
Introduction to Transient Behaviour  



Oversteer and Understeer  : SAE   
So far the work on vehicle behaviour in lateral acceleration 
has looked at the SAE definition of understeer, oversteer 
and neutral steer based on steering angles. 
  
As a reminder, the SAE defines neutral steer as:  
  

A vehicle is neutral steer at a given trim if the ratio of the 
steering wheel  angle to the overall steering ratio ( ie the 
actual steered wheel angle) equates to the Ackerman 
steering angle for a given radius of turn. 



Oversteer and Understeer  

• Understeer and oversteer are then defined in similar 
ways as: 

  
• A vehicle is understeer at a given trim if the ratio of the 

steering wheel angle to the overall steering ratio is 
greater than the Ackerman steering angle for a given 
radius of turn 
 

• A vehicle is oversteer at a given trim if the ratio of the 
steering wheel angle to the overall steering ratio is less 
than  the Ackerman steering  angle for a given radius of 
turn  
 



Oversteer and Understeer : Slip Angles   

     

   Another  relatively simplistic definition of 
handling balance Blundell and Harty (2004) 
describes oversteer as being:  

 

‘”strictly the condition in which slip angle of 
the rear exceeds that of the front”  

 



Oversteer and Understeer  : Load Splits 

The basic assumption has been made  that if the 
front wheels have a greater load split than the 
rear the car will have less grip under limit 
cornering at that end and so ultimately the car 
will understeer.  

The same argument is used for oversteer but in this 
case the rear wheels have the limiting levels of 
grip. In this way the behaviour of the car should 
be predictable from a knowledge of the dynamic 
load distribution when cornering  

 



Oversteer and Understeer  : Load Splits 

   The same argument is used for oversteer but 
in this case the rear wheels have the limiting 
levels of grip.  

 

   In this way the behaviour of the car should be 
predictable from a knowledge of the dynamic 
load distribution when cornering  

 



Monitoring Actual Behaviour 

  

  The way the physical car actually behaves when 
cornering can be measured to demonstrate 
the levels of understeer or oversteer  actually 
occurring.  

 



Monitoring Actual Behaviour 
   The easiest way to measure  the handling 

characteristics for a car in steady state 
cornering is to plot steering angle against 
lateral acceleration. The steering effects  can 
be with a graph  



Lat Acc vs Steering volts 

Increasing Lateral Acceleration  
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Voltage for ackerman steering angle 



Lat Acc vs Steering  volts 

    Having zeroed the steering volts when 
travelling  in a straight line  the Ackermann 
steering angle for this  cornering car was 0.370 
Increasing steer  is represented by increasing 
volts  

    It can be seen that as lateral acceleration 
increases so does the steering volts. From the 
SAE definition therefore anything over 0.37V 
will be understeer.  

 



Understeer Gradient  

    

 

    The understeer gradient is the gradient of the 
curve of  lateral acceleration vs  steer angle. It 
is useful in refining the description of vehicle’s 
handling behaviour.   

 



Understeer Gradient  

    An understeering car that has  a positive 
understeer gradient  will exhibit greater 
understeer as lateral acceleration increases  
and will consequently feel more 
understeering.  

    An  oversteering car will see a steering angle 
less than ackerman.  

. 



Mixed Messages  

    A car may feel as though it is oversteering as 
the gradient becomes negative as the driver 
has to  back off the steering  as the turn 
progresses  

 

    If the  steer angle  is still greater than the 
ackerman steer angle - but it will  still 
understeering 



Introduction to Transient Behaviour 
 

  To look at the next refinement of the concept 
of understeer and oversteer and consider the 
behaviour of the car as it enters a corner  we 
need to look at the simplistic ‘Bicycle Model’ 
and then apply them to a 4 wheel vehicle.  

 



 
Steady State Vehicle Behaviour described 

with the Bicycle Model 

  This  technique, is  widely used to demonstrate 
the behaviour of the vehicle in the  ground 
plane 

The  ‘bicycle’ model was originally defined  by 
Segal (1956) 

More accurately referred to as having 2 degrees 
of freedom (2 DOF )   lateral velocity and 
yawing velocity.  

 



The approach is described in many texts on the 
subject including:  

 

Bastow et al (2004),  

Dixon (1996),  

Gillespie (1992) and  

Milliken and Milliken (1995).  

 

 
Steady State Vehicle Behaviour described 

with the Bicycle Model 

 



Steady State Vehicle Behaviour 
described with the Bicycle Model 

 

The bicycle model  shows  two non-equilibrium 
conditions of the vehicle.  

a) steer and no yaw  

b)  yaw and no steer.  

 

 



a) Steer and No Yaw 

Steer angle  (δ)  but   no vehicle  yaw angle 

Lateral force and moment produced by the front  wheel. 

 



b) Yaw and No steer. 

Vehicle yaw angle (β) but no steer angle. 

Lateral force produced by both wheels  creates  a moment due 
to different forces from front and rear wheels.  

The total force acts close to the centre of mass, (usually a little 
behind it).  

The moment from yaw can be balanced by a steering moment 
from a relatively small steering angle.  

 



Balance  

The yaw angle gives a rear wheel slip angle and 
the steering can be used to give a suitable front 
slip angle to give zero yaw moment and hence 
constant yaw speed i.e. steady state.  

 

Handling depends on a balance between front 
and rear yaw moments 



Developing the 4 wheel model 

Claude Rouelle develops this simple concept 
into a four wheel vehicle and demonstrate 
what would be meant  in real terms.  

 

In this case the term vehicle slip angle is used 
in place of the vehicle yaw angle as the vehicle 
is assumed to be travelling forward.    

 



Developing the 4 wheel model  

Claude Rouelle  



Car rotating but making no forward 
progress 

 

Claude Rouelle  



Car with slip but no yaw 
 

Claude Rouelle  



Yaw rate with 00 vehicle slip angle  
 

Claude Rouelle  



Yaw rate with 100 vehicle slip angle  
 

Claude Rouelle  



Yaw rate with 200 vehicle slip angle  
 

Claude Rouelle  



Yaw Velocity and Acceleration  
 

Claude Rouelle  



Summary of Relationships between 
Yaw and Velocity 

(R= Vx/Ө) 



Finding Yaw Velocity  

For a circular path eg the SMU  steering pad, the 
yaw velocity can also  be found from the laptime. 
eg  
 
Time for 1 lap  = 10 seconds  
1 lap = 360 o  
 So Yaw velocity = 36o/sec 
 
If using a single wheel speed sensor then 
allowance must made for this. 
 



Oversteer and Understeer :  
Yaw Velocity   

If the calculated yaw velocity is the same as 
the measured yaw velocity the car will be 
neutral steering and will maintain the 
cornering path.  

If they are not equal, however, the  situation 
can only be a transient one as a yaw 
acceleration will be produced  – if it were 
allowed to continue the car would spin 
(oversteer) or push  straight on (understeer).    



Measured and Predicted Yaw Velocity  

Yaw velocity diffrence
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   “When a vehicle yaws less than expected, the 
term ‘understeer’ is used – the response of 
the vehicle is less than (‘under’) what might 
have been expected. When a vehicle yaws 
more than expected, the term ’oversteer’ is 
used – the response of the vehicle exceeds (is 
‘over’) what might have been discussed.”       

     

    Blundell, M & Harty, D. (2004). 

 


