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Abstract:- In the industrial era 4.0 where the
development of  sophisticated technology, the
development of technology has been increasingly rapid.
The industry itself began to use this sophisticated
technology with the aim of seeking maximum profit
with minimum capital, so for that reason the industry
began to switch to "Industrial Automation". With the
aim of understanding the complicated production
process, MPS (Modular Production System) is made
with the aim of facilitating understanding of the related
production process where the MPS to be studied is
Distribution Station and Pick & Place Station. The
method to be used is an experimental method where
what will be studied is the effect of flowcontrol openings
on cycle time, the effect of flowcontrol openings on
flowsensor data, vacuum lift force, vacuum force using
the venturi principle. Where the greater the flowcontrol
opening, the faster the cycle time will be with the risk of
cylinder damage where the first entry group produces a
slower cycle time than the cycle time produced by the
second entry group. The flowcontrol opening itself also
affects the data in the flowsensor where the data for
average mass flowrate, average flow velocity, average
volumetric flowrate, average temperature, and average
pressure shown by data entry 1 is smaller than data
entry 2. The vacuum lift force for entry 1 and entry 2
has the same value or there is a very small change for
both the distribution station and the pick & place
station. For vacuum force with the venturi principle,
data entry group 1 produces a smaller force than data
entry group 2.

Keywords:-Industrial Automation, Modular Production
System, Venturi, Flowcontrol
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l. INTRODUCTION

In this day and age where technological advancements
are no longer foreign to humans, the presence of automated
systems is also not new to the aspects of human life. Even
with the existence of Industry 4.0, the use of technology is
increasingly widespread. So it can be said that Industry 4.0
is a time when the role of humans is very minimal where
this is due to human work that has begun to be replaced by
robots or automatic machines. Not only one aspect of human
life has experienced this where the industry itself, especially
in the field of production, has begun to replace the role of
humans into automatic machines. Based on this incident, the
term "Industrial Automation" emerged.

Industrial automation itself utilizes advanced control
systems and information technology to strengthen,
accelerate, and improve manual and machining processes
[1]. There are many factors that cause an industry to switch
to automation. These things include saving production time,
saving production costs, and so on with the aim that the
company that oversees the industry. PLC or which stands
for Programmable Logic Controller is an electronic circuit
that can perform various control functions at a complex
level [2]. PLC has almost the same working principle as a
microcontroller except that PLC can work on more difficult
and complex commands. So that PLC is widely used in the
industrial field. MPS (Modular Production System) is a
series of simulations of several production machines, where
MPS itself does not only refer to 1 machine, but several
machines which can be combined into one to form 1
complete production process [3]. Examples of existing MPS
such as Distribution Station, Pick & Place Station,
Processing Station, and others. Where the function of the
station itself is in accordance with the name given.
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Modular Production System or commonly abbreviated
as MPS is a station unit consisting of industrial components
in the form of pneumatic and electrical components with a
Programmable Logic Controller (PLC) controller used for
industry-oriented vocational training. Each MPS consists of
one type of station, controller, control panel and trolley.
Each station consists of several actuator modules equipped
with sensors and solenoid valves. MPS itself uses PLC as its
control unit. Commands to the PLC use a control panel
consisting of START, RESET, STOP buttons and AUTO-
MAN switches [4]. MPS usually has 4 stations which
consist of Distribution Station, Testing Station, Processing
Station, and Handling Station where each station has
different functions and programs to run it. MPS has an
arrangement consisting of Station Mechanics, Profile Plate,
Mobile Base Frame, PLC Board [5]. PLC itself has several
functions which are divided into programmable (storing a
program), logic (managing commands), controller
(regulating and controlling programs) [6].

Distribution Station is one type of MPS which is a
workpiece supply station. The Distribution Station has the
purpose of distributing the workpiece from its place
(magazine) and transferring the workpiece available for the
next process through a suction device (vacuum).
Distribution Station is the beginning of an MPS where
Distribution Station has 2 important parts which are
Magazine Stack Module and Transfer Module.
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Fig 2 MPS Distribution Station [8]

The Pick & Place station is equipped with a cylinder
that can move both back and forth and up and down whose
function is to move and insert the insert workpiece into its
housing. The workpiece housing placed on the conveyor is
detected by a diffuse sensor or light barrier. The workpiece
is transported to the electric separator on the conveyor belt
and detected by a second diffusion sensor. You could say
that this station places the workpiece into its housing. The
finished workpiece, released by the separator and sent to the
end of the conveyor, then the barrier will detect the
workpiece at the end of the conveyor. Pick & Place Station
can also be said to be an Assembly machine, this is due to
the working concept of this station which puts the
"Workpiece Insert" into its Housing. This station also has
several functions including [9]:

e To carry/deliver the workpiece housing.
e Toinsert the workpiece insert.
e Toinsert the finished or complete workpiece.

Fig 3 MPS Pick & Place Station [10] »

1. RESEARCH METHODOLOGY

regulator distribution
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Fig 4 Flow Chart
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The method in question is a data collection method that will be carried out by experimental methods. Experiments are carried
out in several existing conditions such as not the flow control on each existing cylinder taken at the minimum conditions required
for the cylinder to operate. The data taken will also be done 3 times later with different entries.

1. RESULT AND DISCUSSION

» Effect of Flow Control Opening on Cycle Time
The following is a table of existing experimental results where data collection is carried out 3 times where data collection is
divided based on the time the process starts or is called the entry term. Where the entry taken consists of 19.34, 19.45, and 19.52
hours. With the flowcontrol opening conditions as follows: Stack Magazine is at 32% opening, Rotary Cylinder is at 32% opening,
Pick & place station up and down cylinder is at 5% opening, andPick & place station back and forth cylinder is at 48% aperture.

Table 1 Cycle Time Modular Production System (Entry 1)

No Distribution Station Pick & Place Station Cycle Time
1 04.58 s 07.13s 11.71s
2 05.08 s 07.12s 12.20s
3 05.22s 10.22 s 15.44 s
4 05.50 s 05.84 s 11.34s
5 05.25s 05.92 s 11.17s
e Total process time of distribution station: 25.63 s
e Total process time of pick & place station: 36.23 s
e Total process time of both MPS: 61.86 s or 1 min 1.86 s
With 5 specimens, the average time required for 1 specimen pass through the process can be found by:
_  total processtime 61.86s
t= = = 12372 s
5 5
Table 2 Cycle Time Modular Production System (Entry 2)
No Distribution Station Pick & Place Station Cycle Time
1 06.50s 05.85s 12.35s
2 05.59s 05.53s 11.12s
3 05.84 s 06.04 s 11.88s
4 05.18s 06.06s 11.24s
5 05.24s 06.07 s 11.31s
e Total process time of distribution station; 28.35 s
e Total process time of pick & place station: 29.55 s
e Total process time of both MPS: 57.9 s
With 5 specimens, the average time required for 1 specimen to pass through the process can be found by:
_ total processtime 57.9s
t= = =11.58s
5 5
Table 3 Cycle Time Modular Production System (Entry 3)
No Distribution Station Pick & Place Station Cycle Time
1 04.91s 05.82s 10.73 s
2 05.44 s 06.06 s 1150 s
3 05.39 s 05.83 s 11.22s
4 05.62 s 05.89s 1151s
5 05.50s 05.92s 1142s
e Total process time of distribution station: 26.86 s _With 5 specimens, the average time required for 1
e Total process time of pick & place station: 29.52 s specimen to pass through the process can be found by:
e Total process time of both MPS: 56.38 s )
_ total process time 56.38 s
T— = = 11.276 s
5 5
IJISRT23JUL2387 WWW.ijisrt.com 3059
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With the average time found for the three entries, the
next step is to find the average time of all entries:

_ t+t,+t; 123725+ 115854112765
teotal = = =11.743s
3 3

In addition to the above data, data collection was also
carried out to find the relationship between flow control
openings and the cycle time of the two stations. With
different opening conditions where these conditions include:
Stack Magazine is at 48% opening, Rotary Cylinder is at
40% opening.
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The cylinder up and down the pick & place station is at
an opening of 14%. Initially, data will be collected with
openings of 15%-60%, but the movement of the cylinder
becomes too rough.

Cylinder back and forth pick & place station is at 48%
opening. Initially the experiment will be carried out with a
cylinder opening state of 60%, but the cylinder movement
becomes too rough which makes the pick & place module
jerked so that the opening is not changed to reduce cylinder
damage.

Table 4 Cycle Time Modular Production System (Entry 4)

No Distribution Station Pick & Place Station Cycle Time
1 04.48 s 05.88s 10.36s
2 04.63 s 05.87 s 10.50s
3 04.66 s 05.87 s 10.53 s
4 04.37 s 05.95s 10.32s
5 04.36 s 05.82s 10.18 s
e Total process time of distribution station: 22.5s
e Total process time of pick & place station: 29.39 s
e Total process time of both MPS: 51.89 s
With 5 specimens, the average time required for 1 specimen to pass through the process can be found by:
_ total process time 51.89 s
T= 5 = = = 10.278 s
Table 5 Cycle Time Modular Production System (Entry 5)
No Distribution Station Pick & Place Station Cycle Time
1 03.57s 05.90s 09.47s
2 04.67 s 05.71s 10.38 s
3 04.67 s 05.78s 10.45s
4 04.58 s 05.92s 10.50 s
5 04.555s 05.76 s 10.31s
e Total process time of distribution station: 22.04 s
e Total process time of pick & place station: 29.07 s
e Total process time of both MPS: 51.11 s
With 5 specimens, the average time required for 1 specimen to pass through the process can be found by:
_  total processtime 51.11s
T = = =— = 1022s
Table 6 Cycle Time Modular Production System (Entry 6)
No Distribution Station Pick & Place Station Cycle Time
1 03.34s 05.93s 09.27 s
2 05.89s 05.80s 11.69s
3 04.51s 06.04 s 10.55 s
4 04.64 s 05.85s 10.49 s
5 04.50s 05.935s 10.43 s

e Total process time of distribution station: 22.88 s
e Total process time of pick & place station: 29.55 s
o Total process time of both MPS: 52.43 s

NISRT23JUL2387

With 5 specimens, the average time required for 1
specimen to pass through the process can be found by:

_ total waktu proses  52.43 s

— 10.486
5 5 s
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With the average time found for the three entries, the
next step is to find the average time of all entries:

_ ti+t+t; 103785 +10.225+ 104865

Crorat == . = 10361 s

V. ANALYSIS

In the overall average time or average cycle time, it
can be seen that the average time of the 2nd entry group is
faster than the average time of the 1st entry group, where the
2nd entry group has an average time of 10.361 S while the
1st entry group has an average time of 11.743 S. This is due
to the enlarged flowcontrol opening where if further
observed the total time required by the two stations in the
1st entry group is longer than the 2nd entry group. The
lowcontrol itself is tasked with regulating how much fluid
can enter a cylinder.
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Therefore, it can be said that the larger the flowcontrol
opening, the faster the cycle time. But keep in mind that the
larger the opening, the higher the risk of damage to the
cylinder fitted with the flowcontrol. If there is no
flowcontrol or the opening is too large, it is feared that the
force pushing the cylinder will exceed the maximum force
that can be received by the cylinder or there is an impact
force that can cause damage to the cylinder. So it is
important to find the optimal flowcontrol opening which
makes the cylinder move quickly but does not damage it and
the opening in the 2nd entry group is recommended.
Although both do not damage the cylinder, the 2nd entry
group opening condition has a faster cycle time.

A. Before and after MPS Process

Table 7 Pressure before and after the Process (Entry 19.34)

Mass Flow rate Flow Velocity Temperature Volumetric Flowrate Pressure
Before Process 0 k9/, 0 m/ 24.4°C om 6.07 bar
After Process 0.19 kg A 02 M/, 24.2°C 0002 ™/ 5.99 bar
Table 8 Pressure before and after the Process (Entry 19.45)
Mass Flow rate Flow Velocity Temperature Volumetric Flowrate Pressure
Before Process A 0™/, 24.9°C om 6.30 bar
After Process 013 o/, 0.2 ™/ 245°C 0.002 ™/ 6.22 bar
Table 9 Pressure before and after the Process (Entry 19.52)
Mass Flow rate Flow Velocity Temperature Volumetric Flowrate Pressure
Before Process 0s K9/, 0.6 ™/ 0.006 ™/ 6.85 bar
After Process 081 kﬂ/h L myg 001m™/ 6.7 bar

With the data above, the average data can be found,
among thers:

e Average Mass Flowrate (ri1)

—_ &n"ll + &n"lz + &n"lg
3

o= 0.21 kg,’h

e Average Flow velocity (v)

_  Avy + Av, + Avg
v =
3

T = 0.27 M/

NISRT23JUL2387

Average Volumetric Flowrate (E)

—  AQ; +AQ; + AQs
Q= 3

Q0 = 0.0027 M7/

mrin

Average Temperature (T)

AT, + AT, + AT
3

?:

N
I

— 0. 3=C

Average Pressure (P)

AP, + AP, + AP,
3

?:

P = —0.103 bar
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Table 10 Pressure before and after the Process (Entry 14.49)

Mass Flow rate Flow Velocity Temperature Volumetric Flowrate Pressure
Before Process 09/, 0™/ 23.3°C om’/ 5.72 bar
After Process 163 9/, 2m, 24.3°C 0.021 ™/ 6.92 bar
Table 11 Pressure before and after the Process (Entry 14.51)
Mass Flow rate Flow Velocity Temperature Volumetric Pressure
Flowrate
Before Process 0 k9/, oM/, 24.7°C om 7.03 bar
After Process 1.04 kg/h 1.3 M/ 23.7°C 0_013rn3/mm 6.73 bar
Table 12 Pressure before and after the Process (Entry 14.53)
Mass Flow rate Flow Velocity Temperature Volumetric Flowrate Pressure
Before Process 0.04 kﬁ/h om/, 23.6°C 0.001™°/ 6.51 bar
After Process 133 %9/, 1.6 ™/ 234°C 0.017™/ 6.28 bar
With the data above, the average data can be found, B. Analysis:

among others:

e Average Mass Flowrate (ri1)

— ﬂﬁ!l ‘I‘ .’lﬁlz + ﬂﬁ!:;
m =
3

m = 1.32 kg/h

e Average Flow velocity (v)

Avy + Av, + Avg
3

v =

v =163 M/g

e Average Volumetric Flowrate (Q)

AQy +AQ; + AQ3
3

Q=

— 3
— m
Q =0017 /min

e Average Temperature (T)

AT, + AT, + AT,

T:
3

T =0.17°C

e Average Pressure (P)

AP, + AP, + AP;

?:
3

P =0.223 bar

Due to changes in the flow control opening, there are
also changes in the five existing data including pressure,
temperature, volumetric flowrate, flow velocity, and mass
flowrate. Where by changing the flow control to be larger,
the five existing data, namely mass flowrate, flow velocity,
volumetric flowrate, temperature, and pressure. Mass
Flowrate and Volumetric Flowrate are 2 things that are
almost the same where the difference is the dependence of
these two things on the existing temperature and pressure.
These two things will increase along with the size of the
flow control opening because more air can enter the
cylinder so that the mass and volume that enters will be
greater. The temperature in question is the cylinder stroke
temperature where with the larger flowcontrol opening, the
cylinder work will be faster and heavier as a result the
temperature will rise even though it is not significant. As
for pressure, the pressure itself is directly proportional to
the discharge or volumetric flowrate so that if the
volumetric flowrate increases, the pressure will also
increase. This can cause differences in production costs
when viewed in terms of industry. Indeed, the process will
change to be much faster, but it will require expensive
costs.

» Vacuum Lifting Force

During the MPS process, whether it occurs at the
distribution station or pick & place station, the vacuum will
experience a dynamic force where the vacuum must carry
the specimen from one place to another. Where the vacuum
lifting force becomes:

e Distribution Station Vacuum Lifting Force

The first thing to look for is the angular velocity
generated by the rotary cylinder so the period of the cylinder
must be found first.

t 11.743s

T=—=—""""" _ 234865=2349s
n 5
w_2x314
W= T 33g95 ~ »073rad/s
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V=w.r
v =2673 7ad/; 0.024m

v = 0.066"/

Ve — Vg
t

a=
a=5109x1074™M/ ,

With the linear velocity of the cylinder found, by
referring to equations 2 and 3, the horizontal and vertical
vacuum lift forces can be found:

F, = 0014kg x (9.81™/ , +5.109x 107*M/ ;) x 0.25 m
E,=0.034N

5.109 x 107*+M
/Sz *x03m

— m
F, = 0.014 kg X (9.81 /o2 + %

Fy = 0.041N

F= /FUZ+F§

F =,/0.034% +0.0412

F =0.053 N

e Vacuum Lifting Force of Pick & Place Station

The first thing to look for is the angular velocity
generated by the cylinder back and forth so the linear
velocity of the cylinder must be found first.

v = 0.056 M/,

Ve — Vg
[

a =

0.05™M/g — 0™/
“= 11.743 s

a=4258x1073M/,

With the linear velocity of the cylinder found, by referring
to equations 2 and 3, the horizontal and vertical vacuum lift
forces can be found:

F, = 0.006 kg x (981™/ ; +4.258 X 107™/ ;) X 0.05 m

F,=2944x 103N

4258 x 10721 ,
0,2

F, = 0.006 kg X (9.81?%2 + ) X 0.05m
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Fy =295 x1073N
F = /(2944 x 1073)% + (2.95 x 1073)2

F =4168 x 103N
With a change in the opening of the cylinder, the
lifting power of the vacuum also changes, where the
calculation will be:

e Distribution Station Vacuum Lifting Force

t 10.361s
T=-=—""""_2072s
n 5
_w_2x314
@ =T =072 >031rad/s
7 =w.Tr

v =3.03172d/; 0.024m

v=0.073M/

Ve — Vg
t

a=

0,073 —0™M/s
4= "1036ls

a=7.046x1073M/,

With the linear velocity of the cylinder found, by
referring to equations 2 and 3, the horizontal and vertical
vacuum lift forces can be found:

F, = 0014 kg x (9.81™/, +7.046 X 10>™ ) x 0.25 m
E, = 0.034N

7.046 x 1073M
/Sz x0.3m

— m
F, = 0.014 kg X (9.81 /o2 + %

Fy = 0.041 N

F = ,FVZ-FF,E

F =./0.034% + 0.0412

F =0.053 N
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e Vacuum Lifting Force of Pick & Place Station

The first thing to look for is the angular velocity
generated by the cylinder back and forth so the linear
velocity of the cylinder must be found first.

v =0.05 M/¢

Uy — Vg
t

a=

0.05™M/s— 0™/
4= T 1o036ls

a=4826x1073M/,

With the linear velocity of the cylinder found, by
referring to equations 2 and 3, the horizontal and vertical
vacuum lift forces can be found:

F, = 0.006 kg x (9.81™/_, +4.826 x 102™/ ,) x 0.05 m

F,=2.944x 103N

4826 x 10721,
0,2

F, = 0.006 kg X (9.81?%2 + ) X 0.05 m

Fy =295 x1073N

F =,/(2.944 x 1073)2 + (2.95 x 1073)2
F =4.168 x 103N

C. Analysis:

The vacuum lift force is divided into two where the
vacuum contained in the distribution station and pick &
place station. At the distribution station, the vacuum lift
force is influenced by the vacuum distance to the shaft of the
rotary cylinder (0.25 m) as well as the radius of the rotary
cylinder (0.3 m) while at the pick & place station it is
influenced by the stroke of the cylinder back and forth
which is 0.05 m. In both existing openings, it can be seen
that there is a change in linear velocity but the existing
changes have not been able to make significant changes to
the final result of the existing lift force. So it can be said that
the lift force is constant not because there is no change but
the changes are too small to cause significant changes.

» Venturi Calculation

Venturi calculations are carried out to find the pressure
that occurs in vacuum. The process starts from the
compressor to the regulator connected using an 8 mm PU
hose, then continues to the terminal valve using a 6 mm PU
hose, and from the terminal valve it is flowed using a 4 mm
PU hose. Assuming that the vacuum diameter is the same as
the diameter of the 4 mm PU hose, so the pressure becomes:

e 8 mm hose will be numbered 1

e 6 mm hose will be numbered 2
e 4 mm hose will be numbered 3

NISRT23JUL2387
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1 2 L
P + S PV = P, -I—Epvz

1 k
- 2 g
6.35 =5 bar + - (v3) (1.293 /mg)
1.35 = 0.647 (v,)2

w2 = 2.087

vy, = 1,44M/¢
P. P. L 2((‘4%) 1)
2 i3 = 5Pva | L3
2 A3

5 bar — P; = 0.446 bar
P; = —0.446 bar

Since the vacuum is equipped with a suction cup, the
pressure can be converted into force which becomes:

For vacuum pick & place station:
p— F
A

F

0446 bar = ——
= 319x 102

F=-9767 Xx10"°N
For vacuum distribution station:
p_ F
A

F

0446 bar = ———
4 = 5024 x10-5

F=-2241x10"°N

As a comparison, it is better to do calculations based
on data from the 2nd entry group, resulting in:

1 2 1 2
P + 2 PVL= P, -I—Epvz

1 kg
659 = 5.2 bar + - (v,)? (1.293 /)

v, = 1.47M/g

P; = —0.675 bar

Since the vacuum is equipped with a suction cup, the
pressure can be converted into force which becomes:

WWW.ijisrt.com 3064


http://www.ijisrt.com/

Volume 8, Issue 7, July — 2023

For vacuum pick & place station:

o F
A
0.675 bar = F
: = Z19x 104

F=—-221x10"3N

For vacuum distribution station:

P F
A
0.675 bar = F
: 4= 5024 x 10-5
F=—-3391x 10 °N

D. Analysis:

The force referred to here is the suction force of the
vacuum where this is influenced by the pressure and also the
surface area of the existing hose where the size of the hose
diameter used is 3 sizes, namely 8 mm, 6 mm, and 4 mm.
Where based on the venturi principle when there is a
difference in diameter that the fluid passes through, it will
also experience a change in pressure. In fact, not only
pressure, but fluid flow speed can also change. The pressure
itself will experience 3 changes which adjust the size of the
hose used. For air flow from the compressor to the regulator,
it is connected with an 8 mm hose where 7 bar pressurized
air will be flowed, then from the regulator to the terminal
valve it is connected with a 6 mm hose and flowed with 5
bar pressurized air that has been adjusted by the regulator.
From the terminal valve to the existing MPS parts will pass
through a hose with a size of 4 mm. So that the suction
pressure can be found, namely -0.446 bar (for data entry
group 1) and -0.675 bar (for data entry group 2). The
pressure that occurs in vacuum can be seen to have a
negative value, this is due to the sucking nature of vacuum
so it can be said that the minus sign acts as a direction
marker only. When viewed, the pressure that occurs in both
existing opening conditions, the pressure that occurs in
vacuum becomes greater so that the suction from vacuum
becomes stronger, so this affects the magnitude of the
suction force on the MPS.

V. CONCLUSION AND SUGGESTION

Based on the data above, it can be concluded that the
aspects of the MPS are strongly influenced by the
flowcontrol opening where the larger the flowcontrol
opening, the faster the cycle time is obtained, the greater the
air demand, the resulting lift force has increased even
though it is so small that it does not appear to change, and
the vacuum suction force is also greater. So the system can
run optimally under the intended opening conditions in entry
group 2.
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