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ASSIGNMENT INTRODUCTION

To satisfy the criteria of the assignment, my report is split into two sections.


Section one
A literature review of PLCs currently available for industrial automation, the types of controllers, and the pros and cons of using these units in an manufacturing environment.  A comparison of two popular PLC’s, their respective attributes and advantages/disadvantages.


Section two
A report detailing my own factory control system.  Details of my PLC ladder diagram and how it operates, alarm/warning strategy, HMI screens, and illustrations to support the literature.































INTRODUCTION TO PLCs

A Programmable Logic Controller is a compact computer designed to control automated processes from one centralised location; they are heavily used in many industrial and commercial systems.

Fundamentally, a PLC is made up of 3 elements:
Inputs -> CPU -> Outputs.  

The Inputs are typically sensors or switches, they relay information into the CPU, the data is processed by the CPU and it instructs the PLC to execute the required outputs.  The outputs are typically motors, valves, lights, etc.

The CPU is the brain of a programmable logic controller, it has a memory and needs a communication system to instruct the PLC on how to perform.   

The PLC is ‘programmed’ using the manufacturers software, and downloaded to the memory of the PLC. There are many programmes but ladder logic is the most common.

(Team, 2020)


There are two types of PLC available, the Integrated/Compact PLC, and the Modular PLC.

The Integrated/Compact PLC is the simplest type of PLC controller; it is built using a number of modules housed in the same case.  The manufacturer, not the user, determines the Input/output capabilities. 

The Modular PLC is built with a number of components plugged together into a bus/rack with extendable Input/output module capabilities. It has a power supply module (varying supply rates), I/O modules, and a CPU module that are plugged together in the same bus.  Modular PLCs are designed in varying sizes, small, medium or large (depending on the application).

Some of the leading brands manufacturing PLCs are Siemens, Mitsubishi, Hitachi, Allen Bradley, Omron, Delta, Modicon, Bosch, GE, ABB, and Honeywell.

(Amboko, 2021)










PLC PRO’s AND CON’s 


There are advantages and disadvantages to using a PLC in an automated system.  Using a PLC will almost certainly be more beneficial than applying older control methods:


Advantages
· Executes tasks instantly
· Safer
· Easy to learn and programme
· Low maintenance costs
· Can communicate with other computers
· Physically small in size


Disadvantages
· Can only run one programme at a time
· PLCs can function when power is restored, potential to cause equipment damage
· Difficulty with replacing for new (footprint of models differ)
· Only trained/skilled people can work on them
· One manufacturers PLC tends not to work well with another manufacturers PLC.


To better understand PLC specifics, I will compare 2 popular PLCs made by different manufacturers; the Allen Bradley MicroLogix 1400 and the Siemens S7-200 CPU 216:


Figure 02 - Allen Bradley MicroLogix 1400		Figure 03 - Siemens S7-200
[image: ]	[image: ]
(Allen Bradley, 2022)				(RS Online, 2022)



Table overleaf contains the basic information on these two PLC’s to help us decide which PLC is right for our system.



Figure 04 – Comparison table
[image: ]
(RS Online, 2020); (Allen Bradley, 2022)


Both manufacturers offer a PLC that are used in similar applications.  They are similar in price, both reliable units, both run off 24v DC, inputs and outputs are close in number, but there are mild differences between them.


MicroLogix 1400 advantages
· LCD display
· Easier to programme
· More communication ports
· More advanced safety features


S7-200 CPU216 advantages
· Costs less
· Communication protocol is European based


In this case, even though it costs slightly more, the Allen Bradley PLC is the better option.  However, selecting a PLC does depend on the automated system it’s going to control, the user preferences, etc.


Overleaf is my Operational Flow Chart, depicting how my PLC programme operates.



Figure 05 – Operational Flow Chart
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WARNING/ALARM STRATEGY

First, an alarm HMI screen was set up with warning and alarm lights (figure 06 below).

(Note: the final HMI screen is slightly different to figure 06, the warning and alarm descriptions for large box ># and sm/md box ># were changed from a number to the word ‘count’).


Figure 06 – HMI Alarm Screen
[image: ]
(Siemens TIA v16, 2022)


A Master Alarm light was set up; this is illuminated when any alarm light comes on.  Should any alarm light be illuminated, the Alarm Master light comes on, initiating PLC address M201.7 which stops the PLC programme from running (network 2).


Figure 07 – Alarm Master initiated
[image: ]

Warning and alarm lights are triggered when the ‘box error’ number reaches the set-point numbers set by the user in the HMI Engineer screen:
	
Figure 8 – HMI Engineer Screen
[image: ]


What this means is, when the HMI Root Screen box error counters reach 10, the warning light will come on.  When the HMI Root Screen box error counters reach 30, the alarm light will come on and trigger the alarm master light, stopping the programme from running.



Figure 09 – HMI Root Screen
[image: ]


Most of the information for the operator is on the HMI Root Screen.  They only need to access the Engineer Screen to set warning/alarm set-points, and only need to access the Alarm Screen when the warning or alarm lights are illuminated on the Root Screen.




Figures 09 and 10 are screenshots of the PLC programme, showing how the warning and alarm lights are initiated by the box error input command.  The input commands are programmed to become a 1 when the set-point numbers are reached.


Figure 9 – Large box error commands
[image: ]


Figure 10 – Small & Medium box errors
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[bookmark: _GoBack]An additional safety feature of my conveyor system are the safety gates.  I’ve installed fencing around the conveyor and access inside is via two safety gates.  When either of these gates are opened (breaking the interlock circuit), their PLC input (normally closed) becomes a 1 which will light either alarm light 5 or 6 (depending on safety gate), which triggers the alarm master, which will stop the programme from running.


Figure 11 – Safety door commands
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Figure 12 – safety door
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LADDER LOGIC

Below is a brief explanation of the PLC ladder diagram, commenting on what each network is and how the inputs and outputs work.

Network 1: Initiate PLC.

Network 2: Start Programme.
Output M100.0 will be a 1 when the Start button is engaged, the Stop button isn’t engaged and the Alarm Master is 0 (clear).  Output M100.0 is looped back and used as an input to ‘latch on’ the network.

Network 3: Start Conveyors.
The output address M100.0 is now used as an input to initiate the siren and start all the conveyors and scale.  Each conveyor is delayed using a TON delay timer, each conveyor starts once the PT delay time has expired.

Network 4: Stack Lights.
Output address Q17.0 Siren is now used as an input to initiate both stack lights.
If the pusher conveyor is not running, the red light will be initiated.

Network 5: Warning Flag.
If address M100.0 operate is a 1 (programme running), and we have a warning light on, these inputs will trigger the output, the warning flag.

Network 6: Alarm Flag.
If an alarm light illuminates, input MB201 will be a 1, which will trigger output M201.7 Alarm Master to be a 1, this will illuminate the Alarm Master light.
Alarm Master M201.7 is then used as an input to trigger the output Alarm Flag M100.2.

Network 7: Pusher A.
When diffuse sensor 0 detects a large box the input becomes a 1, which triggers the output Pusher 0 to be a 1.  The output is on a delayed timer; it will initiate the pusher mechanism 0.5 seconds after the diffuse sensor detects a box.

Network 8: Pusher B.
When diffuse sensor 1 detects a medium/small box the input becomes a 1, which triggers the output Pusher 1 to be a 1.  The output is on a delayed timer; it will initiate the pusher mechanism 0.5 seconds after the diffuse sensor detects a medium/small box.

Network 9: Conveyor Scale.
When diffuse sensor 2 detects a box, the input becomes a 1, which sets the conveyor scale, and also activates the digital display.

Network 10:

Network 11: Programming PWS.
First the In_Range input is programmed with the range 3-4.25kg.  If a box is within this weight range, the ‘PWS left’ output will set and ‘PWS right’ output will reset, sending the boxes left.
The second In_Range input is programmed with the range 4.5-5.5kg.  If a box is within this weight range, the ‘PWS left’ output will reset and ‘PWS right’ output will set, sending the boxes right.

Network 12: Total box counter.
Input diffuse sensor 3 becomes a 1 when it detects a box, and will trigger the CTU to count up.  This sensor is based at the very start of the conveyor system, by the emitter.

Network 13: Large box errors and HMI counter.
Pusher 0 (1st pusher) is used as an input to count Large boxes; it triggers the CTUD input to count up each time it strokes.  Diffuse sensor 4 is situated at the very end of the large box line, this tells the CTUD to count down.  The difference between the two is what’s left on the line or fallen off (i.e. large box errors).
Diffuse sensor 4 is also used as an input for the HMI counter; each time it senses a large box, it instructs the CTU to register a box on the HMI counter.

Network 14: Large box error warning/alarm.
Warning output will be a 1 when the input MW252 Large box errors exceeds the setpoint programmed by the user on the HMI Engineer screen.
Alarm output will be a 1 when the input MW252 Large box errors exceeds the setpoint programmed by the user on the HMI Engineer screen.

Network 15: Small & Medium box errors.
Pusher 1 (2nd pusher) is used as an input; it triggers the CTUD input to count up each time it strokes.  Diffuse sensor 2 is situated just before the weighing scale, this tells the CTUD to count down.  The difference between the two is what’s left on the line or fallen off (small/medium box errors).

Network 16: Small & Medium box error warning/alarm.
Warning output will be a 1 when the input MW258 small & medium box errors exceeds the setpoint programmed by the user on the HMI Engineer screen.
Alarm output will be a 1 when the input MW258 small & medium box errors exceeds the setpoint programmed by the user on the HMI Engineer screen.

Network 17: Medium box HMI counter.
Diffuse sensor 7 is used as an input to trigger the HMI counter.  It is positioned after the PWS on the right conveyor; when it senses a medium box, it instructs the CTU to register a box on the HMI counter.

Network 18: Small box HMI counter.
Diffuse sensor 8 is used as an input to trigger the HMI counter.  It is positioned after the PWS on the left conveyor; when it senses a small box, it instructs the CTU to register a box on the HMI counter.
Network 19: Pallet box HMI counter.
Diffuse sensor 6 is used as an input to trigger the HMI counter.  It is positioned after pusher 1; when it senses a pallet box, it instructs the CTU to register a box on the HMI counter.

Network 20: Clear All command.
This network was introduced to clear all alarms and reset, due to me deleting a network after I’d set an alarm, but didn’t ‘unprogramme’ the alarm before deleting.

Network 21: Safety Gates.
I introduced 2 safety gates in the fencing around the conveyor system, I set the inputs as ‘normally closed’, so that when either gate opens, they break the interlock circuit, triggering alarm 5 or alarm 6 to become a 1, which will trigger the Alarm Master, which stops the conveyor line.


Manually Controlled parts of the conveyor line

The single box Emitter at the start of the conveyor, and the 4 box removers at the end of the lines are manually controlled, they are not part of the PLC programme and therefore are forced on in the ‘dock all tags’ option in Factory IO.


Figure 13 – Image of dock all tags 
[image: ]
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Allen Bradley MicroLogix 1400

Siemens $7-200 CPU216

Power supply| 24vDC 24vDC
Data logging memory| 12868 4,096 words
Battery backup| Yes Yes
Digital Inputs| 2 2
Digital Outputs| 12 16
Pulse outputs| 2at 20kHz 2at 20kHz
Builtin LCD display| Yes No
Communication ports| RS-485, RS-232, Ethernet Rs-485 port
Mounting options| Din Rail Din Rail
High spped counters| 6 6
Number of ports| 2 2
price| £952.82 £848.02





image5.emf
Yes

No

No No

Yes Yes

No

Yes

START

Are 

conveyors

on?

Press start

button on HMI

Count all boxes going onto 

the conveyor

Diffuse sensor 1 to 

activatePusher A

Diffuse sensor 2 to 

activatePusher B

Palletbox will continue 

its way to end of line

Large box will continue 

its way to end of line

Count all Large boxes

leavingthe conveyor

Count all Pallet boxes

leavingthe conveyor

All boxes will continue 

their way to scale

Is box 

weight 

>4.5kg?

Diffuse sensor to stop 

conveyor and weigh 

box

Display boxweight on the 

digital display unit

Initiate PWS to switch 

rollers to the left

Initiate PWS to switch 

rollers to the right

Medium boxes will 

continue towards right 

conveyor

Small boxes will 

continue towards left 

conveyor

Count all Medium boxes

leavingthe conveyor

Count all Small boxes

leavingthe conveyor

END

Sound siren, activate

lights, start conveyors

Has

diffuse sensor 1 

detected a Large 

box?

Has

diffuse sensor

2 detected a 

Medium or 

Small

box?


image6.PNG
WARNINGS ALARMS E
Emerg Stop C

Large Box >10

Alarm Master
Sm/Md Box >10

Alarm 3

Alarm 4

Safety Gate 1

Safety Gate 2

=
b
2
5
2
w

il 5 E E B EEE




image7.PNG
ALARMS

Emerg Stop

Large Box Count
Sm/Md Box Count
Alarm 3

Alarm 4

[+ ]
@

Alarm Master

=




image8.png
‘Warning Value Alarm Value

Large Box
S e

]l
i




image9.PNG
@ D
Q Total Boxes

0 Big Boxes
0 Medium Boxes
0 Small Boxes
0 Pallet Boxes

® 0

Amber  Green

0

Big box errors

0

Small & Medium Errors

= [ |

Warning

Alarm

BEEEEEEE




image10.PNG
Large box error waming and alarm HM flags.

mavzs2
arge Box w2001
rrors’ “Warming 1*

| == 1 ¥
o | {}
w50

“Large Box

Warming Set

mavzs2

“Large Box w2011
Errors e
| == 1 )
o | {}
s

“Large Box

Alarm set”




image11.PNG
Network 16:

amass
|==1 N
Jumt [ { }
et
amass
. o
B “Alarm 2*

“Ned & Small
Alarm zet”




image12.PNG
Network 21:  Safety Door alarms

Comment
msa W2015
“SafetyDoor 1° “Alarm 5
mes W2016
“SafetyDoor 2" “Alarm 6





image13.png




image14.PNG
Emitter 0 (Emit)

Pop Up Wheel Sorter 0 (+)
Pop Up Wheel Sorter 0 (Left)
Pop Up Wheel Sorter 0 (Right)
Pusher 0

Pusher 1

Pusher 0 (Back Limit)
Pusher 1 (Back Limit)
Pusher 0 (Front Limit)
Pusher 1 (Front Limit)
Remover 0 (Remove)
Remover 1 (Remove)
Remover 2 (Remove)

Remover 3 (Remove)

FORCED

- - -

9

FORCED

FORCED

FORCED

FORCED

KX X X X X X < X




image1.png




image2.png




