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1. Introduction and Background research

This project is based on the solving of an industrial problem at the TATA Steel site in Port
Talbot where the author and creator of this project works. The issue is at the Power Plant in
TATA, which is the production facility for electricity, cooling water and cold blast steam for
the site. The Port Talbot site is a fully integrated steelworks, where the steel is made from
raw materials and the product is coiled steel, with varying characteristics depending on the

customers’ needs.

The reason for this project is that there is an ongoing issue on site where the cable tunnels
are overflowing with water and the water is running onto the roads. The main problem with
this is that the water could permeate into the cables and affect the insulation resistance (IR)
readings and potentially cause short circuits between conductors, if the cables aren’t in very
good condition. The main cables which run through the cable tunnels are sub-station cables
which are either feeding into the sub-station sections, or they’re supplies from the switchgear

out onto the high voltage critical plant.

Currently, the way that the company is keeping the issue under control is by using diesel
pumps to pump the water out of the tunnel. This is costly to the company as they have the

rental charge and fuelling charges.

Research was carried out into the methods of semi-automating this water level control

system to establish potential systems which could be used.




PLC Research

One form of controlling a pump for this application would be the use of a Programmable Logic
Controller (PLC) to control the output of the pump depending on the level of the water in the
cable tunnel. After extensive research into the various types of PLC's it was determined that
for an application of this size, the typical PLC to use would be a unitary PLC. These PLCs contain
all the system components within the same housing, meaning that the processor,

input/output channels and the software program is all within one unit. (Aries, 2018)

CtetCeoceee

Good explanation with
a relevant source
In a case of a PLC controlling a water level, the unit will continuously monitor the field devices,

Figure 1 - Unitary PLC

which would be the level switches or ultrasonic sensor and then depending on the state of
these devices, it will control the output, which would be the pump, to pump at a specific

speed depending on the level value, which will be set in the program. (Ji, 2013)

For interfacing the water level controller with the PLC, communication protocols would be
used, which would provide the project with a reliable system to control the water level. Using
the relevant Inputs/Outputs (I/0), the PLC will continuously scan the control system for the
relevant states of the I/0 and then solve the ladder logic which will have been programmed
into the PLC, which in turn will change the state of the output, to control the water level. The
programming language which would mainly be used in these PLCs for the application would
be Ladder, and some SCL coding for alarm systems and control. (Imam, 2016)

This is a possible relevant
solution




Arduino Research

An alternative method which could be used is Arduino control boards. These are
microcontroller boards which can be used widely in electrical and electronic engineering for
a huge variety of things, ranging from reading “lights on a sensor, a finger on a button, or a
Twitter message — and turn it into an output — activating a motor, turning on an LED,

publishing something online.” (Arduino, 2020)

Figure 2 - Arduino board

Following research into a case study where Arduino is used to control the water tank level,
this is clearly another way of controlling the tank level. Thisis done by using an ‘Arduino UNO’
board as the processor/controller and an ultrasonic sensor to measure the water level, with

a phone app called ‘MIT App Inventor 2’ for visualising the water level and switching on the

A possibility associated with Ind
4.0

pump.
This case study was for the opposite operation to the one desired for this project, where the
setpoint level of water in the tank was for it to be full, therefore, the pump should run when
the level is low until it reaches 100% full then it should stop to prevent overflowing and a
waste of water & energy. Although this was the opposite function to this project, the principle
of operation of how the Arduino can control a water level can be implemented in the project,
just with a change of programme settings. The ultrasonic sensor provides a range of 2 —400cm
measurement whilst working off the echolocation principle. This is when the ultrasonic sensor

gets a signal from the Arduino board to send out eight sound waves at 40KHz to the surface

of the water, then the waves get echoed back off the water to the sensor, where the Arduino

7




board reads the echo pin to calculate the time taken between the trigger and the receiving of

the echo. As the speed of sound is known as 340m/s, the distance can be calculated using:

Distance = (“2) X 340m/s . (G, 2020). cood
explanation
with
relevant
supporting
ref source




2. Specification

The specification for this project was to produce an automated control system to resolve an

industrial issue where the water level of a cable tunnel needs to be controlled automatically

to prevent water damaging the cables, as well as providing indication for engineers to monitor

the condition.

Project Outcomes

What must the project

achieve?

Efficient and automatic control of the water level in the cable
tunnel at TATA Steel Power Plant, without the requirement of

human operation.

Expected operation?

Pump must have several alarm levels, which initiate
increased/decreased pump speeds depending on the water level.
Pump must have option for manual and automatic operation. HMI
must provide manual control and indication of cable tunnel water

level.

What are the maintenance

requirements?

The pump would need regular maintenance (2 weekly) and the

hose would need clearing to prevent a build-up in the lines.

Reliability of the project

development?

Fortnightly review to see if the required progress is being made, in
line with the GANTT chart which was designed at the beginning of

project.

Reliability and

sustainability of the system

With regular maintenance, the system should run continuously,

with the only issues being expected wear and tear.

Health & Safety

considerations

Health and Safety at Work Act must be strictly followed, whilst
taking into consideration H&S requirements of the work area.

Electricity at Work Act must also be followed.

Environmental

considerations

Electrically operated submersible pump, therefore no fumes will be
generated.
Pump will be sat in water regularly, so it must be sufficiently IP

rated.

Budget?

£4000.

Table 1 - Project Outcomes

A good specification




3. Planning

A detailed Gantt chart was designed at the beginning of the project, with the expected

timescale of each section of the project, running in parallel with the actual timescale, which

was filled out as the project progressed. This was a sufficient way of being able to track

progress and see how behind or ahead the project was running according to the plan.

A testing plan was also constructed to provide deadlines for when certain project sections

would be complete so that they could be tested. The testing plan can be seen below, with the

Gantt chart on the following page.

Testing Plan

Test Description DEI]
Simulate program on TIA Portal, as well
Simulate program software and | as HMI screen to ensure that there are
4/05/2021
HMI no errors in program or download
errors.
Test configuration of wiring in relation
Commissioning of wiring 4/05/2021
to the circuit diagram.
Test increasing of water level to ensure
Alarm levels of water level 4/05/2021
alarm indication on HMI was correct.
Speed response from increased Increase water level and observe the
4/05/2021
level speed response of the pump.
Ensure that no manual control can be
Automatic/Manual interlock done whilst in ‘Auto’, and vice versain | 4/05/2021
‘Manual’.
Table 2 - Test Plan
Good
testing
plan
with
relevant
detail
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4. Solutions considered

Solution 1 — PLC Control System
The first solution is a PLC control system using a Siemens S7 PLC, programmed using TIA

portal. Physically wired inputs and outputs will be used in the programming of the PLC to

control the process by initiating a sequence when certain inputs are made.

The PLC which will be used for this solution will be a Siemens 57-1200. This is because it is of
a lower price range, due to its processing capabilities and amount of /0 available on the unit
itself. There are 14 digital inputs, 2 analogue inputs and 10 digital outputs. Thus, meaning that
it has a lot of 1/0 available for expansion if the system required it to as there will only be 1

analogue input and 1 digital output used. A fair argument for future proofing

This solution would meet the specification requirements as it would provide an automated
system to control the water level within the cable tunnel, providing accurate control and
measurement feedback to the user without manual operation of the pump. This system
would allow for alarm levels to be programmed into TIA Portal, using SCL coding which would
have the ability to change the speed of the pump depending on the water level by
implementing PWM control to a Mosfet transistor to switch the pump on and off. The manual
and auto selection would be easily done, by designing the switch on the HMI screen, and
programming the interlock into the ladder network. On the HMI would be indication of the
water level, as well as alarm indication. If the pump is maintained regularly, this system will

run continuously.

Material Cost

Siemens 57-1200 PLC £350
Siemens KTP 700 Touch Screen HMI £775.20

TIA Portal £2000

Panel and miscellaneous items £500
Overall Cost £3625.20

Table 3 - Solution 1 costs

This shows that it would be under the budget set out of £4000. The advantages and

disadvantages of this solution can be seen in the following table.

12




Provides accurate control and Expensive for resolving the issue, although

measurement feedback. within budget.

Can easily expand system with available

I/O.

Meets all specifications and has a lot more

potential for growth.

Easy fault finding.

HMI provides simple real time information.

Table 4 - Solution 1 Advantages & Disadvantages

good
argu
ment
and

evalu
ation

this

soluti
on
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Solution 2 — Arduino Control

This solution is for an Arduino microcontroller to control the water level system. This
controller is programmed using Arduino’s own programming system called ‘Arduino IDE’. This
programming system is easily available to users and is free to download and easy to use as it

is a text-based programming language.

To make the Arduino control the water level, it would need to use an ultrasonic sensor on the
tank to feedback a distance measurement to the micro-controller, which would use this
measurement to control the speed output of the pump. A Bluetooth connection would be
required to make it compatible with the phone app to monitor the process. An example of

this circuit diagram can be seen below, from (Ramesh, 2020).
The option for remote control is a good
idea and very possible with this system.

PRESS TO
SWITCH FORNEW & § .. ..
WATER TANK v sefles sad
HEIGHT

TO SUMP STORAGE OR
PUMP SUCTION LINE
TO SENSE WATER
FLOW]

ORANY OTHER TO BE
USED

fritzing

Figure 4 - Arduino Schematic
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This system
would be
better off
using PWM.
As this system only has 1 output and 1 input, there wéaldhonly need to be 2 relays, as a relay

) i signal can be i )
would be required for each 1/0 as the Arduino boay n%'?é& Bﬁsaa 5VDC control signal, so it

won’t be able to switch on the pump. The relay coiF&ilfbe switched by the 5VDC, with the

MOSFET and o
. S This is not really a
contact on the relay carrying the 12VDC for the pump,)ycljatgn jtds called on. disadvantage
used to

This solution would provide an efficient and automatie/é@htool of the water level, by using the
programming software to automate the system. Théfgﬁy_fﬁet% alarm levels would be able to
dictate the pump speed by programming them intoctHé A#duino IDE. It wouldn’t be able to
provide a manual/automatic selection as this sys{)ewe\}ouldn’t be controlled by a HMI,
however it would still run continuously without issues to the system, however if these were
to occur then the Arduino cards are inexpensive and easily available so they can easily be

changed over.

Arduino board starter kit £81.60
2 x Arduino relays £40.80
Overall Cost £122.40

Table 5 - Solution 2 Costs

This shows that the Arduino solution is very cost effective as it is significantly cheaper than

the budget.
Inexpensive Fault finding can be difficult
Easy to program Not as easy to expand
Meets majority of specification Not as reliable as PLC

Communication protocols can sometimes
Hardware and software licenses free

be unreliable

Communication protocol is up to the user

and free to create

Table 6 - Solution 2 Advantages & Disadvantages

A fair
argument
for this
system, but
the small
5Vsignal is
15 nota
problem to
drive a
higher

Y VI




Solution 3 — Hardwired Electrical Control Circuit

This solution would provide the issue with an old-school solution, yet still effective to tackle
the problem. This solution would be a start/stop panel, with a manual/auto selector switch
with some indication for ‘running’, ‘stopped’ and ‘supply healthy’. An example of the type of

panel that would be used for this solution is below.

Figure 5 - Start/Stop Panel

With this solution, a submersible 110V pump would be used, which would have a float switch
on it to control the pump to come on and off when the contact makes or breaks. In the ‘auto’
selection, the only thing starting the pump would be the float switch and the manual control
would be disabled, whereas in ‘manual’ the float switch would be disabled, and the pump

would start from the push-button signal on the front of the panel.

16




This solution would meet the efficient and automatic control specification; however, this
wouldn’t be an automated system as it is an electrical control circuit, which doesn’t provide
any instrument measurements or control to a HMI for the users. An alarm level could be
indicated on the panel, but this would only be to show when the float switch contact is made
or not, which wouldn’t give indication of how high the water level is. If the pump would be

regularly maintained, then this system would run continuously unless any electrical faults

occur.
110V Submersible pump £140
Panel and internal accessories/wiring £500
Overall cost £640

Table 7 - Solution 3 Costs

This shows that this solution is cost effective as it is well within the budget.

Relatively inexpensive Difficult to expand significantly
Easy to use and fault find No analogue feedback
Simplistic system No alarm conditions
Reliable

Table 8 - Solution 3 Advantages & Disadvantages

This is
usually
a last
resort
option
but
more
often it
is the
existin
g
system
that
will be
replac
ed by
autom
ation.




Comparison of Solutions

£3625.20

£122.40

£640

Meets all
specification
requirements.

Doesn’t meet all
specification
requirements as it
doesn’t provide
manual/automatic
control and
interlock, or a HMI
for user.

Doesn’t meet the
specification
requirement of it
being an automated
system.

Fault finding is made
relatively easy on a
PLC and the
software
programming
relates to a
schematic drawing
when in Ladder
diagram.

Programming can
quickly be picked
up; however, fault
finding can be
difficult.

Would be easy to
use, as it's just a
start/stop panel

with ‘auto/manual’
selector switch.
Fault finding would
be simple as not
many components
involved.

Materials would be
easily accessed in
the college.

Materials could be
bought online easily
and delivered

quickly.

Materials would be
easily accessed from
stores in work.

System would be
reliable, asit has a
strong
communication
protocol between
PLC and
programmer via
Ethernet.

System not as
reliable as PLC as
communication is

via Bluetooth.

System would be
reliable as long as
maintenance carried
out as planned on
the pump.

Table 9 - Solution Comparisons

18

A good table
of
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5. Final solution design and implementation

The final solution, which was chosen to go with, was Solution 1 discussed in Task 4 of this
report. This will be done as a simulation project in college, to solve the industrial issue
discussed previously in the report, as opposed to it being carried out practically in the

workplace.

A Siemens S7-1200 PLC was used for controlling the water level, which would have a Pulse
Width Modulation (PWM) control duty cycle programmed into it which was controlled by an
analogue input to the PLC. The analogue input was a signal generator, which provided a 0-
10V signal to the PLC to simulate the water level of the tank, where 0V is a level of 0Omm and
10V is 200mm. The PWM is the output of the PLC, which switches the transistor to turn on

the motor.

The functional block diagram for the original plan of implementing the project in industry is

below.

Level croun
S ensor transistor)

Cable
Tunnel

Figure 6 - Original Function Block Diagram

As the project was then being done in college, the functional block diagram changed, as can

be seen on the following page.

Good
expla
natio
n but
there
shoul
d bea
state
ment
to
explai
n the
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INTERFACE

Analogue Cireun
Input

Figure 7 - Analogue Input Functional Block Diagram

Good use of block diagrams
The costs of this project solution can be seen broken down below:

Siemens $7-1200 PLC £350 (college covered)
Siemens KTP 700 Touch Screen HMI £775.20 (college covered)
TIA Portal £2000 (college license covered)
Analogue Simulator £30 (college covered)

Mosfet Transistor and miscellaneous
£50 (college covered)
components

Overall Cost £3205.20 (college covered)

Table 10 - Final Solution costs
The table of costs for the final solution can be seen above which shows a breakdown of all

the costs, however all of the costs are covered by the college as the materials were already

bought and the licenses were free.

The circuit of the project can be seen below, showing the output from the PLC into the mosfet

transistor which switches the pump.
Bud
get
is
reali
stic
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24Vdc wpply

Qil

PLC
§7-1214C

Good driver cct

Figure & - Circuit diagram

Prototype 1 — Analogue Input

Prototyping was implemented so that the project design could be broken down into sections
and then tested individually. The first prototype was the analogue input being programmed

into TIA Portal.

The raw value was scaled in the function blocks from an integer into a real value. The real
value was then scaled in the ‘Scale_X’ function block to provide a scaled value between 0-

200mm for the program.

ok 1:
NDRM_X SCALE_X
int to Aeal Real to Real
3 EN ER
MN WADO MM "';‘(l'x‘ ] .
W 4 '!'--*'n'_nli'rd wADO oul Scaled Value
fnalog Input our — Value “Nommshsed
value® — yaLUE value" — yaLuE
7648 [T 2000 I

Figure 9 - Analogue Input Network

B - Analag Input Yalue int Sl e GO
9 a Normalised Value Feal w00 Od
10 @ Scaled Value Real =MD4 des

Figure 10 - Analogue Input tag table ign
of
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Prototype 2 — SCL Conditioning

The SCL conditioning was used for the alarm levels and indication provided from the analogue
input. This also controlled the speed of the pump, depending on the input from the scaled
value function block. These can be seen below, where the value of the analogue input affects

the number of alarms on.

Figure 11 -

tat

of
sc

nd

th

co
Figure 12 - SCL Conditioning Alarm 2 & 3 nd
iti
on

fo

al
ar
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150] THEN

arpd i= 1;// Svate

1;
1s
1z
12

E1 BIF ("Scal

Figure 14 - SCL Conditioning Alarm 6 and No Alarm

The tag table for this prototype is below.

4 * Sutic
2 @l=  Aami | teal Iz
1 s Alarm2 fcal
4 | Alarm3 gool
S @ne Alarma Bool
LIRL = L] Alarms Bcal
T oa-n Alarms Bool
8 @ AlarmQ Boal

Figure 15 - SCL Conditioning Tag Table

Good images to show
implementation
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Prototype 3 — PWM Control

The PWM was used for controlling the speed of the motor by controlling the magnitude of
the ‘ON’ waveform depending on the input into the ‘QW1000’ bit, which can be seen below

in the tag table.

L1 | Motar Speed PV Word %QW1000
<3 AMotar RUN Baal w0 &
) § a MO PWM QULPUT *Q1.1

o
<

Figure 16 - PWM tag table

The networks below show the function blocks for converting the value inputted from the
analogue input into the %QW1000’ bit to drive the PWM output value. The ‘move’ function
block in Figure 18 - Move Block for PWM is where the Motor Speed PWM is converted from

areal value into a integer value for display purposes.

*  Network 5:
Good explanation with
wEn . .
... supporting images
CTRL_PW
EN END
265 BUSY =

P STATUS

"webdatn®
System_enable
oy p———cenpniE

Figure 17 - Control Block for PWM

v Network b:

WIWI000 “webdawa®
“Motor Speed 9 QuT) — Motor_PYd
U]

Figure 18 - Move Block for PWM
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Image shows the configuration
for the PWM pulse driver

Figure 19 - Configuration and parameter settings for PWM output

I Add new device |
th Oevices S networks |
v @ nc 2o acoaD..

~ [z Program blacks |
B Add newblock
& vain [OB1] |
& snslog_nputFCll.  Good image showing the directory

ST soucorthe L e

@ vebdess D8]
- 5 Semblocks

» g Program resour .

b gl Web server

Figure 20 - PWM control block focation
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Prototype 4 — Final Program Implementation

The network rungs below show how the full program came together with the Analogue Input

ladder program and SCL Alarm conditions program were implemented into the ‘Main’

network, as well as the PWM control.

- Network 1:  Manual overide control

"webdata®
“manual mode”

¥  Network 2: aAnslogue input

- data® . . O
webdata webdata
Sy=tern_=nable "manusl mode” “Analog_tnput
11 i
1F 1/t EN

Figure 21 - Final Program Networks 1 & 2

*  Network 3: 5CLalarm conditions

"wendam” “webdats” e
System_enable "manusl made” SCL alarm conditions™

| { | i/} EN

- Network 4: Power an off for yztem

‘webdat® power

Lt

END =t

Good image showing
implementation

EHO —

“webdata®
Systern_enable

Figure 22 - Final Program Networks 3 & 4
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*  Network 5: PV contral

Figure 23 - Final Program Network 5

*  Network 6: Wove motor speed real to mteger for display

e
“CiR_Posd_DE*
CIRL_Pnea
EN END
BUSY =77
STATUS

“webdata’
& o — Motor_FYad

Figure 24 - Final Program Network 6
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Prototype 5 — HMI Design and Implementation

The root screen can be seen below, which has a button to select the water level control

screen.

asic PN] » Screens » 1 — WX

W[ BT USK:E: Ar s 5 S+ —2 Bscis s+

: -
¢} | " |31 ]100% = B AT |

Figure 25 - HMI Root Screen
Good design of initial HMI page with link
The water level control screen can be seen below, which shows the graphical format of the
water level, as well as alarm level indicators and pump speed indication. A pump status
indicator light and ‘power on/off’ indicator is on the right-hand side too, with a manual
selector switch in the top left providing manual control of the pump, where the speed

setpoint can be set underneath the switch.
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Water level control + HM_1 [KTPT00 Basic PN] » Screens » Water level control

Good image of
equipment setup

Figure 27 - System Setup
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Operation of system

The operation of the control system is relatively straightforward. A HMI screen will be used
for control of the system, where the automatic or manual sequence can be selected. The
automatic system controls the speed of the pump depending on the raw value that is inputted
from the analogue input, which is a signal generator of 0-10V. This is replicating the water
level. Therefore, as the voltage rises, the water level is essentially rising. The relationship

between water level and pump speed can be seen below.

Automatic Control

<50 0

>50 20
>75 30
>100 40
>125 50
>150 60
>175 80
>190 100

Table 11 - Automatic Control pump speeds

Manual Control

Manual ON Pump will run to desired setpoint inputted
manually.
Manual OFF Pump will run in automatic control.

Table 12 - Manual Control pump operations
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6. Testing and results

Test

Simulate program

software and HMI

Description

Simulate program
on TIA Portal, as
well as HMI
screen to ensure
that there are no

errors in program

Qutcomes

Program
downloaded to
the PLC and HMI

without any

errors.
or download
errors.
Test configuration Wiring was
Commissioning of of wiring in correct and

wiring

relation to the

circuit diagram.

system worked

correctly.

Alarm levels of

water level

Test increasing of
water level to
ensure alarm

indication on HMI

was correct.

Alarm levels
made when
analogue input
reached the
required states
in relation to
analogue input

value.

Speed response
from increased

level

Increase water
level and observe
the speed

response of the

pump.

Pump speed
increased and
alarm indication
worked
correctly as

input increased.
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Supporting

Pass/Fail

Evidence

Figure 29 -
Download to PLC

Figure 27 - System
Setup

See between
Figure 30 -
Analogue Input 0
and Figure 45 -
Alarm levels at

9.97V

See between
Figure 47 - HMI 1st
alarm set. Pump
speed = 20% and
Figure 53 - HMI
7th alarm set.
Pump speed =
100%




Automatic/Manual

interlock

Ensure that no
manual control
can be done
whilst in ‘Auto’,
and vice versa in

‘Manual’.

Manual control
disabled all auto
control, and the
graphical values
and alarm
indications
didn’t change
with the manual

control.

Table 13 - Testing Results

Figure 54 - HMI
Manual override in

operation

The testing procedure above satisfied the testing criteria and the project specifications,

therefore it proved to be a successful project. The supporting evidence section provided the

evidence of these tests satisfying the requirements with images of the tests being carried out.
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Very good explanation to overcome
this issue with the Pico Scope
PWM Testing

Using a picoscope, the PWM duty cycle was tested to check the magnitude of the waves as
the manual setpoint increased. The picoscope can only read 0-20V, and the power supply

used is a 24V supply, therefore a voltage divider was used to reduce the voltage to 12V.

Figure 56 - Manual
20% 24% setpoint set to 20%.

Reading 24%

Figure 57 - Manual
30% 32% setpoint set to 30%.

Reading 32%

Figure 58 - Manual
40% 41.99% setpoint set to 40%.

Reading 41.99%

Figure 59 - Manual
50% 51.4% setpoint set to 50%.

Reading 51.4%

Figure 51 - HMI 5th
60% 61% alarm set. Pump

speed = 60%

Figure 52 - HMI 6th
80% 80.29% alarm set. Pump

speed = 80%

Figure 62 - Manual
setpoint set to 100%.
100% 100%/12v
Reading 100% and

12v

Table 14 - PWM testing results
This test proved how the PWM was affected by the analogue input and the manual setpoints
on the HMI to control the pump speed. The supporting evidence section provides proof with

the images of the testing being carried out.
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7. Discussion, Conclusions and Recommendations

The project outcomes were met during this project as the PLC control system provided the
solution with an efficient and automated control system, which was designed carefully with
environmental conditions taken into consideration. This system proved to efficient and
automatic as the tests carried out met the system requirements. The system provided several
alarm levels to initiate the pump speed to increase/decrease with PWM control. The
manual/automatic operation was achieved via the selector switch on the HMI and allowed
the pump to be controlled manually which totally disabled the automatic system and the

pump would spin at the desired setpoint set on the HM|, regardless of the water level. GO‘;d'pO(;”t
explaine

The system would require very minimal maintenance and the environmental issues were very

limited as there would be no fumes or pollution created as a by-product of the pump running.

The project was an overall success due to the success of the construction, system
development and the testing which was carried out on it. The testing proved that the system
was working within its required parameters and would be a success at rectifying the industrial

issue.

The budget was a key factor to consider for the selection of which solution would be the final
one. This solution provided a very cost-effective solution as the college had all the costs
covered already, as the materials and equipment were readily available. The budget set out
was £4000 and the college covered all the materials costs, therefore the actual money which

was spent was £0.

The time constraints were successfully met, as the Gantt chart on the following page proves.
Certain aspects of the project ran over into further weeks than planned, however the final
deadline was successfully met with the project constructed, programmed and tested

successfully.

High levels of professionalism and ethical conduct was demonstrated throughout by following
the college and university procedures, whilst ensuring that all my written work was my own

without plagiarism or copyright. )
Good conclusion
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9. Appendix

Acr |\H||!"

Tipe ofthe PGPC interfes: |8 PHIE =]
PGIPC mterface: E'_a_lciccun' 802 li;';;e'.w:d;-id'ap!w F] U@

#ccessible nodes of the selected interface

Device Device type Interface ype Address MAC address

honi 1  SWMTICHM G 8 Rilil L EROCAQOCEDES
plc_2 57-1200 FINIE 19216803 1863-36A283 €3

Swrsesrch
Onlme status nfeemation: [ Desplay only ermee messsges
1 Found sccessible devece plc 2 |

€ tcencompietad 2 devices found.
™ Reteving device information
Seat and ind " I leted,

[<[[n]

T show—d|  gomcel ||

Figure 29 - Download to PLC

Good supporting images

Figure 30 - Analogue Input 0
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PP Ll AR T nir’?
i Name Addness Dispiay format Monmar valoe Modify vaive 7
"Analog Input Val . %IWE4 DEC o
3 *Scaled value® =hDL Floatingpoint nu.. OO
3 “alarm data® Alar Bool (& FaLSE
! “Alarm dats’ ... g Bool w [§] FALSE
“Alarm data® Alar " Hoel 3 raLse
) "Alarm data® Alar Bool [E raLse
7 “Alerm dats® Alar... Bool [3] FALSE
n “Alarm deta” Alar Bool [E] raLLE
9 *Alarm daa" Alar_.. Bool (5] FALSE
o *webdata® Motor DEC+- 1
Figure 31 - Alarm levels at OV
4 ath ' o 7. £ N
» - [ 1 Y v
i tame Apdress Dispiay formar Monmor value Modify value ¥
“Analog Input Val.. %S4 DEC 7167
“Cealed Value® RLDL Floenng-pont nu... 51 84462
*Alarm data” Alar Bool [E] FALSE
i “Alarm data”.. Boel = [§] FALSE
"Alarm * Bool [E] FALSE
& *alarm Bool [5] FaLSE
¥ “Alarm d Bool [F] FALSE
] *Alarm ds Eool [E raLse
9 *alarm data Bool (5] wuE
il *webdata® Metor DEC+- 20

Figure 33 - Alarm levels at 2.62V
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i Name Addeess

“Analog InputVal..,

*Scaled Value®

“Alarm dam” Alar

9 “Alarm
[ “webdate® Motor

Figure 35 - Alarm levels at 3.84V

Display format
DEC
Flosting-point nu
Bool

Jﬂum
Boal
Bool
Boaol
Boal
Bool

DEC+-

Figure 36 - Analogue input at 5.15V

Manitor valiue
10546
7628761
(=] FALSE
[3] FALSE
[ FALSE
[E FALSE
[3] FALSE
@] wue
(&) TuE
0
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[

e AAS
i kame Address
*Analog Input Val... %iwed
%hDa

i “Alarm dat
“Alarm dats" Alar

A “Alarm d

7 “Alarm data®

] “Alarm data® Alar

9 “alarm da” Alar

o “webdats” Motor.

Figure 37 - Alarm levels at 5.15V

E=d

Display format
DEC
Floating-point nu

Bool

| Bool

i Beol
Bool
Bool
Bool
Bool
DEC+-

» @ b A4 %5
i Hame Addres

*Analog Input Vel %We4
“Gealed Valus' 0L
“Alarm data” Alar
*Aarm deta”... i

& *alarm data” Alar
"Alarm deta”® Aler

a “Alarm data” Alar

¢ “Alarm data® Alar

] “webdata® M

Figure 39 - Alarm levels at 6.66V

x|
1

Display farmat
DEC
Flaanng-point nu
Baol
Bool
.
Baol
Bool
Bool
Bool
Bool
DEC4-

Menitar value
14120
1022063
[ FaLsE
[§] FALSE
[E rase
L] FaLSE
W] TRUE
=] mue
[E] e
a0

Menitar value
18327
1325738
[E] FaLse

= [7] FALSE
[3 FaLsE
TRUE
[§] TRUE
(=] TRuE
|5 RuE
50
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i Name Disploy format
DEC

Floating-paint nu

"Analeg Input Va

“Cealed Value®

“Alarm data” Alar Boal
I “Alarm data®.... i | Bl
“Alarm da Boaol
[ “Alarm dam”® Alar Boocl
“Alarm data® Alar Bool
“Alarm data® Alar Banol
L “Alarm da Boo|
L “webdata® DECs-

Figure 42 - Analogue input at 8.85V

Mentor value

21213

153 4505

=
(Al
&
=
I
=
(1]
50

FALSE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
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)| o
1

L 1 v

i Name Address Display farmat Moninar value Modify value 7

“Anelog Input Vel %l DEC 24300

2 “Scaled Value” =hDa Floating-point nu_. 1757813
“Marm det Boo! [E] FaLSE
“Alarm dawa”.... [ig | Bocl =[] TRUE
~Alarm dama” Alar =3 Boal @ e

& “Alarm dat: Bool (=] RUE

7 “Alarm dats” Alar Bool W] TRUE

] “Alarm data® Alar Bool [CIR LA

] *Aarm data” Alar Bool X ™uE

a “webdata” Motor. DEC+- 8a

Figure 43 - Alarm levels at 8.85V

Figure 44 - Analogue input at 9.97V

. " 3 @ on (oo
s 2 it a2 In9 Good test results using watch table
i Address Display formar Monitar yalue Modify value 7

“Analog InputVal... %IWS4 DEC 27406
2 “Cealed value® b4 Flostingpoint nu.. 1982404
3 “Alarm data” Alar Bool [=] TuE
A “Alarm dota®.... [ | Bowl I+ (] RuE

* Alar "Benl [&] e

5 * Alar Bool TRUE
7 "Alarm data’ Alar... Boal [¥] TRUE

“Alarm ¢ : Boal = wue
3 “Alarm Bool |l TRUE

“webdats” Motor DECs- 100

Figure 45 - Alarm levels at 9.97V
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Figure 46 - HMI Power ON

Figure 47 - HMI 1st alarm set. Pump speed = 20%

Figure 48 - HMI 2nd alarm set. Pump speed = 30%
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Figure 49 - HMI 3rd alarm set. Pump speed = 40%

Figure 50 - HMI 4th alarm set. Pump speed = 50%

Figure 51 - HMI 5th alarm set. Pump speed = 60%




Figure 52 - HMI 6th alarm set. Pump speed = 80%

Figure 53 - HMI 7th alarm set. Pump speed = 100%

Figure 54 - HMI Manual override in operation

Good supporting images with all
45 conditions tested




Figure 55 - Pump at 0%

[ g
¥

wo
2o

A

[54

i U

Figure 56 - Manual setpoint set to 20%. Reading 24%

| i
¥
wo
ey

-5

40

=

e

0 L]
o 5 w 15 1] 2 1w 28 2 45 b

Figure 57 - Manual setpoint set to 30%. Reading 32%
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0 |

]

Figure 58 - Manual setpoint set to 40%. Reading 41.99%

L3z
"

%D

Figure 59 - Manual setpoint set to 50%. Reading 51.4%

[ R
¥

Figure 60 - Manual setpoint set to 60%. Reading 61%
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Figure 61 - Manual setpoint set to 80%. Reading 80.29%

Fpiay
¥

%o

ap

a0

Winze mex

Figure 62 - Manual setpoint set to 100%. Reading 100% and 12V

Good
Pico
Scope
result
s for
duty
cycle
values
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Log Sheet 11 logNo |1

No hrs

Running total 2
hrs

Research into the potential project ideas for this subject this year during the class lesson. Looked into
the various types of water pumps, control and automation systems and their compatibility with the

application.

d=...

Clarke PSP105 12" 250W £75.59 "

VAT

100Lpm 6m Head Puddle Pump
With Auto Sensor (230V) | Compare (max 4)

v
v

v
v

250W 230V motor

3 position auto sensor allows remaining
water level to be set

Outlet:1.5" BSP with non-return valve.
Outlet adaptor; 1" BSP, 1" hose,1 2" hose

The Clarke PSP105 Puddle Pump features a 250W
motor with Auto sensor. It is ideal for draining flooded
cellars, sumps etc and clearing spillages, thanks to
the low 1mm suction depth. This Puddle Pump also...

21 reviews

115Lpm 8m Head Submersible

Clarke CSE400A 14" 400W £41.99 "¢

Water Pump (230V) | Compare (max 4)

ADD TO BASKET

106 r W

The CSE400A submersible water pump is
manufactured from tough, durable corrosion proof
materials and is ideal for a wide range of clean

water oumping apolications If's fitted with 2 float

Student signature

MD

Supervisor Signature

Lecturer Signature

7g
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Log Sheet

Log No 2
No hrs 4
Running total 6
hrs

Research into Siemens PLC's and their applications.
https://realpars.com/s7-300-versus-s7-1500/

Wrote my project proposal, ready to start making decisions on the solutions for the project.

Project name - Cable Tunnel water pumping system
Where?

This project will be situated in the Energy Generation (Power Piant) depariment in Port Talbot
TATA Steelworks. This project will be for one of the cable tunnels which floods heavily when it
rains

Why?

When it rains, the cable tunnels flood quickly, which requires the water fo be pumped out
whenever it comes to this situation. Currently, there is a diesel powered pump which is used for
pumping the waler out. However, this comes at a heavy cost as it needs to be refuelled often
and it needs to be manually operated

INTERFACE

level | IPLC || |—[pump

Sensor e

Cable
Tunnel H MI

What?

There is going to be an electric submersible pump placed in the cable tunnel with level sensors
and float switches to bring the pump on and off automatically when the water reaches a cerfain
level. There shail be displays/indication on the panel which show the current level of water
inside the tunnel.

How Much?

Student signature

MD

Supervisor Signature

Lecturer Signature

//&‘—"’
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Log Sheet

Log No 3

No hrs 2
Running total 8
hrs

Finalised my project proposal and started to investigate the different solutions to resolve the

project problem.

Researching into different types of level measurement and what their advantages and

disadvantages are.

Looked into ultrasonic level measurement on RS Online.

W Feadback

» In Sensor Accassones > In Level Sensars »
SNET CRAGHKMI ;1‘u1|.|-wscw.n LM52-2890 SONSEEXXX
£1,147.44 E640.70 £67.84 £574.T0
- L % .- = ]
Student signature MD
Supervisor Signature
Lecturer Signature A e

51




Log Sheet

Log No 4

No hrs 4
Running total 12
hrs

Carried on with research into level measurement instruments and which one would be the most

applicable for the solution.

Started to develop possible solutions for the project from further research into different ideas.

https://new.abb.com/products/measurement-products/level/a-dozen-ways-to-measure-fluid-level

Ultrasonic Transducer : Signal Out

Tank Well =

Process Fluid

|~ Ultrasound Pulse
Beam

Student signature MD
Supervisor Signature
Lecturer Signature A e
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Log No 5

Log Sheet rohre ?
Running total 14
hrs

Developed a block diagram for the process of the project control system for my presentation.

Looked into the pro’s and con’s of both solutions to pick a chosen solution.

Started to develop project presentation.

Level P e
Sensor

Cable

Student signature MD
Supervisor Signature
Lecturer Signature A e
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Log Sheet

Log No 6
No hrs 2
Running total 16

hrs

Carried on with project presentation development. This was investigating the project risks,

budget and test plan.

Student signature

MD

Supervisor Signature

Lecturer Signature
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Log Sheet

Log No 7
No hrs 2
Running total 18

hrs

10

- Cumw

Carried on with development of project presentation.

Acvontoges and asodvantages

Budgefng

S e . e e e mw =
——- | — —

e ———

H o e i Lt — 4
T S

T e e €3

Student signature MD
Supervisor Signature
Lecturer Signature //‘_/ P
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Log Sheet

Log No 8
No hrs 4
Running total 22

hrs

Research into analogue inputs on TIA portal.

= 3 YouTube**

Siemens TIA portal: how to use Analog input/output signals modules?

Student signature MD
Supervisor Signature
Lecturer Signature /4,//*
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Log Sheet

Log No 9
No hrs 5
Running total 27
hrs

Starting the analogue input programming on TIA Portal — prototype 1.

IP Address and subnet mask for PLC

Q Mopertion. |\ bla i-’. Disgemiies L
“Genweal | 10 lagn | Syslew coovtants | Twans
wrare Bulrwt Mo ervated -
it adbrwncen Add e s bmet
::...u" . [T m———
ey o ' (B Lot ¥ adewns i e prasert
* lsren ] L - G
st Ay M4 Ma M4 0
" e ot
[} w addwrny iz 307 Amecry r the Sree
o =
*  Netenh i
o i -
- Netwok 3
wvo
R
=N (L]
*  Network 4:
wo
WL whaen conaitions
=N Lt
Student signature MD
Supervisor Signature
Lecturer Signature A~
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Log Sheet

Log No 10
No hrs 5
Running total 32
hrs

Carrying on with analogue input - prototype 1.

HODUDC] ¢ Progrem blocks + Inpet-Dutput Inter scing [FCY)
iy LCEBBR a3 i1SniChda9 YUl &7 e
<t ra
e T A
- Block ttle:
*  Netwok 1
oMy AL
e el At Dal]
— N (L =] ™~ NG =
.t _ R —
] +tarene ~air cas el
own ",
-~
ML
Aatw (e a s
] ENO
anabingut® e — g OUT  Araiogea” punk *Amaloge” s
L
- Netwosk 2t
o
L)
(L L]
" i b’ Ko
<o
e o e
e
Student signature MD
Supervisor Signature

Lecturer Signature
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Log Sheet

Log No 11
No hrs 4
Running total 36

hrs

Carrying on with analogue input — prototype 1. SCL coding.

T0) TREN

Student signature MD
Supervisor Signature
Lecturer Signature //’/{ P
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Log No 12
No hrs 5
Log S heet ::Snning total 41

Carrying on with analogue input — prototype 1. SCL coding.

FIF ("Analogus™."potentiometer voltags" 160] THEN
& Alargl i= 2 t section IF
nd Alarml =
i Alarmi =
' Alared ¢-
¥ Alared 1=

Ana Alarm -
An Alarmé 1=

TANN

g REN

g THE
Student signature MD
Supervisor Signature
Lecturer Signature A e
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Log Sheet

Log No 13
No hrs 4
Running total 45

hrs

Prototype 2 — programming

Directory Tree:

* _] snalog_input_ti_V15.1
I #dd new device
gh Devices & networks
w [ PLC_1 [CPU 1214 DODC.
DY Device configuration
B Online & diagnostics
w o3 Program blocks
I Add new block
& Main [OB1]
& nputOutput interls
& 5CL alarm condibiont
@ Analogue [DB1D]
b L@l Technology objects
» w5} External source files
v [ FLC tags
b (4] PLC data types
b [ Wasteh and force table:
» L} Online backupe
» [ Tecer
» [ Devste prowy data
¥} Program info
W} PLC alarm textlists
» L@ Local modules
w ') HMI_1 [KTP7OO Basic PN
Y Device configuration

L Atiss i dkicnnaa ——

Main Block:

*  Network i:
- wo
Parvpt 4o gt Ot b bey”
p——n

The Power switch (%M0.0) has been implemented before the main input / output block.

|*  Metwork 2:

v
L sharm ¢ ondition,”

L L (L)

Student signature

Supervisor Signature

Lecturer Signature
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Log Sheet

Log No 14
No hrs 5
Running total 50

hrs

Prototype 2 —watch tables and alarm conditions. Used the potentiometer to simulate the water level

to raise alarms.

aralog input 11 VISY ¢ AC Y (O 12740 DODODC] & Watch snd fosce

O A Jch

i tame Dinplay format  Moniter walie

' 'Jﬂila'w' P E'—i Featngpon_ [w 5135596

H = 34 a3

3 mlqm A0 Bool [CR. TS

4 “sralogue® Mamm1 Bool [ rause

1 “aeulogin’ Aarm2 Bool [ rase

] “Analogue” Alarm ) Bool 3 rause

? “salogue” Alarm4 Bool [ rause

£l *anslogue” Alaemd Bool [ rase

anatog input 11 V151 ¢ PLC Y [ORU 1040 DODODC] ¢ Waich snd force

fédﬁih?#Fh

i Ompiny formar  Monisr wnive

\ 'nlngu- n [;[—' H:llngoﬂn =2 ﬂ.nm
3

i wlqu Masmts l-l E AL
) “aralogue’ Nam | Baol [ =
5 “apmlogue’ Masm? Bocl [ rase
. *hnalogue’ Anem3 Bact [ rase
. i *analogie’ Alzmmd Bond [ pase
] “Aralogue’ Alsem Boet [ rase

anatog mput 11 V151 ¢ RC Y [CPU 12940 DOUDODC] » Watch sind force

fwéwmnXJM“

i Deaplay format Mcrece slue

' 'nm--o G:l--ww serre

3

] n-uluuu Alarm0 le Emﬂ

“ "analogue”™ Marm | Bool [mE TS

] *drralogue® Alasm2 Bool W e

w “snlogue” Haem Beal = rase

t ] “delogue” Aarmd Boal & rasse

£ “analogue’ Alarms Bool [ FadsE

we a!! a7

i Deapluy formm Liender abe

' mm P Ei—lmmm (= 13

2 282

1 ..-..n.,... Alnrmi) u-ul [ ruse

4+ “Analogue” Marm1 sool [l taase

3 “Arelogue’ Aerm ol [l FasE

“ “hralogue” Mamed Baol [CR S

T “Anslogue” Aarmd Bool [l P

L “heulogue” Harm Boot (7 Faase
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Log Sheet

Log No 15
No hrs 2
Running total 52

hrs

Carrying on with prototype 2 — watchtable and alarm conditions.

P LiFL AL TN
i Lare mdtrrs xipiny forrmat Menitsr ke
1 “amlogue’ ‘p. B[ | Fisannggon_ (v 038718
- me ey oec 1730
] *analogue’ Alnmo nocl [ rase
] *Analogue® Namn ! Baol [ riuse
3 *Anslogue” Alsrm2 Bogl ) raLse
l “Analogue” Al ool [ rase
7 *srulogue” Aamme 8ol (&) =
] *Anslogue’ Sarms Boul [G) FaLsE

analog_input, 11 V151 ¢ FLC T [CRU 1294C DUDGDCT » Watch and fores

PP 2 22T

i Faame Agdress Despimy form et Menmee walue

] “Anslogue’ p_ |8 | Floating pon = 2sam918

2 b - g DEC 21838

1 “analogue’ Mammi Boct 3 rmze

- “nalogue® i) Baal (5] paLse

H “Anslogue’ Alarm2 ool FASE

. “Analogue” Alsrm ) Baal 3 raise

y “Analogue” Alsmmd Baol (&) s

[ “inalogue’ Alerm$ Bool (W] =

Student signature MD

Supervisor Signature

Lecturer Signature /&.,

63




Log No 16

Log Sheet tobrs ?

Running total 54
hrs

Designing the HMI screens.

Nater level control
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Log Sheet

Log No 17
No hrs 6
Running total 60

hrs

Making changes to HMI screens and relevant components tagged.

ol + HML1[K

MBI USKeE: Ar s fsEr—2 P B:Er 3

ontrol ¢ HNI_1 ) Basic FN] * Screens » Water level contro

W[ I-18 1 USAsEs Ass s St—2 BesBafmsims Ptz @

T e
ol
umulnmsat- et

Alarm conditions 50

— i T 07
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Log Sheet

hrs

Log No 18
No hrs 5
Running total 65

Testing analogue inputs with alarm levels raised.

i Hame
“Analog Input Val...
“Scaled Value™
1 “Alarm data” Alar

“Alarm data” Alar
& “Alarm data” Alar
“Alarm dets” Alar
B "Alarm deta™ Alar.
9 “Alarm data® Alar.
10 *webdata® Motor

= [a

v
Addrers
e
=hD4

.
1

Dispimy formar
DEC
Floating-paint nu
Bool

i “Alarm data®.... |1 Bool
.

Boal
Bool
Bool
Bool
Bool
DEC+-

Menitor value

7167
5184462
FALSE
[ FALSE
[E] FALSE
[E FaLse
[7] FALSE
[ Farse
[} ™uE
20

Modify value 7
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Log Sheet

Log No 19
No hrs 8
Running total 73

hrs

Testing HMI for pump speed indication under different level conditions.
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Log Sheet

Log No 20
No hrs 7
Running total 80

hrs

Constructing the project system circuit.
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Log Sheet

Log No 21
No hrs 5
Running total 85

hrs

Testing the PWM output using a picoscope.
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Log Sheet

Log No 22
No hrs 10
Running total 90

hrs

Project research into PLCs, Arduino and electrical control circuits for the written report.

ll“: "
e e ARDUINO

. ( » =
'l ds.-—.-—n.aH:
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Log Sheet

Log No 23

No hrs 15
Running total 105
hrs

Writing the full project report.

A good level of detail in the log

sheets and a realistic timeline
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GRADEMARK REPORT

FINAL GRADE

/ 2o

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2
Text Comment. Good table of contents with relevant level of detail
PAGE 3
PAGE 4
Text Comment. Appropriate list of figures
Text Comment. Good use of tables
PAGE 5
PAGE 6
Text Comment. Good explanation with a relevant source
Text Comment. This is a possible relevant solution
PAGE 7
Text Comment. A possibility associated with Ind 4.0
PAGE 8
Text Comment. Good explanation with relevant supporting ref source
PAGE 9

Text Comment

. A good specification



PAGE 10

Text Comment. Good testing plan with relevant detail

PAGE 11
Text Comment. Good chart for expected initial timeline

PAGE 12
Text Comment. A fair argument for future proofing

PAGE 13
Text Comment. A good argument and evaluation for this solution

PAGE 14
Text Comment. The option for remote control is a good idea and very possible with this
system.

PAGE 15
Text Comment. This system would be better off using PWM. The small signal can be
handled by a signal MOSFET and this can be used to switch a power MOSFET to drive the
pump.
Text Comment. This is not really a disadvantage
Text Comment. A fair argument for this system, but the small 5V signal is not a problem
to drive a higher voltage and current pump.

PAGE 16

PAGE 17
Text Comment. This is usually a last resort option but more often it is the existing
system that will be replaced by automation.

PAGE 18

PAGE 19

Text Comment. A good table of comparison




Text Comment.

Good explanation but there should be a statement to explain the reason

for choosing the PLC.

PAGE 20
Text Comment. Good use of block diagrams
Text Comment. Budget is realistic
PAGE 21
Text Comment. Good driver cct
Text Comment. Good design of analogue input using the NORMX and SCALEX function
blocks
PAGE 22
Text Comment. This is a good implementation of SCL to handle the conditioning for
alarms.
PAGE 23
Text Comment. Good images to show implementation
PAGE 24
Text Comment. Good explanation with supporting images
PAGE 25
Text Comment. Image shows the configuration for the PWM pulse driver
Text Comment. Good image showing the directory source for the PLC project
PAGE 26
Text Comment. Good image showing implementation
PAGE 27
PAGE 28

Text Comment.

Good design of initial HMI page with link



PAGE 29

Text Comment.

Text Comment.

Good page layout design

Good image of equipment setup

PAGE 30
Text Comment. Very good use of tables for test analysis
PAGE 31
PAGE 32
Text Comment. Very good table of results
PAGE 33
Text Comment. Very good explanation to overcome this issue with the Pico Scope
Text Comment. Good table of results for duty cycle values and conditions
PAGE 34
Text Comment. Good point explained
Text Comment. Good conclusion
PAGE 35
Text Comment. A good realistic comparison Gantt chart
PAGE 36
Text Comment. Reasonable number of relevant sources
PAGE 37
Text Comment. Good supporting images
PAGE 38
PAGE 39

PAGE 40



PAGE 41

PAGE 42

PAGE 43

Text Comment. Good test results using watch table

PAGE 44

PAGE 45

PAGE 46

Text Comment. Good supporting images with all conditions tested

PAGE 47

PAGE 48

PAGE 49

Text Comment. Good Pico Scope results for duty cycle values

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

PAGE 56

PAGE 57

PAGE 58

PAGE 59

PAGE 60

PAGE 61

PAGE 62



PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67

PAGE 68

PAGE 69

PAGE 70

PAGE 71

Text Comment. A good level of detail in the log sheets and a realistic timeline

GRADING FORM: CSG-RUBIC

MATTHEW DAVIES

RESEARCH-INFORMED LITERATURE

(

yﬂ

There is good evidence that research has been
carried out and using a good number of relevant
sources. More images should have been included
to support the research. 6.5/10 The sources are
listed and used in the text using correct method.
6.5/10

KNOWLEDGE AND UNDERSTANDING

13/20

(




y" Good specification with a good level of detail. The

specis in a logical sequence and clear. 7/10
Solutions considered are valid and explained in
good clear detail. The justification of the chosen
solution is not explained even though there is an
evaluation. 7/10

ANALYSIS

14/20

[

y" Testing and results are clear and presented using a

good method. Tables and images are included as
evidence and a good test plan has been followed.
8/10 Conclusion covers all the significant points in
the project. There could have been some
recommendations made especially for Ind 4.0.
7/10

PRACTICAL APPLICATION AND DEP.

15/20

[

y“‘ Good planning methods have been implemented

and a comparison of the actual and predicted plan
timeline is included and explained. 3.5/5 Solutions
considered are valid for the project. 6.5/10

Implementation has been explained in good detail.

Each section is identified clearly. Implementation
follows a good sequence and a good set of logs
which indicate a successful and logical sequence
of tasks to complete the project. 8/10

SKILLS FOR PROFESSIONAL PRAC.

18/25

[

4 Quality of report is very good with a good

supporting Appendix.
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