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Abstract Elastic deformation and fatigue damage can cause the permanent deformation of a kart's frame during
turning, affecting the kart's driving performance. A kart's frame does not contain any suspension ordifferential devices
and, therefore, the dynamic behavior caused by torsional deformation when driving along a curve can strongly affect
these two kinds of deformations. To analyze the dynamic behavior of a kart along a curved section, the GPS trajectory
of the kart is obtained and the torsional stress acting on the kart-frame is measured in real time. The mechanical
properties of leisure and racing karts are investigated by analyzing their material properties and conducting a tensile
test. The torsional stress concentration and frame distortion are investigated through a stress analysis of the frame
on the basis of the obtained results. Leisure and racing karts are tested in each driving condition using driving analysis
equipment. The behavior of a kart when being driven along a curved section is investigated through this test. Because
load movement occurs owing to centrifugal force when driving along a curve, torsional stress acts on the kart's steel
frame. In the case of a leisure kart, the maximum torsional stress derived from the torsional fatigue limit wasfound
to be 230 MPa, and the torsional fatigue limit coefficient was 0.65 when driving at a speed of 40 km/h. Furthermore,
the driving elements during thecornering of a kart were measured based on an actual auto-test after installing a driving
measurement system, and the driving behavior of the kart was analyzed by measuring its vertical displacement.
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1. Introduction

A Kkart is a medium-sized vehicle high-speed vehicle
that is smaller than a sports utility vehicle; karts are
used for both leisure and racing. Compared to a sports
utility vehicle, a kart has a moderate construction costs
and running, cost and it is more eco-friendly. However,
it is necessary to improve the fatigue strength of a kart
while maintaining low weight. In structures subjected
to constantly fluctuating loads, the fatigue strength is
influenced more by the stress and its direction than by
the stiffness. In recent years, fatigue strength has been
evaluated by experiments and by simulations using a
finite element analysis program.

Jang H.T.[1]constructed a test system capable of
applying various design loads in order to evaluate the
structural safety of weak points of a kart while driving
on a curve and analyzed the characteristics and shifts
in load of the steering system. Ponzo[2] performed a
structural analysis and test that considered the static
and fatigue load of a kart frame. Vitale[3] proposed a
kart model considering the overall parameters for the
dynamic analysis of a kart. Kang[4] studied the vehicle
behavior by analyzing the dynamic driving characteristic
in which the minimum ground clearance of the railway
vehicle is changed by load shift and driving mode shift
of the frame when driving on curve. However,
previous-studies did not consider the effect of changes
in speed as well as the effects of various structural
materials; therefore, these studies did not consider the
complex effects of the dynamic load occurring when
driving on a track. Therefore, in this study, the fatigue
strength of a kart frame was evaluated by varying the

actual dynamic stress at various driving speeds.

2. Type of Karts

A Kkart consists of engine, chassis, and frame, as
shown in Fig. 1. The frames structure is typically made
of Fe and Mn; that of a racing kart may additionally

consist of Si and Cr, the static strength and stiffness of
which has been evaluated in previous studies.

The fatigue strength of a frame has also been
analyzed because it is subjected to complex fatigue
loads of amplitudes and frequencies, such as the static
load from the weight of the kart and the dynamic load

during curving, braking,

(b) Racing kart

Fig. 1. Type of karts

2.1 Mechanical Properties of Material

A leisure kart’s frame is typically made of Mn alloy,
which affords improved elongation rate with strength.
A racing kart’s frame is typically made of Si and Cr,
which improved hardness and elastic limit. Table 1
lists the mechanical properties of each material. Table
2 lists the fatigue limit used in fatigue strength
analysis; the torsional fatigue limit was calculated

using the tensile test result and load effect.

Table 1. Component of kart frames

% Fe Mn Si Cr
Leisure kart 98.30 1.70
Racing kart 97.37 1.04 0.48 1.15
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Table 2. Mechanical properties of materials

Material Yiel([iMS;;e]mgth Ultime[l}\; PSat]ren gth Elo[%/aot]ion
Steel 431.3 4472 6.4
Leisure kart 4719 558.0 27.0
Racing kart 598.9 754.0 13.1

3. Measurement and Analysis

3.1 Load Condition and Stress Measurement
Points
Before the actual dynamic stress measurement, the

load
conditions as shown in Tables 3 and 4. The weight of

stress was measured under zero and full
a leisure kart was 102kgf, 161kgf and that of a racing
kart was 112kgf, 167kgf.

Fig. 2 shows the 26 and 30 measurement points
selected in the leisure and racing kart, respectively, for

structural analysis and static load measurements.

Table 3. Weight of a leisure kart

[kef] FL FR RL RR Total

Tare 15.93 13.55 29.98 42.6 102.06

Load 32.47 233 45 60.4 161.57
Table 4. Weight of a racing kart

[kef] FL FR RL RR Total

Tare 15.5 29 36.5 50.5 112

Load 29 30.5 50.5 57 167

(a) Leisure kart (b) Racing kart

Fig. 2. Type of kart’s framesz
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3.2 Measurement and Analysis Considering
Driving Conditions

The torsional stress in each kart was measured at
various driving speeds. Owing to the limitation of the
test track, we measured the torsional deformations at
various speeds under 50km/h while driving on the
track. A constant speed was maintained when driving
on the curve section. After eliminating the effects of
noise, when driving one lap, the torsional deformation
of the frame was measured and analyzed based on the
following factors.

(1) The GPS trajectory, change in steering angle,
and time required for completing the lap and to
reach certain points.

(2) Torsional change analysis along the curve with
time.

(3) Torsional change analysis along the curved with
speed.

Fig. 3 shows the relationship between the speed and
the steering angle while driving. To detect the curved
sections, the point at which the steering angle began
changing was selected as the starting point of the
curve. The speed hardly changes with the steering
angle, suggesting that the kart maintains s constant

speed along the curved section.

Velocity (km/h)
Steer angle (deg)

= Velocity
---- Steer angle
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Fig. 3. Speed-steering angle in 1-lap

Fig. 4 shows the torsional stress of the frame with

time while driving along an arbitrary curved section.
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Fig. 4. Torsional stress on curved section

The torsional stress of a leisure kart is smaller than and
varies less than that of a racing kart when driving
along a curve. Table 5 shows the torsional stress
distribution acting on a racing kart’s frame on curved
sections.

Fig. 5 shows the torsional stress acting on both
types of karts; that acting on the racing kart is more
than two times that acting on the leisure kart; the thick
solid line indicates the maximum torsional stress of

each type of kart at a certain speed.

— Max_T
Racing Kart
= ——- Regression line (Racing Kart)
Torsional Stress| - Lessure kan

--- Regression line (Leisure Kart)

Stress (MPa)
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200
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Velocity (km/h)
Fig. 5. Torsional stress change for the speed

Table 5. Torsional stress distribution acting on a racing kart’s frame on curved sections

Section 1 Section 2
Stress (MPa) Torsional Stress —_— Max_T Stress (MPa) Torsional Stress — Max_T
250 250
200 200
150 150
100 100 R
50 50
o N . B s 000 ~ _ o . B , . - s
10 20 30 40 50 10 20 30 40 50
Velocity (km/h) Velocity (km/h)
Section 3 Section 4
Stress (MPa) Torsional Stress —_— Max_T Stress (MPa) Torsional Stress — Max_T

250

10.- 2‘03‘040 ¥ -5.0
Velocity (km/h)

250

10 20 FHac T TR a0 50
Velocity (km/h)

[MPa] Section 1 Section 2 Section 3 Section 4

20 km/h 36.746 ~ 123.603 61472 ~ 118.115 49.366 ~ 124.297 58.949 ~ 118.368
30 km/h 3.063 ~ 180.562 4.759 ~ 187.689 5.108 ~ 208.946 48.352 ~ 163.783
40 km/h 27915 ~ 162.774 29.682 ~ 193.492 51.632 ~ 206.928 38.008 ~ 202.449
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The dotted line

compensated after the measurement; the long and short

indicates torsional stress data
dotted lines respectively indicate the racing and the
leisure kart. In both cases, the torsional stress increases

with speed.

4. Fatigue Strength Assessment of
Kart Frame

4.1 Assessment method for fatigue strength

The stress-life curve represents the relationship
between the alternating stress (S) and the number of
iterations (N) until a part is broken. A rotating bending
test is used most commonly to obtain the data plotted
in an S-N curve[5]. Log-log coordinates are used for
the average S-N test data plotted on the S-N curve.

Materials have a certain endurance limit or fatigue
limit (S¢), below which they have infinite life. For
industrial

purposes, the limit has generally been

considered as cycles.

Se (ksi) = 0.5 x S, Sy < 200 ksi
Se (ksi) = 100 ksi, Sy > 200 ksi @)
The fatigue limit can be determined based on the

tensile strength. The volume concept can be applied to
fatigue test data obtained using a similar specimen. An
axial load specimen has a more highly stressed volume
because it does not have stress gradients. A fatigue
limit ratio of 0.6 - 0.9 is obtained from the axial load
and the rotation bending test. This test data may
contain errors related to the eccentricity of the axial

load.

Se (axial) = 0.7S. (bending) @)

Therefore, the following safety assessment is used.
A Fatigue limit ratio of 0.5 - 0.6 is obtained from the
axial load and the rotation bending test. A theoretical
value of 0.577 is given as the von Mises failure

criterion. A reasonable estimate is obtained as follows.

Se (torsion) = 0.577S. (bending) 3)
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The torsional fatigue limit of kart frame can be
obtained by applying these load effects. To predict the
torsional stresses that affect the kart’s frame, the
torsional fatigue limit was calculated based on the
tensile test result and the load effect, as shown in Table
6. The torsional fatigue limit coefficient (K) is obtained
as a ratio of the material's torsional fatigue limit to the
measured torsional fatigue limit T. For K < 1, the
actual acting torsional stress occurs in a smaller range
than the endurance limit of the material. This does not
causedt fatigue deformation and damage to the
material, as a result of which its life can be infinite. On
the other hand, for K > 1, damage is caused to the
material by fatigue.

K= @)

-
Te

Table 6. Torsional stress distribution acting on a
racing kart’s frame on curved section

Kart Su Se(axial) Se(bending) T(torsion)
Leisure 558 279 398.57 229.97
Racing 754 371 538.57 310.75

4.2 Fatigue Stregth Evaluation

Table 7 shows the torsional stresses, measured torsional
fatigue limit, and torsional fatigue limit coefficient (K)
when driving at a speed of 40 km/h. Fig. 6 shows that
the average torsional fatigue limit coefficient (K) tends

to increase with the speed of the kart.

Table 7. Fatigue limit based on the stress (40km/h)

(a) Leisure kart

T. [MPa] 229.97
Section 1 2 3 4
52.391 68.138 58.172 59.169
K 0.235 0.306 0.261 0.265
(b) Racing kart
T. [MPa] 229.97
Section 1 2 3 4
162.774 193.492 206.928 202.449
K 0.524 0.623 0.666 0.651
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5. Conclusions

A Fatigue strength assessment was conducted based
on measured results obtained when a kart was being
driven on a track. Both leisure and racing karts showed
lower torsional stress than the torsional endurance

limit. Therefore, plastic deformation and fatigue

damage did not occur in both karts when they were

being driven along a curved section.
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