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Abstract
3MI 4WS (3 Mode Interchangeable 4 Wheel Steering) is a modification for the present steering which is used for the
improvement of easiness for vehicle handling. The 3MI 4WS system assists driver by controlling the steering angle of a
vehicle’s four wheels as the requirement of driver, for making the parking and handling at congested areas easier. For
meeting the application the rear wheels steer in the opposite direction or in the same direction of the front wheels, allowing
a reduced turning radius or sliding of vehicle to sideways. .If we are able to transmit the motion that is given on steering
wheel to the rear wheels and able to control like front wheels as our requirements, which is the basic idea of our project 3MI
4WS.
Keywords: 3MIWS; Reducing Radius Mode; Sliding Mode; manoeuvrability; lateral force acting on rear wheels.

1. INTRODUCTION
Nowadays, the condition of increasing road traffic makes the handling of vehicles more difficult. The present
scenario demands an exploration of new vehicle handling mechanism, which in turn forces us to find out an alternative way
instead of current system or a modified steering mechanism for better handling. While the vehicle enters a congested or
narrow area there would be no one who doesn’t wish for, if they would be able to reduce the turning radius of their vehicle
or if they could move the whole vehicle sideways without turning the vehicle. Here, comes the application of 3 Mode
Interchangeable 4 Wheel Steering (3MI4WS), which provides the same by steering the rear wheels too as our requirement.
It should not be confused with four-wheel drive in which all four wheels of a vehicle are powered. With the help of
this system, the rear wheels also can be turned with respect to the direction of front wheels whenever required. Thus, the
vehicle can be controlled more effectively especially during cornering, parking or when we get into a congested/narrow
area. This system finds application mainly in off-highway vehicles such as forklifts, agricultural and construction equipment
and mining machineries. It is also useful in passenger cars, mainly SUVs. When both the front and rear wheels steer toward
the same direction, they are said to be in-phase and this produces a kind of sideways movement of the car.
Shijin T. G. , Sooraj V. T. , Shuaib A. V. , Shirin P. R. , M. Dinesh

102

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING

Vol.2 Issue.3,
March 2014.
Pgs: 102-114

When the front and rear wheels are steered in opposite direction, this is called anti-phase, counter-phase or oppositephase and it produces a sharper/ tighter turn.

Fig.1 Fabricated model for four wheel steering control.

Our project concentrates on the advancement in steering system of an automobile with the objective to reduce the
turning radius considerably up to 45 - 55 %, thereby reducing the space required to turn, and provide a sideways movement
for easier parking and to reduce driver’s effort and handling.

2. BRIEF DESCRIPTION OF STEERING PARTS
2.1 Steering Wheel
It is made up of steel ring welded together on a hub with the help of two, three or four spokes. After
welding ring with the spokes is ebonite moulded on it.

2.2 Steering Column
This is a hollow steel pipe in which steering shaft is housed. One end of the pipe is fixed on the steering
box, while the other end is usually held with the help of bracket under the instrument panel.

2.3 Steering Shaft
It is made up of good quality steel. One end is fixed in the steering wheel with the help of splines or key
and kept tight by nut. The other end with worm is secured firmly in the steering box with the help of bearing
placed both on top and bottom. Sometimes, instead of one shaft, two pieces of shaft are also used.

2.4 Steering Gear Box
Its function is to convert rotary motion of wheel in to-and-fro motion of drop arm so that the drag link tied
up with drop arm can be pushed or pulled resulting into moving stub axle to right or left as desired by the driver.

2.5 Drop arm
It is forged out of good quality steel. Its one side is provided with splines which match the spline sector
shaft and held on sector shaft by nut. The other end has a tapered hole in which ball end is held tight with the help
of nut.
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3. WORKING OF EXISTING STEERING MECHANISM
The steering wheel rotates the steering column. The steering gear box is fitted to the end of this column. Therefore,
when the wheel is rotated, the cross shaft in the gear box oscillates. The cross shaft is connected to drop arm. This arm is
linked by means of a drag link to the steering arm. The steering arms on both wheels are connected by tie rod to the drag
link. When the steering wheel is operated, the knuckle moves to and fro, moving the wheels to the right or left.

Fig. 2 Basic components of steering system

The ends of the tie rod and steering knuckle are connected to each other. One end of the drag link is connected to
the tie rod. The other end is connected to the end of drop arm. A ball and socket joint gives the required movement to the
joints between the tie rod, drag link and drop arm. When the vehicle is moving, the drop arm develops the vibration. Shock
springs are used in ball and socket system to absorb this vibration.

4. STEERING PRINCIPLES AND COMPONENTS
4.1 Ackermann Steering Mechanism
With perfect Ackermann, at any angle of steering, the centre point of all of the circles traced by all wheels will lie
at a common point. But this may be difficult to arrange in practice with simple linkages. Hence, modern cars do not use pure
Ackermann steering, partly because it ignores important dynamic and compliant effects, but the principle is sound for low
speed manoeuvres.

4.2 Steering Ratio
The steering ratio is the number of degrees that the steering wheel must be turned to pivot the front wheels 1
degree. E.g.: steering ratio 18:1 implies that the front wheels will turn by 1 degree when the steering wheel turns 18 degree.
The steering ratios generally used with present day steering gears vary from about 12: 1 for cars to about 35: 1 for
heavy vehicles. An average overall ratio usually gives about one and half complete turns of the steering wheel each side of
mid position to apply a full lock of 45 degrees each way on the wheels.

4.3 Turning Circle
The turning circle of a car is the diameter of the circle described by the outside wheels when turning on full lock.
There is no hard and fast formula to calculate the turning circle but an approximate value can be obtained using the formula:

Turning circle radius =
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4.5 Steering Geometry
When a car is moving along a curve, all its wheels should roll truly without any lateral slip. This can be achieved if
the axis of all four wheels intersects at one point. This point will be the centre about which the vehicle will be turning at that
instant. Figure shows the steering geometry of the four wheels of a vehicle. The rear wheels rotate along two circles. The
centres of both these circles are at O. The front wheels 1 and 2 have different axes. They rotate along two other circles with
the same centre point. For correct functioning of any steering system, the centre of the wheels of the rear axles and of
wheels 1, 2 should coincide.

4.6 Wheel Alignment
Wheel alignment refers to the positioning of the wheels and steering mechanism that gives the vehicle directional
stability, promotes ease of steering and reduces tyre wear to minimum.
A wheel is said to have directional stability or control if it can:
Run straight down a road
Enter and leave a turn easily
Resist road shocks
Factors pertaining to steering geometry are:

4.6 King-pin inclination or steering axle inclination:
The angle between the vertical line and centre of the king pin or steering axle, when viewed from the front of the
vehicle is known as king pin inclination or steering axle inclination.
It helps the car to have steering stability
It makes the operation of the steering quite easy particularly when the vehicle is stationary.
It helps in reducing the wear on tyre

Fig. 3 Diagram of king
pin angle
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4.7 Included angle:
The combined camber and king pin inclination is called included angle. It determines the point of intersection of the
wheel and king pin centre lines. This in turn determines whether the wheel will tends to toe-in or toe-out
If the point of intersection above the ground, the wheel tends to toe-in
If it is below the ground, the wheel tends to toe-out
If it is at ground, the wheel keeps its straight position without any tendency to toe-in or toe-out. In this position the
steering is called centre point steering.

4.7 Caster:
In addition to being tilted inward toward the centre of the vehicle, the king pin axis may also be tilted forward or
backward from the vertical line. This tilt is known as caster. Thus the angle between the vertical line and the king pin centre
line in the plane of the wheel (when viewed from the side) is called caster angle.
Positive caster: If the king-pin centre line meets the ground at point ahead of the vertical centre line.
Negative caster: If the king-pin centre line meets the ground at point behind the vertical centre line.
The caster angle in modern vehicle range from 2˚-8˚.About 3˚ of caster gives the good result. The purpose of the
caster is to give a trailing effect to the front wheels. When the wheel trails the line of weight that moves in the same
direction as the vehicle it is easy to steer a straight course.
Positive caster in wheels results in a natural tendency in wheels to toe-in. The negative caster would have the
opposite effect. The positive caster increases the effort required to steer and tries to keep the wheels straight ahead. Negative
caster is provided in heavy duty trucks for making steering easier.
When the caster at the two wheels are not equal , the tendency to toe-in at the wheel with the larger caster will be
more which will cause the vehicle to pull constantly towards the side of the wheel with lesser caster.

Fig. 4 Diagram of Caster Angle

4.8 Camber:
The angle between the centre line of the tyre and the vertical line when viewed from the front of the vehicle is known
as camber. Any amount of camber tends to cause uneven or more tyre wear on one side than on the other side. Camber
should not exceed two degrees. Purpose of camber is to prevent the top of the wheels from tilting inwards too much because
of excessive loads or play in kingpins and wheel bearing. When the vehicle is loaded and rolling along on the road, the load
will just bring the wheels to a vertical position.
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Positive camber: When upper part of wheel is outside.
Negative camber: When upper part of wheel is inside (towards the centre line of the car).

4.8 Toe-in:
The front wheels are usually turned in slightly in front so that the distance between the front ends is slightly less
than the distance between the back ends, when viewed from the top. The difference between these distances is called toe in.
The actual amount of toe-in is usually ranges from 3 - 5 mm.
1)
2)
3)
4)

It ensures parallel running of the front wheels
It stabilizes steering
It prevents side slipping and excessive wear of the tyres
It also serves to offset the small deflections in the wheel support system which comes out when the vehicle is
moving forward.

Fig. 5 Diagram of Toe-In

4.9 Toe-out:
Toe-out is the difference in angles between the two front wheels and the car frame during turns. The toe-out is
secured by providing the proper relationship between the steering knuckle arms, tie rods and pitman arm. The purpose of
toe-out is to give correct turning alignment and to prevent excessive wear.

Fig. 6 Toe Out
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5 VEHICLE DYNAMICS AND STEERING
Vehicle dynamics have very importance for a balanced drive of vehicle. It can be say in three terms of steering,
which are under-steer, over-steer, and neutral or counter steering.
5.1 Under-steer: Under steer is so called because when the slip angle of front wheels is greater than slip angle of rear
wheels. The diagram for the under steer is given below, from the diagram the explanation is made out clear very well.

Fig.7 under Steer
5.2 Over-steer: Over steer is defined when the slip angle of front wheels lesser than the slip angle of rear wheels.

Fig. 8 over Steer
5.3 Neutral-steer or Counter-steering: Counter-steering can defined as when the slip angle of front wheels is equal to slip
angle of rear wheels.

Fig.9 Neutral-steer or Counter-steering
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6 IMPLEMENTATION OF 3MI4WS
For implementing 3MI4WS we have chosen maruti 800. Maruti 800 employs the simple rack and pinion gearing
mechanism for the steering purpose. For acquiring steering control to the rear wheels we introduced an extra rack and pinion
steering gear box at the rear part. For this we have made some alterations in the rear part which is similar to the front part.

6.1 Components of 3MI4WS
This section deals with manufacturing and working of 3MI 4WS mechanism. Here we modified the steering system
of a 1993 model maruti 800 car into 3MI 4WS by installing some additional components to it. The additional components
substituted or installed for the modification are

6.2 McPherson strut & Coil Spring Suspension:
First the rear portion of the car is modified similar to front part. The coil spring suspension system on the rear
wheels substituted by a couple of McPherson strut & coil spring suspensions that usually used for front wheels, which is
supported by welding an additional apron to the storage space in rear. Such a modification will give the independent rotation
of rear wheel discs using an external force.
The McPherson strut & coil spring contains a hemispherical top portion, a helical shaped spring surrounding it and
an arm in lower portion for attaching the wheel disc to it.

Fig. 10 McPherson struts& coil spring suspensions

6.1.2 Wheel Disc:
Here we used a pair of wheel discs in rear part that is same as to the front, so that we can connect the wheel disc the shock
absorber using the arms provided on both the suspension and wheel disc. We will also able to connect the steering gear box
to the centre of wheel disc on inner side and wheel drum on outer side.

Fig. 11 Wheel disc
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6.1.3 Balance Rod:
As the name indicates the balance rod is used for balancing the wheels by giving a support from the wheels to the
frame of the vehicle. It helps to the straight forward and steady motion of the vehicle by preventing the deflections that may
occur in the wheels.

Fig. 12 Balance Rod

6.1.4 Lower Arm:
Lower arms are used to give a support the wheel disc. One end of the lower arm connected to the wheel disc and
the other end is to the space above the steering gear box.

Fig. 13 Lower arm

6.1.5 Steering Gear Box:
Here we used the rack & pinion steering gear box which is normally used in maruti 800 in the front. it helps to
rotate the wheel discs with respect to the steering directions transferred through the transfer rod. This type of steering was
used to convert the rotary motion of steering wheel to reciprocating motion of rack. Ends of rack were connected to the both
wheel discs with the help of knuckle arm. Knuckle arm again connected to steering knuckle. as the rack reciprocates it
forces the arm and hence the arm turns

Fig. 14 Rack & Pinion Gear Box
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6.1.5 Transfer Rod and Bevel Gears:
The transfer rod is used for transferring the rotations as per the directions giving by the driver on steering wheel to
the steering gear box installed in the rear part. Bevel gears are used to transfer the rotations from the steering column to the
steering gear box through transfer rod. The transfer rod used is a mild steel rod having the same diameter of steering
column.

Fig. 15 Transfer Rod and Bevel Gears

7 FABRICATION OF FOUR WHEEL STEERING CONTROL
Wheel discs are attached to the shock absorber installed in the rear which is also supported by balance rod and
lower arms. This arrangement helps for the independent rotation of wheel disc and provides a balanced running of vehicle.

Fig. 16 2-D Model for Four Wheel Steer
A rack and pinion steering gear box is welded to the frame in the rear and each of its ends is connected to the
wheel discs. The transfer rod is connected to the knuckle arm of steering gear using a steering knuckle. A bevel gear is
welded to the other end of the transfer rod and one of the remaining bevel gears is welded to the steering column. The third
bevel gear is just placed on a rod that placed nearer to the steering column, in a way that it can rotates freely. An „L‟ shaped
slot is provided for the changing of gears and a lever is provided for easier gear engaging. A key and whole mechanism also
developed on the transfer rod for locking the movements in the rear wheel while using the normal mode.

7.1 Working of 3MI 4WS
We can classify the 3 modes of 3MI 4WS as normal mode, reducing radius mode and sliding mode according to
the engagement of bevel gears.

7.1.1

Normal Mode:

In this mode, the rear wheels of the car can lock by locking the rotation of transfer rod from the driver’s cabin.
Hence we can prevent the sideways movements of the rear wheels, so that we can drive the car as normal.
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Fig. 17 Normal mode

7.2 Reducing Radius Mode:
The rear wheels will turn in a direction opposite to the front wheels when steer the wheels, so that the turning
radius reduces effectively on engaging the gear on transfer rod to the freely rotating gear using the lever provided.

Fig. 18 Reducing radius mode

7.1 Sliding Mode:
The rear wheels will turn in a direction same as that to the front wheels when steer the wheels, so that it provides a
sideways movement of the vehicle which helps for easier parking. This mode can be obtained by engaging the bevel gear on
the transfer rod to the gear on steering column.

Fig. 19 sliding mode
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ADVANTAGES
The vehicle's response to steering input becomes quicker.
It reduces the turning radius of the vehicle by half.
It helps for the better handling of the vehicle in tighter turns and city traffic.
The system helps for easier parking and reduces driver fatigue.
It can be used for stunting purpose

DISADVANTAGES
It will increase the total cost of the vehicle almost by 25000 on mass production.
However we introduced an additional steering box in the system, there will be a slight increase in load on steering
wheel while using the 3MI 4WS.
Suspensions in rear wheels demands considerable changes for proper working of the vehicle with varying load.

TEST RESULTS
We have ensured the normal working of the vehicle having 3MI 4WS on road by doing a test drive over 45 Km
and upto 65 Kmph. The following results were obtained on testing.

Turning radius of the car
The actual turning radius or the turning radius of the Maruti 800 without using 3MI 4WS is 4.4m. The turning
radius of the car reduced to 1.9m on using 3MI 4WS’s reducing radius mode, which is obtained by the following method.
First we covered the wheel drums of the wheels with flat hard board to make the side surfaces of the wheels flat, so that we
can place one rope each perpendicularly from the wheels on complete turning of steering wheel to one side. The distance
from intersecting point of ropes to the inner wheels will give the turning radius.

Sliding ratio
Here the sliding ratio is a newly introduced term for defining the sideways movement of the car with respect to the
forward movement. It is obtained by observing how much the car have to move forward to get 1m sideways movement with
it. It is observed that the car have to move 1.4m forward to get 1m sideways movement.

CONCLUSIONS AND FUTURE SCOPE
Thus the four-wheel steering system has got cornering capability, steering response, straight-line stability. Even
though it is advantageous over the conventional two-wheel steering system, 3MI 4WS is complex and expensive.
Currently the cost of a vehicle with 3MI 4WS is more than that for a vehicle with the conventional two wheel steering.
On large scale industrial production we can reduce the cost of this system.
The rapid increasing in number of vehicles on road day by day, demands an exploration of such mechanism to
reduce driver’s effort and get rid of from the huge traffic. If an electronic and hydraulic assistance is given to 3MI 4WS
system, it will reduce the complexity and helps in better handling.
Introduction of sensors and hydraulic actuators instead of the pure mechanical system used in the project will make
0
the vehicle more stable and efficient. Also the introduction of 90 turn to the front and rear wheels helps the vehicle to
move in a horizontal direction will make the marking easier, by this method vehicle can be moved easily from the
0
parking easily. All the modes i.e. reducing radius mode, sliding mode, normal mode and the 90 turning of the vehicle
can be more accurate and efficient with the help of hydraulic/pneumatic actuators and sensors. The above mentioned
modes will help to control the vehicle more easily in every situation.
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