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Abstract

In this paper, 2-DOF vehicle suspension system with a semiactive on-off damper was studied for
improving the ride comfort. It is known that a nonlinear hydraulic damper, which generates force
proportional to the square of the relative velocity, can describe the actual fluid resisting type
damper more properly than the traditional viscous damping model. On the other hand, hydraulic
damper adoption in analysis makes the system nonlinear and causes difficulties to get the system
response. In this work, time domain direct integration method was used to caculated system
displacement and acceleration. First of all, the response of the suspension system experiencing a
given road profile was optimized by Lagrangian multiplier method within the range of given
damping coefficients. The appropriate on-loff damping values were obtained by averaging the
already calculated optimum damping coefficients from Lagrangian techniques. The criterion to
control the on-off mechanism was determined by examining the suspension efficiency. It was
found that the best out of practically applicable criteria is following the sign (positive and
negative) of the multiplication of relative displacement and velocity.-Judging from the theoretical
calculations, it was proved that the semiactive on-off damper can increase suspension efficiency
as much as 8-119% in object function.
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Table 1 Comparison of objective functions of passive, semi-active and best systems to given road profile

Best Semi-active Passive
¢ Cl 1 Cl 2 CZ 1 CZZ ¢ Cl CZ ¢
3.71214 13533 31837 9370 30328 7.28932 26202 23386 8.23827

Table 2 Comparison of RMS accel. and abs. maximum accel. of passive, semi-active and best systems to given
road profile

Best Semi-active Passive
RMS accel. Max | X¢| RMS accel. Max |Xc| RMS accel. Max | Xc|
0.089556 0.295909 0.128839 1.61626 0.138699 2.75373

Table 3 Comparison of accel. distributions of passive,
semi-active and best systems

Semi-
Xup Best active Passive
on-off
0.01g 25.456 36.120 38.143
0.02g 4.281 8.251 8.047
(.03¢g 0.033 2.226 3.027
0.04g 0.000 1.318 1.963
0.05g 0.000 0.701 1.292

(No. of |Xc|=Xup) X 100/Np[%]

Table 4 Comparison of objective functions of passive, semi-active and best systems to (2xamplitude of given road

profile)
Best Semi-active Passive
P Cui Cuz Cas Cas b o | G | ¢
o) 13.8508 8612 25520 5506 23677 30.1611 20615 17839 38.9782
(2) 12000 12000 32.8064

(1) C-range for optimization=1[0, 30000]
(2) Passive: C,=C,=12000
[ « (1) and (2) are same to Table 5, Table 6)

Table 5 Comparison of RMS accel. and abs. maximum accel. of passive, semi-active and best systems to
(2xamplitude of given road profile)

Best Semi-active Passive
RMS accel. Max | Xl RMS accel. Max | X RMS accel. Max | X¢|
(1) 0.1718 0.6079 0.2659 6.7258 0.3061 9.8849
(2 0.2766 4.8681
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Table 6 Comparison of accel. distributions to (2xamplitude of given road profiie)

Best Ser(r)lli]-.z:)cf';ive Passive
Xup oY) (1) @)
0.01g 46.927 58.065 60.572 66.022
0.02¢ 22.802 29.171 32.262 38.604
0.03¢g 10.905 12.628 12.480 19.732
0.04g 3.866 4.746 6.539 8.141
0.05¢g 0.926 2.837 4.159 4.603

(No. of | Xcl=Xup)x 100/ Np[%]
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