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Abstract—The precision engineering sector faces increasing
pressure to enhance efficiency, traceability, and cost control,
which are all challenges compounded by legacy systems and
manual processes. This case study examines the digital
transformation initiative of a UK-based Computer Numerical
Control (CNC) precision engineering company, aimed at
modernising tooling management. By leveraging low-code
platforms, Azure cloud services, and real-time analytics through
Power BI (Business Intelligence), fragmented paper-based systems
are successfully replaced by integrated digital systems. The new
system includes QR-coded tools, automated workflows, and
centralised dashboards that enable traceability. This in turn
enables actionable insights and continuous improvement. Some of
the key outcomes of this transformation include improved data
accuracy, reduced downtime, better cost tracking, and enhanced
operator engagement. The initiative not only delivers immediate
operational gains but also lays a foundation for advanced
capabilities such as predictive maintenance and Internet of Things
(IoT) integration. This transformation demonstrates how Small to
Medium-sized Enterprises (SMEs) can adopt scalable, cost-
effective technologies to drive innovation and competitiveness in a
rapidly evolving manufacturing landscape. Furthermore, this case
study highlights a scalable and generalisable approach that can
inspire other companies and sectors in engineering to accelerate
their own digital transformation journeys.

Keywords—digital transformation; tooling management; Industry
4.0; CNC precision engineering; Power Platform.

I. INTRODUCTION

The manufacturing industry is undergoing a significant
transformation driven by the need for higher efficiency,
stringent quality assurance, and optimised operational costs.
Precision engineering and CNC machining operations are
challenged by complex tooling inventories, the need for
traceability, and inefficiencies arising from manual tracking
processes.

This paper addresses the following research questions: (1)
How can low-code and cloud-based platforms digitise tooling
management in a CNC precision engineering SME? (2) What
quantitative improvements in accuracy and downtime result
from this transformation? (3) How reproducible and
generalisable is the proposed solution?

The emergence of Industry 4.0 technologies presents new
opportunities to address these concerns [2]. Highly cited studies
underscore the importance of data-centred approaches, such as
Enterprise Resource Planning (ERP), IoT-enabled tool
tracking, and real-time visualisation platforms [1]. Traditional
paper-based workflows are increasingly recognised as

impediments to productivity, contributing to errors, delays, and
reduced responsiveness [3]. In contrast, cloud-based platforms,
process automation, and integrated analytics redefine best
practices in the sector.

This paper presents a case study from Bryken Ltd (a
precision engineering company, Knowsley, UK). The case
study details the company's digital transformation initiative
focused on tooling management, covering streamlining of data
capture, integration of disparate systems, and improvement of
operational visibility, ultimately positioning Bryken for long-
term resilience, innovation, and competitiveness.

The remainder of this paper is organised as follows. Section
IT presents the case study, describing the company context, the
legacy tooling process and improvement criteria, the
methodology and technologies adopted, the key performance
indicators used for evaluation, and the resulting operational and
financial impact. Finally, Section III concludes the work and
outlines directions for future development.

II. THE CASE STUDY

A. Company Overview

Bryken Ltd specialises in the production of high-tolerance
components for a range of industries including oil and gas,
automotive, defence, and healthcare. The company operates a
suite of advanced CNC machines and manages an extensive
inventory of high-performance cutting tools sourced from
multiple suppliers. Historically, Bryken relied on a combination
of paper forms, spreadsheets, and manual operator input to track
tool vending, usage, and return. This decentralised approach
results in inefficiencies, frequent data discrepancies, and
limited visibility into the real-time status of tooling across the
shop floor.

The digital transformation initiative is launched to
modernise tooling processes by implementing an integrated
digital system capable of real-time data acquisition, automated
reporting, and end-to-end visibility. The initiative seeks to
eliminate manual paperwork, reduce tool-related downtime,
improve inventory accountability, and enhance the accuracy of
cost allocation per manufacturing order. This project is not just
a technological upgrade, but a strategic move to future-proof
Bryken's operational model.

The project is also aligned with Bryken's vision of moving
toward data-driven manufacturing, where prior adoption of
data-driven methodologies has been shown to benefit just-in-
time production and continuous improvement metrics [4].
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B. Current Tooling Process and Improvement Criteria

To effectively address the tooling challenges, we began by
conducting a comprehensive audit of the existing workflows,
systems, and information processes. In the context of CNC
precision engineering, the tooling process refers to the
management of cutting tools used in machining operations,
including their vending, allocation to machines, monitoring of
usage, and return. Under the legacy approach, the process began
with operators using paper-based first-off sheets to record tool
usage for each new job. This manual documentation served as
the initial point of reference for tool deployment. Next,
operators would manually input job numbers associated with
each tool transaction, linking the paper records to specific
machining operations. Information from these sheets and
operator entries was then fed into fragmented supplier reports,
requiring supervisors to reconcile the data manually. Because
there was no centralised or automated link between these steps,
discrepancies could easily arise, from mismatches in operator
entries to gaps between shop floor records and supplier data,
making it difficult to maintain real-time accuracy and
accountability throughout the tooling workflow. This resulted
in frequent errors in job identification, lack of reliable cost
allocation, and poor visibility of tool availability. Such
inefficiencies affected the entire engineering process. For

example, production downtime increased when tools were
unavailable or unaccounted for, supervisors and procurement
staff spent significant time reconciling data manually, and
management struggled to forecast costs accurately.
Collectively, these limitations reduced productivity, inflated
operational costs, and undermined the company's
competitiveness.

Figure 1 summarises the manual processes Bryken Ltd
relied upon for tooling management before the implementation
of the digital transformation initiative. As the figure shows, the
workflow for tool usage and inspection followed a fully manual
process. Step 1 involved recording first-off inspection results
on paper sheets, with no digital linkage to job tracking systems.
Step 2 required operators to manually enter job numbers, which
often resulted in transcription errors and inconsistencies. Step 3
saw supervisors reviewing supplier tool usage reports by hand,
delaying feedback and limiting visibility of performance data.
Step 4 highlights the lack of automated data collection or cost
tracking, making it difficult to monitor tool inventory and
allocate costs accurately. Altogether, the figure illustrates the
fragmented and inefficient nature of the legacy system,
providing context for the need to transition to a fully integrated,
digital workflow that overcomes these specific operational
limitations.

Pre -Project Methods

Operators

Manually Enter
Job Number

O4

No Automated
Data Collection /
Tool Cost
Tracking

Supervisors
Manually Review
Supplier Reports

Figure 1. Flow diagram of the pre-project tooling process.

The enhancement process starts by establishing the
functional and technical requirements based on input from
production operators, engineering leads, and procurement
personnel. The collected feedback states the need to centralise
and standardise tool vending data from multiple external
suppliers, integrate machine-level tool usage with operator
tracking, and replace multiple paper-based forms with a single
unified digital interface. The required system should also
support real-time monitoring of tooling costs per manufacturing
order to offer granular traceability for root cause analysis, and
it should facilitate customisable reporting for production and
quality assurance teams. Key design criteria include user-
friendliness, scalability, data integrity, and interoperability with
existing Enterprise Resource Planning (ERP) and database
systems. Importantly, the system should cater to users with
varying levels of digital literacy and should integrate

seamlessly with ongoing shop floor activities without
introducing disruptions.

C. Methodology and Technology Used

The solution is implemented using a modular and scalable
architecture based on Microsoft Power Platform and Microsoft
Azure cloud computing services. As illustrated in Figure 2, the
system follows a four-layer architecture: (1) Data Capture —
QR codes on tools and first-off sheets at shop floor level; (2)
Integration — Microsoft Power Automate for email parsing and
workflow automation; (3) Storage — Microsoft SharePoint as
the centralised data repository; (4) Analytics — Microsoft
Power BI dashboards with custom Data Analysis Expressions
(DAX) measures for real-time Key Performance Indicator
(KPI) reporting. Several integrated systems and procedures
have been implemented, as indicated below.
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Layered System Architecture — Digital Tooling Management
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Figure 2. Layered system architecture of the digital tooling management solution.

C.1. Tooling OR Codes

First, QR codes are introduced to uniquely tag individual
tools, enabling operators to scan and register tool usage with
precision. Then, each first-off sheet incorporates a QR code
which links each manufacturing order with its details
containing tooling requirements, as shown in the example in
Figure 3. The first-off sheet is a process quality document
generated by the ERP system that accompanies every new
manufacturing order. It contains inspection instructions,
gauging requirements, and operator guidance. The sheet stays
at the CNC machine that is used for the order and is kept handy
until the manufacturing order is completed. Whenever tools are
needed, operators scan the QR code of the sheet and the unique
QR code of the required tool at the tool vending machine, which
registers the tools used against that manufacturing order. In the
legacy process, operators manually recorded job numbers and
tool usage on the sheet, which often led to errors and
inconsistencies. In the new system, the embedded QR codes
allow operators and management to capture this information
automatically by scanning, thereby eliminating manual entry,
reducing errors, and standardising the recording of tool
consumption across machines and shifts.
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Figure 3. An example of the new first-off sheet that incorporates a QR code
for tool tracking.
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C.2. Tooling Inventory Record System

A crucial aspect of the operational process involves
accurately tracking tool usage on the shop floor. Bryken
currently works with three tool suppliers, each managing their
own vending machines installed on site. These vending
machines are owned by the tool suppliers and include an inbuilt
computer system that records all tool vending activity.
Whenever an operator vends a tool, the transaction is
automatically logged in the supplier's system.

To facilitate internal monitoring and analysis, the tool
suppliers automatically generate daily tool usage reports and
send them to Bryken via email in Excel or CSV format. This
timely and well-structured reporting ensures a clear record of
inventory movements, which 1is essential for process
improvement and operational efficiency. In the previous
process, Bryken's supervisors manually opened each supplier
email, reviewed the attached spreadsheets, and checked the tool
usage information. This approach was time consuming, prone

Previous Manual Process

Supervisor Opens Email
(Manual Step)

Supervisor Manually Transfers Data into
Local Records

No Automated Validation Errors &
Duplicated Common

Supplier
(Sends Tool Report via email - Excel/CSV)

to human errors, and sometimes resulted in inconsistent data,
making the information less reliable.

In the new system, the entire process has been automated.
Power Automate detects incoming supplier emails, extracts the
data from the attachments, applies validation checks, and
uploads the verified data directly to SharePoint. The data
schema captured per transaction includes Supplier ID, Tool
Reference Code, Manufacturing Order Number, Quantity
Vended, Transaction Date/Time, and Machine Centre ID. The
Power Automate flow triggers on email receipt, extracts the
Excel/CSV attachment, validates each row against defined field
rules, and writes clean records to a structured SharePoint list.
This automation removes manual work, ensures data accuracy,
and provides structured information that is immediately
available for analysis and reporting. Figure 4 illustrates the
transformation from a manual, error-prone process of handling
tooling reports to a streamlined and automated workflow using
Power Automate.

New Automated Process

Power Automate Workflow Triggers
Automatically

Data Extracted & Validated from
Excel/CSV

Clean Structured Data Stored in

SharePoint

Figure 4. Tool usage report workflow (before vs. after).

C.3. Tooling Dashboard

Utilising information collected from the two procedures
described above; a Tooling Dashboard is also introduced.
Figure 5 illustrates an example of the new Power BI Tooling
Dashboard, which provides an overview of tool usage and
spending. The dashboard displays total tool expenditure, total
manufacturing orders, quantities produced, product IDs, and the
top five products with the highest tool costs. It also shows trends
in tool usage over the past months. Dynamic filtering and

interactive  drill-through capabilities allow supervisors,
production planners, and quality engineers to investigate
anomalies and analyse information by machine, product, or
date. Advanced DAX measures were used to create tailored key
performance indicators, ensuring that the dashboards are
optimised for both desktop and shop floor tablet use, enabling
quick, data-driven decision-making. The design draws on best
practices from early adopters of intelligent manufacturing shop
floors [5].
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PRECISION ENGINEERING
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Figure 6 provides another screen from the Tooling
Dashboard. The page provides a detailed breakdown of
individual manufacturing orders, showing the tooling cost per
product in both actual value and as a percentage of the selling
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D. KPI Definition and Measurement Methodology
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Figure 5. Overview of the Tooling Dashboard.
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Figure 6. The Tooling Dashboard: breakdown of the manufacturing cost per product.

price. This level of detail enables planners and management to
understand product-level profitability, identify high-cost items,
and make informed decisions to optimise tooling usage and
production efficiency.

(1) Stock Discrepancy Rate: the percentage of daily tool
transactions where the quantity in the supplier's system did not
match Bryken's internal records. A baseline was established

over three months before implementation by manually cross-

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2026.

ISBN: 978-1-68558-399-6

31



IARIA Congress 2026 : The 2026 IARIA Annual Congress on Frontiers in Science, Technology, Services, and Applications

referencing supplier Excel reports with paper first-off sheets,
while post-implementation data was extracted from SharePoint
automatically. The rate is calculated as:

Stock Discrepancy Rate = (mismatched records / total
records) x 100%.

The baseline was approximately 18%; after implementation it
fell below 4.5%, representing a reduction of over 75%.

(2) Tool-Related Downtime: the production time lost due to
tools being unavailable or incorrectly allocated. Shift
supervisors logged downtime events prior to implementation,
whereas afterwards these were tracked via dashboard alerts. A
reduction of approximately 30% was observed within the first
three months.

(3) Tooling Cost as a Percentage of Selling Price: calculated per
manufacturing order from Power BI, enabling profitability
analysis at the order level. These figures are based on
operational observations from a single site over three months
and should be treated as indicative rather than statistically
validated benchmarks.

E. Results and Impact

The deployment of the new digital tooling system brought
significant improvements across Bryken's operations. Tool
usage data has become readily accessible, enabling shift
supervisors and engineers to identify usage patterns, detect
anomalies, and take proactive measures to avoid tool shortages.
The elimination of paper-based documentation led to an
immediate reduction in administrative overhead and freed
operator time for production activities.

Real-time tracking of tool consumption and availability
allows job initialisation to be optimised and minimises tool-
related delays. Operators have become more engaged in the
tooling process, supported by intuitive interfaces requiring
minimal training. Procurement teams also benefit from accurate
consumption data, improving forecasting, reducing over-
ordering, and strengthening supplier negotiations. The
quantitative gains in stock-discrepancy and downtime reduction
reported in Section II-D translate directly into these operational
benefits. It is important to note, however, that the automated
system does not eliminate errors entirely: the remaining
discrepancies mainly stem from unavoidable operational
factors such as occasional human errors in tool withdrawals,
misplacement of tools on the shop floor, or delays in data
updates from supplier systems. Nonetheless, the system
significantly reduces these issues and enhances overall process
reliability.

Crucially, the system also enables the identification of
potentially unprofitable orders before production begins. One
manufacturing order, with a quantity of 150 units, was analysed
and revealed that the tooling required would cost more than the
revenue generated from the sale. This insight prompted the
implementation of a minimum order quantity of 3,000 units for
that product, immediately preventing production of the
unprofitable batch and avoiding unnecessary material and
tooling costs.

These improvements represent not only a major operational
gain but also a substantial financial impact. Reducing stock

discrepancies ensures that procurement teams no longer over-
order tools, preventing capital from being tied up in
unnecessary inventory. Minimising downtime increases
machine utilisation, translating into higher throughput and
reduced lead times for customers. Accurate, real-time tooling
data also helps the company provide better cost estimates and
remain competitive.

The analysis of manufacturing orders shows that tooling
consumption depends on the machining process involved. More
complex operations, such as multi-axis CNC machining,
generally require a higher number of tools and greater tool
wear, whereas simpler processes such as turning or vertical
milling tend to use fewer tools. This variation highlights how
the type of machining directly influences tooling requirements
and overall production costs, reinforcing the need for accurate,
real-time tracking to capture these differences.

The analysis also shows that the initial fixed percentage-
based allocation of tooling costs — where, during the quoting
process, a constant percentage of manufacturing cost was
allocated to tooling based on best-guess practice — can often
be inaccurate, either overestimating or underestimating the
actual requirements for a job. With real-time data now
available, managers can avoid overstating profitability when
tooling needs are lower than estimated, while also preventing
unexpected cost overruns when requirements are higher. This
improved visibility supports more accurate quoting, strengthens
procurement planning, and ensures that tooling strategies are
aligned with the true demands of each machining process.

Furthermore, the Tooling Dashboard enables management
to conduct weekly and monthly reviews of tooling costs at the
manufacturing-order level. This allows the team to compare
actual tooling expenses against expected benchmarks, identify
cost-saving opportunities, and drive continuous-improvement
initiatives. Identifying excessive tool usage on repeat jobs, now
monitored using the same dashboard infrastructure, has led to
process standardisation and tool-life optimisation. The system
also creates the foundation for future integrations, such as
predictive maintenance and closed-loop feedback based on
machine performance and tool-wear analytics.

In terms of cultural impact, the transformation has fostered
a stronger data-driven mindset across the organisation. Staff at
all levels now value accurate, real-time data and have embraced
digital practices more readily. The success of this tooling
project has become a catalyst for broader digital initiatives
within the company, including paperless job sheets, digital
document viewers, and live machine-monitoring systems. The
improved transparency has also strengthened cross-functional
collaboration between shop floor operators and engineering
staff.

III. CONCLUSION AND FUTURE WORK

The digital transformation initiative at Bryken Ltd
demonstrates how even SMEs can unlock substantial value
through the strategic deployment of low-code and cloud-based
technologies. By integrating real-time data, automating routine
processes, and enhancing the visibility of critical operations,
Bryken has not only improved its tooling efficiency but also
elevated its overall operational maturity.
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Looking ahead, Bryken plans to scale this tooling system
further by incorporating IoT data for real-time tool-wear
monitoring, implementing machine-learning models to predict
tooling failures, and extending the digital platform to other
consumables such as coolant and fixture components. There is
also an ambition to link tooling data with quality metrics,
enabling end-to-end traceability from raw material to final
inspection.

Future work will also address reproducibility by publishing
anonymised workflow schemas and SharePoint data models to
support replication in similar SME contexts. Additionally,
benchmarking against recent Industry 4.0 implementations in
the literature [6][7] will strengthen the evidential basis of the
reported improvements.

This case study illustrates that digital transformation does
not require disproportionately high capital investment or
complex proprietary systems. With thoughtful planning, a clear
understanding of operational constraints, and strategic use of
accessible technologies, manufacturers can position themselves
for long-term resilience, agility, and competitiveness in an
increasingly data-driven world. It is hoped that this example
will encourage other SMEs in the precision engineering sector
to embrace similar digital strategies and share their learnings
with the wider manufacturing community.

REFERENCES

[1] National Academy of Science and Engineering, “Securing the future of
German manufacturing industry: Recommendations for implementing the
strategic initiative Industrie 4.0: Final report of the Industrie 4.0 Working
Group,” 2013.

[2] H. Lasi, P. Fettke, H.-G. Kemper, T. Feld, and M. Hoffmann, “Industry
4.0,” Bus. Inf. Syst. Eng., vol. 6, pp. 239-242,2014.

[3] S. Wang, J. Wan, D. Li, and C. Zhang, “Implementing smart factory of
Industrie 4.0: An outlook,” Int. J. Distrib. Sens. Netw., vol. 12, no. 1, 2016.

[4] L. D. Xu, E. L. Xu, and L. Li, “Industry 4.0: State of the art and future
trends,” Int. J. Prod. Res., vol. 56, no. 8, pp. 2941-2962, 2018.

[5] R. Y. Zhong, C. Xu, C. Chen, and G. Q. Huang, “Big data analytics for
physical internet-based intelligent manufacturing shop floors,” Int. J. Prod.
Res., vol. 55, no. 9, pp. 2610-2621, 2017.

[6] J. Lee, B. Bagheri, and H.-A. Kao, “A cyber-physical systems architecture
for Industry 4.0-based manufacturing systems,” Manuf. Lett., vol. 3, pp. 18—
23,2015.

[7] T. Stock and G. Seliger, “Opportunities of sustainable manufacturing in
Industry 4.0,” Procedia CIRP, vol. 40, pp. 536-541, 2016.

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2026. ISBN: 978-1-68558-399-6



