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Abstract— The aim of our project is to reduce the over 

turning radius of automobile while steering with the use of 

multimode steering system (4ws). In general steering 

arrangement, the front wheels are turned using a hand 

operated steering wheel which is positioned in front of the 

driver. The steering column, which contains a universal joint, 

is part of the collapsible steering column designed to allow it 

to deviate from a straight line according to the road. In Multi-

mode Steering System, two steering modes can be changed 

as needed which assists in parking at heavy traffic 

conditions, and while having a short turning radius on and 

off road driving. 
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I. INTRODUCTION 

A. General 

The front-to-rear wheel alignment plays a significant role in 

the directional stability of a vehicle. Often the lack of 

stability causes a dangerous drive. Up to the mid-1950s the 

majority of cars suffered from over-steer, mainly due to the 

uncontrolled movement of the rear axle caused by spring 

deflection which is initiated by body roll. To improve 

stability, most cars nowadays are designed to exhibit under-

steer characteristic when driven at high speeds. Although 

under-steer condition improves stability of the vehicle, it 

increases the driver's steering effort. Also since a vehicle 

handling changes with road speed, the response to 

a steering movement, both in time and direction, is difficult 

to predict. These disadvantages can be overcome to a great 

extent by using four-wheel steering (4WS).  

B. Steering Mechanism 

Steering of a four-wheel vehicle is, as far as possible, 

arranged so that the front wheels will roll truly without any 

lateral slip. The front wheels are supported on front axle so 

that they can swing to the left or right for steering. This 

movement is produced by gearing and linkage between 

the steering wheel in front of the driver and the steering 

knuckle or wheel. The complete arrangement is called the 

steering system. For perfect steering we must always have 

an instantaneous center about which all the wheels must 

rotate. For this purpose inner wheel has to turn more than 

the outer wheel. 

C. Requirements of Steering System 

 The steering mechanism should be very accurate and 

easy to handle. 

 The effort required to steer should be minimal and 

must not be tiresome to the driver. 

 The steering mechanism should also provide 

directional stability. This implies that the vehicle 

should have a tendency to its straight ahead position 

after   turning. 

D. Function of Steering System 

 To control the angular motion the wheels and thus the 

direction of motion of the vehicle. 

 To provide directional stability of the vehicle while 

going straight ahead. 

 To facilitate straight ahead condition of the vehicle 

after completing a turn. 

 The road irregularities must be damped to the 

maximum possible extent. This should co-exist with 

the road feel for the driver so that he can feel the road 

condition without experiencing the effects of moving 

over it. 

 To minimize tyre wear and increase the life of the 

tyres. 

E. Need of Steering 

When a car travelling around a corner (in this case, a 

continous one!). we will notice that the inside wheels of the 

car are following a smaller diameter circle than the outside 

wheels. If both the wheels were turned by the same amount, 

the inside wheel would scrub (effectively sliding sideways) 

and Lower the effectiveness of the steering. This tyre 

scrubbing, which also creates   unwanted heat and wear in 

the tyre, can be eliminated by turning the inside wheel at a 

greater angle than the outside one. The purpose of using an 

Ackerman Steering system is to reduce the amount of rolling 

friction on the front tires. This is accomplished by causing 

the two front tires to turn at different degrees so that they 

can follow two different circles with two different radii. 

This is desired because when going around a turn the tire 

closest to the inside of the turn is going to be traveling a 

shorter distance than the tire on the outside of the turn so 

they have to turn at different angles. 

 
Fig. 1: Wheel movement 
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II. LITERATURE REVIEW 

A. Four Wheel Steering Mechanism 

 
Fig. 2: Four Wheel Steering Mechanism 

In an active four-wheel steering system, all four wheels turn 

at the same time when the driver steers. In most active four-

wheel steering systems, the rear wheels are steered by bevel 

gear assembly. The rear wheels generally cannot turn as far 

as the front wheels. There can be controls to switch off the 

rear steer and options to steer only the rear wheel 

independent of the front wheels. At low speed (e.g. parking) 

the rear wheels turn opposite of the front wheels, reducing 

the turning radius by up to twenty-five percent. 

B. Principle of Four Wheel Steering 

When the lock nut is removed, the steering operation is 

carried out in normal condition. That is only front wheels 

steer. But when the lock nut is inserted, the other mode can 

be used. When the gear arrangement is pushed to one 

position, the bevel gear get engaged and the steering of rear 

wheel is ensured and is in opposite direction as that of the 

front wheels. 

 
Fig. 3: Ackermann Mechanism 

C. History 

It was invented by the German carriage builder Georg 

Lankensperger in Munich in 1817.Then patented by his 

agent in England, Rudolph Ackermann (1764 – 1834) in 

1818 for horse drawn carriages. 

III. TECHNICAL REVIEW 

A. Terminologies Used 

1) Axles 

The weight-carrying portions of the axles, whether it may be 

front or rear, may be considered as beams supported at the 

ends, loaded at two intermediate points (the spring centres) 

and subjected to the following loads: 

1) The vertical load at the spring centres due to the 

weight of the vehicle. 

2) A fore and aft load at the wheel centre due to 

driving and braking effort. 

3) The torque reactions due to drive or brakes. 

a) Front Axle 

Conventionally the front axle is a dead axle. However, these 

days this is true of heavy vehicles only. For four drive 

vehicles and most of the cars, it is a live axle. In case of a 

dead axle, the front axle beam is usually a drop forging of 

steel. The steels used for this are 0.4 % carbon steel or 1.3% 

nickel steel. 

b) Rear Axle 

The rear wheel constitutes the driving gears which are 

controlled by the action of differential. The wheels are 

mounted on bearings on the ends of the axle shaft. It was 

majorly supported by suspension systems. 

2) Ackermann Steering Geometry 

Ackermann Steering Geometry is a system for steering 

devised to solve the problem of the inside wheel having to 

turn in a smaller radius than the outside wheel. 

a) Camber 

Camber is the tilt of the car wheels from the vertical. 

Camber is positive if the tilt is outward at the top. Camber is 

also called ‘wheel rake’. 

b) Steering Axis Inclination 

Steering axis inclination is defined as the inclination of the 

ball joint-axis from the vertical. Steering axis is an 

imaginary line drawn through the lower and the upper 

steering pivot points. 

c) Combined Angle 

Combined angle or included angle is the angle formed in the 

vertical plane between the wheel centre line and the king pin 

centreline, combined angle is equal to camber plus king pin 

inclination. 

d) Castor 

The angle between the king pin centreline and the vertical, 

in the plane of the wheel is called the castor angle. If the 

king pin centreline meets the ground at appoint ahead of the 

vertical wheel centre line is called positive castor while if it 

is behind the vertical wheel centreline, it is called negative 

castor. 

e) Toe-in and Toe-Out 

 
Fig. 4: Toe-in 

Toe-in is the amount by which the front wheels are set 

closer together at the front than at the rear when the vehicle 

is stationary. On the other hand Toe-out is when the wheel 

may be set close together at the rear than at the front. 
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Fig. 5: Toe-out 

3) Steering Arm Length 

As the steering wheels are levers, their length is more or less 

a free area, but is restricted by the clearance and available 

space on the model car. The amount of movement that can 

be generated by the servo/ steering linkage arrangement is 

also a primary consideration as the designer should think 

about the torque requirements of levers with different 

lengths. 

4) Steering Arm Angles 

a) Parallel Steering Arms 

 
Fig. 6: Parallel Steering Arms 

The Steering arms are straight and parallel to the sides of the 

vehicle, which would create a situation where equal 

movement of the steering servo would produce equal 

angular movements of the wheels. As the steering arm pivot 

point is vertically aligned with the king pin pivot point, 

when the wheel is pointing straight ahead, the same amount 

to the left or to the right moves the steering arm pivot point 

the same vertical distance forward of its starting point. 

b) Angled Steering Arms 

 
Fig. 7: Angled steering arms 

This is the basis of the Ackermann principle and creates this 

unequal angular movement of the wheels. This is due to the 

relative position of the steering arm pivot point around the 

circumference of the circle that has been drawn into show 

how the steering arm pivot point moves around the king pin 

pivot point. 

c) Toe Angle 

 
Fig. 8: Toe angle 

The term toe refers to the longitudinal angle of the wheels 

i.e., how parallel they are to each other and the car. Here the 

front wheels are parallel to each other and to the direction of 

travel of the car. This is a neutral toe angle position and is 

the base line measurement from which the other two toe 

angle positions are measured from. 

B. More, Less & True Ackermann Steering 

1) True Ackermann Angle 

 
Fig. 9: True Ackermann Angle 

This is defined by angling the steering arms so that a line 

drawn between both the kings pin and steering arm pivot 

points intersects with the centre line of rear axis. As this true 

Ackermann steering geometry, there is no Toe angle change 

on the inside wheel (the wheel is aligned with the 

circumference of the circle) 

2) More Ackermann Angle 

 
Fig. 10: More Ackermann angle 

This angle can be added to a steering setup, which involves 

adjusting the angle of the pivot points on the steering arms 

so that the point of intersection is forward of the centreline 

of the rear axle. This steering geometry achieves greater 

angular inequality of the turned wheels, which results in the 

inside wheel trying to follow a smaller diameter circle than 

it actually does. 

3) Less Ackermann Angle 

 
Fig. 11: Less Ackermann angle 
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Less Ackermann angle can be set on a steering setup, which 

involves adjusting the angle of the pivot points on the 

steering arms so that the point of intersection is behind the 

centreline of the rear axle. This steering geometry achieves a 

reduced mount of angular inequality of the turned wheels, 

which results in the inside wheel trying to follow a large 

diameter circle than it actually does. 

C. Wheel Base and Wheel Width 

 
Fig. 12: wheel base and width 

Wheelbase of a vehicle equals the distance between its front 

and rear wheels. Axle Track is the distance between the 

centerline of the two road wheels on the same axle, each on 

the other side of the vehicle. 

D. Wheel Alignment 

Positioning of the steered wheels to achieve the following is 

termed wheel alignment: 

1) Directional stability during straight ahead position. 

2) Perfect rolling condition on steering. 

3) Recovery after completing the turns. 

Three types of different alignments can be done: 

1) Front wheel alignment 

2) Thrust angle alignment 

3) Four-wheel alignment 

During the front-wheel alignment only front axles 

are measured and adjusted. This type of alignment is alright 

for vehicles having a solid rear axle, but confirming that the 

rear tires are positioned directly behind the front tires is also 

important. However, all vehicles do not have fully 

adjustable alignment parameters. Some vehicles require 

aftermarket kits to allow sufficient adjustment to 

compensate for accident damage or for change in alignment 

due to the installation of lower springs. It also has to be 

remembered that the alignment has to be done only when 

the vehicle carries the specified load. 

1) Factors of Wheel Alignment 

The term ‘wheel alignment’ is used in connection with the 

stability and control of the vehicle while in motion. Wheel 

alignment means that while moving straight ahead the 

wheels should be parallel. The result of net toe-in or toe-out 

of the wheels during running is excessively tread wear, 

heavy steering and also greater fuel consumption. 

For good steering, handling and vehicle stability, it 

is also necessary that 

1) There should not be any set back, which is said to be 

the distance between the placing of the front tires. A 

setback of less than 6mm is considered normal 

tolerance by some manufacturers. 

2) The thrust angle should be zero. Thrust angle is the 

angle made by the thrust line with the longitudinal 

centerline of the vehicle. If the thrust angle is not zero, 

the vehicle will dog track and steering wheel will not 

be centered. 

E. Effective Steering Conditions 

To have effective steering under all conditions and at all 

loads, it is very important to consider and understand the 

factors which influence the stability and control of the 

vehicle. 

Factors pertaining to wheels 

 Steering geometry 

 Steering linkage 

 Suspension system 

F. Factors Pertaining to Wheels 

 Balance of wheels – If the wheels are not in dynamic 

balance, the wheel wobble may result, which 

influences steering control. 

 Inflation of tires – The steering system is designed for 

a particular rolling radius. Variation of air pressure 

from the standard prescribed will change the rolling 

radius. 

 Brake adjustment – If the brake is not adjusted 

properly, i.e., if it is dragging, it can pull the vehicle to 

one side while braking. 

G. Correct Steering Angle 

The perfect steering is achieved when all the four wheels are 

rolling perfectly under all conditions of running. While 

taking turns, the condition of perfect rolling is satisfied if the 

axes of the front wheels when produced meet the rear axis at 

one point. Then this point is the instantaneous center of the 

vehicle. It is seen that the inside wheel is required to turn 

through a greater angle than the outer wheel. The larger the 

steering angle, the smaller is the turning circle. There is 

however, a maximum to which we can go as regards the 

steering angle. It has been found that steering angle can have 

a maximum value of 30*. The diameter of the smallest circle 

which the outer front wheel of the car can traverse and 

obtained when the wheels are at their extreme positions is 

known as turning circle. 

IV. DESIGN OF COMPONENTS 

 
Fig. 13: Steering components 

A. Steel Plate 

1) Mild and Low Carbon Steel 

Mild steel is the most common form of steel as its price is 

relatively low while it provides material properties that are 

acceptable for many applications. Low carbon steel contains 

approximately 0.05-0.15% carbon and mild steel contains 

0.16-0.29% carbon, therefore it is neither brittle nor ductile. 

Mild steel has a relatively low tensile strength, but it is 

cheap and malleable; surface hardness can be increased 

through carburizing. 

It is often used when large amounts of steel are 

needed, for example as structural steel. The density of mild 
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steel is approx., 7.85g/cm3 and young’s modulus is 

210,000Mpa. 

B. Track Rod (Tie Rod) 

 
Fig. 14: Track rod 

The outer tie rod end connects to the spindle or steering arm. 

A typical tie rod end consists of a tapered stud that is 

assembled in a forging that threads into the inner tie rod end 

or tie rod, commonly referred to as an adjustment sleeve. 

When you steer a vehicle, the stud in the outer tie rod end 

pivots to allow the spindle or steering arm to rotate while 

keeping the tie rod assembly located properly. Outer tie rod 

ends are another critical component to a vehicles steering 

system 

C. Steering Arm (Pitman Arm) 

 
Fig. 15: Steering Arm 

A pitman arm is a steering component in a truck that links 

the steering box at the base of the steering wheel to the track 

rod. When one turns the steering wheel to the left or right, 

the steering shaft turns a set of teeth that causes the wheels 

to move. The pitman arm is part of a re-circulating ball 

steering system that is used mostly in heavier vehicles such 

as trucks and buses. 

D. King Pin 

 
Fig. 16: King Pin 

The kingpin, also king-pin and king pin, is the main in 

the steering mechanism of a car or other vehicle. A kingpin 

is the main or vertical bolt that is placed in a central position 

and is normally used as a pivot. 

E. Linkage & Pivot Points 

 
Fig. 17: Linkage joints 

Ackermann steering separates the steering movement into 

two pivots, one near the hub of each front wheel. The beam 

axle between them remains fixed relative to the chassis, 

linked by the suspension. 

F. Stub Axle 

 
Fig. 18: Stub axle 

A stub axle is an axle that is connected to an assembly that 

mounts on one side of a trailer. It does not go all the way 

across the trailer like a typical straight axle does. The stub 

axle typically is part of an assembly that includes the spring 

and shock mounts and is connected so that it can move 

freely as an integral part of the trailer's suspension. 

V. DESIGN CALCULATIONS 

A. Formula Used 

tanδ if = c1 / (R1 - ( Wf / 2)) 

tanδir = c1 / (R1 - ( Wr / 2)) 

tanδ or = c1 / (R1 - ( Wr / 2)) 

c1 + c2 = L 

R2 = a2
2 + r1

2 

WF = (W * a2) / L 

B. Abbreviations 

R – Turning radius of the System (assumed to be 1.5m) 

a1 - Distance of centre of gravity from front axle 

a2 - Distance of centre of gravity from rear axle 

r1 - Distance between instantaneous centres 

W - Total weight 

L - Wheel base 

WF - Load on front wheel 

Wr - Load on rear wheel 

δ if- Turning angle of inner front wheel 

δir- Turning angle of inner rear wheel 

δof  - Turning angle of outer front wheel 

δor  - Turning angle of outer rear wheel 

C. Assumptions 

Weight of the system = 120N 

Turning radius = 1.5m 

Front inner wheel turning angle = 15’ 

D. Calculations 

W = 120 N 

Wf = 60 N 

L = 700 mm 

(Wf * L) / W = a2 

(60 * 700) / 120 = a2 

a2 = 350 mm 

From above results 

R2 = a2
2 + R1

2 

15002 = 3502 + R1
2 

R1 = 1458.6 mm 

http://www.wisegeek.com/what-is-an-axle.htm
http://www.wisegeek.com/what-is-a-straight-axle.htm
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1) To Calculate C1& C2 

Assuming the Inner Angle of Front Wheel to be 15o 

tanδ if = c1 / (R1 - (Wf / 2)) 

c1 + c2 = L 

tan 15o = c1 / (1458.6 - (400 / 2)) 

c1 = 699.3 * tan 15o 

c1 = 350.22 mm 

we know that, 

c1+ c2 = L 

c2 = L - c1 

c2 = 700-350.22 

c2 = 349.78 

2) To Calculate Outer Angle of Front Wheel 

tanδ if = c1 / (R1 + (Wf / 2)) 

tanδ if = 350.22 / (1458.6 + (400 / 2)) 

tanδ if = 0.299 

δ if = 12o 

3) To Find Inner Angle of Rear Wheel 

tanδir = c1 / (R1 - (Wr / 2)) 

tanδir = 349.78 / (1458.6 - (400 / 2)) 

δir = 18.28 0 

4) To Find Outer Angle of Rear Wheel 

tanδ or = c1 / (R1 - (Wr / 2)) 

tanδ or = 349.78 / (1458.6 + (400 / 2)) 

δ or = 12 0 

VI. FABRICATION 

A. Track Rod 

 The fabrication process is done by cutting down mild 

steel flat of 40X5 mm into required lengths and 

dimensions using a POWER TOOL. 

 Some parts were cut by gas cutting due to complicate 

and intricate structures. 

 Holes were made for required dimension using 

Universal Drilling Machine. 

 The welded components were grinded to eliminate 

burrs and sharp edges using Portable Grinding 

Machine. 

B. Steering Arm (Pitman Arm) 

 The fabrication process is done by cutting down mild 

steel flat of 40X5 mm and into required lengths and 

dimensions using a Power Tool. 

 Some parts were cut by gas cutting due to complicate 

and intricate structures. 

 Then the flats are welded with each other according to 

the requirements and specification using ARC 

Welding. 

 Holes were made for required dimension using 

Universal Drilling Machine. 

 The welded components were grinded to eliminate 

burrs and sharp edges using Portable Grinding 

Machine. 

C. Tie Rod 

 The fabrication process is done by cutting down mild 

steel flat of 25X5 mm into required lengths and 

dimensions using a Power Tool. 

 Holes were made for required dimension using 

Universal Drilling Machine. 

D. King Pin 

 M6 bolt made of mild steel is used as king pin. 

E. Stub Axle 

 The stub axle is made by welding mild steel flats into a 

single component. 

 The flats are cut for the required dimensions and are 

welded together using ARC Welding. 

F. Finishing 

 The components and parts were fastened using bolts 

and nuts. 

 The assembled components are placed over the 

wooden base by means of a metal structures. 

 The components were painted accordingly to 

differentiate from each and every components and for 

easy identification. 

VII. DESIGN DRAWINGS 

A. 3D Model of Multi-Mode Steering System 

 
Fig. 19: 3D Model of Multi-Mode Steering System 

 
Fig. 20: Top View of Multi-Mode Steering System 
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Fig. 21: Side View of Multi Mode Steering System 

 
Fig. 22: Mechanism of Multi-Mode Steering System 

VIII. CONCLUSION 

The project has demonstrated the use of the principle of 

Ackermann steering principle in perfect steering of any 

vehicle. Using mild steel plates and Ackermann steering 

principle the layout is designed. The correct steering angles 

were established from the design calculations. 

Thus the MULTI MODE STEERING SYSTEM 

was designed and fabricated successfully according to the 

specifications. 
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