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KEYWORDS: SIMULATION, GLOVE BOX ASSEMBLY PROCESS, KANBAN
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PP-

For many decades, Just-In-Time manufacturing have adopted kanban system
as a mean to control inventory and production. In its ideal condition, manufacturing
process should be a consistent product mixed with a small production lot size and
minimum setup time. Such condition is difficult to obtain even in many automotive
assembly lines similar to a case study. The case study assembly line is a glove box
assembly production line that assembles two plastic parts and welds them together
with a vibration machine after positioning in a mold designed for different products.
Because of storage equipment, each kanban card represents 60 identical glove boxes.
Nevertheless, a production supervisor ignores sequence of received Kanban and
attempts to minimize number of mold change-over by re-scheduling the production
planning using three factors, particularly duration time, remaining kanban cards, and
status of current mold. This ad hoc production scheduling leads to urgent production
orders and interruption of production. As a result, the aim of this research is to design
suitable number of kanban between assembly production and warehouse and propose
re-schedule process by investigating these factors as well as size of storage equipment
using a computer simulation. Having analyzed and embedded historical data, the
results of this simulation reveals that the remaining Kanban card has no effect on cycle
time and number of mold change-over. However, the interaction of duration time and
size of storage equipment plays important roles for both indicators. This leads to a

suggestion to revise a lot size if the factory decides to change a storage equipment.
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Two-Sample T-Test and CI: Actual, Arena

Method

pa mean of Actual
pz mean of Arena
Difference: py - Yz

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N  Mean StDev 5E Mean
Actual 12 1462 1.B0 0.52
Arena 100 14.030 0.826 0.083

Estimation for Difference
95% CI for
Difference Difference
0.588 (-0.571, 1.747)

Test
MNull hypothesis Hol i - P2 =0
Alternative hypothesis  Hilpa - p2# 0
T-Value DF P-Value
112 11 0.288
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Two-Sample T-Test and CI: FIFO, FIFO_ARENA

Method

p mean of FIFO
pz mean of FIFO_AREMA
Difference: p. - gz

Equal variances are assumed for this analysis,

Descriptive Statistics

Sample N Mean StDev SE Mean
FIFO 12 5436 0469 0.14
FIFO_ARENA 100 5.826 0.682 0.068

Estimation for Difference

Pocled 95% (I for
Difference  StDev Difference

-0.390 0664 (-0.792,0.012)

Test

Null hypothesis Hoifli - g2 =0
Alternative hypothesis  Hilpa - g2 # 0

T-Value DF P-Value
-1.92 110 0.057
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Two-Sample T-Test and CI: CURRENT, CURRENT_ARENA

Method

P mean of CURRENT
pz mean of CURRENT_ARENA
Difference: p. - gz

Equal variances are not assumed for this analysis,

Descriptive Statistics

Sample N Mean StDev 5E Mean
CURRENT 12 3311 0.284 0.082
CURRENT_ARENA 100 3.256 0.872 0.087

Estimation for Difference
95% (I for
Difference Difference
0.055 (-0.186, 0.296)

Test

Null hypothesis Hoifli- g2 =0
Alternative hypothesis  Hipa - p2# 0

T-Value DF P-Value
046 43 0.648
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Auls Tosuus Afisap AdagUu Agafign
R | 3uAv09Ussesiau 30 60 90
D | Hranaiildsusuds il 8 16
K | 9uusudsnimge 0 1 2
aN5991 4.8 Ansfiwesveusazanunisaiiaulalunissassaaiunisel
anunisal R () D (#aluy) K (lv) N0
Al 30 4 0
A2 30 4 1
A3 30 4 2
Ad 30 8 0
A5 30 8 1
A6 30 8 2
A7 30 16 0
A8 30 16 1
A9 30 16 2
A10 60 4 0
All 60 q 1
Al2 60 q 2
Al3 60 8 0
Ald 60 8 1 anunsnilagiu
A15 60 8 2
Al6 60 16 0
Al7 60 16 1
Al8 60 16 2
A19 90 4 0
A20 90 4 1
A21 90 4 2
A22 90 8 0




AN5197 4.8-1 ANNSTmesvaIwsazan unsainaulalun1sInassanIunsl

76

anunisal R (31) D () K (lv) VNEWR)
A23 90 8 1
A24 90 8 2
A25 90 16 0
A26 90 16 1
A27 90 16 2
A28 60 o o FIFO
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goumsel | R@W | D@iluo) | KAw navadsluszuu | shuuedenis
yosfut (Falue) | Wasuusdfiun

Al 30 4 0 11.07 +0.32 46.70 = 2.22
A2 30 4 1 11.07 +0.32 46.70 + 2.22
A3 30 4 2 11.07 +0.32 46.70 + 2.22
Ad 30 8 0 11.14 + 0.31 56.36 + 2.06
A5 30 8 1 11.14 + 0.31 56.36 + 2.06
A6 30 8 2 11.14 + 0.31 56.36 + 2.06
AT 30 16 0 10.65 + 0.30 36.35 + 2.00
A8 30 16 1 10.65 + 0.30 36.35 + 2.00
A9 30 16 2 10.65 + 0.30 36.35 + 2.00
A10 60 4 0 12.14 + 0.30 2355 + 1.17
All 60 4 1 12.14 + 0.30 2355 + 1.17
Al2 60 4 2 12.14 + 0.30 2355 + 1.17
Al3 60 8 0 12.25 + 0.28 32.57 £ 1.75
Ald 60 8 1 12.25 + 0.28 3257 +1.75
A15 60 8 2 12.25 + 0.28 3257+ 1.75
Al6 60 16 0 12.59 + 0.28 2287 + 1.32
Al7 60 16 1 12.59 + 0.28 2287 + 1.32
A18 60 16 2 12.59 + 0.28 2287 + 1.32
A19 90 4 0 11.93 + 0.60 2294 + 1.25
A20 90 4 1 11.93 + 0.60 2294 + 1.25
A21 90 4 2 11.93 + 0.60 2294 + 1.25
A22 90 8 0 11.58 + 0.69 27.06 + 1.19
A23 90 8 1 11.58 + 0.69 27.06 + 1.19
A24 90 8 2 11.58 + 0.69 27.06 + 1.19
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a@0nunnsal | R (Ju) D@y | KAu) | nawedelussuu | 91uuasanis

YpIANTa (Tala) | 1UABULININ

A25 90 16 0 12.07 + 0.66 20.06 + 1.26
A26 90 16 1 12.07 + 0.66 20.06 + 1.26
A27 90 16 2 12.07 £ 0.66 20.06 = 1.26

5.2 ASAATIZANANISNARDS
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X = 8.417 — 0.1002 (Duration Time) + 0.1287 (Rack) (4.1)
+ 0.00236 (Duration Time*Duration Time) - 0.001022 (Rack*Rack)
+ 0.000960 (Duration Time*Rack)
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Y = 73.16 + 4.556 (Duration Time) - 1.646 (Rack) (4.2)
- 0.2864 (Duration Time*Duration Time) + 0.009504 (Rack*Rack)
+ 0.01302 (Duration Time*Rack)
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New Rack Duration

. High 90.0 160
D: 06727 Cur [90.0] [4.0]
Predict Low 30.0 4.0

Composite \%\_
Desirability ,\/
D: 06727

No. Chan

Minimum
y = 20.3016
d = 099334

AVG cyel

Minimum
y = 11.7044
d = 0.45551
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M15797 n.1 Toyan153uIaINTUTENBUNUVBINTNUAUT

ASedi navamtnauaud 1 Guif) | nawemiineuaui 2 Guad)
1 56 34
2 52 30
3 55 35
4 69 31
5 59 30
6 60 33
7 60 35
8 65 33
9 55 32
10 56 29
11 54 32
12 59 33
13 59 34
14 53 33
15 56 36
16 55 32
17 H3 34
18 54 35
19 55 35
20 54 28
21 53 33
22 53 34
23 57 33
24 55 30
25 59 30
26 58 34
27 61 34
28 61 31

95



M574% n.1 (i) YayanisdunianisusenauiuvesniinauaAui

ASIN LANUBINUNUALT 1 Quld) LANYINUNIUALT 2 (uId)
29 56 30
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M13199 2.1 Reulunsasifudandigisuuresuuaussineg 60 Ju

9

Ul AN Srunuvesiuafidngssuy
1 08:00 | DISC(0.22, 1, 0.44, 2, 0.88, 3, 1.00, 4)
2 10:00 | DISC(0.78, 0, 1.00, 1)
3 12:00 DISC(0.44, 0, 0.77, 1, 0.88, 2, 1.00, 4)
4 14:00 | DIsC(0.11, 0, 0.44, 1, 0.88, 2, 1.00, 4)
5 16:00 | DISC(0.56, 0, 0.67, 1, 1.00, 2)
6 18:00 | DIsC(0.11, 0, 0.55, 1, 0.66, 2, ,0.88, 3, 1.00, 4)
7 20:00 DISC(0.33, 0, 0.77, 2, 1.00, 3)
8 22:00 DISC(0.22, 0, 0.33, 1, 0.66, 2, 0.88, 3, 1.00, 4)
9 24:00 DISC(0.78, 0, 0.89, 1, 1.00, 2)
10 02:00 | DISC(0.22, 0, 0.66, 1, 0.88, 2, 1.00, 3)
11 04:00 | DISC(0.33, 0, 0.66, 1, 0.88, 2, 1.00, 3)
12 06:00 DISC(0.33, 0, 0.55, 1, 0.77, 2, 1.00, 3)

157991 .2 Reulmsadududsididssuuresuunussasiae 30 Ju

50U AN Sruuvesiutefidngssuy
1 08:00 | DISC(0.22, 2, 0.44, 4, 0.88, 6, 1.00, 8)
2 10:00 | DISC(0.78, 0, 1.00, 2)
3 12:00 | DISC(0.44, 0, 0.77, 2, 0.88, 4, 1.00, 8)
4 14:00 | DISC(0.11, 0, 0.44, 2, 0.88, 4, 1.00, 8)
5 16:00 | DISC(0.56, 0, 0.67, 2, 1.00, 4)
6 18:00 | DISC(0.11, 0, 0.55, 2, 0.66, 4, ,0.88, 6, 1.00, 8)
7 20:00 | DISC(0.33, 0, 0.77, 4, 1.00, 6)
8 22:00 | DISC(0.22, 0, 0.33, 2, 0.66, 4, 0.88, 6, 1.00, 8)
9 24:00 | DISC(0.78, 0, 0.89, 2, 1.00, 4)
10 02:00 | DISC(0.22, 0, 0.66, 2, 0.88, 4, 1.00, 6)
11 04:00 | DISC(0.33, 0, 0.66, 2, 0.88, 4, 1.00, 6)
12 06:00 | DISC(0.33, 0, 0.55, 2, 0.77, 4, 1.00, 6)
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M1399 2.3 ReulunsasresfudandigssuurasuInussine 90 Ju

50Ul nan Srunuvesiutefidngssuy
1 08:00 | DISC(0.22, 2, 0.44, 4, 0.88, 6, 1.00, 8)
2 10:00 | DISC(0.78, 0, 1.00, 2)
3 12:00 | DISC(0.44, 0, 0.77, 2, 0.88, 4, 1.00, 8)
4 14:00 | DISC(0.11, 0, 0.44, 2, 0.88, 4, 1.00, 8)
5 16:00 | DISC(0.56, 0, 0.67, 2, 1.00, 4)
6 18:00 | DISC(0.11, 0, 0.55, 2, 0.66, 4, ,0.88, 6, 1.00, 8)
7 20:00 | DISC(0.33, 0, 0.77, 4, 1.00, 6)
8 22:00 | DISC(0.22, 0, 0.33, 2, 0.66, 4, 0.88, 6, 1.00, 8)
9 24:00 | DISC(0.78, 0, 0.89, 2, 1.00, 4)
10 02:00 | DISC(0.22, 0, 0.66, 2, 0.88, 4, 1.00, 6)
11 04:00 | DISC(0.33, 0, 0.66, 2, 0.88, 4, 1.00, 6)
12 06:00 | DISC(0.33, 0, 0.55, 2, 0.77, 4, 1.00, 6)
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M1399 2.4 Reulumsivuniuvesduds

100

U NSAAUATUIDIANT
1 sStat(1,3)/TotalGap,1
2 (sStat(1,3)+sStat(2,3))/TotalGap,2
3 (sStat(1,3)+sStat(2,3)+sStat(3,3))/TotalGap,3
a4 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3))/ TotalGap,4
5 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3))/TotalGap,5
6 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3))/TotalG
ap,6
7 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3)+sStat(7,
3))/TotalGap,7
8 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3)+sStat(7,
3)+sStat(8,3))/TotalGap,8
9 (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3)+sStat(7,
3)+sStat(8,3)+sStat(9,3))/TotalGap,9
10 | (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3)+sStat(7,
3)+sStat(8,3)+sStat(9,3)+sStat(10,3))/TotalGap,10
11 | (sStat(1,3)+sStat(2,3)+sStat(3,3)+sStat(4,3)+sStat(5,3)+sStat(6,3)+sStat(7,
3)+sStat(8,3)+sStat(9,3)+sStat(10,3)+sStat(11,3))/TotalGap,11
- 1.0,0
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A15799 2.5 FaUsILAUAIUAIEY ReadWrite

Uszinndoya Fotoya Aiideunazsuy
Other NREP $rundinmssiassaaunsel
Attribute kanbanID aduresdutaiidingm
Attribute TimeAvrrival nanidgszuy
Other TNOW nandagdu
Attribute sType JUVRIANTUY
Attribute score AvuULTLS
Other TNOW-TArr naegluszuy

ToyamuUsnldimunm1A19YeINsdIaeanIunsaliined

1. Joyaing (Entity) dn3fmuntiasiegeail

® [ntity 1S

® Unit
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2. AruauURUsEIen (Attribute)

® numlLoop
® TimeArrival

® TArr
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AanaiAudLingszuy

AananAuTLingsruulduanatayariu ReadWrite

3. YoyafiuUs (Variable)

® curKanban

® sReleased

® sStat

® TotalGap

® TotalKanban

® curMould

4. Lamey (Queue)

® \Vibration.Queue

® Batch Kanban.Queue FABLAIABEYBITUIUNTOUTTILUUTTA W

A o v U
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ADTIUIUALTININLA
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® Station1.Queue ADLOIABYYDINTNIUAUT 1

® Station2.Queue ADLDIMBEVBINUNITUAUN 2
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