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Summary
This report documents the research, design development and testing of a prototype to automatically

control the turning on and off of the 14 extract fans and 8 evaporative coolers

at Amazon Swansea also known to as CWL1. Contained within the report and appendices are general
and technical specifications for this project, a full set of electrical drawings and acceptance testing
tables. Due to the physical refurbishment of all the extract fans and coolers, the project could only
be taken as far as the simulation testing on the test rig.
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Assumptions & Abbreviations
It is assumed that the reader has basic computing and electrical engineering knowledge. For ease of
reference, the following abbreviations relating to Amazon terminology are listed below.

Amazon Associate — An employee of Amazon
Evap or Evaps — Evaporative coolers
FC — Fulfilment Centre

MCM - Modelled Change Management
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1. Introduction and background reading
Amazon is a multinational company specialising in E-Commerce, Cloud Computing, Artificial
Intelligence, and logistics. There are over 40 subsidiaries to Amazon with its most popular being
Amazon Fulfilment which deals in E-commerce. However, other subsidiaries such as AWS (Amazon
Web Services) are expanding rapidly and already has high profile clients such as Netflix and Airbnb.

To manage customer demand for its e-commerce, there are 26 fulfilment centres around the UK,
including CWL1 based in Swansea where this project is based. Within these centres there are pick-
towers. A multistorey infrastructure where various items are stored ready to be picked and sent out
to customers. Due to the infrastructure of the pick-tower, it can have reduced air flow and can
become very hot and humid in warmer weather making it uncomfortable to work in. To combat this,
8 evaporative coolers and 14 extract fans have been installed which are manually controlled on an
HMI screen on the top floor of the pick-tower.

The Evaps working principle can be explained as “The fan draws dry, hot air into the machine and
across the cooler pads. These thick pads absorb water from the reservoir and have many layers to
increase the surface area. As the hot air crosses the pad, the water molecules on the surface
evaporate, which causes the air temperature inside the cooler to drop” (Newair, 2018)

The cooler air then gets fed into the centre of the Pick-Tower, the roof extract fans are then based
on the edge of the Pick-Tower, these fans then draw the cooler air from the middle of the building
out towards the edge of the Pick-Tower.

Currently the system can only be operated manually on the HMI with no automatic sequence in
place. The current process would require engineering to be called to turn the system on/off meaning
an engineer going up to the 4" floor to do this manually. This can be time consuming to either pull
an engineer away from a task or wait until one is free. Having the system automated will remove the
need of the engineer attendance and the system should then be able to turn on and off the fans on
its own.

The current system does make use of Profinet. Research into Profinet shows that the cable runs
should not be longer then 100m. (Anon., 2016)

Research was carried out to use a RTD or thermocouple sensor. It was decided to go for a RTD due to

being able to use an M12 connection to plug into the A/l module. It also is more robust to keepin

stores, be easier to scale due to its linear properties. RTD can be more expensive but they do fit

within the project budget. The table of comparison is shown in Table 1. Table 1 was from Sterling

Sensors who are industry experts in sensing technology.
Good research carried out with relevant
sources used
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Comparison chart of RTD Sensors and Thermocouples

Criteria RTD Sensor (Pt100) Thermocouple
Measurement range (max) -200 to +850°C -200 to +2600°C
Measurement range (typical) -50 to 300 (Pt100 B) 0 to 1100°C (type K)
Long term stability Good Poor
Accuracy Good Poor
Repeatability Good Poor
Interchangeability Excellent Good
Tip sensitivity Poor Good
Signal strength Higher — more resistant to EMI Low — susceptible to EMI
Excitation Yes No
Cost More expensive Less expensive
Noise problems No Some
Extension cable No Yes — Must match Th/c

Best for Consistent readings High temperatures
Worst for Surface readings Long term stability
Hysteresis Good Excellent

Self-heating Yes No

Table 1: RTD vs Thermocouple Comparison (Sterling Senors, n.d.)

Good comparison table that supports the

explanation
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2. Specification

To create an automated sequence that can control the turning on and off of the eight evaporative
coolers and 14 extract fans.

The solution should make use of the existing system which includes the Siemens $7-1200 series PLC,
the two remote 1/0 modules for the extract fans, and the 8 drives located on the roof for the Evaps.

The project will run in line with the 2020/21 academic year starting in October and finishing in April.
A Gantt chart must be created and must be followed as far as reasonably practicable. The project
will have a budget of £3,000 and also needs to be cost-efficient so it can pay for itself within 5 years,
as per company policy as anything longer must be agreed by senior finance and senior engineering
management. In order for the project to recover the investment it has to save 156 hours of labour
of labour in 5 years.

Any solution must allow the engineering team to be able to select a mode between manual and
automatic. The HMI must show a visual representation of what is running available for any user to
see on the home screen. All operational features must be password protected so only engineering
can operate the system.

All work must be completed to the latest industry and Amazon standards and be compliant with all
legislation including the following:

AMZN - controls Standard including forced ventilation

AMZN — RME/Engineering standards of work

AMZN — Process change standard

AMZN - EU EHS standards

AMZN - info-sec

AMZN - Sustainability Standards

¢ Health & Safety at Work Act 1974 with appropriate risk assessments to ensure safe systems of
work

e  Electricity at Work Act in addition to other relevant legislation and regulations

A detailed
specificati

on
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3. Planning
A Gantt chart was created to manage the timeline of the project and to track the progress. The full
Gannt chart can be seen in Figure 4, Appendix A. The key for the Gantt chart is below in Figure 1. It
can be split down to the planning and reality of the timings of events.

Period Highlight: 1 Plan Duration % Actual Start . % Complete % Actual (beyond plan) % Complete

Figure 1: Gantt Chart Key

Project Plan
amazon rme
p —

PLAN AETUAL  ACTUAL PERCENT
ACTITY PLAN START
DURATION  START  DURATION  COMPLETE

) B
Paricd Wghlight: 1 Pan Duravan [ acwialstsr I complese 5 Actual ibevond alam % Camplete

4 1-Ap
1 otMay
1 11-May
& 15-May

Project idea 1 3 1 3 100%

Raeaserch for information 2 3 3 ] 100%:

Write Specification 9 z 2 2 100% .

Buy hardware 1 3 12 3 100%
Saftware Development 1 13 1 13 100%
Installation of hardware 15 3 2] 1 0%
Testing 18 5 8 3 50%

Wirite Repart e 5 .} 5 100r%: —

Figure 2: Gantt Chart

The Gantt chart highlighted key stages in the project that needs to be completed by the deadline to
keep the project on track. The first stage on the Gantt chart involved coming up with the project idea
and identifying the problem. Research for potential solutions could then be conducted and possible
solutions identified. Solutions would then have to be analysed and the best solution should be
selected. This solution should match the specification that has been written. These steps have to be
completed before the hardware can be ordered. Parts of the project did align with the Gantt chart;
other tasks were completed early where others were delayed and took longer.

A testing table will be developed which details all the requirements of the specification and expected
outcomes. The testing table will then include practical tests in addition to specification comparison. All
test must be first simulated on the test rig to ensure the code is correct before integrating with the
existing system. This is to ensure success and minimise downtime.
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4. Solutions Considered

Three possible solutions were thought of and considered for the project. Each solution had to be
considered and investigated. Solution 1 was to make use of the existing PLC and the current
infrastructure. It would require installing temperature sensors in the FC. The PLC would then scale
the readings and take an average temperature. The average temperature would then be compared
against a setpoint and that would send the command to turn on the automated sequence. The set
point would be able to be set on the HMI in addition to all temperature data being displayed. This
solution would meet all the specification that has been set out as it makes use of existing hardware
and software that is in place. The setpoint has to be password protected so only engineering access
can change the value. In addition to the live temperature data the HMI can show the equipment
on/off status and any faults or alarms present. The potential of this project leaves room for
expansion with the ability to link with a BMS system to be controlled remotely. The solution would
have to pass the MCM - modelled change management review.

This should
have an image
and ref source
for support

Solution two is using a thermostat and a relay as in input to the PLC. The thermostat would be

triggered when the set point temperature has been breached, the output can then bring on a relay

which will send a 24v signal into the PLC input card. This solution has a very similar concept to

solution one. Utilising the existing PLC software and hardware to trigger an automatic cycle. Thisis  /mqges and ref
the more basic solution of the two but has a lot of exploits. In Amazon sabotage is a regular source would
occurrence, the thermostat would be in risk of being damaged or having the setpoint changed all of support this
the time as it cannot be locked. The thermostat would not be able to provide live data into the HMI argument
screen but it would only be able to provide details of what is running. The manual controls would

still be able to be password protected but the thermostat would be open to abuse by people walking

past. This is the cheaper option as remote /O would not have to be purchased. As the PLC would

only receive a digital input the control would be much harder. A thermostat would only be located in

one position unless multiples thermostats could be installed and any one stat could turn on all the

fans but the reliability could be much lower if it’s not guarded access to only engineers.

Solution 3 would be to use a thermostat again under each Evap. Then when that thermostat reaches
temperature, it will bring on a relay. The relay logic can then be hardwired into the motor starter
and contractors in the Evap panels located on the roof. The potential issue with this solution is that
different fans could be coming on at different times. This solution would control fans individually
and not as a collective integrated system. Feedback could be given to the PLC for data of what is
running to be displayed on the HMI but this would be much costlier in parts and offer much more
distribution to operations during a lengthy installation process. With relay logic there is a higher risk
of failure due to all of the moving components compared to a PLC where digital outputs can be used
reducing the risk of failure.

Solution 3 does not meet many of the traced specification objectives and is a poor selection as it has
much higher labour costs due to installing more hardware and having longer individual cable runs to
the roof. Solution one is the preferred implementation as it will fulfil all the requirements and
improvements beyond the current install. Using remote /O and Profinet, the number of cables
needed is small due to being able to send data over the Profinet comms link. Unlike all the other
solution as the set point will be set digitally it can be password projected on the HMI. All the other
controls also hold the same potential so only a higher user log in can operate the system. Due to the
potential risk of sabotage on thermostats solution one is the strongest. With the use of remote 1/0

Solution 1 is chosen and a good

argument is put forward for this

choice including constraints by 0|Page
Amazon requirements.




the system can then also be monitored remotely and hold the potential of future expansion with the
BMS system.
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This should be
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5. Final Solution Design andn?ﬁweﬁ]gnrﬁct’%%?on

Solution one was the chosen solution for the project. Research had to be conducted to find the
required sensors and then be installed across the top floor of the picker tower. Two options were
available, due to the restrictions of the length of Profinet. It was decided that two remote I/0
modules would be used. This would then allow the sensors to be more spread out to get a better
reading. Restriction

The first research was carried out to find the best sensors s@gﬁ# foé,' the task. It was decided that
PT100 probes would be used to read the temperature. These sené‘(l)c:‘s would then give an analogue
input into a remote I/O device. A Turck module was selected as Turck modules are used on other
equipment on site so it was picked for continuity. The exact module chosen was a Turck TBEN-S2-
4Al. This module was best suited for the task from the Turck range as the solution was looking at
analogue readings. The module also had two installation options with the ability to be mounted on a
din rail in a panel or bracket mounted in the field. The module is rated for the dusty field
environment. It was then decided that due to how the Evaps works, it often feels very humid in the
pick-tower so often feels hotter than it actually is. To accommodate the solution for this, it was
decided to go off heat index compered to bare temperature values. To make this happen humidity
sensors would also be required. After research, a hygrometer sensor that reads temperature and
humidity was found. This suited the job well as it could add to the average temperature to get a
better average. This meant then that all four analogue inputs would be used on the two modules
with each module having 2x PT100 sensors and a temperature and humidity sensor.

The contractor who had completed the initial install of the Evaps was contacted for the lasted
version they have of the current software and the cad files of the drawings as these would need
updating during the design stage. The design of the two field panels could then start. A suitable CPU
was selected and the panel was designed with the appropriate protection and room for future
expansion. The design was then finalised on CAD and approved by the Senior Automation engineer.
The drawings can be found in appendix B. Once all hardware was identified the order was placed
through Amazon’s Coupa catalogue following the correct process. All orders were recorded and
calculated within the budget. The full expenditure list is shown in Appendix C, Figure 11. All others
parts were sourced from current stock.

As identified in the research the maximum Profinet run should not exceed 100m. The Pick-Tower
was scoped to find the best locations for the panels within the distance while being evenly spread
along the Pick-Tower. The Pick-Tower was able to be split into quarters with one PT100 going to be
placed in each quarter. With the locations selected a local contractor was engaged to purchase and
run in the Profinet and power form the main PLC panel to the new field locations.

After the hardware had arrived. The panels could be constructed to the drawings. The panels can be
seen in Appendix D, Figure 12.

The software development had the start delayed due to the wrong code being sent over by the
contractor. This took some time to get resolved but is not represented in the Gantt chart as the
software was still being designed in theory. A flow chart of the fundamental principles is shown
below in Figure 3.

The stages
are
explained
but there is
no need for
all this

i 12|Page
detail.




Start #<__How far below? -1°C»

A ' g
v
Manua NO;
¥
g o FEmperatuie.
Local/Remote ——Local—m rf'l'"wl o ———Automatic—s- above heat
Door Switch Automatic . N
Index set point
Remote +1 0
Yes,
v v
< How Tar above? >—+1°Co
+2°C
<
A
Flow
chartis a
Figure 3: Auto sequence flow chart gOOd
method
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The flow chart shows the option for local or remote. This wasfea'oc(dﬁ(-ig r%(t) the project with the scope of
the future BMS project that is being installed in the FC. The s_tg)eqv&%%%guas then developed in TIA
portal. To make the code more structured, a function block Wi e'?la?ﬂ)ﬂs a multi-instant to
standardise the code for all 8 Evaps and another for the 14 extracts fans. It is within this function
block the call for the automatic sequence would take place. The calculations however were in a

different function block.

The raw values were scaled into real values and control limits set for the average temperatures.
Conditions were set for the average calculation that at least 3 out of 6 temperature sensors must
have areading within the limit for the average to calculate. In the same function block is the
compare conditions for the request of the automatic sequence. This is shown in Appendix E, Figure
16.

The request auto bit would then be used within the logic block for the Evaps and extract fans. This
logic can be seen in Appendix E, Figure 23.

The existing maintenance plan should continue to take place on the extract fans and Evaps. The
automatic solution that has been implemented is maintenance-free as there is no moving parts.
However, as part of the weekly walk around for the extracts and Evaps, monitoring of the sensor
data has been added to the check-list to ensure that readings are within limits. The PT100 will also
be calibrated annually to ensure they are accurate.

Steps were taken for environmental protection and sustainability by ensuring that all material orders
had sufficient parts to make the shipping justifiable i.e., one shipment of multiple components, not
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several shipments of single components. Orders for different projects but from the same supplier
were combined to cut down on emissions from delivery and to reduce packaging and all waste
material was disposed of appropriately.

An MCM was raised and approved for the hardware upgrade in the main panel. The Ethernet switch
needed to be upgraded from 8 port to 16 port to allow for the extra two ports needed and to allow
for further expansion. The two circuits were added in with the correct protection as per BS7671. This

can be seen in Figure 13.

There is far too much
unwanted written content
here. The use of images
would be a much improved
method.
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6. Testing and Results
The code was first simulated on the test rig in the workshop to ensure that the modules and sensors
had the correct configuration as seen in Figure 14 and Figure 15. The PLC, I/0 Modules and sensors
were set up on the test rig and the code downloaded to the PLC. Using the monitoring the PLC code
was watched to see the inputs and outputs. Using commission memory bits inputs could be
simulated and the expected outcomes could be monitored. This was completed for both the Evaps
and the extract fans. Some of the simulations can be seen in Figure 18 to Figure 20 which shows the
outputs turning on.

All of the Scaled values were inserted into a watch table along with the calculated heat index and the
request bits that activates one of the conditions of the automatic sequence. This is shown in Table 2.

i Name .. Display format Maonitor value [0

1 "21_TT01_TT02_Inputs_DB"."TTO1_LKM445-RH_Scaled” Floating-point nu... 5570849

2 "21_TT01_TT02_Inputs_DB"."TTO1_LKM445-Temperature_Scaled” Floating-peint nu... 35.70849

3 "21_TTO1_TT02_Inputs_DBE" TTD1_PT100_Left_Scaled Floating-point nu... 18.85

4 *21_TT01_TT02_Inputs_DE".TTO1_PT100_Right_Scaled Floatingpeint nu... 18.16

5

6 *21_TTO1_TT02_Inputs_DB".*TTO2_LKM445-RH_Scaled" Floating-point nu... 52.17444

7 "21_TTO1_TTO2_Inputs_DB".*TTO2_LKM445-Temperature_Scaled” Floating-point nu... 32.17444

8 *21_TT01_TT02_Inputs_DB" TT02_PT100_Left_Scaled Floating-point nu... 18.58

9 '21_TTD1_'I'I'D.‘!_Input:_DB'.‘I'I'Di’_P’TTOO_Right_ScaIed Floating-point nu... 18.73

10

1" "Request_Auto_EVAP" .. Bool [® TRUE

12 “Request_Auto_Extract_Fan® .. Bool = RuUE

13 *22_Heat_Index_PV_DB".PV_Heat_Index Floating-poin... [+] 25.23424

14

The watch
Table 2: Scaled sensor values table tests
. . red ooc]t -

The function blocks could then also be monitored to see the s%a ds the I/0 of the call. With the
block showing the outputs on, proving the simulation is su’yc%tls%?ul a¢ seen in Figure 21. The alarms

were also tested on the test rig. The functions of a wire brrg% o/rmﬁe sensors and communication
fault to the module could be tested. If these alarms occur,sil:lr'nrf)au g%enofthe sensor should be moved
to -274 and then excluded from the average temperature calculation. This was tested on each
module and each sensor with a 100% success rate. This proved the test rig simulation to be
successful and that the project is ready to move forwards to full installation.

The full testing table can be seen in Table 3, Appendix G. Test
pro
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7. Discussion, Conclusions and Recommendations
The project was completed complying with all relevant legislation and company policy. The control
panels were built as per the drawings that were designed. The modules and sensors were
successfully tested on the test rig and the full testing table was completed. This included features
that was above the initial specification. To aid maintenance purposes the option was integrated into
the HMI to disable fans while in automatic mode. This is different from the manual operation.
Having this feature means if one fan required work, it could be removed from the automatic
sequence allowing all other fans to run as required without the need to swapping to manual mode
to disable one fan. A good

improveme
The existing HMI was also redesigned to make it more user f?'lenglty and to meet the required

specification. A page was added for the reading of data. The HMI was also redesigned to have all the
manual Evap controls on one page as previously they were on two. The overview page was changed
to only show equipment status and not have any operational controls. All automatic controls were
then moved to a new page on the HMI. This then allowed the specification of all operational controls

to be password protected. This can be regarded as an

The project was within budget. As seen in tﬁnepex enrﬁ re list the total cost for parts bought for the
project was £2,590.43 leaving £409.57 in theﬁ)u’ﬁget Cgrger%um of investment now drops to 135
hours of labour. The solution also differentiates between mode. The manual and automatic mode
can be selected by the key switch on the pain PLC panel. A second key switch was added for the
future expansion with the BMS project that is in development. The second key switch allows for local
or remote operation. The BMS will then take part of the remote operation.

The solution complies with all the required Amazon standards and policies and all relevant
legislation.

The timing of the project was not as smooth as first indicated in the Gantt chart. The delays were
based around the installation of hardware. The installation of the hardware got delayed for several
reasons. The software development which continuously takes place took longer in the initial stage.
As software development is always continuous it is hard to represent this in the Gannt chart. The
configuration of the modules in the software took longer than expected and with the delayin
receiving the initial code. This set back the timing for the testing which is shown on the Gantt chart.

Due to all 14 extract fans and 8 evaporative coolers receiving a refurbishment before the summer
taking place. This pushed the installation back as the system could not be tested as a whole if fans
were out of service so the decision was made to hold back on the installation. Additionally, the
drawings supplied do not match the current installation of the panel. A meeting was held to discuss
that when the installation takes place if the panel was going to be carrect to meet the drawing or
the drawings changed to meet the current installation. The decision was made to correct the current
installation to meet the drawings. This will be carried out with the rest of the hardware installation.

The project could still be developed further. Currently, an average reading is taken across the floor
and turns on all of the fans. This could be changed to introduce zones. As each sensor is evenly
spread in the pick-tower, this could allow for each sensor to represent one zone. There would then
be two evaporative coolers in each zone paired with three zone of 4 extract fans and one zone of
two extract fans due to the physical location of the fans. This could potentially be more energy
efficient only turning on the cooling in the parts of the pick-tower that require it saving energy by
using less electricity.
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Throughout the project and during all work completed, high levels of professionalism and ethical
conduct were demonstrated. There was often discussion on various aspects of the project such as
how the code should be constructed and the contracting out of the installation of power and data.
During these discussions all parties were treated with respect. Ethical conduct was demonstrated by
not letting friendships with local contractors’ influence the decision on which firm was awarded the
tender to install the data cables, thus ensuring equality and fairness.

The conclusion is good
and includes relevant
recommendations. The
re should be less word
count for this task.
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Appendix C

Figure 11: Project Expenditures

Cost List
PO No Supplier  Description Part No. {0TY Cost Line total |NEt Total £2,590.43 |Burjget left £ 409.57
COMPACT MULTIFROTOCOL I/ O TBEN-52-
Parmley  MODULE 441 anlf
5738466 Graham 6314025 2/ £313.09 | £ 626.17
SCALANCE XB116 unmanaged IE switch, \6GK51160
16x 10/100 Mbit/s R145 ports; for BADD2AB
setting up small star and line 2
Parmley  topologies; LED diagnostics, IP20,
Graham Redundant power supply, 24V AC/DC 1) £274.40 | £ 274.40
Parmley SITOP PSUL00L 120/230WAC-24VDC 5A  |GEP13331
Graham LBOO 2/ £ 2500 £ 50.00
Parmley . "
Graham  Standard Carriage & Packaging CARRIAGE 1e 820i€ 820
Parrley
5766532 Graham KX E-BOX 3B0X300X155MM IP66 1576.000 2 & 4543 | £ s0.97
Parmley  AX WALL BRACKET 15MM STEEL [PACK 2508.020
Graham 4] 2 £ 1134 £ 2268
Parmley
Graham Standard Carriage & Packaging CARRIAGE 1 £ 1500 £ 15.00
5789659 Amberwell §Hrs Electrician & Mate [Nermal working hours) B E 4395 £
Amberwell Materials 1 £456.55 £
Jumo $02315/10-380-1011-3-6-50-104-
5838265 RS 24/000 PT100 RTD Tempsarature Probe T645344 4 £ 70.62 | £ 28248
£ -
5827026 RS Electrotherm Hygrometer 3130360 2 £105.23 £ 21046
£ -
5888716 Cabling RJ Connector 8787411 2 £ 607 £ 1224
Male Cat6a RI45 Connector 8787405 2 £ 1433 £ 28.66 B B
Schnelder Electric - bus bar caps 7762831 2 £ B33 | E 1666 BUdget breakdown 15 referenCEd n report
schneider Electric Acti 9 Busbar 8067222 1 £ 2480 £ 24.80
Schneider Electric Acti 9 64 MCB Mini
Circuit Breaker, 1P Curve B 7913152 2 £ 1535 £ 3070
ABB System M Pro 64 MCB Mini Circuit
Braaker, 2P Curve B 132083 2 £ 4448 £ 8896
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Figure 13: Main Panel Hardware Install

Figure 14: Test Rig PLC

Good images that
support explanations
in main report
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Appendix E

¥  Network 13: Compare IF ABOVE Set point

Compare to set point and request two bools. Request auto extractand request aute EVAP

EHeat_|ndex_

o —

ADD
Auto (Real)

#"Heat_Index_

#PV_Heat_Index

Set_Point — N1 out — 5P+
20 INZ 3F
. %600
# Hiat_l’qdex_ "Request_Auto_
SP+2 EVAP"
< | s}
Real | vl
#PV_Heat_Index
ADD
Auto (Real)
EN —_—
ZHeat_|ndex_ #"Heat_Index_
Set_Point — N7 ouT — 5P+1"
o IN2 3¢
. %WM60.1
# Hiat_lrlldex_ "Request_Auto_
SP+1 Extract_Fan"
< | s}
Real | v

¥  Network 14: Compare IF BELOW Set point

Compare to set point and request two bools. Request auto extract and request auto EVAP

ADD
Auto (Real)
—EN
FHeat_Index_ #"Heat_Index_
Set_Point— 1 out — 5P2"
20— N2
. WM60.1
#"Heat_Index_ “Request_Auto
SP2 | Extract_Fan”
| > iR}
Real | iR}
#PV_Heat_Index
ADD
Auto (Real)
EN _—
#Heat_Index_ #"Heat_Index_
Set_Point — |y our — SP1"

Figure 16: Compare 5et Points
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¥ Network 2:

Used 10 tum on Recl Extract Fan 1 in Manial Mode or Auto Mode

Roof Extmct Fan 1 Qutput Contral On

W25 3
502 . #Roof Extract_ #Roof Extract_
W50 0 “Local_Manual_ #foof_Fan_ Fhutds #Roof_Exract_ Fan_| L #foof Exract_ Mat_Ready_ &hoof Fan_
“Locel_Mode” Mode® Menual_Enable Signal Fan_Fault Marm Fen_Ready Ala Ouiput
—t { | i 1 4 14 { | 4 {5 p—r
WSO 4
W50 1 “Remote_
“Remote_hode®  Manisl_Mode®
w503 w257 WMED 1
WSO “Local_Auts_ *Auta_hode_ *Request_Auto_
“Lecal_Mode® tade” System_Start” Exract_Fan" #Auto_Enabled
f |} 1} |} I
w50
W50 1 *Remote_Auta_
“femate_Mode™ Mode®
—
Figure 17: Request Extract on Logic
¥  Network4: Drive Output 2 for Evap for Water Sclencid Switch On
Uzed o turn on EVAP Water Solenoid in Manual Mode or Aute Mode
w253 #'24_
W50 2 “Global_System_ Legicnella_ #Evap_alarm. #Dnve_Water_
WAS0.0 “Local_Manual_ SEVAP_Water_ Shutdown_ Cycle_instance” EVAP_Drive_X_ Solencid_Reloy_
“Local_Mode” - _Enable Signal® Dump_Weter FaultAlarmstat on
— | i F it i 1 (s }—
WS04
W50 1 “Remote_
*Remote_Mode”  Manual_Mode®
1 k-
WMs503 ST TG0 0
WAS0.0 “Local_Auts_ "Aute_Mode_ *Request_Auta_
“Local_Mode" Mode" System_Start’ EVAP =Auto_Ensbled
! ] ] | 1 | |
I 1 17 1T 1
W50 5
WAS0.1 "REMatE_AUT,
"Remaote_lode” Mode
_= }.-_-.--_--l I.--_-
Figure 18: Test Rig Simulation 1
*  Network 8: Drive Cutput 0 for Pump Switch On
Ued to turn on EVAP Pump in Ms rusl Mode or Auto Mode
24
Legicnella_ #Lvap_sAlarm. wrs
WAS0 2 Cyche_Inztance” *Global_Sytem_
wso 0 “Local_Manual,  SEVAR_Pump_ Pump_Of_Far_ T #0ive_Pump_
“Local_Mode* Mode® Marwal_Ensble #Pump_intedock Water_Dump Alamstat Fault AlarmStat Relay_On
=] } ik i} 1t 1t 1/t {5 —s
W50 4
w501 “Remote._
“hemote_biode”  Manual_Mode®

SRR

W50
“hemate_Mode™

R

W50 w7 W00
*Local_Aute_ “huto_Mode_  “Request_Auts_
Mode® Sysen_Start VAP #Auto_Enabled
W50 5
*Remmate_Auto_
Mode®

Figure 19: Test Rig Simulation 2
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w253
W50 2 #Evap_Alarm “Global|_System_
WM50.0 *Local_Menual_ #EVAP_Fan_ EVAP_Drive_X_ Shutdown_ SEVAP_Fan_
"Local_Mode" Mode® Manual_Enable FaultAlarmStat Signal” Output
{ | i F iF 14 1 { }—
M50 4
501 “Remote_
"Remote_Mode" Manual_Mode®
i F iE
WMs50.3 257 W60.0
WM50.0 "Local_Auto_ "Auto_Mode_ "Request_Auto_
*Local_Mode® Mode® System_Start” EVAP" #Auto_Enabled
!} Ik |} I} oy
W50 .5
WM50.1 "Remote_Auto_
“Remote_Mode” Mode®
P P
1r ior

Figure 20: Test Rig Simulation 3

w  Network 1: RoofExtractFan 1 Controls

Calls and operates the block to run extract fan 1

#A_Extract_
Fan_1_Control_
Instance
BT
"25_Extract_Fan_Control_Logic™
EN END
TRUE
401 20
“HMI_Manual_  |Local Roof Fan_| “Roof Fan_1_
Roof Fan_1_  |Manual_Roof_ Output |— Output”
QOn" ——{Fan_on
FALSE
FALSE W23
W02 Roof Extract_| ~Roof Extract_
"HM_Manual_  |Local Fan_Trip_| Fan_1_Trip_
Roof_Fan_1_ M'"IJ;LNWL Reset|-—Reset’
Off ==l Fan_off
FALSE
22
“Roof_Extract_  |Roof Extract
Fan_1_Feult’ —-|Fan_Fault
TRUE
2.0
"Roof Extract_  |Roof Extract_
Fan_1_Ready’ —Fan_Ready
FALSE
WDB20.DBX124.2

Figure 21: Test Rig Simulation 4
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Figure 22: Test Rig Simulation 5

¥  Network 126: 565_TT02_Module_Communication_Interupted
TI02 Communcation interupted all readings out of limit
#"565_TT02_
£°560_TT02_ 2°561_TT02_ #°562_TT02_ £°563_TT02_ Module_
CHO_Out_of_ CH1_Out_of_ CH2_Out_of_ CH3_Out_of_ Communication_
Limit_Warning®. Limit_Warning®. Limit_Warning®. Limit_Warning®. Interupted”®.
AlarmStat AlarmStat AlarmStat AlarmStat Alarmin
1 | 1 | 1 |  — — {
1T 1 I 11 — | i
#Profinet_
States_Fault[2]
] |
1T
#Profinet_
States_Exist[2]
i/t
W
"105_Alarm_Function™
EN ENOQ [—
FALSE
%M20.0
“Fault_Reset_
Pulse” ==|In_Reset
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- m Roof Extract Fan 1 Controls

Calls and operates the block to run extractfan 1

#Extract_Fan_

1_Control
YWwB7
"25_Extract_Fan_Control_Logic™
EN ENO
MO 1 :’m? ]
"HM_Manual_  Local_ Roof Fan_ Rnuf_F.an_l _
Reof Fan_1_  Menual_Roof_ Output — Output’
On” — Fan_On
Q2.3
U0 2 Roof Extract.  "Roof Extract_
"HMI_Manual_  Local_ Fan_Trip_ ;a ﬂ_l._Trlp_
Roof Fan_1_  Manual_Roof_ Reset —Reset
Off — Fan_off
W22

“Roof_Extract_ Roof_Extract_
Fan_1_Fault" — Fan_Fault
W20
“Roof_Extract.  Roof Extract_
Fan_1_Ready" — Fan_Ready

%WDB20.DBX138.2

"C_System_
Alarms_DB".
"379_Roof_1_
Extract_Not_ Roof Extract
Ready_Global.  'not Ready
AlarmStat __ glarm
“WDB20.DBX6_2
“C_System_
Alarms_DB".
"300_Roef_
Extract_Fan_1_  poof Extract
Fault_Alarm®. F -
_ Fan_F.
r\larer.at_AT:,Fnaun-
Remote_
Manual_Roof_
false — Fan_On
#Extract_Fan_
1_Auto_
Enabled_On — auto_Enabled
Remote_
Manual_Roof_

falze = Fam_Off

%0401 Roof Fan_
“Roof Fan_1_  Manual_
Manual_Enable” — Enable

Figure 23: Extract Fan Control Block

PLC program is
implemented and tested
using online test method
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Appendix G

Table 3: Simulation Testing Table

Event
Sensor TT01-LKM445-RH
connected and not in fault

Sensor TT01-LKM445-
Temperature connected and
not in fault

Sensor TT01-PT100-Left
connected and not in fault

Sensor TT01-PT100-Right
connected and not in fault

Sensor TT02-LKM445-RH
connected and not in fault

Sensor TT02-LKM445-
Temperature connected and
not in fault

Sensor TT02-PT100-Left
connected and not in fault

Sensor TT02-PT100-Right

connected and not in fault

Sensor TT01-LKM445-RH
disconnected

Sensor TT01-LKM445-
Temperature disconnected

Sensor TT01-PT100-Left
disconnected

Sensor TT01-PT100-Right
disconnected

Expected Outcome
Data is read and stored
in the average humidity
calculation

Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation

Data is read and stored
in the average humidity
calculation

Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation

Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
humidity calculation
Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.

Actual Outcome

Data is read and stored
in the average humidity
calculation

Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation

Data is read and stored
in the average humidity
calculation

Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation
Data is read and stored
in the average
temperature calculation

Data is not received and
the alarm is triggered.
The reading will get set
to-274 and is removed
from the average
humidity calculation
Data is not received and
the alarm is triggered.
The reading will get set
to-274 and is removed
from the average
temperature calculation
Data is not received and
the alarmiis triggered.
The reading will get set
to-274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.

Pass/Fail
Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass
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Sensor TT02-LKM445-RH
disconnected

Sensor TT02-LKM445-
Temperature disconnected

Sensor TT02-PT100-Left
disconnected

Sensor TT02-PT100-Right

disconnected

Module TT01 loss of power

Module TTO1 loss of
communication

Module TT02 loss of power

The reading will get set
to -274 and is removed
from the average
temperature calculation

Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
humidity calculation
Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
temperature calculation

All readings that are
transmitted through the
module will be moved
to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

All readings that are
transmitted through the
module will be moved
to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

All readings that are
transmitted through the
module will be moved

The reading will get set
to-274 and is removed
from the average
temperature calculation
Data is not received and  Pass
the alarm is triggered.
The reading will get set
to -274 and is removed
from the average
humidity calculation
Data is not received and
the alarm is triggered.
The reading will get set
to-274 and is removed
from the average
temperature calculation
Data is not received and
the alarmis triggered.
The reading will get set
to-274 and is removed
from the average
temperature calculation
Data is not received and
the alarm is triggered.
The reading will get set
to-274 and is removed
from the average
temperature calculation

Pass

Pass

Pass

All readings that are Pass
transmitted through the
module will be moved
to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

All readings that are
transmitted through the
module will be moved
to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

All readings that are
transmitted through the
module will be moved

Pass

Pass
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Module TT02 loss of
communication

Temperature goes +1 above
set point while in automatic
mode
Temperature goes +2 above
set point while in automatic
mode
Temperature goes -1 below
set point while in automatic
mode
Temperature goes -2 below
set point while in automatic
mode

Auto enable turned off

to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations
All readings that are
transmitted through the
module will be moved
to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

Extract fans turn on

Evaps turnon

Evaps turn off

Extract fans turn off

to -274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations
All readings that are
transmitted through the
module will be moved
to-274 and the loss of
communication alarm
will be triggered. All 4
readings will be
removed from the
average calculations

Extract fans output
turns on

Evap outputs turnon

Evap outputs turn off

Extract fans outputs
turn off

Specific fan/Evap should Specific fan/Evap turns
be turned off off

Table of

results is

extensive

Pass

Pass

Pass

Pass

Pass

Pass
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Log Book

Log Sheet
Log No: 1
Hours:
Running total 2
Hours

Intraduction into the module. Looked through the module handbook and discusses the assessment
process.

Student Signature )4 Wﬂg

Supervisor Signature ﬂ W.ﬁg .

Lecturer Signature
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Log Sheet

Log No: 2
Hours: 2
Running total 4
Hours

Discussed different project ideas. Also talked about the presentation, what to expect and what will
be required.

Student Signature ,4 Wﬁﬁ

Supervisor Signature ﬁ Wﬁﬁ

Lecturer Signature
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Log Sheet

Log No: 3
Hours: 2
Running total 6
Hours

At work spoke with mentor about what project are suitable from previous week in college. Possible
project. Identified project is using the pick tower Evap cooling fans. Currently they only have a
manual on/off function and no automatic sequence. | will lock at installing temperature sensors to
take a temperature reading and if the reading is above X°C then the PLC will send an output to turn
on the fans.

Student Signature )4 Wﬂg
Supervisor Signature ﬁ Wﬁg

Lecturer Signature
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Log Sheet

Log No: 4
Hours: 2
Running total 8
Hours

Agreed project with mentor and lecturer. | started and completed my project proposal. These
included details of the project such as where, what, why, how and a block diagram of the sequence.

Student Signature ,4 Wﬂﬂ
Supervisor Signature ﬂ Wﬂg

Lecturer Signature

41 |Page




Log Sheet

Log No: 5
Hours: 2
Running total 10
Hours

Discussed timeline with lecturer with regards to interim presentation. Research different software to
create a Gannt chart with. Looking at Amazon Playbook or Microsoft Project.

Dashboard

n
[

=

g

Student Signature

Supervisor Signature

Lecturer Signature
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Log Sheet

Log No: 6
Hours: 2
Running total 12
Hours

Online meeting with lecture. Discussed that a second solution needs to be found and mentioned
about the presentation and what is required.

Student Signature ,4 Wﬂﬂ
Supervisor Signature ﬁ Wﬂg

Lecturer Signature
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Log Sheet

Log No: 7
Hours: 2
Running total 14
Hours

In work discussed alternative solution to the project. Looked into using a thermoset to bring in an
auxiliary contact to turn on the fans.

STEGO, Enclosure Thermostat, Adjustable, NO, DIN Rail, 120 — 250 V ac

RS Stock No. 697-4446  MIr Part No.: 01141.0-00 Brand: STEGO
637 In stock - FREE next working day delivery
avallable

(=
L %
= LN
e Price Each
= £15.85 £19.02
. - i {exc. VAT) [ine. WAT)
— % Units Per unit
2 —
= . 4 £15.85
L o @ 5-9 £14.99
0-24 01478
25-49 £14.20
50+ 136
" x | B DsoonsemerentTapa x | B Cowse x G « R S
€ s it g
o 2 a ° - = -
Google arduino board L q w @

s %Iﬁﬂ
- ARDUI NOIQ ﬂ

Arduino <

»
Aruino , Moga Ra
2560 Rev 3, M
£3570 [
e Domponsl. o CPU: Almel AVR (B-5), ARM ContesxM0+ [32-bit), ARM Cortex-M3
(32-bit). hrviesd Cusarks (x86) bit)
- B

Memory: SRAM
Storage: Flash, EEPROM
VARG, » Tk » DA =

Boards - Arduino
ARDUING UMD, This I5

the: board. |

=
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ncestrial A0 2 | W RS PRO Logic Module 110 -2 x| WTE6RE e 774 pell X P Couwses X | G aduinoBoard - Google Search X + = a x
© & docsrs-anline.comdfza AodTT4.pelf * i
B ¥ M vore @ . . @ LW W A e Clasan BB s

Datasheet
Stock No: 917-6361 , 917-6370 , 917-6373 , 917-6377 , 917-6386 ,
917-6389 , 917-6390 , 917-6395

RS Pro Logic Module and Accessories

vala ey

B ADUNG1ZA - sl e % B i Mot P X | B Cowm % | G sntunobows - Google Sewrch X | 4 CO

RS PRO Logic Module, 110 — 240 V ac Digital, Relay, 8 x Input, 4 x Output With Display

RS Stock No.© 917-6361 Brand RS PRO

et 33 In stock - FREE next working day delivery
= available
B 13
3 ot
it

Price Each

£77.80 £93.36

e, VAT) e, VAT]

- - Units. Per anit
e .

- 4 ]

= -
npw..l- i a e
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Home  Contact Us

m Hama > P 1 indu traiie ndurstrial Arduing PLC
FA-DUINO-12RA - Industrial Arduino PLC - 8 Inputs, 4 Relays, 8 Analogue
W Comrowon
and Cantrol
Aemate (0

=, Dataloggers and
Cnart Recomsers

Our Price: £8100 (£07.20 kne. VAT)

ADD TO BASKET

Serial Adapters

Systems
Menitar & Alarm

@ Sensers and

T

231 Expansion Board

CTB:8A MSE PLL Ansicg
® Do :
+ Cullios fracessors and .
i . ; 33 G R
+ Web Based PLC " ——
* MOACON
B frenepcs

Student Signature

Supervisor Signature ﬂ Wﬂg

Lecturer Signature
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Log Sheet

Log No: 8
Hours: 2
Running total 16
Hours

Worked on presentation.

S givoun] al
I SECURITY WARNING Rufiscrn

HNC Electrical & Electronic Engineering

Engineering Project
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Log Sheet

Running total
Hours

Made notes for presentation and delivered presentation

 Fartean Fainies

S ——

[— 1 s

Aematon is & Mltinatians! commgany speciaisingin E-Commerce, Cloud Comgmsing and Al Aurazon
Fas aver &0 Subsidieries, with the mast comman being it E-Commerce side of Amsaon Fulfilment.
However, mast of its profits come from AWS which is its web servers.

“MEXT SLDE

Al bichground on the work sthic of Amacon whish wil Ark 1o the ressoning behind the project.
‘Amazon takes pride In It safety of Its workers. One of Amazan's key prindples & safety first, safety
alwiays. 10 N 10 ThIS AMAZCN TIHE BFIGE I L5 CUSTOMET SEPACE a0ed 125 M0 STRMEN 5 to
i EArtIV's oSt st Contric eomeany. s e 10 custormr servien and cestomer
kressicn. However, the ondy thing that comes befare customer service is heakh i safety. A

L 184 lower acoident rate th enmganies. &t the CWLL sete in Swansen the
site has just passed 1 million working hours without a recordable accident. This 53 huge mullstone
For Amazan especially a5 during peak timas up te 6,000 pecpds ars employed at the fulfilent cantre
in Swan

This keads anto tha praialem
NEXT SUDES

Prems are stored i a 4 leved pick tower untl they picked for a customes's order With such a high
walume of workers, conditians in the bulding can b durirg

0 e et and especially in th pick lawes it can ot incredibly s

candhicns can be reall uncomiortable. A% 8 control measure there are 7 exaporss
oo 16 try aed The faevs wark by sucking in e which is

fitered through a kayer of cold water befare being crtulated arcund the pick tower. These fans

Perwever are nat autamatic and have 1o be turned an manually which can be a siow process

“MEXT SLDE*

The salution of the prosdem must allow the fans to be controlled on an automatic sequence so the
fares il Lum n whven, the bulding temperature rises above a set poind. The budget of the project is
63,000 and msit hinde & Fiuers of investment within 5 years in 0rder ta Mt comeany paicy

i Prsanesal appeoval £3000 mest s 156 howes. of lsbar within § yoss ta
Pave its retrm n investment. The sakstion must alsa be as sustainable as possible and use as much
of the existing equiEment as possile. A Mk JSSESIMENT MUST be Produces during the insalanon ta
ensure the safery of al tasks.

withesst the nied o sanior

L
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Log Sheet

Log No: 10
Hours: 2
Running total 20
Hours

Collected the current drawings of the Evaps and extracts from the “Z-drive” where all the digital
copies of drawings are kept at CWL1. Also emailed manufacturer for latest code and original drawing
file in e-plan/AutoCAD
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Log Sheet

Log No: 11
Hours: 4
Running total 24
Hours

Using the CAD files of the pick-tower. Collected information on pick-tower length. Walked P4 looking
for suitable places that panels and sensors could be mounted. Investigated current containment and
potential cable routing.
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Log Sheet

Log No: 12
Hours: 2
Running total 25

Hours

Sourced contractor and Walked job to explain what the requirements were. Gave contractor the

location of the runs and details of the cable:
2 runs of 1.5mm YY cable

2 runs of cat 6 S/F TP PVC.
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Log Sheet

Hours

Log No: 13
Hours: 5
Running total 30

Researched parts and selected hardware to be used. A parts list was made and an email sent to

suppliers asking for quotes.
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Log Sheet

Log No: 14
Hours: 4
Running total 34

Hours

Raised PO and ordered all of the required parts. AutoCAD was downloaded and installed and

collected licence from Amazon Server.
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Log Sheet

Log No: 15
Hours: 10
Running total 44
Hours

Design schematics — collect dimensions of components

Started edit original drawings:

main feeder circuits
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remote I/O supply
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Log Sheet

Hours

Log No: 16
Hours: 2
Running total 46

Received schematics and code from Tribotics, had to install TIA portal V14
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Log Sheet

Continued with the design and CAD drawings of remote 1/0 panels

Log No: 17
Hours: 10
Running total 56

Hours
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Log Sheet

Log No: 18
Hours: 2
Running total 58
Hours

Submitted Amberwell (contractor) RAMS (Risk assessment, Method Statement) for review by Level 5
management and health and safety department.
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Log Sheet

Log No: 19
Hours: 10
Running total 68
Hours

Final drawings approved by Jose, Senior AE

Downloaded General Station Description files (GSD file) from manufacture website and then

installed on TIA portal

Added Turck I/O module into TIA portal network and assigned the names to the module.

PORCI EOR Vew et Oeiee  Optom ok

N Sprier & N s X e 5O EE D S Goonin bEP x "
Devicas & Topology view |gh Network iew  |[f Davice wew || Options =
2 [of wecwort L connacions EEFFLT 4] Wetwork v+ i
- 'E
= | mazon aC Sy 40 r
ot 10 deice 2 e i
™ 1556 ST 1S58 ST L
] & = i
L |
[
a a1 ¢
i
- - p i
G120 CUT40ED. G120 CU4GED TREN-52-4A bt -
o T H
nos (] not [} "
i
L) L Drive_t SS01-TTOZADOY ‘ =
G20 CLO4OE2 6120 CU2S0E-2. TREN-52-4A1
A T s
ne 0 R " —
02100144001
oo
drven 2
031304001
< 3] [ - ; a (¢ B
@ Properties [ info 1| U Disgnostics -
== e [ Davices 8o
£ Type here 1o search o ¥ A

Correct existing IP addresses on all Profinet devices on the system to conform with the new amazon

standard

Turck module /O device configuration
Set IP addresses

+502-TT01-A001: 11.200.1.32

+503-TT02-A001:11.200.1.33
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Poject Edn View e Oniss Dptors Tash Wndew Help = =
§ S sweprer 3 Mt m X e 5 MG E G S coonion F ooon " PORTAL

Devices & Topology view | Network view B Dovice view | by
- 2 =
2| & oo ) G B ][0 & 4 | | Device ovenden |§
* ) Amason & System 40 = L :“tl;, =13
- e ]l
e £
= Ll me Y e e oo . ¥ 2
— i I:

3] (10w =S o @ >
% Properties [T infa )] % Diagnostics ¥
Fr— | Teas £

Ethemet addeesies &
m
Interface networked with 3

Subres: | Fe_ :

1 WP potecel

. @) 54t pomess in me progect

Waddress: | 11 20 1w
Sebnetmetk: [ 295 265 285 0

() asivess s et dewcsy ot the dvec

it View et Celee Optiom: Took Windew help Totalty Integrated
b sovepropet & K = I B G & Geonine ¥

Devices |ohy Metwenk view  [BY Device view
9 =
. Back | ties \nddewes |G sl Typa Amcie me [
I . 4 a ® mencian [rery B
W Add new devce &
by Devces & nenworis er— o w7 cumem ’
- (@ met fer 1rerc pomond T LRS-V O P cument
TOPTIO0RGHT 0 nm m =
" 1TIOEFT n
a TIO1-FTI0AE : w0y L E
o :
¢ > I
QProperties | “uinto L] % Disgnostics 4
~)| General | 10 tags | Syster | Teats E
~ | Datails view -
: General
tame
W Add new dence -~
R — Commene: |
4 [
s [1
Catalog information
Short desigration. | cumere
e
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Log Sheet

Log No: 20
Hours: 10
Running total 78
Hours

Started design of automatic sequence. Created function call in programme for alarms.

Shapes

—

St Wia

] '
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Log Sheet

Log No: 21
Hours: 2
Running total 80
Hours

Communicated to other apprentices on what was required for the panel build. Issue’s drawings and
parts to them. On completion visual check of panel was carried out before accepting job as
complete.
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Log Sheet

Log No: 21
Hours: 10
Running total 90
Hours

Wrote/finished alarms for module status and diagnostic and put into code
Set up plcon testrig

Made 2x m8 male Profinet

Made 2x m8 female power

Using Turck service tool assigned the modules their IP address

P £ @ B . . @O.m. ®» X

s 5| Cuira B2 Wk e #0 | oot Lmgunps. | Byl 0| s
T T T T T

W moresAmD LLANIE SEXG2S50 0000 POM_DHCF  TBENSZA 1350 WEXSAVEXT T

AR A

[N p a
o E‘ nl\—fc'l Xy

A Type here to search
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Log Sheet

Added OB blocks to prevent CPU going to stop when loses Profinet devices

Wired in all inputs

Tested to see communication between 1/O and PLC

Scaled RTD's

n D Type here tosearch

(Turck, n.d.)

100°C P
150°C 3A08
1515°C Upper limit value exceeded” ON 382
Fahrenheit
Measured  Disgnostics Decimal  hexadecimal
walue {two's comple-
mant|
1316°F “Lowes limet value underrun” ON 6580 BF3C
28°F nominal range BFFO
148°F (=11
2°F 0640
212°F 06N 2968
02°F 5100 3AFC

Log No: 22
Hours: 10
Running total 100
Hours
@ Sign In
878D & =

0 0000

B o -

i =
B v

“

®

<

P

10,000/100 = 100 so divide incoming decimal by 100 and offset is 0.
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b

Temparature and @ Sign In

i ® 8 g @ @ o kMO o= B-F B Z2 & D a B 3

o x
) - B 182 tans Turch 0.KG au 6 4 wewew,
= B o »
R
=]
a
TUNRCK
B =
4.20mA  Dlsgnostics Decimal hexadecimal 8 con s
s I combine File

Temp
-20degc=4mA=0
80 deg c =20mA = 32,767
=100/32767 = 0.0030518509
Offset -20

Humidity

0%=4mA=0

100% = 20mA = 32,767
=100/32767 = 0.0030518509

Offset=0
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Log Sheet

Wrote code to calculate average temperature and humidity

Hours

Log No: 23
Hours: 10
Running total 110

Wrote code to compare PV against set point and bring on the auto sequence

Designed temperature data HMI screen

fewc B8t Ges wun Odee Optem
3 %@ & M hiax nee

d

L L L L L LTI

T an ety

12/31/2000 10:59:39 AM

TT01

TTO1 FT100
Left Temperatun

o1 PT100
Right Temperature

Tomporatura

Temperature

TT02

TT02 PTL00
Left Temperature

TTO2 PT100
Righ
Temperature

Temperature
Set Point

Manual Evap 1to 4

Manual Evap 5 to 8

Temperature Data

Humidity
TT01

IO LKMaas
Humadity

TT02

TT02 LKMA4S
Humsdity

Average

Humidity
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Log Sheet

Log No: 24
Hours: 5
Running total 115
Hours

. Wnervin, =
Poet  Edn View  nsent Oslise  Optons ook Windew el
§ N0 epre & MW =X D

Devices
Hadeed LESECA: SBEHU AR Gl Gl A% L 4 WAt

- 3 Favorites

| Basic instructions

) Amaen A pstem 40
W Ade et

s |

aF k= [ o =

LTS

Network 5B: Evg® FanBex 2 i

red m ven b message ke Evap 8 Fan ek 2

¥
H
A, f‘m -
= f— m
- &
ot w1 B
- “105_barm_Fanction” L]
& 2 EN ENG =
=
-
- —in_Reiet
re—
< " 2 ¥ Network 59: Evap 8 Fan Bex 3 A
~ | Rataserie projects Jred ta et Bk message for Eag 8 Fan ek 3
L) L E— E— L
b Evipupiosd asd project combined . |3 [Technology
Lol - et et »
> | Detalls view. @ Properties | Info 1| & Disgnostics 3

Modified code to use an alarm function call for each network for the alarms.
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Log Sheet

Rebuilt hardware in new project so own safety password can be set

Log No: 25
Hours: 10
Running total 125

Hours
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Log Sheet

Log No: 26
Hours: 5
Running total 130
Hours

Started HMI re-development
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Log Sheet

Stared test rig testing including completing testing table.
*  Network 13: Compare IF ABOVE Set point

Compare to set point and request two bools. Request auto extract and request auto EVAP

Log No: 27
Hours: 10
Running total 140

Hours

ADD
Auto (Real)
= EN —
#Heat_Index_ #"Heat_Index_
Set_Point — N7 QuT — 5P+2°
2.0 IN2 3+
WM60.0
#"Heat_Index_ “Request_Auto
SP4+2" EVAP®
< | {5}
_| Real | 15F
#PV_Heat_Index
ADD
Auto (Real)
EN — _—
ZHeat_|ndex_ #"Heat_Index_
Set_Point — N7 ouT — 5P+1"
1.0—IN2 %
%M60.1
#"Heat_|ndex_ “RequesT_ALIo
5P+l | Extract_Fan"
| < {5}
Real | {5}
#PV_Heat_Index

¥  Network 14: Compare IF BELOW Set point

Compare to set point and request two bools. Request auto extract and request auto EVAP

ADD
Auto (Real)
- FN —
#Heat_Index_ #"Heat_Index_
Set_Point — N7 out — 5P2"
20— N2 3
N WM60.1
# Hea(ﬁlvl\dexf “Request_Auto_
sP2 | Extract_Fan"
= {7}
|Real | {®}
#PV_Heat_Index
ADD
Auto (Real)
EN — e
&Heat_|Index_ #"Heat_Index_
Set_Point — |9 oy — SP1°
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-

Natwork 2:  oof Extmct Fan 1 Qutput Contral On

Used 10 nam on Roef Extract Fan 1 in Manual Mode or Aute Mode

w253
M50 3 *Global_Sytem_ #hocd Extract_ #Rood Extract_
w500 "Local_Merwal_ #8500 Fan_ Shutdown_ shoaf_Exract, Fan_Faui_ shoof Exract, Mat_Ready_ shiaf Fan_
“Lucel_Mode” tode® Werual_tnable signal® Fan_Fault Fen_Ready #a Output
—t i | 1t 14 i | it {5 —
WS04
M50 1 “Remote_
*Remate_hode®  Menusl_Mode®
w503 w57 0.1
500 “Lacal_sutn_ “huto_Mode_  “Request_futo_
“Local_Mode" Mode* Sstem_Start Extract_Fan® #Auta_Enabled
I 1 1} 1 N
— 1 1}
W50 5
50,1 “Remote_nuto_
“Remate_node” o
*  Network 4: Orive Qutput 2 for Evap for Water Solencid Switch On
Used w turn on EVAP Water Solenoid in Menual Mode or Aute Mode
253 #24_
W50 2 *Global_System_ Legionella_ #Evap_Alarm. #Drive_Water_
WAS0 .0 “Local_Manusl_ SEVAP_Water_ Shutdown_ Cycle_inctance” EVAP Drive_X_  Solenoid_Relay_
"Local_Mode” Mode® Menual_Enable Signal® Dump_Water FaultAlarmStat on
— | i b A 1 4 {s —r
WS04
w500 “Remate_
“Remote_Mode® Manual_Mode®
' '
— Femmccccmaa] hea=ad
TWM50 WAzsT AW60.0
WA50.0 “Local_Auta_ *Auto_Mode_ ‘Request_Auto_
“Local_Mode® Mode” System_Start” EVAP £Aute_Enabled
WAS0.1
“Remote_Mode”
*  Network B: Drive Dutput 0 for Pump Switch On
Used 10 um on EVAF Pump in Menual Mode or Auto Mode
24
Legionalls_ _tarm L
WS0.2 Cye_instance’.  Evap X Pump_  SEvap_Alarm.  “Glabsl System_
W50 0 “Locel_Manual_ SEVAF_Pump. Pump_Of verlcad_Fault Shutdown_ #Dnve_Pump_
“Local_taode” Mode® Marual_E sPump_interock et A Signal® Rel
- P 1L L4 1/ A
Wis0.3 s w600
w500 *Local_Auto_ “huto_Mode_  “BequestAuto_
“Local_Mode* Mode® System_Star VAP shuto_Enabled
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M50 2

WM25.3

#Evap_Alarm “Global|_System_
WM50.0 *Local_Menual_ #EVAP_Fan_ EVAP_Drive_X_ Shutdown_ SEVAP_Fan_
"Local_Mode" Mode” Manual_Enable FaultAlarm5Stat Signal® Output
!} E LE A A { F—
M504
w501 “Remote_
"Remote_Mode" Manual_Mode®
[N 1L
1T VT
WMs50.3 257 ‘W60.0
WM50.0 "Local_Auto_ "Auto_Mode_ "Request_Auto_
“Local_Mode® Mode” System_Start" EVAP" #Auto_Enabled
1} 1} ! | 1} !}
1T LI} 1T LI | 17T
W50 .5
W50 "Remote_Auto_
“Remote_Mode” Mode”
] P
1 ior
Network 1:  Roof Extract Fan 1 Contrals
Calls and operates the block to run extract fan 1
#A_Extract_
Fan_1_Contral_
Instance
BT
“25_Extract_Fan_Control_Logic™
EM END [
FALSE TRUE
0.1 w20
“HM_Manual.  |Local_ Roof Fan_| “ReofFan_1_
Root Fon_1_  |Manual_Roof_ Qutput [ Cuiput’
On" =alFan_0On
FALSE
FALSE 023
W0 2 Roof Extract_| "Roof Extract_
"HM_Menuel.  |Local Fan_Trip_| Fon_i_Trp_
Roof Fan_1_ l.ﬂull-ﬂ_lod_ Reset|-—~Rezet’
oF __|Fan_off
FALSE
22
“Roof Evract_ | Roof_Extract_
Fan_1_Fault’ =</ Fan_Fault
TRUE
%20
“Roof_Extract_  |Rool Extract,
Fan_1_Ready’ — Fan_Ready
FALSE
WB20.DBX124.2
Network 126: 565_TT02_Module_Communication_interupted
T2 Communcation interupted all readings out of limit
#°565_TI02_
#°560_TT02_ #°561_TI02_ #7562_TT02_ £°563_TT02_ Wodule_
CHO_Out_of_ CH1_Out_of_ CH2_Out_of_ CH3_Out_of_ Communication_
Limit_Waming® Limit_Waming® Limit_Warming* Limit_Wa ming* Interupted”.
AlarmStat AlarmStat AlarmStat AlarmStat Alarmin
i | i | | | T F { F—
#Profinet_
States_Fault[2]
X
#Profinet_
States_Ewst[2]
A
wa
"105_aAlarm_Function”
EN ENO[—
FALSE
w200
"Fault_Reset_
Pulse” ==/ in_Reset
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- m Roof Extract Fan 1 Controls

Calls and operates the block to run extract fan 1

#Extract_Fan_

1_Control
WFB7
"25_Extract_Fan_Control_Logic™
EN ENO
WMo ?@7 0
"HM_Manual_  Local_ Roof Fan_ Ronf_F.an_l _
Roof Fan_1_  Manual_Roof_ Output — Output’
On” — Fan_On
Q2.3
U0 2 Roof Extract.  "Roof Extract_
"HMI_Manual_  Local_ Fan_Trip_ ;a n_I._Tnp_
Roof_Fan_1_  Manual_Roof_ Reset —Reset
Off — Fan_off
W22

“Roof_Extract_ Roof_Extract_
Fan_1_Fault" — Fan_Fault
W20
“Roof_Extract.  Roof Extract_
Fan_1_Ready" — Fan_Ready
WB20.DBX138.2

"C_System_
Alarms_DB".
*379_Roof 1_
Extract_Not_ Roof Extract
Ready_Global". o _Rendy -
MarmStat_NaEn -
“DB20.DBX6 2
“C_System_
Alarms_DB".
*300_Roof_
Extract_Fan_1_  poof Extract
Fault_Alarm”. Fan Fault
AlarmStat _ garm
Remote_
Manual_Roof_
false — Fan_On
FExtract_Fan_
1_Auto_
Enabled_On — auto_Enabled
Remote_
Manual_Roof_

falze —— Fan_Off

%0401 Roof Fan_
“Roof Fan_1_  Manual_
Manual_Enable” — Enable
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1909751

GRADEMARK REPORT

FINAL GRADE

59100

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2

Text Comment. Summary outlines the report content
PAGE 3
PAGE 4

Text Comment. Table of contents could be further divided into more detailed sections
PAGE 5

Text Comment. Good list of figures

Text Comment. Good use of tables
PAGE 6

Text Comment. Good research carried out with relevant sources used
PAGE 7

Text Comment. Good comparison table that supports the explanation
PAGE 8

Text Comment. A detailed specification
PAGE 9

Text Comment.

Test plan table is in appendix



PAGE 10

Text Comment. This should have an image and ref source for support
Text Comment. Images and ref source would support this argument

Text Comment. Solution 1 is chosen and a good argument is put forward for this choice
including constraints by Amazon requirements.

PAGE 11
PAGE 12
Text Comment. This should be implementation
Text Comment. Restriction is identified
Text Comment. The stages are explained but there is no need for all this detail.
PAGE 13
Text Comment. Flow chart is a good method or representing sequence operations
PAGE 14
Text Comment. There is far too much unwanted written content here. The use of images
would be a much improved method.
PAGE 15
Text Comment. The watch table tests are a good method for real time test simulation
Text Comment. Test procedure is explained and referencing supporting images in the
appendix
PAGE 16

PAGE 17

Text Comment. A good improvement

Text Comment. This can be regarded as an implemented recommendation




PAGE 18

Text Comment. The conclusion is good and includes relevant recommendations. The re
should be less word count for this task.

PAGE 19

Text Comment. More reference sources should have been used

PAGE 20

PAGE 21

Text Comment. Good comparison Gantt chart

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

Text Comment. Panel drawings are referenced in the report implementation stage.

PAGE 28

Text Comment. Budget breakdown is referenced in report

PAGE 29

Text Comment. Good image o support implementation

PAGE 30

Text Comment. Good images that support explanations in main report

PAGE 31

PAGE 32

PAGE 33




PAGE 34

PAGE 35

Text Comment. PLC program is implemented and tested using online test method

PAGE 36

PAGE 37

PAGE 38

Text Comment. Table of results is extensive

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

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

PAGE 72

PAGE 73

PAGE 74

PAGE 75

PAGE 76

GRADING FORM: CSG-RUBIC

ALEX WILLIAMS




RESEARCH-INFORMED LITERATURE

[

y‘ Research has good content but limited ref sources.
This limits the relevance of the research. 4/10
There should be more sources included. 4/10

KNOWLEDGE AND UNDERSTANDING

8/20

[

y“‘ Specification is detailed and informative of
requirements and constraints. 7/10 Solutions
considered have good arguments and application
explanations. There are no sources used in this
section or images to support arguments. This
could have supported the research section. There
is a good relevant argument for the final solution
chosen. There is far too much unnecessary
content here. 5/10

ANALYSIS

12/20

[

y‘ Testing and results have a good explanation and a
table of results from a relevant simulated test
sequence. There is no test carried out for the HMI
which could have been carried out in simulation
mode. However the tests that have been carried
out are extensive. 6/10 There is a good conclusion
and recommendations. Some of the
recommendations have already been
implemented. 7/10

PRACTICAL APPLICATION AND DEP.

13/20

[




y‘ Very good planning section with Gantt chart
indicating issues with the project timeline due to 1 6/25

the industry. Test plan is included. Explanations are
detailed. 4/5 Solutions considered have application
descriptions in the arguments but there are no
images or ref sources to support the arguments.
5.5/10 Implementation stage has far too much
unnecessary content. There are good descriptive
elements included with reference to goo
supporting images in the appendix.. The simulation
is noted due to issues outside college control.
There should have been a HMI design
implemented. 6.5/10 .

SKILLS FOR PROFESSIONAL PRAC.

[

y" Report layout is good. Far too much text content in 1 0/1 5
certain sections. Good organised appendix.



