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Automated Mold Design to Optimize Multi-Quality Characteristics
in Injection Molded Parts
Based on the Utility Theory and Modified Complex Method

Jong Cheon Park* and Byung H. Kim**

ABSTRACT

Plastic mold designers are frequently faced with optimizing muiti-quality issues in injection molded parts.
These issues are usually in conflict with each other, and thus tradeoff needs to be made to reach a final
compromised solution. In this study, an automated injection molding design methodology has been developed to
optimize multi-quality characteristics of injection molded parts. The features of the proposed methodology are as
follows: first, utility theory is applied to transform the original multi-objective problem into single-objective
problem. Second is an implementation of a direct search-based injection molding optimization procedure with
automated consideration of robustness against process variation. The modified complex method is used as a general
optimization tool in this study. The developed methodology was applied to an actual mold design and the results
showed that the methodology was useful through the CAE simulation using a commercial injection molding
software package. Applied to production, this study will be of immense value to companies in reducing the
product development time and enhancing the product quality.

Key Words : Injection Molded Parts(Al& d 3 ), Multi-objective Optimization(t}5 % # A 8}), Utility Theory
(B8 o}, Modified Complex Method(-7- 51 2] = 1)
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Table 1 Noise array (L,) and its experiments for

the current design.

Noise Factors R,

Run | Ny | N2 | N3 ¢

PR ENENEN N~
Ry | 1| 2]2 o °
/21113 (X, X, X )
Re | 2|21 R,

::'.
1o
l’l
o?.'..
B
ol
N
o?.:

i

b AR 7} “L%E}. mr‘ﬂ"ﬂ °] 73-?—01]3
] A4 = o] F £ A(attributes) S A
} At & Ao A= Taguchizh AgHst
S/NH| 7H & AH& St olefdt th&A # H 5 HA4
(multi-attribute optimization problem)& S/NH] & &
Her g 3= thel 24 z]xig} A 2 H 3519
th SINHIE B4 gkel B} wate] o A
o} MEE FA HrtEr) 93 HEgAM B dQp
ol &gl et HAHT FRHE BAo 78
at7] 13 Wt 7l o AtgE QU s/NH|
5S40 mel A G A (smaller-the better type), &
™ & (larger-the better type), % & (nominal-the best
type) TR vE g e, B A7 o] 54
< 55 nEAER gyl £33t Py
TAANA SN = oh-g1 go] A eojgri

S/N, = —10 log{% Z}ﬁ} ®)

37| ne dxje] AAH s A
e T3 & 4F dojEe) e
AW AE delH2A o7l e MAUY 3% &),
WHow Foigel 49 S4ggke sNul 245
dakel Hrd AXNwAHY I HES
FHoR EAge] Wi epuvhEay
NP ol e sNMITE S AAS 2 B o
A Aeolg HAE ) Fe =) weld zmgol
gk HHHAE A7) HE}W & oig s/NB]

W A
i, y,'"l‘:‘ i

J}ﬂl me

E X
=

&}

215

2 aAe dew

Ao,
5. FXMsllo XIS A

2 ATedMe e s FAS 98 2
%“—‘"‘?jq] 7123 FE 2% (Complex Method) S
A BA FA4R FAFE A2 (Modified
Complex Method: MCM)E 7jdtste] AL&3}9 L),
FEAAHE Box™lo) 93] Aty Bl o 2 A
TAel A WMt Y W delE WM 207
o] FRAAHEG 22 H(vertices) 0. & 8} v}y
(simplex)& AA8tal KA Ho % olgoz 1
e HEAA 7HHA AP e g8 g =
=3 dagkel 7Hg Bela A He H(worst point)
& YA g9 FAF A (centroid)Z 0.2 A AT
A wta A48t Y2 @8 Y(new point) &
i, olojA 1 el HA AFRAL wEsi=x
(feasibility) =3+ @aldo) vlsf 22 37t )
*15]‘31#11(acceptablllty)~* ZAVSlaL, wrE A )
7HA] H’iﬂ S FAFHEKZ 94 H]EJE )
Ao 2 FE(retraction)A] A L1zttt o] T4 L A
TEREDY =29 g2 A& Fig2s n=29)
5ol ek FEA29e Mg vepdoh
& ATl MCME AHgste] HAeE 2%

ox ofN

s B4e e dUeEAL TS
2 £R% FEo aﬁu’rﬂt})

© Tt o
7101]*1 zt *é?ﬂ 79 **74] Hele T4 e
7bedt Eteat o R Folxn] o]z EE 249

B ol ez

(A 2] HH8 FAF3 oA 2] 27
AR C, (p=1,2,....20F Y& AT} o
714 ne A ‘_—’F/l i o)t

Waorst point
@

New point

Fig. 2 Topology of the complex method.



kg - Byung H. Kim

ghar dylerebe] v A7 A9k

(7 3] 2n7he] A Hel A e Mgl el
s A WMol A9

,
gelg dAlstel g dloly
(MAU's) 3%

i ol el A ()i AbEEte] 7 A

Al ol A 2] 5/1\“1 i AAEshe of s/NuVE 7b AL

oMo 24 gk Flp=1,2,...,2n) 7k fth
[HA 4] 2n7ll 9] ALAIE & b e A

k F9 gz AAE CS vhH BAIEE

VAl AR € %0 R Y AKreflection)Bl ] A AL

A4 C,% AMAJskar o] HolMel HA ik

F, & AlRrseh

C,=C.ta(C.,—C,) (6)

o 7o A gz FARE Q1 AK(reflection factor) i A
Box"h: ¢=1.3& FHsar)

*@) YHeF ¢,0) EHAtlel %slal FoCF, ©l
Moe,s e C Bes C.C0) 1 T
WAl 1 ol AL B shaegkg Al
t}, o] AL FoF, © Wyl wrha g gkt
MCMo) A= Zxa) Aol A 2] 474 %) gk 54 5
F oAk dgstar WA F R,
C.= C,( F =F,)2® gt}

(by Wrek ¢, e ztel Fetar FoyF,elv.
C,= Cn( F,=F,)2% &t}

*(c) yhef c,ol el Tholl HobH] FoW, e
w7} 4] g =
WAooy 3;’.5%] )\} A kil

[KHA 5] ¥hA Est xS ARie) kel £
3

e FEVER C,% c e

qlo] WIS

B
L}n} vl 450 7RA] EFARE A4
Al

6. M of

O AR S el FERE welY)

23l Fig.3el ¥.¢) ul=k CavalleroA}9] capacitor can
wallle] s =A 23S Sasgich Aol

Zoitiigoli C-MOLDME Abgsid o A
2 PP/HUNTSMAN CHEM/P4-0110}th 1) o] &

912 Fig.49l Table 2041 ¥.5o] ol 01101“"—”
(air rap)°] Hukgl 1 vl Flo] ksl 4]
Ub Yaolti s o] mulol ujs %’"‘"‘40191 # Zspub e
A wapi she) H Ak FaskAYTh i Al
Eol Wita=1.524mm)9t &4 27 A
A ep EdshAl FAg Al Aol f1AX)utE:
AA W st H ARG AwEsith o1 7
Fig.49} Table 3914 ¢k o] X=11.5mm<}
olu} oo} rzgie] gkH 3] A Ao 25
o AR A4S @k o7l A Yaox* Fig.
xﬂ )\] g;} u]—m =] s‘fl 1} %ll - *r}o] o} :17] iz oz
E}, L5} *‘7] 01]01]/\—1 LR 40] Al 7
s G54 #HH XPL*‘ A
18 Aol #HAstetaat sttt

o é
rfé
'
4
i)

Fig. 3 3-D view of the capacitor can, in which X
is the gate location located on the line AB

and L the weld line length.

Fig. 4 Comparisons of part quality between the
original design (1) and the design optimized

by Yao (2) for the can””!,
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Table 2 Results of the original design for the can.

Table 4 Selected non-inferior design alternatives and

(unit: mm) the preferred rank estimated by the AHP.
Desin Gate Experimentation
location X ; Weld line | Warpage
Weld line Warpage Alternatives (rm) ( Preferred rank
Original 35 155 0.52 mm mm)
A 2.0 1.01 5
A 4.1 0.57 4
Table 3 Results of the design optimized by Yao for i
the can. A3 6.5 0.36 2
(unit: mm) A4 8.0 0.24 1
Gate Simulation Experimentation As 13.2 0.19 3
Design . 22.7 .
location X v:;zled Warpage \l\i/id Warpage As 0.12 6
A; 30.5 0.08 7
Optimized | 11.5 0.0 0664 | 00 | 070
Table 5 Variables optimized for the MAU function.
E(428
se Design coefficients Estimated result
B(107) P~ « p’* 0.9377
SAUneld line Py 0.0883
H(218) H(218) D(537) K 0.5432
i 8
Weld line length Warpage size QY 0.6694
=X (the distances between = —(%b)- - SAUsarpoye Q’ 0.0740
. ka 0.3734
the corresponding nodes)
(@) (b) )
AT 7ol AA gijtEd o] A& AHPS}
Agl dagEs AEstd AEF dAAY A
Fig. 5 Evaluation function of the weld line(a) and 229) A= vbebY) Table 55 H 23 AL B
warpage(b) for the can, in which the BH(a 0.012 %) 4% MAU AA w32 ghol
numbers in  parentheses are the node 1, Fig6d 4383 dsakeln el sAU o5
numbers on the real mesh model. aEMolr), the-o g HAHglel Mo Q3 MA
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Fig. 6 SAU function curves for the can.

Table 6 Design factors and their limits.

Design factor Lower limit Upper limit

X (mm) 0.0 33.0

Thsige (mm) 1.0 2.0

Thiopabotom {mMm) 1.0 2.0

thotd (S€C) 1.25 2.75

Teer ( °K) 505.0 545.0

Ppack (%) 30.0 90.0
Pua)s o A8t 1ejv olE B HA ¥
P P

o 4 #el glom ol

oM Fag

A
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Table 7 Noise factors and their levels.

Noise factor Level 1 Level 2
trn (sec) -0.1 +0.1
thotd (s€C) -0.25 +0.25

tpostfitl (S€C) -1.0 +1.0
Toen (K) -5.0 +5.0

Teootam ( K) -5.0 +5.0

Prack (%) -10.0 +10.0

W5 MW7) A8l L, Jawde) o3 o
g AAs 2 Aol fis) B B4
(Analysis of Variance; ANOVA)™"& S=aaH3irt.
Table 62 ANOVA 241 Ao}l AAxte] 6z
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Table 8 Noise factor array for experiment.

Run tin thold tpostﬁll Tmell Tcoolan! Ppack
R, 1 1 1 1 1 1
R; ] ] 1 2 2 2
Rs 1 2 2 1 1 2
R4 1 2 2 2 2 1
Rs 2 i 2 1 2 1
Re 2 1 2 2 1 2
R 2 2 1 1 2 2
Rg 2 2 1 2 1 1
Best point Best point
° b
o( ‘ o o Oowco 00a0COaC0 %@
- / d \O/ %
o L UI‘LH\ [_U’l —JﬁH eaea
©
Z
w
——Case 1
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Run number
(a) Value versus run number
0
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(b) Average versus iteration number

Fig. 7 Optimization procedure of the S/N ratio for

the can.
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Table 9 Best optimal robust designs selected for different initial design points.

MAU Weld line Warpage
Design S/N ratio Standard Standard Standard
Average L. Average L. Average L.
deviation deviation deviation
Case 1 -1.3120 0.8599 0.0105 1.9470 1.2017 0.2964 0.0207
Case 2' | -0.6560 0.9277 0.0196 22715 0.6008 0.1438 0.0381
Case 2° | -0.6361 0.9295 0.0097 1.6225 0.6008 0.1511 0.0176
Table 10 Results of molding variables for the best optimal robust designs.
. X Thsge | Theopabotiom thold Tmett Ppack tily tpostfill | Teoolant
Design . .
mm mm mm sec K % sec sec K
Case 1 274 1.34 1.97 1.37 521.9 49.7 1.0 10.0 303.0
Case 2' | 323 1.07 1.93 1.82 512.8 58.3 1.0 10.0 303.0
Case 2° | 315 1.10 1.94 1.97 511.4 57.0 1.0 10.0 303.0
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