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1 Introduction 

The steering system is a very important interface between driver and vehicle. The 
most conventional steering arrangement is to turn the front wheels using a hand–
operated steering wheel which is positioned in front of the driver, via the steering 
column, which may contain universal joints (which may also be part of the collapsible 
steering column design), to allow it to deviate somewhat from a straight line. Other 
arrangements are sometimes found on different types of vehicles, for example, a tiller 
or rear–wheel steering. 

2 Steering function 

The driver or an automatic mechatronic driving system controls the transport 
equipment via the steering wheel and gets a feedback by the steering torque. The 
traditional steering system of high speed vehicles is a mechanical system consisting of 
the steering wheel, the steering shaft, the steering box and the steering linkage. Usually 
the steering torque produced by the driver is amplified by a hydraulic system. 
Nowadays, hydraulic power steering are widely use in every vehicle. It contains a 
power steering pump that use to pump hydraulic in the steering rack which will make 
the turning of vehicle easier. Today, new technology was invented which is electric 
power steering that fully controlled by the electronic device. 

Modern steering systems use an overriding gear to amplify or change the steering 
wheel angle. Recently some companies have started investigations on ‘steer by wire’ 
techniques. In the future steer-by-wire systems will be used probably. Here an 
electronically controlled actuator is used to convert the rotation of the steering wheel 
into steer movements of the wheels. Steer-by-wire systems are based on mechanics, 
micro-controllers, electro-motors, power electronics and digital sensors. At present 
fail-safe systems with a mechanical backup system are under investigation. 
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Figure 1 Steering system 

 

The steering system must guarantee easy and safe steering of the vehicle. The 
entirety of the mechanical transmission devices must be able to cope with all loads and 
stresses occurring in operation. 

The basic aim of steering is to ensure that the wheels are pointing in the desired 
directions. This is typically achieved by a series of linkages, rods, pivots and gears. 
One of the fundamental concepts is that of caster angle – each wheel is steered with a 
pivot point ahead of the wheel; this makes the steering tend to be self-centering 
towards the direction of travel. 

The steering linkages connecting the steering box and the wheels usually 
conforms to a variation of Ackermann steering geometry, to account for the fact that in 
a turn, the inner wheel is actually travelling a path of smaller radius than the outer 
wheel. 

3 Ackermann steering geometry 

Within the validity limits of the kinematic tire model the necessary steering angle 
of the front wheels can be constructed via the given momentary pivot pole M, Fig. 2.  
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Figure 2 Ackermann geometry 

 
 

At slowly moving vehicles the lay out of the steering linkage is usually done 
according to the Ackermann geometry. Then, the following relations apply 

 1) 

where s labels the track width and a denotes the wheel base. Eliminating the 
curve radius R, we get 

 
2) 

The deviations  of the actual steering angle  from the 

Ackermann steering angle , which follows from Eq. (2), are used, especially on 

commercial vehicles, to judge the quality of a steering system. 

At a rotation around the momentary pole M, the direction of the velocity is fixed 
for every point of the vehicle. The angle β between the velocity vector v and the 
longitudinal axis of the vehicle is called side slip angle. The side slip angle at point P 
is given by 
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 3) 

where x defines the distance of P to the inner rear wheel. 

4 Wheel alignments 

Wheel alignments ensure that all four wheels are consistent with each other and 
are optimized for maximum contact with the surface of the road. The way a wheel is 
oriented on your car is broken down to three major components; camber, caster, and 
toe. 

4.1 Camber 

Camber angle is the measure in degrees of the difference between the wheels 
vertical alignment perpendicular to the surface. If a wheel is perfectly perpendicular to 
the surface, its camber would be 0 degrees. Camber is described as negative when the 
top of the tires begin to tilt inward towards the fender wells. Consequently, when the 
top of the tires begin to tilt away from the vehicle it is considered positive. 

Figure 3 Camber 

 

Negative camber is becoming increasingly more popular because of its visual 
appeal. The real advantages to negative camber are seen in the handling 
characteristics. An aggressive driver will enjoy the benefits of increased grip during 
heavy cornering with negative camber. During straight acceleration however, negative 
camber will reduce the contact surface between the tires and road surface. 



 

-44- 
II/2015 

4.2 Toe 

Toe represents the angle derived from pointing the tires inward or outward from 
a top-down view – much like looking down at your toes and angling them inward or 
outward. 

Correct toe is paramount to even tread wear and extended tire life. If the tires are 
pointed inward or outward, they will scrub against the surface of the road and cause 
wear along the edges. Sometimes however, tread life can be sacrificed for performance 
or stability.  

Figure 4 Toe 

 

 

Positive toe occurs when the front of both tires begins to face each other. Positive 
toe permits both wheels to constantly generate force against one another, which 
reduces turning ability. However, positive tow creates straighter driving 
characteristics. Typically, rear wheel drive vehicles have slightly positive tow in the 
rear due to rolling resistance – causing outward drag in the suspension arms. The slight 
positive toe straightens out the wheels at speed, effectively evening them out and 
preventing excessive tire wear. 

Negative toe is often used in front wheel drive vehicles for the opposite reason. 
Their suspension arms pull slightly inward, so a slight negative toe will compensate 
for the drag and level out the wheels at speed. Negative toe increases a cars cornering 
ability. When the vehicle begins to turn inward towards a corner, the inner wheel will 
be angled more aggressively. Since its turning radius is smaller than the outer wheel 
due to the angle, it will pull the car in that direction. 

Negative toe decreases straight line stability as a result. Any slight change in 
direction will cause the car to hint towards one direction or the other. 
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4.3 Caster 

Caster is a bit harder to conceptualize, but it’s defined as the angle created by the 
steerings pivot point from the front to back of the vehicle. Caster is positive if the line 
is angled forward, and negative if backward. 

Figure 5 Caster 

 

Typically, positive caster will make the vehicle more stable at high speeds, and 
will increase tire lean when cornering. This can also increase steering effort as well. 
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Resume 

This article is about steering and wheel alignments. In clear and concise way 
describes principle of steering system, its function, properties and basic parts. The 
important chapter of article is about Ackermann geometry- explanation of the principle 
of geometry and formulas. And at least it mentioned wheel alignments. 
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