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Abstract— A four wheel steering system also called as 

Quadra steering system, in which both front wheels and 

rear wheels can be steered for reducing the turning radius. 

There are several arrangements available for steer all the 

wheels. But in the project used rack and pinion (spur gear) 

arrangement. There are two steering rack mounted at front 

side and rear side on the frame. Both steering racks spindle 

having pinion which are connected by the rack. Here the 

STEERING RACK and RACK are two different things, 

the steering rack is element use for steer or turning 

purpose of vehicle. And the rack is use for connecting two 

steering rack. The rack is mounted in such a way that it 

should mesh both front and rear steering racks pinion. This 

causes transfer of motion from front steering rack to rear 

steering rack. As a result all wheels are steers 

simultaneously. The project was created on software 

called as creo- parametric. After modeling of project on 

creo- parametric it was fabricated. 
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I. INTRODUCTION 

Four wheel steering is a method developed in automobile 

industry for the effective turning of the vehicle and to 

increase the maneuverability. In a typical Front wheel 

steering system the rear wheels do not turn in the direction 

of the curve and thus curb on the efficiency of the steering. 

In four wheels steering the rear wheels turn with the front 

wheels thus increasing the efficiency of the vehicle. The 

direction of steering the rear wheels relative to the front 

wheels depends on the operating conditions. At low speed 

wheel movement is pronounced, so that rear wheels are 

steered in the opposite direction to that of front wheels. In 

city driving conditions the vehicle with higher wheelbase 

and track width face problems of turning as the space is 

confined, the same problem is faced in low speed 

cornering. Usually customers pick the vehicle with higher 

wheelbase and track width for their comforting face these 

problems, so to Overcome this problem a concept of four 

wheel steering can be adopted in the vehicle. Four wheel 

steering reduces the turning radius of the vehicle which is 

effective in confined space, in this project four wheel 

steering is adopted for the existing vehicle and turning 

radius is reduced. 

II. BACKGROUND THEORY 

The most effective type of steering, this type has all the 

four wheels of the vehicle used for steering purpose. In a 

typical front wheel steering system the rear wheels do not 

turn in the direction of the curve and thus curb on the 

efficiency of the steering. Normally this system is not been 

the preferred choice due to complexity of conventional 

mechanical four wheel steering systems. However, a few 

cars like the Honda Prelude, Nissan Skyline GT-R have 

been available with four wheel steering systems, where the 

rear wheels turn by an angle to aid the front wheels in 

steering. However, these systems had the rear wheels 

steered by only 2 or 3 degrees, as their main aim was to 

assist the front wheels rather than steer by themselves. 

With advances in technology, modern four wheel steering 

systems boast of fully electronic steer-by-wire systems, 

equal steer angles for front and rear wheels, and sensors to 

monitor the vehicle dynamics and adjust the steer angles in 

real time. Although such a complex four wheel steering 

model has not been created for production purposes, a 

number of experimental concepts with some of these 

technologies have been built and tested successfully. 

Compared with a conventional two wheel steering system, 

the advantages offered by a four wheel steering system 

include: 

1) Superior cornering stability. 

2) Improved steering responsiveness and precision. 

3) High speed straight line stability. 

4) Notable improvement in rapid lane changing 

maneuvers. 

5) Smaller turning radius and tight space 

maneuverability at low speed. 

6) Relative wheel angles and their control. 

III. CONSTRUCTION 

The main component is frame which hold the entire 

system, the frame is made up of square pipe. There are two 

steering rack mounted over the frame, one steering rack is 

mounted at front side and other is mounted at rear side. 

Both steering rack spindle having pinion called as spur 

gear. The rack is also available which connect the both 

steering rack. The rack is mounted in such a way that it 

should transfer the motion from front steering rack to rear 

steering rack for steer the both side wheel in opposite 

direction . Each steering rack having knuckle mounted on 

each side. And also the tyres are used to support and move 

the vehicle. 

IV. WORKING 

As the steering wheel is rotate to turn the vehicle, all 

wheels are steered. This happen because the  motion of 

steering wheel transfer to steering rack, the steering rack’s 

spindle joint by the pinion called as (spur gear) . There is 

also another steering rack mounted at the rear side of 

frame which also contain the pinion. Both steering pinions 

are connected by the rack called as design rack. The rack 

is  mount in such a way that, it transfer the motion from 

front pinion to rear pinion. This helps to steer the front 

wheel and rear wheel in opposite direction which take the 

less turning radius for turn the vehicle. 
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Now it is clearly understand from the figure how 

the four wheel steering mechanism working by using rack 

and pinion arrangement. the yellow color element is spur 

gear and the green color rod is rack. The position of rack is 

most important for actuating the all-wheel in opposite 

direction.  

The knuckle plays also an important role in 

steering the all-wheel. The knuckle consist of three end 

point in which the particular connection are bolted one end 

having steering rack ball joint which help to steer the 

wheel. Second end is use for connecting another ball joint 

for pivoting knuckle from bottom portion. And the final 

end is supported by the column, which are bolted. 

 

 
Fig. 1: complete assembly of project 

A. Calculation [9] 

Calculation for steering angles for the turning radius  

For calculate turning radius the equation is given as  

R=  L/Sin(steering angle) 

=  770/Sin(25+24) 

=1090 mm 

Now  

Also we know that turning radius is 

R2 = a22  +R12    (1) 

Where R = Turning radius of the vehicle. 

a2 = Distance of CG from rear axle. 

R1 = Distance between instantaneous centre and the axis 

of the vehicle. 

To find a2 

Wf = (W * a2) / L   (2) 

Where Wf = Load on front axle. 

W = Total weight of car. 

L = Wheelbase. 

35 = (50 * a2 )/L 

 So from equation 2 and 1 

a2 = 320 mm. 

R1 = 1042 mm. 

To find steering angles; 

From test we found that the inner angle of front tire is, 

δif = 25.60. 

tan δif = C1 / (R1 – wf / 2)   (3) 

C1 + C2 = L    (4) 

Where C1 = Distance of instantaneous centre from front 

axle axis.  

C2 = Distance of instantaneous centre from rear axle axis. 

wf = Front trackwidth. 

tan (25) = c1/(1042-30/2 ) 

From equation 3 and 4 

C1 = 8 mm. 

C2 = 700 mm. 

To find δof = outer angle of front tire. 

tan δof = C1 / (R1 + wf / 2)  (5) 

δof = 23.78 

To find δir = inner angle of rear tire. 

tan δir = C2 / (R1 – wr / 2)   (6) 

δir = 6.93 

To find δif = outer angle of rear tire. 

tan δor = C2 / (R1 + wr / 2)  (7) 

δor = 6.90                     

Now considering the same steering angles for 

front and rear tires, we reduce in the turning radius of the 

vehicle but keeping the wheelbase and track width same as 

the benchmark vehicle. 

Calculation for turning radius for same steering angles. To 

find turning radius, R 

R2 = a22 + L2 cot2δ   (8) 

Where δ = Total steering angle of the vehicle. 

To find δ 

cotδ = (cotδi + cotδo)/2   (9) 

Where δi = total inner angle of the vehicle. 

δo = total outer angle of the vehicle. 

cotδ = 1.61 

From equation 8 

R = 590 mm. 

Further calculation for C1 and C2 from equation 

3 and 4 considering turning radius as 600 mm. 

6002 =3202 +R12  

C1 = 508 mm. 

C2 = 262 mm. 

Frame Design 
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The main component in this project is frame, this 

frame holding the entire system on it, there for it should 

sustain the load. For building of prototype model, the 

designed model is considered along with that a frame is 

built to support the steering, knuckle and rack and pinion 

arrangement. 

B. Two wheel steering 

Figure shows the model is in two wheel steer, when the 

rack is remove the connection between front and rear 

steering rack are disconnected so that the four wheel steer 

is neutralized and it is in two wheel steer. We can see in 

figure that only front wheels are at an angle after steering 

but rear wheels are at straight ahead position. 

Considering two wheel steer to check the turning 

radius of the prototype model. 

After conducting the test the turning radius we 

got is 1.180 m, but according to calculation. it has to be 

1.09 m. There is an error; the reason behind this error is 

the wheel balancing is not proper as well. The camber, 

castor and toe-in etc wheel balancing terminology are 

neglected 

 
Fig. 2: Two Wheel Steering 

C. Four Wheel Steering  

Figure shows the four wheel steering of prototype model. 

The design rack is connected to the both front and rear 

steering rack pinion. such that the two wheel steer is 

converted into the four wheel steer. After converting it  

radius test is conducted for the four wheel steer to check 

the reduction in turning radius. By test the turning radius 

we got is 0.54 m, so the reduction in turning radius is 

49.09%. But as per the calculation the reduction in turning 

radius is 0.59m, we got 54.12 reduction 

 
Fig. 3: Four Wheel Steering 

D. Change to 4 wheel steer to 2 wheel steer  

The model is built such that it can be changed from four 

wheel steer to two wheel steer whenever required .This 

four wheel steer is designed only for the parking Purpose 

and taking u turn, so when the vehicle has to move at a 

speed higher than 10 kmph it has to be in two wheel steer 

so the vehicle is designed such that it can be converted to 

four wheel steer in parking and again back to two wheel 

steer when the vehicle crosses over 10 kmph. For 

changing from four wheel steer to two wheel steer there is 

rack which connected the both spur gear of front steering 

rack and rear steering rack as shown in figure 

By the help of this rack we can change from four 

wheel steer to two wheel steer. By just removing the rack 
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Fig. 4: Converting 4 Wheel Steering To 2 Wheel Steering 

V. RESULT 

TURNING 

RADIUS 
CALCULATION EXPERIMENT 

TWO WHEEL 1109mm 1180mm 

FOUR WHEEL 590mm 540mm 

VI. CONCLUSION  

From experiment and calculation we conclude that, after 

using four wheel steering mechanism the turning radius 

reduces from 53.20% to 45.76%  
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