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1 Introduction

In this report, systems engineering techniques will be defined and used to break
down and improve upon a regular household item. Each systems engineering
tool will be explained in section 2, with a worked example shown in section 3,
culminating in a design book of systems engineering tools (found in Appendix 1)

that details the entire system behind the chosen household item.

1.1 Use Case

The use case for the assignment will be based around improving the design of
the kettle. The desire is to outline the functions and requirements of a kettle that
is easier to use, easier to clean and more resistant to limescale buildup due to

the customers being based in an area with hard water.

2 Systems Engineering Overview

A system is an assembly of elements such as components, people, software,
data and more, which combine to form a function or achieve a purpose. An
example of a system is an aircraft. An aircraft consists of engines, flight control
surfaces (such as wings, flaps, and tail), trained pilots, maintenance regimes, and
air traffic control. If any of these elements fail to function, then the system itself
may not be capable of achieving the desired output, or it may not be able to

operate safely.

Systems engineering is a series of tools utilised to design a system from the
ground up. It analyses the whole system throughout its life cycle and is driven by

the system requirements.

2.1 Key Customer Requirements

A requirement is a needed, or desired, expectation from the customer. It defines
the basis of the design and is what must be met for the system to effectively
achieve its function. To design the system, stakeholders need to be identified and
their requirements laid out. These can be collated through personal



communications, meetings, brainstorming, emails and essentially any form of
communication. At this point, no specific tool is required for gathering
requirements, but systems engineering software tools may help with the

organisation of information, such as IBM Doors or Polarion (Figure 1).
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Figure 1 - Image taken of the Polarion systems engineering software [1].

2.1.1 Pairwise Analysis

After the customer requirements have been established, it is important to
understand which requirements are more important than others. One tool that
can be utilised for doing this is a pairwise analysis. For a pairwise analysis, each
requirement is compared with every other requirement and is ranked either 0, 1,
5or 9. If 0, then there is no preference between the two requirements; 1 is a slight
preference, 5 is a preference, and 9 is a strong preference. After ranking the
scores for each requirement are multiplied together, and a ratio between the final
score and the sum of all scores determines a ranking of all the requirements, as
shown in Figure 2.

2.1.2 MoSCoW Method

Other requirement prioritisation tools exist, such as the “MoSCoW method”, which

is good for filtering through requirements by assigning them to 4 different



categories: must have, should have, could have and won’t have. Whilst less
precise than a numerical comparison, it is a simple and fast method of

requirement filtering.
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Figure 2 - Complete pairwise analysis as taken from Holley’s example design book

[2].

2.2 Critical System Functionality, Concept Derivation and
Design Choices

Critical System Functionality is a list of functions that the system must perform
correctly in order to meet the stakeholders’ requirements. Failure to perform these
requirements means the system in no longer acceptable. A function is an action
or process that the system performs to achieve a specific outcome which will

contribute to achieving the key customer requirements.

Through breaking down the system into functions and requirements new
concepts can be derived for the system taking inspiration from similar systems

before or combining multiple different systems into one integrated system.

2.2.1 Quality Function Development Matrix

Functions are identified through design meetings and literature reviews, taking

ideas from previous systems, or systems with similar functions. Some functions



are taken from the use case; others will be established after a functional analysis
of the system has been performed. The outlined functions then have to be
analysed so that the critical design functions can be established. This is done
through use of a Quality Function Development Matrix (QFD) as shown in figure

3. A QFD creates a link between customer requirements and system functionality

3].

The result upon completion of the QFD is a list of system functions and how
important they are in comparison to the other functions. The higher the score the

more important the function.
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Figure 3 - An example Quality Function Development Matrix [4].

2.2.2 Functions Means Analysis

A functional means analysis (FMA) is a tool that is used to identify how a system’s
function can be achieved. For example, a pilot needs to know information
regarding the planes current state in the air, such as plane attitude, current flying
altitude and airspeed. With the function being to measure the airspeed of the

aircraft, the means is through use of several pitot tubes.



Functions and means are typically charted out in a table, and if a design is being
improved upon, then the table may also include a comparison of how a function

used to be carried out, compared to how it would be carried out in the new design.

FUNCTIOH = MEANS ANALYSIS CHART

Sysiam: Intaligent Dish Waskar | Sub-Systes Date: 1 Aprill | Authee: S Clean Esua: 10 Raviewed: D. Din
FUNCTION MEANS
Cwipc Lasd Maka Up Bar zoded ‘Vimon mcognition Infra red carrera Stnaaund Clactronic Taga Uner datined L] Pauition ndicaton
Hema and ecagniion Sreciroacapy in basksts
Naasure Wrier Hardrean Inatal mton Iar cefdired
Hurd ey A sed rad
Laad Dirty Bemare Finge Shda doar Hinga Top Door 15hding Banbats Comverper
Harea Door
Unioss Claned Ema Oomar FHings Shda doar Hinga Tap Door 1 5hding Danbsta Comverper
Door
Losd Claaning Agenis | Pull oot fray In-daoor In-Saor Hapgar In machine bodp Ko cleaning
zzrmarTart Happer agera
Fill #asar Grawity fams Main Watar Racipracaiing Rctary Pump Carintugal Pumg
Franurs Purep
Drain Waiar Grawity fams ‘Waporoason Racipracaiing Rctary Pump Carintugal Pumg | Cimar and recycie
Purrp amier
Hoan Warar Elaciric Gan Burmer Houng ol aupgly Solar
Elemami ard mix with cold
Wash Eatatirg Spray | Fotatirg Spray | Wal meounized i Eraruian Walar bath
- o off wrm = twa off
Rirss Ratating Spray Rointing Spray Wl Moumiss jis Erarsian Waiar bagh
mrm —ara off - twa ol
Dry Contenta Elactric G bumar Diow @y Left wet Laft wet snd hand Sgin dry
Elgmemt dry
Salsct Cycla Ciockwark disl || Fezay Logic Haural Ko or Ruls Dassd Demrmnooc Lok wp taksle Fizsd one cyche
- uner defined Sywiam Equamon
Cantral Cycla Clockwar Microproceazar | Signal Procassor PLE ASIC Anmiagun Digesl tardwired | Cama ard gaar
Controber and sottears hardwired
Rmcaia Usar inpui [=1] Swilchasbusors | LCD ouch screan Plaama towch Soft key ped Hard bay pad ‘Vaioa recognition | Wohis phone an T# siyia ramo}
mareen remaie
Dioplay Unar (=] Swiichanbumora | LCO touch screan Flaama tawch Auditde - Matile prore LD in T wiyla
Hesisges BITEEN s aakar ranciz
Suppon Meisl Sub- Wanacome Emch-plari Farca Rakd
frame Cramsm
Proteci Sipel Caaing Injections vacmum Carbon Flare Stesl nicedhach
reoulzed plants caning caming with planiic
tacin
Irterince o sarvicea | Stardard EUBS Snap-ie Fully plumbed
Frsnga comEchan

Figure 4 — An example Functions Means Analysis Chart [5].

2.2.3 Pugh Matrix

The Pugh matrix is a type of comparative matrix where the leading design
concepts are ranked against the customer requirements, it is a qualitative ranking
of each design and helps determine which design is likely the best one for the
chosen criteria [6]. A basic Pugh matrix is simple to use and create, it consists
of a table with customer requirements at the start of each row, and a ranking of

each design against those requirements in each column as shown in figure 5.



3 Use Case, design of an improved kettle

3.1 Key Customer Requirements and Pairwise Analysis

The key customer requirements selected for the design of an improved kettle are

as shown in table 1.

Table 1 — A table showing all the key customer requirements for the selected use

case.

Key Customer Requirements

1 The operator requires that the kettle shall heat water to boiling
temperature

2 The operator requires the kettle to be powered using household
mains plug sockets

3 The operator requires the kettle to be capable of boiling water up to a
capacity of 1.5 litres

4 The operator requires that the kettle be easy to fill and empty

5 The operator requires that the kettle filters the water, due to the hard
water in the area

6 The operator requires that the kettle has a clear indicator to display
when the kettle is on

7 The operator requires the kettle be resistant to limescale buildup

8 The kettle shall comply with safety regulations

9 The operator requires the kettle to be easily cleanable

Requirement 1 specifies the primary function of a kettle, to heat water up to
boiling temperature. As this is to be used as a household item, the stakeholder
has specified that requirement 2 is necessary. Requirement 8 specifies that the

kettle should comply with safety regulations, the regulations that must be met is



the Electrical Equipment (Safety) Regulations 2016 as the customer is based in
the United Kingdom.

Following the listing of the key customer requirements a pairwise analysis was
undertaken to rationalise the requirements. The result of the pairwise analysis is
shown in figure 5, the matrix for the pairwise analysis that the chart derives from

can be found in appendix A.1.

Chart comparing the importance of each requirement
when compared against one another

The operator requires the kettle to be easily
cleanable

The kettle shall comply with safety regulations
The operator requires the kettle be resistant to

limescale buildup

The operator requires that the kettle has a clear
indicator to display when the kettle is on

The operator requires that the kettle filters the
water, due to the hard water in the area

The operator requires that the kettle be easy to
fill and empty

The operator requires the kettle to be capable
of boiling water up to a capacity of 1.5 litres

The operator requires the kettle to be powered
using household mains plug sockets

The operator requires that the machine shall
heat water to boiling temperature

0 10 20 30 40 50

Figure 5 — A chart comparing each requirement against one another, the scoring
is a rating of how important the requirement is, this was calculated using a

pairwise analysis matrix.



3.2 System Functions

The various functionality of a kettle is outlined in table 2.

Table 2 - A table outlining the functions of the kettle design.

System Functions

1 It must be able to contain water

2 It must heat the water

3 It must turn off the heating element when the water is boiling

4 It should indicate when it is heating the water

5 It should filter the water

6 It should start the heating process only when the button, or switch, is
pressed.

3.3 Quality Function Development Matrix

After establishing the key requirements and functions a QFD (Appendix A.2)
could be made for the kettle, putting each requirement against each function to

create a graph showing the functional importance of the system (Figure 6).
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Figure 6 - A chart showing the relative importance of each function of the kettle,
as compared against each requirement.
3.4 Design Concepts

The current design (Figure 7) is a simple kettle with no additional functionality; it

only serves the primary function which is to heat water.



Cookwork:

Figure 7 - An image of the current machine used by the customer [7].

The second design option (Figure 8) is a kettle with a similar capacity; however,
it also includes a removable and easy to clean filter. The container itself is made
of glass as opposed to plastic which is easier to clean and is less likely to get a

buildup of limescale.
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Figure 8 - The second design option, a glass kettle with integrated filter. [8].

The final design option (Figure 9) is a countertop water boiler; it has a much larger
capacity and can heat water without the need for an operator to start the machine.
It also includes a filter with a display that will check when the filter has reached

the end of its lifespan and needs to be replaced.
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Waterdrop

Figure 9 - The final design option, a countertop water boiler [9].

3.5 Pugh Matrix

A Pugh matrix was used to compare each of the 3 designs against each function,
this would qualitatively establish which of the design options would be best to

use, the matrix is shown in figure 10.
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Figure 10 - A complete Pugh matrix comparing each kettle design against the key

customer requirements.
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The Pugh matrix provides qualitative reasoning behind why in this specific
scenario, the glass kettle with a filter is the most appropriate design to use going

forward.

4 Summary

The tools used were effective in the development of an improved electric kettle,
by effectively communicating what the key functions and requirements are and
why. By qualitatively comparing each of the requirements, functions and designs
it allows the engineer to provide effective evidence behind set design choices.
The implementation of these tools also helps reduce the costs of development by

reducing the need for prototyping.

14



References

VI.

VII.

VIII.

“Polarion Requirements,” Software Advice.
https://www.softwareadvice.co.uk/software/150832/polarion-
requirements (accessed Jan. 04, 2026).

D. Holley, “Coffee Machine Design book for Guidance.”
https://moodle.uwtsd.ac.uk/mod/resource/view.php?id=611508
(accessed Jan. 04, 2026).

S. C. Wheelwright, Revolutionizing product development. 1992. [Online].
Available: https://www.amazon.com/Revolutionizing-Product-
Development-Quantum-Efficiency/dp/1451676298

“Quiality function deployment.”
https://www.ifm.eng.cam.ac.uk/research/dstools/quality-function-
deployment/#:~:text=Quality%20Function%20Deployment%2C%200r%?2
0QFD%2C,customer%20attributes%20and%20design%20parameters.
S. Burge, “The Systems Engineering Tool Box,” 2006. [Online].
Available:
https://www.burgehugheswalsh.co.uk/Uploaded/1/Documents/FMA-Tool-
v1-1.pdf

S. Burge, “The Systems Engineering Tool box,” 2009. [Online]. Available:
https://www.burgehugheswalsh.co.uk/uploaded/1/documents/pugh-
matrix-v1.1.pdf

“Buy Cookworks Kettle - Black | Kettles | Argos,” Argos, Jan. 06, 2026.
https://www.argos.co.uk/product/31020397?utm_custom6=LIA&deeplink=t
rue&gclsrc=aw.ds&&cmpid=GS001&_$ja=tsid:59157|acid:598-923-
9094|cid:20435174830|agid:|tid:|crid:|nw:x|rnd:14806168758609807925|
dvc:cladp:|mt:|loc:9192516&utm_source=Google&utm_medium=cpc&ut
m_campaign=20435174830&utm_term=3102039&utm_content=shoppin
g&utm_custom1=&utm_custom2=598-923-
9094&GPDP=true&gad_source=1&gad_campaignid=19671802213&gcli
d=Cj0KCQIiApfiIKBhCOARISAMIR _Is4x0XjSZn67eZ2_346beRjY5kL18D-
w11POskjalvcJBtEeQ0ziDwaAnKVEALw_wcB

“‘Russell Hobbs Brita Purity 1.5L Glass Kettle | Dunelm,” Sep. 26, 2025.
https://www.dunelm.com/product/russell-hobbs-brita-purity-15I-glass-
kettle-
10002389427?defaultSkuld=30902796&utm_source=google&utm_mediu
m=cpc&utm_campaign=Electricals_Kettles+and+Toasters-
PMax_%5BGOO-PLA-ELECTRICALS-
ELECTRICALS%5D&gclsrc=aw.ds&gad_source=1&gad_campaignid=21
00916554 1&gclid=Cj0KCQIiApfiKBhCOARISAMIR_lumXXY5VQnCWZ2b
Vkp3vToPInFujRrMF3FDkctcuUQ4a4PBGqr2SXsaAkoREALw_wcB

15


https://www.ifm.eng.cam.ac.uk/research/dstools/quality-function-deployment/#:~:text=Quality%20Function%20Deployment%2C%20or%20QFD%2C,customer%20attributes%20and%20design%20parameters
https://www.ifm.eng.cam.ac.uk/research/dstools/quality-function-deployment/#:~:text=Quality%20Function%20Deployment%2C%20or%20QFD%2C,customer%20attributes%20and%20design%20parameters
https://www.ifm.eng.cam.ac.uk/research/dstools/quality-function-deployment/#:~:text=Quality%20Function%20Deployment%2C%20or%20QFD%2C,customer%20attributes%20and%20design%20parameters

Waterdrop United Kingdom, “Waterdrop Instant Hot and Cold Water
Dispenser with RO Filtration,” Waterdrop United Kingdom.
https://www.waterdropfilter.co.uk/products/ro-hot-cold-water-dispenser-
al1?gad_source=1&gad_campaignid=20274148252&gclid=Cj0KCQIiApfiK
BhCOARISAMIR_It2TM839QZXDIGbGttZxZ2_ndBYb1WDaePDbIGFCMa
0DJ305n2e83YaAtQMEALw_wcB

16



Appendix A Design Book
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A.2 Design QFD 1

Importance

Contain Water

Heat Water

Tumn off heating when

water is boiling

Indicate when heating

water

Filter Water

Start heating on
switch/button press

Requirements

The operator
requires that the
machine shall heat
water to boiling
temperature

The operator
requires the kettle
to be powered
using household
mains plug
sockets

The operator
requires the kettle
to be capable of
boiling water up to
a capacity of 1.5
litres

2.02343

The operator
requires that the
kettle be easy to
fill and empty

4.359348

The operator
requires that the
kettle filters the
water, due to the
hard water in the
area

2.486931

The operator
requires that the
kettle has a clear
indicator to display
when the kettle is
on

7.771276

The operator
requires the kettle
be resistant to
limescale buildup

3.211995

The kettle shall
comply with safety
regulations

22.87182

The operator
requires the kettle
to be easily
cleanable

2.942577

415

255
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A.3 Pugh Matrix

Relative Importance Equal

Relative importance Weighted

Current Machine

Glass kettle with Filter

Countertop Water Boiler

WHATSs - Customer
Requirements

How much:- From QFD 1

The operator requires
that the machine shall
heat water to boiling
temperature

42.4699518

The operator requires
the kettle to be
powered using
household mains plug
sockets

11.8626746

The operator requires
the kettle to be
capable of boiling
water up to a capacity
of 1.5 litres

2.02343003

The operator requires
that the kettle be easy
to fill and empty

4.35934785

The operator requires
that the kettle filters
the water, due to the
hard water in the area

2.48693105

The operator requires
that the kettle has a
clear indicator to
display when the kettle
is on

7.77127607

The operator requires
the kettle be resistant
to limescale buildup

3.21199496

The kettle shall comply
with safety regulations

22.8718163

The operator requires
the kettle to be easily
cleanable

2.94257737

Development Cost

10

Purchase Cost

[6)]

10

Avaialbility

10

Ranking

20

0

2.111705

10.81267

100|

17.88829

-10.8127
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