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ABSTRACT

This research aims to study the impact of factors affecting the cycle time and to
study the optimum condition of the cycle time in manufacturing process for Head Stack Assembly
by using computer models as a tool in the study, The ProModel simulation software version 7.0 was
used to develope the model. In order to construct the model, a group of Head Stack Assembly
process stations was selected and real data were collected for each operation in the model developing
phase. After the developing was done, the medel was validated by related engineer. Then it was
implemented. In addition, factors taken into consideration as an alternative for the study consists of
four main factors include number of Shuttle, number of Flow fixture, number of Pack CR and
number of Load MH. The results showed that all four factors have a significant effect on the cycle
time. The SimRunner was utilized to analyze the optimization of the four factors to obtain the
optimum of cycle time. Which concluded that conditions that given the optimum cycle time arc
number of shuttle, Flow Fixture, Pack CR and Load MH are 6,9,23 and 23 respectively. This
condition resuit the amount of Head Stack Assembly production increased from 201,600 to 217,600
pieces per day or 7.94% increase or reduce the cycle time from 0.43 remaining 0.40 seconds per

picce.
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Maximize(Minim ize) f (x) = E[z(x)]
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#2:16.758 Fee HSAT at Usfo+dPZ_o:

#2:16.258  Protess campleted.

§2;16,758  Helcare Bhe caphored copaoity.
£2:16.158 For HSAZ at Swage_MC:

#2:16.758  1he maln entty 15 tiked el 25 1ISAZ,
#2:16.158  Dujul Is named ax MSAZ,

£2:16,150  Start move 1o UaloadP2 0.

$2:16.758 HSAZ arrhyes al Unlasdf2_ 0.

£2:16.758 Fes 1SA2 at Urboad2_B:

$2:16.758  HSAZ cuters Unloafi?_ 0.

#2:16.758  Strrt maving for $.049 Mls.
#2;16,758 Fae ISA? 5t Swage_MC:

B2:16.758  Process campleted

#2:16.758  Release the caphored capecity.
$2:16.758 Fee MSAN atUrdoad I

B2:16.758  The maln entty is reefled g4t 35 HERAL,
#2:16.758 Dulputls aseed as FIRAL,

#2;16,758  Start crave I8 Swage_WC,

216,758 HSAL arrbee s 2l Swage_MC.

$2:16,258 Fee HSAN at Swage MC:

#2:16.758  HSAI cntern Swaye MC.

F2:16.758  VWaX £.245 Min.

#2:16. 159 Foe HEAN st Ustoad_I:

#2:16.158  Protess <ampleted

216,750 Release e capheced Lapacity,
£2:16.758 Fov HSAZ at UrdoadPl 1

#2:16.758  The maln catty is rerted e aw HSAZ,

$2:16.258  Owviad e aencd as HRAP, 4
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35 mIdilumananeai Ui BuniaITEuY

35,1 MITATIEHIEUNAHAN (Key Process Input Variable, KPIV) fidana
demseunansrdadauiiudimdnvesnsziuns (Key Process Output Variable, KPOV)
vinmsszaaadadmdu s mazansinmansTsnineite s 14
Hladefimadozdanademsennmnsndadad
L. gﬂun‘umitmmmmsﬂ’hmmm*&?yuqm (Arrival distribution)
2, gtluuumsiaaonsHan (Line Layout)
3. gﬂunmhmmtﬁwmmémi‘i'n's (Downtitne pattern)
4. Sunuusazaatiiou
5. 971U Shuttle
6. 91173U Flow Fixture
7, §MAUM AT B Pack CR
8. S1uanAuInloUT LI Load MIT
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#1497 Load MH fidefadenldnisoenuuuniimaasufumianeSea 4 sy (Four-Factor
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JH (75 )H + (Tﬁ]’ )njfk + (7/}5 )rj! + (T?’ 5);-&: + (»8}’5 ) T (Tﬁ?'a )md + &y
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719199 3.1 uamagluuuvesmseanuuBunianeea 4 ey

Factor A Factor B Factor C Factor D
L?ﬂull‘llﬁ. { Shuttle) { Flow Fixture) ( Pack CR) ( Load MH)

1 1 H 1 i
2 1 1 1 2
3 1 1 1 3
4 1 1 2 1
5 1 1 2 2
6 1 | 2 3
7 1 1 3 1
8 1 1 3 2
9 1 1 3 3
10 1 2 1 I
11 i 2 1 2
12 1 2 I 3
13 1 2 2 1
14 1 2 2 2
15 1 2 2 3
16 1 2 3 1
17 1 2 3 2
18 1 2 3 3
19 1 3 | 1
20 1 3 1 2
21 i 3 1 3
22 1 3 2 1
23 i 3 2 2
24 1 3 2 3
25 I 3 3 1
26 1 3 3 2
27 1 3 3 3
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A )
#11319% 3.1 (70)

Factor A Factor B Factor C Factor D
;’?au‘lsuﬁi ( Shuttle) { Flow Fixture) {Pack CR) ( Load MH)
28 2 1 1 1
29 2 1 1 2
30 2 1 1 3
31 2 1 2 1
32 2 t 2 2
33 2 1 2 3
34 2 1 3 1
35 2 1 3 2
36 2 1 3 3
37 2 2 1 i
38 2 2 1 2
39 2 2 1 3
40 2 2 2 1
41 2 2 2 2
42 2 2 2 3
43 2 2 3 |
44 2 2 3 2
45 2 2 3 3
46 2 3 1 1
47 2 3 1 2
48 2 3 1 3
49 2 3 2 1
50 2 3 2 2
51 2 3 2 3
52 2 3 3 i
53 2 3 3 2
54 2 3 3 3
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#13191 3.1 (s19)

Factor A Factor B Factor C Factor D
dou Ll (Shuttle) | (Flow Fixture) | (Pack CR) | (Load MH)
55 3 1 i 1
56 3 1 1 2
57 3 1 1 3
58 3 1 2 1
39 3 | 2 2
60 3 1 2 3
61 3 | 3 1
62 3 | 3 2
63 3 1 3 3
64 3 2 | 1
65 3 2 1 2
66 3 2 1 3
67 3 2 2 1
68 3 2 2 2
a9 3 2 2 3
70 3 2 3 i
7 3 2 3 2
72 3 2 3 3
73 3 3 1 1
74 3 3 1 2
75 3 3 1 3
76 3 3 2 i
77 3 3 2 2
78 3 3 2 3
79 3 3 3 1
80 3 3 3 2
81 3 3 3 3
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vinglit 4.1 sshudinssuiunisnde Head Stack Assembly (HSA) 9%
Wszneudasaianisninudniie Prime Line Unsa19n15HANYB91Y Rework #19 Head Rework
Center Lino (HRC), Rewash Line g Build Back Line TaeSusudifidnsiszneuan
Prime Line 92 net13}41 Hard Disk Drive (HDD) totlsznouiiusdagadladvidely Tuvas
Asuanudodaili ntemal HSA wwgnadlluflef HRC unzdsdelUR Build Back Line
dmiusunudonn HDD azgnuendnienstndeuifisudanladoie e nsa fin
mstiwndastetn HDD sz Bxternat HSA Tunstifinsasaeuvuuily osa dofiezgndsl
uflvf HRC woz Build Back Line uiiieafy Intemal HSA und liiidoezgada i
Rewash Line #214#141f1080977 Build Back Line f’fu?flwﬁuqmﬁaxg ndta 1/ HDD F1ems
dovegndanduliudleil HRC Srndy AMFVUHUYINTSUIUNTHAN (Flow Process Chart)
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231 42 oziifud Prime Line vzilsznevdausarfianimdn 6 aaniife

Load, Unload, Bonding, Coating, Visual Mechanical Inspection (VMI) 11a¢ Quasi Static Test
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iU Actuator Pivot Flex Assembly (APFA) Llag unload 911890010 shuttle 11l Flow fixture
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) 5
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M1314 4.1 711584 Prime Line AY1015/n31

Product Load Unload Bond Coat VMI Q8T
Mobile 2X10HC 2 2 2 2 1 1
Mobile 4X10HC 2 2 2 2 1 1
Desktopd4X7HC 2 1 1 1 1 1
Desktop4X9HC 2 1 2 2 1 |
Desktop6X7HC 2 1 1 1 1 1
Desktop6X9HC 2 | 2 2 1 1

vIngliuuves Prime Line imsfinuiuansdamsadl 4.1 vzt g
11994 Prime Line Aiimsdnuienya 6 suuuIyRe Mobile 2X10HC, Mobile 4X10HC,
Desktop4XTHC, Desktop4X9HC, Desktop6X7HC lag Desktop6X9HC Tasnsazzilunues
Usznevldrwanriludn 6 amilouudozuandresfufsusmiiouduaasgons

sy
UVHAY

113184 Head Rework Center Line (HRC) ivhmsfinya
311y1ve4 Head Rework Center Line (HRC) fihimsAnungii 4 pilinuile
Mobile (MB) Full Dip, Mobile (MB) Half Dip, Desktop (DT) Full Dip a1z Desktop (DT) Half

Dip TavswaviBunvesgiluuumumnanuaadamed 4.2

tlinves Rewash Line Avhmsfinun

. Ao Prage a8 A 1 A
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M3 43 Msnonusaazsiieesvasdoyarindiluiuusiass Prime Line 4X10HC

ﬂ’f‘ayanm?ﬁ%’lumiﬁwmmmﬁmﬁqm MSUDNIDY Awniines 1w
Load 1 Normal N (yl , 0'!) Jud

Load 2 Normal N (/”z , 0-2) BHTEY
Unload 1 Normal N (y3 Oy ) Tun
Swage Machine Normal N (/u T 4) M
Unload 2 Normal N (,u5 2 Os ) GiTil
Bond 1 Normal N (,uﬁ R 0'6) i
Hybond Machine 1 Normal N (/,17 \ Oy ) Tum
Bond 2 Normal N (l‘s R o’s) i
Hybond Machine 2 Normal N (/19 R 0'9) I
Coat 1 Normal N, Go) BNy
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o o a4 | WneHSA Andalddu Yy u U3nau Hsa finald@y
Goyyadiaf L doyadai .
natlu) aadla)

1 178 10 175

2 179 11 178

3 177 12 181

4 178 13 176

5 179 14 180

6 177 15 179

7 180

8 179 dunily (X) = 17820 Sudedalas

9 177 Auioamuiasgu (S) = 1.61 FudedaTug
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A13197 4.26 1@AILTIR HSA finBnldaeeunus1809 Prime Line 2X10HC

v o V3anes HSA findatd o t3snor HSA finiald
foyadan v . doyadiai v o,
(Funotalig) (Busiodalua)

1 221 12 220

2 218 13 221

3 217 14 218

4 222 15 222

5 221 16 222

6 220 17 219

1 219 18 218

8 219 19 220

9 218

10 220 Aund (X)=219.58 Fudadalis

i 17 Anfsuunnsg (S )= 1.64 Sudodalug

M319% 4.27 1aaarfTunns HSA NnEa ldwes1i$1a09 Prime Line 4X9HC

v W HsA fnanld R YFanes HSA fndnld
doyadaf v e Hayadoi PR
(Bunotalia) Funetaiuy

1 164 12 164

2 165 13 167

3 163 14 167

4 170 15 168

5 169 16 165

6 169 17 169

7 167 18 166

8 168 19 168

9 165

10 163 Aundts (X) = 166.68 FusodaTus

11 170 fiuﬂuamummgw (S)=229 FusiodaTug
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a15199 4.28 1ErnarfTina HSA finda'ldvuoaus a9 Prime Line 6X91C

v o Y3nas HSA findanld . o Sunas HSA fndeld
HoyndIn e L Joiyadai .
@unoinlug @Bustedalng)
i 139 9 136
2 136 10 136
3 136 11 138
137 12 140
5 137 13 137
6 139 14 138
7 140 sundn (%) = 137.71 SusodaTuq
8 139 AiansgIL (S) = 1.49 FusieFaTua

H = Ci = o . -
A1319% 4.29 t1an91/Tines HSA Ainda ldveauuusiany Prime Line 4X71HC

v o 13301 HSA finanld o d U3 HSA frdald
Yoyadai v, a toyasiah o .
(Fudatalug) Busioalua)

1 119 9 118

2 117 10 118

3 121 11 121

4 117 12 120

5 118 13 120

6 120 14 119

7 119 Aundo (X)= 119.00 FudotaTus

8 119 Auflsauuasgn (S) = 130 FusiedaTue
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3199 4.30 wanstlFuim HSA finan'ldvoausiany Prime Line 6X7HC

v o a 1Banes HSA Firdntld v o W3inas HSA Hrdnld
Yoyndidi v o Foynin .
Budotalug) (Bunoilu)

| 84 8 86

2 87 9 85

3 85 10 85

4 88 11 87

5 86 12 86

6 87 Aundio (X) = 86.08 FudedaTin

7 87 Adeanumnsgiu (S) = 116 FudodaTus

A13149 4.31 uaneTuIns HSA findaldusainnidines HRC Line DT Full Dip

v w4 W5aon HSA Fridnld v o W3ues HSA ndnld
fioyndiat o Foyadail s
Burotaluq) Gunotalin)
1 134 8 137
2 136 9 134
3 134 10 138
4 135 11 135
5 133 12 137
6 136 fAunde (X) = 135.42 FusedaTue
7 136 Auflosnnasgm () = 151 Fusatalus
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M3 432 taaalTun HSA Wnda Idveauuudiass HRC Line MB Full Dip

v w4 1101 HSA findnld v ud U3wos HSA firdnld
doyadii P doyadai v Lo
(Busioting) GFuaoilug)

1 122 8 120

2 121 9 121

3 122 10 119

4 123 11 121

5 121 12 119

6 120 Aunde (X) = 121.08 SudotaTue

7 124 Audlvsanasg (S) =151 FusiodaTus

A15199 4.33 uamelTun HSA findalduoaniusiane Rewash Line

v w4 W3snos HSA franld v U5anon HSA Airdald
doyasian v 2 Toyadil v Ly
(Bunsialia) (Huaodalan)
1 76 8 73
2 77 9 75
3 75 10 78
4 75 11 76
77 12 76
6 76 Aunds (X) = 75.67 SusodaTang
7 74 ﬂ'nﬁuqmummgm (S)=137 FusodaTug
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13199 4.34 uaalFuin HSA findaldveinis1anse Build Back Line

v o 5ol HSA Tranld v ud Yo HSA findald
Foyadaf e Joyadh v
Burot ) (Fusiotala)

1 98 8 97

2 94 9 94
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4 97 11 95

5 96 12 98

6 96 fmin (X) = 95.92 Fustodalis

7 98 fiuﬁuamummgm ($)=1.71 Fuseda T
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Probabllity Plot of Model
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P-Yale >0,150

Probability Plot of Re-wash_Mode!
Normal
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Test for Equal Variances for Model_Prime4X10HC_1, Real_Prime4X10HC_1

F-Tost
Test Statistc  0.54

Model_PrimedX10HC_14 | » | PValus 0.262
Leyens's Test

Test Statisic 1,79
PValus 0.181

Real_Prime4X10HC_1 1 t o !

10 5 20 25 30 35 40
95% Bonfsrroni Confidence Intarvale for StDove

Model_Primed4X10HC_1

Reat_Prime4X1QHC 1 4

d ., a
51l 4-37_nndnfueanislinszianuysilsmves
fo1 Prime Line 4X10HC yeninszuuaiuagiuu§ines




Test for Equal Varlances for Model_Prime2X10HC, Real_Prime2X10HC

F.Test
Tast Statistic  ¢.45
Hodel_Prime2X10HC - F + £ PValus 0.08%

Levane's Test

Tast Statlatle  1.87
P-Valus 0.180

Real_Prime2X10HC b * 1

1.0 15 29 25 30 a5 40
85% Bonfarront Confidence Intorvals for 8iDave

Model_Pime2X10HC 4

Real_Prime2X10HC -

215.0 217.5 220.0 2225 225.0
Data

< a -
191 4-38 madwiveamsimnsianunisliiuves

floya Prime Line 2X10HC 52117138 0LT0aznyufined

Test for Equal Varlances for Model_Prime4X9HC, Real_Prime4X9HC

F-Test
Test Statistic  0.68
Madel_Pdme4XSHC ; » ] P-Valueg 0.393

Levens's Test

Test Statistic  0.89
PV¥alue 0.351

Real_Prime4X9HC 4 ; * £

15 20 25 30 a5 40 45
05% Bonferroni Confidence Intarvale for StDave

Mode!_PrimsdX8HC -

Real_PAme4X0HC

3111 4-30 sadwiveansiswiaaulsdsiuves

o1n Prime Line 4X9HC 38313 UUITUMALUVU 10D
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Test for Equal Variances for Model_Prime8X8HC, Real_Prime8X9HC

F-Test
Test Statlste  0.54
Model_PrimeBXSHC4 ¢ » : P-Value 0.280

Levene’s Test

Test Statistic Q.83
P-Valus 0.471

Real_Prime8X9HC 4 # * {

¥ T ¥ T T T
1.0 15 20 25 3.0 3.5
83% Bonforronl Confidence Intervals for StDevs

Mode!_PrimeBX9HC 4

Real_Prime&X3HC 4

H ar J - d
U 4-40 maawiveamsdiasiiaamndsilsuves

4193 Prime Line 6X9HC 33131157 VUITWaznuvs1ang

Test for Equal Varlances for Model_Prime4X7HC, Real_Prime4X7HC

F-Test
Test Statistic  0.44
Model_PrimedX7HC{ ¢ . 2 ) P-Valua 0.155

Levene’s Test

Test Stalistic  2.54
P¥alue 0.123

Real_PrimedX7HG 1 F - i

10 15 20 25 30 35
95% Bonforroni Confidence Intorvals for 8iDovs

Hodsl_PrimedX7HC

Real_PrimedX7HC 4

71/l 4-41 adnfvesnslinTizianuudlsdsu

¥94983JA Prime Line 4X7HC 5¥HINTSVUITUAULUTINDS
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Test for Equal Varlances for Model_Prime8X7HC, Real_PrimesX7HC

F-Test
Test Statistic  0.80
Hodel_PrimeBX7HC{ | * § P¥alue 0.408

Levene's Test

Test Statistic  1.31
PV¥alue 0.264

Real_Prime8X7HC 4 } L 4 {

1.0 15 290 25 30
95% Bonfarroni Confidencs intervals for StDeva

Madel_PrimeSX7HC

Real_Prime8X7HC 4
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Test for Equal Variances for HRC_Model, HRC_Real

F-Test
Test Statistc  0.44
HRC_Modef4 ¢+ 3 £ PValua 0,189

Levene's Tant

Test Statistic  1.86
PValue 0.175

HRC_Real ; * i

10 w20 25 30 35 40 45
85% Bonfarronl Confidence Intarvals for StDava
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Test for Equal Variances for HRC Mobile_Real, HRC Mobile_Model

F-Test
Test Statistic 223
HRC Motifie_Real 4 1 * | P-Value 0.138
levene's Test
Test Statistic 2.69
P-Value 0.415
HRC Mobie Modelq } - 1

to 15 20 25 30 35 40 45
95% Bonferront Confidence Intervals for StDevs

HRC Mobie Rest{ —— i

HRC Hobie_Model

119 120 121 12 23 124 1%
Data
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Test for Equal Variances for Re-wash_Real, Re-wash_Model

F-Test
Test Statistic 169
Re-wash_Real t + | P-Yalue 0,398
Levene's Test
Test Statistic 110
P-Vaue 0.307
Re-wash_Modeld ¢ * |
T L] H) E) T L]
10 1.5 29 2.5 30 35
95% Bonferronl Confidence Intervals for StDevs
Re-wash_Real+
Re-wash_Modei
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Data
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Test for Equal Variances for Build Back_Reat, Build Back_Muodel
F-Test

Test Statistc 1.26

Bund Back_Real F * | P-Valre 0.710

Levene's Test
Test Statistic 0.38
pP-Vahe 0543
Buld Back_Model k * d
T T T T T T
Lo 15 20 25 30 35
95% Bonferront Confidenca Intervals for StDevs
Buld Back_Real 4

Buid Back_HModel
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511 4-46 maduivesmsImazitninmysliu

yead01a Build Back Line 521719350105z $1009
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M3 435 HEAWSUBINTINATDUANNAUIMATUHAYOULILF1AB Prime Line 4X10HC

108

N Mean sD SE

EEAISILER 15 178.33 2.19 0.57

Huvd1a9d 15 178.20 1.61 0.42
T-Test: T-Value = -0.19

P-Yalue =0.351

A ar L3 v .
131NN 4.36 Hﬁ’s‘l‘i‘lﬁ.‘llﬂqﬂﬁ"ﬂﬂﬁﬂUﬂ’!'ﬂl’dmﬁﬁ]ﬁﬂF'Iﬁ‘UlemUi)'lﬁEl\‘i Prime Line 2X10HC

N Mean SD SE
FEU5Y 19 219.68 2.45 0.56
Hyuiae 19 219.58 1.64 0.38

T-Test ; T-Value = -0.16

P-Value = 0.877

Ei at L4 . )
N3N 4.37 Nﬁﬂ‘i’l]{ﬂlﬂﬂﬂ'ﬁﬂﬂﬂ'ﬂﬂﬂ’)'}ﬂﬁ”iﬂﬂﬁﬂFlﬂﬂJﬂﬁllﬂU%'lﬂfN Prime Line 4X9HC

N Mean SD SE
2111954 19 166.89 2.81 0.64
uyuaed 19 166.68 2.29 0.52

T-Test: T-Value = -0.25

P-Value = 0.801

a1319% 4.38 Hﬁﬁ‘i’lﬁ'ﬁ]ﬂﬁﬂ”ﬁﬂﬂ'E‘('E!iJﬂ’J']Mﬁmﬂi‘]ﬁ'ilﬂﬂﬂlﬂﬁlmﬂﬁ'mf)\‘l Prime Line 6X9HC

N Mean SD SE
FEUBOF 14 138.57 2.03 0.54
#1191 04 14 137.71 1.49 0.40
T-Test : T-Value = -1.27

P-Value=0,215




M15130 439 HARNEVBINTINATOUAMAUIMSHUAATBLUVT1AD9 Prime Line 4X7HC

N Mean SD SE
FZUUITY 14 117.86 1.96 0.52
IIDAG RN 14 119.00 1.30 0.35

T-Test : T-Value = 1,82

P-Value = .082

:l o h-d . .
#1719¥ 4.40 F'iﬁm‘lfgﬁlﬂx‘lﬂ"l‘i'i’]ﬂﬁﬂﬂﬂ'l’mﬁmﬂﬂﬂuﬂﬂ‘ﬂﬂQLL‘U']J%’iﬁ’ﬂ\i Prime Line 6X7THC

N Mean SD SE
521111959 12 85.58 1.51 0.43
HuuTIans 12 86.08 1.16 0.34

T-Test : T-Value = 0.91

P-Yalue = 0.374

A7 4.41 HOAHTUBININATOURAIMBUHYAUHAVBULLS1809 HRC DT Full Dip

N Mean SD SE
F2UUDT 12 134.33 227 0.66
11111918949 12 135.42 1.51 0.43

T-Test: T-Value = 1.38

P-Value = 0,184

M50 442 HAEANTYOINIINATOUAIMANNAFUHAYOWL U 1A09 HRC MB Full Dip

N Mean SD SE
3211939 12 121.83 2.25 0.65
OIMLNGRE 12 121.08 1.51 0.43

T-Test : T-Value = 0.96

P-Value = 0,349
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A1319% 443 HARWTUBINIINATDUAMUAUNATUHAVIULILTIAD Rewash Line

N Mean SD SE
LUVDTS 12 75.58 1.78 0.51
HuuIIaes 12 75.67 1.37 0.40

T-Test: T-Value= -0.13  P-Value = 0.899

M15190 4.44 HATHEVBINTTNARDUATINAUIMATUHATDUTE1ADS Build Back Line

N Mean sD SE
TZUUIT 12 95.75 1.91 0.55
ISR LD 12 96.00 1.71 0.49

T-Test : T-Value= -0.34  P-Value = (0.739
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4.5 MINHUNTNANBINUA MUY 188358 UY

vnuni 3 e2ldtledviiaule 4 esude $1uau Shutle  $149Y Flow
o d & . e
Fixture $1UIHAHILADTUII Pack CR tazdmaunuauilau®uait Load MH tazld
= or . . A ! a2
ponluunIINaaouFAnoiSoa 4 o8y (Four-Factor Factorial Design) dausaziledy
3 o o g a 5 at w 9 dy @ a o A 1 A
Uszneudag 3 s2aY Hnesiimsnadeunisuy o ludaideilezviinmisimsedineniiid
ar E P ] 1 = ° .3 - < g
fhhivlatandeademeunainisnds Tnsinrnansuilosdu  uazthudoyaveanis
:‘ & 4 o 1 o
nAaed 5 S1FenIessuIuMINaasuisihunvedteyaluninaassduanslumnanuan
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Tuasahi 4.45

1 5
M50 4.45 AnTiziaInnlslsiuvesnsnaasuilowiu

Source DF Seq. 88 Adj. 88 Adj. MS F P

Shuttle 2 120568.7 120568.7 60284.3 2522227 0.000
Flow Fixture 2 347315 347315 173657 7265.62 0.000
Pack CR 2 837054 83705.4 41852.7 17510.69 0.000
Load MH 2 43854.7 43854.7 21927.3 9174.14 0.000
Shuttle*Flow Fixture 4 2562.8 2562.8 640.7 268.06 0.006
Shuttle*Pack CR 4 17.0 17.0 4.2 1.78 0.133
Shuttte*Load MH 4 9.3 9.3 2.3 0.97 0.425
Flow Fixture*Pack CR 4 8.3 83 2.1 0.87 0432
Flow Fixture*Load MH 4 14.0 14.0 35 1.46 0.214
Pack CR*Load MH 4 2044.6 2044.6 5111 213.86 0.008
Shuttle*Flow *Pack 8 36.6 36.6 4.6 1.92 0.057
Shuttle*Flow ¥Load 8 35.0 350 4.4 1.83 0.071
Shuttle*Pack*Load 8 19.7 19.7 23 1.03 0.414
Flow *Pack*Load 8 19.1 19.1 24 1.00 0.437
Shut*Flow*Pack*Load 6 56.8 56.8 35 1.48 0.103
Error 324 7744 774.4 24

Total 404 288457.7

§=1.54617 R-Sq=96.36% R-Sq(adj.)=95.46%
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Residual Plots for HSA
Normal Probability Plot
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Source DF Seq. 8§ Adj. 88 Adj. MS F P

Shuttle 2 500443 500443 250221.5 1062331 0.000
Flow Fixture 2 153027 153027 76513.5 3248.43 0.000
Pack CR 2 361942 361942 180971.0 7683.24 0.000
Load MH 2 192432 192482 96241.0 4085.97 0.000
Shuttle*Flow Fixture 4 10440 10440 2610.0 110.81 0.028
Shuttle*Pack CR 4 80 80 20.0 0.85 0.484
Shuttle*Load MH 4 82 82 20.5 0.87 0.482
Flow Fixture*Pack CR 4 19 19 4.8 0.20 0.646
Flow Fixture*Load MH 4 59 59 14.8 0.63 0.533
Pack CR*Load MH 4 10306 10306 2576.5 109.39 0.031
Shuttle*Flow *Pack 8 205 205 25.6 1.09 0.402
Shuttle*Flow *Load 8 219 219 274 1.i6 0.385
Shuttie*Pack*Load 8 95 95 11.9 0.51 0.607
Flow *Pack*Load 8 156 156 19.5 0.83 0.496
Shut*Flow*Pack*Load 16 254 254 15.9 0.68 0.528
Error 1701 40066 40066 236

Total 1781 1269874 1269874

$=7.67817 R-Sq=97.49% R-Sgladj.)=96.21%
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Main Effects Plot for HSA
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
177 1 1 1 4 11 19 25 233
307 2 1 | 10 11 15 17 214
226 3 1 l 10 11 15 17 216

87 4 1 1 4 3 19 25 204
274 5 1 1 7 8 19 17 230
398 6 1 1 10 14 15 21 233
379 7 1 1 10 8 15 17 194
125 8 1 1 7 11 23 21 269
75 9 1 1 10 14 15 25 227
279 10 | 1 7 8 23 25 259
181 1t I 1 4 14 15 17 177

28 12 1 1 7 8 15 17 200

64 13 | { 10 11 15 17 215
345 14 1 1 4 14 i5 25 198
170 15 I 1 4 8 23 21 205
200 16 1 1 7 11 15 21 241
367 17 1 | 7 11 23 17 247
314 18 1 1 10 11 23 21 266
137 19 1 1 10 8 15 21 219
375 20 1 1 7 14 19 25 264
237 21 1 1 10 14 15 25 224
129 22 | I 7 14 i5 25 233
336 23 1 1 4 11 15 25 203
142 24 1 1 10 8 23 17 224
389 25 f 1 10 11 15 21 238
111 26 1 1 7 8 15 25 220
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
311 28 | 1 10 11 19 21 261
297 29 1 1 7 14 23 25 273
188 30 1 1 4 14 23 21 230
194 31 1 1 7 8 19 21 248
41 32 1 1 7 It 19 21 264
104 33 1 1 4 14 19 21 223
240 34 l 1 10 14 19 25 258
183 35 1 1 4 14 15 25 198

59 36 1 1 10 8 19 21 242
225 37 i I 10 8 23 25 255
212 38 1 1 7 14 19 21 263
208 39 | 1 7 14 15 17 214

48 40 1 1 7 14 15 25 232
327 41 { I 4 8 15 25 174

26 42 1 1 4 14 23 21 232
228 43 { l 10 11 15 25 234
277 44 1 1 7 8 23 17 231
355 45 ! 1 7 8 i9 17 233
376 46 1 1 7 14 23 17 245
243 47 1 1 10 i4 23 25 267
391 48 | 1 10 11 19 17 244

94 49 1 i 4 11 19 17 212

14 50 1 1 4 11 19 21 228

30 51 | 1 7 8 15 25 219
2506 52 1 1 4 11 19 17 213
227 53 I 1 10 I1 15 21 236
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load Response

169 55 1 1 4 8 23 17 185
58 56 1 | 10 8 19 17 224
100 57 1 1 4 14 15 17 178
328 58 1 1 4 8 19 17 183
303 59 1 1 10 8 19 25 244
366 60 1 1 7 il 19 25 267
258 61 1 1 4 11 19 25 235
364 62 1 1 7 11 19 17 246
95 63 1 1 4 11 19 21 226
265 64 1 1 4 14 19 17 207
313 65 { | 10 il 23 17 245
33 66 1 i 7 8 19 25 251
381 67 | 1 10 8 15 25 215
50 68 i I 7 14 19 21 263
165 69 1 1 4 8 15 25 172
216 70 1 1 7 14 23 25 272
186 71 1 { 4 i4 19 25 228
245 72 1 1 4 8 15 21 178
273 73 1 1 7 8 15 25 219
371 74 l 1 7 14 15 21 239
369 75 1 1 7 11 23 25 275
304 76 1 1 10 8 23 17 224
332 77 | 1 4 8 23 21 205
201 78 1 1 7 11 15 25 236
178 79 1 1 4 i1 23 17 214
83 80 1 1 4 8 15 21 178

148




StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response

9 81 1 1 4 8 23 25 212
252 82 1 1 4 8 23 25 214
205 83 1 1 7 11 23 17 249
233 84 1 1 10 11 23 21 264
283 85 1 1 7 11 19 17 244
334 86 1 1 4 il 15 17 182
81 37 1 1 10 14 23 25 266
164 38 1 1 4 8 15 21 176
114 89 I 1 7 8 19 25 254
317 90 1 i 10 14 15 21 235
229 91 1 1 10 1 19 17 243
65 92 1 1 10 il 15 21 239
85 93 1 i 4 8 19 17 184
241 94 1 1 10 14 23 17 239
18 95 1 1 4 11 23 25 242
62 56 1 [ 10 8 23 21 248
189 97 1 | 4 14 23 25 237
192 08 { 1 7 8 15 25 223
31 99 1 1 7 8 19 17 229
55 100 i 1 10 8 15 17 195
305 101 i 1 10 3 23 21 250
301 102 1 1 10 8 19 17 225
78 103 1 1 10 i4 19 25 261
32 104 1 1 7 8 19 21 247
253 105 1 1 4 11 15 17 184
117 106 1 1 7 8 23 25 260

149




StdOrder | RunOrder | PtType | Blocks { Shuttle | FlowFixture | Pack | Load | Response
143 108 1 1 10 8 23 21 251
25 109 1 1 4 14 23 17 209
244 110 1 1 4 8 15 17 155
306 111 i 1 10 8 23 25 253
68 112 1 | 10 11 19 21 262
335 113 I I 4 11 15 21 207
84 114 1 1 4 8 15 25 174
182 115 1 1 4 14 15 21 202
325 116 | ! 4 8 15 17 156
199 117 | 1 7 11 15 17 216
249 118 i 1 4 8 19 25 200
47 119 1 1 7 14 15 21 236
42 120 I 1 7 11 I9 25 268
202 i21 I l 7 11 19 17 246
29 122 | 1 7 8 15 21 225
400 123 I 1 10 14 19 17 239
37 124 I 1 7 11 15 17 218
204 125 1 1 7 11 19 25 265
168 126 1 1 4 8 19 25 205
351 127 1 | 4 14 23 25 238
23 128 | 1 4 i4 19 21 222
284 129 1 1 7 1 19 21 265
287 130 i 1 7 11 23 21 271
269 131 1 I 4 14 23 21 233
39 132 1 1 7 11 15 25 234
373 133 1 1 7 14 19 17 244
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StdOrder { RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load { Responsc
281 135 1 1 7 11 15 21 240
339 136 | t 4 11 19 25 235
347 137 I 1 4 14 19 21 223
356 138 i 1 7 8 19 21 250
341 139 | 1 4 11 23 21 235
209 140 I 1 7 14 15 21 240
324 141 1 1 10 14 23 25 269
51 142 1 1 7 4 19 25 262
254 143 I 1 4 11 15 21 208
90 144 t 1 4 8 23 25 211
309 145 1 1 10 i1 15 25 236
152 146 1 i 10 11 23 21 263
131 147 1 1 7 14 19 21 265
333 148 1 1 4 8 23 25 211
119 149 1 1 7 11 15 21 238
266 150 t 1 4 14 19 21 225
320 151 1 | 10 14 19 21 256
40 152 1 1 7 It 19 17 248
393 153 I 1 10 11 19 25 265
232 154 1 1 10 11 23 17 243
280 155 1 1 7 11 15 17 219
190 156 1 1 7 8 15 17 200
257 157 1 1 4 it 19 21 228
296 158 1 1 7 14 23 21 266

1 159 1 I 4 8 i5 17 156
220 160 1 1 10 8 19 17 227
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StdOrder | RunOrder | PiType | Blocks | Shuttle | FlowFixture | Pack | Load Response
259 162 1 1 4 i1 23 17 216
292 163 1 1 7 14 19 17 242
155 164 1 I 10 14 15 21 230

69 165 | i 10 11 19 25 267
370 166 I 1 7 14 15 17 215
160 167 1 1 10 14 23 17 237
239 168 1 1 10 14 19 21 256
36 169 1 1 7 8 23 25 257
321 170 1 | 1o 14 19 25 260

74 171 [ 1 10 14 15 21 231
348 172 | 1 4 14 19 25 230
288 173 1 1 7 11 23 25 277
330 174 1 1 4 8 19 25 206
49 175 1 1 7 14 19 17 247
22 176 I 1 4 14 19 17 209
357 177 1 | 7 8 19 25 252
154 178 1 1 10 14 i5 17 208
302 179 1 1 10 8 19 21 240
360 180 1 | 7 8 23 25 262
291 181 1 1 7 14 15 25 235
236 182 1 1 10 14 15 21 232
159 183 1 1 18] 14 19 25 257
215 184 1 1 7 14 23 21 265
180 185 1 t 4 11 23 25 244
126 186 1 1 7 11 23 25 274
290 187 1 | 7 14 15 21 239
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StdOrder | RunOrder { PtType | Blocks | Shuttle | FlowFixture | Pack | Load Response
390 188 1 1 10 11 15 25 235
248 189 1 1 4 8 19 21 203

4 190 1 1 4 8 19 17 184
109 191 1 I 7 8 15 17 203
116 192 1 i 7 8 23 21 254
213 193 1 1 7 14 19 25 266
79 194 1 1 10 14 23 t7 240

54 195 I 1 7 14 23 25 270
210 196 | I 7 14 15 25 234
312 197 l 1 10 11 19 25 266
140 198 1 | 10 8 19 21 243
187 199 1 1 4 14 23 17 210
235 200 1 1 10 14 15 17 205
299 201 1 1 10 8 15 21 216
300 202 | 1 10 8 15 25 213
46 203 1 1 7 i4 15 17 212
298 204 1 | 10 8 15 17 192
166 205 1 1 4 8 19 17 185
206 206 1 1 7 [t 23 21 267
403 207 1 1 10 14 23 17 239
153 208 1 1 10 il 23 25 273
38 209 1 1 7 11 15 21 242
338 210 1 1 4 11 19 21 229
86 211 1 1 4 8 19 21 203
286 212 1 i 7 11 23 17 246
145 213 1 1 10 11 15 17 215
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StdOrder | RunOrder | PtType | Blocks | Shuitle | FlowFixture | Pack | Load Response
275 215 1 1 7 8 i9 21 245
331 216 i i 4 8 23 17 185

52 217 1 | 7 14 23 17 246
139 218 1 { 10 8 19 17 221
234 219 1 1 10 11 23 25 270
272 220 | 1 7 8 15 21 226
340 221 1 1 4 11 23 17 216
167 222 1 | 4 8 i9 21 201
294 223 { 1 7 14 19 25 265
108 224 1 1 4 14 23 25 239

6 225 l 1 4 8 19 25 204

122 226 1 | 7 11 19 2] 262
264 227 1 1 4 14 15 25 200
383 228 I [ 10 8 i9 21 242
163 229 1 1 4 8 15 17 154
80 230 1 1 10 14 23 21 260

89 231 1 1 4 8 23 21 207
176 232 1 1 4 11 19 21 230
353 233 i 1 7 8 15 21 223
121 234 1 | 7 i1 19 17 247
162 235 1 1 10 14 23 25 264
385 236 1 1 10 8 23 17 226
260 237 1 1 4 11 23 21 238
185 238 1 1 4 14 19 21 223
71 239 1 | 10 11 23 21 263
120 240 1 1 7 11 15 25 237

154




StdOrder | RunOrder | PtType { Blocks | Shuttle | FlowFixture | Pack | Load | Response

7 242 1 | 4 8 23 17 186
156 243 1 1 10 14 i5 25 228
405 244 1 [ iO 14 23 25 267
118 245 I 1 7 11 15 17 215
53 246 1 I 7 14 23 21 268
323 247 1 1 10 14 23 21 262
247 248 1 1 4 8 19 17 182
88 249 I 1 4 8 23 17 184
388 250 | 1 10 11 15 17 216
326 251 1 I 4 8 15 21 177
397 252 | 1 10 14 15 17 210
262 253 1 1 4 14 15 17 176
359 254 I 1 7 8 23 21 251
399 255 1 1 10 14 15 25 227
293 256 l 1 7 14 19 21 261
106 257 i 1 4 i4 23 17 207
368 258 1 1 7 11 23 21 266
358 259 1 1 7 8 23 17 229
365 260 1 1 7 11 19 21 262
263 261 1 1 4 14 15 21 199
3 262 1 I 4 8 15 25 175
270 263 1 t 4 14 23 25 235
99 264 1 | 4 11 23 25 245
103 265 1 1 4 14 i9 17 207
134 266 1 1 7 i4 23 21 268
261 267 1 1 4 11 23 25 241
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
396 269 1 1 10 il 23 25 276
150 270 1 | 10 11 19 25 263
337 271 1 1 4 i1 19 17 212

97 272 1 1 4 11 23 17 213
395 273 1 1 10 it 23 21 265
149 274 I 1 10 11 19 21 264
386 275 1 1 10 8 23 21 246
127 276 1 1 7 14 15 17 216
289 277 1 f 7 14 5 17 214
377 278 1 1 7 14 23 21 264
295 279 1 i 7 14 23 17 244
45 280 1 1 7 11 23 25 274
135 281 1 | 7 14 23 25 271
315 282 | 1 10 11 23 25 274

5 283 1 1 4 8 19 21 200

98 284 1 1 4 11 23 21 235
310 285 1 I 10 11 19 17 246
250 286 1 1 4 8 23 17 186
308 287 H 1 10 11 15 21 241
61 288 1 1 i0 8 23 17 223
344 289 1 I 4 14 15 21 203

77 290 1 1 10 14 19 21 254
276 291 1 1 7 8 19 25 251
175 292 | | 4 11 19 17 214
350 293 1 I 4 14 23 21 230
374 294 1 1 7 14 19 21 263
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
195 296 1 i 7 8 19 25 252
271 297 i 1 7 8 15 17 202
161 298 1 1 10 14 23 21 258
132 299 1 1 7 14 19 25 267
147 300 1 1 10 11 15 25 236
158 o | 1 10 14 19 21 255
173 302 | 1 4 11 15 21 207
76 303 1 I 10 14 19 17 241
110 304 1 | 7 8 15 21 227
70 305 1 1 10 11 23 17 247
123 306 i 1 7 11 19 25 268
214 307 1 1 7 14 23 17 243
372 308 1 1 7 14 15 25 236
151 309 l 1 10 11 23 17 246
171 310 1 l 4 8 23 25 213
238 311 1 1 10 14 19 17 240
404 312 1 I 10 14 23 21 259
101 313 1 1 4 14 15 21 200
318 314 1 1 10 14 15 25 229
146 315 1 1 10 11 15 21 238
115 il6 1 i 7 8 23 17 229
44 317 1 1 7 11 23 21 270

19 318 1 1 4 14 15 17 176
378 319 1 1 7 14 23 25 274
380 320 1 1 10 8 15 21 221
24 321 1 1 4 14 19 25 230
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
251 323 1 1 4 8 23 21 206
63 324 i i 10 8 23 25 257
394 325 [ 1 10 11 23 17 245
20 326 1 1 4 14 15 21 202
102 327 I 1 4 14 15 25 197
316 328 1 1 10 14 I5 17 207
66 329 1 1 10 11 I5 25 236
105 330 1 1 4 14 19 25 227
218 331 1 | 10 3 15 21 219
342 332 1 i 4 11 23 25 242
16 333 1 | 4 1 23 17 214
60 334 1 1 i0 8 19 25 247
130 335 1 1 7 14 19 17 241
73 336 I i 10 14 IS5 17 207
35 337 1 1 7 8 23 21 251
207 338 1 1 7 11 23 25 276
113 339 1 1 7 8 19 21 248
352 340 1 i 7 8 15 17 201
172 341 1 1 4 11 15 17 181
285 342 1 i 7 Il 19 25 269
93 343 1 l 4 11 15 25 200
128 344 1 1 7 i4 15 21 240
230 345 I 1 10 13 19 21 260
319 346 1 1 10 14 19 17 238
43 347 1 1 7 i1 23 17 249
12 348 I 1 4 11 15 25 205
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StdOrder { RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load Response

8 350 1 | 4 8 23 21 207
141 351 I 1 10 3 19 25 246
242 352 1 i 10 14 23 21 260
57 353 1 1 10 8 15 25 214
343 354 1 1 4 14 15 17 179
179 355 1 I 4 11 23 21 234
198 356 1 1 7 8 23 25 260
34 357 1 1 7 8 23 17 232
92 358 1 1 4 11 15 21 209
27 359 I 1 4 14 23 25 237
349 360 | 1 4 14 23 17 206
217 361 1 1 10 8 i35 17 192
193 362 i 1 7 3 19 17 230
361 363 1 1 7 11 15 17 2i5
107 364 i | 4 14 23 21 231
246 365 I | 4 3 15 25 175
11 366 1 1 4 11 15 21 209
278 367 1 1 7 8 23 21 254
354 368 1 1 7 8 15 25 221
67 369 1 1 10 11 19 17 241
124 370 1 i 7 11 23 17 247
136 371 1 1 10 8 15 17 196
224 372 1 I 10 8 23 21 246
401 373 | 1 10 14 19 21 256
133 374 1 1 7 14 23 17 247
157 375 1 | 10 14 19 17 240
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load Response

223 377 1 1 10 8 23 17 222
10 378 1 1 4 11 15 17 181
112 379 1 I 7 8 19 17 231
346 380 1 1 4 14 19 17 207
384 381 | 1 10 8 19 25 244
15 382 1 1 4 11 9 25 234
322 383 1 1 10 14 23 17 238
255 384 i 1 4 11 15 25 204
13 385 1 1 4 1 19 17 215
221 386 I 1 10 8 19 21 241
72 387 1 1 I0 i1 23 25 275
329 388 1 | 4 8 19 21 202
267 389 1 1 4 14 19 25 228
21 390 | 1 4 14 15 25 199
3% 391 1 1 10 11 19 21 259
91 392 1 1 4 11 15 17 i83
174 393 1 1 4 11 15 25 203
138 394 1 1 10 8 15 25 213
203 395 1 1 7 1 19 21 264
268 396 1 | 4 14 23 17 209
362 397 1 1 7 11 15 21 242
231 398 1 1 10 11 19 25 264
211 399 1 1 7 14 19 17 244
363 400 1 1 7 11 15 25 235
402 401 I 1 190 14 19 25 258
222 402 1 1 10 8 19 25 245
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StdOrder | RunOrder | PtType | Blocks | Shuttle | FlowFixture | Pack | Load | Response
96 404 1 1 4 11 19 25 232
82 405 1 1 4 8 15 17 154

2 403 1 1 4 8 5 21 178
219 376 | 1 10 8 15 25 217
144 349 1 | 10 8 23 25 255
382 322 1 1 10 8 19 17 223
387 295 1 1 10 8 23 25 253
148 268 | | 10 11 19 17 247
197 27 1 1 7 8 23 21 253
282 54 i I 7 11 15 25 236
184 1067 | 1 4 i4 19 17 210
191 134 1 | 7 8 15 21 226
196 161 1 1 7 8 23 17 228

17 214 1 1 4 11 23 21 238

56 241 i 1 10 8 15 21 218
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Reducing the number of tooling in Head Stack Assembly process

using computer simulation
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Abstract
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viorkioad captute In each produclon ling. Fhis research alms
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Stack Assembly process and colleel procass’ng tme In gach
opetation and tho processing time data was analyzed to use
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Absiract—Due to demand rising of HSA in Hard Disk Diive
company, it causes deficiency fu production capacity to the
company. Therefore in matching supply with demand of HSA,
the company is having need of inproving the manufactning
process in order to tevel up the production capacity under the
resource constraints. In the company, where is a case study in
this research, numerons peformance indicators, which indicate
the performance of the manufacturing process, have been used,
Yet the apparent one that is chosen in igis study fs eycle tine of
manufacturing. In fact, manefacturing cyele thne, which is
closely related to unit per hour, is the “Key Process Qutput
Varlable” (KPOV), which is affected by many “Key Process
Tnput Vardables” (KPIV) in the process. So therefore an
investigation of the relationship between KPOV and KPIV*s s
indeed importance. But the cost of study on the actual system in
tke company is so pricey. Thus compuier simulation is a chosen
tool In this research by using ProModel simulation package to
investigate which KPIV's influence to KPOV. And the optimum
value of manufacturing exele time, which yields high production
capaclty, will be located, Ulfinately, the output from ihis
researeh will be used as a decislon making tool in manufacturing
process of HSA of the company,

Keoywords-Cycle fime, Computer Simulation

I.  INTRODUCHTION

Cutrent rate of economic growth and technological
development is fast, Consumer demands sre diverse and have
niore restrictions. Population is rapidly increasing tates make
consumer market demands are increasingly complex, For this
reason there is a variety of business and industry competitive
in a high rate. Because the gap or lose competitive advantage.
Posilive advantage of the current conipetition between plants
has significantly reduced or aluiost ne different. Whether a
maching, Section deprivation tax wage workers or materials.
Ability of management or the ability to bring different
resources, Existing limited use 1o generate the niaximum
benefit is what causes the differences between each of the
plant. Increasing profitability in the long ferm the plant witl
lelp plants to compete in the market. Typically ways to
increase profits in the long-term facilities are 2 ways to

incraase revenue is to reduce expenditure or to increase their
income because the source of income is. Price multiplied by
quantity sold. How long-tesm profitability is to inceease prices
or in¢rease sales. The price increases will be made when a new
product which is what the plant is a must have to do R & D
fogether with 1he increasing volume of sales it is difficult
today. Guidelines for reducing the production cost can be
considered is the nature of the 2 factors lead to lower costs and
reduce operating costs. To reduce the impoit cost. Machinery,
including materials and labor is. Plants may have reduced
some ¢osts, but by then most import raw materials and other
factors will detenuine both the quality and control. Quantity
and price from the state of the market, Economic conditions,
And a pofitical. The external factors are not controlled. The
lower operating costs. Activity is viable organization can own.
Minimizing the production cycle time (Cycle Time) is cne
methad that can reduce costs in this section, Especiaily iu the
manufacture of industiial electronics devices, including hard
drive that progress in scienice. The invention of new machinery
has always resulted in the machinery used in production in the
state obsolete. Value in use reduced the use of expired or
faster machine indushry in genetal. For this reason, if the
factory can reduce the cost of production cyele time (Cyele
Time) would have fewer nieans to proguce more plants during
the lifetime of the machina which will utilize 2 resowrce that
has already cost. reducing production costs to inceease profit
of the factety. In addition, the restrictions in the area around
the plant to reduce the cost of production time {Cycls Time)
fewer will increase our ability to meet customer needs during
the high demand by other investors that do not increase in the
area. Number of machines or the number of emiployees which
has reduced costs sigaificantly. Therefore should be studied to
determine the production cycle time {Cycle Time) in the niost
appropriate production facility to produce hard disk o hard
disk has the largest Facilily producing wndes the conditions and
limitations of various plants.

Compwter simulation has iacreasingly become the
most popular and frequently employed too! for problem
solving and decision-making in the manufactnring and
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preduction enviconment. It has been commonly used to study
behavior of real world manvfacturing system to gain better
understanding of underlying problems. Jadhav and Smith
{2003) describes a methodelogy developed for simulation
modeling and analysis of printed circuit boeard (PCB)
manufactuting lings, capturing the complex interactions
between ifs compoments using a custom-developed PCB
asseanbly template. Qiuli Yu et at. (2006) used ProModel
simuiation to evalwate fhe productivity of an automolive
agsembly workstation dnvolving a lift assist device interfered
by preactive ergonomic design. Ahad Al and Robest de Souza
(2607} designed and developed HDD template for modeling
and simmlatien for final assembly of hard disk drive (HDD)
mannfacturing using Arena. The advance simulation tool
Prododel is used in this study to apalyze the production
system in order fo save cost, time — comsunting and aveid
disturbance to nonial production,

I SYSTEM DESCRIPTION

Hard disk drive manufacturing company consists of a
series of process 1o produce hard disk: drive from raw material
to finish goods including. slider fabrication process, head
gimbal assembly (HGA) process, head stack assembly (HSA)
process, and hard disk drive assembly (HDD) piocess, which
are shown in Figure 1. The head stack assembly process is an
important sector in the manufacturing of hard disk drive. HGA
is produced by the components of actuator pivot flex assembly
{APFA) and head gimbal assembly, Head stack assembly is
the stage of operation where APFA and HGA ate bLeing
mourted together, There are six stages to produce HSA, which
are shown in Figure 2. At the first stage, foading operator will
load APFA to shuttle and install HGA to the APFA, then
move shuttle {0 unload stage to swage ball and uaload HSA
from shultle to load to flow fixture. At the next stage, operator
has function to bond electrical ¢ircuit after that flow fixture
will be transferred to coat stage to cont pad with epoxy glue
and wnload HSA from flow fixture, Good and bad HSA are
separated in the VMI and QST stage.

Slidor Fabrication Process

Head Gimbal Assembly Process

F

Hoad Etack Assembly Preceas

¥

Hard Disk Drve Assembly Procass

Figure 1: Hard Disk Drive Assembly system

"Load l—vl Unload l—»

Vi I

Bending l

asT Coatlng

Figure 2. Head Stack Assembly process

HI. METHODOLOGY

4. Simulation with ProModel

“Proledel is designed to model manwfacturing
systens ranging from small jeb shops and machining cells to
farge mass production, flexible manufactiring systems, and
supply chain system” (Hamell & Price, 2003). The basic
omodeling elements in ProdModel are focations, entities,
arrivals, and processing (Harrell and et al, 2004).

Locations represent fixed places in the system where
entities ate routed for processing, delay, storage, decision
making, or some other activity, We need some type of
receiving locations whete entities have value added fo them.
Anyihing that a model can process is called an eatity. The
mechanism for defining how entities enter the system is called
arrivals, Entities can arnive singly or in batches. Processing
describes the operations that take place at a location. In
addifion to thesa basie elements, ProModel also includes other
elemients, such as path netwoik, attribute, resovece, variable,
ete. ProModel concentrates on 1esource wifization, production
capacity, botlenecks, ihsoughput times, and other
performance measures.

B.  Data Collection

The data collected over a period of two months were
providad to estimate the statistical distibulions wied in the
simulation model. This data mainly consisted of processing
time in each stage, and rouling time between each stage.
Example of data is show in Table 1. Subsequently, the data
need to be fitted to an input distribution for the ProModel fo
utitize. The input distnbutions used in the ProModel model
were all fitted according to the ProModel’s Stat:Fit at a
confidesice level of 25%, which are shown in Figure 3.

Table 1: Processing Time for Prime Line 10 aperators

Station Processing Thine distribution
Load 1 N(22.75,1.38)
Load2 N(Z3.46,3.07)
Unload § N(11.67, 0.06)
Unload 2 N(14.02, 0.45)
Bond 1 N(26.38,3.25)
Bond 2 N(27.23,3.62)
Coat 1 N(17.20, 1 .46}
Coat 2 N(21.43, 0.98)
VMI N(11.66, 1.02}
OST N(22.78, 0.94)
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Figure 3: Test for statistical distributions

€. Model Construction

ProMode! was unsed for model constructions and
analysis in this study. This work focuses on prime fine which
sepasate into three fypes: 7 Operators, 9 Operatoss, and 10
Operators. In order to develop the simulation model, it is
necessary to define entities, locations, ainval, path networks
and resources. The entities considered in the model are the
APFA, HGA, and HSA. Table 2 shows the simulation modal's
characteristics and the model layout are listed in Figure & The
following assumptions were made dwing the development of
the simutation model.

1. Head Stack Assenbly lice is operated 22.73 hours per
day.

2. Eafities armivals and quene in head stack assembly
process are First in First out (FIFO}.

3. Times between ardvaly, processing time, and routing
time are embedded in the statistical distribntions that
are obtained from the time study technique.

4. Eachworkstation was operated by an opéator.

Table 2. Simulation Model Characteristics

HGA, APFA, HSA,
Entity Entpty shuttle, Foll shuttle,
ey Empty flowfixture,
Full flowfixture
System Type Steady state
Resousce Operators
Time betwean atrivals
Inputs Processing time
Routing time
Quipuis Production quantity
Replication Length 22 73 hours per day
Number of Replications 7

Figure 4: The Model Layout for Prime Line 10 Operators

The nwmber of replications is analyzed and
corresponded to Type I emor of hiypotlesis testing, which are
shown in Figure 5.

Power and Sample Size
1-Sample t Teet
Testing aean = null lvecsus not = 17all]

Talcukating power for mcen = rall + difference
Alphe = 0,05 &esimed stardard deviation = 11.7

Sanple Torget
Differsnce Sige Pover Actual Pover
20 T 0,95 11.951573

Figure 5: Result for the Number of Replications

V. SIMULATION RESULTS

Simutation is 1un fo gain an understanding of the
behavior of the cwrent system This understanding of the
behavior is an importamt input to decision-making conceming
the system., The sinmwulated throughput for head stack assembly
is shown in Table 3. Woik-in-process and % utilization of
each location are shown in Figure & and Figure 7,
respectively.

Table 3. Simulated throughput

No. Unitfday Cyele Time (sec)
1 3665 23,575
2 3689 23.504
3 3646 23,697
4 3669 23,549
5 3658 23.619
6 3613 23.671
7 3686 23412

Implementation of {nformation from the modeling
approach is to increase productivity. The results from model
systems are cunently?s Ulitizatton of Resource and Location
ate high olready. Increasing the number of stations and
wotkers will increase plant production, but at the same time it
mst increase investment.
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Figwe 7: Work-In-Process

V. CONCLUSION AND FUTURE WORK

Given the processing time for prime line process, this
modet can be simufated with ProMcdel to determine
preduction outputs. The model is simple and easy to simulate.
However, the most difficulty is to abstract the model from the
real word based on observations and appropriate assumptions.
This work only focuses on miedel conshuction, how to verify
and validate the model will be the future work The valid
mede] can help the research tean to be able to understand the

current perfonmance of the system and it also was possible to
simulate different improvement scenarios for head stack
assembly process to study the effeet of vanous factors en
cycle tima.
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