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Abstract— A Four Wheel steering (4WS) System is also 

known as “Quadra Steering System”. In this paper, both front 

as well as rear wheels can be steered according to speed of 

the vehicle and space available for turning relative to the 

Ackerman steering geometry applied for the front 2 wheels 

and a parallel steering system applied for the rear 2 wheels 

for turning. The turning radius has been calculated by putting 

parameters in Solidworks and the calculations are done 

manually. The main aim is that turning of the vehicle should 

not require greater efforts on the part of the driver. And the 

results that are obtained after the calculations for changing 

turning radius of simple Ackerman geometry vs 4 wheel 

driven Ackerman steering geometry are displayed. 
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I. INTRODUCTION 

The steering system allows the driver to guide the moving 

vehicle on the road and turn it right or left as desired. 

Ackerman steering deals with the angle associated with the 

wheels of a vehicle with respect to the turn center of the 

vehicle. 

A. Conventional Ackerman Steering System 

Usually during the steering of the vehicle, only the front 

wheels are steered towards right or left according to the 

requirement and the rear wheels are mere followers of the 

front wheels in this system. 

 
Fig. 1: Condition for True Rolling 

B. Four Wheel Ackerman Steering System 

Four wheel Ackerman steering geometry deals with the 

behavior of the impact of turning of the rear wheels with 

respect to the front wheels of a vehicle in the maximum 

Ackerman angle condition. Since the rear wheels are made to 

follow the path on the road taken by the front wheels, the rear 

of a 4WS car does not turn in the normal way. Therefore the 

risk of hitting an obstacle is greatly reduced. 

At high speed, when steering adjustments are subtle, 

the front wheels and rear wheels turn in the same direction As 

a result, the car moves in a crab-like manner rather than in a 

curved path. This action is advantageous to the car while 

changing lanes on a high-speed road. The elimination of the 

centrifugal effect and, in consequence the reduction of body 

roll and cornering force on the tyre, improves the stability of 

the car so that control becomes easier and safer. 

 
Fig. 2: Solidworks Prototype  

 
Fig. 3: Prototype of 4 Wheel Drive Steering System 

C. Normal Ackerman Steering Geometry: 

Considering dimensions of a custom vehicle (specified 

below) the Solidworks model of Norman Ackerman 

Geometry is shown below 

 
Fig. 4: Normal Ackerman Condition 

 Track width: Front 48 Inch 

 Rear 42 Inch 

 Wheelbase: 58 Inch 

 Turning Radius: 122.64(Outer Wheel), 83.89 (Inner 

Wheel), 85.58(About Centre of Gravity of Vehicle) 

Taking into account maximum turning angle for 

front wheels 44 degree (since considering the minimum slip 

angle at 44 degree and Ackerman conditions for the custom 

considered vehicle). The other wheel angle we have got is 

28.22 degree which is hard to achieve practically so 

considering 29 degree as secondary wheel angles as shown in 

figure. The turning radius we have got is 3.11 meters as 

shown in following figure: 

 
Fig. 5: Converting turning radius from inch to meters 
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D. Four wheel driven Ackerman steering geometry 

The four wheel driven Ackerman steering geometry behaves 

slightly different with change in turning radius for the custom 

vehicle. The cad model for the same dimensions as per the 

above for Normal Ackerman Steering fig is considered but 

this time there is 45 degree maximum turning angle for rear 

wheels is considered. 

 
Fig. 6: Practical figure of Ackerman Four wheel steered 

vehicle 

Considering Same Parameters the Solidworks 

Model is as shown below. 

 
Fig. 7: Without dimensions 

 
Fig. 8: With 4 Wheel Driven Ackerman Steering Geometry 

E. Calculations: we have for Ackerman steering: 

cot(outside wheel angle) - cot (inside wheel angle ) = track 

width/wheelbase 

cot x – cot 44 =58/48 

x= 24.02 degree which means minimum 24.02 

degree angle is required for the perfect turning geometry. 

The various parameters changed during the 45 

degree of the turning of rear wheels are, 

1) Turning radius of front left wheel was changed from 

83.89 inch to 43.81 inches which concludes 48.73 

decrease in turning radius for the wheel. 

2) Turning radius of front right wheel was changed from 

122.64 inch to 51.26 inch. This concludes decrease on 

the turning radius by 71.38 inches for the vehicle about 

its center of gravity. 

F. Advantages 

1) The vehicles cornering behavior becomes more stable 

and controllable at high speeds as well as on wet or 

slippery road surfaces.  

2) The vehicles response to steering input becomes quicker 

and more precise throughout the vehicles entire speed 

range.  

3) The vehicles straight-line stability at high speeds is 

improved.  

4) Negative effects of road irregularities and crosswinds on 

the vehicles stability are minimized.  

5) The vehicle is less likely to go into a spin even in 

situations in which the driver must make a sudden and 

relatively large change of direction.  

6) By steering the rear wheels in the direction opposite the 

front wheels at low speeds, the vehicles turning circle 

radius is greatly reduced. Therefore, vehicle 

maneuvering on narrow roads and during parking 

becomes easier  

II. FUTURE ASPECTS 

An innovative feature of this steering linkage design is its 

ability to drive all four Wheels using a single steering 

actuator. The advanced system of “Four wheel steering” will 

work electronically with the help or microprocessors. The 

system will utilize an onboard computer to control and direct 

the turning left and right of the rear wheels. 

III. CONCLUSION 

Thus, the four wheel Ackerman steering system has got low 

turning radius, cornering capability, steering response, 

straight-line stability, lane changing and low speed 

maneuverability. Even though it is advantageous over the 

convectional two wheel steering system, four wheel steering 

is a complex and expensive. Ackerman geometry correctly 

works for the steering system which is 4 wheel driven and 

meets the perfect turning radius. The less turning radius the 

easier is the parking of the vehicle. 
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