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Vehicle Dynamic Testing



Vehicle Dynamic Testing

Vehicle Testing — Why?

Handling
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What is Handling?



A brief history of Handling

20t" Century 215t Century

With decades of development, driver still operates
vehicle with steering wheel, brake and throttle pedal
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What i1s Handling?

Feedback

Handling — Interaction between driver and vehicle
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Vehicle Evaluation - Subjective

Hard to make engineering decisions
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Flowchart

- Handling unacceptable!
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Savage Says!

the only difference ™%
afanal’science is writing it dowmn
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Handling Testing



Handling Testing!

SKIDPAD TESTING
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Handling Testing - Skidpad

SAE J266

(Steady-State Directional Control Tests)

Constant Speed

Constant Steering Angle

’ _____________ ~
' Constant Radius |
\_ ,'
Max Lateral Acceleration Understeer Gradient
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Skidpad Testing

Start at low speed

Slowly increasing speeds till
limit

Log steering angle (input)

Log speed/yaw rate/lateral
acceleration (output)

Steering Angle vs Lateral Acceleration

(deg) ——

Steering Angle

Lateral Acceleration (g) —m0oo—w>
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Skidpad Data

A Steering Angle vs Lateral Acceleration
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Understeer Gradient??

dé

Understeer Gradient = —
day

Steering Angle vs Lateral Acceleration

Steering Angle (deg) —>

Lateral Acceleration (g) —>
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At the Limit?
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Skidpad Data

A Steering Angle vs Lateral Acceleration

i =4=Tire A

Steering Angle (deg)

Lateral Acceleration (g) >
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Understeer Gradient

A Understeer Gradient

| —e—Tire A
[-oooo-o---i —m-Tire B
' Tire C
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_______________________________________________

Lateral Acceleration (g) >

< CoOoOPERTIRES



{<C CcoorPERTIRES

QUIZ TIME!



Choose your Steer

- Understeer Car

— Qversteer Car

Neutral Car

Steering Angle (deg)

Which one would you pick? And why?

———————————————————————————

__________________________

Lateral Acceleration (g) >
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Feedback for Handling

( Understeer ]
L Gradient J
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Skidpad Data

A Steering Angle vs Lateral Acceleration
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Understeer Gradient

A Understeer Gradient
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Driver Comments

Understeer Gradient

Tire C has most grip
Tire A better in low
lateral g but understeers
close to limit

Understeer Gradient (deg/g)

Lateral Acceleration (g) >

Driver Ranking

Peak Grip ..
) L ..
1. TireC ;ml_;itjenccie;?:zzr Sub-Limit Understeer
2. TireB | . 1. TireC, Tire B, Tire A
) 2. TireA
3. TireA
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Driver Comments to Understeer Gradient

(Camber, springs, ARB, toe)

‘ Y e

Driver A 4

Comments |
. y,
r N r N
Driver Understeer
Rankings Gradient
. y, .
-—
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) 5

Setup A understeers
more than Setup B

]
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Tire F&M Data



Tire Data from Tire Test Consortium
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Slip Angle (SA) - deg

< CoOoOPERTIRES


http://www.millikenresearch.com/fsaettc.html

Using Tire F&M Data

Lateral Force vs Slip Angle .

The Great Unknown!

|

Max Friction

Lateral Force (Fy) - N
o

0
Slip Angle (SA) - deg >
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Using Tire F&M Data

Lateral Force vs Slip Angle ..

Cornering Stiffness
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Using Tire F&M Data — Cornering Stiffness

A Cornering Stiffness vs Normal Load

‘Y’ psi ‘Z’ psi

Cornering Stiffness - N/deg

Normal Load (Fz) - N >
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Using Tire F&M Data — Vehicle Testing

Understeer/Oversteer ]

Change Tire ]

Pressure Skidpad Test
(X,Y,Z psi) J Understeer Gradient
A Max Lateral Acceleration
4 ™
Driver
Comments
Tire Properties ] . y,
(pressure, Vehicle Testing p \
camber, etc..) J
A Test Data
. y,
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Flowchart

- Handling unacceptable!
4 ) w
Driver A 4
Feedback

\ J

) 4 )

Setup Take
Changes Measurement
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(Camber, springs, ARB, toe) M laptime
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Closing the loop

4 )
Understeer/
Oversteer

\_ J

: Understeer |

Tire Camber . Yy

G ra d e nt ﬁ f_77_77_7_:i_:,’.::—;_j;f_'ff:-)-i"/
\_ J \_ ) T
(Log setup changes) M (Speed, lateral Accel, gyro... etc)
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Simulation



Using Tire F&M Data with Simple Simulation

2 DoF Bicycle Model

Lateral and Rotational

Can use nonlinear tire model

Simple and easy to setup
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Simple Bicycle Model Simulation

Understeer Gradients

,
Max Lateral Acceleration Ay < fl\\

Yaw Velocity Gain
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Bicycle Model Simulations — FSAE Vehicle

Mass = 250Kg

Wheelbase = 1600mm

FWD =49%

33m Circle Skidpad

94 Pacejka Model
using TTC Data
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Bicycle Model Simulations

Steer Angle vs Lateral Acceleration
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Bicycle Model Simulations
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Bicycle Model Simulations
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Closing the loop

4 )
Understeer/
Oversteer

\_ J
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Front Toe . p
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Closing the loop with Simulation
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Thank you



