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I. INTRODUCTION 
 

This paper investigates the condition of understeer 

in front-wheel-drive (FWD) passenger cars and 

explores how various suspension and steering 

system modifications can mitigate its effects. 

Understeer occurs when a vehicle turns less than the 

driver intends during cornering, typically due to the 

front tyres losing traction. This results in the vehicle 

continuing straight instead of following the desired 

path through the turn. 

 

Understeer is especially common in FWD vehicles, 

where the front tyres are responsible for both 

steering and power delivery. This condition can 

compromise vehicle handling and safety, particularly 

during high-speed cornering. Understeer is often 

quantified using the understeer gradient, which 

measures the relationship between steering input 

and lateral acceleration. 

 

Figure 1: Understeer and oversteer conditions in vehicle dynamics. Adapted from Miroslav Demic, A Car 

in Understeer and Oversteer Conditions (ResearchGate, 2017). Retrieved from ResearchGate 

  

Abstract- This paper investigates the effects of various suspension and steering system modifications on reducing 

understeer gradient in a front-wheel-drive (FWD) passenger car. The modifications tested include changes to tyre 

pressure, rear spring stiffness, steering geometry, and lower control arm (LCA) bushings. Dynamic handling trials on 

the vehicle were conducted to assess the impact of these modifications. Results show that certain modifications led 

to substantial reductions in understeer and can bring the undesired high understeer within required limits, while 

others had no measurable effect. The overall aim was to optimise vehicle handling, improve cornering performance, 

and enhance driver control. 
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Background 

The understeer gradient is influenced by several 

factors related to a vehicle's chassis and suspension 

design: 

 Tyre Cornering Stiffness: Low stiffness at the 

front increases understeer. 

 Roll Stiffness Distribution: Excessive front roll 

stiffness leads to an increased front-end load, 

resulting in understeer. 

 Suspension Geometry: Misaligned camber, toe, 

or caster settings degrade cornering 

performance. 

 Steering Compliance: Flex in the steering 

system reduces feedback and precision, which 

can increase understeer. 

 Bush Deformation: Excessive deflection in 

suspension bushings alters geometry 

dynamically, leading to greater understeer. 

 

II. METHODOLOGY 
 

Vehicle Selection and Baseline Setup 

A front-wheel-drive passenger car was selected, with 

a standard suspension configuration. Baseline data 

was collected through: 

 Steady-State Cornering Tests to measure the 

understeer gradient. 

 Driver Feedback Surveys on handling and 

response during dynamic cornering on a closed 

test track. 

 

Modifications 

An iterative test programme was used to isolate the 

effects of individual changes so as to check effect on 

reduction in understeer gradient: 

 Tyre Modifications: Optimisation of tyre 

pressure, increased tyre stiffness, and 

replacement of steel rims with lighter alloy rims. 

 Rear Spring Rate Adjustment: Increased rear 

spring stiffness to alter load transfer during 

cornering. 

 Steering Compliance Tuning: Steering stiffness 

is increased to reduce flex. 

 Lower Control Arm (LCA) Bushing 

Reinforcement: Minimized rear pivot bush 

voids to improve suspension geometry retention 

under load. 

 

III. RESULTS 
 

The results from the dynamic tests after each 

modification are summarised as follows: 

Component Modification 

Effect on 

Understeer 

gradient %* 

Tyre 

Cornering stiffness 

increased by 15 % and 

replaced steel rim with 

alloy rim 

-13% 

Rear 

Spring 

Spring stiffness 

increased by 8 % 
-4% 

Steering 
Steering stiffness 

increased by 65 % 
-7% 

Front 

Lower 

Control 

Arm Bush 

Mounting pivot bush 

stiffness increased 2 

times. 

-13% 

Further Iterations and Recommendations 

 

Additional Tests with No Measurable Impact 

The following changes were attempted, but showed 

no significant impact on understeer: 

  

Component 
Modification 

Attempted 

Effect on 

Understeer 

gradient % 

Steering 

knuckle 

Modified steering 

knuckle hard point by 

2.5 mm downward 

No 

measurable 

change 

Tyre 

pressure 

Front tyre pressure 

increased by 6% 

No change 

observed 

Wheel 

geometry 

The front toe-in 

increased to twice the 

original value. 

No effect 

within test 

range 

 

Recommended Future Actions 

Based on dynamic behaviour and vehicle feedback, 

further improvements may be achieved by: 

 Reducing LCA Rear Bush Void: Further 

minimising compliance to improve toe and 

camber stability under load. 

 Increasing Front Toe-In (carefully tuned): 

Further increasing toe-in to improve sharper 

initial turn-in and increase lateral stability. 

 Increasing Steering C-Factor: Achievable by 

reducing the number of turns lock to lock, which 

can enhance steering response and improve 

overall handling. 
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 Increasing Front Damper Rod Diameter: To 

study the impact on camber compliance and its 

effect on understeer and stability. 

 Rear suspension: Increasing rear suspension 

stiffness may contribute for increasing 

understeer. 

 

IV. DISCUSSION 
 

The results confirm that understeer in FWD 

passenger cars can be mitigated through targeted 

suspension and steering modifications. Notably: 

 Tyre and LCA bushing modifications consistently 

reduced the understeer gradient across all 

vehicles. 

 Rear spring stiffness showed minor benefits, 

although results were vehicle-dependent. 

 Steering compliance had a limited but vehicle-

specific impact. 

 

V. CONCLUSION 
 

This study demonstrates that reducing understeer 

gradient in front-wheel-drive vehicles requires a 

holistic approach, involving tyre dynamics, 

suspension tuning, and steering geometry. The most 

impactful changes were tyre upgrades and LCA 

bushing reinforcements, both of which contributed 

significantly to cornering performance and driver 

confidence. 
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