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Abstract:- This study aims to develop a device to
investigate the moment constant of inertial rigid ball
and rigid cylinder that rolls down an incline. The
developed equipment consists of several components
such as arduino, infrared sensor, Liquid Crystal
Display (LCD), push button, actuator, and power
supply. It is also equipped with a mechanical system.
The equipment is controlled by the arduino. The
developed eectronic equipment serves to measure the
time it takes for an abject to roll on a slope. The result
of the investigation shows that the change of track
length does not affect the value of the inertial constant,
whereas the change in the dope of the trajectory
influences the value of inertial constants. The result of
the investigation shows that the sphere’s constant
inertia is 0.405 and cylinder’s constant inertia is 0.503
at the of 15° dopeangle.
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. INTRODUCTION

Optimization of learning through laboratory activities
is expected to improve the reasoning power and thinking
power of learners which in turn hopefully promote better
learning achievements [1]. The laboratory activity aims to
investigate physical phenomena through experiments.
Experiments in physics require equipment used to measure
physical changes that occur in a phenomenon. Equipments
used in the investigations can be either manua device or
automated apparatus. However, to maintain the accuracy
and precison of investigation results, automatic equipments
are more preferable because due to higher accuracy and
precision in measurements.

The advancement of science and technology produces
a varigy of eectronic devices that aid in developing
experimental  equipments. Some important dectronic
devices in the devel opment of equipments, among othersare
microcontroller, sensor, LCD, and actuator [2]. With a
variety of eectronic devices, the props are developed more
effectively, efficiently, and have a better measurement and
visualization accuracy. Microcontroller acts as a contraller
device that is flexible and practical because it is not too
complex o requires high computational load.
Microcontrollers are able to automate and control a system
independently (standalone) [3]. Microcontrollers have been
widely used as input and output control devices to design
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accuracy of measurement results compared to conventional
props. Some of the microcontraller based physics props
which have been developed include viscometer [4] [5], DC
ammeter [6], dtrain gauge [7] [8], tedameter [9], fluid
velocity measuring devices [10], and optica power
measuring devices [11].

Arduino is a Smple and easy-to-use microcontroller
module. The gpplication of arduino to experiments is very
interesting and is a method to experiment with automated
equipment. Much research has been done in utilizing
arduino to develop experiments supported by severa other
electronic components such as sensors, LDCs, and actuators
[12] [13] [14]. The use of arduino as a contrdler in
conducting experiments conssts of two important parts,
namely the design of hardware and software. Arduino has
both digital and analog input / output components that can
be combined with other eectronic devices such as sensors,
LCDs, actuators, and pushbutton. Arduino software can be
developed using C ++ language with the help of IDE
Arduino compiler. This study aims to develop arduino-
based experimental equipment in investigating the congtant
inertia of rigid ball and cylinder which roll on a sloping
plane.

II. ROLLINGMOTION
A rigid ball with a mass of m is rolled on a sloping

plane will work with forces as shown in figure (1). Assume
that the spokes of therigid ball are R.

mg

Fig 1:- Therotation of arigid body on theinclineand forces

physical physics props. The props developed using acting on the object
microcontrollers are automatic, digital, and have a higher
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N isthe normal force to theinclined plane, mg cos @ is
the gravity in the y-axis direction, mg sin ¢ is the gravity in
the x-axis direction, and f is the friction force that occurs
during the ball rolling. The resultant force (3 F) in the
direction of x in thedirection of theindineis:

YE =ma
mgsing — f =ma D

With a as the acceleration at the center point of the
object mass. In this case, the friction force experienced by
the object causes the moving object to roll away. Thus, the
inertial rotational moment of therolling ball or cylinder is:

Yr=Ia
fR=Ia 2

With o as the angular acceleration of the rotating

object. Because o = («/R), therefore equation (2) can be re-
written as.

fr=1()
f=1(5) ®

Equation (3), when substituted into Equation (1) will
obtain:

mgsing — I (%) =ma 4

From equation (4) we will obtain linear acceleration
(a) asfollows:

mg sin 6 (5)

If the distance covered by the ball or cylinder is Sin't
seconds and isinitially released at zeroinitial speed, then:

S =-at? (6)

Equation (5) substituted into equation (6) will obtain:

mg sin 6 _ E
o) ¢

1= (2200 1) mp? )

Since the equations of moment of inertia of a rigid
body is determined by the equation:

I = kmR? (8)
Where k is the inertial constant. Thus, if equation (7)

is compared to equition (8) then the inertial congtant of a
rigid body is determined by the equation:

_t’gsing
k=2t _y )
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I11. EKSPERIMENT SETUP

Prototype used in this arduino-based experiment
consists of eectronics and mechanical components. The
electronic parts consist of severa main components:
arduino, IR sensor, push button, LDC display, actuator
(relay), and power supply. The searies of eectronic
components is shown in figure (2). The prototype
mechanical device consigts of doping track, angle and
oblique regulator, magnetic induction rod, ruler, and a
protactor. The prototype setup for the experiment is shown
infigure (3).

3555 0

LiCC)

Fig 2:- An arduino-based prototype circuit diagram with
various supporting € ectronic components

The dectronic hardware diagram of figure (2) shows
the arduino as the main contrdler in the equipment to
control the work of al eectronic devices and measure time
with the arduino internal timer. The infrared sensor is used
as a detector for detecting motion of therigid ball, the LCD
as the timer viewer, push button as input device to give
enter command into the arduino, the actuator as a circuit to
control the magnetic field in the iron rod, and the power
supply as the current and voltage provider for the dectronic
circuit experiment.

Electronic Box
Magnetic Field
Sensor IR 1
Support Sensor IR 2
Ruler Track
SensoriR 3

Protractor

Fig 3:- Setup of prototype to determinetheinertial constant
rigid ball when rolling on adope.
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The main variable measured by this prototype is the
time required by therigid ball and cylinder to roll from the
top of theindineto each IR sensor. Thetimeisdivided into
sections using timer on arduino. The dectronic device
working system as shown in figure (2), ie the arduino
receives the input signal from pushbutton, and then the
arduino will contral the actuator/ reay so that the magnetic
field at the top of the incline disappears and alow the solid
bulb to roll aong the inclined plane. When the magnetic
field disappearsand therigid ball beginstoroll, thetimer on
the arduino activates to segregate the time it takes for ball to
arrive at sensors IRy, 1R, and IRs. The timing results by the
arduino timer will be displayed on the LCD, readable by the
user. This arduino-based hardware work system is
controlled through software using C++ programming
language. The software was developed by utilizing the
arduino's Integrated Development Environment (IDE)
compiler.

The setup for the experiment as displayed in figure (3)
shows the mechanical system of the prototype. It is
equipped with three IR sensorsthat can shift positions along
the doping plane so that the length of the path in the
experiment is adjustable. The length of the track is
measured using a ruler attached to both sdes of the track.
The prototype is also equipped with sructural support
beams that also serve as a regulator of the dope, so that the
tilt is adjustable. The track’s slope can be measured using a
protractor mounted on both sides at the end of the track. In
addition, a the top of the indine there is an iron rod
wrapped in wire so that it can be induced into an
automatically controlled magnetic field by the arduino. This
device dlows therigid ball or cylinder to be attached to the
iron rod and when the magnetic field in the iron rod
disappears, the object can move aong the doping track with
aninitial velocity of 0 m/s.

IV. RESULT AND DISCUSSION

Prototype that has been developed as a device to
investigate the change of vaue of inertia congtant in rigid
body that rolls on an incdine possesses several qudities,
including: (1) portable; (2) automatic measuring device
based on arduino; (3) the length and tilt of the track are
adjustable; (4) equipped with user interface. This prototype
has a measurement reach of up to 90 cm with precison of 1
mm. The tilt of the slope is adjustable between 1° to 15°
with precision of 1°.

In this experiment, to determinetheinertia constant of
a rigid bal, we use an equation (9) with measurable
variables: time (t), length of track (s), and angular tilt of the
sloping plane (6). The investigation to inertial congtant in
this experiment is possible through a variation of track
length and tilt. Results of the experiment are shown in figure
(4) and (5) for rigid ball and Figure (6) and (7) for cylinder.
Variation of track length is conducted on angular track tilt
of 5° 10°, and 15°, whereas variation of the track’s angular
tilt ismeasured on track length of 20 cm, 50 cm, and 90 cm.
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Fig 4:- Experiment results for determining theinertial
constant of rigid balls when the length of the trajectory is
dtered at an angle of 50, 100 and 150

The experimental results presented in figure (4) show
that the length of the altered trajectory does not affect the
inertial constant value (K) of the rigid ball at fixed angle.
The value of the congtant does not change when the path
length is changed because the forces acting on therigid ball
to cause the object to roll are fixed. In thisinvestigation, the
average inertial constant value of rigid ball of angular tilt of
5°, 10°, and 15° of the track is 0.188, 0.336, and 0.405,
respectively. The average inertial congtant value of cylinder
of angular tilt of 5°, 10°, and 15° of the track is 0.238,
0.402, and 0.503, respectively. When compared to the
theoretical inertial congtant value of rigid ball a 0.4 and
cylinder at 0.5 [15]. The proper angle for investigating the
inertial congtant of rigid ball is 15°, because at this angle the
value of the inertial congant has the same vaue as the
theoretical value
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Fig 5:- Experiment results for determining theinertial
constant of rigid bals when the angle of thefield isaltered
at track length of 20 cm, 50 cm and 90 cm
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The experimental results in figure (4) and (6) are
supported by the experimental results displayed in figure (5)
and (7), which shows that the inertia congtant value of the
rigid ball and cylinder changes with the adjustment of the
track tilt. In figure (5) and (7) it can be observed that the
value of the inertial congtant becomes closer to theoretical
value as the dope angle of the track becomes grester. The
value of the inertia congtant obtained is exactly the same as
the theoretical value when the dope of the path is 15°. The
value of this inertial congtant transforms when the dope
angle of the track changes due to the influence of friction
force (f) and gravity (mg) of therigid bal in the x-axis and
y-axis direction as shown in figure (1). In this case when the
tilt of the track is reduced, the friction force gets larger
while the mg sin 0 becomes amaller, resulting in small
inertial congtant. When the tilt of the track is modified to
become greater, the frictions force decreases while the mg
sin 0 getslarger, resulting in largeinertia constant.

In this experiment, the mg sin 0 and friction (f) are
seen as force moments. Both of these forces cause therigid
ball to roll along the indined plane. The touch of the dope
of the path leads to change of valuein both forces. In figure
(2) it is shown that the term mg sin @ isa directional force of
the rotational motion of the rigid ball and rigid cylinder,
whereas friction is a force in the opposite direction of the
rotation direction of therigid ball and rigid cylinder. Based
on the results of the investigation it is found that (1) If
angular tilt of the track is small, then the resultant force
moment will also be small due to the greater friction force,
whereas the mg sin 0 is smaler, (2) If angular tilt of the
track is large, then the resultant force moment will also be
large because the mg sin 0 is larger, whereas the friction
forceisamall.
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Fig 6:- Experiment results for determining theinertia
constant of rigid cylinder when thelength of thetrgjectory is
altered at an angle of 50, 100 and 150
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Fig 7:- Experiment results for determining theinertial

constant of cylinder when theangle of thefield isatered at
track length of 20 cm, 50 cm and 90 cm

V. CONCLUSION

The experimental equipment developed in this sudy can be
used to investigate the inertial constant of rigid ball and
cylinder that roll on a doping plane. The result of the
investigation showed that the change of path length does
not affect the value of inertial constant, while the change of
the dlope of the track influences the value of the inertial
constant. The result of the investigation shows the inertial
constant of the rigid ball and rigid cylinder is 0.405 and
0.503 at 15° tilt of the dope.

ACKNOWLEDGMENT

The authors would like to express their thanks to the
Department of Research and Civil Service (Directorat Riset
dan Pengabdian Masyarakat/ DRPM) of the Tertiary
Education Research and Technology Ministry of Indonesia
for the financid support for this research through the junior
lecturer research grant.

REFERENCES

[1]. Karsumi, Pengembangan alat praktikum Viskosimeter
Zat Cair. Jurna Pendidikan Fisika Indonesia, 8(1),
pp. 8-14, 2012.

[2]. A. Wicaksono and |. Rifai, Pembuatan Alat Peraga
Pendidikan Fiska Sub Materi Gerak Jatuh Bebas
Berbasis Mikrokontroler Arduino UNO. Seminar
Nasional Teknologi Terapan. Yogyakarta, Indonesia,
2013.

[3]. A. Bgo, Rahasa Kemudahan Bahasa C Daam
Mikrokontroler ATMega8535. Yogyakarta: Graha
I1Imu, 2008.

[4]. D. Aryanto, E. Ssptaningrum, and Wijayanto,
Rancang Bangun Viskosmeter Fluida Metode Bola
Jatuh Bebas Berbasis Mikrokontroler ATMegal6.
Jurnal Fisikadan Aplikasinya, 8(2), pp. 1-5, 2012.

[5]. D. Ramadhan, V. Seeving, and Raihanati,
Perancangan Alat Praktikum Viskometer Metode

WwWW.ijisrt.com 495


http://www.ijisrt.com/

Volume 4, Issue 2, February — 2019

6].

9.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[JISRT19FB369

Bola Jatuh Bebas Berbasis Sensor Efek Hall
UGN3503 Sebagai Media Pembelgjaran Fisika,
Prosiding Seminar Nasional Fisika Jakarta: Program
Studi Pendidikan Fiska dan Fisika, Fakultas MIPA,
Universitas Negeri Jakarta, 2016.

D. C. Wulandari, and Wildian, Rancang Bangun
Ammeter DC Tipe Non-Destructive Berbasis
Mikrokontroler ATMega8535 Dengan Sensor Efek
Hall ACS712, Jurnal Fisika Unand, 3(2), pp. 121-127,
2014.

H. Saputra, and M. Y usfi, Rancang Bangun Alat Ukur
Regangan Menggunakan Sensor Strain Gauge
Berbasis Mikrokontroler ATMega8535 Dengan
Tampilan LCD, Jurna Fisika Unand, 3(2), pp. 162-
169, 2013.

R. Syaefullah, G. Yuliyanto, and Suryono, Rancang
Bangun Alat Konduktivitas Panas Bahan Dengan
Metode Needle Probe Berbasis Mikrokontroler
AT89S52, Jurnal Berkala Fiska 9(1), pp. 37-42,
2006.

P. Premono, N. Soedjarwanto, and S. Alam, Rancang
Bangun Alat Instrumentasi Pengukuran Digitd Kuat
Medan Magnetik Dengan Menggunakan
Mikrokontroler ATMega8535, Jurnal Rekayasa dan
Teknologi Elektro (ELECTRICIAN), 9(3), pp. 160-
170, 2015.

M. A. Novianta, Alat Ukur Kecepatan Fluida Dengan
Efek  Doppler  Menggunakan  Mikrokontroler
AT89S51, Jurnal Teknologi, 3(1), pp. 1-9, 2010.

R. Sianipar, A. Hambali, and Sarwoko, Perancangan
dan Implementas Alat Ukur Daya Optik Berbasis
Mikrokontroler AVR  ATMega8535 Dengan
Tampilan di Komputer, Tugas Akhir Teknik
Telekomunikad, Fakultas Teknik Elektro, Universitas
Telkom, 2012 (unpublishhed).

A. N. S. Pereira, Measuring the RC time constant
with Arduino, Phys. Educ., 51, 2016.

K. Atkin, Using the Arduino with MakerPlot software
for the display of resonance curves characterigtic of a
series LCR circuit, Phys. Educ., 51, 2016.

S. Kubinova and J. Slegr, Physics demonstration with
the Arduino board, Phys. Educ., 50, 2015.

D. Halliday, R. Resnick, and . Walker, Dasar-Dasar
Fiska Vers Diperluas Jlid Satu, Tangerang: Bina
Rupa Aksara Publisher, 2008.

WwWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

496


http://www.ijisrt.com/

	I. INTRODUCTION
	II. ROLLING MOTION
	A rigid ball with a mass of m is rolled on a sloping plane will work with forces as shown in figure (1). Assume that the spokes of the rigid ball are R.

	III. EKSPERIMENT SETUP
	IV. RESULT AND DISCUSSION
	V. CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES


