
Pneu 145/60 R13 66 T

Spécification pneu: 145 / 60 R 13 66 T

Spécification jante 13 ''

Diamètre jante 330.2 mm

Hauteur de flanc de pneu 87 mm

Diamètre du pneu 504.2 mm

Rayon du pneu 252.1 mm

Lareur du pneu 145 mm

Tire contact patch length: méthode décrite dans papier. 
Valeur à la louche: 0.10 m

Pneumatic Trail:

Valeurs typique entre 0.01 et 
0.03
Valeur considérée: 0.02



Caster angle (angle de chasse) :  Valeur 
prise : 5 degré

https://en.wikipedia.org/wiki/Scrub_radiushttps://en.wikipedia.org/wiki/Caster_angle

Scrub radius: valeur prise +0.015 mm



Kingpin inclination – road Camber

Kingpin = 7 degrés
Road camber = 0 degrés



Steering ratio:

Steering wheel angle: center to end stop : 600 degrees

Wheel angle: centerline to max: 30 degrees

Steering ratio: 20

Mechanical advantage:

Help from motorized assistance. Here no 
assistance => 1.0

Script python pour évaluer le moment sur la roue, sur le gearbox et sur le volant:
git@gitlab.com:evectors/05-analysis.git



Mrs,l : kingpin steering moment resulting from the scrub radius (left) 
Mro,l : kingpin steering moment resulting from the wheel center offset (left)
Mn,l : kingpin steering moment resulting from the mecanical trail (left) 
Mp,l : kingpin steering moment resulting from the wheel load lever arm (left) 
Mmz,l : kingpin steering moment resulting from the self aligning moment (left)

Lambda : total king pin tilt angle (tho et theta) 
Fx,l : longitudinal force at left wheel contact point
Fx,wcl : longitudinal force at left wheel centre
Fy,l : lateral force at left wheel contact point

Rs = scrub radius
Rtheta = wheel centre offset
n = mecanical trail
p = wheel load lever arm 
Mz = tyre self aligning moment (Fy * pneumatic trail) 

Mkp,l : left kingpin steering moment
Truck in a straight line (rigid axle) : 
https://pure.tue.nl/ws/portalfiles/portal/207121785/D_C_2011.030.pdf
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Grey : left wheel
Red : steering axis

Pf : lateral force application point
PC  : contact point tire/road
PKg : intersection point steering axis, ground plane
Pt : pneumatic trail
n : mecanical trail / caster offset
Rs : scrub radius
𝑉𝑅 : steering axis unit vector
𝜎 : kingpin inclination angle
𝜏 : caster angle

If the vehicle is turning right, the steering moment coming from the steering 
wheel is negative
And we have the following efforts on the tire (𝐹𝑋,𝑌,𝑍 > 0) : 
- 𝐹𝑋. 𝑋 applied on Pc

- −𝐹𝑌 . 𝑌 applied on Pf

- 𝐹𝑍. Ԧ𝑍 applied on Pc
We define : 
- 𝑅 = 𝐹𝑋. 𝑋 + 𝐹𝑍. Ԧ𝑍 
- RY = −𝐹𝑌 . 𝑌 

𝑀𝑅(𝑃𝐾𝑔) = 𝑃𝐾𝑔𝑃𝐶 ∧ 𝑅 = ቐ
𝑅𝑆 . 𝐹𝑍

𝑛. 𝐹𝑍

 −𝑅𝑆. 𝐹𝑋

𝑀𝑅𝑌(𝑃𝐾𝑔) = 𝑃𝐾𝑔𝑃𝐹 ∧ 𝑅𝑌 = ቐ
0
0

 𝐹𝑌 . 𝑛 + 𝑃𝑡

𝐹𝑌. 𝑌 
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Grey : left wheel
Red : steering axis

Pf : lateral force application point
PC  : contact point tire/road
PKg : intersection point steering axis, ground plane
Pt : pneumatic trail
n : mecanical trail / caster offset
Rs : scrub radius
𝑉𝑅 : steering axis unit vector
𝜎 : kingpin inclination angle
𝜏 : caster angle

If the vehicle is turning left, the steering moment coming from the steering wheel 
is positive
And we have the following efforts on the tire (𝐹𝑋,𝑌,𝑍 > 0) : 
- 𝐹𝑋. 𝑋 applied on Pc

- 𝐹𝑌 . 𝑌 applied on Pf

- 𝐹𝑍. Ԧ𝑍 applied on Pc
We define : 
- 𝑅 = 𝐹𝑋. 𝑋 + 𝐹𝑍. Ԧ𝑍 
- RY = 𝐹𝑌 . 𝑌 

𝑀𝑅(𝑃𝐾𝑔) = 𝑃𝐾𝑔𝑃𝐶 ∧ 𝑅 = ቐ
𝑅𝑆 . 𝐹𝑍

𝑛. 𝐹𝑍

 −𝑅𝑆. 𝐹𝑋

𝑀𝑅𝑌(𝑃𝐾𝑔) = 𝑃𝐾𝑔𝑃𝐹 ∧ 𝑅𝑌 = ቐ
0
0

 −𝐹𝑌 . 𝑛 + 𝑃𝑡

𝐹𝑌. 𝑌 



Friction moment : 
Grey : tire contact patch
Pressure distribution in the contact patch :

𝑝 𝑀 =
6. 𝐹𝑍

𝑎3. 𝑏
.

𝑎

2
− 𝑥′ . (

𝑎

2
+ 𝑥′)

When steering, the contact patch rotates around Pkg and a friction force 
normal to 𝑃𝐾𝑔𝑀 appears in M :

𝑑𝐹𝑓 = 𝜇. 𝑝 𝑀 . 𝑑𝑥. 𝑑𝑦

𝜇 is the friction coefficient and depends on u the vehicle speed : 
𝜇 = 0,4511. 𝑒−0,4603.𝑢 + 0,2376

This force creates a torque in Pkg :

𝑑𝑇𝑓 𝑃𝐾𝑔 = 𝜇. 𝑝 𝑀 . 𝑃𝐾𝑔𝑀 . 𝑑𝑥. 𝑑𝑦

𝑃𝐾𝑔𝑀 = −𝑛 + 𝑥′ 2 + 𝑅𝑆 + 𝑦′ 2

We can then calculate the friction moment in Pkg :
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We just have to put the right sign on the friction moment. 
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