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ABSTRACT

The ever-growing demand for enhanced competitiveness of engineered systems require designing in quality
strategies that can efficiently incorporate multiple design attributes into a system. In a robust design, there must
be consideration for any uncontrollable factors that should not be disregarded in the design process. Studies on
multi-attribute design challenges usually assume mutual utility independence amongst the design attributes.
However, mutual utility independence does not exist in every design situation. In this study, a new robust design
methodology that has two utility-dependent attributes are presented. The proposed method was then compared
with a traditional robust design that utilizes a wave soldering process design. The results of this case study
indicate that the proposed method yields a better solution than the traditional method.

Keywords: Robust Design(Z7147)), Utility Dependent(2& &Z), Mutual Utility Independence(&ts & =
2!), Multiattribute Utility Function(CH5A =& &), Operating Window(?|S%)
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AAR . =7 AZFEEE A A204, A12E
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u(y,z) = kyuy(y) Fhpu,(2) +kyuy(y)u,(z) 3)

AN ky, ky ky, © A8 Aol uyly) 9t

uy(2)E yob zol i3t && Froltt wheF &4

7= 54 vl &) &8 9ol £4 vyv= &4

zoll U8 &8 F<S(utility dependent)©]™, T& 3

T uly,2)E 2@k 2ol

u(y,z) = uly,zo)[1 —uly,2)]
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Fig. 3 Definition of operating window
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Fig. 4 Reduction of operating window due to noises
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Table 1 Inner array and design variables assignment

No ABCDEFGHIJKLMNDO

10 21 2121221212121
1 21 2212112122121
12 21 2212121211212
322 1122112211221
4 22 1122121122112
522 1211212212112

6 22 1211221121221

0.5 (200,200)
(CEy.500,200)  ~

0.5 (260,200)

(a) Certainty equivalent for r, .,

0.5 (200, 300)
(CEy 300,300)  ~

05 (260,300)

(b) Certainty equivalent for 7, 5,

0.5 (260, 300)
(260, CEzéo_z)
05 (260, 200)

(¢) Certainty equivalence for 7y, .

Fig. 5 Lottery questions to determine 7

Table 2 Data from wave soldering process

y z

NN N N N N N N N N N,

—

247 245 242 245 240
235 232 230 232 230
229 223 220 225 220
234 230 235 233 228
242 235 234 235 230
242 230 238 234 237
237 234 235 230 232
238 235 236 235 230
241 240 235 240 235
230 225 222 215 215
224 220 215 212 212
231 230 228 228 226
239 235 235 230 235
239 235 238 235 230
223 220 215 218 218
222 220 215 224 218

253 260 265 265 250
231 235 238 238 240
273 280 290 280 275
222 230 235 230 228
228 235 234 235 230
252 260 258 264 257
248 255 245 260 252
234 240 246 235 240
270 275 285 270 275
215 225 222 215 225
261 268 265 262 272
225 230 238 228 236
235 235 235 240 245
235 235 238 245 250
245 255 265 238 258
255 260 265 244 268

O 0 9 N »n Bk~ W

e e e e e
(o) N, L S R )
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8 3 uly,2) 2 #e AT
080 /.___.__4—-"""
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0.00

a8 T ul(y,200), uly,300), u(260,z)e] Lef
ZE= Fig 63 2o, ro| gromRE AR 9
A u(y,200) = AF 719 A(risk  averse),
,300) 2} w(260,2) = ¥ A&A(risk prone)d
& = ot A" BT vl Keeney
Raiffadl] kA3 A= o] Aol

flo ‘i i)

0.80

(a) Graph of u(y,200)

220 230 240 250 260 270 280

(¢) Graph of «(260, z)
Fig. 6 Graph of u(y, z)

Wﬂ v U023 2ok 58 & uly,2)E F
o v Z SNH|E 2(16)d Zo] 7 4 ot

SN, — 10l0g[3 (1/u2(y, 2)) /] (16)

i=1

A7 e FEel FE & ouly 2)e 94 F
S zANA T8 e 9]‘:’]?1'1:]'. 28 @A ol

HN

E25Y 7 SN, £ Table 33} 2t

SN, o & ¥-gEE= Table 49k k. Wt
o2 % wave soldering 3789 FH& 21L&
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B

i

C A=AV A A204, Al2E

Table 3 Utilities and

SN

prop

of soldering data

No N

N,

Ny

N,

N,

5

SN

prop

0.3835
0.3930
0.6622
0.3429
0.3141
0.4354
0.4670
0.3835
0.5219
0.3271
0.6624
0.3926
0.3802
0.3802
0.5990
0.6581

O 0 9 N kA W N =

e e e e
AN L A WD = O

0.4352
0.4456
0.7510
0.4355
0.4168
0.5947
0.5307
0.4448
0.5531
0.4602
0.7354
0.4355
0.4168
0.4168
0.6819
0.7031

0.4904
0.4831
0.8164
0.4168
0.4203
0.5039
0.4713
0.4667
0.6484
0.4807
0.7821
0.5044
0.4168
0.4058
0.7821
0.7821

0.4545
0.4628
0.7311
0.4056
0.4168
0.5719
0.5947
0.4168
0.5333
0.5565
0.8110
0.4443
0.4943
0.4713
0.6310
0.5820

0.4469
0.4943
0.7623
0.4443
0.4355
0.5097
0.5363
0.4943
0.6084
0.6155
0.8405
0.5155
0.4713
0.5468
0.7189
0.7577

-7.1743
-6.9121
-2.6224
-7.8786
-8.1401
-5.7858
-5.7846
-7.2089
-4.9238
-6.8600
-2.4050
-6.9055
-7.3280
-7.2581
-3.4317
-3.2882

Table 4 Response table of SN

prop

of soldering data

level A B C D E
-6.438 -5.710 -5.737 -6.798 -5.505
2 -5300 -6.028 -6.002 -4.941 -6.233
level F G H 1 J
-5.698 -6.372 -5226 -6.004 -5.083
2 -6.040 -5366 -6.512 -5.734 -6.655
level K L M N (0]
5915 -6.606 -6.295 -6.143 -5.813
2 -5.824 5132 -5444 -5596 -5.925

¥

Saysiginh
T Anel B A7l At
Wl A7 zaclAel
(%)l Aol Qg
Aol At 27

H 4.2
2

549

I &8 el F4L MinitabS &
.

A A WA T

ag gel *

AR

olJo o o}
=]

Hol 7129 753 Fuyrtg o Z 58 FS
Zh= A gieke gelrE AL % 5
54 B

a8 F5E o]4d UsA AAMAE F2 A
A &4 ol 4E 28 =Yo] = shgs)
oA ATEUL. B A= T Ao XA &
Aol BE &2 AFolM AL £ Y AR
AARA WL AEATE AbE AARA R

A 4
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QHE FAMA el B e AF =L AR
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ofr
L&ﬁ
DAy g
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