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OUTLINE

Motorcycle dynamic behavior, influence of
Inertia properties
Tire characteristics

Measuring the inertia properties of motorcycles

Smart wheels to measure the generalized forces at the hub of a
motorcycle

I”

How to provide “reality feel” to driving simulator users
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FIDELITY

A key issue for driving simulators is fidelity

the extent to which they emulate driving in the real-world.
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DYNAMIC SIMULATOR MOTION CONTROL
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GIGO

Garbage in, garbage out. “you get what you putin”. If your data inputs are bad, your
simulation outputs will be bad too.

The quality of information coming
out cannot be better than the
= quality of information that went in.

The validity of a vehicle model is dependenton the parameters used to constructit.

If you use garbage parameters and curves to constructthe model, then you will get a
simulation of a non-existentvehiclewith garbage performance.
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INTENSINO +

Test rig InTensino+ %ﬁ |
Payload range [kg] 50 — 400 .
Maximum dimensions of 3 lx]®) : =
the body (LxWxH) [m] ” 2
Motion frequency [Hz] <3 3 =
Peak acceleration during 3.10 ® &
: 2 - g =
test (min.-max) [m/s*] 8
CG uncertainty (in plane, 2
height) tﬁ:fln]P £15-%3 5
Moment of inertia (MOI) L 1o% Encoders
uncertainty Load Cell
POI accuracy (% of the
maximum MOI of the +0.5%
body)
MOI and POI resolution
(% of the maximum MOI 0.2 % C | |
of the body) , -5 A
Testing time [minutes]"" <10 &l A



INTENSINO+

Il Newton’s law

f=[M(m,[3]6.0)a

At the reference point P

1o = \.M *(m’ Xpg 1] ]’Q’Q)J'%
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INTENSINO+

By considering n time instants

b,] [lal
bf - || x =  B=[A]x
0] Lla ]

Least square estimation

x— (AT [A)]'[AT -B

Error evaluation
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INTENSINO +

B INTENSINO
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INTENSINO+
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INTENSINO +
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INTENSINO+

Dynamic behavior of a racing motorcycle depends on the inertia properties

Center of mass position and moments of inertia around the roll and yaw axes are
fundamental for analyzing the handling characteristics of the motorcycle.

Roll/Yaw Product of Inertia provides additional information about the coupling
between roll and yaw motions.

MOI Accuracy +/- 1% (+/- 2c), POl Accuracy +/- 0.5 % (+/- 20)
XX lyy 12z

5.05kgm? 422 kgm? 395 kg m? POl +/- 0.2 kg m? -> a= +/-0.2°
495 kgm? 414kgm? 387 kg m?
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SMART WHEEL
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SMART WHEEL - STATE OF THE ART

Loads applied @ Wheels

Lightweight

Fatigue Spectra

Mastinu, G., & Gobbi, M. (2023).
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vehicles. Vehicle System
Dynamics, 61(9), 2165-2233.
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Symposium of the International
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Tire modelling

Ballo, F., Gobbi, M., Mastinu, G.,
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Simulators
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SMART WHEEL

Gobbi, M., Mastinu, G., Ballo, F., and Previati, G,

"Race Motorcycle Smart Wheel,"

SAE Int. J. Passeng. Cars - Mech. Syst. 8(1):119-127, 2015,
https://doi.org/10.4271/2015-01-1520.
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SMART WHEEL CALIBRATION
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SMART WHEEL PERFORMANCE

Value Accuracy [%] Max load Confidence Accuracy Calibration load
Fx [N] +/-1,5% 4500 +/- 26 +/- 67,5 +/- 4000
Fy [N] +/- 0,5% 1000 +/- 26 +/-5 - 400
Fz [N] +/-1,5% 4500 +/- 26 +/- 67,5 +/- 4000
Mx [Nm] +/-1,5% 500 +/- 26 +/-7,5 +/- 300
My [Nm] +/- 0,5% 3000 +/- 26 +/-15 +/- 800
Mz [Nm] +/-1,5% 500 +/- 26 +/-7,5 +/- 300

SliLG1Mechanical (€2, off
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SMART WHEEL - HIGH SPEED TESTING
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SMART WHEEL - TRACK

SliLG1Mechanical (€2, off
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CONCLUSION

Dynamic behavior of motorcycles depend mainly on the inertia properties of the
vehicle and on the tire characteristics.

Accuracy required for tyre forces measurement is <2% on both forces and
moments.

Accuracy required on inertia tensor components is <2% for MOI and <1% for POI.
Intensino+ and SM_SmartWheel provide the required accuracy level.

A 10% variation of the inertia parameter values significant variations can be
observed both on the tracking errors and on the utilization of the control motors.

Both these information (inertia properties and tyre characteristics) play a
fundamental role in providing the “reality feel” to driving simulator users.

SliLG1Mechanical (€2, off
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