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Abstract

Nowadays most of the vehicles use the two wheel steering mechanism as their main handling system. But the efficiency of the
two wheel steering vehicle is proven to be low compared to the four wheel steering vehicle. In standard 2 Wheel Steering
System, the rear set of wheels are always directed forward and do not play an active role in controlling the steering. While in 4
Wheel Steering System, the rear wheels do play an active role for steering, which can be guided at high as well as low speeds.
Four wheel steering system can be employed in some vehicles to improve steering response, increase vehicle stability while
moving at certain speed, or to decrease turning radius at low speed. Four-wheel steering is a technologically, tremendous effort
on the part of automotive design engineers to provide near-neutral steering. 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. Also in situations like low
speed cornering, vehicle parking and driving in city conditions with heavy traffic in tight spaces, driving would be very difficult
due to a sedan’s larger wheelbase and track width. Hence there is a requirement of a mechanism which result in less turning
radius. In this system, all the four wheels are connected to each other by means of a single chain with the help of a sprockets and
the same chain is coupled to steering wheel rod with another sprocket mounted on it. This arrangement of the wheels enables the
vehicle to turn 90 degrees, without moving from the spot, i.e. the vehicle has zero turning radius. This helps in maneuvering the
vehicle in tight spaces such as parking lots and within small compounds. Modern development and economical progression of
Indian society resulted in increase of cars on rods. Due to space constraints, car parking is the major problem faced in most parts
of the country. Present study aims for development of a system to reduce the turning radius of a car. The indigenously developed
system consists of Ackerman steering and various mechanism with arrangement of the various kinematics links. In this system at
first vehicle is stopped and wheels are then turned in the required direction with the help of steering system. It has turning radius
nearly equal to negligible of the length of car itself. This system can be useful in better parking, traffic jam, back turning on
narrow roads, etc.4-Wheel Steering System is not a new technology but it has not gained popularity over 2-Wheel Steering
System even though experiments have proved that it has excellent maneuverability, high stability and it is a solution to
oversteer/understeer. If 4-Wheel Steering is a better placement for age old 2-Wheel Steering, why has it not replaced it yet?
Keywords: Quadra steering, Chain, Parallel Parking, Lane Changing

l. INTRODUCTION

To purchasing of vehicles by people too high so naturally there is a big problem of parking of these vehicles. So there is
difficulty while parking the vehicle with conventional two-wheel steering mechanism as it needs space of 1.75 times of the
vehicle size. Also between two vehicles we need to leave some space for free and efficient moving of the vehicle and also it
takes several time to properly park a vehicle, which is a big waste of space and time and after a certain point it becomes hectic
too. Also in industry there is a space constraint and this problem is faced while moving cargo. Hence we have come up with a
solution of four-wheel steering which gives easy steering and parking in less space.
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A. What is steering?

The various functions of the steering wheel are, to control the angular motion of the wheels; 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.

Automotive steering mechanisms are divided as either manual or power steering. In both types, the arrangement and function
of the linkage are same. The major difference is that manual steering requires more human efforts to steer the vehicle. Some
construction equipment has articulated steering which is facilated by hydraulic system. We are going to use the steering similar
to that of Go-kart. This system gives nearly perfect steering. Its working is purely on the movements of linkages. Linkages are
connected by ball joints to have accurate motion in one plane. As this type of steering system is simple and hence its design and
maintenance is also easy. This system does not consist of any gear mechanism. It is light in weight. Hence its overall weight
reduces which helps in turning of wheel. We also have another option of utilizing the Ackermann and Power steering
mechanism. But this will become costly and bulky.

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-cent usually conforms to a variation of Ackermann steering
geometry, to account for the fact erring towards the direction of travel. The steering linkages connecting the steering box and the
wheels that in a turn, the inner wheel is actually travelling a path of smaller radius than the outer wheel, so that the degree of toe
suitable for driving in a straight path is not suitable for turns. The angle the wheels make with the vertical plane also affects
steering dynamics as do the tyres. Today cars use rack and pinion steering mechanisms, where the steering wheel turns the pinion
gear; the pinion moves the rack, which is a linear gear that meshes with the pinion, converting circular motion into linear motion
along the transverse axis of the car (side to side motion).

11 Mechanisms: The two types of steering mechanisms are;

1) Davis Steering Gear

2) Ackermann Steering Gear

1) Davis Steering Gear: The Davis steering gear has various sliding pairs resulting in high friction, wear and tear in the
component parts. Therefore, this makes the design inaccurate and hence is no more used in vehicles.

2) Ackermann’s Principle: The Ackermann principle states that when a vehicle takes a turn, its wheels should make arcs
round the same Centre. In other words, the front wheels must move in relation to each other and the axis of front wheels
should meet the axis of rear wheels at a point. This point about which the wheels rotate is known as the instantaneous
centre (0). This situation makes sure true rolling motion to all the wheels and avoids lateral slip and minimizes wear of
tyre. Here we are going to us the coupled Ackerman steering mechanism.

Davis steering
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Fig. 1.1: Davis Steering Gear Fig. 1.2: Ackermann’s Principle

71 Advantages of Ackermann Mechanism:
—  Lesser wear of tyres
—  Lower friction in pair
—  Simplicity and durability of pin joints

#. Four-wheel steering:

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. At high
speed, when steering adjustments are subtle, the front wheels and the rear wheels turn in the same direction.
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By changing the direction of the rear wheels there is reduction in turning radius of the vehicle which is efficient in parking,
low speed cornering and high speed lane change. 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 comfort and 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
without changing the dimension of the vehicle.

Il. LITERATURE REVIEW

According to “Development of four-wheel Steering system for a car” research paper Production cars are designed to under steer
and rarely do they oversteer. If a car could automatically compensate for an under steer/oversteer problem, the driver would
enjoy nearly neutral steering under varying operating conditions. Four-wheel steering is a serious effort on the part of automotive
design engineers to provide near-neutral steering. Also in situations like low speed cornering, vehicle parking and driving in city
conditions with heavy traffic in tight spaces, driving would be very difficult due to vehicle’s larger wheelbase and track width.
Hence there is a requirement of a mechanism which result in less turning radius and it can be achieved by implementing four-
wheel steering mechanism instead of regular two-wheel steering.

In this project Maruti Suzuki 800 is considered as a benchmark vehicle. The main aim of this project is to turn the rear wheels
out of phase to the front wheels. In order to achieve this, a mechanism which consists of two bevel gears and intermediate shaft
which transmit 100% torque as well turns rear wheels in out of phase was developed. The mechanism was modelled using
CATIA and the motion simulation was done using ADAMS. A physical prototype was realized.

The prototype was tested for its cornering ability through constant radius test and was found 50% reduction in turning radius
and the vehicle was operated at low speed of 10 kmph.

Table - 2.1
Comparison for two-wheel steer and four-wheel steer:
Turning radius | Four-wheel steer | Two wheel steer
By calculation 2.59 m 44 m
By experiment 2.85m 5.75m
By this analysis and results we conclude that;
— Four-wheel steering concept was generated
—  The four-wheel concept was simulated in

ADAMS to check for functionality of Working prototype was built to carry out CRC tests and to find the reduction in turning
radius with four-wheel steering when compared to
two-wheel steering
— The results from CRC tests are as follows: Turning radius achieved with two-wheel steering is 5.75m and turning radius

achieved with four-wheel steering is 2.85m.
— By experiment the reduction in turning radius with fourwheel steering when compared to mechanism two-wheel steering is
50.43%.

A new absolute eco-friendly vehicle with independent, low emission transportation possible for people who utilize wheelchair
could definitely be an improvement in this system. For this, an eco-friendly vehicle, like an electric car which can steer through
90 degrees, thus reducing the turning radius with low efforts has to be defined. Automotive of present time does not have the
ability to steer through 90 degrees. Such vehicles can help disabled people effectively. A lot of researches have been done on this
field so as to implement this methodology but it has not yet been implemented.

The idea is to use electric motors on any two diagonal wheels and a counter phase system implementation. The mechanism
works at low speed only. The steering mechanism uses rack and pinion in defined gear ratios with the help of some bevel gears.
The rear wheels are mounted in such a way that the power is transmitted even when it is being steered through 90 degrees. The
vehicle is designed in such a way that it has facilities for disabled people to enter into and out of the vehicle without any external
help. Even for people who depend fully on wheel chairs can easily enter the vehicle through the inclined passage provided at the
rear side.

Advantages of this system are that it can work in limited space and it reduces the time and effort for steering through 90
degrees thus making the system more flexible. It can be used for other applications such as parking, farm vehicles, trucks,
forklifts etc.

In this paper, they have concluded that the problem for the project was to design a car which steers through 90 degrees. 90-
degree steering mechanism basically helps to reduce the efforts and space required for a person to steer his vehicle. The 90-
degree steering mechanism is established using rack and pinion mechanism which is feasible to manufacture, easy to set up, and
highly efficient in attaining counter-phase. A new absolute eco-friendly vehicle with independent, low emission transportation by
using electric motors of proper specifications possible for people who utilize wheel chair is designed, with a rear entry facility.
Components used in this system are easy to manufacture, material used is feasible, reliable and easily available in market. The
main disadvantage of this system is that it can run only at a maximum speed of 35Km/h.
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According to Dilip S Choudhari 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. Quadra steer is
system that gives full size vehicles greater ease while driving at low speed, and improves stability, handling and control at higher
speed. Quadra steering system works in following three phases Negative phase, Neutral phase, Positive phase.

It enables the car to be steered into tighter parking spaces. It makes the car more stable at speed (less body roll). It makes the
car more efficient and stable on cornering, easier and safer lanes change when on motorways. The steering system allows the
driver to guide the moving vehicle on the road and turn it right or left as desired. The main aim is that turning of the vehicle
should not require greater efforts on the part of the driver. The Quadra steer steering system offers a 21% reduction in turning
radius. So, if a vehicle is capable of making a U-turn in a 25-foot space, Quadra steer allows the driver to do it in about 20 feet.

An innovative feature of this steering linkage design is its ability to drive all four-wheels using a single steering actuator. Its
successful implementation will allow for the development of a four-wheel, steered power base with maximum maneuverability,
uncompromised static stability, front- and rear-wheel tracking, and optimum obstacle climbing capability.

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

This paper concludes that, the four-wheel steering system has got 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. Currently the cost of a vehicle with four-wheel steering is more than
that of the convectional two-wheel steering of vehicle. Four-wheel steering is growing in popularity and it is likely to come in
more and more new vehicles. As the system become more common place, the cost of four-wheel steering system will drop down.

I1l. PROBLEM DEFINITION

This project is basically for vehicles used in industries like fork lift and to achieve parallel parking and easy lane changing. All
the vehicles face problems during parking and high speed lane changing. In small scale industries because of the high turning
radius of 2 wheel steering its get difficult to turn the industrial vehicles in small space. Thus, in all such case the conventional
steering is not that efficient.

To overcome these difficulties, we came up with the solution of Chain operated Quadra steering mechanism which provides
horizontal movement of the vehicle. This system is design in such a way that all the wheels are connected by a single chain and
so that all the four-wheels will turn with same angle. In this project, a benchmark vehicle is considered and four-wheel steering is
implemented without change in dimension of the vehicle

IV. OBJECTIVES

— To achieve horizontal movement of vehicle
— Eliminate Ackermann’s Steering Mechanism
— Reduce maintenance of conventional steering system

V. METHODOLOGY

The name of our project is chain operated Quadra steering. We would achieve Quadra steering by using sprockets and chain.

The movement or turning motion of all the wheels takes place simultaneously. Each wheel is connected with a sprocket of
designed parameters. The steering wheel is also connected with a sprocket at the bottom. All these sprockets are coupled together
by using single chain.

As we rotate the steering wheel in desired direction, the sprocket at the bottom also turn in the same direction with the same
angle. This results into movement of chain attached to sprocket of steer wheel and simultaneously the chain will rotate all the
sprockets of each tyre turning the vehicle is desired direction.

This simultaneous motion of all the wheels makes it possible to move vehicle in horizontal motion or turn the vehicle in 90°.

Al rights reserved by www.ijirst.org 216



Chain Operated Quadra Steering Mechanism
(1JIRST/ Volume 3/ Issue 11/ 038)

A. Layout
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V1. CONCLUSION

From all the literature, we reviewed we concluded that

— Toincrease the easy movement while parking Quadra steering or commonly known as four-wheel turning is more efficient.
— Horizontal movement of vehicle is possible. This will help in operating industrial Vehicles

—  Cost of chain and sprocket would be less as compared to conventional steering.
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