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# # 5071527521 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS : PAINTING PROCESS / CAR-BODYWORK / SIX SIGMA

ARTIT HONGSAPAN: DEFECT REDUCTION I[N PAINTING PROCESS OF CAR-
BODYWORK BY SIX SIGMA APPROACH. THESIS ADVISOR: ASST. PROF.
NAPASSAVONG ROJANAROWAN, PHD., 152 pp.

The objective of this research is to reduce rework cost and defects per unit in car-
bodywork painting process. There are seven main defects to reduce, which are fiber,
paint stain, scratch, dust, sagging, sﬁrface dust.and crater. This research sets the goal
to reduce 40% of rewerk cost and defect per unit (dpu).

This research applied ihe, Six Sigmrlé approach, which was composed of 5 phases. In
the first phase, the Define phas'él thé_,’broblem statement, objective and scope were
defined. Next, in the Meastre phase, a\h Attribute Agreement Analysis was performed to
appraise the measurement system CaF;;biliW in terms of both accuracy and precision.
Then, Process Capability was studied. i'rr{tt_he’ Analyze phase, possible causes of defect

¥ = Lol "_-j‘_" .
were brainstormed and organized in Cause-and-Effect Diagrams, Cause-and-Effect

Matrix, and Failure Modé and Effects Analysis (EMEA)- The causes with high priority

were then tested__ fpr their statistical significance. In 't_rle Improve phase, the optimal
levels of significant '_factors that yielded minimum def.'ect rate were determined by the
Response Surface N-Iethodology. Then, confirmatory e;<pen'ments were performed. In the
Control phase, new.control plan-and standard operating procedure were developed in
order to control the process after the improvement.

The ‘irmprovement results, i 57% defect reduction (0.37 dpu to.0.16 dpu) and 55%
reduction of rework cost (88 baht to 40 baht). It is expected that the improvement will
result in net saving of 5,796,469 baht year based on the forecasted capacity of 166,955
units in 2010.
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3. NTRANLLLINTARBSULILWWANAITeA (Factorial Design)
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C + ARE + ADG + EDF + EFG + ARCFG + ACDEF + ECDEG
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AED + ACF + AEG + BCG + BEF + CDE + DFG + ABCDEFG
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5.6 NANISNARDY
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(Run Order) \RAEsiasn 1 A Turkey (VE + 64 1)/2)
1 0.24 0.8017
2 0.9017
3 0.8162
4 0.8703
5 0.8090
6 0.8507
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8 0.8233
9 0'87 o 0.8894
I 4
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13 d 0.8956
14 0.35 ¢ 0.5916em o’ 08767
o W s |
15 N W |§i§ai | ﬁE 196 8233
o ]
b |
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5.7.2 ﬂ’]%‘%Lﬂ%"]zﬁNﬂﬂ']%‘ﬂﬂﬂ’ﬂﬂ

I8 lunsiazinanimaaes i tlsunsy Minitab sndoslunnmaaeudnilads
1dn wazdunsisansendnailade g laniuasesoulsneuaues Iaaldnsaw Normal Plot of the

[ o

Effects N3 WNAT9TTAS i uan NN AafLLTAaLAUAY LaZNINHATAISUAIN LN N ADAILLI41a4

A19199 5.6 NANNTILATIZIINNRRNLLLNNIAARIA28 TUTILNTN Minitab

Factorial Fit: Freeman and Turkey versus A, B, C, D, E,F, 3

Estimated Effects and Coefficients for Fueeman and Turkey (coded units)

Term Effect Coes
Constant 0.85454
L 0.03648 0.01824
B 0.04379 orOE1ss
C -0.03118 -0 G555
I -0.00323 —0.00d62
E 0.01581e a0 o e
F 0.00171 0. 003G
(B -0.00132 -COL00066
L*E -0.01084 =0.00543
A*C -0.01125 -0, 00583
A*D 0.0oo0o0es geooEns
A*E 0.0oo0547 0.0@273
A*F -0.00181 -0.00091
A*G -0.00503 -0.00251
B*D -0.00633 -0.00316
ATETD -0.00309 -0.00155

§ =% PRESS = *

Analysis of Wariance for Freeman and Turkey (coded units)

Gource DF Seq 53 Ady 55 Ady M5
Main Effects 7, DL0L8261L0, 00182619, O.00260884
2-Way Interactions 70 0.0013708 D0.0013705 D.00012579
3-Way Interactions 1T O0U0000382° 0.0000382° ‘000003822
Fesidual Error ] w w *
Total 15 _0.0196706

o o
oo o
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Normal Plot of the Effects
{response is Freeman and Turkey, Alpha = 0.05)
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Pareto Chart of the Effects
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AN9197 6.3 AN99NTRENLLUL (Design Matrix) Wiy reetiade i sas

Degign Table (randomized)
Fun Blk B C
1 1 - - 10
2 l1 - + 0
3 1 0 0o 0
4 l1 + 0 -
5 1 0 + +
& l1 + + 0
7 1 0 + +
g 1 0 0o @
9 5 1 |
10 I
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. o e 0
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A15199 6.4 nan1aAaesLarnIsuasdayafedsues Freeman was Turkey

ddummmaaes | dwoudeunwses | o i~ \/g ) 35994 Freeman Az Turkey
(RunOrder) | \oReisinsn 1 A1 (C) ((\/g+ C+1)/2)
1 0.24 0.8017
2 0.28 0.8303
3 0.19 0.7634
4 0.44 0.9317
5 0.20 0.7713
6 0.32 0.8573
7 0.7791
8 0.7385
9 0.7943
10 0.7385
11 0.8017
12 0.7024
13 0.8303
14 0.7298
15 0.8371
16 0.8768
17 0.7713
18 0.7713
19 0.7385
20 U%7|385
21 0:8573
22 0.7634
23 0.7713
24 0.8639
25 0.7385
26 0.8573
27 0.7634
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28 0.21 0.4583 0.7791

29 0.29 0.5385 0.8371

30 0.12 0.3464 0.7024
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Probability Plot of Freeman and Turkey

Morrmal
99
Mean 0.7913
StDew 0,05588
95 Il 20
an Al 0,576
P-Yalue 0.123
a0 4
0 A
E 1]
o1
50+
fud
L 40
=

.
A A AR T ﬁmw\umm_lﬂﬁ
\
i a
19N3ANEAATNUUILAUATS LaziA P-Value

N1NN41 0.05 ABRAWNTL 0.123 Fatduds Wil nuanumRguaeinisuaniasng

6.2.1.2 NMSNARBHANNAFIUUBN pendent)

49 N,
r. .
mimmmaumm 19

a11170A79940 U A LA NIRRT TUIRNNULIUNINNNTNTZAN BN LA AIANNANAUS T2 NI A d U

1 (Independence of Residual)

o o

e S RN ENINEN A S
ARIAN TN ING Y



120

Versus Order
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Versus Fits
{response is Freeman and Turkey)
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Main Effects Plot for Freeman and Turkey
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I”g'a' High 29,0 an, 0,350
Cor [27.6263] [24.6465] [0.350]
092023 | gy 27.0 20.0 0,250

Composite
Desirability
0.92025

Freerman

Minimum
y = 0.7100
d = 0.92025
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9 200 36 12 b 13 1 b 0 0.37
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Work Instruction

Stage : Preparation Process (Blowing and Wiping)
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