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Variation Analysis of Body Position Angle of the Race Athlete on Sprint
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at a 45 ° variation of 26739.593 N, a 50 ° angle variation of 28971.434 N, and at
an interpretation of 55 ° of 30975.985 N. Based on the force used, it can be
concluded that 45 ° angle variations are most effective in sprinting, because the
position of the body at this angle narrows the air resistance on the bicycle racer
so that it becomes light.
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INTRODUCTION

Sport is a form of physical exercise that
can improve physical fitness if it is done with
the right and appropriate frequency and
intensity (Penggalih et al., 2015) and cannot be
separated from the presence of movements
which  will then involve  various
structures/tissues in the human body, for
example, joints, muscle, meniscus/discus, and
capsuloligamenter (Setiawan, 2011).

Bicycle racing is a sport that has
historically been victorious in West Sumatra in
the past. Many cycling athletes come from
West Sumatra, including Dasrizal from
Payakumbuh and others. However, recently,

the  development of bicycle racing
achievements in West Sumatra has decreased
in all respects, both enthusiasts and
achievements. However, in recent years the
West Sumatra Government, through the West
Sumatera Tourism Office, has routinely held a
bicycle racing championship known as the
Tour de Singkarak.

Bicycle racing is a race to reach the
final finish goal in the fastest possible time
and requires high endurance because this sport
is a sport that uses a long time (Agus &
Rifhaatul, 2018). Bicycle racing consists of
various types, including the marathon, tour de
France, mountain bikes, trail, and speed bikes.

Aerodynamics is the study of how a
solid object moves through the air. The field of
science that studies the motion of an item due
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to air resistance is aerodynamics. This field of
science is a branch of dynamics that deals with
the study of air movement. Aerodynamics
studies drag (drag effect) on an athlete's
activity (Norstrud, 2008). When this definition
is linked to the sport of cycling, it refers to
how a cyclist copes with the air resistance
generated by forwarding motion and wind.
Two factors determine the speed that can be
achieved on a bicycle. Namely, the first is how
much force the rider exerts, and the second is
wind resistance, often referred to as "drag
force" (Utomo & Igbal, 2012).

The aerodynamic aspect of bicycle
racing is very influential on speed. The
efficiency of body position in maintaining
movement speed after maximum speed is
reached (Rahim, 2011). In principle, wind
pressure has a movement opposite the motion
force of an object to be heavier if it hits an
item with a larger mass. As the opinion
(Rahayu et al.,, 2014) states that the air
resistance force has a direction opposite to the
direction of motion of the object, the
resistance force will be felt if the item is
moving at high speed with a large surface area
of the thing.

When aerodynamics is discussed in
cycling, it will also give rise to several
variations in the athlete's body angle.
According to (Sovndal, 2009), the muscles in
the leg will provide additional power curves in
the pedaling motion of the bicycle and help
stabilize the ankle on the pedal. The lack of
knowledge in knowing the correct position
angle against a cyclist often results in
difficulties for an athlete himself. The problem
that a bicycle racing athlete often experiences
is core stability; core stability is the work
stability of the spine, pelvis, glutes, and
abdominal muscles.

According to (Clarsen et al., 2010) in
his study, 45% of professional cyclists
experienced lower back pain disorders, and
20% reduced cycling activities to restore their
lower back pain conditions. Back pain can also
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be caused by an improperly sized bicycle, a
wrongly sized bike can cause rapid fatigue,
difficult bicycle control, and ultimately affect
the resulting speed (Marsden & Schwellnus,
2010).

Understanding the body's angle with the
bicycle during the sprint is very important for
the racer to help reduce wind resistance (drag
effect) so that the force used is small and
benefits the racer. Therefore, analysis of the
angle during the sprint is critical to determine
the effective angle in minimizing wind
resistance (drag effect). With this research, it
is hoped that it will become an evaluation
material for coaches in providing models and
forms of training to their athletes.

METHODS

This type of research is a descriptive
analysis using a quantitative approach.
According to (Maksum, 2012), a descriptive
study is a research conducted to describe these
symptoms, phenomena, or events. Meanwhile,
quantitative research is a method using
instruments and processes, and the results of
the analysis have a quantitative or statistical
nature (Mulyadi, 2013). This study describes
the variation in the athletes' position in cycling
during sprints to provide education and
comfort to athletes in cycling competitions.

The tools and media used are 1)
miniature bicycle simulation framework, 2)
anemometer, and 3) wind tunnel (Howell et
al., 2010). With research procedures: making a
tiny bicycle simulation frame, preparing tools
and materials, placing the position at an angle
of 45°,50 °, and 55 °.



ZeinFiqri Habibie', Danang Ari Santoso?, Arya T Candra®/ JUARA : JurnalOlahraga 6 (1) (2021)

Figure 1. Angle Position45°, 50° dan 55°

Turning on fans at different speeds, patterns and variations in body position angles,
video documentation visualizing wind flow and collecting data.
patterns, repeating experiments of wind flow
Figure 2. Data Retrieval Visualization
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Figure 3. Tool Design
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The calculations in this study were 1 )
. . L . m.g = =C4 AV
carried out using aerodynamic principles as in 2
. m.
the calculation of the formula as follows: c, =229
AV?
1 Information:
F=F, 5 Cy AV? m = mass of bike + racer

g = coefficient of gravity
A = cross-sectional area

V = wind speed (measured)
Cd = drag coefficient

F=m.g.sina
F=FD
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FINDINGS AND DISCUSSION

Findings

Based on the variation in the measured
athlete's body angle, the calculation results can
be explained as follows:

Angle 45°

The research results on the angular
position of the bicycle racing athletes at 45 °
angle variations with variations of three wind
speeds and three measurement criteria, namely
the measurement of the part of the top, rear,
and front of the object of the bicycle.

Figure 4. Angle of the measured body

Graph 1. Wind Resistance Results 45°
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Graph 2. Result of Calculation of Angular Wind Resistance 45°

Gayva Hamb atan Angin Sudut 45°
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Calculation of table 1 at an angle of 45°
there are three calculations, namely calculating
the wind flow pattern (F), wind resistance
(Cd), and wind resistance force (Fd). The
analysis is then continued by calculating the
drag coefficient (wind resistance) to determine
the wind resistance that collides with the
object by taking into account the different
wind speeds in each measurement. From the
measurement results of wind speed, it will be
known as wind resistance (C_d). The
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calculation of C_d on each criterion has
several differences so that the C_d value is
different for each bar. The difference in value
that occurs can be seen in table 1; the smallest
is when the measurement is above the object,
then the matter becomes more significant
when measuring the back of the item, and the
biggest is the measurement in front of the
thing. This is due to the limitations of the fan
used so that the wind flow becomes turbulent.
The results shown in the calculation
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show that the same value is due to the wind
resistance, which is influenced by weight,
gravity, and the athlete's angle, which has the
same result, which affects the drag force that
occurs. The more excellent the wind
resistance, the greater the wind resistance a
bicycle athlete must resist.

Angle 50°

The second is the result of research on
cyclist athletes' angular position at a variation
of the angle of 50° with a variation of three
wind speeds and three measurement criteria,
namely the measurement of the upper, rear,
and front position of the bicycle object.

Graph 3. Result of Angle Wind Resistance of 50°
and Result of Calculation of Wind Resistance Angle 50°
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In the calculation of the 50° angle, there
are three calculations, namely calculating the
wind flow pattern (F), wind resistance (Cd),
and wind resistance force (Fd). The result of
wind resistance at an angle of 50° is greater
than that of a 45° shrinkage because the total
wind speed at an angle of 50° will be more
incredible. After all, the athlete model's tilt
angle has a large surface area. The calculation
is then continued by calculating the drag
coefficient (wind resistance) to determine the
wind resistance that collides with the object
by taking into account the different wind
speeds in each measurement. From the
measurement results of wind speed, it will be
known as wind resistance (C_d).

The calculation of C d for each
criterion has several differences so that the
C_d value becomes a distinct difference for
each measure. The difference in the deal that
occurs can be seen in Table 2; the smallest is
when the measurement is above the object,
then the value continues to be more significant
when measuring the back of the item, and the
biggest is the measurement in front of the
thing. This is due to the limitations of the fan
used so that the wind flow becomes turbulent.
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Gaya Hambatan Angin Sudut 50°
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atas

belakang depan

The results shown in the calculation
show that the same value is due to the wind
resistance, which is influenced by weight,
gravity, and the athlete's angle, which has the
same result, which affects the drag force that
occurs. The more excellent the wind
resistance, the greater the wind resistance that
a bicycle racing athlete must resist. A more
precise result can be seen in the graph in
Figure 3. At this 50° angle, the wind
resistance becomes more significant so that
the product is less aerodynamic, was the more
influential the angle of inclination that
collides on the athlete, the more excellent the
wind resistance.
Sudut 55°

The research results on the angular
position of the bicycle racing athletes at the
angle variation of 55° with the interpretation
of three wind speeds and three measurement
criteria, namely the measurement of the
position of the top, rear, and front of the
object of the bicycle.
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Graph 5. Result of Angle Wind Resistance of 55°
and Result of Calculation of Wind Resistance Angle 55°
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Calculation of table 4.3 in the analysis
at an angle of 55° there are three calculations,
namely calculating the wind flow pattern (F),
wind resistance (Cd), and wind resistance
force (Fd). The analysis is then continued by
calculating the drag coefficient (wind
resistance) to determine the wind resistance
that collides with the object by taking into
account the different wind speeds in each
measurement. From the measurement results
of wind speed, it will be known as wind
resistance (C_d).

The calculation of C_d for each criterion
has several differences so that the C_d value
becomes a distinct difference for each
measure. The difference in value that occurs
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can be seen in table 4.3; the smallest is when
the measurement is above the object, then the
matter continues to be more significant when
measuring the back of the item, and the
biggest is the measurement in front of the
thing. This is due to the limitations of the fan
used so that the wind flow becomes turbulent.

The results shown in the calculation
show that the same value is due to the wind
resistance, which is influenced by weight,
gravity, and the athlete's angle, which has the
same result, which affects the drag force that
occurs. The more excellent the wind
resistance, the greater the wind resistance that
a bicycle racing athlete must resist.

Table 4. Comparison of Wind Resistance

Angle Variation Resistance Force (Fg)

45°
50°
55°

26739.953
28971.434
30975.985

Discussion

The cyclist's body position during the
sprint using the 45° body position model will
narrow the air resistance hitting the bicycle
racing athlete so that the athlete's air resistance
will be lighter. The greater the tilt angle of a
bicycle racing athlete, the greater the body
part's surface area that has to withstand air
resistance, so this causes less aerodynamic
properties. The larger tilt angle has changed
the wind flow to turn as a result of the
collision with the surface area of the front of
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the model so that this shows a considerable
drag (Wind resistance) as well (Rubiono,
2017). The magnitude of this drag indicates
that there is a loss in wind flow pressure.

The smaller the athlete's angular
position, the more risk an athlete falls off the
bicycle. Because when an athlete is leaning
forward, it will be challenging to maintain
balance when controlling the bike so that the
risk of falling will be higher. Vice versa, if the
more significant the angle, it will be easier for
an athlete to maintain and control the bicycle.
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However, with a smaller body position angle,
the wind resistance will be lighter so that
during the sprint, the athlete will find it easier
to reach the finish. According to (Abdurohman
et al.,, 2016) also explained that changes in
fluid flow could affect the resistance force,
modification of an electric car body with a
maximum pressure of 83.2143 Pa produces a
smaller resistance force (Prihadnyana et al.,
2017).

Apart from the angle, the wind speed
also affects the drag force; at an angle of 55 °,
the wind speed is greater than the 45 ° and 50 °
tips. The most significant drag occurs at an
angle of 55 °, this finding is by the results of
research (Wulandari, 2010), where the more
influential the speed, the greater the drag
coefficient on the Argo variation Lawu train
locomotive.

The practical contribution of the drag
coefficient. Aerodynamic behavior simulation
in steady and unsteady conditions in a car
resembles the Toyota Avanza with Cfd
(Nofianto, 2014). This study resulted in a
simulation obtained from the CFD package on
each model A and model B car. The drag
coefficient (CD) was 0.531 and 0.495, which
proved that the drag coefficient (Cd) decreased
by 6.78%. The lift coefficient (CL) in each
model of 0.0396 and 0.0202 demonstrates a
decrease in the lift coefficient (CL) of 48.99%.

This means that the variation in the
angle applied in this study is directly
proportional to the analysis results above,
where there is a decrease in the drag force
coefficient, which also occurs at the 45° angle
variation.

CONCLUSION

An angle of 45 ° is the most influential
position in narrowing the wind resistance so
that the air resistance faced by the athlete will
be lighter. However, it is hoped that further
research will be carried out analyzing effective
angles when a sprint overtakes other racers.
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