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ABSTRACT

When designing fluid mounts, design parameters can be varied in order to obtain a desired notch

frequency and notch depth. The notch frequency is a function of the mount parameters and is
typically selected by the designer to occur at the vibration disturbance frequency. Since the process

of choosing these parameters can involve some trial and error, it seems fo be a great application for

obtaining optimal performance of the mount. Many combinations of parameters are possible to give us

the desired notch frequency, but the question

is which combination provides the lowest depth.

Therefore, an automatic optimal technique is needed to optimize the performance of the fluid mount.

In this study. the enhanced genetic algorithm (EGA) is applied to minimizing transmissibility of a

fluid mount at the desired notch frequency, and

at the notch and resonant frequencies. The EGA is

modified genetic algorithm to search global and local optimal solutions of multi-modal function

optimization. Furthermore, to reduce the searching time as compare fo conventional genetic algorithm

and increase the precision of the solutions,

the modified simplex method is combined with the

algorithm. The results show that the performance of the optimized mount by using the hybrid
algorithm is better than that of the conventional fluid mount.
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Table 1 Fluid mount parameters for numerical
A7NK, Y, X\ Xo vy, x. 08 BA JEL 7} simulation
Zh v o) b vhdlHel} met vhEER A% Parameters Value
oA AF p 3 F5A70e) BEEYT A Piston area A, 0.00839 m?
Inertia track area A, 71 X10 ° m?
) Fluid resistance R, 64 X 10° N's/m®
M 1 ] Elastomeric damping R, 175 N-s/m
Volumetric damping B, 1.052 x 10® N-s/ m’
= Elastomeric stiffness K, 578 x 107 N/m
K 11,-A,j,Zl _j,n Volumetric stiffness K, 415 x 10" N/ m®
- — Inertia track length L 017 m
’ A Fluid density o 1.765 x 10* kg/ m*
lj J Sprung mass M, 3.7 X 10° kg
Fig. 3 Mechanical model of a fluid mount Fluid mass M, 213 X 10 kg
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Table 2 Optimal parameters of the optimized mount for the notch frequency mode
O iringl SQPmin SQPmid SQP max EGA
rigin -
va%uea Optimal |1 Remark | Optimal | Remark |Optimal | Remark |Optimal | Remark
value (%) value (%) value (%) value (%)
Ap(mm’) 8390.0 | 10907.0 30.00 10907.0 30.00 109070 | 30.00 |10907.0 | 30.00
A, (mm") 71.000 71.000 0.00 71.000 0.00 71.000 0.00 71.000 0.00
R,(MN-s/m") | 64000 | 44800 | -30.00 | 53413 | -1654 | 8.2920 | 2956 | 4.4800 | -30.00
R,(N-s/m) 17.500 | 12250 | -30.00 | 12250 | -30.00 | 12250 | -30.00 | 12250 | -30.00
B, (N-s/m") 10520 { 136.76 30.00 119.99 14.06 136.76 | 3000 136.76 | 30.00
K, (MN/m) 57.800 | 40460 | -30.00 | 40460 | -30.00 | 40460 | -30.00 | 40460 | -30.00
K, {GN/m®) 415.00 | 53950 30.00 473.35 1406 | 53950 | 30.00 | 53950 | 30.00
L(m) 0.1700 | 0.12900 | -24.12 | 012236 | -28.03 ]0.12899 | -24.13 ]0.12900 | -24.12
| —--~ QOriginal value 3.5
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(a) Transmissibility for the frequency region

from 1 Hz to 100 Hz

(b) Transmissibility zoomed around the notch
frequency

Fig. 5 Transmissibility of the original mount and the optimized mount for the notch

frequency mode
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Table 3 Properties of the original and optimized mounts for the notch frequency mode

va%ue Optimal | Remark | Optimal | Remark | Optimal | Remark | Optimal | Remark
value (%) value (%) Value (%) value (%)
T, x (10" 96351 6.6253 -31.24 5.9425 -38.32 3.7369 -60.70 6.6257 -31.23
w, (Hz) 1.988 1.663 -16.34 1.664 -16.34 1.663 -16.34 1.663 -16.34
T,(X107) 34.180 8.3136 -75.68 9.7419 -71.50 9.5810 -71.97 8.3147 -75.68
@, (Hz) 40.60 40.61 0.02 40.61 0.03 40,61 0.02 40,61 0.02
T, (X10%) 96737 9.6099 -0.66 93717 -3.12 9.3579 =3.27 9.6102 -0.66
w,(Hz) 50.15 65.36 30.35 62.89 2541 65.37 30.36 65.36 30.34
Table 4 Optimal parameters of the optimized mount for the modes of the notch and fundamental resonant
frequencies
Original SQPumin SQPmia SQPmax EGA
value Optimal | Remark | Optimal | Remark | Optimal | Remark | Optimal | Remark
value (%) value (%) value (%) Value | (%)
A, (mm’) 8390.0 | 10907.0 30.00 10907.0 30.00 10907.0 30.00 |10907.0 | 30.00
A; (mm’) 71.000 | 71.000 0.00 71.000 0.00 71.000 0.00 71.000 0.00
R, (MN-s/m’) 6.400 8.320 30.00 8.3200 30.00 8.320 30.00 8.320 30.00
R,(N-s/m) 17500 | 14.880 -1497 17,517 0.10 12.255 -2997 | 12.250 | -30.00
B, (N-s/m") 105.20 | 136.76 30.00 136.76 30.00 136.76 30.00 136.76 ( 30.00
K, (MN/m) 57.800 | 49.147 -14.97 57.856 0.10 40.476 -29.97 | 40460 | -30.00
K, (GN/m") 415.00 | 539.50 30.00 539.50 30.00 539.50 30.00 53950 | 30.00
L(m) 0.1700 | 0.19932 17.25 0.15806 -7.02 0.12901 -24.11 1012880 | -24.23
104
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EGA
-2
. 102 SQPmm 10
2 z
a 3
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;
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(a) Transmissibility for the frequency region
from 1 Hz to 100 Hz

(b) Transmissibility zoomed around the
notch frequency

Fig. 6 Transmissibility of the original and optimized mounts for the modes of the notch

and fundamental resonant frequencies
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Table 5 Properties of the original and optimized mounts for the modes of the notch and

fundamental resonant frequencies

Original SQPwin SQPmid SQPrax EGA
value | Optimal | Remark | Optimal | Remark | Optimal | Remark | Optimal | Remark
value (%) value (%) value (%) value (%)
T, x(10) 9.6351 42122 -56.28 4.5199 -52.78 3.8053 -60.51 3.7704 -60.87
w,; (Hz) 1.988 1.833 -7.83 1.989 0.03 1.664 -16.32 1.663 -16.34
T,(X107) 34.180 1.5638 | -5.4267 | 17.664 -48.32 9.5961 -71.92 9.5833 ~71.96
w,(Hz) 40.60 34.59 -14.80 40.62 0.03 40.61 0.03 40.641 0.10
T,(x10 9.6737 17.972 85.78 12.702 31.30 9.3584 -3.26 9.3355 -3.50
w,»(Hz) 50.15 52.61 492 59.13 1791 65.36 30.35 65.416 3045
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