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ABSTRACT

The steering system is a critical component of any vehicle as it controls the direction and
stability during motion. In a go-Kkart, the steering system must be simple, lightweight, and responsive
to provide effective maneuverability. The objective of this project is to design and fabricate a reliable
steering mechanism suitable for a go-kart. The steering assembly mainly consists of a steering wheel,
steering column, pitman arm, tie rod, knuckle holder, and steering knuckle. The mechanism works by
converting the rotational motion of the steering wheel into angular displacement of the front wheels
through a linkage system. The developed steering system is simple in construction, economical, and
easy to fabricate. Various tests were conducted to evaluate the steering performance and stability of
the kart. The results show that the system provides smooth and effective steering control for small
racing vehicles.
Keywords: Go-Kart Steering System, Steering Mechanism, Steering Linkage, Pitman Arm, Tie Rod,
Vehicle Maneuverability.

l. Introduction

A go-kart is a small four-wheeled vehicle widely used for recreational driving, racing, and
engineering education. The steering system plays a vital role in controlling the direction of the kart
and ensuring stability while driving. The steering mechanism converts the driver's input at the steering
wheel into movement of the front wheels, allowing the vehicle to turn in the desired direction. In this
project, a simple tie-rod type steering system is designed and fabricated. The steering assembly
consists of a steering column connected to a pitman arm, which transfers motion to the tie rods and
knuckles. When the steering wheel is rotated, the motion is transmitted through these linkages to turn
the front wheels. The main objective of this project is to develop a reliable, low-cost, and easy-to-
manufacture steering system suitable for a go-kart.

1. Literature Review

[1] Prof. Rupesh S. Sundge, Tejas Bramhankar, Abhishek Bhujbal, and Tanay Barve (2022) presented
a paper titled “Design of Gear Shifting Assembly using Paddle Shifters and Electric Solenoid for
FSAE Vehicles” published in the International Research Journal of Engineering and Technology
(IRJET). The study focuses on designing an electronic gear shifting system using paddle shifters
mounted behind the steering wheel and an electric solenoid to perform gear shifts.

The system allows the driver to shift gears without removing hands from the steering wheel,
improving control and reducing shifting time. The research shows that such a mechanism can provide
faster, smoother, and more efficient gear shifting in racing vehicles.



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 55, Issue 02 : 2026

[2] Pushkar Wadagbalkar and Chirag Somani (2016) presented a paper titled “Formulation of a
Standardized Procedure for Designing the Steering System of Small Vehicles Like Go-Karts”
published in the International Journal of Engineering Research & Technology (IJERT). In this
study, the authors explained a systematic method for designing the steering system of a go-kart. The
paper mainly focuses on the use of Ackermann steering geometry and describes the design of important
steering components such as the steering column, tie rods, and stub axles to achieve proper steering
control and stability.

[3] S. Yuvaraaj Kumar, P. Srivarshani, S. V. Nitin Sanjeeth, and M. Sudhakar (2024) presented a
research paper titled “Design and Optimization of the Steering System in Go-Kart.” Their study
focuses on the design and optimization of steering components using modern CAD and analysis tools
such as SolidWorks and ANSYS. The research shows that proper design and analysis of steering
components can improve strength, reliability, and the overall performance of the steering system.

[4] Prasad Pratap Yadav (2021) conducted a review study titled “Review on Design and Development
of Go-Kart Steering System.” This paper provides an overview of different steering mechanisms used
in go-karts and discusses the importance of proper steering geometry, wheel alignment, and component
design. The study highlights how these factors influence vehicle handling and steering efficiency.

[5] S. T. Jagtap and G. R. Deshpande presented a paper titled “Design and Analysis of Go-Kart
Steering System.” Their work mainly focuses on the structural design and analysis of steering
components such as the steering column, tie rods, and steering arms. The study evaluates the stresses
acting on these components and suggests design improvements to ensure safe and reliable operation.

I11.  System Components
Our system consists of following parts.

A. Knuckle Holder: -

The knuckle is an important component of the steering system
that is mounted or welded to the chassis structure and contains a hole for
the kingpin. It acts as a housing that supports the kingpin and the stub
axle.
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B. Steering wheel with Quick release: -

A quick-release steering wheel allows the steering wheel to be
quickly attached or removed from the steering column for easy driver
entry and exit in a go-kart.

C. Pitman Arm: -

The Pitman arm is a component that connects the steering column to
the steering linkage. It converts the rotary motion of the steering column
into linear motion and transmits it to the tie rods, which helps turn the front
wheels.

D. Steering Column: -

The steering column is a shaft that connects the steering wheel to the
steering mechanism. It transmits the rotational motion of the steering wheel
to components like the pitman arm and tie rods, allowing the front wheels to
turn in the desired direction.

E. Knuckle: -

The steering knuckle connects the front wheel hub to
the steering system. It allows the wheel to pivot left and
right for steering while supporting the wheel load and
maintaining proper alignment.

10
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F. Tie Rods: - — e

The tie rod works with the pitman arm to . = ft-—
transmit motion in the steering system. It transfers
the movement from the steering linkage to the
steering arm, which turns the front wheels in the
required direction.

G. Spacer: -

A spacer is a small component used to maintain proper
distance between parts in the steering assembly. It helps ensure
correct alignment, reduces friction, and supports smooth operation
of the steering mechanism.

H. Caster Adjustment Kit: -

A caster—camber adjustment kit is used to
adjust the caster and camber angles of the front
wheels in a go-kart steering system. It is installed
near the kingpin and steering knuckle assembly
and uses components such as plates, spacers, and
bolts to change the steering axis alignment. In
this project, the kit has a 1.5 mm offset that
provides about 2° adjustment of caster and ' J
camber, improving steering stability and
handling.

I. Shifter Linkage: -

The linkage system connects the shifter rod
to the gearbox selector shaft and transfers the
movement of the gear lever to the gearbox. It
converts the driver’s hand movement into gear
selection and ensures smooth and accurate gear
engagement.

11
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J. Shifter Rod: -

The linkage system connects the shifter
rod to the gearbox selector shaft and transfers the
movement of the gear lever to the gearbox. It
converts the driver’s hand movement into gear
selection and ensures smooth and accurate gear
engagement.

IV.  Working Principle

«» Steering System

In a direct linkage steering mechanism, the motion from the steering wheel is transmitted through
the steering column to the pitman arm and tie rods. These components move the steering knuckles,
which turn the front wheels left or right according to the driver’s input.

“When the driver rotates the steering wheel, the motion is transmitted through the steering column
and linkage components to the front wheels, causing them to turn left or right.”

12
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0,

% Gear Shifting Mechanism

In this mechanism, the driver’s movement of the gear lever is transmitted to the gearbox through
rods and linkages. The motion moves the gearbox selector, which engages the required gear, allowing
the vehicle to operate at the desired speed and torque.

V. Innovation

The caster—camber adjustment Kit is used to adjust the alignment angles of the front wheels in the
steering system. It is installed near the kingpin and steering knuckle assembly and consists of
adjustment plates, spacers, and mounting bolts. By changing the position of these components, the
caster and camber angles can be adjusted to achieve proper wheel alignment. In this project, the kit
provides an offset of 1.5 mm, which allows approximately 2° adjustment of caster and camber angles,
improving steering stability, handling, and cornering performance of the go-Kart.

13
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VI.  Design Calculation

Caster adjustment kit offset calculations: -
Angle at point A = 2 degree
Length AC =43 mm
Length CB =?
CB =AC*tan (2)
CB = 43*tan (2)
CB=15mm

Offset for adjusting 2 degrees of caster or camber is 1.5 mm.

Ackerman geometry calculation:
Front track width (TW): - 1016 mm
Wheel base (WB): - 1143 mm
Turning radius (TR): - 1778 mm

e o o O

b. Inner wheel Angle: -
Tan © = WB / (TR-(TW/2))
Tan © = 1143 / (1778 — (1016/2))
Tan© =0.9
© = Tan"-1 (0.9)
© = 41.98 Degree
c. Outer wheel angle: -
Tan © = WB / (TR+(TW/2))
Tan © = 1143 / (1778 + (1016/2))
Tan© =0.5
© = Tan"-1(0.5)
O = 26.56
d. Ackerman Angle: -

Dist. Between 2 kingpin 710.18
=Tan—-1 =Tan—1————7—
(wheel base + 20% of wheel base) * (2) (1371 % 2)

= 41.1545 Degree

14
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e. Angle between stub axle and steering arm: -
=Ackerman Angle + 90 degree
=14.1545 + 90
=104.1545 degree

f. Ackerman percentage: -
= (Wb + 20% of wh/Wb) *100
= [(1143+228.6)/1143] *100
=120 %

e If the Ackermann percentage is below 100%, it defines the vehicle is understeer.
e |If the Ackermann percentage is exact 100%, it defines vehicle has parallel steering system just
like the one in drift cars.
e If the Ackermann percentage is above 100%, it defines the vehicle is oversteered.
1. Lateral force on Stub axle:

Turning Speed = 4.2m/s
Turning Radius = 1.778 m
W=210kg
Fiat = ((TS)"2/TR) *W
= ((4.2)%1.778) *210
=9.921*210
=2083.041*FOS
=2083.041*1.2
=2500.092 N
2. Bump Force on Stub axle:
G=9281
Weight on front each tire= 42 kg
F=ma
A =3*9.81
=29.43

15
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Bump Force =ma

=42*29.43
=1238.58 * FOS
=1486.29 N

Steering effort calculations: -

Static calculations are performed to evaluate the steering effort applied by the driver and to
determine the loads acting on the steering system components under static conditions. These values
are used as input for the structural analysis of the steering components.

Maximum Normal reaction at each front wheel,
N =42*9.81
N =412.02 N
Torque at Spindle = Torque due to friction force on wheel
=p*N*scrub radius
=0.6 * 412.02 * 76.2
=18837.55 N-mm

Force on single tie rod

= [ Torque at Spindle]/[perpendicular dist. between the outer tie-rod point end
to KPI]

= (18837.55)/ (100)

=188.37 N

=19.202Kg (force on single tie-rod)
Force on both tie-rods = Total force on pitman

=Force on single tie rod*2

=188.37*2=376.75 N

=38.04 kg

Torque at Steering Column
=Total Force at pitman arm * length of pitman arm
=376.75 * 80
=30140.08 N/mm
Steering efforts
=Torque at steering column / Steering wheel radius
=30140.08 / 150
=200.93 N/mm
=20.18 kg
16
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Dynamic condition: -

Dynamic calculations are performed to evaluate the steering effort applied by the driver and to
determine the loads acting on the steering system components during vehicle motion. These values are

used as input for the structural analysis of the steering components under dynamic conditions.
Turning Velocity = 4.2 m/s
e Cornering Force (CF)
=(V)?/TR *g
= (4.2)41.778*9.81
=1.01g9
e Weight transfer during cornering
= (CF*CG at X axis*load at front)/ TW
= (1.01*557.9*%824.04)/1117.6
=416.021N /9.81
=42.4 kg
e Weight on inner tyre
=W+ weight on each tyre
=42.3+40
=82.407 kg
e Weight on outer tyre
=W- Weight on each tyre
=2.407kg
e Lateral Force on outer tyre
=(W2/R2) *(V)?
= (2.407/2.555) *(4.2)?
=16.62 N
e Lateral Force on inner tyre
=(W1/R1) *(4.2)?
=851.091N
e Total lateral Force

=16.62+851.091 = 867.72 N
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Moment at kingpin

=Total lateral force *mechanical trail
=867.72*10
=8677.22 N

Self- Alignment Torque

Total Torque

Force at tie rod

= Lateral force * (cos 12) * mechanical trail
=867.72 * (cos 12) *10
=7322.314N

=Self — alignment Torque + Moment at kingpin
=7322.314+ 8677.22
=15999.543 N

=total torque /steering arm length
=15999.543 /110
=146.45N

Force at pitman arm

= 2*Torque at steering arm
=2*145.45
=290.9N

Torque at steering column

Steering efforts

=Force at pitman arm * length of pitman arm
=290.9 *80
=23272.09N

= Torque at steering column / Steering wheel radius
=23727.60/150

=155.14N

=15.815 kg
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Gear mechanism Calculations: -

Leverage Ratio Calculation of Gear Shifting Mechanism:

Shifter Rod (Lever)
Input Arm Length = 540 mm //Pivot to Handle
Output Arm Length = 139 mm //Pivot to Linkage Joint

. Input Arm
Leverage Ratio = ——
Output Arm

L Rati —540—388'1
everage Ratio = -— = 3.88

» This means the movement of the handle is 3.88 times the movement at the output side.

Linkage Rod

The linkage rod transfers motion from the shifter lever to the gearbox selector with a 1:1 motion
transfer since it acts only as a connecting link and not as a lever.

Movement Calculation

If the gearbox requires 10 mm movement for gear engagement:

VII.

Handle Movement = 10 mm x 3.88
Handle Movement = 38.8 mm (= 1.53 inches)

» This means the driver must move the gear lever about 38.8 mm to achieve 10 mm movement
at the gearbox.
Force Multiplication

Because of the leverage ratio:

> 1 unit of force applied at the handle produces about 3.88 units of force at the gearbox
selector.

Advantages and Limitations

Advantages

Provides quick and accurate steering response.

Improves vehicle stability during driving and cornering.

Enables smooth gear shifting with minimum effort.

Simple, lightweight, and cost-effective design.

Easy to maintain and repair.

Enhances practical knowledge of steering and gear shifting systems.
Improves fabrication, problem-solving, and teamwork skills.

e 6 o o o o o I—‘
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2. Limitations

Lower Steering Precision: Direct linkage system gives less precision than rack and pinion.
Manual Gear Shifting: Requires more effort since it is purely mechanical.

Wear of Parts: Tie rods and joints may wear due to continuous movement and vibration.
Limited Adjustment: Alignment adjustment range is limited.

Fabrication Dependency: Performance depends on accurate fabrication and alignment.

e Not for High Speed: Suitable mainly for go-karts and light vehicles.

e Regular Maintenance: Requires periodic inspection and tightening of components.

VIIl. Conclusion

The design and fabrication of the go-kart steering system and gear shifting mechanism was
successfully completed. The direct linkage steering system provides effective control and quick
response, while the rod-linkage gear shifting mechanism allows smooth gear engagement. The project
helped in understanding steering geometry, mechanical linkages, and fabrication processes. It also
provided practical knowledge and hands-on experience in design, manufacturing, and assembly of
automobile components. Overall, the system is simple, reliable, and suitable for go-kart applications.

1X. References

[1] Prof. Rupesh S. Sundge, Tejas Bramhankar, Abhishek Bhujbal, and Tanay Barve (2022), “Design
of Gear Shifting Assembly using Paddle Shifters and Electric Solenoid for FSAE Vehicles”, (IRJET).

[2] Pushkar Wadagbalkar and Chirag Somani (2016), “Formulation of a Standardized Procedure for
Designing the Steering System of Small Vehicles Like Go-Karts”, (JERT).

[3] S. Yuvaraaj Kumar, P. Srivarshani, S. V. Nitin Sanjeeth, and M. Sudhakar (2024), “Design and
Optimization of the Steering System in Go-Kart.”.

[4] Prasad Pratap Yadav (2021), “Review on Design and Development of Go-Kart Steering System.”.

[5] Dr. V. K. Saini, Abhishek Saxena, Ujjwal Tripathi, Shivam Chaudhary, Vikas Rana, and Yashank
Saini (2020), “Design and Development of Steering System of an All-Terrain Vehicle”, (IJEAST).

20



