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ABSTRACT

Optimizing multiple design characteristics which are usually in conflict with each other in the injection
molding process is frequently becoming a critical problem for designers who work in this area. The purpose of
this work is to develop an automated design methodology for optimizing two such design characteristics found
in injection-molded parts. A value function based on decision-making theory is used as a means of evaluating
the performance of a two-characteristic design alternative. Also, a design space reduction algorithm based on
Taguchi’s orthogonal arrays is utilized to discover an optimal design alternative. Verification of the developed
design methodology is carried out for an actual model with two design characteristics, the weld line and the
gate location, to be optimized in computer simulation experiments.

Key Words : Injection Molding(AIEA &), Value Function(7}+X| &), Design Space Reduction Algorithm(&HS
&4 22|E), Orthogonal Array(Z]mHl )

1. A
S oA, oy FEH= MASHSL A

Az HBEo AE AE, 52, 28 2 Az 3}5l7] Qs Ae AAIAY] A S E(preference)ol]
Ao R AHojHE thatdd AAFI e os AA = gt AAEAL S e AJ(tradeoffs)©] ST-H T
o) o] AAZIre] HAAMFES HASHE U olglgt Ao wet HI7MA P EFE T
3 uws:wo] deta W Gugte] #AVE 53 gt AASEEE AAser] A A7 13
AM Huo FAE AL F e AARAS 4= Hol gohwl

% o] MAAFZ

st717F Uﬁ-r YET 53] AEF del A &k o]' o] dFolME AF =%, 3= &

o] AE ZFEdlE thge 37—345]'04 AEE U AFete 7 AASEA

ATE AeAE AR AAZDE AgE  AAsE) AB AAPEE AN ol 9
A%

A_
il
)
A
o,
frl
e
o
z
é

} 2
&3t AtEEE o AEY el BEEY AAg

Ao A= 7FX] 3 (value function) ©]&[M12
]%O]"I] AAALS] A 5T Z(preference  structure)

# Corresponding Author : kmkim@kumoh.ac.kr
Tel: +82-54-478-7653, Fax: +82-54-478-7679

ﬁomLLmlo

2 o



WEH, AFE - @=/AVMESE A, A4, A1z

weka NE AASd o

2 Hrista 5 AASA
7Eo R st wd 549 "474%—?(1]3 %Q_'?l
ot #HA9 HAAURES &S] A Taguchi®
2 508 H(orthogonal array)!>'Y-& 7]¥lo 7 &= A
AZEFLE ¢l E(Design Space  Reduction
Algorithm) 191 7jale] A&,

AAG AARHE FAWAE Z(capacitor can) B
dof] 2g3le] d=gRRl(weld line) Alo] E(gate)
AAE HAgstdrr 1 A3 Hlad 22 35
APo g F AAEHE FA Hasste HF 9
AR AAF R s F AFS FUEA

ot

oA AARTE AAMSe] Ad o) Y
FAH WEgE AL Do oAAYTA
otk SIAAA olEelA o| MAUE Hel
w7 ool The Wb Ansh A
Fuystel oAy BAa @k @
sho] S| FAAE AATrel B HE
7} AAFER HIAD, AAGE FAAN RS

r&;‘ rﬁ i
b on,
_(

He Bl 248 4+ Jon, O FAE FH 2
123 [Keeney and Raiffa'"]oll A =o] tt.

o] Aol ol HFH /\l%iﬂlol’qoﬂ

N2d AE4Y A BAE QU8 AAEs
Gl Tl HASY grEel B AHel 7

Aoz Fuygste] oAy Al sgH
wzbA AlgEdE ol AAE ARESt AA HAE
AR Aol AAYEE Agalel A

& HrlEtE ZAo) BlgE Aot

ool AE AIEAE AAA F HAELS B
FelA B BHow WA F 54 7h
Aol ARHAL APPT. TR WA
of whall A Hit*ﬂﬂ AR Az
el 7RIS EAEkAL, 7Ex e =270
% AAGLS dnd) A3t dtdes
= Azl thalAl 19] 7

= %li 7%‘ {i’c‘?}?‘l = Al taiA= 09

THE ZEEE AAdrh dubdos iR F
3t AAEANES 4555 (mutual preferential
independence) #AE =3t HAEAD y, o
AANRIESY AoEA7t HAER ¢, o #tell F%F
& WA &E W, y2 ol dsiA dE=dolgt
I gk olw y, =y, ol thalA AEEHo] HH,
& v FEAEEHolga It weF AAE
Aoy oyt FEAEEHOE, A E o

21 ()3 7ol Foizith

V(yp y?) =w, V; (y1 ) +w,V, (yg) Q)
A7, Viy,y,) @y 3 wol ok 55 71Xg5
Vily,) ool oist & 7hx]3<r
Vy(yy) o w0l st & 7R3
2=

A7l A A w it w2 AAER y Iy
A FLEE YeE FAe ofdth old #
A= %]'511'5:3& Keeney and Raiffal'1]ol] =} 3]

—

= Bl U B RS 4] A9
AE P BARY AR Bl olor
Ak oirlol e Held AT ABHY A
el F HAEHE BLEHYS Teistel W
oy y,E BESHOE ARV FASY
o B AR Vi) 9 V) E okl A @
sh 4 (3)3h o] AAR & itk

Y1 Y1,
Vi(y) =(5—) @)
1~ Y
0
Yo~ Ya\r,
Vy(yy) = (——2)" 3)
Yo~ Yo

A71NA = y o 7P AdsEE Astela, e
y o 7P AdzskA s Adelth A 2)A
o A AAARA AR risk) HFS et
e AFolH, 0<n <10l AFFTAH, r =1
olf ABFPA, 1, > 1 olF AL Lerach

- 37 —



T B4 VAR E ol &7 AEE P HH AA

=71 A7FE8 3 A, A144, AE

2 3)9] yoll M= g F U AEE

Atk g, ol e A e AAATE T2 (y, 4))
of tasA BT I E e HE yrieka
o] #A o2 HE

A4 45 r,E AW PHOE 7T & 9

ol
L1
5%

>
—_

\S)
SN
2
R

=
s
=

I
<
ot

HETAASF w, B wys thed 2ol
= HﬁﬂEH(yl, y2)°] RE J1A w3 Az
(yh yQ)E Zr= A9-o B3 s gk Zho] 19]

HEE 4 (DA ts A4S d=0

w;+wy=1 4)

S AAIXTE AATIRE (yp 1/2)01]"'] (y]7 g)i L]
A (g ) oA () o) 2 WA= A
woy AsdE, (), g) o} (g, 99) ol HE AE
MAR A AR, AR
dowwn 08 A ©9 BAS 9% & A
kel 4 el ol Wl Aol
A Aoz AT 4 Ak

w V() +w,V, (y3) = w, V() +w, V() (5)
getA 2 @9 (5EFE 0, T w,E TET 2ol
AX 7.

VST ) 6)

wy=1-w, 7

T AASA B FE ANGE V(g )7
ARHD AH9A BAE e 2ol B &
()]

Vi) ®)

. ] .
subject to x; < x; Sx,f‘, 1=1,2,....,n

maximize f(X)=

A7IA X 71]?3_’\““ Ejo]aL,

v e AANMSE, ol 2le A7 gaE AAE3E
3FH(lower limit, LL)3} “d3H(upper limit, UL)®]T}.

o] AT HAH Y HAURE FM3r] 2]
Taguchi®] Zuwid A@FH A H(pick the
winner method)!7& 7HloZ = AAENEA
g ES NEet ARSI AuEide] o3
g2 FHo] §olst a7EHE AT 3t
Hlwz Aojx AEZ Aol o}, 7|70
2 APE AANG AN —’F% z7o| A gk
Aol 7hestew HAslE B4
o a3y B da =
EepHA HAo ALY 4 74]‘?35?‘ —’F%% =
o7 HAAZNES FANATLEZN HAS o A
g AAUIE AFeg g4 F Qo o] &
gE9] 48 dAxe v 2
[TA 1] Augds AAgoh Aunjdol WX
"471]]@—7‘9} AA e

\

—_

zggomq, 2 AT s AANSTE 37FES
il o AS ZA skt

[TA 2] AHuwjdel AT} £F& wx|stn
A AAEE el Ade AAlgT

(DA 3] 2 AAde dall = AASHY] @<=
A1 FF TN ahEs Alsketh
[ 4] =49 ANZLE AAFTE dHIAh A
*474%7}0 Aol AAE AA HAURIE FollA

o

f
ith)

=

257
Sgo Sze Jzom sdzn BAB BolE

=g
HEG o] AFNHE B 74
Frel ol F23 AAG QA AT b
HQl Zav} Tovlsita BoE u A2 g
o] FREE FA Aot nhA Hwd A
FolM B A Fe gol b 2 AL
Az Hedh

— 38 —



=
o
e
oy
o
b

D= TIACFEEE A, A4, AlE

Table 1 Design Space Reduction Algorithm

If best level is 1;
if level 1 is lower limit(LL)

1w — IL
gnew — 20Zd
h2716'w.: (1new+ 3715111) /2
otherwise
1new — 1old _ (201d7 10Ir]) /2
gnew — lf)ld

3n,ew — 1old + (201d_ 1old) /2

If best level is 2;
1new — 201(1 _ 201[1_ 1old 2
gnew — 2()1{1 ( ) /

3new — 20Irl + (3old_ zold) /2

If best level is 3;
if level 3 is upper limit(UL)

grew — UL
1rew — 20Zd
h2716'w.: (1new+ 3715111) /2
otherwise
1new — 3old _ (3old7 2010’) /2
onew — 30ld

3n,ew — 30ld + (3old_ 201d) /2
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Table 2 Design variables and their three levels

Variable Unit | Level 1 | Level 2 | Level 3
X mm 0 7 14
th front/back | M 1 1.5
thgige mm 1 1.5
i sec 0.5 1 1.5
Tt C 190 210 230
Tnola C 20 40 60
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Table 3 Experimental results for 1° iteration

Table 5 Experimental results for 4™ jteration

# X |\ thyp|the (tr | Tett| Tinold L X | V(LX) # X |thyp|thy | Ern | Toer| Tooid L X | V(LX)
tpafr ||t 1]1 [1]tees| 00 [ 0271 |t 1]t 1|1 |1]o066]|087] 0917
aoftf1 222|212 ]|2|1540] 00 | 0282 2ltf | 2]2]2]2]2]2]o066]087| 0917
31|13 |3 ]3] 3| 3 |3]|1447] 00 | 0294 311331333 ]3]066]|087]|0917
41|21 |1]2]2]3/|3[498]| 70| 0458 al1f2] 1 |1|2]21]3]3]066]175] 08953
spif2]2 2331 |1|332]70]| 0565 s|af2f2 233 ] 1 ]1]o066]1.75] 08953
6123 [3[1]1]2]2/1L69] 70 | 0177 61|23 31| 1] 2]2]066]175] 08953
70131 {2f1]3]2]3]00]140] 0738 70131213 ]2]3]00]262]|097
g|1{3 23|21 |3 |1]00]|140]| 0738 81|32 32|13 ]1]00]262]| 0927
91|33 1|3 2] 1]2[20]140] 00 91|33 13|21 ]2]498]|262]| 055
21| 1|33 2]2/|1]458] 00| 0656 o211 [3[3[2]2]1]00]|087] 0974
2| 2]t |1|3]|3|2]20]| 00| 0261 |2t 2 (1|1 |3]3]2|498]|087| 0606
221|322 1|1 |3]20] 00| 0261 2213 22|71 ]1]3]|498]|087| 0606
Bl2l2] 1|23 1] 3 |2]00]| 70] 0826 Bl2f2f 1231 ]3]2[00]|175] 095
“l22] 231 2]1]3/066]| 70| 0769 @222 (31 |2]1]3]00]|175] 095
150223 |1|2|3]2/|1]20]| 70| 0088 1502203 |1 |2] 3| 2] 1]854]175] 0405
16 23| 1 [3]2] 3] 1 |2]161]140]| 0603 16| 2|3 1 (32|31 1]2]00]26]|0927
170203 2 13| 1| 2]3|498]| 140 0370 1723213 1| 21]3]|066]|262]| 0869
18 203 3|21 ]| 2] 3] 1]|861]140] 0.19 18] 2|3 3 21| 2| 3| 1]|1540] 262 0210
Table 4 Design range at each iteration »
1.0 3
Tteration 1st Qnd 37‘d 4th ‘/i/k—/’A
1
X (0, 14) | (3.5, 10.5) |(1.75, 5.25)| (0.87, 2.62) o8
they | (1, 2) (1, 1.5) | (1, 1.25) | (1, 1.12)
thyge | (1, 2) |(1.25, 1.75)|(1.12, 1.37)| (1.31, 1.43) 0.6 1 - 0.826
tun | (0.5, 15) | (1, 1.5) [(0.87, 1.12)| (1.06, 1.18) > 2: 0.905
0.4 3: 0.950
T 190, 230)| (190, 210 190, 200 192, 197
melt ( > ) ( > ) ( > ) ( > ) 4: 0.974
Toom | (20, 60) | (40, 60) | (35, 45) | (37.5, 42.5) 45 |
Aot 48R gL HAFHE HA AARS 0.0 : : ‘ ‘
S0 W7k 43 SO o o] B Ha B 1 & &8 4 .
7t 7leFHe R v ]’ e Aoz #Adsigth Iteration
Table S AT @449 Aol
Fig. 50 2+ g2 ?ﬁ oA e HzAo] MAU Fig. 5 Value of the optimal design
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alternative versus experiment runs
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Table 6 Design variable values at the two designs

Variable | Unit | Initial Design |Optimal Design
X mm 7 0.87
th by ontftag; | MM 1.5 1
thgige mm 1.5 1.43
i sec 1 1.18
Tt C 210 195
T, o [® 40 40

Table 7 The gate location and weld line length and
their value function values

Design Initial Optimum
L 8.57 0
X 7 0.87
V(L, X) 0.279 0.974
5. B
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Ash = B AHNIFE ol g3 A=A P
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