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Abstract- The friction force characteristics of a tyre help us in understanding its performance under braking and traction 
condition. In the contact plane, this friction force determines the tyre lateral force and longitudinal force response. To 
understand the variation of these two components of the forces is always an area of interest for the researchers. For this 
purpose, tyre-force ellipse/circle (more frequently referred to as friction ellipse and friction circle respectively) models are 
being used frequently. The tyre force circle/ellipse incorporates slip angle, traction slip and actual non linear tyre force. In this 
paper, we estimated the tyre friction circle under influence of slip angle at braking with constant load and speed. 
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I. INTRODUCTION 
 
Friction Circle 
It is important to understand that the tyre force 
produced by friction is resolved into two significant 
components.  
 
Longitudinal force (Fx) 
The force applied in the direction that corresponds to 
“straight ahead” for the tyre [Figure 1]. This force is 
responsible for the acceleration and braking forces that 
are produced by the tyre.  The ratio of longitudinal 
force and load is known as longitudinal force 
coefficient. 
 
Lateral Force (Fy) 
The force applied in the direction of the spin axis of 
the wheel [figure1]. This force is responsible for the 
steering (lateral) forces which enable a vehicle to 
make a corner or turn. The ratio of lateral force and 
load is known as lateral force coefficient. 

 

 
Figure 1- Components of tyre forces 

Slip angle (α)  
The angle between the wheel heading direction and the 
wheel travel direction where α < 90. 
 
Longitudinal slip ratio (s)  
The linear velocity (V) of the tyre centre is different 
than the theoretical tyre velocity (RΩ).The 
longitudinal slip ratio is mathematically expressed as. 
 

s = [(RΩ− V) ÷ V] × 100% 
 

It is important to note that these are components of the 
forces so they do not have independent peak 
(maximum) force values, the overall force has a peak 
value at a given vertical load. 
 
This implies that if the tyre at a given point of time is 
producing peak longitudinal force its peak lateral force 
producing capacity is very close to zero and 
vice-versa. More generally, more the lateral force a 
tyre is generating the peak longitudinal force comes 
down.  
 

This can be graphically plotted as a plot of peak lateral 
force at different longitudinal force values.  
 
This plot forms a closed loop and is popularly known 
as the tyre friction circle [Figure2].  
 
The tyre is considered to be on the limit when the point 
corresponding to the current lateral and longitudinal 
force produced by the tyre is on the boundary of this 
loop. If the point is inside it means that there can be 
more force (lateral or longitudinal) drawn, and if the 
point is outside it means that the contact patch is 
sliding. 
 
Note: Usually the peak longitudinal force at zero 
lateral force is not the same as peak lateral force at 
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zero longitudinal force. So the friction circle is more of 
a friction oval or a friction egg. 

 
Figure 2- Friction circle 

 
II. PROCESS METHODOLOGY   FEA 

MODEL PREPARATION AND 
ANALYSIS:  

 
165/80R14 radial passenger car tyre is considered in 
the present study. Hypermesh and Abaqus are used for 
pre-processing and solving. In order to reduce 
computational time, the tyre is modelled with only 
circumferential grooves in place of actual tread pattern 
as shown in figure 3. In order to find out the 
longitudinal and lateral force, a sequence of simulation 
is carried out as given below.  

 

 
Figure 3- 2D cross section of tyre 165/80 R 14 

 
1. Axi-symmetric analysis  
2. Static loading analysis  
3. Steady state rolling analysis  
4. Cornering analysis 
5. Braking/Traction analysis  
 
In axi-symmetric analysis tyre was inflated to 
0.22Mpa pressure. In Static loading analysis, 2D tyre 

model is generated using the symmetric model 
generation option and vertical load of 4040 N was 
applied. After static loading, steady state rolling at 40 
kmph and steady state cornering up to 5 degree was 
done. Longitudinal force is observed as the tyre came 
in contact with road at different slip angle either in 
braking or traction, during the time of applied brake is 
taken as braking force [Figure 5]. The friction 
circle/ellipse [Figure 7], predict the threshold 
condition of skidding or not, as applied brake at 
different slip angle.  
 
III. RESULTS AND DISCUSSION:- 
 
Contact area decreases with increasing slip angle 
[figure 4]. Analysis carried out up to 5 degree slip 
angle with constant load and inflation pressure. 
 

 
Figure 4-Contact shape and pressure distribution at different 

slip angles [0 to 5 degree] 
 

 
Figure 5- Longitudinal force vs. Slip (%) 

 

 
Figure 6- Lateral force vs. Slip angle 
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Figure 7- Friction circle 

 
CONCLUSIONS 
 

1. Any component of the tyre force either the 
longitudinal force coefficient or lateral force 
coefficient values lies outside this perimeter 
then tyre will start to skid [Figure 7]. 

2. Longitudinal force decreased with slip angle 
[Figure 5], because of the opposing 
longitudinal force component by the lateral 
force lateral force. 

3. As slip angle increase [Figure 6], more the 
contact region is involved in lateral sliding, 
so lateral force increases with slip angle. 
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