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Abstract

This paper presents the development of a low-cost microcontroller based free-
fall motion experimental devices. The free full time results was printed on LCD display.
The purpose is to improve a free-fall experimental device performance by considering
cost reduction, simple to use, high both accuracy and precision results. The control
algorithm was implemented in an Arduino Uno R3, which is an inexpensive
microcontroller unit (mcu). The height is measured from the lowest point of the metal
ball to the strike plate using HC-SR04 ultrasonic sensor. To reduce the impact force on
a strike plate, a method for detecting a fallen metal ball using metal detection systems.
The experimental result shown that the gravity measured using the Free-Fall prototype
is 10.0 m/s”. Compared to the value of ¢ measured at the nearby Udon Thani province
by the National Institute of Metrology (Thailand) as 9.784156709, the value from

the experiment device differs from the standard value by 2.206 %.
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Figure 1 Priciple laws of Free fall.
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Figure 2 Arduino UNO R3 board.
(Radionics Ltd., Arduino datasheet)
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Figure 3 Eddy currents flow over metal surface.
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Figure 4 The Reflective of Ultrasonic Sensor.
(Rahul N. Dhole, 2014)
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Figure 6 Metal Detector circuit.
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Figure 7 Free-fall motion experiment device.
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Figure 8 Flowchart of Free fall Algorithm.
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nsldauvesyanaaeswasAunuizaus 1un1sinlulduseneunisifsunisasu
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NAN15IBUAZaAUTIEHANTIINY

HaN1INAaBIIAAIAIINgeT e uldlussey 0.5 wWAs 9 ndlnsIeoansileind
Wisuluiuanialaanadummsuinsgiu wandlu Table 1 Fgnuinliannnuianainiae
8 0.00

Table 1 Comparison of height between the ultrasonic sensor and the ruler.

Ruler (metre) HC-SR04 (metre) Error (%)
0.10 0.10 0.00
0.20 0.20 0.00
0.30 0.30 0.00
0.40 0.40 0.00
0.50 0.50 0.00

nsnageutitemAtIanadelunisanvesinguandly Table 2 Fanuiiadeninlalussey
AY11E991 0.10 0.20 0.30 0.40 uaz 0.50 WA JAWYINAY 0.14 0.20 0.25 0.29 Az 0.32 FU¥l
AUAY
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granunsasasaanussltusedantéivindu 10.0 wesaeduni? Fala-lndifestui
Aiinsraseuldlnganitumasinguiend Uszmelne) a vTnadmingassill (Tasanee
P., 2018) Fsflenviiu 9.784156709 wnseunii? wiedrnumainadouseas 2.206

Table 2 The Square of the average time for a free fall experimental result 3 times.

Time (second) )
Height (metre) tav
t1 t2 t3 JEav

0.10 0.14 0.14 0.14 0.14 0.02
0.20 0.20 0.20 0.20 0.20 0.04
0.30 0.25 0.25 0.25 0.25 0.06
0.40 0.28 0.29 0.29 0.29 0.08
0.50 0.32 0.32 0.32 0.32 0.10

0.5
= 0.4
=
2 0.3
p?,
202
~ y =5x-3E-16
& 0.1 Ri=1

0
0 0.02 0.04 0.06 0.08 0.1

nan (i)

Figure 9 Plot the measuring points in a coordinate system

with time” and height.

nan1susziliuanuianelalududnvuznisldiureiyanaasanisaagulang
Table 3 lagdlaadowiiu 4.89 agluseauiunn uasnan sussduaumsIzauaIung
luldusgneunisiieunisaeuaiunsoasulias Table 4 FeliAnadewindu 4.92 eglusedu

=
AN
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Table 3 Evaluation of student response regarding the application of learning materials

developed.
318N19 X S.D.
ANuagaINlunswssuaUnIaiuazn1sUURN VRG0S 4.90 0.30
wan13indanugnies iedels 4.75 0.43
Uasnsdeluvasujiiinisveass 4.95 0.22
indeuinyldasnan 4.95 0.22
SWAsLULAY 489 | 029

Table 4 Evaluation of student response regarding practicality of the Free fall

Experimental Device.

318119 X S.D.
amnsodsuiuandlaludonifusussa 4.80 0.40
annsaseusliie Wunslilszaunisalng 5.00 0.00
anunsaldiseudussyapaviofungy 4.90 0.30
Idalunisneaesiey 5.00 0.00
Ipansneasgniesmszauiusiugiseu 4.90 0.30

SWATLULAAY 4.92 | 0.233

d3UNaNTIY

A iauenisiaues eslonnaswnA1aus dlua e dandae 333
andasz Mnagn Anaiissnssge muauelilasreulnsaiaesenelu glu 8153 Tngld
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yananosfiadrstunuildaanmssldudaveddanyiity 10.0 wasdoiuii? Fudethye
naaosivanndulUlfdudensaoutndnmanyisdmnssulnih Tuseinandnguitugu
Ma3IAINTIU UNSAN®I 2565 -2566 Inendefivgiadin Janinnuaedlag 91U 20 Ay
udrusziunanuianelalunisldauazanumuizaudiunisiilvld Ussnounisifeou
nsaeu wuin fanufianelalududnvaznisldanuadowiiu 4.89 uasfianumanzay
sunsihlulduszneunisifeunsasuadewindu 4.92 sgluszdufiun Jaandiiiudy
yannasInInndassiimutuinnumzaufivmeosenisléidudenisaou
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