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Abstract - In present the car steering system used by us is 2 wheel steering system and in standard 2 wheel steering the rear 
wheel set is idle and not to play a role in steering. While in 4 wheel steering system the rear and front both wheels are act ive 
and can guide in steering. Here we using MARUTI-800 car as a reference model. We have developed a optimized 4 wheel 
steering system for implementation of mechanism that can give the work in changing in-phase and counter-phase steering of 
rear wheels depending upon the condition of turning and lane changing with respect to front wheels, thus enhancing the 
maneuverability of a sedan in accordance with its speed. 
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I. INTRODUCTION 

 

It is very hard for a medium size sedan to take a U-

turn on a busy road with the little space available for 

the vehicle to actually make the turn. It is also hard 

for the driver to take the vehicle a little backward and 
then make the turn as the roads are busy and small. 

In such a case, if the vehicle is equipped with four 

wheel steering system, it will be easy for the driver to 

actually make the turn with ease even in the small 

space that is available for him. But the main thing is 

that we have two configurations in four wheel 

steering systems called same phase and opposite 

phase. 

In order to reduce the turning radius of the vehicle, 

we need the opposite phase configuration of four 

wheel steering system. 

The main intension of this project is to reduce the 
turning radius of a vehicle as much as practically 

possible without crossing the practical limits of 

design and assembly of the components of the 

steering system. 

 

Based on these requirements, a four wheel symmetric 

steering system is analyzed using kinematic approach 

and a conclusion is drawn regarding the geometry of 

the optimum steering system and the effect of this on 

the turning radius of the vehicle. 

 
This system is seen not to cross any practical 

limitations of the vehicle in terms of assembly and 

spacing. Also the wheels are turned to the optimum 

extent possible and not exceeding this limit. 

 

II. PROBLEM DEFINITION 

 

After considering all the advantages and 

disadvantages of 2WS System it was found that the 

2WS system need more turning radius as compare to 

4WS system which, is required more space to take 

turn the vehicle. 

III. TYPES OF STEERING SYSTEM 

 

3.1 CONVENTIONAL STEERING SYSTEM:- 

In that steering system, only the front wheels are 

steered towards right or left According to the 

requirement because of at rear their dead axle is 
present. 

3.2 FOUR WHEEL STEERING SYSTEM:- 

In that steering system, the all four wheels are to be 

steered according to the steer perform to drive 

towards left or right. Four-wheel steering, 4WS, also 

called rear-wheel steering or all-wheel steering, 

provides a means to actively steer the rear wheels 

during turning maneuvers. 

 

IV. KINEMATIC OF STEERING 

 

For the kinematic analysis of a steering system, it is 
important that we know the basic kinematics of the 

steering. For this the basic steering system is studied. 

According to Ackerman condition for a front wheel 

steering system, the difference of the cotangents of 

the angles of the front outer to the inner wheels 

should be equal to the ratio of width and length of the 

vehicle being considered as shown in (4.1). The 

termsδo  represents outer wheel angle and δirepresents 

inner wheel angle. The term w represents the wheel 

track and l represents wheel base. 

cotδo–cotδi=wl 

…………………….(4.1) 
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V. TURNING RADIUS 

 
The turning radius of the vehicle is usually measured 

using the formula as shown in (5.1) and (5.2), whose 

terms are illustrated in the Fig. 2. 

 

 
FIG.2 –𝐓𝐮𝐫𝐧𝐢𝐧𝐠  𝐫𝐚𝐝𝐢𝐮𝐬  𝐦𝐞𝐚𝐬𝐮𝐫𝐞𝐦𝐞𝐧𝐭  𝐨𝐟 𝐚 𝐯𝐞𝐡𝐢𝐜𝐥𝐞(𝟏)  

 

R =  a2
2 + l2cot2δ …………………… (5.1) 

cot𝛿 = 
(cot δo  + cot δi )

2
 ……………………. (5.2) 

 

5.1 Space Required For Turning 

The space required for turning is the space between 

the two circles in which the whole vehicle fits 
without going out of the circle. The formula used for 

measuring this is as shown in (5.3), (5.4), (5.5) and 

the terms in the formula are illustrated in the Fig. 3. 

ΔR =  RMAX  - RMIN                        

……………………(5.3) 

RMAX   =  ( RMIN + W)2 +   (l + g)2          

…………(5.4) 

RMIN  = Rl - (W/2) = l/ tanδi = l / tanδo  – W  

……….(5.5) 

 
FIG.3 –𝑺𝒑𝒂𝒄𝒆 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅  𝒇𝒐𝒓 𝒕𝒖𝒓𝒏𝒊𝒏𝒈  𝒅𝒊𝒂𝒈𝒓𝒂𝒎(𝟏)  

 

VI. FOUR WHEEL STEERING TYPES 

 

There are two types of four wheel steering 

configurations. The one in which both the front and 

the rear wheels turn in the same direction is called 

positive four wheel steering system and the one in 
which they turn in opposite to each other is called 

negative four wheel steering system. 

 

1. Positive Four Wheel Steering System 

2. Negative Four Wheel Steering System 

3. Symmetric Four Wheel Steering System 

 

6.1 Symmetric Four Wheel Steering System 

A four wheel symmetric steering system will be as 

shown in the Fig. 4. The main advantage of this 

system is that the outer and inner front and rear 

wheels turns to the same angle. This result in the 
shortest possible turning radius for a vehicle as the 

lines perpendicular to the wheels meets on the centre 

line of the wheel base. 

 

 
FIG.4 –𝑺𝒚𝒎𝒎𝒆𝒕𝒓𝒊𝒄 𝒇𝒐𝒖𝒓 𝒘𝒉𝒆𝒆𝒍𝒔𝒕𝒆𝒆𝒓𝒊𝒏𝒈  𝒔𝒚𝒔𝒕𝒆𝒎(𝟏)  

 

6.2 Ackermann Linkage Arrangements 

The Ackermann linkage arrangement for 2WS system 

will be as shown in the Fig. 5. 

 

 
FIG.5 –𝑨𝒄𝒌𝒆𝒓𝒎𝒂𝒏𝒏  𝒍𝒊𝒏𝒌𝒂𝒈𝒆  𝒇𝒐𝒓 𝟐𝑾𝑺 𝒔𝒚𝒔𝒕𝒆𝒎(𝟏)  

 

The Ackermann linkage arrangement for symmetric 

four wheel steering system will be as shown in the 

Fig. 6. 
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FIG.6 –

𝑨𝒄𝒌𝒆𝒓𝒎𝐚𝒏𝒏 𝒍𝒊𝒏𝒌𝒂𝒈𝒆  𝒇𝒐𝒓 𝒔𝒚𝒎𝒎𝒆𝒕𝒓𝒊𝒄 𝟒𝑾𝑺 𝒔𝒚𝒔𝒕𝒆𝒎(𝟏)  

 

6.3 Condition for Rear Wheel Turn 

 

As per turn the steering wheel in a 4WS Honda, and 

the front and rear wheels move in the same direction. 
The rear wheels don't turn as far as the front wheels 

(when the latter have turned nine degrees, the former 

are turned two degrees) but the effect is to make the 

car crab slightly. Turn the steering further, and the 

rear wheels return to the straight-ahead position. 

Keep turning the steering wheel, and the rear wheels 

turn in the opposite direction to the front wheels 

(when the front wheels are on full lock, the rear 

wheels are turned six degrees in the opposite 

direction).so, in our system we make arrangement 

which turns 1\3 times rear wheel as compare to front 

wheel turn. 
(https://www.youtube.com/watch?v=TabLpEJcMY0) 

 

VII. COMPONENTS OF THE SYSTEM 

 

7.1 Bevel Gear 

Three bevel gears are used in this project to transmit 

the motion given to steering wheel by driver to front 

as well as rear wheels. 

Steering wheel is connected to vertical bevel gear by 

the means of connecting rod. This vertical bevel gear 

transmits motion to two horizontal bevel gears of 
which one will be connected to front pinion and other 

one to rear pinion. 

 
FIG.7 –𝒃𝒆𝒗𝒆𝒍 𝒈𝒆𝒂𝒓(𝟑)  

 

7.2 Electro-Magnetic Clutch 

Engagement: When the clutch is actuated, current 

flows through the electromagnet producing a 

magnetic field. The rotor portion of the clutch 

becomes magnetized and sets up a magnetic loop that 

attracts the armature. The armature is pulled against 
the rotor and a frictional force is generated at contact. 

Within a relatively short time, the load is accelerated 

to match the speed of the rotor, thereby engaging the 

armature and the output hub of the clutch. In most 

instances, the rotor is constantly rotating with the 

input all the time. 

Disengagement: When current is removed from the 

clutch, the armature is free to turn with the shaft. In 

most designs, springs hold the armature away from 

the rotor surface when power is released, creating a 

small air gap. 

Cycling: Cycling is achieved by interrupting the 
current through the Electro-magnet. Slippage 

normally occurs only during acceleration. When the 

clutch is fully engaged, there is no relative slip, 

assuming the clutch is sized properly, and thus torque 

transfer is 100% efficient. 

 

 
FIG.8 –𝑬𝒍𝒆𝒄𝒕𝒓𝒐 −𝑴𝒂𝒈𝒏𝒆𝒕𝒊𝒄  𝑪𝒍𝒖𝒕𝒄𝒉(𝟐)  

 

7.3 Rack and Pinion System 

It is the most commonly used steering system in the 

automobile industry. The steering wheel is connected 
to the steering column that makes the pinion rotate. 

The rotation of the pinion moves laterally the rack 

that is part of the actuation arms (tie rods), which are 

directly connected at the extremes to the front wheels. 

In four wheel steering system the rack and pinion 

system uses at front as well as rear for transmitting 

steering effort in rear wheels. So, two rack and pinion 

systems are required. 

 

 
FIG.9 –𝑹𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒕𝒊𝒐𝒏  𝒐𝒇 𝒓𝒂𝒄𝒌 𝒂𝒏𝒅 𝒑𝒊𝒏𝒊𝒐𝒏  𝒔𝒚𝒔𝒕𝒆𝒎(𝟐)  
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7.4 Universal Joint 

 

 
FIG.10 –𝒖𝒏𝒊𝒗𝒆𝒓𝒔𝒂𝒍  𝒋𝒐𝒊𝒏𝒕(𝟐)  

A universal joint is a joint or coupling connecting 

rigid rods whose axes are inclined to each other, and 
is commonly used in shafts that transmit rotary 

motion. 

 

7.5 Vehicle Speed Sensor 

A vehicle speed sensor generates a magnetic pulse in 

the form of a wave proportional to the speed of the 

vehicle (i.e., imagine a vehicle moving at high speed, 

the VSS will generate a high-frequency signal 

directly proportional to this). 

 

The power control module (also known as the 

electrical control module) uses the VSS frequency 
signal to manipulate multiple electrical subsystems in 

a vehicle, such as fuel injection, ignition, cruise 

control operation, torque, and clutch lock-up, and 

now by connecting electromagnetic clutch power 

control module control clutch with the help of speed 

sensor by set range of speed for engage and 

disengage of clutch. 

 

 Working 

We implement this on car (Maruti Alto 800).Our 

system is automatic operating. In our system the rear 
wheels arrangements of car is need to be change and 

make like; front wheels which can takes turn and get 

steered on king pin. 

We make support for holding rear wheel. Rear wheels 

are supported on Mc.pherson suspension instead of 

leaf springs and holds on lower arms same as front 

wheel. Also, attach Ackermann arm arrangement on 

rear wheel but on front side of rear wheels which is 

rear side on front wheel. 

Steering effort of steering wheel through steering 

column is distributed in front and rear wheels with 
the help of bevel gear arrangement. We use 

symmetric steering system for reducing turning 

radius. In which front and rear wheel turn opposite 

directions for which reverse directions effort 

required, which bevel gear arrangement makes 

possible. 

Connection is in sequence of steering wheel to 

steering column to bevel gears to front and rear wheel 

with connection of shaft. In between bevel gear and 

rear wheels steering connection electromagnetic 
clutch is attach, which has three conditions. 

First condition is neutral in which both wheels is free 

to move, which is not use in our system. Second 

condition is engage in which front and rear wheels 

connect and vehicle is operate with four wheel 

steering, this condition is used during low speed ( < 

35 km/hr vehicle speed) when we take turn. Third 

condition is disengage in which front wheel is free for 

turn and rear wheel is fixed, this condition is used 

during high speed ( > 35 km/hr vehicle speed) when 

we going straight on road. 

 
This clutch is operating by battery with the sensing 

signal of vehicle speed sensor which is control by 

power control unit. Sensor is fixed near front wheel 

and connected in electric control unit. 

 

VIII. TURNING RADIUS CALCULATION 

 

We are using standard data of car Maruti Alto 800 as 

a reference. 

Wheel track(𝑡𝑤 ) 1300 mm 

Wheel base (L) 2360 mm 

Steering axis inclination(SAI) 12ᵒ 

Scrub radius 7.8 mm 

Ackermann angle (α) 13.18ᵒ 

Tie road length (R) 972.5 mm 

Inner steering angle 44ᵒ 

Outer steering angle 31.5ᵒ 

Turning radius 4.6 m 

Steering ratio 9.7:1 

Steering wheel lock to lock 610ͦ or 1.69 

Weight of car (W) 1140 kg 

Weight Distribution 60 : 40 ( F : R ) 

1. Calculation of  Inside Lock Angle of Front 

Wheels (𝛉𝒊𝒇) 

By Ackerman Mechanism, 

SIN (α + 𝜃𝑖𝑓) = 
𝑌+𝑋

𝑅 
 

Where, α = Ackerman Angle = 13.18° 

𝜃𝑖𝑓  = Inside Lock Angle 

Y = Arm Base = 1.368” 

X = Linear Displacement of rack for one rotation 

ofpinion 

R = Tie-rod length = 6” 

SIN (13.18 + 𝜃𝑖𝑓 ) = 
1.368 +3.1

6
 

                        𝜽𝒊𝒇  = 34.95° 

Therefore, Inside Lock Angle of Front Wheel is = 
34.95° 

 

2. Calculation of position of Centre of 

Gravity with respect to the rear axle 

From the benchmark vehicle (Maruti 800) we know 

that turning Radius is 4.6 m. 

We know that, 

𝑅2  =  𝑎2
2  +  𝑅1

2
                   ----------------------(8.1) 
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Where, R = Turning radius of the vehicle = 4.6m 

(Standard Specification of Maruti) 

𝑎2 = Distance of CG from rear axle 

𝑅1 = Distance between instantaneous centre and 

the axis of the vehicle 

 

To find𝑎2 

𝑊𝑓  = 
 𝑤∗ 𝑎2

𝐿
                            ------------------------(8.2) 

Where, 𝑊𝑓= Load on front axle = 684 kg (On basis 

weight 

distribution) 
W = Total weight of car = 1140kg 

L = Wheelbase = 2.36m 

Therefore, 

𝒂𝟐  = 1.416 m 

Substituting the value of 𝑎2 in the above equation 

(8.2) 

𝑹𝟏  = 4.377 m 

 

3. To find position of Instantaneous Centre 

from both the axles 

From our standard calculations of 2 Wheel Steering, 

𝜃𝑖𝑓   = 34.95° 

tan𝜃𝑖𝑓  = 
𝐶1

𝑅
1 −

𝑡𝑤
2

           --------------------------------(8.3) 

Where,𝑡𝑤= Front track width 

𝜃𝑖𝑓  = Inside Lock angle of front wheel therefore, 

Tan 34.95° = 
𝐶1

4.377−0.65
 

𝑪𝟏 = 2.605 m 

 

𝐶1 + 𝐶2  = R           -----------------------------------(8.4) 

Where, 𝐶1 = Distance of instantaneous centre from 

front 

axle axis 

𝐶2 = Distance of instantaneous centre from rear 

axle axis 

Therefore, 

𝐶2 = 4.6 – 2.605 

𝑪𝟐  = 1.995 m 
Therefore, from equation (8.3) and (8.4) 

𝐶1= 2.605m 

𝐶2= 1.995m 

 
FIG.11 –𝑶𝒖𝒕𝒍𝒊𝒏𝒆  𝒅𝒊𝒂𝒈𝒓𝒂𝒎 𝒐𝒇 𝒄𝒂𝒓 (𝟑)  

 

4. Find the remaining lock angles 
To find 

tan𝜃𝑜𝑓  = Outer Angle Of Front Wheel 

tan𝜃𝑜𝑓  = 
𝐶1

𝑅
1+ 

𝑡𝑤
2

         ---------------------------------(8.5) 

tan𝜃𝑜𝑓  = 
2.605

4.377+0.65
 

𝜽𝒐𝒇 = 27.4258° 

 

To find 

tan𝜃𝑖𝑟  = Inner Angle Of Rear Wheel 

tan𝜃𝑖𝑟  = 
𝐶2

𝑅
1−
𝑡𝑤
2

         ----------------------------------(8.6) 

tan𝜃𝑖𝑟  = 
1.995

4.377−0.65
 

𝜽𝒊𝒓 = 28.1593° 

 

To find 

tan𝜃𝑜𝑟  = Outer Angle Of Rear Wheel 

tan𝜃𝑜𝑟  = 
𝐶2

𝑅
1+ 

𝑡𝑤
2

        ----------------------------------(8.7) 

tan𝜃𝑜𝑟  = 
1.995

4.377+0.65
 

𝜽𝒐𝒓 = 21.6733° 

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. 

 

5. Calculations for turning radius for same 

steering angle 

 
To find turning radius, R 

R =  𝑎2
2 + 𝐿2𝑐𝑜𝑡2𝛿                      ----------------(8.8) 

Where, δ = Total steering angle of the vehicle 

 

To find δ 

cot𝛿 = 
(𝑐𝑜𝑡 𝜃  + 𝑐𝑜𝑡 𝜙)

2
                   ----------------------(8.9) 

Where, θ = total inner angle of the vehicle 

ϕ = total outer angle of the vehicle 

 

Therefore, 

cot𝛿 = 
𝑐𝑜𝑡 (34.35+28.16) +𝑐𝑜𝑡 ( 27.426+21.674)

2
 

Thus, cot𝛿 = 0.69325° 
 

Therefore, substituting the above values in equation 

(8.10) 

R = 2.838 m 

 

We put this above value of  R in equation (8.1), to get 

the new value of 𝑅1, 

i.e. 𝑅2  =  𝑎2
2  +  𝑅1

2 

𝑹𝟏 = 2.461 m (For the new value of R) 

 

Considering the turning radius as 2.838 m, 

Further calculation for 𝐶1 and 𝐶2 from equation (8.3) 
and (8.4) 
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tan𝜃𝑖𝑓  = 
𝐶1

𝑅
1 −

𝑡𝑤
2

 

𝐶1 + 𝐶2  = R 

𝐶1 = 1.238 m 

𝐶2  = 1.6 m 

Therefore, considering the new values of 𝐶1and 𝐶2, 

we find that the inside and outside lock angle of front 

and rear wheels is as follows: 

Thus, re-substituting the new values of 𝐶1and 𝐶2 in 

equation (8.3), (8.5), (8.6), (8.7) to get the final 

values of Inside and Outside Angles, this is as 

follows: 

tan𝜃𝑖𝑓  = 
𝐶1

𝑅
1 −

𝑡𝑤
2

   tan𝜃𝑜𝑓  = 
𝐶1

𝑅
1+ 

𝑡𝑤
2

 

tan𝜃𝑖𝑟  = 
𝐶2

𝑅
1−
𝑡𝑤
2

   tan𝜃𝑜𝑟  = 
𝐶2

𝑅
1+ 

𝑡𝑤
2

 

𝜃𝑖𝑓    = 34.95° (Inside Lock Angle of Front Wheel) 

𝜃𝑜𝑓  = 21.7° (Outside Lock Angle of Front Wheel) 

𝜃𝑖𝑟  = 44.46°(Inside Lock Angle of Rear Wheel) 

𝜃𝑜𝑟  = 27.22° (Outside Lock Angle of Rear Wheel) 
 

Therefore, 

𝜃 = 𝜃𝑖𝑓  + 𝜃𝑖𝑟  

𝜃 = 34.95° + 44.46° = 79.41(Total Inner Angle of the 

Vehicle) 

𝜙 = 𝜃𝑜𝑓  + 𝜃𝑜𝑟  

𝜙 = 21.7°+ 27.22° = 48.92° (Total Outer Angle of the 
Vehicle) 

cot𝛿 = 
(𝑐𝑜𝑡 𝜃  + 𝑐𝑜𝑡 𝜙)

2
 

cot𝛿 = 
(𝑐𝑜𝑡   79.41° +𝑐𝑜𝑡 48.92°)

2
 = 0.529 

 
Therefore, substituting the above value in equation 

(8.8) 

R = 1.89 m 

Thus, the Turning Circle Radius of whole car = 

1.89 m 

 

Thus, here we can see that the original Turning Circle 

Radius of 4.6 m is reduced to 1.89 m, i.e., the total 

reduction in Turning Circle Radius of the car is 

58.95%. 

 

6. Calculation of Steering Ratio 

 

Steering Ratio of car is calculated by the following 

formula: 

R = 
𝑆

 2−2𝐶𝑂𝑆  ( 
2𝑎

𝑛
)

 

Where, R = radius of curvature (same as units of 
wheelbase) 

= 1.89 m = 74.41” 

S = wheelbase = 92.91339” 

a = steering wheel angle = 360°(assumed for one 

rotation of steering wheel) 

n = steering ratio (E.g; for 16:1 its 16) 

74.41 = 
92.91339

 2−2𝐶𝑂𝑆  ( 
720

𝑛
)

 

1.249 =  2− 2COS ( 
720

n
) 

1.559 = 2− 2COS ( 
720

n
) 

0.441 = 2COS ( 
720

n
) 

COS ( 
720

n
) = 0.2204 

( 
720

n
)  = 77.27 

n = 9.32 

 

Thus, the steering ratio of our car is 9.32:1, i.e. for 

9.32° of rotation of steering wheel the tire is turned 

by an angle of 1°. Thus from the above obtained 

value of Steering Ratio,wecan conclude that driver 

has to apply less effort to turn the car, giving much 
better maneuverability and control on the car. 

 

IX. DRAWING OF PARTS 

 

 
FIG.12 –Top view Of Assembly 

 

 
FIG.13 –𝐃𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐁𝐞𝐯𝐞𝐥 𝐠𝐞𝐚𝐫 𝐨𝐧 𝐬𝐡𝐞𝐞𝐭  (𝟒)  
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FIG.14 –𝐃𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐩𝐢𝐧𝐢𝐨𝐧(𝐬𝐩𝐮𝐫) 𝐠𝐞𝐚𝐫 𝐨𝐧 𝐬𝐡𝐞𝐞𝐭 (𝟒)  

 

 
FIG.15 –𝐃𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐫𝐚𝐜𝐤 𝐨𝐧 𝐬𝐡𝐞𝐞𝐭 (𝟒)  

 

X. ASSEMBLY OF PARTS 

 

 
FIG.16 –𝟑𝐃 𝐝𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐛𝐞𝐯𝐞𝐥 𝐠𝐞𝐚𝐫 𝐚𝐬𝐬𝐞𝐦𝐛𝐥𝐲 (𝟒)  

 

 
FIG.17 –𝟑𝐃 𝐝𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐫𝐚𝐜𝐤 𝐚𝐧𝐝  𝐩𝐢𝐧𝐢𝐨𝐧  𝐠𝐞𝐚𝐫 𝐚𝐬𝐬𝐞𝐦𝐛𝐥𝐲 (𝟒)  

 
FIG.18 –𝟑𝐃 𝐝𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐭𝐢𝐞 − 𝐫𝐨𝐝 𝐚𝐬𝐬𝐞𝐦𝐛𝐥𝐲 (𝟒)  

 
FIG.19 –𝟑𝐃 𝐝𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐟𝐮𝐥𝐥 𝐛𝐨𝐝𝐲  𝐚𝐬𝐬𝐞𝐦𝐛𝐥𝐲 (𝟒)  

 
FIG.20 –

𝟑𝐃 𝐝𝐫𝐚𝐰𝐢𝐧𝐠  𝐨𝐟 𝐟𝐮𝐥𝐥 𝐛𝐨𝐝𝐲 𝐚𝐬𝐬𝐞𝐦𝐛𝐥𝐲 𝐰𝐢𝐭𝐡 𝐧𝐨𝐦𝐞𝐧𝐜𝐥𝐚𝐭𝐮𝐫𝐞  (𝟒)  

 

XI. ANALYSIS OF PARTS 

 

In this project we have used ANSYS 16.1 as the 

software to analyze the safety of system components 

under various load condition, which we used in our 

system. 

Two analysis carried out in this project are:- 

(1) Stress analysis 

(2) Deformation analysis 

 

 Process for analysis:- 
(1) Making or importing the geometry to software 

interface (GUI). 

(2) Defining the field of analysis. 

(3) Applying the suitable material properties. 

(4) Meshing the components with appropriate 

element size. 

(5) Applying the actions such as load, pressure etc. on 

the body. 

(6) Applying the boundary conditions such as fixed 

supports (constraints). 
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(7) Solving using the solver. 

(8) Obtaining required reactions such as stresses, 
deformations etc. 

(9) If getting result fail in any part then change input 

actions and check again. 

 

1. Ackermann Arm (Front) Analysis 

 

 
FIG.21 –𝐓𝐨𝐭𝐚𝐥 𝐝𝐞𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧  𝐨𝐟 𝐀𝐜𝐤𝐞𝐫𝐦𝐚𝐧𝐧  𝐚𝐫𝐦 (𝐟𝐫𝐨𝐧𝐭) (𝟓)  

 
FIG.22 –𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭  𝐬𝐭𝐫𝐞𝐬𝐬 𝐨𝐧 𝐀𝐜𝐤𝐞𝐫𝐦𝐚𝐧𝐧  𝐚𝐫𝐦 (𝐟𝐫𝐨𝐧𝐭)(𝟓)  

2. Ackermann Arm (Rear) Analysis 

 
FIG.23 –𝐓𝐨𝐭𝐚𝐥 𝐝𝐞𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧  𝐨𝐟 𝐀𝐜𝐤𝐞𝐫𝐦𝐚𝐧𝐧  𝐚𝐫𝐦 (𝐫𝐞𝐚𝐫) (𝟓)  

 
FIG.24 –𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭  𝐬𝐭𝐫𝐞𝐬𝐬 𝐨𝐧 𝐀𝐜𝐤𝐞𝐫𝐦𝐚𝐧𝐧  𝐚𝐫𝐦 (𝐫𝐞𝐚𝐫)(𝟓)  

3. Bevel Gear Analysis 

 
FIG.25 –𝐌𝐞𝐬𝐡𝐢𝐧𝐠  𝐨𝐧 𝐛𝐞𝐯𝐞𝐥  𝐠𝐞𝐚𝐫 (𝟓)  

 
FIG.26 –𝐓𝐨𝐭𝐚𝐥 𝐝𝐞𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧  𝐨𝐧 𝐛𝐞𝐯𝐞𝐥 𝐠𝐞𝐚𝐫(𝟓)  

 

 
FIG.27 –𝐌𝐚𝐱𝐢𝐦𝐮𝐦  𝐬𝐭𝐫𝐞𝐬𝐬 𝐢𝐧𝐝𝐮𝐜𝐞𝐝  𝐨𝐧 𝐛𝐞𝐯𝐞𝐥 𝐠𝐞𝐚𝐫 (𝟓)  

 

 
FIG.28 –𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭  𝐬𝐭𝐫𝐞𝐬𝐬 𝐨𝐧 𝐛𝐞𝐯𝐞𝐥 𝐠𝐞𝐚𝐫(𝟓)  

 

4. Tie-rod-1 (Front) Analysis 

 

 
FIG.29 –

𝐓𝐨𝐭𝐚𝐥 𝐝𝐞𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧  𝐨𝐧 𝐭𝐢𝐞 𝐫𝐨𝐝 ( 𝐟𝐢𝐱𝐞𝐝 𝐟𝐫𝐨𝐦 𝐚𝐱𝐥𝐞 𝐬𝐢𝐝𝐞) (𝟓)  

 

 
FIG.30 –

𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭  𝐬𝐭𝐫𝐞𝐬𝐬 𝐨𝐧 𝐭𝐢𝐞 𝐫𝐨𝐝 (𝐟𝐢𝐱𝐞𝐝 𝐟𝐫𝐨𝐦 𝐚𝐱𝐥𝐞 𝐬𝐢𝐝𝐞)(𝟓)  
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5. Tie-rod-2 (Rear) Analysis 

 
FIG.31 –

𝐓𝐨𝐭𝐚𝐥 𝐝𝐞𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧  𝐨𝐧 𝐭𝐢𝐞 𝐫𝐨𝐝 ( 𝐟𝐢𝐱𝐞𝐝 𝐟𝐫𝐨𝐦 𝐚𝐱𝐥𝐞 𝐬𝐢𝐝𝐞) (𝟓)  

 
FIG.32 –

𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭  𝐬𝐭𝐫𝐞𝐬𝐬 𝐨𝐧 𝐭𝐢𝐞 𝐫𝐨𝐝 (𝐟𝐢𝐱𝐞𝐝 𝐟𝐫𝐨𝐦 𝐚𝐱𝐥𝐞 𝐬𝐢𝐝𝐞)(𝟓)  

 

 Material Data 

 

Material Gray cast iron 

Density 
7.2e-009 tonne mm^-

3 
Young's Modulus MPa 1.1.e+005 

Coefficient of Thermal 

Expansion 
1.1e-005 C^-1 Poisson's Ratio 0.28 

Specific Heat 
4.47e+008 mJtonne^-

1 C^-1 
Bulk Modulus MPa 83333 

Thermal Conductivity 
5.2e-002 W mm^-1 

C^-1 
Shear Modulus MPa 42969 

Resistivity 9.6e-005 ohm mm Relative Permeability 10000 

Tensile Yield Strength 0MPa 
Compressive Yield 

Strength 
0MPa 

Tensile Ultimate Strength 240MPa 
Compressive Ultimate 

Strength 
820 MPa 

 

Material Structural steel 

Density 
7.85e-009 tonne 

mm^-3 
Young's Modulus MPa 2.e+005 

Coefficient of Thermal 

Expansion 
1.2e-005 C^-1 Poisson's Ratio 0.3 

Specific Heat 
4.34e+008 

mJtonne^-1 C^-1 
Bulk Modulus MPa 1.6667e+005 

Thermal Conductivity 
6.05e-002 W mm^-1 

C^-1 
Shear Modulus MPa 76923 

Resistivity 1.7e-004 ohm mm Relative Permeability 10000 

Tensile Yield Strength 250MPa 
Compressive Yield 

Strength 
250MPa 

Tensile Ultimate 

Strength 
460MPa 

Compressive Ultimate 

Strength 
0 MPa 

 

 Output Results of Analysis 

 

Sr. 

No. 
Component Name Material Load 

Total Deflection (in 

mm) 

Equivalent Stress 

(in mpa) 

Max Min Max Min 

1 
Ackermann Arm 

(Front) 
Structural Steel 30 N 4.4490e-002 0 8.5474 3.0847e-003 

2 
Ackermann Arm 

(Rear) 
Structural Steel 25 N 6.7598e-002 0 7.3157 3.8286e-003 

3 Bevel Gear Gray Cast Iron 50 N 1.4654e-003 0 32.707 9.6370e-004 

4 Tie-rod (Front) Structural Steel 30 N 1.6691e-002 0 11.647 5.9876e-003 

5 Tie-rod (Rear) Structural Steel 30 N 1.6691e-002 0 11.647 5.9876e-003 

 

As per output results all parts are safe in their working condition in equivalent stress value and total deformation 

value. 
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XII. ADVANTAGES OF SYSTEM 

 

1. At Low Speed Turning 

 

 
FIG.33 –𝐀𝐭 𝐥𝐨𝐰 𝐬𝐩𝐞𝐞𝐝 𝐭𝐮𝐫𝐧𝐢𝐧𝐠 (𝟐)  

 

For 2WS vehicles turning at low speed, the center of 

the turn is point O (the extended line of the rear axle 

shaft). The minimum turning radius is shown by line 

R. lf the front and rear wheels are steered in opposite 

phases, the change in location of point O makes it 
possible for the minimum turning radius and 

inner/outer wheel difference (W) to be lessened; thus, 

improving the turning capability during small-radius 

turns. 

 

2. At High Speed Turning and Cornering 

 

 
FIG.34 –𝐀𝐭 𝐡𝐢𝐠𝐡 𝐬𝐩𝐞𝐞𝐝 𝐭𝐮𝐫𝐧𝐢𝐧𝐠  𝐚𝐧𝐝  𝐜𝐨𝐫𝐧𝐞𝐫𝐢𝐧𝐠 (𝟐)  

 

The centrifugal force acting upon the vehicle body 

increases with high speed turning and cornering. As a 

result, a greater cornering force (C) is necessary, and 

the side-slip angle (a) of the tires is increased. 

Ordinarily, when a 2WS vehicle turns or corners 
under high speed conditions, the side-slip angle of the 

tires is increased as the driver turns the steering 

wheel, with the result that the vehicle's rear end yaws 

to a great extent and the side-slip angle of the rear 

tires becomes greater. 

3. Lane Change 

 

 
FIG.35 –𝐋𝐚𝐧𝐞 𝐜𝐡𝐚𝐧𝐠𝐞 (𝟐)  

 

As a result of the 4WS characteristics described, 

when the 4WS vehicle makes, for example, a lane 

change, there is the difference (shown in the 

illustrations above) of the path of the 4WS vehicle 
and the 2WS vehicle. This is because the length of 

time of rear end yawing and attitude change is less for 

the 4WS vehicle. 

Moreover, such factors as cornering balance, steering 

wheel response, and steering precision n are better for 

the 4WS vehicle. 

 

CONCLUSION 

 

As per the focus of the project we have created an 

innovative 4 wheel active steering mechanism which 

is feasible to manufacture, easy to install and highly 
efficient in achieving in-phase and counter-phase rear 

steering with respect to the front wheels using 

Electro-magnetic Clutch. 

This system assists in high speed lane changing and 

better cornering. It combats the problems faced in 

sharp turning. It reduces the turning circle radius of 

the car and gives better maneuverability and control 

while driving at high speeds, thus attaining neutral 

steering. 

Moreover components used in this system are easy to 

manufacture, material used is feasible, reliable and 
easily available in market. The system assembly is 

easy to install and light in weight and can be 

implemented in all sections of cars efficiently. 

Our 4 Wheel Steering System gives 35% reduction in 

turning circle radius as per kinetic analysis and gives 

58% reduction in turning circle radius as per design 

of system. In analysis results of all parts get safe in 

safety limit with application of necessary material. 

After implement system on real car model gives 31% 

reduction in turning radius. 

 

 Output Results After Convert 2WS Into 4WS 

Car Parameters 
2 Wheel Steering 

System 

4 Wheel Steering 

System 

Turning radius 4.77 m 3.3 m 
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Ackermann angle 13.18˚ 25.09˚ 

Steering ratio 9.7:1 9.32:1 

Outer front angle 25˚ 42.35˚ 

Inner front angle 35.79˚ 54˚ 

Outer rear angle 0˚ 18˚ 

Inner rear angle 0˚ 14.11˚ 

 

FUTURE SCOPE 

 

Having studied how 4WS has an effect on the 

vehicle’s stability and driver maneuverability, we 

now look at what the future will present us with. The 

successful implementation of 4 Wheel Steering using 

mechanical linkages & Electro-magnetic Clutch will 

result in the development of a vehicle with maximum 
driver maneuverability, uncompressed static stability, 

front and rear tracking, vehicular stability at high 

speed lane changing, smaller turning radius and 

improved parking assistance. Furthermore, the 

following system does not limit itself to the 

benchmark used in this project, but can be 

implemented over a wide range of automobiles, 

typically from hatchbacks to trucks. With concepts 

such as “ZERO TURN” drive as used in, Tata Pixel 

and “360º Turning” used in, Jeep Hurricane, when 

added to this system, it will further improve 
maneuverability and driver’s ease of access. 
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