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Abstract— With increasing popularity for F1 in India go
karting has started attracting a lot of attention especially
among the young engineers and neophyte drivers. This has
set many motorsport enthusiasts and other automotive
societies to organize go-kart competitions and events to fulfil
the crave to learn more about automobiles of graduating
engineers. Spurred by passion, many engineers have started
teaming up to tussle against teams participating from various
engineering colleges in India. Steering system is one of
crucial areas in designing of go kart as even the slightest of
improvement in response of this system could reduce the lap
time and help to reach the driver beyond the finish line to win
a position. Thus, steering has to be reliable enough such that
the driver could have the complete control over the kart even
in the toughest tracks. On the other side, any failure in system
could lead to serious injury or loss to the team. This paper is
written with an aim to improve a steering system of go kart
and overall responsiveness and control. This paper covers
most of the concepts of steering system of a professional go
kart. This paper is written after practically manufacturing
three steering systems-in two years of experience for national
level competitions. With the help of this paper one could
understand and manufacture complete steering assembly
individually. The paper consists of theory, formulae,
calculations, diagrams and simulation results which give top
to bottom understanding of a professional go kart steering
system.
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I. INTRODUCTION

The steering gear mechanism is used for changing the
direction of two or more of the wheel-axles with reference to
the chassis, so as to move the automobile in any desired path.
In go Kkart the two back wheels have a common axis, which is
fixed in direction with reference to the chassis and the
steering is done by means of the front wheels. In order to
avoid skidding, the two front wheels must turn about the same
instantaneous centre to avoid the wear of tyres. This is
perfectly fulfilled by ackerman steering geometry method.

Following are the basic general definitions of the
components which are used and are necessary to understand
to study the concept of steering system in go Kart.

A. Knuckle:

Knuckle consists of 3 parts: kingpin, stub axle and steering
arm. Knuckle is a rigid link mounted on a fixed joint known
as king pin which acts as pivot to direct the tyre by rotating
the link called stub axle on which the wheel is mounted. This
stub axle is controlled by steering arm link which is adjacent
to stub axle at certain angle attached to pivot of knuckle.
Angle between stub axle and steering arm equals ninety
degrees plus ackerman angle.

K. King Pin:

Itis a joint usually a bolt which holds an axis about which the
knuckle rotates the wheel. It can also be called as the pivot
point of knuckle.

" Tie Rod:

It is a simple free moving link connected between steering
arm and pitman arm and uses rod end bearing as joints.

£3. Pitman Arm or Tripod:

It is a member, usually a plate fixed perpendicular to steering
column with holes drilled in it to further assemble with tie
rods.

. Steering column:

It is a shaft connected to steering wheel by means of hub.

F. Steering Wheel:
It is member used to rotate the steering column by driver.

Il. FACTORS
Following are the factors which use a certain principle of
mechanism between the components stated above.
<. Ackerman steering geometry:

It is a basic four link mechanism which forms concentric
circular paths which allow the wheels to rotate in a specific
path without any scrubbing and wearing of tyres.

K. Minimum turning radius:

It is the smallest radii of the circular path formed by go kart
when completely steered on any one side.

(" Camber:

Camber is the angle of the wheel relative to vertical, when
viewed from the front of the kart. If the top part of wheel leans
in towards the chassis, it is a negative camber; if it leans away
from the car, it is a positive camber.

3. Caster angle:

Caster is the angle to which the king pin axis is tilted forward
or backward from vertical, as viewed from the side. If the
pivot axis is tilted backward (that is, the top pivot is
positioned backward than the bottom pivot), then the caster is
positive; if it is tilted forward, then the caster is negative.

#. King pin inclination (KPI):

King pin inclination is the angle between king pin axis from
the perpendicular when viewed from the front of the kart.

#. Scrub Radius:

The scrub radius is the distance measure on ground surface
between the king pin axis and the centre of the contact patch
of the wheel, when viewed from front.
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7. Toe In/Toe out:

When a pair of wheels is set so that their leading edges are
pointed slightly towards each other, the wheel pair is said to
have toe-in. If the leading edges point away from each other,
the pair is said to have toe-out.

H. Steering Effort:

It is the force required by driver to apply on the steering wheel
to make a turn.

I1l. FUNCTIONS AND INFLUENCE OF ABOVE FACTORS

The factors are explained from designing and manufacturing
point of view which the designer have to keep in mind while
designing the type of system he desires. Following theory is
supported with help of calculations, referral values and
diagrams which were actually applied in professional go kart.

/. Ackerman Steering Geometry:

It is convenient to understand and design ackerman steering
system by geometry method instead of formula method
(descripted below) as stated in most of the research papers
because the ackerman angle has to form at the midpoint of the
rear axle shaft assuming that the CG of kart lies on the centre
axis when stationary.

B : Ackerman angle

¢: Maximum outer angle

6 = Maximum inner angle

Ackerman formula:

_  sing —sind
Tan ﬁ B cos¢ + cos(6-2) (1)

According to the Eq. (1), which intakes maximum
outer (¢) and maximum inner (8) angle as input value the
ackerman angle obtained would not be accurate as these
angles can be adjusted or varied. The ackerman angle
depends on the wheel base of kart. The axes of steering arms
of both the knuckles should always meet at the centre of the
rear axle shaft. If this is not followed the front wheels would
scrub while rolling when steered as both tyre-paths would not
form a concentric circle. Eq. (2) which gives accurate
ackerman angle.

Fig. 1: Ackerman Angle and Steering Geometry

Distance between kingpins = 800 mm,
Wheel base = 1030 mm,

B (Ackerman angle)

- Distance between kingpins)/2
= tan 1 (( gp )/ ) (2)
Wheel base
- 800/2
= tan™1( / )
1030

=21.22°

K. Tie Rod Design by Geometry:
Steering arm length (XZ) = 150 mm,

YZ = 80 *sin (21.22)
YZ =54.29 mm
)S = 'A
- STEEADND ABNE

(2]

T 1005 B

Fig. 2: Tie Rods and Steering Arm Geometry
where,
distance between tripod arm joints = 60mm,
Tie rod length

tripod hole gap

_ Distance between kingpins (XA)
. 800 260 Yo 2 (4)
=20 5429 %
2 2
=316 mm

C" Minimum turning radius (MTR):

After obtaining the ackerman angle by geometry method,
minimum turning radius has to be decided. Usually in
professional go karts the minimum turning radius does not
exceed 2.5m. Hence after deciding the minimum turning
radius of go kart the maximum inner and outer angle values
can be found by the method shown with help of Fig. 3. These
values would not permanently fix the MTR after
manufacturing the system so the designer need not worry.
These values are just for the designer to know how much the
inner and outer wheel would rotate for that specific MTR. The
MTR could be also adjusted after manufacturing the steering
system. The steering arm have to be restricted from rotating
beyond a point preventing the locking of four bar mechanism.
This helps to fix the minimum turning radius as well as makes
the steering system safe.

DC = Front track width (mm)

DA = Wheel base (mm)

6 = Maximum inner angle

¢ = Maximum outer angle

B= Ackerman angle

All rights reserved by www.ijsrd.com 997



Design and Analysis of a Professional Go Kart Steering System
(I3SRD/Vol. 7/Issue 04/2019/247)

o, ‘\ b . _

Fig. 3: Minimum Turning Radius with Inner Outer Wheel
Angles at 2.5m

In AOXD,

tang =& = 193¢ (5)

XD 2500-1020
6 =348°
6; =90°- 9 =55.2°
In AOCX,
_ 0x _ 1030

tang = XC 2500 (6)
¢ =22.4°
6o =90°- ¢ =67.6°
{3, Camber:

It is recommended not to focus much on this factor in go kart
and keep the net camber value zero represented in Fig. 4. Net
camber is the final camber angle value of the wheel of loaded
kart irrespective of the stub axle angle with king pin to which
is usually kept to compensate the king pin inclination.

L~ 0deg
r Caouber

Fig. 4: 0° Camber in a Knuckle-King Pin Assembly

While performing a turn on unbanked road the CG
of go kart shifts outwards from direction of steered turn (i.e.
towards left when steered clockwise and vice versa) due to
centrifugal force. This may lead to understeer which the
camber would prevent by playing its part.

Camber angles play a crucial role when suspensions
come in picture. Usually negative camber is designed for
tyres of commercial racing cars for better grip while
cornering. It results proper traction of the outer wheel when
performing a turn as the lateral force pulls the rubber of tyre
to form a better tyre-road interface which is assisted by
weight shift of car and depends on velocity of car at that
instant. This traction formed, helps the car to stay in its
intended track throughout the corner.

For go karts, either zero or few degrees of negative
camber is normally required. Since there are no suspensions
in go kart, there is no chance of chassis’ relative deflection
with respect to wheels and so only deflection that would
occur is due to deformation and flex in go kart frame. This

deflection could lose the traction in tyre with the road surface
which could be restricted by negative camber but these
deflections are minute and difficult to analyze in go Kkart
making not much sense for negative camber.

Manufacturing such minute angles is not possible
without automized equipment or proper designed jigs and
fixtures. Thus, setting camber on go kart is a complex design
challenge for the designer.

¥ Caster angle:

Rise in this angle will increase the jacking effect but also will
rise the steering effort. Caster angle leads to elevation of left
front side of kart and lowering of the right front side of kart
when steering wheel is spun anticlockwise and vice versa. It
is called jacking effect. This happens due to rotation of stub
axle in a plane which is oblique to the ground. This assists the
go kart to perform turns in sharper manner by inclining the
front part of go Kkart, there by resulting greater
maneuverability. Fig. 5 shows a 5° of caster angle used in go
kart.

Fig. 5: Caster Angle: Side View

#. King pin inclination (KPI):

Imagine a knuckle assembled on the king pin at certain KPI.
Now, when an upward force (weight of the kart acting against
the ground) is acted at the end of stub axle the stub axle will
tend to rotate about the pivot (KP) and settle at top most
position in height as its equilibrium. Imagine the similar
scenario when the is wheel assembled to the stub axle. The
wheel tends to roll on the ground surface and place itself to
certain position which is the desired neutral position. Fig. 6
shows 10° KPI which was used in go kart.

Fig. 6: King Pin Inclination

7. Caster angle and KPI relation:

Both the factors function to bring the front steering wheels at
a certain position by creating that position as equilibrium. The
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main function of caster is to produce the jacking effect and
function of KPI is to self centre both the wheels to neutral
position (un-steered state). Both the factors are responsible
for increasing the steering effort.

The caster angle could also fulfil the task of KPI but
the probability of wheels to exactly self centre would be less
due to non-uniformly distributed load on knuckle assembly
due to unbalanced load on the front side of the kart in
stationary position. Hence the KPI should be slightly more
than caster angle to overcome these unbalanced forces and
place the wheels in neutral position. It wouldn’t be incorrect
to state that caster angle and KPI assist each other’s function
or both work hand in hand.

H. Scrub Radius:

It is directly proportional to the length of stub axle. Increase
in the scrub radius will increase the steering effort. This
happens because the wheel moves away from the knuckle and
due to caster angle more work is required to push the wheel
against the ground to lift the kart. Thus, the jacking effect also
increases on a greater extent. Most of the professional drivers
prefer to tolerate this slightly more undesirable steering effort
to experience the benefit of jacking to gain better control in
races. Other disadvantage of keeping a greater scrub radius is
that bending could occur in the stub axle shaft due to sudden
load impacts acting in dynamic stage. This could be
overcome by increase the diameter of axle and using high-
grade material. Fig. 7 shows a scrub radius of 110mm actually
implemented in go kart.

! I
| 1l !
s & i e ___r._.'__—;_

Fig. 7: Scrub Radius

I Steering Effort:

The steering effort varies with speed of the go kart i.e. high
at lower speeds and low at greater speeds as coefficient of
friction goes on eliminating when velocity increases. The
steering effort depends upon various factors of the steering
geometry. In the given case (fig. 8) tripod used in the steering
system has a length of 80mm which helps achieve enough
leverage to overcome the friction. The torque transmitted also
depends upon the radius of the steering wheel (Egn. 12) and
length of the steering arm (Eqgn. 10). The steering effort is
found using the torque transmitted from the steering wheel to
the tyres in which coefficient of friction is also considered.

Fig. 8: Tripod
Fs= pu*N @)

Weight of the vehicle

= 150kg

=14715N

Weight on front wheels (40% of total weightage on front side)
®)

=150*0.4

=60 kg

=588.6 N

Sliding friction between tyre and road(j)=0.7

Friction force to overcome = Friction coefficient*Weight
)

=0.7*588.9

=412.23 N
Force at Knuckle = (Frictional ForcexScrub Radius) (10)

Steering arm length

_ (412.23%110)

150
=302.3N

Radius of steering wheel

=6"=15.42 cm=0.1542m

Torque at the tripod = tripod length*force to overcome at
knuckle (1)
=80*302.3

= 24184 N.mm

Steering effort

= Torque/steering wheel radius (12)
= 24184/154.2

=156.8N

IV. CAE ANALYSIS

To check the wear and tear of the designed parts, we perform
the FEM analysis. We have used Ansys workbench (static
structural) to carry out the process.
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A. C type bracket (" Stresses:
1) Meshing:

Fig. 12: Stresses in C Bracket

3. Knuckle
1) Meshing:

Fig. 9: Meshing of C Bracket
21 Boundary conditions:

Fig. 13: Meshing of Knuckle
21 Boundary conditions:

Fig. 10: Boundary Conditions of C Bracket

5. Deformation:

Fig. 14: Boundary Conditions of Knuckle
3) Deformation:

Fig. 11: Deformation of C Bracket

Fig. 15: Deformation of Knuckle
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41 Stresses: 41 Stresses:

Fig. 20: Stresses in Tie-rod

# Steering column
Fig. 16: Stresses in Knuckle 1) Meshing:

k. Tie-rod
1) Meshing:

Fig. 21: Meshing of Steering column
21 Boundary conditions:

Fig. 17: Meshing of Tie-rod
21 Boundary condition:

Fig. 22: Boundary Conditions of Steering column
1) Deformation:

Fig. 18: Boundary Conditions of Tie-rod
1) Deformation:

Fig. 23: Deformation of Steering column

{7 Stresses:

Fig. 19: Deformation of Tie-rod

Fig. 24: Stresses in steering column
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H. Steering hub: I Stresses:

1) Meshing:

Fig. 25: Meshing of Steering Hub
) Boundary conditions:

Fig. 28: Stresses in Steering Hub

. Conclusion:

Table 1 shows the results of all structural analysis performed
on various components in steering system. The results show
that the designs are safe and both stresses and deformations

are in limits.
Deformation Stresses
Part type (mm) (MPa) FOS
C-Bracket 0.08 71 5.2
Knuckle 0.18 64.63 5.7
Tie rod 0.012 8.2 7.3
Steering 0.109 41 3.8
column
Steering hub 0.002 5 12

Table 1: Results of FEM analysis
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Fig. 26: Boundary Conditions of Steering Hub 2]
1) Deformation: [3]

Fig. 27: Deformation of Steering Hub
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