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1. Research

Types of PLC's
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Figure 1- Unitary The Automation Blog (2017)

d

According to Techwalla (2017), a unitary PLC is the simplest type of PLC and is typically contained
within a single box. This box includes all the components needed for the PLC to operate (i.e the
processor, analogue/digital input and outputs, power supply). Typically they can’t be expanded and
are the cheapest type of PLC. An example of a unitary PLC would be a Micrologix 1000 as shown in
figure 1.

Figure 2- Modular The Automation Blog (2017)

According to Techwalla (2017), A Modular PLC is a made up of a base unit, which would include a
power supply, a processor and limited number of integrated 1/0. However it can be expanded using
several expansion modules in order to achieve the required specification of the PLC (i.e. number of
inputs/output). An example of a modular PLC would be a Micrologix 1200 as shown in figure 2.




Figure 3- Rack Mounted

Professional Control Corporation (2017)

According to Techwalla (2017), A Rack mounted PLC is a similar to a modular PLC. However it is done
differently, the modules are all linked to the base unit in a modular PLC, but in a rack mounted plc,

and all modules are networked together and are organised using racks. This allows the PLC to be
built for a large application without it becoming cluttered and complicated. All modules can be
removed and reinserted easily when and as needed. An example of a rack mounted PLC would be a
SLC 500 as shown in figure 3.

Table to compare the 3 different types of PLC's

Unitary — Micrologix
1000

Modular- Micrologix
1200

Rack mounted- SLC 500

Cost £189 £380 CPU - 4k word capacity = £1710
Number of Inputs 10 Expands up to 136 I/0 Up to 30 1/0 modules to a single
Number of Qutputs 6 points controller

Total memory 1 K EEPROM 6K flash memory: 4K 64k of configurable memory
available (approximately 737 user program, 2K user

instruction words: 437
data words)

data

Physical Dimensions

80x120x 73 mm

90x 110 x 87mm

*Dependant on module type

Example of a typical
application

Domestic heating
system

Signalling systems

Production plants (e.g Bottle
making plants)

Unitary - Allen-Bradley (2017), PLC Hardware (2017)
Modular- Allen-Bradley (2017), PLC Hardware (2017)
Rack mounted- Allen-Bradley (2017), UK RS Online (2017))

|IEC programming languages

According to Automation.com. (2017). “The IEC is an organization that prepares and publishes
international standards for all electrical, electronic and related technologies, including controllers”.
It recognises 5 programming languages. These include:-

e Ladder Diagram (LD)

e Instruction List (IL)

* Function Block Diagram (FBD)
e Structured Text (ST)

Sequential Function Chart (SFC)




Ladder diagram

LD is a probably the most widely used programming language. It was invented in order to replace
hardwired control circuits. It's said that this programming language resembles an electrical circuit
format, making it easy for people from electrical backgrounds to learn. The input is on the left hand
side of the rung and the output is on the right. This language requires the contacts/components on
the rung to be ‘true’ or ‘made’ in order to energise the coil (automation.com, 2017)

Normally Open Normally Closed Coil

—il =t (

Normally Open

b—prante_ss = Figure 4- LD

Figure 5- LD

Instruction List

IL consists of many lines of code, with each line meaning one operation. Making it easy to follow
each stage of operation. It's also possible to transfer this programme between different hardware
platforms easily if they have only used IEC defined instructions. Instruction list is a low level language
and it will operate much faster than any other graphical language. It also taken less space in the
CPU’s memory compared to a graphical language and programmes can be edited using hand held
programming unit (automation.com, 2017)

Commands such as ‘MOV’, ‘ADD’ and
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Figure 6- IL " (automation.com, 2017)




Function Block Diagram

FBD is a graphical language similar to ladder, which also uses the same instructions as ladder.
However it shows how each block is connected to each other (similar to a wiring diagram) and
therefore is visually easier to understand. However for large programmes with a large number of
functions, the amount of screen required makes it very awkward to use. (automation.com, 2017)

# indvaloyic - Indralogic L10.pro® - [PLC_PRG ST (PRG-ST))
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- 147
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Figure 7- FBD (automation.com, 2017)

Structured Text

ST resembles a high level computer programming language called ‘PASCAL’ or ‘C'. It is said that data
analysis can be applied a lot easier even in a very complex programme. “The variables and function
calls are defined by common element”. Which therefore means that multiple programming
languages can be used within one programme. (B.R. Mehta, 2014, p. 152)
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Figure 8- ST (automation.com, 2017)




Sequential Function Chart

SFC is a graphical language that is similar to a ‘flowchart’. A SFC consists of an action/step followed
by a transition and an additional step. An action box has a small program inside them and is made up
of code using any programming language. This action box is active until the following transition is
activated.
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Figure 9-SFC (automation.com, 2017)




2. Hardware description and I/O list

Sort Area Sensor

m Sort solencid
N

EergerChute / Assembly Chute

/ ((‘ Rotary solenoid

L7 Tk
,,~ ‘ Inductive Sensor

N2 Q
Assembly Area Sensor §

M
e, 0 |
i Capacitive

sensor

Metal Peg Detect

Capacitive Area 10.3
Sensor

Reject Area Sensor "

Belt Conveyor

Figure 10- Industrial Control Trainer

On the industrial control trainer, both plastic rings and metal pegs travel up on the chain conveyor,
at the top of the chain conveyor there is a ‘metal peg detect’ and a ‘sort area sensor’. The ‘sort area
sensor’ is a capacitive sensor and therefore will detect both the metal pegs and the plastic rings. The
‘metal peg detect’ is an inductive sensor and therefore only detects the metal peg. The objective is
for the sort solenoid to energise only if there’s a plastic ring there (i.e. when the sort area sensor has
detected but the metal peg detect hasn’t) and the assembly chute is not full. All metal pegs and any
waste plastic rings (when the chute is full) will go down the feeder chute onto the belt conveyor.




Figure 11 shows the sort solenoid, where it would push the plastic ring down the assembly chute

Figure 11- Sort solenoid

Figure 12 shows the metal pegs and any plastic ring wastage going passed the sort solenoid down
the feeder chute

Figure 12- Feeder chute




When on the belt conveyor the objective is that the plastic ring will sit on top of the metal peg, this
should then travel down the line and end up in the assembled products area. Any other products on
the belt conveyor should be rejected by the reject solenoid. The rotary solenoid will dispense a
plastic ring into the assembly area where it will stay until a metal peg receives it. The rotary solenoid
must dispense a plastic ring into the assembly area when it’s empty. The inductive sensor will then
detect that a metal peg is on the assembly line, and a capacitive sensor will detect a plastic peg on
top of the peg. The product will then pass the reject area sensor where it will go down the
assembled product chute. Any products that fail to energise the inductive sensor and capacitive
sensor must be rejected.

Figure 13 shows the metal peg collecting the plastic ring from the assembly area

Figure 13- Assembly area




Figure 14 shows the assembled product on the belt having past the inductive sensor and currently at

the inductive sensor and inductive area sensor

Figure 14- Assembled product on belt

Figure 15 shows the assembled product in the assembled product area and any other products have

been pushed out by the reject solenoid

1
Figure 15- Reject and assembled product area
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Figure 16 shows the ‘Industrial Control Trainer’

Figure 16- Industrial Control Trainer

1/0 list
Input
Device Address
Assembly area sensor 10.0
Soft area sensor 10.1
Reject area sensor 10.2
Capacitive area sensor 10.3
Metal peg detect 10.4
Infra-red Through-beam sensor 10.5
Capacitive sensor 10.6
Inductive Sensor 10.7
Output
Device Address
Sort solenoid Q0.0
Rotary solenoid Q0.1
Reject solenoid Q0.2
Chain conveyor Q0.3
Belt conveyor Q0.4

11




3. Programme Explanation
Figure 17 shows the PLC tag table, this includes the PLC's input, output and memory bits

yor [CPU 1214C DOUDU

; N [@Tags [@Userconstants [y@ System constants |
F&BH O =
PLC tags
MName Tag table Data type Addresz Rewin  Acces.. Writa.. Visibl.. |Cemment
1 4@  Assemblyarea sensor Input tag table Boal HI00 =) vl |}
2 -a Somares sensor Inputtag table Boal 0.1 la ﬁ H
3 -a Reject area sensor Input tag table Beool *10.2 E E E
4 4@  Capacitive area sensor Input tag table Boal %103 =) =] |}
5 -a el peg derect Input tag table Bool 0.4 =) =) =l
(] -a Infre-red Through-beam sensor  Input tag table Bool %105 = =] 1=
7 4@ Capacitive sensor Input tag table Bool BI06 =) 1] )
8 @ Inductive Sensor Input tag table Eool %107 ) vl =]
] - Son solenoid Output tag table Bool %000 ﬁ ﬁ ﬁ
10 @  Rotarysolencid Outputtag table  Bool *Q0.1 ) ] =]
11 @  FRejectsolencid Outputtag able Eool %Q0.2 =) vl =]
12 -a Chain conveyor Output tag table Boal *0Q03 ﬁ m m
13 | Belt comveyor Output tag table EBoal ®Q0.4 =) E E
14 M@  Menualsemsolencid test Memeryteg table  Bool MO0 =) vl =]
15 @ hanual retary sclenaid test Memary tag table Bool w01 i~ ] ]
16 <@  Manualreject sclenoid test Memorytag table  Eool ®M0.2 =) =]
17 4@ wenuel chain conveyor test Memaorytag able  Eool HMO.3 M = ™
18 4@  Manual bek conveyorrest Memorytag table  Bool HM0.4 I~ = 1=
19 <@  Metalpeg on belt conv Input tag table Bool wM1.0 =) =] =)
20 4@  Assembled preducton belt Input tag table Eocl w11 = [w] 1=
21 4@  Reject area sensor pulse Input tag table ool 12 =] =] 1=
22 @  Plastic wastage counter reset  Memorytag table  Bool B0 =) 1=} =)
23 4a Netal peg rejectcounter reset  Memory tag table Bool Rt rA | E B E
24 @  Flastc peg reject counter reset Memorytagtable  Bool whz.2 ) 1=} ~
25 M@  Assembled product counter res_ Memorytag table  Bool 2.3 =) = =]
BB | ddne [~ = =

Figure 17- PLC tag table
Figure 18 shows network 1 which energises the chain conveyor and belt conveyor, see figure 18 for
network comments.

- Network 1: Chain conveyor & Belt conveyor energied

On start up - The chain conveyor and belt conveyor will be energised

%00 3
*Chain conveyor"

{1 1 M
L S J

%00 4
"Belt conveyor®

I 1\ M
L

Figure 18- Network 1
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Figure 19 shows network 2 which energises the sort solenoid, see figure 19 for network comments.

¥  Network 2: Energise sortsclenoid

w Ifthe sort area sensor detects an object or the manual sort solenoid test button is pushed, and the assembly chute isn‘t full, and itisn'ta
metal peg, and the sort solenoid sensor timer hasn't timed out then the sort solenoid will energise and will remain energised until the sort
solencid timer times out

%0.1 Wo.4 *Sort solenoid
"Sortarea "Queue “Metal peg sensortimer”. %0Q0.0
sensor” Counter”.QU detect Q "Sort sclencid”
11 1 ] |
1T |/: |/‘| |/: : :
Q.0 YDB2
*Sort solencid” *Sort selenoid
: : sensortimer”
TON
Time
400
*Manual sort IN Q=
colencid test” T#0.5s PT ET
] L
LI |

Figure 19- Network 2

Figure 20 shows network 3 which counts the number of plastic rings in the assembly chute, see
figure 20 for network comments.
hd Network 3: Queue counter

w When the sort solenoid is energised, count up
When the rotarysolenoid is energised, count down

%DB3
"Queue Counter”
%Q0.0 crup
*sort solenoid” Int
—] ———-cu Qu 1
QD =—...
%0Q0.1 v

"Rotary solenoid"

—] ———o

alse —R
B2 w— LD
5 PV

Figure 20- Network 3




Figure 21 shows network 4 which energises the rotary solenoid, see figure 21 for network

comments.

¥  Network 4: Rotarysolenocid

w ifthe manual rotary solenoid test button is pressed or Ifthe there's no plastic ring in the assembly
area, and the queue counteris atleast 1, then the dispense delay timer will energise.
And as long as the rotary solencid timer hasn'ttimed out then the rotary sclencid will energise and
will remain energised unitl the rotary solenoid timer has timed out

Figure 21- Network 4

¥B1
“Dispense Delay
Timer"
W0 0 ‘Q
*Assembly area tets TON
censor Counter™.CV Time
1 == .
/1 . IN Q '
1 Te2s —pT ET
"Dispense Delay  "Rotary Solenoid %001
Timer".Q Timer".Q "Rotary solencid”
i | /1 { —
%WQo.1 YDB4
“Rotary solenaid” "Rotary Solencid
| | Timer®
TON
Time
90.1
“Manual rotary IN Q —i
solencid test” T#0.5s PT ET

14




b 4

Figure 22 shows network 5 which energises and sets memory bits ‘Metal peg on belt conv’ and
‘Assembled product on belt’, see figure 22 for network comments.

Network 5: Assembled product on belt

w Ifthe inductive sensor detects an object, it sets coil ‘metal peg on belt conv'.
And if capacitive sensor and capacitive area sensor also detects something, and the ‘metal peg on
belt conv' is still set, then it sets coil ‘assembled product on belt!

Wo_7 1.0
“Inductive “Metal peg on
Sensor” belt conv*

{ | {5}

%M1
%0 .3 %M1.0 W0 .6 "Assembled
"Capacitive “Metal peg on "Capacitive producton
grea sensor belt conv” sensor” belt”
1 1 1 1 1 1 {5}
11 11 11 L} f

Figure 22- Network 5

Figure 23 shows network 6 which energises the reject solenoid, see figure 23 for network comments.

¥  Network 6: Rejectsoclenoid control

w Ifthe manual reject solenoid test button is pressed, or the reject area sensor detects an item, and there is notan
assembled product on the belt, and the reject solencid timer hasn't timed out, then the reject solencid energises and
will remain energised until the reject solenoid timer times out

1.1
W02 “Assembled
"Rejectarea producton *Reject solenoid Q0.2
sensor® belt® timer".Q “Reject solenoid®

| e i/ { }

Q02 %DB5
"Reject solenoid® *Reject solenoid
: : timer®
TON
Time
%0 2
*Manual reject IN Q .
solenoid test” T#0.5s PFT ET
] |

Figure 23- Network 6

15




Figure 24 shows network 7 which resets memory hits ‘Metal peg on belt conv’ and ‘Assembled
product on belt’, see figure 24 for network comments.

¥  Network 7: Resetsetcoils aftera piece has been rejected

w On the negative edge of the rejectarea sensor, The ‘metal peg on conv' and "assembled product on
belt' coils previously set will be reset

W02 %M1.0
“Rejectarea *Metal peg on
sensor” belt conv*
{n} {R}
912
“Reject area
sensor pulse” LUTER]
"Assembled
product on
belt”
{R)

Figure 24- Network 7

Figure 25 shows network 8 which counts the number of plastic rings in the assembly chute, see
figure 25 for network comments

o Network 8: Assembled product counter

w Jithere's an assembled product on belt, and the reject solenoid hasn't energised, and the reject
area sensor has detectan item then the counter will countup
The counter will resetifthe acsernbled product counter resetis made

WDB6
k. “Assembled
'Asm1;| d %0 2 product counter”
semble 3
produst o %02 “Reject area cu
belt® *Reject solencid” sensor” Int
1 L | '
b < '/I 11T cu Q
v
%M2.3
“Ascembled
product counter
reset”
|l L
LI | R
0o PV

Figure 25- Network 8
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Figure 26 shows network 9 which counts the number of plastic rings wasted, see figure 26 for
network comments.

¥  Network 9: Flastic wastage

w Ifthe sort area sensor has detected something, and the metal peg detect hasn't, and the queue counter is greater than
orequal to 5, then the plastic wastage counter counts up
The counter will reset if the plastic wastage counter resetis made

*B7
0.1 0.4 . Plastic wastage
"Sortarea “Metal peg . Queu_ec CTUD
sensor detect” ounter”.CvV nt
==
A A Ilnt I &0 QU ——
5 fal |5 & =Dy QD —i...
v
W20
“Plastic
wastage
counter reset”
|} .
3158 m—LD)
100 — py

Figure 26- Network 9

Figure 27 shows network 10 which counts the number of rejected metal pegs, see figure 27 for
network comments.

*  Network 10: Rejected metal peg

w ifthere is a metal peg on the conveyor, and the reject solencid has been operated, then the
rejected metal pegs counter counts up
The counter will reset if the metal peg reject counter resetis made

%DB8
"Rejected metal
egs”
1.0 FeR
*Metal peg on %Qo 2 Cu
belt conv” “Reject solenoid” Int
1 1 Ip L
11 1P| cu Q "
W30 v
*Tag_2*
W21
“Metal peg
reject counter
reset”
11
1 R
100 PV

Figure 27- Network 10
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Figure 28 shows network 11 which counts the number of rejected plastic rings, see figure 28 for
network comments.

w  Network 11: Reject plastic ring

w |fthere is a metal peg on belt conv, and the reject solencid has been energised, then the rejected
plastic rings counter counts up
The counter will reset if the plastic peg reject counter reset is made

“DB9
"Rejected
lastic rings®
WM1.0 P ¢
*Metal peg on %00.2 cu
belt conu® "Reject solenoid” Int
1 L lpl
{ | 1P| cu Q—
L' YER ov
*Tag_1"
a2 2
"Flastic peg
reject counter
reset”
11
1 E
10 =

Figure 28- Network 11

18




Figure 29 shows the operator screen being displayed on the HMI, This screen allows the operator to
see if the assembly chute is full, and how many plastic rings have been wasted, how many
assembled products have been made, and how many metal pegs and plastic rings have been
rejected. This screen also allows the all the counters except the chute queue to be reset via the HMI

[ E[[[JBIUSA:=: Acgs

SIEMENS SIMATIC HMI

Reset

Reset - oo Reset

Resel

e B B B B 48 4 088 008005 .48 800848 8 6085,

[ e P e

Figure 29- Operator screen
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Figure 30 is the engineers screen, this screen can also be accessed via the HMI, and this screen
allows you to visually see what inputs and outputs are being energised. This screen also allows you
to manually test the outputs.

[ EIFBIUSA:E: At g S:—: M

0 el W

Figure 30- Engineer's screen
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4. System Testing and Evaluation

Testing Table

Number | Description Expected result Actual result Test success
#1 Turn on switch The chain conveyor | Both the chain and Pass
and belt conveyor belt conveyor
should start worked as expected
#2 Place plastic ring on Sort solenoid should | ‘Metal peg detect’ Pass
chain conveyor. energise and push it | didn’t energise but
down the assembly | the ‘sort area sensor’
chute did pushing it down
the assembly chute
#3 Place a metal peg on | Metal peg should ‘Metal peg detect’ Pass
the chain conveyor. travel along the and the ‘sort area
chain conveyor and | sensor’ detected the
allow it to go down | metal peg allowing it
the feeder chute pass the assembly
chute and down the
feeder chute
#4 Place 8 plastic rings The first 5 of the The first 5 energised | Pass
consecutively on the | plastic rings should | the sort solenoid
chain conveyor. be pushed down the | pushing them down
assembly chute and | the assembly chute.
the last 3 should go | The following 3
down the feeder continued on the
chute chain conveyor until
they were pushed
down the feeder
chute
#5 Place plastic ring on Rotary solenoid The metal peg was Pass
chain conveyor. should drop 1 plastic | pushed down the
ring into assembly feeder chute. A
area once it is plastic ring was
empty as long as placed on the metal
there’s at least 1 peg, the sort
plastic ring in the solenoid energised
assembly chute. allowing a plastic ring
to be dispensed into
the assembly area
#6 Place plastic ring As it’s not an The reject solenoid Pass
onto the belt assembled product | energised rejecting
conveyor. then it should be the component
rejected by the
reject solenoid
#7 Place another plastic | Asit's not an All of the relevant Pass

ring onto the belt
conveyor.

assembled product
then it should be
rejected by the
reject solenoid

component detection
memory was reset
and the ring was
rejected by the reject
solenoid

21




#8 Place metal peg onto | Asit’snotan The reject solenoid Pass
the belt conveyor. assembled product | energised rejecting
then it should be the component
rejected by the
reject solenoid
#9 Place another metal | Asit'snotan All of the relevant Pass
peg onto the belt assembled product | component detection
conveyer. then it should be memory was reset
rejected by the and the metal peg
reject solenoid was rejected by the
reject solenoid
#10 Place a metal peg on | Asit's not an The reject solenoid Pass
top of a plastic ring assembled product energised rejecting
then it should be the component
rejected by the
reject solenoid
#11 Place another metal | Asit'snotan All of the relevant Pass
pegon top of a assembled product component detection
plastic ring then it should be memory was reset
rejected by the and the product was
reject solenoid rejected by the reject
solenoid
#12 Place a correctly As it’s an assembled | When the correctly Pass
assembled product then it assembled
component onto the | should not be component was
belt conveyor. rejected by the detected by both the
reject solenoid and inductive sensor and
therefore travel all the capacitive
the way along the sensar. This means
belt conveyor that the product has
been correctly
assembled which
means the reject
solenoid did not
energise
#13 Place six plastic rings | The first 5 of the The first 5 of the Pass
on to the chain plastic rings should plastic rings were
conveyor. be pushed down the | pushed down the
assembly chute and | assembly chute by
(HMI assembly chute | the last 1 should go | the sort solenoid and
counter test) down the feeder the last 1 went down
chute. The full light | the feeder chute. The
on the HMI should full light on the HMI
come on turned on.
#14 Place an extra two Every plastic ring The counter Fail

plastic rings onto the
chain conveyor.

(HMI plastic wastage
test)

that passes the sort
solenoid and goes
down the feeder
chute should
increase the counter
by 1

increased by a
varying amount
when the a plastic
ring passed the sort
solenoid
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#15 Place assembled Every assembled The counter Fail
components onto the | product that passes | increased by a
belt conveyor. the reject solenoid varying amount
and into the when the assembled
(HMI assembled assembled product product went into
components counter | area should increase | the assembled
test) the counter by 1 product area
#16 Place metal pegs Every metal peg that | The counter Fail
onto the belt is rejected by the increased by a
conveyor. reject solenoid and | varying amount
into the reject area | when a metal peg
(HMI rejected metal | will increase the was rejected
pegs counter test) counter by 1
#17 Place plastic rings Every plastic ring The counter Pass
onto the belt that is rejected by increased by 1 every
conveyor. the reject solenoid time a plastic ring
and into the reject entered the rejected
(HMI rejected plastic | area will increase product area
rings counter test) the counter by 1
#18 Press each of the Once each of the Once each of the Pass

‘reset’ buttons on
the operators screen
on the HMI

‘reset’ buttons are
pressed their
corresponding
counters should
reset to zero.

‘reset’ buttons were
pressed their
corresponding
counters reset to
zero
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5. Conclusions and Recommendations

The requirements of this task have been achieved, meaning that we have successfully designed,
developed and tested a programme to do what our specification required us to do. A suitable HMI
was developed however we had a few issues with it that couldn’t be resolved within the time given.

The main recommendation would be to fix the issue with the counters on the HMI, as all the
problems were counters on the HMI, This may indicate that they may have a common problem that
could easily be resolved. If there was time we would have begun to diagnose the fault. One person
would be watching the PLC programme in monitor mode, another person would be watching the
HMI screen and another person would watch the ‘Industrial Control Trainer’. In order to fault
diagnose, all three would keep in contact during testing in order to diagnose the problem.

Another recommendation would be a physical change on the ‘Industrial Control Trainer’, which
would mean that any plastic ring wastage wouldn’t be sent down the feeder chute and would
somehow would continue to go round on the chain conveyor until there was room in the feeder
chute. This would eliminate any plastic ring wastage however would need the ‘Industrial Control
Trainer’ to be redesigned and may cost a lot of money in order to implement this change.
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6. Collaboration

| was working within a team of three in order to achieve the objectives of this task. We all gave
our thoughts on how it should be designed in order to achieve the specification. Then | and Josh
started by making an 1/0O list whilst Callum started by making the testing table. Myself and Josh
then started to create the programme using TIA portal. Following completing the programme
we then went through the programme with Callum ensuring that it would do what the
specification required. When testing the programme. | sat at the computer monitoring the
programme in watch mode, whilst Josh watched the HMI and Callum watched the programme.
Callum used the testing table in order to ensure that the programme did what the specification
required.
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