[image: Image result for uwtsd]Morgan jones (1706863) 

[bookmark: _Toc59712017][bookmark: _Toc55150493]Factory Control Report
[bookmark: _Toc59712018]Name: Morgan jones
[bookmark: _Toc536705535]Student number: 1706863
[bookmark: _Toc536705536]Module : (CDA6000)
[bookmark: _Toc536705537]Course: Electric and Electronic Engineering


Contents
Factory Control Report	1
Name: Morgan jones	1
Introduction	4
Programmable logic controllers (PLC)	4
PLC Hardware Components	5
Central processing unit (CPU)	5
PLC Programming Language	9
PLC Communications	10
PLC Selection Criteria	11
FactoryIO	13
TIA V16	13
A brief literature review of several PLCs currently used in industry and a table of Pros and Cons.	13
Operational Flow Chart	18
Utilising the components within FactoryIO, design a factory process capable of sorting a range of package sizes and weights (minimum 4 different types).	20
TIA 16 Ladder logic	22
TIA 16 PLC Tags	29
TIA 16 HMI screens	32
Root Screen	32
HMI Alarms and warnings screen	37
HMI Engineering Screen	38
An alarm / warning strategy and the operational parameters of each.	38
Alarm 1	38
Alarm 2 / Warning 2	38
Alarm 3 / Warning 3	38
Alarm 4 / Warning 4	38
Alarm 5 / Warning 5	38
References	39

Introduction
This report is for a factory design and control system using Siemens TIA V16 software and FactoryIO software. This report will contain what FactoryIO and TIA V16 are and what they are used for. There will also be a literature review for multiple PLC’s used in industry, a operational flow chart, a factory design with the ladder logic program, an alarm and warning strategy with their parameters 

[bookmark: _Toc59712020]Programmable logic controllers (PLC)
A PLC is an “industrial solid-state computer that monitors inputs and outputs and makes logic-based decisions for automated processes or machines.” [1]
[image: ]
Figure 1 an Allen-Bradley PLC rack, that contains a CPU, analogue inputs, and outputs with dc outputs. [1]
PLCs are tough and are able to endure rough conditions including high temperature, cold, dust, and severe moisture. The language used to programme is easy to grasp which helps a PLC be programmed with very little difficulty. PLCs are integrated this means they can be connected into a variety of setups. [1]


[bookmark: _Toc59712021]PLC Hardware Components

[bookmark: _Toc59712022]Central processing unit (CPU)
A CPU serves the mind of the PLC. It can be 16 or 32 bit microprocessor containing  a storage chip combined with combined circuits for control, supervising, and interaction. “The CPU instructs the PLC to perform instructions, connect with other devices, carry out logic and arithmetic operations, and perform internal diagnostics. The CPU operates memory routines and is continuously checking the PLC  to avoid programming errors and ensuring the memory is intact”. [1]
[image: ]
Figure 2 PLC system with  inputs, outputs, a power supply, and external programming devices. [1]
Memory offers durable storage for the operating system which is used by the CPU. The system’s ROM stores information constantly for the operating system. “The RAM holds status data for input and output devices, along with values for timers, counters, and internal devices. PLCs require a programming device, either a computer or console, to upload data onto the CPU”. [1]


[image: ]
Figure 3 A CPU operating cycle 
PLCs read signals from various sensors and input devices. The inputs could be sensors, or buttons. The inputs will be analogue or digital. [1]
[image: ]
Figure 4 “Output connections, include signal out (SOL), pilot light (PL), and motor ignition (MI).” [1]
[image: ]
Figure 5 “common inputs in a PLC, including push buttons and switches” [1]



[bookmark: _Toc59712023]PLC Programming Language
There are “five programming languages are used in PLCs. They are defined by the international standard IEC 61131. Ladder logic is one of the most commonly used PLC languages. In it, symbols represent opening and closing relays, counters, timers, shift registers, and mathematical operations. The symbols are arranged into the desired program routine. Rules in ladder logic are termed “rungs.” Each rung has a single output, but a single input can be found in more than one rung.” [1]
[image: ]
Figure 6 “Ladder logic can be scanned by PLCs either in horizontal formats shown here or in vertical formats (column by column starting in the upper left-hand corner)” [1].
“Another programming language is function block diagram (FBD). It depicts functions from input and output variables. These are represented by blocks. FBD is especially useful in illustrating algorithms and logic from interlocked controls systems.” [1]
[image: ]
Figure 7 “Function Block Diagrams use elementary blocks to represent functions and receive inputs from lines entering from the left. Lines exiting to the right represent output results” [1]. 


“Structured Text (ST) is a high-level language that uses sentence commands. In ST, programmers can use “if/then/else,” “SQRT,” or “repeat/until” statements to create programs.” [1]

“Instruction list (IL) is a low-level language with functions and variables defined by a simple list. Program control is done by jump instructions and sub-routines with optional parameters.” [1]

“Sequential Function Chart (SFC) language is a method of programming complex control systems. It uses basic building blocks that run their own sub-routines. Program files are written in other programming languages. SFC divides large and complicated programming tasks into smaller and more manageable tasks.” [1]
[bookmark: _Toc59712024]PLC Communications
“RS-232 is the most common method PLCs use to communicate with external devices. It is a serial communication standard that uses binary code to transmit data in American Standard Code of Information Interchange (ASCII) format. ASCII translates letters and numbers into binary code that computers can read. ASCII is a 7-bit code (a bit being “1” or “0”) that, when translated, results in 128 characters.” [1]
PLC serial ports send and receive data as voltages. PLCs may be either DTE (data terminal equipment) or DCE (data communications equipment). “A DTE, for example, can be a computer, while a modem is a DCE. Typically, PLCs are DTEs and external devices are DCEs.” [1]


[bookmark: _Toc59712025]PLC Selection Criteria
[image: ]
Figure 8 examples of different PLCs with varying inputs, outputs, and display options [1]
There are various requirements to consider when choosing PLCs. 
“Environmental conditions will affect PLC performance. Typical controllers operate in temperatures from 0 to 55°C.” [1]
The quantity of “discrete devices (On/Off logic devices) and analogue devices determines the number of I/O connections the PLC will need. If the discrete devices are ac or dc, determine if the PLC can support the required signal”. [1]
Deciding CPU requirements is essential for determining the amount of RAM required for data handling and storage. “Counters and timers utilize RAM for storing set points, current values, and other internal flags. If data must be stored for an extended period of time, CPU memory should be sized correctly.” [1]



“Program memory or ROM holds program instructions. Analogue devices usually require 25 words of memory per device. Examples of analogue devices are voltage, current, and temperature meters or sensors. Simple and sequential applications typically require five words of memory per I/O device. Sophisticated applications are not so predictable and require additional memory capacity”. [1]

“Serial and Ethernet connection based I/O hardware are standard choices for remote connections. Remote devices are required if the PLC is separated. Serials have a maximum distance of 50 feet whilst Ethernet connections could go to a limit of 328 feet. Finally, be sure the PLC understands program instructions. Several PLCs are equipped with proportional integral derivative functions that remove the need for specialists to write code for closed-loop process control”. [1]



[bookmark: _Toc59712026]FactoryIO
The FactoryIO software is used to design and simulate a factory. You can build a factory of your own design and then watch it run [2]
[bookmark: _Toc59712027]TIA V16
The Siemens TIA V16 is a Programmable Logic Controller programmer and simulator.it is used to programme a PLC using a ladder logic style and there is the option of using HMI screens. The TIA 16 simulates your programme by connecting to the PLC and the chosen simulator software. [3]
[bookmark: _Toc59712028]A brief literature review of several PLCs currently used in industry and a table of Pros and Cons. 

The S7-1200 PLC is created by siemens it runs on 24VDC and operates between -20°C and 60°C it is to be used with SIMATIC S7-1200 Series it has 10 Inputs and can handle Analogue and Digital inputs it only uses ethernet networks.
The Alpha 2 Logic Module is created by Mitsubishi is runs on up to 100VAC and operates between -25°C and 55°C it has 15 inputs and use only digital inputs and uses Relays for outputs.
The Electric Zelio Logic Module is created by Schneider it runs on 12 V dc up to 24 V dc depending on model specification it has 6 to 10 outputs & 4 to 10 inputs depending on model and operates between -25°C and 55°C it uses Analogue and Discrete Input with Relay outputs.


	PLC
	Siemens S7-1200 PLC

	Mitsubishi Alpha 2 Logic Module
	Schneider Electric Zelio Logic Module

	product
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	Features
	 Complex wiring of the safety function (for feedback and possible functional dependencies)
Input Electrical rating of 300mA, 24VDC
Operating temperature range is between -20°C and 60°C
Fault diagnosis only possible by means of on-board LEDs and not on a central HMI panel
	Operating temperature ranges between -25°C and 55°C
Program memory is 200 blocks
Three-level security protection
Enlarged LCD
Mathematics calculation
Automatic status reporting
Tripling program capacity
Analogue signal processing
I/O expansion
Bar graphs
Moving text displays
	• Easily programmable interface, safe programming allows you to run coherence testing, simulations, and monitoring modes to ensure complete control over your devices.

• A real-time clock built in

• 6 to 10 outputs & 4 to 10 inputs (depending on model) allowing you versatility in the number of stand-alone devices you need to input/output to.

• Low power consumption with a generous supply voltage ranging from 12 V dc up to 24 V dc (see specifications for model specific voltage).

• DIN Rail or panel mounting with screw terminals depending on your need.
Cost-effective in reducing space needed with the compact models vs. other basic modules. Intuitive programming with Zelio Soft 2 software using function block diagram (FBD): this has 32 pre-programmed functions, 7 Grafcet functions, 6 logic functions.
contact language (LADDER): 12 pre-programmed functions.
 LCD backlight display for easier accessibility in darker areas.
10 years back-up (EEPROM memory)

	Specification
	For Use With SIMATIC S7-1200 Series
Manufacturer Series S7-1200
Number of Digital Inputs	 8
Number of Inputs	10
Input Type Analogue, Digital
Number of Analogue Inputs 2
Number of Outputs 6
Network Type
Ethernet
Programming Interface Profinet	

	Number of Inputs	15
Input Type	Digital
Output Type
Relay
Number of Outputs
9
Display Included	Yes
Programming Interface
AS-I
Width	90mm
Mounting Type
DIN Rail
Depth	52mm
Length	124.6mm
Minimum Operating Temperature	-25°C
Output Current	8 A
Dimensions	124.6 x 90 x 52 mm
Maximum Operating Temperature	+55°C	

	Number of Inputs	 8
Input Type
Analogue, Discrete
Output Type
Relay
Number of Outputs	4
Display Included
Yes
Programming Interface
Computer, Operating Panel
Maximum Operating Temperature
+55°C
Output Current
8A
Programming Language Used	FBD, Ladder Logic, SFC
Mounting Type	
DIN Rail
Width
107.6mm
Length
71.2mm
Depth	59.5mm
Dimensions
71.2 x 107.6 x 59.5 mm
Minimum Operating Temperature
-20°C


	Positives
	Simply and easy to use 
Uses ladder logic programming 
Good amount of inputs 
Can run analogue and digital inputs 
	Enlarged LCD
Good amount of inputs 

	 Simple and easy to use
Low power consumption 
Can use multiple programming  languages 

	Negatives
	 Limited for use with SIMATIC S7-1200 Series
Fault diagnosis only possible by means of on-board LEDs and not on a central HMI panel
Only runs of ethernet 
	 Only uses digital inputs 
Relay outputs 
	No fixed number of outputs due to model type 

	Reference
	[4]
	[5]
	[6]






[bookmark: _Toc59712029]Operational Flow Chart
[image: Diagram, engineering drawing
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The start button is pressed, and the emitter, conveyors, scale, and sorter are switched on then the boxes are scanned by a diffuse sensor for the overall box count. Then there is a diffuse sensor scanning for large boxes, once a box has been found it is added to a box count for large boxes and then pusher 1 will activate pushing the box towards a conveyor that will take to a remover for large boxes. There is a diffuse sensor scanning for Small and medium boxes, once a box has been found it is added to a box count for Small and medium boxes and then pusher 2 will activate pushing the box towards a conveyor which takes it to a weighing scale and if the box weight is greater than 4.5 then the sorter will send it straight to remover but if the box is less than 4.5 then the sorter sends it right to a separate remover. There is also a diffuse sensor scanning for pallet boxes which once a box has been found it is added to a box count for pallet boxes and then the conveyor takes it to a remover. 

[bookmark: _Toc59712030]Utilising the components within FactoryIO, design a factory process capable of sorting a range of package sizes and weights (minimum 4 different types).
[image: ]
Figure 9 FactoryIO Design
The above image shows the factory design it contains 3 stack lights  , 1 emitter, 4 removers, 2 pushers, 7 diffuse sensors, 1 pop up wheel sorter, 1 Straight Spur Conveyor, 1 Conveyor Scale Weight, 3 2m belt conveyors, 3 6m belt conveyors and 1 Curved Belt Conveyor. There is also a electrical switch board with a siren, start button, stop button and a emergency stop   
[image: ]
The above image shows where each part of the factory is connected with regards to the PLC

[bookmark: _Toc59712031]TIA 16 Ladder logic
[image: ]
Figure 10
Figure 10 shows that once the star button is pressed it is saved in mem 1 and then when the stop button is pressed it activates alarm-rep then is saved in mem 1 
  [image: ]
Figure 11
Figure 11 show that that when start button has been pressed the action saved in mem 1 activates the siren for a specific period of time then it activates the first 6m conveyor 
[image: ]
Figure 12 
[image: ]
Figure 13 continuation of figure 12
[image: ]
Figure 14 continuation of figure 12
Figures 12 to 14 show that once the first 6m conveyor is activate the five other conveyors activate in sequence 
[image: ]
Figure 15
Figure 15 shows that once diffuse sensor 1 scans the correct box it tells the pusher to wait a specified amount of time before activation the pusher then it a timer tells the pusher to hold in place and then another time activates to retract the pusher.
[image: ]
Figure 16
Figure 16 shows that once diffuse sensor 2 scans the correct box it tells the pusher to wait a specified amount of time before activation the pusher then it a timer tells the pusher to hold in place and then another time activates to retract the pusher.
[image: ]
Figure 17

[image: ]
Figure 18 continuation of figure 17
[image: ]
Figure 19 continuation of figure 17
[image: ]
Figure 20 continuation of figure 17
Figures 17 to 20 show that that when a chosen diffuse sensor scans the box that it is set to find it then it sends signal which goes into a particular memory and then if the count limit is reached then you can reset the counter or reset if there is a count error. An example is diffuse sensor 1 scans a large box and sends a signal to the counter which in turns increases the number stored in the large box count and then once the limit of the counter is met you can reset or reset if there is an error like a counter does not match i.e., push count 1 and large box count 
[image: ]
Figure 21
[image: ]
Figure 22 continuation of figure 21
[image: ]
Figure 23 continuation of figure 21
Figures 21 to 23 shows that when mem 1 is activate the red stack lights activate then when the alarm siren and warning rep are active the colour changes to yellow then when mem 1 gives the signal for the siren the colour changes to green  



[image: ]
Figure 24
Figure 24 show that when the memory location Alarms is set it activates the alarm master and alarm-rep
[image: ]
Figure 25
Figure 25 show that when the memory location Warnings is set it activates the warning-rep
[image: ]
Figure 26
[image: ]
Figure 27
Figures 26 to 27 show the that if there is a difference between input 1 and input 2 for sub box then the differential is saved in a chosen memory location and then if the difference  is greater than 2 activate a warning but if it is greater than 5 active a alarm   
[image: ]
Figure 28 
[image: ]
Figure 29 continuation of figure 28
Figures 28 shows that if the three inputs added together are greater than 500 then activate a warning  but if it is greater than 505 then activate an alarm whereas figure 29 shows that if there is a difference between the master count and the count exceeded meaning that if the total count is greater than 500 then activate a warning  but if it is greater than 505 then activate an alarm
[image: ]
Figure 30
Figure 30 show that when diffuse sensor 7 scans a box on the weighing scale it stops the scale conveyor so that it can be weighed then after a specified time the scale conveyor restarts moving the box on to the sorter and if the box weighs more than 4.5 then send it straight this is shown by having both the sorter and scale set whereas if it is less than 4.5 the sorter is reset and scale conveyor is set meaning that it is going right. 
[bookmark: _Toc59712032]TIA 16 PLC Tags
[image: ]
Figure 31
[image: ]
Figure 32
[image: ]
Figure 33
[image: ]
Figure 34
Figures 31 to 34 show the tags used in the ladder logic program. You have the tag name, data type and address.
The tag name helps understand what each tag is and example of this is start button and stop button. Then you have the data type these help dictate what the tag address will be for example the bool data type could be used for the input and output devices or PLC internal memory locations this can be seen by looking mem 1 with the address %M50.0 or diffuse sensor 1 with the address %I0.6


[bookmark: _Toc59712033]TIA 16 HMI screens 
[bookmark: _Toc59712034]Root Screen
[image: ]
Figure 35

Figure 35 shows the HMI Root Screen. It contains a start and stop button both of which light up when pressed, then there is a count reset which goes bright red when pressed but then it must pressed again to release the button. There is also a emergency stop button connected to alarm one if this button is pressed is then is shut down the entire factory and activates alarm one if the factory is to be restarted the emergency button must be pressed to release the but you must also reset the master alarm. There are three squares SGREEN, SYELLOW and SRED these mimic the stack lights meaning that when the factory is not working or is stopped the red light is active but if the factory is working the lights will filter from red to yellow and then green when everything if fully operational. There are six count boxes connected to a diffuse sensors this works as diffuse sensor 1 counts large boxes heading to pusher 1 and then diffuse sensor 5 which counts the boxes after they have come in to contact with the pusher, diffuse sensor 2 counts medium and small boxes heading to pusher 12 and then diffuse sensor 4 which counts the boxes after they have come in to contact with the pusher, diffuse sensor 6 counts the pallet boxes after they have gone on the curved conveyors and diffuse sensor 3 counts every box that comes out if the emitter give an overall/master count. On the righthand side the there are two lights which are buttons they turn red  
[image: ] 
Figure 36 stop button pressed or factory not in use[image: ] Figure 37 Start button pressed factory activating


[image: ]
Figure 38 start button pressed factory active and working

[image: ]
Figure 39 A warning has been activated
[image: ]Figure 40 A alarm has been activated
[image: ]
Figure 41 emergency stop active
[image: ]
Figure 42 emergency stop active


[bookmark: _Toc59712035]HMI Alarms and warnings screen
[image: ]Figure 43 Alarms and warnings screen
Figure 43 shows the alarms and warnings screen. For the warnings you have LBLW (Large box lost warning), MSBLW (medium small box warning), count number exceed, overall count exceeded, LBLW and MSBLW only activate if there 2 or more boxes that reach the pusher put aren’t scanned once the pusher active. For the alarms you have LBLA (Large box lost Alarm), MSBLA (medium small box Alarm ), count exceed, overall exceeded, LBLA and MSBLA only activate if there 5 or more boxes that reach the pusher put aren’t scanned once the pusher actives. Thee are also 2 button in the middle the home button goes to the root screen and the forward arrow is to the engineering screen
[bookmark: _Toc59712036]HMI Engineering Screen 
[image: ]
Figure 44
Figure 44 shows the engineering screen it contains a alarm master reset button which must be pressed every time a alarm is active otherwise the factory will not be able to be restarted. Then there is the four test buttons two are connected to warning and two are connected are alarms these are used to check if the alarms and warnings are working correctly. There are two other buttons which control what screen you screen you go to the home button is to the root screen and the back arrow is to the alarms and warnings screen  
[bookmark: _Toc59712037]

An alarm / warning strategy and the operational parameters of each. 
[bookmark: _Toc59712038]Alarm 1
If emergency stop is pressed activate alarm 1 and stop all operations
[bookmark: _Toc59712039]Alarm 2 / Warning 2
If there is a large box lost between pushcount1 and large box count, then a warning and alarm are activated  
[bookmark: _Toc59712040]Alarm 3 / Warning 3
If there is a medium or small box lost between pushcount2 and med small box count, then a warning and alarm are activated   
[bookmark: _Toc59712041]Alarm 4 / Warning 4
If count is exceeded by 1 or more send warning if exceeded by 5 or more activate alarm
[bookmark: _Toc59712042]Alarm 5 / Warning 5
If overall count is exceeded by more than 1 active warning if exceed by 5 or more activate alarm  
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