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ABSTRACT

This paper presents a heuristic process-optimization procedure for minimizing warpage in injection-molded parts
based on the dynamic robust design methodology. The injection molding process is known to have intrinsic
variations of its process conditions due to various factors, including incomplete process control facilities. The aim
of the robust design methodology advocated by Taguchi is to determine the optimum design variables in a
system which is robust to variations in uncontrollable factors. The proposed procedure can determine the optimal
robust conditions of injection molding processes at a minimum cost through a trade-off strategy between the

degree of warpage and the packing time.

Key Words : Injection Molding(AF&4&), Dynamic Robust Design(SS54 271 AH), Optimization(Z|Z S}

o o

2o lo oo pE oy
ot
z
g
()
[0)=]
rlo
1
a2
i)
o

bt

o
N
il
-p:
1
it
o
ofy
e
fz
2

N

N
k)
o
2

¢ fo
L

il
5, ARG AF HFe 229k Y

# Corresponding Author : cadpark@kumoh.ac.kr
Tel: +82-54-478-7297, Fax: +82-54-478-7319

X,

2t

e

o

)

flo

i)

T

o

kv

i

X,

X

o rlr
oo ol M

k)
>
>
HH {
o
o
9
>
el
tlo
£
o
)
o
fru
B
B>
Lot
ot

AsiA A A7} S8l Ahgd 5 I,
AT AFHE o183 H(CAR) /1%

AEEo Mol oF ARA Hel 7
R L R PR
Aol gRzAe] HANE FA(F, TV of
U 47K, 24 AAde] 84 A7)
o =G o] 7o) wleq B AEE

dME FAe 7 dAstgE A71E A9

=
l

— 44 —



AR, A - A=/ AVMEEE A, A4, A1z

= AA i Alz"e 7R o
o] EYkE(y)°l A 7Hed AAW
TF(X9)et A E7Fsd A ANyl 2l A

(<)
AAE = HEAH A2"H3} oyl ZHFugo =
®2 2ASE AsdAMTE FrHoR 245

= 554 Az="o] JthFig. 1).
OFRE ATAAGANA Az FE)S

9] iz WMEI AF FHHA EAS o)L T

EA AAATE 3o PR3t o, &

A ANATYEEok A RS

HMERE AEAHLE HAHIE FTo= DA

mEg o8l A=z Byela 2l

3HCKFig. 2).
o Table 13 Zo

Brlshe Aol egsithn Azsidch @, A
el ol H

o
A U2 27E 24T 5 g AASAel,
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Fig. 1 Dynamic System
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Table 1 Design Matrix for the Dynamic Parameter Optimization
Experiment
Ml M2 M3
Lgl1 2 3 4 5 6 7 8 SN | 3
NI| N2| NI| N2| NI| N2
11 1 1 1 1 1 1 1
201 1 2 2 2 2 2 2
301 1 3 3 3 3 3 3
401 2 1 1 2 2 3 3
501 2 2 2 3 3 1 1
6 |1 2 3 3 1 1 2 2
701 3 1 2 1 3 2 3
8 |1 3 2 3 2 1 3 1
9 |1 3 3 1 3 2 1 2
02 1 1 3 3 2 2 1
m |2 1 2 1 1 3 3 2
22 1 3 2 2 1 1 3
13 ]2 2 1 2 3 1 3 2
4 |2 2 2 3 1 2 1 3
1512 2 3 1 2 3 2 1
6 |2 3 1 3 2 3 1 2
17 |2 3 2 1 3 1 2 3
18 |2 3 3 2 1 2 3 1
3. AlE R SEM ZAH MY EAE Az 16 oM A 31 WlelthHs
AEFS AP AAH A Fo] BAHT, 2 A= B AFoA e Zrie A A= A
F9] AL AAPsle Fa3 A5t AEF  Av FFes dHES W H(deflection) FolA
A2 Aorles Bddd T o8 7R ddddl of  Huol WPFoR AoSIGT l HoldolAe F
) FARAY WEo] AstA dAdTh =3 diF o AERAC diste, A BPY fdas 4
on AMEE AREE FUD AFl gAAE  WSoA A welFe W aslz Wrkan. A
2L Mt A ES BES ASIeIor 3 2499 AgEolNe Moldflow g A8Ee] 24
T 497 #A%T 9714 AvS 7PF =dE ()-E Y (pack)-H B (warp) S FHgTE HE
(%, FAA0]l Aueks) Fdol (5% Wol A AMM B B IFS F + Ax
ey AEES sty BFS WHE Fol7l 9| AW R FHAFEL AANSGE Ay
i Fde AWT AEFL vk F, Yish
FA7e] FYE olok e BAE shdsteior
3tk B AFoE Fig 49 AAE AFE RES
olgste] FRxol sl WEse Aok A7}
s FAe] #PS Rolok S BAZ FA 3
248 & e FHH AExd @X“é_z} A A 3L i 1% g Tovaiin
24 gtk AHe B S HAHAY SUAR Jj‘]’ﬂ ® 2" gate location
3 A Exdolx=ol7} 209.6x454.4%19.10] 1L 1 3¢ gate location

Fig. 4 3D CAD of the case problem
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Table 2 Design Factors and Levels

Factor Description levell level2  level3
A filling time(sec.) 1 2 3
B melt temp.(C) 210 235 260
C mold temp.(C) 40 60 80
D packing press.(%) 70 85 100
C e e e
F gate location 1% ond grd

Table 3 Noise Factors and Levels

Factor Description level 1 level 2

U variation of filling  nominal = nominal
time (sec) - 0.1 + 0.1

v variation of melt nominal  nominal
temperature (C) -7 + 7

W variation of mold nominal  nominal
temperature (C) -5 +5

Table 4 Compound Noise Factor and Levels

level 2

Factor level 1

N AR AL
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Table 59} Zo] WXtk ME 8, 10, 12, 14(sec.)Z
Skal, Table 39 =35 stollA H& T3

[ZA12] Table 5014 o] Bto] 7Hd 2 109
Aoy o|ldxd A y=62-0321M =
minitab"?) . 2 T3}

[SA3] ¥ =62—y, M =M ©& ¥$ W3},
y =0.321M & minitab® 2 T3}

[2A14] 422l SNH]E A= = FEoE F
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[&A5] @Al d 73 HHzA e
Moldflow= Table 62 & ALzt o714, Ak
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Table 5 Experimental design, warpages,

[EAl6] DA ﬂ R A = I B R S |
y=525—0257M & F3T}h LS Ave AAHAH
BAE A7) Q8] ¢ =525—y, M =M o2 W
Wgkale] ' =0257M B TFITE weF, AF9 ¥
2%7F y=2mm) °lgkd  HS]F  ARES
M=(525—2)/0.257=12.65 (sec.) 7} Ht}. 1&8]x
BH< & H¥®7F y=3mm) °lZFH RS} ARk
M=(525—3)/0.257=8.75 (sec.) 7} Ft} uw}z}A

AEE I BYAIZE) 31% HEXEY, o= tiF
ke ke AAEEA 54 4 e & drkEd
o 713lgta & 4= k. Aol A dojxl ARE 8
St o3t 2ok A¢kE Axpo 9F) 2AE FH

AEEE Ay B CDyEEy o, W=
A,B,C,D,EyF, °lth. HZAzAd] gk ALY
A XS] Table 62 & AAJTh =3 &
&) A Table 79 & F3l3iTh

21

and SN ratio for the case problem

LiA B C D E F M1 =8 M2=10 M3 = 12 M4 = 14 SN
N1 N2 N1 N2 N1 N2 N1 N2

111 1 1 1 1 1 | 4494 | 4547 | 4459 | 4.072 | 4427 | 3.811 | 4.711 | 3.831 | -4.823
201 2 2 2 2 214395 | 4561 | 3.609 | 3.952 | 2.945 | 3.203 | 2.581 | 2.579 1.732
301 3 3 3 3 3 ]4665 | 4708 | 4196 | 4320 | 3.646 | 3.875 | 3.003 | 3.422 | -2.459
412 1 1 2 2 3 |4451 | 4621 | 3988 | 4060 | 3.698 | 3.724 | 3.374 | 3.425 | -2.189
502 2 2 3 3 1 |3902 4252 3012|3502 | 2468 | 2.688 | 2.321 | 2.194 | 7.369
612 3 3 1 1 2 |4395 | 4401 | 399 | 4.039 | 3.603 | 3.648 | 3.222 | 3.688 | -2.034
713 1 2 1 3 23876 |4.045 | 3381 | 3.510 | 3.183 | 3.047 | 3.196 | 2.774 | 1.871
8|13 2 3 2 1 3 |4437 | 4432 | 4065 | 4.101 | 3.624 | 3.778 | 3.185 | 3.436 | -1.949
913 3 1 3 2 1 |4.103 4362|3414 | 3.649 | 2990 | 3.056 | 2.951 | 2.720 | 2.164
01 1 3 3 2 23520 | 4017 | 2444 | 3.288 | 2.008 | 2.374 | 1.826 | 1.880 | 10.527
1)1 2 1 1 3 3 |483 | 4988 | 4209 | 4408 | 3.788 | 3.807 | 3.539 | 3.459 | -3.380
1201 3 2 2 1 1 |4.69 | 4775 | 4102 | 4260 | 3.444 | 3.659 | 3.001 | 3.044 | -1.642
1312 1 2 3 1 3 |4.163 | 4426 | 3.584 | 3.875 | 3.141 | 3.288 | 2.935 | 2.906 | 0.894
1412 2 3 1 2 1 |4226 | 4271 | 3.827 | 3.866 | 3.423 | 3473 | 3.118 | 3.135 | -0.357
1502 3 1 2 3 2 |4423 | 4625 | 3.667 | 3.935 | 3.167 | 3.234 | 2.839 | 2.784 | 0.665
1613 1 3 2 3 1 |3430 |3.741 | 2.741 | 3.187 | 2366 | 2.610 | 2.293 | 2.200 | 9.940
1713 2 1 3 1 2 |3862 | 4165 | 3276 | 3439 | 2.858 | 2.909 | 2.900 | 2.607 | 3.675
1813 3 2 1 2 3 |4852 | 4812 | 4415 | 4493 | 3.984 | 4.146 | 3.700 | 3.793 | -4.276
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Table 6 Warpages for the optimal condition o714, AekE A= olgstd Fo| A A
M a L B8 AZHos B F Aok TAY FYolA
180 ;?2; ;ggi HAzA e B 1940 ol FAzANM| ¥

. . o A 0,0 AL NS
B 1893 2147 2 3.006 A1, 35%2] /M-S YeER L Stk
14 1.808 1.778
i 4.4 B

Table 7 Warpages for the initial condition
M N, N,

5 1ol 1371 ANERRTAE o S5 4 AAE ol

10 3.479 3.809 - s - -
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