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Optimal Design of Fluid Mount Using Artificial Life Algorithm
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ABSTRACT

This paper shows the optimal design methodology for the fluid engine mount by the artificial life
algorithm. The design has been commonly modified by trial and error because there is many design
parameters that can be varied in order to minimize transmissibility at the desired fundamental
resonant and notch frequencies. The application of frial and error method to optimization of the fluid
mount is a great work. Many combinations of parameters are possible to give us the desired resonant
and notch frequencies, but the question is which combination provides the lowest resonant peak and
notch depth. In this study, the enhanced artificial life algorithm is applied to get the desired

fundamental resonant and notch frequencies of a fluid mount and to minimize transmissibility at
these frequencies. The present hybrid algorithm is the synthesis of an artificial life algorithm with the
random tabu (R-tabu) search method. The hybrid algorithm has some advantages, which is not only
faster than the conventional artificial life algorithm, but also gives a more accurate solution. In
addition, this algorithm can find all global optimum solutions. The results show that the performance
of the optimized mount compared with the original mount is improved significantly.
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Table 1 Mount parameters used in numerical
simulation

Effective piston area A,

867 MN - &/m®
0463 GN - s/m’
Imaginary spring rate of rubber K;[14.0 kN/m

Fluid inertia I,

Fluid resistance R,

Real spring rate of rubber K, 99.8 kN/m
Top volumetric stiffness K, 91.3 GN /m’
Bottom volumetric stiffness K,,  |2.10 GN /m°
Rubber damping R, 0 N-s/m
Engine mass M 17512 kg
2 ¥
— original
-30%
15 ~+30%

Transmissibility
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Frequency (Hz)
(a) Rubber stiffness K,
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(e) Volumetric stiffness K,

Fig. 2 Effect of design parameters on
transmissibility
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Table 2 Optimal parameters of the optimized mount for the fundamental resonant frequency mode

- "ﬁ"i SQme

. mark | Remark| Optimal | Remark
o . . a5 . | @) value (%)
A, 2.190E-03 | 2.847E-03 30.00 | 2.389E-03 9.08 | 2.847E-03 30,00 | 2.847E-03 30.00
I; 8.670E+06 | 6.425E+06 | -25.90 | 6.105E+06 | -2958 | 8.847E+06 2.04 | 1.127E+07 30.00
R, 4.630E+08 | 6.019E+08 30.00 | 3.592E+08 | -22.42 | 6.019E+08 30.00 | 6.019E+08 30.00
K; 1.400E+04 | 1.811E+04 29.35 | 1.443E+04 3.07 | 1.820E+04 30.00 | 1.820E+04 30.00
K, 9.980E+04 | 8.710E+04 | -12.73 | 6.986E+04 | -30.00 | 9.574E+04 -4.07 | 1.105E+05 10.69
K, 9.130E+10 | 1.104E+11 2097 | 6.397E+10 | -29.93 | 9.162E+10 035 | 1.187E+11 30.00
K,y | 2100E+09 | 1.674E+09 | -20.31 | 1.470E+09 | -30.00 | 1.705E-+09 -18.81 | 1.470E+09 | -30.00
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Fig.4 Property of the original and optimized mounts for the notch frequency mode

\

Table 3 Property of the original and optimized mounts for the fundamental resonant frequency mode

Original - e e T
value €ial fimal | Remark
value e | (%) ue | (%)

T, 1.770 1.258 -28.90 1.639 -741 1.263 -28.64 1.265 -28.55
T [MN/m] 0.115 0.141 22.59 0.088 -23.71 0.145 26.13 0.148 29.28
w, (Hz) 3.380 2.879 -14.82 2.879 -14.82 2.887 -14.56 2.879 -14.82
T, 0.374 0.520 39.29 0.342 -8.46 0.632 69.16 0.610 63.35
K [MN/m] 0.264 0.649 146.08 0.239 -9.50 0.524 98.57 0.526 99.39
w,s (Hz) 9.721 12.565 29.25 9.753 0.32 9.759 0.39 9.215 - 521
T, MN/m) 0.648 0.659 1.75 0.492 -24.03 0.987 5242 1.518 134.46
K 1.036 1.607 55.08 0.784 -24.36 1451 40.03 2.091 101.80
w, (Hz) 17.380 21.181 21.87 16.681 -4.02 17.850 2.70 19.524 12.34
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Table 4 Optimal parameters of the optimized mount for the fundamental resonant frequency mode

. LA o e
value | Optimal | Remark iOptlmal Remark | thunal “Remark | Optimal | Remark
~ ~ Value (%) | value (%) value (%) value (%)

A, 2190E-03 |1533E-03| -30.00 |1533E-03| -30.00 |[1533E-03| -30.00 |1533E-03| -30.00

Iy 8670E+06 [6.694E+06| -2279 |(7402E+06] -1462 |6460E+06] -2549 ([7674E+06| -11.49

R, 4630E+08 |3.241E+08] -30.00 [3.241E+08| -30.00 |3.241E+08| -30.00 |[3241E+08| -30.00

K; 1400E+04 |9.837E+03| -29.73 |9.800E+03| -30.00 |9.800E+03| -30.00 |9.800E+03| -30.00

K, 9.980E+04 |6.986E+04| -30,00 |6.986E+04; -30.00 |[6.986E+04| -30.00 |6.986E+04| -30.00

Ky | 9130E+10 |L187E+11| 2997 |LI87E+11| 3000 |LIS7E+11| 30.00 |L187E+11| 30.00

Ky | 2100E+09 |2558E+09| 2181 |L560E+09| -2572 |2692E+09| 2821 |2430E+09| 1571

Table 5 Property of the original and optimized mounts for the notch frequency mode

, SQP
Remark Optlmal Remark Optimal | Remark | Optimal | Remark

(%) I (%) L value (%)
Ta 1.770 2.999 69.44 2.901 63.89 3.021 70.70 2.963 67.37
Ty [MN/m]| 0115 0.075 -34.82 0.072 -37.09 0.075 -34.43 0.074 -35.72
w, (Hz) 3.380 3.127 -7.48 3.059 -9.48 3.139 -7.12 3.099 -8.30
T s 0.374 0.115 -69.15 0.124 -66.74 0.113 -69.86 0.125 -66.56
K, [MN/ml| 0.264 0.104 -60.62 0.098 -62.68 0.106 -59.93 0.097 -63.22
w,s (Hz) 9.721 11.341 16.66 10.606 9.10 11.583 19.15 10.504 8.05
T»[MN/m] | 0648 0.290 ~65.21 0.341 -47.39 0.275 -57.55 0.356 -45.05
K 1.036 0.858 -17.19 0.901 -13.02 0.844 -18.55 0.913 -11.88
w, (Hz) 17.380 21.785 25.35 20.790 19.62 22133 27.35 20,542 18.19

E
E /a P !
s /% s 08
g 10 '\ 2
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g 02}
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10 . ‘ A . - 0 - . ‘ A -
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Freguency (Hz) Frequency (Hz)
(a) Transmissibility (b) Dynamic stiffness

Fig. 5 Property of the original and optimized mounts for the notch frequency mode
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Table 6 Optimal parameters of the optimized mount for the modes of the notch and fundamental
resonant frequencies

. EALA SQPW  5QPore _ SQPaux
0553?1 Optimal Remark kOptirn‘al)‘f Optimal Remark . Optimal  |Remark
value (%) value | (%) | valie | (%) value %)
A, 2190E-03 | 2.044E-03 | -6.68 | 2.087E-03 | -4.69 2.087E-03 | -4.69 2.087E-03 | -4.69
I; 8.670E+06 | 6.069E+06 | -30.00 | 6.069E+06 | -30.00 | 6.069E+06 |-30.00 | 6.069E+06 | -30.00
R, 4630E+08 | 3.241E+08 | -29.99 | 3.241E-+08 | -30.00 | 3.241E+08 | -30.00 | 3.241E+08 | -30.00
K; 1400E+04 | 1.820E+04 | 30.00 | 1.820E+04 | 30.00 | 1.820E+04 | 30.00 | 1.820E+04 | 30.00
K, 9.980E+04 | 6.986E+04 | -30.00 | 6.986E+04 | -30.00 | 6.986E+04 | -30.00 | 6.986E+04 | -30.00
K, | 9130E+10 | 1.187E+11 | 30.00 | 1.187E+11 | 30.00 | 1.187E+11 | 30.00 | 1.187E+11 | 30.00
K, | 2100E+09 | 1470E+09 | -29.99 | 1470E+09 |-30.00 | 1470E+09 |-30.00 | 1470E+09 | -30.00
Table 7 Property of the original and optimized mounts for the modes of the notch and
fundamental resonant frequencies
— EALA l T Sofa
Oéﬁi?eal Optimal | Remark Optimal | Remark
value (%) value (%)
Ta 1770 1.833 3.57 1.802 1.82
T4 [MN/m]| 0114 0.081 ~29.26 0.082 -28.80
w, (Hz) 3.380 2.952 -12.67 2.940 -13.00
T s 0.374 0.193 -48.26 0.200 -46.37
K. [MN/m]| 0264 0.180 -31.74 (0.186 -29.47
w,s (Hz) 9721 11.198 15.19 11.148 1467
To[MN/m] | 0648 0.458 -29.26 0.479 -26.10
K, 1.036 1.455 40.38 1516 46.26
wy (Hz) 17380 | 23216 3358 23.281 33.95
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