~~m~1'l !?1~t.l1911 fl'J ~9~1~fi1J'~'el n~1'el nI~LL~t.l!?1'el~1~ L'1!-nt.l'elth'lL!?1'elrll'l~~'l~1'el hJ1 t.lnl~ 
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L~'fl n n'l ~'fl'fl mLU'lJ LnlOl :::;Lth.J~'fl~ AI.w~ ~~t) (;l Cll.l~:::;~~ ~"lI'fl~ n'l~VI (;1 ~'fl~'fl~ (;l~'fl (;1 L'J ~1 1 'tWI ~ , ~ 

" , , 
VI (;1~'fl~VlI~~ M'J mn.J~hw~J1 n LnlOl :::;Vln'U r;l~ LL~ ~~ ~'-ILL~'J~ 1 ih~tI'Ul~ r;l'JIOl:::;iJ e.J~ ~'fl e.J ~ (;l'fl'U~ 

" " , 
Ln(;1~'-I ~~,r'-lL~IIOl:::;~I~IUIOl~tI r;l'J 1(;1Ylvi11,x Ln (;1 A'J1~ LL(;ln ~1~ LL~:::;l.l~:::;~1 rwril"l1'fl~ r1'JI~ LL(;l n ~1~ 

, 
o do !.Ie:::t. 0 I 

5) VII n'l~VI (;1~'fl~ L~'flVlI n'l~VI (;1~'fl~ L~IIOl:::;(;l'fl~ (;l (;1 (;l1~ (;1 m:::;'U'J'U n'l~VlI~I'-1'fltll~ 
~ 

, " 
~:::;~ (;1 ~:::;t)~ L Yi'fl1,x LL oJ11Ol~ 1 n'l ~~1 L U'-In'l ~VI n'fl~ 1~ LU'-I11.l (;l1 ~ LLe.J'-I tll iJ'fl :::;h~ (;1VH'n (;1 Ln (;1~'-I , 
lSI'" I " tJ 

Ln tI 'J n'U~fi nl ~VI (;1 ~'fl~ 1'-1 i'-l(;l'fl'-l\i IOl :::;vlI1,x n'l ~VI (;1 ~'fl~ ~ vll,r '-11 ,xt~1~ ~~,r '-11 '-In'l ~'J 1~ LLe.J'-I1 '-I 
, 0-

.::.I Ocv I I O"Q~.dl 

(;l'fl'-lLLmlOl:::;~ r1'JI~ ~1 r1 tlJ'fltl1~ ~1 n (;l'fl r1'JI~ ~1 L~IOlVI Ln (;1"l1'-1 

6) ~ Lr1n:::;-X-ir'fl~~ L~~~~~ Ln r1'J~IOl:::;Lm~fin'l~VlI~~~~~11-n '-In'l~~ Lr1~I:::;-X-ir'fl~~ L~'fl 
~ ~ 

, 0-

~1 e.J ~ ~YifiLL~ :::;-ir'flMl.l~ Ln (;1~'-IIOl:::; LU'-I11.l (;l1 ~t) (;l m.h:::;~~ ~"lI'fl~ n'l ~VI (;1~'fl~ tll n'l ~VI (;1~'fl~ 1~ Cl n .. ~ 

r;l(;1~'-I1IOln Lr11'fl~~'fl-rl'JtI~nl.l~:::;~VlfiJlIYi LL~:::;tll Ln~1 Lm~fin'l~VlI~~ ~~~1 e.J'-I'J n n'U r1'JI~¥VlI~ 
~ 

~ M'J m~~ r1'JI~!L~tI'J n'U n ~:::;'U'J'-In1~ LL~:::;~I~ tlJ~l.wn lOl:::;vll1 ,x-ir'fl~ tl.l~1~'fl'fl n~It!1.JiJ L~ ~ e.J~ 

, 
• I" "" 1 t..-:. r!.l Q 11 !I 1; 11 7) MuLL~:::;"lI'flL~'-I'flLL'-I:::; L~'flLn (;1'JLr1n:::;~"lI'fl~~L~tI'U~'fltILL~'J e.JVI(;1~'fl~IOl:::;(;l'fl~~1 . ~" 

, l.t " " 

-ir'fl~t1.l1 '-IVlI~l.lDlliiLL~ :::;~1 LL '-I'JVlI~"lI'fl~ nlOl m~~YlIOl:::;Ln (;1~'-I 1 '-li'-l(;l'fl'-l\iLnlOl:::;~1 Lm~fin1~VlI~ 
I I '" I II 

nnvh -ir 1~1-rl'J tI L(;1t1L'UYiI:::;'fl~I~~~ L~mn ~'fl~ n'l ~~1 L~'-I'fl e.J~~ 1'-1\i1,x ~~'-IY1~ '-I'fl nlOll n\iLL~'J 
" 

m'a'el'el n LLlJ'U m'a'Vl (;l~'el..:l L:a..:l LL yJ n'Vl'el L~tJ~ 

n'l ~'fl'fl mL'U'U nl ~VI (;1~'fl~ L~~ LL ~ nVl'fl L1t1 ~ (Factorial design) dj'-l~fi n'l ~VI (;1~'fl~~ n 

1.l~:::;~VlfiJlIYi~~~(;11'-1mru~iJulOl~tI (Factor) ~~LL~ 2 UIOl~tI~'-I11.l L(;1t1\'Jn 1 Treatment 

combination "lI'fl~ulOl~tI\'Jnr;l'J~~mj'IIOl:::;~n~lOll~rwI11.lYi~'e)~ 1 n'-l 

e.J~~Yifi~ Ln (;11Ol1 nUIOl~tI~~~ ~~It1 ~~ n1nl.l~tI'-ILLl.l~~~ Ln (;1~'-In'U e.J~ (;l'fl'U (Response) 

~ Ln (;l1Ol1 n n1nl.l~tI'-ILLl.l~~ ~:::;~'U"lI'e)~UIOl~tlt!'-I 1 ~~ ~tI n~1 e.J~~~ n (Main effect) 1 '-In1~VI (;l~'e)~ 

~n e.J~ LL(;l n ~1~ n'-l"ll'fl~ e.J~ (;l'fl'U~ Ln (;1~'-I'U'-I~:::;~'U~I~ 1 "lI'fl~UIOl~tI~~~iJ ri11~ LVl1 n'-l~ ~:::;~'U~'-I 1 
" , I I '" I I 

r1~~~ (;1"l1'fl~UIOl~ tI~'-I ;~~~ 1t1 ~~ e.J ~ (;l'fl'U"lI'fl~UIOl~tI~.w~~'-I'fl~ n'U ~:::;~'U"lI'fl~UIOl~ tI~'-I 1 ,r'-lL'fl~ 
" I I I 

~tlm~(;ln1mr\i~1 n'l~n~'-I(;l~mtl1 (Interaction) ~'e)n'-l~:::;~~I~UIOl~tlYl Lnm-ir'e)~ (~l.lYl 2.13 . ~ 

LL~:::; 2.14) L(;1t1ril~~(;1~I~ 1 ~'fl r;l'JLLl.l~(;l'e)'U~'-I'e)~ L~'e)iJUIOl~tI 2 r;l'J ~'fl A LL~:::; B L(;1mL~~:::; 

ulOl~tln 2 ~:::;~'U ~'e) - ~1'fl ~1 (Low) LL~:::; + ~1'fl ~~ (High) 



40 

60 
+ 40 50 

(High) 50 B-{Low} 

~ CD c 40 I- 0 
£ Q 

I.> '" 30 os C) 

'"'- ~ 

- 20 
(Low) 20 50 10 B~High) 

+ - + 
(Low) (High) (Low) (High) 

Factor A Factor A 

6() 

+ 40 50 
(High) 50 B-(Low) ., 

Cl '" c 40 0 0 
0 u u: 

30 os <J ,.... '" - 20 
(Low) 20 50 :t . 

10 B (High) 

- + - + 
(Low) (High) (Low) (H ~gh) 

Factor A factor A 

th::;ttJ'1!oJ"JI!l~n1~Y1 ~~!l~ LLUULLyj nY1!l L1-tJ~ ~!l ~~1'W'J'Wn1 ~Y1 ~~!l~,J!ltJU n~1 n1~Y1 ~~!l~ 

LLUU~'W LL~::;~~ L ~ t:J~~ L~tJ'J nUer'W{;l~mm~~~ rl'J1~~ 1 " ry~1 n LL~ ::;hJ~1~1~ClVl1 ~11c;1'"l1 n n1 ~ 
" " 

Y1 ~~!l~ LLUU LmtJU LYitJU!lth~~1tJ LL~ ::;n1~Y1 ~~!l~Yi ~::;U'"l9tJ (One-factor-at-a-time) 11~i1V11 n~ 

n1 ~~ ::;L~tJ t:J~"JI!l~tl'W{;lntJ mm!l1'"lvl1L ~-n!lMtJ~ ~'Y'l~1 ~ • 

" ~::;u'"l9m.h::;n!lUc;1'JtJ 2 ~:;v1U ~:;v11Jbmhi1!l1'"l'"l:;Ln~'"l1n-n!l~~ L~~tJ~:;~1D.! L"ll'W !lD.!Vlllij .., q .., 

I '" I I 
~I!/ ., 00" cl I d:.c:::liI cv .oc!I 0 .. Gf cv.4: .c:M cI 

LlJ'W{;l'W LL~:; ~'W 2 ~::;~UY1n~1'JCl~'W'"l::;LLY1'W~::;~U "~~" VI~!l "{;l1" "JI!l~lJ'"l'"ltJVI'W~ 1 VI~!ln1~ "~" 

... l' "" .~ '" ~ a1 " ... . .1 "" k k VI~!l " ~~" "JI!l~lJ'"l'"ltJ'W'W 1 n ~ n1~!l!lmLUUn1~Y1~~!l~L'1!~LLYinY1!lL~tJ~LLUU 2 (2 Factorial 

design) 
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I ~ ~ ~ 

lw 1 l~Vi~lA~~lJ1'lJ~ru~1'v1flJn'l~'el'elmllJlJl·lh'!i:19:::th:::n'ellJ~'JrJ.jJ'en.J~~~~'W 2 x 2 x 2 
'IJ 'IJ 

k<j' .. , 
.~rJ~J-JJ-J ~~l'W'Jl 

• .a 

1) U99rJ~~'v1J-J~nrhmrJj;]'J 

2) n1~'el'elmllJlJltJ'WlllJlJl~~~J-J~J-J\J~ru (Completely randomized) 

3) ~ J-JJ-J ~~l'Wl~rJ'J rllJ A'J1J-J ltJ'WtJ n ~ ltJ'W~rJ'elJ-JflJt~ 
.a 

........ .d.d .., 
2.4. ·:n'W'J'UI'VI ~ntl'J'lJ'el-1 

fhnf'l1tm hVPl/fVll/~JJIPI (2550) : n'l~~~~:::rJ:::l'J~1~lt'Wn'l~~~~L'W1N~1'W~~~ 

l~'W~ll~'W~l L~rJL-if II 'W'J ~ ~~'W ~ nof:n nJ-J 1 l ~'el~ ~~:::rJ::: l'J ~ 1~ lL 'Wn'l ~~ ~ ~U99tT'W ll~::: l~1-rJ J-J • 
1.I.J G.' 1t t;.c:J ~J' dOQ 

A'J1J-JVi~'elJ-J l Vi'el~'el~~lJmJ-Jl ruA'J1J-J ~'el~ n1 ~'lI'el~~ n A1Yl9::: lVi J-J'lI'WL 'W'el'W 1 A ~ "J!'l ~ll 'W'W n1 ~ 
'IJ 

llrlU tlJ'v111~rJ~1'v1 ~ nlJ1''v11m 1~~ ~ ~ lllJlJ~'W :n nofo] nJ-J1J-J lL-if YllL mN'll'Wnnn~ n1!l'1n ~:::lJlJ 

n'l~t 'v1~'lI'el'l~1'W~~'W 9'Wn~~ ~lllVi l'U~m~J-J~'W 2.14 lVIl ~l'W'J'W'll'W~:::'v1~l'lYll~ ~~'l 70% 

~'l ~~ L ~~:::rJ:::l'J~l~lL 'Wn'l~~~ ~ l~'W~ll~'W~l~ ~~'l91n 39.24 .ft''J LJ-J'l l'v1~'el 26.04 .ft''J 1J-J'l 

~~w~ L~tmnm (2550) .' t~tJ~:::tJn~1-ifll'W'J~~~n :nnofJ-J1L.jJ1J-J1HL'Wn'l~tJflJtJ~'l 

n ~:::lJ'J'Wn'l nJ ~ ~ l~'W~Vi ~1 ~ ~ n 1~rJ n~ ~ CltJ~:::~'l rll ~'el~ ~'lI'el'l~ rJ91 n-ir'el ~l'v1ijtJ~:::lIlYl ~'elrJ~ ~ • 

~lJ-Jl~Cl~~J-J~~lmlJ-J~rul~m'JJ-Jt~lVhrllJ 2,398,621 lJ1Yl(;]'elti 
" 'IJ '" 

-aim LtO! w.J'J:flLn'J:flil~, (2550) : ~n1!l'1ll'W'JYll'l1 'Wn'l~tJflJtJ~'l n~:::lJ'J'Wn'l~~~ ~'lI'el'l1Nl'W 
11 I I I I it 

~~ ~~'W~'J'W;S l~ AYl ~'elijA~ n ~ru~n1!l'1lltA~'v1;j~ l~'ell YlJ-J ~~ ~~ ~1 'Wn~:::lJ'J'Wnl~1 ~J-Jl n~'l;'W 91 n 

n1~~n1!l'1VilJ~1 U tlJ'v11~ In ~~'W91 n n'l~~~ ~~t~ntJ~:::~YlfilllVin'v1~lrJtJ~:::n'l~ ~'l~'l ~~ m:::YllJ 

1 ~~~J-J'ellJ~'WPllt~~'WmJ-Jnl'v1'W~l'J~11~rJ~1 L 'v1 ~'v1~ n~n'el1 ~ Ln ~U tlJ'v11d~'eln'l~~nn9 m~J-J~t~ 
, ., 

n'elL ~ In ~~ ru~lL 'W~lrJ n'l ~~~ ~~J-Jl n In'WttJ 9'W~'l ~~ 1 ~ In ~ A'J1J-J~ tlJ LtJ~ 1 (;]1'l1;'W~1J-JJ-Jl1 'W 
, .,., 

m:::lJ'J'Wn 1 ~~~ ~ ~~n II 'W'JYll~ Llm '11 ~'el Yl91~rul n9 n ~~J-J1 'WLl(;]~ ::;i'W~'el'Wn'l~Yll'll'W~~'el ~~~ 

~lrJ n1 ~~ ~ ~ L ~'el~lll 'WntJ~::; LIlYl n9 n~~J-J~t~ n'el1 ~ In ~ A ru~11~rJYll n1 ~';j lA n ::;'v11 'WLl(;]~::; • 
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, , '" 
11.41% LU'elfL']'W1?! i:-J~(;l[)lYH'U~tJ (Productivity) L~~~'Wr.nn 88.96 L1J'W 92.60 ~1?lL1J'W 2.93% 

~n~-lU-l~,m~'V'i11~~'WVI'Wm),i:-J~(;lJ;]mrt1')tJ~I?l~-l~ln 12.60 L1J'W 12.42 ~1?lL1J'W 1.43% • 

rt,)1~~,)tJ-l1~~-l ~-lri'el'WufUUNm:::u')'Wm),i:-J~(;liJ'1I'el-lL~m'Vhnu 19,615 DPPM LL~:::'I-I~-lm)' 
~ . 

ufuu N m:::u')'W n 1)' LI'ltJ HILL 'W,) VI 1-l :n n 'If :n n ~ 1YlUrJ1'11 'el-l L~ tJ 1 'Wm:::U,)'Wnl),L 'Vl1 n U 3,240 , 

DPPM 

I I" I I 

L Vi'el ~ 1?l'lJ'el-l L~ tJYl Ln "'~ 'W 1 'Wm:::u,)'Wnl)'nl )'u)':::n'elU"l! I?l~,) 'f11'W~1 L~~ L Vi'el ~ nM1'1-11U~9 tJYl iJ • 
'" ~VlfiYl~ J;]'el ~hn1)'fuU1W1rnn I?l (Gram load) 

i:-J~(;lJlrusyf'lJ'el-l~n~h ~-lri'el'Wufuu),-lm:::u')'Wm),i:-J~(;liJ'1I'el-lL~mvhnu 8,872 DPPM LL~:::'I-I~-l 
~ . 

m)'ufuuNm:::u,)'Wnl), Ll?ltJHf LL'W,)Vl1-l :nn'lf :nmnYlUrJ1iJ'1I'el-l L~tJ~ I?l~-l 91.88 LU'elfL']'W1?! Ll?ltJ • 

(;l),,)~YlU'lJ'el-lL~tJ1'Wm:::u')'Wmn'Vhnu 720 DPPM 

Sung.H. (2003) i:-J~~lnm)'Hf~'WLL~::::nn'lf :nn~11')~n'W 

~'WLL~ ::::nn'lf:n n~lU'W'el1')D~lrlru1 'Wnl)'J;]'el~ numnr'WLLU),~ Ln 1?l~'W1'Wm:::u,)'Wn1),i:-J~ (;l 1~nl), 
.... 'IJ 

'1I'el-l:nn'lf :n n ~ 1 Lu'Wn 1)'1 -if LVI rtUrt n1 ),LLnu blJ '1-11 L ~'el (;l)'')~ ~'elU n 1),'1'1 1-l1'W'lJ'el-l )':::UU LL~:;n )':;U') 'W 

m),i:-J~(;l ),,)~~-l1~nl),~"'rt,)1~ er'WLLu)'1'Wm:;u')'Wm),i:-J~ (;l~')tJ 1'W)':;uu~Hf~-l'i:'l'el-l LL'W,) ~ I?l~ ~'W 

~:::LU'WcYl,)'i:'l~l-l~l m~l'W LL~::::nn'lf :nn~l ~::: LU'WLrt~'el-l-ri,)tJ~U'I-I1 LL~:::LLm '11 uru '1-1 1 L~m nu rt,)l~ 
~ ... 

Lrt),-lm)'~'W1~~1 L~~ 1~ 

MingNan Chen and JrJung Lyu (2009) :LL'W,)Vl1-l~'W :nn'lf :nn~l~l'1-1fum)'ufuUN 
q 

Pius Achanga, Esam Shehab, Rajkumar Roy and Geoff Neider (2005) :-l1'W19tJ~ 

U1 L'i:'l'W'elU~9tJ~~1 rlru~'I'111~m),U1nl),i:-J~ (;l LLUU~'W 1uHf1 'W h-l-l1'W'el(;l'i:'l1'1-1nn~'1I'W11?l L~ n Ll?ltJ 
... q 
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~mj'1 md'~ 1'l'lI'WLL 'W'J'YI1'l nld'tJijU~'lI'W'lJtl'lU~';'Y1 ~'l Ln ~tJd'~L~'W~1 ri'ry'lJtl'l m d'oWl m d'tJ ~ 1?1 

LLUU~'W1tJ1.jf~tl ~ ~ 1?11~ 'i:~tJ m d'~~1l1'jj'ruL~tJ'J n1J'Vflrn'lI'W~ d:J'Wn cu LL'"l~1 ri'cu 1 'Wm d'oWl~'W1tJ . ... ... 

'" .Q,.., .., qq 

Jordi Olivella, Llus Cuatrecasas and Nestor Gavilan (2007:) md''J'"ltJ'YlUUU'W~ 

'"l ~tJd'~~'l rf~tl1~fu LLfl~Ltl ~ LtJtJ LL'W'J'YI1'l'lJtl'ltl'l rf n d'tJd'~~U ~'Jl~ ~1 L~'"l1?11 ~ LL 'W'J'YI1'l m d'tJ ~ 1?1 LLUU • 

L~tl~ (;]tld'~'\.-I~I'l nid'Vil'lI'W 1 'Wtl'l rfn dLLfl~nid'tJ~ 1?1 LLUU~'W mh'l hri 1?11 ~ mnl tJ'lI'W~'J 1tJu'Wmd' 

tJ~ 1?1 LLuu~'Wnunid'Vil'lI'W 1 'Wtl'l rf m md'Vil'lI'W 1 'Wtl'l rfn d'1' l?1f1tJd'~~'l rf~ 1 '\.-I fu n 1 d'tJ ~ 1?1 LLUU~'W~tl • 

Li:J'W~ tJtl~ fU'lJtl'l ~'W~'WLLfl ~nld'~~1l1'jj'ru~AtJ'J"ll1 CU LLfl ~';) Lml~'\.-I1~ tJ'YIU'YI'J'WU'YI ~'Jl~ ~'liJ .. ... 
, 0-

.dI I !.t q c::'IIt. r 0 ~ a q I 0 oV c::'IIt. .c::.I 

~'Jl~ L"lltl'Jll?1tl'l~ nid''J L~d'I~'\.-Im d''YI1'l1'W'lJtl'ltl'l ~ndLM'"l~'Wntl'W~I'\.-1d'Umd'tJfll?1 LLUUfl'W 

Sullivan, McDonald, Van Aken (2002) :1~tlfiultJ~ry~n'jj'ru(;]I'l 11'Wmd''Jl~~'lLLlA'l 

~rurh (VSM) LLfl~1.jf~'lLLlA'l~rurh1'Wmd'MtJ~fI1'W~U'"l'"lU'W (Current State) LLfl~~fI1'W~1'W 
q q II " 

tl'Wl ~ 1?1 (Future State) 'lJtl'l m~u'J'Wmd'tJ~ 1?1 L~tloW ld'~UU~'WL .jh~11.jf 'i:~tJ ~'l LL lA'l ~rurh;1'"l ~ • 

LL~~'l L'JflloWl1'Wmd'tJ~ 1?1 (Production Lead-time) LLfl~L'Jfll~ L~~ ~rurh 1 ,xnu~'Wfh (Value • 

Added Time) (1)'ld'tJ~ 2.15 .. 



~~~o 
./ lr 

ProdtJCl ./ ./ " Daily 9'lip [~{ L 
.. Daily./ W~E-~UIC "SchOOUie :::T-j 

Q ~/~ ~t '~~ ·'[·,1 -
// 1it.W9& -fr l~ , -D-- ,~ -0. /GI~tI 
~ $ I I.~ ·I :1 ptJ 

~ LJ~ - D - -M:J- ~~-t:J ·~-f': ~ Q-l:~j 
~ C1l1st'f!M'l J:11''"''J-da ('1 · ~"l ~~.f~lIf\. 

~"""" 'f.01I'l:f1IitI 

l~. t:;!~, 
r---
1 ___ ._-

r o ••••• 

! liQm.1'I 
J 

~tl~ 2.15 er'lLL~'ll"1ru~I~[lI~:;1tJtltJll"1lJl (Future State) VI~'llOilntlfutlN~~m:;UU~tJ ". . 
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Abdu/ma/ck LLfI:: Rajgopa/(2006) 1~tlfiUIt1~ler'lLL~'l'"lru~I (Value Stream Map) 

LUtJLl"1itl'l~tlVl~ n~~I~I~rltlfiUIt1 L 'Yll"1tll"1"lJtl'l~tJ1~mn nVl~ 1t11 tJLLt:.JtJ[llY-l L~m LL~:; L VI~ 1 :;~IOi:; 

LUtJ~tlLLUU~IV1fU~I~tl'l LVllJlnl~nr (Simulation Model) L~tlLmtlU LYltlU~[lIY-l ritltJLL~:;VI~'l nI~ " . 
tlfUtlN m:;u~tJn1~ L-ntJ ~:;tI:;L~~ltJI1 tJnI~t:.J~ lJl~~ Vl~'l m~1 ru'lltJ~:;VI~I'l m:;u~tJn1~~ • 

" , 
~ Vl~'l LUtJJ1i'tJ LL!?Itlrh'l hn lJll~ er'l LL~'l1"1 ru~1 (VSM) .wn~'l LUtJL~tI'l~tl LLUUI"1'lYl ( Static Model) . " 

I I I t II I 

~'l hJ~I~I~rl LL~ Vl'l n I~Ltl~tltJLLtl~'lVl1tl nl~LI"1~tltJYl"lJtl'l.jJtl~ ~ 1~ ~'l,rtJ~'l J1i'tl'l~ LI"11tl'l~tl-n~tI 
" 

" " LL~ Vl'l[lIY-l nln11'lltJ1 tJ~n'jj'ru:;.w ,rtJ~tl n1~~I~tl'l~rlItJnI~nr (S imulation) LVltln1~~I~tl'l 

~ rlItJn1 ~nr~~'l ~1~1 ~rl-n~tl1 tJn1~~I'l LLt:.JtJ'YlfY-ltl1 mn1~t:.J ~ (;] LL~ Vl'l[lIY-l nI ntl~tltJLLtl~'l"lJtl'l 

~:;~U~tJ~l1 L~ ~1 tJl n1 ~1-if L1"11tl'l9 m LUtJJ1i'tJ ;'l LlltJ~ mtl LLU UVI~'l"lJtl'l n1 HL~ Vl'l ~ rlItJ:; 1 tJ 
" 

tltJll"1(;] (Future State )1~ LlltJtl~I'l ~ 

IOiI mtl LLUU"lJtl'ltl'l ~tl~:;ntlu"lJtl'l L~~ltJl1Oi1 n nI ~~9t1~1~tJl L~tJtl~li'lVl~ Vl~ m9 tI ~ 
" " 

~:;UU1~tl~I'l-n Vl LIOitJ LVltllOi :;vi! nI n ~~ L~~ ntl ~:; L~tI Vl 1 tJer'l LL~'l1"1 ru~1 LLUU~~ 1"1~1~-nU-iftltJ • 
" .0:::9: .dI I ~ IV 5" 

~ln"lJtJ (Complexity Value Stream Map) I"1tl nlnL~Vl'ln~~"lJtl'lt:.J~(;][lru"Vl (Product Family) 
" , 

VI~lt1'JltlVl[l I Y-l1 tJe4'l LL~'ll"1ru~1 L~tI~ ntJiJL~tI ~'l ~tlYl 2. 16 . " 
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.col 
1J'VI'VI 3 

~, ~ 

1 iJ'l.JYltldjiJnlm ~1'J n'l ~ n'jj'ru::L~t1't1'J hJ"lI'el'l L'N'lliJm'ru~ n'jj'l ~::'I.J'I.J n1~;11'lliJ-niJ 

(;l'eliJn1HJ ~ (;l lh::LJlYl"ll'el'l e.J~ (;lJl ruOY]LL~::nm'l ::L~t1 (1)"lI'el'l e.J~ (;lJl ruoy]~tJl~l ~ n'jj'l L~t1;1 "" L~iJ 
r1C1..l~11 iJ~lt1 n1~e.J~ (;l • 

!l,I 1 i.I 11 , 

-niJ(;l'eliJn 1 ~iltll ~ U ru'v11~'"l ::n~ 1 'Jtl ~ 'el~ 1 L UiJ-niJ(;l'eliJLL~n ~'"l::tJ 11 u~ n 1 ~n l'v1iJ~ 
~ ~ 

'"l~~~~iJ"lI'el'ln1~~~t1 (Define Phase) (;ll~~fin1~"lI'el'l~iJ~ ~ni ~m,h ~'"l::tJl~11h::t1n(;l1-niJ . , 

n1~Uf'I.JU~'l m'::'I.J'JiJn1~e.J~ (;l L ~'el~ ~ rI'Jl~~ '1)U~l~ Ln ~;iJ1 iJm'::'I.J'JiJn1 ~e.J~ (;l~1t1 Lri LiJ~"lIiJl ~ 
I i.I I I iI 

L~n ~;11n1~~n'jj'lm~t1nntl~:: L~t1~~LntI'J-iI'el'lv1'ltl 

o CIiI 0 ~ 

3.1 nl~m~iJIPIVI~~l'WlPllb'W'W~l'W 

1 iJn1~nl'v1iJ~~~'lliJ~l LiliJ'lliJ 1~ r)(1) L~'eln ~n rI'Jl~t rI'Jl~~liJl '1)1 iJ~'JiJ"lI'el'l 

m::'I.J'JiJn1~e.J~ (;l~1t1 Lri Lij~"lIiJl ~ L~ n L ~'el-rl'Jtl1 iJn1~~oJ'I.J~iJiJn1~Y1 ~~'el'l LL~::~::~~ rI'Jl~ f,i ~ ~'JtI , 

I iI 11 , 

u~::n 'el 'I.J1 U ~'J t11J rI rI ~ ~ ~1 '"l1 n ~ 'J iJt;l1'l1 v1'l tl L(1)t11 iJ~ ~'lliJtl0 ~ t1;1 1 'v1~ 1 ~ LUiJ~ PI'J n ~~ 1 tI 

'el'elmL'I.J'l.Jn1~e.J~(;l (Design Engineer) 

. ov ~1bb'VIU~ ~1U'JU (flU) 
~1~1.J 

1 ~r.r~n1~~1tJn1m~(;1 (Production Manager) 1 

2 ~')'\.",W1~1tJn1~i:J~(;1 (Production Supervisor) 2 

3 ~r.r~n1~~1tJ~PI')nn~ (Engineering Manager) 1 

4 ~PI')m~1tJr1'l1.J~~n1~i:J~(;1 (Assembly Engineer) 1 

5 ~PI')m~1tJ'il'ilm~1.JUn1~i:J~(;1 (Design Engineer) 1 

6 ~PI')m~1tJr1'lU~~~rum~ (Quality Engineer) 1 

7 ~PI')m~1tJ'il'ilm~'l.JULri;t'il\l~'il (Tooling Engineer) 1 
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3.2 n~::aJ'J'\J n1~(:J~ ~ 

n~:;tJ'J'Wn1 ~I:.J ~ (;l~~ n'lJ'fl'l LN'lI'Wnnn~ m~n mJ'l'fl'fl n LU'W4 ~~ n ~'fl~'J'W'lJ'fl'l n1 ~(;l ~'J1il ~'fltJ 

~(;ltl ~tJ ~'J'W'lJ'fl'lnln(;l1tJ~~lmA Lij~ ~'J'W'lJ'fl'lnlnh:;n'fltJ~lmA Lij~ ntJ ~'J L~'fl~ j;]'flntJ~'J • 

L~'fl~ j;]'fl (Connector) 1 ~~~tJ~ru LL~:;n1~(;l~'JIil~'fltJArulll"t'lrl'fl\.l~'l~'fltJ~'W~h 1~ntJ~n~h 
'U • 'U 

1. n1 ~(;l~'JIil~'fltJ~ (;l ~ ~tJ (Material Inspection) LU'Wni ~(;l~'JIil~'fltJ A'J1 ~ ~ n ~'fl'l'lJ'fl'l 

~ (;ltl ~tJHl LLrl ~'J L~'fl~ j;]'fl (Connector) ~'J A~'fltJ ~'J L~'fl~ j;]'fl (Connector cover) (;l:;~'J (Solder) • 

~ltJnn'Jif (GND Bar) LU'W~'W ~'l~lntln~'fl'lIil:;ihhJ~~LntJH~A~'l~'W~IL~'fl~'fl~'lL.jfI~ 
'U 'U 

~ltJn1~I:.J~(;lj;]'flhj 

2. n1n(;l1tJ~~lmALij~ (Cable preparation) LU'WnI~iStJ'l~lmALij~(;lI~'lJ'WI~'lJ'fl'l'lI'W 
>-

~~A'JI~tJ1'J'lJ'fl'l~'W'lI'W (Assembly harness) LL~:;nI~U~'fln~lmALij~ (Laser process) L~tJ 

n ~:;tJ'J'Wn1~1:.J ~ (;llil:;m PltJ LA1'fl'l~ n nu'W~~ n 

3. nl~u~:;n'fltJ~lmA Lij~ (Assembly process) LU'Wm:;tJ'J'WnI~l:.J~ (;l~1il :;';\1 nI~ 

1:.J~(;l.nru'Yi' n1~Yl~~'fltJn1~H'lI'WYlI'l1.~Yhj;]I'l1 (Final inspection ) 

4. nl ~(;l ~'J1il ~'fltJ ~ rulll "t'l (Outgoi ng in s pection) Lu'Wm:;tJ'J'Wni ~(;l ~'J1il ~'fltJ A'J1 ~ 

~n ~'fl'l'lJ'fl'lI:.J~ (;l.nru'Yi' nI~Yl ~~'fltJnI ~H'lI'WYlI'l1. ~Y:h j;] 1'1 1 'lJ'W1 ~ ~ n'rtru:;'lJ'fl'lI:.J~ (;l.n ru'Yi' LL~:; 

tJ~~Iil~'l n~'fl'l L ~'fl~'l~'fltJ1 ~ ntJ~ n ~1 . " 

Material Inspection 

Cable preparation 

Assembly process 

Outgoing Inspection 

, >-

~'l1 'W~'J'W'lJ'fl'l'lI'W~~tJmJlL~'fln ~ n'rtl m:;tJ'J'Wn1~I:.J~ (;l~lmALij~'lJ'fl'lt'W B-004 'lJ'fl'l 
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.......... ., 
'l4'!d'iW'IHU (Symbol) n'i~'I..I'J'Un1'i (Process) ~hflfi'l..l1!1 (Description) 

1 

1.Material Inspection 

Inspection 

Warehouse 

2.Cable assembly 

Cable harness 

Laser process 

Cable setting 

CO.2 Jacket Slit 

Jacket Strip 

~'fl n'l~Lunr.i'ltJ L-]'lLtJ1 'Un~:::'IJ')'Un'l~ 

~~!?l 

" , 
n'l~(;] ~~'l tJ LrlU~-n"'.!'W'fl n L~tJ Lrl1'fl-:j 

CO.2 laser 

" , 
YAG laser shield slit & Shield n'l~(;]~~'lmrlLu~-n'WYl~'fl-:jL~tJ 

Remove 

CO.2 Laser Insulation slit 

, ... 
Lrl~'fl-:j YAG Laser 

" , 
n'l~(;]~~'lmrlLu~-n'WYl~'ll-J L~tJ 

, ... 
Lrl~'fl-:j CO.2 Laser 

Remove tape & Appearance n'l~~'flm'VltJ'fl'flmL~:::n'l~!?l~,)'"l~n'rJ' 

ru:::"1J'fl-:j~'ltJ Lrl LU~~~-:j'"l'l nvi'l n'l~ 

(;]~ 



3.Assembly process 

GND Bar setting A-Side 

GND Bar soldering A-Side 

o GND Bar setting B-Side 

1 
GND Bar soldering B-Side 

Insulation strip & Pre-solder 

Conductor & GND Bar cutting 

GND Bar appearance 

Connector setting 

Connector soldering 
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n'i~'U';l'U n1'itl'i~n'e:l'U~1!J bFl bij-a 

n'U~'Jb~'e:l)Jr;i'e:l 

n1nj;J1m-lLL~1..\n~1'J~LL~:::j;J:::n'J'J1~ 

~~'U1..\~'J{'U~ ~~1..\~11..\L ~'elth:::n'f)'U 
i,I IV .:::. 9.t 

L"lI1 n'U'Cl1£M)L'U~"lI'el~ ~11..\ A 

n1 n~'ell-J ~:::VI~1~ LL~1..\m1,)~ n'U~1£J 

" I 

~~'U1..\~,){'U~ ~~1..\~11..\L Yl'eltJ~:::n'el'U 
9.1 IV ..::. i.I 

L"lI1n'U~1£J~1mFlL'U~~11..\ B 

n1n~'ell-J~:::VI~1~LL~1..\m1'J~n'U~1£J 

I 
IV .dIcvo I 

n1 ~j;J ~"lI1..\1 ~~'el j;J'J1..\1 LL~:::LL~1..\ 

n~1,)~~L~'ell-J~~n'U~1mFlLU~ 

n1~j;J~,)iOltj~"lI1..\1~LL~:::~mj'ru:::"lI'el~ 

~1£J LFI LU~ ri'el1..\~~ 1tJ~~ m:::'U'J1..\n1~ 

~~(1)[;]'elhj 

I • 

d I c.cvcv 
n1~L"ll'ell-J j;J'el~1 mFi L'U~ n'U j;J'J 

L~'ell-J[;]'el 'L~mFli'el~1~FI'J1l-J~'el1..\ 



r o 
1 

D 

Connector re-soldering 

Attach tape at connector 

Shell assembly 

Shell soldering 

Shell re-soldering 

Clean & Remove tape 

Appearance & Dimension 

n'1nJ~:;n'el'U t;i'J rl~'el'U"lI'el~ t;i'J L~'el~ 

~'el 

, 
, .., 4 

n'1~6J!'el~~1'WVI~~'il1 n n'1n6J!'el~ 
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n'1~~1 rl'J1~~:;'el1 ~~1tJ Lrl LU~ LL~:; 

n'1~~'elm'VltJ'el'eln 

n 1 ~{;l ~'J'il ~'el 'U~ n'rl'ru:;111 tJ'W'el n LL~:; 

n'1~rr ~"lI'W1 ~"lI'el~~1tJ LrlLU~ 

Final Inspection Electric & n'1~rr~"lI'W1(;1LL~:;n'1~'Vl~~'el'Ufi1'vn~ 

Dimension 

Short circu it 

Open circuit 

Component 

Final Inspection Appearance n'1~{;l~'J'il~'el'U~n'rl'ru:;1l1tJ'W'eln"lJ'fN 

~1mrlLU~ 



4. Outgoing Inspection 

Outgoing Inspection 

Dimension & Electric 

Outgoing Inspection 

appearance 

Carton box packing 

Inspection label 

Pre-shipping Inspection 
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nl'd(;}'d1'"l~'el'l..J I"l tUl1TW n'el'lJ?l..:! • 
3J'el'l..J~'lJ~1 

n1~tJ ~"lI'W1 ~ LL~~n1 ~'Vl ~Ml'1J rl1'Vl1..:l 

1vHh"ll!l..:l~1mf)LiJ~ 

Short circuit 

Open circuit 

Component 

n 1 ~I'W.l'"l ~!l'1J ~ mj'ru~1l1 U'W!l n"lJ!l..:l 

~1mf)biJ~ 

n1~I'l~,)'"l ~!l'1J f),)1~ ~ n ~!l..:l ri!l'W~..:l 

~!l'1J c.J~ I'ln rusn1 t\'ri'1J\i n ~1 

I '" I II 

n1~L~!l n c.J~ I'ln ru~~'"l~,J1~1 ~ n1j'1,r'W1~Yi1 n1~Yl'"l1~ru1'"l1 n~ ~~')'Wn1~~..:l~!l 

m~1ru~1n (Mass production stage) LL~~..:l(;)..:l1'l1n..:l~ 3.3 Lti!l..:l'"l1mtJ'Wc.J~l'lnru~~nn1~ 
c.J~ I'l LtJ'W~:;'1J'1J LL~ :; f)') 1 ~~ ~1 L~~!l"ll!l..:l n1 ~i..:l~!l"ll!l..:l ~ n ~1 ~..:l'"l:; ~~!l~~ ~ ~~,)'W'l'iU1 n~run1 ~ 

'" '" '" 



IWln'!~ 3.3 LL~~,!e.J~j;JJlrw.nt1IilIilU"",JLL~~e.J~j;JJlrw"Vl1'V1~"1J'el'!~n~1 . ~ 

Customer Current New product Market Product life 

product Demand cycle 

A A-027 A-028 Growth 1 year 

B 8-003 8-004 8-005 Growth 1 year 

C C-022 C-023 C-024 Maturity 6 month 

D D-018 Maturity 6 month 

E E-010 Decline 6 month 

Sample product Several Make to order 

I v 

I· 

I 

iGt i'i'Uv-I U1n'irnn1'ii"iiil;l1U tA tUel 
J; I d 

m"UmtGtilUlIn'i1AlI - n'in{)1AlI 2551 

B 
100/0 0% 

I I ~ ~ 
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tUVl 3. 2 n~l~ LL~ ~'!~ ~~'J\,J'V1t11m'run1~~,!;'el~ltJLfil LD~ j;],! LLl'h~'el'\.m nn fill-.! - nm{]l fill-.! 2552 

Iilln'ir'el~~~~~'J\,J'V1t11 m'run1~i,!~'el~ltJLfilLD~~'! LLl'lL~'el\,Jl-.!nnfill-.! - nm{]lrll-.! 2552 

~'!~U~ 3.2 'V1tJ~le.J~j;JJlrw.n"1J'el'!~n~l 8 'elrJ1 \.J'rl'J,!~~ fil'Jll-.!~'el,! n1~l-.!ln~'!~~ ~~'J\,Jn1~i'!~'el~,! 
~ ~ ~ 

~ mtrw~"1J'el,! e.J ~ j;JJl rw.n~ fil~ 1£J fil~'! LL~ ~~ LL \,J 'J L ill-.! n1 ~i'! ~'el~ L ~l-.!~\,J'elrJl'!l'l'el L ti'el'! ~'! LL~ (;)'1 ~'! 

~unn~~ 3.3 
" 
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201 ,000 

~ 
.~ 151,000 

;l 
r .. 101,000 
.~ 
;l 
C" 
;l 51,000 r orr 

1,000 

Jan Feb Mar Apr May Jun July 

ii Q'TY 3,000 5,000 43,700 92,900 112,800 120,000 130,000 

, , " 
nJYl 3.3 m"l~LL~t'l ,m"l~l'l~'eJ~tJ~"l'll'eJ'Ie.J~(;1Jlru" 8-004 
'IJ 

100% 30.00% 

90% 

25.00% 
80% 

70% 
20.00% 

60% _OH 

50% 15.00% DL 

DM 
40% 

10.00% Price 
30% 

_ Profit 
20% 

5.00% 

10% 

0% 0.00% 

A-027 A-028 B-003 B-004 B-005 (-022 (-023 (-024 D-018 E-Ol0 

~'1y'h 1.x e.J~ (;1Jl ru" 8 ,r'\JLtJ'\J~h,J~T~~~n'll'eJ-:J LLe.J'\Jn ~-:J r1'J~~ n1 ~tJfiJtJ~-:J 1.x~tJ~:;~Vlfill"lYi n"l ~ 

e.J~(;1~ L~'-J ~'\J ~-:J,r'\J-:J"l'\J~~tJd~-:J L~'eJm'ih 1tJ~m~"l LL~:;tJfiJtJ~-:Jm:;iJ'J'\Jn1~e.J~ (;1'l1'eJ-:Je.J~ (;1Jlru" 8 , 

004 ,r'\J~ri"lh'"l"lnn1~'lI"ltJ~"l~~t'l~-:JYi'"l"l~ru"l'"l"ln 3 ~'J'\J~'eJ~'\JVl'\J~"ltJ1'(;1~~iJ (Direct , " 

material) 'eJ~~ 59 % ~tJYJ'\J~htJLLN'I"l'\J (Direct Labor) 'eJ~~ 35 % LL~:;~'\JYJ'\J~"l'\J,"h1-nr.l"ltJ 
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"lJ'el'ltN'l1'W (Overhead) 'elrl~ 6% t(?lfJ~'WVI'W~1'W1'(?IC1t1U (Direct material) J'WLu'Whl(?l1l"Jn1~ " .. 
" 

'el'eln LLUU"lJ'el'l ~ n ~1 LU'Wr:J n 1V1'W(?l ~'lh] ~13.J1~C1~ (?l ~'WVI'WL 'W~'J'Wi11~ Cf1~ (?l~'ll~n L YlfJ'l L~ nU'elfJ 
"" . 

" I 

L 'Vh1J'W ~'J'W~'WVI'W~hn (?l1Ol1 n m~tJ~ (?I t(?lfJ (?IN n~'el ~'WVI'W~1'WLLN'l1'W (Direct Labor) LL~ :;rl1 • • 
" I 

~'WVI'W~1L-if~1fJ ~1'Wh'l'l1'W ( Overhead) ~'l1J'W~'l r1nVl1 m ~~ (?l ~'WVI'W~hn (?l1Ol1 n m~tJ~ (?I • • 

t(?l fJ (?I N L ~'el ~'l tJ ~ L,x~ 13.J1 ~C1 ~ (?l ~'WVI 'Wn 1 ~tJ~ (?I ~'elVlll'J fJ"lJ'el'l (;]'J tJ ~ (?Ill ruoyf ~'l L 'W~'J'W"lJ 'el'l • 
'" I I I 

nnn~ m~1i11Ol :;lJ'l L u'WhJYl ~'WVI'W~1'WLLN'l1'W (Di rect Labor) L U'el'l1Ol1 nn n ~:;u'J'Wm ~tJ~ (?IYlL-if • • 
LL~'l'l1'WrI'WL U'W ~ 'W) '1J 

L~'el~1Ol1 nw 1 ~'l~ 1 LVI (?I ~'WVI'W~1 'WLLN'l1'WJ'WY1 UrJ 1 Lu'WiflOl~fJ ~ L~ fJ'J-ir'el'l n U"r1'W 1~ LLri • • 

7jfim~Vl1'l1'W~tJmrum~Vl1'l1'W~llJ L Vl3.J1:;~3.J Y11Jn'l1 'W"lJ1 (?l r1'J13.J~ 1'W1 '1J Y11Jn'l1'WVl 1'l1'W llJl1'W 

LU'W~'W ~'l~'l LVI~1~Vl1L ,xLn (?l m13.J~ '1J LtJ~1L'Wn~:;U'J'Wm~tJ~ (?I Vl1n~13.J1~C1~ (?lVl1'eln1~ (?l~1 LVlI1J 

L VI~1~1~ nrl'el3.J1Ol :;~'l tJ~ L,x n ~:;u'J'Wm~tJ~ (?InLl~:;~VlfiIl1Y1 m ~tJ~ (?I3.J1 n~'l~'W 

L 'Wm:;u'J'Wm~tJ~ (?I tJ~ (?I.tl ruoyf~1fJ Lri LU~"lJ'W1 (?l L~ n"lJ'el'l tN'l1'Wn ~ru~ m~ntJ~:;n'elultJ ~'J fJ 

4 ~'J'WVI~ n ~'el~'J'W"lJ'el'l m~(?I~'JIOl~'elu1' (?I ~ ~U (Material Inspection) ~'J'W"lJ'el'l mn(?l1fJ3.J~1fJ 

Lri LU~ (Cable preparation) ~'J'W"lJ'el'l m~tJ~:;n'elU~1mrl LU~ L ,x~3.J\!~ruri'el'W~'l3.J'elU~ n ~1 

(Assembly process) 1Ol1 n m~~m~1 ~1l1Y1i'J ltJ"lJ'el'l tN'l1'Wmru~ m~nY1urJ1 L 'W~'J'W"lJ'el'l m~ 

(?I~'JIOl~'elU1' (?I C1 t1UJ'WLU'WL YlfJ'l m~~3.J (;]'J'elrl1'l LL~:; llJrl'lm nsDUan'el'W ~'J'W"lJ'el'l m ~L(?I 1fJ3.J ~1 fJ Lri LU~ • • • 
" I I I I I I 

1J'W~'J'WL VI '1! Lu'Wm ~Vl1'l1'WYl Lnm-ir'el'l nu Lrl1'el'l~ nm~:;n ~:;u'J'Wm~tJ ~ (?IYlllJ ~'el L U'el'l ~'l'el 11Ol1Ol:;n 

if 'kJVl1L 'Wm nn u-ir'el l;j ~ LL~:;m ~~1 L U'W'l1'W~ ~ 1-if 11~ LL~:;L 'W~'J'W"lJ'el'l m ~tJ~:; n'elU~ 1 fJ Lri LU ~ 

(Assembly process) LU'W~'J'W~n m ~L-if LLN'l1'WrI'WLU'W~1 ~ 'kJL 'W~1fJ m ~tJ ~ (?I ~'l LU'W~'J'W~ 
I ., 

LnmnU~'WVI'W~1'WLLN'l1'W (Direct labor) t(?lfJ (?IN ~'l1J'W~'l L~'el nVl1 m~7j Lrln:;~LL~:;tJfutJN . . 
m:;u'J'Wm~tJ~(?IL'W~'J'W"lJ'el'lm~tJ~:;n'elU~1mrlLU~ (Assembly process) 

3.4 ~~tlr.J~~~!J~n1~nTVI'W~ifru'Vl1 . ~ 

m~tJ~:;13.J~:;(?l3.J~3.J'el'l1Ol1 nYl3.J'l1'WVl1L ,x~13.J1~C1 n1V1'W(?lif 'kJVl11~rJ1 if 'kJVl1~IOl:;Vl1 m~7j Lrln:;~ 

Vl1~1 L VlI1JLL~:;LL 'W'JVl1'l m~LLrll"lJif ~Vl1J'W~'el m~~ (?l r1'J13.J~ 'kJ LtJ~1~ Ln (?l~'WL 'Wm:;u'J'Wm~tJ~ (?I 
I I " 

~1mrl LU~"lJ'W1 (?l L~ni'W 8-004 LU'el'llOlln-ir'el3.J~Yl Lnu~'Ju~'J3.Jl~ LL~ (?l'lL,x L~'WsD (?l LIOl'WrJ1 tJ~ (?Ill ruoyfi1 . " 
.q II II .J.d .::J oC:iII I .c. cv .. 4.oC1l I cJ~ J' 
3.J t rI N ~ ~ 1 'l (?I 'W'VJ 'W VI ~ 'l VI ~ (?l L 3.J 'el LVI fJ U LL (?I ~ :; tJ ~ (?I 11 ru"Yl "J! 'l L n (?l1Ol1 n rI 'J 13.J ~ 'kJ L tJ ~ 1 VI L n (?l"lJ 'W L 'W 

<Q '" <Q,q '" J I cJ.c::. J" n~:;u'J'Wm~tJ~ (?I t(?lfJm~13.J1~C1V11~1 LVlI1JLL~ :;'Jnmmnif 'kJVl1 LY1'el~ (?l r1'J13.J~ '1J LtJ~1V1 Ln (?l"lJ'WL 'W 

n~:;u'J'Wm~tJ~ (?I,r'Wl~ IOl:;Vl1L ,x~13.J1 ~C1L-if LU'WLL 'W'J VI 1'lL 'Wmmnif 'kJVl1 tJ~ (?Ill ru~'W1 ~'el ltJl~ 



d 
'IJ'VI'VI 4 

~1 nmJ'~ m11~JlTYnJ b1!'(,11ll'i'l::1lPln::~i'W(7]'El'W'lJ'El '.:JnJ'::u'J'WmJ'hI~ (7]'lJ'El'l hI~ (7]Jl rusy] B -

004 'lvltJ'VhmJ'91ll'WmJ J'::lJlYln~ nJ'J'~~h] In Vi PI ruA1~1 ml'W~::vl1 mJ'91ll 'Wn PI'J1~~ OJ lU~1 'lVitJ 
q ~ ~ 

, 
~ o::::-...:::,J ..::S 0 IV ~ .di IV Q/ rr ~ 

(Process mapping) PI'Elllhl'WJl~Ylll~ Vi 'I bl'l'i'l1 i?lU'lJ'El'l n~ nJ'J'~ J''J~ bl'l PI'J1~~ ~~'Wn'lJ'El'l n~ nJ'J'~ 
~ 

~1'11 ll 'i'l ::vl1 m J'~ i?llU'Elfl ~'Wr;l'lJ'El'll~tJ~ In i?I~'W 1 'WnJ'::u'J'Wm J'hI~ (7] 

I I.::!J cv 0 cv I I 

4 .1 .1 mnl~i?I'I~1tJn1nm'l~ruPl1 PI'El mJ'~i?lYl1h1'1U'(,1'1~ruPl 1 (Va lue stream mapping: VSM) 

;'1 dJ'WmJ'J'::u n~ nJ'J'~~ ~'El'lvl1~'1'(,1~ i?I ~'Ill~fu~ (7] bl ~U l.jJ1~'W~'I~'ElU D'I'i'l n ~1 mJ'~ i?lvl1 ~'Ill1A'I 
q q ~ 
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(lM;1 I Cable harness I ~ I Laser process ~ ~ 
ContinlJp. ~ 2 day '-----2-hr-s-----.J '----5-S-eC- j-pc- s-----.J 

Processing GDN Bar setting DND Bar soldering GND Bar setting pND Bar soldering 

description (A-SIDE) (A-SIDE) (B-SIDE) (B-SIDE) 

Cycle time (sec/pc) 6.4 6.6 6.2 7.05 

Task time (sec/pc) 7.3 .~ 7.3 7.3 7.3 

No. of Operator 2 
'-----y' 

1 2 1 

No. of Machine 0 1 0 1 

Working (sec/day) 27000 27000 27000 27000 

Output (pcs/day) 4218 4090 4354 3829 

Activity type VA VA VA VA 

ContinlJe >1 6.4 6.6 L=J 6.2 7.05 

Processing Insulation strip & Conductor & GND Appearance 
Conductor setting 

description Presold Bar cutting GND Bar 

Cycle time (sec/pc) 7.0 6.3 7.3 7.05 

Task time (sec/pc) 7.3 7.3 7.3 7.3 

No. of Operator 1~ 1 1 

No. of Machine 0 0 0 1 

Working (sec/day) 27000 27000 27000 27000 

Output (pcs/day) 3857 4285 3698 3829 

Activity type VA NVA N(NVA) VA 

ContinlJe >1 7 63 L=J 7.3 7.05 

Processing Connector 
Re-Soldering Attach tape Shell insert 

description soldering 

Cycle time (sec/pc) 7.1 6.6 6.6 6.3 

Task time (sec/pc) 7.3 
~ 

7.3 7.3 7.3 

No. of Operator 2 ~ 1 

No. of Machine 2 0 o 

Working (sec/day) 27000 27000 27000 27000 

Output (pcs/day) 3802 4090 4090 4285 

Activity type VA N(NVA) VA VA 

7.1 6.6 6.6 6.3 
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Contini!!'! :> 

Processing Shell Appearance & 
Shell Soldering Cable cleaning 

description RE-Soldering Dimension 

Cycle time (sec/pc) 7.0 6.8 7.2 7.3 

Task time (sec/pc) 7.3 7.3 7.3 7.3 

No. of Operator 
2J .. 2 2 1 

No. of Machine 2 0 o 1 

Working (sec/day) 27000 27000 27000 27000 

Output (pcs/day) 3857 3970 3750 3698 

Activity type VA N(NVA) VA NVA 

698 

'---c-o-nt-in-u-!'!-':> I 7 6.8 7.2 7.3 

Processing Final Inspection: Final Inspection: 

description Electric Appearance 

Cycle time (sec/pc) 7.2 6.8 

Task time (sec/pc) 7.3~ 7.3 

No. of Operator 1~ 2 

No. of Machine 2 0 6 sec/pc 

Working (sec/day) 27000 27000 

Output (pcs/day) 3750 3970 

Activity type VA VA 

Cycle time (sec/pc) 7.3 

Task time (sec/pc) 7.3 

No. of Operator 33 

No. of Machine 6 

Working (sec/day) 27000 

Output (pcs/day) 36913 

Value activity 14 

Non - value activity 4 
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'1lWlil'tlW m:::U'lWn1n~ftlil 'i.)umw 1:::U::: mn ~1W'lW ~Cl.J~nl!fnr U1:::UlYl'lJ'fl~ 

L"i1'fl~<\m Yl1~ (5) ~W n"lnmJ 

1 GND BAR SETTING (A- JIG 6.4 2 

SIDE) n1nIil1ulJLL~Wnn'ltf MICROSCOPE 

Q 
LLI'l:::Iil:::n'lU1:::n'flUL;hnu • D 0 \j VA 

\'I1m~LUI'l1ii'1WL'fl 

2 GND BAR SOLDERING JIG, 6.6 1 

(A-SIDE) n1n~'fll.n:::"d1~ SOLDERING • Q D 0 \j VA 

LL~Wnn'l~nU\'I1m~LUI'l MACHINE 

>-
~1WL'fl 

3 GND BAR SETTING (B- JIG 6.2 2 

SIDE) n1nIil1mJLL~Wnn'l~ MICROSCOPE 

LLI'l:::Iil:::n'lU1:::n'fluLihnu • Q D 0 \j VA 

\'I1m~LUI'l1ii'1WU 

4 GND BAR SOLDERING JIG, 7.0 1 .. , 
(B-SIDE) n1n'll'flm:::"''l1~ SOLDERING • Q D 0 \j 

VA 

LL~Wnn'l~nU\'l1U L~ LUI'l MACHINE 

1ii'1WU 

5 INSU STRIP & PRE-SOLD STRIP TOOL 7 1 .. 
SOLDER POT VA n11~~~W'lW'fl'flnUI'l:::~u • Q D 0 \j , , 

lil:::n'lu1L'lru~'fltl1 

6 CONDUCTOR & GND CUTTING 6.3 1 

BAR CUTTING TOOL • Q D 0 \j NVA 

n11r;l~'lJW1~~'flr;l'ltl1LLI'l::: 

LL~Wnn'l~1il1~'lJW1~ 

7 APPEARANCE GND BAR MICROSCOPE 7.3 1 

n1rlilr'l"l\'l'fIU~m!lru:::LLI'l::: • Q D 0 \j N(NVA) 

'lJW1~ 

8 CONDUCTOR SETTING JIG 6.3 5 

n11'l1~\'I1m~LUl'lnUr;l'l MICROSCOPE • Q D 0 \j VA .. 
L'lI'fl~vi'fl 

9 CONNECTOR JIG 7.1 2 

SOLDEIRING SOLDERING • Q D 0 \j .., - ~ ~ 
n1n'll'!l~Iil'fl\'l1UL~LUl'lnUIil'l MACHINE VA 

L~'!l~vi'!l L~ulMm1~r'!lW 

10 CONNECTOR RE- IRON TIP 6.6 2 

SODERING JIG • Q D 0 \j 
n11'll'!l~LL'lI~~1W"'~~"l1n MICROSCOPE N(NVA) .. 
n1n'll'!l~ 



11 

12 

13 

14 

15 

16 

17 

18 

TAPE ATTACH 

SHELL ASSEMBLY 

n'WU1::n'iJUvl'l1'11'iJU'il'iJ~ 

vl'll~'iJ).Jr;i'iJ 

SHELL SOLDERING 

m1l~'iJ).Jr;i'iJ Ll~unn'l!flih 

riUvl'lI'11'iJU 

SHELL RE-SOLDERING 

mr'li'iJ).J lL'lI).J~1U'L-I~~'11n .. 
m1l'll'iJ).J 

REMOVE TAPE & 

CLEANING CABLE 

n11fl'iJnL'VlUUfl::vhl'1'l1).J 

~::'iJ1~H'l1mI'1 Ljjfl 

APPEARANCE & 

DIMENSION 

n111il1'l'l~'iJU~nl!tru:: 

m!JU'iJn'iltl~tJi'ililnru'YfLLfl:: 

m11'!1l'ilU1!1l'il'iJ~tJi'inru'Yf 

FINAL INSPECTION 

: ELECTRIC 

FINAL INSPECTION 

: APPEARANCE 

VA + NVA + N(NVA) : 
~ 

1'l).J41U'lUiUIil'iJU 

1.Junmli 

l~ir'iwrm 

JIG 

JIG 

MICROSCOPE 

JIG 

SOLDERING 

MACHINE 

JIG 

IRON TIP 

MICROSCOPE 

MICROSCOPE 

MICROSCOPE 

MICROTEST 

MICROSCOPE 

18 

% VA : ~!1l~'lU'iltl~iUIil'iJU~ 77.77% 

Ln!1lY)rurh = (VA + NVA + 

N(NVA) / VA)x100% 

41U'lU 

(s) 

6.6 2 

6.3 2 

7.0 2 

6.8 2 

7.2 2 

7.3 2 

7.2 

6.8 2 

122.05 33 

59 

U1::Ul'Vl'iltl~ 

n'lnmJ 

• GOD \j VA 

Ie GO 0 \j VA 

Ie GO 0 \j VA 

I- GOD \j N(NVA) 

I_ GO 0 \j VA 

OG - O\j NVA 



1PI1'dl..:J~ 4 .2 bb'6'llPl..:J bbe.J'W eJ..:J nl'd 1 'VI~'lJ'el..:J n'd:;u'J'W nl'd (Process Activity Mapping )'lJ'el..:J 

e.J~ lPIil t;U~ B blPl~'Vh nl'doW'"ll'dt;Ul b tJ'W.r'WlPI'el'W 
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'1junmll L'l ur:;UlYI 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

.. 
fl~u'Wr;h<i'u~(;l:n'W,n'W (A) 

",~ulil :;n'l:n'Wft1~'lJ~fin'lf 

LLfl:;'l1~fl~U'WIIi'l4'u~(;l 
.. 
:n'W,n'W (A) 

.. 

JIG 

MICROSCOPE 

JIG 

MICROSCOPE 

:n'W~1'WLLfl:;4'(;lL1[J~jq1[J MICROSCOPE 

LI'lLUfl (A) 

",~ulil:;n'l:n'Wu'W'lJ~fini 

LLfl:;'l1~fl~U'Wjq1£JLI'lLUfl (A) 

JIG 

MICROSCOPE 

..,~umJ'Wnn'lM'WU'W'l1~fl~ JIG 

U'Wjq1£JLI'lLUfl (A) MICROSCOPE 

.. 
fl~u'WIIi'l4'u~(;l:n\.m'W (8) 

"'~UIil:;~'l:n'Wft1~'lJ~fin'lf 
LLfl:;'l1~fl-3U'WIIi'l4'u~(;l 

SOLDERING 

MACHINE 

JIG 

MICROSCOPE 

JIG 

MICROSCOPE 

- ... ... ... 
'1 1-3 jq 1£JL1'l LUflfl-3U'WIil'l"lU[J(;l JIG .. 
~ ~ ... 
'll'W~1'WUfl:;"I(;lLT[J~jq1[J MICROSCOPE 

LI'lLUfl (8) 

"'~UIil:;~'l~'Wu'W'lJ~fini 
Ufl:;'l1~fl~UUjq1£JLI'lLUfl (8 ) 

..,~U LL~'Wnn'lM'WU'W'l1~fl~ 

U'Wjq1£JLI'lLUfl (8) 

JIG 

MICROSCOPE 

JIG 

MICROSCOPE 

JIG, 

SOLDERING 

MACHINE 

vm (s) ~'W 

1.1 1/3 

-QOO\7 
NVA 

1.4 1/3 _ Q 00\7 NVA 

1.8 1/3 _ Q 00\7 NVA 

1.3 1/2 

-QOO\7 
NVA 

0.8 1/2 _ Q 0 D \7 NVA 

5.4 1/2 NVA 

-QOO\7 

1.2 1/2 0 I_ 0 0 \7 NVA 

0.8 1/3 

- Q Ole \7 
NVA 

1.3 1/3 _ Q 0 Ie \7 NVA 

1.7 1/3 _ Q 0 Ie \7 NVA 

1.2 1/2 NVA 

1.2 1/2 

- Q °le\7 
NVA 

6.0 1/2 NVA 

~'l1lJ 

Motion 

Motion 

Motion 

Motion 

Motion 

Process 

Motion 

Motion 

Motion 

Motion 

Motion 

Motion 

Process 

14 1.1 1/2 o _ 0 Ie \7 N(NVA) Motion 



lil'ilU 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

'l1~:nU~1Ui'l~UU Strip 

insulation tool 

~~ Strip tool 

. , ..... _ , 4 

nu 4 'lIU1il'il"U~LLtN 

1jt.Jnm.li 

STRIP TOOL 

STRIP TOOL 

SOLDER POT 

CUTTING 

TOOL 

CUTTING 

TOOL 

MICROSCOPE 

"'UUc;i'lL~tllJ (Connector) JIG 

11'l1uc;i'l~UU~~U~1U (2 ~U) 
~ ~ .. 

'l1~1i1::n'li'l~UUIi1'lL'lItllJ JIG . 
(Connector) (2 :nUl MICROSCOPE 

- ~ .. 
'l1~t'l1tJLPlLU~i'l~UUIi1'lL'lItllJ JIG . 
(Connector) (2 :nul MICROSCOPE 

~~L18~t'l1tJLPlLUi'l (2 :nul JIG 

1'l~c;i'l~UU~:nU~1U1t.J 

nr::U'lun1rn~1t.J 

1'l~c;i'l~UU~:nU~1U1t.J 

nr::U'lUn11n~ 1t.J 

'IItl~~1U 

, .. 
'lItllJ U'lllJn11L'lItllJ~1U"1n 

..j 
LPI1tl~ 

1'l~c;i'l~UU~:nU~1U1t.J 

nr::U'lun11n~1t.J 

MICROSCOPE 

JIG 

SOLDERING 

MACHINE 

JIG 

MICROSCOPE 

IRON TIP 

61 

L'l P1'l1lJ 

8:: ~1 U'lU 

VI1~ (s) P1U 

3.2 1/4 VA Motion 

eqoo\} 
1.4 1/4 e q 00 \} VA 

Process 

1.5 1/4 Process 

0.9 1/4 Motion 

0.8 1/4 eqoc\} NVA Motion 

3.4 1/4 NVA Motion 

1.6 1/4 ely 00 \} NVA Process 

0.7 1/4 o • 00 \} NVA Motion 

3.6 1/3 e q 00 \} 
VA Process 

3.2 1/3 eqoo\} N(NVA) Process 

0.5 1/3 e y 0 0 \} N(NVA) Motion 

1.1 1 e q 00 \} VA 
Motion 

0.9 1 e q 00 \} VA 
Motion 

1.2 2 e q 00 \} VA 
Motion 

1.5 1/2 e Q DO\} VA Motion 

0.6 1/2 
O.-DO\} 

NVA Motion 

6.6 1/2 e qUO \} VA Process 

0.5 1/2 0.- oO\} NVA Motion 

2.4 1/3 e q oO\} NVA Motion 

3.6 1/3 e q oO\} NVA Process 

0.6 1/3 0.- oO\} NVA Motion 



lil'!lU 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

(Connector) 

~~(;h'i'1Jti~:nU~1U It! 

m::1J'lUn1Hl~ It! 

~~iiT'l4'1Jti~:nu~1ult! 

m::1J'lun1j'cl~lt! 

LI'11'!l~Lii'!llJ:nU~1U (2:nU 

r;l'!l~n) 

~~iiT'l4'1Jti~:nu~1ult! 

m::1J'lun1j'cl~lt! 

'Ii'!llJLL'IIlJmn~'!llJ~1ur.nn 
... 

LI'1j''!l~ 

~~iiT'l4'1Jti~:nu~1ult! 

m::1J'lUn1j'cl~ It! 

~~iiT'l4'1Jti~:nu~1unft1Jlt!~~ 

m::1J'lUn1j'~~1il LrlJr1iu 
. .:: 
~11'1'l1lJ~::'!l1~'IIU~1U 

~~:nu~1ult!m::1J'lumj' 

cl~lt! 

~t!nHW 

JIG 

MICROSCOPE 

JIG 

MICROSCOPE 

JIG 

SOLDERING 

MACHINE 

JIG 

MICROSCOPE 

IRON TIP 

1ilj''l'l~'!l1J:nU~1U ftnliru:: MICROSCOPE 

'Il'!l~~1mPlLUft 

~~:nu~1ult!m::1J'lun1r 

cl~lt! 

~~~'!l1J~~lilnruoyJ MICROTEST 

~~:nU~1U It! n j'::1J'lum j' 

cl~lt! 

1ilj''l'l~'!l1J:nU~1U MICROSCOPE 
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L'l 1'1'l1lJ 

u:: ft1 U'lU 

vm (s) I'1U 

6.1 1/2 
• Q 00\7 VA 

Process 

0.5 1/2 0"00\7 NVA Motion 

5.1 1/2 • Q 0 0 \7 VA Process 

1.2 1/2 o .. 00\7 VA 
Motion 

6.5 1/2 
• Q 00\7 VA 

Process 

0.5 1/2 o .. 00\7 NVA 
Motion 

1.9 1/5 

• Q 00\7 
NVA Motion 

2.6 1/5 

.QOO\7 
NVA Process 

0.8 1/5 • L> 00\7 VA 
Motion 

0.5 1/5 o .. 00\7 VA 
Motion 

1.5 1.0 1/5 0"00\7 NVA Motion 

3.8 1/3 • L> 0 0 \7 N(NVA) Motion 

2.8 1/3 • Q 00\7 VA 
Process 

0.6 1/3 o .. 00\7 VA 
Motion 

5.4 1 

• Q 00\7 
NVA Process 

1.4 1/2 • Q 00\7 NVA Process 

0.5 1/2 o .. 00\7 
NVA Process 

1.6 1/4 o Q .0\7 VA Process 

4.8 1/4 o L> • ) \7 VA Process 

0.5 1/4 o Q .1) \7 VA Process 

0.3 1/4 0" 00 \7 
NVA Motion 

6.8 2 o Q .0\7 VA Process 
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A: r'lIJ~1'U'lU']U(;1'm.J 57 122.05 33 

B: r'lIJ']uCil'llUVhn~l'Jru~h 20 

% B : ~~~'lU'lJ'tJ~,]U(;1'1lU~ 35.08% 

ln~l'Jru~h = (B/A)x100% 

, 

I ,", I 

h~-.11tJnnW~n 'tt1~-.1Y-lU~1iJ"1J!l-.1l~tJ'vhn(;l~'Wl(;lm'il.~tJ 2 .1 2 % 1'Wm:;u'J'Wn1n;mmnrrwflu 

~1tJ lAdj~ ll~:;n'ln~!ll-J~1tJ lA dj~ flU ~'J l~mJ9-.1 dJ'WUJ':;l~'W~1 A 'l.!~ ~!l-.1 n'lJ'~ (;l"1J!l-.1l~tJ ~-.1 n~1'J 

l~!llU'Wn'lJ'ufuUN n J':;U'J'Wn'l J'~~ r;m~:;~ (;l-ii!lU nY-l i!l-.11 'Wm:;u'J'Wn'l J'~~ I?l~ 1 tJ lA l1J~~-.1"1J!l-.1l~ tJ , 
,~ ~ 

Yl1~ mh'J~1,:r'W~1~1J'~!lfiu1tJ 1 'Wi (;ll "'l'W~-.1i1 
, ~ ~ 

"'l1nm1~"'l:;ll~ 'M"1J!l-.1l~tJYlln (;l~'W1 'Wm:;u'J'Wn'lJ'~~ 1?l~ 1 tJ lA l1J~ l(;lm'JuJ''J~ ~-.1llr;i l~!l'W 

mn{)1 A~ - fi'W'J1 A~ 2551 Y-lU~1iJi (;l~'J'W"1J!l-.1l~tJ l(;lm'il.~tJ!l~~ 2 .1 2% ~-.1ll~ (;l-.11 'W~U nn~~u~ 
" 'J,I I I 

4.2 ll~:;iJoell?ln"1J!l-.1l~tJ,:r'WiJ'Yl-.1"ll!l~1~ll~:;"ll!l~hJ1~ ~-.1ll~(;l-.11'WJ'unn~J'UYl4 . 3 ll~:; J'UYl4.4 
'" '" '" 



100°·, 

lOO"-g 

99°" 

990" 

*' 98', 

98~'o 

97°,. 

9iO,o 

%'. 

. %,tmftu 

• %,e~ ; 

2,500 

~ 
2,000 

~ 
;J 1,500 r-
? 
;J . ..,. 

1,000 ;J .. 
;J 
r-

0(r 

500 

July 

1.86% 

98.18% 

n'1~ LL1I ~~i ~ 'lb'LJ'lJ'il~ ~ LLa::'IJ'il~ L\;tI'l 'LJ n.::1J1'LJ m.m. eJ~ ~1I1t1 LI'I L ija 

~~LLIiiL~'il'LJn.n!J11'1).J - tl'LJ111'1).J 2551 

Aug Sep Oct Nov 

1 08% 258% 2.07% 235% 

98.93% 97.48% 97.97% 97.71% 

DEC 

1.84% 

nnyjLL1II'\~il'\~1'LJ'lJ'il~L~tI'li'il).Jl~LLa::'li'il).Jl~11'\"l1Jn'i::\J11J n1'ieJ iill1111t1LI'ILua 

~~LL6iL~'il1Jn'inD11'1).J ° 5'LJ111'1).J 2551 

2271 2304 

1874 

July Aug Sep Oct Nov 

LGiil'U (2551) 

1173 

DEC 

1,360 

Total 
Average 

64 

Total Average 

2. 12% 



n"j1W u&lGl\l ~GI s.11'U1.I"j ~ Ul\1"11 £)\1 tiia ut'U n1"j ~ ~GI &11 U tA til 61 

ti\luG'it&)£)'Un"jn!l1A:tJ - fi'Ul1A:tJ 2551 

" Q/ 1.dI cv 

(;]'lbb(;]b(9)'el'Wm'n{)lAd.J - fi'W'dlAd.J 2551 

65 

91 n"1I'el'l b~ tJ~ bTl (9);'W1 'Wm':::iJ'd'Wnl n,J~ (;]?lltJ bA bU'b'1 n'el1 ~ btl (9) ~'W'Yl'Wnl~i:.J~ (;] 1 'W~'d'W"1J'el'l , 

AlbbN bb'b'1:::rJ(;]bl ~iJ1 'Wnl~~'l~'W~'d'W ~'lVll1 ~iJ1';'Yl ~'el'l~ ru b~tJ b~'WbtJ'W91'W'd'Wd.Jl n b~m':n ~'W'Yl'W 
q CIJ IV q 

~, ~ ~ 

"1J'el'l b~ tJ d.Jl A (9) btJ'W~'b'1 Al~'d d.J i1'l~d.J (9)YliJ1';'Yl ~'el'l~ '1! b~ tJ i1'l~d.J (9) ril'l bbl?l b~'el'Wnm{)l Ad.J - fi'W'dl Ad.J 

2551 9:::1J1b'Yl1niJ 123, 136 iJl'Yl ~'lA(9) btJ 'W d.J'b'1Al"1J'el'l b~m'U~tJl?l'el b~'el'W b'Yl1niJ 20,523 iJ l'Yl 91n 
'" 

nn'Yhu~ 4.5 
'" 

July 

:J.J'~ fi1'lJ'el '::Ib~~i. 'lJn'i::U'J'IJ m';HJ~ IW6'l1mm ua 
'" 
~.:JbblP1b~'el'IJn~n!J13JfUJ - fl'IJ'J1f'13J 2551 

~ Laser process GND Bar process 

~ Connector process 

~ Final inspection (APP) 

~ Final inspection (ELE) 

~ Outgoing inspection (ELE) 

~ Outgoing inspection (APP) - Total 
33611 

30940 
26876 

Aug Sep Oct Nov DEC 

fi'W'dl Ad.J 2551 

Total Average 
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1:-J~(;l'el'elmu'W 2 lh~I.fl'Vl 

1. -iim.j'i'l']J'el~ L~tJ~~m./l~J1~;~LL~ i?l~~~ n~')Yhu~ 4.6 '"11nnn'Yh'1ur;llLni?l']J'el~ L~tJ~ 
~ ~ 

, 
.c:::!Jl cr- IV = 

m'~ur.l 'Wn1dL'll'el~Jnn'd'Wn U ~lmALU'i'l (G N D Bar soldering process) LL'i'l~ 

m'~U'd'Wn1J'(;lJ''d'"1~'elUAruJl1'V'l (Final inspection) (;ll~~l~U 
q 

2. -ii'el ~'i'l']J'el~ L~tJ~~'el~l~;~ LL~ i?l~ ~~ nn'Yhu~ 4.7 '"11 n n nvJ 'V'lUr;l 1 Ln i?l ']J 'el~ L~tJ~ 

Process 

Quantity 
Percent 
Cum% 

~ ~ 

m'~U'd'Wn1J' m'~U'd'Wn1J'(;lJ''d'"1~'el U ~ruJl1'V'l (Fina l inspection : (Appea rance)) 

~~~i?l 
~ q 

tR 
OJ 
u e 
a. 
.... 
'" CD 

Cl 
z 
l!> 

1709 
49.4 
49.4 

Pareto Chart Defect of Process 

841 
24.3 

73.7 

701 
20.3 

94.0 

LU 
-' 
~ 
c 
0 

:;:J 

lrl 
a. 
Ul 
.S; 
Ol 
C 
·0 
E' 
:::J 

0 

85 
2.5 

96.5 

Ci:' 
Cl. 

~ 
c 
0 

:;:J 

lrl 
or 
.S; 
r;; 
.S; 
u.. 

80 
2.3 

98.8 

100 

_4 ______ - 80 

.... 
- - - - -- 60 

c 
cv u ... 

--------- 40 
cv 
0-

20 

0 
tR Ci:' OJ Cl. U 
0 ~ c. c .... 0 
.8 ~ lrl 
c or c .S; 
0 
u Ol 

.S; 
0 
E' 
:::J 

0 
42 0 
1.2 0.0 

100.0 100.0 
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Pareto Chart Rework of Process 

9000 

8000 - ,- - 100 

7000 

.m 80 
>- 6000 .... 
~ c .... 5000 60 QJ 
C IJ 
/II 4000 ... 
do QJ 

3000 
,- 40 Q. 

2000 ,- 20 
1000 

0 0 
Process c;:- W c;:- W ill ill ill 

0.. ...J 0.. ...J '" '" '" ~ ~ ~ ~ 
u u u e e e 

c: c: c: c: a. a. a. 
0 0 0 0 

iii ~ 'P D D 
., 

B u u a:l u 

'" hl '" u '" '" ~ ~ ~ ~ '" 0 ...J 
c: z 

,!; ,!; ,!; ,!; c: 
0 <.:J 

Iii Iii CI CI U 
c: ,!; c: c: 
u:: u.. '0 '0 

B' B' 
;;J ;;J 

0 0 

Quantity 7749 343 44 23 0 0 0 
Percent 95.0 4.2 0.5 0.3 0.0 0.0 0.0 
Cum% 95.0 99.2 99.7 100.0 100.0 100.0 100.0 

ltl~ 4. 7 ndlYhVM1~"lJ!l'H~tJ"ll!l~1~'Wnd:::1J'd'Wn1~~~l?l~lmALU'i'1~,m[Ph~!l'tmmiJ1A~ -

fi'W'd1 A~ 2551 

, " 
LL'i'1 :::n1~1.if LL~'WJlI'Yrvn L~ bl?l L ~!l91 LL 'Wn LL'i'1:::~l ~i c;) L"'l'W~Ii1 b]d'M1 

4.9 "r'l1J~Ii1 ru'Ml~"r'l1J~~ ~ c;) A!l i1 ru'Mln1nn c;) 1 YlYh~' C;)'d~"'l~ 
Q;' '\J q QJ' 



> 
:I:! .. 
C 
III 

3 

700 
600 

;i" 500 
'~ 400 
~ 300 
i::I 200 

100 
0 I 

n'Sivlu.II"~'1.~itl;l1'8lJ'Jl1,nuu.IIi"::nn:U,)\.In1'fUfl,..'tJL"'LUft'll\n"Lfln 

.f~uIliLii'8\.1n'Sn!J'''')I • 5\.1')1"')1 2551 

IEJ FF) I~I( . )I( I JI( j( 
I I I 

'" Of Gl n '" n Of '" a Of ~ ::r n Z a ::r a n ::r "0 n g 7<" 0 " iii' " 7<" iii' 
~ 

7<" c: 
~ a. a: a. o~ a: ~ ;;; 

n 
.., 

'" ?; c: ,..... ':!. 
0 a Of '" r n 3 :!! a Q 0 ~. a Q a ~ a a 

~ 
(1) 

" a S ~ " " c: a. n 
~ 

Of Of m 
S 

.., ~ .., i 
9.. "" '" " '" '" (1) - ::r .., 

" ~ 3" ::r 
~ ~ ~ .., 

3 (1) a 3 "0 (1) 

(1) ~ " 
Defect Mode 

I 
; )I( J 

~ a 
"0 

c: (1) 

VI ~ " n 

N ir ~. 

c: a "'" s 
9.. 

_Laser _ GND Bar soldering process 

_ Connector soldering process _ Final inspection process 

~ Percent Defect 

Pareto Chart of Defect mode 

--------- --------------
3000 

-----------

----- ._---

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

.. '" "0 ai I 
C> '" hi g C> ill ::J lD ::J 

~ 
a c: 

~ 
c u a -'" .9 1il- a Iil- .~ " .= C> E w --' a u 

'" '" '0 '0 u 
0 a co 0 B ai (; 
~ 

c 
B ]I (; :; (; :; 

.s:: :; '" a Co 
-'" .s:: ~ a lD .s:: a til u u .s:: til til 
~ ::J til U. 

]I 
Co C 

~ "0 B ~- a c ~ c :8 a u ~ .s:: 
0 U ::J U. 

til ~ ii! z "0 
~ ii! oS l!l c 

a '" oS u 
~ 

Quantity 617 604 477 446 384 165 152 88 80 52 40 30 149 
Percent 19 18 15 14 12 5 5 2 2 1 1 5 
Cum % 19 37 52 65 77 82 87 89 92 93 95 95 100 

0.12% 
0.10% 
0.08% 
0.06% 
0.04% 
0.02% 
0.00% 

100 

80 .. 
60 

c 
QI 
U ... 

40 QI 
Do 

20 

0 

nJ~ 4.9 nnyj lV~ ~~ ntJ~~l~tJ ~"lI'El~ l~tJsri'El:I-J hJlrJil 'WnJ'~U'd'Wn1 n ·.J ~ (W~ ltJ l~ LiJ~ 
'lJ 
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, , I '" 

e.J~ l'l"lJ'El'l m'~u'J'Wnl5'YlYi11,x ln~"lJ'El'll~tJ ;'l11'1J'vIl'v1~ n"lJ'El'l"lJ'El'll~tJYlln (?)~'W~'El 11 '1J'vIl nlnn ~ 

1 YHh~(?)'J'l'"l5' (Short circuit) ~'l'"l~Ul11 '1J'vIleltJ~ l~n~tf(;]'El hJll~~Yi1 nlnlnl"JJ 



d 
'U'VI'VI 5 

~1lVl~ll'tl:::c.J'tl (Cause - and - effect diagram) 1'ifl~'el~U;;ln:::tfVl1~1lVl~~"v111~ln(1)A'J1:W~'1d 

lU~1mJ'ln(1)"lJ'el~ l~tJ91 nmJc.J~ (9)~1mA LU'tlll'tl:::llc.J'Wfl1Yf'r'l1lJb(9) (Pareto diagram) Hll~ (1)~ 

J:::~U A:::ll'W'W~1(1)91 n llUU~'elUrn:W91 n n1J1 ~ A:::ll'W'W l~'el A(1) l~'el n lu~91Hw1V11~fi n1J'lull"lJ 

ll'tl:::tJ1V1~ n mJ"lJ'el~ 5 W1 H :W1~ lAn:::tf~1lVl (9)~"v111 ~ In (1) A'J1:W~ cmu~11 'W~'J'W"lJ'el~ m:::u'J'WmJ 
q '" ~ 

c.J~(9) 

5.1 ~h !Ol ~1~~wn:W'6HlJblhh 7 u~~nl~ 
<u '" 

1. !Ol'Jl:W'i,HlJbU~1'"11nn1~t:J~(91vi:Wlmn'W1u (Over production ) 
<u ~ 

.yi1mJ~mn91nm:::U'J'WmJc.J~(9)"lJ'el~c.J~(9).tlru-n 8-004 1'Wlll?l'tl:::-F'W(9)'el'W ~U~1J'elU 

J:::tJ:::l'J 'tl1 mJc.J~ (9) 1 'Wlll?l'tl:::~ rntl~1'Whi l vh n'W"v111 ~iJ~1 'W 1 'W-F'W(9)'el'Wri'el'WVI~1:W1 ~h~'eltJ 9'W~~ c.J'tl 
'" 

1~ln(1) WIP (Work in process) :W1nn~ 656 ~'W ~~~91nlu~ 4.1 mm~(1)~~~~1tJD1J~ruri1"lJ'el~ 
m:::u'J'Wm Jc.J~ (9) lA lU'tl"lJ'W1 (1) l~ ni'W 8-004 ~u~11 'W-F'W(9)'el'WmJl'l (1)"lJ'W1 (1)~'ell'l'JtJ1ll'tl :::lLeJ'Wn n'J~ 

q 

~ ~ 

i'W(9)'el'WmJmJ(9)J'J9~'elU~n~ru:::LL'tl:::"lJ'W1(1) ( APPEARANCE GND 8AR) ~1:W1Jblc.J~(9)~'W~1'W 

Hi 3698 ~'W 
2.!Ol'Jl:W~'1JLu~1'"11n n1~~'flWfl~ (Waiting) 

"v11 mJ~n~191n m:::U'J'WmJc.J~ (9)"lJ'el~ c.J~ (9).tl ru-n 8-004 1 'WLLI?l'tl:::-F'W(9)'el'W~U~1J'elUJ:::tJ::: 

l'J'tl1 mJc.J~ (9)1 'WLLI?l'tl:::~ mtl~1'Whi Lvh n'W"v111 ~iJ~1'W1 'W-F'W(9)'el'Wri'el'WVI~1:W1 ~h~'eltJ 9'W~~ c.J'tl1 ~ 
'" 



-~:;;: 
C-
~ 

or -
C-
rz 
r 
oJ> 

8 
7 
6 
5 
4 
3 
2 
1 
0 

\9 a: \9 a: w 
Z <t Z <t a: 

i= 
c:c 

i= 
c:c Cl. 

a a cIS UJ z UJ z 
VI \!J VI \!J Cl. 

a: a: a: 
<t <t I--c:c c:c VI 

a a ::::> 
Z Z VI 

\!J \!J ~ 

0 I co 
b ';) ~1 n1<J'VI1.:JTU bblPl ~~1.1 t;l1'W 

_TIME (5) 

c:i c:i \!J ci W I >- \!J \!J o<i o<i .. .. 
Z Z Z 0 a: U ...J Z Z Z Z c:c UJ UJ 
\!J \!J i= I-- a: <t 

~ a: a: Cl. u 0 0 
UJ 

U 
0 ~ UJ UJ <t Z i= i= cIS u UJ 

UJ UJ a a I-- <t U U Z I-- <t VI a: Z VI U VI ...J ...J UJ a: UJ UJ 
0 <t a: Z UJ UJ <t 0 0 > <t Cl. Cl. 
I-- a: 0 0 z Cl. 

...J VI '1 0 UJ VI VI 
U <t I-- U Z 

<t ...J ...J ~ 
Cl. ~ ~ ::::> UJ u I-- UJ ...J UJ Cl. 

0 UJ a: UJ <t ...J ...J a Cl. ::::> u I 
I ...J a: <t <t 

Z Cl. a VI 
VI ...J Z Z 

0 <t Z UJ 

U 0 I LL LL 

U VI 

..-.,.. 0 

"lJU (;I ilU n1'3V11"1U 

" ~~d'd:w-n'e:l-.1b'd~1-.11'Wi-.1V1:W(?) X 100 

122.05 X 100 

7.3 X 18 

3. ~';n),J~ qJ b'l1~1"'11n n1~'lJ'W'6!l..'l (Transportation) 

71 

n1d~m~nU '1JVll ~11'Wn1 d-n'W~-.11 'Wn d::;1J'd'Wn1d~~ ~ L(?)tJ ~ m~191 n bb~'Wer-.1~ n~ru::;n1d 

1V1~ Process Ac tivity Mapping ~1Ji'W~'e:l'W-n'e:l-.1n1d~-.11?T'd91J~(?)~'W-.11'W (Jig) n~1JhJiJ-.1 
nd::;1J'd'Wn1d~~~G:w~'W dJ'Wd::;tJ::;i'l1-.11n~ 1.5 b:W~d i'W~'e:l'W~i'W~'e:l'Wb~mb'VhJ'W~~n1d-n'W~-.1 



GND BAR 

SETTING 

(A) 

GND BAR 

SETTING 

(B) 

~ 
¢:J 
q 
¢:J 

GND 
GND BAR CONNECTOR CLEANING & CLEANING 

BAR CONDUCTO CONDUCTO CONDUCTO ATTACH SHELL DIMENSI 
SOLDERIN RE· REMOVE & REMOV~ APPEAHANCE 

SETTING RSETTING RSETTING RSETTING TAPE ASSEMBLY ON 
G(A) SOLDERING TAPE TAPE 

(A) 

GND 
GND BAR INSULATIO GND BAR & GND BAR CONDUCTO CONNECTOR SHELL SHELL CLEANING 

BAR CONDUCTO CONDUCTO ATTACH SHELL SHEll RE· APPEARA ELETRIC 
SOLDERIN N STRIP & CONDUCTO APPEARANC R RE· SOLDERIN SOLDERIN & REMOVE APPEARANCE 

SETTING RSETTING R SETTING TAPE ASSEMBLY SOLDERING NCE INSPECTION 
G(B) PRE-SOLD RCUTTING E SOLDERING SOLDERING G G TAPE 

(B) 
------ --- -- - -

~ ~ ~ ~ ~ c:> ¢:l (=l c) c) 
~ .... 

~ -q-
c) c) 

I>' -<:.1' 

{:l ¢:J c) ~ c) c) c) c:> c) 
i 

~~----------------------~ 
lU~ 5.2 LL~(;l.:) LLt.l'Wer.:)m:;U'J'Wn11t.l~ ~ 1'Wn11~':) f1l'J4"u~(;l~'W'l1'W 

, " " 
ronnxuVl 5.2 LL~ (;l.:) LLt.l'Wer.:)m:;U'J'Wn11t.l~~1 'Wn11~':) f1l'J4"UU(;l:;J'W'I1'W (Jig) '"l:;L~'W~1 ~'tl'l L~ m'J"l11 'Wn11~'1f1l'J4"U~C;)~'W'I1'W (Jig) 1'Wm:;u'J'Wn1n.J~ ~ '"l 1 n 

" " "I " 
m:;U'J'Wn11 Conductor soldering n'lm:;U'J'Wn11 Shell re-soldering LU'W1:;tI:;Yl1'1 1.5 Ll-J~1 'li'W~'tl'W'i'1LU'WL~tI'I'li'W~'tl'WL~tI'JVI L~m'J fn 1'Wn11~'1f1l'J4"UUC;)~'W'I1'W 

n~u1uU'lm:;U'J'Wn11t.l~~G-l-J~'W 

......, 
N 

nkam
Typewritten Text
72
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4 . Fl'Jl3-J~qJ bU~1"'11n~'W!OllFl-!lFl~-!I~laJr.ll btl'W (Excess Inventory) 

nl~~ m~nu ru'\.n 1 'hlJ11"ml~~ i?1lnu~'hl~h A~ A~~'lJ'el~ e.J~ ~il ru"Vf,!'hl 9 ::;~~ l ii'hl~ nl~~ (91lnU 
~ q 

, , , 

2-3 rr'hlri'el'hl~ nl~e.J~ m 1~ ~~i-n n ~ nl~'dl~ lle.J'hlnl ~e.J~ ~~ ~'ell \J'el~ ll~'d n9::;1i~ e.J~ 1'IX In (91U fJ.!~1 
, 

.c:::;3 IV evwCV.t:::lt. 

lnmnUnl~9i?1lnU'd~bli?1Uml-Jm 
q 

~'el~ II 'hl'dYlI~ A'el nd::;U'd'hlnl ~e.J~ ~~1~ l'\.U.J1::;~l-J ll~::;nd::;U'd'hlnl~~~'d9~'elu~1~ ml-JI::;~l-J ~~~ 

U rui-n A'd1l-J~ ru l'Lhh ~~~ 
~ " ~ 

nl~~m~nu fJ.!~1 J11'hlnd::;U'd'hlnl~e.J~ ~~1~ l~l-Jl::;~l-Jl 'hlnd::;U'd'hlnl ~e.J~ ~ li?1tJ ~ m1191 n lAi'el~ih 

Process Activity Mapping ml-J~ln~~ 5. 1 9::;~u.fr'hl~'el'hlnl~e.J~~~1~1J1~¥I~lqj~All~l-Jl'IXnu 

e.J~~ilru"Vf 3 nd::;U'd'hlnl~e.J~~ 9 .fr'hl~'el'hl~~~ (1~~'dl-Jnln'elA'eltJ ll~::;nlnA~'el'hltiltJ~~~::;tJ::; 

YlI~1n~ l~'el~91 n9::;hJ'eltJl 'hl1i'd'hl'lJ'el~ A'd1l-J~ ru l'Lhh91 nlnd'elA'eltJ ll~::;nl~'lJ'hl1i~) 
" '" ~ 

Item Process Time (s) 

GND Bar appearance 7.3 
, , 

IV cr~ d .t:::lt. Q/ .<:::to 

~~'d9~'elU~ m1ru::;'lJ'el~nn'd'hlYll"ll'ell-J ~ i?1nU~ltJ lA lU~ 

2 Connector re-soldering 6.6 
, , 

I cv..c::!il ':::::'cvcv.::Y 

nl~"1l'ell-J~I'hl~~~91 n l"ll'ell-J~ltJ lA lU ~ nu~'d l"ll'ell-J 

3 Shell re-soldering 6.8 
, , 

I cv.:::!ll cv rQ/ IV ..:::!rI 

nl~6Jl'ell-J~I'hl~~~91 n l "ll'ell-J ~'d n n'd'hlnu ~'d l "ll'ell-J 

- Fl'Jl3-J~ ru b U~1"'11 n n'i:::'l.J'J'W nl'iIPl'i'J"'I~'fl'l.J~laJ b Vl3-Jl:::~ 3-J .. ... 
I-

~u~l~i'W~'el'hll 'hlnl~~~'d9~'elU 100 % 'lJ'el~~1'hl~::;~~I~'V11ll~::;e.J~ ~il ru"Vf~ll~9nJ 
'" 

I '" I I 

~i?1lU'hlA'dIl-J~ ru lU~l~ lni?191n nd::;U'd'hlnl~'V11~1'hl ~ 3i'hlIPl'el'hll 'hlnl ~~~'d9~'elu~1~ ml-Jl::;~l-J~~ '" ... 
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Item Process Time (s ) 

Appearance & Dimension 7.3 

iJlJ'':J9MlU~ m1ru::;bb~::;"lJ'Wl (?)"lJ'fl'l e.J~ iJlJl rusvl~l b~9 nJ 
'\J 

2 Final inspection 7.2 

iJlJ'':J9~'flU''lJ'Wl(?)bb~::; e.J~n1J'H'Il'W'Vn~1.YHh 

3 Final inspection 6.8 

iJlJ'':J9~'flU~ n'liru::;bb~::;"lJ'Wl (?) 

iJlln'l~ 5.3 n1J'Hb'Vl~il~n1J'~'1~'hbl1 JJ 5W 1 H b~m!f1~':J1JJ91bU'W"lJ'fl'l.fr'WiJI'fl'Wn1J'iJlJ'':J9~'flU 

~n'liru::;bb~::;"lJ'Wl(?)"lJ'fl'le.J~iJlJlrusvl~lb~9J'u1'Wm::;U':J'Wn1J'e.J~iJI (Appearance & Dimension) 
'\J 

Why? 

Where? 

When? 

5.I'lU Who? 

How? 

vll~lU'!l~ 

vll1l.Jvll~,rU 

~lLijU L~'!l~U!iUfJrwl1~ 

ri'!lu~AJ~r'l9MltJ 

tlm~nnl~~~'l"H'l'fltJ,"i.:l 

nl~,h::n'fltJ'l ,"ijnl~ 

~~'l"l'i'l'fltJb'il'Yn::ri'fltJn1~ 

~.:I~'fltJ'l,"~n~l 

"11'l1" LijU~Ul vll1l.J ~un~1'U~r'l9~'!lU ~un~lU~r'l9~'!lU 

~'!l~LijUI'lU,rU 

~ 
!l; 0 ...... 

~'!l~Y11L'lltJUU Dimension board 
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[;11J'1'1~ 5 .4 n1~H'LYlAtJAn1~~'1f·~hm~ 5W 1 H L~'el~1A'd1~91bU'W'lJ'el'li'W[;1'el1.m1~[;1~'d'"l~'el1J 

'lJ'W1(?lbb~~n1~Y1(?l~'el1Jn1~H''11'WYl1'11~.yh'lJ'el'le.J~[;1JlbW~ (Final Inspection: Electric) 

Uth1,-ll.J1£J What? 

Why? 

Where? 

When? 

5.flU Who? 

How? 

" . lil'il-lYl1 

..J!:. 
YlU'U 

YI(j)jq'tlUn1l"H'-l1UYI1-l 

1~yh1l'tl-lCJ~lilnru'l1 

LLft::n1l"YI(j)jq'tlUn1l"H'-l1U 

Yl1-l1~yh1l'tl"CJ~lilnru'l1 

"1M' LUU~U1 vi 1Ll.J tIi'tl " YiUn"1UIill"'l'ljq'tlU 

LU'Ufl'U,rU 

Micro test machine 

~1LUU L~'tl~utJu~rurl1Yi 
r1'tlu\'l-l'bJIill"'l'ljq'tlu1u 

m::U'lUn1l"Iill"'l'ljq'tlUr1'tlU 

n1l"\'l-ll.J'tlu\ln~1 

tlm~nn1"1il"'l"~'elU'VIi.:s 

n1 .. ,..I'i::n'elu1 ~i1m .. 

1il"'l"~'elUL'ilVn::ri'el'Um .. 

-a.:sl.J'elu1~~nFi1 

, '" 
[;11 J'1'1 Yl 5.5 n1~H'LYlAtJAn1J'rff'lr'i1m~ 5W 1 H L~'el~1A'd1~91bU'W'lJ'el'l-n'W[;1'el'Wn1J'[;1~'d'"l~'el1J 

'lJ'W1(?l~m~bW~'lJ'el'le.J~[;1JlbW~ (Final Inspection: Appearance) 

" . 1il'tl"YI1 

Why? 

" ... 
fl'll"Iil'tl"Yl1lU'tl 

Where? vi1"1'U'tl~ "Yil1,-lU" vi11l.Jvi1 m::U'l'Un1l"Iill"'lM1U 

..J!:. 
~n~ru::fl1£J'U'tln1l'tl" YI'U'U 

CJ~lilnru.'I1 

When? vi11l.J "Lij'tlll"" vi11l.JtIi'tl"vi1 1,-l~-lIill",)'lt'l'tlU~n~ru::1I'tl" 
>-

IiltlUUU CJ~lilnru.,r~1Lr'llU 

5.fl'U Who? "1m" d'JU~U1 vi 11l.JtIi'tl-l YiUn"1'U1ill"'l'lt'ltlU 

LU'UflU,r'U 

How? vi11l.J "'tl£I1"11"" vi 11l.J tIi'tl " H'nft'tl"1I1£J1£J 1 0 LV;' 

vi1L'llu,r'U 

~1LUU L~'tl~'UtJ'U~ru.fl1Yi 

r1'tl'U\'l"lUIill"'l'ljq'tlU 1u 

m::U'lUn1l"Iill"'l'ljq'tlUr1'tlU 

n1l"\'l"l.J'tlu\ln~1 

tlm~nm"Iil"'l"~'elU'VIi.:s 

n1 .. l..l .. ::n'elu1'V1iim .. 

1il .. 'l.,~'elUL'il~1::ri'el'Un1 .. 

-a.:sl.J'elu1~flnFi1 
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" " 
~'(1rh;1-.1Vl~~ 33 -n1,lfMl1,l 
'" 

1.1 

2 1.4 

3 1.8 

4 1.3 

5 0.8 

6 5.4 

7 1.2 

8 0.8 

9 1.3 

10 1.7 

11 1.2 

12 1.2 

13 5.95 

15 1.1 

19 0.9 

20 0.8 

21 3.4 

22 1.6 

23 0.7 

26 0.5 

31 0.6 

33 0.5 

36 0.6 

38 0.5 
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40 1.2 

42 0.5 

45 0.8 

46 0.5 

47 1.0 

48 3.8 

50 0.6 

53 0.5 

56 0.3 

, 

~'e)~ 1 LL~'W ~-:J LL~ (?1-:J ~1 L"v1 ~ LL~ ~~~ (Cause-and-effect-diagram) "v11'e) LL~'W~-:J nl-:JU~l 

(Fishbone diagram) :W1'll'JtJL 'Wn1m~ (?1-:J~1 L"v1~"lI'e)-:JU'1J"v11 l(?1tJ'e:l1 fltJ n1n~(?1:W~:W'e)-:JJl1tJL 'W 

~:W-:J1'W~~(?1~-:J~'W ~-:JLL~(?1-:J~~v1-:J),U~ 5.3 
<lJ 



tJwnlJija~lnIJ ltl 

dfJU 1~ lun11l'9fJlN1u lli 

lHlJ1::rrlJ 

m" lunm~lJnUU1Ulnu ltl 

lr1rirr~fJ~ Laser machine llif)~~ 

Machine 
ItJnrrl1fJilJ10nl1P111UrrfJlH11J 

Man 
1li~lI)!J 

/ 
"UM1U,rllflofllnm1P111f1rrfJlJ ~1f1nml1T~rn'Mlly~1'JfJ~riu . 

m1'1ffJlJ~1IJlJ1nn 'i1 J f)r~ 
n11'Jrr1f1unflnlJ 

nl1'1ffJlJ~1U~UfJnlHafJU1n~rimufi H 
1:'ilJ~fJ~ Heater ~1n'h~'hnIJfI 

Material 

"-
m1tlrlJi.J~fJ~ Heater 

RfJf)rrnz llillliu 

5 ' 5 • Short circuit 
t11lJ1WPl::rt1~1Ilum11;fJlJlJ1n 

lnu 1tl 

ImJ~fJ~ Shield ~flfJglJutrl0 

lfllVn 

Method 

jinl1,rN1U~O~ 1li';flIU)J 7u 

nl1'1ffJmlll 

. 
jinl1P11'JutrfJlJYunu 

PlnUrrfJlJiu~1Unn~U1ntlnfJn 

rrl0lfllvn 

. ttJ~ 5.3 LL~'U.er'lLL~,;t'lt'l1L"'(;JLL~~~~1J'el'111ry',nmnn,;thJVhi~,)'1~1 (Short circuit) -...J 
00 

nkam
Typewritten Text
78



" .ci .q cv .:::.I 

l-JntJ~:::L'tltJ~Wl-:J'W 

1.) ,y(;l'l~U 

79 

ml-J'l ru(;l:::~')~1-n 'Wn'l~L~'tll-Jl-J'l n Ln'WLtJ ~'l1 ~ Ln (;1 (;l:::~') L~'tll-J ~ (;1~:::~~'l-:J~'ltJ 

Lrl LU~ YfWn-:J'l'W'tl11OllOl :::l-J'tl-:J 'bJ L ~'W~1-'tl hJ'1.~~'l n'l ~'1i'tll-J-:J 1 'W 

Lfil1~"lI'tl-:J Shield ~~(;1'tlthJ'W~'lmf01LU~ Ynrn-:J'l'Wl-J'tl-:J'1.lJ L~'WLfil1~ Sheild ~~(;1'tlU 
~ ~ 

riu~'ltJ Lrl LU~ L 'Wm:::u,)'Wn'l~(;l~')IOl~'tlU n'l~1J~'tl n~1tJ'1. ~ 

2.) ';)fin'l~ 

';)fin'l~~u-:J '1.lJ-B' (;1 LIOl'WL 'Wn'l ~'1i'tll-J-:J1'W ~l-J'ltJ ~-:J L'tl n ~ 'l ~ L 'Wn'l~rh~'W(;1';)fi n'l~'1i'tll-J 
" 

-:J'l'W '1.lJ'1.~ n'l~'W(;1~'l'W,)'Wrl ~-:J L 'Wn 'l ~'1i'tll-J LL "1!l-J-:J 'l'W 

" I " 

';)fin'l~(;l~,)IOl~'tlU=B'W-:J1'W ~-:J LU'W~ ~l-J'llOl'l n n ~:::U,)'Wn'l ~(;l~,)IOl~'tlU=B'W-:J 1'W~~-:J n'l ~ 

" I 

(;l~,)IOl~'tlu=B'W-:J'l'W~~-:JIOl'ln1J~'tln~'lmrl LU~ ~'tl 'tl1J n~nH1L-n 'Wn'l~(;l~')IOl~'tlU • 
" " I 

=B'W-:J'l'W,j'W 'Vi,jn-:J'l'W'1.lJ~'ll-J1Hll-J'tl-:J L~'WLfil1~"lI'tl-:J Shield wire Yin"ll'W1 (;1 L~ nl-J'ln (;l'll-J"J1'tl-:J~:::~~'l-:J 

~1mrlLU~ 

3 .) rl'W 

" 
L'tl n ~ 1 ~'tlfiU'ltJ n 'l ~(;l ~') IOl ~ 'tlu=B'W-:J 1'W U-:J '1.lJ-B' (;1 LIOl 'W ~'tl '1.lJ'1.~ ~:::U n'l ~ • 

(;l~,)IOl~'tlu~n~ru:::"lI'tl-:Jm'l')i~~-:JIOl1nm~'1i'tll-JLL"1!l-J-:J'l'W 

m n~'tll-J-:J'l'W~'W'tln L~il'tllOl'l n~n1~'W(;1 '1. ~ 
I '" 

m~L~'tll-J-:J'l'Wl-J'lnn~'l 1 rl~-:J ~'tl nn'ln~'tll-J-:J'l'WL'Wm:::u')'Wm~~'ltJ 
" LrlLU~ L-if'lrium'l')il-J'lnn~'l 1 rl~-:J ~1 L"'\n(;1n~1')in (;1;1U~'lmrlLU~ Jl'ltJ1'W~1mrlLU~ L~tJ~'ltJ 

" m~1J~uj;]-:J"lI'tl-:J Heater 
I " 

~'tl rl~ nl'1.lJ mJ'W ~'tl L 'Wn'l~1J~u LL[;]-:J Lrl~'tl-:J "J1'l-:J L 'Vl rli1rl,j'W~'tl rl~ nl'1.lJ 
s.. I I I 

LL'Il'W ~1L~~:::~U"ll'tl-:J Heater ,j'W~1l-J'l~m~'tl'W~1~-:Jn~1Yin'l~'W(;1H 'Cl-:J~~L~Ln(;1 GND Bar L(;1'W 

n (;1;1U~'ltJ Lf01 LU~ 
I 

.ell ... 

4.) Lrl~'tl-:JIOln~ 

L1 'tl 'Wi. "lI1 'Wmn~'tll-J-:J1'W'1.lJ L ~l-J'l:::~l-J 

'tlru~Jl5j~-:J Ln'W'1.1J ~'tl 'tlru~Jl5j~1-n 'Wmn~'tll-J-:J1'W'tl11OlU-:J'1.lJ L ~l-J'l:::~l-J 
, ~ ~ q ~ 
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, <-

ltUn:;'I:UJ -ri'd'l"ll'il'lb'd~IY1rhvl'w",HoJ'Wn~I'Hfh.lhJ 

h~n~"lI'il'l Laser machine hjA'I~A'iln1:i'VilA'dl~~:;m"'"lI'il'lb~'Wll'WbFl~'il'l 

laser J'Wni:,wnu~~n~"lI'il'l Laser machine ~'1~I'Y'lU~I~'dl~'W,.{J'W~mhn n"'l:;Vil1~ll~'1"l1'il'l 

l~l'll'ilfJ'W'bJA'I~ 

"lI1 '" n1:i'1Jl:i''1fm~1 b~'1iJ'il'l now 
q 

5,2 bb 'lJ'lJ'6'l'el'lJ m ~ 

1 'Wnln:;"'~~~'il'l"ll'il'l'YlI'1Y1 ~ m9tJ1JfVillbuu~'ilU bll~ b ~'il~1 :i''J'''lVll~1 b VI (?]VI~ n"ll'il'l 
'\J q 

~'1UbldVll"l1'il'lnl:i' Short circuit "lI'il'l~lmAdJ~t'W 8-004 ~"'mmw'Yl1'Wn1:i'1~A:;ll'W'WA'il 0-10 

~"'tJ 

8- 004 

1 0 VI~ltJ~'1 nt:.J~~'iluruVlln1nn",l~Yh~",'J'I'"l:i' Short circuit "lI'il'l~lmAlu~i'W 8-004 
~ q 
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[?]ln~~ 5. 7 eJ~m:i'l1X~::;LL'Wh!1J'"l9tJ~neJ~nJ'::;'VlUr;l'e:I1J'1}'j,n mnnc;) 1~.yh~c;)'J~'"l:i' (Short circuit) 

"lI'fl~~lm~Lu~i'W 8-004 "lI'fl~Yl~~l'W (Jll~eJ'W'Jn "lI) 
q 

Short circuit 

8 8 7 8 7 7 8 53 

, , 

2 "" "" L ,)~1'1l'fl'l Lrlj''fl'l L'll'fl~'11'W'W1'W 7 8 9 8 8 6 6 52 

6 6 5 5 5 5 5 37 

5 '1l1(;)n1j'th~'1fm'nL:n'l 4 3 5 4 4 4 5 29 

U'fl'lrl'W 

6 6 6 7 5 5 6 6 41 

7 4 5 4 5 4 4 3 29 

8 L'fln~1j''flfiU1tm1j'(1lj',)'''l~'fl1J 3 4 3 3 3 4 3 23 

~'W'I1'WtT'IhJi(;)L"'l'W 

9 3 4 5 4 3 4 3 26 

7 8 7 8 8 8 9 55 

11 i)fin1j'~tT'IhJi(;)L"'l'Wl'Wn1j' 3 4 5 4 4 3 2 25 

'll'fl~'11'W 
;:: ~ 

(1lj',)"'l~'fl1J'll'W'I1'W~~'1"'l1n 12 6 4 5 3 5 5 5 33 

tl~'fln~1mrlLU~ 

'"lln eJ~ m:i'l1X~::;LL'W'WU'"l9tJYlneJ~ r;l'flU '1}vtl nl:i'1 ~.yh~c;)'J~'"l:i' (Short circuit)~l~lHl 

~~tJ~::;LL'W'WLLr;l~::;~lLvt~"lI'fl~U'1}vtlmnnc;)1~yh~c;)'J~'"l:i' (Short circuit) 1~~~LL~C;)'l1'WltJ~ 5.4 

LL~::;MtJ~l Lvt[?]LLtJn [?]1~LLvt~~~~11~~'lLL~ C;)'l1 'W:i'tJ~ 5.5 
q q OJ 

207 

70 

104 

58 



;! 
;! 
..oJ> 
..oJ> 

aa 
<s: 

~1bVl(Plen'f1~ifru'Vi1n1~ Short circuit 
q .... 

60 ~----------------------------------------~ 

50 

40 

30 

20 

10 

o 

250 

200 

150 

100 

50 

0 

10 1 

IAl!H~m 

2 6 4 3 12 5 7 9118 

All i ifm 
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120.00% 

100.00% 

80.00% ' 6 
;l 

60.00% 
ap 
, 0: .., 

40.00% ~ 

20.00% 

0.00% 

120.00% 

100.00% 

80.00% '06; 

;! 
UF 

60.00% ..oJ> 
'o(p 

(iii 

40.00% -;l 
..oJ> 

20.00% 

0.00% 

IOn nliJ~LL~ ~-l~1~1 L ~~'\,'H~' n"1J!l ":I1J '1j'\.n n 1 nn ~ hHh ~ ~'J-l'"l), (Short c ircu it) H1LLn 

Lrli!l-l~n),~-lLth..l'e1'W~1.mm A~LU'W 47 % ),!l-l't1-l~1~!l rl'W r)(;lbl~1J LL't1::: ~fin1), 
~ q 



n1~bn~lvJ.yh~~1.:J~~ 

(Short circuit) 

, .... 
lfl:i''El~ 

lrHn1'Wn1n~'ElJ.J ~1'W']J'El~ 52 

.d 
lfl:i''El~ 

:i'::;~'Ufl'J1J.J~~']J'El~ Heater tip 55 

lliJ.J1ru']J'El~(;1::;~'J~H1'Wn1:i' 41 

83 
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n9m'n-J~1~ri'fll~b1l~ lqJ~fDhL~mlU-:JfPl'd1l-J~'1!lliJ~1'fl'flndJ'W 7 iJJ':::n1J' ( 7 was te) ;-:J~1l-J1nl 
MiJl~(;)-:J(?11n-:J~ 5.9 

q 

, 
~1(;)UYl "llU~"lJ'fl-:J ~'J1l-J~ QHiJ~1 

3 

4 

5 

6 

7 

'IJ ~ 

I ~ .::::9: ~ 
i"lU'J1ln~ WIP (Work in process) l-J1nr;)-:J 656 "ll'W 

" 
l 'Yb rl'Wvi1 1 ~iJ-:J1'W 1 'W-n'W(?1'fl'Wri'fl'W~i!1l-J1 ~h-:J'fltJ 9'W 

~-:J ~~ 1 ~ In ~n1 J'J''fl ~'fltJ ll~:::iJJ':::~'VlfiJl1i"l"lJ'fl-:J 

~1tJn1J'~~(?1 = 92.88 % 

'IJ 

i"lU~1.n-'W(?1'fl'Wn1J'~-:J !1l'J~u~ ~~'W-:J1'W(J ig) n~uliJtJ-:J 

m':::u'J'WmJ'~~(?1~l-J~'W dJ'WJ':::tJ:::ln~ 1.5 ll-J(?1J' 

..:::,J cv.o::::l Q,oo'oC:I!oOCV ~I 9/ 

l-J mJ'9 ~ l(?1J'tJl-J'J(?1b) ~U~1~J'umJ'~~ (?1~'J-:J~'W1 2-3 
q 

" , cv .::S 11 ...:::,J..:;:!J QO cv cv CD tv ..:::. I ~ 

'J'W 9-:J (?1'fl-:Jl-Ji"l'W'Vl~1~J'U9 ~lnu'J (?1b) ~un'fl'Wn1J'~~ (?1 
q 

" " l~l-J1:::~l-J ~-:J~l-J~ 9 -n'W(?1'fl'W 

5.2 ln~~'J1l-J~bl.JliJ~191nnJ':::u'J'Wn1J'(?1J''J9~'flu~1~ 
, 

oS 

'IJ ~ 

ml-J1:::~l-J "1!-:Ji"lUmJ'(?1J''J9~'flU 1 00% 91nmJ' 

(?1J''J9M1UJ':::~~1-:J mJ'v'i1-:J1'Wll~ :::~~ (?1Jl ruSY]~1l~9 J'iJ 
'IJ 

(Short circuit) 

'Vl1-:J m~tJ ll~:::Yll-J-:Jl'W9 :::-W1-n'fll-J ~91 n n 1J'~ l~J'1:::tf~1~1 m (?191 n ~Jl1i"l"lJ'fl-:JU ru~1l ~'fl 
'U 'lI q QI 

-w11iJ llnbiJfuiJN 1 'Wll~~ :::"llU~'lJ'fl-:J ~'J1l-J ~ ru l iJ~1~ In ~~'W 1 'WU'Vl ~'flliJ 
q 'IJ ~ 



vilnlmm"llu'1!lnl'hl4 ~'J'hl~~n~!l 

d 
'U'Vl'Vl 6 

6.1.1 n1';1'el'elmb'lJ'lJn';l:;'lJ';I'Wnl'~H.J~!PI L!?ltl1.i~~n n1';1 ECRS b Yi'el'Gl !?l!O)';I1:1-l'6ll ru b 1hh .. '" 

tQnn 

0-

~ ru l1.J~1ll~:;~mt1 A'J1l-J~ ru l1.J~1iOl1 n nI~~ ~ 111 b(;)t.J'I'l1 nI nnuii!ll-J~ J11'hll'J~1"ll!l-j lll?l~:;i'hll1I!l'hl 
qJ 01 qJ QI qJ 

l'hlm:;u'J'hlnl~~~l11 1111l-Jll'hl'J'Vl1-j':)fi"ll!l-j Process Activity Mapping 
. 

..:::. r .&:::to 0 0.-' Q ..::::'II 

2.'JlAn:;~~!lU~:;t.J:;l'J~1n1~~~111 (Cycle Time) nI~-jnl~~~l1I (Capacity) ll~:;iOl(;)'Vl 
q 

l'J~1 

3 . ~ m~t11 'hllll?l~ :;.r'hl111!l'hl"ll!l-j m:;u'J 'hl nI ~~ ~ 111 ll~ :;'I'l1 nI nl iOl n II iOl-j-j 1 'hll 'hllll11~ :;.r'hl111!l'hl 

!l!l mU'hl~!lt.J1 l~!l'l'l1 nI~1.Jfu1.J~-j~!lU~:;t.J :;l'J~1 nI ~~~ 111 (Cycle Time) ll~:;~ (;)~ lU'hlA!l"ll'J (;) 

(Bottleneck) "ll!l-j m:;u'J'hlnl ~~~ 111 l ~!l1 ~-j1'hll 'hllll?l ~ :;.r'hl111!l'hl"ll!l m:;U'J'hln1 ~~~ l11lfl (;) A'J1l-J 

I 11 I II I 

9'(;) n1 ~~1 t.J n1 ~~ ~ l11l ~!l1 ~ 'I'l1 n 1 ~~ ~ l11ll~ :;~-j l-J !lU~'hl-jl'hl Vl ~:;~ 'hll ~ ~!l (;) A ~!l-j flU l'J ~ 1 Vl 

n1~'hl(;)1~ 
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"'l1 n m::::u'J'WnlJ'l:.J~ l1l~hJ bVnJ1::::~J-J bb~::::m::::U'J'Wnl J'11lJ"J"'l~!lU~1:!J mJ-Jl ::::~J-J A!l nl J'l1lJ"J"'l~!lU 

J-Jl n bn'WPI'Jl J-J~1 bU'W bb~:::: 1:!J1~ 11lJ''J'''l ~!lU m::::u'J'Wnl J'~ PI'J J''''l:::: 11l J''J'''l~!lU ~'l iJ bb 'W'J'Yll'l n 1 J' 

!l!l n bbUU m::::u'J'Wnl J'~ (?I PI'J1J-J~ ru bU'i'il"'ll n n J'::::U'J'Wnl J'~1:!J b ~J-Jl ::::~J-J ~'l~ 
'U ~ 

n~~u':l'U n1~1!J~ l1lvil~ L 'VI)J1~'GaJ 

~l-J"'l1 n n 1 J'~ m11 n J'::::U'J'Wnl J'I:.J ~ 11l b ~m11 PI'J1J-J b -ifl1 "'l nu n J'::::U'J'WnlJ'l:.J~ 11l "'l1 m1'W l-ir)fi 

nlJ'"lJ!l'l Process Activity Mapping b-iflJ-Jl~'Jtll'Wnlnnu-if!ll;d~'Yll'l~l'Wb'J~l bb~::::~m~ni'Wl1l!l'W 
~1:!J1~~ ~1'lJ-J~ Al b~J-Jl 'Wm::::u'J'WnlJ'l:.J~ 11l "'l1 mr'W~ mn mlJ-J~l bU'W"lJ!l'li'Wl1l!l'W l(?ltl nlJ'~'l ml-J 

'U 

nuH~~ n nlJ' ECRS b ~!lufUUJ"li'Wl1l!l'WnlJ'ufiU~'ll'W bb~::::~ (?I Vi 11 iX bU'WJ-Jll1lJ'~l'W (Standard 
q ~ ~ 

, " " 
Work);'lMU bU'W-n'Wl1l!l'W 1~ ~'l-W 

q 

1. ~m~n nJ'::::u'J'WnlJ'l:.J~ 11l b~!lVil PI'J1J-J b -ifl1 "'l nu m::::u'J'WnlJ'l:.J~ l1l~"'l::::Vil n1J'~ (?I PI'J1J-J 

~ ru bU'i'il bb~::::~nMl bnu-if!lJ-J~ 1 'Wbbl?i~::::i'Wl11!l'W"lJ!l'l m::::u'J'WnlJ'l:.J~ 11l b~!l"Jl-if!lJ-J~~1~u~ bPln::::tf 
<U Q.I cu cu 

"" """'" nJ'::::u'J'WnlJ'l:.J~l11 11l1J-Jbb'W'J'Yll'l'JfinlJ'"lJ!l'l Process Ac tivity Mapping 

2 . ~nMl m::::u'J'WnlJ'l:.J~ l1l~liJi'Wl1l!l'WnlJ'l:.J~ 11l1(?1Ul'l~hJ1~ b~J-JJ-J~ All iXnu~w1h l(?ltl 
'U 

'" 11 ", I 

H b'YlPli'lPlnlJ'~'l ~1 mJ-J 5W 1 H "'l1 mr'W~ bPln::::tf~l b ~11l"lJ!l'l-n'W11l!l'WVl1:!J1~ b ~J-JJ-J~ All iX nU~'Wfh 
q 'U 

(Standard Work) 

n~~u':l'U n1~1?1~'J~~'f}uvil~ L 'VI)J1~~)J 

n J'::::u'J'WnlJ'~1:!J L~J-Jl::::~J-J"'ll n n J'::::U'J'Wnl J'l1lJ''J'''l~!lU ~ Ln (?I"'ll n nlJ'l1l J''J'''l~!lU~ J-Jl n Ln'W 
, " , 

PI'J1J-J~1 LU'WLL~:::: 1:!J1~ 11lJ''J'''l ~!lU n J'::::U'J'WnlJ'Vl PI'JJ''''l:::: l1lJ''J'''l~!lU ..111 iX~'WLU~!l'l LLJ''l'll'WVll-n-l1lJ''J'''l 

~!lU ~'l"'l ::::~!l'lVil nl J'~ LPlJ'l::::tf PI'J1J-J~1 LU'W LL~::::ufu m::::u'J'Wnl J'l1lJ''J'''l~!lU 1 'WLLI?i~::::"'l (?I 1 iX~!l (?I 
q 

, " 
PI~!l'lnui1blJ~lVl Ln (?I;'W 

" ~ .c:::tt. cv 0 '" 

nlJ'l:.J~ 11l LL~::::'YlnU"'l (?I l1lJ''J'''l~!lU"lJ!l'l m::::u'J'Wnl J'I:.J ~ 11l "'l1 n'W'W'Yll nlJ'Ml'l LLI:.J'WnlJ'l11J''J'''l~!lU PI ru 
q q 

, " 
JllYl L~!l LL~ (?I'll iX L ~'W~'l nJ'::::u'J'WnlJ' LL~::::~fi nlJ'l1lJ''J'''l~!lU;1'l~J-J (?I LL~ ::::..11 nl J'~1J''J'''li1 blJ~l ~1'W 

PI ruJllYl~ Ln (?I~'Wl 'W!l'l ,",nm~::::Vil nlJ'ufu Lbl:.J'WnlJ'l11J''J'''l~!lU PI ruJllYll iX~!l (?I PI~!l'l nui1 ru~l~ 
q q ~ 

iI I "" '" 

Ln (?I;'W;'l ~ J'U LU'W-n'Wl1l'fl'W 1~ ~'l-W 
q 
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fl'WU C"mn ~'J~ ~~'"l (1) A')U ~~~hJ b~tJi'Ji1 ruVIl bb~~~ i'J n 1 ~[yW)'"l 'iM1U 
Q..' q q Q.I 

('U) off 'WIWeJ'U nl';l'Cl1Pl w;n~'61I ru b 'l.J~1'"l1 n n1';1b~~'eJ'U t 'VI'J.vit)./ b'VI3-J1:;'61I3-J .. '" 

h.lf'J'"l::;C~~'"lln nl~~mj'l m::;u'J'Wmn,J~l?l b~'El't1l ~'Jl~ b-if11'"l flUm::;U'J'Wm~~~ l?l '"llnJ'WH 

~fim~"1J'El~Process Activity Mapping b.jJ1Wl-rl'JtJ1'Wmnnu.jJ'Ell.;j~'Yll~~1'Wb'J~1 bb~::;~mt1m~ 

b~~'El'W1 V1'J~hhV1~l::;~~ ~~U1~'Elth~~1~1~Cl~~ bn l?l1~vl'WYl bb~rh ~'El~ mnbnU Cl.JV1l~iu.jf'El'W 

"1J'El~ mn~~'El'W1 V1'J"1J'El~il~ mtJ~~ (1)UlJ~~l'W'"l::;~'El~'t1l m ~~ mj'l bnu.jJ'Ell.;j~'"ll nJ'W't11 nl~ufu 

U~~l(1)tJHV1~nmn~~'El'W1V1'J'Elth~u~::;V1~(1) (Motion Economy) bb~::;V1~n ECRS b.jJ1~lUfuu~~ 

mn~~'El'W1V1'J ~~~mh'J~11"'-W'EltJ~~1u ~~MUb1J'Wi'Wl?l'El'W1~~~e 
q 

1. ~n'M1 m::;u'J'Wm~~~ l?l b~'El't1l ~'Jl~ b.jJl1'"l flU n~::;u'J'Wm~~~ l?l~'"l::;'t1lm~~ (1) ~'Jl~ 

~ru bU~l bb~::;~n'M1 bnu.jJ'El~~ 1 'Wbb~~::;i'Wl?l'El'W"1J'El~ m::;u'J'Wm~~~ l?l b~mJl.jJ'El~~~1~m b~n::;tf 
'U QI 'U 'U 

" " V1l-n'Wl?l'El'Wm~~~ l?lYli'J mn~~'El'W1 V1'J l(1)tJhJr.'h b1J'W 

" bb~~::;-n'Wl?l'El'W1'Wm::;u'J'Wm~~~l?l m~bb'W'J'Yll~~fim~"1J'El~ Process Activity Mapping 

2. V1~~'"l1n~'t1lm~~n'M1 bb~ ::;bnu.jJ'El~~ 1'Wbb~~::;i'Wl?l'El'W"1J'El~m::;u'J'Wm~~~l?l b~'EltJl.jJ'El 
'\J 

I " I I 

~~Yl1~~1~ b~n::;tfV1l-n'Wl?l'El'Wm~~~l?lYli'J mn~~'El'W1 V1'J l(1)tJ1~~1 b1J'W 
'IJ 

Process Activity Mapping ~'Jl~~ b].! bU~l mn~~'El'W1 V1'J l(1)tJ1~~1 bU'WU1~'Elth~~1~1~Cl~'"l::; 

~~ Ln l?l LL~::;bLnU Cl.JV1l1~vl'WYl1 'Wi'Wl?l'El'W~ LL~ tl1 ~'El~ m~~'"l ::;bLnU Cl.JV1l~iu.jf'El'W"1J'El~ m n~~'El'W 1 V1'J 

"1J'El~il~mtJ~~ (1)UlJ~~l'W'"l::;~'El~'t1l m~~n'Ml Lnu.jJ'Ell.;j~ b~'EltJ11uufuu~~ m~'t1l~l'W 
3. ~b~n::;tfmn~~'El'W1 V1'J l(1)tJ1~~1 bu'W~1~'"l1 n m~~~ bn l?lm~ 'Yi¥'El~ flU't1l m~ufuuN 

q 

mn~~'El'W1 '!il'J l(1)tJHV1~nmn~~'El'W1V1'J'Elth~u~::;V1~ (1) V11'El'El1'"liJ1V1~ n m~ ECRS ~1-rl'JtJ1 'Wm~ 
UfUUN 

q 

" 
4. '"ll m1'W't1l m~9 (?1't111'w)fim~ulJu'1i~1'W1 '" LU'W~l l?l~~1'W (Standard Work) l(?1tJm~ 

rl1V1'W(?11 ~ 'Wb'Eln~1~~1V1fu m ~UlJU'1i~l'W 
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m'::;u'J'Wmn.J~l9l ;'1'"l::;~'fl'l'Jl'1~,mlJ'm'::;U'J'WmJ'~~l9l b~'fl1 ,xV~''W'Yll'1mnA~'fl'Wt'htJ~ 11l~'1 ll1ltJ 

bb 'W'J'Yll'1 nlJ''fl'fln bbUUmJ'~ 111 A'J1J.J~ ru bU~I'"l1 n m J''lI'W~'1'"l::; ~J.J'"l1 n mJ'~ n'r1'1 m::;u'J'Wm J'~ ~ 19l '" ~ 
, " 

bYlm11A'J1J.Jb·ih1'"lnunJ'::;u'J'WmJ'~~19l '"llnir'W1~fimJ''lI'fl'l Process Activity Mapping l-ihJ.Jl 

-D'JtJ1 'Wmnnu-n'flJ.J~ ~1'WJ'::;tJ::;'Yll'1 mnA~'fl'WtJltJ '"l1 mr'W'l~n-n'flJ.J~~1~J.Jl~¥I'1lU'Wbl~'WJll~ mJ' 
'" '" 

lA~'fl'W~ (Flow Diagram) b~'fl1,xl~'Wtrm~ru::;mnA~'fl'W~1~-nl1ll'"l'W ll~::;.yhmJ'ufuu~'1l~'W'Yll'1 

m nA~'fl'WtJltJll1ltJ1-n~tr n A'J1J.J~J.J~'Wfi1 ,x~tl'JtJ'Il'W~ b~m-n'fl'l n'W'fltJ1n~ n'W ll1ltJ~m'"l~1 
'" 

, " " 
m J''Jl'1 ~'1 IN'Il'W~'JtJ~'1MU bu'Wi'Wl9l'fl'W 1~ ~'11l , 

1. ~m~l'1m::;u'J'WmJ'~~l9l l~'flYil A'J1J.J l-nl1'"l num::;u'J'WmJ'~~l9l~'"l::;.yh nlJ'~ I1lA'J1J.J 

~ ru lU~1 ll~::;~ m~l'1lnu-n'flJ.J~ 1 'Wll~~ ::;.rr'Wl9l'fl'W'lI'fl'l m::;u'J'WmJ'~~ 19l bb~::;b~'W'Yll'1 mnA~'fl'WtJltJ 
'" ~ '" 

Process Activity Mapping 
, , , 

~ ~... '"' 'i' '"' ... "" 2. P'1m~IJ'::;tJ::;'Yll'1 ll~::;l'~'W'Yll'1mnA~'fl'WmtJ bl1ltJ~n'lll~'WJll~mnA~'fl'W'Yl (Flow 

Diagram) 'lI'fl'lnJ'::;u'J'WmJ'~~l9l l~'flYil1,xl~'Wtrn'Mru::;nlnA~'fl'W~'lI'fl'lm::;u'J'WmJ'~~19l1~'flth'l 

-nl1ll'"l'W 

(Flow Process Chart) 

4. ufUUNmJ''Jl'1~'1 IN'Il'W l~'flufuUJ''1l~'W'Yll'1n1J'lA~'fl'WtJltJ ll1ltJH~trnA'J1J.J , , 
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n:i'::;u'J'Wmn.J~(;ll,.nmfi'WhJ L(;ltJHm:i'(;l:i''J9'M1UI~htJ~ltJ(;l1 (Visual control) lb'i'l::;VI~nm:i' 5 ~. 

L-n1~1-rl'JtJ1'Wm:i'9 (;1m:i' 

~ , 
("ll) i'W(;l!l'Wm:i'~ (;1 Fl'J1~~ C1j L'th~191 n-n!lU nvd!l'l 9 ::;;11 m:i'~ (;l Fl'J1~~ C1j LU'i,hVlLfi (;191 n 

U CUVl1 'Vl 1'1 ~1'WFlruJl1'Y"l"1l!l'l~'W~11 "1I!l'l L~m::;V!'h'l n:i'::;u'J'WmnJ~ (;l ~'W~h~ C1 Ml'l n~u -n!l 
~ q 'U 

UfUUN L(;1tJ!l19i1 m:i'~h'l~l (;l:i'~1'Wm:i';11'l1'W LL~::;m:i'(;l:i''J9~!lu1 mJ L~!l hn ~ Ln (;1U ruVl1~1 q... ~ 

, ~ ~ 

~'lMU Lu'Wi'W(;l!l'W 1~ ~'lt1 
q 

2. :i''JU:i''J~u '1!Vl1-n!lU n'Y"l i!l'l LL~::;~l'W'J'W-n!lU n'Y"li!l'l91 n 1U:i'1 tJ m:i'(;l:i''J9~!lU Vl1!l1u 

!lrJ1'l~'W~1~i1m:i'u'WYin-n!lun'Y"li!l'l~1'l1 1-1 

3. 9(;1~1~UFl'J1~~lrl'1!"1I!l'lU'1!Vl1 L(;1tJHLLt:.J'Wer'l'Y"llL:i'L(;l (Pareto) LL~::;L~!ln!l1m:i'Vl1!l 

Fl ru~ n~ru::;"1I!l'lU ruVl1~ ~!l'l m:i'9::;LLm "1I~l~ LFln::;,rVl1~1 LVI (;l"1l!l'lU CUVl1 L(;1tJ 1.if LLt:.J'Wer'l n1'lU~1 
q Q.t q QI 

4. U1~1 LV! (;l"1l!l'lU ruVl1~1V11 LL 'W'J'Vl1'l LLm"1l LL~::;;11 mmm"1lu ruVl1 (;l1~ LL'W'J'Vl1'l m:i' 
q ~ ~ 

~, , 
LLnu ruVl1 LL~ ::;;11 m:i'UfUUNVl1!l~ h'l~l (;l:i'~1'Wm:i';11'l1'W 1 VllJ~'W~l L ~!l:i'!l'l fu m:i';11'l1'WVll~ 

~ q ... 
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I I ~ ~ 

VSM) ;'1dJ'W n1:i':i'~iJn"'lnn~Yl~'f)'1'v11~'1~~~~'1I.I.~fiJr)(;]bl~iJl.-nI"'l'W~'1~'f)iJn'l'C1nAI n1:i'9~'v11 
q q" 

~ , 
~~nnl:i' ECRS (nI9~~'1 :i''dW-nI~'dtJfl'W 9~~I~iJ1mJ 1.1.'C1~'v11h\~ltJ) 1.~'f)1.HiJb1-tJiJ 

n:i'~iJ'd'Wnln,J~ (;]1,xih'f)iJl.'d'C11 n1n,J~(;] (Cycle Time) 'lI'f)'1I.I.~'C1~n:i'~iJ'd'Wn1:i'1n~I.AtJ'I n'W 'i:~tJ 

n1:i'nI9~i'W(;]'f)'W~hJ~ldj'W~'1~'1~1~"'lln(;]ln'l~ 6.3 1.1.'C1~ 6.4 :i''d~n:i'~iJ'd'Wn1:i'C,J~(;]I.-nI~'dtJn'W 
" 

'i:~m'd~n:i'~iJ'd'Wn1nh~n'f)iJ~ltJI.AbiJ'C1niJnn'd,rI.-nlniJn1nj:i'~n'f)iJ~'dI.~'f)~ (Connector) 1.-n1 

~'dtJn'W ~~'1"'lIt!'W9~~I~iJn1:i'C,J~ l'l1 mJ I.~'f) 1 ,x~ltJ1'Wn1:i''v11'11'W'lI'f)'1Yi,rn'lI'W 
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n1'ibb'6'l{;l~'6'l1tJfi1~bb'IA~Arul"h~~~n1~tJ-r'UtJ~~ (Value stream mapping) 

I CooM"" ~ ~ .. Cable harness 
. V ~ lday 

Laser process 

5 sec/pes 
Insulation strip & DND Bar & GND Bar 

Processing description RE-Soldering 
Pre-sold Conductor setting Soldering 

Cycle time (sec/pc) 6.4 6.6 6.2 6.3 

Task time (sec/pc) 6.75 

No. of Operator 2 

6.75 

6 

6.75 .- 6.75 

2 2 

No. of Machine 0 0 0 1 

Working (sec/day) 27000 27000 27000 27000 

Target (pcs/day) 4000 4000 4000 4000 

Activity type VA VA VA N(NVA) 

Continue J 64 6.6 0.4 6.2 6.3 

Shell Shell 
Processing description Tape Attach Shell Assembly 

Soldering RE-Soldering 

Cycle time (sec/pc) 6.2 6.5 6.2 6.1 

Task time (sec/pc) 6.75 6.75 6.75 6.75 

No. of Operator 2 2 2 1 

No. of Machine 0 0 1 0 

Working (sec/day) 27000 27000 27000 27000 

Target (pcs/day) 4000 4000 4000 4000 

Activity type VA VA VA N(NVA) 

62 

I Continue ~ 
6. 1 0.3 6.5 0.3 6.2 

v 

Processing Remove tape & Final Inspection : Final Inspection: 

description Cable cleaning Electri c Appearance 

Cycle time (sec/pc) 6.3 5.9 6.3 

Task time (sec/pc) 6.75 6.75 6.75 

No. of Operator 2 1 1 

No. of Machine 0 0 0 

Working (sec/day) 27000 27000 27000 

Target (pcs/day) 4000 4000 4000 

Activity type VA VA VA 

6.3 0.2 5.9 0.2 6.3 
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"lI'W'Wlb~n1'W 8-004 , 

Cycle time (sec/pc) 6.6 

Task time (sec/pc) 6.75 

No. of Operator 22 

No. of Machine 4 

Working (sec/day) 27000 

Output (pcs/day) 4000 

Value activity 9 

Non - value activity 2 

rl'fl'Wn1J'Uf1JUN ~ ~ ~ n1 J'U f1J U J'~ , , 

Cycle time (sec/pc) 7.3 6.6 

Task time (sec/pc) 7.3 6.75 

No. of Operator 33 22 

No. of Machine 6 4 

Working (sec/day) 27000 27000 

Output (pcs/day) 3698 4000 

Value activity 14 9 

Non - value activity 4 2 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

INSU STRIP & PRE-SOLD 

n1r~~mJ'l'W'tl'tln LLi\:;'!JUIiI :;n'l 

- .j. 
Ul'L'lru~'tl'W'1 

'1junmli 

Ll'i1'tl~4'm 

STRIP TOOL 

SOLDER POT 

GND BAR & CONDUCTOR JIG 

SETTING (A&B SIDE) 

n1nIil1mJLLc.I'Wnn'lifLLi\:;IiI:;~'l 

ur:;n'tluL;hnu~'1EMLUi\LL~:: 
v .. 

1iI'l L'lI'tlIJ 

GND BAR SOLDERING (A&B-

MICROSCOPE 

JIG 

SIDE) n'1n~'tlm:;",r.h~LLc.I'Wnn'lif MICROSCOPE 

6.4 

6.6 6 

6.2 2 

94 

ur:; LflYl'!J'il~ 

IhnmJ 

• GO 0 \! VA 

• GO 0 \! VA 

nU~'1UL~LU~~'1'WL'tlLL~:;iJ • GOD \! VA 

CONNECTOR RE- SODERING IRON TIP ,JIG 

MICROSCOPE 

6.3 

TAPE ATTACH n'1r~vlLYlUn'W MICROSCOPE 6.2 

SHELL ASSEMBLY 

n1rur::n'tluriI'l~r'tlU'!J'tl~riI'lL~'tlIJ 

1I1'tl 

SHELL SOLDERING 

n'1 n~'ilIJII1'il LLc.I'Wn n'lifL;h nuriI'l 

SHELL RE-SOLDERING 

REMOVE TAPE & CLEANING 

CABLEn'1r~'tlnLYlULL~:;y'hm'1lJ 

~:;'tl'1lil~'1EMLU~ 

FINAL INSPECTION 

: ELECTRIC 

FINAL INSPECTION 

: APPEARANCE 

VA + NVA + N(NVA) : :'llJ"hU'lu 

% VA : "lil~'lU'\J'il~'!TuliI'ilU~Ln(1l 

~rul'h = (VA + NVA + N(NVA) I 

VA)x100% 

MICROSCOPE 6.5 

JIG 

SOLDERING 

MACHINE 

JIG 

MICROSCOPE 

6.2 

6.1 

MICROSCOPE 6.3 

MICROTEST 5.9 

MICROSCOPE 6.3 

11 69 

9 

81.81% 

2 

.GOO\! N(NVA) 

2 

• GO 0 \! VA 

2 

• GO 0 \! VA 

2 

• GO 0 \! VA 

• GO 0 \! N(NVA) 

2 

• GO 0 \! 
VA 

22 
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iu m::u'lun11t.Jiif;l tjunnw 1::£J:: L'l1l1 ~1 ~~!i'n~nr u 1:: LIl'll 1'l'l1lJ~~ 

f;ltlU Ll'lffi~4'n1 '111~ 0U1 U'lU '!Jtl~ Luli1 

Vi) I'lU n"ln11lJ 

1 'l1~:nU~1UiNUU Strip INSU STRIP 3.2 1/3 q VA Motion 

insulation tool TOOL • D 0 \J 
2 ~~ Strip tool 1.7 1/3 • q D 0 \J 

VA Process 

3 'lJ:nU~1UII~UU~~tlf;l::n'l SOLDER POT 1.5 1/3 • c) D n \! VA Process 

4 rifVlLL£Jm'l1mI'lLUlltltln"l1nnU CUTTING 3.6 1/2 VA Process . , • q D 0 \J 4 :nUvitl~U~LLt.J~ TOOL 

5 'l1~:nu~1ULun1VlL~~1U 0.9 1/2 0 .. D [ ) \l NVA Process 

6 ~UU:nu~1U"l1nmr;,L~~1U 0.8 1/3 • d D n \l NVA Process 

7 ~UUrif'lL=iitllJ (Connector) L~ JIG 1.1 2/8 

\J 
VA Process 

LUrif'l4'U~Vl~U~1U (4 ~U) • q D 0 
8 'l1~f;I::~'lIl~UUrif'lL~tllJ JIG 0.9 2/8 • q D 0 \J 

VA Process . 
(Connector) (4 :nUl MICROSCOPE 

9 ~uuLLeJum1'lMUIi1~'l1~1I~ JIG 1.1 2/8 VA Process 

UUrif'lL=iitllJ (A) MICROSCOPE • q D 0 \J 
10 ~uuf;l::n'l:nuIi1~'lJ~!i'n'Jf JIG 1.4 2/8 VA Process 

LLfI::'l1~iNUUrif'lL;tllJ (A) MICROSCOPE • q D 0 \J 
11 'l1~~1mI'lLUflfI~uurif'l4'u~Vl JIG 1.8 2/8 VA Process . • q D 0 \J :nU~1ULLfI::4'r;,L1£J~~1mI'lLUfi MICROSCOPE 

(A) 

12 ~uuf;l::n'l:nUUU'lJ~!i'n'Jf JIG 1.3 2/8 VA Process 

LLfI::'l1~fI~UU~1mI'lLUfi (A) MICROSCOPE • q D 0 \J 
13 ~UULLeJun11'lMUUU'l1~fI~ JIG 0.8 2/8 q VA Process 

uurif'l L;tllJ (A) MICROSCOPE • D 0 \J 
14 ~uuLLeJun11'lMUIi1~'l1~fI~ JIG 0.8 2/5 VA Process 

uurif'l L;tllJ (B) MICROSCOPE • q D 0 \J 
15 ~uuf;l::n'l:nuIi1~'lJ~!i'n'Jf JIG 1.3 2/5 VA Process 

LLfI::'l1~fI~UUrif'lL;tllJ (B) MICROSCOPE • q D 0 \J 
16 'l1~~1mI'lLUflfI~uu~mLfI:: JIG 1.7 2/5 VA Process 

4'VlL1£J~~1mI'lLUfi (B) MICROSCOPE • q D 0 \J 
17 ~uuf;l::n'l:nuuU'lJ~!i'n'Jf JIG 1.2 2/5 VA Process 

LLfI::'l1~fI~UU~1mI'lLUfi (B) MICROSCOPE • q D 0 \J 
18 ~UULLeJUn11'lMUUU'l1~fI~ JIG 1.2 2/5 VA Process 

UUrif'lL;tllJ (B) MICROSCOPE • q D 0 \J 
19 Ll'litJ~L;tllJ:nU~1U (A&B) JIG, 5.7 1/2 VA Process 

SOLDERING • q D 0 \J 
MACHINE 



20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

,,~c;T'l4'uu~:n'U~1'UltJ 

m::U'l'Un11ti~ ttJ 

(Connector) 

,,~c;T'l4'UU~:n'U~1'U ttJ 

n1::U'l'Un1~ti~ ttJ 

,,~c;T'l4'UU~:n'U~1'UttJ 

m::U'l'Un11ti~ ttJ 

Lf'I-;1NL~tl).J:n'U~1'U (2:n'U 

llitl~n) 

,,~c;T'l4'UU~:n'U~1'UttJ 

m::U'l'Un1~ti~ ttJ 

'litl).JLL'II).Jn11L~tl).J~1'U"l1n .. 
Lf'lffi~ 

,,~:n'U~1'UttJm::U'l'Un11 

ti~ttJ 

,,~:n'U~1'UttJn1::U'l'Un11 

ti~ttJ 

tltJnmli 
.. v 

Lf'l1tl~"ln1 

MICROSCOPE 

IRON TIP 

MICROSCOPE 

MICROSCOPE 

MICROSCOPE 

JIG . 

SOLDERING 

MACHINE 

MICROSCOPE 

MICROSCOPE 

DIA BORAD 

MICROTEST 

MICROSCOPE 

VA + NVA + N(NVA) : 1'l).J 40 

% VA : ~~"'l'U'IItl~i'UlIltl'U~ 67.5% 

Lnllll'lCUl'h = (VA + NVA + 

N(NVA) 1 VA)x100% 

YI'N 
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L'lft1 

'IItl~ 

Vi) 

0.5 1/2 o • 0 0 \} NVA Motion 

2.4 2/3 NVA Process 

eGOO\} 
3.3 2/3 eGo O\} 

NVA Process 

0.6 2/3 0.0 ) \} NVA Motion 

4.7 2 eGo O\} 
VA Process 

0.5 2 0.0 O\} NVA Motion 

5.3 2 e cj 0 n \I VA Process 

1.2 2 NVA Motion 

4.7 2 VA Process 

eGOO\} 

0.5 2 o • 0 0 \} NVA Motion 

2.2 1/4 NVA Process 

eGOO\} 
2.6 1/4 eGo O\} 

NVA Process 

0.8 1/4 eGo O\} NVA Motion 

0.5 1/4 

-O.OO\} 
NVA Motion 

3.8 2/3 ed OI)S] N(NVA) Motion 

1.9 2/3 e cj 0 ) \I VA Process 

0.6 2/3 VA Motion 

1.3 1/3 o cj • n \I VA Process 

3.8 1/3 o d • n \I VA Process 

0.8 1/3 e ~ 0 n \I VA Process 

6.3 o d • n \l VA Process 

69 22 
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~1'W'J'Wrl'W 1/2 \untl ~'l Vn!n'l1'W 1 rl'WUl]~'l1'W 2 i'WIWEl'W 

~1'W'J'Wrl'W 2/3 \nJ1t1~'l VnJn'l1'W 2 rl'WUl] U'11'l1'W 3 i'WIWe1'W~l~ihl'Wn'W 

~1~1J'b1UJ'~liJ'W~~ nlJ'9 (?1~~ (?1~'1I'fl'l nJ~U'J'WnlJ'~ ~ [?l l(?1t1Vh nlJ'r) (?1UJ'~~'YlfiJl1Yl'1l'fl'l , 

" ~~J''J~'1I'fl'll'J~1'l1'Wr1'l~~(?1 X 100 

69 x 100 

6.6 x 11 



6.2.2 m'3't1i'utl'{-3 m'l11-3cJ-3 n'3'~U11J m'3'~i 91 L yJ'e:I'a @I Pl11 ~,!ty L t1~h~1n n1'M11J~-3 
, ~ ~ 

'"l1nVl~1"11'fl,njry"'1r1'l1a.J~ryLu~h'"l1nm1"111J~~11Jm'~lJ'l'Wm1~fi~ ih~tI~Vl1'l11,:I\.-la.J~ 1.5 LjJ~1 '"l1nm1~~tJl'l4'lJ~~~'W~1'W (Jig) LL~L~'W'V11~m1"11'W~~'"l:: 
~ " 

1~;lJ;'fl'Wu.tJl":h 1 tX Ln ~ m1L~tI L 'l~11 'Wn 1::lJ'l'Wm1~fi ~ '"l1n m1'fl'rln LLlJlJm'~lJ'l'Wm 1~ fi 911 "'~ ~,nr'Wm1uflJuu ~'l L~'W'Y11'1 LL~ ~uflJ Lu~tI'Wi)fim nr1~'tl'Wih tI"lI'tl'l 

m'~lJ'l'Wn11L~'tl~~R'l1a.J~t'kJLu~hl'Wm1"1l'W~~ t~tI'l1~er'ln11~fi~LtI'WlUtJl'l1.j (U-Shape) ~n~mil'l1'WLLm (Raw Material) LL~::~mil'l1'W~~111t1 (Finish 

I ... -.. II .... "-. -'1 '" I J' ..J", II 1 ... ".. '1 I I.J ~ 
Product) 'fl1.jl'WLLCl'l L~tI'lnu"J!'l'"l~"ll'ltllw~'l'Wn~1'Wa.J'fl~ L\.-l'W~~ ~~un~ L~~1t1"l1'W LL~~'l1'WVl L "'~ L"lI1a.J1 'W1~lJlJ LL~~'l1'WVl'fl'fln'"l1m::lJlJ~'tl'la.Jm1 L"'~'fltl1'lI11'fl L'W'fl~ 'll'l 

LL~~'l~'l1U 6.3 .. 

CONNECTOR ATTACH SHEll SHELL SHEll SHELL SHELL RE- CLEANING & CLEANING & 
ATTACH TAPE APPEARANCE 

RE-SOLDERING TAPE ASSEM81_Y ASSEMBLY SOLDERING SOLDERING SOLDERING REMOVE TAPE REMOVE TAPE 

GN08AR& GNDAR& GNOBAR& GND 8AR& GND BAR & INSULATION 
CONNECTOR CONDUCTOR CONDUCTOR CLEANING & ELETRIC 

CONDUCTOR CONDUCTOR CONDUCTOR CONDUCTOR CONDUCTOR STRIP & PRE- APPEARANCE 
RE·SOLDERING SOLDERING SOLDERING REMOVE TAPE INSPECTION 

SETTING SETTING SETTING SETTING SETTING SOLD 

~ 

lU~ 6.3 u.~~ 'm~'Wer~m'~lJ'l'Wn11~fi~1'Wm1~'lLil')r.rlJu~=B'W'l1'W (Jig & Fixture) 

1.0 
00 

nkam
Typewritten Text
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N,J1.6 LU1'1. r.,n.:::w 
'" 

@~ ~ M.~lA,~~~~\~~~J:lL~1'1.~1:::6f1.f1.~ r.,L~U t'~1'1.@~lel1 ~ L~lel riLr.,lel L~ L@1 L!t:::~j\:::L6lel1 ~6LU1'1.U 1 L~ 

6 LU ~~t'@~~ lA,6LU U L~1'1.@~lel1 ~ L~lel riL r.,lel L~1'1.~1:::6f1.::: ~111'1.~ 1 t'@ri L16 LriL~» \ @~ l' ~ 

@~m~L~~t'L~@ G Jlt'~:::6f1.~b@~1 t';flelU~L~t'@~~lA,6LU1'1.U1L~6LU t'~~Lrikl. L~L~6LU I I f'Ii f'Ii f'Ii 

(UO!l8::l!ld8~) L1l-r;-@,~~ lA,,gLU 
,. 

(l!n:::U!::llJOljS) 6~t'r.,~~L~~~~~16LULkl.mJ:l~m6LUt'~~11t'~1'1.r'm 9'9 ~t'L6LW , 
.' :~" ," 

1'1.Lt'ri@!T.16LU 1'1.Lt'ri@!T.1 ',. , '0' 

F' F' " 
.~ ..... 

1'1.~\~r.,~:::Wt'@~ruLrilfl.Lkl. 6LU1'1. ~\~r.,~:::w t'@~ru Lrilfl. 
.,~ 

'. ~ 

d!l 

.. J8l88H t'B(1,NmLr.,~n.~::6Lkl. ,.. dll J8l88H t'B(1,t'~riLr.,~n.~:::6 . ,.. 
InpJ!O lJOliS 

t'B6lel1 t'@6lel1 
F' F' 

t'@~1'1.Lt'ri@~16LU1'1. \ L~r.,1 Lkl. t'@~1'1.Lt'ri@~ 16LU1'1. \ L~r.,1 
. t'B6~'t'B(1, t'B6~' 

"" "" , , 
.. • 1'1. Lt'riB!T. '6LU t'B(1,riVkl.ru BLkl. t'B~1'1.Lt'ri@!T.'6 LU t'@(1,riLfkl.ru@ 

F' ... F' ... 
J1.W,gLU!!~ Lk1.fuJ:r;-@,J1.~ k1., L~ Lk1.fuJ: 

9'9 ~t'L6LWt'~~~~~~J:l 

17 t'~~~~J:lt'@~~~ L-RU ~ @~ 1 ~ 11 L~L~r., 1:::~:::61'1. \~LLf~~ L~L16LriL~~~ ~~~@J:t'@~~lA,6LUt'@~t';flel 
tti' I I " 

1'1.r.,1'1.L~~ W \ L~U1'1.f!. 1 t'@~~ lA,6LU n.m1U@@6LU U L~t'@U 1 n.~:::6 G ~r.,~n.@U:::6f1.~~~J:l:::~~1m~~J:l 17 
~ , 

~~~J:l~t'~ (u6lsap 18UOPe.::ll) ~G n.mm~t1@lA,U~11t'~1t'@~~lA,6Lun.m1U@@6LU @~ U~~~1'1.Lt' 
, ~ 

1'1. \ri~::: L rikl. 1 ~f@W1 ~ L6 L M.L~ Lkl.@ ~ 1~ t L ri L!t::: ~~t'@~~ lA,6 L U n.m1 U@@6Lun.m1f1.1 

r;-@,~~ lA,,gLU n.m, U @,@,f,LU ~~1 ~ ~1':If,LU ntn.:::f,U n '\.,r;-@,~M.U n.@,~~ ~f,LU v'G'9 

~r.,~n.~1~~~1'1.~t'@~~@~n.~tln.~~:::mr,J.1riLr.,lel6LU~~6LU1'1.\~r.,f!.Lri'~96LUU~kl.L!t6LU~ 
, " 

:::~11 (IOJjU08 lenSII\) LW~L~~r.,~ri~n.r.,lel6LU~VLU~~1 n.~~W~ruLrilfl.6LU~~6LU~»\~~ ~L~ 

-U n.16 LU ~1'1.kl.LU n.6lel @ri1 n.@~ ~r.,6W::: ~11 L-RU6n.Ul gr.,:::~ll 't:o 0 F /V !) f=''==' n.~ ~ W ~~L~-U G16LU1'1.1.H~L~r.,1:::~:::6 
~ "' t'r.,f!.~1'1.kl.L~6LU ~~1 L~t'~ 1'1.r,p L~rt~~t'~l!J t'lel L~n~u L~L~f1.1 ru ~riLr.,lel ~ ~@~ 1 , , 

t'~lelt'lelLlel1'1.~ 
'" '" '" 

ri~ n.r.,leln.n.:::6t'lf1.n.;ff1.6LU1'1.!bt'~ n.~1 ~ ~6LU ~1'1.~~L~» \ L~ W ~~6LU1'1.r.,n.:::w t'L~kl.:::6H~ n.~ ~w ~ 
f'Ii I fli I 

n.~1 ~ ~6LU ~ru 11'w ~~ t'@~1'1.lJl L~rt~~t'~lel t'lel L~1'1.~U L~L~f1.1 m ~riLr.,lel Lkl.m J:lt'@~Lri~UL~ , , 

~ <; ,gLUU~k1.~~l1'1.~'L~f1!t~r;-~~r;-~L~n~uLbL~fb,fu~N!Lt~~~f,LU £'G'9 

66 



100 

2. ~~'f)nl~(?1~~fl'Jl~fl~I(?Hfl~'f)'W (Average Out) ~Ylfi'Y'1~~1JJ~I~lnl fl'JiJ~~1~~n 17l'f) 

th~tJ ~mtJiJ ~~ ~-rl'Wnl),VlI AI ~'U~m!'W~'f)~ dJ'W1~1 'Wnrnh~~~'WAI~Ylfi'Y'1~"lJ'f)~u'"l~tJ~ n'f)~I~ 

Power and Sample Size 

2-Level Factorial Design 

Alpha = 0.05 Assumed standard deviation = 0.1 

Factors: 4 Base Design: 4, 8 

Blocks: none 

Including a term for <.:enter points in model. 

Center Total Target 

Points Effect Reps Runs Power Actual Power 

4 0.2 2 20 0.95 0.952728 

U5iJ~ ~~'f) 1.x~1~1 )'(191 ~~ 'Wn fl'Jl~ ~~!?ln 17l1~"lJ'f)~ AI ~'U~tJ1~ ~~~ ::;nl~~"lJ'f)~ nr)'Yl (?1~'f)iJ (Power of 

Test) ~'VlrrliJ 0.95 (~=0 . 05) ~~~::;nnrn~~~(?1~'Wcl'n~l~ (Center point) ~ojfl1u 3 ~(?1 ~ti'f)~'"lln 

!?l1~Yl~~Dnrn~~~(?1~'Wcl'n~l~ fl'J)'nnrn~~ 3-5 ~(?1 ~~'f)~u'Wnr),U),~VltJ(?191'W'J'Wflf~"lJ'f)~nr)' 
Yl (?1~'f)~ ~~'f)!?l),'J'"l~'f)iJ~~~ ~~I'W~~tJ'J rliJ fl'Jl~ ~U'W~~~~'W (Linearity) "lJ'f)~ ]:.J~~'"l::;~n (?1'"llnU'"l~tJ , ... 
17i1~1 ~~'"llnnr)'ril'W'Jrunr)'Yir~11'W'Lun~m~ Minitab '"l::;~~'W1~~lnl),Yl(?1~'f)~~ '"l::;'Vllnr)' 

Yl (?1~'f)~~11 'W~~I7l~::; Treatment Combination l'VlrrliJ 2 flf~~~ ~u'Wnr),u),::;VltJ (?1t)!?l(1 ~iJ~~~rJf'WYl'W , , 

n1~~3J (Randomization) • 
nr),~1 ~u'Wnr)'1(?11 rliJU'"l~tJ'"l::;rJf'f)~n fl'JI~~M~ ~~'f) l.xojf'f)lqj~ ~~I7l~~r;l'J ~U'W~M::;I7i'f)rl'W 

'W'f) n'"ll m!'W"'l ::;rJf'f)~ rilti~ ii~ VI~ n nr m)'~"'lltJ r;l'J'f)~I~~~ (?1~ ~1V1 ¥iJU'"l~tJ~'W~1JJ ~1~ 1)'(1 fl'J iJ fl~ , , 

1~ ~~nr),Yl(?1~'f)~~'"l~~~'L(?1tJl-iibun~m~ Minitab ~~'"l~nlV1'W(?1~u'W~~!?l1-nnr)''f)'f)m~iJiJ (Design 

Matrix) 

6.6 
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, 

bb~'Wbb~~~l (~\Jnl:i''Vl r;)~!l'l~¥1'1 br;)tJm ~tJhhbbnnJ Minitab ~'19~Viln1:i'~¥1'1 bl-J l?11ni 

~lV1f'Um:i' !l!lmb'U'Ub~'1bbyjn'Vl:i'!l~tJ~ br;)tJ~1~'Un1:i''Vlr;)~!l'l'1.J)91n Run Order ~hhbbml-J~h'l 
,xcSQ!:. IV d 
'lJ'W"lI'Il-J'Vl'lVll-Jr;) 32 m:i''Vlr;)~!l'l r;)'1bb~r;)'11'Wl?11n'l'Vl 6.7 

(;11:i'1'1~ 6.6 i199mb~~:i'~~'U'lJ!l'li199tJ1 'Wm:i'!l!l n bb'U'U m:i''Vl r;)~!l'l b~'1 bb yj n'Vl!l ~tJ~ bb'U'U i 

A 

B 

:i'~~'U rl'Jll-J~'1'lJ!l'l Heater tip 
" 

c 

D 

, 
o 

l?11 

270 

8 

10 

0.05 

290 

10 

11 

0.1 

Sec 

mm 

mm 
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IW1~1-.l~ 6.7 LLe.J'WLL~:::~1~Un1~V1~~'El-.l~~h-.l"'l1nhhLLnn.j Minitab 

Std Order Run Temp Time Heater tip high Solder volume 

Order 

30 290 8 11 0.1 

5 2 270 8 11 0.05 

18 3 290 8 10 0.05 

16 4 290 10 11 0.1 

9 5 270 t 8 10 0.1 

15 6 270 10 11 0.1 

27 7 270 10 10 0.1 

3 8 270 10 10 0.05 

8 9 290 10 11 0.05 

22 10 290 8 11 0.05 

19 11 270 10 10 0.05 

12 12 290 10 10 0.1 

24 13 290 10 11 0.05 

13 14 270 8 11 0.1 

23 15 270 10 11 0.05 

17 16 270 8 10 0.05 

14 17 290 8 11 0.1 

7 18 270 10 11 0.05 

26 19 290 8 10 0.1 

20 270 8 10 0.05 

21 21 270 8 11 0.05 

11 22 270 10 10 0.1 

23 290 10 10 0.1 

29 24 270 8 11 0. 1 

25 270 10 11 0.1 

10 26 290 8 10 0.1 

32 27 290 10 11 0.1 

2 28 290 8 10 0.05 

4 29 290 10 10 0.05 

20 30 290 10 10 0.05 

6 31 290 8 11 

25 32 270 8 10 0.1 
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tJ~ m~'V1 ~~'fl-!l 

~~~'"l1 n n1 J'yi! n1 J''Vl ~~'fl~ (;Il:W LLI:.J'W(;I1 J'1~~ '"l'WflJ'u1~ I:.J ~ n1 J''Vl ~~'fl~ L~~ LL~ n'Vl'fl L1-tJ~ 

LLUU t c;l~(;I1J'1~~ 6.8 

(;I1J'1~~ 6.8 ~1'W'J'W.jf'flU nYd'fl~lh:::LJl'Vl mnn ~ 1 ~Yh~ ~(N'"l J' (Short circuit) "lJ'fl~'i;'llmflLU~ 

"lJ'Wl~L~n1'W 8-004 ~1~'"llnmJ''Vl~~'fl~ • 
SId Order RunOrder Temp Time Heater tip high Solder volume Defect 

30 290 8 11 0.1 5 

5 2 270 8 11 0.05 3 

18 3 290 8 10 0.05 8 

16 4 290 10 11 0.1 5 

9 5 270 8 10 0.1 5 

15 6 270 10 11 0.1 

27 7 270 10 10 0.1 5 

3 8 270 10 10 0.05 6 

8 9 290 10 11 0.05 5 

22 10 290 8 11 0.05 4 

19 11 270 10 10 0.05 6 

12 12 290 10 10 0.1 7 

24 13 290 10 11 0.05 6 

13 14 270 8 11 0.1 

23 15 270 10 11 0.05 3 

17 16 270 8 10 0.05 6 

14 17 290 8 11 0.1 4 

7 18 270 10 11 0.05 3 

26 19 290 8 10 0.1 4 

20 270 8 10 0.05 5 

21 21 270 8 11 0.05 3 

11 22 270 10 10 0.1 4 

28 23 290 10 10 0.1 7 

29 24 270 8 11 0.1 0 

31 25 270 10 11 0.1 3 

10 26 290 8 10 0.1 6 

32 27 290 10 11 0.1 6 

2 28 290 8 10 0.05 8 

4 29 290 10 10 0.05 9 

20 30 290 10 10 0.05 8 

6 31 290 8 11 0.05 4 

25 32 270 8 10 0.1 4 
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lWn1 ~tltl nLLUU n1 ~Yl ~~tl'l~'W~1 LU'W~tl'ltl~[l1 tJ1~ L~tl'W1"ll~ ~1 f01 L1! ~tl N I D(O, (J2) ~'l 
'\nJ1tJ~'ldtl'W1"ll 3 u~:-;n1~ ~tl .jftl~~LU'WLLUU~~LL~:-;iJn1dn~:-;r.nmLuuun~ .jftl~~iJ~'dI~LU'W 

"q " 

Ill " " 

Yl~~tl'l b~tJn1~(;l~'dr.H;~tlUL~tl'W1"ll'r1'l 3 u~:-;n1~ iJi'W(;ltl'W~'li1 

1. .jftl~~ LU'W~'d LLU~~~ LL uuu n ~ 
" q 

2. 

3. 

n1~Yl ~~tl'l 

n1~'Vl (;l~'fltl~3J3J ~~l'W"lJ'fl..:JiPl'Jl3J b tJ'Wu n ~ . .... 
n1~Yl ~~tlU~~~ ~~I'W"lltl'l ~'dI~ Lu'Wun ~ (Normality Assumption) ~1~lnl (;l~'d9~tlU 

1~ ~'d tJ n1 ~ (;l ~'d9 ~tlU n1 ~m:-;91tJ"lltl'l rh~ 'd (;l n ~1'l"lltl'l ~'d LLU~(;ltlU~'Wtl'l (~~~ 'd'W"lltl'l L~ tJ ~ 
" I I I , 

Ln~~'W) ~'l Normal plot Y11~91muY1 6.5 9:-;YiU~lnnYW~m~ru:-;Y1Atl'W.jfI'lLU'WL~'W(;l~'l~'l 
" 

Normal Probability Plot of the Residuals 
(response is Defect) 

~TT----r---'I----.----r---'----'----'--~'---'----'--~"I 
I I I I I 

I I I 1 I I I I I I I I 

95 ~- ---~ - - -- -:- - - - -~- - - -~ - --- -:- - - - - ~ - -- ~ - - - - -:- -- -- ~- - - - ;- -- - - :-. 

~ ~ ---- ~ ----~-----~----~----~--- -~ ~ ---~---- ~ -- - ~ ----~-----~ 
I I I I I I I I I I I 
I I I I I I I I I I I 

80 t- - - - - -t - - - - -1- - - - -I- - - - -"i - - - - -1- - - - - ~ - - - - .., - - - . - - - - t- - - - - -1 - - - - -I- -
I I I I I I I I I I I 

~ 70 ~--- - ~ -- - --:--- - -~ -- - -~ --- - ~- - - - _ L - - - - I I - - - - ~ - - - - -: --- - -~-

~ ~ ~ ---- t -----:----- ~ ----1-----:----- - -~----~-----~----~-----~ 
u 50 I- ---- -t --- --1---- - t- --- --t---- -1-- - - - -- ---t-- ---1--- --j-----; --- --r-

i ~ ~- --- +----~-----~- ---+----~-- -- ----~----~-----~----~-----~­
~ ~----~----~-- --- ~ ---- - - -- ,- ---- --- -~----~- ---- ~ ----~-----~-

I I I I I I I I I I I 
~ -~----+----~-----~---- --~-----~----~----~-----~----;-----~ 

I I I I I I I I I I I 
I I I I I I I I I I I 

10 ~----+----~-----~- -- ----~-----~---- ~- --- -I-----~- - --~- ----~ 
I I I I I I I I I I 

5 t - - - - f - --- ~.,.. - - -t- - -- f ---- -:- - ---r ----i- --- -:- - - -- }- - - - -,- - - - -:- -
I I I I I I 
I I I I I 
I I I I 

1~----~~~--~----r---~---+----L----r--~----+---~ 

-1.5 -1.0 -0.5 0.0 
Residual 

0.5 1.0 

~u~ 6.5 Normal probability plot of the Residua ls LL~~'ln1m~:-;91tJ"lltl'lAI~'d'W(;ln~I'l 
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, , 
11 ~ c:vvrr I I' i.l c:vOev ,..::!j 

'i;Wl--l bbe.J'Wfl1Yi mJ'n ~~91tJ'Vl bb~ t?l--l Fl'J1l-J~ l-JYi 'W fi ~~VI'J 1--l Fl1 ~ 'J 'W(;1 n Fl1--l n mn t?llJ Fl'J 1l-J Fl (;1'fl b'W'fl--l 

1.0 

0.5 

;; 
:::J 
:g 
1/1 

0.0 

~ 

-0.5 

-1.0 

Residuals Versus the Order of the data 
(response is Defect) 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 
Observation Order 

Fl'J1l-JiJ b~~mfl1Yi"lJ'fl--l A1 Fl'J1l-J bbU~U~'J'W (Variance Stability) ~1l-J1~Cl (;1~'J9~'fllJ1~t?ltJ 

m~~¥1--l bbe.J'Wfl1Yi n1J'n ~~91tJ~ bb~ t?l--l Fl'J1l-J ~l-J~'Wfi A1 ~'J'W(;1 n P, 1--l nlJ A1 r;l'J bbU ~(;1'fllJ'J'W'fl--l~1Jl 

91n r;l'J bLlJlJ Cl t?l Cl'fltJ91 n~u ml'Y~~ 6.7 9~b ~'W1Jl~1 A1~'J'W(;1n P,1--liJ~ n'jj-ru~n1J'n~~91tJ r;l'J~hl 
'U 



1.0 

0.5 • 
IQ 
:::J 
:g 
III 

0.0 

~ 

-0.5 • 

-1.0 

a 1 

d I 2 
V1'J1 NID (0,0' ) 

.... .-

Residuals Versus the Fitted Values 
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l'Wn1~';jL~n:::lf~~n1~'el'elmLUUn1~V1~~'el'l~l'JtJhJnLm'lJ Minitab ~1lJ1~mL~~'1~~n1~ 

';j Lfl~1:::lf n1~'el'eln mJUn1~V1 ~~'el'l1~~'1 LL~ ~'11 'W(;]1n'l~ LL~:::LL~ ~'1 ~~"ll'el'lU99tJ LL~:::-el'W(;]~mtJ1 

(Interaction) ~;:j,rtJ ~1~'1!'el'elnlJ11'WlU"ll'el'lnn~ Normal probability plot LL~:::LL~'WJl1YfVn 

L~ L(;] 1~ ~'1 ~U~ ~'1 LL~ ~'1 ~'1 ~ ~ ~~ n"ll 'el'lU99 tJ LL~ :::-el'W(;] ~n1tJ1 ~:::~~1'1U9 9 tJ~;:j (;]'el ~'J LLU ~ 
" 
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, 
n1J'tJJ':;~lrurh~~ nJ':; 'Vl1JLL~:;i~ tJJ' :;~'Vli"lJ'El'l n1J''VlIPl~'El'l ~'JtlttJnbnJ'~ Minitab "" mn'l'Vl 6.9 

Estimated Effects and Coefficients for Defect (coded units) 

Term Effect Coef SE Coef T P 

Constant 4.813 0.1250 38 .50 0.000 

Temp 2.375 1.188 0.1250 9.50 0.000 

Time 0.875 0.438 0.1250 3.50 0.003 

Heater tip high -2.625 -1.312 0.1250 -10.50 0.000 

Solder volume -1.250 -0.625 0.1250 -5.00 0.000 

Temp*Time 0.375 0.188 0.1250 1.50 0.153 

Temp'Heater tip high 0.375 0.188 0.1250 1.50 0.153 

Temp"Solder volume 0.250 0.125 0.1250 1.00 0.332 

Time"Heater tip high 0.125 0.063 0.1250 0.50 0.624 

Time*Solder volume 0.250 0.125 0.1250 1.00 0.332 

Heater tip high'Solder vo lume 0.500 0.250 0.1250 2.00 0.063 

Temp*Time"Heater tip high -0.125 -0.062 0.1250 -0.50 0.624 

Temp' Time'Solder vo lume -0.000 -0.000 0.1250 -0.00 1.000 

Temp*Heater tip high*Solder volume 0.750 0.375 0.1250 3.00 

Time"Heater tip high'Solder volume 0.000 0.000 0.1250 0.00 1.000 

Temp"Time*Heater tip high* Solder -0.500 -0.250 0.1250 -2.00 0.063 

volume 
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[?lln~~ 6.1 0 n1:i'~bfln:;~r)"n~bbtl:i't1:i''dt.l"lJ'fl~n1:i''Vlr;)~'fl~~'dtlhJnbm'~ Minitab 

Analysis of Variance for Defect (coded units) 

Source OF Seq SS Adj SS Adj MS F P 

Main Effects 4 118.875 118.875 29.7187 59.44 0.000 

2-Way Interactions 6 5.375 5.375 0.8958 1.79 0.164 

3-Way Interactions 4 4.625 4.625 1.1563 2.31 0.102 

4-Way Interactions 2.000 2.000 2.000 4.000 0.063 

Residual Error 16 8.000 8.000 0.500 

16 8.000 8.000 0.500 

Total 31 138.875 

, "" 
r.l1nn1:i''fl'flmbUUn1:i''Vlr;)~'fl~bb~n'Vlm1t1~ Ylnn1:i''Vlr;)~'fl~~1 2 flf~ ~1~I:i'blMtlt:J~l~~1 , 

!I I I I I 

i1~ 4 U'"l4't1A'fl 'fH1JVlJliJ"lJ'fl~n1n~'fl~~It.l"lJ'fl~bfl1-'fl~ b'd~11t.ln1n~'fl~~It.l"lJ'fl~bfl1-'fl~ :i':;~UfI'dl~ , " 

, 

bb~:;n 3 U'"l4't1~~t:J~~t.l[?l:i'mtl1 (Interaction) l1i'flrit.l'fl£h~n,rtl~lr1blJb-w'fl~'"llnnfil P-Value 

" , 
t.l'fltl n'dl 0 .05 

'"l1 nn1:i'~ bfl:i'1:;~t:J~n1:i''fl'fln bbUUn1:i''Vl r;)~'fl~ brl'fl~ ~t.l~'dtlttlnbm'~ Minitab ~1~I:i'bl 

bb~ r;)~~"lJ'fl~U'"l4't1V1~ n bb~:;~t.l[?l:i'mtl1~n,rtl~1 r1 blJ'fl'fl n~11 t.lltl bbUU"lJ'fl~ Normal Probability 

Plot bb~:;bbt:Jt.lJliJ'V'ilb:i't[?l bb~r;)~~~:i't1~ 6.8 bb~:; 6.9 [?l1~~I~U :i''d~~~bb~r;)~t:J~n1:i''fl'flmbUUn1:i' 
" " 



Normal Plot of the Standardized Effects 
(response is Defect, Alpha = .05) 
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Pareto Chart of the Standardized Effects 
(response is Defect, Alpha = .05) 
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Effect Type 

• Not Significant 

• Significant 

Factor Name 
A Temp 
B Time 
C Heater tip high 
D Solder volume 

Factor Name 
A Temp 
B Time 
C Heater tip high 
D Solder volume 
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91n~~nI:i''Vll9l~'el'lOY]I1'''b:i'I'Vl:i'IU:i'~~U~b'iUJ1~~~"lJ'el,m~~~ih9tJ;'1bbMl'l~'1!?11n'l~ 6.11 

!?Iln'l~6.11 :i'~~U~ bVl~1 ~~Wll'el'l bb~~ ~il99tJ b ~'el1 ",ijr.l1'W'd'l..l"if'elU m'd'el'l"lJ'el'l~1 tJ brl LiJ~"lJ'WI191 
, 

Ci I 11 o:=:j 

b~m'W 8-004 'W'eltJ'Vl~l9l 
q q 

~ 'J~n1. 'IJ nl'a~~'el3J.:Jl'IJ"lI'el.:J~FI~'el.:J 

'a~~'UFI'Jl3J~.:J"lI'el.:J Heater tip ... 
m3Jlt;U"lI'el.:J ~~rt'J.;h"11' 'IJ nl'a~~'el3J.:Jl'IJ 

. 
rll 

270 °C 

8 sec 

11 mm 

0.1 mm 

~ ~ I I 

:i'~tJ~\ldJ'W"n'W!?I'el'W"lJ'el'l nI :i''\h~fi nlnLfi'l"lJil (lJVllVll~91 n nI :i''\h~fimnbm"lJil 'k!VlIVll~ 

91 n m:i'Vll'1fi m mm"lJil (lJVlI~I11lJu~91'1 b ~'el1 '" btl 19l ~ ~ ~'VI if ~'el m:i'~ 19l rl'dI~~ 'k! bll~I"lJ'el'l 
m~U'd'WnI:i'~~ !?I~ltJ brl b1J~"lJ'WI191 b~ nU'eltJ~~ 19l 119ltJ nI:i':i'~l9l~~~'el'l b ~'el~ h'l bb~'Wm:i'~1 bil'W'II'W 

q 

, '" 
~ lV1fu bbnl"lJil ill VII ~'1-n 'W!?I'el'Wnl:i'~ 1 b il'W'I1 'W!?I1 ~ bb~ 'W~'1 n ~ 1 'd 'VI ~'el ~ ~'d tJ ~fu ~ 19l"ll'elU bb~ ~ 

~ ~ 

rllV1'Wl9l b'd ~1"lJ'el'l bb~'Wbi1'W~'1~ 

!?I1:i'1'1~6.12 bb~'WnI:i'~1 bil'W'II'WnI:i'~l9lrl'dI~~ ill bll~I"lJ'el'lnl:i'~~ !?I~lmrlb1J~"lJ'Wl191b~ n 

o ov 
~1~'U 

1 

2 

3 

4 

1'W 8-004 
q 

'" nl:i'lllJu'1i'lI'W!?Il~-n'W!?I'el'W"lJ'el'l 
.,. .,..,. ., 

:i'~bUtJU'dDnI:i' b'Wm:::U'd'WnI:i' 

~~!?I~lmrlb1J~"lJ'Wl191b~ n 

llfullt'l'elth'l {;j'el b ti'el'l 

nI:i'll:i'::: bii'WtJ ~ nI :i'll~ U'1i'l1 'W 

~ ~ 

."r'dVlUI ~ltJ m:i'~~!?1 

."r'dVlUI~ltJnI:i'~~!?I 

1 ii.tJ. 52 

1 ii.tJ. 52 

1 n.FI. 52 

1 n.tJ . 52 
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1.nl1'!Jntlu1'~Ylun-lI'W 

nI 1'!J ntlU 1'~Ylun-l 1'W~1 b il'W-l 1'W t(9)tI,xr;]'t-lih ~1 tI n 1 1'r-I ~ l'l ~H l'l bllh:;~-l Ab ~tlYlUn-ll'W 
q 

~ ~ , 
'YlnU~-lntl~:;b~tI (9)"lJtl-l nJ':;Ur;]'Wnl1'r-I~ l'lYl-l't-l~ (9) 1 'Wbbf?1~ :;-n'Wl'ltl'W bb~ :;-lI'WYl l'l'Wbtl-lfu ~ (9)"lltlul 'W 

bbf?1~:;~1 bb't-lt.!-l b~tll ~\n (9) ml~ b-i11 191 'W~finl1'vll-ll'W~ bln ~tl-l bb~:;l'l1'-l n'W t(9)tI~i'Wl'ltl'W~-l~ 
'" 

1 ) ,xr;]'t-I~1 ~ lt1 nI 1'r-I ~ l'l ~ n1:':tl bb~:;vl 1 fir;] 1 ~ b -ii1191 'W J'1 tI ~:; b ~tI (9)"lJtl-li 'Wl'ltl'Wni l' 

vll-ll'WnJ':;Ur;]'Wni 1'f?11-l1 ~ ~tl-l ~1 b il'W-ll'W~HlfU~tlU't-I~ lt11 ~ nUYlUn-ll'W~It1 r-I~ l'l bbf?1~:; fI'W 
~ 

2) ,xr;]'t-I~ 1 ~1 tI n 1 1'r-I ~ l'ltl fiUlt1-1ftl ~ ~ bb~:;n 1':;ur;]'Wn 1 1'r-I ~ l'lYl-l't-l~ (9)tl~ 1-l 
'" 

~:; b~tI (9) 1 ~ nu,xr;]'t-I~IY1Un-lI'Wbb~ :;YlUn-ll'Wbbf?1~:; fI'WYl-l 

3) ,xr;]'t-I~1 ~1t1 nI 1'r-I~ l'l~tlU't-I~It1't-1~I~l ~ bbriYlUn-ll'Wbbf?1~ :;fI'W 

4) ,xr;]'t-I~IY1Un-lI'Wnl 1'r-I ~ l'lYl ¥tl~i-lYlUn-ll'Wn 1 1'r-I ~ l'l bbf?1 ~ :;vll flr;]l~ b -1f1191 'W 

't-I~I~"lJtl-l l'l'W~tl-lfU ~ (9)"lltlU eli bn (9)U ~'t-Il't-11tl-1ftl~-l~tll ~~tlU bl1~ nu,xr;]'t-I~1 ~1t1 nl1'r-I~ l'l 

2. nl1'Ulj1J'1i-ll'Wl'lI~i'Wl'ltl'W"lJtl-l 1':; butlu~fi nI J'nl 1'1 'Wn 1':;Ur;]'Wni 1'r-I ~ l'l~It1 bfl dj~"lJ'W1 (9) b~ n 

1 'W~r;]'W~ b1J'Wni 1'U 1 ~fi nI 1'ulju'1i-l 1'Wl'l1 ~i'W'f)'Wni 1'ulj U~-l 1 'W 1 'WnJ':;Ur;]'W nI 1'r-I~ l'l ~ 1 tI 
, ~ 

bfl b'ij~"lJ'W1 (9) b~ nYll~~ (9)vll~'Wl 'W1':;tI:;nI 1''t-Il~fi nI null"lJu ru't-ll 1 'W~r;]'W"lJtl-l,xr;]'t-I~I-lI'Wflr;]U fI~ 
~ q 

nI 1'r-I ~ l'l bb~:;YlUn-ll'Wl 'Wbbf?1~ :;i'Wl'ltl'Wnl1'r-I ~ l'l bbf?1~:; fI'Wl~fu~tlu't-I~1t11 ~fu ~ (9)"lltlU Ul~11.jj 
nUnl1'ulju~-l1'W91--l l'W~r;]'W~~fu~(9)"lltlu ~tl ,xr;]'t-I~I~It1n11'r-I~l'l t(9)tI~,xr;]'t-I~I-lI'Wflr;]UfDJ~ 

nl1'r-I~ l'l dJ'W~ flr;]U fI~ bb~ :;Ullu'1i-l1 'Wir;] ~ nUYlUn-ll'W 
'" q 6J 

1 'W~ r;]'W~dj'Wni 1'l'l 1'r;]9 ~tlU nJ':;Ur;]'Wni 1'r-I~ l'l~1 ~ 1 ~ 1 1'bluliU~-lI'Wl~tl~l-l ~ ~1 b~ ~tl 
l'l~tl (9) br;]~1 ~-l 9:;~nl1'l'l1'r;]9 ~(9)l'lI~ r-I~ 1 'Wbbf?1~:;b~tl'W 1 'W~r;]'W~~fu~ (9)"lltlU~tl ,xr;]'t-I~I~It1 nl1' 

'" 

4. nl1'u1':;bn'Wr-I~nl1'uliu'1i-ll'W 

't-I~-l91n~1~Ul~finlndl1. "lJu'1!'t-Il1uulj~ ,xr;]'t-I~I~It1 nI 1'r-I~ l'l dj'W~1'r;]u1'r;]~-1fmqj~ nl1' 

UfUUNnJ':;Ur;]'Wnl1'r-I~l'li-l't-l~(9)"lJtl-l~'W~hi'W 8-004 ~IU1':;bn'Wr-I~nl1'~lbil'W-ll'W91nnl1'Uli'W 
q q 
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~ , 
luiJYlm~vil nlJ'V11~finindluruvI11 UnlJ'~ ~f)'JllJ~ ru Lu~h 1 um::;iJ'Junln,J~ ~~~1~vil 

~ '\J ~ 

nlndl1:1Jlu 4 ~'JUV1~n ~tl nlJ'tltlnLLiJiJnJ'::;iJ'JUnlJ'i:-J~~'i:~t1H'V1~nnlJ' ECRS L~tl~~f)'JllJ 

~ ru LU~I'"llmtliJ nlJ'i:-J~ ~~lJl n Lnu1u nlJ'ufiJUJ'~ nlJ''Jl~ er~ m::;iJ'JunlJ'i:-J~ ~ L~tl~ ~f)'JllJ~ ru 
'U QJ' q qJ Q.I 

~ 

~ ~-iitliJn'Ydtl~l um::;iJ'JunlJ'i:-J~ ~ 'i:~t1 nlJ'tltln LLiJiJ nlJ'Yl ~~tl~ V1~~'"l1 mrU1~V.l~finlnLm "]J 

U C1JV111uulJmiH''"l1~ 'i:~t1~ ~ 1 ~~ nlJ'1J ntliJJ'lJ ~,:rn~1 u~llJiu~tlu"]Jtl~ J'::; LutliJ~fi nlJ'nlJ' 1 u 

m::;iJ'JUn1J'i:-J~ ~~It1 Lf) L'ij~"]JUI ~ L~ n 



.d 
'U'Vl'Vl 7 

~ , 
LL ~ ') i'W [;l 'eJ 'W (;] 'eJ 11.J ~ 'eJ n 1 ~ ~ ') tJ ~ ~ n ~ ::; tJ ') 'W n 1 ~ e.J ~ [;l L ~ 'eJ 1·n 'W n 1 ~ [;l ~ ') fDl ~ 'eJ tJ LL ~ ::; ~ ') tJ ~ ~ • • 

, " 
n~::;tJ,)'Wn1 ~e.J~ [;l~~~ n1 ~ 1.JftJ1.JN ~~1 'WtJVlilfDl::;LU'Wn1~rh~'W~~fin1~vh~l'W ntJ~ ::;L~tJ ~'1J'eJ~ • , ~ 

~fin1~1.J~tJ~~1'W1 'Wn~::;tJ,)'Wn1~e.J~ [;l LL~::;n1 ~~,)tJ ~~'1J'eJ~ L~tJ~ Ln ~~'W1 'Wn~::;tJ,)'Wn1~e.J~ [;l 

7.1 nTVI'IJ (;}1fin1~tJ~~.:J1'IJ (;}13-13-11 (;}~~1'IJ'lJ'el.:J'WtT n·n'IJ 

~::;L1jtJtJ~fin1~1.J~tJ~~1'W1 'Wm::;tJ,)'Wn1~e.J~ [;l~ltJ L~ Lij~'lJ'Wl ~ L~ n~~ LiJ'WL'eJ n~l ~~ LL~ ~~ 

-E''W[;l'eJ'W~fi n1n11~1'W1'WLL(;]~::;m::;tJ,)'Wn1~e.J~[;l ~~H~1~ftJ1'Wn1~'eJtJ~~1~Ynrn~1'WL~'eJH'Ln~ 

ml~-n ~ L fDl'W1 'Wn 1 n11~ l'WLL(;]~ ::;-E''W[;l'eJ'W L~tJ~::; L1jtJtJ~fi n1 ~1.J~~~ 1'W~r.r ~Vll~'W1.J~::;n'eJtJ 11.J rn')tJ 
~ 

tr').]'eJ ~~il (~ltJ~::;L~tJ ~'lJ'eJ~~fin1 ~1.J~~~1'W1 'WLL(;]~ ::;tr').]'eJ LL~ ~~ 1.n 'Will ~ e.J'W,) n ~) 
" 1) ~1~tJi'W[;l'eJ'W1'Wm::;tJ,)'Wn1~1.J~::;n'eJtJ~lm~Lij~'1J'Wl~L~n (Cable Assembly) 

(Insulation strip & Pre-soldering) 
" , , 

3) i'W[;l'eJ'Wn 1 ~L[;l1-tJ ~ LL~'Wml ,);LL~::;[;l ::;n')1.J~::;n'eJtJ L.]l ntJ~ltJ L~ L ij~ LL~ ::;~') L~'eJ ~ 

(GND Bar & Conductor setting A&B side) 
" , 

. 4) i'W[;l'eJ'Wn1~L~'eJ~~::;~~l~ LL~'Wnn'); ntJ~ltJ L~ Lij~ rnl'WL'eJLL~::;iJ 

(GND Bar soldering A&B side) 

" , 
6) i'W[;l'eJ'Wn1~~ ~LVl1.Jn'W~,)l~¥'eJ'WtJ'W~'eJ{jl (Tape-attach) 

7) -E''W[;l'eJ'Wn1~1.J~::;n'eJtJ~') ~~'eJtJ'lJ'eJ~~,) L~'eJ~ (;]'eJ (Shell assembly) 

8) -E''W[;l'eJ'Wn1n~'eJ~(;]'eJLL~'Wml,);L']lntJ~,)~~'eJtJ (Shell soldering) 
~ , 
IV , IV 4dI 

9) 'lJ'W[;l'eJ'Wn1~"l!'eJ~LL"l!~~l'W~~~n1n'll'eJ~ (Re-soldering) 
~ 

1 0) i'W[;l'eJ'Wn1~~'eJmVlULL~::;Vll~,)l~~::;'eJ1~'1J'eJ~~lm~Lij~ 

(Remove tape & Cleaning cable) 

" 11) i'W[;l'eJ'Wn1~Vl~~'eJtJrilVll~l~YhLL~::;t)~'1J'Wl~'1J'eJ~e.J~[;lJlru" 

(Final inspection &Dimension) 
~ ~ 

12) i'W[;l'eJ'Wn1~[;l~,)~~'eJtJ~n~ru::;llltJ'W'eJn'1J'eJ~~'W~l'W (Appearance) 
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L~T.l~'l1'W"llT.l'lL~i~T.l'l L'J~11'Wn1n~T.l~'l1'W"llT.l'lL~i~T.l'l ~:;~U~'J1~~'l"llT.l'l Heater m~1t1<II;J:;~'J~H 

1 'Wn1n~T.l~'l1'W LL~ :;n1~tJ~U~'l1'W[;J1~~1 [;J~j1'W"llT.l'lYflrn'l1'W 

T.l ru"v1lln"llT.l'l n1 ~L~T.l~'l1'W"llT.l'l L~ 1T.l'l L1l'Wiflil~rJ~"r111 ~ Ln (?)if ru"v11 n 1 ~Ln (?) 1 ~Y11~ (?)'J'llil ~ . " '" 
, I '" iI I 

(Short circu it) ;'l ()1 H ~ ru"v1JJn~~'l Ln'W1tJ n"r111 ~ Ln (?)if ClJ"v11 nU~'W'l1'W ~'l,r'WLYiT.l~ (?)if ClJ"v11 

n1 nn (?)"llT.l'l L~rJ ~'l ~T.l'l"r11 n1~~'JU ~~T.l ruRnn n1n~T.l~'l1'W"llT.l'l L~1T.l'l~ L "v1~1 :;~~~1~Iil1 n n1~ 
" "..J 

I I I " tI 

circuit) ;'l ()1 H L'J~11 'Wn1~L~T.l~'l1'W"llT.l'l L~1T.l'lhJ L"v1~1:;~~nlil:;"r111 ~ Ln (?)ifClJ"v11 nU~'W'l1'W ~'l,r'W 

L~T.l~ (?)ifClJ"v11n1nn (?)"llT.l'l L~rJ ~'l ~T.l'l"r11 n1~~'JU'1~ L'J~11 'Wn1n~T.l~'l1'W"llT.l'l L~1T.l'l~ L"v1~1:;~~~ 

1~Iil1 nn1~'Vl (?)~T.l'l L(?)rJ"r11 n1~mu~~ L'J~11 'Wn1n~T.l~'l1'W"llT.l'l L~1T.l'lT.ltJ~ 81'W1~ . " 

~:;~U ~'J1~~'l"llT.l'l Heater L1l'Wiflil~rJ~"r111 ~ Ln (?)if ru"v11 n1~Ln (?) 1 ~yh~ (?)'J'llil~ (Short 
" '" 

I II "I 

circuit) ;'l ()1~:;~U~'J1~~'l"llT.l'l Heater hJ L"v1~1:;~~ nlil:;"r111 ~ Ln (?)if ru"v11 nU~'W'l1'W ~'l,r'WLYiT.l 
" '" 

~ (?)if ClJ"v11n1nn (?)"llT.l'l L~rJ ~'l ~T.l'l"r11 n1~~'JU '1~~:;~U~'J1~~'l"llT.l'l Heater ~ L "v1~1:;~~~1~'"11 n1~ 

'Vl(?)~T.l'l L(?)rJ"r11n1~~'JU~~~:;~U~'J1~~'l"llT.l'l Heater T.ltJ~ 11 n~~L~[;J~ 
• " 'lJ 

m~1 ru"llT.l'l [;J:;~'J~1-n 'Wn1n~T.l~'l1'WL1l'Wiflil~rJ~"r111 ~ Ln (?)if ClJ"v11 n1~Ln (?) 1 ~yh~ (?)'J'llil ~ 

(Short circuit) ~'lm~1ru"llT.l'l [;J:;~'J~1-n 'Wn1~L~T.l~'l1'W,j L"v1~1:;~~ nlil :;"r111 ~Ln(?)ifClJ"v11 nu 
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(;]:;~')~1-n tJn1n~tl~'l1tJ~ LVI~1:;~~~1~~1 n n1 ~Yl (11~tl'l 1(11tJ'r'h n1~n1V1tJ(11 f1,)1~VltJ1"lJtl'l (;]:;~') 

~1-ntJn1n~tl~'l1tJtltJ~ 0.1 ~~~L~(;]~ 
" 

'l1tJ~:; dJtJ~ m')~ ~ tllJ n1 ~Vi 1'l1 tJ LutJhJ (;]1 ~ ~ 1 (;] ~~1 tJ"lJ tl'l "In! n'l1tJ Yl n 1'tJ Vl1 nvn! n'l1 tJhJ " ~. 

" un~ (;]1~~1 (;]~fi1tJ~:;tl n'll11tftJ ntllJ~~ 1 VI,j~ n f1 f'l 
:...J ~" 

200000 0.25% 

0 .20% ;J 
_ 150000 1!! 
:;:s ., 

'til 0.15% r.I 
........ I~ :;:s 100000 
~ 

:;:s 
:;:s 0.10% r;l 
r IV: orr r.I 50000 ";I 0.05% ... 

0 0.00% 

Apr May Jun Jul Aug Sep 

L6iu'U 2552 

~fi n1 ~U!llJ"i'll't,lfllJ"In!n'l1tJ ~'l'YioJn'l1tJVJ n f1tJrXtl'l ~1'Wn1~!J ntllJ~~ ritl'Wn1~UlJlJ"i'l1'W~ 1''l 1(11tJ 

1~ n1V1'W(11~1tJ~ :;L~tJ (111 'Wi'W(;]tl'W~1'l1 ~')~ ~'l n1V1'W(11 L,) ~ 1 LL~:;~flJ ~ (11'l1tllJ L ~tl'll11u ~ n1 ~ 
U~:;L~'W~~~tllU 



-n'eJ b~'W'eJ bb 'W~1 'Wn1~kl b ~'W'Il'W':j~tJ 

..,j 

'U'VI'VI 8 

8.1 ~~tJ ~~ n1~tJr'UtJ~.:Ib vJ'el~ ~ FI'J1).J1Hm tJ'Ghi. 'W n~~'U'J'W n1~~~ (;)"lJ'el.:li'U1"i'1i'U '8-004 
• • cu ~ q 

'"ll n n1~'eJ'eJmbuUm~U'".l'Wn1n.J~ In tc;]tJH'VI~ n n1~ ECRS b~'eJ~ C;]FI'".ll~~ '1J b1.J~l'"lln n~~ 

U'".l'Wn1nJ~1n n1njfu1.J~'1n1~'".ll'1~'1m~U'".l'Wn1~(:.J~lnb~'eJ~C;]~'".ll~~'1Jb1.J~l'"llnn1~"lJ'W~'1 n1~~C;] 

~'".ll~~ 'lJ b1.J~l'"ll n~'W~l ~'1 ~~'1~1aJ~1 btJ'WtC;]tJVI~ n n1~ 5~ n1~~ c;]-n'eJU nv1i'eJ'I1 'Wn~~U'".l'Wn1~ 

(:.J~ In tc;]tJ n 1~'eJ'eJ n bbUU n 1 ~Yl C;]~'eJ'I bb~~~l':jfin1 Hbm"lJil 'lJ Vl111.J1.J{j~'"l1-'1 tc;]tJ~ c;] n1~!J n'eJU~~YfWn 

'1l'W b~'eJn1~~ C;]~'".ll~~ '1J b1.J~11 'Wm~U'".l'Wn1~(:.J~ 1n"lJ'eJ'I~'W~11~'W 8-004 "lJ'eJ'I tN'Il".mnl1~m~l 
~1~lnlM1.JdJ'Wb1.J'eJfb~'WI;lbb~~~~'".l1~~rub1.J~1~~C;]~'111.J1~~'1ln1n'l~ 8.1 bb~~(;lln'l~ 8.2 , ~ ~ 

ri 'eJ 'W n1 ~1.J fu 1.J ~'l VI~'ln1~1.Jfu1.JN , • 

Cycle time (sec/pc) 7.3 6.6 

Task time (sec/pc) 7.3 6.75 

No. of Operator 33 22 

No. of Machine 6 4 

Working (sec/day) 27000 27000 

Output (pcs/day) 3698 4000 

Value activity 14 9 

Non - value activity 4 2 

Sub-process 57 40 

% Value added 35.08% 67.5% 

% Efficiency line balance 92.88% 95.04% 



WIP (Work in process) 
~ 
"ll'W 656 

1.5 

2 

3 

33 

0.11 % 
Short circuit 

I I " '" 

486 

69 

o 

2 

10 

0.03% 

118 

LU'elfL iE'Wl1ln1~ 

LU~tJ'WLLU~'l 

25.91% 

43.46% 

100% 

50% 

33% 

69.69% 

72 .72% 

8-004 ~~[;lnYh~l-J~'l;'W ~'l'l!'W~'l~'l~~;rvh1 t\~'W'Vl'Wn1~~~ [;l~'el\n..l';ltJ"1l'el'l ~~[;lJl'W'vlikl 8-004 
'IJ • • 

, , 
1I ,G/d Q.' q 

~ ~~'l ~';lm"llklnkl"1l'l LLM1'l~'l [;l1~1'l'Vl 8.3 

3}00 

1J1'Vl / =Bkl'l1kl 48.25 

1J1'Vl / =Bkl'l1kl 16.52 

4,090 

42.54 

11.01 

LU'elfLiE'Wl1ln1~ 

L U ~ tJ kl LL U ~ 'l 

9.54% 

11.83% 

33.33% 
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'"11 n n1nJ~:;LihJI:J ~ n1 njlj~,ntJL tJ~th:;'PJ"lJ'fl-:J n ~~Y1~.N 1tJ'Y'lU~1 Y1 ~-:J1tJiJ ~'J1~Yl-:J 

'Y'l'flL'"I flU I:J~~ ~u~Hl~1~fi n1nLnU t1J"vI11uulj~ (;11~ LLl:JtJ~'J1-:J H ~-:J ~-:J I:J ~ L.x~1~1~Cl~ C;)~'J 1~ 
, " " 

~ ru LU~1L tJn~:;u'JtJn1~I:J~ (;]~-:J 1~ 'Y'lU~1 n1~I:J~ (;]iJ LLtJ'J L -w~Y1~~tJ~'flI:J~ I:J~ (;]'"11 n 3700 :ntJ-:J1tJ 
'IJ '" 

" " 
LiJtJ 4090 :ntJ-:J1tJ~C;)LUtJ 9.54% ~n;1-:J~-:J~-:JI:J~~1L.x~tJVltJn1~I:J~(;]!?l'flm,htJ~C;)~-:J'"I·1n 48.25 • 

U1Vl LUtJ 42.54 U1Vl ~C;)LUtJ 11 .83% 



~ 
'U'VI'VI 9 

," " 
lin m''ltJ~:;L~tJ ~Jl'ltJL 'IJ'l'l'IJ':j4'tJYl1~ ~'l Ltl'IJn1~l-J'll1''l'\.UJ ~ ~'ll-J'l~ClMU t:.J~ 1~ ~'l1P1'tl1u~ • 

" I 

'l'l'IJ':j4'tJm~u~:;tJn(;11-ifL'Vl~tl~ ~'IJ ~nrfrBnl-J'l LYl'tl~ ~m'll-J~ n I LU~'lL 'lJm':;U'l'IJn1~t:.J~ (;1 . ~.~ 

I " " 

~'lm~ Lij~"1l'IJ'l ~ L~ n ~'l LLU'l'tl'tlmtl'IJ 5 O]'IJ(;1'tl'IJ ~'tl O]'IJ(;1'tl'IJn1~tltJ'lU 'Yin (Define Phase) 
" I " 

o]'IJ(;1'tl'IJn1~.r ~ LYl'tlih,"'IJ~~'l L,"~"ll'tl'lU'YVI1 (Measurement Phase) O]'IJ(;1'tl'IJn1 ~':j L~~~ :;iu 'Y,"'l 

" " (Analysis Phase) O]'IJ(;1'tl'IJn1~UfUU~'lLLnt"1lm':;U'l'IJn1~ (Improvement Phase) LL~:;O]'IJ(;1'tl'IJ 

n1~~'lU~l-Jm':;U'l'IJn1~t:.J~(;1 (Control Phase) • 

" I 

'l'l'IJ':j4'tJ~1~U'l L~1'tl'lij'tl LL~:;L'Vl ~tl~ 1P1'l'l1l-J'lU~:;~ n r;il-ifL 'lJn1 mnu 'Y,"'lIP1'l'l1L 'IJ LN'l'l'IJ 

m'nl~n~'l ~'l'Vl'l'l ~4'tJ1~vh n1~U~:;Ln'IJt:.J~ n1~Unu'1i'l'l'IJ L~tJL -if L~~'tl'lij'tl ~'l n~'l'liOl'l nu~:;~u 

1.~'l'll-Jmn--d'ltJL'lJn1~U'lUnmi 

2. ~'l'll-JL,"l-J'l:;~l-J"1l'tl'ln1~U'l1uH 

3. t:.J~~1~fuiOl'lnn1~unmi 
" 4. n1~U'l1uu~:;~ n (;11 -if 1P1'tl,"~'l~'IJ~ ~ 

L~tJ t:.J~ n1~':j L~n:;in1~u~:;~n(;11-if L~~'tl'lij'tl LL~:;L'Vl ~tl~IP1'l'l1L 'lJntJ~:;L~tJ ~ ~'l mh'l 

LL~~'l1~'IJ(;1'l~'l'l~ 9.1 
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~ , ~ 

Vl1~1 bVll?lbb'i'l::;bb'W,)'Vl1'l n1 ndll 'lIU ruVl1-J'W~!l n1~'i'I (1) rl,)1~~ ru bU~1Vl bn (1);'WL 'Wm::;1J,)'Wn1~e.J~ I?l 
q cv cu cv 

, I I I I \I 

nlrl~'l ~ ~1'l ~'W'Vl'WVl~'lVl~ (1) bij!l b VltJ1J bb~'i'I::; e.J~ I?lil cw~ ~'l bn (1)"'l1 n rl,)1 ~ ~ ru bU~1Vl bn (1);'WL 'W 
q cu q CU AI 

m::;1J,)'Wn1~e.J~1?l l(1)tJ fl1~1l-J1nlVl1~1 b VI I?lbb'i'l::;';jfln1mnU ruVl1 b ~!l'i'l (1) rl,)1l-J~ ru bU~1~ bn (1)~'WL 'W 
q QI ClJ Q.> 

~ , 
m::;1J,)'Wn1~e.J~ I?l-J'W Hi' "'l ::;~1L ~ ~1l-J1 ~ClL.jf dJ'Wbb 'W,)'Vl1'lL 'Wn1mnu '1JVl1 e.J~ I?lil cwm'W1 ~!l1uHi' 

9.1.2 'Gl'iU~'GI'i~ tJ~ n1'i-r~~'GI 
• 

m::;1J,)'Wn1~e.J~1?l~1mrlb1J'i'I'lI'W1(1)b~n i'W 8-004 'lI!l'lh'l'l1'WnnWMmn "'l1nn1n::;(1)~~l-J!l'l'll!l'l • , ~ ~ 

.::::J ~ 0 ..:::tIo rev 0 _ ~ -=- IV (J"", 

'Vll-J'l1'W b Yi!l'Vl1 n1 ~') brl n ::;VI'lI'WI?l!l'Wn1~'Vl1'l1'W'Vl'lVll-J (1)'lI!l'l m::;1J,)'Wn1 ~e.J 'i'I I?l'll!l'l e.J 'i'I I?lJl CW"Yl ~'W 8-• 

, 0-

1~yh~(1)')'l"'l~ (Short circuit) ~'l"'l::;~1U'1JVl1tlhfr)brln::;';~!l1u bb'i'l::;~1n1mn1'l1 

9.1.3 'Gl'iU~'GI'i~tJ~n1'i~h~'i1~~'GlJ11'W"lI'fl-3ifru'Vn . ., 
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, ~ 

IWln-.lYl9.2 LL~(;1-.lmr4'''1LLtJ-.l~13.JtJr:::\Jl'Vl"1l'fl-.l1"l'J13.J~tlJL~tJl1-.l 7 tJr:::mr 

1 1"l'J13.J~tlJLtl~1~1nmrt-J~~ YiU~1Ln(;1 WIP (Work in process) 3.J1nn..:! 656 

2 

3 

4 

6 

7 

~3.J1mn'W1tJ 

m13.J~ tlJ LtJ~1~1n~'W.:f11"l-.l1"l~-.l 

~1~~1LtI'W 

1"l'J13.J~ tlJ Ltl~1~1n mr 

LI"l~'fl'W1 VI'J~1~ LVl3.J1:::~3.J 

~ 

L vhn'Wvl1L ~iJ-.l1'WL 'Wi'W~'fl'Wri'fl'Wv!U13.J1.:f1-.l'fl~ 

~'W~-.l t-J~ L ~ Ln (;1 mrr'flI"l'fltJ LL~ :::tJr:::~'Vlfi111Yi"1l'fl-.l 

~1tJmrt-J~~ = 92.88 % 

YiU~1~'W~'fl'Wmr~-.l ~'J4'um (;1~'W-.l1'W(J ig)n~u1tJ 

~..:!nr:::U'J'Wn1rt-J~~L~3.J~'W LtI'Wr:::tJ:::1n~ 1.5 

.c.I 4o".Q CVQ.O Q.I AI 11 
3.Jmr~ (;1 L~rtJ3.J'J ~(l (;1U~1V!rU mrt-J ~ ~~'J..:!V!'W1 2-• 

~ , 
Go' ..:S t,I oCIiI.cSI .d 0 fV.... " Go' A I 

3 'J'W ~-.l ~'fl-.l3.JYi'W'Vl~1V!ru~ (;1 LnU'J ~(l(;1un'fl'Wmr • 

., ~ 

Lv!3.J1:::~3.J 11-.lV!3.J(;1 9 i'W~'fl'W 

5.2 Ln (;11"l'J13.J~ tlJ LtJ~1~1n nr:::u'J'Wmr~r'J~~'flU 

~ ~ 

~1L1~ltJ 11..:!V!3.J(;1 3 i'W~'fl'W 

YiU ~1.n'flU nYi i'fl..:!~ Ln (;1~ 'W~'fl n1 rLn (;11 yjvh 

~(;1'J-.l~r (Short circuit) 

'Vl1..:! ~4'mL~:::Yl3.J-.l1'W~:::tJ1.n'fll.J~~1 n mr~ Ll"lr1:::,rVl1~1 LV! ~~1 n~111Yi"1l'fl-.lUtlJVl1 L~'fl 

tJ11tJLLm "1ItJfUtJ~-.lL 'WLL~~:::'lllj(;1"11'fl-.l1"l'J13.J~ tlJ LtJ~1~ Ln (;1~'WL 'WU'Vl ~'fl1tJ 

9.1.4 'lfitJ ~~i::!J::n1i'VI1~fiLLriifru'VI1 . ~ ., , 
L 'WU'Vl;jl~vl1 n 1rVl1~fin 1 nLflu tlJVl1L 'Wm r~ (;11"l'J13.J~ tlJ LtJ~1L 'Wn r:::u'J'Wmrt-J~ ~~-.l1~ 

vi1mnLm"lJL'W 4 ~'J'WV!~n ~'fl mr'fl'flmLUunr:::U'J'Wmrt-J~~L(;1tJL-nV!~nmr ECRS L~'fl~(;11"l'J13.J 
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~ wn'elU n'I"d'el'll 'Wn:i'::;u'J'Wn1:i'i:-J~ (;l L(?ItJ n1:i''el'el n bbUU n1:i''Vl (?I~'el'l ~~'l91 nt!'W1Ji'-w1~fin1Hbfl1"lJ 

U ry~l hJul)u~1.jf91'l L(?ItJ~ (?I 1 tHJ m:i'!l n'elU:i'l-J Vnln'll 'W(;l1l-J -n-'W(;l'el'W"lJ'el'l:i'::; bij tJu~fi n1:i'1 'W 

m::;u'J'Wnl :i'i:-J~ (;l~ltJ b~ dj~"lJ'W1 (?I b~ n 

~ , 
lJi' n1~'W(?I:i'ltJ~ ::;b~tJ (?I 1 'W-n'W(;l'el'W1?l1'l1 :i''J l-J ~'l n1~'W(?I b'J ~1 bb~ ::;~fu~ (?I"ll'elU b ~'el-w11u~ n1:i' 

lh::;bil'Wi:-J~I?l'elhJ 

91 n n1 :i'U:i'::; bil'Wi:-J ~ n1 :i'ul)~'ll'Wl 'W~U:i'::;1l-J"lJ'el'l n~l-JVll-J'll'W'Y'lU~l Vll-J'll'Wn ~'J1l-J~'l 

'Y'l'el19 rlU i:-J~ ~ ~u~1Ji'-w1~fi n1 HbflU ry~l hJul)u'1i (;l1l-J bbi:-J'W~'J1'l1 ~ ~'l ~'l i:-J ~ 1 ,x~1l-J1 :i'Cl~ (?I ~'J1l-J 

~rub1J~11'Wm::;u'J'Wn1:i'i:-J~(;l~'l1Ji' 'Y'lU~l n1:i'i:-J~(;lnbb'W'Jh'Jl-J~~~'W~'eli:-J~i:-J~(;l91n 3700 ~'W'l1'W " ~ 

U1'Vl b1J'W 42.54 U1'Vl ~(?IbU'W 11 .83% 

L(?ItJ n1:i'~1 b U'W'll'W~~tJ~ n ~1'J l-J1 ~'l~l-J (?I~1l-J1 :i'Cl~ nJ (;l1l-Jt) (;l ClU:i'::;~'l r1"lJ'el'l'll'W~~tJ~ 
q q 
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Jl1FHJ'W'Jn n 

XXXX ( Thailand ) Lid ., 

Line Arrangement Check Sheet 

Department . . ........... .. ... 

Item 

Product Name: 8-004 No. 11111111 

Process Ass'y 

Pom.No. 1111 

TargeVDay : 3,700 PCs 

Cycle Time : 7.3 Sec/PC 

Tact Time 7.3 Sec/PC. Working time: 27,000 sec. 

No.ofOpt 33 Ops No.of Machine 6 M/C 

Equipment & Tool Actual Operation Time (CIT) Cycle 
No. Sub Process OP 

1 2 3 4 5 Avg. time (s) 

1 GNO BAR SETIING (A-SIDE) JIG,MICROSCPE 13 11 15 13 12 12.8 2 6.4 

GND BAR SOLDERING (ASIDE) 
2 JIG, SOLDERING MACHINE 6 7 7 6 7 6.6 1 6.6 

GND BAR SEnING (B-SIDE) 
3 JIG,MICROSCOPE 12 14 12 13 11 12.4 2 6.2 

GND BAR SOLDERING (B-SIDE) 
4 JIG, SOLDERING MACHINE 8 7 7 8 8 7,0 1 7.0 

5 INSU STRIP & PRE-SOLD STRIP TOOL , SOLDER POT 8 6 6 8 7 7,0 1 7.0 

6 CONDUCTOR & GND BAR CUTIING CUTIING TOOL 7 6 6 6 7 6,3 1 6.3 

7 APPEARANCE GND BAR MICROSCOPE 7 7 7 8 8 7.3 1 7,3 

8 CONDUCTOR SETIING JIG,MICROSCOPE 29 32 32 31 33 31.4 5 6.3 

9 CONNECTOR SOLOEIRING JIG ,SOLOERING MACHINE 14 16 13 15 13 14.2 2 7.1 

10 CONNECTOR RE-SODERING IRON TIP ,JIG ,MICROSCOPE 14 13 14 12 13 13.2 2 6,6 

11 TAPEATIACH JIG , MICROSCOPE 13 11 14 13 15 13.2 2 6,6 

12 SHELL ASSEMBLY JIG, MICROSCOPE 13 12 13 11 14 12.6 2 6.3 

13 SHELL SOLDERING JIG, SOLDERING MACHINE 15 16 12 14 13 14.0 2 7.0 

14 SHELL RE-SOLDERING IRON TIP ,JIG ,MICROSCOPE 14 14 13 15 12 13.6 2 6.8 

15 REMOVE TAPE & CLEANING CABLE MICROSCOPE 15 14 16 13 14 14.4 2 7.2 

16 APPEARANCE & OIMENSION MICROSCOPE 16 13 13 15 16 14.6 2 7.3 

FINAL INSPECTION 
17 MICROTEST 8 7 6 8 7 7.2 1 7.2 

: ELECTRIC 

FINAl INSPECTION 
18 MICROSCOPE 14 13 15 14 12 13,6 2 6,8 

: APPEARANCE 
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" 1.1 . .jfTn.J~n1~~n'r:tl~fin1~.yi1'l1'\.JLL~~~o]\JI1l!l'\.J"lI!l'ln1~U~~n!lU~lmrlLU~"lI'\.Jli?lL~n~'\.J 8-004 
~ . 

Actua l Operation Time (Crr) 
No. Sub Process 

2 3 4 5 Avg. 

1.2 0.9 1.0 1.1 1.1 

2 1.7 1.3 1.1 1.2 1.4 

3 1.8 2.1 1.7 1.6 1.8 

4 1.4 1.3 1.2 1.3 1.3 

5 0.7 1.0 0.8 0.9 0.8 

6 5.4 5.1 5.7 5.2 5.4 

7 1.1 1.4 1.3 1.2 1.2 

8 0.7 0.9 0.8 0.7 0.8 

9 1.3 1.0 1.4 1.5 1.3 

11 1.8 1.5 1.7 1.8 1.7 

12 1.2 1.4 1.2 1.1 1.2 

13 6.5 5.8 5.6 6.2 6.0 

14 1.0 0.9 1.3 1.2 1.1 

15 'l1..:J:nt.l'lIt.lfl'lU'W Strip insulation tool 3.3 3.1 2.9 3.2 3.4 3.2 

16 
.. . 
~'1 StriP tool 1.3 1.6 1.3 1.2 1.4 1.4 

17 1.4 1.7 1.5 1.3 1.5 

18 0.9 0.8 1.0 0.9 0.9 

19 1.0 0.8 0.8 0.8 0.8 

20 3.5 3.6 3.3 3.4 3.4 

21 1.6 1.5 1.3 1.6 1.6 

22 0.8 0.9 0.7 0.6 0.7 

23 3.4 3.8 3.4 3.6 3.6 3.6 

24 3.5 3.2 3.0 3.1 3.3 3.2 

25 0.4 0.7 0.5 0.5 0.5 0.5 

26 1.2 0.9 0.8 1.1 1.3 1.1 

27 n 1.0 0.7 0.9 1.0 0.9 0.9 
~'€l'4n) 

28 n 1.3 1.2 1.4 1.1 1.2 1.2 
~'1l'4n) 

Cycle 

time (s) 

1.1 

1.4 

1.8 

1.3 

0.8 

5.4 

1.2 

0.8 

1.3 

1.7 

1.2 

6.0 

1.1 

3.2 

1.4 

1.5 

0.9 

0.8 

3.4 

1.6 

0.7 

3.6 

3.2 

0.5 

1.1 

0.9 

1.2 
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No. 
Actual Operation Time (Crn 

Sub Process 
Cycle 

2 3 4 5 Avg. time (s) 

29 1.7 1.5 1.3 1.4 1.6 1.5 1.5 

30 0.6 0.8 0.7 0.5 0.6 0.6 0.6 

31 6.8 6.3 6.6 6.4 6.7 6.6 6.6 

32 0.4 0.6 0.5 0.5 0.5 0.5 0.5 

33 2.1 2.6 2.5 2.4 2.4 2.4 2.4 
, , 

34 'll'El~LL"lI~n1~L~'El~..:J1tJ"'l1nLri~'El..:J 3.5 3.7 3.3 3.8 3.6 3.6 3.6 

35 0.7 0.5 0.6 0.7 0.6 0.6 0.6 

36 6.5 6.2 6.0 5.8 6.1 6.1 6.1 

37 0.4 0.6 0.6 0.5 0.5 0.5 0.5 

38 5.3 5.4 5.2 5.0 4.8 5.1 5.1 

39 1.2 1.0 1.3 1.2 1.2 1.2 1.2 

40 6.8 6.7 6.4 6.3 6.3 6.5 6.5 

41 0.4 0.6 0.5 0.6 0.5 0.5 0.5 

42 2.1 1.8 1.7 2.0 1.9 1.9 1.9 

43 2.8 2.6 2.7 2.5 2.6 2.6 2.6 

44 0.7 0.9 0.6 0.8 0.8 0.8 0.8 

45 0.4 0.6 0.5 0.6 0.5 0.5 0.5 

46 1.2 1.0 0.9 1.1 0.9 1.0 1.0 

47 3.9 4.0 3.7 3.6 3.8 3.8 3.8 

48 2.6 3.0 2.8 2.9 2.8 2.8 2.8 

49 0.7 0.8 0.6 0.5 0.6 0.6 0.6 

50 5.7 5.6 5.2 5.4 5.3 5.4 5.4 

51 1.5 1.8 1.4 1.2 1.3 1.4 1.4 

52 0.4 0.4 0.5 0.7 0.6 0.5 0.5 

53 1.8 1.6 1.4 1.6 1.5 1.6 1.6 

54 5.0 5.2 4.7 4.5 4.6 4.8 4.8 

55 0.5 0.6 0.4 0.5 0.5 0.5 0.5 

5f) 0.4 0.3 0.3 0.3 0.3 0.3 0.3 

57 7.0 6.8 6.7 6.9 6.8 6.8 6.8 
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XXX)( (Thai land) Ltd ., 

Line Arrangement Check Sheet 

Depa rtment ...... ...... ... ,., .... 

Item 

Product Name : 8-004 No. 11111111 

Process Ass'y 

Pom.No. 1111 

Target/Day : 4,000 PCs 

Cycle Time : 6.6 Sec/PC 

Tact Time 6.75 Sec/PC. Working time : 27,000 sec . 

No.ofOpt 22 Ops NO.of Machine 4 M/C 

Equipment & Tool Actual Operation Time (CIT) Cycle time 
No. Sub Process OP 

1 2 3 4 5 Avg. (s) 

1 INSU STRIP & PRE-SOLD JIG,MICROSCOPE 7 5 7 6 7 6.4 1 6.4 

GND BAR 8 CONDUCTOR SETIING 

2 (A&BSIDE) JIG, SOLDERING MACHINE 40 39 40 42 38 39.8 6 6.6 

GND BAR SOLDERING (A&B-SIDE) 
3 JIG,MICROSCOPE 14 13 12 11 12 12.4 2 6.2 

CONNECTOR RE- SODERING 
4 JIG, SOLDERING MACHINE 11 13 13 14 12 12.6 2 6.3 

5 TAPEATIACH JIG . MICROSCOPE 12 11 12 14 13 12.4 2 6.2 

SHELL ASSEMBLY 
6 JIG. MICROSCOPE 12 14 13 14 12 13.0 2 6.5 

SHELL SOLDERING 
7 JIG , SOLDERING MACHINE 14 12 13 12 11 12.4 2 6.2 

8 SHELL RE-SOLDERING IRON TIP ,JIG,MICROSCOPE 6 5 7 7 6 6.1 1 6.1 

9 REMOVE TAPE & CLEANING CABLE MICROSCOPE 10 15 12 12 14 12.6 2 6.3 

FINAL INSPECTION 
11 MICROTEST 5 6 6 7 7 5.9 1 5.9 

: ELECTRIC 

FINAL INSPECTION 
12 MICROSCOPE 6 8 5 7 6 6.3 1 6.3 

: APPEARANCE 



No. Sub Process 

~ 
,)1 -l'll'W-l1 'W~-lUW Strip insulation tool 3.3 

2 
.. . 
(;l -l StriP tool 1.8 

3 1.4 

4 3.8 

5 1.1 

6 0.7 

7 1.1 

8 1.2 

9 1.3 

10 1.6 

11 2.0 
(A) 

1.5 

0.8 

0.9 

1.5 

16 1.8 
(B) 

17 1.3 

18 1.4 

19 .. .. -
Lfl~'fl-lL"ll'fl~"ll'W-l1'W (A&B) 5.8 

20 0.5 

21 2.6 

22 3.5 

23 0.5 

24 4.7 

25 0.6 
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Actual Operation Time (CIT) 

2 3 4 5 Avg. 

3.2 3.4 3. 1 3.2 3.2 

1.5 1.7 1.6 1.8 1.7 

1.7 1.5 1.6 1.5 1.5 

3.6 3.6 3.5 3.6 3.6 

1.0 0.8 0.8 0.9 0.9 

0.9 1.0 0.8 0.8 0.8 

1.2 1.1 0.9 1.0 1.1 

0.9 0.8 0.8 0.9 0.9 

1.1 0.9 1.1 1.2 1.1 

1.3 1.5 1.3 1.4 1.4 

1.8 1.6 1.7 1.8 1.8 

1.3 1.2 1.3 1.4 1.3 

0.7 0.9 1.0 0.8 0.8 

1.0 0.8 0.7 0.7 0.8 

1.3 1.2 1.3 1.2 1.3 

1.6 1.9 1.7 1.6 1.7 

1.4 1.2 1.2 1.1 1.2 

1.2 1.3 1.2 1.0 1.2 

5.6 6.0 5.7 5.6 5.7 

0.6 0.4 0.5 0.5 0.5 

2.4 2.3 2.2 2.4 2.4 

3.1 3.3 3.4 3.3 3.3 

0.6 0.4 0.6 0.5 0.5 

4.9 4.6 4.5 4.6 4.7 

0.7 0.4 0.5 0.5 0.5 

Cycle 

time (s) 

3.2 

1.7 

1.5 

3.6 

0.9 

0.8 

1.1 

0.9 

1.1 

1.4 

1.8 

1.3 

0.8 

0.8 

1.3 

1.7 

1.2 

1.2 

5.7 

0.5 

2.4 

3.3 

0.5 

4.7 

0.5 
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No. 
Actual Operation Time (CIT) 

Sub Process 
Cycle 

2 3 4 5 A time (s) vg. 

26 5.3 5.2 5.3 5.1 5.4 5.3 5.3 

27 1.5 1.3 1.1 1.2 1.1 1.2 1.2 

28 4.7 4.6 4.8 4.5 4.7 4.7 4.7 

29 0.3 0.5 0.7 0.6 0.5 0.5 0.5 

30 2.1 2.3 2.5 2.1 1.9 2.2 2.2 

31 2.8 2.4 2.5 2.6 2.7 2.6 2.6 

32 1.0 0.8 0.7 0.8 0.7 0.8 0.8 

33 0.4 0.5 0.4 0.5 0.5 0.5 0.5 

34 4.0 3.9 3.7 3.8 3.7 3.8 3.8 

35 2.1 1.8 1.9 2.0 1.9 1.9 1.9 

36 0.5 0.7 0.5 0.6 0.6 0.6 0.6 

37 1.2 1.4 1.3 1.2 1.5 1.3 1.3 

38 3.7 3.9 3.9 3.8 3.8 3.8 3.8 

39 0.6 0.8 0.7 0.9 0.8 0.8 0.8 

40 6.0 6.3 6.5 6.1 6.4 6.3 6.3 



111 FI eJ'W'J n "lJ 

~'J'eJ~h~ bb'U'U'61'eJ'U m 3-J vh"1!i. 'W nl'i'VI1'611 b 'VI 1PI 'VI~ n"lJ'eJ ~ if ru'VI l . ~ 

.. '-' , 
"lI'el-1~'Wm~'W 8-004 • 

, 
0 , ,., Q/ Q 

1?l11.1.~'W-1-11'W"lI'el-1~I?l'elUI.I.UU~'elUbl1l-J _ ______ _ 'J'W'Yl. __ 

1 ~l-JltJ~-1 hjiJe.J~(;]'eli1bl:!~ln1nn~hHh~~'J-1'"l~ (Short circuit) 

10 ~l-JltJ~-1 iJe.J~(;]'eli1C1J~1n1nn~1yjYh~~'J-1'"l~ (Short c ircuit) l-Jln~~~ 

.J 
'VI ~(;l,)'19j' Short circuit 

2 

6 

7 

8 

9 

10 

11 

L'f)m'11j''f)fiU1tJn1j'Ii1j',)9~'f)lJ 

~1..l'111..l~'1 hJi (;l L 91..l 

'111..l 

12 1i1j',)9~'f)lJ:n1..l'111..l~~'191mJrl'f)n 

~lml'lLUrl 

2 3 

2 3 

1 2 3 

1 2 3 

1 2 3 

1 2 3 

1 2 3 

2 3 

2 3 

2 3 

1 2 3 

2 3 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 789 

4 5 6 7 8 9 

4 5 6 7 8 9 

4 5 6 7 8 9 

4 5 6 789 
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10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
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111 Fl tJ'W'J n Fl 

1Pl'J'fl~h~'a~b tlm..l~fi m'atJiJ'U~~l'W"l 'W n1'atJ~ lPI~ltJ bFl b ij~'lJ'W1 ~ b~ n 

b~tJ d:; b utJu'1fi n 1 dUlJU&1~l 'W~~ ~Yll ~'WU d:; n'flU lu ~ 'J tJtr'J-if'fl ~~~ (d1 tJ ~:; b ~tJ WlJ'fl~ 

'1finldUlJU~~l'Wl 'Wbb(;]~:;tr'J-if'fl bb'~ ~~ B1 'Will A~'W'J n A) 

1) ~l~ui'WI?l'fl'Wl'Wnd:;u'J'Wnldud:;n'flU~lmAbiJ~"lJ'Wl~b~n (Cable Assembly) 

(Insulation strip & Pre-soldering) 

3) i'WI?l'fl 'Wn 1 d bl?l1tJ:w bbcJ 'W n dl 'J ~bb~:; I?l:; ~ 'JU d:; n 'flU b -if 1 n U ~ 1 tJ bA b iJ~ bb~:; 171'J b ~ 'fl:W 

(GND Bar & Conductor setting A&B side) 

4) i'WI?l'fl'Wnldb~'fl:l-Jd:;"dl~ bbcJ'Wnd1'J~ nU~ltJ bA biJ~ ~l'Wb'flbb~:;U 
(GND Bar soldering A&B side) 
" , 

5) i'WI?l'fl'Wnld"J!'fl:Wbb'll:W~l'W'VI~~nldb~'fl:W (Re-soldering ) 

6) i'WI?l'fl'Wnld&1 ~ b 'YlU n'WA'J1:W ¥'fl'WU'W~'fl-Wl (Tape-attach) 

7) i'WI?l'fl'WnldUd:;n'flUI71'J Ad'flU"lJ'fl~ 171'J b~'fl:W(;]'fl (Shell assembly) 

8) i'WI?l'fl'Wnldb~'fl:W(;]'flbbcJ'Wndl'J~b-iflnUI71'JAd'flU (Shell soldering) 
" , 

9) i'WI?l'fl'Wnld"J!'fl:W bb'll:W~l'W'VI~~ nldb~'fl:W (Re-soldering) 

" 
1 0) i'WI?l'fl'Wnld~'flm'YlUbb~:;;11 A'Jl:W~:;'fll ~"lJ'fl~~lmA biJ~ 

(Remove tape & Cleaning cable) 

11) i'WI?l'fl'Wnld'Yl~~'flUril'Yll~1~Yllbb~:;1~"lJ'Wl~"lJ'fl~~~l?lilrusrl 
(Final inspection &Dimension) 

" " 
12) i'WI?l'fl'Wnldl?ld'J"'l~'flU~mj'ru:;IlltJ'W'flm'fl~~'W~l'W (Appearance) 
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AAA Electronics (Thailand) Ltd. 

Temporary Instruction Sheet PAGE 1 01 

4M Change TIS NO. 

SUBJECT Product B-004 I-Jul-09 
ISSUED DATE 

DRAWING NO. XXXXX I CUSTOMER PIN Ixxxxx ISSUED BY S.Kamolrat 

DEPARTMENT XXXX 

DISTRIBUTED TO Production B-004 CHECKED BY xxxx 
APPROVED BY xxxx 

CHANGING CRITERIA OMACHINE OMATERIAL OMETHOD OMAN 

CUSTOMER APPROVAL OATTACHED WITH THIS TIS 

PURPOSE : 

To controllactor for making product B-004. ( nl~till1U~~1L11.1~A11JF)1J1Unl~l.Inl!Cl"lU~111~UI.j~~~ru'ritu B-004) 

D INFORMATION D TESTING D REVISEPOM D REVISE DRAWING 

APPLICATION: 

EFFECTIVE DOCUMEN : I-Jul-09 

EFFECTIVE WORK ORDEF 11111 CAN MIX WITH SAME SHIPMENT 

EFFECTIVE DATE I-Jul-09 DYES DNO 

DETAIL: 

nl~fi1l1'U61i1";j;Y[Jt'Umnil"l'U 

I . nl~rill1'U61il nt.1I5J1h1 il" L~~il" L 1imJ61::,r·mtJv\ 270 0 X 

2. nl~rill1'U61 L 1.nt'Um~L1imJ"1'U'1J il" L~~il"il tJv\ 8 iUTVI 

3. nl~rill1'Um::&llJml1J ~"'1J il" Heater iltJv\ II n<lihlJ61~ 

4. nl~rill1'U61 mllJlI'Ul'1J il"61 ::,r1v\ t l1t 'U nl~L 1iillJlll'Uil tJv\ O. I n<l~LlJ61~ 

IS.046-002 F 005-3-B 



1.2 ~'l'£l!h.:lr.::Lti!ltJ~6n1n1DU;.:I1\lLun1 .. ~ftlJl~1!1LflLU~"UU191Lfln 

1. Jig No. : ~ strtper bIodt.) 
- Record in o,eck ahe .. or run catd at stattlshift . (F-1897-1) 

2. Appearance after strip : All pieces 
- Insulation muet be strip clearty 
- Con4Jctor Should not bend 

l:QQL. 
1. l~ striper btodt 
2. InsulatIon strfper Jig No.SR-023)t-xx ,SR-022x-xx 

Operation ;step 

1 ....... LALfiabf.s,.,rut .. ,. pin _ .... llIsuIaUon strip tool. 
(Set cable Into gab between pin of Insulation strip tool.) 

2. 4'u Toggle .. a...s,.aan,-Aa strip Insulation 1I'1>I1t1 
(PUll toggle damp and .strip lRS<Jlatlon ,Follow pl.ClUTe) 

"">7"> .... Product iN'" Pin '''''1''>->,.. Insu-L.aser S/lttlng 
t"'_.oIfu Pin strip .. a .. "" Clamp ............. "" 
(Set cable Into pin (pin Is In between conductor) 

After that damp to lodt cable) 

Insulation strip 

Pre-soldering 

tffllu1i~U'fJlfuimmlnll'nnij2il 

CONTROL ITEM· 

t.Tool no : Re<ord In Run card at start! shift (F-1896-1) 
2. Temperature .. ttlng .. 300 ± 20°c (280-320 0 c) 

: Measure by thermometer. 
: Record In check sheet 2tImU/ shift (F-1897-1) 

3. AppelllBltce after strip : All pieces 
- ofa.n1_.t ..... a1l conductor 

.,donl' .... 3/4 .. ., .... ,.,.. 

l:QQL. 
1. SOlder pot (ts--094-002) 

3/4 of conductor have ,.oIder coat 
of .. .»r" .. .t'XA 11'0111 cond uctor 

.. d",uOlu 3/4 .. OI .... 'YWU ..... 

MEASURING UNlT(tnho) : MILLL~TIm (mm.: UnSnJfl2) 

4 

..... 

.j:>. ..... 

nkam
Typewritten Text
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1..n-l~l')n~~fj;],r pf~~-li~"1J bil~H~~~'W~ 19 mnDlfP1~ 'V'U"L2525 ~lb~9n1t~m11 

mrurul~PI')mt~""l~j;]furW'nj;] JllfP1~"lll~j;]~lV1n1t fP1ru~~""')mnJ""l~j;]f 91m-JVll~'Vltl1~tI",,1 
~ ~ q 

~""')mn-J Pll~ j;]f~VllUru.yj j;] 

~Vll~'VltJ1~tI 
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