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System level
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Real-time simulation with full vehicle model
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Suspension and steering
mechanism
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Tire force
Force transducer
Position AC motor for belt drive
Orientation
6-DOF motion system

6-DOF motion system

Hardware Real-time Simulation Tire-suspension HILS in Meiji University
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Tie rod
Tie rod end axial force
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Steer input actuator
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Steering HILS system in Nissan Motor Co. Ltd.
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VethIe dyqamms Tie rod fc_)rce Real-time simulation
simulation calculation

ADAMS
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\ o = For offline simulation
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Applied forces

m Constraint equation
d(q,t)=0
m Equation of motion
Mg = Q" +Q‘ = Q" — (@,)"2
m Lagrange multipliers
A= _(q)q)_T(Mq - Q) = _(q)q)_TQA
*Inertia term is ignored

m Tie rod axial force as one of constraint forces

: tie rod -T
QC_tle_rod — (q)qle_TO )T(q)q) QA

Damper

(:generalized coordinate

M :mass matrix

Q“:applied force
Q¢ :constraint force
<Dq:constraints Jacobian

A:Lagrange multiplier

Element Definition
Vehicle body Body1
Steering rack Body2

Left/Right knuckle Body3,4
Suspension lower arms Body5,6

Suspension upper arms Distance constraint

Steering tie rods Distance constraint

Input Constraint From
Wheel vertical stroke Axis drive CarSim
Steering rack stroke Translational drive Test rig
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m External force input m Calculation of tie rod m Comparison

Force/moment of wheels axial force Use ADAMS result
P as a reference data

m Displacement input

Wheel : vertical
Steering rack : lateral

Tie rod axial force

. . e A ADAMS
[ ] SImU|at|0n mOde ADAMS Kinematics model
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