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Abstract
Automatic control has become an important and integral part of modern
manufacturing and industrial processes .Automatic control provide means for attaining
optimal performance of dynamic systems, improve the quality and lower the cost of
production, expand the production rate, relive the drudgery of many routine, repetitive
manual operations, etc.. In this paper it has been designed a control system which
controlled the operation of punch machine .As shown in Fig. (1) this system consists of:
(1) the programmable logic controller (PLC) which is used to control time and regulate
the sequence. (2) The Hydraulic system receives and implements the logical commands
of PLC. (3) Electrical interfacing circuits which are very important to compromise in the
stages of system. In order to avoid mistakes of direct design and implementation in the
industrial and production processes and what follows from high material cost, therefore
Automation Studio Software has been used to design the hydraulic system according to
the required giving's by using Simulation software before the machine is fabricated, also
it is distinguished in the simplicity of using ,have a very good specification in design and
the ability of exposing the parts of the system in one screen and show the connection
between them ,this led to have expected programmable results.

Keywords: PLC applications, Automation Studio, Automatic control systems,
Fluid Power system

ﺘﺼﻤﻴﻡ ﻭﺘﻤﺜﻴل ﺍﻟﻜﺘﺭﻭ ﻫﺎﻴﺩﺭﻭﻟﻴﻙ ﻟﻤﺎﻜﻨﺔ ﺘﺜﻘﻴﺏ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﻤﻨﻁﻘﻲ ﺍﻟﻤﺒﺭﻤﺞ
ﺍﻟﺨﻼﺼﺔ
 ﻟﻤﻜﺎﺌﻥ ﺍﻹﻨﺘﺎﺝ ﻭﺍﻟﺘﺼﻨﻴﻊ ﻤﻬﻤﺔ ﺠﺩﺍ ﻭﻋﻨﺼﺭAutomatic control ﺇﻥ ﻋﻤﻠﻴﺔ ﺍﻟﺘﺤﻜﻡ ﺍﻟﺫﺍﺘﻲ
.ﺘﺤﺴﻴﻥ ﺍﻟﻨﻭﻋﻴﺔ ﻭﺍﻟﺘﺨﻠﺹ ﻤﻥ ﺍﻷﻋﻤﺎل ﺍﻟﻴﺩﻭﻴﺔ ﺍﻟﻤﺘﻜﺭﺭﺓ، ﺘﻘﻠﻴل ﺍﻟﻜﻠﻔﺔ، ﺘﻜﺎﻤل ﻟﺘﺤﻘﻴﻕ ﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻹﻨﺘﺎﺝ
Punch ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺘﻡ ﺘﺼﻤﻴﻡ ﻭﺘﻤﺜﻴل ﻤﻨﻅﻭﻤﺔ ﺴﻴﻁﺭﺓ ﺘﺘﺤﻜﻡ ﺫﺍﺘﻴﺎ ﺒﻌﻤﻠﻴﺔ ﺇﻨﺘﺎﺝ ﻟﻤﺎﻜﻨﺔ ﺍﻟﺘﺨﺭﻴﻡ
ﺍﻟﺫﻱ ﺃﺼﺒﺢ, (PLC )  ﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﻤﺒﺭﻤﺞ-1 ( ﺘﺘﻜﻭﻥ ﻫﺫﻩ ﺍﻟﻤﻨﻅﻭﻤﺔ ﻤﻥ1)  ﻤﻥ ﺍﻟﺸﻜل ﺭﻗﻡ, machine
ﺠﺯﺃ ﻤﻬﻤﺎ ﻓﻲ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﺍﻟﺼﻨﺎﻋﻴﺔ ﺍﻟﺘﻲ ﺘﺘﻤﻴﺯ ﺒﺴﻠﺴﻠﺔ ﺜﺎﺒﺘﺔ ﻤﻥ ﺍﻟﻌﻤﻠﻴﺎﺕ ﻭﺘﻭﻟﻴﺩ ﺍﻟﺨﻁﻭﺍﺕ
( ﺍﻟﻤﻨﻅﻭﻤﺔ ﺍﻟﻬﺎﻴﺩﺭﻭﻟﻴﻜﻴﺔ2) (sensors) ﺍﻟﻤﻨﻁﻘﻴﺔ ﻭﺍﻟﻘﺭﺍﺭﺍﺕ ﺍﺴﺘﻨﺎﺩﺍ ﺇﻟﻰ ﻗﺭﺍﺀﺓ ﻤﺘﺤﺴﺴﺎﺕ ﺍﻟﻤﻨﻅﻭﻤﺔ
 ﺇﻀﺎﻓﺔ ﺇﻟﻰ ﺒﻨﺎﺀ ﺩﻭﺍﺌﺭ ﺍﻟﺘﻌﺸﻴﻕ ﺍﻻﻟﻜﺘﺭﻭﻨﻴﺔPLC ﺍﻟﺘﻲ ﺘﻘﻭﻡ ﺒﺘﻨﻔﻴﺫ ﺍﻷﻭﺍﻤﺭ ﺍﻟﻤﻨﻁﻘﻴﺔ ﺍﻟﺼﺎﺩﺭﺓ ﻤﻥ
 ﻭﻤﻥ ﺃﺠل ﺘﻼﻓﻲ ﺃﺨﻁﺎﺀ ﺍﻟﺘﺼﻤﻴﻡ. ﺍﻟﻀﺭﻭﺭﻴﺔ ﻭﺍﻟﻼﺯﻤﺔ ﻷﺠﺭﺍﺀ ﻋﻤﻠﻴﺔ ﺍﻟﺘﻭﺍﻓﻕ ﻤﺎ ﺒﻴﻥ ﻤﺭﺍﺤل ﺍﻟﻤﻨﻅﻭﻤﺔ
ﻭﺍﻟﺘﻨﻔﻴﺫ ﺍﻟﻤﺒﺎﺸﺭ ﻓﻲ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻟﺼﻨﺎﻋﻴﺔ ﻭﺍﻹﻨﺘﺎﺠﻴﺔ ﻭﻤﺎ ﻴﺘﺒﻌﻬﺎ ﻤﻥ ﺘﻜﺎﻟﻴﻑ ﻤﺎﺩﻴﺔ ﻋﺎﻟﻴﺔ ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺒﺭﻨﺎﻤﺞ
 ﻟﺘﺼﻤﻴﻡ ﺍﻟﻤﻨﻅﻭﻤﺔ ﻭﻓﻘﺎ ﻟﻠﻤﻌﻁﻴﺎﺕ ﺍﻟﻤﻁﻠﻭﺒﺔ ﻭﺫﻟﻙ ﺒﺄﺠﺭﺍﺀ ﻋﻤﻠﻴﺔAutomation Studio Software
 ﻟﻠﻤﻨﻅﻭﻤﺔ ﻭﺍﺨﺘﺒﺎﺭﻫﺎ ﻷﻜﺜﺭ ﻤﻥ ﻤﺭﺓ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺃﻓﻀل ﺃﺩﺍﺀ ﻗﺒل ﺍﻟﺒﺩﺀ ﺒﻌﻤﻠﻴﺔSimulation ﺘﻤﺜﻴل
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ﺍﻟﺘﺼﻨﻴﻊ ﺃﻭ ﺍﻟﺘﺭﻜﻴﺏ ﻟﻠﻤﻨﻅﻭﻤﺔ ﻭﻜﺫﻟﻙ ﻴﺘﻤﻴﺯ ﺒﺴﻬﻭﻟﺔ ﺍﻻﺴﺘﺨﺩﺍﻡ ﻭﺍﻟﺤﺼﻭل ﻋﻠﻰ ﺩﻗﺔ ﻓﻲ ﺍﻟﺘﺼﻤﻴﻡ ﻭﺇﻤﻜﺎﻨﻴﺔ
ﺩﻭﺍﺌﺭ ﺍﻟﺘﻌﺸﻴﻕ ﺍﻻﻟﻜﺘﺭﻭﻨﻴﺔ( ﺒﺸﺎﺸﺔ, ﺍﻟﻤﻨﻅﻭﻤﺔ ﺍﻟﻬﺎﻴﺩﺭﻭﻟﻴﻜﻴﺔ, ﻋﺭﺽ ﺃﺠﺯﺍﺀ ﺍﻟﻤﻨﻅﻭﻤﺔ)ﺍﻟﻤﺴﻴﻁﺭ ﺍﻟﻤﺒﺭﻤﺞ
.ﻭﺍﺤﺩﺓ ﻭﺇﻅﻬﺎﺭ ﺍﻟﺘﺭﺍﺒﻁ ﻤﺎﺒﻴﻨﻬﻤﺎ ﺒﺸﻜل ﻭﺍﻀﺢ ﻤﻤﺎ ﺴﺎﻋﺩ ﺇﻟﻰ ﺍﻟﺘﻭﺼل ﻟﻨﺘﺎﺌﺞ ﺠﻴﺩﺓ ﻭﻤﻁﺎﺒﻘﺔ ﻟﻠﻤﺨﻁﻁ ﺇﻟﻴﻪ

operate a system to the correct
processing specifications more complex
manufacturing systems will combine
both closed loop and sequential control
methods to be implemented.[2] .The
programming language is based on
familiar relay symbol ladder diagram
technique
that
electricians
and
technicians know and use. [3] .To allows
easy diagnosis in the case of failures in a
production system automated by PLCs,
the quality of the PLC software is of
crucial importance. [4].
Electro-Hydraulic system Design
Engineering technology curriculum is a
combination of a hands-on and minds-on
approach to real word application
designs. The present work required to
use the simulation software called
Automation Studio Vr.5. [5] for
hydraulic circuit design. As shown in
Fig. (3).

Introduction
There is a constant need for process
control systems in the manufacturing
Industries to produce a better product
more efficiently and at a low cost. This
has led to the evolution of the automated
system. Experience has shown that
hydraulic is now indispensable as a
modern method of transferring energy.
Hydraulic drives and controls have
become more and more important due to
automation and mechanization. Today, a
very large amount of modern and
powerful machinery is controlled either
partly or completely by hydraulics. It is
difficult to find steel works, Machine
tool applications, Injection moldings
machines, Mobile machinery, Handling
equipment, Marine application, Civil
Engineering, and complicated controls of
Dish, Which are not fitted with extensive
hydraulic equipment and PLC control.
The high production level on these
valuable
machines
couldn’t
be
considered without
these "hydraulic
muscles", with the development of
computer technology for
above
industrial application the programmable
logic controller was developed
to
replace the discrete relay, timer and
counter.[1] .The programmable logic
controller (PLC) is a sequential
controller as in Fig.(2).A sequence of
instructions is programmed by the user
to the PLC’s memory and when this
program is executed the controller will

The operation steps of the designed
circuit are:
1- Alloys are feed to machine from
hopper.
2- After alloy reach to punching
machine it clamp in it is position to
start punching.
3- After punching prose complete the
alloy release and the elevator bring it
down to drop in the basket.
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ΔP = pressure drop between motor
inlet and outlet [bar].

4- After basket flied the conveyor bet
move to bring a blank basket and
process restarted.

Hydraulic control cylinders are used with
the following specifications as shown in
table (1).

Hydraulic pump used wdisplacement of
70 l/min the following formulas is
related to hydraulic pump [6, 9]:

The following formulas are related to
hydraulic control cylinder:

Flow:

Effective area:
Drive power:

Force:
Stroke speed:

Total output:

Required flow:

Q = flow [l/min].
V = geometric flow (pump or motor)
[cc].
n = driver speed of hydraulic pump
[rev/min].
ŋtot = total output (0.8-0.85).
ŋvol = volumetric output (0.9-0.95).
ŋhm = hydraulic mechanical output
(0.9-0.95).
Hydraulic motor used with
displacement of 60 l/min the
following formulas is related to
hydraulic motor:

Stroke volume:

Stroke time:

d1 = Piston diameter [mm]
P = operating pressure [bar]
h = stroke [mm]
t = stroke time [sec]
Qth = flow without leakage losses [l/min]
ŋvol = volumetric efficiency (0.95)

Flow:

Speed:
PLC Control
Programmable logic controllers (PLCs)
are still the workhorse of industrial
automation. The main tasks of a PLC
normally fall into the category of
discrete event o logic control, possibly

Drive torque:
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with
underlying
time-discrete
implementation
of continuous controllers like timediscrete PID algorithms. [7]. A PLC
closes the loop in a system by reading
sensor values produced in the plant,
calculating a corresponding response,
and sending the result back to the plant
in the form of commands for actuators.
The actuators influence the process and
hence my trigger new sensor values
again. PLCS have been gaining
popularity on the factory floor and will
probably remain predominant for some
time to come. Most of this is because of
the advantages they offer. [8]

§

Cost effective for controlling complex
systems.

§

Flexible and can be reapplied to
control other systems quickly and
easily

§

Computational abilities allow more
sophisticated control.

§

Trouble
shooting
programming easier
downtime.

aids
and

Interfacing circuit
The interfacing circuits as shown in Fig
(9) are very important to make
compatible between the signals of
Hydraulic system and the signals which
transmitted
or
received
from
programmable logic control (PLC).
Conclusion
There are so many conclusions from this
paper but the main are:
The electro-hydraulic system and PLC
program were tested many times by
simulation before it was delivered to the
local manufactured. The tested data
shows that the designed system is quite
reliable and meets the intended design
expectations. The process of designing,
building the electro-hydraulic circuit,
PLCs program and using software tools,
has triggered us interest in real-world
applications Flexible and can be
reapplied to control other systems
quickly and easily. Program testing can
be done on machine, but this is not
always possible or desirable. In these
cases simulation allow the programs to
be tested without actual machine. All
details and privileges of motors &
cylinders motion (linear position, speed,
acceleration, etc.) for designed Hydraulic
circuit can be analyzed and known .The
Hydraulics devices are quite rugged and
can perform control and computational
functions in adverse environments
.Hydraulic devices can with stand wide
temperature changes ,extremely high
temperature , shock , vibration and
radiation . In addition, the simplicity of
basic Hydraulic devices assures high
reliability, long life and very low
maintenance. PLC program forms can
then be kept in design or maintenance
offices so that others can get easy access
and make updates the controller is
changed.
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Table (1) Hydraulic cylinder specifications
Cylinder Name
Feeder Cylinder

Clamping Cylinders

Punching Cylinder

Elevation Cylinder

Dropping Cylinder

Dimensions
Rod diameter =5 cm
Piston Diameter=10 cm
Stroke length=25 cm
Rod diameter =5 cm
Piston Diameter=10 cm
Stroke length=25 cm
Rod diameter =5 cm
Piston Diameter=10 cm
Stroke length=20 cm
Rod diameter =5 cm
Piston Diameter=10 cm
Stroke length=100 cm
Rod diameter =5 cm
Piston Diameter=10 cm
Stroke length=25 cm

Cylinder Type
Single acting cylinder

Double acting cylinder

Double acting cylinder

Single acting cylinder

Single acting cylinder

1563

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng. & Tech. Journal, Vol.27, No.8, 2009

Design& Simulation of PLC Control and ElectroHydraulic System for a Punching Machine

Feeding

SV_MOTOR

SV_DROP

SV_ELEV

#

Clamping

#

Punching

#

End Punching

#

End Clamping

SV_PUNCH_OFF

Operation

SV_PUNCH_ON

SV_CLAMP_ON

SV_FEEDER

Solenoid

SV_CLAMB_OFF

Table (2) Valves switching sequence

#
#
#

Elevation

#

Dropping

#

#
#

Move Conveyor belt

Figure(1) Block diagram of System
Inputs from:
Switches
Sensors

.

Programmable logic
Controller unit
Valves

Etc.

outputs to:
motors
relays
valves
etc.

Communication link to PC or programmer

Figure (2) A sequential controller
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CONTROL PANEL
PB_START

PB_R ESET

PB_STOP

PB_END_C Y CLE

SV_PUNC H_OF F

SV_PUNC H_ON
F EED ER_P1
F EED ER_P2

PU NCH _IN

Feeder cylinder

PU NCH _OUT

SV_F EEDER
C LAMP_V1 B

CLAMP_V2 B

C LAMP_V1 A

Punching cylinder

Clamping cylinders
SV_C LAMP_ON

SV_C LAMP_OF F
DR OP_P 1 DR OP_P 2

0.00 Bar

Dropping cylinder

SV_D ROP

ELEV_P1
MOTOR1

Elevation cylinder
ELEV_P2

SV_ELEV

SV_MOTOR

0.00 Bar

MOTOR 2

Figure (3) Designed Hydraulic control system
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RUNG1
PB_START

M1

PB_STO P

M1

M _ END_CYCL E

PB_ END_ CYCLE

M O TOR1

M1

M1

CLAM PING
PUNCHING
ELEV
FEEDER_P1
END_ CLAM PING
END_PUNCHING

M1

FEEDING

M1

FEEDING FEE DER_P2

ELEV_P1

DRO P

END_DRO P

FEEDING

CONVY

SV_ FEEDER

CLAM PING

FEEDING

M1

M1

M1

CLAM PING

TON
Timer ON-Delay
Timer
Time Base
Preset
Accum

T2:1
0.1s
15
0
SV_CLAM P_O N

TON1 .DN

TON1 .DN CLAM P_V2A

SV_CLAM P_ OFF

CLAM P_V1 A

M1

M1

M1

CLAM P_ V2B
END_PUNCHING
TON1 .DN CLAM P_V1 B

SV_PUNCH_O N

PUNCHING

PUNCHING

PUNCHING

SV_ PUNCH_O FF

PUNCH_IN

RUNG1 -> RUNG2

Figure (4) Rung 1 (ladder logic diagram)
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RUNG1 -> RUNG2

PUNCH_OUT

M1

M1

TON
Timer ON-Delay
Timer
T2:2
Time Base
0.1s
Preset
5
Accum
0
PUNCHING

TON2.DN

END_PUNCHING

M1 END_PUNCHING
PUNCH_IN

CLAMPI NG

END_PUNCHING

END_CLAMPI NG

M1

END_CLAMPING
CLAMP_V2A
CLAMP_V1A

EL EV

END_CLAMPI NG

EL EV

M1

SV_ELEV

EL EV

EL EV_P2 DROP_P1

END_DROP

DROP

DROP

M1

SV_DROP

DROP

DROP_P2

DROP

END_DROP

M1 END_DROP

DROP_P1

EL EV

END_DROP

RUNG2 -> RUNG3

Figure (5) Rung 2(ladder logic diagram)
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RUNG2 -> RUNG3
END_DROP

CTU1.DN

CTU
Count UP
Counter
Preset
Accum

C5:1
10
0

CTU
Count UP
Counter
Preset
Accum

C5:2
10
0

TOD
To BCD
Source
CTU1.ACC
0
Dest
COUNT1
0h
AND
Bitwise AND
Source A COUNT1
0h
Source B
1h
Dest
COUNT1_1
0h

AND
Bitwise AND
Source A COUNT1
0h
Source B
2h
Dest
COUNT1_2
0h

AND
Bitwise AND
Source A COUNT1
0h
Source B
4h
Dest
COUNT1_3
0h

AND
Bitwise AND
Source A COUNT1
0h
Source B
8h
Dest
COUNT1_4
0h
RUNG3 -> RUNG4

Figure (6) Rung 3(ladder logic diagram)
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RUNG3 -> RUNG4
TOD
To BCD
Source
Dest

CTU2.ACC
0
COUNT2
0h

AND
Bitwise AND
Source A
COUNT2
0h
Source B
1h
Dest
COUNT2_1
0h

AND
Bitwise AND
Source A
COUNT2
0h
Source B
2h
Dest
COUNT2_2
0h

AND
Bitwise AND
Source A
COUNT2
0h
Source B
4h
Dest
COUNT2_3
0h

AND
Bitwise AND
Source A
COUNT2
0h
Source B
8h
Dest
COUNT2_4
0h

M1

EQU
Equal
Source A CTU2.ACC
0
Source B
0

EQU
Equal
Source A CTU1.ACC
0
Source B
3

CONVY

RUNG4 -> RUNG5

Figure (7) Rung 4(ladder logic diagram)

1569

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng. & Tech. Journal, Vol.27, No.8, 2009

Design& Simulation of PLC Control and ElectroHydraulic System for a Punching Machine

RUNG4 -> RUNG5
M1

C ONV Y

M1

ELEV _P1

TON
Timer ON-Delay
Timer
T2:3
Time Base
1s
Preset
1
Accum
0
M OTOR2

T ON3.T T

SV _M OT OR

C T U1.RES

T ON3.DN

PB_RESET

C T U1.DN

T ON3.DN

C T U2.RES

PB_RESET

T ON3.DN

M _END_C YC L E
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Figure (8) Rung 5(ladder logic diagram)
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Figure (9) Electronic Interfacing circuit
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