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Abstract
Production cars are designed to understeer and rarely do they over steer. If a car could automatically compensate for an
understeer/over steer 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.
Our 4 Wheel Steering System gives 39.56% reduction in turning circle radius of a hatchback which is reduced from 4.6 m to 2.78 m,
considering Maruti Suzuki ALTO 800 as a standard car for our calculationswhich gives much better maneuverability and control on
the car even while driving at high speeds

Index Terms: Steering Mechanism, Turning Radius, 4WS, 2WS,Wheel Configurations, Four Wheel Steering.
--------------------------------------------------------------------Nomenclature
L-Wheelbase (mm)
R-Turning radius (mm)
a2-Distance of CG from rear axle (mm)
δif - Inner angle of front tire (degree)
δof -Outer angle of front tire (degree)
δir- Inner angle of rear tire (degree)
δif Outer angle of rear tire (degree)
R1- Distance between instantaneous centre and the axis of the
vehicle (mm)
Wf- Load on front axle (kg)
W - Total weight of car (kg)
C1- Distance of instantaneous centre from front axle axis (mm)
C2- Distance of instantaneous centre from rear axle axis (mm)
wf- Front track width (mm)
wr- Rear track width (mm)
δ - Total steering angle of the vehicle (degree)
δi- Total inner angle of the vehicle (degree)
δo- Total outer angle of the vehicle (degree)

1. INTRODUCTION
Four wheel steering is a method developed in automobile
industry for the effective turning of the vehicle and to increase
the manuverbility. 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 wheel steering
the rear wheels turn with the front wheels thus increasing the
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-----------------------------------------------------------------------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.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.

2.LITERATURE REVIEW
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
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direction of the curve and thus curb on the efficiency of the
steering.
Condition for True Rolling
While tackling a turn, the condition of perfect rolling motion
will be satisfied if all the four wheel axes when projected at
one point called the instantaneous center, and when the
following equation is satisfied:
cot Ø– cotθ =c/b

Fig 1: True Rolling Condition
Slow and High Speed Modes
At Slow Speeds rear wheels turn in direction opposite to that
of front wheels. This mode is used for navigating through hilly
areas and in congested city where better cornering is required
for U turn and tight streets with low turning circle which can
be reduced as shown in Fig 2.

Fig 4: In-Phase and Counter-Phase Steering
The 4WS system performs two distinct operations: in- phase
steering, whereby the rear wheels are turned in the same
direction as the front wheels, and counter phase steering,
whereby the rear wheels are turned in the opposite direction.
The 4WS system is effective in the following situations:
Lane Changes
Gentle Curves
Junctions
Narrow Roads
U-Turns
Parallel Parking

3. THEORETICAL COMPARISON BETWEEN
2WS AND 4WS
Calculations:
ALTO 800
The data of vehicle considered are,
Fig 2: Slow Speed
At High Speeds, turning the rear wheels through an angle
opposite to front wheels might lead to vehicle instability and is
thus unsuitable. Hence the rear wheels are turned in the same
direction of front wheels in four-wheel steering systems. This
is shown in Fig 3.

Wheel base:- (L)=2360 mm
Wheel track:- (Wf)=1300 mm(approx.)
Turning radius:-4.6 m= 4600 mm
Four wheel steering system
Calculation for steering angles for the turning radius of 4.6 m.
We know that,
R2 = a22 + R12------(1)

Fig 3: High Speed
In-Phase and Counter-Phase Steering
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Fig-5:Geometry of Two Wheel Steering
Fig-6: Geometry of Four Wheel Steering
To find a2,

To find ∂or

Wf=(W*a2)/L

------(2)

a2 =1416 mm

tan∂or=C2/(R1+(Wf/2))

------(7)

∂or = 6.5201°

∴From equation (1),

Now, considering the same steering angle for front and rear
wheel, we reduce in turning radius of the vehicle but keeping
the wheelbase and track width same as reference vehicle.

R1 = 4376.6361 mm
To find steering angles,

Now, ∂if = ∂ir =25.6° and

From experiment we found the angle of tyre,

∂of = ∂or =19.56°

∂if = 25.6°
tan∂if=C1/(R1-(Wf/2))

------(3)

∴∂i = ∂if +∂ir = 25.6°+25.6° =51.2°
∂o = ∂of+∂or = 19.56°+19.56° = 39.12°

∴tan 25.6 = C1/(4376.6361- (1300/2))

∴To find cot ∂,

C1 = 1785.50 mmAnd
C1+C2=L

cot ∂ = (cot ∂i+cot∂o)/2

------(4)

------(8)

cot ∂ = (cot 51.2+cot 39.12)/2

∴C2= L – C1

∴cot ∂ = 1.01682

C2 = 574.5 mm
To find turning radius R,

To find ∂of
tan ∂of=C1/(R1+(Wf))

------(5)

R= 2.78m

To find ∂ir

∂ir=8.7637°

------(9)

R = 2786.32 mm

∂of = 19.6°

tan∂ir=C2/(R1-(Wr/2))

R2 = a22 + L2cot2∂

------(6)

Now same step is to find the C1 and C2,
∴From equation (1),
R2 = a2 +R12
∴R12 = R2 – a2
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tan ∂if = {C1/2.4-(1.3/2)}
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∴C1= 0.8385 m
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