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by Applying Design of Experiment (DOE) Technique
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Abstract

The objective of this research was to reduce rumple defects problem from thermoforming
process by applying the theory of the thermoforming and design of experiment (DOE) technique to
analyze a major cause and factors affected on the quality of product. The research methodology included
the determination of possible causes of defects with a fish bone diagram and the use of FMEA to select
the major affected factors with RPN over 100 score. From FMEA, it illustrated that there were three
major factors. Then the experiment was designed to test the level of significance of these three factors
by 2 full factorial designs with 2 repeats, number of block 1 at 95% confidence level. The levels of three

factors were set by temperature at 190°C and 210°C, heating time at 22 sec. and 37 sec. and vacuum time
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at 17 sec. and 27 sec. The result showed the optimal level was set the temperature at 190°C, the heating

time at 22 sec. and the vacuum time at 17 sec. Then the defect rate can be reduced from 3.53% to 0.93%.

This improvement result is able to achieve the company’s goal which defect target should be less

than or equal 1%

Keywords : Rumple defect problem, thermoforming process, factorial design
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Pareto Chart of Defect Type
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3 190 &1 17 4
4 210 %7 17 6
5 190 ) 2 2
6 210 2 27 4
7 100 37 27 5
8 210 3 2 8
9 180 2 17 2
10 210 2 17 4
11 190 37 17 5
12 210 % 17 6
13 190 2 27 4
14 210 2 27 7
15 190 x 27 6
18 210 37 27 T

- 3 3 -1
1. nageuanuihnlnfvesdeyaniiddeiiouu
ar 3/ 1
Hanwuzihuduasy uaneiideyaiinisuenuag
- 1 -3 " r -
wuvdn@nsaivaneiie ai Insnsznouumng
2. MAgoUANVUTARuIMNYBIn NI e
[ - o =
asrvaauNveyantiudanulsilsiu vea
Usznsednls sy vu uanshdoya i
r [} 3 &
msnsznedugy ogmilouazldweq fu A
wlslsvenlszansmg fu
= b 1)
s.nageuanuudaszveadoyanayn dn 1
.'t ar 1t Ju
MInszNBUUgy NsTaema fu hilipluuuivanu
4.2.2 MINATNIEH ANOVA
—- ;
M150A1 R* = 84.5496 L1AAIIINITNAADIT
Vs - ¥ w o o
T@sumssonuuumnaudl maanuiuulsinamua 1
v ar F Y = ar
ANUMINY 100 MY talannNsoesuIeaNuAULS
] v =l - [} - k4
1At 8454 miy dwimaehieinioszesingla
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¥ v o -
aoanmgaunnuiunlsmeluteulyvesszuy
m3ia (Repeatability) naymammsnnsand R*
. e 3 o< d
Adjust = 71.029% UAAINVNIUVDYANLINLIININ
MIMAARY HINNUAIND AN 9

MINf 9 MIUANEH ANOVA weana 3 193

Full Factorial Design

Factors: 3 Base Design: 3 8
Rana: 16 Replicates: 2
Blocks: 1 Center pts (total): 0

All terms are free from aliasing.
h:ni-:zd Effects and Coefficients for Defect (coded units)

===

Tem Effect  Coef SE Coef A T
Constant 4.5625 0.2864 15.93 jo.ooo !
Tamp 2.1250 1.0625 0.2864 3.71 j0.006 |
H.Time 2.6250 1.3125 0.2864 4.58 (0.002 |
V.Time 1.6250 0.B125 0.2864 2.84 0.022 |
Tamp*H.Time -0.3750 -0.1875 0.2864 -0.65 0.531|
Tamp*V.Time 0.1250 0.0625 0.2864 0.22 0.833
E.Time*V,Time -0.3750 -0.1875 0.2864 -0.65 'n.s:li

Tamp*H.Time*V.Time 0.1250 0.0625 0.2864 0.22 Lﬂ.l!! 1

5 = 1.14564 FRESS = 42
R-5q = 84.54% B-5Sqipred) = 32.18% R-5q{ad)) = 71.02%

Rnalysis of Variance for Defect (coded units)

Soarce DF  Seq 55 Ad) 55 Adj MS ¥ P
Main Effects 3 56.1875 S56.1875 18,7292 14.27 0.001
2-Way Interactions 3 1.1875 1.1875 0.395¢ 0.30 0.824
3-Wey Interactions 1 0.0625 0.0625 0.0625 0.05 0.833
Residual Error P 10.5000 10.5000 11,3125

Pure Error £ 10.5000 10.5000 1.3125

Total 15 67.9375

Estimated Coefficients for Defect using data in uncoded unita

Term Coef
Constant -59.553
Tamp 0.260667
H.Time 1.51803
V.Time 1.04332

NIMAB M P-Value veailadondnuay
He3uian Faileivladidnioond 0= 0.06 udash
flatuifu Hfvchiny wieildniwadosunu udmni
fanani o= 0.05 namailsduindhiifedig
vieaninadodunu

dl | at - o
N 5 wudill s ilave Ao ievy
= 3 ¥ [ 3/ 3 ]
gampiilinauion $anarlumslinsen ¥
3 Y 3 ]
narlumslvigyyinia if1 P-Value uogndn
o = 0.05 naaading 3 aielinadovinaves
adneduiischignadanizay o = 0.05
1 4 d' . . .
mimadeumimnzauiga (Optimization)
] o & ¥
wuh maginsaatlymvsadslunsiugl e
¥ ¥ e ot 3 [ ol e“ -
anudou szaoamuuailedony 3 ilale Al Ao
a =0 3 ¥ a 1 £
iy qumgiilinnwdeu 100°C , Fnnmlumsln
3 1 3
Anuiou 22 Sec. uazyRnMlumsingyanme 17
o H J
Sec. danaadlumsan 10 uagnsn 9

1 i 1
Ml 10 MInadeumMNMINauNgAAIANATIIY

MINIUHY
Response Optimization
Parameters
Goal Lower Target Upper Weight Isport
Defect Miniomm 1 : 3 20 1 |

Global Solution
Tamp = 150
H.Time = 22
V.Time - 17
Predicted Responses

Defect = L » desirabilivy = 1.000000

Composite Desirability = 1.000000

St Tam FTime Vime
=y B 0B B
Composite
Desirabiiity
1.0000

o

= « - - ;
NN 9 MNHNZTUNTAMVUIATTIU NNTHUA
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7. ajluaminaass

ninmiifouaznanss iomilaiouas
seduimnzalumsaatiymveads Tunstugl
momdeu Tanlszgndldmaiinmisanuuy ms
naans nnramsmaaesiindinluaniiell Ay
donldilatvuazszdufivnnzay fo gamgiliina
Jou 100°C , e lumslvinnniou 22 Sec. uay
ynmlumsligyanmsa 17 Sec. Tasmafiudoya
nnmanaasuiluszozina 4 ifeu faudidou
WOATNOU 2555-NUNINUT 2556 HAnN1sNAADY
ansoaafiinuveudoadla 89.150 nniAu 3.53%
indoiiine .03% Fanaadlumnei 11

- =4 ' s wl
AN 11 mmﬁaum sunouasnaansl 'i‘lJﬂ';d

“ dewliudye | wanlSudye | wedidud ‘
nuazidoa 2 &

(3) (3u) anad (%) |

— o =~ =

TIUIUMTHAR | 869,334 357,532 ‘

voudy 30,676 3,320 |

o o « i

wofigud r

|

sisids 3.53% 0.93% 80.15% |

1 e r
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W e 4{ {
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matianiseenuuumnaaes Yizgndlyluzia
NHaanuRMaImnMsITouazNanneaanue i
d o = o=
(New Product) fazfadanalvimsnaaiiszaninm
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