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Abstract

MotoStudent is an engineering and economic competition for students to build a motorcycle that will take
part in a real race on the Motorland Aragon track in Spain. The Kenji Racing Team, a student team from John
von Neumann University, has been participating in this competition since 2016. The design of the motorcycle
must be accurately documented towards to the competition organization, and economic and engineering
tasks must be solved for the teams. In terms of engineering work, the development of innovation applied on
the electric motorcycle is of paramount importance. Nowadays, one of the most popular development areas
in motorsport is aerodynamics. Nevertheless, there are few studies about active aerodynamic systems. In our
research we present the aerodynamics of motorcycles and the effect of passive and active wing systems on

driving dynamics. With this knowledge, we detail the design steps of an active wing system.
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1. Introduction

MotoStudent is an engineering and economic
competition for students to build a motorcycle
that uses its specified components and resourc-
es to compete on the Motorland Aragon track in
Spain. Kenji Racing Team, a student team from
Neumann John University, has been participating
in the event since 2016. In 2021, the team will en-
ter itself in the electrical category. The design of
the motorcycle must be accurately documented
to the race organization, and will receive special
attention and evaluation of the innovation devel-
opment applied to the motorbike. The aim is to
increase the motivation to use innovation (for-
mal aspect). The prototype must, of course, also
be technically feasible. The innovative idea of the
Kenji Racing Team is to develop an active aero-
dynamic package for the nose piece of the motor-
cycle pair. The technology is able to generate an
ideal downforce according to the curves of the
race track due to its active nature, thus achieving
a positive effect on the driving dynamics of the
motorcycle.

2. The effect of passive wing systems on
the driving dynamics of a motorcycle

The vast majority of motorcycle developments
started from MotoGP. The Suzuki team was the
first to put wings on a motorcycle. The idea came
from motorsport, where vehicle-mounted aer-
odynamic elements are used to generate down-
force, significantly increasing traction. It can also
be used to increase the cornering speed.

For motorcycles, the issue of downforce is more
complex than for racing cars. The aerodynamic
elements used in the latter are practically hori-
zontal during cornering (apart from a slight tilt
due to the compression of the landing gear), so
that the downforce vector points all the way to
the ground. When cornering motorcycles, the
tilt of the vehicle must be taken into account to a
significant extent, which can reach 60° compared
to normal on the track. In passive systems, the
wings tilt together with the motor, which simul-
taneously causes a change in the direction of the
downforce vector (Figure 1).
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3. The conception design of active
wings that can be used on a racing
motorcycle

Using the Optimum Lap software, we simulat-
ed the behavior of the motorcycle. The program
provides an opportunity to plan the route, so by
modeling the Aragon GP track, it is possible to
examine the conditions in the race. The program
shall specify the parameters of the motorcycle,
including the motorcycle’s mass, aerodynamic
characteristics, battery type, motor power, tire
data, and transmission ratios.

In larger corners, the motorbike reaches speeds
of up to 175km / h. From this speed onwards, the
wings c-n effectively generate a downforce. In the
bend, however, after the vehicle body is tilted,
the wings do not stand horizontally relative to the
ground, creating unfavorable conditions. Thus,
the wings can generate adverse effects that make
it difficult to turn at high speeds [2].

The process can be prevented if the wings com-
pensate for the tilt of the motor and are always
horizontal to the ground. Thus, the downforce ex-
erted by the wing continues to point in the same
direction as the gravity (Figure 2).

3.1. The question of placement

The placement of the system on the motorcycle
is a prominent issue, depending not only on the
wing profile itself, but also on the vehicle body
surrounding it and the distance from the wheel
base. The body should direct the flowing air to the
wings as much as possible, thus generating more
downforce. It is more advantageous to place the
system as forward as possible, because the force
arm also increases if the distance from the wheel-
base is increased (Figure 3). An important aspect
of the placement is that the maximum profile
width of 600 mm specified in the regulations is
met.

By deepening the side of the body, the desired
span was achieved. The beginning of the profile
is designed to be arrow-headed to achieve the de-
sirable airflow.

3.2. Mechanism of wing movement

According to the construction plan of the mo-
torcycle, it can tilt by 50-50° in both directions, so
the required angle of the wings was determined
according to these values.

The moving rods are driven by an electric mo-
tor through a worm drive (Figure 4). The worm
drive is necessary for several reasons. One is to
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Figure 1. The force relations with a passive aerody-
namic system. [1]
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Figure 2. The force relations with an active aerody-
namic system. [1]

Figure 3. 3D model, designed for the wing system.

Figure 4. Schematic figure of the moving mechanism
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reduce the motorcycle’s speed and increase the
torque, and the advantage of using a worm drive
is its self-locking feature. As a result, the torque
generated by the downforce cannot “rewind” the
motor, so the wing always stays in the desired po-
sition.

Low speed is enough to move the wings. Accord-
ing to our measurements, a rider can make a 40°
decision in about 0.5 seconds. This means that the
worm gear must rotate 40° in 0.5 seconds. Thus,
we obtain that 14 rpm is required to track the
movement. Since the gear was selected on the ba-
sis of a catalogue, the higher value closest to the
calculated value was used. Thus, a motor with a
maximum speed of 30 rpm was chosen to operate
the mechanics. [1, 3]

4. Construction design of the active
aerodynamic system and investiga-
tion of the effect of the system on the
motorcycle

According to preliminary calculations, the mo-
torcycle will reach a top speed of 210 km/h. There-
fore, this value was taken into consideration
when selecting the profiles.

4.1. Wing profile selection

The wing profiles are designed for aircraft, so
the calculations were performed as an airplane
wing, which may remain in the air due to the dy-
namic buoyancy. In the case of a motorcycle, the
line of reasoning changes so much that we want
to generate a downforce, which can be obtained
by reflecting all the coordinates of the wing pro-
file and tilting it to the ideal a angle.

The (aero) dynamic buoyancy force (F)) is the
component of the force acting on a body placed
in a flowing medium that is perpendicular to the
direction of flow. The force component parallel to
the direction of flow is called the air resistance
(drag) (F) (Figure 5). ). The wing profile is the
shape of the wing section. A wing section (marked
in yellow) is obtained by intersecting the wing
with a plane of relative velocity of the vehicle and
the air (ideally in the same plane) with a parallel
plane intersecting the wing. The buoyancy and
air resistance depend on the wing profile, as de-
scribed in Equations (1) and (2). [3, 4, 5]

6,

@)

where:
— v relative speed of the flow and the ma-
chine
-A  the wing surface
—-p  air density (natural constant)
-C, buoyancy factor
-C, drag coefficient

Of the wing profiles examined, “NACA6409 9%”
shown in Figure 5 is the most appropriate, based
on the preliminary criteria.

The simplest way to determine the magnitude of
the investigated forces as a function of the rela-
tive velocities of the flow and the machine is to
examine it in certain Re values. The missing val-
ues are approximated based on the points shown
below (Table 1, Figure 6.).

Table 1. Downforce and air resistance (drag) deter-
mined for the calculated speed values

R.() v(m/s) | C ,andC, F, (N) F, (N)
50000 7 1.05 és 0.03 0.432 1.24-10?
100000 14 1.15 és 0.02 1.89 3.29-10?
200000 30 1.2 és 0.015 9.78 0.113
500000 60 1.2 és0.01 36.31 0.303
AirfoilTools.com
NACAG400 0%

Figure 5. The section of the selected profile
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Figure 6. The amount of downforce per wing as a
function of speed



68 Kun K., Sdrkany T. - Miiszaki Tudomdnyos Kozlemények 15. (2021)

4.2. CFD simulation on the wing profile

A 2D simulation study was performed using the
downloaded outlines of the NACA profile. The re-
sults are illustrated in Figures 7. and 8. Ansys 17
Workbench software was used for the study. [6,
7, 81

4.3. The design of the active wings

The design of the wing is slightly arrowed for-
ward, with a baffle near the frame (on one-third
of the wing) with wingtips bent at the edge by 30
degrees.

In our case, the forward arching of the wings is
minimal, so we can speak of almost straight wings
(arrowing is only beneficial in terms of increas-
ing the surface area). Straight wings are most
preferred at low flight speeds. Furthermore, air
currents do not drift (reducing buoyancy) toward
the wingtips, so no swirling flow occurs. [9]

Despite the reasoning mentioned above, a de-
flector is still added to one third of the wing, since,
in our case, the angle of inclination of the wing
can be changed perpendicular to the speed. Due
to the change in the angle of inclination, despite
the straight wing profile, drift of the air currents
is inevitable at higher angles, so that the largest
possible surface close to the motor frame will be
able to create an effective downforce even when
cornering.

Thanks to the wingtips that bend at 30 degrees,
we can take advantage of the so-called phenom-
enon of vortex lift (Figure 9). kThis means that
the wingtips that bend at 30 degrees create a real
vortex (the true mass of rapidly rotating air is
present in the vortex) under the wing, which in-
creases the velocity of the air, thus reducing its
pressure. Low pressure under the wing results in
an increase in the downforce.

Figure 10 illustrates a 3D model of the designed
wing system. Furthermore, Figure 11 shows how
the effective active aerodynamic package fits the
body.

5. Control unit for active aerodynamic
system

A programmable microcontroller electronics
was designed to move the wings. Instead of dis-
crete components, we used commercially availa-
ble panels. The Figure 12 shows a schematic dia-
gram of the system.

The system is based on an Arduino Nano pro-
grammable microcontroller. It allows the wings
to be controlled depending on the inclination of

=

Figure 7. The pressure around the profile at the max-
imum speed that the motorcycle can reach.

Figure 8. Flow rate around the profile at the maxi-
mum speed that the motorcycle can reach.

Figure 9. 3D model of the wing.

Figure 10. 3D model of the designed system.
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Figure 11. AD assembly of the complete racing mo-
torcycle, with the active aerodynamic
package.

BTS7960
LPWM Motorvezérlé
i
Arduino :
Nano | AN
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Figure 12. Schematic figure of the controller.

the motorcycle. The inclination of the motorcycle
is measured by an MPU6050-M acceleration and
angular velocity sensor. The wings are moved
by a worm gear DC motor, which is driven by a
BTS7960 H-bridge motor controller. The position
of the wings can be measured using a position
sensor on the shaft of the DC motor and limit
switches mounted on the wing drive mechanism.
After switching on the device, the system starts
with a reference recording in order for the wing
to find its actual angular position. Furthermore,
in order to avoid damage to the structure (which
may suffer due to excessive tilting of the sash),
limit switches were mounted in the two end po-
sitions. [10, 11]

6. Conclusions

Athigh speeds, the aerodynamic buoyancy of the
motorcycle can significantly reduce the weight on
the front wheel, resulting in the wheel rising off
the ground. This effect significantly impairs con-
trollability [12] The designed system is for the
stability of the motorcycle. With the downforce
created by the wings, stability can be increased
on fast track sections. The developed active aer-
odynamic system also eliminates the adverse ef-
fect of passive wings, which makes cornering dif-
ficult. The active system compensates for the tilt
of the motor to keep the wings horizontal relative
to the ground, so that the downforce continues
to point in the same direction as the gravity. In
the research, thanks to the simulation results, an
ideal design and a compensating microcontroller
system were created.
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