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» Abstract

A baler machine including a charging chamber for receiving material to be baled. The
charging chamber has a charging passage through which material is forced into a baling
compression chamber by a compression ram to thereby form a bale in the compression
chamber. An ejection ram is provided for forcing the compressed material out of the baling
compression chamber through an exit passageway. A movable decompression wall
functions as one wall of the baling compression chamber. Such wall is located opposite and
spaced from the charging passage through which material is forced from the charging
chamber. A power cylinder is provided to move the decompression wall in a horizontal
direction to effectively increase the volume of the baling compression chamber which, at
the same time, increases the size of the exit passageway to thereby permit ejection of an
oversized bale from the compression chamber.

> Problem Statement

The main problem with the machine is that it does not work correctly due to its lack of
many operating tools, as it suffers from damages in the hydraulic pumps, it contains 6
pumps every 3 pumps on the motor, so the problem is that we do not know how to work in
the sense that they all work once, or for each there is a pump stage, because there is no
previous control panel explaining how the machine works.

» Objectives

The main objective for choosing this project is to:
1- Setup a electrical control panel.
2- Increase the efficiency of the machine.
3- Restoration of the hydraulic system.

4- Increase our experience in design and installing pneumatic systems.

» Motivation
The main motive for this project is:

1- Enhancing our skill in plc and software control.
2- Enhancing the machine effectiveness.

3- Developing our skills in build hydraulic.



» Needed Technology

The main elements that should use in the project:

1- Programmed logic controller (PLC).
2- Sensors.

3- Hydraulic system.

4- Coupling and adapting elements.

» Project Description
Scrap metal crusher is also called metal briquette machine, horizontal metal baler,
hydraulic metal baler and so on. Its main purpose is to press the metal scraps into a
specific shape to reduce the volume, so to facilitate storage, transportation, and recycling.

A baler machine has including a charging chamber for receiving material to be baled.
The charging chamber has a charging passage through which it forces material into a
baling compression chamber by a compression to thereby form a bale in the compression
chamber. It provides an ejection ram for forcing the compressed material out of the
baling compression chamber through an exit passageway. A movable decompression
wall functions as one wall of the baling compression chamber. Such wall is located
opposite and spaced from the charging passage through which it forces material from the
charging chamber.



» Time Table

Time
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Practical implementation
of the project




Chapter 2 Machine Operation Concepts

2.1 Principle of Machine Operation
2.2 Machine Working Principle
2.3 Functional Block Diagram

2.4 Operational Flow Chart



» Principle of Machine Operation

Metal crusher machine, as shown in figure 1, have an operation stages to complete the
pressing process includes:

1-

The scrap is placed in the booth, the scrap is usually large in size and low in
weight.

The door is closed first, which works to cut the sides emerging from the cabin
for scrap whose length exceeds the length of the cabin, and also works to
compress the scrap from the top and tighten it at an appropriate height.

Two pistons move towards scrap to secure suitable width, which is usually the
width of the exit door.

The huge piston moves towards the scrap, which usually reaches the
maximum capacity of the system, and it is also the most important piston since
it is the one that works to hold the scrap together.

At the end, the door for taking out is opened and the huge piston works to
take the product out of the cabin.

Main hydraulic cylinder

Telescopic arm Control panel

Feeding chamber

Side hydraulic cylinder

Figure 2.1 scrab metal crusher machine



» Machine Working principle

The machine relies on converting the mechanical energy generated by the motor into
kinetic energy by means of hydraulic pumps.

1-

The electric motors are started

An induction motor, as shown in figure 2.2, or asynchronous motor is an AC
electric motor in which the electric current in the rotor needed to produce
torque is obtained by electromagnetic induction from the magnetic field of the
stator winding. An induction motor can therefore be made without electrical
connections to the rotor

... Terminal box

" Cooling fan
Drive shaft

D-end N-end

Stator windings

Figure 2.2:Induction motor

Motor pumps rotate the pumps [1].

Hydraulic pumps are used in hydraulic drive systems and can be hydrostatic
or hydrodynamic. A hydraulic pump is a mechanical energy source that
converts mechanical energy into hydraulic energy (hydrostatic energy, i.e.,
flow and pressure). it generates a flow with enough force to overcome the
pressure created by the load at the outlet of the pump. When the hydraulic
pump works, it creates a vacuum at the inlet of the pump, forcing the fluid
from the tank to the inlet line to the pump and through the mechanical
action this fluid delivers to the pump an outlet and forcing it to the hydraulic
system.

Figure 2.3:Pump Van
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3- Power transmission and distribution stage (compressed oil) [1]
This stage is done by directional valve, as shown in figure 2.4, and hoses
Directional control valves (DCVs) are one of the most fundamental parts of hydraulic
and pneumatic systems. DCVs allow fluid flow (hydraulic oil, water or air) into
different paths from one or more sources. DCVs will usually consist of a spool inside
a cylinder which is mechanically or electrically actuated. The position of the spool
restricts or permits flow; thus, it controls the fluid flow.

Figure 2.4:Directional valve

4- The rotational movement pushes the oil into the piston [1]

Hydraulic cylinders get their power from pressurized hydraulic fluid, which is
typically oil. The hydraulic cylinder, as shown in figure 2.5, consists of a
cylinder barrel, in which a piston connected to a piston rod moves back and
forth. The barrel is closed on one end by the cylinder bottom (also called the
cap) and the other end by the cylinder head (also called the gland) where the
piston rod comes out of the cylinder. The piston has sliding rings and seals.
The piston divides the inside of the cylinder into two chambers, the bottom
chamber (cap end) and the piston rod side chamber (rod end/head-end).

Barrel

Piston rod

Rod-end port Cap-end port

Figure 2.5:tow acting piston
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» Functional Block Diagram

Oil tank

Directional
Valve

i Pressure
switch

Oil line

Electrical line

Figure 2.6:Functional Block Diagram
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> Operational Flow Chart

1

Back XY Pston, Close Window

T

Figure 2.7:0perational Flow Chart



Chapter 3 Machine Design

3.1 Hydraulic design
3.2 Calculations Design
3.3 Hydraulic circuit

3.4 Machine Components
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» Hydraulic design

Hydraulic pump [1]

The hydraulic system consists of 6 pumps and two motors, each 3 pumps are installed
on the motor, each two pumps are vehicles in parallel, because each of the two pumps
in parallel has a specific task, and also every two pumps differ in their types from the
others.

1- The first and second type
A pump that gives high speed, i.e., high flow and low torque, its task is in the
first stage of piston movement, which has low torque, so the pistons move at
high speed and the pumps are of the van type, as shown in figure 3.1.

Figure 3.1:Pump van

2- The third type
The pump is low speed and high torque, and it reaches the final pressure of the
system, because it overcomes the final assembly of scrap before leaving the
system. And the pump is of the Bison type, as shown in figure 3.2.

Figure 3.2:Piston pump

15



II. Valves:

The hydraulic system also consists of 6 valves + the king valve (main), the valves are
naturally open and operate on electricity, and they have two ends, one end to the tank
and one end to the king valve (the main). In the normal position, the pumps pump the
oil tanker and when the electricity is connected to the valves, the pumps pump the oil
to the main valve.

We used this method to make it easier for us to control the operation of the pumps.
When we want to operate a pump on the load, we connect electricity to its trap, and
when we want to disconnect it from the load, we disconnect the electricity from it.

III. Directional valve:

the main valve (king) is connected to the pilot and he distributes pressurized oil to the
directional valves that move the pistons.

16



» Calculations design

The design starts with calculating the needed hydraulic elements as follows:
1. Pistons Calculations [2]

Referring to figure 3.3, the piston door size and power can be found as follow:

50.00

25.00

25.00

UNIT: CENTIMETER
SCALFE : 4:1

Figure 3.3:Door and Piston design

= , (31)
=314x9 =25443

= x : , o (32)
=254.34 %100 =254

25

= — x60, : (3.3)
Q= — x 60 = 609.6

17



the maximum working pressure that should be applied to the jack (from manual
serves) is 275 bar

The 2-parallel piston’s (Z), as shown in figure 3.4:

50.00

/
/
/
\
\
\
20.00

UNIT : CENTIME
SCALE: 1CM =

9.00

9.00

Figure 3.4:Z Pistons design

= =314x9 =2543

=2 x254.3 =508.6
= x =1508.6 x 100 = 50.86

for closing the 2 pistons of the press is about 5 second

80.8
= —x60= = x 60 = 609

18



the maximum working pressure that should be applied to the jak (from the manual

series) is 290 bar

e The final piston, as shown in figure 3.5

40.00
\\\ // chfl:lIT: C_ENTlMETE
\\\\/ // o
X oS
yd . O
// \\ =
o
S
S
Isp)
Figure 3.5:Bale Exit Piston
= =314 15 =7065
= x =7065x100 = 706500 =70.65
=—, =5
70.65
= x 60 =847.2

And from (the manual series) we need 130 kg /cm

X

= (34)
= 40 x 40 = 1600

= 130 x 1600 = 208000
208000 _

7065
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2. Motor and pump [1]

Considering the electrical power available in the factor and the pumps in the local
market we adopted the motor power 75 HP

Pump

If we calculate the capacity of the pump that we want, we will see that it is very large
and not available in the market as following calculations
x
= %00 - (35)
= 609 = 306
_ 306 x 609

500 310 =416

And these is not available in the market, so we well divide the pressure into the
stages, as explained previously

Stage (1)
Tow pumps at 100 bar

x600 55  x600

332 =985

So, in first stage we will get a pressure approximately at 100 par and 670 L/m from
the tow pump because the tow pump connected parallel

Stage (2)
Two pumps

55 ><600_206
- 160 N

So, in second stage we will get P =206 bar and Q = 320 L/m from tow pump that
connected parallel

Stage (3): two pumps

_ 55 x 600 300
- 110 N

In third stage we will get pressure = 300 bar and Q = 220 L/m form tow pump
connected parallel, so the maximum pressure we get is 300 bar and the maximum Q
we get 670 L/m and that we need

Motor power = 55 kw, Maximum press = 300 bar, Maximum Q = 609 L/m

20



> hydraulic circuit
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Figure 3.6:Hydraulic circuit
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» Machine Components

Pressure sensor (switch) [3]

Figure 3.7:Pressure sensor

The electrical switching element in a pressure switch as shown in figure 3.7, opens
and closes an electrical circuit in response to the actuating force received from the
pressure-sensing element.

There are two types of switching elements:
1. Normally open
2. Normally closed.

A normally open switching element is one in which the current can flow through the
switching element only when it is actuated. The plunger pin is held down by a snap
action leaf spring and force must be applied to the plunger pin to close the circuit.
This is done by an electrical coil which generates an electromagnetic field, when
current flows through it. In a normally closed switch, current flows through the
switching element until the element is actuated, at which point it opens and breaks the
current flow.

solenoid valve [4]

Figure 3.8:solenoid valve
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A solenoid valve, as shown in figure 3.8, is an electrically controlled valve. The
valve features a solenoid, which is an electric coil with a movable ferromagnetic core
(plunger) in its centre. In the rest position, the plunger closes off a small orifice. An
electric current through the coil creates a magnetic field. The magnetic field exerts an
upwards force on the plunger opening the orifice. This is the basic principle that is
used to open and close solenoid valves.

4/3Way Valve [4]

Al |B

T+ A
LT S X MYy,

SEE:

Figure 3.9:Directional valve

The directional control valves, as shown in figure 3.9, can be used to start, stop, and
to change the fluid flow in a hydraulic system. The major function of a directional
control valve is to control the direction of flow in hydraulic systems. They are capable
to determine the path through which the fluid should flow in a circuit. We can use the
directional control valve to direct the inlet flow to a specific outlet port. Directional
control valves are classified according to certain factors like inlet control element
structure, number of ports or ways, number of positions, method of actuation, and
centre position flow pattern. In a directional control valve, the internal control element
would be a sliding spool, rotary spool or ball. The construction and design of the
directional control valves make it suitable for different applications.
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Chapter 4 Electrical Design

4.1 Protection and control devices
4.2 Power circuit
4.3 control Circuit

4.4 Programmable logic controller
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> Protection and control devices

To protect the machine, we had to use protection devices, as we will explain:

1- Circuit Breaker [5]

Figure 4.1:Circuit breaker

Circuit breaker, as shown in figure 4.1, essentially consists of fixed and moving
contacts. These contacts are touching each other and carrying the current under
normal conditions when the circuit is closed. When the circuit breaker is closed, the
current carrying contacts, called the electrodes, engaged each other under the pressure
of a spring.

During the normal operating condition, the arms of the circuit breaker can be opened
or closed for a switching and maintenance of the system. To open the circuit breaker,
only a pressure is required to be applied to a trigger.

In the board we are working on, we used a 163-amp circuit breaker on the basis that
we have two motors with a combined power of 150 horsepower and electrical coils.

And we used circuit breakers for each motor. Its value is 80 ampere and circuit
breaker are 20 amperes for the control circuit.

25



2- Over load [5]

Figure 4.2:0Over load

When the motor draws excess current, it is referred to as an overload. This may cause
overheating of the motor and damage the windings of the motor. Because of this, it is
important to protect the motor, motor branch circuit, and motor branch circuit
components from overload conditions. Overload relays, as shown in figure 19, protect
the motor, motor branch circuit, and motor branch circuit components from excessive
heat from the overload condition. Overload relays are part of the motor starter
(assembly of contactor plus overload relay). They protect the motor by monitoring the
current flowing in the circuit. If the current rises above a certain limit over a certain
period of time, then the overload relay will trip, operating an auxiliary contact which
interrupts the motor control circuit, de-energizing the contactor. This leads to the
removal of the power to the motor. Without power, the motor and motor circuit
components do not overheat and become damaged. The overload relay can be reset
manually, and some overload relays will reset automatically after a certain period of
time. After which, the motor can be restarted.

26



» Power circuit
To run two motors, we will use the Star / Delta method for several reasons:

1- Low conductance
2- Suitable for high power motors
3- Easy to install and maintain

The Star-Delta connection, as shown in figure 4.3, is used in large-sized
electric motors and where we need a large torque at the start of operation only,
i.e. for a few seconds, and there is a time timer that converts the electrical
circuit connection from Star to Delta and at the beginning of operation the
curtain connection works, which is the star, which gives less speed but more
torque In order for the electric motor to start rotating and after a specified
period in seconds, the timer switches the connection to delta after the electric
motor has assumed its required speed

RST R
EMG
MCB
95
oL
o8
OFF

o L
|

T T1

L
ém K2
N

Figure 4.3:Star-Delta Connection
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» Control Circuit

The control panel is based on PLC, and contains relay, Push-button and limit switches.

1- Mitsubishi PLC

A programmable logic controller (PLC) microprocessor-based piece of hardware that
is specifically designed to operate in the industrial environment. The PLC type that
will be used is plc Mitsubishi fx1s,as shown in figure 21, that has 48 inputs and 40
outputs. We chose delta PLC because of its good quality, it is easy to be
programmed, has accepted price and meet the required purpose.

Figure 4.4:Mitsubishi PLC

2- Relay [5]

Figure 4.5:Relay

A Relay, as shown in figure 4.5, is an electromechanical device that can be
used to make or break an electrical connection. It consists of a flexible moving
mechanical part which can be controlled electronically through an
electromagnet, basically, a relay is just like a mechanical switch but you can
control it with an electronic signal instead of manually turning it on or off.
Again, this working principle of relay fits only for the electromechanical
relay.

28



3- limit switches

Figure 4.6:Limit Switch

limit switch, as shown in figure 4.6, is a switch operated by the motion of a machine
part or presence of an object. They are used for controlling machinery as part of a
control system, as a safety interlocks, or to count objects passing a point. A limit
switch is an electromechanical device that consists of an actuator mechanically linked
to a set of contacts. When an object comes into contact with the actuator, the device
operates the contacts to make or break an electrical connection.

4- Push-button

Figure 4.7:Push-button

Push button, as shown in figure 4.7 switches have three parts. The actuator, stationary
contacts, and the grooves. The actuator will go all the way through the switch and into
a thin cylinder at the bottom. Inside is a movable contact and spring. When someone
presses the button, it touches with the stationary contacts, causing the action to take
place. In some cases, the user needs to keep holding the button, or to press it
repeatedly, for an action to take place. With other push buttons, a latch connects and
keeps the switch on until the user presses the button again.

29



Table of inputs and outputs

1-

2-

input
X0 Limit switch DOOR NC
X1 Limit switch DOOR NC
X2 Limit switch 2PISTON NC
X3 Limit switch 2PISTON NC
X4 Limit switch WINDOWS NC
X5 Limit switch WINDOWS NC
X6 Limit switch FINAL PIATON NC
X7 Limit switch FINAL PIATON NC
X8 PUSH BUOTTON DOOR OPEN NO
X9 PUSH BUOTTON DOOR CLOSE NO
X10 PUSH BUOTTON WINDOWS OPEN NO
X11 PUSH BUOTTON WINDOWS CLOSE NO
X12 PUSH BUOTTON 2PISTON OPEN NO
X13 PUSH BUOTTON2PISTON CLOSE NO
X14 PUSH BUOTTON FINAL PIATON OPEN NO
X15 PUSH BUOTTON FINAL PIATON CLOSE NO
X16 SWITCH MANUL NO
X17 SWITCH AUTOMATIC NO
X18 PRESSUER SWTICH NC
X19 PRESSUER SWTICH NC
X20 PRESSUER SWTICH NC
Table 4-1: Inputs of PLC
outputs

YO solenoid valve CONTOL PUMP

Y1 solenoid valve CONTOL PUMP

Y2 solenoid valve CONTOL PUMP

Y3 solenoid valve CONTOL PUMP

Y4 solenoid valve CONTOL PUMP

Y5 solenoid valve CONTOL PUMP

Y6 solenoid valve | CONTROL PAILOT 3

Y7 4/3Way Valve PISTON DOOR

Y8 4/3Way Valve | PISTON WINDOWS

Y9 4/3Way Valve PISTON FINAL

Y10 4/3Way Valve 2 PISTON

Table 4-2: Outputs of PLC

30



» Control Panel circuit
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Figure 4.8:Electrical control panel
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Chapter 5 Results and Conclusion

5.1 : Results
5.2 : Conclusion
5.3 : Recommendations
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> Results:

Figure 5.1:Scrab Metal Crusher Machine after installation

e After assembling and installing the required parts in the machine, the machine
was started-up, and the required operations were successfully carried out.

e the pressing process was carried out in the machine in a period of time not
exceeding 40 seconds, depending on the final pressure, and it was put into
service.

e Oil pressure in hydraulic presses up to 300 bar.

e The three stages of hydraulic pressure in the machine work in parallel
depending on the appropriate amount of pressure in each stage.

e At the end of the work, a regular metal bale comes out as shown in figure 5.2,

conforming to the general specifications
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Figure 5.2:Bale from pressing process
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» Conclusion:

After operating the machine, the results showed the importance of programmed logic
control systems in the operation of industrial machines, as a result of the wide possibility
of implementing integrated software applications, in addition to employing measurement
systems and sensors in the work of these controllers to operate machines within highly
efficient procedures.

» Recommendations:

e Installing a system to secure the risks while working in the machine.
¢ Emphasize the importance of regular maintenance of the machine.
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Nominal Force  Press Box Size Bale Size Bale Density =~ Capacity = Cycle Time

(kn) (bewnxh)(mm) (wxh)(mm) (kg/mr’) (kg/h) (s)

HC81T-1250A 1250 1200x700x600 (250-450) =300x300 z1800 1500-2000 80
(400-600) =350x350
HC81T-1600A 1600 1600x%1000%800 (400-600) x400x400 21800 2000-3000 150
{Octagon

HC81T-1600B 1600 1600x1200x800 Eigg_ggg% :igg:igg 21800 2000-3000 160
HC81T-2000A 2000 1600%1200x800 (400-700) =400x400 21800 2500-4000 160
HC81T-2000B 2000 1800x1400x800 (400-700) =400x400 =1800 2500-4000 160
HC81T-2500A 2500 2000x1400x900 (400-700) =500x500 21800 3500-5000 160
HC81T-2500B 2500 2000x1400x1200 (450-800) =600x600 z1800 3500-5000 160
HC81T-3150A 3150 2000x1400x1200 (450-700) =600x600 21800 3500-5000 160
HC81T-3150B 3150 2600x1750x1200 (450-800) =650x650 z1800 4000-5000 160
HC81T-4000A 4000 2600x1750x1200 | (500-1000) x650x650 21800 5000-6500 160
HC81T-4000B 4000 3000x2000x1200 | (600-1100) x600x700 z1800 6000-8500 160
HC81T-5000 5000 5000x2000=1200 | (600-1100) =600x700 21800 9000-11500 180
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