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Abstract

A computer-aided robust design(CARD) technique is developed to search for the design

variables, optimal as well as robust in the sense of Taguchi method. The CARD technique can
effectively handle inequality problems by employing the variable penalty method, and dynamic

problems with many design variables and/or with mixed discrete and continuous variables. It is

also capable of providing contributions of each design variables to the object funtion and informa-

tion for future designs. As the illustrative examples, two dynamic systems, engine mounting

system and in-line feeder, are treated.
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Fig. 3 Dynamic model of engine mount system

Table 2 Level value of engine mount design variables

o] Fd - AF%

Fig. 4 Rubber mount modeling

74 A 4= (N/m)

Al o}l 2
3] A FE A

Kix 600000 760000 2000
Ky 130000 160000 2000
Ki. 170000 190000 2000
Kax 570000 720000 2000
Kyy 120000 160000 2000
K., 170000 210000 2000
Ksx 230000 290000 2000
Ky 880000 1120000 2000
Ks, 230000 290000 2000
Ke 210000 270000 2000

Al o} ql =} A X9 A (m)
Lgy 0.270 0.330 0.01
Ly —0.150 0.150 0.01
Lay —0.234 —0.194 0.01
L. —0.150 0.150 0.01

A o] ol =} AR 7= ()
6y —20 20 2
Goy —-20 20 2
Bax —-20 20 2
Bay —-20 20 2
Bax —20 20 2
Bay —40 0 2
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Table 3 Level value of engine mount noise factors

734 A 4 (N/m)
75l P — P
T 1(%) +F 2(%) TF 3(%)

Kix —10 0 10
Kiy -10 0 10
Kiz ~10 0 10
Kax -10 0 10
Koy —-10 0 10
Ko ~10 0 10
Ksx -10 0 10
Koy -10 0 10
K, -10 0 10
K -10 0 10
.. AR 43 (m)

S 2 1(m) %% 2(m) 4% 3(m)
Lay —0.005 0 0.005
L. —0.005 0 0.005
Ly —0.005 0 0.005
Le, —0.005 0 0.005

Az 7t (%)
Fealn
5 1(°) FF 2(°) +F 3(°
Oy -1 0 1
Oy -1 0 1
Ox -1 0 1
Gy -1 0 1
Oue -1 0 1
Oy -1 0 1
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Table 4 Initial and optimal value of engine mount

d 7 A
A A (A of) A= 2 71 A —— A A
Ly 0.300 0.270 0.260
A A 9 & (m) La, —0.004 0.038 0.030
Ly —0.214 —0.194 —0.194
L —0.024 0.150 —0.010
by 0 20 20
B2y 0 —20 —20
AR5 (°) Bx 0 12.7 -1
Gay 0 20 0
Bax 0 20 —20
Bay —20 —40 —40
Kix 764126 680000 599000
Ky 151876 130013 129000
K. 189845 170043 186000
Ko 639475 570002 641000
734 A4 (N/m) Kay 135418 120056 120000
Kz, 188081 170047 188000
Kax 268892 230041 230000
Kay 998003 880006 1000000
Ks, 258550 230034 230000
K. 240223 210052 210000
22 3H4-2H(N) 606 176 131
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Table 5 Level value of in-line feeder design variables

AA LA 3 & A 4 % A FE7HA
m, (kg) 0.1 0.5 0.01
m, (kg) 0.5 2.0 0.01
¢;(N.s/m) 1 10 1
cz(N.s/m) 10 40 1
ki (N/m) 100000 200000 2000
k2 (N/m) 100000 200000 2000
Zorr(mMmMm) 0.5 1.5 0.0001
Table 6 Level value of in-line feeder noise factors
A=A T 1(%) 7 2(%) T 3(%)
m, 0 5 10
oY -5 0 5
C2 -5 0 5
k, —-10 0 10
ko —10 0 10
1 -5 0 5
Lertr -5 0 5

719 Aol dael §7 WEolch A4HL 2]
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A 271999 2B o 27Wss 4 (D)
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Table 7 Initial and optimal value of in-line feeder
A A )=} Z271A 2| A 2]
m, (kg) 0.14 0.10
m, (kg) 0.71 1.45
ci(N - s/m) 2.0 1.0
cz(N - s/m) 17.0 17.0
ky(N/m) 142700 200700
k;(N/m) 120400 100000
Serr (M) 0.9 0.9
0.20
— Initial  Design
PP IR 1 N SO | e Optimal Design
. L o2 F¥sled 27149 A=A A Ty
3 o | IS
}
L T (Fr)m=0.095(N)
0.00, 4‘0 80 120 160 200 240 280 (Fr)on=0.029(N)
Freq. (Hz) 2, HH A7} 27| Aol v]sl] AdHe] 0% A=
I“iﬁ_al deSig‘} A48+ & FUrh 271Ae} HA X A F
......... Optimal design sl& gwlatsol A=tel e =eiwe Fig 9, Fig.

Fig. 9 Transfer function of in-line feeder with guide 105 2ot

mass
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