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Determination of a Multiattribute Utility Function
Based on the Pairwise Comparison and the
Application to Injection Molding Design

J. C. Park and K. M. Kim

Abstract

Engineering design can be viewed as a decision making process, which involves the nonlinear
tradeoffs task among the multiple conflicting attributes and considers the robustness of design. In order
to obtain best engineering design, methodology for accurate assessment of his/her preference about the
multiple attributes is required. Conventionally, intuitive procedures based on lottery questions are used to
elicit the designer’s preference structure; however, they can lead to inconsistent and inexact preference
results due to the rank reversal problems derived from the designer’s big cognitive burden. In this paper,
alternatively, a design methodology based on multiattribute utility function through the pairwise
comparison among alternatives is presented. The proposed procedure is applied to an actual injection mold
design with the aid of the CAE simulation and the result is discussed.

Key Words : Multiattribute Utility(MAU) Function, Pairwise Comparison, Injection Molding,
Weldline, Warpage, Complex Method, Robustness
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Fig. 3 3-D view of the capacitor can. Variable X is the
gate location, which can be located on the line
AOB. L is the weld line length
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Table 1 Ranking result and preference ratios

Ranking Comparative | Preference
Atcarto={weldline, warpage) alternatives ratios
Am=(7.0, 0.20) As 1.1
Ap=(5.0, 0.40) As 1.1
Ax=(140, 0.18) Ay 1.3
Aw=(25, 0.80) As 15

Ai=(270, 0.09)
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k, 0.3003
AU 7w 127113
SAUyarpage
e k, 0.0473

2l v 3 w2l SAU 49} scaling Aol 24
AR o) o] it on) A HEH AHE F
3 drgkelyt Fe) HA9 Az ¥ 00mm, et
Anajiz 742t BH0mm, 12mmiE AAskach w4 A
ua: e e 27) AAd oS AAsc A
ore (2=}l o] Zol(mm), B9 H71(mm)el &A%
2 oAy 2} £AgHRe drglely 39 FHM-Ho
Asa] Mg <tolA 1z AEte] FAI3} o] Rl
s A9 5719 dAMHE (25, 0.8), (5.0, 0.4), (7.0,
0.2), (140, 0.18), (270, 0.09)°]tk Table 1-> A R7} o]
A ekzel sl Ain s adste] AR Haed
o} ME7Zen: e Zlelth Table 217 49 F%
o] o) Azt MAU dhr¢) sabn)g gho]™,
waha] B 2] AAg ) ALgd MAU 8442 o}
o At o

u(v, w) =0.3003%,(v) +0.0473u ,(w) +

0.6524u (v) u, (w) (10)
A71A,
— _ v 0.8498
()=~ g55)
1) = (1 = )18

AolQl: AFEY, YN, FHEASG #HH 9
| FR AAR0lelE 9A, A% AW 9%, ge
W OB, SEARE BYAL, FEAARL A
Yrhen, Heb Zaue) vg)g 2
o 2% AUl dse AR 4Y 4F
#9d9) a9} 4eE 2 EROR TR 4

i FAARY, FFAARE W f9 did

Fo frefshx] oz B AgdAis Alojelatdl A
olatgty, BAagelA AejolAi= Ly g} 24 7
Aol wixatm, ooz Ly Huxe] 19-694 7
7 AT EEA) A AEAHY 1554
o 24 WEAL A nelaty] Agtelth™ Table 3
2 BAY 9 AojdAtet AFgE, Table 43 #4503}
b AFSES VEPIDE AelE 3A Ak oEl g
A AR e "ior nAsle]l Adaart ¢
o] Wi L)t A Loz A" AHAY
{cross product experiment)® Moldflow® A|B#o]41&
AMAIRE A 3l Akl zhzh Table 5, 63 7Egith

o

N

=
o
o
b
h
]
>,
=}
=~

Ao o B

Tk

=287 sERA/A1249 A5E, 20031/ 469



Mg - QAR
Table 3 Control factors and their levels Table 6 Experiment results for the warpage
Control factor level 1] level 2| level 3 1 2 3 4 5 6 7 8 |AVG
gate location (mm) 0.0 165 330 1 1077710906 (072310480 1 0616 | 0.746 | 0674 1 0.837 | 0.72
p 5 5105 5 Jo% 3¢ N =
side thickness (mm) 10 5 20 9 0645|0686 0549|0603 0544 | 0537|0391 10529 059
obottom thickness (e 1 10 5 50 3 0429|0477 0476|0449 | 0372|0413 10379 | 0.465 | 0.43

O om CKness (mimnt . . .

D . - - 4 1039310539 (0437|0275 103150362 0450|0390 | 0.40
hold time (sec) L% 20 215 5 10327]0350 0301 [0.306 | 0.283]0.337 | 0.368 [ 0340 | 033
melt_temperature (- K) 5060 | 550 | 5450 6 [0603]0743] 0621|0587 ] 0594] 0477 0510 | 0473 | 038
pack profile percent (%) 300 | 600 | 0 0.763| 0.951 | 0394 | 0.667 | 0750 | 0.726 | 0.700 | 0850 | 0.75

0567|0589 | 0548 | 0473 1 0.466 | 0.524 | 0552 | 0607 | 054
Table 4 Noise factors and their levels 0.063 0097 | 0.064 | 0.0770.069 ] 0.030 | 0.097 | 0.109 | 0.08
10 0432043 | 0.376| 0414 | 038310389 | 0410|0394 | 0.40
Noise factor level 1 | level 2 11 |0816]0.8%4 | 0604|0547 | 0.615]0.691 [0.776 | 0.724| 0.71
fill- time variation (sec) 0.1 +0.1 12 105170610 | 033 | 055 | 0522 | 0.496 | 0381 | 0619 | 053
ol time variation (sec) 05 | 0% 13 103790356 03800334 0337 [ 0350 [ 0368 | 0344 | 0.36
- — 1'0 1’0 14 |02 0.720| 0474 | 0567 | 0.680 | 0.544 | 0556 | 0595 | 061
- +
postfill-time variation (sec) : : 15 0314] 0313|0307 | 0233 | 0.961 | 0440 | 0.445 {0326 | 0.33
melt temperature variation (o K) 50 | +50 16 0505|0623 | 0566 | 0526 | 0546 | 0558 | 0552 [ 0351 | 055
coolant-temperature variation (, K) 5.0 +5.0 17 10.073[0.089 | 0.1>4 | 0.048 1 0.108 | 0.089| 0.136 [ 0.145 | 0.11
pack -profile percent variation (%6) 100 | +100 18 0599|0851 | 0489 | 0643 10441 10526 | 0657 | 0608 | 060
Table S Exoeriment results for the weldli 73 Argslel Wig ARAG 2 (108 AHEstol
aple xperiment results 1or ¢ weldline - N . N _
P A4ks MAU 22, MAU @l digh SNujiz Table 73}
TS T T T T s T ek 189e) 93 delsae SNk Az e
|» AE = Aokl A AL A
1 12168 |21.68 [21.68 | 21.68 22,53 [22.53 |22.53 | 21.68 | 22.00 ;9"1”11 T ;lj 3?’49)°ﬂ EH°°}‘11"’4]°3"; SaiL
wWogrglole) Wik zlo)7) 649mm, o) It =)y
2 10.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 6.000 | 0.00 (;-08 = ﬁ;‘ lL ° o]‘}] 5240 H; }] ‘001 . ﬂllj
& oF 4 9ly oirHol FHzxol AA(Y
3 [0.000 | 0.000 | 0.000 | 0.000 { 0.000 | 0.000 | 0.000 | 0.000 | 0.00 8 agnml% o 1_] »Aoéz A)g}nrY | A = a}o]_
el X , 1 0. 0= %1 A2kl
4 |28.83 [28.83 [29.64 |28.83 [ 29.64 | 20.64 | 29.64 | 29.64 | 29.34 Joomm L_mm T Yaosl Al s
00mm, #: 070mm)e) F AN wus)a §19 217
s 16488 (2596 (5.191|2.596 | 2.596 | 2.596 | 2.596 | 2.596 | 3.41 _ e .
b gZ FoliwN dudly) o] MAR MIkit
6 [0.000|0.000|0.000 |0.000 |0.000 | 0.000 | 0.000 | 0.000 | 0.00 Welsid A5 2SS oF & gt olAe r;}é;—
7 10.000 | 0.000 { 0.000 | 0.000 {0.000 | 0.000 | 0.000 | 0.000 | 0.00 W a7 AR Addg e QA stk 8 &
SLER RS
8 [0.000|0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.00 91} Table 8 Tdble 79 SNHIo] dhak Aol X}j
9 |6.488 |6.488 | 6.488 | 6.488 | 6.488 | 6.488 | 6.488 | 6.488 | 6.49 S Miniab™ o5 RAS Asfolu] olmiel A7
10 19.28 [ 18.05 1928 | 18.05 [ 18.05 | 18.05 | 18.05 | 16,80 | 18.20 Ao AR 2 ok AAE AN HAEAS A=
AZ4lzd Ao T T Tl -1 f s
11 |0.000 [ 0.000 0.000 | 0.000 | 0.000 | 0.000 |0.000 | 0.000 | 0.00 o733 Sw wE s N | W
~u ()]“]], 5L v. 1 - O’IIHIL O,
12 | 0.000 [ 0.000 {0.000 | 0.000 | 0.000 | 0.000 |0.000 | 0.000 | 0.00 -10 HOIA| 742 Tsec, 4A 1505, K, BOF X2
13 125.0525.0525.05|25.05|25.05|25.05]25.05|25.05]25.05 _ﬂfoj H] 900% %‘z']*]ﬂ':lOSeC Téx]}\]/]’ 1OOSeC
14 10.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | ¢.000 | 0.00 7L 3080, K o]tk ¥ A4 Mool HHF
15 12.596 [2.596 | 1.347 | 2.596 | 1.347 | 2.596 | 1.347 [2.596 | 2.13 'ﬁ}_{% Et,*“o]-/] -‘?]Zﬂ /ﬂ_ul—L(ng~’; *}“b o} I:} /}J'
16 10.000 | 0.000 | 7.786 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.00 wmel ols wAuT o Aua o] A
17 |28.83 28.83 | 28.83 | 28.83 | 28.83 | 28.83 | 28.83 | 28.83 | 28.83 QAo S gl slold A% ABdolE sl Be A
18 |0.000 | 0.000 {0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.00 - -
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Table 7 Evaluated MAUs and SN ratios
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20.96

0.494
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0.593
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1832
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0622

0.670
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2579

Noll Be ol IENN e il Ri|

0.308

0.787
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0.799
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0.797

0.787
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3749

10 | 0.366

0.387

0.3%

0.39%

0.407

0.404

0.396

0.426

27.04

11 0464

0428

0587

0623

0.581

0535

0.486

0516

17.93

12 0642
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0618

0638
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0578

20.77

13 {0270
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0.270

0.282
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0278

0273
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3b.37
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0518

0.669
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0.617

0593

270

15 10.728

0.729

0.76
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0.787

0.649

0.666

0.721

23.33

16 |0.649

0576

0497

0636

0623

0616

0620

0620

21.96

17 [0.250

0.246

0.233

0.255

0.242

0.246

0.237

0.23

30.01

18 10590

0445

0.660

0.564

0691

0636

0.555

058

17.84

Table 8 Response Table for SN Ratio

Level | A B C D E F

1 22463 | 23162 | 24.174 | 18669 | 24.861 | 24.127

2 | 24659 | 24448 | 24.091 | 22,756 | 24.628 | 24.055

3 | 25236 | 24.747 | 24.093 | 30.933 | 22.868 | 24.175

Delta | 2772 | 158 | 0083 | 12263 | 1.993 | 0.119

Rank 2 4 6 1
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