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1.0 [bookmark: _Toc110235096]Introduction

In this report I am going to develop an automated process using FactoryIO, S7 PLC Simulation & TIA Portal to simulate a package sorting line. This sorting line will sort boxes into desired size/weight. Below I have written the process that I have gone through to not only research the appropriate PLC for the job but to build and test the process.
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[bookmark: _Toc110235070]Figure 1 Factory layout
















[bookmark: _Toc110235097]1.1 PLC’s on the market review
Having researched different brands and types of Programable Logic Controllers used in industry, I have decided to draw up a table pro’s and Cons in order to help identify what key aspects I would consider and why whilst building a factory system for this assignment.
Brands
· Allen Bradley 
· Schneider Electric 
· Siemens
· Mitsubishi
When designing an appropriate PLC system, it is important to outline the criteria needed.  It is important to know what the desired outcome will be for the system and the parameters that it will be confined to. The following considerations are as follows;

1. The requirements of the system
2. Input and output capacity
3. CPU speed requirement
4. Memory size
5. Electrical power requirements
6. Communication 

The two different types of PLC
Unitary (brick)-
A unitary unit is commonly used for small programmable controllers supplied as an integral compact package complete with power supply, processor, memory and input/output units. Typical a plc of this type might have 6,8,12 or 24 inputs and 4,8 or 16 outputs and a memory that can store typically 300 to 1000 instructions. 
 Some unitary systems have the capacity to be extended to cope with more inputs and outputs by linking input/output boxes using a ribbon cable.

Modular/Rack-mounted-
These types of systems require larger numbers of inputs and outputs and are more likely to be modular.  Modular types consist of separate modules for the power supply, processor and input and output cards. These are often mounted on rails. The particular purpose of the PLC, can be decided by using a configuration of a range of different types of modules plugged into the rack, as configured by the developer. Further input, output and memory connections can be added to the rack in order to expand the capability of the system.




PLC Comparisons
Below I have itemised a selection of ‘pros and cons’ for each of the different PLCs. This will help me condense the properties of each and decide upon on certain attributes and how valuable they are to my system.

Allen Bradley - Micro850
	Pros
	Cons

	Ladder
	DIN Rail

	20 Outputs (greatest output)
	Cost £835

	Ethernet, USB
	

	28 Inputs ( Greatest Inputs)
	



Schneider Electric Modicon M241 
	Pros
	Cons

	14 inputs
	CoDeSys Programming language

	Cost £476, Relatively cheap
	DIN Rail

	
	10 outputs 


	
	USB



Siemens S7-1200
	Pros
	Cons

	FBD, LAD, SCL Programming language
	limited Input/Output bandwidth

	DIN Rail, Wall Mount
	Processing Speeds

	Ethernet, USB
	

	14 inputs
	10 outputs

	Cost £430 (Cheapest)
	



Mitsubishi FX5U
	Pros
	Cons

	FBD, Ladder Diagram, ST Programming language
	Panel mount

	Inverter Communication, MELSEC Communication protocol, MELSOFT Connection, Modbus RTUI, N:N Network, Predefined Protocol Support, SLMP, Socket Communication
	Cost £860 (Most expensive)

	16 inputs
	

	16 outputs
	




After analysing the 4 different brands and considering all the attributes and shortcomings of the various PLC capabilities, I have come to the conclusion that the Siemens S7-1200 PLC is the most appropriate for my system. It offers great value for money, has all the performance qualities that I require, and will provide a stable building block for future expansion based on the great versatility within the system.












[bookmark: _Toc110235098]2.0 Factory system design
[bookmark: _Toc110235099]2.1 PLC Tags
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[bookmark: _Toc110235071]Figure 2 PLC Tags
[bookmark: _Toc110235100]2.2 HMI Screen design
Root Screen
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[bookmark: _Toc110235072]Figure 3 HMI Root screen
This is the main operating screen this gives you all your controls, indictors and navigation buttons as stated below
1. Warning light
2. Alarm light
3. Stack light indicator (Stop, Ready, Start)
4. Start button (light up)
5. Stop button (Light up)
6. Total count
7. Large box count
8. Med box count
9. Small Box count
10. Palletising box count
11. Re-set counters button
12. Warnings button



Warning screen
[image: Graphical user interface, application
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[bookmark: _Toc110235073]Figure 4 HMI Warning screen
This screen is the warning screen, this screen shows all the alarms given by the system which is shown by Light up indicators. It also shows the error counts for the large boxes and medium/small boxes. Its also has two navigation buttons. (Home, Engineer screen)
Engineers screen[image: Graphical user interface, application
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[bookmark: _Toc110235074]Figure 5 HMI Engineers screen
This screen is the engineer’s screen. This screen is purely for the use of an engineer to set values for warnings and errors and to also master reset and alarms. It also has 2 navigation buttons, Home and back to the warnings screen. This screen can be password protected for the security of the system. 









[bookmark: _Toc110235101]2.3 Factory IO design
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[bookmark: _Toc110235075]Figure 6 Factory Layout 1
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[bookmark: _Toc110235076]Figure 7 Factory layout 2
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[bookmark: _Toc110235077]Figure 8 Factory layout 3

[bookmark: _Toc110235102]3.0 System design
[bookmark: _Toc110235103]3.1 Operational Flow Chart 

Below is the Operational flow chart of the package sorting line.
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[bookmark: _Toc110235078]Figure 9 Systems operational flow chart










[bookmark: _Toc110235104]3.2 Alarm and warning strategy 

What is a warning?
A warning is a method to warn of the operators that there is something not quite right with the system. However, it will not stop the system completely as it has not created an error that is deemed ‘not recoverable’.
For example, in the system produced for this report one of the warnings would flag if there was a box missing from the line.

What is an alarm?
An alarm will shut down the system to protect either the system, product or operator. When an alarm is raised this alarm in the system will retain/latch so that it cannot be overridden and must be cleared by an engineer manually.
Warnings 
Large box count warning
The Large box count warning will be activated if the error count reaches more than 3, which has been defined by the user. This will illuminate the warning light to indicate that there is a warning present and will also count the number of boxes.
Medium/small box count warning
The Medium/small box count warning will be activated if the error count reaches more than 4, which has been defined by the user. This will illuminate the warning light to indicate that there is a warning present and will also count the number of boxes.

Alarms 
Alarm master
The Alarm master will be activated if an error occurs and an alarm is raised. This alarm in the system will retain/latch so that it cannot be overridden and must be cleared by an engineer manually.

Large box count alarm
The Large box error count alarm will be activated if the error count reaches 6, which has been defined by the user. This will illuminate the alarm light and stop the line. 



Medium/small box count alarm
The Large box error count alarm will be activated if the error count reaches 7, which has been defined by the user. This will illuminate the alarm light and stop the line. 
E-Stop
If the E-Stop is activated this will call for the alarm light to be illuminated and the line is stopped immediately.
Machine E-Stop
If the machines E-Stop is activated this will call for the alarm light to be illuminated and the line is stopped immediately.
Set point for box count
All of the box counters are set to count to 10,000 and then will be reset when the reset counters Bit is true. When each sensor on each station see’s what it is looking for it will increase the number on the counter by 1 each time.
Set point for the boxes fallen off
There are set points for boxes falling from the conveyor. The first sensor counts up to know the number of boxes currently on the conveyor and there are other sensors throughout the system which will count down when the box has been seen. If the box has not been seen on the next sensor, this is then added to the drop box count warning. Once the drop box count has reached its limit (set by the engineer) this will then trigger an alarm. Large boxes are set at 3 and small/medium boxes set at 4.














[bookmark: _Toc110235105]3.3 Ladder logic program
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[bookmark: _Toc110235079]Figure 10 Ladder logic networks
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[bookmark: _Toc110235080]Figure 11 Network 1
This is the link between Siemens TIA V16 and Factory IO. This will allow live simulation.
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[bookmark: _Toc110235081]Figure 12 Network 2
· N/O contact to start button
· Reverse logic on N/O stop button, Stop button will stop the line when activated
· N/C Alarm master to stop line when alarm is active
· When the three above are true this will then energise the operate signal and create a latch on the operate N/O contact to bypass the start button
· The Latch will break when it sees the signal of the alarm master or stop button
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[bookmark: _Toc110235082]Figure 13 Network 3
· When operate is true the signal will pulse for 2 seconds and sound the siren
· Once the siren has alarmed for 2 seconds, Each belt will start successively with a 500ms delay between each this includes a pulse for the conveyor scale set
· The conveyor scale will be reset at Network 9 to allow for boxes to be weighed
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[bookmark: _Toc110235083]Figure 14 Network 4
· When N/O contact is closed and siren alarms the yellow lights will illuminate on each stack indicator
· When the N/O contact closes for the 4m belt the green lights will illuminate to signify that the line is running
· The N/C contact for the 4m belt means that the red lights will be on whenever the machine is not running 
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[bookmark: _Toc110235084]Figure 15 Network 5
· Whenever you get a warning tag that is true this will give a Byte (<>) not equal to ‘0’ and close the contact and this will then activate the warning flag
· This will then tell the operator that there is a warning present
[image: ]
[bookmark: _Toc110235085]Figure 16 Network 6
· Whenever you get an alarm tag that is true this will give a Byte (<>) not equal to ‘0’ and close the contact and this will then activate the alarm master
· Once alarm master is active it will require a manual reset of the Bit on the engineers screen to reset the Byte
· When alarm master is true you will then get the alarm flag which will indicate to the operator that there is an alarm present
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[bookmark: _Toc110235086]Figure 17 Network 7
· N/O operate contact ensures that the pusher cannot be activate if the line is not running
· When diffuse sensor 0 is broken (by a large box) this will activate pusher 1 after a 500ms Time On (TON) delay
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[bookmark: _Toc110235087]Figure 18 Network 8
· N/O operate contact ensures that the pusher cannot be activate if the line is not running
· When diffuse sensor 2 is broken (by a Medium or small box) this will activate pusher 2 after a 750ms Time On (TON) delay
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[bookmark: _Toc110235088]Figure 19 Network 9
· When diffuse sensor 3 is broken the Bit for the conveyor scale will be reset (stop the conveyor) and a 500ms timer will start.
· After the 500ms delay the Bit will set to restart the conveyor scale
· While the conveyor scale is stopped the is a 350ms time on delay to allow the box to settle
· After this delay there is a 10ms pulse to activate the “Ready” Bit. This is used in Network 10
· The pulse is also used to move the live reading to a digital display to allow the operator to visually see the weight of the box
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[bookmark: _Toc110235089]Figure 20 Network 10
· In the 10ms when the ready Bit is active the PLC will use the ladder with the correct weight range
· If the weight is between 2.9kg and 4.25kg it will set the PWS L (Pop up wheel sorter left) and reset PWS R (right) to divert the small boxes to the left conveyor
· If the weight is between 4.5kg and 5.5kg it will set the PWS R (Pop up wheel sorter Right) and reset PWS L (Left) to divert the medium boxes to the right conveyor
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[bookmark: _Toc110235090]Figure 21 Network 11
· When sensor 5 is broken ( sees a box enter the line) it adds 1 to the total count
· When sensor 4 is broken ( sees a Large box exit the line) it adds 1 to the large box count
· When sensor 6 is broken ( sees a medium box exit the line) it adds 1 to the medium box count
· When sensor 7 is broken ( sees a small box exit the line) it adds 1 to the small box count
· When sensor 8 is broken ( sees a palletising box exit the line) it adds 1 to the palletising box count
· These numbers will count upto 10,000 and will be reset when the reset counters Bit is true.
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[bookmark: _Toc110235091]Figure 22 Network 12
· When pusher 1 is activated this will add one to the large box error count.
· Whe diffuse sensor 4 is broken ( sees a Large box exit the line) it subtracts 1 from the large box error count
· When pusher 2 is activated this will add one to the Medium/small box error count.
· Whe diffuse sensor 3 is broken ( sees a Medium/small box reach the conveyor scale) it subtracts 1 from the medium/small box error count
· These numbers will count upto 10,000 and will be reset when the reset counters Bit is true.
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[bookmark: _Toc110235092]Figure 23 Network 13

· The large box warning set will be inputted by the engineer on the engineer screen.
· Once the up/down counter for the large box error count exceeds this number (currently set at 3), this will close the contact and energise the large box error count warning. This will then be shown on the HMI to notify the operator that some large boxes have been dropped.
· The med/small box warning set will also be inputted by the engineer on the engineer screen.
· Once the up/down counter for the medium/small box error count exceeds this number (currently set at 4 due to it seeing more boxes), this will close the contact and energise the medium/small box error count warning. This will then be shown on the HMI to notify the operator that some medium and small boxes have been dropped.
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[bookmark: _Toc110235093]Figure 24 Network 14
· The large box alarm set will be inputted by the engineer on the engineer screen.
· Once the up/down counter for the large box error count exceeds this number (currently set at 6), this will close the contact and energise the large box error count alarm. This will then be shown on the HMI to notify the operator that too many large boxes have been dropped and the line will also stop.
· The med/small box alarm set will also be inputted by the engineer on the engineer screen.
· Once the up/down counter for the medium/small box error count exceeds this number (currently set at 7 due to it seeing more boxes), this will close the contact and energise the medium/small box error count alarm. This will then be shown on the HMI to notify the operator that too many medium and small boxes have been dropped and the line will also stop.
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[bookmark: _Toc110235094]Figure 25 Network 15
· When the N/C contact is broken from the E-Stop being pressed this will activate the machine E-Stop alarm and stop the line.
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4mbelt1
4m belt2
Curved belt 1
Pusher 1
Pusher2
siren
Red light
Yellow light
Greenlight
2mbelt1
2m belt2
Conveyorscale 1+
2mbelt3
PS04
s L

Tag table.
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table
Default tag table

Data type
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Real
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Address a

160
161
162
170
w71
w72
w173
w174
w175
w176
w77
D30
%Q16.0
Q161
Q162
%Q163
%Q16.4
Q165
%Q166
%Q167
*Q17.0
%Q17.1
%Q17.2
%Q173
%Q17.4
%Q175
%Q176
%Q17.7
%Q18.0
%Q18.1
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