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## 4770208521 : MAJOR INDUSTRIAL ENGINEERING
KEY WORD: SIMULATION / LINE BALANCING

KRONGTONG NGAMNARONGPONG: DECISION SUPPORT PROGRAM for ASSEMBLY
LINE BALANCING, A CASE STUDY: A HAIR-NOURISHING PRODUCT MANUFACTURING.

THESIS ADVISOR: ASSO.PROF.WIPAWEE THAMMAPHORNPHILAS, Ph.D., 99 pp.

This paper presents a Decision Support Program for assembly line balancing for Line leader
to allocate labor by simulate line which is balanced by three methods: 1) Allocate labor on the
original line method, 2) Kilbridge and Wester method and 3) Bucket Brigade method. Line leader
can trial the worker quantity and balancing method on simulation to achieve the desired throughput
rate.

The results from pilot run and simulation show that the Allocate labor on the original line
method can give the minimum throughput rate and Bucket Brigades method can give the maximum
throughput rate at the same worker quantity. Throughput rate from the Allocate labor on the original
line method and Kilbridge and Wester method is direct relationship to worker quantity as step
function. For Bucket Brigades method, the throughput rate is direct relationship to worker quantity
as linear function and this method can distribute worker load to each worker equally but the allocate
labor on the original line method and Kilbridge and Wester method cannot. Comparing to the result
from simulation shown that the Kilbridge and Wester method can increased the throughput rate from
the Allocate labor on the original line method as 15 percent. The throughput rate from Bucket
Brigades method is increased 33 percent from the Allocate labor on the original line method. The
output from simulation be verified and validate with the throughput rate from pilot run of these 3

methods shown the simulation can be accepted at 0.05 significant level.

Department INDUSTRIAL- ENGINEERING........ Student’s signature........ccccccvvvviviiiiiiiieeeeeeies
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5 13 24.000 11 27.273 12 25.714 13 23.077 11 28.000 12 25.613
10 80 4444 70 5.085 76 4.663 79 4.545 74 4.740 76 10.372
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20 299 2419 271 2.885 269 3.030 274 3.000 262 2.970 275 2571
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6 A9anad + 3 1.23 1.18 120 0.99 10 1.09
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M1519N3.10 ﬁﬁ;ﬂiE]’UL'Jﬁﬂﬂh'Wﬁﬂllﬁ$zﬂll‘ﬂ‘ﬂﬂ15ﬂ@ﬂ1ﬁ\1ﬂu\ﬂu 8-14 AU
) [ a o 4 ~
A1 ITUNAANUNLUUN 1
AMOUIIME AW | AMOHIIM S AY | AMATHIIN 10 AW | AMOHIMMAIAY | AMOHIIMIZAY | AMOMIIMIIAY | AUOUIIM I AY
o S | sauoa | dwaw | sewnar | dwow | qzunay | dwaw | seunan | dwow | saunay | Swaw | seuna | o | sauna
LR o
AuaY | maeda | Auad | masda | awow | maeda | avowd | meEe | avaou | meede | auaow | masda | avad | maeda
oY | weEgu
Tueror#l | oavaw | Tuemd | aaavaw | Tueord | goavew | Tuemd | oavaw | Tueord | goavaw | Tueod | aaavaw | Tueordd | moavey
aw | o) | nuoE) My | HHIE) A | ey [GAI T Y | muE) My | HHE)
1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74
2 7.01 3 2.34 4 1.75 4 1.75 5 1.40 3 1.40 6 1.17 7 1.00
3 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63
4 1.72 1 1.72 1 1.72 1 1.72 1 1.72 2 0.86 2 0.86 2 0.86
7 1.78 1 1.78 1 1.78 2 0.89 2 0.89 2 0.89 2 0.89 2 0.89
9 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09
ITHDTIUABIY
B 8 2.34 9 1.78 10 1.75 11 1.72 12 1.40 13 1.17 14 1.09
[AULIMINTIHERN
%% DRI INANER 51.36 607.61 68.47 69.85 83.39 100.00 100.00

M31N3.11  agdseunaimskaauazgluuumstamdeanauy 814 au

) o a o J {
FMSUNAANUNUUUN 2

AUOUITM S AU | AMOUTIUSAY | AU AT | AUDUIIHITAY | AMOMTMIZ AN | AMDUTIMIZAY | AN 14 A
“ diw | sauna | Sww | 2una | Swow | seunm | dwow | seuna | S | saunay | dwaw | ssuna | dwaw | sunm
o o aua | maeEn | Awaow | maeda | oanae | maeda | awaow | maeda | aean | maeda | auaow | nae@a | anan | nEede
O | amIgu
Tuaondl | ravaw | Tugod | gaavew | Tuaodl | goavaw | Tueard | cnavaw | Tueedl | wavaw | Tueard | coavaw | Tueedl | pravaw
@y | HdE @y | vidE) )y | HdaE) @y | HdE @y | vdaE) my | idaE) gy | tdE
1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74 1 0.74
2 7.01 2 3.51 3 2.34 4 1.75 4 1.75 3 1.40 3 1.40 (1] 1.17
3 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63
4 1.72 1 1.72 1 1.72 1 1.72 1 1.72 1 1.72 2 0.86 2 0.86
7 1.78 1 1.78 1 1.78 1 1.78 2 0.89 2 0.89 2 0.89 2 0.89
8 0.91 1 0.91 1 0.91 1 0.91 1 0.91 1 0.91 1 0.91 1 0.91
9 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09
TIDTM TR 8 3.51 9 2.34 10 1.78 11 1.75 12 1.72 13 1.40 14 1.17
%o DEITIHORMTA 34.24 5136 67.61 68.47 69.85 85.39 100.00
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iy | v | vy my | v m | v iy | vt gy | vivhmE | vivE

1 0,74 1 0.74 1 0.74 1 0.74 1 0,74 1 074 1 0.74 1 0.74
2 7.01 2 3351 3 2.34 3 2.34 4 1.73 4 1.75 5 1.40 3 1.40
3 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63 1 0.63
4 1.72 1 1.72 1 1.72 1 1.72 1 1.72 1 1.72 1 1.72 2 0.86
3 233 1 255 1 2,55 2 1.28 2 1.28 2 1.28 2 1.28 2 1.28
7 1.78 1 1.78 1 1.78 1 1.78 1 1.78 2 0.89 2 0.89 2 0.89
9 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09 1 1.09
it TL R TR ML PERLY] 8 351 9 2,55 10 2.34 11 1.78 12 1.75 13 1.72 14 1.40
%% DRI IHANTN 34.24 47.06 51.36 67.61 68.47 69.85 85,59
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Results for: Worksheet 2

Two-Sample T-Test and CI: SIM, PILOT 1
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" Mean StDev SE Mean
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PILOT 1 10 2327.3 13.2 4.
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Difference = mu (SIM) - mu (PILOT 1)

Estimate for difference: 1.65

95% CI for difference: (-9.13, 12.43)

T-Test of difference = 0 (vs not =): T-Value = 0.33 P-Value = 0.749 DF = 15
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Two-Sample T-Test and CI: SIM, PILOT3

Two-sample T for 5IM wvs PILOT3

n Mean StDev SE Mean
5IM 10 1305.43 2.11 0.8a7
PILOT3 10 1300.1 13.8 4.4

Difference = mu (SIM) - mu (PILOT3)

Estimate for difference: 5.37

IQS% CI for difference: (-4.60, 15.35)

T-Test of difference = 0 (v3 not =): I-Value = 1.22 P-Value = 0.254 DF = 9
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Results for: Worksheet 4
Two-Sample T-Test and CI: SIM, PILOT1
Two-sample T for SIM vs PILOTL

n Mean StDev Mean

ez
SIM 10 1804.7 67.5 21
PILOT1 10 1884.4 B88.3 28

mu (BILOT1)
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= 0 (vs not =); T-Value = 0.58 P-Value = 0.572 DF = 16
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Bucket Simulation Test

File  Edit  Help

BUCKET BRIGADES SIMULATION TEST

Product type i
Product 1: Hair Dressing Lotion 4, B, C

Product2: Hair Dressing Lotion A, C (Special)

Product 3: Nurishing Lotion A Moisturizer (Special)

Product 4: Hair Dressing Lotion D

Worker quantity

Please choose the method

O 1. Traditional O 2. Bucket Brigades
Series for Traditional [ custom
- - Group 1: No. worker(s); 0/P rate: 254-2 59 pcs./hr
d bal H

L 1.1 The r line = Group 2: No. worker(s); 0/P rate: 248-253 pcs./hr
Group 3: No. worker(s); 0/P rate: 242-247 pcs./hr

[] 1.2 The best line balancing Group 4: No. worker(s); 0/P rate: 236-241 pcs./hr
Group 5: No. worker(s); 0/P rate: 230-2 35 pcs./hr

Group 6: No. worker(s); 0/P rate: 224-229 pcs./hr
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% Bucket Simulation Test

File  Edit Help

BUCKET BRIGADES SIMULATION TEST

Product type

Worker quantity

Froduct 1: Hair Dressing Lotion A, B, C

Product 2; Hair Dressing Lotion A, C(Special)
Product 3: Nurishing Lotion A Moisturizer (Special)
Product 4 Hair Dressing Lotion D

Please choose the method

O 1. Traditional

Series for Traditional

[J1.1 Ther d line bal
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[] 1.2 The best line balancing
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