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Abstract—: Today as the population is increasing demand for
vehicles are also increasing, which lead to problem like traffic or
overpopulated area. Modern development has led to limited areas
or congested area causes people to face the problems like car
parking. To overcome this issue a solution is proposed and thus
the concept of zero turn mechanism has been introduced. Zero
turn mechanism enables user to take a Zero-turn in by keeping
the position of vehicle constant. The vehicle will rotate around its
vertical axis to face the direction the user wants to go in. In this
concept wheels are mounted to front axles are turned opposite to
each other, and so are the wheels connected to the rear axle. The
wheels on the left half of the vehicle rotate in one direction and the
other half in the opposite direction which leads to zero turn. In
this project, Wheel hubs are connected to tie rod, tie rod to motor
horn and motor horn connected to SG90 servo motor, for this
project purpose servo motor is connected to Arduino. By using
Arduino program several modes can be achieved like In-phase
steering, also help in reducing turning radius of a vehicle along
with having Zero Turn mode. This mechanism is very useful in
congested areas or over crowded parking lot.Designed in
SOLIDWORK, Static structural analyzed in Ansys.

Keywords— Zero turn, Steering, Mechanism, steering, Arduino
program.

l. INTRODUCTION

In this paper we have shown working of zero turn mode using
Arduino and Servo Motors. Zero turn is done by turning driven
wheels at the same angle in opposite direction. By steering the
rear wheels in the direction opposite the front wheels at low
speeds, turning radius is greatly reduced. So, vehicle can be
turned in the space equal to the length of the vehicle itself. 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. The concept is to get zero turn mode using
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* In this condition, the tie rod will shift to
another end and angle of a wheel is so set that
the vehicles move in a circle of zero radii.

The objective of mechanism is: -

* To show zero turn mechanism using tie rod, motor
horn, and motor.

* To solve the problem of parking in congested areas
or movement of vehicles in limited area.

II.  DESIGN OF ZERO TURN MODE

Fig 2 . Zero Turn Mode and Components Assembly

2.1 Tie Rod:-
* It is connected in between the Tyre hub
and motor horn.
e |If tie is not regularly inspected then
problems like Tyre wear, Vibration,
shaking and vehicle pulling to one side

programming through a single push button, which is more will occur.
convenient for the vehicle. As the vehicle rotates zero-turn, it is -
very useful to turn the vehicle in narrow space, parking - . —
problems at malls, traffic areas and back turning on narrow J/
roads. Zero-turn vehicles are: -
* These vehicles provide C|rcu'lar path yehlcles Fig 2.1 Tie Rod
turn at the same place where it’s standing.
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2.2 Link Housing:-
* Itis connected to motor horn through a rod.

Fig 2.2 Link Housing

2.3 Motor Horn:-
* ltis connected in between Motor and Tie rod

* Motor rotates the motor horn, which leads to

movement of tie rod.

Fig 2.3 Motor Horn

2.4 Axial Joint Holder:-
*It consists of axis joint out
*It is connected through link sphere to tie rod

Fig 2.4 Axis Joint Holder

2.5 Axis Joint:-

* Axis joint is inside the axis joint holder
eIt is directly connected to tyre
*It consists of axis joint inside with consisting of pin

Fig 2.5 Axis Joint
2.6 Motor :-

*  Motor is connected to motor horn.

*  Motor helps the movements of tyre to achieve
zero turn mechanism.

Fig 2.6 Servo Tower pro (SG90) Motor

2.7.Pin: -

Pin goes inside an Axis joint inside and after
assembly it is placed inside axis joint out

Pin is fixed so that it can help in movement of

tyre.
Fig 2.7 Pin

=

2.8 Axis joint inside: -

It helps in moving of tyre as the pin is fixed.

Fig 2.8 Axis Joint Inside

2.9 Link Sphere: -

e It provides smooth movement of tie rod
connected to axis holder.

Fig 2.9 Link Sphere

2.10 Arduino Board: -

* Itis used for tyre to provide the modes.

* It is a microcontroller board and will help in
achieving the zero-turn mechanism.

* The board is equipped with sets of digital and
analogue input/output (1/0) pins that may be
interfaced to various expansion boards (shields)
and other circuits. The board has 14 Digital pins,
6 Analog pins, and programmable with the
Arduino  IDE  (Integrated = Development

Environment) via a type B USB cable.

Fig 2.10 Arduino Board
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I1I.  ANALYSIS
3.1 FEA Analysis of the Tie Rod Design

;

¥

Finite element meshing is one of the geometric input
conditions while carrying an FEA and it involves
discretization of a area being in one, two or three
dimensions. In other words, Meshing is a process in FEA in
which the model to be analysed is branched into lower
separate elements. The mesh sizes used greatly affect the
results acquired in finite element analysis. altogether,
discretization error reduces as the mesh is made finer and
hence a more accurate result is acquired. still, the finer the
mesh sizes, the additional the calculation time is needed. As
the mesh sizes are meliorated, the results attained keeps
changing until a point is reached when added refinement of
the mesh produces little or no change in the results attained
after taking a long time for the solver to induce results.
When additional reduction in the mesh size has little or no
effect on the result attained, the mesh is said to have
assembled and the answer at this point is taken as the result
to the problem. Mesh generation in FEA can be
accomplished directly from a solid model for complex part
design in a three- dimensional( 3D) CAD analysis model.
calculating on the computational ways the complex solid
model may affect the computational time or come too
complex to assay duly, some simplification with an
applicable idealization process similar as reducing mesh
size in the FE model was needed in order to reduce the
extended calculation time.

Fig1l
AnNSYS
TABLE 1
Model(A4)>Staticstructural (A5)>Solution(A6)>Total Deformation
Time Minimum Maximum Average
() (m) (m) (m)
1 0. 2.3072e-005 9.0138e-006

Fig 2

Model(A4)>Static structural(A5) > Solution(A6) >Directional

Deformation

ANSYS
R192

* Tobuder Dot

Tema i I Ao

Fig 3

TABLE 2
Model(A4)>Static structural(A5) >Solution(A6) > Equivalent Elastic Strain
Time Minimum Maximum Average
(s) (m) (m) (m)
1. 3.5362e-011 7.6747e-005 2.749e-006
Fig4

Model(A4)>Static structural (A5) >Solution(A6)> Equivalent Stress

e Static Stractur s
oot e

TABLE 3
Model(A4)>Static structural(A5)>Solution(A6)> Equivalent Stress

ANSYS

R19.2

Time Minimum Maximum Average
) (m) (m) (m)
1. 6.8779 1.1881e+007 5.3168e+005
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Fig5
Model(A4)>Static structural(A5)>Solution(A6)>
ToolDeamosion.

Type: Total Deformation
Urit: m

Total Deformation

ime:
01-05-20221932

9.6451e-7 Max
85734e-7
75017:-7
64301¢-7
5.3584e-7
428677
32157
2143407
101177

0 Min

TABLE 4
Model(A4)>Static structural(A5)>Solution(A6)> Total Deformation

Time Minimum Maximum Average

() (m) (m) (m)

1 0. 9.6451e-007 1.5504e-007
Fig 6

Model (A4) > Static structural (A5) > Solution (A6 )> Directional

Deformation
A: Static Structural
Directional Deformation
Type: Directional Deformation( Axis)
Unit: m

Global Coordinate System
Time: 1
01-05-2022 19:33

TABLE 6

Model(A4)>Static structural(A5)>Solution(A6)> Equivalent Elastic Strain

Time Minimum Maximum Average

(s) (m) (m) (m)

1. 2.1563E-009 2.0858e-005 2.9828e-006
Fig 8

Model(A4)>Static structural(A5)>Solution(A6)>
Equivalent Stress

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1
01-05-2022 19:34

4.1229¢6 Max
3.6648¢6
3.2067e6
2.7487¢6
2.2906e6
1.8325¢6
1.3744¢6
9.1633e5
4.5825e5
166.87 Min

TABLE 7

Model(A4)>Staticstructural(A5)>Solution(A6)> Equivalent Stress

8.6329¢-8 Max
6.7103e-8
4.7877e-8
2.8651e-8
9.4248¢-9 . a s -
-0.8012¢-9 Time Minimum Maximum (m) Average (m)
-2.9027¢-8 (m)
-4.825%¢-8 (s)
-6.747%¢-8
-8.6705¢-8 Min
1. 166.87 4.1229e+006 5.6915e+006
TABLE 5
Model(A4)>Static structural(A5)>Solution(A6)> Directional Deformation 3.2 Material Data
Structural Steel:-
Time Minimum Maximum Average Structural Steel > Constants
() (m) (m) (m)
1. -8.6705e-008 8.6329¢-008 -9.8852e-010 Density 7850
kgm”-3
Fig7
Model(A4)> Static structural(A5)>Solution(A6)> Equivalent Elastic Strain
Teunalent Basic S Coefficient  of | 1.2e-
U Sr ol thermal 005C"-1
01-05-2022 1934 expansion
2.0858¢-5 Max
1.8541e-5
1.6228¢-5
1.3906e-5
simiee-e Specific Heat 434 JKg-
pradd 1cM1
2.3195¢-6
2.156 3e-9 Min
Thermal 605 W
Conductivity m~-1 C/-1
Resistivity 1.7e-007
ohm m
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Structural Steel>Color

Structural Steel > S-N Curve

Red Green Blue Alternating Stress Pa Cycles Mean Stress Pa
132 139 179 3.999e+009 10 0
2.827e+009 20 0
Structural Steel > Compressive Ultimate Strength
1.896e+009 50 0
1.413e+009 100 0
Compressive
Ultimate
Strength
1.069e+009 200 0
0
4.41e+008 2000 0
Structural Steel > Compressive Yield Strength
2.62e+008 10000 0
Compressive 2.14e+008 20000 0
Yield
Strength Pa
1.38e+008 1.e+005 0
2.5e+008
1.14e+008 2.e+005 0
o 8.62e+007 1.e+006 0
Structural Steel >Tensile Yield Strength
Structural Steel > Strain-life parameter
Tensile  Yield Stren_gt_h Strength Ductl!lt_y Ductility | Cyclic Cycl_lc
Strength Coefficie | Exponen | Coefficie | Exponen | strength | Strain
nt Pa t nt t Coefficie | Hardening
nt Pa Exponent
2.5e+008
9.2e+008 | -0.106 0.213 -0.47 1.e+009 0.2
Structural Steel > Tensile ultimate Strength
Structural Steel > Isotropic Relative Permeability
Tensile Relative Permeability
Ultimate
Strength
10000
22
41
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Structural Steel>Isotropic Elasticity

Young’s Poisson’s Ratio | Bulk Modulus | Shear Modulus
Modulus Pa Pa Pa
2.e+011 0.3 1.6667e+011 7.6923e+010

3.3 3D Printing

We 3D printed the parts using Ender 3 V2 using Prusa Slicer
software (v2.4.0). Software gave us complete information
about the time required by the ender 3 v2 to complete each
part and also weight of the part.

Information of ENDER 3 v2: -

The firmware version used in ender 3 v2: - Ver 1.0.2.

Build size of the machine: - 220*220*250 mm.

Machine Size: - 475*470*620mm.

Machine Power: - 350W.

Net Weight: - 8KG.

Material used: -Polylactic Acid

After importing STL File into Pursa Slicer software it
provided a G-Code file. G-code file through a memory card is
inserted into Ender 3 V2 with settings given below:-

TABLE 3.3 3D printer setting before start of Printing

Srno Printer Setting | Setting
Name

1 PLA temp 200-210°C

2 Bed Temp 60

3 1% layer height 04

4 Next layer height 0.15

5 Infill 30%

6 Speed 20mm/sec

7 Quantity/Parts 4

We 3D printed the following Parts:-

1. Axis Joint Out:-

Axis Holder:-

Link Housing:-

Pin :-

Link Sphere:-

IV. CALCULATIONS

4.1 Motor Information

3 pole ferrites, all nylon gear

Top ball bearing

Operating Voltage: 4.8V~6.0V
Operating speed: 0.12sec/60 degree
Output torque: 1.6kg/cm 4.8V
Dimension: 21.5 x 11.8 x 22.7mm
Weight: 9g

4.2 Steering Force Calculation

Total mass = 1600 kg

Mass with driver = 1670 kg

Mass on Front wheels = 0.45 * 1670 =751 kg
Mass on rear wheels = 0.55 * 1670 = 918.5 kg
Corner mass front = 375.2 kg

Corner mass rear = 459.25 kg
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Coefficient of friction = 0.4 when wet road =0.7 when dry
road conditions

Taking 0.8 as coefficient of friction.

The basic concept is that the torque required to turn the wheel
should be more than the resisting torque by friction.

Force of friction (on one wheel)

=W * g * corner mass front

=0.8 *9.81 * 375.2 + 1250

=4194N  ----- Q)

Force of friction on rear wheels

= W * g * corner mass rear

=0.8 * 9.81 * 459.25 + 1250

=4852N  ----- 2

As this method of IC vehicle steer of the wheel will happen at
kingpin axis. Not including scrub radius in this calculation.
=4852*2 + 4194*2

=9704+8388

=18092N

V. WORKING OF MODEL

5.1 The Experimental setup:-

It is divided into Two categorial conditions:-
1. Normal/Neutral Mode
2. Zero Turn Mode

1. Neutral Condition: - In the neutral mode the motor horn
points towards 90 degrees and any small radius turn will
reflect the servo motor horn position according to the data
captured by the steering wheel. This is the normal condition of
steering system and for most of time this mode is activated.

%0 g
20 7
A -
i t\"ﬁ"[ 18d L

A

/ 1

£5 ~
L/ Servo Motor Horm—
/ 7

1. Neutral Condition

Fig 5.1.1 Neutral Condition

Fig 5.1.2 Real Neutral Condition

2. Zero Turn Mode (ZTM):- The ZTM mode is a new concept
on which this project is based. The 4 servo motors are taken to
certain position as servo motor number 1 and 4 will point at
180 degrees while 2 and 3 will be at 0 degree to achieve

favourable output.
Z

Z
Zigﬁ,

i o 2. Zero Turm Mode

Fig 5.2.1 Zero Turn Mode

Fig 5.2.2 Real Zero Turn Mode

5.2 Arduino And Connection To Servo Motors

Fig5.2 Arduino and Servo (SG90) Motor connection

5.3 Source Code For Microprocessor

int button=2;
#include <Servo.h>
Servo servol,;
Servo servoz;
Servo servo3;

Servo servo4;
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void setup() {

pinMode(button, INPUT);
servol.attach(3);
servo2.attach(5);
servo3.attach(6);
servo4.attach(9);

}

void loop() {

/I Normal Mode
servol.write(90);
servo2.write(90);
servo3.write(90);
servo4.write(90);

delay(5000);

/I Zero turn Mode
servol.write(0);
servo2.write(180);
servo3.write(180);
servo4.write(0);

delay(5000);

RESULTS AND DISCUSSION

The report describes working of Zero Turn Mechanism using
Arduino and 4 SG90 servo motors. The project works on
overcoming a major drawbacks such as limited parking area,
crowded areas or limited space for vehicle to move. The
automization is done using Arduino UNO control board, in
which program is uploaded through Arduino IDE, breadboard,
jumper wires and servo motors. Zero Turn Mode works on
single push button. By pushing the button, the vehicle
provides zero turn.

The above mentioned zero turn mode is prototype. It is easy to
use , cheap and cost effective. The Arduino programming is
simple and can be modified. The Zero Turn Mode has been
successfully designed and manufactured.
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