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Abstract

The objective of this research article is to improve the assembly line of hard disk drives using techniques
of production line balancing, process improvement, and computer simulation. Through the study and analysis of
data from a case study factory, it was found that there were issues of employee idle time during certain process
stations due to imbalances in the production line. To address this issue, four computer simulation models were
developed, including: 1) a model using data with a constant work time before improvement, 2) a model using data
with a normal distribution of work time before improvement, 3) a model for improvement guideline in case of
increased customer demand from the previous maximum volume, adjusted by re-sequencing tasks for both workers
and machines, and 4) a model for improvement guideline in case of customer demand not exceeding the previous
maximum volume, adjusted by combining stations together. The first and second model were used to confirm the
accuracy of the model. The study's findings indicate that Model 3 is capable of reducing production time by 16.68%,
increasing labor productivity by 19.97%, improving the average utilization rate of machinery by 20%, and
enhancing the efficiency of the production line by 13.16%. Additionally, Model 3 can accommodate a 20% increase
in production volume from its baseline capacity. Furthermore, Model 4 can reduce the workforce by 7 employees
from 24, resulting in a labor cost reduction of THB 785,400 per year, calculated based on the company's minimum
wage rate per day in the case study. The application of various techniques, as aforementioned, can further enhance
the production line's balance and consequently increase labor productivity, machinery utilization rate, and

production line efficiency.

Keywords: Productivity improvement, Computer simulation, Line balancing,
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a @ ' g a < a a
mﬂ"ﬁ}agammmﬁwamiuﬁ%guuwmw VUABUNITHAN APFA L“]J“L!%qﬂ'.lﬂi]@] HIANIINANAA (Productivity)

]
=

' . 9
@i’ﬁg@ LAZTINTOUTANUUNUNINUDINTSUIUNTHAAUDULNUNNITHNAN APFA Vlﬂﬁilﬂ“’l];"juﬁﬂﬂllﬁ,ﬂﬁ 5UN 2 az

U

E4 9 9
6uamw“lumiﬁﬂ‘ywﬁﬂzﬂsamqmummumu ﬂﬁ@lﬂfhﬁl DCM (DCM Attachment) ﬂuﬁﬂﬂi%ﬂ]uﬂﬁﬂi?ﬁ]ﬁﬂﬂ

v o

o . . = g A ya ' a v
ANYULNIYUDN (Visual Inspection) FUUNTTUIUNITN AR QlﬂﬂWUﬂﬂlu“HWﬂ’J"IlJ1Mﬁuﬂam@ﬁﬁmﬂ1’iﬂa@]1ﬂ

' v o
DYNIAUYA
1. DCM Attachment | 2. T-Ring Insertion 3. Pivot Installation 4. Pivot Height Check
f & ) & g & & g
, -_ - . -
aaths DeM ¥5U T-Ringld Ballhole | @auan lanz 11 IPA PivotIUFUNY 9 Pivot HEVAINAIDI 11901A e lwiasases ATIIADY
8. Visual Inspection 7. Electrical Test 6. Arm Height Check 5. Coil Height Check
4" 4 /‘bJ
& & 1 &——8& d &—1— 24
ATRAOU HIULUDIA ATRAOU HBURIND1A 19UHIAT RS HELINAT Y T9UUAA REREE ] WBYRINeIA NeunAses| AnlsrATD ATEIATI
9. Final inspection and Storage
. L s . . w2 sy
FuATNAY fiuiindeya Tdgeqyanme aanans IAUNUADITUA
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gﬂ‘ﬁ 2 Lmumwnizmumﬂwammnixmumiﬂﬁzﬂauwammm A
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Yy Y Y a o 4 @ = =
i]WﬂﬂllﬂﬂaTnﬂ"llNﬂuﬂigﬂ’JUﬂﬁﬂi&’ﬂﬂUNﬁﬁﬂmcﬂ A lunszuaumsvian APFA 3 9 @D 1U Wﬂﬂﬂluﬁ1
' v Y '
mm"luamammmamiwa@ﬁmuﬁmﬁnmxmmmﬂﬂm DCM (DCM Attachment) T3 1 9udenIzUIUMS
@ . . A A = P A =
ATIVADUANHULNIYUDN (Visual Inspection) Tuao1iia 8 318@3L®‘(’Jﬂuﬁﬂ\‘lhlﬂﬂﬂﬁ1§1\1‘ﬂ 1 UaguNITING

AeMINANAIZUN 3

M9 1 519a2198AT1UIUNITNNY HALIIUIUATBIINT Iuudaz ATy

A1 U U NOMATTIY | NNIATTIN/ NINIATIIY
o A o 2 a =3 <3 a = a =
NUNNU | 1ATD99NT | FU/AUAUIN) | a9a/AUOIUIN) ALAN/AUQUIN)
1. DCM Attachment 2 0 1.15 115.30 115.30
2. T-Ring Insertion 2 0 3.51 351.30 466.61
3. Pivot Installation 4 4 490 490.38 956.98
4. Pivot Height Check 2 2 2.26 226.34 1183.32
5. Coil Height Check 2 2 2.31 230.79 1414.11
6. Arm Height Check 3 3 3.00 299.82 1713.93
7. Electrical Test 3 3 3.96 395.76 2109.69
8. Visual Inspection 6 0 4.18 417.62 2527.31
o ‘ : & &
[T = = % < = % ? = @ e @ % @ @ $ e @ < “ * e
2 = ﬁ % # ? § € <
i $ < =
- —
[a00000. | ooooaof
[060000. [ETEEETEEEE
|oooo00 200000
[o00000. | cooood]
|ooooseo [cocood
[000000. o000
Pt Cutfill 00o00)

51 3 supFrassanumssineaeuiames nszuIuMssEneUKAATMH A

2 s a ¢ a o ) = Yy g
ﬂWi‘]Jigﬂ’E]‘]JG]fuﬁ'Jut’ﬂi'ﬂﬂﬁhlﬂiwgll@\iwaﬁﬂm”ﬂﬂigmﬂ A INVBYANIDTNIATIIUIIN ATTNN 1 mmﬁﬂﬁimﬂu

n3MsIaauaeIeNIINGA (Line Balancing) (Aediuaa1tiam) ludagiiuneumsisuilyedagila 3 Tagna

= Aq ¥ I~ . A S =~ =& 1w a = . .
VDITD I ﬂcl%LJaWMWﬂﬂQfﬂ (Cycle Time) A9 LIAIVDITDIUIIUN 3 HAUNINY 4.90 IUIN LAz Utilization YD

o Vo Y . . 4 Y "o Y o § ' Y] o
NUNNUNINUIDYAS 44.84 LIS Utlllzatlon"’ll'fNlﬂ%ﬂ\iﬂﬂﬁl‘ﬂ]ﬂﬂﬁﬂﬂag 38.70 ﬂ\?@']ﬁ']\iﬁ 2 ﬂ']ﬂ'lﬁglslfﬂﬁgfiﬂ“]fuﬁll@\i

niwens luilagiiu nazzili 4 nsnimsdaaugamenmsnaalutlagiiuneunmsdiulse



a d = A
'ﬂiiﬂﬁ'ﬂ]fﬂﬁ"Iﬁﬂi!!ﬂglﬂﬂiuiﬂﬂu'Ifjﬁﬂinfnﬂ

82
ma1ah 2 a3 ldlse Tenivesniwenns luidaqiiu
l?ﬁ?ﬂ1ﬁ§§1u‘1uﬂﬁﬁ1\ﬂu
) " a2 ~ %Utilization
VUABUMITIOIUNAD QUIN/FW/anUN)
winam 13099035 ninau 1309905
1. DCM Attachment 1.15 - 23.51% -
2. T-Ring Insertion 3.51 - 71.64% -
3. Pivot Installation 2.78 2.13 56.67% 43.33%
4. Pivot Height 1.06 1.2 21.68% 24.47%
5. Coil Height 2.31 - 47.06% -
6. Arm Height 1.26 1.73 25.79% 35.35%
7. E-Test 1.42 2.53 29.04% 51.66%
8. Visual Inspection 4.09 - 83.34% -
% Average Utilization 44.84% 38.70%
Line Balance Before Improvement
Lo T i et
TaktTime = 5.14 sec
B0 mmmmm oo o o o .
Cycle Time=4.90 sec
L R e R --
351
2 00 o N 00 -
£
= 2.26 z.31
200 f--------------J - ----- B - - ---- - - - --- - - --- - - S - - - - - - --
1.15
100 - - - - - -
o.00 -
: : : B 3 £ :
Z ey 2 &
= e =
Station

1 4 nsnimsdaaugadienisnanlufagiuneumsisuilys

1 A A . a ' 1 [ Y3 X 1 ~
mlszansnin (EfﬁCIenCy, E) v93e1gn1iNas ﬂf]uﬂ']iﬂﬁ'ﬂ‘ﬂ;ﬂl‘lﬂ'lﬂﬂiﬂﬂﬁz 64.19 uﬁﬂﬂﬁmumnm’nwmw

a X & a ' = o Y A Vv 9 a
INAVU FAUTININITFYLTIANNTNAQ (Balance Delay) mmm"lmnn (1-BE) ¥AuUMnusoeas 35.81 INNITAUAIITH

a
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A o

arensnan ludagiuneudiulgeinudidenuiinndaswandaned Tusaeauiliainoudieiios 1o
d

@ ]

a [ v o 9 a v = 1 9 L4 [ Y
WFeuReUNUaNEULANUFUFOUVDINAAN UNAI0619 52DIA 1N 1952 Tesiveaninensdsznnwinauas

A o A Yy 9 9 [
IATONINTNADUVNUBYAIYLTUNU

a dJ a & [
4.2 ﬂ153!ﬂ51$1’iﬁ1€]ﬂ]iNﬁﬂ!Wﬂﬂ]iﬂi‘U‘dEQ

]
~

9 ~ 1 =\ ~ . . I =1 ~ 9 1 o o
ED']'ﬂ"’llf]LI“’dGl,‘Lliﬂ'liiN'i/'I 1 WUNFDIUINIUN 3 Pivot Installation nJuﬁﬂmamﬂ%nammmmwummqwqﬂ

2 g AA o . o [ 1A = dy I o
guduaortinmvua Cycle Time U83IN1TNINIU LAZIINNITTUNAWUIN Aenssuluaoiiauidlumsiauves

WINAUTIWAUATOWNT azaNsauaaruiiaY uazingesdnsaadalua1sad 3

M519N 3 MIInEHaemMIraaneumslTullg

= = P 3 o o =
e RERIGITRIT) au na1 (i) 193099N309 Pivot a1 i)
B
winnundurununnnaudnhimsgarylanzesn
2 ¥ - 573
NAFUNULAZNIIeT IPA lunSnu T-Ring
NIy 9.82
Y .
MINNUNTUIUMIUUIATITNIUAZI Pivot 119DU
19.62 409
v . Y
FunuuaznsnatjuAuaseIing
NI 8.5 1A3949NT Y 8.5
MINNUNTVIIUEBNNNATEINS 1dIeluoa 1.29 NN 1.29
a5
1
= A ua A ua A o
310021009 msliinauvesau msliiinuveansoains
na1lgiaau 11.12 8.5
AN 8.5 1112
na1nTusouMIU[IR Y 19.62 19.62
% MIUfiaau 56.67% 43.33%

msdsudsauni 1 1¥ndnns ECRS ludiuueamssamiuaaumsiauueaIusnaieii (Combine)
- . o o 2 . 2 o ¥
1ensnswnenssulugrwesminundusuauanmaud nihnmsgaes Targoonanauau uaziniien IPA
A . o 4 o ° ) . ]
TuwSnm T-Ring 1NNUFIUATBITNTIINTOA Pivot 15naunsnaanatasla
mMsUSudguuud 2 19T msmsmauaaiinuidesige Feswiuanifiaundesigan ldvinns
uradianfeanisnuaniiaulipiu Swsdsvaasiuaniiauaunieriios 6 aondl uaiiesninanitiam
A . . =3 =} ~ 3 A o J o A Y] I v X [} )
#1 3 (Pivot Installation) D4a0171971U7 7 (B-Test) 1ilunszuiunhausununsoadnsitfunands iaunsoaasiuou
amtianld 39ldviimssinanfiarui 1 (DCM Attachment) 19173 Ua0111971U# 2 (T-Ring Insertion) MUHANNTAT
] o ' o . o o & | &
FIWTUABUMIINIUU AU IRIBAY (Combine) YBINANNT ECRS Aariy ao1iiarui 1 3uilu DCM Attachment
. . = I a = ° = = =
1agT-Ring Insertion 1Az NNaMIAIFIM 9.33 JW10 agdvaatiauyae 7 aa1iau
I3 J a d ¢ o
4.3 myanaudimesaaiumsamsneniunesluamumsariogiiv
: o o a @
43.1 Qeulymsaduuusiaesaniumsaineneniinnes

A v v ° 20 Y Ao v g1 2 = o~
luﬂx‘lflﬂﬂ@]@\‘lfﬂialwf‘ﬂi"l]1ﬁ®ﬁﬁﬂ?uﬂ15m11’iwﬁﬂ%ﬂl"ﬂu Llﬁgfﬁlﬂiﬂﬂi?ﬂﬁ@ﬂﬂ?WHgﬂﬁﬂﬂqﬂQTﬂ‘Uu IUNIT

'
S a

° A ' PR A oo 2 A a A q9 P Ay v ° o 1A
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2. fmualdminaunnausuljidauneunulasluamemsisznenimsssoumswaauiadinly
anthudl Aemsdawsouinga naznssydast
a A Y A o A wa < <
3. 181 150UMIHAA A 1 31 W399 Tuamsiiinau 20 2Tu4 (2 ng nzay 10 32109
4. hiwpaudeszninnszuIumsean
5. % Yield ¥9usaza1ensnaaming 100%
1 ' A @ A = a9 = @ X A o oo A a oa Y
6. FrezvNTzHNAIeINIHsoaminulitesnnFaminnuansaeunieruauolfiaaula
v & = n Yo a o Y
ariu 3¢l Idinaaduaudae
432 mimafaaaummgnﬁ’awmgmuﬁmm (Model Verification)
v o Y a d1 o o Y A
M3A39aUANNYNABIVA 1sunsuTasimualiinaInInaana1any 20 dnyag udInsan
2 4 a o d A a 1Ay g o 1Ay o 2 Y a
Funuinaad1sa TaedonSeuiouai laninmsihauvesTsunsy nazain Idanmsmuia #99198991003
s H '
Ufianuss aiudimlndifssiu Tasliawananduniganioesas 1.29 uaasn llsunsuiinnugnaeddeaisn
1 9
wah lannmssauvesldsunsuil T 1%aude 118
4.3.3 MIATIADUANUNNZAUVDIVVTIABI (Model Validation)

Y ° 4 g X A = A A v Y Y
N3ATIVADLANUYNABIVDIVUTIABINAS 19T iNenanIDInW HuFede tazaNuamsalums Iinadns Id
IndiRestuaemsnanssaiisslagalunildmasnasvauudgiuaundotazannudesuuinaigiu Taold

v ' v ' ' v
T5unIuMAUNINLA 30 501 AUAURTIVDIFUIIUDINMTHIATIINIAT 20 3103 1M1 14,199 FU HAZAIAIY

i Y H
WeuuunIny 2.79 Fu 1INMINATOUANUAFIUAIY One Sample T-Test 11AZ Chi-Square Test laHARIFUN 5
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Summary Report for Output

Anderson-Darling Normality Test

A-Squared 0.39
P-Value 0.361
Mean 14210
StDev 2
Variance 6
Skewness -0.225158
Kurtosis -0.388868
N 30
Minumum 14205
1st Quartile 14209
Median 14210
3rd Quartile 14213
Maximum 14215
95% Confidence Interval for Mean
14210 14211
I 952 Confidence Interval for Median
14210 14212
95% Confidence Interval for StDewv
2 3
95% Confidence Intervals
Mean] | Test and CI for One Variance: Output
Median . |
14209.5 14210.0 142105 14211.0 142115 142120 Method
- . a: standard deviation of Output
One Sample T' OUtPUt The Bonett method is valid for any continuous distribution.
The chi-square method is valid only for the normal distributior
Descriptive Statistics Descriptive Statistics
N Mean StDev SE Mean 95% Cl for p 95% Cl for o
30 142105 25 0.4 (14209.5, 14211.4) 95% Clforo  using
N StDev Variance using Bonett Chi-Square
u: population mean of Output 30 246 6.05 (1.99,326) (1.96,3.31)
t
Test Tes
. Null hypothesis Ho: o =279
Null hypothesis Ho: = 14199 Alternative hypothesis Hy: 0 # 2.79
Alternative hypothesis Hq: p # 14199 Test
T-Value P-Value Method  Statistic DF P-Value
2553 0.000 Bonett — — 0.363

Chi-Square 2254 29 0406

31 5 namsnageUauNAFIUNAIE One Sample T-Test 1A Chi-Square Test

]
D v oo o

9
P-value = 0.00 #91iud luansnlfrasauyAgunaniszaniodiny o = 0.05 HaAIIIWAYBINITTIABY
s o 1 1 a a
aomumssisenuuiiass lulinnuuana e ndoyavesd1emMsnand 9
{ o Eal @
434 wanldnnmsrassaniumssineumsisulya
o o a J 1 [~ o g
TaguuuiiaesaarumssiaismsnaanoumsUsuiye uiaiu 2 uoy asil
o A a @ o Hq Yy A
43.4.1 1uu1aeed 1 Menswaaneumslivlyuundiassnleveyanei
o o a ay o Qy x: o 1 Y]
St mualiuuusiaewaasuausiuay 14,000 Fu FIW1INNMITHGINTHANURDINTFIFAADIY
Y ) a & < A ~ A o a L. IS 2
voagni azlFarlunsnaanariuag 19.64 53103 130 1178.38 W1 92UOATIMANEA (Productivity) 11U 30 ¥ /
$ 109/ AU AURAEUDITEaL Utilization YoIWIINIMININ F08a2 49.95 11ag Total Utilization 1IN0 US8aE 73.41
U3ANTNMN (Efficiency, E) ¥oda1emInaaiinuiosay 64.19
43.42 wuuraead 2 memskaanoumsiSulyuuuiassilddeyansnszaieds
) Aa

' v Y
simualdunuiaead 2 Falddeyanlimsnszaevesdeyansiineu Saswaauanuiiugu

U

A =

=~ a & < ° o { o
14,000 ¥ ﬂzi%naWiuﬂWiWﬂﬁﬂ\iﬂuﬂ 19.72 ¥ 119 130 1183.42 1T HANITTIaRIAIUMTAUUVVT 2 blf‘s]} RIZPN

a I 2 o ' o 1w
WaWa® (Productivity) 1 30 WU/ "]f'JIlN / AU AUtlization ‘Umwuﬂﬂmmﬂu%aﬂax 49.72 lag Total Utilization
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mnudesas 73.09 Use@nTan (Efficiency, E) voaaemsnanminuiesas 64.19 ilerfFeuieunan 1dannms
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4.3.5 M3lsvilgaaennan Taseordounuiiaosdniunisol
a 4 a o 1 1Y 9 4 o A v Y °
nmsansznynvesaenisnaa lutlagaiu wun dasinslslsgTemi wiinauiamaeudie uag
v ] El
mamshanuin iaugany dszansamlasswd auindaiumaianmsiaaugadiemssaamazmaianslsulge
o 9 o A (o 9 o :i’
NuEIMIETNUUIIaeInliulywad Al
4.3.5.1 WU 3

Y A v = A . . < = Aq ¥ ' o o
mnmm&aiumﬂw 1 WuNE01191UR 3 Pivot Installation W uaorfiaiuilsainesiuiuniinau

=g AA o

{ . o I o @ U @ 4 @ v &
q@ﬁf:fﬂ Fudugorunmvua Cycle Time Y93IN1TNINIU !LﬁglﬂLlﬂ'li‘Vl'l\i'lu"ll'f]\ﬂ/‘luﬂ\?'lui'\)llﬂ“ﬂlﬂ%@\ii]ﬂﬁ ANUU

2 v
v o

] ! 9
!HJUfli'la'f]Qu%ﬁﬁ'lﬂ']iﬂTU"Uuﬁf]uﬂ'liﬂ'l\ﬂucluﬁﬂ']u\ﬂuﬂ 3 Pivot Installation Lﬁﬂaﬂnm’nwmﬂﬁwumm ag
4 o o [ a Y I @ o a T W £
1309903 Iaeldrdnms ECRS wazlautiasiumsnande Tueaniilu 3 sedufe S1uiunandeu 14,000 ¥u (M3

v v d'
Wansosaz 100) 15,400 Fu (MINAATeEAL 110) Haz 16,800 ¥4 (MIHanTosaz 120) mwainy lanadansnan 4

MI19N 4 519a2108ATIUIUNINOIY HATIIUIUIATBIINT IuLsaz AT

$1uu nati 14y % Labor % Total
5 . - Labor Productivity
.2 WUNU NIHAN 2 Utilization Utilization %Efficiency
wag (¥u) . (Bw/¥.u./au) 4 4

(AU) (‘1?')111\1) nay nay
14,000 24 16.39 35.58 52.96 81.08
15,400 24 17.98 35.69 53.13 81.33 72.64
16,800 24 19.58 35.75 53.24 81.48
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M9 5 519a2198ATIUIUNITNNY HALIIUIUATBIINT Iuudaz AT

M3 Iana nouiulye | wawlsuily Gain (%)
HaNARA 14000 14000 -
suminaunlFlumenmsnan (@) 24 17 29.17%

A Y a <

nanlslunswaa (321u9) 19.72 19.76 -0.19%
Productivity (¥4 /#2134 / AL) 29.58 41.68 40.91%
%Utilization i?mﬂaﬂ 73.09% 89.30% 22.18%
9%Utilization Y04NUANUINAY 49.72% 64.37% 29.45%
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Y%Efficiency U94e18017 Wan 64.19% 92.62% 44.29%

WIP (n@e 770.88 93.88 87.82%
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msadnnuiiaeaiv awsantseeniulfiiu 2 $99 Ae r9veansad e uvuiiesaenisnanlu
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M1319N 6 l‘lﬁﬂﬂmEJ‘UN’ﬁﬂﬂullﬁ&ﬁﬁﬂﬂﬁﬂiﬂﬂﬁ;%m‘ﬂﬁnﬁ@\?

WS | Uszian 1NUIU el Labor %Labor %Total
N5l waa | uuutiaes | winaw | lumsw@e | Productivity | Utilization | Utilization | %Efficiency
@) (A) @y | Guaamn | mae ne
AOUMS
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