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ABSTRACT

Warpage is a major defect frequently found in the injection molding process, and the reduction of warpage is
a very challenging problem because of the uncontrollable factors, such as variations in the process parameters.
Without any countermeasure against these noises, attempts to reduce the defects often lead to failure. In this
research, a new robust design methodology, based on the Mahalanobis Taguchi System (MTS) to reduce
warpage, is presented. The MTS performs the orthogonal array experiments and uses the signal-to-noise (SN)
ratio of the Mahalanobis distance as a performance metric. The validity of the proposed method is illustrated
through an optimal design of the injection molding process of a CPU base plate.

Key Words : Injection Molding(AFE4E)), Mahalanobis Taguchi System(OFSt2FH|A CHEM| A AR Robust
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1. M 2 EZel BFozA HAREE Hojud X<
Azl EA7F Ao

ANEFTHE FARAY WEo] Asta olF Al
SEEE AFHYE $8E WA FAE onoph 47 g meld Azel 4YE 34
1oz 2o FPn WAAA AEFL AL zao YgsA SAHIIF olHeH, o] AL H
ot ol EFRE Ao AFER opyzt 1 o] WEo] AR AFES TAAZIT walA] o
AUE=E Zhe AS/H AFE vgem Aed o ge A} BAT £ gle TAWECEIS
T Ao TR gopll A iyl ol&HI 2l ggyel m@ AW glow AFFHAA

o AREAES] SHS AL TEA A, AF o Hr)0 ¥ ggHoR AL £ g
Y, AF AT, 58, A= 3B2A S Yl o= CAE 7]&<S AHgdte] Al Ze A
AAREY, P(warpage)= AHEH A LAsI= A GANA BgFe] LAARE oS5t oS
Al wFAGE. F AF =l fis) Mg
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Fig. 2 3D CAD model of a CPU base plate
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Table 1 Design factors and levels

?:ztifrn Level 1 Level 2 Level 3

A Ist 2nd

B(sec.) 1 1.5 2

a0 220 240 260

D(°C) 40 60 80

E(%) 60 80 100

F(sec) 3 5 7

G(sec.) 10 20 30
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Table 2 Noise factors and levels

Noise factor Level 1 Level 2
AB(sec) -0.1 0.1
AC(0) -7 7
AD(0O) -5 5




Mahalanobis Taguchi SystemS ©]8% AME 349 HHAHA . S=7|A7FE8H3] A, Al16d, A1E

Table 40 7} A o] tiste] MDe| SNHI Table 3 Warpages for the cross-product experiment
£ AUl HHxAH olg A
Moldflow® A4Heh F&27A sloll e & 7k y,~ (continued)
Y= AASFATE = HH2Hol A Hell gk No. Y1 Yo Y3 N Ys Ys
SNH|9} EEXZRES HAIe Hax AAEHSY 1 | N1| 14 15 | -1.8 | -18 | 22 | 45
o AR Tl Az PAE dFS £ 6 N2| 13 | 14 | -18 | -1.8 | 20 | 42
71 #1138k, Fig. 29 1~49 XA SAHHA I N3| 1.3 14 | -1.7 | <17 | 21 | 42
(y1~y4)—3— AA Fox7) B £408 1133 N4| 14 | 14 | -18 | -1.8 | 21 | 43
o w, =w, =wy =w, =30% 2 AA3IL, Fig 29 2 | NI| 13 14 | <17 | <17 | 22 | 44
561 ‘F]xloﬂl“] e R pa(%g]_ yﬁ)*o‘ A A = N2| 1.3 1.4 -1.7 -1.7 -2.1 42

N3| 1.3 1.3 -1.6 -1.6 -2.0 42
N4| 1.3 1.4 -1.7 -1.7 -2.1 4.4
3 | NI| 12 1.2 -1.5 -1.5 -2.0 4.0

257 & £422 1FSY w, =ws=30%,
wy =wy =20%, wy=w;=10% = WAH3HA

e etk Table 4 (@) d=AA ()9 N2| 12 | 12 | <15 | <15 | -19 | 39
Wy = wy =wy = w, =30, w; =wg =10 A Ayl of N3| 11| 12 | -14 | -14 | -18 | 3.8
) HHAzHNAMe FHE Fig. 39 nHlwsh Nal 12 | 12 | 45 | 15 | 20 | 20
Table 5 (a)v w;=wy =30 & wy;=wz =20 °.E 4 | N1l 13 13 15 | 5 | 22 45
WA 9o HAAzHAA 6712 AX| Ao H N2| 13 | 14 | 217 | 17 | 22 | 45
of & MA(EE oshe] ZVE AANSAL, N3| 13 | 13 | <15 | 15 | 22 | 43
b= w5=w6—20 g w;mwy=1022 WA N4| 13 | 14 | -16 | -16 | 22 | 45
Aol AAzANA 674 1xoAe ol th 5 Ntf 1 |12 | a3 | a3 | 20 | 40
MAEE gshe] 271 & AASE T N2| 12 12 | -14 | -14 | 20 | 40

N3 1.1 1.1 -1.3 -1.3 -1.9 39
N4| 1.2 1.2 -1.4 -1.4 -2.0 4.1
N1| 1.0 1.1 -1.5 -1.5 -1.7 35
N2| 09 1.0 -1.4 -1.4 -1.6 32
N3l 09 1.0 -1.4 -1.4 -1.6 33

Table 49} SZHE T2 ZEL 48 F
o A, AEITAHY AAde Ad AV
stk Az ol tig SNHI9F MTSE ©f
st Fek HAZAY ol did SNHIE Bl
Hw JA AAS Eshe] o] o BAMo|

momg&oko@o;e
(o)}

71 e 4+ . = H w.7} Zrop R, N4| 1.0 1.0 215 | <15 | -16 3.4
HAzAdqA e o 1:]]?1— SNH|= ARIT FHo| o 7 | N1| 09 1.0 -1.2 -1.2 -1.9 4.1
3} 7 9AE 42—]27—]0{]}\-] o o3k N2| 1.0 1.0 -1.1 -1.1 -1.9 3.8
SNH|= AHA T j\aﬂ, wi7]' ZolR WM, HAzA N3| 0.8 0.9 -1.0 -1.0 -1.7 4.1
A ale o] zrolzit), UJ59]' w67]' 30%, 20%, N4 1.0 1.0 -1.2 -1.2 -2.0 39

8 | N1| 1.1 1.1 -1.6 -1.6 -1.8 3.6
N2| 1.0 1.0 -1.4 -1.5 -1.6 33
N3| 1.0 1.0 -1.4 -1.5 -1.7 3.4

10% 2 Hobd W, y, 9} y7b Aopae % & 3l
o} o]AL2 B4 A oA e Otk AA 9=
} AAG W Astehn AT S Atk WA, R I
el wgh AelAe oy ol debAh ] T
A B FAA dRs AAATE TdE b2 A N2| 13 | 14 | 18 | 18 | 22 | 44
Hoere 2388 Fokd £ fln oA A2 N3 13 [ 13 | 17 | 17 | 22 | aa
w, HOZ AAHE A o FRAAV e F
oA o]# 3 A3to] WA 4= 9T} Table 5904

N4| 1.3 1.4 -1.8 -1.8 -2.2 4.5
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Table 4 Comparisons between initial and optimal

No. Y Yo Ys Ya Ys Yo designs for 3 normal groups
10| N1| 1.1 15 | -16 | -16 | -16 | 33
N2l 10 1.0 15 | 16 | 15 59 (a) Current process condition
A,B,C,D,E,F.,G. =—06. an=1.88
N3 10 | 10 | <5 | a5 | s | 30 2By ChDp B P3Gy SN=-6.11 ‘me
N4| 1.1 11 | -16 | -1.7 | -16 | 32 Y1 Yo Y3 Ya Ys Yo
TSI 5 | 21 | 21 | 20 | a1 Nl 125 129 -1.76 -181 -1.83 3.62
ol 13 " 3 S I N2 117 120 -176 -182 -1.67 329
i : - - - i N3 118 121 -171 -177 -172 339
N3 13 | 14 | 19 | 20 | -19 | 39 N4 125 128 -182 -188 -1.80 3.53
N4| 1.4 15 | 20 | 21 | 20 | 40
12/ Nt 11 | 11 | a8 | 18 | -14 | 28 ®) Wy =wy = wy = wy = w; = wg = 30
A,B.C,D.E. F.G, =-4, =1.
N2 10 | 10 | 17 | 18 | <13 | 25 2By CE G SN="479  mean=1.60
N3| 1.0 1.0 1.7 | -1.8 | -14 2.6 Y1 Ya Y3 Y4 Ys Ye
N4| 1.0 1.1 18 .19 14 2.7 N1 1.06 1.10 -1.51 -1.56  -1.65 3.19
BNl 13 TN IETEETYETEEY N2 095 099 -137 -144 -148 2.87
N3 095 099 -136 -141 -1.50 2.90
N2| 11 12 | .18 | -1.8 | -16 | 3.1
N4 106 110 -153 -158 -1.62 3.15
N3| 12 12 | 18 | -18 | -17 | 34
N4| 12 13 | -19 | -19 | -1.7 | 34 ©) wy =wy =wy =w, =30, w; =wgz =20
14| N1| 1.1 1.1 216 | <17 | -16 3.1 AyB;C\D;E F\G, SN=-4.62 mean=1.59
N2| 1.0 10 | -16 | -16 | -14 | 27 " Yy Ys Y, ys Ys
N3| 1.0 1.0 | -15 | -16 | -14 | 28 N1 107 111 -1.58 -1.64 -159 3.02
N4| 1.1 11| 16 | <17 | -1.5 | 3.0 N2 094 096 -1.52 -159 -135 2.7
15| N1| 13 14 | 18 | <19 | 20 | 39 N3 098 1.0l -1.51 -1.56 -146 2.77
N2| 13 13 1.7 418 19 37 N4 1.06 1.09 -1.66  -1.71  -1.53 2.90
N3| 1. 1. 1. 1. 1. 37
o 13 > ! 5 i’ d w, =wy =wy =w, =30, w; =wgz =10
. . 1. 1. 2. .
Naj 13 ) 14 ) 18 )19 ] 20 | 39 A,B,C,D,E,F\G, SN=-375 mean=1.48
16| N1| 1.0 11 | 14 | -14 | 216 | 3.1
N2| 10 | 10 | <14 | <14 | a5 | 29 4 Y2 Ys Y1 Y5 Y
Nl 098 099 -1.67 -174 -136 2.57
N3| 09 Lo | -3 | -13 ] -15 | 29 N2 083 084 -157 -l64 -1.12  2.09
N4| 1.0 L1 | -14 ] -15 | -1.6 | 3.1 N3 089 090 -1.57 -1.64 -124 232
17| N1| 14 14 | 21 | 21 | 20 | 38 N4 093 093 -1.67 -1.73 -128 238
N2| 13 13 | 20 | 20 | .18 | 34
N3| 13 | 14 | 21 | 21 | -19 | 37 w5 Sk w7k ARyt o= kAT, Table 5
N4l 13 3 1 20 | 20 | 210 | 36 OelA e 2ol y. 9} y7t ZolA= FAANA A
18 N1| 12 | 13 | <18 | <19 | <18 | 34 2 AR ZIE = g3 g 7h g oyt Fo
N2l 11 12 | 18 | 18 | <16 | 31 THAAE Ze= A 238 Fold = AY o=
N3| 12 | 12 | <18 | 18 | <17 | 32 ysSF ys7k Aok o) ko] s Zte y 3 g7t
N4| 12 12 | <18 | <19 | «17 | 33 mEkA] ZpolA| I o]of whe}l ¢ ¢ ¢, 7t AAE A

Foll 7@t s 5 Uk
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Table 5 Improvement of warpages by changing
condition A to condition B(unit : %)

(a) condition A : w;~w, =30, w; =wz =30
condition B : w;~w, =30, wy; =wz =20

Y1 Ya Ys Yy Ys Ye
N1 094 -091 -4.64  -5.13 3.64 5.33
N2 1.05 3.03 -11.0  -104 8.78 10.5
N3 -3.16 202 -11.0 -10.6 2.67 4.48
N4 0.00 091 -8.50 -8.23 5.56 7.94

(b) condition A : w;~w, =30, wy;=wz =20
condition B : w;~w, =30, wy=wgz=10

Y1 Ya Ys Ya Ys Ye
N1 8.41 10.8 -5.70  -6.10 14.5 14.9
N2 11.7 12.5 -3.29  -3.14 17.0 18.7
N3 9.18 10.9 -3.97  -5.13 15.1 16.3
N4 12.3 14.7 -0.60  -1.17 16.3 17.9

|-

(b) Optimal design for 30%-10%

Fig. 3 Comparison of the warpages(scale factor : 5)
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