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The Use of Lean Pull Production System Under Unbalanced
Production Line: A Case Study From Solar Silicon Manufacturing

Student : Chia-Leng Lee Advisor : Dr. Chen-Yang Cheng

Department of Industrial Engineering and Enterprise Information
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ABSTRACT

As solar energy technologies kept progressing, the demand increased. Solar energy
manufacturing produced mass production with push system to fulfill the demand. However, if
the production line was unbalanced, there were too much work-in-process (WIP) on the
production line. To reduce WIP and cycle time, our research use different Types of the pull
production system which were proposed by the previous research. These Types of the pull
production system are applied in solar silicon manufacturing. Our research analyze
production line with VSM and find an optimal performance of pull production system with
response surface methodology (RSM). Finally, simulation is used to validate. After compare
the result and current data, the 16% of the average cycle time and the 25% of the WIP for
hybrid Type 1 production system are reduced.

Keywords : Lean Production, Kanban Pull Production System, CONWIP Production
System, Hybrid Production System, RSM, Simulation
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: ERREFERM A2 - BROFFTREEL
R s F A FHEP G EEEE BE R RS F RERE ARG
_%EET?%S‘?T‘;'] (Linear regression model) » I @& 35 3% #-73] Rk - 27 = F % e ¥ o
* LR R d B P L Eh o »ﬁ T RTeY S BLs o R FERS eSS NP wEE
MITengh o A EATHEE A 0 E PR ITI R FERL 0 o
FRREY EA - B R R L7 F kR

FF FEEERE O T - PR R TR IT R & fR e
3w F ARG ab%s‘:ivl P FS A B aERERR e BER
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iR & 3§ 4 A sk G el sk (Allocation) ~ 3 4 e
FEAUG 164 442 64 AR TEFEAP

3 PO zk(Feeding) »
B DT -4 F > d
AP FEAEOHEFE - TS
A HApBRREE > bF - 1

J? (Crucible process)

|’-FA}%"}' PR f:,“.» A1 TIF’_Q‘I-_ ’ I}L_F;TIF’_%_I

‘ffﬁrf\?_ 1@ ﬁ,,.fﬁ’% Y 4

NO. WA LA #5#ikc 4v 1 PF R (min)
| & %) +1(Etching) | NORM(54.06)
2 % Fe 4 iE (Sorting) 1 NORM (30)
3 e (Allocation) 1 NORM (37.5)
4 ¥ #4(Crucible) 1 NORM (72.57)
5 F ! (Feeding) 5 NORM (139)
6 £ & (Growth) 63 NORM (5030)
7 B = 1(Cutl) 7 NORM (1228)
8 B> 2(Cut2) 2 NORM (633)
9 B> 3(Cut3) 2 NORM (706)
10 # 2 (Inspect) 2 NORM (42.3)
11 ¢ 7 (Packing) 1 NORM (75)
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MR WAL ARt NG R SRR LR .

433 WEREULE L
WP eh s @2 d i 4 (Verification) 3 % % (Validation) ® 4 %]i& {7

LR o

1. 1@ %(Verlflcatlon) Y @ SIMUL 8 p & 1 45 7% 5¢ & {7 2| T_> 4%

“)\‘J"I @5 ~r ""J )73 zJ- 13 '/_]._E 3_‘_:«“ ‘:J 2 :T’j_ Vs ‘i“‘ ;"KAV\ y j:':' J‘jﬁ‘)"

= lE 4 + =~ v F
PRERETEFERK Lﬁéﬁ

2. Bz (Validation) : 4 ¥4 »c R B H A > AT T S B B E BN

FORALBEF R P RS IR T R AR LA A 420 )

31



g iz B E & g PRI R RE RSy 0 4 % 5 A 4 (Output) ~ 2
AF YR (Cycle time)3 % S8 ® (WIP)» H22X % 4 10%p » 527

B OERIPN o FL TR R A LR ko

1040 HEhEima 4

I P A Hod 6 Sk WAF A
Output (Ingot/day) 16 15.97 0.17%
Cycle Time (Ingot/day) 9645.23 10448.36 8.33%
WIP (Ingot/day) 107 110.00 2.80%
R Simul-time : 1 year Warm up : 30 days Rep :
10

FA P A 23N 4e(12)#75r (Lu et al., 2011) -

BEA% - AT 44
= 0
R A= Ty x 100% (12)

434 F: P4 F k2 HERC
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P42 AAREAF TN ASGHBEREFRI0 A8 4 - <3
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R AR FARTFEEE R o AR AE m%% 2]
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B ER Bl g FASE S BBE- Ra gl A 2ig
FrREilgFe 28 BRhR B4V RRL A o
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Bl 4.10 Hybrid Type 2 # & % ¥ufi#t 7 & B
Hybrid Type 3 # & & Sefidg ¥ b 5 % A 0 #15 #b% 5 CONWIP »
FLEE ek 14 2 KANBAN » H 387 2 Bl4c 411 B 3 2 2515k 4 £ &b
A AREREFFE TR s KANBANL » @ B 2 218 5 5 - 530 R
KANBAN & 74234 4 & o @ Hybrid Type 4 # & & Sofidg R £4p F - ¥15¢

i & xE B KANBAN 5y 5E =k {6 Bld CONWIP 9= Vi = KANBAN
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B 4.12 Hybrid Type 4 2 & & Sificki T

o4 & kit 2 B KANBAN fie & > 2 # 5 KANABN
%@ﬁ&iﬁm%%»;ﬁﬁmﬁ@ﬁﬁ;éﬁﬁﬁ&%%
P % 3 KANBAN dic® 5 584 & X 3Len% 3 > Fpt 257 7
AT - PPEBIE RBY R ES LB FFLER SLEREER
£ 52 - & F D EF 5840 3 Ingot 5 A% > % THF £ %5 WIP #ic £ %
Cycle time » 45 ) WIP %2 Cycletime 5 & M3 %2 4 & kst o

PR
T
® F

44 F %A~ 175 %%

N R SRS FTHRAIR 35 G E B PHahrs
b iz i e E 0 d > Hybrid Type 1 2 2 & st £ Kanban 2 CONWIP £
FEL > T d Hybrid Type | 4 & 525 6] G 53 BHBE A i ik o 1L
B BPHEEL o 25 i WIP#HE 2 Cycle time > T &7 — FFE IS dand i3

PAAEGEARE RS

U2 BdV 4 & kAL

3\3:

N

Rl

r

441 WIP #&& 4 % ¢ %

FRyp b g 52 3 B P ehg el O T 0 R4 43
AT AL PG - B &% 5 WIP#E % Cycle time » 4 Hybrid Type 1
PR RPFHREI L 6] 0 4035 &4 i > o 3 Hybrid Type 1 # & 4
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LW E S sk KANBAN M %3R3 B S 5h o AT 42 40 R B3k 275 2
42451 5 KANBANI 4 90 3% » KANBAN2 % 11 3 o
# 4 iE #4745 % 45 5 KANBANI (70~110)3 - KANBAN2 (9~13)

3 TR (T2 Pk Ldck 430

143 % - DR ShEt R

Run X1 X2 KANBANI1 KANBAN?2 WIP(Ingot) Cycle time (min)

1 -1 -1 70 9 66.63 9130.38
2 1 -1 110 9 105.75 13398.7
3 -1 1 70 13 68.63 8640.71
4 1 1 110 13 106.75 10548.9
5 0 0 90 11 85.75 9379.56
6 0 0 90 11 85.75 9379.56
7 0 0 90 11 85.75 9379.56
8 0 0 90 11 85.75 9379.56
9 0 0 90 11 85.75 9379.56

H9 X, 5 %75 %8 KANBANI 2 KANBAN2 3 A %62 p #% % ¥ -
FPASKCELBETRI)TIEZ ~ KA LBEAU UL~ -1 27 > F#=
BEAIFIS d p ARD I L S R BB AR 45t (13) o

_ KANBAN1-90 _ KANBAN2-11

— ' X, = 13

1. feig WIP - Ff i j7 H03)
1A 442 FEEE > MalEEOREE 0052 FE) T2 E 3
A WIP 5B & & 2 IFenil 2 > A&7 7 1252 048 Mintab 17 % 1
Lo feif WIP #c® & & 2 - [P jF e (14) 2 7 X7, 5 WIP
PR A 44 % - X WIPHREREF %GR 7 7 4R jf il
BEMS T X2 0.05 #r RIS 5 X - B DA A
ARG 0997 & RHE F R EDARNG AR Y DM B 2R G
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7, = 86.279 + 19.310X; (14)

244 % - Z WIPlkERFFTH G E

Term Coef SE Coef T-Value P-Value
Constant 86.279 0.251 344 0
X1 19.31 0.376 51.33 <0
X2 0.75 0.376 1.99 0.093
S R-sq R-sq(adj) R-sq(pred)
0.752428 0.9977 0.997 0.99

FeF A e U R AT SRR A R A
45 % - % WIPBc® &g {27 > 4o T- IFfeif i fF2 4412 F e € iE 3
7.55 0 SAPHE R i“i?“% % % 75 Foos16=5.9874 HHCF| F B <>
% i‘fufg PR A - RO Gy 0 W At BOR] B 2R Tt S
%—s%véﬁ:%ﬁﬁﬁ@’*@Fﬁiﬁ*””ﬁﬁ

-~

% 4.5 % — == WIP #ic & 4 { 216 T

Source DF Adj SS Adj MS F-Value P-Value
Lack-of-Fit 1 3.15 3.15 7.55 0.033
Pure Error 6 2.5 0.42

PR e T pRiE A - BAE Y ho FEHC
2K % & /,z\”l - B 2k_q.‘];§_ v BN IR

T3 k3o A e 2k BPREE 0 A 0 BET PhEReTEERa—(n) otk (2

Vo kRSl e b Y Bk n 2 TR Y K22 F %A ba
414145 % 40 ~ 5S¢ o BREAGRSA  PTIE (79 Bh % & 4o 4.6°Runl~Rund
TRAZF

# %3k 3+ > Run5~Run8 5 #h2k > Run9~Runl3 5 ¢ & 8L o
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% 4.67° & &R FHREL

Run X1 X2 KANBANI KANBAN2 WIP(Ingot) Cycle time (min)
1 -1 -1 70 9 66.63 9130.38
2 1 -1 110 9 105.75 13398.7
3 -1 1 70 13 68.63 8640.71
4 1 1 110 13 106.75 10548.9
5 -1.4142 0 61.7157 11 58.63 8919.57
6 1.41421 0 118.284 11 113.63 12053.5
7 0 -1.4142 90 8.1716 87.13 1226.01
8 0 1.41421 90 13.828 87.38 8853.48
9 0 0 90 11 85.75 9379.56
10 0 0 90 11 85.75 9379.56
11 0 0 90 11 85.75 9379.56
12 0 0 90 11 85.75 9379.56
13 0 0 90 11 85.75 9379.56

3. peig WIP #cE = FFid b fi-dl
13954 4.6 - FPHCAINF SR e & BT R MG 5 R FH R A
¥ o PR R RAe N (15) 0 d R Bk A 47 @i E
HZ_ A HBR? G 099920 A F B FHPRPEM G o

¥, =85.925+19.378X,+0.419X,+0.782X° (15)

% 4.7 WIP #c & = Ff i fF 03

Term Effect Coef SE Coef T-Value P-Value
Constant 85.925 0.158 543.28 0
X1 54.808 27.404 0.219 125.16 0
X2 1.186 0.593 0.219 2.71 0.024
X2*X2 3.126 1.563 0.329 4.75 0.001
S R-sq R-sq(adj) R-sq(pred)
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0.998

0.43792 0.9994 0.9992

Fai T d 48 BRI FEL 1.07 Rk 2

B¥iE
Wt ® h & A Foossa=6.2561 0 e T3 E < 302 PR R 0 Bt A
TSR 5y e AR o
7. 4.8 WIP #c & = Frad i 4 T
Source DF Adj SS Adj MS F-Value P-Value
Lack-of-Fit 5 1.54 0.77 1.07 0.389
Pure Error 4 5.77 0.72
4. 1»)’& WIP # & A E 7},0,
%F R s A BF A 2 R e A ) R R
2 T fgEl, AR (15)8 7 ks KH 5 R KX 2505 (16)50 o
a?ifo (16)
dX;
6'}\’ =19378 =0
oX
! (17)

—~

7,
o ).419+0.782X, = 0
ox, * 2

F B f2(A7)2 > 4250 7 # X=0 > Xp=—0.5358 » -t s ik p AR

$# 27 @Aop AP EE08(18) -

KANBAN2 — 11
» —0.5358
2 (18)

KANBANI — 90
- 20
g ARFHfEL B 5 KANBANI=90 > KANBAN2x9.9283 » #-}
| % 5 WIP=85.63 % Cycle time=11121.95 > }*
A EEEfE Fp 7 E
P

B~ kRS 0 9T
T R e S R S =LA AT
Frpe g Rk d AT G F B%%Cycletlmei'vtaﬂﬁﬂ&’ﬂ
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Cycle time F 2. &% g h s ehe & o

4.4.2 Cycle time %~ #% 9 2%

Feif % - P 1 WIP ciie JF #0412 > & Ffeid % = p 4% Cycle time » 12
Ppr- TR EPEREFEA 49 FHRMaEFREZE 005 EFE )T
% 0 35 0 Cycle time £2 2 % ez fF B (%> fieig Cycle time 22 2 S #cz. — |4
i Eﬁ:%s‘f J4054(19) » H @ % ¥, % Cycle time P &8 » & % 4.9 Cycle time %
- SRR E Y TR R F ARPB IR § X, 0050 4
BAIF G X - BB X BFAUHC AR L 05313 A A Q2 F RE
S MBI G > HECR S B F o

1. feif - FEiw Ep:’fif‘_“;']

¥, = 9846 + 1544X, (19)

# 49 Cycle time % - =tfieif % F &

Term Coef SE Coef T-Value P-Value
Constant 9846 267 36.91 <0
X1 1544 400 3.86 0.008
X2 -835 400 -2.09 0.082
S R-sq R-sq(adj) R-sq(pred)
973.296 0.5899 0.5313 0.075

Pf’*%i«"l%i@'mﬁ TR RO S AR R4 410
- P L A F R E S 352 S H Ak AR R A4 W
0 Foos.1.6=5.9874 » B 3| F iE | *t e T 538 0 R & 0 — PRI F o
AT R G o
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% 4.10 Cycle time 4 i 44 %_

Source DF Adj SS Adj MS F-Value P-Value
Lack-of-Fit 1 2450572 2450572 3.52 0.11
Pure Error 6 4180568 696761
BECEEE W P

d 3 b % @ arig & Cycle time c- PR JFHCAIE 0 2 7 T
b 22 44 Cycle time i€ (7 %] 51T > § 2145190 7 > Bo— FF
W EFHCA Y TS ﬁmmﬁeﬁmf AN GO R A A BT
Hoiw fHcerh &) o d R ECA R G - B RS Pt AR R X, P
GEC1544 > K ERAAH B - T4 %l%fémﬁ}é«ﬂd?lo

Fgt R AR R R K BRI B SRAS =50
B SAX B S p R R E HAS 0 NSRRI N T - B
X;o FltE B4 X, - BH = PIH 4 p RRES -

% 4.11 Cycle time & "#_+ 2 F % &%

Run X1 X2 KANBANI KANBAN2 WIP(Ingot) Cycle time(min)
Origin 0 0 90 11 85.75 9379.56
Origin+A 1 0 85 11 81.5 8978.21
Origin+2A 2 0 80 11 76.25 8742.22
Origin+3A 3 0 75 11 72.38 8673.91*
Origin+4A 4 0 70 11 66.25 8694.31
Origin+5A 5 0 65 11 61 8787.3

d %411 cnf S P E2YNE 413 7 7ig > Cycle time &% = =
FoRPEPEES EF N d Lo EATRE - BATOF T 0 T
PUE T X=T75 32 Xo=11 5 Fren? S BE o
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9500
9400
9300
9200
9100

19000
8900
8800
8700
8600

Cvycletime

0 1 2 3 4 5 6
H 1%,
B 4.13 ;5 F & 2 BT Cycle time ¥4 5 B
3. %= el Sk
Flut g7 E AR E P % 0 T % 3T 5 KANBANI (60~90)
5 ~ KANBAN2 (9~13)3& » H# S #c %5 B4 4(20) BE X BT H - =
el Bk FREFT 22 P A SBY wgB A% Lot 4120

KANBANI-75 KANBAN2-11
X1 = 20 T Ay = 2 (20)
% 4.12 Cycle time % = =X fieif F %E'L S %
Run X1 X2 KANBAN1 KANBAN2 WIP(Ingot) Cycle time(min)
1 -1 -1 60 9 56.9 9389.03
2 1 -1 90 9 85.8 11055.3
3 -1 1 60 13 56.3 8708.31
4 1 1 90 13 87.7 8695.19
5 0 0 75 11 72.8 8654.18
6 0 0 75 11 72.8 8640
7 0 0 75 11 72.8 8662
8 0 0 75 11 72.8 8648
9 0 0 75 11 72.8 8664.18
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T - PR 2l B R E A 413 PR

sy XoBF BFEFHEMHEIT FIREA 414 5= =2 - PP fFad
FHFETES 627 SAAHR K T £ & 4 740 Foes.16=5.9874 >
BHA|FE A0 s £ 0 &0 - PR A2 g 0 7 At A 5ot
Mo FREILESF R

¥, = 9013 + 760X, (21)

% 413 Cycletime % = Xfieif F R Gt & 7

1~
Term Coef SE Coef T-Value P-Value
Constant 9013 212 42.45 0
X2 -760 319 -2.39 0.048
S R-sq R-sq(adj) R-sq(pred)
637.018 0.4487 0.3699 0
% 4.14 Cycle time % = =X 4 if 1416 T %
Source DF Adj SS Adj MS F-Value P-Value
Lack-of-Fit 1 1451834 1451834 6.27 0.046
Pure Error 6 1388713 231452

4. Cycle time ¥ & & =&+ F 5%

<

d D B e B B A o o BT B LG
u:rﬁyﬁﬁﬁﬁ»ﬂ&ﬁ%“:ﬁw Bhao b 3¢ L LG
‘%F’:‘ i‘a%\:\lf l@iﬁ\b%l/& T ]}‘5 t\.»ﬂ!:v ﬁo ?é ':’fj:?:%%:%’k?—r %\

4.15 -
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# 4.15Cycle time # & & = F L2 L 5%

Run X1 X2 KANBAN1 KANBAN2 WIP(Ingot) Cycle time(min)
1 -1 -1 60 9 56.9 9389.03
2 1 -1 90 9 85.8 11055.3
3 -1 1 60 13 56.3 8708.31
4 1 1 90 13 87.7 8695.19
5 -1.4142 0 53.7868 11 51.13 8809.8
6 1.4142 0 96.2132 11 92.38 10054
7 0 -1.4142 75 8.1716 70.13 10592.5
8 0 1.4142 75 13.828 70.63 8415.5
9 0 0 75 11 72.8 8654.18
10 0 0 75 11 72.8 8640
11 0 0 75 11 72.8 8662
12 0 0 75 11 72.8 8648
13 0 0 75 11 72.8 8664.18

>
S

N 1 Y

1295 Cycle time » & & = K37 S fgbﬁaiﬁﬂﬁﬁ?%s‘ii'] oo oz
Fefidlenfe i io » RRSFEHREFLITEE - FEIREY #2580
(22)eh= Fe A o

Iy

¥, = 8653.67 + 426.59X, — 764.94X, + 387.61X,% + 423.66X,
— 419.85X, X,

d % 4.16 Cycle time = Fffieif 1 fFHCT] 8 % @00 9 B {5 o2 J?Jfﬁ
B R 509996 0 #cd 7w gt A AR R it 4 5 T gt fEiea)
o ie- iR R LA 4170 FREA ik 2 F=557
%t Fo0534=6.5914 > F]pt ¥ & Ep: SnWc s A T - PR S i
¥ PRl

w’é‘i
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# 4.16 Cycle time = Fg fiz 1§ 3% Eﬁ?ﬁ:i‘] %

Term Effect Coef SE Coef T-Value P-Value
Constant 8653.67 7.68 1126.48 0

X1 1206.57 603.29 8.59 70.24 0 1

X2 -2163.59  -1081.8 8.59 -125.95 0 1
X1*X 1550.5 775.2 13 59.52 0 1.02
X2*X2 1694.7 847.3 13 65.05 0 1.02
X1*X2 -1679.4 -839.7 17.2 -48.88 0 1

S R-sq R-sq(adj) R-sq(pred)
17.1776 0.9998 0.9996 0.9986

# 4.17 Cycle time = Fg:® Efr‘fﬁ,iiﬁ M T

Source DF Adj SS Adj MS F-Value P-Value
Lack-of-Fit 3 1666 555 5.57 0.065
Pure Error 4 399 100

6. = Ifit {FHEAlE L

d A4 PIERR B - Cycle time = R FHCI 2 50(22)
For 2N Q23 0 R T ERLT T (24) o
Y=£,+x'b+x'Bx

B bp = [ 387.61  —209.925] | p— 426.59 (23)
A —209.925  423.66 —764.94

1
X, = _EB_lb — _05 [0.003526 0.001747] % [ 426.59 1 _

- (24)
0.001747 0.003226) ~ |—-764.94

PR B A% 9 5] %S B85 X=0.0839 » X,;=-0.8612 ¥ {94k
(20) 7 # # 5 op R R #E L
KANBAN2x9.278 » & & » % %17 3| f% 5 Cycle time=8696 » WIP=72.5 -

-

# % % 5 KANBANI =~ 76.678 >

Output=5124.25 > 2 # Cycle time © #iT % SLf 2. B @FF > &7 v
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443 ZFPHLFRELZ BT
d 3t bR g e 350 WIP #& & 2 Cycle time ﬁolﬁﬁﬁﬁmﬁ"’ H-A o
SARWE REZ PRE FEARSOE BEG P Fap EE
d 3E p ﬁ‘xrs ZTEREHE 16 3 Ingot > — & A F 5 5860 %f > |t Output
AL 5% T AV ERXFF 0 A7 KA Output < *% 5700 3p2 T 0 B RF
WIP #& 7 4211 90 4§ 2 Cycle time # 4% 9000 4 45 5 P £ - 35 d1 40 % &
B Rz FHE -

BR o Al i 2 F SR A R S WIP 2 Cycle time 2. ¢
Al o v XX T E WP RE AN F WP oz op R
¥,<90 ~ Cycle time Z B #2Y,<9000 & Output B #Z2EV;>5700> 134437 F F I
Errfe i A E R AR EBK IR HEFNFZEFAM 7 £
5 iV {7 ﬁiig‘%lﬁ] » 2 3 F1* Mintab (it #t48 2. Overlaid Contour Plot
1B VRN GE PO RACB 4140 VR T AL P R SR
R D RF Y BEAY Sl % RN B2 2

Contour Plot of CT, WIP, OT

10/

0.0

X2

-1.0

-1.0 -0.5 0.0 05 10

B 414 5 F o2 b 88 0§
ﬂ]::}j‘t 5a”#&;m?;f@'?&;}\lj“)\’Tj*bﬁﬁf@lgﬁ#%ﬁrJﬁj
B S0 Bk 2 34(26) ~ (27)% (28) o
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¥ = 8653.67 + 426.59X, — 764.94X, + 387.61X, + 423.66

25
— 419.85X, X, )
1
y <70
88 — Y.
d, = ( 2) 70<y < 88 (26)
108 y > 88
90001_ v y < 7000
d, ={([Z—_"2) 7000 <y < 9000 27
2 2000 # (&5
R y > 9000
v _15799 5700 < y
d, =4 (2—2"77) 5700 < y < 5900 (28)
3 2000
) y > 5900

A&7 % Minitab A $r8 s 1 & RIREEY Sl w % R Y~
2 Y;2 PR EREOFBGR T0 A WL B Rl ER TP HRE 0 B WIP 2
P T=88 2 L=70> 12 % Cycle time = 7=9000 % L=7000 > #- Output 2_ B
Tl TKEBLEEBMEEL U=5700 0 75 %50 %#HK X,=0.8714 2
Xo=1.4142 > r2 2 35| & Y,=84.28 ~ Y,=8562.35 ¥ Y;=5796.31 -

KANBANI1 - 75 KANBAN2 — 11

0.8714= > 1.4142= 29
20 2 29)

B-F)3 i S p R%Ek: KANBANI=92.4 3 KANBAN2~13.828 -

PUA O~ kAR P 5 WIP=81.75- Cycle time=8729.29 %2 Output=5711 >
A AF LI @2 P AR > &7 - Hybrid Typel 45% 2 & % st5 {72
2% % KANBAN1=92 » KANBAN2=13 o
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444 FHEELF

gﬁﬁ@ﬁﬁéﬁwwﬂw%ﬁ?%ﬁiﬁﬁﬁT’EE Lisz%
P AR e 2 2 2 bl ebicd 418

L lj};)flf%\;ll \i/i‘%“é‘%ilﬁaff\* 4.19 % ﬂ415°
3418 & B G S

_ 4L = =\
:l!ﬂ }\‘ /f L ’ }\‘

Kanban 2 #h2 3 KANBAN 27483784 & o

CONWIP #w #3K % KANBAN > d 5.5 - s @iEF M I Som b7 d o

VIFLSEEE T A 0 FISE R B KANBANI » f T - shffs > o sh %k B

Hybridl - ) )
KANBAN?2 > d B8 — #h @£ 3 KANBAN2 & {748 o
Hubridd WELFEEEE A 3 X CONWIP » B #h3k 8 KANBAN1 > o £ S sbird »
11
Y B sh2t B KANBAN2 o o Bfs— shinds o
_ VIFLFE R A 0 ¥ §E sk 2 CONWIP 285 » 5L5p ek P & 2h3k B
Hybrid3
KANBAN -
VIFLER R T A 0 FLE sk & 2% B KANBAN > $g3 2k 15 d CONWIP =
Hybrid4

A 25 % KANBAN o

L4195 N K BB R L

) %z KANBAN  Output WIP Cycle time

42 ki KANBAN % & = 4]

i (Ingot) (Ingot) (min)
(Etching, Feed, Growth,
Kanban ) (16,6,58,22,5) 5,724.00 89.9 9,281.97
Cut,Inspection)

CONWIP (Etching) -89 5,790.60 85.2 8,787.68
Hybird 1 (Etching, Cut) (92,13) 5,711.00 81.75 8,729.29
Hybird 2 (Etching, Cut) (75,22) 5,766.33 83.33 8,926.74

Hybird 3 (Etching, Cut, Inspection) (73, 18, 6) 5,743.80 854 8,891.64
Hybird 4 (Etching, Feed, Growth, Cut) (21, 5, 59, 19) 5,784.20 84.9 9,713.12
B IPLV B 5,829.90 111.7 10,163.13
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EAENNEAl IR = ERLAE - R R e o ’f'&:")ib“ﬁ*’ L% 420 7 R
Hybrid Type 1 2-#c & 7~ " & 5 H ¢ WIP #ic# #%_110 % Ingot "% 1 T
81 3¢ Ingot » i tg & X 25.68%11 % Cycle time f£_10448.36 4 45'% i< %
8729.29 445 > L MR K 1645% > FI T P P K AL TR P L H s
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2l

=+ N 2| % IS A 4 2/ o
% 4.20 IE-‘/Q—‘;’E é-if‘_;,\‘ A fuvi.; i AN

EAlE N WIP ez 7 A Cycle time :x & F 4~

Kanban 18.27% 11.16%
CONWIP 22.55% 15.89%
Hybird 1 25.68% 16.45%
Hybird 2 24.25% 14.56%
Hybird 3 22.36% 14.90%
Hybird 4 22.82% 7.04%
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7 421 Output 2. 5g5F f fm A 2 | AW
Sk 7% Kanmban CONWIP  Hybridl  Hybrid2  Hybrid3  Hybridd
0% 1.82% 0.67% 2.04% 1.09% 1.48% 0.78%
7.50% 0.42% 0.31% 0.46% 1.17% 1.38% 1.28%
15.60% 1.07% 0.18% 0.08% 1.02% 1.08% 1.03%
34.50% 1.33% 0.18% 0.00% 1.34% 1.34% 1.34%
48.30% 1.56% 0.25% 0.00% 1.56% 1.56% 1.56%

A RE WIP R T & BB FLS PR T ER
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#. 422 WIP z_ 535 § 7 +* 4

${3 = § / Kanban CONWIP Hybridl Hybrid2 Hybrid3 Hybridd 3.i% % 5

0% 89.9 85.2 81.75 83.33 85.4 84.9 111.7
7.50% 82.33 87.13 80.4 82.67 82.67 86 474.5
15.60% 90.33 87.38 80.8 85 79.33 88.67 931.2
34.50% 84 86.25 82.5 82.67 82.33 86.67 1716.9
48.30% 85 86.88 79 79.33 79.33 87.33 2138.3

83

WIP # + (Ingot)

81

79
0% 7.50% 15.60% 34.50% 48.30%
FE A AT

==K anban CONWIP Hybridl =—se=Hybrid2 =—@—=Hybrid3 =—@==Hybrid4

B 4.16 WIP 2_ 5358 § j7 A8 % B
BEEFEZ Cycle time *™ 7 B AW £ ¥ 2 kst fiiderd 4235 F
BILIN A S F LT L A 4 0 B Cycle time » 52 {4 > @ H & 50
4 A HABEARNEF LSRR Ao o APt IR R BLfE 2 # ¢ 1 Hybrid Type

23
144 siegrot Hisptd g kg e 417

% 4.23 Cycle time 2z ¥ 5 f i7" %

5L =k f /7 Kanban CONWIP Hybridl Hybrid2 Hybrid3 Hybridd %% 5
0% 9,281.97 8,787.68 8,729.29 8926.74 8.891.64 9,713.12 10,163.13
750%  9,726.65 9,302.14 9,121.92  9,389.86 9,214.42 10,257.44 26,532.32
15.60%  10,527.29 10,077.02 9,858.11 10,165.47 9,960.99 11,101.05 48,526.65
34.50%  12,209.63 11,796.27 11,526.50 11,773.83 11,532.71 12,848.24 86,078.40
48.30%  13,320.32 12,984.49 12,683.22 12,830.07 12,555.86 14,005.93 105,765.21
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# 424 Hybrid Type 1 **% o § £ T 2 g 2t

FFEERE

EAS Output(Ingot)  WIP(Ingot) Cycle time(min)
Etching Cut
100% 92 13 5818 80 8657.24
75% 67 15 4416.63 61.25 8705.83
50% 48 8 2994 41.88 9429.97

FRIp> 7 e eng £ o B3R0% k 522 Hybris Type 1 & 5uif i & SLiEHR
(004 % B R A 425

% 425 7§ F2 ;% Hybrid Type 1 +* $i

- 4p I Hybrid Type 1 & %t
K WIP(Ingot) Cycle time(min) WIP(Ingot) Cycle time(min)
100% 110 9159.26 80 8657.24
75% 63.75 8737.46 61.25 8705.83
50% 43.63 9613.02 41.88 9429.97
120
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B 60
E 40
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