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Abstract: 

 

A cardboard baler is a machine that possesses many modern technologies based on the 

establishment of industrial automation engineering to achieve sustainable development 

and environmental protection. The suffering of factories and commercial establishments 

from the phenomenon of accumulation of waste of various kinds, such as cardboard and 

plastic, led to the manufacture of a machine that helps to organize waste in a more 

appropriate way to be recycled and benefited from. 

 

 The electrical components and mechanical components were selected and linked 

through study and analysis to employ these components in proportion to the goal for 

which the machine was made and its principle of operation. Where the machine built to 

produce from two to four bales per hour with 70*70*70 cm and 30 kg of compressed 

cardboard or other waste, through its consumption of electrical energy by half a dollar 

per hour with a single-phase feed source. 
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 ملخص:

 

مكبس الكرتون عبارة عن آلة تمتلك العديد من التقنيات الحديثة القائمة على ترسيخ هندسة 

أدت معاناة المصانع والمنشآت  البيئة، حيثنمية المستدامة وحماية تمتة الصناعية لتحقيق التالأ

التجارية من ظاهرة تراكم المخلفات بمختلف أنواعها كالكرتون والبلاستيك، إلى صنع آلة تساعد 

  .على تنظيم المخلفات بطريقة أنسب لإعادة تدويرها والاستفادة منها

 

ات الميكانيكية من خلال الدراسة والتحليل لتوظيف وربط المكونات الكهربائية والمكون ختيار اتم 

ي صنعت له الآ
، حيث تم بناء الالة لانتاج لة ومبدأ عملها هذه المكونات بما يتناسب مع الهدف الت 

ي الساعةمن اثنان الى اربعة 
 
من الكرتون المضغوط  كغم  30 بوزنسم و  70*70*70بأبعاد  بالات ف

ي الساعة او المخلفات الاخرى وذلك من خلال ا
 
ستهلاكها للطاقة الكهربائية بمقدار نصف دولار ف

 بمصدر تغذية احادي الطور. 
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1.1 Introduction   

 Carton baler is a widely used baler for recyclable hard materials such as cartons, plastic, 

car tires, clothes, and other waste. 

 

The baler makes the waste block into bales with dimensions suitable for transportation 

needs. 

Baler optimizers improve paperboard recycling and waste handling efficiency and are 

an important tool for businesses and organizations of all sizes. 

 

   1.2 Project Idea Description 

  The main objective of this project is to design a press machine for cardboard and 

plastic, choose its appropriate dimensions, and control its parts through a programmed 

logic controller (PLC). 

 

 

   1.3 Project Objectives  

This project will achieve the following objectives:  

1) Study the Product packaging. 

2) Design the body of the machine. 

3) Implement a Hydraulic piston and control it. 

4) Implement a control system for the baler machine to control the motor pumps 

and cylinder. 

 

Connecting parts and controlling them through a programmable logic controller (PLC). 

 

1.4 Project Importance  

The importance of the project is concentrated on the following points: 

1. Provide an easy way to control the machine. 

2. Save time and effort for factory workers and for the markets. 

3. Provide a suitable machine and give us suitable output stuff. 
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4. The work of a control system in a way that provides safety for the worker and 

the machine. 

This machine came to reduce the spread of waste, maintain a clean city, reduce the 

burden of violations on shop owners, and provide a source of raw materials by recycling 

the waste that was weighed inside the press. 

In addition, the machine enjoys ease of transportation, its appropriate size, and the 

possibility of connecting it to the power source available in homes. 

 

 

 

1.5 Project Motivation 

 

Increasing the percentage of waste, prompting the municipality, which would monitor 

violations related to the environment, public health, and infringement on the general 

appearance of the city, to impose fines on shop owners to preserve the environmental 

situation and the aesthetic of the town and to show it in the best way. The idea of this 

machine came to reduce the accumulation of waste in front of the shops and the 

containers to preserve the city in its best form and benefit from the waste by recycling it 

and reduce the burden on the municipality in transporting the waste and avoid the shop 

owners from paying the fines resulting from these violations. 
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1.6 Block Diagram 

 

The motor fed by a single-phase voltage source from a single-phase VFD Converter and 

the motor connected to the cylinder by a mechanical link. The status of the cylinder will 

be read through a sensor and sent to the PLC to work in a way that ensures high product 

quality and high efficiency as shown in Figure (1.1). 

 

Figure (1.1) General Block Diagram  
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1.7 Time Schedule  

Table (1.1) illustrates the tasks that were accomplished it takes weekly for each 

task: 
Table (1.1) Time Schedule First Semester Introduction to Project  

  

 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  

Finding Project Idea                                

Proposal                                

Search and Collect data                                

Documentation                                

Preparing for presentation                                

Print documentation                                

 

 

Table (1.2) illustrates the tasks that were accomplished it takes weekly for each 

task: 
Table (1.2) Time Schedule Second Semester Graduation Project  

  

 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  

Purchase of parts and equipment                               

Implementation the project                                

Documentation                                

Preparing for presentation                                

Print documentation                                

Week   

Activities   

Week   

Activities   
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1.8 Work Plan and Technology   

 

 The appropriate structure of the machine built in proportion to the different 

components of the machine, such as the cylinder, to ensure the durability of the 

machine and increase its life span.  

 The programmer logic controller programmed to suit the machine and facilitate 

the operation of the machine by the user in safe ways.  

 Searching for the appropriate machine’s components to serve the machine’s work 

appropriately.  

 Connect the control panel's electrical parts in inappropriate ways. 

 Employing electrical and design programs in our studies, such as Sketch-up, 

AutoCAD, and Festo. 
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1.9 Budget 

After studying and analyzing the components of the project, the prices as a total will cost 

2000-3500 $ as shown in table (1.3). 

 

Table (1.3): Price List. 

# Name of part Quantity Cost 

1 Structure and implementation  1 1200$ 

2 Power switch and circuit breakers 8 80$ 

3 PLC 1 220$ 

4 VFD Converter 1 280$ 

5 Motor 1 170$ 

6 Pump 1 120$ 

7 Valve and coil 1 200$ 

8 Pressure Switch 1 210$ 

9 Cylinder 1 280$ 

10 Sensors 5 100$ 

11 Another electrical component ----- 150$ 

12 Engineering supervision and job ----- 300$ 

 Total  3310$ 
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2.1 Overview   

In this chapter a brief review of all components that should be used in this project, 

concerning their principle of operation, production flow, and need for feedback signals  

 

2.2 Block Diagram  

Figure (2.1) appeasers a functional block diagram illustrating the machine’s 

operation 

 

Figure (2.1) Block Diagram 
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  The motor will be fed with a single-phase voltage source by PLC control.  

The supply source will be transmitted to the motor through a transducer, the motor will be 

mechanically connected to the pump, and the cylinder will be controlled through the valves 

which will be controlled by PLC.  The status of the cylinder will be read through a sensor 

and sent to the PLC.  

Signals will be taken to study the condition of the cylinders and doors and returned to the 

PLC so that the machine can operate in a manner consistent with the protection systems.  

By means of the power switch, the programmable logic controller will be fed with 

electricity, which in turn will completely control the operation of the machine. 

 

2.3 Project Components 

The main project components can be stated as follow: 

1. 1- Phase Power supply. 

2. Power switch and circuit breakers. 

3. PLC. 

4. VFD Converter. 

5. Motor. 

6. Pump. 

7. Valve. 

8. Cylinder. 

9. Sensors. 
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 2.4 Principle of the Work Components 

 

All components of the system are selected and their working principle is known in order 

to the general shape of the machine and determines the sequence in which the energy 

will pass through the components to achieve the productivity of the machine. 

  

2.4.1 Power Switch and circuit breakers   

 

Figure (2.2) Switch and circuit breakers 

 

The main switch, power switch, and on/off switch are the three main classifications of 

electrical switches that are used in electrical systems. Figure (2.2) shows some types of 

electrical switches. 

Different types of switches are used in the electrical system of the project [1]: 

1. Main switch. 

2. Device switch. 

3. Power switch. 

4. Push-button switch. 

5. Emergency switch. 

6. Limit switch. 

7. Approximate switch. 
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2.4.2 PLC  

 

PLC stands for “Programmable Logic Controller”. A PLC is a computer specially 

designed to operate reliably under harsh industrial environments – such as 

extreme temperatures, wet, dry, and/or dusty conditions. PLCs are used to 

automate industrial processes such as a manufacturing plant’s assembly line, an 

ore processing plant, or a wastewater treatment plant as shown in Figure (2.3) [2]. 

 

 

Figure (2.3) Delta ES2/EX2 PLC Series. 

 

Table (2.1): Comparison between several types of PLC: 

PLC’s Brand and 

Developed Country 

Software Used in the 

industry 

price and 

maintenance 

Siemens PLC 

Germany 

Step 7- Simatic 

Manager 

Littlie use Expensive and 

complicated to 

maintain 

Schneider PLC 

Europe 

Control Expert Medium use Acceptable price 

and high to 

maintain 

Delta PLC Taiwan WPL Soft 

ISP Soft 

Frequently 

used 

Low cost and easy 

to maintain 
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2.4.3 Converter  

 

A Variable Frequency Drive (VFD) is a type of motor controller that drives an electric 

motor by varying the frequency and voltage supplied to the electric motor. Other names 

for a VFD are variable speed drive, adjustable speed drive, adjustable frequency drive, AC 

drive, micro-drive, and inverter. 

 

 Frequency (or hertz) is directly related to the motor’s speed (RPMs). In other words, the 

faster the frequency, the faster the RPMs go. If an application does not require an electric 

motor to run at full speed, the VFD can be used to ramp down the frequency and voltage 

to meet the requirements of the electric motor’s load. As the application’s motor speed 

requirements change, the VFD can simply turn up or down the motor speed to meet the 

speed requirement [3]. 

 

 

Figure (2.4) Converter (VFD)  

 

A variable Frequency Drive (VFD) Converter is used to indirectly convert power 

from an alternating current supply directly into an alternating current load of the 

different voltage levels at a fixed frequency or variable frequency as shown in 

Figure (2.4). 
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How a Variable Frequency Drive Works: 

VFDs give you control over system performance, monitoring the speed of motors 

or pumps and adjusting current on demand. The VFD accepts a 3-phase AC input 

and then outputs the desired AC or DC. This allows motors to operate efficiently 

under load variations. 

 

How the VFD Benefits the System: 

Controlling the motor speed offers many advantages. First, the VFD provides 

greater efficiency in both power use and transfer rate in a pump or motor. The VFD 

senses the load on the system and provides power to compensate. It also manages 

such problems as system malfunctions and overloads. This automatic, intelligent 

control can extend motor life, prevent system failure, and increase operational 

output [3]. 
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2.4.4 Motor 

 

Figure (2.5) 3-Phase induction motor. 

 

 

Figure (2.5) show an induction motor is the most used electrical machine from the 

construction point of view, in the majority of the cases.  Induction motors are by far the 

most common type of motor used in industrial, commercial, or residential settings [4]. 

 

Advantages: 

I. Good Speed Regulation. 

II. High P.F for high-speed setting. 

III. High Efficiency at all speeds except synchronous speed (ns) [5]. 

 

Operating a single motor with a variable frequency drive is not advisable.  

While it is technically possible, the disadvantages far outweigh any benefits that might 

expect. 

 In a majority of cases, it is less expensive to upgrade to a 3-phase motor for use with a 

VFD [3] [4]. 
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Problems with Using a Single-Phase Motor: 

 

Single-phase motors are wound differently than a 3-phase motors. To use a single-phase 

motor with a VFD, the motor must be inverter grade, which means paying to have the 

existing motor rewound, or purchasing a new motor. Even when the motor specifications 

have been met, you may experience single-phase motor operation problems. This is 

commonly noticed at low speeds where the motor is forced to operate at lower rpm [3] 

[4]. 

 

Advantages of Upgrading the Motor: 

 

Modifying a single-phase motor to work with a VFD is not cost-efficient. Rather than 

expending resources to make the necessary changes, it is usually better to upgrade to a 

3-phase motor. In addition to being less expensive, 3-phase motors are often smaller and 

lighter. Upgrading means a longer system life, and greater output control, and will 

provide additional benefits such as reducing operating temperatures [3] [4]. 
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2.4.5 Pump 

 

 

Figure (2.6) Pump 

 

 

Each industry and each pumped fluid have special requirements and require a 

different approach.  

Gear pumps are the most common type of positive displacement pumps, which 

are often used in pumping relatively highly viscous fluids such as hydrocarbons, 

motor oil, liquid fuels, and adhesives. For any rotodynamic pump, as viscosity 

goes up, pump performance diminishes due to increasing in friction. But in the 

case of gear pumps, the effect is the opposite. An increase in viscosity results in 

higher volumetric efficiency as viscous liquids fill the clearances of the pump. 

 

There are two types of gear pumps which are internal and external pumps 

Internal gear pumps typically have better suction capabilities than external gear 

designs and are suitable for high-viscosity fluids as shown in Figure (2.6) [6]. 
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2.4.6 Valve 

 

An oil electro-control valve is used to pass the oil to the cylinder as shown in Figure 

(2.7). 

Directional control valves are devices that influence the path taken by hydraulic fluid. 

The primary functions of a DCV are to stop, start, check, divert, shuttle, and divide 

proportionally the flow of hydraulic fluids in one or more ways [7]. 

 

 

 

 

Figure (2.7) Directional control valve (DCV) 

 

 

 

 

 

DC Coil Retrace 
DC Coil Extend 

Oil Out to Cylinder 

Oil from Cylinder 

Oil Tank 
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2.4.7 Cylinder 

 

Figure (2.8) Double acting cylinder 

Pumping hydraulic fluid to the rod end will retract the piston rod and pumping fluid to the 

head end will extend the piston rod. Most of the raising and lowering devices are 

applications of this type as shown in Figure (2.8) [7].  

 

 

2.4.8 Sensors 

 

Sensors are used in this machine for the stuff in the machine if it’s existed or not and for 

the doors open or close in addition to displacement for the cylinder.    

Factors for choosing sensors: When challenging or buying a sensor, several things 

must be taken into account, including 1 Type of material used 2 Connection distance 3 

Frequency of disconnection and connection 4 Working conditions such as temperature 

and pressure 5 Operating voltage and type 6 load current 7 Connector type and a number 

of terminals 8 PNP or NPN and this selection It is important to know how to connect 

especially with PLC Programmable Controllers.  PNP means that the load is connected 

to the negative terminal of the source and the signal is negative. NPN means that the 

load is connected to the positive terminal of the source and the signal is positive. [1] 



 

31 

 

Optical sensor 

 

It relies on the principle of a currency on a transmitter and receiver of the reflected 

rays that turn into an electrical signal that is used for connection or separation and is 

used to control relatively long distances compared to sensors of other types and is used 

to detect the presence or absence of materials Figure (2.9) [1]. 

 

 

Figure (2.9) Optical sensor  

 Mechanical sensor 

 

Figure (2.10) Limit switch [1] 

Limit switch: A switch that determines or terminates the state of a machine or motor and 

is connected to the control circuit, but depends on a movement in the machine through 

which an order is produced to start, stop, divert, monitor, or mutual protection Figure 

(2.10).   

The switch usually contains one or more contacts, one of which is closed N.C and the 

other is open N.O when activated, the closed contacts are separated and then the open 

contacts are closed [1]. 
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The limit switch is one of the switches that are used in control systems Automatic, as 

almost no mechanical machine is devoid of this, this switch consists of a mechanical 

actuator and connection points. The function of the actuator is to translate the mechanical 

force applied to it to close or open connection points as shown in Figure (2.10) [8]. 

 

There are several types of limit switches that differ from each other in how to activate 

only, and they do not often differ in the shape of the contacts inside, and the contactors 

often bear 10 amperes, and this is suitable for use in the control circuit, such as: "Ending 

and stopping the state of the machine" "Part of the process has started."  "Preventing the 

operation" "Determining the location of the product" "The arrival of the vehicle" and 

"Determining the size and weights” [1]. 

 

 

Pressure Switch 

 

The pressure switch shown in Figure (2.11) is an example of a single pole double throw 

(SPDT) switch, which has a mechanical operation principle.  

All of the components are inside the switch case (F), and it has one inlet pressure port 

(H). In short, the inlet pressure pushes a piston (D) against a spring (C) that has a known 

resistant force.  

Then, the piston triggers the micro-switch (A), moving it between normally closed (NC) 

and the normally open (NO) position through an operating pin (B) and an insulated trip 

button (E). 
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Figure (2.11) Sketch from Pressure switch 

 

To set the pressure level at which the micro-switch switches between NC and NO, the trip-

setting nut (G) changes the spring pocket depth.  

This depth change allows the spring resistant force to increase or decrease, which correlates 

to a set pressure to trigger the micro-switch. The inlet pressure (H) exerts pressure upon 

the operating piston (D), generating a force opposing the range spring (C). 

 Once the inlet pistons force is higher than the opposing spring force, it pushes the operating 

pin (B) into the insulated trip button (E).  

This button then moves the micro-switch from the NC position to the NO position. If the 

pressure decreases below the spring force, the button, pin, and piston move away from the 

micro-switch, breaking the connection. The connection then goes from the NO position to 

the NC position as shown in Figure (2.12). 
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Figure (2.12) Pressure switch 

 

 

After knowing the required elements in the machine, these parts 

will be identified, selected, and studied in the fourth chapter.  
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Chapter Three 

Mechanical Components 

Selection 
 

  

3.1 Overview   

3.2 Functional description and flowchart  

3.3 Mechanical body design 

3.4 Mechanical parameters calculation and components selection 
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3.1 Overview   

The functional flowchart is illustrated. The mechanical design is going to be 

described throughout the proposed flowchart illustrated in Figure (3.1) The main 

function of this chart is how to control the machine in our system. 

 

3.2 Functional description and Flowchart  

Functional description: The following describes the operation sequence of the machine 

from placing the waste to removing the bale 

1.  The carton is packed manually by a worker through the feed opining, and the 

working mechanism of the machine is determined by two automatic and manual 

systems, one of which the worker chooses through the selector switch located on 

the control panel. 

2. In manual operation, the worker can control the machine during the pressing 

process by controlling the cylinder through continuous pressure on the push 

button Down or the lifting push button UP located on the control panel. In the 

case of selecting manual operation, the Yellow lamp is ON with operation, the 

Green lamp is ON and the Yellow lamp is kept ON. 

3. In auto operation the Yellow lamp is ON after the operating conditions are met 

door close, door out close, Limit switch retrace enable and optical sensor 

enables this is to indicate that the machine is ready to run. 

4.  The worker presses the operation button once to start the three-stage pressing 

process the first stage is either to reach the end of the cylinder limit switch 

extend enable or the second stage, getting a pressure of 70 bar on the carton 

through the pressure switch signal, or the third stage, which is the last and final 

stage or the product formation stage is called, where a pressure of 70 bar is 

reached through the pressure switch At the same moment that the limit switch 

level is enabled. 
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5. When the cylinder returns after the first or second stage, the carton is placed 

manually by the worker, and the process is repeated after fulfilling the operating 

conditions until the final stage is reached.  

 

6. In the final stage, three lights are ON Green is ON, Yellow is ON, and Red is 

ON, to alert the worker that the product is ready to be removed from the 

machine. Before removing the product from the machine, the bale is tied 

manually by the worker and a signal is given to the machine to complete that 

process by pressing on the push button finish without the need to fulfill the 

operating conditions. 

 

7. In the event of any Error in the operating conditions door close, door out close, 

Limit switch retrace enable and optical sensor enables, the Red light is ON. 

 

8. The worker can switch from automatic to manual mode or vice versa at any 

stage of operation. 
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Flowchart for controlling the system parameters 

Through the previous functional description, the work algorithm becomes clear to us, as 

shown in Figure (3.1).   

 

Figure (3.1) Flowchart for the machine 
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3.3 The machine Body design 

The parts were placed on the machine and designed in accordance with the nature of the 

machine’s work and the nature of its use. Iron bars were chosen to protect the general 

structure of the machine during the pressing process. The base of the machine was made 

to facilitate its movement from one place to another through the traction cart. The piston 

and pump were placed at the top to reduce the space of the machine and where it fits with 

the work of the machine as a whole as will be explained in this part. 

The final shape of the machine to be manufactured is illustrated which was drawn using 

Sketch-Up in Figure (3.2). 

 

Figure (3.2) Overall view of the Machine 
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Figure (3.3) Overall view of the Machine 

 

The final shape of the manufactured machine is shown in the Figure (3.3) with the parts 

that have been selected. 
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Figure (3.4) shows the external structure of the machine and the distribution of the parts 

of the drive system in the machine. 

 

 

 

 

 

Figure (3.4) Place component of the drive system 
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Figure (3.5) shows the multiple interfaces of the machine so that its dimensions are 

determined in proportion to the machine's work and the nature of its use. 

 

Figure (3.5) Dimension of the machine in cm. 
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3.4 Mechanical parameters Calculation and 

components selection 

 

Analysis of piston-cylinder force and time to achieve desired pressure to Calculate 

pump flow rate and pressure power [7]. 

The Area occupied by the flow oil inside the cylinder is equal to area of Bore piston 

subtracted from its area Rod piston as follows:  

 

                                                   𝐴 = 𝐴𝐵 − 𝐴𝑅                                               (3.1)       

 

Where: 

- 𝐴𝐵: Area of Bore Piston, 𝑐𝑚2 

- 𝐴𝑅: Area of Rod Piston, 𝑐𝑚2 

- A: Area occupied by the flow oil inside the cylinder, 𝑐𝑚2 

 

The Area of Bore piston as follows: 

 

                                                   𝐴𝐵 = 𝑅2𝜋                                                  (3.2)       

 

Where: 

- R: Radius of Bore Piston , cm 

 

With the Bore piston radius = 5cm the area of the Bore piston 𝐴𝐵 = 78.54 𝑐𝑚2. 
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The Area of Rod piston as follows: 

 

                                                   𝐴𝑅 = 𝐷2 𝜋

4
                                                  (3.3)       

 

Where: 

- D: Diameter of Bore Piston , cm 

 

With the Rod piston diameter = 5 cm the area of the Rod piston 𝐴𝑅 = 19.64 𝑐𝑚2. 

 

With the area of Bore piston 𝐴𝐵 = 78.54 𝑐𝑚2 and the area of Rod piston 𝐴𝑅 =19.64 𝑐𝑚2 

The Area occupied by the flow oil inside the cylinder A = 58.9 𝑐𝑚2. 

 

The compressive force is expressed through multiply the Area occupied by the flow oil 

inside the cylinder by operating pressure from pump as follows: 

 

                                                   F= AP                                                        (3.4)       

 

Where: 

- F: is compressive force, N 

- P: Operating Pressure, bar 

 

 

With the Area occupied by the flow oil inside the cylinder A = 58.9 𝑐𝑚2 and operating 

pressure of P = 70 bar, compressive force should be F = 4123 N. 
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The force of weights is expressed in newton by multiplying the mass by the 

gravitational factor as follows: 

 

                                                   𝐹𝑊 = mg                                                        (3.5)       

   

Where: 

- m: mass, Kg 

- g: gravitational factor, 9.81 

Figure (3.6) Sketch for the force. 

                                               

With a mass of baler slab = 83 Kg, the Weight force = 814.23 N 

The actual force pressure in extended cylinder is expressed through the compressive 

force subtracted from its Weight force as follows: 

 

                                                   𝐹𝐴 = F-𝐹𝑊                                                       (3.6)       

 

FA 

FA 
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Where: 

- 𝐹𝐴: is Actual Force, N 

- 𝐹𝑊 : Weight force, N 

 

With Weight force = 814.23 N and compressive force should be F = 4123 N, Hence the 

actual force pressure in extrude cylinder 𝐹𝐴= 3308.77 N. 

 

The actual force pressure in retracted cylinder equals the compressive force and Weight 

force as follows: 

 

                                                   𝐹𝐴 = F+𝐹𝑊                                                       (3.7)       

  

 With the Weight force = 814.23 N and compressive force should be F = 4123 N, Hence 

the actual force pressure in retraced cylinder 𝐹𝐴=4937.23 N. 

 

The pressing speed by: 

 

1. Estimate the time required in our machine at 22 seconds  

2.  The pressing distance in the machine (Stroke length) is 84 cm 

 

 

                                         𝑉 = 𝐿/𝑡                                                     (3.8) 

 

Where: 

- V: velocity, cm/s 

- L: Distance, Cm 

- t: Time, Second 

 

𝑉 = 3.82 𝑐𝑚/𝑠 
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The oil flow rate for the pump is expressed in newton by multiplying the velocity by the 

useful piston surface area [9] as follows: 

 

                                       𝑄 = 𝑉𝐴                                                   (3.9) 

 

Where: 

- Q: Oil flow, L/min 

- V: velocity, cm/s 

- A: useful piston surface area, 𝑐𝑚2 

 

With an area of A = 58.9 𝑐𝑚2 and velocity V = 3.82 cm/s, the oil flow rate for the pump 

should be Q=13.5 L/min. 

The total pump efficiency (Volumetric efficiency and Mechanical efficiency) in the 

internal gear pump between the presser 50 to 150 bar getting between 85% to 90% [10]. 

 

The pump speed in rpm as flowing: 

 

                                          𝑁 = 𝑄/𝑉𝜂𝑡𝑜𝑡                                             (3.10) 

 

Where: 

- N: pump speed, rpm 

- Q: Oil flow, L/min 

- V: Displacement the pump, 𝑐𝑚3/rev 

- 𝜂𝑡𝑜𝑡: The total efficiency in pump 

 

With the oil flow Q = 13.5 L/min, the displacement V = 12 𝑐𝑚3/rev and total efficiency 

is 85% the pump speed N = 1323.5 rpm.   

 

 

The power of the pump: 

 

                                          𝑃𝑘𝑊 = P𝑄/600                                             (3.11) 
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Where: 

- 𝑃𝑘𝑊: electrical power, kW 

- P: Operating Pressure, bar 

- Q: Oil flow, L/min 

 

𝑃𝑘𝑊 = 1.6 𝑘𝑊 

 

 

The power in hp: 

 

                                          𝑃ℎ𝑝 = 𝑃𝑘𝑊/0.746                                            (3.12) 

𝑃ℎ𝑝 = 2.11 ℎ𝑝 

 

 

  

 

 

 

 

The Cylinder Datasheet is attached In Appendix A 

The Pump Datasheet is attached In Appendix B 

The Valve Datasheet is attached In Appendix C 

 

Table (3.1): Selected mechanical components ratings: 

 

Mechanical Components  

and calculations 
Value 

The Bore piston radius in cm 5  

The rod piston diameter in cm 5  

The stroke length in cm 84  

The pressing speed in cm/s 3.82  

 The oil flow in L/min 13.5 

The speed of the pump in rpm  1323.5  

The power of the pump in kW 1.6 
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4.1 Overview   

This chapter will talk about electrical circuits and control methods during this 

project, as talked in previous chapters about what parameters want to control and the 

main components in the system. Such as the follower.  

 

4.2 Motor 

 

Referring to the power needed to work the pump in chapter three, 1.6kW it is the 

mechanical power that the pump needs to pump 13.5 L/min with an operating pressure 

of 70 bar. And the speed 1323.5 rpm in order to rotate the pump at the appropriate 

speed for the requirements of the system and the line voltage from VFD is 220V. 

MMSTD – SINGLE PHASE motors – 230V, 50Hz, 3hp, 4-pole, with a rated speed of 

1350 rpm, and a power factor is 0.7 and the efficiency 0.85.  

 

The electrical power of single phase  𝑃𝑖𝑛 = 𝑉 𝐼 𝐶𝑜𝑠𝜃 

 𝑃𝑖𝑛 =
𝑃𝑜𝑢𝑡

η
 

With the electrical power = 2200W and with efficiency η = 0.85 the output power of 

motor Pout = 1875.95W. 

The current in single phase motor as follows: 

                                     𝐼 =
𝑃𝑖𝑛

 𝑉 𝑐𝑜𝑠𝜃
                                     (4.1) 

 

Where: 

- 𝐼: current, A 

- 𝑃𝑖𝑛: input power, W 

- 𝑉: voltage, V 

- 𝑐𝑜𝑠𝜃: power factor 
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With power = 2200W, line voltage = 220V and power factor (PF =  𝑐𝑜𝑠𝜃 ) is 70% the 

motor current 𝐼 = 14.28 𝐴 

 

The speed of motor is [4]: 

                                 𝑛𝑠 = 120𝑓/𝑃                                (4.2) 

 

Where: 

𝑛𝑠: Synchronous speed, rpm. 

F: Frequency, Hz. 

P, Number of poles. 

𝑛𝑠 = 1500𝑟𝑝𝑚 

 

The torque of the motor: 

                                 𝑃 = 𝑇 𝜔                                             (4.3) 

 

𝑇 = 15.56 𝑁. 𝑚 

 

The current of single phase motor: 

                                     𝐼 =
𝑃𝑖𝑛

 𝑉 𝑐𝑜𝑠𝜃 
                                 (4.4) 

𝐼 = 14.28 𝐴 
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Fig (4.1): Nameplate of three phase induction motor 

 

SIEMENS – THREE PHASE motor – ∆/Y 230/400V, 50Hz, 3hp, 4-pole, with a rated 

speed of 1420 rpm, and a power factor is 0.82 and the efficiency 0.81.  

 

The electrical power of three phase 𝑃𝑖𝑛 3∅ = 3 𝑉𝐿 𝐼𝐿 𝐶𝑜𝑠𝜃 

 𝑃𝑖𝑛 =
𝑃𝑜𝑢𝑡

η
 

With the electrical power = 2200W and with efficiency η = 0.81 the output power of 

motor Pout = 1787.67W. 

The current in three phase motor as follows: 

                                     𝐼 =
𝑃𝑖𝑛

 √3 𝑉𝐿 𝑐𝑜𝑠𝜃
                                     (4.5) 

 

Where: 

- 𝐼: current, A 

- 𝑃𝑖𝑛: input power, W 

- 𝑉: line voltage, V 

- 𝑐𝑜𝑠𝜃: power factor 
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Power factor varies considerably with the motor mechanical load. An unloaded motor is 

analogous to a transformer with no resistive load on the secondary. Little resistance is 

reflected from the secondary (rotor) to the primary (stator). 

In three phase induction motor power factors getting between 80% to 90% [11]. 

With power = 2200W, line voltage = 230V and power factor (PF =  𝑐𝑜𝑠𝜃 ) is 82% the 

phase current 𝐼 = 3.88 𝐴 

The speed of motor is [4]: 

                                 𝑛𝑠 = 120𝑓/𝑃                                (4.6) 

 

Where: 

𝑛𝑠: Synchronous speed, rpm. 

F: Frequency, Hz. 

P, Number of poles. 

𝑛𝑠 = 1500𝑟𝑝𝑚 

 

The torque of the motor: 

                                 𝑃 = 𝑇 𝜔                                             (4.7) 

 

𝑇 = 14.8 𝑁. 𝑚 

The current of three phase motor: 

                                     𝐼 =
𝑃

3  𝑉  𝑃𝐹
                                   (4.8) 

𝐼 = 3.88 𝐴 
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Table (4.1): Different between induction motor single and three phase. 

Difference Elements 

Induction Motor 

Single phase Motor Three phase Motor 

Voltage Source 
Through MCB circuit 

breaker 
Through VFD 

Connecting with VFD Connection through 

electrical circuits 

Direct Connection 

Type connection Delta 

Voltage 230V 230V 

Motor Current 14.28A 3.88A 

Torque 15.56N.m 14.8N.m 

Power 2200 W 2200 W 

Speed 1350 rpm 1420 rpm 

Cost 250$ 200$ 

Availability in the local 

market 
Less available More available 

Size of motor Small Medium 

 

Through this data, a three-phase motor was chosen for the project due to its availability 

in the market, as it provides high productivity for the machine 
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4.2.1 Circuit Breaker 

A circuit breaker is a switching device that interrupts the abnormal or faults current. It 

is a mechanical device that disturbs the flow of high magnitude (fault) current and in 

addition, performs the function of a switch. The circuit breaker is mainly designed for 

closing or opening an electrical circuit, thus protecting the electrical system from 

damage [12]. 

 

Circuit Breaker 

CB= Next Standard (1.25×𝐼𝑛)                                         (4.9) 

 

                               CB=10A 

4.2.2 Overload  

To protect the motor we used overload switches and defined as overload relays are 

intended to protect motors against excessive heating due to long-time motor currents up 

to and including locked motor currents. Protection of the motor due to short circuits or 

grounds is a function of circuit breakers, or motor short-circuit protectors [12]. 

Overload 

OL=In×1.05                                                                       (4.10)      

OL=10A 

The Motor Datasheet is attached In Appendix D 

Table (4.2): Selected protection components ratings: 

Name Current (A) CB size(A) Overload size(A) 

Motor 3.88 𝐴 10A 10A 
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4.3 Convertor 

 

By adjusting the frequency and voltage of the power entering the motor, the speed and the 

torque may be controlled. The actual speed of the motor, as previously indicated, is 

determined as Ns = ((120 x f) / P) x (1 - S) where: N = Motor speed; f = Frequency (Hz); 

P = Number of Poles; and S = Slip. Circuit of VFD and how finally gets a variable voltage  

And variable frequency [3]. 

 

In Figure (4.4) the motor is connected to the VFD by connecting the poles of the motor to 

the output of the VFD and the VFD is connected to the single-phase voltage source by 

connecting the source wires to the input of the VFD. 

 

Figure (4.2): VFD connection with Motor. 

After determining the power of the motor, a VFD was chosen with a capacity equal to 

the power of the motor, and the type of input voltage source (single phase or three 

phase) was determined.  

Therefore, the machine needs a VFD with a 1hp, as is known in the markets, and a 

single-phase feed source to suit the work environment. 

The VFD DELTA_022EL21W_1 Control Diagram is attached In Appendix E 
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 4.4 Controller 

 

 Delta ES2/EX2 PLC Series. Compact with MPI should be used in this project [2] 

 

The project contains a set of inputs and outputs that will be linked through the PLC. An 

appropriate and sufficient PLC must be selected for these inputs and outputs, which are 

as follows: The inputs are sensors and there are eleven sensors there are three switches, 

and six outputs. 

 

The second determinant of choosing a PLC is the availability of this device in the local 

markets and the availability of its software program. 

 

 

The PLC DELTA-DVP24ES2 Datasheet is attached In Appendix F 

 

 

Table (4.3) PLC Compare devices 

Device Cost Software  

Schneider High difficult to handle with 

Siemens Mid difficult to handle with 

Delta Low Easy to handle with 
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4.5 Sensors  

 

Sensors are used in this machine for the stuff in the machine if it’s existed or not 

and for the doors open or close in addition to displacement for the cylinder.    

 

Factors for choosing sensors: When challenging or buying a sensor, several things 

must be taken into account, including 1 Type of material used 2 Connection distance 3 

Frequency of disconnection and connection 4 Working conditions such as temperature 

and pressure 5 Operating voltage and type 6 load current 7 Connector type and a number 

of terminals 8 PNP or NPN and this selection It is important to know how to connect 

especially with PLC Programmable Controllers.  PNP means that the load is connected 

to the negative terminal of the source and the signal is negative. NPN means that the 

load is connected to the positive terminal of the source and the signal is positive. [1] 

 

The programmed logic controller gives an electrical signal with a DC voltage of 24 

volts, as it supplies the sensors with this voltage, so the machine needs sensors that 

operate with a voltage of 24 volts as shows in the Figure (4.3). 

Figure (4.3): PLC Ports. 
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Table (4.4) Sensors Selection 

Sensors  Name  Type Voltage Cause of chose Place 

Limit 

Switch  

LS Door in Mechanical  24V/DC To match the inputs and 

voltages of the PLC 

In the Feed opening  

Limit 

Switch 

LS Door out Mechanical 24V/DC To match the inputs and 

voltages of the PLC 

In the outlet hole 

Limit 

Switch 

LS Retrace Mechanical 24V/DC To match the inputs and 

voltages of the PLC 

At the top baler  

Limit 

Switch 

LS Level Mechanical 24V/DC To match the inputs and 

voltages of the PLC 

 At the middle baler 

Limit 

Switch 

LS Extend Mechanical 24V/DC To match the inputs and 

voltages of the PLC 

At the lowest baler  

Optical 

Sensors 

S Optical  Electrical  24V/DC To match the inputs and 

voltages of the PLC 

Inside the baler 

opposite the feed 

opening  

Pressure 

Switch  

S Pressure  Mechanical 24V/DC To match the inputs and 

voltages of the PLC 

On the oil tank after 

DC Valve  

 

Pressure Switch is attached In Appendix G  
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4.6 Design the Control Unit 

 

Figure (4.5) show the connection between the system modules, PLC with sensors, 

and actuator.  

 

 

Figure (4.4): PLC connection with sensors and actuator 

 

After connecting the sensors through low-voltage control wires in the PLC and 

connecting them to the control circuit, the PLC performs the operation based on the 

conditions of the sensors used, where they are directed to the control circuit of the 

motor and pump and valve. 
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4.6.1 Hydraulic and Power Circuits 

          

 The following Figure (4.5) shows the hydraulic diagram of the system and how the 

hydraulic parts are connected to each other. 

 

 

Figure (4.5): Hydraulic Circuit 
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Figure (4.6): Control Circuit 

 

         Through the pump, the oil is pumped through the pipes of the cylinder by the 

valve A-P which is controlled by the PLC. The process of extruding the cylinder is 

started until it reaches the end switch of the first half, which in turn sends a signal to the 

PLC to activate the valve B-T to enable the cylinder to return to the normal position. 

 

PLC Code is attached in appendix I 
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In a power circuit, an overload is used to protect the motor as the motor is connected 

with the VFD. The motor is grounded and connected to the grounding network for 

protection. The VFD is directly related to a voltage source through the Circuit Breaker 

for protection. Figure (4.7) VFD is controlled by PLC. 

 

Figure (4.7): Power Circuit for motor 
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5.1 Introduction 

 

This chapter will talk about the practical implementation of the project and the result of 

the machine from the design of the machine to the final result for it. 

In the Figure (5.1) the machine at the beginning of the design and before implementation. 

 

 

Figure (5.1): Design and before implementation 
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In the Figure (5.2) the machine at the end of the implementation. 

 

Figure (5.2): Machine after implementation 

 

The machine after implementation and the different form the design the colors and the 

open of the doors in the design the door open to the right and in the implementation the 

doors open to the left.  
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5.2 Practical Result 

 

 

Figure (5.3): Machine Control Panel From Inside 

The control panel of the machine as illustrated in Figure (5.3) and it contain the devices 

and the connection of the power and control circuit. 

Where the VFD was placed at the top of the Control panel according to the conditions of 

its installation Protection devices such as Circuit Breaker and Relay are placed on the 

OMGA Bridge beside the programmed logic controller. 
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Figure (5.4): Machine Control Panel From Outside  

In the Figure (5.4) shows the control panel of the machine through which the worker can 

control the operation of the machine as shown on the identification labels for the function 

of each button. 



 

69 

 

 

Figure (5.5): Motor for pump unit 

As shown in the Figure (5.4), the location of the Motor in the machine is above the oil 

tank and close to the cylinder, as it passes the oil from the tank to the cylinder, which is 

an important part of the hydraulic oil pump. 
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Figure (5.6): Cardboard Bale 

  

In the adjacent Figure (5.6) the final product of the cardboard press is in the form of bales 

with dimensions of 70L* 70W * 70H cm and the Wight of the bale 25kg to be recycled. 
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Table (5.1): Project description 

Project description Model CBHM5/70 

 Voltage Source 1 Phase  

Feed Opening (80*60) 

(L*H)cm 

APPROX. Bale Size 70*70*70 

(L*W*H)cm 

Bale Weight 25-40kg 

Capacity 2-4 bales/h 

Total Force  5 ton 

Main Motor 2.2kW (3hp) 

Main Cylinder Bore 

Piston Rod 

Stroke 

10cm 

5cm 

84cm 

Cycle time (no load) 40s 

APPROX. Machine 

Size 

80*80*245 

(L*W*H)cm 

Wight Machine  690kg 

 

 

Extra Cardboard baler photo is attached in appendix H  
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5.3 Economic Feasibility 

 

The economic feasibility study was conducted through three economic categories as 

follows:  

 

First, the violations imposed on the owners of shops and commercial establishments the 

municipalities impose financial fines on the owners of shops and commercial 

establishments in the event that cardboard waste is found in front of those shops and 

establishments, amounting to 1500 dollars annually, in order to limit the spread of waste 

and preserve the environment and aesthetics of the city. This machine came to reduce these 

violations and this economic burden on the owners of these shops and establishments. 

 

Secondly, the cost of energy consumption and labor the working hours of the Palestinian 

Labor Office depend on 8 hours per day and a minimum wage of $20 per day. This is for 

the labor force. As for the cost of energy consumption, the price of one kilo of electrical 

energy imposed by the Hebron Municipality on its customers is estimated at $0.20. 

Therefore, the energy consumed by the machine Electricity during business hours is $3.5. 

 

Third, the cost of the product the price of one kilo of recycled cardboard is estimated at 

0.09 dollars. Therefore, the price of one average bale weighing 32.5 kilograms equals 

2.74 dollars, and by calculating the average daily production of the machine, which 

equals 24 bales per day, the daily yield of the machine is 65.8 dollars. 
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5.4 Recommendation 

 

 

Finally, we have a number of recommendations that could add to the improvement of the 

project, however we did not have time to implement it and we did not have enough 

experience in mechanical matters. 

 

First, adding an HMI Human machine interface screen to the machine to control the 

machine, monitor its work, and ease of operation and use. 

Secondly, working on adding an additional processing stage for the product (the bale) by 

tying it automatically by placing plastic ties that work automatically to tie the bale and 

remove it in a final and appropriate manner.  

Third, work to reduce the weight of the machine through the use of lighter iron in 

manufacturing in a way that guarantees a correct pressing process without affecting the 

structure and durability of the machine.  
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Conclusions 
Achieving the foundations of sustainable development, which are environmental, 

economic, and social. 

With the increase in the dimensions of the machine, the pressure required to form the bale 

increases, which leads to an increase in energy in operating the pump and an increase in 

its volume. 

The use of customized dimensions in designing the machine structure to bear the pressure 

of the internal machine. 

The final product will be a cube-shaped bale with a width of 70 cm, a length of 70 cm, 

and a height of 70 cm, so it will be easy to transport and make use of. 

The addition of VFD to control the speed of the oil flowing into the piston leads to an 

increase in the productivity of the machine because the increase in pressure speed leads to 

an increase in the speed of forming the final product inside the machine. 

The productivity of the machine is  4 bales per hour, depending on the speed of pressure, 

the amount of waste to be disposed of, and the need for operation. 

The presence of optical sensors inside the machine increases its economy, as these 

sensors will give the machine the right to start work with the required need and the 

required time in a way that ensures saving working time, thus saving energy 

consumption. 

The presence of limit switches in the machine increases its safety, as the limit switches 

will give the machine the right to start work after the safety conditions are met to ensure 

public safety and worker protection. 
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