CAREERS THROUGH MATHS: QUALITY ENGINEER

JOB DESCRIPTION

A Quality Engineer (QE) is a professional responsible for ensuring that products,
components, and systems meet rigorous standards of reliability, performance, and
safety before they reach the customer. Their work is fundamental to the reputation
and financial success of manufacturing and engineering firms across the UK. A typical
day can involve a mix of hands-on investigation on the production floor, data analysis
in the office, and collaborative meetings with design and production teams. Key
duties include developing and implementing quality control processes, conducting
audits against standards like ISO 9001, leading root cause analysis investigations for
non-conformances, and validating that new manufacturing equipment or processes
are capable of consistent output.

The work environment is highly varied, ranging from factory floors in the automotive
sector (e.g., at Jaguar Land Rover in the West Midlands) to cleanrooms in
pharmaceutical manufacturing (e.g., at GSK or AstraZeneca) and engineering offices
in the aerospace industry (e.g., at BAE Systems or Rolls-Royce). Mathematics is
central to the role; it is the language through which quality is measured, analysed,
and improved. For instance, a QE doesn't just note that a batch of components is "too
variable"; they use statistical methods to quantify the variation, determine if it is
within acceptable limits, and calculate the potential impact on the final product.

A specific project might involve improving the yield of a carbon fibre component for
the aerospace industry. The QE would design experiments to test how different
curing temperatures and pressures affect the material's strength. They would then



statistically analyse the results to identify the optimal process parameters that
maximise strength while minimising waste, directly contributing to both product
quality and cost efficiency for their company.

HOW MATHEMATICS IS USED

Quality Engineering is a discipline built upon a foundation of applied mathematics.
The following areas are critical to the role:

* Statistics and Statistical Process Control (SPC): This is the most fundamental
mathematical tool for a QE. SPC involves using statistical techniques to monitor
and control a process. A Quality Engineer collects data from production lines and
plots it on control charts (e.g., X-bar and R charts). These charts have
mathematically calculated control limits that distinguish between common cause
variation (inherent to the process) and special cause variation (indicating a
problem). For example, in a Scottish whisky bottling plant, a QE would use SPC to
monitor fill volumes. If data points consistently trend upwards towards the upper
control limit, it signals a potential issue with the filling equipment before it leads
to significant over-filling, saving the company money. Similarly, they use
Capability Analysis (calculating Cp, Cpk indices) to determine if a process, such
as machining a turbine blade to a tolerance of *0.0lmm, is capable of
consistently meeting design specifications.

Probability Theory: QEs use probability to assess and mitigate risk. When
implementing a new supplier for electronic components in Cambridge's tech
sector, a QE might use sampling plans based on probability distributions (like the
Binomial or Poisson distribution) to decide how many parts to inspect from a large
batch. This allows them to accept or reject the batch with a known level of
confidence without inspecting every single item, balancing cost with risk. They
also use Fault Tree Analysis (FTA), which uses Boolean logic and probability
calculations to estimate the likelihood of a system failure, which is crucial in
safety-critical industries like nuclear energy or rail transport.

Geometry and Trigonometry: These are essential for interpreting engineering
drawings and performing measurements. A QE working in the automotive
industry must understand geometric dimensioning and tolerancing (GD&T), a
symbolic language that defines the allowable variation in form, orientation, and



location of part features. Verifying a GD&T callout, such as the flatness of a
cylinder head surface or the true position of a bolt hole, requires applying
trigonometric principles to translate coordinate measuring machine (CMM) data
into meaningful conclusions about the part's conformity.

Calculus: While used less frequently on a daily basis than statistics, calculus is
vital for modelling and understanding complex processes. For instance, a QE in a
pharmaceutical company might use differential equations to model the rate of
heat transfer during the sterilisation process of medical equipment to ensure it
reaches and maintains the necessary temperature to kill all pathogens. This
mathematical modelling ensures the process is both effective and validated for
regulatory approval by bodies like the Medicines and Healthcare products
Regulatory Agency (MHRA).

Statistical and Analytical Methods: Beyond SPC, QEs heavily rely on other
analytical methods. Design of Experiments (DOE) is a systematic method used
to determine the relationship between factors affecting a process and the output
of that process. For example, a QE at a Unilever factory might use a DOE to
investigate how three factors (ingredient temperature, mixing speed, and mixing
time) affect the viscosity of a shampoo, identifying the optimal combination for
the desired quality. Regression Analysis is used to model relationships between
variables, such as predicting product wear based on usage data, enabling
predictive maintenance schedules.

KEY SKILLS & TOOLS

Skill/Tool Bpplication

Minitab is the industry-standard software in the UK for statistical

analysis. QEs use it to perform capability studies, create control

Statistical .
Soft charts, and analyse data from DOEs. For example, a QE would input
oftware
. measurement data from a batch of aerospace bolts and use Minitab
(Minitab)

to calculate the process capability indices (Cpk/Ppk), providing
objective evidence of quality to auditors and customers.

A CMM is a precision instrument that measures the physical
geometrical characteristics of an object. The QE programmes the
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CMM using specialised software to take thousands of measurements
on a complex component, like a Rolls-Royce turbine blade. The
software then uses algorithms based on coordinate geometry to
compare the measured data points against the original CAD model,
identifying any deviations beyond the specified tolerances.

While not always required, knowledge of Python or R is increasingly
valuable. QEs use these languages to automate data collection from
factory sensors, perform complex statistical analyses beyond the
scope of standard software, and build custom dashboards for real-
time process monitoring in a UK manufacturing plant, moving
towards Industry 4.0.

Large UK companies use integrated systems like SAP for quality
management. QEs use these systems to track non-conformances,
manage supplier quality records, and document audit findings. The
mathematical aspect involves analysing data trends within the
system to identify recurring issues and prioritise quality
improvement projects.

Before trusting any data, a QE must validate the measurement system
itself. Using statistical techniques like Gage R&R (Repeatability &
Reproducibility), they quantify how much variation in measurements
is due to the measuring equipment versus the operators. This
ensures that the data used for critical decisions is accurate and
reliable.

Tools like the '5 Whys' and Ishikawa (Fishbone) Diagrams are used
to structure problem-solving. The mathematical link is in validating
the identified root cause with data. For example, after a fishbone
diagram suggests "tool wear" as a cause for dimensional defects, the
QE would perform a statistical correlation analysis between tool
usage hours and the measured dimensions to confirm the
hypothesis.

A core skill is translating complex statistical findings into clear,
actionable reports for managers and engineers. This involves
creating charts, summarising key metrics like PPM (Parts Per Million)
defect rates, and presenting cost-of-poor-quality calculations to
justify investment in process improvements to senior leadership.

Typical Pathway: The most common route is to obtain a bachelor's degree (BEng) or



an integrated master's degree (MEng) in an engineering discipline such as
Mechanical, Manufacturing, Aerospace, or Chemical Engineering. Strong A-levels (or
Scottish Highers) in Mathematics and Physics are typically essential for university
entry. An alternative pathway is a Higher or Degree Apprenticeship, where
individuals work for a company like Siemens or Jaguar Land Rover while studying
part-time for a degree, gaining valuable practical experience. Entry-level positions
include Quality Technician or Junior Quality Engineer. Career progression can lead
to Senior QE, Quality Manager, or specialised roles in Supplier Quality or Regulatory
Affairs. Key professional qualifications include becoming a Chartered Engineer
(CEng) through the Institution of Mechanical Engineers (IMechE) or gaining
certifications from the Chartered Quality Institute (CQI), such as the Certified Quality
Engineer (CQE).

Industry Demand: The demand for skilled Quality Engineers in the UK remains
strong, particularly in high-value manufacturing sectors like aerospace, automotive,
and pharmaceuticals. The Office for National Statistics (ONS) highlights growth in
these advanced engineering sectors. Furthermore, the UK's focus on achieving 'Net
Zero' is driving demand in renewable energy industries (e.g., offshore wind,
nuclear), where rigorous quality standards are paramount. The increasing adoption of
digital manufacturing (Industry 4.0) also creates demand for QEs with strong data
analytics and mathematical modelling skills.

Real-World Impact: Quality Engineers play a vital role in the UK economy by
enhancing the reputation of British engineering and manufacturing, ensuring
products are safe, reliable, and competitive on the global stage. Their work is behind
the safety of every Airbus wing manufactured in North Wales, the efficacy of
medicines produced in pharmaceutical hubs like the 'Golden Triangle', and the
reliability of cars built in the UK. By reducing waste and improving efficiency, they
directly contribute to company profitability and sustainable manufacturing practices,
benefiting both the economy and the environment.
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