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ABSTRACT

IMPROVEMENT OF ARJUNA 1.0 CONVEYOR SYSTEM FOR 3D IRRADIATION. Design improvement of
the conveyor system of Arjuna 1.0 electron accelerator for 3D object irradiation has been done. The penetration
of electrons is less than 1 ¢cm in the surface, causing a challenge for the irradiation process for sterilization of
3D objects. We designed a conveyor that can be rotated 360° to irradiate objects evenly. The dimension of this
conveyor is 1750 x 600 x 800 mm and the maximum diameter of the object is 7 cm. Based on the Frame
Bending Stress analysis to calculate the strength of the conveyor frame, it is shown that the maximum
displacement is only 0.029 mm, which is very small so it will cause no disturbance to power transfer from the
motor to the conveyor. The normal stress (Smax) is 3.926 MPa, and the bending stress for Smax (Mx) and
Smax (My) are 2.391 MPa and 3.925 MPa, respectively. We also calculated the stress analysis of the 3 mm-
thickness of the motor mount and found that the Von-Misses Stress, the first and third Principal Stress are
4.425 MPa, 5.01 MPa, and 1.95 MPa, respectively. These results confirm that the design and the material used
for the conveyor are safe because the stress is very low than the material yield strength of 207 MPa. The
needed power for this conveyor is 0.01724 kW, with a maximum speed is 880 rom. The new model of a 3D
conveyor has been constructed and can be implemented to ARJUNA 1.0 to irradiate objects on all its surfaces.

Keywords: 3D irradiation, conveyor system, stress analysis

ABSTRAK

PENINGKATAN SISTEM KONVEYOR ARJUNA 1.0 UNTUK IRADIASI 3D. Pengembangan desain sistem
konveyor akselerator elektron Arjuna 1.0 untuk iradiasi objek 3D telah dilakukan. Penetrasi elektron berenergi
rendah kurang dari 1 cm di permukaan, menyebabkan tantangan bagi proses iradiasi untuk sterilisasi objek
3D. Kami merancang konveyor yang dapat diputar 360° untuk mengiradiasi objek secara merata. Dimensi
konveyor ini adalah 1750 x 600 x 800 mm dan diameter maksimum objek adalah 7 cm. Berdasarkan analisis
Frame Bending Stress untuk menghitung kekuatan rangka konveyor, terlihat perpindahan maksimal hanya
0,029 mm yang sangat kecil sehingga tidak akan menimbulkan gangguan perpindahan daya dari motor ke
konveyor. Normal stress (Smax) adalah 3,926 MPa, bending stress untuk Smax (Mx) dan Smax (My) masing-
masing adalah 2,391 MPa dan 3,925 MPa. Kami juga menghitung analisis tegangan dengan ketebalan 3 mm
dari dudukan motor dan menemukan bahwa Stres Von-Misses, Stres Utama pertama, dan ketiga masing-
masing adalah 4,425 MPa, 5,01 MPa, dan 1,95 MPa. Hasil ini menegaskan bahwa desain dan material yang
digunakan untuk conveyor aman karena tegangannya sangat rendah dari yield strength material yaitu 207
MPa. Daya yang dibutuhkan untuk konveyor ini adalah 0, 01724 kW, dengan kecepatan maksimum sebesar
880 rpm. Model baru konveyor 3D telah dibangun dan dapat diimplementasikan ke ARJUNA 1.0 untuk
mengiradiasi objek di seluruh permukaannya.

Kata kunci: iradiasi 3D, sistem konveyor, analisis stress
INTRODUCTION

One of the difficulties of irradiation using low-energy electron accelerators is their low penetration on the material
surface [1]. The electron beam penetration for a 350 keV accelerator is only around 0.75 mm [2], measured
by cellulose triacetate (CTA) dosimeter. The penetration depth which is less than 1 cm, makes the irradiation
process for the sterilization of 3D objects difficult, time-consuming, and non-effective. Therefore, it is necessary to
improve the irradiation system, making the irradiation process more productive and efficient.
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In the irradiation process using an electron beam, the distance between the window and the object is very
important because the electron can interact with oxygen in the air and produce ozone. This leads to electron beam
loss and reduces electron intensity before it hits the target. Other disadvantages are that the conventional conveyor
(Fig. 1) cannot be moved freely because of its heavy weight, and vertical movement to adjust the height of the
conveyor (distance between window and target) is also not possible [3]. It makes an inefficient process of irradiation.

Figure 1. Conveyor system for irradiation in Arjuna 1.0

Conveyors are part of a considerably larger group of equipment used for material handling [4]. The manual
handling of materials is typically decreased or eliminated with the proper use of material-handling equipment [5].
Engineers have developed a variety of operating systems and mechanisms for conveyors as a result of the
expansion of their applications and the use of new technologies, but in general, most conveyors use an electromotor
to move an axis that is primarily a drum, a cylinder that moves a belt by friction (attached to it) [5]. On the other
hand, the rolling drum creates a loop using a belt or chain that may be moved from one location to another by
putting materials or things [6]. There are several types of conveyors, including gravity roller conveyors, chain
conveyors, bucket elevators, conveyor rollers, and ground conveyors [7].

Until now, the irradiation system in Arjuna 1.0 accelerator electron only uses a 2-dimensional irradiation
system[8]. It means that the object can be irradiated only on one surface at the time so the applications are limited
to surface coating, crosslinking processes such as batik irradiation [9], latex vulcanization [10], and other surface
irradiation processes [11]. The current irradiation system uses a fixed roller conveyor that moves objects at various
speeds. However, the design of this conventional conveyor is fixed and the movement is limited to horizontal
movement [12].

Many studies about the design and optimization of conveyor system have been conducted. Bhavesh et.al.
designed and tested a novel screw conveyor-based system to scoop crude oil sludge from the floor of oil storage
tanks. This proposed new system consists of a screw conveyor mounted on a ‘C’ shaped casing with a bearing on
both sides driven by a waterproof motor through a worm drive [13]. M.L. Dezaki, et al.[14] also designed a new type
of conveyor, electropneumatic conveyor belt robots with two separated lines. Its unique feature is a combination of
various systems to develop an electropneumatic robot. They designed and developed an automated and intelligent
mechatronic conveyor system for transporting and positioning circular objects that can be used in the manufacturing
and packaging industries. Zhang, et al. [7] also made some improvements in the energy efficiency of belt conveyor
systems. The improvement of variable speed control is important to develop the operation efficiency of belt
conveyors. Six optimization problems of a typical belt conveyor system were formulated with solutions in simulation
for a case study.

However, the study of a conveyor system that can rotate 360° in order to irradiate the surface of an object
maximally is still a few. In this study, we proposed a new type of irradiation transport system using 3D conveyor
with rotation of 360° which can irradiate objects on all its surface. Thus, it is expected to reduce costs, time, and
energy consumption. In addition, this new type of conveyor also can simplify the installation, improve the
environment, and increase the efficiency of the irradiator process. The purpose of this work specifically is to design
the 3D conveyor for fruit sterilization to kill the bacteria, insects, and many parasites on its surface to enhance their
time-preserving. However, this conveyor is not limited only to fruit, but also to another object with a maximum
diameter of 7 cm. The conveyor system consists of mechanical and instrumentation systems however we limited
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the discussion only about the mechanical system of the conveyor including the mechanical drawing, stress analysis,
and calculation of the needed power to run the system.

METHODOLOGY

The research started with the study of the needs for conveyor systems in electron beam machine. The
dimensions of the room and the window, and the distance between the window and the needed conveyor were
measured. Then, modeling and designing of the conveyor system including 2-dimensional and 3-dimensional
drawings were carried out. The conveyor was designed using Autodesk Inventor 2020 software with a student
license. Moreover, frame analysis and stress analysis are also performed by this software. The next step was to
determine the material of each component. Then, the needed motor power was calculated to run the system. The
last is to simulate frame analysis and stress analysis. The components of the conveyor system are listed in Table
1. Modeling was carried out using Autodesk Inventor and obtained the design, as shown in Fig. 2.

Stress analysis is a structural analysis method using the concept of Finite Element Analysis (FEA) [15].
This analysis concept is to divide the workpiece into small elements with finite numbers connected to each other to
calculate at each point of the element. The FEA is divided into three steps, namely, preprocessing, meshing, and
post-processing.

Frame Analysis is a frame structure analysis method that is a feature in Autodesk Inventor software. The
concept of this analysis is to apply the science of structural mechanics, such as the shear force diagram (SFD)
which shows the variation of shear force along the length of the beam, the bending moment diagram (BMD) which
shows the variation of bending moment along the length of the beam, a normal force diagram (NFD) and other
calculations related to beams, frames, and trusses. Just like stress analysis, data such as boundary conditions,
forces and working moments, pedestals, geometry, and materials of the structure used must be entered first for
calculation by a computer.

The characteristics observed from stress and frame analysis [16] are displacement, normal stress,
principal stress, bending stress, and Von-Misses stress. Displacement is the shift of a certain point when receiving
a load compared to the initial position. Normal stress is the stress that occurs when the applied force is
perpendicular to the tension surface. Principal stress is an extreme value of the normal stress experienced by the
material. There are 2 types of principal stress, namely first that accommodates tensile force and the third that
provides compressive force. Bending stress is the stress caused by normal stress (with different directions and
magnitudes at different points) that causes the object to bend. Von-Misses Stress is the sum of all stress
experienced by a frame derived from the principal axis and related to principal stress. This is important because at
very minimal, even zero costs, the reaction of a structure or component to a particular force, moment, or condition
can be predicted with a high degree of accuracy (depending on the settings).

Table 1. New type components of conveyor system

Components Dimension Material
Table Frame 1750 x 600 x 800 mm Elbow iron/angle bar 50 x 50 x 4
mm
Motor mounting plate 588 x 362 x 3 mm 3 mm thick iron plate
Housing outer diameter 112 mm and length 65 mm  SS 304 127 mm in diameter
Vessel cover outer diameter 90 mm, inner diameter 80  SS 304
mm, and width 20 mm
Middle flange outer diameter 110 mm, inner diameter 80 SS 304
mm, and width 16 mm
Banners 4 mm in diameter SS 304
Housing bottom bracket 250 x 150 mm SS 304 20 mm thick
Housing top bracket 250 x 130 mm SS 304 20 mm thick
Right and Left Pipe Brackets 90 x 65.96 x 61.75 mm SS 201
AC and VFD motors 3-phase electric motor 3-phase electric motor
Edge pipe brackets 130 x 71.75 x 25 mm SS 201

In this new design (see Fig. 2), the fruits or objects to be irradiated have a round shape with a diameter
less than the conveyor diameter. Therefore, even though the conveyor system only serves 1 degree of rotational
freedom, the objects can be irradiated evenly. The conveyor will be placed right under the window where the
distance between the conveyor and the window is 20 cm. The length of the conveyor is as long as the window
length, which is 120 cm, so the conveyor is placed in a horizontal position under the window. The irradiated area is
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expected to be larger with this installation compared to the vertical installation like the old conveyor, shown in Fig.
1.

Window
(Electron Window)

Belt
Vessel (spokes)

Housing

Pipe

Pipe Bracket

AC& VFD
Motor

Table Frame

Midle Flange

Figure 2. Conveyor system assembly for 3D irradiation

The conveyor system contains several parts with different functions. The housing functions as one of the
vessel components that will continue the rotation from the belt to the vessel (acting as one of the pulleys) and hold
the vessel cover component. The vessel cover holds the end of the spokes and connects it with the housing. The
middle flange serves as one of the components of the support of the vessel spokes right in the middle. The spokes
serve as a vessel wall that will be rotated and limit or direct the movement of the fruit as it passes through the
vessel. The lower bracket of the housing serves as one of the fastening components of the housing on the lower
side and becomes a mount for the bearing on the outer side. The upper bracket of the housing serves as one of
the fastening components of the housing on the upper side and the bearing on the outer side. The right and left
pipe brackets act to ensure that PVC pipes (fruit inlets and outlets) remain on one axis with vessels. The shaft
motor runs to pass power from the motor to the bottom pulley.

Pulley-Belt System Design and Calculation

The pulley and belt behave as a power-forwarding mechanism from the motor to the vessel. The pulley
has an outermost diameter of 30 mm, the smallest diameter (hole) of 6 mm, and an overall length of 30 mm which
is made of aluminum axles of 0.75 inch (44.45 mm) in diameter. Then, the axles are bolted to form a design-like
profile. The key path profiles can be made with a scrap machine or a slotter machine. Meanwhile, the belts can be
purchased in the marketplace.

The size of the used pulley can be determined through the calculations in Eq.1[17]:

__ wpbx Dpb
Dpr = — (1)

where D,,;. is the small pulley diameter (mm), D,,;,is the big pulley diameter (mm), wpb is the angular velocity of
the big pulley (rpm), and wpk is the angular velocity of small pulley (rpm). By inputting these values into Eq. 1, i.e.

motor speed of 880 rpm, vessel speed of 200 rpm, large pulley size (housing) of 110 mm, and small pulley size
(motor), so the small pulley diameter can be obtained as:

200 rpm x 110 mm
P =25mm

D =
pk 880 rpm

If the motor is placed in the middle, the used belt size can be determined through the calculation using Eq. (2)
https://doi.org/10.55981/gnd.2023.6826 25
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L=2C)+(1,57(D1+ D2)) + % .

where L is the belt length (mm), C is the distance between the pulley (445 mm), D1 is the big pulley diameter (110
mm), and D2 is the small pulley diameter (25 mm). The calculation of the belt length served using Eq. (2) is:
(25-110)?

4x445
However, due to the limitation of the v-belt transmission feature on the used Autodesk Inventor, the position of the
motor cannot be in the middle and causes the length of the belt used to be 1150 mm so that the belt size has to be
46 inch or 1168.8 mm.

Calculation of Load Sharing on the Table

L = (2x445) + (1,57(110 + 25)) + = 1106 mm

The calculation of sharing load was carried out specifically on the table because it supported the entire
conveyor system. The concept of the struggle is by determining the type and magnitude of the force received by
the table part that supports other components. The weight of each component listed is taken from the iProperty of
each component that has been calculated and provided by Autodesk Inventor. The corresponding data for fastening
components such as bolts, nuts, and washers, is taken from the particulars provided by the seller or component
provider. Meanwhile, load sharing needs to be calculated with the concept of SFD as in structural mechanics for
components that extend along vessels and tables. The sharing loads on the frame can be seen in Table 2. The
sharing load calculations were simulated using beam analysis software on the website
mechanicalc.com/calculators/beam-analysis.

Table 2. Continuous Loading Conditions

Constraint
Location X TY Rotation
0 Free Fixed Fixed

1750 Free Fixed Fixed

875 Fixed Fixed Fixed

320 Fixed Fixed Fixed

1430 Fixed Fixed Fixed

Load Distribution

Type Location 1 (mm) Location 2 (mm) W1 (N/mm) W2 (N/mm)
Spokes 349 1401 -0,00791 -0,00791
Fruit 0 1750 -0,02 -0,02

Figure 3. Location of Sharing Loads on Table Frame
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Calculation of Motor Power Requirements

The electric motor is used to rotate the vessel so that the fruit can be turned and moved from the entry
point to the outside point. The power requirement of the motor needs to be calculated as a factor determining the
specifications of the motor. The first step is to calculate the mass inertia moment of the rotating components that
will be moved by the motor. The components of the spokes and bolt housing, as well as the fruit that will later be
irradiated treatment must be calculated manually because these do not rotate on the respective axes. The
calculation of the inertia moment is considered to be the case of a tied ball at the end of the rope and a rotated ball
at the other end of the rope. Then, the specific limit conditions were an initial speed of 0 rpm (rad/s), a maximum
speed of 200 rpm (20.944 rad/s), and an acceleration time of 5 s. The angular acceleration at the heaviest condition
can be calculated using (Eq. 3) [17]:

wa—wo

¢ (3

where a is the angular acceleration (rad/s?), wa is the final velocity (rad/s), wa is the initial velocity (rad/s), and £
is time (s). By inserting the values, the angular acceleration can be found using Eq. (3):

a =

a= (20+"4_0) = 4,189 rad/s?

The equation of torque at the heaviest condition is
T=Ixa (2)

where T is torque (Nm) and I is inertia momentum (kg.m?). Thus, the torque can be calculated by T = 0.01770
kg.m? x 4.189 rad/s2= 0.074121214 Nm. The equation of required motor power in the toughest conditions if the
efficiency is 90% is

Txwx?2m (3)

Pmax = eff x 5000

where ef f is the system efficiency and Pmax is the maximum power (kW). Hence, the required motor power
was acquired at 0.01724 kW.

RESULTS AND DISCUSSIONS

In general, the design of the conveyor system of this fruit irradiation device is assembled by the vessels,
fruit entrance, and exit paths, supporting tables, and drive systems. The working principle of such a vessel conveyor
system is to rotate the vessel so that the workpiece in its path will be rotated and moved assisted by the push of
other objects that enter the conveyor. The simulation results of load distribution on the frame are given in Fig. 4
and Fig. 5 for the fruit and flange’s spokes, respectively.

Free Body Diagram
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Figure 4. Fruit Continuous Loading Simulation Results
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Figure 5. Simulation Results of Continuous Loading of Flange’s Spokes

Frame Analysis of Table Frame
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Figure 6. Table Frame Material Characteristics Data.

Figure 7. Loading Conditions and Constraint Frame Analysis
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Frame analysis is carried out to determine the behavior of the frame in response to the force or moment
that acts on the frame. The type of analysis is a static analysis. The table frame used elbow iron material with a
profile of 50x50x4 mm which on Autodesk Inventor is represented with mild steel JIS G3192. Data on material
characteristics can be seen in Fig. 6.

At the pre-processing step, the condition of the boundary or constraint is fixed supporting the six table legs
that touch the ground. Then, the styles that work on the table were entered according to the data in Fig. 6. The
selection of the continuous load type is based on the entire load being passed to the table frame through a flat and
elongated bottom surface and the absence of pressure options on the Autodesk inventor. The weight of the table

was also taken into account in this simulation. Loading conditions and constraints can be seen in Fig. 7.

Based on such characteristic data, boundary conditions, and load settings, the analysis results are listed

in Table 3.
Table 3. Frame Analysis Result
MName Mininoum MMaxinum
Displacement 0,000 rrirm 0,029
Fx -40,695 M 40,702 M
Forces Fy -40,433 M 40,4233 N
Fz -18,315 M 159,507 M
Rl -5059,993 N mm |6622,995 M mm
Moments Iy -B509,065 M mm [9786,2230 M mm
Mz -44,885 N mm (45,216 N mim
Smax -0,366 MPa 2,926 MPa
Smin -3,086 MPa 0,020 MFPa
Srna (M (0,000 MPa 2,391 MPa
Mormal Stresses | Sminix) |-2,696 MPa -0,000 MPa
Smax My (0,000 MPa 3,925 MPa
Srnin{My) |-2,611 MPa -0,000 MPa
Saxial -0,410 MPa 0,047 MPa
Tx -0,353 MPa 0,353 MFa
Shear Stresses -0,267 MPa 0,287 MPa
Torsional Stresses | T -0,126 MPa 0,123 MPa
Name Minimum Maximum
Displacement 0,000 mm 0,029 mm
Forces Fx -49,695N 49,702 N
Fy -40,433 N 40,438 N
Fz -18,315N 159,507 N
Moments Mx -5959,993 N mm 6622,995 N mm
My -6509,065 N mm 9786,230 N mm
Mz -44,985 N mm 45,216 N mm
Normal Stresses Smax -0,366 MPa 3,926 MPa
Smin -3,086 MPa 0,020 MPa
Smax(Mx) 0,000 MPa 2,391 MPa
Smin(Mx) -2,656 MPa -0,000 MPa
Smax(My) 0,000 MPa 3,925 MPa
Smin(My) -2,611 MPa -0,000 MPa
Saxial -0,410 MPa 0,047 MPa
Shear Stresses Tx -0,353 MPa 0,353 MPa
Ty -0,287 MPa 0,287 MPa
Torsional Stresses T -0,126 MPa 0,125 MPa
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Figs. 8 to 11 show that the largest displacement or displacement only reaches 0.029 mm (Fig. 9) which
does not interfere with the mechanism of delivering power from the motor to the vessel conveyor. Then, all the
stress that occurs in the frame, such as normal stress (SMax) in Fig. 10 of 3,926 MPa and bending stress (Smax
(Mx) and Smax (My)) in Figs. 8 and 9 of 2,391 MPa and 3,925 MPa, is very far below the yield strength of the used

material which reaches 207 MPa. It confirms that the design is safe to use.

Type: Displacement
Units: mm
05/02/2021, 08:47:49

0,02914 Max

0,02331

1 0,01749

— 0,01166

Figure 8. Frame Displacement analysis result

Type: Normal Stress Smax
Units: MPa
05/02/2021, 08:48:02 e

3,926 Max ”ﬂ <
3,068 R _. ‘t
| D% T~ [[_ ;

1 2,209 /

__ Bl

2

0,493

-0,366 Min

Figure 9. Frame Normal Stress analysis result
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Type: Bending Stress (M) maix
Units: MPa
05/02/2021, 08:48:03

/
2,391 Max 2 3
N,

1,912

Figure 10. Frame Bending Stress X-direction analysis result

Type: Bending Stress (Mx) min
Units: MPa
05/02/2021, 08:48:03 .

-0,531
1 -1,063
—-1,594

2,125

2,656 Min

Figure 11. Frame Bending Stress in the Y-direction analysis result

Stress Analysis of Motor Mount Plate

Stress analysis is conducted to determine the behavior of the component, which is the motor mounting
plate in this case, against the load acting on it. The type of performed analysis is static analysis. The motor mounting

plate is made of a 3 mm thick machine plate which in Autodesk Inventor is represented with steel material.

At the pre-processing stage, the entered boundary condition is fixed which supports around the bottom of
the plate with an offset of 44 mm from the outermost side of the plate because the plate contacts the surface of the
table frame in this area ( see Fig. 12). Then, the type of the entered load is a pressure of 0.005 MPa in the area
where the electric motor is located. The weight of the plate is also taken into account. The setting of meshing used

defaults of Autodesk Inventor.

Figure 12. (a) Fixed Constraint dan (b) Contact area of Plat and Motor
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Based on the characteristic data, boundary conditions, and such load settings, the analysis results are
shown in Figs. 13 to 16. From the analysis results shown in Fig. 13, the Von-Misses stress only reached 4,425
MPa. The first and the third principal stress shown in Fig. 14 and Fig. 15, only reached 5.01 MPa and 1.95 MPa,
respectively. These results are very far from the yield strength possessed by the plate material which reached 207
MPa. Hence, the use of a 3 mm thick plate is safe in this design. Based on Fig. 16, the displacement experienced
by the plate only reaches 0.031 mm which is so small that it does not interfere with the power forwarding mechanism
from the motor to the vessel conveyor.

Type: Von Mises Stress

Urit: MPa

04/02/2021, 15:36:21
4,425 Max

Figure 13. Von-Mises Stress Analysis Result

Type: 1st Principal Stress
Unit: MPa

04/02/2021, 15:36:21
5,008 Max

Figure 14. First Principal Stress Analysis
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Type: 3rd Principal Stress
Unit: MPa

04/02/2021, 15:36:22
1,951 Max

-5,261 Min

Figure 15. Third Principal Stress Analysis

Type: Displacement

Unit: mm

04/02/2021, 15:36:24
0,03092 Max

0,02474

0,01855

0,01237

Figure 16. of Stress Analysis-Displacement.

CONCLUSION

The needed components in the conveyor system include a table frame, upper bracket housing, bracket
under housing, housing, middle flange, vessel cover, right-left, and edge pipe brackets, spokes, shaft, pulley, PVC
pipe clamps, AC motor, VFD, belt, shaft coupling, bearing, some fasteners, and fastening components. The table
frame and motor mounting plate on the conveyor system work well and safely. All the analysis results which were
carried out on the table frame and motor mounting plate showed that the voltages are far below the yield strength
of the material. The required motor power in the conveyor system of the fruit irradiation device is 0.017240045 kW.
After looking for its availability in the marketplace, the motor product was chosen 3-phase 6-pole electric motor with
a power of 0.25 kW.
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