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Abstract. The arrow glides through the air in a parabolic motion after it was
shot with the bow. This arrow is installed with a device that measures its
acceleration and speed. The device used for this measurement consists of an
accelerometer sensor, Arduino Pro Mini, and a Micro SD card. Meanwhile,
the sensor can test the acceleration, time, and elevation angle at 20°, 30°, as
well as 45°. The results showed that the arrow maneuvres with an acceleration
and initial velocity of 19.6 m/s? and 9.8 m/s respectively. It also indicated that
the arrow speed, the farthest distance, and the time of the highest point have
the same values.
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1 Introduction

Parabolic motion needs to be measured to examine the values of each parameter
because it plays an important role in human life [1]. Currently, the measurements can be
performed by using advanced technology such as a video recorder [2], phet app [1],
Graphic User app Interface (GUI) Matlab [3], and sensors infrared [4].

This study only measures parabolic motion using simulation. Meanwhile, the use of
an infrared sensor can still be refined by placing it on top of the object experiencing the
motion. This study becomes perfect because it is essential to directly know the object's
motion. However, this problem can be solved by developing the current sensor as the
measurement device. The current sensor known as the accelerometer is used to measure
the acceleration and elevation angle as it is indicated in an MPU6050 [5][6][7][8].

2 Design Hardware and Software

The device is designed using Arduino Pro Mini, MPU 6050 sensor module (integrated
with accelerometer sensor), LED, battery, and Micro SD Card. Arduino Pro Mini will
work as the device core, accelerometer sensor as input, and Micro SD Card as output. The
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design of the device can be seen in Figure 1.
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Fig. 1. Design hardware.

The arrow's body is designed from fiber, the front is made of aluminum, and the tail
is made of rubber. The arrow has a length of 30 cm and a diameter of 8 mm. The dart is
then added to the holder for the device at the front, 4 cm from the dart's front end. The
holder's design for the device measures parabolic motion functions so that the device does
not experience vibration, shifting, and damage during data collection. The device for
measuring the motion of the parabola is placed on the arrow, laying the device can be seen
in Figure 2.

Fig 2. the device is placed on the arrow.

3 Parabolic Equation

Parabolic motion is included in the uniform straight motion and uniform
motion in a straight line. This is due to the influence of the earth's gravitational
force on the vertical direction of motion, and there is no influence of the earth's
gravity on the horizontal motion[9]. The parabolic motion can be seen in Figure
2.

Fig 3. Parabolic.

To be able to measure parabolic motion parameters such as elevation angle,
speed, farthest distance, highest point, and farthest travel time, it must be done
separately. The equations for calculating parabolic motion parameters are as



follows:

Initial velocity on the x-axis Vox =V, .cosa 1)

Maximum distance on x-axis (V¢ sin2 a) (2)
Xmax = T

Highest distance travel time on y- Vo .sina (3)

axis ymax g

Longest distance travel time on x- tymax = 2 tymax 4)

axis

4 Data Analysis

The accelerometer sensor will take the slope angle data in pitch and roll angle
data, where the roll angle will be used as an elevation angle. The accelerometer
sensor takes data on the acceleration of the arrow's motion on the x axes. The
acceleration data from the accelerometer sensor is then processed to obtain speed
data[10]. The acceleration of the accelerometer sensor is integrated to get the
initial velocity (vo) of the arrow's motion. The initial velocity (vo) is the velocity
v(t). The acceleration can be integrated so that the following equation obtains the
velocity.

v(t) = fta(t)dt ()
0

All data obtained from sensors are a). acceleration, b). elevation angle, and c).
time can be used to determine the characteristics of the arrow's motion in the form
of a parabolic motion by using the equations of parabolic motion.

5 Experiment

Field tests were carried out to retrieve accelerometer sensor data in the form
of acceleration of the arrow on the x-axis, pitch, and roll angle. It is performed by
putting an arrow installed on the body of the bow as indicated in Figure 4. The
field test experiment was ciarried out on‘elevgtion angles of 20°, 30°, and 45°.

ig 4. Body ofthe bow.

The arrow glides through the air in a parabolic motion after it was shot with



the bow. Figure 5a shows this object as it glides through the air. Also, the arrow
fell and stopped hitting the styrofoam on the ground. This becomes the furthest
distance on the y-axis of the accelerometer sensor that this object travels when
experiencing a parabolic motion. Figure 5b shows the farthest distance measured
using a meter.

6 Result and Discuss

The accelerometer sensor can be used to examine the initial velocity of the
arrow's motion. However, the acceleration value on the x-axes is 19.6 m/s2 and
this shows it has the same magnitude at the elevation angle of 20°, 30°, and 45°.
This is because the same bow is used to shoot the arrow. Therefore, the initial
velocity is known by integrating the acceleration value on the x-axis[10]. The
following equation is used to find the value of the initial velocity:

v(t) = j ta(t)dt ©)

v(t) = f 19.6 (t) dt
0

v(t) = f 19.6 (t) dt
0
v(t) = 9.8m/s

This equation is also used to find the farthest distance (xmax) and the time to
reach the highest point (tymax). Several parameters such as the farthest distance
(xmax), time to reach the highest point (tymax), and elevation angle help in
indicating the initial speed. Table 1 shows the values of xmax, tymax, txmax, and
elevation angle.

Table 1. Comparison of elevation angle, xmax, tymax, and txmax.

. tymax txmax
Angle Comparison Xmax (m) (sgcond) (second)
Sensors 6.29 0.34 0.68
20° Measurement 8.17 0.52 1.04
Difference 1.88 0.18 0.36

30° Sensors 8.48 0.5 1




Measurement 9.23 0.7 14
Difference 0.75 0.2 0.4
Sensors 9.8 0.8 1.6
45° Measurement 9.65 0.7 14
Difference 0.15 0.1 0.2

The elevation angle such as 20°, 30° and 45° is directly indicated by
examining the roll readings. Table 1 shows that the distance on the xmax and
tymax sensors is 1.88 m and 0.36 seconds longer at an angle of 20°. Meanwhile,
the distance on the xmax and tymax is 0.75 m and 0.4 seconds longer when the
elevation angle is 30°. The distance on the xmax and tymax sensor is 0.15 m and
0.1 seconds longer when the angle is 45°. This indicates that the sensor readings
are more accurate when the elevation angle is greater.

The value of the initial velocity of the arrow's motion is 9.8 m/s from
integrating the value of the acceleration of the arrow's motion. Therefore, the
value of the initial velocity of the arrow by finding it using the xmax equation is

as follows.

xmax -

2 _
o =

2

(V¢ sin2a)
g

g .- Xmax
sin 2a

9.8 sz 9.65 m
Vo = sin 2 (45°)

Vo = 9.72m/s?

The value of the initial velocity of the arrow by finding it using the tymax

equation is as follows.

. Vo -sina
ymax g
.tymax
v, = g .y
sina

The value of the initial velocity of the arrow obtained from 3 different ways

sin 45

VO =0.8 m/S

9.8—. 0.7detik
Vo= —S°
0

U]

(8)



did not have a significant difference. This shows that the accelerometer sensor can
read the acceleration of the arrow motion well.

7 Conclusion

An accelerometer sensor is successfully used for measuring the movement of
arrows. This device is placed on the object's body to read the acceleration and the
elevation angle. Based on the results, there is a parabolic motion in the
measurement which was carried out at the elevation angle of 20°, 30°, and 45°. It
also showed that the value of the acceleration and initial velocity is 19.6 m/s? and
9.8 m/s respectively. In this study, the results indicated that the farthest distance
and the longest time was at an elevation angle of 45°.
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