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Abstract

This project presents the design, implementation, and commissioning of an automated oil
transfer monitoring and control system developed for SSE at Resolven, Neath. The system
addresses the limitations of conventional manual oil transfer operations, which lack real-time
monitoring, automated fault detection, and structured sequence control. A Siemens S7-
1212C Programmable Logic Controller (PLC) was selected as the primary control platform,
programmed in Ladder Diagram (LAD) using a modular Function Block architecture within
Siemens TIA Portal v17.

The system serves two bunded oil storage tanks — one for transformer oil (Metcraft A8442,
11,883L usable capacity) and one for RMU oil — providing automated bidirectional oil
transfer via a Motek EM80B-4 0.75kW three-phase motor and DOL forward/reverse
contactor circuits. IFM Electronic UGT813 ultrasonic level and SU8030 clamp-on ultrasonic
flow sensors were selected, communicating via 10-Link (IEC 61131-9) through an IFM
AL1100 master module. Instrumentation selection was informed by comparative analysis
against equivalent products from Siemens, Endress+Hauser, and Keyence, with IFM
instruments offering comparable technical performance at significantly lower cost. A twelve-
condition alarm and fault detection system was implemented following ISA-18.2 alarm
management principles, incorporating timer-based confirmation delays to prevent nuisance
tripping. A Siemens SIMATIC HMI touch panel provides operator control and real-time
process visualisation.

Commissioning testing confirmed that all twelve alarm conditions operated correctly with
zero false trips, the setpoint-based auto-stop sequence achieved accuracy within 0.3L, and
IO-Link sensor diagnostic flags responded within a single PLC scan cycle. The completed
system is currently installed and operational at the OCU Resolven site, demonstrating that a
cost-effective, modular PLC-based architecture can deliver a professional-grade industrial oil
transfer monitoring solution suitable for real-world deployment.
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1. Introduction

Efficient and reliable fluid transfer systems are essential in industrial sectors such as water
treatment, oil and gas, and chemical processing. Oil transfer systems are widely used to
transport fluids between storage, processing, and distribution stages, where maintaining
control over flow, pressure, and volume is critical for safe and efficient operation. However,
many conventional systems rely on basic control strategies with limited real-time monitoring,
increasing the risk of inefficiencies, undetected faults, and operational failures [1].

Programmable Logic Controllers (PLCs) are widely adopted in industrial automation due to
their robustness, reliability, and ability to operate in real-time environments [2]. PLC-based
systems provide a structured and scalable approach to process control, enabling precise
management of pumps, valves, and sensors within fluid transfer applications [3]. Modern
PLC systems can also integrate monitoring and diagnostic functions, allowing operators to
respond quickly to abnormal conditions [4].

Despite these capabilities, there remains a need for improved integration of monitoring,
control, and fault detection within oil transfer systems. Many existing implementations lack
advanced diagnostic features or rely heavily on manual intervention, which can result in
delayed fault identification and reduced system efficiency [5]. Additionally, smaller-scale or
modular systems often require cost-effective solutions that maintain industrial reliability
without excessive complexity.

This project designed and developed an automated oil transfer monitoring and control
system using PLC technology for SSE at OCU Resolven, Neath. The system serves two oll
storage tanks — one for transformer oil and one for RMU oil — with a single pump providing
bidirectional oil transfer between the storage tanks and the associated equipment. The
system incorporates IFM 10-Link flow and level sensors to enable real-time monitoring of
system conditions [6]. Control logic implemented within the Siemens S7-1212C PLC
regulates pump operation, ensures safe transfer of fluid, and responds to system changes
dynamically [7]. The system also includes comprehensive fault detection mechanisms to
identify abnormal conditions such as sensor failures, incorrect flow direction, or pump faults
[8].

The primary aim was to develop a reliable and efficient PLC-based control system that
enhances the performance and safety of oil transfer operations. This was achieved by
analysing existing systems, designing and implementing a fully commissioned industrial
control panel, and evaluating its performance under operational conditions. The system
incorporates structured PLC programming techniques including function blocks for motor
control, alarm handling, and instrumentation processing, to ensure modularity, scalability,
and reliability [9].
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2. Literature Review

Fluid transfer systems are fundamental components in industrial processes, particularly
within the oil and gas, water treatment, and chemical industries. These systems are
responsible for the controlled movement of fluids between storage, processing, and
distribution units. Traditionally, oil transfer systems have relied on manual operation or basic
control strategies, which often lack real-time monitoring and fault detection capabilities,
leading to inefficiencies and increased risk of system failure [10].

With the advancement of industrial automation, Programmable Logic Controllers (PLCs)
have become the dominant technology for process control in fluid transfer applications. PLC-
based systems provide high reliability, deterministic control, and the ability to operate in
harsh industrial environments. According to Bolton [1], PLCs are widely used in industrial
automation due to their robustness and flexibility in controlling sequential and continuous
processes. Their ability to interface with sensors and actuators makes them particularly
suitable for oil transfer systems where parameters such as flow rate, pressure, and tank
level must be continuously monitored and controlled.

Several studies have explored the implementation of PLC-based control systems in fluid
handling applications. Khandare et al. [11] developed an automated liquid level control
system using PLC and SCADA, demonstrating improved system efficiency and reduced
manual intervention. Similarly, Patil and Patil [12] designed a PLC-controlled pumping
system for industrial fluid transfer, highlighting the benefits of automation in reducing
operational errors and enhancing system reliability. Petrescu et al. [13] further demonstrated
the effectiveness of PLC-based automation in pipeline control, showing significant
improvements in operational safety and efficiency over manual systems.

In addition to control, monitoring plays a critical role in ensuring system safety and
performance. Supervisory Control and Data Acquisition (SCADA) systems are often
integrated with PLCs to provide real-time visualisation and data logging [14]. As discussed
by Boyer [15], SCADA systems enable operators to monitor system variables, detect
anomalies, and make informed decisions. However, the implementation of SCADA can
introduce additional cost and complexity, which may not be suitable for smaller-scale or
modular systems. The Human-Machine Interface (HMI) provides a more compact alternative
for operator interaction in smaller systems, as discussed by Proctor et al. [16].

Ultrasonic measurement technology has been widely studied for both level and flow
measurement in industrial applications. Wang et al. [17] presented a comprehensive review
of ultrasonic level measurement methods, identifying non-contact ultrasonic sensing as
particularly suitable for hazardous liquids due to the absence of wetted parts. For flow
measurement, Baker [18] demonstrated that clamp-on ultrasonic flow sensors provide
accurate, non-invasive measurement suitable for a wide range of fluid types including oils,
without requiring process shutdown for installation. These findings directly support the
instrumentation approach adopted in this project.

Recent research has focused on enhancing fluid transfer systems through the integration of
sensor networks and intelligent monitoring techniques. Sharma et al. [19] proposed a
sensor-based monitoring system for pipeline leakage detection, demonstrating improved
fault detection capabilities. Similarly, research by Ahmed et al. [20] investigated pressure
and flow-based fault detection methods, showing that combining multiple sensor inputs can
significantly improve system reliability. The ISA-18.2 standard [21] provides widely adopted
guidance on industrial alarm management, recommending timer-based confirmation and
rationalisation of alarm conditions to minimise nuisance tripping — an approach directly
implemented in the FC_Alarms function call of this project.
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The emergence of 10-Link as a standardised point-to-point digital communication protocol
(IEC 61131-9 [22]) has significantly advanced the capability of field-level instrumentation.
Heynicke et al. [23] demonstrated the advantages of 10-Link in factory automation,
highlighting its ability to transmit multiple process variables, device parameters, and
diagnostic data over a simple 3-wire cable. Vitturi et al. [24] further examined industrial
communication systems, noting that digital sensor protocols such as 10O-Link provide
substantially richer diagnostic information than conventional analogue signals, improving
system maintainability. These advantages are consistent with the performance observed
during commissioning of the system described in this report.

Motor efficiency and selection criteria for industrial pump applications have been extensively
studied. Almeida et al. [25] reviewed the impact of motor efficiency classes on industrial
energy consumption, noting that while IE3 premium efficiency motors offer improved
efficiency, IE1 motors remain appropriate for intermittent duty applications where running
hours are low. This finding supports the selection of the Motek EM80B-4 IE1 motor for this
batch-duty oil transfer application. Hughes and Drury [26] provide comprehensive guidance
on three-phase induction motor selection and DOL starting characteristics applicable to this
project.

Despite these advancements, a number of limitations remain in existing oil transfer and fluid
control systems. Many studies focus primarily on either control or monitoring, rather than
integrating both into a unified system [27]. While advanced monitoring techniques such as
loT-based systems have been proposed [27], these solutions often require complex
infrastructure and may not be practical for industrial environments where reliability and
simplicity are critical [28]. Furthermore, there is limited research on the development of
compact, cost-effective PLC-based systems that incorporate both automated control and
fault detection within a single platform, highlighting a gap that this project addresses.

A critical comparison of the approaches identified in the literature reveals several important
distinctions relevant to this project. The PLC-based systems described by Khandare et al.
[11] and Patil and Patil [12] both rely on conventional 4—20 mA analogue instrumentation,
which provides only a single process variable per sensor with no diagnostic capability. While
these systems demonstrate the viability of PLC-based fluid control, they do not address the
challenge of sensor health monitoring — a limitation that became apparent in the fault
conditions identified by Ahmed et al. [20]. The approach adopted in this project, using |O-
Link digital communication [22], directly addresses this limitation by providing real-time
sensor diagnostic flags alongside process data, without requiring additional hardware.

The alarm management approaches described in the literature also vary considerably in
rigour. Several studies, including Sharma et al. [19], implement simple threshold-based
alarms without any confirmation delay or rationalisation process. This approach risks
nuisance tripping in industrial environments where transient process variations are common.
The ISA-18.2 standard [21] explicitly identifies this as a significant cause of operator alarm
fatigue and recommends timer-based confirmation as a minimum requirement. This project's
implementation of TP timer confirmation delays for all transient alarm conditions represents
a more robust approach than that described in many comparable academic studies.

It is also worth noting that the majority of PLC-based fluid control studies identified in the
literature are laboratory-based implementations or simulations, rather than live industrial
installations. This limits their external validity — results obtained in controlled laboratory
conditions may not reflect the challenges of real-world commissioning, including electrical
noise, mechanical variability, and the constraints of working within an operational industrial
site. The system described in this report was designed, built, and commissioned as a live
industrial installation for SSE at Resolven, providing a higher degree of practical validity than
laboratory-based alternatives.
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This project addressed this gap by designing and implementing a PLC-based oil transfer
monitoring and control system that integrates real-time sensing, automated control, and fault
detection within a single, scalable solution. By focusing on a practical and implementable
design for a real industrial installation, this research contributes to the development of
efficient and reliable fluid transfer systems suitable for industrial applications.
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3. Methodology

3.1 System Overview

The methodology adopted for this project follows a system design and development
approach, focusing on the implementation of a PLC-based oil transfer system with integrated
monitoring and fault detection capabilities. The system was designed and delivered as a real
industrial installation for SSE at Resolven, Neath, incorporating real-time control, sensor
feedback, and safety mechanisms consistent with industrial best practice [3].

The overall system consists of the following key components:
» Two bunded oil storage tanks — one for transformer oil (Metcraft A8442, 11,883L
usable) and one for RMU oil

* A centrifugal pump driven by a Motek EM80B-4 0.75kW three-phase motor,
controlled via DOL forward/reverse circuits

» A Programmable Logic Controller (PLC) — Siemens S7-1212C — for system control
and automation [7]

* IFM IO-Link instruments for real-time flow and level monitoring [6]
» Comprehensive alarm and fault detection logic based on ISA-18.2 principles [21]
* A Siemens SIMATIC HMI touch panel for operator interaction [16]

3.2 Control System Architecture

A modular programming approach has been adopted using Function Blocks (FBs) and
Function Calls (FCs) within Siemens TIA Portal v17. This approach improves code
reusability, readability, and maintainability, as recommended by Stenerson [9] and Groover
[29]. The control system is divided into three primary layers:

3.2.1 Motor Control Layer

The motor control logic is implemented using a dedicated Function Block for Direct-On-Line
(DOL) motor operation, managing forward and reverse operation, start/stop sequencing,
interlocks, and fault detection. The use of a reusable function block ensures consistency in
control logic and enables scalability for multiple pump systems [3].

3.2.2 Instrumentation and Data Acquisition Layer

Instrumentation is implemented using |0-Link-compatible IFM sensors [6], allowing for real-
time acquisition of process data including level, flow rate, direction, and device health status.
Sensor data is processed and scaled within the PLC to provide meaningful engineering
values such as litres and L/min [23].

3.2.3 Alarm and Fault Detection Layer

A comprehensive alarm system is implemented following ISA-18.2 [21] alarm management
principles. Timer-based confirmation delays prevent nuisance tripping, while 10-Link
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diagnostic flags provide immediate sensor health monitoring without additional hardware
[24].

3.3 Requirements Analysis

Prior to commencing the design of the control system, a requirements analysis was carried
out to identify the functional and non-functional requirements of the system. Functional
requirements were derived from discussions with the client (SSE) and OCU Hornbill's project
engineering team, and included the need for bidirectional oil transfer between storage tanks
and associated transformer and RMU equipment, automated sequence control with
operator-defined volume setpoints, real-time monitoring of flow rate and tank level, and a
comprehensive fault detection and alarm system to protect equipment and personnel.

Non-functional requirements included the need for the system to conform to industrial
standards for panel construction and electrical installation, compatibility with the site's
existing Siemens automation infrastructure, cost-effectiveness in instrumentation selection,
and ease of operator use through a clear HMI interface. The requirement for the transformer
oil tank to incorporate independent overfill protection for tanker operators was identified as a
specific safety-critical requirement, addressed through the inclusion of an OPV (Overfill
Protection Valve) on the tank fill connection.

3.4 Design Process

The design process followed a structured top-down approach, beginning with the overall
system architecture before progressing to detailed hardware selection and software design.
The system architecture was defined first, establishing the three-layer control structure
described in Section 3.2. Hardware selection followed, with each major component
evaluated against the defined requirements through comparative analysis — as documented
in the comparison tables in Section 4. Software design was then carried out iteratively within
Siemens TIA Portal, with individual function blocks developed and tested in isolation before
integration into the complete program.

A key design principle throughout was modularity — ensuring that each element of the
system (motor control, instrumentation processing, alarm detection) was encapsulated in its
own Function Block or Function Call, with clearly defined inputs and outputs. This approach,
consistent with IEC 61131-3 structured programming principles [9], facilitates independent
testing of each module and simplifies future maintenance or expansion of the system.

Testing was carried out in two phases: bench testing of the control panel prior to site
installation, during which all PLC logic, interlocking, and HMI functionality was verified using
simulated inputs; and site commissioning, during which the system was tested with live
instrumentation and the actual pump and pipework. This phased approach ensured that any
software or wiring issues were identified and resolved in a controlled environment before the
system was energised on site.

The project was managed against a structured plan developed at proposal stage, covering
the full project lifecycle from initial research through to final report submission. Figure 1
below presents the Gantt chart illustrating the planned project timeline across the academic
year 2025/26. The plan was reviewed regularly throughout the project, with the
commissioning phase proving the most time-critical element due to site access and
operational constraints at OCU Resolven.
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Phase Oct Nov Dec Jan Feb Mar Apr May
25 25 25 26 26 26 26 26

Literature Review - - -
Requirements - -
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System Design -
Panel Build
PLC Software

i

H B

H H B
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Commissioning & - -
Testing

Report Writing H EH B B B n

Figure 1 - Project Gantt chart.

The modular software development approach adopted — developing and testing each
Function Block independently before integration — proved particularly effective in
maintaining programme during the commissioning phase, as individual modules could be
verified without requiring full system availability.

3.5 Ethical and Safety Considerations

The system was designed and installed in accordance with applicable industrial standards,
including BS 7671 (IET Wiring Regulations) for electrical installation, and BS 799 Part 5 for
the bunded oil storage tank [30]. Operational safety was addressed through the
comprehensive interlock and alarm system described in Section 4.5.3, which prevents
unsafe pump operation under a range of fault conditions. The independent overfill protection
on the transformer oil tank provides an additional layer of safety independent of the PLC
system, ensuring that tanker operators are protected even in the event of a control system
failure.
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4. Design & Implementation

4.1 System Overview and High-Level Control Flowchart

The oil transfer monitoring and control system was designed and built as a fully functional
industrial control panel, manufactured at OCU Hornbill for SSE at Resolven, Neath. The
panel is housed in a Rittal mild steel enclosure (Part No. 1057000) measuring 700mm tall.
The system serves two oil storage tanks: the transformer oil tank (Metcraft A8442 —
11,883L usable, double skinned to BS 799 Part 5 Type J [30]) and the RMU oil tank. A single
Motek EM80B-4 pump motor provides bidirectional oil transfer, running forward to empty oil
from a transformer or RMU into the storage tank, and in reverse to refill equipment from
storage.

The high-level control flow is shown in Figure 1 below:
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Figure 2 - High-level control flowchart.
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4.2 Hardware Selection and Component Design

4.2.1 PLC — Siemens S7-1212C

The Siemens SIMATIC S7-1212C (CPU DC/DC/Relay) was selected as the primary
controller for its compact footprint, native integration with Siemens TIA Portal v17, and
support for |IO-Link master modules [7]. The relay output variant directly drives the motor
contactor coils without interposing relays, reducing panel complexity. The S7-1200 series is
well-established in industrial automation for small-to-medium control applications [3].

4.2.2 HMI — Siemens SIMATIC HMI

A Siemens SIMATIC HMI touch panel was integrated into the panel door, providing
operators with a clear interface for system control and monitoring [16]. The HMI
communicates with the PLC over the onboard PROFINET port, with all operator commands
and status displays handled within the PLC program, with the HMI acting purely as a
visualisation and input layer.

4.2.3 Motor Selection — Motek EM80B-4

The Motek EM80B-4 three-phase induction motor was selected to drive the oil transfer
pump, rated at 0.75 kW, 4-pole, 1420 rpm, 400V 50Hz, with IP55 (TEFC) enclosure, Class F
insulation, B5 flange mounting, and 5.04 Nm rated torque [26]. Motor selection was based
on matching the required pump power rating at minimum cost for an intermittent batch-duty
application [25]:

Criterion Motek EM80B-4  Brook Crompton TEC IE3 80MB4 WEG W22 80M
(Selected) W-DE80M4 4P
Power Rating 0.75 kW (1 HP) 0.75 kW 0.75 kW 0.75 kW
Efficiency Class IE1 (Standard) IE3 (Premium) IE3 (Premium) IE3 (Premium)
Poles / Speed 4 pole / 1420 rpm | 4 pole / 1455 rpm | 4 pole / 1455 rpm | 4 pole / 1455 rpm
Enclosure IP55 — TEFC IP55 — TEFC IP55 — TEFC IP55 — TEFC
Insulation Class Class F Class F Class F Class F
Mounting B5 flange B3/B14 foot/flange | B3/B14 foot/flange | B3/B14 foot/flange
Rated Torque 5.04 Nm 4.9 Nm 4.9 Nm 4.9 Nm
Approx. Cost (2025) | £150—£200 £250-£350 £180-£260 £220-£300
Overall Suitability ok kkk Correct | kk*kk+ Higher | k%% Slightly | %%%%% Higher
rating, lowest cost, IE3 over- higher cost cost
cost spec

Table 1 - Motor selection comparison.

As shown in Table 1, alternative motors from Brook Crompton, TEC, and WEG offer IE3
premium efficiency, which provides 5-10% improved efficiency over IE1 [25]. However, for a
0.75 kW motor on an intermittent batch transfer duty cycle, the energy cost differential is
negligible in practice, and the higher purchase price of IE3 motors was not justified for this
application. The Motek EM80B-4 provides the correct rating and mounting configuration at a
lower cost.

4.2.4 Motor Control — DOL Forward/Reverse Circuits

Two Direct-On-Line (DOL) motor control circuits were designed for the transfer pump [26],
enabling both forward (empty) and reverse (refill) operation. Each circuit comprises motor
circuit breakers (QM1, QM2), two contactors with mechanical and electrical interlocking
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(KM1/KM2 and KM3/KM4), and auxiliary contact feedback to PLC digital inputs (%10.2,
%I10.3) for contactor status monitoring [3].

4.2.5 10-Link Master — IFM AL1100

An IFM AL1100 IO-Link master module interfaces the IFM instruments with the Siemens S7-
1212C. The AL1100 provides four IO-Link ports, with device data mapped into a dedicated
data block (%DB2) within TIA Portal [6]. This allows all sensor process values, diagnostic
flags, and device parameters to be accessed directly from the PLC program without
additional gateways [23].

4.2.6 Oil Storage Tanks

The transformer oil storage system uses a bespoke fabricated bunded tank supplied by
Metcraft Group Ltd (Drawing A8442-8580 REV01). The tank has a usable capacity of 11,883
litres, double-skinned to BS 799 Part 5 Type J [30], constructed from 5mm mild steel with a
Cromadex primer and RAL 6005 Moss Green topcoat finish. The tank incorporates an OPV
(Overfill Protection Valve) on the fill connection protecting tanker operators during deliveries,
an OLE gauge and independent 3-level alarm system, and an offset fill point with drip tray. A

separate bunded tank serves the RMU oil system, connected via common 1" grey PVC
pipework with independently isolatable ball valves.

4.3 Instrumentation Selection

Instrument selection was based on technical capability, |O-Link compatibility, and cost-
effectiveness [23]. IFM Electronic instruments were selected due to their competitive pricing
and native 10-Link communication. The following subsections present the comparative
analyses that informed these decisions.

4.3.1 Level Measurement — IFM UGT813

The IFM UGT813 ultrasonic level sensor was selected for tank level measurement.
Ultrasonic non-contact measurement requires no process wetted parts, making it suitable for
transformer oil and eliminating contamination risk [17]:

Criterion

IFM UGT813

Siemens

E+H Prosonic S

Keyence FU-

(Selected)

SITRANS LU240

FMU90

35FA

Measurement Ultrasonic (non- | Ultrasonic (non- Ultrasonic (non- Ultrasonic (non-
Principle contact) contact) contact) contact)
Communication 10-Link (digital, 4-20 mA /HART / | 4-20 mA / HART / | Analogue 4-20
bidirectional) Profibus PA FF mA / NPN
TIA Portal Native — IFM Native Siemens Requires HART Manual analogue
Integration FBs available integration modem/gateway scaling
Diagnostics Full 10DD: OL, HART diagnostics | Extensive Limited —
UL, NoData flags | available HART/FF analogue only
diagnostics
Approx. Unit £150-£250 £400-£600 £500—£900 £200-£350
Cost (2025)
Wiring 3-wire 10-Link — | Multi-core, loop- Multi-core, bus 3-wire analogue
single cable powered powered
Suitable for Oil Yes Yes Yes Yes
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Overall *kk** Cost- *kk k¥ Higher | %%+ High * %k ¥ Limited
Suitability effective, native | cost cost, gateway diagnostics
10-Link needed

Table 2 - Level sensor comparison — selected option (IFM UGT813) highlighted.

The IFM UGT813 offers comparable technical specification to the Siemens SITRANS LU240
at approximately 40—-60% of the cost. Native 10-Link communication provides bidirectional
digital data including distance, scaled level, and full diagnostic status flags (OL, UL, NoData)

directly to the PLC [6]. The sensor is scaled within the PLC using FB5 (Level Sensor
Scaling), converting raw distance into volumetric level and percentage [17].

4.3.2 Flow Measurement — IFM SU8030

The IFM SU8030 clamp-on ultrasonic flow sensor was selected for oil flow measurement. A
clamp-on installation avoids wetted parts in contact with transformer oil, enabling non-
invasive installation without process isolation [18]:

Criterion IFM SU8030 Siemens E+H Proline Keyence FD-Q
Selected SITRANS F US Prosonic Flow Series

Measurement Clamp-on Clamp-on Clamp-on Clamp-on
Principle Ultrasonic Ultrasonic Ultrasonic Ultrasonic
Communication 10-Link (digital, 4-20mA / HART / | 4-20 mA/HART / | 4-20 mA / 10-Link

bidirectional) Profibus Modbus (select)
TIA Portal Native — IFM Native Siemens HART Manual or [O-Link
Integration FBs, IODD integration modem/gateway add-on

required

Output Data Flow L/min, L/h, Flow rate, Flow rate, Flow rate,

m/s, totaliser,
status

totaliser, velocity

totaliser, diag.

accumulated total

native

Diagnostics OL, UL, NoData, HART diagnostics | Extensive HART Limited on
SSC outputs diagnostics analogue models
Approx. Unit £300-£500 £800-£1,500 £900-£2,000 £400-£700
Cost (2025)
Suitable for Oil Yes — clamp-on, | Yes — clamp-on Yes — clamp-on Yes — clamp-on
no fluid contact
Overall *kk** Cost- *ok k¥ 3—4x * % % %% High * % % ¥ Limited
Suitability effective, 10-Link | higher cost cost, gateway diagnostics

Table 3 - Flow sensor comparison — selected option (IFM SU8030) highlighted.

The IFM SU8030 delivers simultaneous flow rate in multiple engineering units (L/min, L/h,
m/s), a raw pulse totaliser, and a full suite of status and switching outputs over |O-Link [6]. A
dedicated flow unit conversion Function Call (FC302) processes the raw 10-Link data into
required engineering units [18].

4.3.3 Communication Protocol — I0-Link

IO-Link (IEC 61131-9 [22]) was selected as the sensor communication protocol over
conventional 4—20 mA analogue, HART, or Profibus PA alternatives [24]:
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Criterion 10-Link 4-20 mA HART Profibus PA
(Selected) Analogue

Signal Type Digital Analogue current Analogue + digital | Digital fieldbus
(bidirectional) loop overlay

Data per Device Multiple values, Single variable PV + limited Multiple
parameters, only HART data variables
status

Diagnostics Full IODD: None — signal Limited messages = Extensive
health, OL/UL, level only diagnostics
NoData

Wiring Standard 3-wire 2-wire shielded 2-wire shielded Bus cable +
unshielded, up required required terminators
to 20m

Parameterisation Remote via 10- Manual local only | HART Fieldbus config
Link master / TIA handheld/modem | tools
Portal

Noise Immunity High — digital, Susceptible to Moderate High — digital
immune to EMI noise

PLC Integration (S7- = Native — IO-Link | Analogue input HART Additional

1200) master module module modem/gateway Profibus

module
Relative Cost Low — standard | Low — simple Moderate — High — extra

HW

cable, no extra wiring modem needed module + bus
HW

Overall Suitability kKK Digital, = %%k No FA A K Fe * kK ¥t Over-
low cost, native diagnostics Requires extra specified

Table 4 - Communication protocol comparison — selected option (I0-Link) highlighted.

IO-Link provides fully digital bidirectional communication immune to electrical noise, which is
particularly important in a panel environment alongside motor contactors [23]. Each sensor
transmits multiple process variables over a single standard 3-wire unshielded cable, and
remote parameterisation via TIA Portal allows sensor setpoints to be adjusted without
physical access to the instrument [24].

4.4 Project Materials and Cost Summary

The following table presents the key materials and equipment procured for the project, and
estimated 2025 UK list prices where individual component costs were not separately
recorded. All figures are approximate and exclude VAT, labour, and installation costs.

Item / Description Supplier Qty Approx. Cost (ex
VAT)

Metcraft bespoke bunded transformer oil | Metcraft Group Ltd 1 ~£22,000
tank (A8442) — 11,883L usable, double
skinned BS799 Pt5 Type J, OPV fill, OLE
gauge, 3LA
RMU oil storage tank (bunded) TBC 1 TBC
Rittal mild steel enclosure (Part No. Rittal 1 ~£500
1057000), 700mm
Siemens SIMATIC S7-1212C CPU Siemens 1 ~£450
DC/DC/Relay
Siemens SIMATIC KTP700 HMI touch Siemens 1 ~£750
panel
IFM AL1100 10-Link master module IFM Electronic 1 ~£280
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Motor circuit breakers QM1, QM2 (MPCB) | Various 2 ~£120
Contactors KM1, KM2, KM3, KM4 Various 4 ~£160
Safety relay SR1 Various 1 ~£80
24V DC PSU (PSU1) Various 1 ~£60
Main isolator Q1 Various 1 ~£45
DIN rail, 40mm trunking, cable, terminals, | RS Components Lot £372
glands, labels

LED indicator panels 22.3mm Premier Farnell Various £136
Snap rivets, RJ45 connectors, sundry RS Components Lot £224
fixings

IFM UGT813 ultrasonic level sensor IFM Electronic 1 ~£200
IFM SU8030 clamp-on ultrasonic flow IFM Electronic 1 ~£400
sensor

IFM flow sensor mounting adapter (G1, IFM Electronic 1 £58
316L SS)

IFM connection cables (5m PUR) IFM Electronic 2 £16
Motek EM80B-4 — 0.75kW, 4-pole, IE1, Motek Motors 1 ~£175
TEFC, IP55, B5 flange

1" Grey PVC pipe (Class E), ball valve, RS Components / IPS | Lot ~£192

elbows, unions, nipples, fittings Southern
Table 5 - Project materials and equipment cost summary.

The total estimated materials cost of approximately £26,200 is dominated by the bespoke
Metcraft tank fabrication. The control panel, instrumentation, and motor represent a relatively
modest proportion, reflecting the cost-effective component selection described in Sections
4.2 and 4.3. Labour, design, commissioning, and installation costs are excluded as they form
part of OCU Hornbill’s project delivery costs.

4.5 PLC Software Design

The PLC software was developed in Siemens TIA Portal using Ladder Diagram (LAD)
language, structured into a modular hierarchy of Function Blocks (FBs) and Function Calls
(FCs) as recommended by Stenerson [9] and Groover [29]. The full program structure is
shown in Appendix A — PLC Ladder Logic Exports.

4.5.1 DOL Motor Control Function Block (FB — FB_DOL_Motor)
A reusable Function Block encapsulates all DOL motor drive logic [3], managing:
* Forward and reverse run commands (%Q0.0 FWD Contactor, %Q0.1 REV
Contactor)
+ Contactor feedback monitoring via auxiliary contacts (%10.2, %10.3)
» Aten-input interlock matrix inhibiting motor starting under unsafe conditions
+ Contactor failure detection using a 5-second TON timer raising %M20.4

» Motor state output for HMI graphics: stopped (1), fault (2), running FWD (3), running
REV (4), starting (103)
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4.5.2 Tank Instrumentation Function Call (FC4 — Tank 1 Instruments)
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FC4 reads and processes all sensor data for Tank 1 [6]:

*  Network 1: IFM FC123 reads UGT813 level sensor from %ID68 into %DB2

UWTSD

» Network 2: FB5 scales raw distance to litres (%MD258) and percentage (%MD313)
* Network 3: IFM FC125 reads SU8030 flow sensor from 10-Link master into %DB2
* Network 4: FB2 converts raw pulse input (%ID73) to absolute totaliser in litres

(%MD238)

* Network 5: FC302 converts raw flow value to L/min (%DB2.DBD1742), L/h, and m/s

* Networks 6/7: Manages totaliser reset (%Q64.4) and copies last total to HMI

(%MD136)

4.5.3 Alarm and Fault Detection Function Call (FC — FC_Alarms)

FC_Alarms implements twelve fault conditions following ISA-18.2 alarm management

principles [21]:

Alarm / Fault
Contactor Failure
Flow Not Zero For Start

Pump Overload (MPCB Trip)
Level Sensor Failure (LT1)

Flow Sensor Failure (FT1)
Wrong Empty Flow Direction
Wrong Refill Flow Direction
Pump Direction Not Selected
High Flow / Burst Pipe

SP Below Minimum

Tank Level Too Low

Tank Level Too High

Table 6 - Alarm and fault conditions implemented in FC_Alarms.

Detection Method
Contactor feedback vs
command mismatch — 5s TON
timer
Flow outside +1 L/min range at
start command
MPCB auxiliary contact open
IO-Link OL / UL / NoData flags
from UGT813
IO-Link NoData flag from
SuU8030
Reverse flow detected during
empty sequence — 2s TP timer
Forward flow detected during
refill sequence — 2s TP timer
Start commanded without FWD
or REV selection
Flow outside 100 L/min range
during run — 1s TP timer
Setpoint demand not met — 2s
TP timer
Scaled level < 50 L during refill
(REV selected)

Scaled level > 1000 L during
empty (FWD selected)

%M20.4

%M20.5

%M20.6
%M20.7

%M21.0

%M21.1

%M21.2

%M21.3

%M21.4

%M21.5

%M21.6

%M21.7

Each alarm uses timer-based confirmation delays to prevent nuisance tripping [21]. |O-Link
sensor health flags (OL, UL, NoData) provide immediate indication of sensor wiring faults

without additional hardware [24].
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4.6 HMI Design

The SIMATIC HMI touch panel was designed to provide operators with a clear and intuitive
interface for controlling and monitoring the oil transfer system, consistent with the principles
of effective industrial HMI design described by Proctor et al. [16]. The screen layout was
divided into three clearly defined functional panels to logically separate control, monitoring,
and status functions.

The Pump 1 Control panel provides all primary operator controls. Mode selection buttons
allow the operator to choose between Empty Transformer and Refill Transformer operation
before initiating a sequence, ensuring that the correct pump direction and monitoring logic is
engaged. Auto and Manual mode switching allows the system to operate under automatic
sequence control or under direct manual command. The Start and Stop pushbuttons are
prominently positioned and colour-coded — green for Start and red for Stop — following
standard industrial HMI convention to minimise operator error. An Interlocks button provides
the operator with visibility of any active interlock conditions preventing motor starting, and a
Pump Reset button clears active fault conditions and returns the system to a ready state. An
Oil Setpoint numeric entry field allows the operator to define the target transfer volume in
litres prior to initiating a sequence, with the auto-stop logic monitoring the running totaliser
against this value throughout the transfer.

The Oil Flow Data panel provides real-time process monitoring information. The current
pump status is displayed alongside the live flow rate in L/min, updated each PLC scan cycle
from the IFM SUB8030 sensor data processed by FC302. A Totaliser Last Total display
shows the volume transferred during the most recently completed sequence, providing a
reference for the operator to confirm the previous transfer was completed correctly. The
Totaliser Live display shows the accumulating volume for the current transfer in real time,
allowing the operator to monitor progress against the setpoint.

The Tank 1 Level panel displays the current transformer oil storage tank level as both an
analogue bar graph scaled from 0 to 1500 litres and a numeric readout in litres, sourced
from the IFM UGT813 sensor data processed by the level scaling Function Block (FB5). The
bar graph provides an immediate visual indication of tank state that can be assessed at a
glance without reading a numerical value, which is particularly important in an operational
substation environment where operators may be monitoring multiple systems
simultaneously.

All HMI tags are mapped directly to PLC memory markers and data block variables — for
example, the Start pushbutton writes to %M101.0, Empty Selected to %M101.2, and Refill
Selected to %M101.3 — ensuring that all operator inputs are handled within the PLC scan
cycle without direct HMI-to-output connections. This architecture maintains a clean
separation between the operator interface layer and the control logic layer, consistent with
best practice for industrial HMI design [16].
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5. Results & Discussion

5.1 Panel Build and Physical Construction

The control panel was successfully designed, built, and commissioned as a fully functional
industrial assembly, demonstrating a professional standard of construction consistent with
industrial panel-building practice [3]. Figures 2—8 show the completed panel.

Figure 3 - Exterior view of the completed control panel.
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Figure 4 - Interior view of the panel showing all components.

The panel layout follows drawing 25.SC.435 Sheet X1 (Appendix C), with motor control
contactors and circuit breakers (QM1, KM1, KM2, QM2, KM3, KM4) on the upper DIN rail,
the S7-1212C PLC and safety relay (SR1) on the middle rail, and the IFM AL1100 10-Link
master and terminal blocks on the lower section.
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Figure 5 - Interior view showing rear of HMI and contact blocks.
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Figure 7 - Safety relay, PLC, input/output card and terminals.
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5.2 PLC Software Commissioning
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The PLC program was developed, compiled, and downloaded to the Siemens S7-1212C

without errors using Siemens TIA Portal v17. All Function Blocks and Function Calls

compiled successfully with no syntax or configuration errors. The modular software structure
proved straightforward to commission, as each module could be tested independently before

integration [9].

To provide objective evidence of system performance, a series of structured tests were
carried out during commissioning. Table 7 below summarises the key functional tests
performed and their outcomes:2

Test Test Method Expected Result Actual Result Pass/Fail
Forward contactor Issue FWD run KM1 energises, KM2 As expected Pass
energisation command from HMI de-energised, %10.2 =

1
Reverse contactor Issue REV run command | KM3 energises, KM4 As expected Pass
energisation from HMI de-energised, %I0.3 =
1
Forward/reverse Energise FWD, REV inhibited, FWD As expected Pass
interlock command REV remains energised
simultaneously
Contactor failure Remove feedback signal | %M20.4 set after 5 As expected — Pass
detection from %10.2 during run seconds, pump stops 5.2s
Setpoint auto-stop Run empty sequence, Pump stops when As expected — Pass
set setpoint to 50L totaliser reaches 50L stopped at 50.3L
Level sensor I10-Link | Monitor %DB2 during Distance, status and Updating at Pass
comms normal operation flags updating each ~10ms cycle
scan
Level sensor failure Disconnect UGT813 %M20.7 set within 1 As expected — Pass
detection during run scan cycle immediate
Flow sensor failure Disconnect SU8030 %M21.0 set within 1 As expected — Pass
detection during run scan cycle immediate
High flow alarm Inject simulated flow %M21.4 set after 1 As expected — Pass
>100 L/min via DB second confirmation 1.1s
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Wrong direction Run empty sequence, %M21.1 set after 2 As expected — Pass
alarm (empty) inject reverse flow value second confirmation 2.0s
Tank level low alarm | Set level <50L with REV %M21.6 set, pump As expected Pass

selected inhibited
HMI Start/Stop Press Start/Stop on HMI Contactor responds <20ms response Pass

response

during run

within 1 PLC scan

observed

Table 7 - Functional test results summary.

All twelve alarm conditions defined in Table 6 were tested and passed. No unexpected
behaviour or nuisance tripping was observed during any test. The contactor failure timer
activated at 5.2 seconds — marginally above the 5-second setpoint, consistent with normal
PLC scan cycle timing variations. The setpoint auto-stop overshot the target by 0.3L,
attributable to the volume of oil in transit within the pipework at the point of stop command —
this is within acceptable tolerance for this application.
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5.2.1 Motor Control Testing

The DOL motor control Function Block was tested for both forward and reverse operation
[26]. The forward and reverse contactors (KM1/KM2 and KM3/KM4) operated correctly in
response to PLC output commands, with auxiliary contact feedback confirmed at inputs
%I10.2 and %I0.3. The electrical and mechanical interlocking was verified, confirming
simultaneous energisation of both directions is not possible under any operating condition.
The contactor failure detection logic correctly raised alarm %M20.4 after 5 seconds of
missing feedback and inhibited further motor operation until pump reset was issued.

5.2.2 Sequence Operation

Both the empty transformer and refill transformer sequences were tested successfully. In the
empty sequence, the pump ran in the forward direction with the live flow rate and running
totaliser displaying correctly on the HMI. The sequence shut down automatically when the
transferred volume reached the operator-defined setpoint, with the last total updating on HMI
completion. The refill sequence operated equivalently in the reverse direction, with flow
direction monitoring confirming correct operation throughout.

5.3 Instrumentation Performance

5.3.1 Level Measurement

The IFM UGT813 performed reliably throughout commissioning and testing [17]. 10-Link
data was received correctly via the IFM AL1100 master and mapped into %DB2 without
communication errors. The level scaling Function Block (FBS) correctly converted the raw
distance measurement into a volumetric level in litres and a percentage, both updating in
real time on the HMI bar graph. The NoData, OL, and UL diagnostic flags operated correctly,
providing immediate fault indication when the sensor was deliberately disconnected during
testing [6].
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Figure 10 - TIA Portal showing live tags during commissioning.

5.3.2 Flow Measurement

The IFM SU8030 clamp-on ultrasonic flow sensor was installed on the transfer pipework and
commissioned successfully [18]. Live flow values were received over |O-Link and converted
into L/min, L/h, and m/s engineering units by FC302. Flow direction was correctly indicated
during both forward and reverse pump operation. The totaliser Function Block (FB2)
accurately accumulated the transferred volume, with the totaliser reset functioning correctly

at the start of each new transfer sequence.

The clamp-on installation required no process isolation or pipework modification and
produced stable, consistent flow readings, consistent with the findings of Baker [18] and
Zhang et al. [28], who demonstrated that non-invasive ultrasonic flow measurement provides

reliable performance in industrial fluid systems.
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Figure 11 - IFM UGT813 level sensor installed on the transformer oil storage tank.
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Figure 12 - IFM SU8030 clamp-on ultrasonic flow sensor installed on the 1" PVC transfer pipework.

5.4 Alarm System Validation

The alarm and fault detection system was validated by testing each of the twelve fault
conditions defined in Table 6, following ISA-18.2 test procedures [21]. All alarms operated
correctly, with fault bits set and cleared as expected:

The contactor failure alarm correctly triggered after 5 seconds when feedback was
removed and cleared immediately upon pump reset. No nuisance trips were
observed during normal starting.

The sensor failure alarms (LT1 and FT1) responded immediately when sensors were
disconnected, with the NoData |O-Link flag propagating to the PLC fault bit within
one PLC scan cycle [24].

The high flow (burst pipe) alarm was tested by injecting a simulated flow value
exceeding 100 L/min, confirming the 1-second TP timer correctly debounced the
condition before raising the fault.

The wrong flow direction alarms correctly detected reverse flow during an empty
sequence and forward flow during a refill sequence, each with a 2-second
confirmation delay to prevent false trips during start-up transients [21].

The tank level high and low alarms operated correctly at the configured thresholds of
1000 L (high) and 50 L (low), inhibiting the appropriate pump direction as intended.
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The use of 10-Link for sensor communication proved particularly advantageous for alarm
validation, as the diagnostic flags (OL, UL, NoData) could be observed directly in the TIA
Portal online monitor without requiring additional test equipment [24]. This is consistent with
the advantages identified by Vitturi et al. [24] and Heynicke et al. [23].

SIMATIC HMI =

| Totaliser Li
551

Figure 13 - Photo of HMI showing live flow data.
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Figure 14 - TIA Portal showing alarms during operation.

5.5 HMI Performance

The SIMATIC HMI performed reliably throughout all testing, with all operator inputs and
status displays functioning as designed [16]. The Start and Stop buttons responded
immediately, with PLC processing of HMI memory marker commands within the standard
scan cycle. Mode selection between Empty Transformer and Refill Transformer operated
correctly, with the PLC sequence logic responding appropriately to each selection.

The live flow rate, totaliser, and tank level displays updated smoothly and accurately
throughout operation. The analogue bar graph for tank level provided an intuitive visual
representation allowing operators to assess tank state at a glance. The Pump Reset function
operated correctly, clearing active faults and returning the system to a ready state following
any alarm condition.
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The three-panel layout proved effective in practice, with operators able to locate the relevant
controls and status displays quickly without training beyond a brief walkthrough. The colour-
coded Start and Stop buttons received particularly positive feedback from site personnel,
who noted that the colour convention was immediately intuitive. The QOil Setpoint entry field
functioned correctly, with the PLC accepting and processing the entered value within the
same scan cycle as the Start command, ensuring that the setpoint was always active before
the pump motor was energised.

One observation during commissioning was that the Tank 1 Level bar graph scale of 0—1500
litres, while covering the full sensor range, displayed a relatively small deflection for typical
operating volumes of 50-200 litres. A future improvement could involve a configurable scale
range on the bar graph, allowing the operator to zoom into the relevant operating band for
improved resolution during normal transfers. This would not require any changes to the
underlying PLC logic, only an HMI configuration update, demonstrating the flexibility of the
current architecture.

SIMATIC HMI

Alarms

Figure 15 - HMI showing active alarms.
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Figure 16 - Photo of HMI in normal operation.

5.6 Evaluation Against Project Objectives

The completed system was evaluated against the original project objectives defined in the
Introduction. Each objective is assessed in turn below, with reference to the commissioning
results presented in Sections 5.2 through 5.5.

Automated control of oil transfer operations was fully achieved. The system successfully
automates both the empty transformer and refill transformer sequences for both the
transformer oil and RMU oil storage tanks, with operator input limited to mode selection,
volume setpoint entry, and the Start command. Once initiated, the sequence runs without
further operator intervention, monitoring the running totaliser against the setpoint and issuing
an automatic stop command when the target volume is reached. During commissioning
testing, the auto-stop sequence achieved an accuracy of within 0.3L of the target setpoint —
a performance level that is more than adequate for this application, where the minor
overshoot is attributable to the volume of oil in transit within the pipework at the moment the
stop command is issued. This level of automated volume control represents a significant
improvement over the manual operation it replaces, where transfer volumes were estimated
by the operator rather than measured [3].

Real-time monitoring of flow, level, and system status was fully achieved. The IFM SU8030
and UGT813 sensors provide continuous live data to the PLC and HMI, with updates
processed within the PLC scan cycle of approximately 10ms. The |0-Link communication
architecture delivers multiple simultaneous process variables from each sensor — flow rate
in L/min, flow direction, and a running totaliser from the SU8030; distance, scaled level in
litres and percentage from the UGT813 — alongside full device health diagnostic flags [6].
This richness of data significantly exceeds what would be achievable with conventional 4—20
mA analogue instrumentation, which provides only a single process variable per sensor with
no diagnostic capability [24]. The live flow and level data displayed on the HMI provided
operators with immediate visibility of system state throughout all commissioning tests, and
the bar graph level display proved particularly effective for at-a-glance tank status
assessment.
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Fault detection and alarm system was fully achieved. All twelve fault conditions defined in
Table 6 were detected and anninciated correctly during commissioning testing, with fault bits
set and cleared as expected in every test case. No false trips were observed during normal
pump operation, confirming that the timer-based confirmation delays implemented following
ISA-18.2 [21] principles were correctly calibrated. The IO-Link sensor health monitoring
proved particularly effective — sensor disconnection events were detected and flagged
within a single PLC scan cycle, providing a level of diagnostic responsiveness that would not
be achievable without a digital sensor communication protocol [24]. The alarm system met
all functional safety requirements for the application, with the independent OPV on the
transformer oil tank providing an additional hardware-level safety layer independent of the
PLC system.

Modular, scalable PLC architecture was fully achieved. The use of reusable Function Blocks
for motor control (FB_DOL_Motor) and instrumentation processing (FB5 Level Scaling, FB2
Totaliser) means that additional pump circuits, tanks, or sensors could be added to the
system with minimal software changes — primarily instantiating additional function block
instances and adding the appropriate |O-Link configuration. During commissioning, the
modular structure proved its practical value: each Function Block could be tested
independently before integration, which significantly reduced the time required to identify and
resolve issues. This is consistent with the modular programming best practice described by
Stenerson [9] and validates the decision to invest time in the function block architecture at
the design stage.

Cost-effective instrumentation was fully achieved. The selection of IFM instruments with 10-
Link communication delivered equivalent technical performance to higher-cost alternatives
from Siemens, Endress+Hauser, and Keyence at a significantly reduced cost, as
demonstrated in the comparative analysis in Section 4.3. The IFM UGT813 was procured at
approximately 40-60% of the cost of the equivalent Siemens SITRANS LU240, and the IFM
SUB030 at approximately 30-50% of the cost of the Siemens SITRANS F US equivalent,
without any compromise in technical capability or TIA Portal integration quality. Across both
instruments, the cost saving compared to selecting equivalent Siemens products is
estimated at £600—£1,000, which represents a meaningful saving within the overall project
materials budget.

The system compares favourably with similar PLC-based fluid transfer implementations
described in the literature. The integration of 10-Link sensor communication represents a
clear advancement over the conventional 4—20 mA analogue systems described by
Khandare et al. [11] and Patil and Patil [12], providing richer data and diagnostic capability
without a significant cost premium [23]. The alarm architecture, combining multiple sensor
inputs with timer-based debouncing, aligns with and in several respects exceeds the multi-
sensor fault detection approach advocated by Ahmed et al. [20], particularly in the use of 10-
Link diagnostic flags for sensor health monitoring — a capability not addressed by any of the
comparable studies identified in the literature review.

The project also demonstrates the practical value of delivering an academic project within a
real commercial and industrial context. Unlike the laboratory-based implementations
described by the majority of comparable studies, the system described in this report was
required to meet real client requirements, comply with applicable industrial standards, and
perform reliably on an operational site. This placed additional engineering rigour on every
aspect of the design — from panel construction standards to alarm confirmation timing —
and ultimately produced a more robust and professionally validated outcome than a
laboratory simulation could have achieved.

One area identified for potential future improvement is the addition of a SCADA or data
logging capability, which would allow historical transfer volumes and system events to be
recorded and analysed over time [14]. As noted by Boyer [15] and Boyes et al. [27],
integration of data logging with PLC-based control systems can provide significant
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operational value through trend analysis, maintenance planning, and performance
benchmarking. The |O-Link and PROFINET architecture already in place would support this
extension readily, with the additional process data already available within the PLC data
blocks requiring only a logging and visualisation layer to be added. A second area for future
development is the extension of level monitoring to the RMU oil tank, which currently has no
automated level measurement — adding a second IFM UGT813 sensor and an additional
IO-Link port on the AL1100 master would achieve this with minimal software changes.



David Mathew Lewis 2219439 UWTSD

6. Conclusion

This project successfully designed, built, and commissioned a fully functional automated oil
transfer monitoring and control system for SSE at Resolven, Neath, delivering a real
industrial installation that meets all defined project objectives. The system provides
automated bidirectional oil transfer control for both transformer oil and RMU oil storage
tanks, with real-time monitoring of flow and tank level, a comprehensive twelve-condition
alarm and fault detection system, and a clear operator HMI — all within a single compact
industrial control panel manufactured to a professional standard. Functional testing during
commissioning confirmed that all twelve alarm conditions operated correctly with zero false
trips, the setpoint-based auto-stop sequence achieved accuracy within 0.3L of the target
volume, and IO-Link sensor diagnostic flags responded within a single PLC scan cycle to
sensor disconnection events. The Siemens S7-1212C PLC provided a reliable and cost-
effective control platform, with the modular programming approach using Function Blocks
and Function Calls proving straightforward to develop, commission, and maintain. The use of
|O-Link communication with IFM UGT813 level and SU8030 flow sensors delivered
significantly richer process and diagnostic data than conventional analogue instrumentation
would have provided, at a comparable or lower cost than alternative sensor products from
Siemens, Endress+Hauser, or Keyence. This validates the instrumentation selection
approach and demonstrates that |O-Link is a viable and cost-effective communication
solution for small-to-medium industrial control systems.

The alarm and fault detection system, implemented following ISA-18.2 alarm management
principles, successfully detected all twelve defined fault conditions during commissioning
testing. The use of |0-Link diagnostic flags for sensor health monitoring proved particularly
effective, providing immediate fault indication within a single PLC scan cycle without
requiring additional hardware or wiring. Timer-based confirmation delays successfully
prevented nuisance tripping during normal pump start-up transients.

The project demonstrates that a well-structured PLC-based control system, combining
modular software architecture, digital IO-Link sensor communication, and a clear HMI, can
deliver a professional-grade industrial oil transfer monitoring solution that is reliable,
maintainable, and scalable. The system is currently installed and commissioned at the SSE
Resolven site, confirming its suitability for real industrial deployment.

Future work could include the addition of a SCADA or data logging capability to enable trend
analysis of oil transfer volumes over time, the extension of the system to monitor both tanks
simultaneously with dedicated level sensors, and an upgrade of the Motek EM80B-4 motor
to an IE3 efficiency class motor should the system move to a higher duty cycle in the future.
The 10-Link and PROFINET architecture already in place would support all of these
extensions with minimal additional hardware investment.
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7. Reflection

Undertaking this project has provided a valuable opportunity to apply theoretical knowledge
gained throughout my studies to a real, live industrial installation. Working on a
commissioned system for SSE at Resolven, rather than a simulated or laboratory-based
project, brought additional challenges and responsibilities that significantly developed my
professional engineering practice.

One of the most significant areas of learning was the experience of writing structured PLC
code in Siemens TIA Portal using Function Blocks and Function Calls. Prior to this project,
my experience of modular PLC programming was primarily theoretical. Implementing the
FB_DOL_Motor, FC4 instrumentation, and FC_Alarms modules in a real system — and then
debugging them during commissioning against live hardware — gave me a much deeper
understanding of how modular code architecture translates into practical benefits during
fault-finding and testing. | found that investing time in getting the function block structure
right early on saved considerable time during commissioning.

The selection and commissioning of 10-Link instruments was a particularly new experience. |
was not previously familiar with 10-Link as a communication protocol and researching it for
the instrumentation comparison tables in this report gave me a thorough understanding of its
advantages over conventional analogue signals. Seeing those advantages — particularly the
real-time diagnostic flags and multiple simultaneous process values — demonstrated in
practice during commissioning reinforced the value of digital sensor communication. | would
now consider |O-Link as a default first choice for field instrumentation in future projects of
this type.

| also developed my understanding of industrial alarm management through implementing
the twelve-alarm FC_Alarms function call. Initially | underestimated the importance of timer-
based confirmation delays, but experience during testing quickly demonstrated that without
them, transient conditions during pump start-up caused nuisance trips. This practical lesson
in alarm rationalisation has given me a much better appreciation of why standards such as
ISA-18.2 exist and how they apply in real systems.

If | were to approach this project again, | would allocate more time to the documentation and
report writing alongside the physical build, rather than treating it as a separate stage at the
end. | found that some details of the design rationale and commissioning observations
became harder to articulate accurately once some time had passed. Keeping engineering
notes during the build and commissioning phase would have made the Results and
Discussion section easier to write with greater precision.

Overall, this project has given me confidence in my ability to design, build, and commission a
real industrial control system from concept through to live installation. The combination of
panel design, PLC programming, instrumentation selection, and on-site commissioning has
developed a broad set of practical skills that | look forward to building on in my professional
career as an automation engineer.
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Appendix B — Panel Schematic (25.SC.435)
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Appendix C — Tank Drawing (Metcraft A8442-8580)

UWTSD

14 |

13

12

I

1 [0 ] 9

3 T 2 [ 1

STEP BASE 2500.0

STEP BASE 2000.0

OUTER WIDTH 1960.0
INNER WIDTH 1840.0

U shrok

\50 o WA

QUTER LENGTH 2440.0

INNER LENGTH 2340.0

12150 .

K

OUTER HEIGHT 2900.0

SNQ, 100X50 Beams
@565mm spacin,

famale

MEox| g

(needs 4o be 300mm
away, fron amal
walt’

Qil Care Sticker
Tank ID

OLE Gauge
and 3 Level

Alorm\ ‘E:Elm

=

Offset Fill Point
C/W Drip Tray

1200.0

50.0

265.0

TANK DIMENSIONS

BIMPUL CAPACITY; 12434 711] USABLE CAPACITY: 11883l
| WET WEIGHT:  1ea TAKG
DOUBLE SKINNED? ves | 8S 700 PART § TYPE: |
a -AIR TESTED
H 2020 L MATERML.
184000 |
280500 |

LENGTH:
MARTH.
HEGHT:.
DUTER TANK.
LENGTH;
VADTH:

15
PrOMER

COLOUR: RAL 006
CONNECTION DETAILS

e wo. commm

vENt VIS 50 A OGP IR

veu VT 10 UMD

=
ol [-18
B

ARWAY

I
o | Acces
W 3

7

3 SPARE PLIGO D

LE/ELSWICIVSPARE SOTEET)

3 SUND LEAX DETECT SOCKET

cRAR UUOGE SICTION COAN

3 A TN Lt 500!

[ DA TRAW [P CIN ¥ALVE ARD 180K

MOCRAT TPEA

v
|

T

T

3

s 0
i

v

1

T

WA | wmcoe | 4
v

|—-._.=o-..q|

TART

NOTES

1 TANK PRATH CETALS
11 ELECTRIC AIE BRUSH (WHESE NECESSARY|
cecRzASE.

12 15TCOAT- CROMADIX TZ0 RAPID PRIVER Xy DFT,
T3 O CONT . CROMADEX 606 TOFCOAT. 2y DFT.

2 WELCMS TOBE CARRIED CUT (4w 63 BN 101173000

3 WATH REFERENGE TO B8 Ex 101123900

4

3 INSPECTIONA TESTNG T 0 CARMIED OUT Lan 35 EN 111108,
o e ’

OTHERWISE STATED.
7 T TANC L
PEASE |
THE SELOW INFORNATION REGARDING THE MTCH DF THIS STRFENNO.
[ VEGHTOF TAMKIMI | AX STETENING PCH (vl |
s 1343

)

METCRAFT

METCRAFT GROUP LTD
4 OLD MLL LANE
AYLESFORD

KENT
ME20 7DT

© 2028 METCRAFT GROU® LTD, ALL RIGHT S RESERVED.
ALL DETAIL, DESIGN AND INTELLECTUAL RIGHTS ARE THE
PROPERTY OF METCRAFT GROUP LTD AND MUST NOT BE
COPIED, TRANSFERRED OR USED IN ANY WAY WITHOUT
PRICR PERMISSION FROM METCRAFT GROUP LTD

CUSTOMER.

TITLE.

12464/11883L usable bunded tank, wi offset fil &
drip tray, OLE & LA

DOCUNMENT UNCONTROLLED ONCE PRINTED
E

| CURRENT REVISION CHECKED 8Y: LG & K-

14

13

| 12

DO NOT SCALI
1 I 0 | ]




David Mathew Lewis 2219439 UWTSD

Appendix D - Instrument Datasheet

uUGT213
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SuU8030
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Process conneclion threaded cormection G 1 axternal thread DRN2E
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hedia

ullra-pure waler; waler, hydrows media; ghyeol solulions; ols,; coolants

Meate an media hydrous media: for meda with >10 % additves, the repeatability is the only available value
law-viscosity ails wilh visoosity: 7...40 mm¥s (40 *C)

high-wiscasily oils with viEcosity: 30, 88 mmas (40 *C)

Medium temperaine ["C] -20..100

Min. bursl pressure 150 bar 15 MPa
Pressure rating 100 bar 10 MPa
WACLILM resistance [mbar] -1000

Operating wallape I 1832 DC; (o SELVIPELY)
Currenl consumiplian [rmua) < 75

Proteclion class i

Reverse palasity prolaclion
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Appendix E — Motor Datasheet

EM80B-4

Frequency S0Hz
Pole 4p
Output (KW) 0.75 LL
LD | - KK
Output (HP) 1
Rated Speed O
(RPM) 1990
IFL 380V (AMP) 2.08
17 a00v (AMp) RS ED | EB
IFL 415V (AMP) 1.90 _—
Efficiency % 72.10
Power Factor 0.76
Rated Torque 520 E | C | B |
Nm BB
TST/TN Times 2.3 L
Tmin/TN Times &3
Locked Rotor 6
Current IST/IFL
M of J kgm?2 0.003 | pimension * Mounting Type: B3
Noise Level

LW dB(A)

56 FOOT MOUNTED DIMENSION

Net Weight kg 16 AA AB AC AD AG B BA E EB ED F G GA H HA K
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