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Abstract— Nowadays most of vehicles use the two wheel 

steering mechanism as their main handling system. But the 

efficiency of the two wheel steering vehicle is confirmed to 

be low as compared to the four wheel steering vehicles. Four 

wheel steering system can be hired in some vehicles to 

increase steering response, increase vehicle stability while 

moving at certain speed or to decrease turning radius at low 

speed. In this report, the performance of four wheels steered 

vehicle model is measured which is optimally precise during 

a lane change maneuver in three type of condition which is 

low speed maneuver, medium speed maneuver and high 

speed maneuver. 
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I. INTRODUCTION 

The most conventional steering arrangement is to turn the 

front wheels of vehicle by means of a hand–operated 

steering wheel which is positioned in front of the driver, 

using the steering column, which may comprise universal 

joints, to allow it to deviate somewhat from a straight line. 

But due to the consciousness of safety, four wheel steering 

system vehicles are being used gradually due to high 

performance and constancy that they bring to the vehicles. 

In 1980’s the development of four-wheel-steering vehicles 

has started and then some cars are commercialized. A four 

wheel steering vehicle has the advantage to improve the 

vehicle cornering capability by steering the rear wheels in 

according to vehicle status. Using an appropriate steering 

control on the back wheels, it is probable to increase also the 

sideways stability and in general handling performances of 

the vehicle. 

During parking of vehicle it’s not easy with 

conventional steer system, but in 4WS due to smaller 

turning radius vehicle can be park easily. Vehicle can be 

easily turned at tight corners on the narrow roads by the 

application of four wheel steer mode. During steering 

operation on slippery surfaces, steering of the rear wheels 

suppress sideways drift of the vehicle’s rear end. 

II. LITERATURE REVIEW 

In view of the foregoing observations and description, the 

primary object of the current invention is to provide a four 

wheel steering system for a vehicle in which the rear wheel 

steering ratio yr. /off is changed according to the road 

condition so that skidding of the wheels does not occur even 

if the road gripping force is lowered. 

A. Steering System 

The basic aim of steering is to ensure that the wheels are 

pointing in the desired directions. This is typically 

accomplished 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. 

B. Turning Radius 

Turning radius of a vehicle is the diameter of the smallest 

circular (U) turn  

Turning circle radius = (track/2) + (wheelbase/ sin (average 

steer angle)). [1] 

III. PROBLEM STATEMENT 

In situations like low speed cornering, vehicle parking and 

driving in city conditions with heavy traffic in tight spaces, 

high speed lane changing would be very difficult due to 

vehicle’s larger wheelbase and track width which brings 

high inertia and traction into consideration. 

 

 
Fig. 3.1: Driving Problems of Conventional steering 

system.” [2] 

IV. CONVENTIONAL STEERING SYSTEM 

The body of a rack-and-pinion steering gear is usually an 

aluminum casting. The rack is often held to the vehicle body 

or frame by two U-shaped brackets that are bolted in place. 

Other units are bolted directly to the vehicle with a series of 

bolts and nuts that pass through holes in the rack body and 

the vehicle’s frame. The pinion assembly is a Hardened steel 

gear supported by bearings at the top and Bottom. The rack 

is also made of hardened steel and moves In slide bearings. 

Seals keep the steering gear lubricant From leaking out of 

the rack-and-pinion assembly. 

The rack-and-pinion steering system converts the 

Rotational motion of the steering wheel into the linear 
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motion needed to turn the wheels, and provides a gear 

reduction, making it easier to turn the wheels. On most cars, 

it takes three to four complete revolutions of the steering 

wheel to make the wheels turn from lock to lock (from far 

left to far right). Turning of wheels depends on the steering 

ratio. It is the ratio between the angle turned by the steering 

wheel and the angle turned by the road wheel. A higher ratio 

means that one has to turn the steering wheel more to get the 

wheels turn to given distance, and vice versa. The rack and 

pinion assembly must satisfy specific requirements, like 

backlash, etc. The steer system is also subjected to 

continuous vibrations. So, any backlash will produce noise. 

Instead of gear errors, backlash occurs due to that the middle 

portion of rack teeth span and the equivalent breeding pinion 

teeth are further disposed to wear. Thus, backlash 

elimination becomes inevitable in steering systems. To billet 

the steering connections, along with the gearbox within the 

track width of the vehicle, rack travel is restricted. This 

small rack addition with high reduction gear ratio puts a 

limitation on pinion diameter. For a small diameter pinion, 

appropriate tooth forte is reached by reducing the number of 

teeth. This introduces undercutting. Undercutting is dodged 

by resorting to a pinion contour shift. The profile-shifted 

pinion has enlarged tooth width than the tooth space. A rack 

and pinion in the RPS is assembled under a preload force. 

The nominal torque value essential to revolve the pinion 

depends upon this preload. The preload is so adjusted that 

the steering is not too receptive during the straight-ahead 

motions and not too rigid during turning. 

The components of a Rack and Pinion Steering 

(RPS) gear-box are shown in Fig. The rack and pinion has 

different helix angles as well as opposite hand of helix. The 

axis of a rack and pinion is non-parallel and non-

intersecting. The pinion is installed at an angle equal to the 

variance among the helix angles of the rack and pinion 

 
Fig. 4.1: Conventional steering system 

V. FOUR WHEEL STEER SYSTEM 

Four-wheel steering, 4WS, also called back-wheel Steering 

or all-wheel steering, provides a means to actively steer the 

back wheels during turning exercises. It should not be 

confused with four-wheel drive in which all four wheels of a 

vehicle are power-driven. It progresses handling and 

benefits the vehicle make tighter turns. Production-built cars 

incline to under steer or, in few occurrences, over steer. If a 

car could automatically compensate for an under steer /over 

steer problem, the driver would relish nearly unbiased 

steering under varying conditions. 4WS is a serious effort 

carried by automotive design engineers to provide near-

neutral steering. The front wheels do most of the steering. 

Rear wheel turning is normally limited to partial during an 

opposite Direction turn. When both the front and rear 

wheels steer toward the similar direction, they are said to be 

crab steer phase and this produces a kind of sideways 

movement of the car at low speeds. But when the front and 

rear wheels are steer in opposite direction, this is called anti-

phase, counter-phase or opposed-phase and it produces a 

shriller, tighter turn. This project aims at developing a 4 

Wheel Steering System which would satisfy the needs of 

people. This system is employed to improve steering 

response, increase vehicle constancy while steering at high 

speed, or to decrease turning radius at low speed. [3]  

A. Modes Of 4WS System 

1) Conventional Steering System 

This system is a simple steering system which is used in 

present vehicles. In this system only the front wheel of 

vehicle are turn (as shown in Fig.5.1) on the application of 

steering wheel which is connected to the wheels through the 

steering column, steering shaft, rack and pinion 

arrangement, tie rod and steering arm. By the application of 

these various components vehicle is steered in the desired 

direction. 

2) Four Wheel Steer System 

In this system all the wheel of vehicle is turn on the 

application of steering wheel. This system generally 

employed for low speed driving. In this mode rear wheel of 

the vehicle turns in opposite direction according to the front 

wheels. (As shown in Fig.5.1). So this mode was pretty 

helpful to drive the vehicle in congested area or on the 

narrow road. 

3) Crab Steer System 

Also in this system all the wheels of the vehicle are turn. In 

this system on the application of steering wheel, the rear 

wheel turn in the same direction as the front wheel. (As 

shown in Fig.5.1). Usually this system is used for high speed 

lane changing or driving. In this all front as well as rear 

wheel turn in same direction, thus this mode provides high 

speed lane changing and high speed cornering stability. 

4) Zero Turn System 

This system was much helpful to park the vehicle in 

congested area, it ease the parking of the vehicle. In this 

system all the wheels of vehicles turns in the opposite 

direction to each other. (As shown in Fig.5.1). 

 
Fig. 5.1: Modes of 4WS system 

B. Components Of 4WS System 

This system uses following components for their proper 

working- 

 Set of Bevel gear 

 Front rack & pinion 

 Rear rack & pinion 

 Single stage gear box  

 Gear knob 

 Steering wheel 
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VI. WORKING OF FOUR WHEEL STEERING SYSTEM 

This system consist of front rack & pinion and rear rack & 

pinion, which is mounted on front and rear side respectively. 

The steering shaft of steering wheel is connected to the front 

rack & pinion through the set of three Bevel gears (as shown 

in Fig.) mounted near the steering shaft. Out of three Bevel 

gears, Crown gear is connected to the steering shaft which is 

rest on the other two small Bevel gears. Primary bevel gear 

is connected to the pinion of the front rack and pinion, and 

secondary bevel gear is connected to the output shaft, which 

is connected to the rear pinion of the rear rack & pinion 

arrangement for the purpose of transmission of steering 

motion of steering wheel to the rear wheels. 

Assume that if the steering wheel turn in clockwise 

direction then front wheel will turn in right direction, but 

due to the bevel gear set arrangement the secondary bevel 

gear will turn the shaft in anticlockwise direction i.e. in the 

left direction, rear pinion is directly connected to this shaft 

also turn in left direction. Thus the rear wheel will turn in 

opposite direction to the front wheel. Thus we obtain four 

wheel steer mode. 

Between the secondary bevel gear and rear rack 

and pinion arrangement, a single stage gear box was 

included (as shown in Fig.) to achieve the different modes of 

four wheel steering system. 

Now to achieve the crab steer mode, the rear wheel 

should be turn in the same direction as the front wheel 

turns.To achieve that, the rear pinion should be rotated in 

the clockwise direction as the front pinion rotates. To rotate 

the rear pinion in that direction, the shaft should be rotated 

in clockwise direction as the pinion. So to achieve that we 

have incorporated a single stage two speed gearbox. Which 

is used to rotate the shaft in clockwise or anticlockwise 

 

 
Fig. 6.1: Model of 4WS 

Direction, and thus by using proper gear 

arrangement in gearbox the shaft can be rotated in clockwise 

direction. Thus the rear pinion also rotates in clockwise 

direction and the rear wheels also turn in the same direction 

as the front wheels. Thus by changing gears we can achieve 

crab steer mode. 

To achieve the zero turn, all wheels of vehicle can 

be turn in opposite direction using the spring shock-up 

system. In this system the spring shock-up is provided to 

each wheel of the vehicle between the tie rod and wheel. 

The wheels of vehicle can be turned using rope system. In 

this system rope end is connected to the wheel at the c 

clamp, and the other end of rope is wounded at the center 

roll. Thus by rotating the center roll, all wheels of vehicles 

can be turned in the opposite direction. 

VII. ADVANTAGES AND DISADVANTAGES 

A. Advantages 

 The vehicle’s cornering becomes more stable and 

governable at high speeds as well as on wet road 

surfaces. 

 The chances of vehicle to go in spin are reduced 

which are caused due to sudden change of direction 

by driver. 

 The rear wheels turn in opposite direction to the 

front wheel thus the turning radius of the vehicle is 

reduced. 

 Straight line stability of vehicle at high speed is 

improved. 

 The vehicle response to steering input becomes 

quicker and more precise throughout the vehicle 

enter speed range. 

B. Disadvantages 

 In four wheel steering system due to addition of 

new component cost of system increases. 

 The system consists of addition few new 

component due to that system get bulky. 

VIII. CONCLUSION 

Thus the four wheel steering system is a new concept, which 

improves the stability in cars, trucks, etc. In conventional 

wheel steer system only front two wheel turn rear wheel 

follows that path. But in four wheel steer system rear wheel 

also turn in left or right direction which helps in to improve 

the vehicles stability. 

Thus the aim of four wheel steering system is to 

improve the cornering stability of vehicle, reduce the turning 

radius, improve the maneuvers while overtaking, and 

improve the straight line stability at high speed, with the 

main aim of improvement of safety. 
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