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m [yre construction

» Classification: size, load and velocity indices
s Adhesion mechanisms

= Rolling resistance

s Generation of longitudinal forces
= Brush model
= Tractive and braking forces
= Longitudinal slip ratio
= Tractive and braking force curves
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= Lateral forces
= Gough experiment
= Lateral force as a function of the side slip angle
= Cornering coefficient
= Cornering stiffness
= Self aligning torque and pneumatic trail

s Camber thrust
= Definition and mechanism
= Camber coefficient
s Combined operations
= Sakai experiment
= Friction ellipse

= Modelling: Pacejka magic formula
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= Pacejka magic formula
= Treatment of experimental data
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Pacejka magic formula

= For simple cases of pure (lateral) side slip and longitudinal slip,
the magic formula by Pacejka can be used to describe the
evolution curves of F, , M, and F, as a function of the side slip
angle o or the longitudinal slip rate x.

y(x) = D sin|[C arctan{Bx — E (Bx — arctan(Bx) ) } |




Pacejka magic formula

= One can provide the following interpretation of the coefficients
of the magic formula

y(x) = D sin|[C arctan{Bx — FE (B x — arctan(Bx) ) } |

= BCD, the slope in zero
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Pacejka magic formula

y(x) = D sin|C arctan{Bx — E (B xz — arctan(Bx) ) } |

= The parameter C controls the bounds of the sinus argument.
The parameter C rules the shape of the curve.
= Typical values of C: 1
= C = 1.3 lateral force, Y aY
= C = 2.4 self-aligning moment
= C = 1.65 braking force




Pacejka magic formula

= The parameter B allows to adjust the slope at the origin, so that
it is often denoted as the stiffness factor



Pacejka magic formula
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= The last paramter E enable to control the position of the
maximum slipage x, (if there is maximum in the curve)
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Treatment of experimental data

= The key issue: to work with non dimensional numbers!

La lateral i F=
= La lateral (cornering) T,z
M,
= The self-aligning moment M, = VA
A
= The overturning moment Y PouyZ
= The tractive / braking force F, =
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Treatment of experimental data

= The side slip angle

= The camber angle

= The longitudinal slip ratio
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Treatment of experimental data

1.5

EXAMPLE:

Tire P 195/70 R 14 L f“"’”""’*

Normalized lateral forces vs
Normalized side slip angle

Normalized lateral force, F
o

Milliken Fig 14.1
-1.0
B’=0.714, C'= 1.40, D'= 1.00, E'=-0.20
-1.5 |
-10 -5 0 5 10
_ ! . Normalized slip angle, o
T D SlIlO Load: 0O 1800lb. < 1400lb. A 1000lb.
x 600lb. + 200lb. — Fit

C’" arctan(B'¢)
= (1-FE)Ya + (F'/B') arctan(B" a)

S < T
|
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Treatment of experimental data
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C" arctan(B’¢)
= (1-FEa + (F'/B') arctan(B’ @)

EXAMPLE:
Tire P 195/70 R 14

Self-aligning Moment

Normalized self aligning torque, Mz

S < T
|
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Treatment of experimental data

EXAMPLE:
Tire P 195/70 R 14

Normalized Camber Thrust
VS
Normalized camber angle
Milliken Fig 14.3

Normalized camber thrust, F
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Treatment of experimental data

EXAMPLE: 10
Tire P 195/70 R 14 Y. | |8
Normalized Tractive Force J
VS §—0.5
Normalized longitudinal slip ratio =
Milliken Fig 14.4

Normalized slip ratio, S

Load: 0O 1800lb. < 1400lb. A 1000lb.
X 600lb. + 200b. — Fit
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