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SITTINAN KAEWCHAROEN: A QUALITY IMPROVEMENT IN TIRE’S SIDE
WALL PROCESS. ADVISOR: JAKRAWARN KUNADILOK, Ph.D., 95 P. 2012.

This research aims to improve the quality of a side wall manufacturing process in
automobile tire production. According to the production data, the number of nonconforming
product in the side wall process was exceeded the company quality standard. The DMAIC
concept was applied to solve the quality problems. It consists of five phases; Define, Measure,
Analysis, Improve, and Control. In Define phase, three quality problems including over
production, side wall dimension and indented edge were chosen based on their frequencies of
occurrence. Measurement system analysis and process capability study were applied in Measure
phase to determine the current quality levels of the problems. The result from Measurement
system analysis showed that the measurement system has been acceptable to evaluate quality of
the side wall since the Precision-to-Tolerance Ratio was 11.83%. The sigma quality levels of
current production were 3.37, 3.59 and 3.67 for over production, side wall dimension and
indented edge, respectively. The Causes and Effect diagram and the Failure Modes and Effects
Analysis (FMEA) were used in Analyze phase to determine possible causes of the quality
problems. The results from this phase revealed that there were nine major causes resulting in the
quality problems of the side wall process. In Improve phase, an assignable monitoring tool was
designed and used for defect detection and operator training programs corresponding to the
cffects of producing nonconforming product were performed. In Control phase, work instruction
and guideline documents were developed and placed in their corresponding workstation to help
operators to perform their jobs appropriately.

The result of this research revealed that quality problems in side wall manufacturing
process were reduced. The defect rate in Parts per Million (PPM) was reduced from 6.62 PPM to
3.97 PPM. The sigma quality levels for over production, side wall dimension, and indented edge

were increased to 3.45, 3,78, and 3.96, respectively.
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NN 3-2 LAZATWH 3-3 MuTaTuIsALMLIBYDLRara Y szno e
CREDRSIRE
cﬁl Ao = a1 a A =y
1. Compound Stock Area = WU ATAIATINO1IADLUTIARDUNITHARFIAOUL1IAT
k4
a505uluanil 1dun w332, w72, Wi96, Wiso, Ws9s, K461, K352, K363BW9S2 uae
BW982
= o PE=T A o
2. Extruder 180K 0¥ 120P = iei709dnangameoiiud milsznauiieginain
[ A s 1 | o
Compound Stock Area ¥ M11#1111 Compound Teaelu Hopper v unoudnamzanad
R [ ¥ ci b 1 N 9 Qs a
3. Pre-former L0 Die Plate = it #ildo1e Inaniueonun 1 1daudnunugaiud
anAImnue
dl. 1 g ar U s 4
4. Cooling No.1 = ¥nvthndaemh idudanuunaneasnnuouvesudualy
HININ
o ¥ A g = 1 Yo o ow .
5. Blower No.l = minthiiihidaseun 1ddudanueasin Cooling No.1
& 3 =t . ! M &4 a
MSHARLALYISEY1I Cooling No.1 1482 Blower No.1 9% lignldlunuludiuvounioatns

4 1 g A o ar 1 = or I3 1
WesnndassImindudanuuduesneumstlaiuaiy Veneer 1z 1vuduealuld

)
ar =) ¥ o

AUANHUEIINNGAAINIHUA
o oo ¥ Ao o 3 =
6. Veneer = {1 HUMAM YU NI AN LUAN 19T Y1)
. a Y A ' ¥ Yo @ o A ¥ 3/
7. Cooling No.2 = vwthndassthIddudanuoianoasnnuiauve et
Tuaah 2

Ay ¥ a0 o
8. Blower No.2 = Wivithitwhdaosun I dudanuenssin Cooling No.2

i 1 g =y & VLY, a ) Fy A Y =
9. Poly Setting = MU0z 1 Poly Faiminlosnumstaauiueradiod iy

L°i’ﬁ Reel
. o ¥ oo 1y A = ¥ 9
10. Wind Up = MU HIVINULALENINHIUNTARA Poly LDUYT Reel
g Ao g 4 [ o ot
11. Stock Area = wummﬂmmsﬁasaammiwammﬂizmumim"lﬂ
o =y
DIIAUHUITH

W #
MIAULUNUIZYTEEAAULINNVDIHAG FAUT 5 TUADU Ap JURBUMTIHUA
Y r ¥
Teyn1 (Define Phase), YUATUMTIAMBMINUAT UHAVDITYM (Measure Phase), UHADY
= o g (Y
mmmawwmmmmﬂmﬂm {Analyze Phase), wm@um*zﬂsuﬂ;a (Improve Phase) Ung

1Y 14
YUADUMIAIUAN (Control Phase) Invisuaziduasans 11l
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1. Yunoumsnvuailay) (Define Phase)

a ar = =l 9 ooy = L)

dmsumsidentymiezimud lulavlszgna Tt n1smiesdng ¥nu1 veelnseu
A g = . g o ' =t
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o = oo A a oa = i
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A X Ly " ¥ 4 A 2 o M -
mudu 1A v udoluu) TLIWLLNAIU TASURUA WA T LIUN S HARLALE1IT
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] 3 F
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4 1 o |
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TN 3-7 N1 Eree Extrude 814
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A1%H 3-9 N15HU Die Plate 847410 Lot Assurance
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2. YUNBUNSIN (Measure Phase)

b3
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g as [ ] o = a ar
JUABUNT T (Measure Phase) a1 [Av1N15 1A 51252 UUN530 (Measurement
. o [ =1 9 v = ar 8/ 2
Systern Analysis: MSA) lagns3autsaoniu 2 Useinnaieny e M3dannuninemay
v - s & al dl. s 3/ 3/ r .J-_‘qu
Ifussia uazmsdadulanndnuaznousniamsadung Tddsmen mu nsdwion
=y o 1 = @ @ o
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as & A o) o Yo o b o = o 94
naanseusy s ldsdinseusuianuniuaus Idnuwinauludsydmnd vl lu
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TURDUNITUATIZH MSA HVInsTnT e lunstivesnisdaanuniadeldussvia Tag
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Fnsedonwnau 3 AW wSouisuauauiso lumsiaaoiunevesudues

g s r ar 1 f; 2’; = I's @ 1 -:?
VIVUA 10 §796719 $19071902 2 A4 LAgUADUNIT AT IZHLAAS Jéaane 111

713199 3-3 wisudisuanumuisoveswinanulunisiannunsvoaunues

oz WinNUALT 1 WinNUAKR 2 wiinaUAR 3
fi9819 T

1 2 1 2 1 g

I 211 211 211 211 210 211

2 179 180 179 180 180 180

3 110 110 110 o | 110 110

4 L 142 141 141 142 . 142

5 145 145 145 145 145 145

6 129 129 130 130 130 129

| 7 111 110 110 110 110 110

8 200 200 201 200 201 200

9 180 180 180 180 179 180

10 160 160 160 160 160 160

1. MINIUTDUAMN THYDITOYD

¥
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NHANIINAADY DZHIAT R AUAAIDIATIANNZUEA 1UN13 39 18a15199) 3-4
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o WiTnamau 1 i rwﬁnamauﬁ 2| WitnauAuA 3 i
FIBEIN wWae r wWaa HWab
1 2 1 2 1 2
1 211 211 0 211 211 0 210 | 211 1
2 179 180 1 179 180 1| 180 180 ‘. 0
3 110 110 0 110 110 0 110 110 | 0
4 142 42 | o 141 141 0 | 142 a2 | o
s | s 145 0 145 145 0 145 145 0
6 129 129 0 130 130 0 130 130 0
B 111 110 1 110 110 0 110 110 0
8 200 | 200 0 201 200 1 201 | 200 _ﬁ
9 180 180 0 180 | 180 0 179 180 L
10 160 160 0 160 160 0 160 160 0
o & — 0+]1+0+ . +1+0
Ay R= =0.233

30

5 ' .
2. MIMUIUATTANNZDAA 1¥A15A 1L IUINAIANUATIANTOUDINAT 0951879

(EV - Equipment Variation)

RO
EV =35.15—
dy

UWNUA, = 1,693

v ¥ 0.233
WW EV =515 — | =071

¥ [

5 )
3. MITAIUINATT JSAIEURA BN 13 A U INAAINNNARIAIATOUIINAU

(AV - Appraiser Variation)

[-%_%

" 5 r
Tun9mBueonaTs ANNE U ARYIN15 39 IAsWINOIUAUR 1 093 Ta

3,134 _ 3,134 3,135

X,= —=156.70, X,= —— =156.70 ungX,= —— =156.75
20 20 20



WU RX = 156.75 - 156,70 =0.05
R(X)

uaE AV = 515—
dy™

WNUA* = 1.906 (k=1 uAz n=13)

I
wn
Lh

»
AJUU AV = 0.135

#
a o

MUY AV = - = 0.0015

4. N1IAUIUAY GRER

GR&R = 0.71%+0.0015°=0.71

5. MIAIUINAINNIUAULLTUDINTEUIUMS Llﬁﬂﬂulﬁafﬁﬁﬂ’lﬁ’lﬂﬁ 3-5

A15199 3-5 MITAIUIUAIAIIUALLLTUDINTZUIUNTS
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Fuawd 1 2 3 4 5 6 7 8 9 10

] 211 179.5 | 110 | 142 | 145 | 1290 | 1105 | 200 180 | 160

AuRdY (X) 2 | 2n 1795 | 110 | 141 | 145 | 130 1o | 2005 180 | 160
3 216.5. 150 | 110 | 142 | 145 | 1295 | 110 | 2005 | 1795 | 160

A3 av0a 200 150 | to | 142 | w5 | 30 | Lo 200 180 | 160

Rp=211-110= 10l

f91iu PV= 5.15 ]
dz“

Tl d,* = 3.178 (k= 1 uaz n=10)

101
PV = 5.15 (—) =163.672
1178

W TV = V' 163.67°+0.71% = 163.674

AmsUszumaszuumsia
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GR&R

Pr = x100%

USL-LSL

0.71
— x100%
6

=11.83%

91AM1 P/T W30 Precision-to-Tolerance Ratio 1D A1AIIUAAIAIAADUTLIDUVDY
¥ o b1 5/ L = & ¥ o & A 1 ar
Formuamng 11NTeya T 1RUNUINAT 11.83% Famudofmuaudite uausy
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1) a U o a = o ar
Tuauaoun1sia (Measure Phase) §invi1 laviinisdmaziszyunisda
. 9/ 3 A o = o ar EY) 2
(Measurement System Analysis) 91N@1319%139A% oy 1M3 TR ziszuums da ludagiuie
TuguNaNIIAs WABVALNWLDTZUUNIATIIROU TUMIHART A NUARDILLLGIVDY
5 @ oA = o [ ] @ o a Y
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by [ 9/ A § o g‘» w o AN o
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[V v 3 3 1 = . s &
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.- ar 2 ar =1 0 = w
(Reproducibility) 81 183umsanmuwanazn1sludyensei ¥ szuuiimsvieun
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a w a aa X
A15190 3-6 ffﬂ’]W‘]jﬂ?{'UUﬁ]@ﬁﬂ]ﬂﬂﬂﬁﬂm!ﬂﬂ“\]uiuﬂ‘i‘éi‘l_l’luﬂ']i

] ., A Yamnaeaudsvssaungnauls (kg
u Suanunues | Wnwwveass ——— . E
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a.9. 1,525,366 75,890 7621 3789 2804
| WY 1,430,494 65,009 6851 3432 2912
5.9, 1,433,285 67,935 7140 2050 1179
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f.91, 1,525,366 75,890 7,621 3,789 2,804
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7.6, 1,433,285 67,935 7,140 2,050 1,179
1.9, 1,471,046 65,510 5,344 1,525 1,049
.9, 1,349,958 53,907 5,170 1,589 8l1
1.9, 1,224,056 42,099 3,961 1,029 474
0. 876,556 30,084 3,394 867 177
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=(1,525,366 + 1,430,494 + 1,433,285) x 1.3 = 5,705,889 A lan5u
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ASAUMARIINNIHAR: UTINUVUTUMAY = (7,621 + 6,851 + 7,140) / 3 = 7,204

1. A% ppm 310
EGIITE NG
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R T x 1,000,000 = 3.7877 ppm
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2. MUIUTNUT 210
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