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Abstract

This research studied characteristics and sensing abilities of HC-SR04 ultrasonic sensor and
applied internet of things to HC-SR04 ultrasonic sensor for physics experiment in coefficient of
kinetic friction using knowledge of motion along a straight line with constant speeds and Stoke’s
law to find the coefficients of kinetic friction between uPVC and borosilicate glass. The correlation
between angular position of the obstacle object and displacement reading from HC-SR04
ultrasonic sensor was found in this research. Moreover, detections in percentages of HC-SR04
ultrasonic sensor were different in the displacement detections between the obstacle objects
having their diameters larger/smaller than those of transmitter and receiver of HC-SR04 ultrasonic
sensor. The coefficients of kinetic friction between uPVC and borosilicate glass were found in the
range of 0.30-0.53. Furthermore, the correlation between speed of the obstacle object and kinetic
friction force, and the correlation between normal force and coefficient of kinetic friction were
found in this research. The displacement reading between the obstacle object and HC-SR04
ultrasonic sensor using HC-SR04 ultrasonic sensor-applied internet of things has more precision
than that using manual devices consisting of a measuring tape and a stopwatch. The results
provide similar accuracy between internet of things-applied HC-SR04 ultrasonic sensor and the

manual devices in the case of applying the normal force of 21.58 N.
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Ultrasonic frequency 40 kHz
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Measuring angle 15 degree

Trigger input signal

10 ps TTL pulse
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Diameter of transmitting and receiving transducers

15 mm
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27 mm

Total dimension

45 x 20 x 15 mm?’
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Figure 1 Experimental setup of investigations
of characteristics and sensing abilities

of HC-SR04 ultrasonic sensor.

392

NodeMCU Development Kit v2,

Figure 2 Diagram of displacement and time

measuring system based on loT.
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Figure 3 Experimental setup of application of
internet of things-applied ultrasonic
sensor for physics experiment in
coefficient of kinetic friction between

uPVC and borosilicate glass.
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Figure 4 Analytic diagram of applying forces
to the obstacle object (mA + mB)

and the spherical object (mz)
under the fluid for finding coefficients
of kinetic friction between uPVC and

borosilicate glass.
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Figure 7 Correlation between displacement and time collected by loT-applied HC-SR04 ultrasonic

sensor and manual devices in (A) the first time, (B) the second time, (C) the third time,

(D) the fourth time and (E) the fifth time, from adding 0.06 kg of the standard mass

objects.
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Figure 8 Correlation between displacement and time collected by loT-applied HC-SR04 ultrasonic

sensor and manual devices in (A) the first time, (B) the second time, (C) the third time,

(D) the fourth time and (E) the fifth time, from adding 0.08 kg of the standard mass

objects.
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Figure 9 Correlation between displacement and time collected by loT-applied HC-SR04 ultrasonic

sensor and manual devices in (A) the first time, (B) the second time, (C) the third time,

(D) the fourth time and (E) the fifth time, from adding 0.10 kg of the standard mass

objects.
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Figure 10 Correlation between displacement and time collected by loT-applied HC-SR04
ultrasonic sensor and manual devices in (A) the first time, (B) the second time, (C) the
third time, (D) the fourth time and (E) the fifth time, from adding 0.12 kg of the

standard mass objects.
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Figure 11 Correlation between displacement and time collected by loT-applied HC-SR04
ultrasonic sensor and manual devices in (A) the first time, (B) the second time, (C) the
third time, (D) the fourth time and (E) the fifth time, from adding 0.14 kg of the

standard mass objects.
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Table 2 Data of average V(m/s), R?, SD, T (N) and g4 from the repeated tests for 5 times

from varying M, values in the range of 0.06-0.14 kg with constant mass M, of 0.0411 kg

2

m, | m,+m, v (m/s) R SD T (N) H
(k ) (k ) HC- Manual HC- Manual HC- Manual HC- Manual HC- Manual

g s SR04/10T Devices SR04/IoT Devices SR04/10T Devices SR04/10T Devices SR04/loT Devices
0.06 0.1011 0.0358 | 0.0453 | 0.9965 | 0.9984 | 0.0050 | 0.0064 | 0.5243 | 0.5226 | 0.5292 | 0.5275
0.08 0.1211 0.0310 | 0.0405 | 0.9973 | 0.9983 | 0.0029 | 0.0067 | 0.5252 | 0.5235 | 0.4425 | 0.4411
0.10 0.1411 0.0261 | 0.0340 | 0.9961 | 0.9964 | 0.0019 | 0.0057 | 0.5260 | 0.5246 | 0.3804 | 0.3794
0.12 0.1611 0.0150 | 0.0161 | 0.9983 | 0.9969 | 0.0017 | 0.0012 | 0.5280 | 0.5278 | 0.3344 | 0.3343
0.14 0.1811 0.0110 | 0.0132 | 0.9941 | 0.9811 | 0.0011 | 0.0016 | 0.5287 | 0.5283 | 0.2979 | 0.2977
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