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Development of Road Input Prediction Technology for Setting of Suspension Durability Conditions
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Conventionally, durability input conditions for
suspension durability performance tests have been
set based on wheel input data obtained from actual
vehicles. The research discussed in this paper
developed a technology for the prediction of the
wheel input data necessary for setting durability input
conditions without using actual vehicles by means
of full vehicle analysis using multi-body simulation.
Rough road, curb stone road, winding road, panic
braking and pot hole braking were set as the target
driving modes, and digital roads were created and
an ABS control model was incorporated in order to
reproduce the driving modes. In addition, the fact that
performing the vehicle set-up assuming the loading
of gravity increased accuracy was verified, and it was
possible to realize good accuracy in all the target
driving modes using a single model. The developed
technology makes it possible to set suspension
durability conditions without using an actual vehicle.
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Fig. 2  Full vehicle simulation model
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Target load direction

Winding Mx
Panic braking Fx, My
Pot hole braking Fx
Curb stone Fx, Fz
Rough road Fx, Fz

Fx : Longitudinal force at wheel center

Fy : Lateral force at wheel center

Fz : Vertical force at wheel center

Mx : Moment around X-axis at wheel center
My : Moment around Y-axis at wheel center

Fig. 3 Driving mode for each load direction

Fig. 4 Image of format (B)
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Fig. 6 Road shape for each driving mode

Table 1 Varieties of tire model
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Drivin d i
g mode FTire Magic
Formula
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Panic braking v
Pothole braking v
Curb stone v
Rough road v
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Fig. 7 Co-simulation flow in MATLAB/Simulink
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Fig. 9 Comparison of front wheel load at wheel
center
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Fig. 10 Results for contribution of parameters

Step 1 Modeling

Step 2 Gravity stabilization Step 3 Driving calculation
(1g condition)

Fig. 11 Process for driving calculation
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Table 2  Variation in set parameters due to 1g load

Modeling | 1g condition
Set parameter (Step 1) (Step 2) Error
Center of gravity height 494 449 45
(mm)

Initial toe Front 0.00 0.01 +0.01
(deg) Rear 0.10 0.34 +0.24
Initial Front 0.00 -0.56 -0.56

camber
(deg) Rear -1.00 -1.39 -0.39
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/
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Fig. 12 Flow of adjustment of target value
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Fig. 13 Reevaluation of front wheel load at wheel
center
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Fig. 14 Moment around X-axis at front and rear
wheel center

(b) Panic braking (ABS control)

Front Fx load Front My load
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Force (N)
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—— —~
== Measurement |

{ == Simulation
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Fig. 15 Longitudinal force and moment around Y-axis
at front wheel center
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(c) Pot hole braking (ABS control)

Front Fx load
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Force (N)

Time (sec)

Fig. 16  Longitudinal force at front wheel center

(d) Curb stone

Front Fz load

i—Measurement
|==Simulation

Front Fx load

= Measurement|

|— Simulation |

Force (N)
Force (N)

Time (sec) Time (sec)

Fig. 17 Longitudinal and vertical force at front wheel
center
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Fig. 18 Longitudinal and vertical force at rear wheel
center

(e) Rough road

Front Fx load Front Fz load
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Fig. 19 Longitudinal and vertical force at front wheel

center
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Fig. 20 Longitudinal and vertical force at rear wheel
center
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