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1. INTRODUCTION

The main goal of active suspension of a driver seat is to improve the
comfort for the driver and safety for his operation. These two requirements
are in conflict, because if we consider comfort the spring should be very
waak (driver acceleration should be small as possible), but if we consider
safety the relative deflection of seat and car should be small as possible,
this requires very stiff spring in the seat suspension. Therefore the design
of the seat suspension is relatively complex task. It can be said that the
conventional passive systems have reached limits of their performancs for
seat suspension [7]. To further improve suspension properties, many
studies dealt with semiactive [1,2,9] and active systems [3,8]. Also some
practical solutions have been reported [7]. Because of the difficulties in
the design and complexity of modem suspension systems a new computer
based design technology is required [8]. One possibility of the design of
such system is presented in this paper.

2. ACTIVE SUSPENSION - LABORATORY SYSTEM

Research works were done on special designed and constructed active
suspension system of operators seat in our laboratory.

Scheme of the system is presentsd in figure 1. The experimental setup
consists of pneumatic and mechanical part. The metal bellows used as
actuators are very flexible and has very low inertia. The DOWTY PN211
proportional servovalve were used to control the pressure inside bellows.

The following signals were recorded during experiment. control signals
of the valve, intemal pressure of the bellows and seat displacement.
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3. MODEL IDENTIFICATION

In order to investigate the basic
performance of the antagonised
bellows two parts of model were
distinguish: H1 - slectro-pneumatic
and H2 — mechanical.

The system was excited with
chirp sinus signal within frequency
range of 0.5Hz to 16 Hz. during
identification and controller
performance test.

The elaectro-pneumatic part of
the system can be described with
the following equation [16);
dh, _dM(uP) RT dc 5P
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Fig. 1. The experimental setup where: P, — intemal pressure of
the metal bellows, =12, M, —
mass of the pressured air, S — effective cross-section area of the
bellows, T — temperature, R — air gas constant, y — specific heat ratio,
V — specific heat ratio, x — displacement, u — control voltage of
servovalve.

The equation was linearized around the equilibrium point and the
following transfer function of electro-pneumatic part of the system has
been assumed: '
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Fig. 2. Hy: Spectral transfer function Fig. 3. Hz: The adjusiment between the
(dotted line) — measured, analytical spectral transfer function {dotted line) —
transfer function (solid line} — exparimental and analytical model (solid
simulated. {ine) — simulated
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Fig. 4. Simulink block diagram with applied Fig. 6. The results of the controller
neural based controller. performance testing.

The mechanical part of the system can be described by the following

formula:
mi+bi+kc=S(P,-P)-F

where: m — mass of the seat, b — viscous friction coefficient, ¥ —
stiffness (spring rate) of the bellows, S — effactive cross-section area of
the bellows, P — intemal pressure, F — extemnal force. -

Based on the linear relations between displacement and pressure the
following transfer function is assumed:
. H](z-l)= b?.lz_l_':- b?.ﬂz-z_z .

l+a,z7 +a,,z

The least square method was used to estimate the parameters. The
experimental (doted line) and simulated results are shown in figures
2and 3.

Identified models are based for control system design.

4. CONTROL SYSTEM DESIGN AND HARDWARE IMPLEMENTATION

The control algorithm was implemented on dSFACE DS1102 floating-
point controller board installed in PC. The board is based on Texas
Instruments DSP TMS320C31 with a set of on-board IO,

The Matlab Conirol Toolbox and Neural Networks Toolbox has been
used for PD with variable gains controller design, for the system
behaviour simulation the SIMULINK block diagram has been applied. The
idea of applied controller consists in changing the system pools out of the
input signal frequency range (Fig. 4).

The experimental results of controller performance testing are shown in
figure.5. The chirp sine signal has been applied for performance testing
of the designed controller.

5. CONCLUSIONS AND FINAL REMARKS

The integrated design methodologies for active suspension contro!
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systems has been presented. We found that the employed hardware and
software tools are very effective for the design process. In particular we
have investigated the new neural networks based controller for active
suspension system. We also with a success implemented this neural
network based controller in hardware for experimental setup.

6. LITERATURE

[1] Engal Z., Kowal J., Semiactive seat suspension, Int. Symposium on Sound
and Vibration, Tokyo, 1991, pp.397- 402,

[2] Engel Z., Kowal J., Synthesis and examination of the vibration of the
vibration conlro! - system with variable spring and damping coefficient,
Joumal of Theoretical and Applied Mech., vol.30, no.2, 1892,

[3] Engel 2., Kowal J., Adaptive systems for active vibration control, Inter
Noise, 1992, Toronto, 1992,

[4] Hanselman H., Motion Control with DSP, JSME Seminar on Control of
Motion and Vibration Based on Advanced Theory with DSP, Chuo
University, Tokyo, Japan, November, 1992,

[5] Hanselman H., Hardware-in-the-loop-simulation for development and test of
electronic control units, Real-Time Systems's3, Paris, France, 1993.

[6] Ivers E.D., Miller L.R., Semi-active Suspansion Technology: An
Evolutionary VIBW Proc. Of The ASME Winter Annual Meeting, Nov. 1991
Book No. HOO719 - 1991,

[7) Kowal J., Active and Semiactive \methods of vibroisolation of mechanic
systems, Scientific Bulletins of Univarsity of Mining and Metallurgy, Krakow,
1990,

[8] Kowal J., Vibration control using active vibration isolators with time-optimal
controfier, Machine Dynamics Problems, no.1, Warszawa, 1992

[9] Kowal J., Skorupa A., Semiactive vibration control system for drivers seat
of-road vehicle, Scientific-Technical Conference of Mechanical Engineering,
Liptovsky Mikulas, 1992, pp. 119/ 122.

[10] Kowal J., Szymkat M., Uhl T, Synthesis and analysis of activa suspension
control, ACTIVE'9S, Newport Beach, CA, 1995, pp. 67 - 78.

[11]M|IIerLR Active Mounts - A discussion of future techn0109|cal frends, Inter
Neoise 92,-Ontario, Canada, 1992. .

[12] Uhl T., Application of the hardware in the loop method for active vibration
comrol system design, 2nd School of Active Vibration Control Methods,
Zakopane, Poland, 19985,

[13] Uhl T., Miekina L., Identification of non-inear model of active seat
suspension, 2nd Sd'lool of Active Vibration Control Methods, Zakopane,
Poland, 1995,

(14} Uhl T., Szymkat M., Matiab Based environments for mechatronic system
modaling, Europaan ‘Robotics and Intelligent Systems Conference—
EURISCON\94, Malaga, 1994, pp. 817 - 829.

[15) UW T, Salamon T., Korendo Z., Neural Networks based control system for
active saat suspension, 21 _IMAS, Leuven 1996.

[18] Prelle C., Betemps M., Scavarda S. An electropneumatic actuator for
a compliant robot, 8th Bath Intemnational Fluid Power Workshop, Bath 1995

1828 Procesdings of Intemoise 96




