A Study on Integration of Energy Harvesting System and
Semi-Active Control for a Hydraulic Suspension System
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Literature Survey(1/3)

B Semi-active suspension
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In 1981, Segel and Lang [1] used the relationship of
Fd-V to test the performance of damper.
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Figure.6 Schematic of MR Damper

In 2002, Yao et al.[5] proposed a semi-active control
of vehicle suspension system with a MR damper.
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Test Rig Layout
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System Modelling and Simulation

m Skyhook damper system(4/4)
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System Modelling and Simulation

m Quarter-car system(1/3)
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System Modelling and Simulation

m Quarter-car system(2/3)

Ups and
d%wns Qlég:;epre?ar Flow »| Continuity Hydraulic DC
of road system Equation Equation Motor Generator
Vipration Iston Flow Pressure Rotational Generating
ppwer speed speed efficiency

m Dynamic equation of hydraulic damper
M, X, + D(X, = %)+ K, (X, = %) —F; =0

N o X, : Wheel displacement
M. X, — D(X, — %) — K, (X, = %)+ K (X, = %,)+ F; =0 ! ) P
x> : Body displacement
<k =D M: . Mass of wheel
- ] M, . Mass of vehicle body
E < D Damping coefficient
Sum Mass_2 Integrator | Integrator1 - .
K Wheel stiffness
L) K, . Suspension stiffness
@ F, : Damping force

Damping

:: w al 1 v -1_ x
. A 2 Y xn O b ': Mass_1 ntr2 In3 '
Iy E >~ PlE o Advanced Fluid Power ControlLab

s Spingd Sum

Fig. 13 National Taiwan University




System Modelling and Simulation

m Quarter-car system(3/3)
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Fuzzy Sliding Mode Control
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Quarter-car System in Resistance Control

mExperiment(1/5)
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Quarter-car System in Resistance Control
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Quarter-car System in Resistance Control
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Quarter-car System in Resistance Control
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Quarter-car System

In Resistance Control
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Conclusions

mSkyhook damper system

mThe throttle valve control and the resistance control are
effective to adjust damping coefficient.

mintegration strategies of energy harvesting efficiency and
damping effect.

mThe efficiency of the resistance control, 40.6%, is greater
than that of the throttle control, 35.7%, due to huge oll
friction in the throttle.
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Conclusions

mSkyhook damper system

mln semi-active control, fuzzy sliding mode control is applied.
The controller can perform effectively for achieving the
desired speed.

mThe ability of energy harvesting is examined. However,
when controlling the vibrational speed, the efficiency of
energy harvesting will be sacrificed.
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Conclusions

mQuarter-car system

mThe results have demonstrated that the speed and the PSD
of acceleration are significantly reduced.

mThe time of comfortable riding has been extended in
Meister chart.

mThe harvesting energy is little due to light weight of the load
and limit of the test rig.
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