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Abstract

A robot arm is a robot component in the motion subsystem of a robot system to determine the position
and orient the object so that the robot can perform certain tasks, such as picking and placing an
object. To use it as a pick and place, a gripper shaped like a human finger, commonly called a jaw
gripper, is required, which is used to hold, tighten, hold, and release an object. The shape of the
jaw gripper is designed and made according to the shape of the workpiece to be grasped, which was
created by PT Matahari Megah using the 3D-printing method for its customer. The jaw gripper that
has been designed still needs to be developed to produce a more optimal jaw gripper design, such as
by reducing the use of excessive filament without reducing quality and minimizing costs incurred.
Therefore, a more optimized jaw gripper test tool was made with a material reduction method using
the generative design process in Inventor software, and physical testing was carried out on the ability
to grip and deflection, compared to the testing process using a test system that had been designed
with a dial gauge measuring instrument. The results of the comparison between the Inventor software
results and the simulation results do not exceed 10%, with the difference at a pressure of 2 bars of
7% and the difference at a pressure of 4.6/5 bars of 1.87%.

Keywords: jaw gripper, optimal, testing system, deflection.

Abstrak

Lengan robot adalah komponen robot pada subsistem gerak dari sebuah sistem robot untuk
menentukan posisi dan mengorientasikan objek sehingga robot dapat melakukan tugas tertentu
seperti mengambil dan menempatkan suatu objek. Untuk menggunakannya sebagai pick and place,
diperlukan sebuah gripper yang berbentuk seperti jari manusia atau biasa disebut dengan Jaw
gripper, yang digunakan untuk memegang, mengencangkan, menahan, dan melepaskan sebuah objek.
Bentuk dari Jaw gripper didesain dan dibuat sesuai dengan bentuk benda kerja yang akan digenggam,
yang dibuat oleh PT Matahari Megah dengan menggunakan metode 3D-printing untuk pelanggannya.
Jaw gripper yang telah dirancang masih perlu dikembangkan untuk menghasilkan desain Jaw gripper
yang lebih optimal seperti mengurangi penggunaan filamen yang berlebihan tanpa mengurangi
kualitas dan meminimalisir biaya yang dikeluarkan. Oleh karena itu, dibuatlah alat uji Jaw gripper
yang lebih optimal dengan metode pengurangan massa material menggunakan proses generative
design pada software Inventor dan dilakukan pengujian fisik terhadap kemampuan mencengkeram
dan defleksi serta dibandingkan dengan proses pengujian menggunakan sistem uji yang telah
dirancang dengan alat ukur dial gauge. Hasil perbandingan antara hasil software Inventor dengan
hasil simulasi tidak melebihi 10% dengan selisih pada tekanan 2 bar sebesar 7% dan selisih pada
tekanan 4.6/5 bar sebesar 1.87%.

Kata Kunci: jaw gripper, optimal, sistem pengujian, defleksi.
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1. INTRODUCTION

The development of technology is advancing
over time, in the industrial world the production
process almost uses an automation process to
create a product quickly to overcome the
increasing product needs and minimize the
occurrence of errors. One of these technologies is
robots (Pedersen et al., 2016).

A robot is a mechanical device designed to
facilitate human work in carrying out certain tasks
such as carrying out heavy tasks or daily tasks and
working tirelessly (Satria and Wati, 2019). Robots
are now increasingly popular, not only in industry
but also in education, health and many other
fields (Jabbar and Yasdar, 2022). One of the
commonly used robots is the robot arm.

A robot arm or what can be called a robot
manipulator is a robot component of the motion
subsystem of the robot system to determine the
position, orient the object so that the robot can
perform certain tasks as desired and can perform
repetitive movements (Hassan and Bagar, 2015).
Examples of using a robot arm include welding and
to pick and place objects (Singh, Kumar and
Vashisth, 2013). To use it as a pick and place
object, a gripper is needed. Gripper is an end-
effector of a robot arm (Rahmawan, Munadi and
Prahasto, 2013). A gripper usually requires fingers
or what is commonly called a Jaw gripper. Jaw
gripper is a tool shaped like the fingers of a human
hand that is used to hold, tighten, handle and
release objects (Romano et al., 2011). The
importance of deflection testing on the jaw
gripper is to determine the flexibility/strength of
the jaw gripper when experiencing a load (Basori,
Syafrizal and Suharwanto, 2015). This analysis is
carried out to find out whether the jaw gripper
with this mass reduction method can produce jaw
gripper deflection strength on the existing jaw
gripper.

The purpose of this research is to conduct
physical testing of the Jaw gripper that has been
optimized from its initial form by reducing the use
of excessive filament in the initial design and
comparing the deflection results that occur in the
Jaw gripper with the simulation results. The shape
of the Jaw gripper is designed and made to fit the
shape of the workpiece to be gripped, the shape
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of the Jaw gripper is made by PT Matahari Megah
using the 3D-printing manufacturing method for
its customer at the OP 30 input station on the
input and output gear shaft assembly automatic
machine (see Figure 1). This machine is an
automated system used to assemble gear pad
shafts to produce an input shaft as part of a car
gearbox.

Figure 1. The OP 30 input station on the input and
output gear shaft assembly automatic machine
(Raynaldo et al., 2020).

2. METHODOLOGY

The method used in conducting this research
is to resimulate the optimal jaw gripper, print the
generative optimization design mold of the
optimized jaw gripper shape and test the
deflection that occurs in the mold (Suhandar,
Halim and Raynaldo, 2023). The jaw gripper has
been optimized by the author before, Suhandar et
al. (Suhandar, Halim and Raynaldo, 2023).
Optimization of the jaw gripper is done by mass
reduction and using the stress strength
interpolation method of the existing jaw gripper
with the optimized jaw gripper. The results of the
stress strength simulation on the optimized jaw
gripper are almost close to the results of the
stress strength on the existing jaw gripper, so it
can be concluded that the designed jaw gripper
can be interpreted as having almost, the same
capabilities as the existing jaw gripper at a
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cheaper manufacturing cost. Furthermore, a re-
simulation is carried out on the optimal jaw
gripper with different forces used, to compare the
difference in deflection in each given force. Then
the optimized jaw gripper is manufactured using
the Markforged Mark Two 3D-printing method at
PT Matahari Megah with Onyx-Carbon fiber
material for deflection testing. This deflection
test uses a dial gauge that has been designed and
compares the test results with the simulation
results.

This research uses a method by means of
physical testing on the Jaw gripper that has been
optimized. The system used in the physical testing
of the Jaw gripper uses aluminum profiles as its
basic component. This testing system is designed
for the Jaw gripper testing site where the Jaw
gripper is placed on this testing system with the
help of the Schunk PGN - PLUS - 64 - 1 gripper with
pneumatic assistance to make it easier to analyze
the deflection that occurs when the Jaw gripper
is used. The Jaw gripper testing system can be
seen in Figure 2.

Figure 2. Deflection testing system of jaw gripper.

2.1. Operating Air Pressure Testing

The gripper analysis was carried out using the
Schunk PGN-Plus-50-1-AS gripper (Schunk, 2023a)
and for experimental testing using the Schunk
PGN-Plus-64-1 gripper (Schunk, 2023b).
Therefore, an analysis of the calculation of the
test operating pressure was carried out to find out
how much air pressure was needed at the time of
testing the jaw gripper to grip the workpiece.
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Experimental
formula:

gripper operating pressure

Experimental Gripper Max Operating Pressure
X Experimental Gripper Closing Force

= Simulated Gripper Max Operating Pressure
X Simulated Gripper Closing Force

®

Where, Experimental gripper closing force = 250
N; Simulated gripper max operating pressure = 6.5
bar; Simulated gripper closing force = 180 N.

3. RESULTS AND DISCUSSION

3.1. The Formula for Finding Experimental
Operating Pressure

The maximum experimental operating
pressure calculation results showed a pressure of
4.68 bar, which is equivalent to 180 N during
simulation in Inventor software.

Experimental Gripper Max Operating Pressure X 250 N =

6.5 bar x 180 N
Experimental Gripper Max Operating Pressure = 4.68 bar

This pressure was used as the maximum pressure
used during the experimental deflection testing.

3.2. Design and Simulation of Jaw Gripper Using
Generative Design Method

The design mass reduction is done with the
generative design algorithm process in Inventor
software. The results of this optimization process
have been carried out and the results can be seen
in Table 1.

3.3. Deflection Simulation Results on The
Optimized Jaw Gripper

The results of the deflection simulations that
have been carried out with various forces given in
the simulation can be seen in Figure 3.

3.4. Optimized Jaw Gripper Manufacturing

The manufacturing process uses Eiger.io
software. Eiger.io is a website used to make
settings for producing 3D printing mark two
products (Markforged, 2024). The material used in
making this Jaw gripper mold uses Onyx with
Carbon Fiber reinforcement. The following is a
picture of the settings used in making the Jaw
gripper mold, shown in Figure 4.
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Table 1. Comparison between existing jaw gripper (Hendito, Halim and Siahan, 2023; Suhandar, Halim and Raynaldo,
2023) and jaw gripper optimization results.

Existing Jaw gripper New Jaw Gripper with 34% Mass Reduction
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Figure 3. Deflection simulation results on the optimized jaw gripper.
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Figure 4. Jaw gripper settings on Eiger.io.

The following is an image of the printing
process using Markforged mark two 3d printing at
PT Matahari Megah in Figure 5. The following is a
3D printed image of a pair of jaw gripper using 3D
printing, shown in Figure 6.

Figure 5. Jaw gripper printing process that has been
optimized.

Figure 6. Printout of a pair of jaw grippers.
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3.5.Jaw Gripper
Assembly

Deflection Test System

The jaw gripper deflection test system
assembly uses aluminum profile components as
the main component. This test system utilizes a
dial gauge to determine the deformation of the
Jaw gripper. This system is used as a place to put
the Jaw gripper during testing so that when the
Jaw gripper is tested there is no
shift/displacement of the Jaw gripper or dial
gauge. The following is a picture of the testing
system for deflection testing on the Jaw gripper,
shown in Figure 7.

Figure 7. Jaw gripper deflection test system
assembly.

3.6. Deflection Testing of Jaw Gripper

Deflection testing is carried out with a test
system that has been assembled using pneumatic
assistance by measuring the deflection that occurs
at the point that experiences the largest
deflection with the pressure difference used in
the test. The following picture of the test points
can be seen in Figure 8.

Figure 8. Deflection testing of jaw gripper.
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3.7. Test Result

The following test results that have been
carried out can be seen in Table 2 and the
difference chart can be seen in Figure 9.

Table 2. Deflection test results

Deflection Simulation

No Pr(ebsas;;re Test result Result inDir:seJﬁ:C(;)
(mm) (mm)
1 2 0.13 0.1391 7%
2 3 0.24 0.2264 5.6 %
3 4 0.29 0.2782 4.06%
4 46/5 0.32 0.326 1.87 %
0.35
0.3 ﬁ
0.25
0.2 /7
0.15 {/
0.1
0.05
0 . . . .
2 Bar 3Bar 4 Bar 5 Bar

—&— Deflection Test Result —#— Simulation Result

Figure 9. Experimental test result and simulation
result chart

3.8. Description Testing Results

Deflection testing is the process of measuring
or evaluating the deformation of a structure
/object caused by a given load. This deflection
test uses a dial gauge as a tool to detect the
amount of deflection generated due to the jaw
gripper gripping process against the workpiece,
namely gear op 30 and uses the help of a
compressor that is used to drain the fluid with the
help of an air service unit tool used to regulate air
pressure (Maskatim and Baidlowi, 2022).

The minimum air pressure used is 1 bar,
which is the starting point/point 0 of the
measurement. The pressure was then increased to
2 bar, 3 bar, 4 bar and 4.6/5 bar as the maximum
pressure used. The location used to measure the
deflection was divided into 1 point. The point
used was the farthest point from the schunk
gripper. The selection of this location/point was
chosen because in the simulation process the
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furthest the
deflection.

The results of deflection testing at the
farthest point and the largest pressure used,
obtained the number listed on the dial gauge is
0.32 and the simulation results that have been
carried out are 0.326. The percentage difference
between the simulation results and the test
results is 1.87% and is considered close to /
experiencing deflection.

From the results of this test, it is found that
the amount of pressure used in the test affects
the amount of deflection that occurs. The greater
the pressure applied, the greater the deflection
produced in the jaw gripper. This test is also
carried out by visual observation and each
measurement produced will change with a
difference that is not too much different. In this
test, a valve is used as a regulator of fluid opening
and closing. The time used in this gripping test is
done in fractions of a second, which means the
time needed is very fast in pressing the valve.
Time also affects the deflection results obtained
in this test.

point  experienced greatest

4. CONCLUSION

Deflection testing is the process of measuring
or evaluating the deformation of a
structure/object caused by a given load. This test
uses a dial gauge as a tool to measure the amount
of deflection produced by gripping the workpiece.
The deflection testing system is made to measure
the deflection of the jaw gripper so that during
the test the measuring instrument and jaw gripper
do not experience movement. This testing system
uses aluminum profiles as the main component so
that other components can be supported and the
results obtained can be accurate.

The jaw gripper used in this deflection test is
a jaw gripper that has been redesigned using the
mass reduction method performed in Inventor
software. This design is made so that the jaw
gripper is cheaper than before mass reduction and
the quality is expected to be the same / close to
the previous design. The quality of the design will
be the same, when the test results produced are
the same as the simulation results.
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In this deflection test, varying results were
obtained for deflection testing at the largest point
with a pressure value of 1 bar, the deflection
simulation result was 0.06955 mm, and the
experimental result was 0 mm; at a pressure of 2
bar, the deflection simulation result was 0.1391
mm, and the experimental result was 0. 1391 mm
and the experimental result is 0. 13 mm; at
pressure 3 bar, the simulated deflection result is
0.2086 mm, and the experimental result is 0.24
mm; at pressure 4 bar, the simulated deflection
result is 0.2782 mm and the experimental result
is 0.29 mm; at pressure 4.6 bar/5 bar, the
simulated deflection result is 0.326 mm and the
experimental result is 0.32 mm.
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