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Appendix A

Experimental Seat Suspension System

The seat suspension test rig, shown in Fig. A.1, is built at the Advanced Vehicle

Dynamics Laboratory, Virginia Tech.  The test rig is composed of four subsystems: seat

suspension, MTS hydraulic actuation system, power circuit, and dSPACE AUTOBOX

with 166 MHz Dell PC.  In the following sections, we will describe each subsystem.

Figure A.1 Hardware-in-the-Loop Seat Suspension System

A.1 Seat Suspension

The seat suspension, as shown in Fig. A.2, adopts the scissors structure shown in Fig. 4.1.

It has an air spring and an MR damper, mounted on the scissors structure shown in Fig.

4.2.  An angular sensor at the scissors joint is used to measure the relative displacement,

and an accelerometer on the seat base measures the seat acceleration.  For the laboratory

implementation of the adaptive algorithm, an MR damper model is used to predict the

vertical damping force.  The seat suspension is modeled as a single degree-of-freedom

based-excited vibration isolator.
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Figure A.2 Test Rig of Experimental Seat Suspension

A.2 MTS Hydraulic Actuation System

The MTS hydraulic actuation system consists of the following items

• An MTS 407 Controller

• A 2000 lbf (8.9 KN) MTS Hydraulic Actuator with ±2 in (5.08 cm) of stroke

• An Active Filter (working together with the Controller for external excitations)

• An MTS Hydraulic Service Manifold

• An MTS 6 GPM (0.0277 m3/min) Hydraulic Pump

The hydraulic service manifold is used to interface the hydraulic pump to the hydraulic

actuator.  The primary roll of the manifold is to regulate the hydraulic pressure and flow

to the actuator.  A regulated flow is needed to ensure proper dynamic response of the

hydraulic actuator.

The MTS controller is used to operate and monitor the hydraulic actuation system.  It can

produce a sine, triangle, or square internal excitation signal, or receive an external signal
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to control the hydraulic actuator.  The actuator can follow the signal from the controller

to produce a source vibration for the seat suspension as designed.  The vibration span of

the actuator also can be adjusted through the MTS 407 Controller.  In addition, the active

filter is used to interface the external signal to the controller for the actuation system.

The break frequency can be tuned as desired.

A.3 Power-Stage Circuit Design

As shown in Fig. A.1, a power-stage circuit connects AutoBox to the MR damper.  The

circuit changes the control voltage to a current signal for MR dampers.  The specific

circuit is shown in Fig. A.3.
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Figure A.3 Power-Stage Circuit between AutoBox and MR Damper

The electrical ground of the control signal from AutoBox is different from one of the MR

damper.  The first stage of the circuit can take care of that.  Thus, it guarantees that the

control signal is not affected because of different electrical grounds.  The second stage

converts the voltage signal to a current input to the damper
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The inductance of the MR damper is about 4 mH, while the resistance is about 5 Ohm.

Since the vibration frequency is low, the power stage drives an almost a pure-resistance

load.  The circuit can be approximated as

I = U/1.497 (A.1)

based on the experimental data of Table A.1.  In Eq. (A.1), I is the current to the MR

damper, and U=V+-V- is the control voltage signal.

Table A.1 Control Voltage and Current from the Power Circuit

Voltage (V) 0.280 1.282 2.877 4.480 6.480

Ampere (A) 0.04 0.19 0.44 0.68 0.99

A.4 dSPACE AutoBox

The dSPACE AutoBox, shown in Fig. 4.3, functions as a controller.  The real-time

control program of skyhook control or adaptive control algorithm is downloaded into the

AutoBox.  It receives the sensory signals (i.e., accelerations and relative displacements

etc.) and commands the MR dampers.

A PC interacts with the AutoBox through two software tools called TRACE and

COCKPIT.  PC performs data acquisition with TRACE, and through COCKPIT changes

the values of the control algorithm parameters in real time for testing purposes.

For more details about the equipment, please refer to the related manuals that are

available at the Advanced Vehicle Dynamics Laboratory, Virginia Tech.  The appropriate

dSPACE manuals can be consulted for more details (http:\\www.dspace.de).


