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Design Optimization Based on Designer’s Preferences
for the Mean and Variance

uE, PAR", ABs

Jong—Cheon Park’, Kyung-Mo Kim™~, Kwang-Ho Kim ™"

<Abstract>

In Taguchi’s quadratic expected loss

function used as robustness metric of

performance characteristics, the mean and variance contributions are confounded.
The consolidation of the mean and variance in the expected loss function may not
always be the ideal approach. This paper presents a procedure for multi-attributes
design optimization, where the mean and variance of performance characteristics
are considered as separate attributes having designer’s relative preferences for
them and Technique for Order Preference by Similarity to Ideal Solution(TOPSIS)

is

introduced to attain robust optimal design. The effectiveness of proposed

approach is shown with an example of a weld line minimization problem in the

injection molding process.
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Table 1. Control factors and data

Factor Level 1 Level 2 Level 3
tim (sec) 0.4 0.7 1.0
T () 220 240 260
Tmota (T) 40 60 80
tpack (sec) 2 3 4
Poack (%) 60 80 100

Table 2. Noise factors and data

Factor Level 1 Level 2
trm (sec) —0.1 +0.1
Tomete (C) g +8
Tumaa (T) -5 +5
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Table 3. Simulation results and decision matrix

(8 simulation results

(b) decision matrix

Tonota ! 2 2 L Mean S.D.
A T 1 1 2 2 _
trin Tmelt Tmold tpack Ppack trin 1 2 1 2 (y ) (S)
11 1 1 11 13.088  13.087 13.112  13.080 13.0918 | 0.0140
2|1 2 2 2 2 13.117  16.851 16.896  14.063 15.2318 | 1.9348
3/ 1 3 3 3 3 16.870  14.013 14.882 11.519 14.3210 | 2.2180
412 1 1 2 2 16.857 17.228 15.880  13.989 15.9885 | 1.4492
5,2 2 2 3 3 15.893  13.124 13.122  11.505 13.4110 | 1.8220
6 2 3 3 1 1 13.117  11.507 10498  8.374 10.8740 | 1.9852
703 1 2 1 3 17.221 17172 14.860 13.123 15.5940 | 1.9817
8 3 2 3 2 1 13.159  14.047 11.526  13.089 12,9553 | 1.0479
9 |3 3 1 3 2 12.218 13129 8382  8.418 10.5368 | 2.4952
w1 1 3 3 2 13.145 13.118 13.156  13.143 13.1405 | 0.0161
mjp1r 2 1 1 3 13.156  15.877 16.910 13.074 14.7543 | 1.9395
21 3 2 2 1 16.919 13.106 14.836  10.483 13.8360 | 2.7252
B2 1 2 3 1 13.135 15912 16.888  14.849 15.1960 | 1.6066
4|2 2 3 1 2 16.908 14.846 14.040 11.513 14.3268 | 2.2310
52 3 1 2 3 11.504 10486 10.487  8.373 10.2125 | 1.3168
6|3 1 3 2 3 15.815 15.875 14.880 14.863 15.3583 | 0.5626
73 2 1 3 1 13.136  13.121  13.163  14.049 13.3673 | 0.4548
83 3 2 1 2 10.491 12243 8388  8.366 9.8720 | 1.8686
dedgpd 2 Al xHol VA gl ks 2 9 7 2l AR S 98 A=
< &S AHstrE O Aol s AFe Ly Auxe 29-64d wixEa, Fedas
vlgko]l o Rk obyel ofHel WiE AlE L gmyel 19-390] zHzt wiAEAT. 7S
o et oy Aoe A wEA T o qums g AHgd e A& Tl
o Weem Qd desddel 2ok WMEE g e wggs AAd wys] Agelth
O | 2] =2 A Sl A 3z o - -
WA FEAS A ke Aol FEA gojaxte] wEmAL ) gy 9%
NWFELS Hole AolmE 7td Fad A ] _
E]EH:_;EE} ]o O’\ ]OJ] FJFO]- © ?]94 43}741 WA (L)% Z A (cross—product) 23S A3k
7} ) tpgor drgiel A7 HZF = _ . .
e = = B & A4 18709 @jﬁ]q}c&(Ai, i=1,2,....,18)9
A sz Aol frElghd o] A A FE el
sl AlEdelds Sl d=gdds AN
A degele] o7t Ad B EFE SV g () Jeoel =4 Aol
o - _ - . Table Sa{— degl % yjol|al
of e AF FAFY AP == AF A7 Do metel s = e
A B = 3
% aiﬂ __‘LOJ_?JO] E]7] ILH-E—O]E]- T_able S(b)w_ = Eﬁ]EHL—J T =76, T R
Nz AolEe ox7 Ax=arel w (W) EEHBAH)E AAtetel P fAAA
Ao 2 oae mAL} B ApeM= 2y 7 d=flth @3 TOPSISE  AHEstr] Al
- N N o] 1 i’-,ﬁlj zF gl o] E Al =
gl we wge mestel Acue gxg Table 3B A3k dloE ¢ A <2>e]

AFEH FE Ao A2 (Fig. 19 Aol 1
AA71AL AFS ¥ FAE Ao d &} control
factor)ell Z A 7] A &%t} Table 12 A o<l
2z Ak FAANL ), FAZE=(T,0),
FHEE(T ), BGA ), B ZE3
A HE(P0)3 2 37 A gtelth
Table 2= &< A (noise factor)® A€t F
AA (), 825 (

Etz:;_]__

'?X]%E—(Tmelt)y mold>

AH&-3Fe] Taguchi®
2ball Hkth Table 4
A% =9 (rank)E H
3 =9 vaste

97 A B A AHMSD) &
= 7} AAgREe] MSD<}
# 3

MSD7|=9] A& =97F A7 A5+
Aok A2 dAsh Y} HAEY A =99
= ¥ A 9SS & F Uk o RS o
ME Adudixol Fuy msdAY A4 A
A(order)e] ©& AS-ole= F £A49 75
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I EHEAbe] Agd Faxd AA #BAglel
Z Ads ke 49 A7]o] F#HeH7] i
olth. whebr] MSDz: Bt A S 4
A Fokol Ud AAA] gmE FEI]
Hedstr) 7 e s ¢ At
Table 4. MSD and rank of the alternatives
MSD | Rank M(Ean Rank S.D. Rank
) (s)
171.394 6 13.092 6 0.0140 1
235.749 | 15 15.232 15 1.9348 11
210.010 | 11 14.321 11 2.2180 15
257.732 | 18 15.989 18 1.4492 7
183.175 9 13.411 9 1.8220 9
122.185 4 10.874 4 1.9852 14
247.100 | 17 15.594 17 1.9817 13
168.937 5 12.955 5 1.0479 5
117.249 3 10.537 3 2.4952 17
172.673 7 13.141 7 0.0161 2
221.450 | 13 14.754 13 1.9395 12
198.862 | 10 13.836 10 2.7252 18
233.500 | 14 15.196 14 1.6066 8
210.233 | 12 14.327 12 2.2310 16
106.029 2 10.213 2 1.3168 6
236.192 | 16 15.358 16 0.5626 4
178.890 13.367 0.4548 3
100.948 1 9.872 1 1.8686 10
Table 55 H3} FFHA 449 1124
YARE AAYIES] HE w=AE A4
+ TOPSIS #A& H<l Aot} Table 5(a)&
Atstst JALAA Y Eolan, Table 5(b)E F
se) Aoy FawE Nl a9
AtARggdoltt, 2 mdo s dAAE 4L
Selele] Hits EEAAY FUH Fou
2ty 0.8(=wy), 02(=wy)E HA3A o4t

et ol a4t )9t
Table 5(b)ZFH v #

AT =1{0.1371, 0.0004 },
A~ =1{0.2220, 0.0743} (11)
Table 5(c)= 4 (11)e] dAAUSES] o] i3]t
Hhol sl =58 72 AgH (s, s;)E At

@ Ao},

Table 5. Sequences of TOPSIS process

(a) normalized matrix (b) weighted normalized

matrix
Ti(y) Tis) Yi(y) Yits)
0.2273 0.0019 0.1818 0.0004
0.2644 0.2638 0.2115 0.0528
0.2486 0.3025 0.1989 0.0605
0.2775 0.1976 0.2220 0.0395
0.2328 0.2485 0.1862 0.0497
0.1888 0.2707 0.1510 0.0541
0.2707 0.2703 0.2166 0.0541
0.2249 0.1429 0.1799 0.0286
0.1829 0.3403 0.1463 0.0681
0.2281 0.0022 0.1825 0.0004
0.2561 0.2645 0.2049 0.0529
0.2402 0.3716 0.1921 0.0743
0.2638 0.2191 0.2110 0.0438
0.2487 0.3042 0.1990 0.0608
0.1773 0.1796 0.1418 0.0359
0.2666 0.0767 0.2133 0.0153
0.2320 0.0620 0.1856 0.0124
0.1714 0.2548 0.1371 0.0510

; (d) TOPSIS score and
(c) separation measures r

ank
i [ so TONSS T ank
0.0447 0.0841 0.6530 2
0.0910 0.0239 0.2083 17
0.0862 0.0269 0.2381 15
0.0935 0.0348 0.2711 12
0.0696 0.0434 0.3841 10
0.0555 0.0738 0.5707 6
0.0959 0.0210 0.1795 18
0.0513 0.0621 0.5480 7
0.0683 0.0759 0.5265 8
0.0454 0.0838 0.6486 3
0.0857 0.0274 0.2421 14
0.0922 0.0299 0.2447 13
0.0857 0.0324 0.2742 11
0.0865 0.0267 0.2358 16
0.0358 0.0889 0.7127 1
0.0776 0.0596 0.4343 9
0.0500 0.0718 0.5895 )
0.0506 0.0881 0.6352 4

T3k Table 5(d)+ s, s;=HE Ats
TOPSIS 7429k TOPSIS #<reo] we& AT
ote] M3 =9E yERd Zojth & mdd o
g 29d Ay, Table 5(d)ZFE TOPSIS A4
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Table 6. Results from TOPSIS scoring and ranking for 4 different weight-models

(WL wz)=(0.9, 0.1) (Wl, Wz):(o.& 0.2) (WL \»/2):(0.7, 0.3) (wL wz):(o.6, 0.4)
Aq
TOPSIS Rank TOPSIS Rank TOPSIS Rank TOPSIS Rank
score score score score
1 0.5374 5 0.6530 2 0.7484 1 0.8182 1
2 0.1542 16 0.2083 17 0.2478 14 0.2697 14
3 0.2625 12 0.2381 15 0.2162 16 0.2023 16
4 0.1514 17 0.2711 12 0.3553 11 0.4082 8
5 0.4102 9 0.3841 10 0.3615 10 0.3476 11
6 0.7214 3 0.5707 6 0.4588 8 0.3822 9
7 0.1128 18 0.1795 18 0.2245 15 0.2493 15
8 0.5118 7 0.5480 7 0.5796 5 0.5986 5
9 0.7066 4 0.5265 8 0.3965 9 0.3002 12
10 0.5311 6 0.6486 3 0.7451 2 0.8158 2
11 0.2147 14 0.2421 14 0.2645 13 0.2772 13
12 0.3180 10 0.2447 13 0.1778 18 0.1274 18
13 0.1860 15 0.2742 11 0.3374 12 0.3740 10
14 0.2612 13 0.2358 16 0.2129 17 0.1983 17
15 0.8326 1 0.7127 1 0.6294 4 0.5783 6
16 0.2654 11 0.4343 9 0.5580 6 0.6468 4
17 0.4831 8 0.5895 5 0.6803 3 0.7440 3
18 0.7919 2 0.6352 4 0.5199 7 0.4385 7
18 - -e (0.9, 0.1)
17 1 = (0.8, 0.2)
16 1 -+ (0.7, 0.3)
15 - ->¢ (0.6, 0.4)
14
13
12 A
11 4
10 4
s 9
e g |
7 4
6 -
5 |
4 4
3 4
2 |
1 4
1]

12

13

Fig. 2. Rank plot of the aternatives in Table 6.
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