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Abstract
The subject of this project is to design and control a factory system which transported four packages of different size and weight along conveyor belts for loading and delivery. The factory will be designed in Factory IO and involve:
6 conveyer belts
2 pushers
1 Conveyer scale
2 Diffuse sensors
1 Emergency stop
2 Buttons
1 Siren
2 Stack lights
The system will include an HMI for operator interaction and a fault and warning screen, displaying alarms and warnings. The alarm signals must be able to be manually reset after the problem is corrected. Also an engineering screen which has data entry points for pre setting of counters.
The reports will include an operational flow chart, an alarm warning strategy, and a copy of the ladder logic programme.






Introduction to Programmable Logic Controllers
Programmable Logic Controllers, (PLC) have been in use for approximately fifty years from 1968. (1). It was realised that something was needed to replace the hard wired relay systems of that time in factories and large automated manufacturing units. The wiring became displaced and it would take a long time and effort to troubleshoot the problem resulting in a loss of production. The PLC began to “control logic in industrial processes.” (1). 
By the 1980's PLC's had spread into all manufacturing. Walder, VP of Schneider Electronics states “The PLC has been a huge vehicle for accelerating the shift from manual labour to automation...the cost of delivering PLC's to the industry has come down dramatically.” (2).   They have been used mainly in industry and manufacturing, their prime function being to control the processes of machinery in the manufacture of the product, saving time, energy, manpower and money. All factory industries with automated equipment will have a PLC. A supply and advisory company of PLC’s explain “Programmable Logic Controllers or PLC’s are digital control system used in factories & industrial environments that constantly monitor the performance and status of input devices & actively makes decisions using the data feed to control the status of the output devices.” (3).
A PLC is made up of a CPU, power supply, memory unit, I/O interface and a communication interface to transfer data to an external computer.
Two types 
Fixed or Compact Type
This type is used for smaller operations usually but can cope with medium. The main difference is that they have a fixed number of I/O and cannot be added to, so therefore not flexible. They are cheaper, but become more expensive when additions have to be made. In manufacture changes often occur depending on sales and customer needs.
Modular Rack Type
This type although more expensive is far more flexible as the number of I/O can be varied and added to at any time. This is because the design is a rack or slot system where separate I/O modules of different types can be slid in and connected.
Literature Review
Examples of PLC’s Currently Available
Eaton Easy Logic Module EC4P-221-MRXX1
This PLC from Eaton is higher in cost than the remaining examples. It is part of a series of models which have been available for a long time and reliable. This newer model is said to be simple to programme and operate like it’s predecessors but has new improved inbuilt networking allowing it to communicate with 8 other same type modules. The programming can be carried out by push buttons on the front panel, or software EasySoft.. It will allow expansion units to be added at a later date. The instruction processing speed is fast at 0.3µ per instruction. A memory card is available if required. The programme capacity is 256kB. It is flexible and can be used in a variety of small to medium applications such as industry, factory, greenhouses, and houses.  The communication is via RJ485. (4).
(See Appendix 1 and Reference 4).

Mitsubishi Alpha 2 Logic AL2-24MR-D 
This reasonably priced model from a popular brand name allows expansion at a later date and has an enhanced large display screen with moving text.   It has a 3 level security protection from cyber activity. It includes signal processing, real time clock and displays automatic status reporting, graphs and mathematical calculations. The programme capacity is 5000bytes. The downside with this model is that there is no Ethernet or USB. Communication is via GMS and SMS. It is suitable for industrial automation. (5).
(See Appendix 2 and Reference 5). 

Schneider Electric  Zelio SR3B262BD
This model is simple to programme and operate, and is a compact size. It can come with or without display.  Factory machinery can be controlled remotely or on site. Programming can be carried out using buttons on front of module, or using ZelioSoft software and Windows PC. It is compatible with Ladder Logic or FBD. The programme can be changed or modified easily and this model comes with 12 pre programmed functions. It can communicate with other modules in the same series via Ethernet.. This package includes a 10 year back up memory using EEPROM. It is suitable for small industries or factories, production, assembly and packing.
(See Appendix 3 and Reference 6).

Crouzet  Millenium 3 88970161
This model boasts of an increased memory from previous model memory and ability to connect with 7 other  modules of the same make. It carries out counting, timing, comparisons, display, logic and gain. It has battery backup and memory back up using EEPROM. It also has an enhanced back lit LCD display screen. It is compatible with Ladder Logic, SFC and FBD language and can be programmed on the front of module using buttons. It can be expanded by adding other modules enabling up to 50i/o at a later date. Suitable for wide range of use in factory automation.  
(See Appendix 4 and Reference 7)

Omron Zen C1DR-DV2
This model “increased functionality and precision” on the manufacturer’s website, (8).It also has a large memory capacity of 96 lines. It’s functions include relay, timer, counter and time switch. A memory cassette is supplied for memory back up. It has an enhanced LCD display. It allows for expansion using up to 3 slim 35mm modules at a later date totalling 44 inputs. There is the option of a cheaper version with a CPU that cannot accept expansion. The programming is carried out by buttons on the front of the module and is Ladder Logic language.or software ZenSoft is available. RS485 is available to communicate remotely. The only downside to this model is that it appears to have limited applications of lighting control and air conditioning. 
(See Appendix 4 and Reference 8).
45
Comparison of Commercially Available PLC’s
	PLC Models
	Eaton 
Easy Logic
	Mitsubishi
Alpha 2 Logic
	Schneider
Electric
Zelio Logic
	Crouzet
Millenium 3
Logic
	Omron Zen
Logic

	I/O
	12/6
	15/9
	16/10
	16/10
	12/8

	Input Type
	Analogue
	Digital
	Analogu Digital
	Analogue Digital
	Digital

	Output Type
	Relay
	Relay
	Relay (transistor available)
	Relay
	Relay

	Communications
	RJ485/ 
Optional Ethernet
	GSM SMS
	Modbus Ethernet
USB to PC
	Serial USB
	 RS485
Serial USB

	Display Panel
	Yes
	Yes
	Yes
	Yes Backlit
	Yes

	Voltage Supply
	12V-24V
	12V-24V
	12V-24V
	12V-24V
	12V-24V

	Temperature
	-25C to +55C
	
	-20C to +55C
	-20C to +55C
	0C to +55C

	Prog Language
	EasySoft CoDeSys
software
IEC 61131-3
	Software AL-PCS/WIN
	Ladder Logic, FBD or
ZelioSoft software
	Ladder Logic, FBD or SFC
	Ladder Logic or
ZenSOft software

	Mounting
	DIN Rail
	DIN Rail
	DIN Rail or panel mount
	DIN Rail or panel mount
	DIN Rail

	Dimensions
	110x107x79mm
	124.6x90x52mm
	125x90x59.5mm
	124.6x100x59.5mm
	94.7x70x56mm
350.2g

	Price
	£358.31
	£188.00
	£217.10
	£212.27
	£214.80



Table 1


Factory I/O Design
The factory has been designed by the Author using Factory IO, a software which can simulate factory settings and situations for this purpose. The scenario consists of sorting four different sized packages, using a variety of conveyor belts and loading boxes.  Diffuse sensors, conveyor scale, pop up sorter, pushers, stack lights, buzzer, push buttons, emergency stop, emitter and remover were included in the design.
Conveyor belts
The Author has used several conveyor belts consisting of curves and different lengths which are used to run the parcels to the end of each line. The conveyor belts will be each turned on in sequence to prevent an overflow of voltage. A conveyor scale was used to weigh the medium and small boxes and a pop up sorter was used to direct the parcels accordingly after been weighed along with a straight spur conveyor. This will be shown in the flowchart on page 13.
Emitter and Remover
An emitter was used to add the parcels to the beginning of the line and a remover at the end of each line to remove the parcels.
Diffuse sensors
A number of diffuse sensors have been used for different reasons. For example some have been used to count boxes while others have been used to activate other devices, such as the pushers.
Pushers
Two pushers were used to guide the large, medium and small boxes along the appropriate conveyor belts. These pushers were activated by diffuse sensors.
[image: ]

Figure 1: Factory Design











Switchboard
The Author has also used an electric switchboard which has a start and stop button, an emergency stop button, a buzzer and a stack light. Another stack light was also used.
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Figure 2: Switchboard              	 Figure 2a:  Stack lights 2



Driver
The driver used for this factory was the Siemens S7-PLCSIM, (Figure 3). As it’s a simulator however this is the same as the S7-1200 Model. As shown in Figure 4 page 10, the Author has used 14 inputs and 1 internal input and 26 outputs.
Simatic S7-1200
This PLC is manufactured by Siemens and is a part of a series of models in the Simatic range. It is suitable for a basic small factory setting. It has 14 analogue inputs and 2 digital inputs. It can be expanded at a later date if required. It has a real time clock, alarm inputs and is compatible with languages Ladder Logic , FBD and Systems Control. (9).

                                                   [image: ]

Figure 3: Siemens PLC Simatic S7-1200
(Reference 9)
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Figure 4: Driver
Operational Flowchart
Large Box Operation
[image: ]
Figure 5: Flow Chart for Large Box Operation
This flowchart shows the operation for a large box. When the box leaves the emitter it will break diffuse sensor 3 beam setting master count to count up 1. 
If the beam is not broken the operation will return to the beginning. 
The box will then travel through diffuse sensor 1 and if the beam breaks then this will activate pusher1, extending the pusher after 400ms and retracting the pusher after 700ms. It will also set pushcount1 to count up 1. Again, if the beam is not broken the operation will return to the beginning.
If beam 4 is broken then this will set large box count to count up 1 and if it is not broken then this will activate the’ large box missing’ warning and return to the beginning. This is because a large differential is given when large box count is subtracted from push1count. If more than 3 boxes have gone missing then the large box missing alarm will be activated and the system will stop completely. 
If beam 11 is broken then large box bin count will be set and will count up 1. If the large box bin count is equal to 40 then this will activate the ‘large bin almost full’ warning as the bin can only hold 50 large boxes.
When an overall total of 500 boxes of mixed sizes has been reached then the ‘lorry full’ alarm will be activated and the system will stop completely.










Medium/Small Boxes
[image: ]
Figure 6: Flow Chart for Med/Small Box Operation
As the box passes through beam 2 and breaks the beam, then this sets push2count to count up 1 and pusher2 will extend after 525ms and retract after 500ms.
If beam 5 breaks then this sets medium/small count to count up 1. However if the beam does not break then the ‘medium/small box lost’ warning is set. This is because a medium/small differential is giving when medium/small count is subtracted from push2count. If more than 3 boxes are lost then an alarm is activated.
If beam 7 is broken then the conveyor scale will reset. The box is then weighed and the data is copied. If the box weighs more than 4.5kg then the pop up sorter will set right and the conveyor scales will be then be set.
The box will then move to the right and through beam 8 which if broken will set medium box bin count to count up 1. If the bin total is equal to 90 then a warning will be activated as the bin only holds 100 boxes.
Again if 500 boxes are reached in all sizes then the lorry full alarm will be set and the system will come to a stop.
If the box weighs less than 4.5kg then this will reset pop up sorter right and the box will move straight on. If beam 9 is broken then small box bin count will be set and count up 1. If the small bin is equal to 140 then a warning will be set as the bin only holds 150 boxes.
Again is 500 boxes are reached then an alarm will be set and the system will come to a stop.
















Pallet Boxes
[image: ]
Figure 7: Flow Chart for Pallet Boxes
If beam 6 is broken then the pallet box count is set and counts up 1. If beam 10 is broken then the pallet bin count is set to count up 1. If the beam is not broken then ‘pallet box missing’ warning will be set. This is calculated by subtracted pallet box bin count from pallet box count. If more than 4 boxes are missing then an alarm will be set.
If the bin total is equal to 190 boxes then a warning will be set as the bin can only hold 200 boxes. Once the overall 500 boxes have been reached then the lorry full alarm will be set and the system will end.
Ladder Logic Program
Ladder Logic language has been used for this project. It is a programming language that is based on relay logic hardware.
[image: ]
Figure 8: Start
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Figure 9: Emergency Stop
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Figure 10: Emitter
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Figure 11: Stack Light
[image: ]
Figure 12: Alarm repeater
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Figure 13: Master Conveyor


[image: ]
Figure 14a: Conveyors 1
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Figure 14b: Conveyors 2
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Figure 14c: Conveyors 3
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Figure 14d: Conveyors 4
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Figure 14e: Conveyors 5
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Figure 14f: Conveyors 6

[image: ]
Figure 15a: Pushers 1
[image: ]
Figure 15b: Pushers 2
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Figure 16a: Counters 1
[image: ]
Figure 16b: Counters 2
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Figure 16c: Counters 3
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Figure 16d: Counters 4
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Figure 16e: Counters 5
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Figure 17: Alarm
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Figure 18: Warnings
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Figure 19: Alarm Large boxes Lost
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Figure 20: Alarm Med/Small Boxes Lost
[image: ]
Figure 21: Alarm Pallet Boxes Lost
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Figure 22: Maximum Boxes Exceeded Start Line
[image: ]
Figure 23: Maximum Box Count Exceeded End Line
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Figure 24: Pop Up Sorter
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Figure 25: Large Boxes/Med Boxes Almost Exceeded

[image: ]
Figure 26: Small Boxes/Pallet Boxes Almost Exceeded










HMI
HMI stands for ‘Human Machine Interface’. It is an interface used for a factory operator to communicate with the machinery in a factory or industrial automation situations.  Hooper explains “it encompasses both the hardware and software components necessary for the exchange of information between a human operator and a machine.” (10). It is necessary for control of the process, safety, and to bring faults or delays in the system to the attention of the operator.


Root Screen
[image: ]
Figure 27: Root Screen
The Root Screen is the main screen where the important functions are located. As shown above there is a Start button, a Stop button, a Counter Reset button which is used to reset all counters and an Emergency Stop.
Also there is an alarm and warnings button, which lights up when one of these is set. Once pressed it will activate the alarms and warnings screen.
There is also a counters button which activates the counters screen when pressed and pilot lights used for the stack lights which light up when they are active.

Alarm and Warnings screen
[image: ] 
Figure 28: Alarm and Warnings Screen
This screen consists of all the alarms and warnings in the factory system. It also has a home button which activates the root screen and a right arrow button which activates the engineering screen.
As shown all 8 warnings are used. 
The first warning is activated when the large bin is almost full. The maximum box load for the large bin is 50, so when the large bin count reaches 40 the warning will be activated. This will alert the operator before the bin is full.
The second warning is activated when a large box has gone missing. The warning is activated when the large differential is greater than 0 as shown in the ladder logic. This will alert the operator so the issue can be rectified and hopefully prevent an alarm being activated.
The third alarm is activated when a medium or small box is lost and will have the same operation as the second alarm.
The fourth alarm is activated when the medium box bin is almost full and has the same operation as the first alarm.
The fifth alarm is activated when a pallet box is lost and has the same operation as the second and third warning.
The sixth warning is activated when 500 boxes have been counted by the master count. This will alert the operator that the maximum number of boxes has been reached.
The seventh and eighth warnings are activated when the small bin and pallet bin is almost full and this will have the same operation as the first and fourth warning.


As shown only 6 alarms are used in this factory system. 
The first alarm is activated when the emergency stop is pressed.
The second alarm is activated when too many large boxes have gone missing. When the large differential is greater than 3 then the alarm will be activated.
The third alarm is activated when too many medium boxes have gone missing.
The fifth alarm is activated when too many pallet boxes have gone missing. This has the same operation as the large and medium boxes however when the pallet differential is greater than 4 then the alarm will be activated.
The sixth alarm is activated when the lorry is full. When all 500 boxes have been removed from the system the alarm is activated.
The eighth alarm is the alarm master which is activated when any of the other alarms have been activated.
When any alarm is activated the system is brought to a stop and this can only be reset by pressing the alarm master reset button. However if it is one of the missing box alarms that is activated then the counter reset button my be pressed before the alarm master reset button.
Counters Screen
[image: ]
Figure 29: Counters Screen
This screen shows all the counters used in the system and also shows the conveyor scale weight. It also has a home button which activates the root screen.
This will allow the operator to check that the counters are working correctly in the system and that all the counters are in function with each other.




 Engineering Screen

[image: ]
Figure 30: Engineering Screen
This is the engineering screen.  As shown it consists of the alarm master reset button which resets the alarms, this is the only way to reset any of the alarms. It also consists of warning and alarm test button so the user can check to see if they are all working before the system starts running. The left arrow activates the alarm and warnings page.






Suggested Improvements
In conclusion the Author was satisfied with this design of a factory system. However there are improvements that would be beneficial for future designs.
For example, in this design the’ lorry full’ alarm was raised when the total number for all boxes was equal to 500. An improvement to this would be for the ‘lorry full’ alarm to be set once each counter reaches the maximum number of boxes. The Author was not able to design the logic for this operation so more research would be needed.
Also the Author would like to add an alarm for a shift change after an allocated time if possible.
Another future improvement would be reducing the number of diffuse sensors in the system without minimizing the operations within the system.
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Network 4:  emitter

~ Mem1 is used to set the emitter as long as stop button or alarm repeater is not set. Emitter is
used as 2 latch to keep it set.

%€0.1
%M50.0 “stop button ( %M50.2 %023
“mem1* start2)” “Alarm-repeater” “emitter”

)
3

Q2.
“emitter”




image13.png
Network 5:  Stack Light

v Mem1 is also used to activate stacklight green aslong as stacklight yellow is not active. When alarm
repeater s active 5o is stacklight red and when warming repeater is active so is stacklight yellow.
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Network 6: master conveyor

w Mem1 is also used to set the master conveyor. When mem?1 is set, this sets the alarm. When the
TON timer runs out this resets the alarm and the master conveyor starts running
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Network 7:  conveyors

v when the master conveyor is set, it sets all the other conveyor belts in sequency every 250ms using
2 TON timer.

%DB1
*IEC_Timer_0_DB"
%Q0.0 TON Q0.3
“6m conveyor® Time. “6m conveyor(2)*
i} N { F—
#250M5 — pT.
%DB3
“IEC_Timer_0_
DE_1"
TON Q0.4
Time “6m conveyor(3)*
IN { } 4

T#500M5 — PT.




image17.png
“wB4

“IEC_Timer_0_
DB_3"
TON w013
Time *4m conveyor"
N Q { }
T#750MS — PT. ET— T#0ms
B85
“IEC_Timer_0_
DB_4"
TON w15
Time “curve 2°
N Q { }

T#1S —pT E1— T#0ms




image18.png
w822

"IEC_Timer_0_
DB_15"
TON Q14
Time. *4m conveyor 2*
N Q { }
T#15_250M5 — pT. E1— T#0ms
%DB23
"IEC_Timer_0_
DB_16"
TON %€Q0.1
Time. *2m conveyor"
N Q { }

T#15_500M5 — PT.

ET— T20ms




image19.png
%DB24

*IEC_Timer_0_
DB_17"
TON Q0.5
Time. *2m conveyor 2*
N Q { F—
T#15_750M5 — pT. E1— T#0ms
%WB25
*IEC_Timer_0_
DB_18’
TON Q0.6
Time. *2m conveyor 3*
N Q { F—
T#25 —pT. E1— T#0ms
%WDB26
*IEC_Timer_0_
DB_19"
TON w012
Time. *2m conveyor 4*
N Q { F—

T#25_250MS — PT.





image20.png
%827

“IEC_Timer_0_
DB_20"
TON w15
Time “curve 2°
N Q { }
%25_500MS — pT. E1— T20ms
0828
“IEC_Timer_0_
DB_21"
TON Q16
Time “curve 3°
N Q { }
T#25_750Ms — pT E1— T20ms
0831
“IEC_Timer_0_
DB_24"
TON %020
Time “Pop up sorter”
N Q { }

T#35 —pT. E1—T#0ms




image21.png
"IEC_Timer_0_

DB_25"
TON Q1.7
Time “conveyor scale”
N Q {s } 4
T#35_250M5 — pT. E1— T#0ms
%DB33
“IEC_Timer_0_
DB_26"
_ %022
TON “Straight spur
Time conveyor®
N Q { F—
T#35_500M5 — pT. E1— T#0ms
“DB34
“IEC_Timer_0_
DB_27"
TON %002
Time “curve 1°
N Q { }
T#35_750M5 — pT. E1— T#0ms




image22.png
Network 8: pusher!

w When the beam is broken bya box the difiuse sensor

the time runs out. Another TOF time iz used to retract the pusher when the time runs out

et. The TOF timer holds the sensor on untill the timer runs out. This then starts the TON timer which extends the pusher when
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Network 9: pusher2
will be the same for pusher1 but with different times.
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Network 10: Counters

v The inputs are used as sensors for the boxers. A CTU counter is used 5o that everytime the box passes the pusher or
diffuse senzor depending on whats been counted it will count up. When the count has reached its maxmum then the
counter will be reset using a counter reset tag. For the diffuse sensors a TOF timer is used a5 a monostable for 1 second.
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Network 11:  Alarm

v Alarm Byte is used to store all alarms. If anyalarm is set this sets the alarm master and alarm
repeater.
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Network 12:  Wamings

This is used in the same way as the alarm byte.
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Network 13: an Alarm large boxes lost

 For this logic a sub function is used to work out the how manylarge boxes get lost. The large box
count i subtracted from the push1count to give a large differential. Ifthe differential is greater than
0then a warning is set however i its greater than 3 an alarm is set.
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Network 14: an alarm small-med boxes lost

will operate the same as network 13.
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Network 15:  An alarm for pallet boxes lost

‘w Again this used in the same way for network 13 and 14 however an alarm is set when the difference
iz greater than 4.
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Network 1 Maximum boxes exceeded start line

v Vihen the master count is equal to 500 it sets warning 6, this will tum of the emitter so no more
boxes come out however because itis not an alarm the conveyors still run the rest of the boxes to
the bins.
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Network 17: Maximum box count exceeded end line

v An add function is used to add all the bins together giving  max box exceeded, when this is equal to

500 an alarm is raised bringing everything to a stop
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Network 18:  Pop up sorter

v When the box moves on to the conveyor scale the sensor i set, this tums the scales off. The TOF timer is used to hold this for 500ms giving enough time to weigh the box During this
time the value from ID30 is copied into the memory tag weight and after 300ms the scales are turned on. If the boxis greater than 4.5 then pop up sorter right is set moving the box
fight and ifthe boxis less than 4.5 the pop up sorter right i reset moving the box straight.
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Network 19: large boxes almost exceeded

When the bin is almost full (40 which is 10 less than maximum) a warning will be set.
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Network 21:  Small boxes almost exceeded

This operation is the same

aawizo W16
*small boxbin® ~waning 7
t l—( —
140
Network 22: Pallet boxes almost exceeded
Thiz operation is the zame
MWl 22 w517
“pallet box bin* ~warming 8°
|
ot | { —

190




image39.png
SIEMENS Root - = 12/31/2000
SIMATICHME OOt Screen 10:59:39 AM





image40.png




image41.png




image42.png




image43.jpg
Eaton easy Logic Module, 24 V dc Relay, 12 x Input, 6 x Output With
Display

RS Stock No.: 133-260 Mfr. Part No.: 106394 Brand: Eaton
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Mitsubishi Alpha 2 Logic Module, 24 V dc Relay,
With Display

RS Stock No.: 442-0802 Mfr. Part No.: AL2-24MR-D  Brand: Mitsubishi
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Schneider Electric Zelio Logic Module, 24 V dc Relay,
OutputWith Display

RS Stock No.: 468-4242 Mfr. Part No.: SR3B261BD Brand: Schneider Electric
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Crouzet Millenium 3 Logic Module, 24 V dc Relay, 1
With Display

RS Stock No.: 536-9001 Mfr. Part No.: 88970161 Brand: Crouzet





image47.jpg
Omron ZEN Logic Module, 12 — 24 V dc Relay,
With Display

RS Stock No.: 650-2984 Mfr. Part No.: ZEN-20C1DR-D-V2  Brand: Omron
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