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PRODUCTION SCHEDULING/HARD DRIVE TESTING/SLOT UTILIZATION

In the hard drive testing process for the Hard Disk Drive Industrial, the
congestion of drives occurs especially at the end of a conveyor with few testing
machines. It results in decreasing the efficiency of the system both the drive pickup rate
and the balancing of equipment effectiveness. This research proposes the sorter
machine design to sort PASS/FAIL drives from the conveyor. To increase the
performance of the tester system and to balance the performance of the tester utilization,
and studies the production scheduling in order to improve the percentage of tester
utilization for unrelated parallel HDD testing machines. We consider two scheduling
rules such as the Shortest Processing Time (SPT) and Longest Processing Time (LPT).
We develop the simulation model for unrelated parallel machines with multiple
products. We investigate the performance of two scheduling rules for how to assign
products to machines. Comparison between the current operating and two scheduling
rules are demonstrated using real data. The proposes process can increase drive
insertion rate 26% and increase performance of tester 27%, The production scheduling
of SPT make the MSE is decreased 20% and the production scheduling of LPT make
the MSE decreased 91%, which shows that the process after improved can increase
balancing utilization of the tester.
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Distribution Summary

Function Sq Error
Distribution: Gamma ;;;;; -------- ;j;;;;—--—
Expression: 17 + GAMM(0.215, 4.15) Erlang 0.0112
Square Error: 0.010644 Beta 0.0133
Lognormal 0.0144
Chi Square Test Weibull 0.016
Number of intervals = f Normal 0.0225
Degrees of freedom -2 Triangular 0.0451
Test Statistic = 3.57 Exponential 0.111
Corresponding p-value = 0.185 Uniform 0.117

Kolmogorov-Smirnov Test
Test Statistic = 0.104
Corresponding p-value > 0.15

~ a Jd o 9
317 2.9 gmsTmsznanyazMIuInuIIToya

29  NMSNAADUAUNALVIINGNFIDL 2 NQH (Two-sample test on means)
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X1 —X
19gas t=— (2.6)
SH(—+—)

ni np
df=nq + ny — 2
o X;, Xy UNUANNDOVDINGUAIDINNGNT 1,2

SIZ, unuANslsUsIUIIN (Pooled variance)

g2 _ (n—1)S%+(n,-1)S3
2 -

2.7
n;+n,—2 @7
n, o, o0, MAUVUIAVOINGUAIDENNGUTN 1,2

9
o 1 I a
df  unuyuuaANuIudasy (degree of freedom)

Y ‘&' Y Y g
YonnaulioInuvaIMslFgasil
1 (Y] [l a’i 1 9 I a o Y Y 1 1 ~
1) NEUAI0eNNIdeINgNAe U uBATZINAY tazde lauanmsgy 1InngulszrIngf
I 9 a
Imsuanuaailuldalng
o A Y = VY 3 a ™
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HNaHa qmummu"lﬂ’émaﬂymzwmmu

X1—X
(= L2 2.8)
(n1-1)S3+(nz—1)S% il
ni+np-2 ni np
df = n1 + nz - 2 (29)

2.9.1.2 t-test for independent samples Tuns N assume 21 0'21 * O'ZZLﬁ GRY

maran¥elain o2 # o2,

X1—Xp
lgas  t=—= (2.10)
s2 s2
51,52
nq np
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(2.11)
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A15199 2.1 MSNAINYA F (Critical values of F)

df, (degrees of freedom VDINFL)

DEGREES OF FREEDOM FOR NUMERATOR
1 24 30 500 00
o 161 249 250 254 254
— o 1
_g E 4052 6234 6258 6361 6366
£z
z |z
g a
E | &
S = 4.26 1.98 1.94 1.74 1.73
2 2 24
o ] 7.82 2.66 2.58 2.23 2.21
153 =
L o9
) o
2| &
o g 3.84 1.52 1.46 1.11 1.00
kS g 0
= 6.64 1.79 1.69 1.15 1.00

1 1 J I 1A { 1 I 1A §
Tugoguaazg uaruuiluaInga F 7 O =0.05 uoda1uiluainga Fn Q=
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A1919% 3.1 MINOUNINBNUFMSUNAAN NN 1 (P1)

P1
Job ID Weight Release date Due date Processing Time(Min.) Status
Joo1 1 0 0 888 A
Joo2 1 0 0 888 A
Joo3 1 0 0 888 A
Joo4 1 0 0 888 A
JOoos 1 0 0 888 A
JOo6 1 0 0 888 A
Joo7 1 0 0 888 A
Joo8 1 0 0 888 A
JO09 1 0 0 888 A
Jo10 1 0 0 888 A
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P2
Job ID | Weight Release date Due date Processing Time(Min.) Status
Jo11 1 0 0 438 A
Jo12 1 0 0 438 A
Jo13 1 0 0 438 A
Jo14 1 0 0 438 A
Jo1s 1 0 0 438 A
Jo1e 1 0 0 438 A
Jo17 1 0 0 438 A
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P2
Job ID Weight Release date Due date Processing Time(Min.) Status
Jo18 1 0 0 438 A
Jo19 1 0 0 438 A
J020 1 0 0 438 A
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Job ID Weight Release date Due date Processing Time(Min.) Status
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Jo34 1 0 0 270 A
JO35 1 0 0 270 A
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Two-Sample T-Test and CI: Simulation non scheduling, Production non scheduling
Two-gample T for Simulation non scheduling vs Preoduction non scheduling

n Mean StDev SE Mean

Simulation non schedulin & 49.1 16.7 6.8

Production non achedulin & 50.00 6.92 2.8

Difference = p (Simulation non scheduling) - p (Production non scheduling)
Estimate for difference: -0.94

95% CI for difference: (-18.98, 17.10)

T-Test of difference = 0 (vs #): T-Value = -0.13 P-Value = 0.903 DF = &

dividual Value Plot of Production non scheduling, Simulation non schedulin Boxplot of Production non scheduling, Simulation non scheduling
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Two-sample T for Simulation non scheduling w3 Simulation SET

N Mean StDev 5E Mean

Simulation non schedulin & 48.1 16.7 6.8

Simulation SET 6 72.8 15.8 6.5
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Tester 1 Utilization 65.213 89.791
Tester 2 Utilization 66.930 89.555
Tester 3 Utilization 56.993 82.051
Tester 4 Utilization 45.233 75.483
Tester 5 Utilization 28.398 69.742
Tester 6 Utilization 31.564 74.723

a 4 1
N'ﬁiﬂﬂﬂ153Lﬂ51$Wﬁ)’Jﬂiﬂ‘illﬂ‘iN Minitab 17 @70139UBNA1 P-Value = 0.005

< "9 1 a a [ % a [ g’/ 9 o
G?QﬁﬂWH@fJﬂ'ﬂ 0.05 %Qﬂglﬁ‘ﬁﬁﬂ\mﬁfﬁ1uﬁaﬂ HAZYDNITUANNAFIUIDON ANUY YBYALD VIO

LPT ugasniinmsdfulyevesszuuedsihiodinn 0.05 aunsouaaslanagili 4.13

U

Two-Sample T-Test and CI: Simulation non scheduling, Simulation LPT
Two-sample T for Simulation non scheduling vs Simulation LET

¥ Mean 3StDev 5E Mean

Simulation non 3chedulin & 49.1 18.7 6.8

Simulation LPT & E80.22 8.30 3.4

Difference = p (Simulation non acheduling) - p (Simulation LET)
Estimate for difference: -31.17

95% CI for difference: (-49.15, -13.18)

T-Test of difference = 0 (v3a #): T-Value = -4.10 P-Value = 0.005 DF = 7

Individual Value Plot of Simulation non scheduling, Simulation LPT Boxplot of Simulation non scheduling, Simulation LPT
s s
= @ ]
» ™ I
@ @
L
E a8
= B ot

~ a 4 A ) o 4 ~ 1
31_]‘1/1 4.13 NaﬂWﬁ'Jmi’]gﬂfﬂ']ﬂI‘]Jillﬂill Minitab 17 ﬂlﬂﬁﬂl@yjﬁuﬂﬂﬁ]’]aﬂﬁﬁﬂ’]illﬂ'ﬁiI!LHJTJ‘VIUlﬂJiJ

M3IANTWNTHNAALAZUUUANMITAMTNMTHAAUUY LPT



67

[
a A (%

448 ﬂ"li%!ﬂiW%ﬁl!‘]J‘Uii"IaENﬁﬂWuﬂﬁﬂilmzﬂig‘]J’Juﬂ"liﬂaﬁiliﬂﬂﬁﬂiﬁlﬂﬁﬁﬂ

]
(%

MINAALLUY LPT LL@%WﬂﬂTﬁ/}ﬂaf’NLLTJ?JiTﬁ]i’J\‘]ﬁﬂ"Iuﬂ”lii]illﬁ%ﬂizﬂluﬂ15W§91%§'\‘117|ﬁﬂ1ﬁ]ﬂ

AT NMINAALUY LPT ﬁ'nﬂim!ﬁﬂ\illﬁ}ﬁ/\iﬁﬁﬁﬁ 4.9

A15197 4.9 Wﬂﬂ1i‘]ﬂﬂa@ﬂlﬂjﬂ°’61ﬁ@\‘lﬁﬂ1uﬂ1§ﬂilla$ﬂiZ‘U’]ufﬂiNaﬁi}%ﬂﬁﬁﬂWﬁ‘TﬂﬁﬁNﬂ1i

WanuLy LPT
Average Average
Identifier
Simulation LPT Simulation LPT

Tester 1 Utilization 75.532 75.532
Tester 2 Utilization 74.773 74.773
Tester 3 Utilization 76.778 76.778
Tester 4 Utilization 76.386 76.386
Tester 5 Utilization 80.041 80.041
Tester 6 Utilization 79.028 79.028

a 4 1
W'ﬁﬂﬁ]ﬂTi’]Lﬂﬂm*iﬁ}’JfJIﬂillﬂ‘iil Minitab 17 @#10139U8NA1 P-Value = 0.410

£ 1 ' @ a @ v & o J
G?\?flﬂﬁﬂﬂﬂ'ﬂ 0.05 %Qﬂ@ﬂiﬂﬁﬂﬂﬁﬁWHﬁaﬂ ANUU %’ayjmmmmmﬁmumimﬁm'im]mm‘ﬁ
13l

Tadn;

9

A o a a o 9 Y I @ Y Y =
lﬂ’ill@uﬂ‘llﬂig‘l]"]uﬂ']'iWa@‘]ﬁ]3\1ﬁ'lﬂJ'liﬂu'l"U'E'JiallﬂUlﬂi“]ﬂﬂu@'lllﬂuﬂl@ﬁﬂl@y.ﬂblﬂf]fJ'NjJu

=

0.05 enusanandldaagil 4.14

U



68

Two-Sample T-Test and CI: Simulation LPT, Production LPT

Two-sample T for Simulation LPT ws Production LET

N  Mean StDev SE Mean
Simmlation LFT & 80.22 8.30 3.4
Production LET & 77.09 2.04 0.83
Difference = p (3imulation LPT) - u ({Production LET)
Estimate for difference: 3.13
95% CI for difference: (-5.84, 12.11)

T-Test of difference = 0 (vs #): T-Value = 0.90 P-Value = 0.410 DF =35

Individual Value Plot of Simulation LPT, Production LPT Boxplot of Simulation LPT, Production LPT
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Abstract

In the hard drive testing process for the Hard Disk Drive Industrial, The congestion of drives occurs especially at the end
of a conveyor with few testing machines. It results in decreasing the efficiency of the system both the drive pickup rate and the
balancing of equipment effectiveness. This paper proposes the sorter machine design to sort PASS/FAIL drives from the conveyor,
and studies the production scheduling in order to improve the percentage of Slot Utilization for unrelated parallel HDD testing
machines. We congider two scheduling rules such as the Shortest Processing Time (SPT) and Longest Processing Time (LPT). We
develop the simulation model for unrelated parallel machines with multiple products. We investigate the performance of two
scheduling rules for how to assign products to machines. Comparison between the current operating and two scheduling rules are
demonstrated using real data. The results show that the efficiency of twe scheduling rules increases the balancing of the Slot
Utilization.

Keywords: Production Scheduling, Hard Drive Testing, Slot Utilization
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