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I am tasked to write a report after designing a factory system to sort 4 different packages according to its size and weight. And the factory will be designed using factory IO which going to be containing minimum of the following data:
· 6 conveyor belts 
· 2 pushers 
· 1 conveyor scale
·  2 Diffuse sensors
·  1 Emergency Stop
·  2 Buttons 
· 1 Siren
· 2 Stack lights
To run the factory, I am going to connect the factory to plc system (ladder logic) that I am going to write with including the HMI screen (root screen) including: 
· Buttons for starting and stopping the system.
·  An emergency stop button 
· A button to reset all counters 
· 4 counters 
· A replication of the stack lights 
· Fault and warning indicators
In addition, to include fault and warning screen displaying the alarm and warnings.
Lastly, including an engineering screen which has data entry points for:
· Pre-setting counter Warning numbers
·  Pre-setting counter Alarm numbers
On the first task I will make some research and write up about the different PLC system manufacturers. Furthermore, will be containing a specification about all the system that I have design 








PLC (Programmable Logic Controllers) 
PLC is program is a sturdy designed that is why now it used in many industrial manufacturing as well as it is functional features, such as sequential control, counters, and timers, moving product and sorting them. [2] [3]
It can be programmed depending on the operation requirements of the application. the most advantages of PLC that you can reprogram it at low costs. [4]

There are 5 different type of programming language for PLC which is divided into 2 section which are:
· Text based 
· Instruction list
· Structured text 
· Graphic 
· Ladder Logic (LLD)
· Function Block Diagram (FBD) 
· Sequential Function Chart (SFC)
[3]
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1. [bookmark: _Toc59117048]Siemens 
There are 2 types of Siemens PLC:
· Compact 
· Modular 

· S7- 200

	PLC type 
	Compact type 

	CPU Available
	CPU 212 to CPU 226

	Digital I/O capacity 
	256

	Analog I/0 capacity 
	38

	Programming software
	Micro win 

	Communication Driver
	PPI (Point to Point interface)


· S7- 300

	PLC type 
	Compact and modular type of plc. Also, it used for small and medium standard industry 

	CPU Available
	CPU 312 to CPU 318

	Digital I/O capacity 
	1024

	Analog I/0 capacity 
	256

	Programming software
	Simatic Manager



· S7- 400
	PLC type 
	Modular type PLC. It used for large scall industry  

	CPU Available
	CPU 412 to CPU 418

	Digital I/O capacity 
	 16384

	Analog I/0 capacity 
	4000

	Programming software
	Simatic Manager



These are the PLC product that Siemens manufacturers make which are in line to SIMATIC S7 family. The step 7 is a strong integrated solution for automation. It provides a programmable, powerful tools which is beneficial for creation of re-useable logic, a structured program architecture, and single project integration of multiple automation devices. [5]

[bookmark: _Toc59117049]S7- 1200
Is a modular and compact controller. It is a multi-functional, secured investment as well as it is suitable for a wide range of applications. It is the ideal for perfuming automation.  [6]
	Advantages 
	Disadvanntages 

	cost
	Limited I/O bandwith 

	Size 
	Local modules maximum of 8 modules 

	Significant capacity 
	

	Multiple hardwar options 
	

	It is very flexable that makes it easy to design customdesign your controller system to meet your needs [6]
	
























Allen‑Bradley
It is a control system help you meet complex to simple application needs. They are part of Rockwell Automation which is the largest PLC manufacturers in the US.
It offers controllers for different sizes of projects. The PAC (programmable automation controllers) is referred for the large applications, which can run entire plant with proper design and planning.
They also, offer a system for smaller application which is MicroLogix, SLC500 /slik five hundred/ and CompactLogix systems.  [7]

SLC 500 Controllers
[bookmark: _Hlk59448411]In memory, I/O power, instruction set, and communication ports, the SLC 500 processors offer a broad range of options to allow you to customise your control system to suit your application specifications exactly. These goods have a long tradition of excellence spanning hundreds of thousands of facilities in a wide variety of applications. [7]
Features 
· Quick efficient processors with memory sizes of up to 64K
· Hundreds of I/O styles and choices for both local and remote with 1746, 1771, Block and Flex I/O modules
· Discrete high-speed capability with specialised I/O
· For industrial environments, designed and manufactured, capable of Withstanding a wide range of humidity and temperature conditions, As well as vibration and shock extremes in handling.
· Process control power: a wide range of analog I/O plus advanced math and PID instructions [7]











[bookmark: _Toc59117050][bookmark: _Hlk58531159]ABB
ABB Automation Devices offer solutions with high performance and flexibility to be deployed effectively in diverse industries and applications including water, building infrastructure, data centres, renewable energy, machine automation, material handling, marine and more.
PLC from ABB comes with custom trigonometric functions. ABB PS501-SCA Internally Developed Safety Code Analyzer opens the door to writing truly well-structured and easy-to-understand code, significantly saving you time and money on certification [8]
[bookmark: _Toc59117051]AC 500
It is a range that provides a flexible, reliable, able to improve and cost- effective solution for the automation. The AC500 PLCs is able to scalable by providing a wide range of devices suitable for basic control tasks or sophisticated automation systems to build and execute configurations. According to the memory, networking and performance capability make it multi- functional, advanced visualization, more operating comfort – for even better individual customer solutions. [8]



[bookmark: _Toc59117055]WAGO Kontakttechnik
This is a German company. WAGO's user-friendly controllers (PLCs) are cost-effective automation solutions due to their ultra-high performance, low power consumption, multiple interfaces, space-saving design and high reliability. [9]
The features are:
· Programmable with e!COCKPIT (CODESYS 3) and CODESYS 2
· Compatible with all standard fieldbus protocols and ETHERNET standards, Fieldbus-independent
· Scalable computing power from fieldbus controllers to PFC100 and PFC200 Controllers
· Combinable with the WAGO-I/O-SYSTEM 750: 500+ I/O modules for maximum flexibility and functional variety
· Perfect extreme environments [9]





Difference between siemens and Allen‑Bradley

	Siemens 
	Allen Bradley 
	ABB

	It works with only 24v dc power supply 
	It has to be connect to both the power supply and to the rack 
	

	Harder to use and need experience 
	It is easy to use and there is no need for experience 
	Difficult but not hard to understand 

	It offers a lot of options to program and customise the process to suit your business model.
	
	

	Cheaper 
	More expensive 
	

	
	
	ABB has proven to be more consistent and reliable for the feature plans 


[10]
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The photo below shows the flow chart of the factory system, that I have design to sort boxes depending on its sizes and weight. I have used YED to draw the flowchart. 
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The figure 4 and 5 shows the microchip that I have used in order to power the components on the factory which is S71200. As it shown on figure5 that the input and output have been connected to the microchip pins.






Network1 
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[bookmark: _Toc59379962]Figure 6

On figure6 it shows how all the system start. When the green button1 (start button) is on and the green button2 (stop button) is off as well as the factory emergency off, then the memory is set and when memory.
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[bookmark: _Toc59379963]Figure 7
 
Components 
· Input (mem1)
· 3 outputs 
· TON timer 
On figure7 showing that when mem1 is on then the siren alarm will be on for 3s and then turn to start the first 2m conveyor.

[bookmark: _Toc59117058]Network 3 
[image: ][image: ][image: ][image: ][bookmark: _Toc59379964]Figure 8




[bookmark: _Toc59379965]Figure 9
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The figure 8 shows the network 3 which have been designed to run the conveyors. The input as is shows is Conveyor 2 which is the first conveyor on the factory and timer 0_db1 is placed in order to start the main conveyor (6m) after 1 second.
The timer DB_2 is to set the side conveyor 4m to run after 1.5 from the start of the system. And same for the next conveyors, to set the conveyors sequentially through a half a second. Accept of the scale conveyor after a second to allow the conveyor to weight the box. 









[bookmark: _Toc59117059]Network 4 
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The figure 10 the components used on PLC are:
· Input (diffuse sensor1)
· 2 x TIP timer 
·  TON timer 
Network 4 which is the instruction to set pusher 1 on. As it shown on figure 7. The input is diffuse sensor 1 which is set on by using TIP timer for 1.5s. However, the TON timer is added to the ladder to set the pusher1 when to start (the time difference between sensor1 and pusher1) which is 900MS. The TIP timer is set to put the pusher1 on for 250MS. 
[bookmark: _Toc59117060]Network5
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[bookmark: _Toc59379967]Figure 11
[bookmark: _Toc59117061]Components 
· Input (diffuse sensor1)
· 2 x TIP timer 
·  TON timer 
It is the same procedure as the network 4. The TIP timer (db_9) is to set the diffuse sensor 2 on for 1s and TON timer is the time difference between diffuse sensor 2 and the pusher which is 700MS. The TOF 
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[bookmark: _Toc59117063]Components 
· Input (pusher1)
· CTU Counter 
The figure 12, this ladder was added to make the pusher count the number of boxes that is pushed.
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[bookmark: _Toc59117064]Components 
· Input (pusher2)
· CTU Counter 
The above figure shows that counter was designed to calculate the number of boxes that was pushed by pusher2.




[bookmark: _Toc59117065]Alarms and warnings 
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Components 
· Input (diffuse sensor3)
· TOF timer 
· CTU counter 
· 2x Output (alarm2 and Warning2)
· Comparator 

This is showing the ladder that is made to set the alarm and warning for sensor 3 which is the first sensor in the system. The TOF timer is set to turn diffuse sensor 3 on at 800MS. The comparator is set at 450, which mean when the counter (sensor3) reaches to 450 boxes, warning2 will be on. The CTU counter is to set the alarm when the number of boxes is 500, then the system will stop.
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Components 
· Input (diffuse sensor3)
· TOF timer 
· CTU counter 
· 2x Output (alarm2 and Warning2)
· Comparator 
The diffuse sensor4 is set for counting the small size boxes, as it shown on the picture above that the TOF timer is to set diffuse sensor 4 on. The comparator is set to a >2 as input and the output is the warning which means that if the number of boxes is >2 the warning will be on. The CTU counter is set to 6 as input and the output is alarm3. Practically, when the number of boxes that detected by sensor 4 get 6, alarm3 will be on and the system will stop. 
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Components 
· Input (diffuse sensor3)
· TOF timer 
· CTU counter 
· 2x Output (alarm2 and Warning2)
· Comparator 
The figure above all shows how the Alarms and warnings are set. 






Network7
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[bookmark: _Toc59379972]Figure 16
This step is set to set the alarm master and alarm repeater. So, if any alarm from the counters was on, the alarm master will be on then alarm repeater.

[image: ]
[bookmark: _Toc59379973]Figure 17
The picture above shows how the warning repeater goes on. So, when any warning come up, the yellow stack light will be on and then the warning repeater. 


Network 9 
[image: ]
[bookmark: _Toc59379974]Figure 18
Components 
· TOF timer 
· Input (diffuse senor7)
· 5 outputs 
· TON timer 
· 2 comparators 
Figure18 shows how the scale conveyor is set. The TOF timer is on the ladder to set the diffuse sensor7. This step in practical is to stop the scale conveyor for 1s to weight the box, if it is >4.5, scale conveyor will be on and the pop sorter move the box to the right. If the box is <4.5 then the scale conveyor will be on after 1s and the pop-up sorter will move the box forward.















Conclusion 
This assignment I was given as an Electrical and Electronic Engineering. Although, I was familiar with using PLC system, this assignment has taught me more and get me more knowledge about using the ladder diagram.
In conclusion, I have designed a PLC system using a ladder logic as well as a factor using a factory io. The plc system is designed to control the factory that was designed to sort out a different size boxes.
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