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ABSTRACT
This research aims to find ways to smooth the flow of the production line, which produces 11
product groups of gears that involve both manual labor and semi-automatic machinery and have the
production line with one-piece flow and job shop configurations. Currently, this production line cannot
meet customer demand. Therefore, computer simulation was used to assist in the analysis of the
improvement methods. The improvement of the gear production line involved adjusting batch sizes,
prioritizing jobs with the Shortest Processing Time (SPT) considering the bottleneck stations, increasing

resources, and employing various methods together. Experimental results showed that the most
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effective methods were adjusting batch sizes and prioritizing jobs with SPT together, resulting in a

37.30% increase in gear production rate, a 15.42% and 15.41% increase in employee and machine

utilizations, leading to an improvement in production line efficiency 6.86%.

Keyword: Computer simulation, flow smoothing, small lot, theory of constraint.
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Lﬂﬂx;%quu (Milling) LAENIEUIUNTTAR D wey
(Shaving) wazng unAnSaaine 11 ngunanSnseid
anenisndniiliniieud Tnsendiegsanenisndn
yonguNARAuTT 1 Fauandlugui 1
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- bRAY I time time
AR P \2he . .
o .| (W . Quw/ | Quw/
AU N (@u/ 1) » »
L)) TU) Tu)
1 2,284 96 270.85 195.51
2 1,200 50 252.95 182.59
3 792 33 213.52 154.13
4 408 17 212.35 153.28
5 67 3 97.80 70.60
6 67 3 334.97 241.80
7 4,294 179 169.73 122.52
8 3,468 145 92.86 67.03
9 1,240 52 165.23 119.28
10 150 7 98.09 70.81
11 59 3 333.79 240.95
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. . . , N - s LANWIN WIUHDI
nan YIN9UREN 98 AU/ | daszvey | adlaus
P . . N BT
BU) Uoya VOIUDYA
Inverse
1anau , , Inverse
Y 4 10.18 WU N1U Weibull (9,
LUILATDY Weibull
2.16, 1.25)
ATLUIUNT
- Lathe
NAITUU
1 CNC1 92.20 - - - 92.20
(Lathe CNC .
y1N9U
1)
Twanau Johnson SB
, . Johnson
29NN 8.27 WN1U WY (6, 3.89, -
. SB
LAT04 0.505, 0.536)
Inverse
Traneu . . Inverse
Y 4 12.43 WY N1Y Weibull (11,
LUILATDY Weibull
AILUIUNT 3.96, 0.892)
nAeTuIY | Lathe CNC
2 . 57.53 - - - 57.53
(Lathe CNC 2 ¥IN9u
2) Tnananu
. . Loglogistic
99N31N 27.63 NI WU Loglogistic
. (24, 4.2, 3.36)
LRI
Trananu . , Weibull (7,
o 4 9.09 WY WY Weibull
LLATDY 2.28,2.41)
Broaching
ATLUIUNIT
> machine 26.37 - - - 26.37
3 LR1LTUNU .
y1N9U
(Broaching)
Twanau Johnson SB
, , Johnson
29N31N 15.25 WU WU (11, 6.88, -
. SB
LAT04 0.551, 0.894)
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NAFDU NAFDU
2o . 1280 B NAFDUNNT
aonll | YUABUNIT | ANRUU AU AL . .
. . . , 1MTTU | ; LANLAIN N5
wan | AuUnan ¢y e DATEYDY | ALAND
(/) . . WUz E
voya VBIUOYA
Loglogistic
Tnanau , ,
v 4 18.02 N WU Loglogistic (11, 2.77,
LULATOY
2.08)
ATEUIUNT Shaper
4 | fafusu | machine | 231.83 - - - 231.83
(Shaper1) ¥19u
Tnanau
, . Triangular (17,
29NN 21.00 N1U WU Triangular
§ 25.2,21.4)
LATDY
Tnansu , , Triangular (5,
v 7.45 NIU NI Triangular
LILAT DY 9.98, 7.16)
AEUIUNTT | Chamferi
fnvou ng
v 97.00 - - - 97.00
5 YUY machine
(Chamferin 119U
9) Tvanau
, , Weibull (11,
29NN 15.70 N1U WN1U Weibull
. 374, 5.18)
LATDY
Tnanau , , Weibull (15,
v 17.53 WU WU Weibull
LAY 3.59, 2.82)
Shaving
ATTUIUMS
. machine 120.73 - - - 120.73
6 YANIVUIY .
1197
(Shaving1)
Tvanau
, . Beta (22, 28.9,
29NN 25.52 WU WU Beta
. 1.52, 1.58)
LWATDY
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Veseher) Warkerd

& iy
SRS o

fouh$Pg o SMmE ik BT npa B
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5UM 3 unuisnsdnaesanrunisel

M19147 3 F10819N1IATIADUAINUY NA BB

TUsunIuveInquNanineii 1

FruiuuYes .
- e o g ALIERR
VAWER|  NAUKEATNA 1
@l | s P ..
AU Bu | Wesius
luna
504 | 1,660.75 1,660 | 0.75 0.05
1,008 | 3,323.91 3,320 | 391 0.12
1,512 | 4987.06 | 4,980 | 7.06 0.14

A15719% 4 GTQEJEJ'Nmsmwaaummqﬂﬁawm

WUUTIADIVRINGUNER U 1

NINAABU T-test Chi Square test

auufgiy | Ho:p =504 | Hy: 02 =0035
Hy:p #2504 | Hy:02 #0035
Fluvidou Filuyidou

23373 2,045 < - 16.05 < 21.21 <

osuves 1.370 < 45.72

NINAFY 2.045

AR

HAANG Al Al

WUUTI8047 5 : 1935 n15UTUTUINEANSHER

wagIsnsIndnunsuaslrdlaeldndnnis SPT

WUUaesd 6 : TH33nsUvIIInGennTKER
wardsnsifiuduuninensiinevin

wuudaesd 7 : WAsnsdadsunsnanlvallog
1EuaNN13 SPT WAzl Us1uIUNSNEINTA ADUIN
wuuaesit 8 : 1435 nsUsuruIndenn1snan,
Fnsdmarnuniswanluilaelduannis SPT uag

FBNSRLTLIUNSNEINTNABYIN

4. Wan13IY
KamsTaesanIuNsaiaenHamieuesiia
11 nqunanfaeiildiianlunsdassaniunisal
Wedu 1 idoulduadenisned 5 uagaiuisa
L‘LJ"?‘EJ‘ULﬁsué’r’”uyi’mauwiawmmmé’qmiﬂﬁ“uﬂqa
linadanisedt 5 91ansiinanisusuUssves
wuuSraesia 8 wuu Tasudadunuudaosnounis
USulssiazuuuiasmanisusuuse Inedinuamis
1umiﬂ%’uﬂ§ﬂ171u’wm 7 LW WWNTIATIslag
1438nsoenuvuatsquanysalifionuumianis
USudgeimnganiign Tasnstnaildlunissdn
3 8 wuIIINNIsTIaesan Ui A LadY
LaEMAFDUANLAF A BITY ANANLUUTUTILY
nauAl0g190 8 F-test lanan1s3iAsIgvialu

wUsUSIURIRNS1T 6
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. . .| noums naINUTUUT
R YFuuse WuUfl 2| wuud 3| wuudl 4| wuudl 5| wuudi 6| wuudl 7| wuudi 8

1 1,660 2,280 2,800 2,280 2,280 2,280 2,280 2,280
2 870 480 533 593 1,080 1,099 534 1,080

3 570 800 800 800 800 800 800 800

a4 290 420 420 420 420 420 420 420

5 50 70 70 70 70 70 70 70

:ﬁ(]"]u’gj 3 6 50 58 70 0 70 56 70 70
muq;UW1® 7 3,100 4,300 4,079 4,300 4,300 4,300 4,300 4,300
) 8 2,500 3,480 3,480 3,480 3,480 3,480 3,480 3,480
9 900 1,240 1,240 1,240 1,240 1,240 1,240 1,240

10 120 150 150 150 150 150 150 150

11 50 60 60 60 60 60 60 60
33U 10,160 13,338 | 13,702 | 13,393 | 13,950 | 13,955 | 13,404 | 13,950

A5197 6 MsTamauuIImEsNTUTUUTe
. nauUNIs naINUTUUT

e USUU5e | wuudt 2 | uuud 3 | wuui 4 | uuudl 5| wuudl 6| wuudl 7| wuudt 8

IRTIINANE (S?Yu/ﬂm./ 6.61 6.79 6.64 6.92 6.92 6.64 6.92
Aw) > (+31.15)| (+34.72) | (+31.75)|(+37.30) |(+37.30) |(+31.75)|(+37.30)

assauselovd 4556 | 44.95 50.82 | 46.52 | 57.87 | 51.82 | 59.96
\W309dns (%) 03t (+13.03) (+11.51) | (+26.08)|(+15.41) |(+43.57) |(+28.56)|(+48.75)

p550UsElomtintngy 24.30 24.03 30.50 24.82 34.72 31.11 | 3598
(%) 2120 (+13.01)| (+11.77) | (+41.86)|(+15.42) |(+61.48) |(+44.66)|(+67.32)

s AR (%) 6512 66.38 65.02 68.58 67.45 70.61 69.39 | 71.83
(+5.16) | (+3.01) | (+8.65) | (+6.86) [(+11.87) | (+9.93) |(+13.80)

N1399UAILIAT 2 3 3 1 1 3 1

(F) ° (-60.00) |(-40.00) | (-40.00) | (-80.00) |(-80.00) |(-40.00) |(-80.00)

Fuavhndunneds (+Ae % AfinTuannewlsulss, - Ae% Nanasnnawlsuus)
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Source DF Adj SS Adj MS F-Value P-Value
Solution 7 176483 25211.8 902619.58 0.000
Error 232 6 0.026
Total 239 176489
One-way ANOVA: response versus level

Grouping Information Using the Tukey Method and 95% Confidence

level N Mean Grouping

1 30 596.984 A

7 30 550.112 B

4 30 550.078 B

3 30 549.732 c

2 30 543.595 D

5 30 514.552

8 30 514.527

6 30 507.836 F

Means that do not share a letter are significantly different.

UM 4 mansilSeuiieudedoulag s Tukey

NATINANS1S ANOVA wuinAedsnanitldlunis
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