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Robust Design of Gate Locations and Process Parameters
for Minimizing Injection Pressure of an Automotive Dashboard

Kwang-Ho Kim*, Jong-Cheon Park”
(Received 23 September 2014; accepted 11 Dcember 2014)

ABSTRACT

In this paper, multiple gate locations and process conditions under concern are automatically optimized by
considering robustness to minimize the injection pressure required to mold an automotive dashboard. Computer
simulation-based experiments using orthogonal arrays(OA) and a design-range reduction algorithm are consolidated
into an iterative search scheme, which is then used as a tool for the optimization process. The robustness of a
design is evaluated using an OA-based simulation of process fluctuations due to noise as well as the
signal-to-noise ratio. The optimal design solution for the automotive dashboard shows that the robustness of the
injection pressure is significantly improved when compared to the initial design. As a result, both the die
clamping force and the pressure distribution in the part cavity are also much improved in terms of their
robustness.

Key Words : Robust Design(Z744 7)), Injection Pressure(AFE2421), Gate Location(l0| E2|%]), Design-Range
Reduction Algorithm(& A & AU 12| F), Orthogonal Array(Z ulHf )
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Fig. 3 Definition of gate locations
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5| 1|2|2|2|3[3|1]|1]656]756]-37.00
5 e . . 6 |1]|2|3[3|1|1|2|2]770]| 87.7|-3833
E} A0 A O AAlE =
U AR gAY (iteration) & AR WS 7T 3T 2 T 323 770 | se0 | -38.40
o] ZF A of Wz Eilgomso 8|1|3|2|3|2|1]3]|1]|703]|855|-37.88
del 7 Eﬁ]mf 42 ERAEEse 1, 25E 9 |1]3|3]|1]3|2|1|2]| 655|746 |-3693
ol A I AEGE S AlEG oSt F A | 21133221638 744 |-3682
. = - . w2121 |1|3|3|2] 774|899 |-3847
 lZxold Hx . A A ko w2212 s 13 267 | 742 |-37.00
Table 4= }g g E3x9} SNB] A4bAFo|t Brzpzi112)8 11312671 742)-57.00
AA 367 AYEF FolA mFHo] LA 5|2 2|83[1]2|3]2)|1]691]|854 |-37.80
_ . 1623132312711 859 |-3793
157] AHgjz3e] Addes F4E AEdgo] 4 17| 23|2|1]3|1|2|3]|763]|662]-37.08
1823|321 ]2|3|1]760]858]|-3817
F dolEEA 9uyl §glomZ SNHIE L9 F
Sfj(— c0)2 FE7]EATE 187] DA FollA (*+ Short shot )
WA AAWAEH Aol SNHIZE TP F g 5 owa g dgdME 3wA Aol
] r
(-37.08 dB) ZAEASN=E HEGem AEdH gNuy} s 2 AAAANE dEdt gAR
TEZ 677 MPat 75 MPaclith. o] AAIHSES s wmwe) gis] o)l e HAI GMAPL F 5

AAEGE FE(FER)S ty=1(5sec), G=3(90),
G,=3(90), G,=3(66), G,=3(55), G;=3(49)°IAT}. 3

HA AN FEZHES FHOE HALGYF
_/]‘\_Oé_]_a};?_ X*—-‘lo]—cz] AAHTEY =gGAH 9}
3 A T F A SAdEE AA

3l tH(Table 5). AAYY Z4E&(a)S 052 3%

-101

-77 -

H AASATE 5 AL A AF o) 2A
@Yol FES| FHEHJGL Adst FAS

S3t3ith Table 62 mpA|" @A FH o] A4k
oty &f7lolA 10WA HATete] AFHAHANZ
A SN®IZ} -36.82 dBoli, AlEEHe HAL
69.12 MPa, EFHA+E= 7.47 MPac|3lth o] A



)
o
J'O‘I

=71 A 74553 A,

A134, A6z

(1]

—n——8—a—F8

SN ratio

I e e e e B

1 2 3 4 5 6

A=
R

— a——b—b—

EaS

bt ®

* 1st Meration
& Ind Iteration
& 3rd Iteration
& dth Iterstion
& 5th Iteration

7 8 9 10 11 12 13

RUN

(@ SN ratios vs. experiments

14 15 16 17 18

-36
37 -
? S
.38
=1 2
= : L
T .20
z . —
Wl a0
-a1 :
-4z T
1 2 3 4 5

(b) Average SN
iterations

120

Iteration

ratios and variations vs.

110 +

70 4

(c) Average injection pressure and variations

vs. iterations

Fig. 4 Optimization of the injection pressure

Iteration

o) AANE Sz

=1(84), G,=3(88), G,=3(66), G,=2(53), G.,=2(46)°]

At

FER)L t,,=1(5.12sec),

G

Table 7 Optimization results vs. iterations

. SN ratio P (MPa)
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5 -37.68 | 0.583 | 76.53 8.02
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3 EEHAO| T 3t tHTable 9). 171l A 271 A3 = Table 191
g A A ofs) Ao Wa = wel AAATE AR 2A WEREFED O
A7t Aaste] A= zhell whebA ?ﬂxﬂéiﬂ Zz4H = AAdtelt)h. Table 9()= AAWMTE
I AF ARE S dHEZE FA JHdE 7 < ¥ug Zlolth Fig. 8 AlClE Ao wE
= AL & 5 YT Fig. 59 Fig. 69 A2 T AAEN e 2y Al ~Foltt Table 9(b)& SNV
I AF Y GEHEEY PFH HEEH(=2X R ArEstE BxE vud Aotk AdA Hlw
Z@ahe Wae 77 R gA28n AE AHEZ Fol7] Al 25 37H FEHae] oA
AWE JEET Py TEAX/) gAHoT L8RI(full factorial)ell 28 = g7kAle] FS=7e
ZAaERA AdEE AE & 5 A
Fig. 72 ©AA4d B2 ZAHASSNE 7L 7} Table 9 Comparison of the initial design and the
2 2 AA )] SNHIE HQl Aow AAAHoR optimal robust design
B gl ols) dAse] el AAHE A
367 Design (Stgl(l;) G| G| G| G| G
s Initial 7 60 | 60 | 54 | 35 | 35
o optimal 1512 84 | 88 | 66 | 53 | 46
5-3’-0 (@) Design variables
ey
. . D)
Design SN ratio
372 = _ Avg. S.D.
L g L Initial 37.33 104.3 8.81
Fig. 7 SN ratios of the robust design egﬂlﬂ?' -33.23 64.9 2.87

solutions

Table 8 Robust design solutions vs. iterations

. . P (MPa)
Iteration | SN ratio

Avg. S.D.
1 -37.08 71.34 5.17
2 -37.08 71.34 5.17
3 -37.08 71.34 5.17
4 -37.00 70.58 7.03
5 -36.82 69.12 7.47
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(b) SN ratio and injection pressure

. Fclamp (tOﬂ) I:’cavity (MPa)
DESIgI"I
Avg. S.D. Avg. S.D.
Initial 1,939 | 257.6 55.1 19.47
Optimal
robust 1,106 58.0 27.8 11.16

(c) Die clamping force and pressure distribution
in part cavity
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Fig. 8 Comparison of runner systems

(b) Optimal robust design
Fig. 9 Comparison of pressure distributions
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