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1. Introduction

In modern education, learning media is very important. It can help students
understand the content of the study and learning skills including create interest in
the subject. In many science subjects, it is necessary to have learning media to
gain students interest, such as Pascal’s law topics in physics. Therefore, we create
one of the tools to help students who do not understand the content of Pascal’s
law by using learning media to help explain along with the content.

Pascal’s law topic in physics is the most fundamental principle in fluid power
(Johnson, 2002) and it can be applied to build hydraulic systems. Hydraulic
systems can be divided into three main parts: (1) power supply, (2) control, and
(3) output. The power supply part supplies flow to the systems. It takes the
mechanical power from the actuator and converts it to fluid power. The output
part of the system includes the actuator and the load. The actuator converts the
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fluid power back into mechanical power, which is used to move the load. The
control part includes directional control valves, pressure control valves, and flow
control valves (Johnson, 2002). For the students to more understand the teaching
and learning of Pascal’s law, there must be examples of technologies that use
Pascal’s law. Due to the modern technology that uses Pascal’s law as a basic and
combined with other technologies, resulting to students does not understand the
basic principle of Pascal’s law. Most of inventions that uses Pascal’s law are
combined with other technologies such as robot by using generic algorithm and
computer-based (Bahaa et al., 2008; Anisur et al., 2013; Surendernath et al., 2015;
Jonatas et al., 2015; Redmond et al., 2018; Kurt et al., 2010; Bin et al., 2017; Ross
et al., 2017; Ashraf et al., 2011; Alka et al., 2017) the mechanical and hydraulic
systems (Jiaqi et al., 2016; Abhinav et al., 2019; Hitoshi et al., 2012; Stevenson et
al., 1986). Although, the hydraulic-powered robotic arm (Faiyaz et al., 2018) was
studied but it is still not explaining of the Pascal’s law in the system. From the
research that mention earlier, no research studied the effect of fluid volume on
movement joint mechanisms degree along with explain the basic principle of
Pascal’s law via build the robotic learning media.

Therefore, this work was explained and demonstrated the Pascal’s law of physics
to build a reuse material robotic as effective physics leaning media and the
hydraulic systems were studied for the effect of fluid volume on movement
mechanisms degree of robotic learning media. The students can understand the
Pascal’s law and participate in activities to create robotic leaning media by
themselves.

2. Methodology

Materials

The main parts were built using reuse material as shown in Table 1
Table 1. The reuse main materials

. . Number of

Segment Types Dimension (cm) pieces Shape
Plastic-board 35x%x25 4 Rectangle
Plastic-board 35x275 4 Rectangle
Plastic-board 20 x 26 2 Rectangle
Plastic-board 5x6.5 2 Rectangle
Robotic arm Plastic-board 2x8 4 Rectangle
Plastic-board 2x7 4 Rectangle

Plastic-board 10 x 10 2 Square
Plastic-board 5.5 x 15.5x15.5 x 10 4 Trapezoid

Plastic-board 55x%x13x55 2 Triangle
Plastic-board 11x13 2 Rectangle
Plastic-board 10 x 13 2 Rectangle
Robotic leg Plast!c-board 5x 10 4 Rectangle
Plastic-board 5x 12 4 Rectangle
Plastic-board 5x 30 4 Rectangle
Plastic-board 7x29 4 Rectangle
Robotic body Plastic-board 25.5 x 30 4 Rectangle
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Plastic-board 26 x 30 2 Rectangle
Robotic head Plastic-board 18 x 21 6 Rectangle
10 and 20 ml
. - 14 -
syringes
Hydraulic system Rubber tubes i 14 i
for syringes
Small pieces of i a lots i
bamboo wood
- Small tubes 1.45 x 4.95 2 Circular
cylinder

The building model of robotic learning media

The high-school students studied the basic of Pascal’s law in class after that they
used this knowledge applied to build a robotic learning media together with study
the effect of fluid volume on movement joint mechanisms degree.

Robotic arm segments (left and right)
On the base, the two pieces of plastic-board are glued and drilled in the middle of

plastic-board. The small tubes are used to fix at the drilled part of the arm with the
base for rotation.

Figure 1. Robotic arm segments

The arm build using pieces of plastic-board, glue, a triangle piece of plastic-board,
short wires, small pieces of bamboo wood and syringes with rubber tubes are used
to control and fixed as shown in figure 1.

Robotic leg segments (left and right)

The leg build using pieces of plastic-board, glue, small pieces of bamboo wood
and syringes with rubber tubes are used to control and fixed as shown in figure 2.
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Figure 2. Robotic leg segments

Robotic head and body segments

The head and body build using pieces of plastic-board and glue.
Robotic learning media is assembled using arm segments, leg segments, body
segment, head segment and glue as presented in figure 3.

Figure 3. Model of robotic learning media

The Pascal’s law of physics applied to build hydraulic systems of robotic
leaning media

Pascal’s law is the principle in fluid power. In this work, the fluid power was
presented in term of water syringe (hydraulic systems). The effect of fluid volume
in hydraulic systems on movement mechanisms degree of robotic learning media
was studied with Pascal’s law (Johnson, 2002). The students tested the effect of
fluid volume to each joint movement as follow: the pressing (decrease fluid
volume) on 20 ml syringes as control and related to 10 ml syringes as fixed at the
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joints (increase fluid volume) and the pulling (increase fluid volume) on 20 mi
syringes and related to 10 ml syringes (decrease fluid volume), it created a force to
move one of the movement mechanisms degree of robotic learning media. The
increase fluid volume, decrease fluid volume and degree of movement
mechanisms were tested and recorded. Finally, we encouraged students to
assemble each component to build a movement robot by themselves.

3. Results and Discussion

The Pascal’s law of physics was applied to build a reuse material robotic leaning
media and the water syringes as hydraulic system was studied the pressing and
pulling process effect of fluid volume on movement mechanisms degree of joint
robotic model. The Pascal’s law (Johnson, 2002), the volume of fluid pushed
down on the 20 ml syringes (left, L) side equals the volume of fluid that is lifted
up on the 10 ml syringes (right, R) side,
VL =VR
or,
AL X DL=Ar X Dgr
when,
A = cross sectional area of syringes, D = the distance move of fluid

Figure 4 was shown that when pressing on 20 ml syringes, resulting to the
decreased fluid volume which related to the increased fluid volume of 10 ml
syringes. Meanwhile, pulling process on 20 ml syringes, fluid volume increased
which related to fluid volume decreased in 10 ml syringes. These results were in
accordance with the Pascal’s law (Johnson, 2002).
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Figure 4. The pressing and pulling process effect of fluid volume in 20 ml
syringes (control) on fluid volume in 10 ml syringes (fixed)
Therefore, the results obtained from the study of the fluid volume effect on
syringes was applied to create learning media, in which students can build robotic
from the above experiment.
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The robotic model for learning media consists of many parts such as arm
segments, body segment, head segment, and leg segments. For the arm segments,
there are base-arm joints, shoulder joints, elbow joints and hand joints. The
pressing and pulling process effect of fluid volume in 20 ml syringes (control) on
movement mechanisms degree of robotic arm segments as presented in figure 5
and 6. Fluid volume of 20 ml syringes decreased by pressing process affect on the
increasing of movement mechanisms degree (base-arm joints, shoulder joints,
elbow joints and hand joints) of robotic arm segments and joint angle of base-arm,
shoulder, elbow and hand decreased with increasing of fluid volume of 20 mi
syringes via pulling process. Moreover, base-arm joint shown that the joint angle
was lower than shoulder joints, elbow joints and hand joints, respectively. It may
be due to the weight of each part of joint received from other parts, resulting in
the resistance of the 10 ml syringes rod movement and related to joint angle
movement.
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Figure 5. The pressing and pulling process effect of fluid volume in 20 ml
syringes (control) on movement mechanisms degree (joint angle: base-arm joint,
On) of base robotic arm segments
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Figure 6. The pressing and pulling process effect of fluid volume in 20 ml
syringes (control) on movement mechanisms degree of robotic arm segments
(joint angle: shoulder joints, an : elbow joints, Bn : hand joints, 6n)

In term of robotic leg segments, it consists of ankle joints, knee joints and thigh
joints as shown in figure 7. The effect of fluid volume in 20 ml syringes via
pressing and pulling process on movement mechanisms degree of robotic leg
segments presented in figure 7. The joint angle movement of robotic leg segment
increased with decreasing of fluid volume in 20 ml syringes when pressing. The
pulling process on 20 ml syringes as increased fluid volume, resulting to the joint
angle movement decreased. In addition, due to each part weight of joint received
from other parts affects the resistance of the 10 ml syringes rod movement and
related to joint angle movement. Therefore, ankle joints (6n) shown the lower of
joint angle movement compared to knee joints (an) and thigh joints (Bn),
respectively.




456

Taksapattanakul et al. / Journal of Educational Sciences Vol. 4 No. 2 (April, 2020) 449-458

Movcmeat of buaans (degron)

§ 5T F 5 8

\\

s ]

Ea i
!

Mon rmrnt of Joawss degrev
§ ¥
L 3 ¢
L 3
\
N
-

Wit vodwene ol | of 20 sl sy rimge

Figure 7. The pressing and pulling process effect of fluid volume in 20 ml

syringes (control) on movement mechanisms degree (joint angle: ankle joints, On:

Moreover, the results of this study still followed Pascal’s law (Johnson, 2002).
Thus, after the students studied and analyzed the effect of fluid volume on
movement joint mechanisms degree and understand the basic of Pascal’s law to
each joint. We know students understand the Pascal’s law by observed their robot.
The students who understand Pascal’s law can successfully build robot that can
move. They can build a reuse material robot by themselves as shown in figure 8.
Therefore, this leaning media is an important development leaning skill of

knee joints, an: thigh joints, Bn) of robotic leg segments

students about the Pascal’s law in physics.
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Figure 8. Students can participate in activities to create robotic leaning media

4. Conclusion

The effect of fluid volume on movement mechanisms degree of robotic learning
media was found that the 20 ml syringes via pressing and pulling process,
resulting to the fluid volume of 10 ml syringes and related to the movement
mechanisms degree (joint angle) of robotic learning media. The interesting point
of this study is that students can build a robot and learn basic Pascal’s law in the
same activities.
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