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Load Transfer 

Load Transfer = Cornering force x Height of c of g 

Track width 



Load transfer 
 About 80% of vehicle handling relates to load 

transfer 
 Load transfer characteristics are affected by 

 Spring rates 
 Anti roll bars (sway bars) 
 Dampers (shock absorbers) 
 Ride height, roll centre height 

 
 Weight distribution, front to rear 
 Weight distribution, c of g height 









National Highway Traffic Safety 
Administration (NHTSA) 
Rollover Resistance Ratings 

STARS SSF 
ROLLOVER 
RISK 

1 1.03 or less more than 40% 
2 1.04-1.12 30-40% 
3 1.13-1.24 20-29% 
4 1.25-1.44 10-19% 
5 1.45 or more less than 10% 



Roll stiffness and chassis 
stiffness 
 If the front wants to roll more than 

the rear 
 Chassis stiffness prevents the front from 

rolling 
 Reducing roll at the front  
 Decreasing load transfer at the front 
 Increasing load transfer at the rear 



Weight transfer tuning 



Centre of Gravity 
 Given that rules give us a limited 

track width. 
 To reduce weight transfer we try to 

lower the centre of gravity. 



Centre of Gravity 
 When we have a plan 

view of the vehicle. 
 Where do we want the 

centre of gravity? 
 Where do we put the 

engine and 
transmission? 



Mass distribution 
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Linear Motion 



Malibu Accelerating 



Rotation – Linear Parallels 



Capri Accelerating 





moment of inertia 
 Force required to twist long dumbbell is higher than required for 

the short dumbbell 
 Longer dumbbell has higher inertia 
 Same force is required to lift both dumbbells 
 Both dumbbells are the same mass 
 Need to know mass and inertia properties to fully understand 

system behaviour 

 

Short Dumbbell  
Easy to Twist 

Long Dumbbell 
Hard to Twist 



Spinning Skater 



mass distribution effects 
 Mass distribution doesn’t vary much 

because the car has to be a certain shape 
to be a car – not usually more than 65% 
one end or the other 

 Commercial vehicles have widely varying 
mass distributions but are not capable of 
extreme manoeuvres without rollover 

 Inertia variation can have significant 
effects – small mid-engined cars are 
particularly difficult to get right 

 Getting the wheelbase, mass & inertia to 
suit each other is called “inertia matching” 



Moment of Inertia 



Moment of Inertia 





Moment of Inertia 



Moment of Inertia 



Formula Student 
 Lumped mass distribution problem 



Since the moment of inertia of an ordinary object involves a continuous distribution of mass 
 at a continually varying distance from any rotation axis, the calculation of moments of inertia  
generally involves calculus, the discipline of mathematics which can handle such continuous variables. 
 Since the moment of inertia of a point mass is defined by 

 

then the moment of inertia contribution by an infinitesmal mass element dm has the same form.  
This kind of mass element is called a differential element of mass and its moment of inertia is given by 

 

http://hyperphysics.phy-astr.gsu.edu/HBASE/mi2.html#rlin
http://hyperphysics.phy-astr.gsu.edu/HBASE/callim.html#c2




Vehicle rotational inertia 
 How can we ascertain vehicle 

rotational inertia 
 Put everything in CAD and ask the 

computer 
 Measure it 



Inertia measurement 
Torsional pendulum 

http://upload.wikimedia.org/wikipedia/commons/3/35/Haller_torsion_pendulum_anniversary_clock.jpg


Inertia measurement 
Torsional force 

Applied torque = Inertia x angular acceleration 



Vehicle Inertial measurement 

Cranfield Impact Centre 



Inertial Measurement Centre of Gravity And 
Inertial Measurement System 

 The vehicle is clamped to the ‘centre table’ of the SPMM 
via multi-axis load cells. The centre table is then 
automatically driven through a sequence of manoeuvres 
to enable the Centre of Gravity and Moments of Inertia 
of the body to be determined. A test sequence typically 
lasts less than 15 minutes. 

 
 

Anthony Best Dynamics 



Mass Distribution Study 
 Where to spend money 
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Vehicle cornering 
 So far we have looked at steady state 

cornering where the vehicle rotates 
very slowly as it goes around a corner 

 Vehicle mass will have little effect on 
this behaviour 

 What happens when we start to 
corner ? 



Watch the spin 



Centre of Percussion 
 The centre of Percussion 
 Or (ideally)Inertial Conjugate 
 Is the term for the location at which no translation 

occurs when a free body with finite mass and inertia 
properties is loaded in a direction that does not pass 
through it’s centre of gravity. No translation occurs at 
this point during a load application, whether or not the 
load is percussive (an impact). 
 
 

 Blundell and Harty (2004) 
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