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Abstract

This paper presents the dynamic parameter design optimization of a suspension seat system using the
genetic algorithm. At first, an equivalent 1-D.O.F. mass-spring-damper model of a suspension seat
system was constructed for the purpose of its vibration analysis. Vertical vibration response and
transmissibility of the equivalent model due to base excitations, which are defined in the ISO's seat
vibration test codes, were computed. Furthermore, seat vibration test, that is ISO's damping test, was
carried out in order to investigate the validity of the equivalent suspension seat model. Both analytical
and experimental results showed good agreement each other. For the design optimization, the
acceleration transmissibility of the suspension seat model was adopted as an object function. A simple
genetic algorithm was used to search the optimum values of the design variables, suspension stiffness
and damping coefficient. Finally, vibration ride performance test results showed that the optimum
suspension parameters gives the lowest vibration transmissibility. Accordingly the genetic algorithm and
the equivalent suspension seat modelling can be successfully adopted in the vibration ride quality
optimization of ‘a suspension seat system.
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Fig. 2 1-D.O.F. suspension seat model under base
excitation
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Table 1 Input parameters of genetic algorithm

Parameters Value
Link length, / 320mm
Sprung mass, m,, 2 7oke
Mo, 2kg
Base excitation, Y 0.030m
Constraint of /,, 1000~ 1000000
Constraint of ¢, 100~ 100000
Population Size 30
Crossover rate 09
Mutation rate 0.001
Maximum generation 100
Length of binary siring 37
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Table 2 Summary of optimization results

Terminated | Optimized Optimized
generation | k, [N/m] | ¢, [N- s/m]
89 38575 8070.1
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Fig. 4 Best fitness versus generation

Table 3 Damping test simulation results for the
optimum designed suspension seat system
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Fig. 5 Computed acceleration transmissibility of the
damping test simulation for the optimized
seat system
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Fig. 6 Experimental setup for the seat damping
test
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Fig. 7 Measurement and control equipment
apparatus for the damping test
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Table 4 Test parameter setup for the damping test
of a suspension seat system

Parameters Value
! 320mm
Moy
M sent 2kg
Frequency sweep 0.5Hz~ 4.5Hz
af 0.05Hz

Exciting amplitude

0.030m(peak to peak)
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Table 5 Measured equivalent spring constant and
damping coefficient of the suspension seat
system

Pressure [bar]
3.0 35 4.0
kys [N/m] 69800 61640 47086
Cs, [N- s/m 1061 1050 1040
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Table 6 Measured acceleration transmissibility
T(f,) at resonance frequency of a

suspension seat system

air Spring a,(fy) as(f”) f?’ max. I:a(:l's
pressure. | (m/s?)|(m/s?)| (Hz)| T(/») ]im..

3.0bar 8.60 | 1409 | 39| 1.69
3.5bar 424 | 632 | 35 1.49 1.5
4.0bar 308 | 408 | 2.7 [ 1.33
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Table 7 Comparison of the both measured and
theoretical vibration transmissibilities of the
prototype seat suspension system

air spring

pressure Kgq ayf, ;) as(fyz) () /r
(bar) |(N/m) [ m/s*]|I m/s°] [Hz]

experi] 3.0 [69800| 8.6 | 14.09 | 1.69 | 3.9
-ment| 3.5 [61640| 424 | 632 | 149 |35
4.0 ([47086| 3.08 | 4.08 | 1.33 |2.7

38575} 435 | 526 | 121 |25
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