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2. Executive Summary.

Included in this report is the design and implementation of the North Basement substation ventilation fan project
employing the chosen solution of the ABB ACS380-040S-17A0-4 variable speed drive, VSD. The aim of the project was
to apply control to the substation ventilation system by installing two VSDs, alongside temperature and pressure sensors,
enabling automatic operation with fan operation speeds dependant on substation ambient temperature, improving

operational costs and efficiency, whilst future proofing a 60+ year old installation.

Although the project only reached a 90% completion rate within the timeframe, the use of meticulous project planning,
design and an adaptive management technique ensured that major milestones of the project were achieved despite
limitations with component availability and company demands. Although incomplete, this was not deemed to determine
project failure, as in order for the project to be determined a success, the installed system must be capable of automated
operation as well as a reduction in operation and energy costs. This was proven to be the case, as within the defined 5-

day monitoring period, the installation of a single VSD provided savings of up to £90.94.

At various stages during the implementation, testing was conducted as per the project functional design specification
and test plan. Further to the test plan, the implemented project was subject to conformity checks, confirming
compliance with defined standards and specifications, essential to confirm the project is suitable, safe, and fit for
purpose. Testing of the installation was met with several setbacks; however, these challenges were met with
improvements and modifications before the system was successfully commissioned and tested, meeting all specified

criteria.

Project management and implementation evaluation was conducted to identify planning and project improvements.
The project plan was subject to several changes as a result of component and material availability, however given these
restrictions and deviations, the overall planning was considered a success, delivering a functional project within the
allocated timeframe. Various project improvements however were identified, several which were deemed suitable for
future implementation. Whilst some required ints were determined to be of more urgent nature, and
therefore approved for immediate implementation, there were not able to be completed within the defined project

timeline.
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3. Introduction.

The project noted within this report follows employment of the chosen solution, the ABB AC5380-0405-17A0-4 variable
speed drive, with the aim of improving efficiency of operation and reducing associated running costs, for a ventilation
system based with a substation of an industrial manufacturing plant. Following installation, the operational system will
be subjected to a site acceptance test and commissioning in accordance with a test plan, to prove functionality and
determine project outcome. Project implementation is to be completed within a defined timeframe and a maximum

allocated budget of £18,750.00, inclusive of contingency.

The report will comprise several project stages from early system and logic design to installation, commissioning, and
analysis. Post-installation testing following a defined test plan, paying particular attention to the functional design

specification will be undertaken, with any deviations or failures noted.
Project and management techniques will be evaluated simultaneously, comparing execution to original design and

planning, with any deviations scrutinised. Finally, the entire process will be summarised and areas for improvement

highlighted.
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4. Design.

Prior to designing the new control logic required for the project, information contained within the block diagram, as
shown in appendix 10.1, as well as essential performance parameters contained within the functional design
specification (FDS), as shown in appendix 10.2, were required to assist with design of the flow chart. The flow chart

diagram for the system’s automatic operation, shown in figure 1, details the process steps required for successful design

and operation of the logic control. See appendix 10.3 for manual operation flow chart.

Power On
Supply
Healthy
Yes Automatic
Control Operation Yes Control
Reset Reset
Yes \l Yes -
) e A |
No E-Stop On
No No No
L vsp1 | ! VSD2
Healthy Healthy
Yes Yes
Yes ‘ . fes
L ambient | 5| motor1icie L] Ambient | Motor 21dle
9, -
Temp <10°C Temp <10°C
N
° Yes No Yes
L= Ambient Temp Motor 1 Run 50% | L——={ Ambient Temp >| Motor 2 Run 50%
10°C to 20°C No 10°C to 20°C
Motor 1 idle Ne Motor 2 idle
No Yes No Yes
Ambient ~| Motor 1 Run 100% Ambient Maotor 2 Run 100%
2| Temp =20°C No >| Temp >20°C
Motor 1 Idle No Motor 2 ldle
No Vent Fan 1 ) ‘ Vent Fan 2 No

intake Healthy

intaka healthy

Replace Intake 1
Filters

]

Replace Intake 2

————> Filters

Figure 1 - Automatic Operation Logic Flow Chart




As the project required a bespoke panel to be built, which was outside expertise of company personnel, engagement
with a local specialist contractor was required prior to initiating electrical design and logic phase. Upon meeting with the
contractor and agreeing project requirements, quotes were received, reviewed, and subsequently approved (see

appendix 10.4)

Contractor involvement was limited to the following:
e Panel build.
e Component acquisition.

e Panel and component installation.

Using the information contained within the project flow chart, FDS and block diagram, electrical drawings were designed.
As the company lacked the software to convert the design into the required computerised format, the contractor was
also employed for this final stage. Development of the final electrical drawings using E-Plan® ensures compliance with
industry standards and practice (E-Plan, 2023}, which require electrical drawings to be electronically produced. Despite

requiring contractor involvement, this stage remained under the close supervision of the project manager.

For ease of design, the electrical drawings (see appendix 10.5), were divided into sections:
e 400/230VAC circuit.
e 24YDC circuit.
e Safety circuit.
e Digital circuit.

e Analogue circuit.

In addition to the Operational and Maintenance (0&M) manual, part of the overall project documentation required as
part of conformance with several standards and specifications (Darley PCM Ltd, 2023), the contractor also
recommended project panel design be included in the project electrical drawings. The panel schematic was produced

with assistance of the contractor (see appendix 10.6).

With drawings produced and approved, programming could commence. Programming was written in Siemens’ Totally
Integrated Automation (TIA) Portal, as shown in figure 2 below, using a combination of Ladder Diagram (LAD) and Func-
tion Block Diagram (FBD) (Siemens , 2023). The programming, although simple in terms of system programming, re-

quired several function calls, data blocks, and tags. Function calls are code blocks without memory where each function
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cannot be left blank; they must be assigned a parameter of either: In, Out, or In-Out (Zip Automations , 2023). Data
blocks are code blocks with saved memory, containing variable data used by the program (Siemens AG, 2018). Tag tables
contain the definitions of each addressed function within the PLC and HMI (Reinauld, 2021). Each function block, data
block and tags form the foundation of the organisation block, with the organisation block interfacing between the user

program and operating system (Siemens AG, 2018).
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Figure 2 - TIA Portal System Programming

Project programming was created to allow for two separate operation functions: automatic mode and manual mode,
preventing each function from being simultaneously in operation. Each of the operation’s logic could be created using

the block diagram and logic flow charts (see appendix 10.7 for PLC Logic Programming & Design).

Manual mode was designed to enable each ventilation fan to be operated independently, at either full- or reduced
speed, regardless of ambient temperature. Manual operation would only be possible when the system is deemed safe
to operate, requiring healthy status feedback from the system’s safety circuit, comprising of each drives’ safe-torque-
off feature and the installation’s emergency stops (EPO). Furthermare, manual operation at full or reduced speed would

only be possible by the operator selecting the required operation speed.
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Automatic mode was also designed for each ventilation fan to operate independently at either full or reduced speed
with each fan able to operate at different speeds simultaneously. To achieve this each fan has a dedicated temperature
sensor (thermostat). Data blocks containing ambient temperature feedback from each of the two installed temperature
probes calculates the substations’ ambient temperature. Scaling the temperature device's feedback, where the device’s
raw 4-20mA value is transformed to a real value provides comprehensible ambient temperature values for each tem-
perature probe (Bee, 2022}, which subsequently determines the speed of each fan independently (see appendix 10.10
for data sheet).

As with manual operation, the system will only operate automatically when the correct mode is selected by the operator.
Automatic operation, regardless of ambient temperature, would only be possible when the system is safe to operate,
requiring healthy status feedback from the systems’ safety circuit, comprising of each drives’ safe-torque-off feature

and the installation’s EPO.

In both automatic and manual operation modes, airflow monitoring provides indication of differential pressure for each
ventilation fan. Data blocks containing differential pressure feedback from each installed differential pressure sensor
calculate existing operation airflow. Scaling the feedback, where the raw 4-20mA value is transformed to a real value,

provides comprehensive real time intake airflow/air pressure (Bee, 2022) (see appendix 10.10 for data sheet).

The initial FDS specified airflow monitoring was to be utilised for two functions: blocked filter indication and broken fan

drive belt indication.

e High pressure: indicate blocked intake filters

e Low pressure: indicate broken fan drive belts.

However, following detailed research into the differential pressure sensors, it was identified both functions could not be
achieved. With the system required to automatically operate between idle, low and high speed, fan idling would falsely
indicate that fan drive belts were broken due to the subsequent low pressure. Discussions were held between the com-
pany’s projects department and engineering manager regarding possible alternative solutions for fan drive belt failure
indications, however due to the impending project deadline, it was agreed, that although a deviation from the FDS,
pressure sensors would be used for blocked filter indication only. Agreement and implementation of an alternative so-

lution would occur at a later date.
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Figure 3 - TIA Portal HMI Programming

HMI screens were also designed using Siemens’ TIA Portal, shown in figure 3. The HM| screens are designed to be user-
friendly, whilst containing the required relevant information for both user and engineer. The system has two dedicated
screens for operation, where automatic or manual mode can be selected. When in automatic mode, the screen will
display fan operation speed, ambient temperature, and air intake pressure, with an additional settings screen designed

to operate in conjunction with automatic mode, allowing the engineer to alter temperature and air pressure set points.

The manual HMI screen allows both user and engineer to independently operate each ventilation fan. Fans will only
begin to operate in manual mode once the start button has been pressed, programmed to begin in low speed requiring

the user/engineer to manually select high speed operation. When in manual mode, the screen will display fan operation

speed, ambient temperature, and air intake pressure

A further four screens were developed, each designed to assist the engineer with commissioning and fault finding.

e Alarms screen: providing visual representation of past and present alarms, with an alarm reset function for ac-

tive alarms.
e Three maintenance screens, indicating PLC digital inputs, digital outputs and analogue inputs: providing an indi-

cation and visual representation, assisting commissioning and fault finding. See appendix 10.8 for programming

and design.
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Figure 4 - TIA Portal Project Compile
Following completion of project programming the program was compiled as shown in figure 4, prior to simulation in TIA
portal (see appendix 10.9 for simulation). Compiling is essential to display any faults, highlighting any programming er-
rors (Ghareb, 2023). Although considered successful, the simulation capability was limited to demonstrating successful
switching between manual and automatic operation only for both VSDs, as the TIA portal was unable to simulate external
components. In this case the output was external to the PLC i.e., to simulate a run, feedback is needed from the VSD
safe-torque-off and safety circuit (Pilz relay and safe-torque-offs), an external component. Failure of the simulation to
send a ‘Fan Run’ signal for either motor at either set speed, in automatic or manual mode, proves the programming

required healthy status inputs prior to function outputs being operational.

Prior to completing programming, discussions between the company and contractor were held regarding availability of
the second VSD. Due to the project deadline looming, it was agreed to proceed with installation of a single VSD, installing
the second VSD at a later date suitable for both parties. Once conformation of panel build was received, arrangements
were made for a suitable date and time for factory acceptance testing (FAT), required to verify equipment meets the
intended purpose, validating the operation and specification, and meeting of company (customer) requirements (DXP
Enterprise , 2022) (see appendix 10.11 for FAT). Due to involvement of the contracting firm being limited to panel build
the FAT was only for the related panel project deliverables, covering component acquisition and panel build only i.e. not
programming elements (see appendix 10.12 for test plan). Opportunistic inspections and observations were conducted
during the FAT to ensure the panel met standards and specifications set in the FDS. Although unable to meet all required

standards and specifications at this stage (as only panel build is assessed), it was critical the following were met:
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e BS7671:2022 Requirements for Electrical Installations. (IET, 2022)

e |EC60085 Electrical Insulation, (iTeh,Inc, 2013)

e BSEN 60529 Degree of Protection Provided by Enclosure, (British Standards Institution, 1992)

e BSEN 13602 Copper & Alloys for Conductors, (European Standards, 2022)

e BSEN 61439 Low Voltage Switchgear and Control Gear Assemblies, (Michael Smith Switchgear, 2022)
e BSEN 60947 Low Voltage Switch Gear and Control Gear, (BSI, 2021)

Certifying required standards and specifications are met ensures the panelis built for safety, reliability, and compliance

with regulations. (NI Business Info, 2023) (see appendix 10.13 for relation of standards and specifications). With FAT

deemed a success, discussions were held regarding availability for commencing implementation.

19 of 164




5. Implementation and Management.

5.1. Installation and Management

During the course of project design, a visual survey was undertaken on the existing ventilation installation. It was

determined the installation was in a state of disrepair and overdue mechanical, electrical, and cosmetic maintenance.

Mechanical tasks:
e Clean ventilation motor intakes.
e Replace damaged drive belt for East fan.
e Inspect drive belt for West fan.

e Inspect ventilation ducting isolation shutters.

Electrical tasks:
e Replace failed lighting.
e Install additional lighting in location of new panel.
e Remove and dispose of used ventilation intake filters.

e |nstal new ventilation filters.

With required maintenance tasks identified, work orders were created in the company's system analysis program
development (SAP), (SAP, 2023). SAP is a database used by the company to create work orders against a specific item of
plant i.e., North Basement Ventilation Fans, which can be retrieved by electrical and mechanical maintenance personnel.
Following creation of the work orders (see appendix 10.14), the mechanical and electrical maintenance tasks were

arranged to be completed by relevant craft personnel.

Prior to arranging a suitable date for installation works to begin, a pre-work briefing sheet (PBS), was created, and sent
to the contractor in line with company contractor management and contractor safety rules. The PBS is a document
created by the engineer responsible for the work which highlights and specifies hazards associated with the proposed
work and location. Using the PBS, the contractor is required to create a relevant job method statement (JMS), a
document created by the contractor to be reviewed by the company engineer responsible for the work prior to work
commencing. In this way the JMS provides information to the working party about how work is expected to be conducted
as well as any relevant precautions to be taken (Health & Safety Executive , 2023). Upon satisfactory review, an

Authorisation to Work (ATW) is created, highlighting additional safety documentation/permits required to be generated
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prior to any work commencing. The working party must have the ATW signed daily by the engineer responsible for the

duration of the works (see appendix 10.15 for documents and communications.)

With the required documentation in place, contact was made with the contractor to confirm a start date for installation.
Prior to initiating any works, the following installation requirements were discussed at the work location.

e Cable route locations.

e Component locations

e Overall installation expectations/requirements.

With both engineer and contractor in agreement, installation was ready to commence. The existing installation was
isolated, and low voltage permit to work (LV-PTW), a formal written safe system of work controlling potentially
hazardous activities (HSE, 2023), and limitation of access (LOA) document issued. LOA is required as the works location
involved a high-voltage substation, and therefore verbal instruction is deemed insufficient for the hazards (MoD, 2007)

(see appendix 10.16 for LV-PTW and LOA)

With installation underway, an early issue with the existing supply was uncovered. The existing 3-phase supply, to be
reused for the new installation, did not contain a neutral supply. Although the installation does not require a neutral to
operate, the programming socket in the panel does. With installation work continuing, discussions were held with the
contractor and company's project department regarding the feasibility of adding a 400/230v transformer, for the
purpose of supplying the programming socket (see appendix 10.16 for installation).
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Agreements were made for the contractor to supply and install:

Transformer for programming socket
MCB and required cabling
Alteration of computerised drawings to represent Transformer & MCB

Alteration of panel schematic

Prior to receiving a quote for the additional work, discussions were held with the contractor regarding component

availability, to which assurance was given that components would immediately be available on receipt of purchase order.

Following receipt, the quote was reviewed and approved, and to avoid delays to ongoing installation, the purchase order

was immediately processed. See appendix 10.17 for additional quote.

On completion of the installation, inclusive of required modifications (see appendix 10.17), arrangements were made

for the site acceptance test, SAT, required to verify equipment meets project functionality and requirements, (Highland

Equipment Inc, 2021). As with the FAT, the SAT will only be for contractor’s project deliverables (see appendix 10.18 for

test plan), however includes simultaneous conducting of standard and compliance inspections and observations to

ensure the panel continues to meet the following standards and specifications:

BS7671:2022 Requirements for Electrical Installations. (IET, 2022)

|[EC60085 Electrical Insulation, (iTeh,Inc, 2013)

BSEN 60529 Degree of Protection Provided by Enclosure, (British Standards Institution, 1992)

BSEN 13602 Copper & Alloys for Conductors, (European Standards, 2022)

BSEN 61439 Low Voltage Switchgear and Control Gear Assemblies, (Michael Smith Switchgear, 2022)
BSEN 60947 Low Voltage Switch Gear and Control Gear, (BSI, 2021)

With the SAT deemed a success, programming and commissioning could commence (see appendix 10.19 for SAT).
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5.2. Commissioning and Management

With installation and SAT deemed successful, the programming was downloaded to the PLC, an essential part of the
project to enable interaction of all the component parts with the panel. At this point the offline project is sent to the
central processing unit, CPU. (Bee, 2022). As part of the download process the program was compiled to ensure it was

fault free (Bee, 2022) (see appendix 10.20 for PLC commissioning).

Following successful download, the VSD was programmed. To ensure the VSD functions efficiently, information was
taken from the motor data plate, as per table 1 below. With information obtained from the VSD firmware manual, (ABB,
2021) motor information was inputted to the VSD’s motor data - motor parameter feature. Within the motor data fea-
ture of the VSD parameters, motor type and control methods are selected. Selecting the AsynM function informs the
VSD whether the connected motor is induction or asynchronous, with electromagnetic induction generated in the rotor
to produce the required torque. (Electrical4U, 2021). Additionally, the motor control method ‘Scalar’ is also selected,

scalar control ensuring constant ratio of voltage to frequency of the stator across all speeds. (Levkin, 2023)

Motor Details
Power 7.5KW
Voltage 400V
Frequency 50Hz
Current 14.6A
Efficiency 0.82®
RPM 1450
Phase Rotation U,v,w
Motor Type AsynM
Control Mode Scalar

Table 1 - Motor Details

Motor control - motor settings was then programmed. The motor control function allows for the motor to have a set
ramp time, application of which controls the time taken for the motor to reach the required speed (Variable Frequency
Drives, 2023). Applying a ramp time of 3 seconds reduces mechanical stress applied to the motor, fan drive belts and

associated components, prolonging life expectancy and reducing maintenance requirements.

Control Macros programming were set with assistance of the ABB firmware manual and company’s project department.

With information obtained from the firmware manual, parameter 28.23 DI1 is set to high speed, parameter 28.22 DI3
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set to low speed, parameter 28.27 set to 50Hz (high speed frequency) and parameter 28.28 set to 30Hz (low speed
frequency) (See appendix 10.21 for VSD commissioning).

Drive Parameter settings
Drive Setting Setting Description
P28.23-Setto 2DI1 High Speed
P28.22 -Setto 4 DI3 Low Speed
P28.27 —5Hz to 50 Hz 50Hz (High Speed)
P28.28 — 15Hz to 30Hz 30 Hz (Low Speed)

Table 2 - Drive Parameter Settings
(ABB, 2021)
Finally, the VSD’s energy efficiency-energy savings settings were defined. By inputting the required information
previously gathered from company data, (see appendix 10.22), the VSD energy savings feature will monitor and record

power consumption and operation cost savings.

With both PLC and VSD programming complete, commissioning, a vital part of the project, could commence, ensuring
the system operates as designed and is fit for purpose (Better Buildings Partnership, 2023).

For the commissioning sequence, the created test plan was followed. During the general stage of commissioning, it was
discovered that following activation of the EPO, upon resetting of the system the safety relay would reset but the VSD
would not. This test was repeated several times to demonstrate repeatability, each time the VSD failing to reset.
Following investigation using experience of both the company and contractor project engineers, it was established the
Pilz safety relay was resetting fractionally quicker than the VSD. In effect, the safety relays rising edge transition from
low state to high state (Dassault Systemes, 2023) was happening marginally quicker than the VSD, resulting in the VSD

failing to indicate the circuit was healthy and therefore able to reset.

With commissioning halted, discussions took place regarding overcoming the issue. It was determined modifications to
the PLC programming were required. With assistance of the company’s project and contractor’s programming depart-
ments, alterations were made to the PLC programming with the addition of two timers, one per VSD, each set at 500ms.
Each timer was added to slightly delay the Pilz safety relay healthy pulse to each VSD. It was also determined further
alterations to the VSD parameter settings were required, as shown in table 3. The addition of two digital output signals
from the PLC to each VSD would allow an external reset signal to reset each VSD following resolution of the fault (ABB

Drives , 2021). See appendix 10.23 for modifications.
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Drive Parameter settings

Drive Setting Setting Description
P28.23-Setto 2DI1 High Speed
P28.22 -Setto 4 DI3 Low Speed
P31.11-Setto3DI2 Reset

P28.27-5Hzto 50 Hz

50Hz (High Speed)

P28.28 — 15Hz to 30Hz

30 Hz (Low Speed)

Table 3 - Updated Drive Parameter Settings

(ABB, 2021)

Following modifications, the new software was compiled and downloaded to the PLC for commissioning to continue. It

was decided commissioning would re-commence from the start, as both the PLC and VSD had experienced modifications.

As with the first commissioning attempt, the created test plan was followed.

During the system operation stage of commissioning, it was discovered when in automatic mode the system would fail

to operate as expected. In addition, although method and location of EPOs were installed using guidance from BSEN 1SO

13850 Emergency Stops, (CIC, 2010), and intended to be dedicated to East and West ventilation fans, in practice,

operation of each EPO shut down the entire system.

The following faults were observed in automatic operation:

e System would operate in high speed when temperature setpoint required low speed.

e Low speed operation would only occur when both high and low temperature setpoints were above ambient

temperature.

e When in automatic low speed operation, both VSD low speed PLC outputs were active.

Further discussions were held regarding the cause(s) of, and resolutions required for the additional malfunctions

identified. It was determined the cause was an error within the automatic sequence of the programming resulting in

incorrect system operation. On investigation to the programming, it was discovered when in low-speed automatic

operation, both “Auto DB” for East and West fan high-speed operation contact was a ‘normally open’ contact. This

appeared to have conflicted with the high-speed automatic operation. Both East and West low-speed automatic

operation “Auto DB" contacts were changed to ‘normally closed’ contacts. It was also determined the EPOs were

functioning as required, but the corresponding tags would have to be changed in the programming to represent their

true operation. Further alterations were made to the PLC and HMI Tag lists. East and West E-stops were replaced for

‘Remote E-Stop 1’ and ‘Remote E-Stop 2’. Adjustments were made to HMI maintenance screen 1, where text for ‘East’
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and ‘West’ E-stop were replaced with ‘Remote E-Stop’. Modifications were made to both network one and two ‘status’
function call, where each of the remote E-Stops were placed in series, ensuring that “Fan OK to Run” would only be

active when all E-stops and safety circuits are healthy.

Following discussions and with assistance from the company’s projects department, further modifications were made
to both fans’ organisation blocks, where a ‘First Scan’ bit was added; a useful feature to trigger logic that only needs to
operate once when powered up (Liffe, 2008). The first scan feature will have the system default to start in automatic
mode when the safety circuit/control reset indicates it is safe to do so (see appendix 10.24 for modifications). Following
maodifications, both PLC and HMI were compiled, as shown below, and the software downloaded to the PLC for

commissioning and testing.
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Figure 6 - HMI Complied Following Modifications
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6. Testing and Results.

With all programming faults considered to have been resolved, software was downloaded to the PLC. As with previous
testing/commissioning attempts, the process would start from the beginning following the created test plan, as the

programming had undergone significant alterations and modifications.

Testing was conducted in stages; general for panel, infrastructure and components, and system operation for the overall
performance of the installed equipment (See appendix 10.25 for test plan and test results). Whilst testing was being
undertaken, conformity checks were performed simultaneously in line with FDS requirements, ensuring compliance with

the with the following standards and specifications (see appendix 10.26 for system standards and specifications):

e BSEN-1SO 13850 Emergency Stops. (GT Engineering, 2015)

e BS5801:2017 Industrial Fans - Performance Testing. (BSI, 2017)

e BSEN 61800 Adjustable Speed Electrical Power Drive Systems. (IEC, 2021)

e BSEN 50598 Eco-Design for Power Drive Systems, Motor Starters, Power Electronics and their Driven
Applications. (iTeh, Inc, 2015)

e BSEN 60204-1:2018 Safety of Machinery - Electrical Equipment of Machines. (Procter Brothers, 2018)

e BSEN 60034-1:2022 Rotating Electrical Machines Rating and Performance. (European Standards, 2022)

e BSEN 13849 Safety of Machinery. Safety-related parts of control systems. (BSI., 2022)

Testing of the project was considered a success. The system functioned as expected when in automatic operation:
e Ambient temperature setpoint >20°C; fan operates at full speed
e Ambient temperature setpoint <20°C; fan operates at reduced speed
e Ambient temperature setpoint £10°C; fan operation stops, system in idle mode.
The system functioned as expected in manual operation:
e System in manual; no fan operation

e Low speed selected; fan operates at reduced speed.

e High speed selected; fan operates at full speed.
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System air flow indication functioned as expected:

e Intake air pressure at nominal pressure; no filter fault indicated.

e Intake air pressure increased; blocked filter fault indicated.

All safety checks functioned as expected, each operation of the EPOs resulting in the immediate halting of operation,
requiring each EPO and control to be manually reset prior to the system being able to be restarted in both automatic
and manual mode. All available components functioned as expected and conformed to the project FDS. At this point,
conformity checks were also conducted to ensure compliance with required standards and specifications, see appendix

10.27 for project conformities.

System Operation
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Figure 7 - Systern Operation
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After successful implementation and testing of the system alongside conformity checks, the system’s operation and
performance was monitored. Due to the various issues identified resulting in continuous adjustment to the schedule,

post-test operation was altered to ensure sufficient data could be gathered for meaningful analysis.

Daily system checks were conducted, where ambient temperature and fan operation were documented. As shown in
figure 7 above, the system operates as intended; when ambient temperature is 220°C, the system operates at full speed,
with the supply frequency at 50Hz, when ambient temperature is reduced to <20°C, the system automatically reduces
supply frequency to 30Hz, in turn reducing fan speed and energy consumption. The system automatically stopping dur-
ing routine operation was not observed during system monitoring as ambient temperature did not drop to £10°C (see

appendix 10.28 for system monitoring).

Following the monitoring period, the VSD’s energy savings feature was documented, shown in appendix 10.28. During
the monitoring period additional power monitoring was conducted to calculate and further verify the ability of the sys-
tem to provide the savings during operation (see in appendix 10.28). A power quality analyser was installed over a 5-day

period, totalling 94 hours of recorded data.

OPERATION SAVINGS
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Figure 8 - Operational Savings
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With system operating automatically adjusting between high and low speed as determined by the set points, up to
462kW in energy consumption has been proven to be saved (as demonstrated in figure 8), providing an energy reduction
of up to 48.1%. This converts to a financial saving of up to £90.94, providing an operational cost reduction of up to 47.4%
over the 5-day analytical period (see appendix 10.28 for calculations). The gathered data and calculations further verify
the system successfully accomplishes the requirements of the FDS; the system providing sufficient energy reduction, an
in turn monetary energy savings, achieved through automatic ventilation operation with automatic fan speed changes

at the programmed set points.

Ensuing successful implementation, final alterations and updates were made to the project drawings, as shown in ap
pendix 10.29. The production of updated drawings is essential to the project 0&M manual, essential for providing a
single reliable document for all matters relating to the management, maintenance, and operation of the system (Morris,

2022).
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7. Evaluation of Project Outcomes.

7.1. Project Conformity

you mean partial success
On reflection of the project as a whole and review of the FDS, the project can be considered both a success and failure.

The project has successfully delivered a fully functioning, fully automated (with manual option) ventilation system to the

North Basement substation, however it has failed to fully meet all requirements of the FDS.

The final design deviated from the original FDS on three occasions.

e VSD number 2
Due to the current global economic climate causing component shortage and component demand, a recognised project
constraint, the second VSD is still to be delivered, installed and commissioned. Once identified the VSD would not be
delivered before the proposed deadline, discussions regarding the feasibility of delivering a project within the timescale
able to meet the majority, and essential, FDS requirements were held between company and contractor personnel. It
was agreed between all parties that this was an acceptable and achievable solution, with the second VSD installed and
commissioned at a later date. Although overall operation and performance with a single motor and VSD will not provide
true representation of project deliverables in terms of energy and efficiency savings, the project still delivers an instal-
lation operating as specified, and able to provide some energy savings. The majority of the FDS is therefore able to be

met.

e Air pressure monitoring for zero air flow, indicating broken fan belts.
The air pressure monitoring for broken fan drive belts failed to materialise and therefore meet the requirements set in
the FDS. When the project design was being conceived, it was understood the airflow sensors would be capable of
detecting broken fan drive belts through low pres indication. However, there was a failure to identify conflict
with the overall system operation in relation to autan.atl'c.aIIy adjustment of fan speeds in relation to ambient tempera-
ture. As designed, when <10°C the fan automatically switches off as no cooling is required, however this would result in
afalse indication that the fan drive belt was broken. Furthermore, as both fans distribute to the same ducting, if one fan
had a failed drive belt, resulting in motor operation but no ventilation fan drive, air pressure would fail to drop and
therefore fail to indicate a fault, as circulating air from the second ventilation fan would be sufficient to cause the fanto
freewheel and maintain a steady air pressure. As these issues were not identified at project design phase and therefore
included in the FDS, it was agreed between company personnel to intentionally deviate from the original FDS and use

air pressure monitoring only to indicate high pressure fault i.e. blocked filters at this stage. Future viable options for
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broken drive belt indication however were discussed (see recommendations). Although failing to meet the original FDS,
this deviation is not considered critical as it is does not affect the overall project aim to improve efficiency and provide

energy savings.

e 400/230v transformer for programming socket.
Addition of a transformer for the programming socket was not envisioned during the initial design, as it was expected
that the existing supply for the programming socket could be utilised. During the implementation of the project, it was
realised that the installation supply was three-phase, not the required 3 phase and neutral, resulting in the programming
socket not being viable. Discussions were held between company and contractor personnel to discuss solutions. Due to
the location of the installation and cost implications of installing a dedicated supply for a 3pin socket, it was determined
that addition of a 400/230v transformerin the panel would be the most practical solution for supplying the programming
socket. This addition illustrates an oversight and failure in the project design phase, affecting the subsequent FDS and
materials list, however as identified early and rectified with a simple and cost-effective solution, it has not affected the

overall outcome of the project.

Materials for the project as reasonably practicable have been ethically sourced. Where possible, required project mate-

rials have been obtained from company stores and stocks, and the existing infrastructure remained untouched. Bespoke

materials and non-company stock items have been agugi ) source, nullifying the requirement for multiple
Punctuation Error

orders for different components from different companies. in turn reducing transport emissions, costs and waste (Int )

Environ Res Public Health, 2021). The ¢ ents as detailed in the FDS, with regards to product life span

Punctuation Error
and life in service further attribute to the projects requirements to reduce its environmental impact.
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7.2. Project Execution

Due to current economic issues and worldwide component shortage and demand, as recognised during project planning,
an ‘adaptive management’ technigue was evident throughout the project. This allowed for several adjustments to be
made to project tasks’ projected timescales, whilst the project budget and end date remained constant. (Indeed

Editorial, 2021).

Although a Gantt chart envisioned as part of project planning, as shown in appendix 10.30, considered current global
economic climate and issues with component supply chains, it failed to correctly predict when these issues would be
experienced, and as expected unforeseen project issues and setbacks. The adaptive management technique however
allowed for the work to be rescheduled accordingly when issues and setbacks arose without affecting the overall
deadline. Project planning and the Gantt chart was constantly under review to ensure identified tasks remained feasible

and project deadline met.

As a result of availability issues and various setbacks none the identified tasks required to complete the project in line
with the original Gantt chart, see appendix 10.31 for actual project Gantt chart. The project suffered an early setback
due to a busy company annual maintenance period and plant start-up issues, this along with subsequent other setbacks
resulting in the project becoming ‘back end heavy’. That said, the ability to complete several co-dependant tasks within
a short timeframe ensured the project deadline was maintained.

GANTT CHART EVALUATION

Figure 9 - Project Gant Chart Evaluation
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Figure 9 shows the comparison of planned and actual time allocated to each identified task. Despite delays, as the project

progressed, in most cases the actual time to carry out each task was reduced meaning time was recovered.

e Electrical.
The design stage of the electrical phase remained relatively on track. The implementation stage suffered setback due to

component availability which had a subsequent impact on the commissioning.

e Software.
Software design initially suffered a setback due to plantissues and workload priority. Further setbacks were experienced
following the failed first and second commissioning attempts. Initial software design, although a delay in the starting,

was completed ahead of schedule.

e Mechanical.
Mechanical maintenance and commissioning were both completed ahead of project schedule, although due to craft and

engineer availability, the maintenance was implemented a week later than the allotted date.

e Testing.
Testing suffered setbacks due to component availability and software issues, and as a result, the post-test operation had

to be significantly reduced, limiting the amount of testing analysis data obtained.

e Standards.
Conformity checks were delayed due to earlier setbacks with commissioning, software issues and testing. Whilst the
0&M manual began at the planned stage, it is yet to be completed due to component availability meaning the full project

not being completed.
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7.3. Project Management

When initial project budgets were conceived, considerations were given to the current economic climate and ever-
increasing rise in inflation, resulting in the current cost of living crisis (Hourston, 2022). Due to these considerations a

25% contingency was included to allow a maximum budget of £18,750.00.

As illustrated in figure 10, initial costings projected project completion for less than £15,000.00, 21% under budget,
however in actuality, the spend came in at a total cost of £16,910.00, 11.22% above projections. The increase in spend
can be attributed to two factors. Firstly, initial costings were conducted in late 2022, whereas purchase orders and
component acquisition were carried out in early 2023. Accurate predication of price rises was not possible when
projected spend was calculated. Secondly, the planning oversight that required additional components to be installed

resulted in unforeseen further costs (see appendix 10.32 for project costings).

Despite total spend being greater than anticipated, the project remained 9.81% under budget. As result of
comprehensive financial planning, and allowance for contingencies in volatile financial uncertainties, project

management can be deemed a success.

Project Costing Evaluation
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Figure 10 - Project Costing Evaluation
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8. Conclusions and Recommendations.

The delivered project, although failing to fully meet the full criteria set by the FDS was considered a success. Whilst
currently incomplete due to the delay with the second VSD, the project has delivered a fully functioning automated
ventilation system implemented to company and industry standards. Furthermore, success of the project ultimately
relied on addressing the operational needs of reducing energy consumption and providing cost savings, a key factor in
the company's drive to be carbon neutral by 2048. The new system, although currently incomplete, has proven to have

met both requirements, with significant energy reduction and associated cost savings evident.

Delivery of the project was met with several issues that greatly affected the project plan, a number of which have
identified planning improvements. With the project timeline set for the academic year, there was no scope for slippage
beyond the set deadline. Although the planning technique applied allowed for tasks to deviate from the planned
schedule, as discussed the project became very back-end heavy requiring completion of several tasks in a limited time
to remain on track. For future projects, more comprehensive research into likely component availability and delivery

timelines will be applied to planning and scheduling, ensuring future project timelines are adequately applied.

Compulsory and priority recommendations for the project are to install the second VSD, timeframe for this dependent
on availability. Once delivered and installed, although no impact on the already commissioned VSD is anticipated, the
system will be fully re-commissioned to ensure it complies with the original test plan and conformity checks when
operating as a complete system. Upon completion of the final commissioning and conformity checks, the 0&M manual

can be finalised, and the company’s management of change process completed.

During the course of the project, several design improvements have been identified. Due to allocated slippage time
being consumed by implementation delay issues, identified improvements were not able to be designed and

implemented within the project timeframe.

e Fandrive belt limit switches.
Although fan drive belt guarding complies with ISO 14120:2015 (general requirements for the design, construction, and
selection of guards provided to protect persons from mechanical hazards) (ISO, 2015), being mechanically protected
and requiring tools to undo for removal, the system is still able to operate without the guarding in place. During

mechanical maintenance activities, it was identified that applying limit switches, as shown in appendix 10.33, to both
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fan drive belt guards would prevent operation without the guarding in place, providing improved safety features and

improved compliance with company safety procedures.

e Current monitoring for broken drive belts.
With ae sensors not being suitable to detect broken fan drive belts, an alternative solution is utilising motor
current motoring to detect fan belt failure. When the system is in operation, as shown in appendix 10.33, the three
speed settings have recorded current values of 15.09A at high speed, 8.13A at low speed and 0.00A when idle. Although
continuing to operate with broken fan drive belts, the motors would not experience torque at any speed setting,
resulting in decreased current values. Applying current monitoring for setpoint values of =21.00A and <5.00A, can
therefore be used to indicate broken fan drive belts. A delay timer of 210s would also be required to prevent false
indication of failure, as with the system automatically idling when <10°C, the motor current will gradually pass through
the recommended current value threshold indicating a failed fan drive belt. Setting a timer to delay the signal will
therefore prevent false indication. Furthermore, current monitoring can also be implemented to the system’s safety

circuit, ensuring operation ceases if broken fan drive belts are detected.

e Panelventfan.
An oversight during component acquisition and electrical design was to not account for a panel vent fan. With the panels
IP rating, heat generated by the VSD does not dissipate from the panel, an issue that will only worsen when the second
VSD is installed and commissioned. By installing a ventilation fan and air intake to either side of the panel, cool air can
be drawn in whilst hot air is expelled (see appendix 10.33). The heat build-up in the panel was not identified until post-

test operation was underway, at which point there was insufficient time in the schedule to correct.

e Alter system setpoints and frequencies.
Further study into Cube Law has identified possible further energy and cost savings; applying a modest reduction in
motor speed can result in significant energy savings (Quantum Controls, 2023). As expressed in the image below,
although an over-exaggeration of potential savings using Cube law as installation losses, performance and efficiency are
not accounted for, further savings can be made by reducing the system’s high speed setting operation frequency from

50Hz to 47Hz. As shown in table 4, savings could be achieved with minimal effect on ventilation performance.
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Figure 11 - Potential Savings from V5D

(Efficient Power Solutions, 2017)

Further savings could be realised by altering operation ambient temperature setpoints from the current settings to those

proposed in the table below. Increasing setpoints in relation to ventilation fan speed and proposed frequency, will

further reduce energy consumption, providing additional financial savings, whilst having little to no impact on overall

performance.

Ventilation Fan Output|  Current Ambient Current System Proposed Ambient Proposed System
Temperature Set point Frequency Temperature Set point Frequency
High Speed =20°C 50Hz =222°C 47Hz
Low Speed 10.1°Cto 19.9°C 30Hz 15.1°Cto 21.9°C 30Hz
Idle <10°C OHz <15°C OHz

Table 4 - Recommendations New System Setpoints

lllustrated in figure 12 and using operation calculations shown in appendix 10.33, adjustment of high speed motor

frequency to 47Hz for the duration of system monitoring would have generated energy savings of up to 465.09KW,

providing an energy consumption reduction of up to 50.3%, a further 2.3% than seen during the 5 days of independent

monitoring. The equates to financial savings of up to £94.22, and operational cost reduction of up to 49.6%, a further

financial saving of 3% on top of that already realised. Had the high speed setpoint been increased to 222°C during the

monitoring period, energy savings of up to 556.48KW equating to an overall energy consumption reduction of up to

60.2% would have been seen, improving energy consumption reduction by an overall total of 25.3%. In combination
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with frequency changes, this relates to overall financial savings of up to £113.74, and a total operational cost reduction

of up to 59.2%, a potential financial saving of 25.3%.

OPERATION VALUES & POTENTIAL SAVINGS
1000
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444
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Figure 12 - Operation Values and Potential Savings
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556.48
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Potential Savings
@47Hz & 222°C
556.48
11374

With successful planning and project management, the project was able to overcome the challenges and delays

encountered. The project remained within the allocated budget and delivered a functioning energy efficient automated

ventilation system, which was proven to be a company and environmental success.
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10. Appendix.

10.1. Project Block Diagram

Slemens PLC

Figure 13 - Project Block Diagram

(Thomas, 2023)

Signal To From Description
A00VAC Motor 1 VSD 1 Power from VSD to operate motor 1
A00VAC Motor 2 VSD 2 Power from VSD to operate motor 2
Profinet HMI PLC Communications between HMI and PLC
Profinet PLC HMI Communications between PLC and HMI
RTD PLC Temperature Sensor 1 Substation ambient temperature for Motor 1 operation
RTD PLC Temperature Sensor 2 Substation ambient temperature for Motor 2 operation
Analogue | PLC Pressure Sensor 1 Airflow pressure for Motor 1 air intake
Analogue | PLC Pressure Sensor 2 Airflow pressure for Motor 2 air intake
Digital PLC VSD 1 Signal from PLC to indicate required operation speed for motor 1
Digital PLC VSD 2 Signal from PLC to indicate required operation speed for motor 2
Digital VSD 1 PLC VSD 1 Healthy Indication from VSD to PLC
Digital VSD 2 PLC VSD 2 Healthy Indication from VSD to PLC
Digital E-Stop Pilz Relay Indication of Healthy E-Stop Circuit or E-Stop Operation to Pilz Relay
Digital Pilz Relay | PLC Indication of Healthy E-Stop Circuit or E-Stop Operation to PLC
Digital Pilz Relay | VSD 1 Indication of Healthy E-Stop Circuit or E-Stop Operation to VSD
Digital Pilz Relay | VSD 2 Indication of Healthy E-Stop Circuit or E-Stop Operation to VSD
Digital VSD 1 Pilz Relay STO healthy indication to Pilz Relay
Digital VSD 2 Pilz Relay STO healthy indication to Pilz Relay

Table 5 - Block Diagram Signal Designation

(Thomas, 2023)
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10.2. Functional Design Specification

1. Ambient temperature of substation to be monitored. Fan speeds to automatically change in response to ambi-

2.

o N o oW

ent temperature set point, as per table below

Ambient Temperature Set point Ventilation Fan Output
= 20°C 100%
10.1°Cto 19.9°C 50%
<10°C 0%

Table 6 - Ventilation Control Temperature Set Points

(Thomas, 2023)

Intake airflow to be monitored for reduction in intake air velocity and zero air intake velocity. Indication to be

present when intake speed has been reduced, as per table below.

Intake Airflow Set Point

Indication

=70%

No indication for filter replacement

< 70% intake 1

Indication for intake 1 filters to be replaced

< 70% intake 2

Indication for intake 2 filters to be replaced

0% intake 1

Indication for belt failure for motor 1

0% intake 2

Indication for belt failure for motor 2

Table 7 - Ventilation Intake Airflow Set Point

(Thomas, 2023)

System must start, stop, and reset through use of local control via HMI, or push buttons.

System must stop via use of local physical emergency stop button.

Ventilation system must be automatically operated and loaded according to ambient temperature.

System to have indication for intake filter replacement when intake air speed is reduced.

System is to have a physical local isolator, lockable by use of padlock or multi-lock hasp.

Indication must be present through use of HMI. Indication must include:

e Power supply health and failure.

e Motor running.

e Fan/Motor operating speed set points.

e Current fan operation/loading (2 fan system).

e Low suction pressure, indicating ventilation filters are blocked.

e Zero suction pressure, indicating motor belt failure.

e Current ambient temperature.
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10.3. Manual Operation Flow Chart

Power On
Supply
Healthy
Manual
Yes Operation Yes
Control ~) Control
Reset Reset
Yes . Yes
E-Stop On
No No Ne No
L | VaD1 VSD 2
Healthy - = Healthy
Yes Yes
Yes Yes
Motor 1 Motor 2 =
>| Manual Run ON No Max Speed Max Speed Na Manual RunON [« |
.| Motor 1idle Motor 2 idle (<
Yes Yes
Motor 1 Run 50% Motor 2 Run 50%
= Run Low Speed No No Run Low Speed
Motor 1 idle Motor 2 idle =

Figure 14 - Manual Operation Flow Chart
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10.4. Contractor Communications & Quotes

Hello Mathew

Not a problem.

wWe'll be on site for 11:00.

See you then.

Regards
AN vz

RW Evans

Electechs Ltd

Tel: 01792775055

Fax: 01792 700035

Mobile: 07870619909
wayne@electechs.co.uk

From: Thomas, Mathew <Mathew.Thomas@tatasteeleurope.com>
Sent: 05 January 2023 07:24

To: Wayne Evans <Wayne@electechs.co.uk>

Subject: North Basement Vent Fans

Morning Wayne.

Regarding our recent conversation for the North Basement ventilation project.
Graham has a meeting first thing Monday morning.

Would you be able to make it to site for 11:007?

Mathew Thomas
HV Engineering Services

Figure 15 - Initial Contractor Correspondence
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Hello Mathew

Thank you for that.
Not an issue, we welcome the challenge.
Will have the quotes to you by the end of the week

Regards
Mm-cz-/
RW Evans

Electechs Ltd

Tel: 01792775055

Fax: 01792 700035
Mobile: 07870619909
wayne@electechs.co.uk

From: Thomas, Mathew <Mathew Thomas@tatasteeleurope.com>
Sent: 05 January 2023 16:02

To: Wayne Evans <Wayne@electechs co.uk>

Subject: North Basement Vent Fans

Hi Wayne

Thanks for taking the time to see us today.

We appreciate that the timetable on this project is tighter than usual.

As discussed, we'd like a couple of guotes.

1. Material acquisition and panel build.

2. Panel, component, and cable install

1 VSD 2
2 Siemens 57 PLC- 1214C 1
3 Siemens KTP700 HMI 1
4 Siemens Ethernet Switch 1
5 Siemens 4x Analogue Input RTD 1
6 24VDC Power Supply 1
7 Pilz Safety Relay 1
8 Temperature Sensor 2
9 Pressure Sensors 2
10 Cabinet - 1200x1200x400 1
11 £3A Switch Fuse with Shaft 1
12 | 32A 15KW Manual Starter 2
13 E Stop 3
14 Cables, Containment & Miscellaneous 1

Above is the list of materials we believe that is required for the project, based on the FDS.

Any problems or confusion, please let me know.

Any recommendations or things you'd change or add, please let me know.

Mathew Thomas

Figure 16 - Contractor Correspondence
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o @electechs

For the Attention of: Mr Mathew Thomas Electrical, Control and Automation Engineers
i Wi By Panel Manufacturers
’ Installation Contractors
Pages including this: 1
Date: 12" January 2023

Quote ref. Q4067/WE

Subject: North Basement Vent Materials & Panel
Dear Mathew,

Thank you, for the enquiry regarding the above. | have pleasure in submitting the following quotation based on our
site meeting dated Monday 9" January 2023.

Scope:

Supply 2 x 7.5kW ABB Vsd's / Keypad c/w Schneider circuit breakers
Supply a mild steel enclosure measuring approx. 1200H x 1200W x 400D fitted with:
Door interlocked fused isolator c/w shaft & handle.
24VDC Power Supply.
Siemens S7 Plc CPU1214C.
Siemens 1/O Link card.
Siemens KTP700 HMI.
Siemens Ethernet switch.
Pilz safety relay.
Panel vent fans.
E Stop & llluminated reset button.
Supply & install 2 off Pressure Sensors
Cable, trunking, terminals etc.
Total Cost ex VAT £ 9365.00

We trust we have interpreted your requirements correctly and hope to be favoured with your valued order, should
you have any questions relating to this guotation, please feel free to contact the undersigned.

All prices subject to VAT
This quotation is valid for 30 days.

Yours faithfully

Figure 17 - Contractor Quote Vent Materials & Panel
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B @electechs

For the Attention of: Mr Mathew Thomas Electrical, Control and Automation Engineers
Panel Manufacturers

From: W, E 2
R R LN Installation Contractors

Pages including this: 1
Date: 12" January 2023

Quote ref. Q4068/WE

Subject: North Basement Vent Panel Install

Dear Mathew,

Thank you, for the enquiry regarding the above. | have pleasure in submitting the following quotation based on our
site meeting dated Monday 9" January 2023.
Scope:

Supply & install control panel onto wall as discussed.

Disconnect existing 3 phase supply to the two fan DOL starters.

Pull back slack and gland off into new panel (parallel feed).

Supply & install 100mm tray from the new panel location to the motor area.
Supply & install two local isolators near the motors.

Install pressure and temperature sensors, associated cables and containment

Total Cost ex VAT £ 7150.00

We trust we have interpreted your requirements correctly and hope to be favoured with your valued order, should
you have any questions relating to this quotation, please feel free to contact the undersigned.

All prices subject to VAT

This quotation is valid for 30 days.
Yours faithfully

Figure 18 - Contractor Quote Vent Panel Install
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10.5. Electrical Drawings
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Figure 20 - 400/230VAC & 24VDC Circuit Drawing
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Figure 22 - 24VDC Circuit Drawing
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Figure 28 - Analogue Circuit Drawing
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Figure 29 - Analogue Circuit Drawing
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10.6. Electrical Panel Drawing
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10.7. PLC Logic Programming & Design

PLC_1
CPU 12174C

HMI_1

KTP700 Basic PN

PN/IE_1

Figure 31 - TIA Portal Devices and Network
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Comment
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%hn 01
“East Fan Auto
Node™

Figure 32 - TIA Portal Organization Block
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S Network 4: WESTFAN MANUAL MODE
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Figure 33 - TIA Portal Organization Block
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Figure 34 - TIA Portal Function Call 1 - Manual
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Network 4: WESTFAN RUN
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Figure 35 - TIA Portal Function Call 1 - Manual

Network 1: EASTFANRUN

W10 *Status DB®.

"Autc DB". “EastFan Auto "East Fan OK %00.0
*East Fan”.Run Mode® To Run® *EastFan Run”
11 11 11 [\

11 1 F LI L
“Manual DB". w100
"East Fan Run "EastFan
Manual® Manual Mode®
] | | L
1 I 1

Network 2: EASTFAN LOWSPEED

“Auto DB w101
'I_EastFan'. "East Fan Auto W0 .0 %001
*High Speed” Mode” "ES NOK" “East Fan Hi 5P

I} { | A { }

*Manual DB". w100
“East Fan High “EastFan
Sp Manual® Manual Mode®

A { |

Figure 36 - TIA Portal Function Call 2 - Outputs
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TIA Portal Function Call 3 - Status
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Figure 42 - TIA Portal Function Call 4 - Alarms
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Figure 44 - TIA Portal Function Call 4 - Alarms
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Figure 49 - TIA Portal Function Call 6 - Scaling
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Figure 52 - TIA Portal Data Block 3 - Settings
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4= West Fan OK To Run Beol false O =) =) v O
Figure 53 - TIA Portal Data Block 4 - Status
Auto DB
Name Data type Start value Retain Accessiblef.. Writa.. Visiblein .. Setpoint  Comment
< ¥ Static
ﬂ| ® v EastFan | struct [E (| ™ =] ™
4 = Run Bool f ™ v ~ B8
8ol L Low Speed Bool ] 2 )] B
@ = High Speed Bool ] ™ )] 8
<@ = v WestFan Struct B ] [~ =]
o Run Bool falze ™ ¥ =] =]
a = Low Speed Bool false 1~ =] =) B
< = High Speed Bool false ~ =) ] B
Figure 54 - TIA Portal Data Block 5 - Auto
Scaling DB
Name Data type Start value Retain Accessiblef.. Wnta... Visiblein .. Setpoint  Comment
4 ¥ Static
€|I| = ¥ EastFan |Struct @ D E E g
< L Temperature Calc  Real 0.0 =] =] ¥ B
a = Temperature Scaled Real 0.0 1~ 1~ =] B
@ 2= Diff Pressure Calc  Real 0.0 = 1~ = B
e | L] Diff Pressure Scaled Real 0.0 Q E E D
<4l = ¥ WestFan Struct B =] =] ¥
e | = Temperature Calc  Real 0.0 B B g D
S| . Temperature Scaled Real 0.0 Q Q B D
e | L] Diff Pressure Calc Real 0.0 g g Q D
<40 s Diff Pressure Scaled Real 0.0 ™) ™| =] |

Figure 55 - TIA Portal Data Block 6 - Scaling
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Auto Reset Timer 1

. Name | Data type Start value Retain |Accessiblef.. Writa... E\a‘isible in_.. Setpoint  Comment
1 <@ v Static
! €|]| s PT | Time T#0ms 0
3 @ne ET Time T&#0ms D
4 @@= 1N Bool false (]
5 qn Q Bool false D
Figure 56 - TIA Portal Auto Timer Reset 1
Auto Reset Timer 2
| | Name Data type | Start value Retain Accessiblef.. Writa.. Visiblein ... Setpoint Comment
1 @ v static
2 |a|= PT | Time T#0ms (]
3 |€[I = ET Time T#0ms B8
4 |{[| - N Bool false D E]
5 |@ . Q Bool false (] )
1
Figure 57 - TIA Portal Auto Timer Reset 2
Default tag table
Name Data type Address Retain  Acces.. :Writn... :Visibl... Comment
41 |4  EastRoom Stat Word %IWG6 [ ™) ™
42 @0  WestRoom Stat Word %IWe8 ] =] ]
43 |@  spare AlIOO Word %IW100 =] )] =]
44 |@  Spare AllO2 Word %IW102 = =] ] )
45 @  EastFan Manual Mode Bool %M10.0 [ ™) ™)
46 |@@  EastFan Auto Mode Bool %M10.1 =l ™) =]
47 @@  EmergencyStop Bool %M2000.0 ] ~ M
48 @  EastFan Tripped Bool %M2000.1 [ ™ ™
49 @  WestFan Tripped Bool %M2000.2 =2 =2 =]
50 |40  EastFanRemote EmergencySt. Bool %NM2000.3 =2 = =
51 @ West Fan Remote Emergency 5t. Bool %M2000.4 g g g
52 @l Spare M20005 Bool %NM2000.5 =l ™) =]
53 @  Spare M2000.6 Bool %M2000.6 = ] =]
54 |@  Spare M2000.7 Bool %M2000.7 = ] ~ )]
55 @0 EastFanRoom Overtemp Bool %M2001.0 [ ™) ™)
56 40  WestFan Room Overtemp Bool %NM2001.1 =l ™| =]
57 40 EastFan Filter Blocked Bool %NM2001.2 ] )] )]
58 @0  WestFan Filter Blocked Bool %M2001.3 [ ™ ™
50 @ Spare M2001.4 Bool %NM2001.4 =2l =2 =]
60 40  Spare M2001.5 Bool %M2001.5 ] - M
61 4@l Spare M2001.6 Bool %M2001.6 [ ! ™
62 40 Spare M2001.7 Bool %NM2001.7 =l ] =]
62 4@  Alarmword 1 Word %MW2000 ~ =] =]
64 @  WestFan Manual Mode Bool %M20.0 = ] M )]
65 |40  WestFan Auto Mode Bool %M20.1 =] ] =]
66 40  AutoReset Bool %M30.0 =l ™| =]
67 4@  AnyFault Bool %M1999.7 [ ™| =2
68 @0  ESResetPulse Bool %M1000.0 [ ™) ™
69 | <Add new:

Figure 58 - TIA Portal Default PLC Tags
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Defa_l.lt tag table
[ Name

Data type

@[ System_Byte

| Byte

< FirstScan

-a DiagStatusUpdate
@  AlwaysTRUE

- AlwaysFALSE

@  Clock_Byte

@  Clock_10Hz

<1 Clock_5Hz

< Clock_2.5Hz

<0 Clock_2Hz

- Clock_1.25Hz

@  Clock_1Hz

4@  Clock_0.625Hz

@  Clock_0.5Hz

4l ESNOK

4l EastFanOK

< West Fan OK

- East Fan Rem Estop
|13II West Fan Rem Estop
@ sparelos

<41 Spare 10.6

<1 Spare 10.7

4@ Sparell0

- Spare I11.1

@ sparell2

@ Sparell3

@ sparells

@ Sparells

4@ EastFanDP

|1III West Fan DP

|4III EastFan Run

4@  EastFanHiSP

|-CI|I WestFan Run

@  WestFanHisSP

|1;|| East Fan VSD Reset
4@  WestFanVsD Reset
@ Spare Q06

@  Spare Q0.7

@ spareQl0

@ Spare Qi

Bool
Bool
Bool
Bool
Byte
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Word
Word
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool
Bool

Figure 59 - TIA Portal Default PLC Tags

Address
%MB1
%M1.0
%eM1.1
%M1.2
%M1.3
%MBO
%MO0.0
%MO.1
%MO.2
%MO0.3
%M0.4
%M0.5
%MO0.6
%MO.7
%10.0
%l0.1
%10.2
%103
%10.4
%10.5
%10.6
%10.7
%I1.0
%I1.1
%01.2
%I1.3
%i1.4
%I1.5
%lWs4
%IV66
%Q0.0
%Q0.1
%Q0.2
%Q0.3
%Q0.4
%Q0.5
%Q0.6
%Q0.7
%Q1.0
%Q1.1

[~]

ARRRRRRRNRRRRRE E

N Acces.. Writa. Visibl.. |Comrnent

NN iRl RRE®
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10.8. HMI Logic and Design

SIEMENS

LAST FAN
AUTD
MODE

Local Temperature 00,0 *C
Filter Diff, Pressure 0000.0 kPa

SIMATIC

NORTH BASEMENT VENT FANS
MAIN SCREEN

HMI

WEST FAN
MANUAL AUTD
MODE MODE

Local Temperature  00.0 *C

- | Fitter DIff. Pressure  0000.0 kiPa

() munnog
(Dlw!ﬂﬂ
O“luhslu!ﬂ

(’_\J Differential
. Pressure Faull
—

LR ]

s

ALAIM
HESEY -

3

i N WP S N Ml B N

Figure 60 - TIA Portal HMI Root Screen

SIEMENS

P e o R B 1 M

Figure 61 - TIA Portal HMI Manual Screen

SIMATIC HMI

NORTH BASEMENT VENT FANS
MANUAL SCREEN .

EAST IAN
MANUAL AUTD
MODE MODE

Local Temperatwre 00.0°C
Filter DIf. Pressure D000.0 kPa

Low
SPEED
Vs
RESET

WEST FAN
MANUAL AUTO
MODE MO

Local Temperature 0040 “C
Hiter INF, Pressure 00000 ki'a

“
LOW
SPEED
Vs
RESET

-:1_ | AL

ANARM
HESE

®
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SIEMENS

¥ " B A R Wil Wi Bl

SIMATIC HMI

NORTH BASEMENT VENT FANS
SETTINGS SCREEN

LAST FAN
Local Temperature  00.0 °C
Low Speed When Above:
mhwwmm:

m Filter Differential
Pressure Limit

WEST FAN
Local Temperature  00.0 *C
Low Speed When Above:
umwmm:

Filter Differential
m Pressure Limit

A

BLabAL =1 |

NORTH BASEMENT VENT FANS

Date Text

TN

: RESET

Figure 63 - TIA Portal HMI Alarm History Screen




SIEMENS SIMATIC HMI

m - NORTH BASEMENT VENT FANS

: = __MAINT 1 SCREEN : ]
PLC DIGITAL INPUTS PLC DIGITAL INPUTS
| ) 0.0 - Emergency Stop Tripped () 110 - Spare

| (0 10.1 - East Fan VSD Healthy () 111 - Spare
() 10.2 - West Fan VSD Healthy (C) 11.2 - Spare
() 10.3 - East Fan Remote Em.Stop () 113 - Spare
| () 10.4 - West Fan Remote Em.Stop () 114 - Spare
| O 105 - Spare () 1.5 - Spare
() 10.6 - Spare
() 10.7 - Spare

A& B

Figure 64 - TIA Portal HMI Maintenance Screen 1

SIEMENS SIMATIC HMI

NORTH BASEMENT VENT FANS _
PLC DIGITAL OUTPUTS PLC DIGITAL OUTPUTS
- Fast Fan Run () QL0 - Spare
- East Fan Low Speed () 01.1 - Spare
- West Fan Run
- West Fan Low Speed

Spare

Spare
- Spare
Spare

A @

i ] Wil e 1 Wl W ]

Figure 65 - TIA Portal HMI Maintenance Screen 2
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SIEMENS

SIMATIC HMI

~ NORTH BASEMENT VENT FANS
t MAINT 3 SCREEN

PLC ANALOG INPUTS
W64 - East Fan Differential Pressure

[00000] 1w66 - west fan Ditferential Pressure

IW96 - East Fan Temperature

IW98 - West Fan Temperature
(5] - v

Figure 66 - TIA Portal HMI Maintenance Screen 3

Aparem

AL uy
"Mt el 1© =

Default tag table
Mame o Dete type Cannecnan LC name
@ Nlarm Vord | e 1l
@ AnyPaub Bodd M Conemens . PUED
@ EmtFan ) OP ] MM Coneecuo . PUC_L
A Eent Fan Aum Mede L] W Conecen . MUET
4@ CentPan Phw Backed Boc M _Commeces . PLC_T
4 EestFanLowsP Bool HM_Conmecho . PLC_t
@ EestFanManual sde ol M _Commmene . RE T
&  CentPenOK Bl W _Conmeces . MUE_T
4@ EastFan Res Essop Bou HW_Conmecsio.. PLE_Y
@ Eerfeniun Boel M Conmmene . BME_|
4@  Cent foom St L) WA_Conmecna . MEY
@ Esck Bod HM_Coneecta . BLE_Y
A FROE_Eact Pan ke PR L) il Conmmcte.. MLET
@ WADD_LertTen_MghSpm  Busl WA_Conmecuo . ALY
4 A DE_East Fan_Manusl P8 Boal HM_Coneecea . PLC_T
@  reADE et Pan Run ®R Basdl W Coreecne . ML)
<38  ADE_EwstTen SmprM Bosl W_Conrecoa . PUC T
) A DB_EsctFan vID fecet PR Bool H_Consecto . PLC_Y
A O8_Cobal Reret Bodd Hea_Conmeces . PLC_ Y
A8 A DB_West Fan_sut PR Bosl M _Comeecwo . PLC Y
A HADE WestFan Highlp e  Bsael Ml Coneacun . MUET
A ADE Vet fan Memsl 8 Bad A _Corrwens . MY
4@ DR _West Fan_fun B Bodl HM_Conmecno.. PLE_T
) 04 DE_vest Fan Swp PR Boad L _Comemene . RLEY
0 DB Wt Pan_ViD fenet 1 Buel WM_Commersic . PLE_)
@ Wenosl DB_EwstFan Hagh Sp W Boal W_Conmectio. PLE_1
A el DE_Easst Fan R Mencal Sodl A _Consmesie. MLE Y

“any Pandt’

“EostFan DF

TEant Fam fune bade™
“Eurt Pam Fiber Blocked”
“EastFam W 5P

“Eact Fan kemual Mode™
“Tast Pam DI

“East Fam Rem Est0p”
“East Fan Bun’

“Tost Rsom Siaf"

*ES HOK'

"k DE" "Eat Fan® "Aut
ikl D" “Tast Fan® “Mgh
“HMA DE" "Esct Fan® "Man
“HA DE" "Bt Fan” TRun
‘Ml DE° “East Fon” “Swop
"k D" “Eact Fan" "VED
“HM DE” "Giokal Revet P°
“HINY D" "W st Pan” " Aut.
“Hikl 08" "Vl Fan® "Hg.-
P D" Vet Pan” e
“HIMI DET "W s2 Fan e,
“HiM DE" "Vaee Fan” "Sim.
“HIME D" Vst Pan” “VED.
“Manusl DE” "Enst Fan M
“haa il DE" "East Fan

Figure 67 - TIA Portal HMI Default Tags

<symbeks sroesas
“symbobe stoesss
~aymbishl siiedis
~aymbaks prresss
“symbobe preesss
~zymbakd sscesis
<symbobe srrerrs
«aymbobe srcesss
caymbele steess
«“nymbabc srress
siymbabc preess -
«apmbelc stowss
<aymbobs prrests
aaymbobc ptoess
zymbeks erresis
<aymbolc srcests
“symbebc sicesss
~aymbeks moowyes
~zymbalc proesss
aymmbebc picesss
<aymbaoks srresis
<aymbobs proesss
waymbabd seeesls
xymhobe srresys
«aymbobe proests
«aymbebe steesss

I T T T ol T —
s

s
fa
L
s
12
s
e
1=
e
11
1t
e
e
s
s
"
L8]
"
fs
s
s
12
1
fe
ta
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Default tag table

fame o i Lype AL e PLC g ~ddreis ALCEE mode Acqui
@  Scaling DE_Esst Fan_Dif Press . Real HM_Connecno... PLC1 “Scaling DE” “EsstFan" "D SYMBORC BCreLss s
4  Scaling DB_EastFan_Termperat Real HM_Connecnc... PLC1 "Scaling D& “EsstFan® T +2yeDoiC aceets - iz
4@ Scaling DB_west Fan_Diff Peess_ Real HM_Connecte. PLCT “Sealing DE” "West Fan® * «symbolic accesss ts
A Scaling DB_westFen_Termpemt. Resl HM_Connecse.. PLC_ | *Sealing DE “WestFan” *. ATRBONC ACCETT Vs
4@  Sewmng: DB_EastFanDiffPresz . Resl HM_Connecto.. PLET *Setangs DB* “EnszFan D «aymbobc sccess s 13
<@ Semng: DB_EsstFan Migh Spee Repl MM_Connecto... PLCT “Setngs D8 “EpstFan 4 «“symbolc scceta- Ty
<@  Semings DE_East Fan Low Speec Real HM_Connecoo.. PLET *Setongz DE* “EsstFan L «Tymboic acress . s
40 Setting: OB_WestFan Diff Prets_ Resl HM_Connecta . PLE_Y “Setangs 08" “WestFan D axymbolc acresi s
4  Semngs OB_WestFan *igh Spe_ Resl MM _Connecto... PLC_1 "Setengs DE”.“West Fan K Tymboic scresys ts
4@ Setung: DE_WestFen Low Spee: Real MWM_Connectio . PLE_T “Settngz 08" “Westfan L ~3ymboic sccess> 13
@  Spam ANDD Wt WM_Connecto_ PLE_T “Spare AHOO" Symbolc scterss 13
& Spaw AR et #M_Connectio. PLEY "Spare ATOZ" «aymbaolc accerss s
40 Spee 03 Bl MM_Connecto.. PLE_T "Spere 105" ~Symibolc eccets s s
a3 Spwe 08 Bt MM_Connecss... PLC_) "Spare 106" “symboic ectets - 1
& Gpeed7 Bacl HM_Connecto . PLET “Epere i T ~FYmDoEC acters - s
‘@ spemiio ol HM_Comnectn . MG “Spere 1 0" ymboic actets - L2
@ gt Besi HM_Comnecse . AT “hpar it aymboie scretys 1
@ spemil 2 pasl HM_Connecte . ME_1 “pam (13" “3yrboic acterts 13
A peend Becl HM_Connects . ME_T “Lpare 11 3" aymboic scteti 14
@ Gpewild Boal HA_Connecsio . MLE 1 “Spar il 4" «3ymboic actwit 1
@ Spew i E Bead HM Connectn . MC1 “Lpam |18 aymboit ecceii> i
@ ipew Q04 Bod HM_Connecse . MC 1 “Enit Fan VID Ariet aymbobe aceiis L
@ Spem QO3 Baxl HM_Connects . FLC1 it Fan VID Beter Symboic actais> 1
@ tpam Q0 Bl HM_Connects . PLC ) "5 pare GOE <aymbiolic sctais> {1
@ Tpam Q0T Boal HM_Connetsie. FLC_T “Lpam GO aymnbolic sotas 11
@  tpam D Bead HM_Connersa.. PLCT “Epare Q107 aymbolic scteis> s
@ Cpami Booi M _Cannecse.. PLCY “Spar Q117 «aymbolic actets L3
4 Swns 08 _EsstFan int M _Comnecsa.. PLC “Swnut D& "Eaztfan” axymbolic aceests s
A Swnc DE_WeiFan I HM_Connecse. PLC_1 *Smna D" “WestFan® <syrebolc acceiss is

Figure 68 - TIA Portal HMI Default Tags

Detaut g tatie _

Meme - Cwia type Canresbon FLL name UL teg Az Arzwns mode Aequimnen cyzie
@  WesifanDP were WA_Comnecyo_ M1 “Wiert Pan DI “zgmalc secess s LE
@ meitfes uto Mode #oal A Comnecna PLE_1 st Fbn Auto Mode” aprboli scers > e
A2 At Fem Fihes Slocked Beol HM_Cormecsa.. PLED Tt Fas Mhes Blocked” apmbolic atcwrs> 1
@ WestFen LowSP L M_Comnecno. PLCT st P W 3 axpmibolic sctesss LR}
A meutFen el Mode Bool Hi_Comneesa_ MLLY “wst Fas Menudl hode® aprbale acceiys L]
@ et FenOF Basl HM_Conneciio.. PLET "Wt Fan 0K aprsoic scoes> ts
8 westFenRem Estop Bach HM_Comnecno,. PLCD Tt Fas Rem Estop” “TpPEOlC 0SS "
@ weutFeshun Bael HM_Comnectio. PLL) et Fas Run® xprbolic acceiss 1
4@  PeriRsce St ‘et WA Comewcia.. LT iyt Bosm St apmbele arcer 1]

Figure 69 - TIA Portal HMI Default Tags
Discrete alarms
|ID |mme Alarm text |Marrn class |1‘rig_giug |‘I‘ng' ge.. Trigger address HMI acknowl... |I-|Ml 8. | HMI acknowd...
=i [=] EastFan Room Ove,.. East Fan Room Overtemp Errors [-JAlarm wor..[ [0 [S] "Alarm Word .. <Notag> |..|0
G 2 West Fan Room Ov... West Fan Room Overtemnp Errors Alarm word 1 1 “Alarm Word ... <No tag> 1]
= EastFan Filter Bloc... East Fan Filter Blocked Errors Alarm word 1 2 "Alarm Word ... <No tag> 0
LA 4 West Fan Filter Bloc... West Fan Filter Blocked Errors Alarm Word 1 3 “Alarm Word .. <No tag> 0
=3 Spare M2001.4 Spare M2001.4 Errors Alarm Word 1 4 “Alarm Word ... <No tag> 0
=3 Spare M2001.5 Spare M2001.5 Errors Alarm Word 1 5 “Alarm Word ... <No tag> ]
CA 7 Spare M2001.6 Spare M2001.6 Errors Alarm Word 1 6 “Alarm Word ... <No tag> o
= Spare M2001.7 Spare M2001.7 Errors Alarm word 1 7 “Alarm Word ... <No tag> 1]
= Emergency Stop Emergency Stop Errors Alarm word1 8 “Alarm Word ... <No tag> ]
3 10 EastFan Tripped East Fan Tripped Errors Alarm word1 9 “Alarm Word ... <No tag> ]
G 1 West Fan Tripped West Fan Tripped Errors Alarm word 1 10 “Alarm Word ... <No tag= ]
CA 12 EastFan Remote E.. EastFan Remote EmergencyStop Errers Alarm word 1 11 “Alarm Word ... <No tag= 1]
A 13 West Fan Remote E.. West Fan Remote Emergency Stop  Errers Alarm word 1 12 “Alarm Word .. <No tag= 1]
G2 14 Spare M2000.5 Spare M2000.5 Errors Alarm Word 1 13 “Alarm Word . <No tag= 0
5 15 Spare M2000.6 Spare M2000.6 Errors Alarm word 1 14 “Alarm Word ... <No tag> 1]
5 18 Spare M2000.7 Spare M2000.7 Errors Alarm word 1 15 “Alarm Word ... <No tag> 1]
TN

Figure 70 - TIA Portal HMI Alarms
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10.9. TIA Portal Project Simulation
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Figure 71 - TIA Portal East Fan Manual Mode Simulation
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Figure 72 - TIA Portal East Fan Automatic Mode Simulation
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Figure 73 - TIA Portal West Fan Manual Mode Simulation
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Figure 74 - TIA Portal West Fan Automatic Mode Simulation
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“ DI 14/DQ 10_1
103 102 101 1 2 3 4 5 6 7 A2
HSC_1
HSC_2
H5C_3
HSC_4
HSC_5
HSC_6
Pulse_1
Pulse_2
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Figure 75 - TIA Portal Project Simulation
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Figure 76 - TIA Portal Project Simulation V5D not healthy feedback.
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Datasheets are not required in a report at this level. It would have been better to have extracted the information and cited
the datasheet as a source.

10.10. Programming Component Data Sheet

Transmitter Output 4 .. 20 mA | Output 0...10V

Measuring input Pt100 (DIN EN 60751)
Probe current <0.5mA
Measuring range Permanent measurement due to analog signal path

Underrange dropping to < 3.6 mA ov
Overrange Increasing to + 22 mA ... < 28 mA (typical increasing to + 11 V... <14V
24 mA) (typical 12'V)

Probe short-circuft <3.6mA ov
Probe and wire break + 22 mA ... < 28 mA (typical 24 mA) =11 V.. <14V (typical 12V)

Output signal load-independent direct current 4 . 20 mA | Direct curent 0 ... 10V
Transmission behavior temperature linear
Transmission accuracy <=0.1 % <+02 %

Damping of the residual ripple 37 dB 40 dB

of a voltage supply of 24 V,
ampilitude 10 V/50 Hz,
burden 470 (/Load 10M%Q

Burden (Rb) Rb=(Ub-7.5V)/22 mA
Burden influence <+0.02 % /100 Q' =
Load/load influence - +10kQ/<+0.1%
Setting time for temperature changes <10 ms

Adjustment conditions DC 24V / approx. 22 “C

Calibration accuracy <202 %' Zor<=02K

Overall accuracy, probe/calibration = 0.4 K (typical) at 20 °C / 24 V voltage supply

Voltage supply
Voltage supply (Ub) DC75..30V | DC15..30V
Reverse voltage protection yes

Voltage supply influence <2 0.01 %/ deviation from 24 V'

Operating temperature range -40 ...+ 85°C
Storage temperature range 40 ... +100 °C
Temparature coefficient < £ 0.01 %/K deviation from 22 "C'

Ambient conditions relative humidity < 95 % annual average, no condensation
similar to DIN EN 60654 K. C1

[EMC Interference emission/ EN 61326 class B/Industnal requirements
resistance

1. All soecifications referring to the measuring ranae kmit value of 20mA 2. The hicher value |s valid.

Figure 77 - PTIO0RTD Sensor

(JUMO Instrument, 2011)
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Moce! PSESS0 |  PsEsseas
Rated Pressure range Oto2kPa
gw:ﬁmm 50 to 50 kPa
Extended Analogue 02t00kPa
%m 65 kFa
Applicable fiusd A, nert gases and incombust ble gases
Power supply 12t0 24 VDC £10%
voitage (with 10% max_ voltage ripple)
Current i 15 mA or less
Voltage output: Current output:
110 5VDC 410 20mA
(rated pressure (rated differential
range) pressure range)
OISR O 06t 1VDC Maxmum allowabie
speciication - . load imped
output range) 500 Q (at 24 VDC)
Output impedance: | 100 Q (at 12VDC)
approx. 1 kQ
+1% F.5, (rated pressure range)
Accuracy (at 25°C) $I%FS, d dogue output range)
Linearity #.5% F.S.
Repeatabiity 3% FS.
Ingicator light Orange LED is ON when energzed

Enclosure P40

Operation: 0 to 50°C

Ambient

Storage: -2010 70°C
E SRS (no condensation or freezing
2 Operation, Storage: 25 to 85% RH

il (no condensation)

Withstand 1000 VAC or more (S0/B0 Hz). 1 minute
W | voitage {between lead block and case)

Iinsuiation 50 MQ or more at 500 VDC

i L lead bock and case)
Temoersture $3%F.5. (a125°C)

5 o4 8 (04 4 at the end) resin piping
nbos {sustable for 04 LD. air tubing)
Material of parts in Resin ppe: Mylon,
contact with fiusd Piston area of sensor. Silicon
Weight with cable 59
Wesght without cable *g9

232 Cable Specification
Cabile details 3 cores | 2 cores
Wire cross section 0.15 mm®
Insulator O/D 0.8 mm
Sheath material Oil resistant heavy-duty winyl chioride
Sheath outside
i " 27x32mm
Cable Length 3m
23 Specificaion when combined with PSE300 monitor
Seftting range Differential pressure range
Rated pressure range Dto2kPa
Set 0.01 kPa
Switch Repeatability 4% FS.
Lineanty DT%FS.
output A (Display) 1.5%F.S.
A y (Operating temg ) £15%F.S. 21 digit
Temperaturs charactenstic +3 5% F 5. (25 °C standard)

2 Specifications (continued)

24 Analogue Output
PSES50: 1to SVDC

-
Analogue
Output [V]
Hos N
=020 2 Differental

Pressure (kPa)

PSESS50-28: 4to 20 mA

\

0 2 Differential
Pressure (kPa)

3 Installation

Do not install the product unless the safety instrucbons have been read
and understood

31 Piping

Y

« Before piping make sure to clean up chips, cutting o, dust etc.

= Insiall the piping comectly in a safe place away from water and dust.

= Cut the air tube perpendiculary.

= Grip the air tube and insert it into the resin pipe firmly by 8 mm or
more from the end of the resin piping. The pulling force necessary for
the piping inserted by 8 mm or more i approcamate 25 N

= Insert the air tube for low pressure to piping marked "Lo’ and the air
tube for high pressure to piping marked Hi'.

Resin pips

Air tubing (4 mm 1D}

. ‘

32 Environment
« Do not use in an envi where ive gases, chemicais, sait
water or steam are present.

» Do not use in an explosive atmosphere.
» Do not expose to direct sunlight. Use a suitable protectve cover.
= Na nat install in 3 lncation adkiact in wibmatinn of Imnact in sersce of

Figure 78 - Differential Pressure Sensor Data Sheet

(SMC Corporation, 2021)
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10.11. Factory Acceptance Test

Mathew,

Second ABB VSD Delivery 06/04/23.
As discussed, we can install at a later date.

We are available for FAT 23/02/23.
Does that date suit you?

Regards

M\/ﬂ. oS
RW Evans

Electechs Ltd
Tel: 01792775055
Fax: 01792 700035

Mobile: 07870619909
wayne@electechs.co.uk

From: Thomas, Mathew <Mathew.Thomas@tatasteeleurope.com>
Sent: 20 February 2023 09:05

To: Wayne Evans <Wayne@electechs.co.uk>
Subject: RE: Fan Drawings

Hi Wayne.
Following our recent conversation.

Have you been able to confirm the delivery date of the second VSD?
That date will determine if we push ahead or temporarily hold off.

Sorry to be a pain, but time is pushing on.
PBS Attached for the IMS.

Mathew Thomas
HV Engineering Services

Tata Steel

T: +44(0)1554 712274 (ext: 2274)

M: +44 (0)7375 373417

E: mathew thomas@tatasteeleurope.com

W: www_tatasteeleurope.com

A: Trostre Works, Trostre, Llanelli, Carmarthenshire, SA14 95D

Figure 79 - Contractor Email Arranging FAT
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Figure 80 - Project Panel FAT

Figure 81 - Project Panel FAT
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Figure 82 - Project Panel FAT
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Figure 83 - Project Panel FAT
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10.12. Factory Acceptance Test Plan

Test Plan

Description of

ltem Test Expected Outcome Actual Outcome Pass/Fail Evidence
General
1.1 Main Isolator - Panel Powers U Supply energised Pass Panel powers U
' Power ON P PPY & P P
Operates with a
Main Isolator - nominal supply Supply voltage
12 Power ON voltage less than Supply tested Pass 400VAC
1000VAC, 1500VDC.
Main Isolator - . Power on, indication
1.3 Power ON Power Supply Healthy | Supply energised Pass present
Main Isolator - . HMI indication for
14 Power ON Power On VSD 1 Supply energised Pass VSD Healthy
Main lsolator - VSD 2 is not currently
1.5 Power On VSD 2 in place. Delay on Fail N/A
Power ON -
component delivery
16 Main Isolator - Power on Logic Supoly enereised Pass Power on PLC. PLC
' Power ON Computer PRY & LED indications on.
17 Main Isolator - Power on Supbly energised Pass Power on HMI.
' Power ON Display/Indication PRy & Indication present.
No output on PLC.
Main Isolator - . . PLC Not programmed.
1.8 Power ON No operation of Fans | Supply energised Pass Drive not
programmed
Simulate Supply .
. System Shutdown. No | Supply failure. Supply Power was lost,
1.9 Failure. (Remove . Pass
operation of system lost/Isolated. System shutdown
supply fuse)
Simulate Supply Indication of
. Emergency Stop E-stop not .
1.10 | Failure (Operate activated. No programmed Fail N/A

Emergency Stop)

operation of system

Table 8 - FAT Test Plan - General

(Thomas, 2023)
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10.13. FAT Standards & Specifications

Standards & Specifications

Relevance to Project

Citation

BS7671:2022 Requirements
for Electrical Installations

Apply to design, erection, and verification of electrical
installations, including additions and alterations to existing

installations

(IET, 2022)

IEC60085 Electrical insulation:

Distinguishing between thermal classes of electrical
insulation systems and electrical insulating materials.
Establishes criteria for evaluating thermal endurance of
electrical insulating materials

(iTeh,Inc, 2013)

BSEN 60529 Degree of Providing adequate degree of protection against access to (British
Protection Provided by hazardous parts, protection of equipment against ingress Standards
Enclosure of foreign objects Institution,
1992)
BSEN 13602 Copper & Alloys Specifies composition, property requirements including (European
for conductors electrical properties, and dimensional tolerances for drawn Standards,
round copper wire. Manufacture of electrical conductors 2022)

intended for production of bare and insulated cables and
flexible

BSEN 61439 Low Voltage

Standard that low-voltage switchgear and motor control

(Michael Smith

Switchgear and Control Gear | panels must be manufactured to Switchgear,
Assemblies: 2022)
BSEN 60947 Low Voltage Applies to equipment with rated voltage not exceeding (BSI, 2021)

Switch Gear and Control Gear:

1000VAC or 1500VDC

Table 9 - FAT Standards & Specifications

(Thomas, 2023)
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10.14. Installation Maintenance

|l—|—l - .
S EHPBTW B0 =&Y complete (busness) I & B [P
oder  [z0M2|26733833 |  |Replace West fan dive bekts 2 M
NB Vent Fan maintenance
Sys.Status |REL GMPS MANC NIUP PRC SETC Eﬂus SETF 7
" HeaderData Components  Costs - Partner  Objects
0p... SOp Work Ctr Plant Co... StTextK S..Operation short text
0010 TM4-4-E 3200 PMO4 NB Vent fan Maintenace
0020 M11-4-M 3200 PMO4 Clean vent fan intakes
0030 M11-4-M 3200 PMO4 Replace West fan dive belts
0040 M11-4-M 3200 PMO4 Inspect Vent fan drive belts
| looso MI1-4-M 3200 PMO4 Inspect Vent duct isolations
0060 E11-4-E 3200 PMO4 Install additional lighting
0070 Ell-4-E 3200 PMO04 Replace Vent fan fiters
0080 E11-4-E 3200 PM04 Dispose of old vent fan filters
0090 Ell-4-E 3200 PMO4 Replace faulty Lights
0100 5250 3200 PMO4
0110 5250 3200 PMO4
0120 5250 3200 PMO4
0130 5250 3200 PMO4 |
0140 5250 3200 PMO4
ni1sn 82580 3200 PMN4

Figure 84 - SAP Maintenance Work
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Figure 86 - Ventilation Filters & Drive Belt Replacements
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10.15. Contractor Safety Documents & Communications

PBS Mo : PBS030066
ﬁ PO No! 4101112549
Pre Work Briefing Sheet (PBS) i ek
TATA '

E IeCToche
52111
23.02.20
0230308
Instadation of ventistan fan panel with associsted cabiing ang
contarmant.

North Basement Substaton
anag Uip to & mien

L

No
_ﬂiu-- & Gantry - WOrking on oF near ¥es Access and egress to and from suintaton Dedgnated foct
mnnﬂmmmumum&n&qmﬂnyﬂmm
wialoaays, red waliways are in crane fight path. Be alert far plant activiy
in area, general works traffic. aie of maintenancy vefucies, crane ang fork
trucis and delvery vahicie op Inanea, £ Tule
o all verickes In oporatian. High vi ta be warn at al times.
— Uifting 7S3nging ruwumcﬁ.gﬁ' Tnstalation . Manal handtig
‘Where passible use Lfting aids, uil
mmuummummw wrym;nmmll
for al ¥ing
Working at Heght rucmﬂllnumxalmmnnpmdnﬁmm
Enswe handraks are present for working at hesght. Ladderstep ladder,
compiete pre uSe checks pror to uso, ersure that they are in good
warkng amer and fit for purpose, maintain three ponts of contact,
laddors arm only to be utod for acoess, ROt 26 3 wandng platfomm
;ﬂ ghatn 1 min RAPOWRA prioe 10 start g warks
a5 No work & permitted 1o fake place under Suspencied 0ac0s o under
maobile scaffoid tower. Eye protecthion to be wom n basemaent at &1 times.
e RAFOWAA prior to SIting works

‘¥es Powor Tooks - Al power took to e 110w or battary, 240v power tock
aru rot perntted. Al 100K to be PAT tested, in good working order and fe
for purpose, CarTy out pro use NSEECHONS RoT o use. HAVE rogster to be
updated daly for power tool usa. cmmmnm-mm

took. €.
it ook, such a5 hyd mwmcmmlm

___mpwmmm

¥os Road traffc - Cane 1a be taken an sEe. High v tn be worn at al
mu.mwmmmhmmwu
mwm-m ‘waliwayt are sate wali ways, red
walcaays are n crana gt path g

¥ac Tata 10 provide s, work & in bt n
and around Iva and 1 of access ta be

Iz for work in subctation. mwnmwa—anmu
mwmm“ummﬂmmmm

1LV parmit) © DWAA
wwwmgm

Yo - 20v DC 3 Arna to be att

20 . L af access to be provided for acrese
o

lb

rumm-ﬁmannurhmuwhwmﬁm
engneer. Al hot works rules ane 1o be followed Fire watcher to be present
a point of work and for a minmum of B mns following completion of hot
works. Fire extnguisher to present for al hut works. Work ane to be dear
of all fammable debrs pror to hat work starting. All flmablo debris that

to be wom for 31 hot warks, flame ciothing requr
e S rldmtmlmu!wwmmm
_Auto Fire Systems - Dekige/C02 ta
Hazardous Suistances. Ves Correct wtmmum RPE or st mask COSHH
to oo ll COSHH and
M5DS o be usea
e F CMIMMNrumm
~ Chrome Work [ C Work 4o
Ashestos Mo
Ponted: 2 Mar 7023 14:15:00 Fage 1ot 2

Figure 87 - Contractor Pre Briefing Sheet
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Tata Steel packaging Trostre Works

Tata Steel Packaging
Trostre Works

MW

TATA
Job Method Statement
Contractor: Electechs Ltd
Order ! Beference No: PO 4101112849
PBS No. PES 030066
Exact Location MNorth Basement Substation
Brief description of work to be Installation of ventilation fan panel &
undertaken: cabling
Estimated Start & Finish Date: 06703123 - 17103023
Print Name of Contractor JMS Wayne Evans
Signature of Contractor JMS Author: AN B
Position in company: Project Engineer
Date: 07-02-23
Name of Working Party Leader: Fyan Mead [075076765871)

TATAEMERGEMNCY TELEPHONE Mo 3333. 01554 712223 from mobile.
IN CASE OF MAJOR EMERGEMNCY GO TO ASSEMBLY POINTS 1. 2, 3 or ¢ AND MAKE
YOURSELF ACCOUNTABLE TO THE PERSON IN CHARGE.
TSP Trostre requires contractors coming onto site to have thought in depth about the
activities thev are going to perform at Trostre, this will probably take the form of a Risk
Assessment and will require dialog with the Tata Job Owner.

Please read this document carefully and complete all the relevant sections by tuping
or clicking in the grey boxes. The document has been designed specificalluto be
completed electronically, but can also be printed out and handwritten, by adding

spaces in the relevant bores then printing out.

Complete as accurately as possible making reference, where appropriate to Statutory
Regulations, Tata Steel Packaging Site Regulations, Tata Steel Packaging Health
and Safety Rules for Contractors and Standard Operating Procedures.

This document must be returned to TSP Job Owner together with your Tender

Figure 88 - Contractor Job Method Statement
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ATH No - ATWO3I0066
PO No: 4101112849

CONTRACTORS AUTHORISATION
CERTIFICATE TO COMMENCE WORK (ATW)  jobowner = Mattien Thamas

Date from 2023-02-20

Date 1o 2023-03-06

Work Location North Basement Substation

Specily work to be done: Instalation of ventiation fan panel & cabling
Jobs Owerer Mr Mathew Thomas

Specily Order No 4101112848

Name of Cantractor | Sub-Contractor on site

Total rumber of Employees Upto 4 men

JMS Warking party adet R Mead

CONTRACTOR COMPANY DETAILED ABOVEARE AUTHORISED TO ENTER WORKS
5 m

Entry to Co2 Arsas 3 X
Entry i Confined space X
E xcavations X
Electrical High Veltage X
Hot Work ) ML works permi 10 be issund when required, Mot werie permi to be

Esued by Tata authorsed engnesr. EIS6 safely rules to be adhered to
Minimum 60 min fire watch reguired on completion of hot works actaiy

Roof Wark
Fluid Power Operated Plant X
Overhead Cranes
Permi to work on Electrical Eguipment ar Electricaly Operated Plant @ LV Permit to be ssued ty Tata authorsed engineer
Limitation of Access @ Limiation of scosss to be ssusd for works o substation by Tats
authorsed engineer. No fids or covers ta be removed for any electrical
: apparatus
THE CONTRACTOR SPECIFIED IN (A) HAS HAD AN APPROPRIATE:
Pre Work Briefing Sheet w
Job: Mathod S taterment )
Jab Orwiner
Wame = Date:

‘3. DAILY AUTHORISATION
Jhzmqu!TmmmzuTemLudslmt}umuer.h'uI.haur-AMmduePBSsmmluummpuaudmmemmsmﬁnpmI

can confirm that to the best of my knowledge that they refiect the current state of the ine and the ine s a8 such | work ko
COmmence., . . .
Day Date Time Sig : Designath Day Date Time Sig : Designatio
5 I I - | I

2 9

3 10

4 11

- ] 12

L] 13

7 1a

. mmm

ibengrhewmmdwg:ulmmwnymlmlmukmlmoermymmlhmchueuthem makang safe plant and equpment
&nd have cancelled &1 the relevant permits.

Day Date | Time sig natic Day Date Time sig I j

2 9

3 10

4 11

5 12

L] 13

7 1a
lllndlﬂhndﬂlltlﬂ:lhlﬂlmlilmh di using the L mdhmm'mwh-
contractors. lﬂm“lﬂlmquﬁ-.mﬂulhmﬂynﬂm-m and | will use a safe system of work including using
Tata permits. | will notify Tata of any ch in of work. | appreciate that the risks and hazards identified

by the Tata job Owner may mnpmummmumhcmm and | undertake to inform the Tata job Owner of any
changes | identify prior to, or during, any stage of the work activity. | understand that if | lose this Certificate | must immediately
inform the Tata job Owner.
Working Party Leades
Mame: .
NOTE:- By the nature of the process magnetic fields are blished in the vicinity of coating
-mu:nl'wdtt,_ not to be exp tﬂsudllhm
.. : = =

lm“nmlalﬁmuﬁrnr:wMHMnﬂm“mmlhmhw-rl*hmtﬁhﬂ-.bwlam
mtmﬂw-mmununm-m - Al p tificates issued have been signed off and hatch

covers replaced.
WVinrking Party Leader

Primted: 2 Mar 2023 14:15:10 Pagelof 2

Figure 89 - Contractor Authorisation to Work
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10.16. Project Implementation

;7 TO WORK o

OR EI-ECTRICA::_,E

A...-"; A:w,;
.................................... .. Dater....

.. nelunderm}f ) "n‘hm'
- this Permit to Work. Alltodls, pla

s mq'

|ON DECLARAT
T ism f:

Figure 90 - Low Voltage Permit to Work
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Figure 91 - Limitation of Access
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Figure 92 - Installation Panel

Figure 93 - Installation Motor Local Isolators & Remote E Stop
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Figure 94 - Installation PT100 & Remote E Stop

Figure 95 - Installation Pressure Sensors for Air Flow Indication
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Figure 96 - Installation DB and Isolation
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10.17. Contractor Project Modifications

T &@electechs

For the Attention of: Mr Mathew Thomas Electrical, Control and Automation Engineers
Panel Manufacturers

From: Wayne Evans y
¥ Installation Contractors

Pages including this: 1
Date: 7" March 2023

Quote ref. Q4107/WE

Subject: North Basement Vent Panel — Programming Socket Supply
Dear Mathew,

Thank you, for the enquiry regarding the above. | have pleasure in submitting the following quotation based on our
site meeting dated Monday 6 March 2023.

Scope:

Supply & install 5V single voltage 415V to 240V transformer 1kVA.
Supply and install DP MCB for transformer supply

Supply and install associated cabling, terminals etc.

Update project drawings as per requirement

Total Cost ex VAT £ 395.00

We trust we have interpreted your requirements correctly and hope to be favoured with your valued order, should
you have any questions relating to this quotation, please feel free to contact the undersigned.

All prices subject to VAT
This quotation is valid for 30 days.
Yours faithfully

Figure 97 - Contractor Quote for Project Extras
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Figure 98 - Project Alteration Transformer Addition
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Figure 99 - Schematic alteration for Addition of Transformer
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Figure 100 - Vent Panel Schematic Alteration
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10.18. Site Acceptance Test Plan

Test Plan

Description of

ltem Test Expected Outcome Actual Outcome Pass/Fail Evidence
General
1.1 Main Isolator - Panel Powers U Supply energised Pass Panel powers U
' Power ON P PPY & P P
Operates with a Supply tested.
12 Main Isolator - nominal supply Supply voltage Pass
' Power ON voltage less than 434,9VAC
1000VAC, 1500VDC.
Main Isolator - . Power on, indication
1.3 Power ON Power Supply Healthy | Supply energised Pass present
. Supply energised
14 Eflaa\::elrsglrjtor ’ Power On VSD 1 Power indication for Pass
VSD Healthy
Main lsolator - VSD 2 is not currently
1.5 Power ON Power On VSD 2 in place. Delay on N/A N/A
component
16 Main Isolator - Power on Logic Subply energised Pass Power on PLC. PLC LED
' Power ON Computer PPY & indications on.
Supply energised
17 Main Isolator - Power on Power on HMI. Pass
' Power ON Display/Indication Indication present.
. No output on PLC. PLC Not
Main Isolator - . . .
1.8 No operation of Fans | Supply energised Pass programmed. Drive not
Power ON
programmed
Slr.nulate supply System Shutdown. No | Supply failure. Supply Power was lost, System
1.9 Failure. (Remove . Pass
operation of system lost/Isolated. shutdown
supply fuse)
. Indication of
Simulate Supply Enm:ecrag;?;yosmp E-stop not
1.10 | Failure (Operate activated. No programmed N/A N/A

Emergency Stop)

operation of system

Table 10 - SAT Test Plan — General

(Thomas, 2023)
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10.19. SAT Standards & Specifications

Standards & Specifications

Relevance to Project

Citation

BS7671:2022 Requirements
for Electrical Installations

Apply to design, erection, and verification of electrical
installations, including additions and alterations to existing
installations

(IET, 2022)

IEC60085 Electrical insulation:

Distinguishing between thermal classes of electrical
insulation systems and electrical insulating materials.
Establishes criteria for evaluating thermal endurance of
electrical insulating materials

(iTeh,Inc, 2013)

BSEN 60529 Degree of Providing adequate degree of protection against access to (British
Protection Provided by hazardous parts, protection of equipment against ingress Standards
Enclosure of foreign objects Institution,
1992)
BSEN 13602 Copper & Alloys Specifies composition, property requirements including (European
for conductors electrical properties, and dimensional tolerances for drawn Standards,
round copper wire. Manufacture of electrical conductors 2022)

intended for production of bare and insulated cables and
flexible

BSEN 61439 Low Voltage

Standard that low-voltage switchgear and motor control

(Michael Smith

Switchgear and Control Gear | panels must be manufactured to Switchgear,
Assemblies: 2022)
BSEN 60947 Low Voltage Applies to equipment with rated voltage not exceeding (BSI, 2021)

Switch Gear and Control Gear:

1000VAC or 1500VDC

Table 11 - SAT Standards & Specifications

(Thomas, 2023)
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10.20. Project Commissioning

Download Button
Clicked By Developer

l

Hardware / Software
Compile

l

Successful Compile?

Yes

v

Pre-download Checks

‘ No

l

Pre-download Checks OK?

Yes

v

N

Error

Download Stopped

Load Preview Displayed
Developer Configures
Actions & Clicks Load

No

l

Successful Download?

l

Load Results Displayed

Developer Configures Any
Actions And Clicks Finish

l

Download Complete

Figure 101 - PLC Download Sequence

(Bee, 2022)
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Figure 102 - Program Implementation
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Figure 103 - Program Implementation

.
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Figure 104 - Program Implementation
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10.21. Variable Speed Drive Commissioning

A
- Scalar 40006V 5000H:
1466 pm
IS0KW  T4B0A o o o0 |

anp | ADD
klul |
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Figure 107

VSD Motor Parameter Settings

96.04 Macro select |1= 5=AC500 |12= 13 = 14= 28 =
ABB stan- |Modbus Alternate Motor po- PID Torque
dard RTU tentiometer control

22.71 Motor 0 = Dizabled |0 = Dizabled |0 = Dizabled |1 = Enabled |0 = Dizabled |0 = Disabled
potentiometer (init af
function power-up)

22.73 Motor 0 = Not 0 = Not 0 = Not 4 =DI3 0 = Not Not used
potentiometfer |selected selected gelected celected
up source

22.74 Motor 0 = Not 0 = Not 0 = Not 5=D14 0 = Not Not used
potentiomefer |selected selected selected selected
down source

23.11 Ramp set 10= DIO1 |0=AccDec |10=DIO1 0 = Acc/Dec = Acc/Dec |10 = DIO1T
selection fime 1 time 1 time 1

28.11 Extf frequency |1 =AH 8 =EFBreff |1=Al1 15 = Motor |18 = PID 1= AN
ref1 scaled scaled potentiomet scaled

28.15 Ext1 frequency = Zero 0=Zemo 0=Zero 0=Zero 0= Zero 0=Zero
ref2

28.22 Constant 4=DI3 0=Always |4=Di3 10 = DIO1 5=Di4 4=DI3
frequency seil off

28.23 Constant 5=DM4 0=Alwayz |5=DI4 0=Always |0=Alwayz |5=D4
frequency sel2 off off o

28 74 Frmnramn sat |10 = NiNd N = dr~Ma~ 110 =NiN4 A= dr~Mar Nz &arMan |0 = 8rmMan

Figure 108 - ABB Macro Par

(ABB, 2021)

ameter Settings
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No. Name/Value

Description Default
FbEq 16

selt

28.22 Constant frequency

function is 0 (Separate), selects a source that
activates constant frequency 1.

Note: The default value depends on the selected
macro. See chapter Control macros on page 31.
When bit 0 of parameter 28 21 Constant frequency
function is 1 (Packed), this parameter and
parameters 28.23 Constant frequency sel2 and
28.24 Constant frequency sel3 select three
sources whose states activate constant

When bit 0 of parameter 28 21 Constant frequency | DI2

frequencies as follows:
Source Source Source

definedby | definedby | defined by c°“s‘f£t'j:i““e"°"

par. 28.22 | par.28.23 | par.28.24
0 0 0 None
1 0 0 Constant frequency 1
0 1 0 Constant frequency 2
1 1 0 Constant frequency 3
0 0 1 Constant frequency 4
1 0 1 Constant frequency 5
0 1 1 Constant frequency 6
1 1 1 Constant frequency 7

Figure 109 - ABB Parameter Settings

(ABB, 2021)

28.23 Constant frequency

zel2

When bit 0 of parameter 28.21 Constant frequency
function is 0 (Separate), selects a source that
activates constant frequency 2.

When bit 0 of parameter 28.21 Constant frequency
function is 1 (Packed), this parameter and
parameters 28 22 Constant frequency sel1 and
28.24 Constant frequency sel3 select three
sources that are used to activate constant
frequencies. See table at parameter 28.22
Constant frequency self.

For the selections, see parameter 28.22 Constant
frequency self.

MNote: The default value depends on the selected
macro. See Control macros on page 31.

Always off

Figure 110 - ABB Parameter Settings

(ABB, 2021)
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28.27 Constant frequency 2 | Defines constant frequency 2. 10.00 Hz
-500.00...500.00 Constant frequency 2. See par.

Hz 46.02
.28 Constant frequency 3 | Defines constant frequency 3. 15.00 Hz
-500.00...500.00 Constant frequency 3. See par.

Hz 46.02

Figure 111 - ABB Parameter Settings
(ABB, 2021)

ABD |

Figure 112 - ABB Drive Parameter Settings
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10.22. Energy Costing

UK NO2

TABLE CHART

HOURLY DAILY WEEKLY MONTHLY YEARLY OCT 2022
GBP/MWh

2022 200 2020 2019 2018 2017 2016
Jan 182,80 80,26 3572 60.84 49,80 52.86 36,32
Feb 161,94 54,42 30.62 50,18 51.15 4919 33,37
Mar 250,41 57.04 31.69 44 30 5703 £192 34,23
Apr 176,78 66,36 2418 4£3.55 50,70 £1.07 33,48
May 124,81 74,39 9347 41,36 53.29 N 34,40
Jun 158,55 78,24 26,49 39,70 5394 37,88 37,30
Jul 24272 93,52 29,45 41,05 56,87 40,82 37,53
Aug 370,28 106,83 36,28 38,15 60,59 42,43 35,57
Sep 270, 129.1 4378 36,20 66,47 45,98 45,63
Oct 119,25 179,32 43,39 36,87 64,31 45,70 4926
Nov - 185.01 4401 &4 43 61.94 50.24 59.7
Dec - 244 69 54,98 aan 62,63 54.79 48 44

2022 2021 2020 2019 2018 2017 2016

Figure 113 - Company Electricity Prices per MWh

Average electricity cost per kWh to date for 2022,

-

2015
38.31
4294
40,45
4411
40,46
41,36
42,04
40,62
1,56
40,23
3763
34,82
2015

GBP

2014
4716
44,81
44,07
4129
39,50
36,72
35,42
3782
42,96
44,25
4729
b 14
2014

2013
48,65
51,14
60,24
51.96
48,26
47,37
48,53
46,85
48,94
47,35
52,24
50,37
2013

182.80 + 161.94 + 250.41 + 176.78 + 124.81 + 159.55 + 242,72 + 370.28 + 270.71 + 119.25

10
= £205.968MWh

Equation 1- Mean Electricity Cost per MWh

(205.968) = £0.206/kWh
1000 /

Equation 2 - Mean Electricity Cost per kWh
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10.23. Commissioning Modifications

SIEMENS SIMATIC §7-1200

DC/DC/Rly

CPU 1214C SM 1231
RTD

Figure 114 - TIA Portal Amended Device

*  Network 7: EASTFANVSDRESET

Comment
“HMI DB" "East %004
Fan™ "ViD “Eazt Fan VS
pa Eazt Fa D
11 {
17 { }
" Auto Recet
Timer 1.0
11
17
e Network 8: EASTFANVSD RESET
Comment
“HMI DB" " Wezt %005
Fan" "VSD “West Fan VD
Recet PB° [3
11 {
17 { —
“Auto Reat
Timer 1.0
11
LI

Figure 115 - TIA Portal Additional Function Call 2 - Outputs for VSD Reset Output

35 a4 EastFan VSD Rezet Bool

%004
36 4 WestFan VSD Reset

Bool %Q0.5

Figure 116 - TIA Portal Default Tag Addition
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Network 7: AUTO RESET

“AuTD Reset

Timar2°.0

=ME00
AU Renst”

{ —

Figure

1/}
L

117 - TIA Portal Additional Function Call 2

=DE7
A to Seset
Timar 1°

Time

wDE8
"Auto Reset
Tiemer 2

Time

Timed delay for VSD STO Reset Output

31.11

Fault reset selection | Selects the source of an extemnal fault reset signal.

The signal resets the drive after a fault trip if the
cause of the fault no longer exists.

0-= 1 =Reset

Note: A fault reset via FBAA and EFB MCW bit 7
is useful when the start stop signal is through Dis
(parameter 20.01 or 20.06) or from local control
mode and the user wants a fault reset through the
fieldbus.

Whenever the remote control mode is in fieldbus
(Start stop command and reference is through
fieldbus), the fault can be reset from the fieldbus
regardiess of the selection of the parameter.

Not used

Mat ead

Mt el

Figure 118 - ABB Parameter Settings

(ABB, 2021)

l

Figure 119 - ABB Drive Parameter Additional Setting
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10.24. Further Commissioning Modifications

SIEMENS SIMATIC 57-1200

SEEEEEEEE EEEEEN EEEEEEEDR
Oas 3 3 s 34 M2 sz -

CPU1214C SM 1231
RTD

DC/DC/Rly

Figure 120 - TIA Portal Amended Device

¥  Network 2: EASTFAN AUTO MODE

*HM DB*."East WM10.0 W10
*HM DB" “East Fan" *Manual “EastFan “EastFan Auto
Fan".“Auto PB" P8* Manual Mode® Mode*

X z % { —

W10
*FirstScan®

w09
"East Fan Auto
Mode*

Figure 121 - TIA Portal East Fan First Scan Addition
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Network 5: WESTFAN AUTO MODE

Comment

“HM DB"."West %M20.0 @201
“HMI DB® "West Fan®".*Manual “West Fan *West Fan Auto
Fan®."Auto PB" Pe* Manual Mode® Mode®

{ | i/ 4 { —

1.0
“FirstScan®
1l L
LI |

W20
“West Fan Auto
Mode®

Figure 122 - TIA Portal West Fan First Scan Addition

Network 2: EASTFAN LOWSPEED

*Auto DB" W10
“EastFan”. “East Fan Auto W00 %W
*High Speed” Mode” "ES NOK" "East Fan Low SP"
it i | i/l { }
“Manual DB". %WM10.0
"East Fan High “EastFan
Sp Manual® Manual Mode®
I 11
|/: 17

Figure 123 - TIA Portal Function Call 2 - Auto DB Changed to NC

MNetwork 5: WESTFAN LOWSPEED

"Auto DB W20 1 0.3
“West Fan® *West Fan Auto W0 .0 “Weszt Fan Low
"High Speed” Mode” "ES NOK" 5F
—_— 11 Il I
e P 170 l/‘l { }
"Manual DB W20.0
“West Fan High *West Fan
Sp Manual® Manual Mode®
1/ I 1
s

Figure 124 - TIA Portal Function Call 2 - Auto DB Changed to NC

112 of 164




18
18

a7

49

51

tebea 08

- Network 1: EASTFAN OK TO OPERATE

Figure 125 - TIA Portal Function Call 3 - Addition of NC Remote E-Stop

¥  Network 5: REMOTE EMERGENCY 2 STOP OPERATED

Comment
Eo_3 W0 4 "Status DB".
W0 .0 o “Remote E- “Remote E- "EastFan OK
"ES NOK" "East Fan OK" Stop 17 Stop 27 To Run®
i | | i1 i { }
= Network 2: WESTFAN OK TO OPERATE
Comment
W0 _3 €0 4 "Status DB".
@0 0 W0 2 "Remote E- "Remote E- "West Fan OK
"ES NOK"® “West Fan OK" Stop 17 Stop 2° To Run”
i1 i | 11 11 { }

Comment
WM2000.3
"Remote
W0.3 Emergency Stop
"Remn Estop 1" 1"
] | I
LI | 1 I
Network 6: REMOTE EMERGENCY 2 STOP OPERATED
Comment
WM2000.4
"Remote
W04 Emergency Stop
“Rern Estop 2° 2

i
A}

Figure 126 - TIA Portal Function Call 4 - E-5top Tags Changed

Remote E-Stop 1
Remote E-Stop 2

Emergency Stop - Panel
EastFan Tripped

West Fan Tripped

Remote Emergency Stop 1
Remote Emergency Stop 2

Default tag table
Default tag table

Default tag table
Default tag table
Default tag table
Default tag table
Default tag table

Bool

Bool
Bool
Bool
Bool
Bool
Bool

%I0.3
%I04

%M2000.0
%M2000.1
%M2000.2
%h2000.3
*&h2000.4

Figure 127 - TIA Portal - Alteration to PLC Tag List

popeg 99

ey 99

PRpEpg O8I
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dade

Eastran UK
Remcte ESmop 1
EastFan Run

East Room Stat

W L o
Weet Fan Menus| Meds
West Fan DK

Bermote ELwmp 2
West Fan Run

Wit Room Siat

Sl il

SIEMENS

SIMATIC HMI

INORTH BASTHENT VENT FANS

s

(7) 1.1 - East Fan VSD Healthy
() 1.2 - West Fan VSD Healthy
L () 10.3 - Remote E-Stop 1
() 0.4 - Remotw F-Stop 2
() 10.5 - Spare

() 10.6 - Spare

() 10.7 - Spare

L

| O na -spam

| O s -spare

| MAINT 1 SCREEN .

(1.2 -spare
O n.a-spare
(D) 1.4 - Spare

Figure 128 - TIA Portal HMI Maintenance Screen 1 Alteration

Deraum 12g wbie
Defsuit =g mhie
Defaui tag mble
Default tag table

FEEE

Wy
Dwlault tag table
Dedault tag mble
Oetault tag tble
Dedaubt tag teble
Default tag table

gIIL!

HM_Lonneche.. FC]
HM_Connectic. PLC 1
HM_Connectio.. PLC1
HM_Connectic.. PLC_1

T TR
M Connectia . PRC_1
HM_Connectio... MC_1
HM_Connecta . RE_T
HM_Connesta . ME_T
HM_Connectio.. ALCY

Figure 129 - TIA Portal - Alteration to HMI Tag List

SIEMENS

SIMATIC HM!I

MOR M BASEMENT VIR £ANS
_MAINT 2 SCREEN

East Fam WRisn
East Fam Low Speed
West Fan ftun
West fan Low Spemd
East Fan VSO Resot
West Fan VSO Resot

ELCDIGLLAL QUIPUHLS
() 010 - Spare
(7) QL1 - Spare

i S o S M R W R

Figure 130 - TIA Portal HMI Maintenance Screen 2 Alteration

“Easthen UK
“Remote EStop 1°
“East Fan Run’
“East Room Stat

oL D L 3
“Wzt Fan Manusl Mode™
“WestFan OX°

“Remute E-Lwop X
“Woest Fan Run®

Wzt Room St
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10.25. Test Plan

Test Plan
ltem | Description of Test Expected Outcome Actual Outcome | Pass/Fail | Evidence
General
Main Isolator - .
1.1 Power ON Panel Powers Up Supply energised Pass Panel powers Up
Supply tested.
Operates with a Supply voltage higher
12 Main Isolator - nominal supply voltage | than previous but Pass
’ Power ON less than 1000VAC, within range. Supply
1500vVDC. voltage 251.5VAC
Main Isolator - Power on, indication
1.3 Power ON Power Supply Healthy Supply energised Pass pre’sent
Main Isolator - Supply energised.
14 P OnVsSD 1 P
Power ON owertn Power present on VSD s
Main [solat VSD 2 is not currently
ain Isolator - .
15 Power ON Power On VSD 2 in place. Delay on N/A N/A
component
: : Supply energised.
Main Isolator - Power on Logic
1.6 p ON c t Power present on PLC Pass
ower omputer PLC LED indications on.
17 Main Isolator - Power on Supply energised. Pass
’ Power ON Display/Indication Power present on HMI
Main Isolator - ) Supply energised.
18 Power ON No operation of Fans No operation of fans Pass
Simulate Supply :
) System Shutdown. No Supply failure. Supply Power was lost,
1.9 Failure. (Remove ) Pass
operation of system lost/Isolated. System shutdown
supply fuse)
Simulate Supply Indication of Emergency E—S;Saﬁsé;ncél;niually
1.10 | Failure (Operate Stop activated. No P o Pass
) operation shutdown
Emergency Stop) operation of system ) ]
installation.
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System Operation

System Run - Fans

Are electric motors
and associated fans

East fan (VSD 1) operated.
Fan operation is correct.

2.0 On Sgrerrea;tlr;itv:’lcﬁg:he Fan operation is clockwise. Pass
. VSD 2 not in situ.
(Clockwise)
E'Sjr':‘;;?oi”m”t East fan (VSD 1) in
System Run - Fans P operation. HM| indication
2.1 motors and Pass
On ambient shows current fan
operation
temperature
Svstemn R . Ambient temperature
5 S?{I’;;;{E ':cjt:m S Fans operate at simulated to >20°C. High Pass
' H0°C P 100% capacity speed operation of vent
fan
Display f t
'SP ay, orcurren System operated at 100%.
System Run - operation of Indication on HMI and VSD
2.3 | Simulate temp > motors and indicate high speed Pass
20°C ambient operation
temperature
Svstermn Run Ambient temperature
74 S?{mulate temp Fans operate at simulated to <20°C. Low Pass
' . 50% capacity speed operation of vent
between < 20°C fan
Display f t
P ayl or curren System operated at 50%.
System Run - operation of _—
X Indication on HMI and VSD
2.5 Simulate temp motors and indicate low speed Pass
between <20°C ambient ) P
operation
temperature
Svstern Run - Ambient temperature a
Y simulated to <10°C. ]
2.6 | Simulate temp < Fans stop . Pass a
10°C Zero operation of vent fan.
Automatic system idle.
Display for current -.
System Run - operation of . . [aemr—s 7
2.7 | Simulate temp < motors and OS]CY:Zin;dr:E' No operation Pass |-
10°C ambient
temperature A
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System Run - N . . Em
. . Indication requiring | Intake air pressure i
Simulate air flow . ) . . . ®—
2.8 . for intake 1 filter increased, simulating Pass |
reduction <70% ha blocked filt b o
for Intake 1 change crediters e
System Run -
59 Simulate nominal | Indication for intake | Alarm indication on HM| Pass —
' air flow forintake | 1 filter change reset | indicating blocked filters.
1
System Run - N
2.10 | Simulate no air In.dlcatlon forbelt Feature removed during N/A N/A
failure for motor 1 .
flow for Intake 1 design phase.
System Run - L Feature was not feasible
Simulate nominal Indication for with air pressure
211 |2 ! motor 1 belt failure anrp N/A N/A
air flow for intake monitoring
reset
1
gr:;:][::inr ;‘Iow Indication requiring | VSD 2 is not currently in
2.12 reduction <70% Zc;;:tzke 2 filter Sloarie.oiilsr on N/A N/A
for Intake 2 g P
S};stem Run - . o . VSD 2 is not currently in
Simulate nominal | Indication for intake
2.13 . . . place. Delay on N/A N/A
air flow for intake | 2 filter change reset
) component
System Run - L
2.14 | Simulate no air In.dlcatlon for belt Feature removed during N/A N/A
failure for motor 2 .
flow for Intake 2 design phase.
System Run - L Feature was not feasible
Simulate nominal Indication for with air pressure
. . motor 2 belt failure . p N/A N/A
air flow for intake monitoring
reset
2
System shutdown. E-Stops individually m—
System Run - Fans No restart whilst E- | operated with system in A -
2.15 | on. Press . . . . Pass
Stop is active. E- operation. Each operation
Emergency Stop o . .
Stop indication shutdown installation.
Monitor operation
System currently under
to calculate energy . .
. observation. Calculations from
Operation - average . e
517 | € o tio Energy saving and Pass monitoring proved
' nergy consumption. consumption in need of 31-3-23 | savings of £90.94

Consumption

Compare with
previous energy
usage

monitoring to determine
usage.

during a 5-day period.

Table 12 - Test Plan

(Thomas, 2023)
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10.26. Standards & Specifications

machinery - Electrical equip-
ment of machines:

Standards & Specifications Relevance to Project Citation

1 | BSEN SO 13850 Emergency Emergency Stop Function to stop hazardous functions of (GT
Stops machinery as quickly as possible, without creating further | Engineering,

risks. 2015)

2 | BS 5801:2017 Industrial fans - | Specifying procedures to determine performance of fans (BSI, 2017)
performance testing: of all types

3 | BSEN 61800 - Adjustable Applies to adjustable speed power drive systems, including | (IEC, 2021)
speed electrical power drive means for control, protection, monitoring, and measure-
systems: ment of AC motors.

4 | BSEN 50598 - Eco-design for Specifies a process and requirements to implement envi- (iTeh, Inc,
power drive systems, motor ronmentally conscious product design principles, to evalu- | 2015)
starters, power electronics ate eco-design performance
and their driven applications:

5 | BSEN 60204-1:2018 - Safety of | Requirements and recommendations relating to electrical | (Procter

equipment of machines in order to promote safety of peo-
ple and property, consistency of control responses, and
ease of operation and maintenance

Brothers, 2018)

ery. Safety-related parts of
control systems.

6 | BSEN 60034-1:2022 - Rotating | Applicable to all rotating electrical machines (European
electrical machines rating and Standards,
performance: 2022)

7 | BSEN 13849 Safety of Machin- | Safety standard which applies to parts of machinery con- (BSI., 2022)

trol systems that are assigned to providing safety functions

Table 13 - Project Standards & Specifications

(Thomas, 2023)
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10.27. Project Conformities

Conformity Table

Item Observation Description of Observation Pass/Fail Comments
General
Potential hazards relevant to the electrical
10 | General eqU|pment assessed. Adgquate risk Pass
reduction and or protective measures been
put in place
All ts suitable for their intended .
components surtable for thelrintende Comply with BSEN 13849 Safety of
use, conform to relevant |EC standards and )
1.1 | General . ) Pass Machinery. Safety-related parts of
been applied in accordance with the
L ) control systems
manufacturer’s instructions.
Equipment been designed to operate : o
1.2 | General correctly with the conditions of the mains Pass _Installed equipment is sultable for
intended supply.
supply.
Ambient temperature between +5°C and Internal substation. Ambient
13 | General +40°C. Average temperature <35°C Pass temperature not expected to
outside of range
Will the equipment/product be operated at a
1.4 | General suitable temperature range (i.e., not above Pass
70°C)
Is the unit protected against the ingress of | ¢
1.5 | General solid bodies and liquids? IP rating e.g., IP Pass Comp y_to BSENdSDdS? Deglree °
54/552 Protection Provided by Enclosure
Is the equipment protected against the effect
g _p P ) € ) Equipment suitably IP rated
of contaminants that it may be potentially )
16 General ; Pass environment.
exposed to such as dusts, oil laden . . :
) No oil/airborne oil in substation
environment etc.
Is the equipment protected against vibration, _ _
1.7 | General Pass All equipment suitably located

shock, and bump effects?

Table 14 - Project Conformities - General

(Procter Brothers, 2018) (Thomas, 2020)
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Equipment

ltem Observation Description of Observation Pass/Fail Comments
Complies with BSEN 61439 Low
2.0 Equipment All the electrical equipment suitable for use Pass Voltage Switchgear and Control
Gear Assemblies:
2.1 | Equipment Is the machine connected to a single power Pass Single point of supply from local DB
supply
29 Equipment Maln suppl_yr to be_termlnated at the supply Pass
disconnecting device?
Are all mains connection terminals clearl
2.3 Equipment Y Pass All cores clearly identified
marked
24 | Equipment Is the external protec‘tive_ earthing termi_nal Pass
close to the assigned mains supply terminals
: Does the external protective conductor have
25 Equipment ) Pass
the correct Cross-Sectional Area
6 Equibment Has the external protective conductor Pass
’ quip terminal been identified with the letters PE
Have all other protective bonding terminals
: been identified by the preferred graphical All CPC's are Green/Yellow
2.7 E t P
quipmen symbol 604172-1EC-5019 or the letters PE or 53 sheathed
by use of Green / Yellow combination
Does th ly-di cting device isolat
0€s The supply-cisconnecting device 1solate Complies with BSEN 60204-1:2018 -
: the equipment from the supply and have one } )
2.8 Equipment P L o P Pass Safety of machinery - Electrical
ON" position marked “I” and one “OFF ] ;
y o equipment of machines:
position marked “O
79 Equipment Does the suppl_y—dl_sconnectlng dfe\_nce have a Pass
means for locking in the OFF position
Does the supply-disconnecting device
2.10 | Equipment disconnect all live conductors from its power Pass Disconnects from supply
supply circuit
Is the disconnection device situated between
2.11 | Equipment 0.6m and 1.9m above floor level? 1.7M is Pass
recommended
Operates with a nominal supply voltage less Complies with BSEN 60947 Low
than 1000VAC, 1500VDC. Voltage Switch Gear and Control
2.12 | Equipment Pass Gear.
BSEN 60947 Low Voltage Switch
Gear and Control Gear:
Table 15 - Project Conformities - Equipment

(Procter Brothers, 2018) (Thomas, 2020)
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Protection Against Electric Shock & Protection of Equipment

ltem Observation Description of Observation Pass/Fail Comments
Protection Against Are live parts located inside an enclosure
_ € e Ve p : Complies with BSEN 61439 Low
Electric Shock & with controlled access by, appropriate ;
3.0 . Pass Voltage Switchgear and Control
Protection of persons, allowed only by means of a key }
) Gear Assemblies:
Equipment or a tool.
Protection Against If a key or a tool is not required to gain
31 Electric Shock & access, is it possible to disconnect all live Pass Door only opens when power is
’ Protection of parts inside the enclosure before it is isolated, interlock in place
Equipment opened.
Protection Against If opening without the use of a key or tool
39 Electric Shock & and without disconnection of live parts is N/A
’ Protection of allowable, are all live parts protected by at
Equipment least IP2X.
Protection Against Ifllvehpa_rts zTre_protelctid by |nsulzzjt|l;)n,
15 Electric Shock & ;an t e_lnst_: ation only be removed by e
’ Protection of estroying It
Equipment
Protection Against Is overcurrent protection provided where
32 EIectric_Shock & conductors and / or_components are not Pass Suitably rated MCB's in situ
Protection of rated for the potential overcurrent.
Equipment
Protection Against Hast overcurrent detection been applied to Suitably rated MCB's in situ
Lo | Electric Shock & alllive conductors? pacs Complies with BS7671:2022
' Protection of Requirements for Electrical
Equipment Installations
Protection Against Are overcurrent protective devices
36 Electric Shock & located at the point where the conductor Pass
’ Protection of to be protected is connected to its
Equipment supply?
Protection Against Is there protection provided for mains : :
) . ) Mains failure.
Electric Shock & failure or voltage reduction? -
3.7 : Pass In programming. Manual reset
Protection of .
) required
Equipment
Has the automatic or unexpected
Protection Against | restarting of the machine been prevented
33 Electric Shock & when the power is restored? Pass In programming. Manual reset
’ Protection of required
Equipment
Protection Against Is all protective bonding conductors
Electric Shock & copper? BSEN 13602 Copper & Alloys for
39 : Pass
Protection of conductors
Equipment
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Protection Against
Electric Shock &

If conductive parts are removed for
maintenance purposes, will the protective

310 | iection of bonding circuit remain uninterrupted. Pass

Equipment

Are all bonding points free from

Protection Against mechanical, chemical or

Electric Shock & electromechanical damage and corrosion?
3.11 . Pass

Protection of

Equipment

Protection Against Are metal ducts and cable sheaths

) € ] ; Complies with BS7671:2022

Electric Shock & connected to the protective bonding - )

3.12 Pass Requirements for Electrical

Protection of
Equipment

circuit only and not used as protective
conductors.

Installations

Table 16

Project Conformities - Protection Against Electric Shock & Protection of Equipment

(Procter Brothers, 2018) (Thomas, 2020)
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Machine Mounted Control Devices

ltem Observation Description of Observation Pass/Fail Comments
Machine . . Complies with BSEN 61439 Low
Are machine mounted control devices .
4.0 | Mounted ) Pass Voltage Switchgear and Control
. accessible for normal use. .
Control Devices Gear Assemblies:
41 mzz:'::d Are push buttons colour coded in Pass Eorre?t EPQﬂ? ;;;c\il SO 13850
' , accordance with BS EN 60204-1:2018 omplies wi
Control Devices Emergency Stops
Machine Are push buttons marked with the Complies with BSEN 60204-1:2018
4.2 Mounted recommended |EC symbols in accordance Pass - Safety of machinery - Electrical
Control Devices with BS EN 60204-1:2018 equipment of machines
Machine . . Complies with BSEN 60204-1:2018
4.3 Mounted Are indicators correctly coloured in Pass - Safety of machinery - Electrical
' . accordance with BS EN 60204-1:2018 . _V
Control Devices equipment of machines
Machine Have illuminated push buttons been colour Complies with B_SEN 60204_%:2018
4.4 Mounted . . Pass - Safety of machinery - Electrical
. coded in accordance with BS EN 60204, . .
Control Devices equipment of machines:
Machine Are start devices mounted to minimise
45 | Mounted inadvertent operation Pass
Control Devices P '
Machine A top devi i
4.6 | Mounted e emergency stop aevices eastly Pass 3 easily accessible EPQ'’s
. accessible.
Control Devices
Machine . All self-latching
Are all emergency stop devices self- o
4.7 Mounted . . - . Pass Complies with BSEN 1SO 13850
. latching with positive operation?
Control Devices Emergency Stops
Machine Is it possible to restore the emergency stop Complies with BSEN 13849 Safety
4.8 | Mounted circuit only after the emergency stop Pass of Machinery. Safety-related parts
Control Devices | device has been manually reset? of control systems.
Machine .
49 | Mounted D:tthf em?t;gency"s.topbde:lces hZ\re ared Pass
Control Devices | 2ctuator with a yellow background.
. Is it possible to restore the emergen
Machine -Po; o seney Complies with BSEN 61800 -
switching off circuit only after the ) ;
4.10 | Mounted L . Pass Adjustable speed electrical power
. emergency switching off device has been )
Control Devices drive systems
manually reset?

Table 17 - Project Conformities - Machine Mounted Control Devices

(Procter Brothers, 2018) (Thomas, 2020)
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Cables & Conductors

ltem Observation Description of Observation Pass/Fail Comments
Complies with BS7671:2022
Cables & Are conductors and cables suitable for p ]
5.0 ) . Pass Requirements for Electrical
Conductors operating conditions? .
Installations
Cables & Do conductors have adequate current Complies with BS7671:2022
5.1 carrying capacity in accordance with BSEN Pass Requirements for Electrical
Conductors }
60204 Installations
Are all connections secured against All cables secured.
Cables & _ i : € Comply with BS7671:2022
5.2 accidental loosening, especially the Pass ) .
Conductors A ) Requirements for Electrical
protective grounding system? .
Installations
53 Cables & Are terminals suitable for the cross-sectional Pass Suitably rated cables in situ
) Conductors area of the conductor being terminated. y
Does the installation of conductors and
Cables & ) ) ) Complies with IEC60085 Electrical
5.4 cables run from terminal to terminal without Pass ) ;
Conductors ] L insulation:
splices or joints?
Cables & Are termlnatlons_. of cables supported to
55 prevent mechanical stress on the Pass
Conductors
conductors.
Are protective conductors readil
56 | CAbles& distilr)\ uishable by shape, locati . ki P
. Conductors g v shape, location, marking ass
or colour,
Are other conductors identified by coloured
Cables & ) .
5.7 stripes, number, alphanumeric or a Pass
Conductors o
combination.
Cables &
iring insi ?
5.8 Conductors Is wiring inside enclosures supported? Pass
Complies with BS7671:2022
Cables & Is wiring outside of enclosures mechanically p ;
5.9 Pass Requirements for Electrical
Conductors protected. ;
Installations
Are conductors and their connections
Cables & external to the electrical enclosure enclosed
5.10 ) ; Pass
Conductors in suitable ducts or of a type of cable able to
withstand the duty required.
Cables & Are ducts and cable trays rigidly supported
5.11 and positioned away from moving parts to Pass
Conductors
prevent damage and wear.
512 Cables & Are connection boxes readily accessible for Pass
' Conductors maintenance purposes?
Complies with BSEN 60529 Degree
Cables & Are connection boxes protected to the same P ) ) €
5.13 ) _ Pass of Protection Provided by Enclosure
Conductors IP rating as the machine.
Do motor connection boxes contain
Cables & ]
5.14 connections for the motor and motor Pass
Conductors

mounted devices only.

Table 18 - Project Conformities - Cables & Conductors

(Procter Brothers, 2018) (Thomas, 2020)
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Motors & Associated Equipment

ltem Observation Description of Observation Pass/Fail Comments
Moto‘rs & Do electric motors conform to EN 60034- Comply with BSEN 600314-1:2022 ’
6.0 | Associated 12 Pass Rotating electrical machines
Equipment ’ rating and performance:
Moto‘rs & Is the degree of protection provided by the
6.1 | Associated Pass
. motor at least [P23?
Equipment
Motors & Is the motor mounted so inspection,
6.2 | Associated maintenance adjustment and alighment, Pass
Equipment lubrication and replacement is possible?
Motors & 's the motor mounted so that proper Comply with BSEN 60034-1:2022 -
. cooling is ensured, and that the . . .
6.3 | Associated . . . L Pass Rotating electrical machines
Equibment temperature rise remains within the limits rating and performance:
quip of the insulation class? & P )
Table 19 - Project Conformities - Motors & Associated Equipment
(Procter Brothers, 2018) (Thomas, 2020)
Markings and Warning Signs
ltem Observation Description of Observation Pass/Fail Comments
‘ Warnlng signs or labels are‘manufactured Complies with BSEN 61439 Low
Markings and to be suitably durable to withstand the .
8.0 L . . . . Pass Voltage Switchgear and Control
Warning Signs operating environment and remain legible Gear Assemblies:
throughout its intended working life. '
Has a nameplate been fitted to the
81 Markings and machine detailing the following Pass
' Warning Signs information : Supplier name, serial name,
rated voltage? etc.
. Have all enclosures, assemblies, control Complies with BSEN 60204-1:2018
Markings and . ; ; ]
8.2 . . devices and components been plainly Pass - Safety of machinery - Electrical
Warning Signs . . - -
identified. equipment of machines:
Marki p Where it is not clear that an enclosure
83 arkings an contains electrical devices, has an electrical Pass

Warning Signs

warning been fitted.

Table 20 - Project Conformities - Markings & Warning Signs

(Procter Brothers, 2018) (Thomas, 2020)
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Technical Documentation

ltem Observation Description of Observation Pass/Fail Comments
Technical Is technical documentation provided with
9.0 . ) ) Pass
Documentation each item and available.
91 Technical Is documentation provided for installation, Pass 0&M manual is still in process of
) Documentation operation, and maintenance. being constructed
Complies with BSEN 60204-1:2018 -
Technical Does the technical information include a P } )
9.2 ] o - Pass Safety of machinery - Electrical
Documentation description of the equipment? ] ;
equipment of machines:
Technical Does the technical information include BSEN _60204_1:201_8 ) Safe_ty of
9.3 ] ) ) Pass machinery - Electrical equipment of
Documentation electrical supply requirements? )
machines:
Technical Does the technical information include a
9.4 ) ] : Pass
Documentation system (block) diagram where appropriate?
Technical Does the technical information include a : ;
9.5 . . Pass Drawings provided
Documentation circuit diagram
9.6 Technical Does the technical information include Pass
) Documentation information on programming
Technical Does the technical information include : ;
9.7 . . . . Pass Programming provided
Documentation information on the sequence of operation
08 Technical Does the technical information include N/A Project ongoing, VSD to beinstalled
’ Documentation information on frequency of inspection to complete project
: Does the technical information include ; : :
Technical . . Project ongoing, VSD to be installed
9.9 : information on the frequency and method of N/A ;
Documentation . . to complete project
functional testing
Does the technical information include
Technical ) ) . ; Project ongoing, VSD to be installed
9.10 . instruction for adjustment, maintenance, and N/A J EOING,
Documentation . to complete project
repair
911 Technical Does the technical information include a Pass
’ Documentation description of protective devices
Does the technical information include an
Technical installation diagram giving all information : :
9.12 . gram giving . Pass Drawings included
Documentation necessary for setting up the machine and
preparing for use
Technical Does the technical information include o
9.13 . . ; Pass Drawings included
Documentation current diagrams where required
914 Technical Does the technical information include an N/A Project ongoing, VSD to be installed
’ Documentation operating manual to complete project
Does the technical information include a
9.15 Technical maintenance manual detailing procedures N/A Project ongoing, VSD to be installed
’ Documentation for adjustment, servicing and preventative to complete project
inspection and repair
Technical Does the technical information include
9.16 Pass

Documentation

testing and reports as per BSEN602047

Table 21

Project Conformities - Technical Documentation

(Procter Brothers, 2018) (Thomas, 2020)
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10.28. System Monitoring

{ : . T st nie i

0 . . -

Figure 132 - System Monitoring Recorded Current Trend
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Figure 133 - System Monitoring - Daily Temperature

Daily System Speed

Figure 134 - Systern Monitoring - Systerm Speed
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Recorded Period - 94 Hours
High Speed Low Speed
Recorded Period 19 Hours | Recorded Period 75 Hours
Voltage (V) 458.5 | Voltage (V) 363.6
Current (A) 15.09 | Current (A) 7.58
Efficiency (e) 0.82 | Efficiency (e) 0.82
Mean £/KWh 0.206 | Mean £/KWh 0.206

Table 22 - System Monitoring Recorded Data

I Linex VLinex\3x e oW = 15.09 x 458.5 x /3 x 0.82

= = 9.83kW
1000 1000
Eguation 3 - Motor High Speed Rating
I Linex VLinex+3x e 7.58x363.6x+/3 x0.82
! nexV3xe o V3 = 3.91kW

1000 1000

Equation 4 - Motor Low Speed Rating

Calculated kW x £/kWh = 9.83kW x £0.206 = £2.03WH

Equation 5 - High Speed Hourly Cost

Calculated kW x £/kWh = 3.91kW x £0.206 = £0.82kWHh

Equation 6 - Low Speed Hourly Cost

High speed calculated cost/recorded period = 2.03 x 19 = £38.38

Equation 7 - Recorded Period High Speed Cost

High speed calculated KW /recorded period = 9.83x 19 = 186.77Kw

Equation 8 - Recorded Period High Speed Energy

Low speed calculated cost/recorded period = 0.82x75 = £61.50

Equation 9 - Recorded Period Low Speed Cost

Low speed calculated KW frecorded period = 3.91x 75 = 293.25Kw

Equation 10 - Recorded Period High Speed Energy
Recorded Period Calculated costs = £38.38 + £61.50 = £99.88
Equation 11 - Recorded Period Combined Speed Cost
Recorded Period Calculated Energy = 186.77 + 293.25 = 480.02Kw
Equation 12 - Recorded Period Combined Speed Cost
Recorded Period Maximum Calculated Energy = 9.83Kw x 94 = 924.02Kw
Equation 13 - Recorded Period Maximum Energy Consumption

Maximum High speed calculated cost/recorded period = 2.03x94 = £190.82

Equation 14 - Recorded Period Maximum Operation Cost
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Energy savings provided = 924.02Kw — 480.02Kw = 444Kw

Equation 15 - Calculated Energy Savings Provided

Financial savings provided = £190.82 — £99.88 = £90.94

Equation 16 - Calculated Financial Savings Provided

Recorded Period - 94 Hours
Max Energy Consumption - (No Control applied) 924.02KW Saving Provided N/A
Max Operation Cost - (No Control applied) £189.92 Saving Provided N/A
Calculated Operation Consumption 480.02Kw | Calculated Operation Consumption 51.9%
Calculated Operation Costs £99.88 | Calculated Operation Costs Saved 52.6%
Calculated Energy Savings Provided A444KW | Calculated Energy Savings 48.1%
Calculated Cost Savings Provided £90.04 | Calculated Cost Savings Provided 47 4%
Table 23 - System Monitoring Calculated Savings

AL IR
Mmmp

Figure 135 - V5D Calculated Energy Savings
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10.29. Project Drawing Modifications

Figure 137 - Drawing Modification Additional PLC Output
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10.32. Project Costings

Mo Product Part Supplier Quantity |Proposed Cost Product Date Purchased | Actual Spend
1 |ABB ACS5380VSD ABB 2 £1,778.14 |Contractor Component Quote,
2 |Siemens 57 PLC - 1214C Parmley Graham 1 £512.40  |Inclusive of all listed 12/01/2023 | £9,365.00
3 |Siemens KTP700 HMI Parmley Graham 1 £877.20 components
4 |Siemens Ethernet Switch Parmley Graham 1 £103.92 Contractor Installation Quote,
5 |Siemens 4x Analogue Input RTD Parmley Graham 1 £426.00 |inclusive of labour costs and 12/01/2023 | £7,150.00
6 [24VDC Power Supply Parmley Graham 1 £304.80 miscellaneous costs
7 |Pilz Safety Relay Kempston Controls 1 £217.51 Contractor Extras Quote,
8 |Temperature Sensor RS - Online 2 £130.13  [programming socket 07/03/2023 £3595.00
9 |Pressure Sensors Rubix 2 £195.46  |transformer
10 |Cabinet - 1200x1200x400 RS - Online 1 £708.24
11 |63A Switch Fuse with Shaft ilecsys 1 £136.94
12 |32A15KW Manual Starter RS - Online 2 £387.54
13 |E Stop Automation 24 3 £277.99 Proposed Cost £14 806.67
14 |Cables, Containment & Miscellaneous |Rexel 1 £1,500.00 |Actual Cost £16,910.00
Total Materials Cost £6,056.67 |Actual Spend Difference £2,103.33
Proposed Labour | 250 £8,750.00 |Project Budget £18,750.00
Proposed Total Cost £14,806.67 |Under Budget £1,840.00
Table 24 - Project Cost Comparison
(Thomas, 2023)

Project Budget £ 18,750.00 Budget % 100%

Proposed Spend £ 14,806.67 | % Under Budget 78.97%

Actual Spend f 16,910.00 | % Under Budget 90.19%

Proposed Spend Saving £ 3,943.33 | % Under Budget 21.03%

Actual Project Saving £ 1,840.00 | % Under Budget 9.81%

Spend Difference £ 2,103.33 | % Under Budget 11.22%

Table 25 - Project Cost Evaluation

1
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10.33. Project Recommendations

Figure 140 - Recommendation Fan Belt Guarding Limit Switch

(RS Components Ltd, 2023)

ABB

Figure 141 - Recommendation Current reading at Low Speed

ABLD
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Enclosure

-

Fan or Blower
CFM'

Figure 143 - Recommandation Panel Vent Fan

(Pfannenber, 2016)
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Calculations for frequency alteration to 47Hz

B NNEE] 179 T s wasweren
fe

Figure 144 - Systemn Values at 47Hz

Recorded Period - 94 Hours
High Speed Low Speed
Recorded Period 19 Hours | Recorded Period 75 Hours
Voltage (V) 448.6 | Voltage (V) 363.6
Current (A) 13.68 | Current (A) 7.58
Efficiency (e) 0.82 | Efficiency (e) 0.82
Mean £/KWh 0.206 | Mean £/KWh 0.206

Table 26 - Potential Savings at 47Hz

1000 1000

Equation 17 - Recommendation Motor Energy Usage at 47Hz

[ Linex VLinexv3 xe 13.68 x 448.6 3x0.82
1 X 1 xxf—x W _ X X\/_X :872kw

Calculated KW x £/KWh = 8.72KW x £0.206 = £1.80

Equation 18 - Recommendation Motor Energy Cost at 47Hz

High speed calculated cost/recorded period = 1.80 x 19 = £34.20

Equation 19 - Recommendation Total Motor Energy Cost at 47Hz

High speed calculated KW /recorded period = 8.72x19 = 165.68w

Equation 20 - Recommendation Total Motor Energy Usage at 47Hz
Potential Calculated Costs = £34.20 + £61.50 = £95.70

Equation 21 - Recommended Period Combined Speed Cost
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Potential Calculated Energy = 165.68 + 293.25 = 458.93Kw

Equation 22 - Recommended Period Combined Speed Cost

Recorded Period - 94 Hours
Max Energy Consumption - (No Control applied) 924.02KW Saving Provided N/A
Max Operation Cost - (No Control applied) £189.92 Saving Provided N/A
Calculated Operation Consumption 458 .93KW | Calculated Operation Consumption 49.7%
Calculated Operation Costs £95.70 | Calculated Operation Costs Saved 50.4%
Calculated Total Energy Savings Provided 465.09KW | Calculated Total Energy Savings Provided | 50.3%
Calculated Total Cost Savings Provided £94.22 | Calculated Total Cost Savings Provided 49.6%
Further Energy Savings Provided 21.09KW | Further Energy Savings Provided 2.3%
Further Cost Savings Provided £5.66 | Further Cost Savings Provided 3.0%
Figure 145 - Recommended Savings for Altering High Speed to 4 7Hz
Calculations for Increased Temperature Setpoints and Reduced Frequency
Potentail Operation Energy = 94 x 367.54Kw = 556.48Kw
Equation 23 - Potential Operation Energy Savings Provided
Potential Financial Operation =94 x£0.82 = £77.08
Equation 24 - Potential Operation Calculated Financial Savings Provided
Potential Energy savings provided = 924.02Kw — 367.54Kw = 556.48Kw
Equation 25 - Potential Calculated Energy Savings Provided
Potential Financial savings provided = £190.8 — £77.08 = £113.74
Equation 26 - Potential Calculated Financial Savings Provided
Recorded Period - 94 Hours
Potential Energy Consumption 367.54KW | Potential Energy Consumption 39.8%
Potential Operation Costs £77.08 | Potential Operation Costs 40.8%
Potential Energy Savings 556.48KW | Potential Energy Savings 60.2%
Potential Financial Savings £113.74 | Potential Financial Savings 59.2%
Potential Overall Energy Savings Provided 112.48KW | Potential Overall Energy Savings Provided 25.3%
Potential Overall Cost Savings Provided £22.80 | Potential Overall Cost Savings Provided 25.3%

Table 27 - Recommended Savings for Altering High Speed & Setpoint Settings
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11. Loghooks

SGEL6000
Independent Project

Logbook

David Mathew Thomas

North Basement Ventilation Fans
2022-2023
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Summary of Entries

Duration | Accumulated
Log Ent Date Brief Description of Activit
SR . K (hrs) time (hrs)
1 Todate Project Definition Research Quality Planning 80 Hours 80 Hours
2 06-02-23 | Contractor meetings and Purchase order approval 11 hours 91 hours
3 13-01-23 Project Progress & Presentation Preparation 9 hours 100 hours
4 20-01-23 Presentation Preparation & Project Drawings 16 hours 116 hours
Power Savings Graph Explanation & Project Works -
5 27-01-23 . . . 47 hours 163 hours
Project Design/Programming
6 03-02-23 Project Works - Project Design/Programming 23 hours 186 hours
7 10-02-23 PFOJF:'CJE Works - Project Design/Investigate Project 27 hours 213 hours
contingency.
8 17-02-23 Project Works - Investigate Project contingency 18 hours 231 hours
9 24-02-23 | Project Works - Factory Acceptance Test 33 hours 264 hours
10 03-03-23 Project Works - Installation Preparation & Safety 19 hours 283 hours
Documents.
11 10-03-23 | Project Works - Delivery and Installation 32 hours 315 hours
12 17-03-23 | Project Works - Commissioning 28 hours 343 hours
13 24-03-23 | Project Works - Alterations & Commissioning 23 hours 366 hours
14 31-03-23 | Project Works - Monitoring 14 hours 380 hours
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| og Entry Sheet

Log Numb 1
o8 umber This should be log entry number 16
Date To date
Duration (hrs) N/A
Accumulated time (hrs) 80 hours to date

Record of activities and achievements

Project Definition Research Quality Planning.

(Work to date)

Plans for next week

Begin Project Design, Implementation works

Signed: Signed:
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| og Entry Sheet

Log Number 2

Date 06-01-23
Duration (hrs) 11 hours
Accumulated time (hrs) 91 hours

Record of activities and achievements

Contractor meetings and Purchase order approval.
Meeting held with contractor to discuss project requirements and required components. Meeting is held to ensure

that both company and contractor vision for the project are in line.

Contractor quotes evaluated for panel build and component acquisition.

Purchase orders released for contractors.

Project flow diagrams created for design process.

Components and panel drawings to date, reviewed.

Plans for next week

Begin Project Design, Implementation works

Signed: Signed:
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| og Entry Sheet

Log Number 3

Date 13-01-23
Duration (hrs) 9 hours
Accumulated time (hrs) 100 hours

Record of activities and achievements

Project Progress & Presentation Preparation.

Due to work commitments, project progress has been delayed. Plant start-up issues following a busy annual

maintenance period have delayed planned works.

Prepare presentation

Plans for next week

Project presentation

Signed: Signed:
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| og Entry Sheet

Log Number 4

Date 20-01-23
Duration (hrs) 16 hours
Accumulated time (hrs) 116 hours

Record of activities and achievements

Presentation Preparation & Project Drawings
Continue with PowerPoint presentation preparation in readiness for presenting.

Continue with project drawings and design, Drawings reviewed with Graham Mathias.
Following drawing approval, Electechs assistance is required with producing the final drawings as they have the

software (E-Plan) for developing the drawings.
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Plans for next week

Continue project design works.
Evaluate Gantt chart and make required adjustments to project plan

Investigate Potential Savings from VSD drawing, due to confusion of graph

Signed: Signed:
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| og Entry Sheet

Log Number 5

Date 27-01-23
Duration (hrs) 47 hours
Accumulated time (hrs) 163 hours

Record of activities and achievements

Begin project logic design.

Graph is showing theoretical savings.

conditions etc.

Power Savings Graph Explanation & Project Works -

Project Design

Dotted line is representing fixed speed (Full throttle) such as DOL

When speed control is applied, solid line on graph shows less power is needed to achieve the same air flow.
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Overall savings are more conservative. In reality, savings will be less due to VSD losses, motor efficiency, installation
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Held meeting with Electechs regarding panel build progress and component acquisition.
Materials for project have been purchased.
Most of the materials have been delivered.

One ABB drive is on back order, exact date for delivery is unknown

Plans for next week

Continue project design works.

Evaluate Gantt chart and make required adjustments to project plan

Signed: Signed:
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| og Entry Sheet

Log Number 6

Date 03-02-23
Duration (hrs) 23 hours
Accumulated time (hrs) 186 hours

Record of activities and achievements

Project Works - Project Design/Programming.

Continue with project programming design,

Held meeting with Graham Mathias to review programming.

Programming appeared to be satisfactory.
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Plans for next week

Finalise programming for simulation

Evaluate Gantt chart and make required adjustments to project plan

Signed: Signed:
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| og Entry Sheet

Log Number 7

Date 10-02-23
Duration (hrs) 27 hours
Accumulated time (hrs) 213 hours

Record of activities and achievements
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Continue/finalise with project programming design,
Held meeting with Graham Mathias to review programming.

Programming appeared to be satisfactory. Project simulation appears to be working without issues.

Project Works — Project Design/Investigate Project contingency.

NORTH BASEMENT VENT FANS

MAD

EASTIAN
Lical Tenperabure 00 'C
Filter Diff, Prossure 00 e Filter Diff, Pressure 0.0 ke
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Lotal Temperature 0,0 °C

Differential Differentiol
Pressure Fault Pressure Fault
‘ ‘ sannia) ST s ‘

completions feasibility.

Held Meeting with contractor regarding panel progress and possible delivery date of second drive/project
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Plans for next week

Consider project contingency if second drive does not get delivered before project deadline.
Begin installation maintenance .

Evaluate Gantt chart and make required adjustments to project plan

Signed: Signed:
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| og Entry Sheet

Log Number 8

Date 17-02-23
Duration (hrs) 18 hours
Accumulated time (hrs) 231 hours

Record of activities and achievements

Project Works - Investigate Project contingency.

Following concerns raised by Robert Davies with component availability. Held project contingency meeting with
Graham Mathias, Grant Markham and contractor building the panel. It was agreed that the project could be delivered

and commence even though one drive would not be delivered in time for the project deadline.

Considerations raised around project feasibility.

. Will one drive be suitable to consider the project a success? (Cooling/Cost Saving)
. Will the project be considered a success if one motor is VSD and one is DOL? (Cost Saving)
. If one motor is used, will that cause air flow and circulation issues. Will the isolated motor free wheel?

Air flow and air circulation, if one motor and VSD option is used was investigated.
There are ducting isolation points in the ducting above the fans. The isolation points were tested to ensure that they

function.

In turn, a motor and ducting were isolated to ensure that they functioned and there were no air circulation issues

causing the isolated ventilation fan to free wheel.

Project will move forward if only one drive is available. Discussions held with the contractor regarding factory

acceptance testing, FAT.
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Plans for next week

Begin mechanical & electrical maintenance for mechanical components of installation.
Evaluate Gantt chart and make required adjustments to project plan

Factory Acceptance Test

Signed: Signed:

153 of 164




| og Entry Sheet

Log Number 9

Date 24-03-23
Duration (hrs) 33 hours
Accumulated time (hrs) 264 hours

Record of activities and achievements

Project Works -

Factory Acceptance Test

Continued and completed infrastructure mechanical and electrical maintenance. Cleaned area within substation.

Removed disused and discarded materials. Installed additional lighting in location the panel will be placed.

T B F] & [2 complete (business) £ &3 E [

Order zmz)[25733833 Replace West fan dive beks
NB Vent Fan maintenance

Sys.Status |REL GMPS MANC NTUP PRC SEIC '@Jus SETF 't/]

HeaderData /Operations | Components | Costs | Partner | Objects

| Addtional Data " Location

~ Op... SOp Work Ctr  Plant Co... StTextK S.. Operation short text

0010 TM4-4-E 3200 PMO4 NB Vent fan Maintenace
;0020 ML1-4-M 3200 PMO4 Clean vent fan intakes
0030 M11-4-M 3200 PMO4 Replace West fan dive belts
| looso MI1-4-M 3200 PMO4 Inspect Vent fan drive belts
-~ ooso MI1-4-M 3200 PMO4 Inspect Vent duct isolations
loogo E11-4-E 3200 PMO4 Install additional ighting
| |oo70 El1-4-E 3200 PM04 Replace Vent fan fiters
{oogo E11-4-E 3200 PM04 Dispose of old vent fan fiters
000 E11-4-E 3200 PMO4 Replace faulty Lights
{0100 5250 3200 PMO4
;0110 5250 3200 PMO4
o120 5250 3200 PMO4
10130 5250 3200 PMO4
lo140 5250 3200 PMO4
-l'l'lﬁn 82580 3200 PMNA

r
]
z
B

EEESESEEEL
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Held Factory Acceptance Test for panel.
Factory acceptance testing of project panel is considered a success.

Plans for next week

Complete mechanical & electrical maintenance for mechanical components of installation.
Organise for panel delivery and installation works. Create/evaluate required safety documentation

Evaluate Gantt chart and make required adjustments to project plan

Signed: Signed:
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| og Entry Sheet

Log Number 10

Date 03-03-23
Duration (hrs) 19 hours
Accumulated time (hrs) 283 hours

Record of activities and achievements

Project Works - Installation Preparation & Safety Documents.

Create pre briefing sheet for Electechs to create job method statement JMS for panel and component installation.
Review JMS from contractor. Create action to work, ATW for contractor be begin work on site.

Held on site meeting with contractor and installation team to discuss locations
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P e i e
Contractors Serial No.
Date From

Location of Work

of men on and

the ¥
level of supervision
Name Sub-contractorns to be used on the contract
Does this work involve COMAH substances and is it a
safety critical task?
Are there any job hamrds? - PRECAUTIONS TO BE TAKEN
Maving Machinery
OH cranes & Gantry - working on o near

Lifting / Singing
Workang a1 Haght
‘Work on Rlook

OH. Work

Scatfoldng
Power Took - Electric. Compressed Ar and Gas

Are there any lve conductors within 2 mettes of the working ares

Tk GasC AkMivdrsuics

Job Owner HMathew Thomas

Electechs

252111

2073-02-20

2023-03-06

irstalation of vertlation fan panel with assocats cabiing and
mntanment

North Basement Substation

Upto 4 men

NiA

No
Yes Access and egress to and from substation Desigrated foot
potra/sale walways to be used ot of times. green walovays are safe
wallways, red wakways are in crane Night path. Be alert for plant activity
n area, general works traffic. use of mantenance vehicles, crane and fork
trucks and defivery vehicle operatiom n area. Maintan 5M excheion nde
to ail vehicles in operation. High vis to bo worn a2 af trmes
Yeu Panel Cable and C ! - Manuat dng

to be Where possbin use litng ads, ol
ifting aicis to be ioad certfed, 1t for pupose. carry out pre use chacks. All
ng equipment complance cartfiCations to be provided for all itng
equpmant. Compete 1 min RAPOWRA prior to starting works
Yes Comect PPE to be wom 3t a2 imes, chin Strap required with nard hat
Ensure hondrols are present for working at heght. Lacderytep kadder
mplete pre use checka prior to use. ensure that they are in good
working order and fi for purpode, maintain three points of contact.
lodders are anly to be used for access. not as a working platform.
Complete 1 min RAPOWAA prior to starting works
LL]
Yes No work & permitted to take place under suspended Ioads o Lnder
matde scaffold tower. Eye protection to be wom In basemaernt at al tmes.
Complete 1 mn RA/POWHA pror (o starting works
No
Yas Power Took - All power tooks to be 130v or battary, J40v power tools
are not permittad. Al toolks to be PAT tested, n good working ordar and 1t
for purpose, Carry Out pre use INSpections priof 1o use. HAVS regiter to be
updated daly for power tool use. Comect PPE to be worn as required for

power took C mity to be for
specals tood, such as hydraulic crimper, torque wrench. Complete 1 min
RAPOWRA prior to starting works

Ne

No

Yes Road raffic - Care 1o be taken on ste High va 1o be worn ot of
tines. desgriated foot pathesafe wakways 1o be uted. Give way to
vohicies and cranes a orossings. Groen wallvays amo safe wak ways, red
wallways are in crane fight path.

Yas Tata angwer to provide solations required, work & in subistations in
and angund ive and L of access to be
ssued for work n substation. Tata engreer to test for dead at point of
work, priof 1O any works on exsting elecirical nfrastructure and pravide

q safety o LV permit) C 1 min RAF OWRA
prior to starting works
Yes - 240y DC d d Area to be

appropriately . Limiation of access to be prowded for substaton access
No

Plans for next week

Installation works.
Site Acceptance Test.

Evaluate Gantt chart and make required adjustments to project plan

Signed: Signed:
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| og Entry Sheet

Log Number 11

Date 10-03-23
Duration (hrs) 32 hours
Accumulated time (hrs) 315 hours

Record of activities and achievements

Project Works - Delivery and Installation.

Contractor commences installation works.
Issue relevant safety documentation following required isolations.

pratt or Equipment detailed above has been D
evant Control Gear. It will o be made LIVE unti the ¢
ihei respansible Deputies.

h .;-m.'mszen isolatedipacthed - .. Zx

CAI TION DECLARA!
ANCELLA D

Held Site Acceptance Test on completion of panel and component installation
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Site acceptance testing of project panelis considered a success.

Test Plan
Descripti f 4 :
item esc;:z:lon ° Expected Outcome Actual Outcome Pass/Fail Evidence
General
Main Isolater - .
11 . Panel Powers Up Supply energised Pass Panel powers Up
Supply voltage 434.9VAC
Main Isolator - Operates with a
1.2 Powiar ON nominal supply Supply tested Pass
voltage less than
1000VAC, 1500VDC.
Main Isolator - P indicati
13 P:\Ll:g: or Power Supply Healthy | Supply energised Pass p?:;i;:m' [REUSHREER
HMI indication for VSD
Healthy.
Main Isclater - .
1.4 A Power On VSD 1 Supply energised Pass

Plans for next week

Commission installation.

Evaluate Gantt chart and make required adjustments to project plan

Signed:

Signed:
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| og Entry Sheet

Log Number 12

Date 17-03-23
Duration (hrs) 28 hours
Accumulated time (hrs) 333 hours

Record of activities and achievements

Project works - Commissioning.

Following a successful installation phase.
Software was downloaded to the PLC. Drive was programmed. Installation was commissioned.

nmp B

|
b A e

5

Commissioning failed.
Issues uncovered. VSD failed to reset. Timer was put into the program to slightly delay safety circuit reset.
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*  Network 7: AUTO RESET

wioo AUt Raset W00
T NOC Timer2".Q "t Rt
L 1A {
—" |} 11 { ot
AN MmO
“EC et Pulw’
=07 w088
“Auto Besa “AUD Resat
whB00 o bt
"Agto Reat” TON ToN
{ } Time Time
N < N <
= PT ET om: —PT ET

Following alterations to programming. Commissioning was restarted.

Second commissioning attempt uncovered an issue with automatic operation.
Low speed wouldn't function in automatic mode.
Further alterations required to software.

Plans for next week

Alterations to project following failed commissioning

Evaluate Gantt chart and make required adjustments to project plan.

Signed: Signed:
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| og Entry Sheet

Log Number 13

Date 24-03-23
Duration (hrs) 23 hours
Accumulated time (hrs) 366 hours

Record of activities and achievements

Project works - Alterations & Commissioning.
Automatic mode operation fault found with N/O contact in place of N/C contact.

Following discussions with project engineer, first scan feature was added to software.
First scan allows system to automatically operate in automatic mode, when system has been reset.

- Network 5: WESTFAN LOWSPEED

*Auto DB WSA20 1 ®=00 3
"West Fan® “West Fan Auto @0 .0 "West Fan Low
*High Speed* Mode” *ES NOK® SF*
= [ = ] L (] I i
_—r‘— 1 ¥ I/: L T
*Manual DB" W20.0
“"West Fan High “West Fan
Sp Manual® Manual Mode®
1 1 1
i/t | |

Updated software downloaded to PLC for third commissioning attempt.
System successfully commissioned.

Project Test plan followed and completed.
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System Operation
i efec‘tr!c i East fan (VSD 1) operated.
and associated fans =
System Run - Fans : 3 Fan operation is correct.
2.0 operating with the - ) Pass
On . Fan operation is clockwise.
correct rotation VSD 2 hot in situ
(Clockwise) '
isplay f
:'sgr:;;’;fu"e“t East fan (VSD 1) in
System Run - Fans P operation. HMI indication
21 motors and Pass
On ) shows current fan
ambient J
operation
temperature
R . Ambient temperature
?’f Fans operate at simulated to >20°C. High
22 Simulate temp > . - Pass
100% capacity speed operation of vent
20°C
fan
ispl
Svstern Run Els:r::;irocfurrent System operated at 100%.
¥ perats Indication on HMI and VSD
2.3 | Simulate temp > motors and - . Pass
i indicate high speed
20°C ambient ;
operation
temperature
Sstar AL Ambient temperature
_Y Fans operate at simulated to <20°C. Low
pill | et 3 50% capacity speed operation of vent Faes
between < 20°C P peediop
fan
System to be monitored for remainder of project schedule.
Plans for next week
Monitor installation.
Evaluate Gantt chart and make required adjustments to project plan
Signed: Signed:
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| og Entry Sheet

Log Number 14

Date 31-03-23
Duration (hrs) 14 hours
Accumulated time (hrs) 380 hours

Record of activities and achievements

Project Works - Monitoring.

Monitor installation for remainder of project schedule.
Monitoring of power consumption and cost savings.

Plans for next week

Project completed as far as reasonably practicable
Evaluate Gantt chart and make required adjustments to project plan

Begin project design, implementation and evaluation assignment.

Signed: Signed:

164 of 164




1809810

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

PAGE 2

QM Good Structure

Report is structured exactly as stated in the assignment brief.

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

QM Spelling

Spelling error

PAGE 12




PAGE 13

PAGE 14

PAGE 15

PAGE 16

Text Comment. This is a poor image, tags are blurred
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PAGE 78

PAGE 79

PAGE 80

Text Comment. Datasheets are not required in a report at this level. It would have been
better to have extracted the information and cited the datasheet as a source.
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GRADING FORM: NEW CSG-RUBRIC

DAVID THOMAS

78

1. ENGAGEMENT WITH LITERATURE

[

[ Section 3: Judicial use and critical evaluation of
technical literature in the design of the project.
There is excellent evidence of this through the




report. (4/5)

Section 8: Extent of reading, range of credible
sources and use of Harvard method.

A very wide range of sources used correctly cited
and listed. (4/5)

2. KNOWLEDGE AND UNDERSTANDING

[

y" Sections 3 and 4: Advanced knowledge and critical
understanding demonstrated in the design and
implementation of the project.

There is very good evidence of this in the report.
(7/5)

3. COGNITIVE AND INTELLECTUAL

(

y‘ Section 5: Testing and analysis of results.
Excellent evidence of testing with results. (8/10)
Section 5: Critical evaluation of the project
outcomes.
Outcomes have been evaluated and compared
with the FDS with a clear assessment of how much
has been completed. (7/10)
Section 6: Conclusions and recommendations.
A very detailed and comprehensive section giving a
clear way forward. (8/10)

4. PRACTICAL APPLICATION

23

[

y“‘ Section 4: Deployment method, use of material,
tools, equipment and techniques in the
construction of the project.

The project has been executed with the

23



appropriate methods and equipment in a
professional manner with the involvement of
outside contractors. (7/10)

Section 4: Quality of the final product or system.
Very high quality end product. (8/10)

Sections 5, 6 and appendix: Management of the
design process including use of plans, costing
spreadsheet and log book.

Excellent methods employed throughout. (8/10)

5. TRANSFERABLE SKILLS

[

y" Section 1: Acknowledgements, executive summary

and introduction.

Each of these sections are clear and give complete
and relevant information making it easy for the
reader to follow. (4/5)

All Sections: Presentation quality of the report,
diagrams, charts, tables, figure numbering, page
and section numbering etc..

Excellent quality of the report, structure and
presentation. (4/5)

All Sections: Quality of the writing style, use of
punctuation and grammar.

Generally, well written with a few punctuation and
spelling errors. (4/5)

Word count limit not exceeded (5/5)
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