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ABSTRACT

The objective of this research was to reduce the deformation of shading sheets in the mobile
phone display component assembly process with the application of statistical process control and by
designing experiment techniques.

The research methodology began with identifying the possible root causes of deformation
by employing a cause-and-effect diagram and experts’ brainstorming. The top five important factors
were selected and analyzed by the Plackett-Burman experimental design. The five factors studied in
this research included the feeding speed of the pickers, the angle of the edge of the feeding table, the
angle of the plate from the feeding table, the distance of the shading sheet from the edge of the feeding
table, and the gap between the pickers and the feeding table.

The results obtained from the analysis employing the Plackett- Burman design illustrated
that only two factors, the feeding speed of the pickers and the height between the pickers and the
feeding table, had a statistically significant impact on deformation at a significant level of 0.05. Then
3" factorial design with the response optimizer was consequently applied to analyze the feeding speed
of the pickers at 100.0, 120.0, 140.0 mm/s and the gap between the pickers and the feeding table at
0.025, 0.035, 0.045 mm. The optimal level of the feeding speed of the pickers and the optimal gap
between the pickers and the feeding table were 140.0 mm/s and 0.045 mm. respectively. After the
implementation, the deformation of shading sheets decreased from 8.65% to 3.29%, leading to the

company’s reduction of loss value by 5.25%.

Keywords: deformation, design of experiments, plackett-Burman, 3" factorial design
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3197 4.7 NANISNABBILUL 3° Factorial design
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14 14 3 1 1 120 0.035 5
15 15 8 1 1 120 0.045 4
16 16 4 1 1 140 0.025 6
17 17 17 1 1 140 0.035 7
18 18 2 1 1 140 0.045 3
19 19 20 1 1 100 0.025 5
20 | 20 15 1 1 100 0.035 4
[ 21 21 18 1 1 100 0.045 3
22 22 1 1 1 120 0.025 6
23 23 14 1 1 120 0.035 7
24 | 24 21 1 1 120 0.045 4
| 25 25 27 1 1 140 0.025 7
26 26 23 1 1 140 0.035 7
27 | 27 5 1 1 140 0.045 3
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Residual Plots for Result
Mormal Probability Plot Versus Fits
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General Factorial Regression: Result versus A, B
Factor Information
Factor Lewelzs Values

a 3 100, 120, 140
B 3 0.025, 0.035, 0.045

Analysis of Variance

Source DF Rdj 55 243 M5 F-Value P-Value
Model 5 39.185 4.8881 6.96 0.00a0
Linear 4 34.593 B.6481 12.2%9 0.00a0
L 2 T7.4630 3.81l48 5.42 0.014
B 2 26.963 13.4815 19.14 0.00a0
Z2-Way Interactions 4 4.5493 1.1481 1.63 0.210
L*B 4 4.5583 1.1481 1.83 0.210
Error 1% 12.4647 0.7037
Total 26 51.852

Model Summary

BE-3g ER-3gi{ad]j) E-sgi{pred)
T75.57% 64.71% 45.04%
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4.5  msmruamidadeimanzanlunisnaaes (Response Optimizer)
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Response Optimization: Result

Parameters
Response Goal Lower Target Upper Weight Importance
Result Minimum 3 7 1 1
Jolution

Result Composite
Solution A B Fit Desirability
1 140 10.045 3.33333 0.916667

Multiple Response Prediction

Variable Setting

A 140
B 0.045
Response Fit\SE/Fit 95% CI 93% FI

Result  3.333 0.484 (2.316, 4.351) (1.298, 5.368)

a 9 a 4 A ..
gﬂﬂ 4.10 V9YANITUATIEHHANNUIZ AU (Response Optimizer)
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Addiey : NsidezUveINTeUDe, MIBBNLUUNITNAABY, Plackett-Burman, 3 Factorial Design
ABSTRACT

The objective of this research was to identify an optimal factor and level of each
factor in order to reduce the deformation problem of shading sheet in the mobile phone
display component assembly process. The research methodologies began with identifying
the possible root cause of deformation problem with cause and effect diagram and experts
brainstorming. The top five important factors were selected and analyzed by Plackett-
Burman design at a significant level of 0.05. The five impact factors were included feeding
speed of pickers, angle of edge of feeding table, angle of plate from feeding table, distance
of shading sheet from the edge of feeding table, and height between picker and feeding
table. The result illustrated that only two factors; feeding speed of pickers and height
between picker and feeding table have a statistically significant impact on deformation at a
significant level of 0.05. Then 3" factorial design with response optimizer were consequently
applied to analyzed and showed the optimal level of feeding speed of pickers and height
between pickers and feeding table were 140.0 mm/s and 0.045 mm., respectively. After
implementation, the deformation of shading sheet decreased from 8.65% to 3.29% leading

to company’s loss value reduction with 5.25%
Keyword: Deformation, Design of Experiments, Plackett-Burman, 3* Factorial Design
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93U 3 WuNsRTIRAe UAIGNFBIIBIFULIUNITNARDY LilenTI9doUANLINN L ANYBI
Hoyaiild uanslifiuinnisasindeudiunndis (Residual) vastoya (Hrouu) Foyaaglndldvaty
@uUn@ amﬁmuL%'&Néfaﬁ’ulﬂul,t,ml,é’umq wazdnwaznsiingnazsedkinszynidungue) @awnse
sy uladn 4 mauauuﬂawuquw au waza1nnsnu Vemusanxjvaue(mawuu)LUuﬂWﬁﬂnﬁ
nrraaoundudase (independent) Insgainnsnszaneueagaiiunutoya daaindnuwazves
nsaunsaesuieladn dnsnszatsegindudasedeniu dwmiudeyasinnsin Versus Order
(231819) Wun13nsIvaeuaNlatiesvesaI Nkl sUTIU(Variance stability) Tngldunuginig
n3z1BveIAIANAAIAAADY (Residual) luusiarseduvasiiade Fanudn daumndnainsnszany
ﬁda;?uamafﬁwwquaﬂ@@z%ﬂﬂalluamQﬂw%agaﬁmJWMLaﬁaﬁmaaﬂawuuﬂiﬂiau

HanATIEiAuUsUTIUN LI dResaesdladefiian P-value oand A = 0.05 uanein
W 2 Yoo dnadeUsinamsudelunszuiumsussneunseudaiisyiuiitoddy 0.05 Fladeiid
waeUSInvasdslunszuiunmsuszneufoanuiilunsindeuiivesnseudneenainuviuses (A)
wazszEzANNgThIuvBURsaUTn (F) femsnadl 3

>
[ YR

#1379 3 8anITAsIEYinlemAiln Plackett-Burman ¥89t/ad899 5

Factorial Regression: Result versus Blocks, A, B, C, D, E
Analysis of Variance
Source DF Ad3 SS —Ady MS- F-Value P-Value
Model 6 21.000 13.5000 8.55  0.000
Blocks 1  0.667 0.6667 0.42  0.524
Linear 5 £0.333 16.0667  10.18 0.000
A 1 60.167 (60.1667 ~ 38.12 - 0.000
B 1 2.667 | 2.6667 1.690.211
c 1 0.167 0.1667 0.11  0.749
D 1 0.667  0.6667 0,42  0.524
E 1 16.667 16.6667  10.56  0.005
Error 17  26.833 ) 1.5784
Total 23 107.833
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3.2 HAN1SNAABIWUU 3* Factorial design

dlonsudadeiifinaseusinamesdelunszuiunsuszneunseu udildsiiunsvaaesiag
T4¥nsvaassuuy 3° Factorial Desien Tnedunaunsnageu azdsynausae 2 Jade wiazdeded 3
sviy fauandlumsnadl 4 uasvnassiiiszsutadosegfusou 2 Replicate $1uanitldvnasy
ﬁy’dmmm 18 ﬂ%&

713997 4 Jadeuasnaianveadetoud

J2AUYDIUNY
Jade fouanual | sedu | seeu | sudu | e
i | nane | as
1. anuslunsiedeunives Taawns
" . (A) 100.0 | 120.0 | 140.0 -
AIBUYNBDDNATALLNUIDY ﬁm‘m
2. 3¥8EANNGINTITUNEY - .
~ (E) 0.025 | 0.035 | 0.045 | Haglung
NIBUYMN
Residual Plots for Result
Mormal Probability Plot Versus Fits
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MITNT 5 HanITIATIZEIMTInaeULUY 3° Factorial design

General Factorial Regression: Result versus A, B
Factor Information
Factor Levels Values
A 3 100, 120, 140
B 3 0.025, 0.035, 0.045
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model € 39.185 4.8981 6.96 0.000
Linear 4 34.593 g.6481 12.29 0.000
A 2 7.830 3.8148 5.42 0.014
B 2 26,963 13.4815 19.1¢6 0.000
2-Way Interactions 4 4.593 1.1481 1.63 0.210
A*B B 4.593 1.1481 1.63 0.210
Error 18 12.667 0.7037
Total 26 51.852
Model Summary
S R-3sq R-3g(adj) R-s3g(pred)
0.838870 75.57% 84.71% 45.04%

NN3UT 4 sziiuldinisnszaneiivesandIuandg (Residuals) (Fudrsuw) dnsnszanedy
AaLuLdunss v lruszanaldinadunnans (Residuals) IN5UANLAMUUUNG WagN1INTEANY
fvesidmLAnAa (Residuals) (Muuyaan) Sgduuuiiiiudass lafisuuuuiintuey uandlsii
Ad@unnAg (Residuals) flmmidudaseraiu (Independent) LayNAN1IATIVADUAULET T
299 0° (Variance Stability) (A1ua19921) Wua1 ArduanA1S (Residuals) fialndiAssiuluuday
funds waglinuhsuuuumsnszaeiivesadiunndis (Residuals) Tdnuwazduwuilduusotng
1o Jsaguideyainmnuaiosvesrnunlsusiu

anuilunsiedouiiveansoudasenainuriuses (A) uazszezanugsivhiundunseude
(B) ustazdauiian P-value doonin @ = 0.05 Fauandlupstedl 5 Fsaunsnagulddn Jadeiis

LYK

apsiinaUsunauvesdulunszuiunisusenaunsauin Nseautiudn

o

&y o =0.05

o
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3.3 NAN1INAABINIENTITTANIZEN
PNNMTIATIEANDINEN AN gaNvas 2 Y238 wulanusilunisindeuiivesnseu

gnponanuvinsasyiiiu 140.0 faduns/Aui wagsseranugauenindumindu 0.045 Taduns
Juanneimueauiign fegui 5

Optimal A B
High 140 0.045
D: 09167
. Cur 140 0.045
Predict  Low 100 0.025
]
| ]
Result
Minimum :
y=3.3333
d = 091667 i
|
. E
R |
——————————————— - —— 4

FUTT 5 ANITIATIE S UTIINNZ AU IYIUR

3.4 wamsiSeuliisunaunaznaIin1susulss
ieidumsBudunaingamnzauitldansansideiduanngnsienlmifidnindy Sah
Aitlsumaaeuldesaduszorm 1 Feu (wwieu wa. 2559) uazthdeyadiuruveadenaunis
vidsundieuiiouiuteyaveadendsnisniiids FullerFouiisunansmaasudiuveuds
gosmsvihandluanngiin fudinureadevesmeihauluanmglwiasnasunaldimansd 6

M15999] 6 LWIGUTIEUNANU-NaIUTUYTe

Wite neuuUiulse | vasuiudss | % msuiuuss
yonNSHAR dY (W) 426,267 410,835 -
Ypudeiady (31) 36,404 13,520 -
;ﬁam‘uamﬁsﬂ,a?{ﬂ (U/how) 125,596 46,644 -

% voudeinde 8.54% 3.29% 5.25%
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NPT 8 Lﬁumim%'amﬁaw%mmﬂumLﬁaﬁauua“wé’qﬁmsﬁmamswmaaﬂﬂﬂ%aﬂﬁm
14 azmulananmnisanfiununeuliuus rafewuwieu 2558 i weullunay 2559 Tl
AadseISIManaAnY 426,267 SuseifounariuTinavendsinded 36,400 suumamau
Andusnsvendundedl 8.54% LLa%ﬂfﬂLﬂuuﬂaﬂ’lﬂ’ﬂl@ﬁglﬂﬂmaEJL‘V]']ﬂ'U 125,596 UsiaLAau %
wdannmsuiuuelasdiuanusalumsindeuiiveanseudaoenainuriuseainiu 140.0
fadluns/Auni uazszozaugavesiidulindy 0.045 fadluns naflénuitdninveudsiade
anasan 8.54% 1Tu 3.29% au1snanad 5.25% 1385179 80,000 UMABLAULALTILAEN

4. ﬁ’a:UNaﬂ']’i‘Vlﬂ’ﬁENLL@%%BL'&UBLLUZ

4.1 #5UNan1sIY

Hadendniiddvsnaresauvesdeiintulunsruiunsnisuan annsmaaeadewiulae
Tén1smaaeuuu Plackett-Burman Aeanuisalunisindeufiveanseulaoeniinuviuses szue
Anugeiivhdundunseuda msmseiutladefimnzauannsirdadevdnidduddyunsinig
gONWUUNINAAeY 3° Factorial design ilenszsuilasdefimnzausamadianismeiimunzay
(Response Optimization) wutédpanisliensuuvesdefntiosfignassosauautiadossien
gosrnuslunsedsuiiveanseudneenvinuiiuseavintiu 140.0 fiaduns/Auni TYYYAINES
Yaakduwhiu 0.045 fadlunsiilofiansania 2 Paduriudnfiddyndouiusiiiunuy wuirsnau
voudsiAntuluaniinisusznounseuia Sy 3.29% Fsussquiimanednslia 4.32%
(@A 50% 91 8.65% Tluvondeidiv)

4.2 Yoiuaug

dosnlsnunsdfnw fnsuantuduniihaeanlruvasiuvansluea lasusazduay
Tifinvestaniunnsiieiu uddnsaznisUsznoudinssznoulnsldindosdnsmiioutu Seanunen
ihismseenuuunsvaaes lllunmsmadeiidmansenunasmamsiinesivangasls

5. AnRnssuUIZNA

VBVDUNILANAMINTEIINAIATYIIAINTIUAAINANT AMLIAINTTUAIANT UM INEEe
wieluladswusrasyyBidusgrsgedmiviuugihiifnasnun uazuismnsdfnu veveunnnm
nadwia wduuazaadasnin dus Adusnlumseneitadodestu uazvevounuihdila
fi991ndannsen wazanvheveveunngilideyainaililsnanis
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