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Summary
This report has been produced in order to document the research, design, construction and
testing of the commissioning of a new drive due to new ethanol additive regulations.

Extensive research has been carried out on this project, this research has been carried out
into many of the aspects of the project, including the motor control options and the
importance of selecting the most suitable motor.

The following section of the report is the project proposal, this is produced in order to
underline the issue and how it must be solved. A basic project plan can also be seen within
this section.

The specification for the project can be seen within the next section, the specification is
used to determine whether the project has been a success. For the project to be successful
all the specification points must be met.

The timing plan has been suitably updated throughout the project; this has been done to
allow the actual completion dates of certain tasks. It can be seen that some of the project
fell behind plan, this was due to certain issues that occurred.

There were then three solutions for the project considered, each of these solutions were
thoroughly researched in order to determine their suitability for the project. Once each
solution had been researched they were then all compared. The most suitable solution was
then chosen; the use of a gemstart for the control of motor.

The chosen solution was then designed and implemented, this was first of all done by
designing the layout of the starter and the settings for the gemstart. This was then tested
and it was found to work correctly on a light run.

The final step was too conduct the final test of the system; this was done in two stages. A
light run (motor shaft not connected to pump), and then the final run up of the motor. In
order to ensure both of these tests are successful a certain amount of time must be
allowed, also fault conditions must be simulated.

Good
summary.
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1. Introduction and background research

1.1 Back ground information

In this project a new pump must be incorporated into an already functioning petrochemical
industrial plant. The pump needs to be installed due to new regulations that state the
amount of ethanol within gasoline must be increased. Therefore, the pump will be utilised
in order to inject ethanol into the gasoline just before it is delivered to the consumer.

The new regulations state that in order for fuel to be considered “biofuel” the ethanol
content must be increased from 10% too 15%. This new type of fuel is called E15. The
current fuel that is created is E10 which contains 10% ethanol and 90% petrol, therefore in
order to prevent the need for large construction changes in the plant, it was decided that
the additional 5% of ethanol that is now needed will be injected just before being loaded
onto tankers for the consumers.
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Figure 1 - Ethanol Emissions (Resourcefulness, n.d.)

Figure 1 shows the emissions from different types of fuels, it can be seen that EO has the
most efficient emissions. However, due to this mix having no ethanolin it, it is not
considered to be biofuel. It can also be seen that from moving to E15 fuel the ethanol
emissions drop drastically compared to E10 fuel.

The project itself requires the designing and implementation of the injection motor to allow
these regulations to be followed. The overall project is a very large one therefore, this
particular project is going to focus on the electrical side of the project, this being installing
the motor and its suitable control/protection systems.

This is good background
information.




1.2 Basic research

This project requires research into 3 possible solutions for the project, due to the motor
being selected by industrial standards this cannot have three different solutions. Therefore,
the control and protection of the motor will be decided utilising three solutions. The control
of the motor is important in order to ensure minor faults do not become major faults. The
motor will be tagged 23-PM-412 and will be fed from 30-MCC-6-1 in substation 6.

30-MCC-6-1

Figure 2 - 30-MCC-6-1

1.2.1 Requirements for good motor protection

In order to develop 3 solutions to the problem an understanding of what protection a motor
needs must be developed. Protection is needed to ensure that if a fault occurs it can safely
trip the motor or provide an alarm/warning to the user to inform them. There is a large
variety of protection for motors, however the most important protection that has been
found are; Overload protection and Starting current. “Overload is the operation of
equipment in excess of its current rating” (Holt, 2013). Therefore, overload protection can
be achieved by analysing the running current and ensuring it is not 110% of the motors FLC
(full load current).

1.2.2 Arduino
Arduino is a form of microcontroller that is easily programmed to undergo certain projects
(Figure 3). The processing board is powered through the use of a USB at a voltage of
between 7 — 12 VDC, the programming of the board requires a free to download software
called “Arduino Development” (Wyoming, 2013). The Arduino board contains a 28 pin, 8-bit
microcontroller, this allows the “processor to complete 20 million instructions per second”
(Wyoming, 2013). Through the use of the software many things can be undergone,
therefore through the use of Arduino the current can be analysed and alarms that
eventually trip the motor can be incorporated into the program for when the FLC is
exceeded. Good argument for the Arduino

which is more than capable of

monitoring multiple analogue

Ly alo4me BbIENR 6 BIHEAES

supported by further test and
implementation further in the
report.




Figure 3 - Arduino Board

1.2.3 Microprocessor

A microprocessor is a mass storage device, which is a form of advanced computer (Figure 4).
They are useful in different applications due to the low cost, small weight, low power and
high computing capabilities. “Now a days, a microprocessor based systems are used in many
different applications such as; automatic testing product, speed control of motors and
traffic light control” (Scanftree, n.d.). Due to these capabilities a microprocessor would be
suitable to be used for the protection of the motor due to its ability to compare inputs with
desired values and then provide an output depending upon the state of the input.

Good argument which is backed
up further in the report with some
testing.

Figure 4 - Pic Chip

1.2.4 Gemstart

A gemstart (Figure 5) is a type of controller that has been specifically designed for the
greatest possible motor protection. The gemstart is designed to work in co-operation with
any motor starter and other electrical applications, this is done through utilising suitable
control wiring. The gemstart is able to be programmed to suitably protect a specific motor.




The gemstart can also increase the efficiency of the motor through analytics that it carries
out. In order to program the gemstart a computer is required.

Good argument for this PLC with more
information to support this further in the
report.

GemStart5

Figure 5 - Gemstart




2. Specification

For the project to be deemed as successful it must satisfy all of the following criteria in the
specification.

2.1 Technical Specification
Performance
The drive must be as efficient as reasonably practicable to reduce the amount of wasted
energy/power
Sustainability here
Service
The drives must be operable 24 hours a day
The motor must be able too operate without maintenance for 2 years

Life Span
The motor must be purchased from a company that will provide parts for at least 6 years
after purchase

Costs
The cost for the installation of the drives must be no more than £8000

Maintenance
Planned maintenance must be carried out on the drive annually
When required reactive maintenance can be carried out on the motor

Installation
Motor must be suitable too be installed by mechanical department at Valero

Safety

The drive must user friendly and must have the suitable fixings too install a cowl onto the
back of the motor too prevent entanglement in the fan, the motor must have suitable
means of isolation in order too allow maintenance too be carried out.

Testing
The motor must be suitably tested too ensure operation before and after installation.

Documentation
The drives must be provided with suitable documentation that will allow the company too
suitably prepare for the installation of the motor before it is delivered.

Ergonomics
The motor must have local and remote control, this will allow the motor too be suitably
controlled in the field and also from the panel man.

Standards
The renewably powered motor must be suitably atex rated.
The wiring for the renewably powered motor must be in line with BS 7671.

10




Reliability
The motor must be reliable so that it does not require reactive maintenance within the first
2 years of operation

Sustainability
The motor must utilise the most sustainable components possible in order to promote

sustainable development

Aesthetics
The motor must be well maintained to ensure a good appearance

2.2 Timing
For the timing of the project to be successful it must be fully completed by April 2019.

A breakdown of the vital times can be seen below:
e The research for the project must be completed by the 23/10/18
* The chosen solution must be made by the 11/12/18
e The specification must be written by 6/11/18
e Anproject plan must be developed by the 13/11/18
e Further research into the chosen solution must be undergone by the 25/12/18
* A component list must be produced by the 5/2/19
¢ The final test of the solution must be carried out by the 9/4/19

2.3 Budget

This project was given a rolling budget; however, it was deemed desirable to keep the
components within the project to a maximum price of around £8000. The installation costs
should be minimal due to no training being required as the maintenance team are already
familiar with the parts going to be used. Also no training will be required when it comes to
operating the motor as it will be operated in the same manner as every other motor
currently on site,

Spec is good but seems it only includes the motor
and drive. There should also be a controller as
discussed in the research. This should not be
specific to a drive.

11




3. Planning

3.1 Gantt chart

The entire project has been planned out using a Gantt chart, this Gantt chart can be seen
within Appendix A. The Gantt charts illustrates the dates certain tasks must be completed
by and then the actual completion dates.

It can be seen on the Gantt chart that a few tasks have fallen behind time, these have many
reasons that have led to this, mainly complications with completing other tasks that have
led to other tasks being started later than expected. This therefore has a knock on effect on
the whole project and starts to put the project behind schedule. However, it can be seen
that in places extra work was carried out in order to ensure the project was put back on
schedule.

From the Gantt chart it can be seen that there were two deadlines that were not met, these
tasks were to produce the project plan and to produce the component list. The project plan
took longer than expected due to the substantial amount of time it took to decide upon the
best solution. This therefore meant that the project plan was not started at the planned
time.

The second complication was the component list; this task took longer than planned due to
the vast array of different components that were available. It therefore meant that each
component had to be analysed in order to ensure it is suitable for the project.

3.2 Testing plan

In order to test the final project 3 main tests must be carried out, these tests are;
e Testing of the starter (protection)
e Light run of the motor
e  Full run of the motor

By conducting all 3 of these tests the system can be deemed operable, this is due to the
protection being tested and then the motor being tested both with a load and without a

load.
Good explanation and supported by good use of Gantt chart

which has comparative timeline.
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4. Solutions Considered
For this Project three solutions must be considered, each of these solutions will be analysed
and then later compared in order to determine the most suitable solution.

4.1 Solution 1

The first solution is to provide the protection of the motor through the use of Arduino. The
Arduino will be programmed with different alarms for set values; for example, if the running
current exceeds the FLC (full load current) then an alarm can be triggered, this alarm can be
programmed to then trip the motor if the running current does not drop after a set amount
of time. The in rush current of the motor can also be analysed by the Arduino board, the in
rush current is far greater than the eventual running current therefore the Arduino board
can be programmed to trip the motor if the current does not drop after a suitable amount
of time.

Arduino works through the use of “three main components” (Blum, n.d.); the Arduino
board, external hardware and the Arduino software.

A very important aspect to the protection of the motor is fault analysis, in order to gain this
fault analysis some kind of interface between the user and the fault data must be
achievable. With Arduino a LCD screen can be utilised in order to present the basic running
data of the motor and the alarms/trips. However, for proper analysis of the faults LabView
can be utilised, by utilising this existing trips/alarms can be documented to provide data
that could lead to the correct fault diagnosis on the motor.

The only real limitations that this solution contains is the need for a small regulated voltage
on the Arduino board which can be difficult to find within, industrial substations; therefore,
a regulator may be needed. Also Arduino boards are known to develop problems and the
protection on the motors needs to be as reliable as possible.

Due to the simplicity of the Arduino software it can be seen within the log 7, that a basic
prototype was developed that had 3 alarms at different currents, a potentiometer was
utilised to alter the current in order to trigger each alarm. The circuit and example of alarm
1 can be seen within Figure 6 & Figure 7 — Arduino prototype.
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Figure 6 & Figure 7 - Arduino proto

Good argument supported by a
demonstration and test. 13




4.2 Solution 2

The second solution is to utilise a microprocessor in order to provide the protection for the
motor. The microprocessors program is developed utilising MPLAB IDE and HITECH C
compiler, once the program has been developed it is then downloaded to the PIC chip. The
program is then run through the use of proteus.

The microprocessors program Figure 8 is coded through the use of C-programming this
allows for complex programs to be coded with relative ease. This can allow for the FLC and
in rush current to be analysed throughout the code, depending on the arithmetic values
alarms/trips can then be activated from the program. The microprocessor can be re-
programmed as many times as desirable this will be helpful if the motor size is changed in
the future.

The limitations of the microprocessor are how complicated the circuits can become, also
there will be a need for a large CT which will reduce the accuracy of the current readings
and could therefore cause discrepancies and allow the motor to run under fault conditions.
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Figure 8 - Microprocessor example program

4.3 Solution 3

The final solution is the use of a gemstart for the protection of the motor. The gemstart is
programmed through utilising gemstart software on a laptop, the laptop allows for all the
protection settings to be set up accordingly to the motor that the protection is for. The
gemstart operates through the use of a CT on each of the motor phases, this allows for
many other protection types to be undergone. The in rush current and overload can be
protected however by having a CT on each phase phase imbalance can also be analysed, this
protects the motor from potentially single or double phasing when one phase is down. The
gemstart 5 has 3 CT’s built into its processing module.

The gemstart has an LCD display which is utilised in order to display the running conditions
of the motor, it can also give a small display on the faults that occur. This is important in

14




providing the user with information on the faults, the good thing about a gemstart is the
historical data that is available. Through the use of a laptop all the historical data of the
gemstart can be analysed, this can be helpful in understanding any re-occurring faults with
the motor and can allow for diagnosis of the fault to be made easier.

The limitations with the gemstart is the severe cost to install to begin with however due to
the extensive protection that is provided this cost is repaid. Another limitation is the need
for a laptop for the best communication, due to regulations upon site the laptop would be

very expensive as it would need to be certified to be utilised within hazardous areas (ATEX).

A good argument for the drive
especially since it has built in
CT'S for each phase. This would
have to be done as external ccts
using microprocessors.
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5. Final Solution and Implementation
For this section all three of the solutions can be compared and the most viable option can
then be chosen.

5.1 Comparing all three solutions

Installation time

From analysing all three of the possible solutions it was decided that the gemstart would be
the quickest to install. This is due to the ease of installation with the current switchgear
compared to the development time and installation time of the other two solutions. The
motor starter itself would have to be remodelled so the LCD displays are appropriately
displayed. Also the board would have to be mantled to the starter appropriately and a
supply would have to be installed into the starter for the circuits. All of these modifications
will take time and will also require more tests to ensure the modifications made are

appropriate. Th
ere
Cost wo

The overall estimated cost of all 3 solutions can be seen withinthe log 8. It can be seen that

the cost of the gemstart solutions is much greater than the otber two solutions. The only/CU's are cheap
parts that will be different between each solution is the proteetibn device therefore the /7 COmparison but
gemstart is going to be much more expensive due to the capabiiities it supplies. the cost in time to

siv design and build
I the interf:
Availability of parts e ‘e m. erace
X . Sihosis ; . circuitry would

All the solutions have been compared with the availability of thé parts required for the increase the cost
particular solution. This also accounts for the time that it will t&ke for the parts to be ’

sourced and delivered. ac
e

From analysing the availability of parts for each solution it canbe deemed that each of the
solutions have very available parts, there should be no parts Cl% excessive delay. This is
also desirable as spares could be sourced and delivered with s ort delay, this can be
important if faulty parts require changing.

ed
ed
Reliability in

All the solutions’ reliability has been compared, due to the gemstart being utilised within
many applications before upon site it must be considered the mﬁst reliable as no real
problems have been accounted as of yet. Through research it hgs been found that Arduino
board and microprocessors do tend to become less reliable ovegr time and therefore would

probably require more maintaining. n
for
Chosen Solution M

Having analysed each of the three solutions, it has been ultim&t€ly decided that the solution
3 is the most desirable solution. There are several reasons thathave made this solution the
most preferable; the installation time is one of these reasons, being able to install the
protection with complete assurance of the operation of the system is extremely important
and by utilising this solution this assurance can be fulfilled. The gemstart also provides far
further protection of the motor than the other two solutions and also provides the most
analytical historical data upon the motor. Although the cost of the gemstart solution is the

Your arguments are logical and

valid. It is probably worth

mentioning that the codes of

practice with Valero insist on the

GEMSTART drive.
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highest it is believed that the advantages off this solution far outweigh this and therefore
make the solution worth the cost.

17




5.2 Designing chosen solution

Having decided upon the chosen solution, the design stage for the solution must be now
undergone. The first part of the design stage was to determine where the motor will be
located, this therefore allows for the most desirable supply for the motor to be located.

Having had the location of the motor confirmed by the Mechanical department the supply
can be confirmed, from the location of the motor the most desirable supply was confirmed
to be within substation 6. A route for the cable between substation 6 and the motor was
then produced. This cable route can be seen within Appendix B.

It can be seen within the drawing that the cable will be ran upon existing cable tray. The
cable way for within the substation can also be seen within the design seen in Appendix C.
The cable is drawn so that it goes to a spare starter slot in the switchgear. The board that
the supply is taken of is 30-MCC-6-1, this is a mator control centre (MCC), therefore many
motors are fed from this board.

The next part of the design is to distinguish the cable connections for the motor, the motor
also has control wiring therefore the cable connections are not as simple as they may seem,
there is also a need to use existing cables from old substation six to allow remote control of
the motor from the control room. The cable connections that were derived can be seen
within Appendix D.

The next step of the design was to construct the starter for the motor, the motor starter
that was to be used was a spare galaxis motor starter (Figure 9) the first stage in wiring the
starter was to get all the control wiring in place. Once this had been complete the
components could then be mounted and the cable could then be terminated appropriately.

Good image to support explanation

Figure 9 - Spare motor starter

Therefore, in order to complete the starter; fuses, a contactor, a gemstart 5 (and processing
module), the cabling for gemstart and an isolator, must all be installed. The completed
motor starter can be seen within (Figure 10), the wiring within the starter has since been
tidied however no pictures have been taken of this.

18




Figur 10 - Completed starter

The quote for the gemstart can be seen within Appendix H, there was also a quote for the
re-wiring of the motor starter, however this was carried out as part of the project so this
was disregarded.

The component list can be seen below;

Stop/Start station - (£229) (Crouse-Hinds, n.d.)

Cable - (£339) (Components, n.d.)

Contactor - (E87) (contactors, n.d.)

This
Fuses - (£40) (Bussman, n.d.) costin
g list
Motor - (E785) (TECO, n.d.) shoul
d be
Isolator - (E45) (FUSERBLOC, n.d.) in the
appen
Gemstart - (E4150) (Comeca, n.d.) (Appendix H) dﬁ(p

Once the motor was chosen the details could be used in order to derive the gemstart
parameters that needed to be set. The settings are derived from the motor curve, this curve
is effected by many factors, a few of these are; the FLC of the motor, the wiring of the
motor eg. Star/Delta, and many other factors. The amount of settings that are available on
the gemstart are substantial, the settings that have been chosen can be seen within
Appendix E. Within Figure 11 the CT settings of the gemstart can be seen these settings are
notable as they show that all three of the CT’s are utilised in order to analyse the running
current of each phase.

19




Phase CTs

CT Input Type Primary

Number Of CTs Used " 3

External CT Primary Rating Speed 1 Speed 2
Primary Turns Through CT Speed 1 Speed 2

Turns

£ 1

Figure 11 - CT settings

Figure 12 - Motor details plate

20




6. Testing and Results

Once the solution had been put together, the next step was to carry out a test run. Also the
starter requires fault testing. Thorough testing has to be carried out before the system can
be deemed operable.

6.1 Starter testing

The first stage in testing the starter was to carry out an insulation resistance test to ensure
that there is no breakdown in insulation within the starter. This also confirms no shorts
between phases or phase to earth.

Image is appropriate to support your
explanations.

Figure 13 - Settings being updated in GEMSTART

In order to test the starter then certain fault conditions must be simulated, this is achieved
through the use of a primary injection tester, this tester will allow for a current that exceeds
the overload to be injected through the starter, this will then test the response of the
gemstart as it should trip the motor. The imbalance trip can be simulated by removing one
of the phase’ fuse and then injecting the correct current upon the other two phases.

The second test of the starter is too insert the starter into the carriage of the switchgear
into the test position and too carry out a control circuit test.

Through carrying out these tests it was found that the gemstart suitably protected the
circuit. When injecting the correct running current, the starter operated correctly, and after
increasing the current to above the 110% FLC the gemstart tripped. Following the successful
first test the second test could now be carried out.

The second test sees the starter be taken down to the substation and inserted into the
relevant carriage within 30-MCC-6-1. The starter was inserted into the test position and
then the control circuitry could be tested, by pressing the start button it can be confirmed
that the contactor is pulled in and the running light comes on the gemstart. By then
stopping the gemstart it can be confirmed that the contactor opens back up and the
stopped light illuminates.

Test
expla
nation
is
clear
and
gets
to the
point.
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Good image

It can therefore be seen that the starter is in working order.

6.2 Motor light run test

In order to ensure the motor and cabling from the substation are in working order an
insulation resistance test and a balance test will be conducted upon the motor. The results
from these tests have been documented within Appendix F.

In order to confirm the working of the motor both remotely and locally a light run was
carried out. A light run of a motor is when the motor is running with no load. In this case the
coupling between the motor and the pump is removed, this therefore means the motor has

no load.

By doing this and then running the motor the running current will be much lower than if the
motor had a load upon it, however it allows for the control circuitry to be tested. The
running current is expected to be around 40% of the FLC when being ran light. The current
on each phase can then be tested by using a clamp meter in the phases at the back of the
board (Figure 16), these values can also be compared to the displayed current on the
gemstart. The results from this test can be seen within Appendix G.

Good explanation and

reference to the
appendix. 22




Good images showing the

implementation and shows the
coupling removed for the test with no
load.

Figure 17 - Motor being-ran with coupling dropped

Thirdly the control of the motor from the substation was tested. This test was carried out
through the use of a radio, the motor was started and then stopped from the substation
successfully, secondly the local control station was tested. Once again the motor was
successfully started and then stopped.

@ >
. )
L
@

Figure 18 - Gemstart display (not running)
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Finally, the remote control of the motor was to be tested. In order to test this an operator
who understands the operating system within the control room is required. When this
operator started and stopped the motor from the panel within the control room the motor
functioned correctly.

It can therefore be deemed that all control circuitry works correctly.

6.3 Motor full load test

The final test for the motor is to have the mechanical department fit the coupling between
the motor and the pump and to have a final on load test (Figure 19). The motor will be
allowed to run for several hours in order to ensure everything operates correctly. Once this
test has been completed the final commissioning of the motor can be undergone.

Having carried out the final test run it was deemed that the motor was fit for operation, this
therefore means that the motor is ready for commissioning.

GEMSTART 5
N oK

Figure 19 - Motor being ran with coupling installed

However, whilst carrying out the final tests before commissioning it was found that the local
start button seen within Figure 19, ignores the interlocks in place and therefore allowed the
motor to start even when no lorry was connected. Therefore, it was decided that the local
control be removed for now and this problem be amended at a later date.

Important to highlight
this problem here.
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7. Discussion, Conclusions and Recommendations

7.1 Discussion
In this section the results from the testing will be concluded. In order to do this the results
from testing will be compared to the initial specification.

The first part of the specification states that the drive must be as efficient as possible, this
can be proven to be true due to the capabilities of the gemstart. The gemstart utilises
analytical data to ensure that the motor works in the most efficient way possible.

The next section of the specification states that the motor must be operable 24 hours a day
and must operate for two years without any maintenance issues. It can be confirmed that
the motor would be operable for 24 hours a day however in order for the two years without
maintenance point to be confirmed then 2 years after the commissioning of the motor
would have to pass.

The specification states that the motor must be purchased from a company that will provide
spare parts for at least 6 years. This is achieved through the use of a Brooke Compton
motor, this company is a well known supplier to the industry and therefore is extremely
reliable and provides spare parts for at least 10 years.

The specification states that the drive must cost no more than £8000, it can be seen within
the log 22; that the overall cost of the solution is £6025 for parts, and due to the installation
cost being little to none it can be confirmed that this specification is met.

Within the specification it states that the motor must be suitable for a cowl to be installed
and must have a safe means of isolation. Through utilising a Brooke Compton motor it is
known that a cowl will be supplied on the motor, and the safe means of isolation is found on
the starter within the substation. On the isolator there is a slot for a lock to be installed
which will prevent the supply from being turned back on.

The next section of the specification states that the motor must be suitably tested, it can be
seen within 6.2 Motor light run test and 6.3 Motor full load test that the motor is thoroughly
tested both with and without a load.

The specification also states that the motor must have local and remote control, it can be
seen through the tests carried out within 6.1 Starter testing that both of these motor
control types have been achieved. However, after conducting final testing before
commissioning it was found that the local control within the substation overrode the
interlocks in place and therefore this had to be removed.

The specification states that the motor must be suitably atex rated and the wiring must be
in line with current BS 7671 regulations. The motor that was selected was ensured to be
suitably rated through the use of the hazardous area drawings for the area in which the
motor is being installed, also the wiring was appropriately carried out under the current
regulations.

Codes of practice are

followed here.
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7.2 Conclusion
For the conclusion of this project several different aspects of the project are to be looked at,
these include the timing pan and the budget.

The first thing to be studied will be the project plan, it can be seen that the project was
planned to be completed by the 30/04/19.

Ultimately although several set backs within the project such as wrong parts being delivered
the project was a success and also the final test was carried out before this completion date.
Although the commissioning of the motor has not been undergone yet due to factors
causing other departments on the project problems.

The budget for the electrical installation of the project was capped to £8000, it can be seen
in the log 22 that the final component spend list is well below the £8000 mark. Therefore,
this means that the budgetary conditions of this project have been satisfied.

The project itself was successful, this can be deemed as the brief that was provided was
achieved. The motor has been installed with the most efficient protection as reasonably
practicable. The motor has both remote and local control which allows for the panel man to
operate the motor and also the field man.

Throughout the project a lot of inter work relations with other departments was required,
this was clear within the testing of the motor as communication with operations personnel
was required. It was therefore important that a professional approach was taken
throughout this project to ensure the communication between different departments was
clear and precise.

7.3 Recommendations
For the recommendations to the project improvements will be suggested.

The improvement that was identified for this project would be the improvement of the
gemstart settings in order to ensure that local control of the motor is not available when
certain interlocks are not satisfied. It was identified through testing that the local control
overrode the interlocks on the system, these interlock are; tanker being connected and
sufficient ethanol available for blending in the tanks. Therefore, the local control has been
fully removed from the system for now, however if the problem was overcome local control
could still be available,

In order for this improvement to be undergone the interlocks would have to be taken into

account before allowing a local start, this is possible through adjusting the settings within
the gemstart through the use of Gempro software.
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9. Appendix
Appendix A

Expecid HHHHHHHHHHHHHEHHHHHHHHHEHEHHHBHE
completion  |Actual completion HE E B R B R B R R R R A A AR R R EH E R R R R R E
- O T HHHHEHEEHRHHEHHEEEHHHEHHEEHEEHEE
Produce log book 25/05/2018 30/04/2019
(Generate Project ideas 25/03/2018 02/10/2018 02f10/2018
Fesearch Into preject soluticns 0gjor/2018 23102018 23/10/2018
Produce Specification 0/01/2008 06/11/2018 06/11/2018
(Choase Best Solution 30/01/2018 11/12/2018 11/12/2018
Produce project plan 06/11/2018 13132018 /112018
Produce Presentation 15/01/2019 15/00/2019 08f01/2019
Carry out further research into solution | 11/12/2018 2512/2018 25f12/2018
Produe solution designs 25/12/2018 22/03/2015 22f01/2019
Produce clectreal designs /012008 29/01/2019 29f01/2019
(Choase most suitable designs 05/02/2019 19/02/2019 105/02/2019
Produce component list ajoyang 05/02/2019 19/02/2019
Utilise CAD for drawings 05/02/2019 19/02/2019 19f02/2019
Produce cost spreadsheet 18/02/2019 05/03/2019 05/03/20m9
Construct Solution 05/03/2019 02/04/2019 19/03/2019
Test Solution 02/04/2019 | 09/04/2019 23f04/2019
Produce conformance to PDS 09/04/2013 09/04/2019 23/04/2019
Produce project report 26/03/2009 30/04/2019 30/04/2019
Submit report 30/04/2009 30/04/2019 30/04/2019
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FIELD
ETHANOL OFFLOADING SKID

ETHANOL OFFLOADING PUMP

SUBSTATION Mo. &
415V SWITCHBOARD 30-MCC-6-1

COMPARTMENT D4

'
542898 _ _
BN 32 x 18ment ' BN '
BK 1 [T IPHASE MOTOR |
aY GY BUPPLY TERMINALS
[Cemme] _ o] m
1@ x 18wt
PE \ PE .
23PM-411 — e
116N il - 1
S _ |
Yo T ! '
_u-m YL | |
Coo -7 _ _
EXISTING EARTH BAR
23-P-411 CONTROL STATION ploagf—apalid _ _
[[84283cn | _ _
CE q | o 5| EwsToR |
; s 1 [ 18 | sart
o—7J ] { s !
GHNYL GHIYL
e—jea [ R N |
' = "
: '
! '
SUBSTATION 6A i H
PLC CABINET 23-CAB-0801 (20-UX-288) | |
! '
— _ _
s '
L] i 1 K] PLC START
L Fa| [ .w-:una | _ —2 (F] PERMISSIVE _
s MR 7o x 2 e ' E '
2 4 v s — PLC STOP _
| , : .
= 8| 8
Fe— | - — _
FOR CONTINUATION _ _
SEE DRAWING No.
2IEINLPD-0411 £4283C13 . ;
1 1 =
m 2 | [(s4z83Cm | | —= % RUNMING |
£ a | 76 x 2 Sremr ’ 2 56 N
1% _ F) Il TRIPFED QUTPUT 3 _
3 £ ' 8 3z '
e ) a 35| AVAILABLE OuTRUT 4
= | y 2 |
! '

L=

32




Appendix E

GEMSTART 5 Configuration Sheets

) 4
pnoamnm

~.‘n_.y_..C,-y en mouvement
Project File (c:/.../xox.gcf)
r
Project Name RTW Ethanol Blending m p comeca
Comeca Project Number 621895
Valero Project Number PM17-0210
Unit Summary
Gemstart Type Gemstart 5.4
Contactor Type DOL-E
Schematic 30-P6S-531 - Sheet No.13 GEMSTART 5§
Motor Tag 23-PM-411 ) 0K
Link Name N/A = A.v I »
Firmware Build 5450 @® o
Firmware Issue H20 ® B
e .
Notes :
Configuration CRC's
jOverall (all Settngs) + The cverall CRC is the CRC for all configuration items.
[Factory Settings CRC : + The configuration data on page 2 has been set up and tested during ing. These define the it of GEMSTART 5.
[Commizsioning Settings + The configuration data on page 3 must be set up durng commissicning according to the characteristics of the motor/equipment and the different protection funcons required.
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GEMSTART 5 Configuration Sheets

) 4
Ko

meca

I'énergie en
[oaraL mPurs THON CONFIGURATION
St B Savarty fFrotecat Gombus Uk Numoer []
415 Manihared Voitage oY Intwriock Inturlock Normally Closed Self-Clmaring Trip St Fam Aute Germstart Mumie: i
H Monibored Phases Phase 1 to Newtral isakatar Disabled Mormally Closed  Seif Cloaring Warning) Time Out 58 Cano! Geou oft
iz Irguia Supply Volstle Mo Ovenios Rils, Disabsled Karmally Clossd Lanchad Teip Lk Fal Action Sall-Clearing Warring
Themisior Relay Dissbled Normally Closed Latched Trp ooty Eratied Yes
Yor Sarverity Wam 108 Ralay Dixabled Normally Clossd Latehad Trip {P-ofitus Emergancy St Enable No
Pre Wam at off [Device Stabus Disabled Kormally Clesed  Seif Cloaring Warning) [Host Resets OPERATOR SUPERVISOR
[Tt Pasaition Disabilod Narmally Clossd _ Sulf-Chearing Warming) i Yon You
Inpus Caunter Disabled Normally Open Lok Yo
nges Counter 2 Disablod Normally Open prorricatan Vs L]
gt Gaurtes 3 Disabilod Marenally O Jucice . Yes
Reset bput 1 Input § Normally Open {overinad Yes Yes
Ressart gt 2 Disabied Narmally Open
|Speec Sense Diszbled Normally Open {Lirik Data Sawce Sense
[Reset Actions On Reset input (Input 1 / Input 2) fsuatua Bit 1 Dikabled Narmally Cpan
Al Yes - Aaplc Yo io foimtus i 2 Digablod Narmalty Gpan
it ik \CTE Metor Yiew - |Growp 10 Word Sources Profibus Cument® ower Multplicater
atﬂoﬂﬂg LODLED test ol COvedsad Yes I+ Word 1 FLE Current (% FLC) Current x100 Ko
taciir Type DOL-E o2 Theaereal Cortant (%) Porase 100 Na
i Modle Nore User Text Souroe Sonse Savorty Ward 3 Imbalance (%)
Contacter Protection Spand 1 Spiead 7 User Tat 1 Disaind Narmally Clossd Latchad Trip Worg 4 Earth Faall Currae % EIC)
JCort. Rating [WFLT) 1000% FLG (215,00 A) 1000% FLG (215.00 &) User Temt 2 Dizzbled Closed Latshed Trip Yord § Harware 10
‘wso Biow Tme 18 1%
Saaree Soree [FAmuACcoNTROLS ?
cricier WA Input 1 Normally Closed Sourth Sents Savarly i Veltags Lavels g Ritks Theough Thmas.
fcortacar W B Disablod Normally Closad Marsa Saipet Active Mormally Closed ik High Range 110230V} reriock 20ms
[Cortactor WPC Disabled Normally Closed Remnote Select Disabled Normally Open rout § High Range (116230V)|nput & Wms
JContacar WP Disablod Normally Closad inch Sadact Dikabslid Narmally Open rputE High Rangs [1187230V) gt & Wi
Source Senpe bard Swcp Input T Normally Opan Stop [No Faul) rout T High Range (116230V)| rpus 7 20ms
Jw OP 1 Com A Neemally Opan Friscsess Step A Input 3 Maormally Clesid rout @ High Range [115230V) gt & 20w
e Disabled Normally Open Frocess Stp 8 Disabled Normally Closed routd High Range (110230V)| et Wms
pavi e 3 Trip Normally Open [Marisal St A Input 3 Rarmally Open rput 10 High Range (118230V){ bput 10 0.
W P4 Avallabie to Manual Mermally Open Manal St @ Disabied Normally dpen o= High Rango (114230¥)| npst 11 20ms
oneck Auxiarion Yes Emargoncy St A Dissbilid Narmally Qpan gt 1. High Rangs (118230} gt 12 20ms
JChargeover Allnwed L1 Emergoncy St B Diszbled MNormally Open
‘cllower Coriscior e |fest Mode Stant Disadled Normaity Open
Jutin S Ten L L Triggar 81 Pawes D Ne:
Jutax STAR Trme o Marual Siart A Trigger Edge Oniy Englsh
[Siow Down Time os [Miral Start B Trigger Edge Only Standars Charactar fat
fcortacr Szming Tme <05 Hightst Amps
3 Phisé %FLC
Satus
s PN
JCT Inpus Type: Primary Text 1
Peumonr 01 CTs 3 Toxt2
[External €T Primary Rating Spend 1 Speed 2 FUNCTION COLOUR
T Rangs [Fraae Running Auta
for Rating [PAMM Missing Action Stapped Ruto
Primary Trns Theough CT Spead ! Spwwd 7 Power On Use Backup Datz Fault Aarto
[fuins 1 1 Al Pwis D5 Sell-Claasing Trip Sarial Mods Jaite
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GEMSTART 5 Configuration Sheets n 4
comeco

|Commissioning Settings |

|' energie en mouvement
[cewera WOTOR [RPFLCATION
y Required Mot Regquired FLC Spoe 1 Spoad ? aLc Spesd | H
o Gonfig, Via Frarl P Alowsd Fangn 10-100A 10-100 A Range 10100 A 10-100A
[Rusnt Actiens Value 213A 2154 e Same As FLC (1.5 A) Same As FLCR1.54)
- - Appication . ﬂ.l_o....!.-r!_ Speed 1 Spoad 2 Undor Currant Spoad 1 Spaed 3
Jrarms Yes Natar . Lima BO0% FLC (17200 A)  800% FLC (17200 A) -t oft off
liogk - ol . st Vs Savarity Latchad Trip [Tima 00 min 10 % 00 minids
[t Tes Pre Wam at 0% rcive . Severty Latched Trip
Stan Tima Limit Spone! 1 Spand 7 joisazing n Surnp Yis P Warn al Trig
ﬁ. Trme o0min 155 00 min 155 Jnstare ALC Spoed 1 Sea0d 2
T = - Saverty Laschad Trip it o on
fourve Type Gemstart P Wiam &l L) Jacctiva - Severny Lt Trig
{Gverioad Speed | Spuied 2 imbalance Spoeet 1 Spaad 2 j0isabies in Strtup Yos Fre Warn at 0%
{Curve ] 1w Limit 0% FLC [.15A) o |Continuous ALC Spoad 1 Spoed 2
|4ato Unknown Unknown Tiee 055 058 Jumit ot ot
Pacive Yos Seeerity Triga Thaem Alarm Acctivn You Swvarty Latched Trip [rime 00 miln 10+ 00 min 10 8
ﬂ_u&& b Startp. . Pre Wam at 0% Cisatied b Starta . Pr iWam at foo) Jrcive . Severty Latched Trip
[Restart inhiit Single Phasing Time [Dissbied in Stariup Vi Fra Warn at Trig
e Yes Severity Trig Limit els
Thermal Resat Delay At Yo Sarvurity Latchad Trip
Joctay off Diatind In Startaa . Pee tarm at ot [Powem
Pruive - Sarverity Trip Start In hour Matae Powsr Rating Sposd 1 Spmed 2
PTC It Limit off Jrange 10+ 100 kW 10+ 100 kW
prcive - Leverity Warm Actin - Saverity Trip. sue Digabled Drzablzs
AT Group 1 Speed Sense Powar Factor Low Spoed 1 Speed 2
Jemup 1 Dpezription xeEx Limtt ot JLimit o o
Jorosact Ad's & groop ooty actin . Suvarty Lusehad Trip acsiva - Savarity Wam
1D Pre Wam 2t 0% 0 tsabies i Swrp Yes Pre Warm at of
= . Sarvrity Warn {Powar Factor High Spoad 1 Speid 7
fLime 108°C Pre Wam at oft Lt o on
RTDZ [EARTH FAULT activa - Sewarly W
Prcive . Severty Wam Eart fault method Risidual CT jDisabied in Startup Yes Pre Warn at of
Lirnt 0s'e Pra Wiam al on [Earth Fault CT Primary Riting Speed 1 Spead? JUndir Powss Spaad 1 Speed 7
RTD 3 Fange 1.0-10.00 A4 101000 A Lt on oft
pive . Sareerity Warm [Vikay 500 & BODA [Time 108 108
jLmt 105'C Pre Wam at oft EF Pratection Spoed 1 Soood 2 JAcive . Severty Latched Trip
[RTD Group 2 Ignore EF af start for ds 0 isabiec in Swrup . Fre Warn at 108%
J5eoup 2 Deseription Group 2 Enatin Ramate Rasats e [y — Spoed 1 Scaed 2
[ormoect ATDs 46 25 2 Group - EF Trip Cument range 101000 A 10 - 10,00 A Limit off off
RTD4 EF Trip Camant 800 A BlOA [Tima 108 ibs
Jacive . Severity Wam EF increass during sarup S0 A Bo0A nciive . Severny Latched Trip
Lt Ws'c [Pre Wiam al o Doy o et EF als [AF) [Dhisaking n Startup Wik Fra Waim at 100%
RTDS (Acancral ) Delay 30 Tro EF ors 0Ts
prctivi = Sareirity Warr Aot Yis Svenrty Latchad Trip
Lime 105'C Pre Wamat Off Disatied In Startan . Pre Wam 2t 0%
RTD&
Jrcve . Severtty Warn [EXTERNAL MODULE |
fLimz ns'c e Wiam at off [Cammunication vt Severitg Protection O |
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Appendix F

B TN . - - N -
[;.igjnslmhe Engineering Form TECISPWAT Appendo: 45
TR 646: 7128 Title Form No: EEL-FRM-0008
Revision: 3.0 Electric Motor Test Form | Procedure: PP-ENG-PRO-0027
Date: 01/05/2013 Originator: 5. O'Keefe
Status: Active Approver: M. Camoll
o Ethanel Blending PJN/WRNo: | PM17 |1 | 0210
Project Title: -
Project Contract No :
ROTOR TAT WD TIPHAT] SRR T TIPTE T
[ WANOFACTURER TENENE DAL ZHEET MO 7
MODEL FTYPE COHER DHGW 100MP-02A FATING | KW ) TTRWY
[ SERIAL HO TR 0025430 VOLTAGE |V ) E5LT
TFEED [ FFW i FICTA] TOhn
FRANE 3 7°F WET FRECUERCY | 2 T
ROTATION FROM DE CWi I I ACW I QOYERLOAD EETTING (A} 20.58
HAZ AREA CERTIFIED EXDEE IIC 74 GB CONNECTION ETAR | [ BELTA] 7
WINDING REBIETANCE TEST WEBULATION RE 3I3TANCE TEST
x = TEETED — = —
TESTED BETWEEN 1142 | L3 | 1243 il LILZLI-E TEST VOLTAGE
REEISTANCE (1] ; 0.5 R [ M2 ] >550 S50V
FOLARIZATION INDEX EEARING INJULATION REEIETANCE TEET VOLTAGE
F. AFTER 1 MINUTE [ M21) =550 MT1 R (M)
R AFTER 10 MINUTES { M2 ) =550 MO
TEST VOLTAGE =EE0V
CONTROL FUNCTION TE3TE 1Y} Vi |
CONTROL CIRCUTS FER SCHEM. DIAG v RIDE | TCOUFLEE CALIBRATED
LOGAL AND REMOTE CIRGUITS TESTED ¥ NETRUMENT INTERFALCES TESTED ¥
ELL TRIF CIRCUTE TESTED v FNT-COMD N HEATER TESTED
ALL ALARM CIRCUITE TESTED ¥ MOTOR 4 HOUR TEET RUN COMPLETED ¥
TEST EQUIFMENT USED EQUIFMENT ND CALERATION CERT HO CALBRATION DATE
FLUKE MULTIMETER 4B-"WECEH EMG-B:5 T:B:15
MANUFACTURER ! EY ETEM CERTIFICATION
CERTIFCATE TYFE VN CERTIF CATE NOMBER
WANUFACTURERS MOTOR TEST CERTIFIGATE AVALABELE ¥
EYSTEM FEEDER CAELE TEST CERTIFICATE AVAILAELE Y
EVETEM CONTACTORIETARTER TEST CERT FICATE AVAILABLE 7
WOTOR 4 HOUR TEST RUN GERTIFIGATE BVALAELE ¥ EEL-FRM-0038 (23.FM-412]
CERTIFICATION
THE ABEOVE TEATE WERE FERFORMED ON THE LIETED MOTOR.
CERTIFIGATION COMPANY EIGHATURE FRMT MANE DATE
COMFLETED BY VALERD ENERGY THOMAS WOOD FERE
WITNESSED BY: VALERO ENERGY GARY GWYTHER 2/4/19
ECCEFTEDEY: VALERG ENERGY ROB HAYWARD FIETE]
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Appendix G

B I . . i~ 4 A = - -
P._rn broke Engineering Form TECISPINAT Appendo: 7
Plant
TR 646: 7128 Title Form No: EEL-FRM-0034
Revision: 3.0 Electric Motor 4 Hour Procedura: PP-ENG-PRO-002T
Date: 01/05/2013 Run Test Fum Onginator: 5. O'Keefe
Status: Active Approver: M. Camall
] ] Ethanol Blending PJN/WR No: | PM17 |7 | 0210
Project Title: =
Project Contract No :
WOTOR TAG D PHATE g 3 TIPES-52
FANOFACTURER EENENE CATA EHEET RO 7
[ TOGEL T TYFE TOHER DHCW TEOMRCOEA | [FATHG (R0 TTEW
[SERL 0O TI e 2SA 30 VOLTAGE [ V] 757
[EFEED TRENT P FICT&) TR
FRINE T 7F TET TREGIERTY [ H2] T
} HOUR TEST RUN
FHASE CURRENT READING
TEST RUN START TIME 11:30
1 & =
ETARTING INRUSH CURRENT BS 5 £
ETART TRE FLUS 15 MINUTES 5 [ 5%
ETART TILE FLUS 30 MINUTES 52 EE] EF
ETART TWE FLUS 1 HOUR 5z EE B9
ETART TAE FLUS | HOUR 30 MINUTES 54 52 5.2
ETART TIE FLUS £ HOURS 52 BES 54
ETART THE FLUS 2 HOURS 30 MINUTES ) R [E
ETART TWE PLUS 3 HOURS E ¥ 54
START TIME FLUS 3 HOURS 30 MINUTES 5 82 54
START TWE FLUS 4 HOURS ) 3 5.2
TEST RUM FINIEH TIME 330
MANUFACTURER / EY ETEM CERTIFICATION
TERTIFCATE TFPE VN CERTIFICATE NUMEER
MANUEACTURERE MOTOR TEST CERTIFICATE AVAILAELE Y
SYSTEM FEEDER CABLE TEST CERTIFICATE AVAILAELE ¥
EYETEM CONTACTORETARTER TEST CERTFICATE AVAILABLE ¥
EYSTEM MOTOR TEST CERTIFICATE AVAILAELE ¥ EEL-FRM.0008 (23.Fld12)
CERTIFICATION
THE AEOVE TE3TE WERE PERFORMED ON THE LIETED MOTOR.
CERTIFICATION COMPANY SIGNATURE FPRIMT MAME DATE
COMFLETED BY. VALERD ENERGY THOMAE WODD e
WITNESSED BY- VALERD ENERGY GART GIYTHER Ziaa
ACCEFTED BY: VALERD ENERGY ROB RAYWARD FIERE
COMMENT E:
3¥ BTEM NAME ! NUMEER EGUIPMENT TAG NUMBER
23-PM-411
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Appendix H

) 4
. comeca

VARIATION COST PROPOSAL
Date: 05/11/2018 V/CN': 3
SWE Tag No. : Valero WWTP DE-NITRIFICATION PROJECT Additional Equipment
Project No : 171201 VENDOR PO N° : 4504277457
_ REQUEST DESCRIPTION TECHNICAL PROPOSAL / MODIFICATION
ITEM 1
Configure PAMM Tag settings and Gemstart config database.
Modify Drive Data Sheets
Modify schematic diagrams for VSD Feeders add Control Fuse & Link & Remote Stop
COMMENTS VARIATION CO5T
Materials £4,150.00)
Engineering & Documentation Change £1,200.00
Labour - Deconstruct, Construct & Test £1,450.00
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PSDE 4033 Project Report

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

68/100

Instructor

PAGE 1
PAGE 2
Text Comment. Good summary.
PAGE 3
PAGE 4
Text Comment. Good list of contents. The sub-divided headings looks professional.
PAGE 5
Text Comment. Figures have appropriate nanes and are easily identified.
PAGE 6
Text Comment. Good graph to support the explanation and from a good source.
Text Comment. This is good background information.
PAGE 7

PAGE 8

Text Comment. Good argument for the Arduino which is more than capable of monitoring
multiple analogue signals and controlling outputs.

Text Comment. The argument for the Arduino is supported by further test and
implementation further in the report.




Text Comment. Good argument which is backed up further in the report with some testing.

PAGE 9
Text Comment. Good argument for this PLC with more information to support this further
in the report.

PAGE 10
Text Comment. Sustainability here

PAGE 11
Text Comment. Specis good but seems it only includes the motor and drive. There should
also be a controller as discussed in the research. This should not be specific to a drive.

PAGE 12
Text Comment. Good explanation and supported by good use of Gantt chart which has
comparative timeline.

PAGE 13
Text Comment. Good image.
Text Comment. Good argument supported by a demonstration and test.

PAGE 14
Text Comment. Good image and argument for this solution.

PAGE 15
Text Comment. A good argument for the drive especially since it has built in CT'S for each
phase. This would have to be done as external ccts using microprocessors.

PAGE 16

Text Comment. There would be extensive interface circuitry needed in comparison for
MCU's

Text Comment. MCU's are cheap in comparison but the cost in time to design and build
the interface circuitry would increase the cost.



Text Comment. Your arguments are logical and valid. It is probably worth mentioning that
the codes of practice with Valero insist on the GEMSTART drive.

PAGE 17
PAGE 18
Text Comment. Good image to support explanation
PAGE 19
Text Comment. This costing list should be in the appendix.
PAGE 20
PAGE 21
Text Comment. Image is appropriate to support your explanations.
Text Comment. Test explanation is clear and gets to the point.
PAGE 22
Text Comment. Good image
Text Comment. Good explanation and reference to the appendix.
PAGE 23
Text Comment. Good images showing the implementation and shows the coupling
removed for the test with no load.
PAGE 24
Text Comment. Important to highlight this problem here.
PAGE 25
Text Comment. Codes of practice are followed here.
PAGE 26

PAGE 27




PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

GRADING FORM: CSG-RUBIC

THOMAS WOOD

RESEARCH-INFORMED LITERATURE

(

y‘ The research and sources are relevant to the
project. However there should be more academic
sources included. There is evidence of extensive
background research in the report but not enough
refs.. 5.5/10 The number of references is not
appropriate for the report. 5.5/10

KNOWLEDGE AND UNDERSTANDING

11/20




[

y‘ The specification is explained well. Sustainability and

environmental issues are covered as part of the
company policy . 6/10 Solutions considered shows a
good comprehensive understanding of what is
needed for the system and alternative methods.
The effort made here is very good with images of
tested solutions to support. This should have been
rounded off by a table of comparison. 7 /10

ANALYSIS

13/20

[

y‘ Testing and results are explained well with visual

evidence to back up the explanation claims. Tables
could have been used for comparison against the
spec. 7/10 Conclusion and recommendations are
good and good ref to appendix used. You have
evaluated the performance of the system against
the spec and included some good recommendations
including wireless operation. 8/10

PRACTICAL APPLICATION AND DEP.

15/20

[

y“ The planning using Gant chart is good and there is a

comparative timeline. The deployment explanation is
good. 4/5 There solutions considered have been
researched and there are good arguments for all the
alternatives which includes tested evidence. 7/10
Implementation is good and there is evidence to
support this including the PLC program and HMI.
7/10

SKILLS FOR PROFESSIONAL PRAC.

18/20



(

y‘ The report is good. Good use of appendices to 1 1/1 5
contain relevant data which is referenced from main
report. 11/15
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