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Abstract

Abstract

loT- technology Internet of Thingss afastgrowing businesi, means that more and

more products, clothes, even people are provided withsgbascain communicate and
perceive the surroundings to create a smarter comriRonisompaniesotkeep up to

date it is essential to continuously provide products with better components and reduced
size. Tostand oufurther, companies should providgoluionaryproductswith totally

new featureOne of these ideas, of a new kind of product with special features, have been
investigated and developed in this thesis.

The thesis has been conducted with the company CombiQ, located in Jonkdping, Sweden.
The poduct that was going to be developed was an industrial sensor, that uses the
technology of 1loT, Industrial Internet of Thingsat the company developsthetime

when this project took place, CombiQ did notassilown product, only the technology

that was placed inside the products.

To develop thendustriasensor for Combiot only the functions of the product had to
be investigated, further the brand had to be analyzed to create a design expression reflecting
the company.

Through implement sekal tools and ethods, from among other things the product
development process and design thinking, a concept of an industrias peesented

that fulfill the specific requirements and functions. Where thdeaiaire is that the

sensor should beraodular solution to be adjusted for the specific need of the clients.
Furthermore, during the project a visual brand language with design guidelines have been
developed to reflect the design aspects of the company CombiQ. Design guidelines can be
used forfurther product for the company in the same manners, which also has been
displayed by developing design concept of the rest of the industrial sensor that counts to
the same product family as the modular sensor.

Due to confidential agreements vignatireg commpany, the design of the &ndl someespt
functiomsnnot be shown in the report and are then covered.



Summary

Sammanfattning

loT-teknologi, Internet of Thingér en snabbt vadxande marknad, det innebar att mer och
mer produkter, kladedvenmanniskor forses ed sensoresom i sin tur kan forsta
omgivningen och kommunicera, detta foskdpa ett smartare samhéale. &t foretag

ska kunnaidhalla positionen pa marknaden ar det viktigt att hela tiden erbjuda produkter
med battre komponenter och mindrettiltisken. For skapa en starkare position, foretaget
borde erbjuda revolutionerande produkter med unika egenfletpé@r.en av de har
idéerna som har undersokts i det har examensarbetet.

Arbetet har skett under ett samarbete med foretaget CombiQ, bhelég&bping.
Produkten som skulle tas fram var en industriell sensor, som skulle anvénda sig av IloT
teknologin, Industrial Internet of Things, som foretaget utvecklar. Tidpunkten nar det har
arbete utférdes, CombiQ hade inga egna produkter men all gelgamio sitter i
sensorerna.

For att ta fram en industriell sensor for CombiQ behévde inte bara moéjligheterna att
tillverka en produkt utefter funktionerna undersokas. Varumarket behovde aven analyseras
for att utveckla en produkt som uttrycker foretagfetiess varumarke pa ratt satt.

Genom att tillampa metoder och verktyg fran bade produktutvecklingsprocesser och
designprocesser, kunde ett koncept tas fram som uppfyllde de uppstéllda kraven och
funktionerna. Den huvudsakliga funktionen i sensorn varodtikten skulle besta av
moduler och pa det viset kunna justeras utefter vad kunden bd&hdmer, under
projektet har aven CombiQ som varumarke undersdkts och riktlinjer for designen har tagits
fram som reflekterar foéretaget och dess varumarke. Bldsigarna kan anvandas for att

ta fram ytterligare produkter med samma maner, vilket har visats i detta arbete genom att
ta fram designkoncept pa ytterligare produkter som raknas till samma produktfamilj som
sensorn med moduler.

Pa grund av sekestessned foretaget, som ingatt i samarbetet, kacintésdadignieioner
som ingar i det slutliga konceptétatéhtezisas i denna rapport och ar darmed Overtackta.
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Introduction

1 Introduction

This report is carried out as an exam work efemReducation on advance level, within
thefield of product development specializaddustrial design.

It describes the project, from research phase to final pegtdy@n idustrial sensor
includingall the problems that had to be solved and how to construct the product.
Meanwhile a new design language had to be developed for the cooperating company since
no existing products were developed.

1.1 Background
This chapter will given introduction othe company as well as the problem to be solved
in this thesis.

1.1.1 The company, CombiQ AB
The company CombiQperates in the Hield, they are developing solutions within [0T,
mostlylloT. [1]

loT, Internet ©hingss a collective term for the development to put sensors and computers
on machines, vehicles, clothes[2kc.

10T, Industrial Internet of Thentge term used when the telchnology are used in the
industry. ltcan be used to monitor the machines by collecting data and by analyzing it the
companies can detect inefficiency in the production or to schedule maintenance to prevent
machine failuref3]

By using thesechnologie€ombiQcreateshe internal components feireless sensors

that can be used in a wide range ofsfihdl can be constructed to collect different data,
which can be customized depending on the need. CombilLog system, is one of the services
that CombiQ offer theicustomers, it is fully adaptable sensor platform that can be
customized for the specific need. The sensor will be adapted depending on the need for
example; which data that has to be measured, sampling frequency, battery capacity. The
data to be collect@@n be; number of revolutions, vibrations, temperatures, etc. This data

is then transformed wirelessly to a cloagked service and CombiQ o#iecustomized
solutionfor how the data should be presenfépln other wordsCombiQ is offers a
complete lloTFsolution that can be used in sensors by cliggiteot the complete
developed sensor as a product.

The company are during a growing state and count on growing fast during the next
upcoming years. They offer a servicen fdlevelopment to production; from listing the
specification for the need, to production of the product. With a knowledge to work with
series production and to fulfill certifications.

Oneof the names that CombiQ has worked with is Husgvarna, wherevithbgdrathe
lead developer behind their new wireless sy5i€ombiQ has lao cooperation with
Phoniro, that isne of the leading companieSwedenvhen it comes to tools and &r
the elderly care sectonjacking @ors forstaff memberpersonal alarmetc[6]
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1.1.2 Assigned task
CombiQisin the front edge dhe developmerof the lloT-technology and s&arting up

a new project to develop a whole completegtuition, from the technie to the design

of the sensoiAt the time when this thesis st@&dmbiQ does not have their own design
and product fosensorsthat goes undéneir own brand. Mainly every client has their own
design of the senseith their own logand CombiQ stander the technology behiriid

By developing a new solution with the Corrlb@@ and own designs on sensor will give
the opportunity to be more visible on the mafBesideshe company also caffer a
whole solution for companies that does not haredivn designs on sensors.

To offer the whole product package in the 4¢olution therenustexist different variants
of the sensors for different applications. Thegeensors that will be installed on hand
held machines, industrial machines andrejtitere is also personal tagsymvariations.
Theseproducts will have to be designed to exphespmpanyCombiQlogo and design
language.

One of the industrial sensors that are going to be devdlmpaaplication on the bigger
industrial maghesare going tbe based on an idea from Combi@hvblves a possibility
of a modular solution, which amplifies the customization fpratlact and let the client
put together what they need and the possibility to do it wheentlaed appears.

nodular
n an

h
CONFIDENTIAL d
bnents of
al

pduct

Since there is no existing productesigh language for CombiQ during this thesesob

the questions witbncern thisThe brandhouldoe analyzed to find the design values that
rightly will express and reflect the brand name. In the new project arplduntie the
company Combi(s to develop and offer the whole ledlution with all the products

thatwill be needed. This means that the design that will be put on the sensor in this project
will have to be able to be copied and applied to the rest of the products. To make that
possible design guidelines should be defined to facilitate the furthgrdesgged.he
foundation for the design guidelines will be to analyze and list design values that express
CombiQ as a brand.
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1.2 Objectives
In theprevious chapteassignethsk it clearlystateshat the main poinh the thesis work

will be in a modal solution of mindustrial sensonSurthermoreto provide the company

with a desigron the sensor that will express the branchuit be an analyzing and
definition of their design values. By fac
guicklines will be listed and applied as an example how their product family can look like.

The purpose is to investigate and report to the company whether the modular solution of
the industrial sensor is possible to manufacture or not. If this is poadiadyvié a great
purpose for the compasince they are launching their new comipt&iesolution.

To be able to fulfill the purpose of this thesis work, the pralalsheen divided into three
research questions that are going to be investigategltarproject. The first research
guestion thiaare going to be conductisd

[1]1S IT POSSIBLE TO DA MODULAR SOLUTION THAT FULFILL OR EXCEBED THE SPECIFIC
REQUIREMENTS?

The requirements will be stated by the company and the inner componentsomd#éde de
through cooperatiohen the possibility can be stated, whether the modular solution is
possible or ngthe next matter is to investigate how the CombiQ should be reftented

the brandshould beexpressdin the desigiby defining the design wasand guidelines

that reflects CombiQherefore the second research question is;

[2] WHICH DESIGN VALUES EXPRESS AND DEFINECOMBIQ AS A BRAND?

First, CombQ must beanalyzed aslk@aand and design values listed, wieflecs the

brand. e nextstep vll be to use the design values to create a design on the modular
sensor. By letting the compainteract through this process the design in the end will
contain what the company are lookinglfeft onin this second research quesisoto

make sure thhdhe design from the modular sensor can be applied for future products.
Which allowshe design values and design of the modular seenisea foundation for

further design To investigate howvs possible to work with design guidelines and to apply

it on new productshe third, and last, research question is;

[3]HOW CAN A PRODUCTFFAMILY WITH SAME DESIGN LANGUAGE BE CONDUCTED FOR
THE BRAND COoMBIQ?

The output of the third research question shouldduggestionow the product family
for CombiQ carook like based on the brand values and the design of the modular sensor.

To be able to answell the research question and then meet the puopdse thesis

there will be implementations of methadsl toolsfrom both product development
processead design processAlong with research, manufacturing processes and material
selectionaWith these methods and resegatoh resulbf the modular sensoregpected

to be presented as digital rendering and a visual protoggreviMethe sugge®n of

the product familisinterded to only be visualized digitally.
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1.3 Delimitations

This thesis is conducted during a period of 21 weeks and are not possible to deliver a
complete and flawless bluent ready for manufacturing. Since the thesis also irtbleides
analyzing and development of design guidelines for the company. Although the goal of the
thesis is to get as far as possible to a get the sensor ready for manufacturing.

The prototype of the sensor in the end will be a visual prototype, which rteiamslith

not be manufactured in the intended way or material. The design of the prototype will be
as the intended modular sensor, in a scale 1:1, and will have the right colors with textures.
Which functions that can be included depends on the aceedsradls and tools.

The components inside the product with placements and connections, will not be covered
in this thesis, since it outside the framework of the educational program. The internal
components will be decided of the collaborating compaimy ithesis work, since it is

their specialization and knowledge.

The productsplanned to be produced by injection molding, whatides that a tool will

have to be made for the production for the product. In this thesis, the tool will not be
constreted, even though the manufacturing process with its specific constraints are
considered when developing the product,

When it comes to the proddamily, the concepts will not be as refined as the modular
sensor. The produtamily will not be presented visual prototypes, the intention is to

give a suggestion for the company. Therefore, they will not be developed in the same
extension with manufacturing processes, materiabsetectfunctions.

Due the timdimit the visual brand language and #®gth guidelines cannot be fully
defined. It will be analyzed and defined to a limit where it can be used and applied in this
project.

1.4 Disposition

The report idurtherconstructedn a way where first the thetical background is stated.
Further the mdiods that isappliedin the thesis will beefined, followed by the
iImplementation of tleemethodsto finally lead up in the result and discussion. At the end
of the report all theeferences arattachmentsan be foundhat is referenced along the
report.

10



Theoretical background

2 Theoretical Background

To create the framework foiidlthesis several theories hasenimplemented to create
a structured workflow through the project. In¢hispterall the theories are stated, from
the design theories to the manufactyogesses.

2.1 Design thinking
The definition of what designing thinking really im@resscattered7] The Nielsen

Norman Group states that the design thinkingnigsleology that is supped by an
accompanying procef]. To mentiondesign as a way of thinking can be traced back to
1969 and Herbert. AsofSitmoen.§AOltbiofoikc iéallhde Sc

The firstoneto adapthe design thking for business purpgses the founders of IDEO,
a global design and innovation firm stated in 831
IDEO hawe defined the design thinking as a process with three major stages;

1. Invent: Form som#heoriesof what thke costumers want and try to see into theirf e 6 s ,
to seewvhat thé@ wants and needs could be.

2. Test: By testing your ideas for tiwstumers with quick prototypegeShow the
costumer respond and adjustgheduct out of that information to becométére

3. Life: bring the product or service to life by analyzing the winning concept to collect
information what kind of capability, resources and activities that the company needs to
have to produce, display and sell their prgdugt.

By using design thinking, the development process can take &dnieraa approach,
which lead to a result that fulfill and respect the need of thid Liser.

2.1.1 Bootcamp bootleg

Originally Bootcamp Bootleg was wadg for the graduated students at d.school at
Standford University for thestassBootcamp: Adventure in Design.TriekBgotcamp

Bootleg can be seen as a toolkit for supporting a design thinking process. The guide goes
through all the steps of tpeocess and with examples of methods to apply to perceive a
humancentered design mess[12]

The Bootcamp Bootleg is divided into a process of 5 steps;
1. Empathize

In humancentered design it is vital to understand the osexeydesigning for and

what they go through order to build a empathy for the user it is important to observe,
engage and immerse. Which means that you should watch people interact in the
intended environment, engage people to reveal what theynthimkat values they

have You should also put yourself in the position of the user to get the same experience.
All of this will give an understanding who you are designiagdfget perception of

the experiences that the users will go thr¢1@h

11
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2. Define

The next step is to translate all the information from the empathy phase toe¢he s 6
needs. The goal is to have a definition of an actionable problem, basexdcmvéned
problems that was preseth in the empathize g&a The statement should focus on
specific users and their needs.

This step is important since it willthe foundation for the design procehls will

give cruciahformation for further work and define the problem nhagtbe solved
throughout theproject[12]

3. Ildeate

When tle problem is stated, the idgatb@ase can start. This involves producing as many
concepts and ideas as possible that solves the problenpHagébisshould be a wide
range of ideas and solusdhat later can be explored furtfie2]

4. Prototype

Prototypinget the ideas become real @rdevaluated in a physical way. In the early
states the prototypes should be rough and rapid, to allow quick investigation of a wide
range of ideas and solutions. The prototype can be made out of anything available, it
could be paper and tape, roleplaying activity, an object, etc. As long as the prototype
will test the ideas in a way that they can be investigated and evaluated.

The dility of the prototype does not have to be functional, it could also be ased as
test for exploring shapes, give inspiration or gain more emifpttbydesigand the

user[12]

5. Test

The testing phase is about getting feddivam the solutions that has been refined.
This is a interactive phase with placing sodutions in appropriate context of the
userso |ife. This step rbaxktetheldawingibaardf aul
or redefining the problem statem&m other hand, this step also gives the opportunity
to build stronger empathy and new insifti®$.

2.1.2 Design thinking 101 by Nilsen Norman Group

The Nielson Norman Group, NN/g, wastablisheth 1998 of Jab Nielsen and Don
Norman. The purpose was to conductggality user experience research and based on
that provide recommendations for interface design. In 2000, Bruce Tognazzini joined the
group, he was one of the first huAraerface designers at Appl&]

The definition of design thinking according to NN/g is that the d#siting ideology
statesthat the usecentric and handsn way of working can lead to innovation,
differentiation and competitive advantagés. ideology in it sads is defined by the
desigrthinking proceswith 6 distinct phasel8] See figure 1

12
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:4," IMPLEMENT  EMPATMIZE @) "")
¥ ﬁ Put the vision into effect Conduct research @ 3
& [] 10 develop an °
~ g wederstandng of
X ) your users.
//
| & DESIGN ... Q
[ 2 THINKING oo
for feedback. 20 obierve whete your
1 o 1 users’ peoblams exist,

m Figuel. Design thinking process of[BIN/g

The NN/ gds f r améimwking d¢onsist$ of 3 dverall hwss understantding,
explore and materialize. In these 3 flows it is 6 phases;

1. Empathizethrough research get an understanding of what the users do, say, think

and feel.
2. Define: |l nvesti gat existaddefinethdirheedsuser sdé p
3.l deate: Creative a wide range of ideas
4. Prototype: Build physical models of some of the ideas. To allow an understanding

of what must be define, changed or if they even work. The evaluation atyfeasibil
starts to have a greater impact during this stage.
5. Test:Gain feedback from users, investigate if the ideas achieves tGegoale
to test along the refinements of the ideas.
6. Implement Ensure that the solution is materialized and that istbe will be put
into effect|8]

Further NN/g mentionthat
the design process is n
linear, all the phases do n
have to be followed to th
letter. The process will ha NN ”

to look different dependini oy, oy o =S
on the project with its Q Q
includingparts.The different
steps may need to be repea
to process the problem.

UNDERSTAND EXPLORE MATERIALIZE

DESIGN THINKING 101

Figur@. Design thinking is a iterative[Bfocess.

13
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2.2 IP-class demands
An |IP-class areddined by the two numbers, séaéhmentfdr a table on definition of

the different levels on {&assification. The first numlethe classification describes the

level on mechanical intrusion of dust and water. The second number states the resistance
when exposed to pressure. Andldss 6defines a product that have the highest level for
mechanical intrusion of dust and watecgsit has an Helass 6X. when it comes to resist
against water an-tfbass X7 must withstand the pressube tonder 1 m water, for 30min.

[14]

2.3 Circular connectors
A circular connector is an electrical connector consistiraylindrical housing possessing

multipin interconnects. The advantages of circular connadang ability to house
different contacts and they also come in a wide range of allowable contact voltages and
currents. The disadvantagesthe Iss of space when placing circular connectors in arrays.

[15]

The connectors come in two variations; one female and
one maleThe femalésthe oneo the right irfigure &ith
@) holes for the pins that are one the male connedtoe to
‘K# right in the picture.

e

{ /
\
b\

Figur&. Female and male connectors

There are different types of circular connectors that differs with number of pins inside the
connector and the arrangement of them. Térex@so several ways that the connectors
can be constructed depending how it wilhblled and also different ways to connect
two connectors togeth¢i6]

In thefigurd below, twaifferent circular
connectors are displayed. They are with
different types afonnection between the
male and femaldrom right; pushand

pull connection, bayonet connection.

Figue4. Circular connefi@is

14
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2.4 Materials

To be able tananufacture productthe possession of a material is essential. It exists a
wide spectrum of materials on the market, each have their own features.

Therearetwo main groups of materials; the industrial produced material, for psi@®iple
and then it is the materials that is naturally occurring, such as advsiothes18]

2.4.1 Plastic

Plastic is aynthetianaterial that is built up by one or several polymeisyaoiditivest
can achievemprovel characteristics and propetrtilastic materials can be divided into
two groups, thermoplastics andthesetsThermoplasticsave a molecuklgructure that
allows it to be melted, formed amith the ability to be melted again amdhat webe
recycled. The thermosets on the other jwmhotbe recycled by iogy melted again and
reshaped19]

The most common maradturing method for thermlastics is injection molding,
extrusion and thermoformingfhere the injection molding is the most used metinach
can beaused to produgeroducts, fronsmall details to big contaisiefhe plastic is melted
and further injected into the mold cavity where it is cooled tgegtion molding is
methodthat allows the molded product to have a high accomadymensions and
toleranceg20]

The thermosetsommonly produced by compression moldirdgere the plastic is melted
and poured into a warm mold whereill be hardenednder pressurgl9]

2.4.2 Gore -tex®

Goretex®, I's the trade name bdsicalyt leasaimaadwateri a |
vapor pass through but not water drops. The structurgstsout of a microporous
membrane of expanded polytétiarethylene plastic which is usually either laminated or
sewn between two layers of fabric to create watergobathing.[21]

Gore®?, that is the concern behind all the branches oft@¢rapplicationalso have a

branch with Gore Vents. Were their technology is applied into vémtse used for
industrial application¥he vents are ostructed with ePTFE structure, consisting out of
odesfibrils and pores. It allows air and sound to come through and protects against water
and patrticles. The vents are developed to give a high transmission [#Zound.

Figueb. Gore offers several types of elef@8)nic vents
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2.5 DFMA

Design for Manufacturing and Assembly, DFMA, is consist of the combination of two
methodologies; Design for Manufacturing (DFM) and Desigksembly (DFA). The
focusis to decrease the production cost and by looking at both DFM and DFA the cost
can be reduced withall the steps the proces$rom the design to the production and
assembly24]

DFM is focusig on the manufacturing of all the components that a product consists of.
Meanwhile the DF&oncerns to facilitate the assembly of the manufacturefbptrés
product.[24]

The goal of the DFMA is to evaluate the producsanglify the product structure as far

as possible¢o eliminate costs in manufacturing and assembly. DFMA can also be used as

a tool for benchmarking, for studsgdashe c
a 0 s-hostwobl tbBupplier negations[24]

The workflow for a DFMA;

1. Start with a proposed design
2. Estimate the manufacturing costs
3. Reduce the costoncerning
- Components
- Assembly
- Supporting production
4. Understand the impact of other factors
5. Recompue the manufacturing costs
6. Evaluate proposed desiffi¥]

The choice oprocess and material are determined based onetmodwlume, tools,
tolerances anproductgeometryThe process wilHave to consider the functionstlie
product, such astrength, structure and geomekhe most cosefficient process should
be chosen that still ensure that the product fulfill the constraints and tol&iaaces.
material will be determined based on the constraintseagelometryfdahe product such
as;thickness, cavities, 4]

When designing the details for a component or product, there is guides that can help to
avoid mistakes in manufacturi@@mponents should be reduced, meanwhile the design
of the details should make it easy to assdidjle.

By going through the parts that constitutets dos the manufacturing, problem can be
found and erased to reduce the costs. Following, some steps are presented wtgere the cos
can be reduced in the production;

Reduce number of components

By reducing theaumber of components or parts of a product, the costs for the
manufacturing and assembly can be mininjzdd.
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To analyze and gettioe theorgcaly lowesthumberof componentsach of them can be
evaluated by some questjons

- Must the componeitte movable compared to the parts around it?

- Can the component be eliminated or combim#danother component?

- Mustthe componentbesepara becausestouldbe servicedyr because dhe material
choicejs itpossibility to replace it or is it a theoretical necessar2phrt?

By reducing the number of parts in the product it will lead to easidrlassereduction
of the assembly time and complicated tolerances. By minimizing the ésseyinbil
also reduce the cost for the assembly and the final productifi2d¢ost.

2.5.1 Reduction in assembly line

To minimize the assemlhigne, following points can be evaluarad improved in the
design;

- Easy to grip the parts without tools and without parts getting stuck together.

- Easy to orient the part; symmetric or clearly asymmetric.

- Ease the assembly; saljusted partshamfers as guides, one base part, mounting
directions.

- The parts should be able to be handled with hands, therefore the parts should not be;
sticky, slippery, fragile, sharp or flexipig.

SeeAttachmentf@r example 0 guidelines for designing details that facilitate assembly.

2.5.2 Other factors

To understand the impact on other factors, such as parts that could be used in other
products in a companyds assortment, whi ch
andmachines for the company.

Another factor that can be examined is thwbole life cycle of the product, with the
maintenance, upgrading and the rest material in the prodbationust be taken care of.

Which can also arise extra costs for the produi@dj

2.6 Process methods , molding

Molding is a method that is used to shape material, it can be metal, plastic, glass, etc.
Molding includes lequidizedmateriathat isput in a mold, with a negative cavity of the
wanted prodct, to solidfy. [25]

2.6.1 Insert molding

Insert molding, or twshot molding, uses the injection molding method as a base for this
process. The insert molding allows parts or productsitadsefrona variety of materials.
Insets are put in the mold to give higher strength and the plastic is injected into,the mold
creating a solid body around the inserts. One method of insert molding with
multicomponent as inselitsthat the part wikh stepput in different molds, as mastgps

17



Theoretical background

that it is variation of material or col¢26] The figure,&hows how the process can look
like when using an insert molding with two steps. First tfierpred components are
molded in with plastic to indmext ste get another type of plastic to create the finished

product.
pre-formed
. component
A
\ ol o
-

i
N

Figue6. Robot transfer method of insef26iolding

2.6.2 Low-pressure molding (LPM)

The process of low pressure moldingsstatth meltingtie plastic pellets to a temperature

of 180C- 210C. When the pellets are melted, the plastic are injected inpad mad.

The electronics are placed in the mold beferpl#istic are injected widhw pressure and

heat, and will therefore be coveatadng the process. In this method, the parts are usually
done within a cycle of 30 second and are immediately ready to be tested. Low pressure
molding allows eompleteconcealing dragilecomponents and sensitive electronics due
thelow-pressurénjedion and temperatur7]

Technomelt, which is a company providing machines and materials-dorstake
molding are usgnaturally occurring raw materidlee material can be chosen with a
customized color option and Teomelt provide a range of materials for operating
temperatures betweetD to 170°C28]

2.7 Design guidelines for molding
To let a component be produced repeatedly times, a tool can be created with a negative
space of the compameandbeusedor examplénjection molding.

The tool is generaligade ofpre-hardened steel, hardened stealloninum, and it can
have details out of beryllitcopper alloy in areas where it requires fast heat reduction
during the molding. The mosbaomical choice of molds is the one made of aluminum,
by usinga CNCmachine the moldan be constructing with the right geometry of the
components that will be mold§z2b]

To prevenimanymistakes and faults in the comporsdtar the moldingt is important
to consider factors such as tolerances, shrinkage, thickness on geometry dimension on
radiuses, etf30]

To prevent faults in the components after the molding, there is guidelineshibigt ttan
do a welfitted design from the beginning;
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Draft angles

Draft angles aressentido be able to release tt
component from the mold without damagi ~
neither the moldracomponent.

llQ».
How large the draft angle should be, depend |
the structureof the surface, the deeper struct Sa
the larger draft angle is requif28] Common for
a molded pIaStiC piece is a draft angle betwe"lfivg‘ur’lé'? Use draft angles to be able to remove ¢
to 3°. [31] [32] mold after the pr¢2eks.

The draft agles should also be applied to texturing
and lettering. A general guideline can therirb&.5° per 0.025 mm depth of text(28]

Parting line

To be able to get the compaheut of the mold, the moitselfmustconsist at of two
parts. Where the two parts of the mold meets, a parting line [8&3urs.

Sharp corners

Sharp corners should beoidedin the design Sharp Gormer Comer Radius
Haises Stress Minimizes Stress

since this leads to increased stress concent Corentraton Concentration
that could lead to part faiée.[29] T}
- N=

In figure ,dt shows a general rule how fort ~— NN
radius of the corner based on the wall thicki T
on the detall. Poor

Figur®. Rule for corneusd@o]

2.7.1 Inserts

To provide place for fasteners, for example machine screws, an insert can be placed in the
plagic part. The insers generallymade ofbrass and therefore robust, which leads to a
better resistanceso that the produatan withstand several cycles of assembly and
disassembl{29]

There are several methods to applyet
inserts such as ultraserocthermal insert. . ~Insert
Then there is the moldéd insert. When N&e) "

. . . e e Groove _
using the moldemh process the insert | ﬁk N\ ==, Pastic
placed in the mold during the molding cy 3 =

e '-; T Knurl

This gives a complete enclosure with plé
around the insetfi29]

Figur®. Moldeinh insert in plastic comja8gnt.

19



Method

3 Method

Within the theories several methods can be used to provide the expected result. In this
chapterall the methods that is used in this thesis are listed and explained.

3.1 Project planning
To get a strong foundation for a projec important to have a wdkfined project plan.

It should conti clearly stated goals and Whwe the responsibility for what. To keep up
the efficiency of the project it is also important to continuously-igllone project and
goals. When it cags to plan athe activities in a tirime, Gantt chart is one of the most
common way to organize projects in {imes.[34]

Gantt chart

The Gantt chart wageated by Henry L. Gantt during the World Whr flacilitate th
production control[35][36]A Gantt chart is a tool tcreatehe most suitable pldor a
certain task36]

By making a schedule with all the activities thdb Hees done to fulfill the main task,
shown in a timéine by horizontal bar charts. The Gantt chart reveals the whole process
from start to end, it can also be preliminary dates that the phoigfor. The activities

show their relationship to one amat which depends on each other and have to be done
first. The resources for each activity can also be displagexttivities are assigned the
specific time to be finished, deadlines can also be Rif]up.

Microsoft project

Microsoft have developed a program for planning and monitoring projects, called
Microsoft project. In this program there is templates, for example to do -ah@gentt
Furthermore, the program allows more tools for project planning and to organize staff
member[38]

3.2 Functional Analysis

Functional analysis a method used for creatingtaucturewith the finctiors for a

product that are going to be developed. The output of this method is a fshcichare,
describing th&nction or system of the product, without any concerns about material or
design of the including components. Which allows to get an overview of what the product
should be used fand how it should be used. Tdemponent®f the productan then

be defind from the function structure and developed for the spae#id.

This method forces to ubghly abstract thinking of the product artiat wayhelp to

prevent the dggner to jump into conclusions in the development pr{&@lss.

The functional analysis can be executed in differentiegnding on the certain project
and wanted output. It can be put up like a process tree, a collection of general functions or
a combination of botfi39]
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3.2.1 Process tree

A product goes through different proesssuring its lifecycle pfocess treisa schematic

diagram that allows the designer to go through all of the processes and analyze how the
product are going to be used, by who and where. During tesgae that the product

goes through there is several requirements, andoriocesstree these are listed.

The processes in a lifecycle of product that can be investigatedaauéacturing,
assembly, distribution, installation, operation, maintenaaecesuse and dispod]

A process tree should be done in the beginning of a project and the steps could be
following;

1. Define the productvhat is it?

2. Listallthe relevant processes that the product is goinghoogigh and that is

important for the project.

3. Describallthe steps that the product is going to go through in the respective process
in the lifecycle.

4. Summarizallthe collected information and visualize the procesgloke.

3.2.2 General functions

In a functional analysad|the relevant functions should be listed and be ranked in the level
of important for the functions of the produche functios shouldbe built out of
sentences with verb+noun to define theediffit functions of the product. When the
functions are listed, they can be defined with limitgddnps.

Main function

The first function to define is the main function, this should be narrowed done to one
function. It is théunction that the product is used for and if this is midtéd the product

is useles#\ coffee cup for examplean be seen to have the main function: provide fluid
intake. Thus if the coffee cupcannot provide the user with intake of fluige mai
function is nofulfilled and it canndie used for its purpeg41]

Necessary functions

These functions are the ones that support the main function and withguhdmeain

function canot be fulfilled. The necessarpdions are usually few to the amount. To
continue the example of the coffee cup, from the previous step, the necessargannction
be hold fluid, offefilling of fluid. Without thedenctions the main functionwihp r ov i d e
intakeof fluidéwill notbe fulfilled and the productuselesg41]

Desirable functions

The desirable functions are not necessary to fulfill the purpose of the Nedrdteless
theycan beseen as something desirahigt can help the usertbe product[41]in the
case of the coffee cugne desirable functi@manbe allow lift, which help the user to drink
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the coffee but the product will still work even if it cannot be Bitezk it can be solved in
anothemway Even tough, a handle can be desirable for the user to get a good experience
of the product.

Unnecessary functions

These functions are, as they sound, unnecessary and will not affect the products main
function at all[41] Neverthelesghese unnecessary functicaabe sonething extra in

the productthat makes it more special. For the caffgiit couldbe; contain cookies, it

isnot a function that will support theain functionlt will be a function that can make
product be seen as speci al and give the U

How to put up a functional analysis

A functional analysis can be compbgether withhe output of the process tredth the
0 u sstage as starting pmt. A functional analygsonlydescribes the funohs that the
product should do.he functions that are depending on manual work are usdlethsks.
The user tasks can usually be adirddo some supporting parttie productwhichcan
beconsidereavhen the designexdeveloping the produ¢89]

When the functional analysis and process tree have been coaflitleeddnctions can
be compiled in boxes and be put in adragram with the main function on top and the
subfunctions undeeath ordered in how they depend on etwdr.[40]

3.3 Morphological chart
The aim of using a morphological chart is to find all the theoretical possible solution to a
problem. The method is conducted by first, define allatiaenpters that might be the
solution to the problems. The parameteustbe independent, otherwise the different
solutions of the parameters cannot be combined freely. To make sure that the
morphological chart does not gei targe and unbearable, itidtdlde a small number of
parametersSince, all the parameters are supposed to be combined with each of the other
parameters to create concepptsiorphological chart that is 10x10 then givi@sddition

which will create unbearable antafrconcept tdry out. Bydefiningonly the essential
parameterst will keepghe matrix to a feasible sa@l still givenough defined concepts.

When the parameters are defined with the including variation of solution, a morphological
chart is constructed from tharameters and all the variations of the solution of every
parameter. This will create a multidimensional matrix

This can then be used to combine one solutio Solutions

every parameter to create concepts where all pro -2emetesy L L 2 1 9
are solved42]

1
|
T

2

In figure 10an example is illustrated on how th
concepts can be combined with the different solut
and parameters. All the concepts start with 4
solution 1 of the first parameter. Then the conc ' Y Y
variates on the second up to the foudlameter. FiguraO. lllustration how to use a Morpholog

3
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In the end three different concept will be created. Further the process can go on until all
the combination have been done.

The concepts in their tusmouldbe evaluated carefully, since the morphological chart are
based on theoretical undgrdand does not ensure flawless concepts in thd2hd.

3.4 Requirements
Requirements can bsed as a contract between the costumer, user and company to make

sure that all the parts are specified that the product in theustidlfill. [41]
Design requirements

The designequirements can be listed baseskwrral users of the product, there is design
requirements especially for the-eselr as ergonomics, satisfyireglageasy to install, etc.

It canalso be based dhe products life cycle, such as; production, retailer, brand,
environmental demands, ¢4d.]

Technical requirements

The technical requirements are a list of what the prodigtineet or exceed, these
requirementspecified details abofdr examplgphysicabr class demands are lisféd]

3.5 Waterproofing
With products, that in one or another wshgquldresist water must be waterproofed.

Depending on the constraints atedrands of the product this che done in different
ways. Foexamplesellphonesave been waterproofed and still managed to have the same
aesthetics on the outside with no signs on the waterprptfing.

Based on construcin

To achieve a wedkaled product, that reaches high demands. Without hayeat a
knowledge about constructingterproofegbroducts, the golden rule is to keep the shape
simple[45]

Tips for constructing waterproofed quonents;

o0 Keep the opening shape circular, in thistveay be sealed wikanérd Grings,
whichalso creatanunformed sealing force.

o Avoid sealing between more than two parts, it will become a greater challenge to
achieve proper sealing betweeretbrenmore parts.

o0 The gasketshouldhave a proper support on all sides, otherwis#l itend to
release and cauaded sealing.

o The stiffer parts, the easier to seal. Tolerances on plastic deflection and load of
gasketsnustbe taken into considerti

0 The goal is to still have air coming in and out of the product but not liquids.
Membrane vents can be used to create this. The air has to come in and out of the
product otherwise it will riskkplodingdue tothe changes of air pressure. It will
alsogive vater, that have gotten in,vapor and get out instead of being trapped.
[45]
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In some product this cannot be applied, the product may have to be sealed in another
way than with a gasket and stan@arithg. Enclosure calne achievedith other

options such as

- Insert molding with elastomeric over molding

- Hot plate welding

- Ultrasonic welding

- Liquid adhesive

- Tape

- Encapsulation the sensitive componfiiils

3.6 Anthropometry
Anthropomety is the study of the measurements of the human[#6Hyn. ergonomics,
the anthropometrics are used to adjust the work and environment to the hunjdi]body.

Hand ergonomics

When designing ttothat are going to be held in the hand there is several guidelines that
should be considered. As many users as posisdiél be able to use the product. The
diameter of the produdepends on the usages, if it going to badulll grip or a precision

grip such as a pend.screwdriver for examplghould be able to be used with both a
power grip and precision grip, therefore the diameter is a compbrhieeneeded
dimensions, therefore itasound 25 to 40 mm. Ridges can help to facilitateiphangl

prevent the user to slip. The general rule is that the product should distribute the pressure
on the palm or finger if it is going to be grasped or squpked.

The material should be a poor heatd electrical conctor and rigidso he user will not

get hurt by @roductthatchips or cracks. Furthermore, the material should not absorb and
retain liquids or oil so the usell glip. When great forces are neddwd the user while
using the produgit can facitate by using textured surfa¢48]

Anthropometry for hands

To get an understanding which dimensions that should be used in a product to fit the
specific need of the user, anthropometric tables can be used to get dintbesawrreige
human in different percentil&eeAttachmentf@ an anthropometric tabbm hands.

3.7 Kansei Engineering

When in contact with a produatiour senses are used to experience the product and its
features. To decide the feelings that shaufdlbby the useit can be consideredthé

start of a project and be the aim. Kansei Eegitehave been developed to protese
feelingsaand systematically develop the prododn the end it will express these feelings.
The development proseshas been developed by the Japanese professor Mitsuo
Nagamachi. Theethod can be seen as a custdowrsed product development process.
[49]By using the KansEngineeringt he f eel i ngs c a@&corketind me as
can be shown faghe products propertigs0]

24



Method

To relate the procefs a strong customer focused product and teupnd a result with

the right expression in the produchetprocess starts with collecting feelings and
impression from costumevghen they describe the new product, it could example be from
interviews[49][51] The first step gives several adjectives, that in the next step has to be
analyzed and beduced to a manageable amountadjextivesan then beomparedo

their opposites, with a ratiagalebetween them. Different concepts are then shown and
users are putting grades on what they experience in each of the aticepts.

3.8 Design equalizer
As explained above in the process of Kansei Engingegingllected adjectives will have

to be analyzed and compared to allow the designer to get a perception of how the new
product should be designed.

To visualize the peption of a FoRM
product, the authors o 5.
OAf fecti ve Su ueny

Estethic

0 the art of creating emotion; “weiought-ou
response f I Ospem
introduces a picture &xplain 2"

Prestigious

the deS|gn equallzee,e f|gure :l Professional

Secure

COLOUR
Aerodynamic

Reliable

The design parameters th apopie
describes a product; forn
materia|’co|or and surface arFigurdl Design equalizer, pictufgZfom

listed horizontal. All these

parameters are evaluated based on the intended core values or product message that are
listed vertical. By evaluating the core values based on the design parameters a bar can be
put in the scales for hastrong the value depends on the parameteexBarplein the

figurel1l 0 Aerodynami cd has t he-patameter vehith nmeang i mu n
that the form of the productsdepending strongly on the form to create the expression

of aerodynamics. Meavhi | e t he bar at t he -pasameer,val ue
since the aerodynanmcnotclosely connectdal a color on the product to express the
wanted valug52]
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When all the bars have been put out based on tks aall parameters, an overview can
be created for the meaning and message of the pfsajict.

3.9 Visual brand language
A visual brand language (VBL) are compiled into a documetggb@abed or shovedl

the visualfeatures ah design values in form apresentations. These visual aspects are
representing the brand and wiaty stand for. With a definedual desiglanguaget

can ensure that the further products for the company will have the same expression and
design laguage and will give a help in further product development. A successful visual
brand language explains the valued relationships between brand and the user and it will
provide with the foundation for differentiating on the market.
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The developing processdshe visual brand language starts in defining the core values of
the company and the brand, these will then be translated into visual aspects that are
communicating the brand in the most accurategy&jy.

Insight, which ia company in that develop and launch product for healthcardsplaces
explain their way of implementing visual brand language like this;

j =
Figuel2 I nsight sé wk3] of working with VBL.

First the brand values will be defined as the core values of the company and the brand. To
later be transgited to visual themes which represent and communicate the brand message.
These visual themes will be applied in the comcget the brand signature. In the end of

the VBL process, guidelines are created obtlkevalues and presented in a way that the
organization can further implement.

3.10 Moodboard
To be able to express the values in a project and to make sure thehaledne same

picture in mind, a moodboard can be conducted. This is a collatees$ phat describes
the words andalues that is essential in a project. The moodboeandse constructed and
explain different aspects like; material, colowyssdetc.[55]

3.11 Sketching techniques
A 6sketchd is the definition of a draft

sectorjt commony refers to a fast lirdrawing that describes the basic shape of an idea.
[56]

ORender 0, I nreferbite a picur® witere ansobjextbeem visualized in a
realistic way, the object does not have &xising The rendering is made to copy the
reality to make the object realistic, by plégyings,shadows, imitate material §56]

Digital sketching

Refers tawo dimensional sketchmsde with the computer as a tdMhen using digital
sketching it gives advantagasch as thendo-button when a fault occurRegular
sketches, made by hand, lbarscanned in and refined in the computer. Hneseveal
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tools for digital sketchingh@re is digital pens and tablets that can be linked to the
computerto simulate a regular pen and paper and iw#yagive anore natural way to
sketch. Another tool is the screleattcan be used as a tatdelraw on, with this the user
can getmeven stronger feeling efal sketching sinttee pen motions and lina visible
directly on the scredgb6]

Digital renderings

The most commonly used program for digital sketching is Adobe Photbahap,
developedo be a toofor photo editingit can be used for building sketches or to refine
handmade sketche&6]

To make a digital rendseveral layers arsed to achieve a realistic pictaréhe end.
Some designeusea CADunderlay where a screen dump is taken on a fast 3D modelled
object to have as an underlay for the retwlsee shadows and perspedtbb]

First a sketch is needed to build the render on, it could be a digital sketchethad@and

sketch scanned into the computer. The sketch can then be tweaked and adjusted to get the
right perspective and fault can t@sed before continuing.

The sketch is then used as underlay when the colors are applied, here the designer must
have knowledge how the light is distributed on different surfaces to achieverasatilistic

The colors, shadows and highlights ares@gpldifferent layers on the sketch and adjusted

S0 it creates a realistic photo in the [&&q.

3.12 CAD m odelling techniques
CAD, computer aided design, is a technique where constructions and design are built up

using computebased system$he modelling can be constructed in-tep three
dimensions and building the foundation by using lines, circles, curves #teelhe
dimensionainodels can be wirame, surface or solid model$57]

Suface modelling

A surface model is focusing on external design aspects of an object, iviat&ditiie
feature that the solid model achieves but the surface modeling technique on the other hand
allows a bigger control on the outer seddbat is bl out of curveg58]

Autodesk Alias is a program developed for surface modeling, it allows construction of
complex sudces to present concept id 3.

Solid modelling

In solid modelling thebject is built out of mathematical principles, the object will be a
solid, watertight model. By intersect, join and subtract shapes from one another the object
can be constructej®8] The solid model will be based on dimerssibat can be changed

along the construction. The solid modeling programs allow an assembly tool where parts
can be assembled to a product and be constructed with moving parts.

Autodesk Inventor is ored theprograns for solid modeling60]
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3.13 3D rendering
Contrary tdhe digital sketched renderings, the 3D renderings are using computer program

where the 3D model amaported into a scenehd program wilh its turn,compute the
shapes and ap@iiadows, colors, eto crate aealistiovisualizatiomf the object[61]

KeyS3ot, is one program where 3D renderings can be made. The program comes with a
wide spectrum of accurate materials and environments that can be used to achieve a high
visualiation of the wanted objects and prody68.

3.14 3D printing

3D printing is included in the technology; additive manufacturing, AM. It means the
technology where objects are produced by adding matyalrs to crea8D obgcs.

[63]

One brad that offers 3D printer iglakerBot, their 3fprinters are using a technology
called Fused Deposition Modeling, FDM. A plastic filament is fed tlaoegtruder

where it is melted and extruded out of dlsmazle. At the same time the extryaéh

the nozzleare moved around to build the extruded plastic to the wanted 3D object by
building different layel$4]

3.15 Prototypes

The definition of a prototype is a preliminaryicapusually in full scale, of a product,
machine, etc. that is used to evaluate design and perfof6idite prototypdulfills
function, construction and aesthetics not the production metho@6]

Mock-up

This isan early prototype that can be used in the design process. It is used for quick
feedback and testing. The madeisually made out of cardboard, tape, paper and other
accessible materials. The magelkan then be used for exam to test functionality,
usability, understanding and the basiclitieaadvantagésthat the model can be changed
easily with adding or cutting of cardboard on the model. The low quality of the prototype
also makes it fast to do several ideasttartdgeceive fast feedbdéi]

Visual prototype (model)

Thistype of model or prototype, is constructed to show the design aesthetic by simulating
color, surface textures and shape. However, it will not have the workiogsfascthe
final producsupposed thave[68]

Functional prototype (model)

The functional prototype or model, contrary to the visual model, are intended to have all
the features of the final product. It should be a replissgin, color, surface textuaed

with the functional features. The maslelipposed tbe used as a test concept, to examine

and notice flaws as a final check before larger production. The functional model can be
scaled down to reduce cofiS]
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4 Approach and Implementation

To answer the research questions, several mitradsShapter 3had to be applied into
the project to carry out the work and fulfill the purpose of this thesisntbr&chapter,

the implementain of the methods will be explairaadl the outpuivill be presented. It
will explain the work throughout the projeatnd up in answering the research questions
which willbe presentenh thenextchapterResult

4.1 The process

The assigned task inghhesigncludesa product that will have high demands on the
construction and the functions. Meantime, the company want their own logo on it and a
product that will express their brand. To succeed to implement both the mechanical and
design aspects, lapwas made with a combination of both a product development process
and a design process.

DESIGN PROCESS

CombiQ's
Brand Values

Technical 3 Moodboards
Specification: (directions)

PRODUCT DEVELOPMENT PROCESS l

Functional Morphological 3 Functional_______, 1 Functional — > 3 Design
Analysis Chart concepts  ————— concept —— concepts

! f

CombiQ CombiQ

Emphatize—> 1 concept Refinements—— Prototype

Design
Guidelines

Figurd. The process with a combination of a product development process and a design process.

As shown in théigurd, the two processes ati plan of the project is explaingdhe
product development process, the blue horizontal proces$igutéabore, hava start

with empathizingo further define lists of requirements and functions for the product,
which has to be fulfilleidn the endAfter the functional concepts, the output from the
morphological chart, they will be evaluated based on thiedkelspects and feedback
from the company to reduce the concepts into one.

Parallel to the product development process the design process, oramgbaeilpure

aim to result in the visual design guidelines for the brand CombiQ. It starts gittefour

core values from CombiQ as a brdm& company was unsure of what they wanted in the
design in the beginning of the project, but they gave a few words that the design should
express. Since it was an uncertainty around the design and valuesnéhanleeguestion

that had to be examined in the project. To examine it and to end up in a design that the
company wanted, three different directions was made of the words given from the company
in the start of the project. These 3 directions were megingé ta wide spectrum of ideas

and three different ways that the design values could be seen. The directions were then
going to be the base for different concepts, where the data from the product development
process also was considered. With the both agpetdsign and product development,

three design concepts should be genekléteeh the three design concepts are defined,
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they will have to be evaluated by a discussion with the company to reduce the concepts into
one. The chosen concept will then bieeet this will be the last step where both processes

are combined. The product development process continues to prepare and build the
prototype. The design process continues with defining the visual brand language and the
design guidelines. With the inptithe company and their opinions on the concept, an
analyzing could be done to see what the company really wanted to see in the concept. Since
the company have given input in the design of the cahaegtthe process, the final one

should have the dgaithat the company want to have. This should then express the true
values and should be the foundation of the design guidelines.

4.2 Project planning

To manage the objectives in the thesis wahioraugh plan had to be done wattime

plan, to ensure th#ie work will be done in time. To plan the project a &Ghatt was
implemented, all the activities was listed and the time was divided based on own estimation
of needed time. To start to plan from the end of the project, what that had to be presented,
all the activities could be defined that had to be done during the thesis work.

Furthermore, the Ganthart was not fully defined will all the tasks under every activity,
since some part was unclear in the start and was going to change. Therefore, a text
document was created for the weekly tasks. The weeks was planned from every activity in
the Ganttchart and all the tasks was listed that had to be done in the weeks of the respective
activity. The tasks every week was then crogse@hen they were doand sometime

tasks had to be added. By doing &ahssructured working plan could be followed that also

let the project follow the Gardhart.

4.3 Given idea of modular sensor
The given idea from the company was the idea of a modular dolsrgoig to allow
to beassemled in different versions.

user the
ther

CONFIDENTIAL
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4.4 Emphasize

To understand the environment where the product is going to be placed is fundamental to
be able to do a proper design. In this thesi$pthisis on the modular senstrat will

be instaéld inanindustrial environmenwhichcan giveseveral facto@nd constraints

The environment

By analyzingnindustrial environmenit

must make sure to protect the delic:
internal components against it.
Furthermore, the sensor placed an
industrial environment will likely get one
another hit by tools or other machines &
mayle also will be cleaned wathpressure
washer. In other words, the semaastbe
constructed for great outer forces to be able to withstand this kind of environment. This
will beconsideredvhen next step begins where all the functions of the produag will
analyzed

Figuré. Examble oﬁ how industrial environment can lo¢kdjke.

The users

The user that will be in contact with the pobaian have different neeaoking at the

whole life cycle of the produitmay be people who is going agsemble to product,

install the product and the emser that will use thproduct. All of the persons may have
different need and demands on what the product should contain. This is further analyzed
in the functional analysis and protess seehapter 4.5

4.5 Define requirements
Beforeideating concepts and solutions, theireqpents and demands on the proohuct
be understood and listedde able t@generate properconcept.

4.5.1 Functional Analysis and process tree

The functional analysis was conducted in the early stage of the thesis, since this was used
as a foundation fdurther product development. And it was usea asicial stefor

answering the first research question in this thesis work. Through a functional analysis, the
given task and product could be analyzed to get a thorough understanding about the
problemthat had to be solved. Furthermore, the functional analysis allows the designer a
systematic way to analyze the product or system to minimize the risk to forget important
parts of the problem. In this thesis wdhe functional analysis has been conducte
through several applied methods, this to give a thorough understanding of the problem and
reinsure that no important parts will be forgotten. The result of the functional analysis could
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in its turn build the foundation for answering the first reseaestiaqu about the
development of the sensor.

In this project, a process tneas used as tliest step of the functional analysil the
steps in the products lifecycle was analyzethamdifferent processes thawill go
through.All the differentstagesnd processeasclude operators, which in their turn had
to be able to ugke product for the purpose.

By using a process tree, apiragp of the problem could be defireedito ensure thahe
whole products lifecycle had been takimgideratioand analyzed.

First step was to list all the processes that should be taken into consideration in the products
lifecycle, for the modular sensor the processes was decided as;

o Production

0 Assembly after production
o Installation

0 Use of product

0 Maintenace

With the processes listed, each of them should be analyzed to understand if there will be
operators and in that case, what do they have to do with the product. All of the contact
with the product lead to a function or requirement that the produdbreeshess.

The process tree was in this project used to get a structured way of analyzing and collecting
requirements and functions that the product need. But also, to get ardtksptmaling
about the product.

When the different processes of thedpobd have been gone through and the functions
and requirements of each process was, lisedunctional analysis was implemented to
compkte the list of functions, saéachmefor the complete process tree.

When it comes to conduct a functionalyams| it can focus on a product or a system. In
this thesigiis one product, but withdividual modules, which can be seen that they build

up a system. The modules in their turn differs on the functions and component. Therefor
the functional anais was first compiled for the assembleduatgseeAttachmentfér

the functional analysiost of the data was based on the demands from the company. The
functional analysis for the whole products with all the included functions, could later be
divided in the different modules with their individual dem@ondsep in minds that the

list of requirements and functions will change and become more defined the further the
project will go and constraints will show up.

45.2 |IP-classification

To be able to fiill the specified Helass it was important to understand the requirements
early in the project to have a product in the end with relevant specifiddi#ons.
requirements had to be defined in a way so it could be applied into one of the documents
with requirements or functions.
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4.5.3 Technical specifications

With the functional analysis as a base, technical specification could be defined for the
product. The technical specification contains two parts; funcindahorfunctional
requirements.

By going though the listed functions in the functional analysis, the possibility to solve the
function with a solution will be discovered. All the functions that can be defined by a
function in the product will be listed in the functional requirements. With therfanct
solution should be defined to solve the function in the product.

Below infigurd, is an example how it looks like when translating the information in the
functional analysis to the functional requirements:

CONFIDENTIAL

Figurd. Example how the functional analysis has been used for the functional requirements.

parts that

CONFIDENTIAL

at can be
Most
bmpany

The technical specifications can be fouddtachmeft

4.6 Circular connectors

In the beginning of the thesis there was a company, Binders, that came to present their
circular contacts and to give helpful information in which kind of connectors that could be
used for the sensao meet all the demands.

In the end of the meeting there was 3 connectorsahiat be used for the application in

the modular sensor apglias the connector between the modules. Another connector had
been picked out for the application as the connectors in the euioguie for the
expanding opportunity. All the connectors were already fulfilling astd®6Which meant

that the sensordlnot have to be constructed to be waterproof for the connectors sake.

The connectors that had been chosen for
connectors bateen the modules are showfigoré. / N

The connectors differed in the function for how ‘
mount the fenma and male connecttogether. The 9\ / &
size of them is different will play a big role w

deC|d|ng the connectors. Figur&. The chosen connectors. From left; two

and pull connectots aigtht, twishdock conneditk
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The size was prioritized to be as small as possible, which lead to choose the smallest possible
components. To succeed to fulfill IP67, the connectors collddvantage, be chosen

with this IRclass. Therefore, the smallest connector from the company Binder was chosen
to be the conectors between the modules, that still fulfilled toa#3ification.

cfi)\\\j“”/

Figuré. Connect o-maul§flp

The connectors that was choi®rtheone of thenodues
Is shown iriiguré, to the rightThese also fulfill IP67, whe \’
they are connected. When they are disconnected, a | \ Y

to be put on to fulfill the Helass.

4.7 ldeate functional concepts

First, the functional solutions were going to be investigalt¢aol lam decided, before the
process could go on with implementing the design aspects. To investigate the functions and
possible solutions, a morphological chart was used as a tool.

4.7.1 Morphological chart

In this project,the product that was going to be digwed consisted out of a number of
components; circuit boards, connectors and a cell battery. The wanted output of the
morphological chart was to get different concepts on how to place the different
components to create different shapes and sizes oatipedduct. Budlsothe solutions

on the functions CombiQ wanted to have in their product. The output could then be
evaluated together with the company to agree over the solutions on the hefctiens

the desigistage began.

The parameters in theorphological chart were listed based on the components and
functions in the product:

h circular
as:

her, which

2
a parameter

CONFIDENTIAL

ne of the
[
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art but they

CONFIDENTIAL bment by

With all these parameters, the morphologikatt could be conducted witte different
solutionstiere was on all the parametersAseehmentor the morphologcal chart.

A morphologicakhart containgall the different affrnatives there is on the ingoing
functions. Yethose are based on theoretical facts and does not insuiie fagdible to
use in the finaproduct. Therefor ishould be a consideratiowhen choosing the
combination of alternatives to decide if the concept is possible to produce.

Therefore, the output of the morphological chart does not have to be as many as the
alternatives times each other. In this project, there was requiremetie fioeginning

that wereconsidered when producing concept filoenmorphological chart, which led to

a decreasing tfe possible concepts.

By consider the requirements and common sense, some of the combination could be
excluded when generating theceptsThreeconcepts could be conducted as an output

that was considered aspible solution to the problems and imountthat could be
presented for the company

CONFIDENTIAL

Figur@. The three functional concepts thabvbasdigtogded with the company.

As seen in the pictwabove, the concepd® not have any design aspects,dhig the
functions and solutions that will be discussed in thiSetachmeditor larger pictures
of the concepts.

Together with CombiQthe functional concepts were discussed depending on the
requirements, internal components, economically Afteisvardsthe concept 2, was
chosen due to the function when the screws and installation was integrated into the
modulesThis concepts was then going to be the foundation féurther development

and in this way further requirements will be addededined of how the functions in the
product will be fulfilled.
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4.8 Visual brand language
In this project, it does not exist any product in the company and the visual brand language

Is going tdoe developed for the first time for the company.

The startig point for he visual brand languagehis project will be from the company
insights way of workings &plained irchapter 3.M/hichincludes four stages, that have
been implemented throughout the project.

The two first stages; define and diffea¢s, will be in the beginning of the project before
stating to create the first sketches otlésgn of the product. Thizeans that the design
values will be a part of the requirement of the product and walh&ideredn an early
sta@.In thisproject,it hasbeenone part addeib this stage. It will not only be one set of
design values but several optionstéhggvethe opportunity for the company to decide
between different desgyto endup in the design that will express their valubsimdst
suitablevay.

The apphstage wilbe implemented in the development process at the idaadiem
when the design concepts will be cre#esdaid, it will be more than one sets of visual
design valuethat will be applied as different dedigthis way, the company can compare
different concepts teee in which direction they want to go and what fulfill their idea of
the expressions of the brarfidhe apply stage will then follow along the development
process of the product and will be motraore defined along the produdines

When the final design of the product is decided, the last stage of the visual brand language
process can be implemented. It is to define the guidelines for how to be able to apply the
sane desi gn t mextptodud ¢he gudeliney desgoing to be formulated out

of the final design, it will have to be defined in a way that can be applied for the product
family. Whi ch wi | | help the design process an
productsby givirg the design elements that should be applied.

4.8.1 Visual brand language, part 1: Define
In the beginning of the product, a few words were given from the company CombiQ. These

were words that they thought that the design should express and then alsadtfi@iebran
words given was;

o Functionality

o Modern

o New technology
0 Robust

Next step was then tmderstand what the company meant with the words, and what their
vision could be when they see this words in front of freeanderstand what these words

means irconcrete facts, a combination of a design equalizer and moodlboavdsr e u s e
to later endup in some design rules that could be used during the ipbaisen
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Moodboard

In this stagejt has beeranimplementation of moodboadvhich means that several
pictures have been collected and put together to several,doltaggsessing wanted
feelings

The design values given from the company were broken down into three different
directions in a design perspective. This by taldrdjfferent design vas and put them

in focus to let them lead the design. Then the moodboards were compiled of pictures
expressing the values in each of the design directions.

To get a better understanding of the words, the synamanslose words was also
examined to getckearer mapping for the pictures on the moodboards.

Direction 1

The first direction was decided to have the focus o1 g™
design values; modern and new technology. To e>$

this feeling some guidelines was put up for .
appearances that could be cotetk to the desigr —
values. o i
i 0
Design values Modern + New technology ‘&_& .

¥ S

Appearance Clean design, organic shapes, minim —
appearance. an

. . - G
The pictures that was considered as definition oLO% @
design values was put in a colagkthe moodboard
was created.

Figur&. Moodboard for direction 1.

Direction 2

The second direction became a combination of
technology and robustness, which seemed like-
fitted combination for an industrial sendar.express,
this in form as design aspects, some reflection S‘AA
done to show both designlwes in design. After sonj s
searching and suited designs findings, the desig
products could be put together to a moodboard
express the same type of expressions.

Design values New technology + Robustness

Appearance Complex curves, chamferstistdesign

Figur®. Moodboard for direction 2.
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Direction 3

For the third, and last, direction it was chosen to foct
the design value; functionality. Sirlse product wa:s
going to have many functions and to make it easier ft
user, the design can help to understand the product.

To understand how functionality can be expresse
products, several ergonomic products was analyz
understand what the appearance have to be in these
of products.

Design value Functionality
AppearanceBasic design, ergonomic, colors at fonst

To work with colors for the parts that will be interac
for the user can see as an important part in the desigr.:

Figurd 0 Moodboard of the direction 3.
will give the user a better understanding how to ho... o

use the product. As seen in the moodboard to the right, the prodivts csers where
another color, preferably high contrast, is used to describe a function in the product.

When the moodboards were finished, they had to be analyzed to understand what the
pictures expressed and what they had in common. This for undegystdrat kind of
design that laid behind to make them express the wanted design values.

Design equalizer

To go through the design aspects of the words given from the company the design could
be further understood. To do this, a design equalizer was used.

The given words from the
company; modern, new
technology, robustness — andsom 1 E——
functionality, was evaluated on
the relation to; form, material,
color and surface. ey P oy I

FORM MATERIAL COLOR SURFACE

SedAttachmentd a bigger view
of the design equalizer. somsrsss il Fird |

| |
FUNCTIONALITY ‘ ” ‘ I | | I ‘ ‘ I
I I ]

Figurd1l Design equalizer on the given design values.
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Design values

The moodboarsl on the different directions was in their turn analyzed to understand
furtherthe design values in the appearance. To do this, the different parts to relate to design
from design equalizer was used. The moodboards vedsrénevaluated on the pojnts

form, material, color arsdirface. If values could be found that explains this points in the
design in the moodboard, these were listed. In the end, a list of concreate values that
describes the designs in the different directions was cosgmiettachmeh0 Which

could be used when the design concepts were going to be made based on the directions.

4.9 ldeate design concepts
When the concepts weayenerated out of the morphological clsad,4.7they werdasic

and only showed where the components pl@ced anthe functions. The next step was
then toapply the design, appearanceherproduct.

As said, the method in this project is to use several design directions that will be applied to
the concepts. In other words, every concept from the morabloigart will be refined

based on eaaddf the design directions. At the same time the concepts will be different
because of the functions may have to be solved differentially depending on the design.

Handsketches was first done, refined and investigatéater be scanned into the
computer and continue to do digital renders in photoshop.

CONFIDENTIAL

Figurd2 The concepts started-dsalaansketches to in the end become a digital render in photoshop.
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3 design concepts

As explaing in 4.7.1 thefunctional concept was chosen where the instaftaitswas
integrated in the modules. Therefore, it was osdbe concept when the design was
integrated.

When three concepts were done, one fromdiesttion, it could be presented for the
company to receive feedback.

CONFIDENTIAL

Figurd3 One concept from each directidhs.

The concept 1 are based on the direciod moodboard 1, the concept 2 is from the
diredion 2, etc.

The different conceptsarethen evaluated together with the company, to make decision
how the final product should lolke and with which function&tter the evaluation with

the design concepts, twonceptsverechosenthe concept And 3. These had be
furtherdevelopedsnce thg werenot defined on a detail level

Concept 1io theleft infigur&3, was chosen for its shape but the company CombiQ wanted
to add a constrairthe possibility tput a screw in the bottom of thexser tomount it
directly ontamachines with threaded holes. Theref@oenbiQ wanted to rdefine the
concept 1 with the new input and with a shape that facfliates user when installing

it with a twistmotion. Furthermore, if the product can bestaicted with enough rigidity
CombiQ wanted to have a shape that will work to instalh wittnchwhich means that

the sensor should haved& Eideso adapt to avrench

Concept 3the concept to the right fiyurd3, was chosen straight off wthe design and
shape. Except that it had to be simplified, the funettbrcompressing side parts will be
unnecessawith the added constraint from tt@mpanywith the installation by a screw
in the bottomFurthermore, to keep the cost down it @nlly be one color used in the
product and therefore the concenpistbe redefined on some parts nonethelébsthe
ambition to keep the original design as far as possible.

Next step from this part with the chosen concepts was to further developdheradzh

the feedback and new constraints. At thisstegithe sirface modelling program Alias
will be implementedo be able to work fastwith details and to get a model that can be
used to get monealistic rendsrthan the digital renders in Rbghop like theprevious
concept were done in.
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4.10 Deciding the final general shape

To work further with the chosen coneeghd to be able to refine them to a detail level,
the conceptsvere put into thesurface modelling prografias This for simplifythe
ideation process on this refirstdge. This because the surface modelling program can be
used to try different details and evaluate them faster, explanation willitblltve
example of one of the chosen concepts:

1. Underlay of concept

The first thing is to have an underlay of {.:*
concept that will be consttad. The figure
14, shows the underlay that have been tz
from the poster othe concep8, that the ‘
company CombiQ have chosen to
refined.

By taking this picture, an accurate IEEF%
can be constructed that will have the ef@Jr = rararais B ]
same shape that the company liked Figurd4. The underlay placed in Alias

wanted.

2. Define general shape

Following the shape on the under
can be defined witto becomethe
foundation of the surfaces of t

product. CONFIDENTIAL

When all the curvesere defined,
the surface could be built. B
constructingthe surfaces so thg
intersect is a clever way to easq
further investigation of the designiFigurds Intersection surfaces in Alias.

3. Investigate and evaluate thd
shape

With some fillets on the edges,
general shape can adtfine examine

At this stage, the digital desigt CONFIDENTIAL
ideation can begin. By trying differg
radius on the fillets, changing f{
curves on the surfaces differe
designs can be evaluated fast.

Figurd6. Evaluate and make small changes to the model.
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In figurd7 oneexample of how the shape has been evaluateagynd curves back and
forth to find the wanted curve and expression in the product.

Figurd7. Quick changes can be evaluated in Alias

By going over all the curves that is perceived as wrong in the design, the shape can gradually
be defined. In thistageit is important the surfacaseoverlaping, as explained in the
step 2

4. Add details

When the general shape is done,
process can go on with more detByg CONFIDENTIAL
using the original sketch as an underl g
reference the details can become |
accurate to the wanted design.

Figurd8 Define detalls to the general shape.

5. Evaluate sufaces and shape with digital renders

At this stagethe program KeyShot have been implemented to do digital rend&yings
using this program fast renderings of concepts could be done to be able to evaluate fast
and make decisions to continue to getddittal design.

Before importing the 3D model into KeyShbe surfacemustbe assigned different
colors to be able to differentiate them with different color or material in the renders.
Everything that has the same color is going to have the sarts sspiethe surfaces are
different from each other depending on material, structure and eglonutt have
differentcolors in the surface mel

Figure 4showan example on how th
surfaces has been assigned with diffe
colors. In thigxamplethe wanted outpuf
was to investigate how #ide partsf the

concept should be constructecexpress CONFIDENTIAL
the wanted shape.

Therefore, a plain washt was first
investigated to see if it was enough
only contrast between shiny and FOHQBFigurag. Prepare file for export to rendering program.
pictur20 on next page
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CONFIDENTIAL

Figur@Q. Evaluabn of ideas by digital renderings.

Throughthese fast renders of the idedast decision could be done that it needed more
distinct shape on the sides to express the wanted aspect.

Back to the surface model to define the concept based on the new ideas that could be
aplied to get a better design appeardiben a new idea is done on the surface model

the same iteration with renders was done; first assigning colors to the surfaces and then
take it into KeyShot and apply material, color and structures.

4.10.1 Deciding logos

The company CombiQ already had their logo, that is a combination of a symbol and text.
This was then going to be put on the product. But this could be put on the product as either
the symbol alone, the text alone or the combination ofBeglies it carelin different

scales and with different appearance.

Placement

The program KeyShatas implemented in the process of deciding the logos. This because
of one tool in the prograrthat applies laxs realistic on the product whielstened up

the design piess. iice in the surface model it takes longer timiianabre complicated

to do the same things, especially if the aspect of embessssrwants to be evaluated. In
KeyShot thdogos can be applied with different appearance suwanlass, recgsor

paint. This could then be used when trying the placement of the logos, to test different
combination to evaluate which one that express the bralog@arioe best.

The logoswere then placed on thg
product in KeyShot, one with th
combination offte symbol and text, on
with only the symbol respective teg CONFIDENTIAL
The labelswere moved around an
scaled, tested in embossed, recess ¢

Figur@l Investigate logo placement.
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Then the method of morphological chveats applied once more in the project. This time
it was to organizbe differentoncepts for the combination and placements of logos.

CONFIDENTIAL

Figur@2 Implemented morphological chart to produce concepts.

Some alternativegereexcluded in i morphological chart, because it was considered that

the logo respective the text had to be shown at least once on the product. This because of
imprinting tle brand for new costumer. Since the company CombiQ does eainiav
product their logo may not denown for people. Thereforthe logo and text sshould

be seen on the product,tee costumer could refer the logo to the brand name.

The logo had to bglaced where it was thiglnest probability to be seertlod costumer.
When the sensor is installed on a surface, the most likelyr&sess the toponeof the
sensor, therefore this will contain a logo.

The siles of the sensor can most likelyhieenext surface that is visible for the costumer.
Thereforeit could beuseful to put a logo there as well.

When taking the modules aparig also taking away the omedule, it is important that

the brand has their logo on each of the modules ssehevill not put away a part and

then forget where it belongs. Furthermore, this logo on each module does not have to be
visible all the time, it could be integrated on the top or bottom of the module so it could
be seen when it is apart from the praduct

When the combinations of the morphological etemtestablished the concepts could be
combined, and evaluated on appearance.

CONFIDENTIAL

Figur@3 Evaluation and decision of the concepts made.

The green circledoncepts are the chosene, that was considered asaasthetic
combination of the logos. See attachrgfdr a larger view of the picture.
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The logos hatb work together when atlodulesare put togethebut also whemodules
aretaken away thatheis mustwork good togier. And to think about that some of the
modules will be turned 180 degrees so the backside will become tsedigaoftthe top
module.

With the modules thatas considered as the more used combination, the logos should be
placed to be meraesthetic during that assembly.

Appearance

When the placement and combination of logos had been investigated and three concept
chosen, the next step was to deterthim@appearance of the logbsould be embossed,
recessed or flush with the suefadith the combination of shiny and rough textures.

CONFIDENTIAL

Figur@4. Product with embossesg and flushed logo.

The logos were evaluated wita @mvironment, that the sensogasng to be placed i

mind. The one with recess is mlikely going to caktt the most dust and dint an

industry environment. Thigrt will then be trapped in the recess and it will cover the logo
and make it invisible.

The logo that is flushed with the surface willl@somanvisible behind dust and dirt

after a short time period. And the lacklistane from the surface makiesliscrete and

will not be as visible for the costumers.

Therefore, the embossed logo was considered as the most appropriate for the intendent
environment.

To add extra attention to the lagothe bottom module, the LE@iodethat hado be in
it, wagplaced irthe intersecting lirft he 06 Q0 .

4.10.2 Refining concept 1

The procesabovechaptdr.1Q explainethe process behind developing the concepts that

had been chosen by a discussion with the company. The process gives example of one of
the concepts, mich have also been applied for the other concept that the company chose,
theconcept 1

In the concept 1, @nbiQ wanted to see a new shaperefore, some ergonmmaspect
where applied.
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Ergonomic aspects

CONFIDENTIAL

be installed
h means

scaled up,
djustments,
pS

but to also

Further, the surface texture was changed to dvaneetexturing, to avoid the user to slip.

4.10.3 Presentation and evaluation of concepts

When the both concepts have gone through the developing process, they were rendered
and compiled in respectively posters to create an underlay for a presentation for the

company CombiQ.

CONFIDENTIAL

Figur@6. Concept 1.

CONFIDENTIAL

Figur@s Concept 2.

After a discussion with CombiQ about the design and functional alspects;dpt 2vas

chosenthe one to the righfig

ure 26

Furthermore, the copany CombiQ wanted to see oth@roepts witlsome changes in
the functions.Therefor tvo new, fast concepts, were done
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n the
50
NSO,

CONFIDENTIAL

Figur@7. The two concepts of thegfilested from the company.

Theconcept 2, to theght infigue Z, was chosen as the final design. Although that the
concepts needed some more refinements tisencencept was quickly made without any
consideration of the design aspects.

The next step from this point was to define the concept as far as.[Rissibldne concept
was going to be 3printed as a design model in¢he of the process.

4.11 Final refine process
The final decisions and feedback from the company have been given that was going to be

used for the final concept. Even though it will tedime process and further investigation
to get to the final product.

General shape

Since the final shape of the concegrevosen to thée theconcep®, segicture above
therewere major things to change in the design and the modehdbptavas chosém
be developed from scratcimc® he last concept model was a draft of the dasiydid
not have the level of perfection to be used as underlay-fsm3Dg.Nonethelessthe
last digital model of the chossanceptcouldbe reused for the
new correct model.

The connectors were imported into the model and placed 3 CONFIDENTIAL
as possible to each other in the mddeanwhile, the connectd
wanted to be as far out against the surface as possible.

Figur@8 Placement of conr
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nts could
ydules
CONFIDENTIAL
Figur@9 The basic shapeaioncept.
dr the
CONFIDENTIAL lthey

Ergonomic aspects

To reinsure that some of the components wetkeplaced &m an ergonomic point of

view, a mockip was made out of the dimensions of the con€a.mockup was then

used as a functional model and tested by different people to investigate how well it worked
or how it could be better.

CONFIDENTIAL

Figur&0. Investigating the funcéom®ahp.
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Final refining

With further testing and details the concepts could be more and more ddfindtdean
end, be in a state where it was considered as finished.

CONFIDENTIAL

Figur81 Finishezbncept of the gdesig.

4.11.1 Implementation of components

One vital part of the sensor is that the components will fit in the modules and be protected.
When designing in a surface modelling program slyisoedo changes which makes the
design look more appealibgt that may have the consequences that the components no
longer will fit inside the product.

To check this, the components were imported and pu
the surface model when the model wainsestateto a
final shape.

All the components except the circular connectors CONFIDENTIAL
done in a solid modelling program. The cirg
connectors came from the company Binders whicl
helped to pick them out in the beginning of the proje

By putting he components in the surface model, it gz
clear picture of how the components fitted and also a5 Componeplaced in product
eventual changes had to be done to make it fit.
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4.11.2 Individual surface models

Befae the model can be continuedefinalized and 3fprinted, it had tde evaluated

to make sure that all the functiovesrefulfilled in the product. To get ®3nodel that
consist out of thdifferent moduleandto be able to assemble and disassemble them, the
individual modules had to be donends/idual surfacenodels.

When having the genesairfacemodel done and ready to be dividewd the different
modulesa checklist of the functions of every model was listed.

CONFIDENTIAL

Figur83 Checklist for technical specification on every module.

The table shows the different functions that the montulssulfill, the demands on the
product. Tdhave this checklist to inspect duringdtep when the modules were divided,
ensured thatone of the functions wefergottenwhen the modulesdividually got more
details fom complete and sealed body.

4.11.3 DFA/DFM

When the modules are going to bechéd to each other, it can creatkcdities for the

user tofind the right fittingTo facilitate for the user when fixing the modules together,
some details have been put in the design so the user can be guided to get the right fitting
faster.

let
CONFIDENTIAL ©
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CONFIDENTIAL

To be able to hold the modules together 2 bolts |
been placed osach side of the product. This bolt t
to go through the top module and fastened in the &
bottom module and meantime create a force to holi
modules together. To ensure that the bolt can be Ic
and tightened during several cycles without losin¢
mechanical strengths, the molded plastic part has .
strengthened with metal components. Either the Irigurés How the nean be placed.
can be fastened with a hexagon nut, inserted nuin

underneath in the bottom module.

This will then create the needed force to hold all the mumygdser. On the othéiand,
this application will create a furthepsin the assembly process. Italan lead tadhat
the enduser has to rimsert the nut if it falls out or even lose it. Siheeptoduct will
consist out of severgdrts with the pogslity to asemble andshssemble the enduser
at some pointnust loosetthe bolts.

Out of a perspective BfFA and DFM, to reduce the number of parts and assemhly time
it would have been better integrate the nut into the module. One way tthdpis to

use aninsert, seehapter 2.7.this comes in on¢

variations that can be putted in the mold before _/ "
plastic is injected. The insert is then closed in
side to make sure that the ptadbesnot penetrate \\
and fill the insert. After the productpiocessed /%
the insert is in place and the bolt can be screw |
and loosen during several cycles and there wirigurgs Molen inserf29]
be any spare parts that will fall out and get lost.

two
:mbly need.
lts could

CONFIDENTIAL
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4.11.4 3D-printing

When the surface models have been finalized, they have to be ensured to be completely
sealed everywhere to be able tgp8bt a solid body. This is the challenge when using a
surface modeling program, that the model does not automaticaithebealed between

all the surfaces.

To export the model to a 3@inter it has to be exported as a solid bmdypssibly with
small gaps that can disappear by lowering the tolerancegpoinimge

For example, when the top module was going to y®iBtd, it has a lot of details and
complex curves around the text on the top surface etc. For start, all the surfaces has to be
examined, to make sure that the normal of the surfacegit lirection. Otherwise, the

wall thickness when exporting the file will be wrong with building the thickness out from
the surfaces instead of on the inside of the product. To ensure that the surfaces have right
orientation, there is a tool in Aliasttwdl show the surfaces of the product in blue and
yellow. Where the blue is the color of the meant quges
figur&@7. To put all the visible surfaces in blue, ensure
the wall thicknessvhen exporting will be built inside t
product and will ot interferewith the outside dimensiony CONFIDENTIAL

When the surfaces have the right orientation, a try to ¢
the part can be done to see if it is sealed enasigbenn
figure 3&is common to get a lot of faults, where every &
points to a gap ithe model. It can be different levelsom ——

. . . Figur&7. Orientation of surfaces.
faults, some has to be fixed while others can still wor
export this model as just a shell itis now is not to recompaa<
Then the faults should be fixed proper. Furthermorg
export this with a wall thickrsesan still work and to gt

enough sealed body to-pibnt. CONFIDENTIAL

Seen irfigur@9 ishow it can look like when exporting t
file for 3D-printing when a wall thickness is added to
product. The export conditions can be changed until
errors are @npe. The whitepattern on the part is thef9uré8 Faults in model.
tessellation, which means that the surfaces are convertea ana
described by triangles. When having a small pr¢="-=*

or complex shapes, the triangles should be sm
not lose theshapes. As seen in the picturegra
changing the values in the export option, the part CONFIDENTIAL
not have any errors or fault and it now looks se|
Therefore, it can be exported and to be importe
the program for the 3Printer and then to be 3D
printed in the machin&he same was dofa all of F9uréS Exporting for gint.
the modules of the product, more about the result

from the 3Dprinting can be seen4ril4 Visual prototype.
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4.12 Visual Brand Language

With the final concept and design determined the design guidelines could be listed to
describe the design ietdil as far as possible. These guidelines were later going to be the
foundation for the design of the rest of the product family, therefore it should be defined
to a level that will ease the developing of the design for the other products.

Define designvalues

At the start of the project there was three moodboards and directions defined. These was
the definition of the design values given of the company. At the first evaluation with the
company and two concepts were chosen, two moodboards could asocalsedseided.

By putting the moodboards together, the design that the company want to express should
be in those moodboardsven though, the moodboards had to be evaluated so the design
goes hand in hand. When refined, Wt going to be the finadoodboard andhe
foundation for the final design of the sensor.

Figurd0. Combined moodboards to one final.
Design Requirements

With the final moodboard refined, the design requirements that describes the moodboard
could be defiad by looking at the matdrisurfaces, colors and shape:

Material Surface colors shape

Plastic Matte 1 main color Simplicity

Rigid Minimal texturefcv. 1 detail color |Splitlines

Metal details|Shiny details Smooth chamfers

Figurdl Design requirements for the product.
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Apply-stage

By taking inspiration from the pictures in the moodboard and with therdg@siggments
it gaveguidelnesthatwereappliednto the design of the modular sensor.

List design guidelines

As explained irchapter 3,1t isas important talefine the not acceptable ways as the
acceptable for applying the design and logos.

To create a structure that wilhke it easier to use the guidelines it has beerddiviol
different parts focusiran differentelements in the produéiorexamplethe logo ione
category which includes how the logo should be put on the product, with structure,
combination and a&t from surfacesll the points that are listed under every category
are based on the final cept on the modular sensor. This, for be able to cannther
producswith the same expression and design elements.

The design elements that was goingki® place in the guidelines had to be evaluated and
chosenTo find a balance where the guidelines were enough defined to use for further
products antb get the same design expresdiba guidelines should not be edefined

and lead to that further dgs processes will be blocked with too many designTihges.
design guidelines shotddilitate with general rules that can be appligét tthesame
expression withoubcking the design

To i ncl ud e-pattimé¢he guidednes) pattséduring the earlier process could be
used. Such as the earlier concepts that has been evaluated and declined could be used in th
guidelines to give examplea should not be in the design.

Seen irthe picture to the righthe guidelin] lized as
picture and marked with a checkmark
elements that are considered as accef
and cross marks for the ones that ate
acceptable in the design. By giv
examples for bothelements that i
acceptable or not, a clearer picture of v CONFIDENTIAL
that can be done in the design, even if
product will not look like the moduls
sensor at all. Meantimefreedom of the

designis given to let further desigr
processes have the possibility to apply
most appealing design elements on
individual productBut still havea few

basic rule$o make sure that the design ¢ Figurd2 Example of guiddimebe logo.
be connected to the other products in tr

company.
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The logowas already created for the company so the guidelines behind the logo such as
font-size, colors, etc. was already defined and therefor left out of this thesis. Furthermore,
the guidelines for the logo instead concerned the placement of the logo alutt@pdo

it appearance with offset of surfaces and finish.

Guidelines: General design

Further in the guidelines, the general sbiafiee modular concepiad to be defined to

give a guidance when develogiegther productsThe shapes and design atgpef the

modular sensor had to be explaimed way that allows different types of product with
individual shapes. To achieve this result, the design of the modular concept was analyzed
and the transitions and relation between the surfaces was described

For example, when looking at the conckpurel3 some

design aspects can be described that described the design. The
six sides of the product are connected with a soft radius, which
can be defined to a design rule; two flat side surfaces will be

connected with a big radius.

CONFIDENTIAL
On top of the product there is more design aspects, there is the

curved surface that connect the side surfaces to the flat top
surfaces. Th esudacdastateahl®eceemasa& 0 ¢
important design element in thedular concept.

The guidelines were defined as arit@sg text, and thiegure
43 can be used to get further understanding what the guidelines
refers to.

Figurd3 Model of final concept.t

By going through the design, the guidelueesdefined, sesecond part in result chapter
Thegwas then used as the guidelines for applying new designs on the rest of the products
in the family.

4.13 Product family
To implement the guidelines the rest of the products, that are meant to be in the same

product family, were given new design.
Implement design guidelines

Thereareno written rules how exactly the design should look like, even with the design
rules. The guidelines are there to facilitate the work for the designer when developing a new
design. Depending on the designer, the designsdiffebent, even if they work with the

same guidelines.

To create the other product with the same kind of the design a personal evaluation had to
be done on what the modular concept expressed and which elements that could be used
on the new product to ladble to connect them together. The design guidelines were applied
as far as possible.
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4.13.1 Bracket & holder

CombiQ has been @ved in the development of a Husgvarna,
sensorwhich means th#ttiey do not own the desidtfusqgvarna

sensor have the appliancemes of the products in the product
family, called bracket & holder. The sensor from Husqgvarna
cannot be used as a guide for the design, but it can be analyzed to 4
understand needed functions. SR

The bracket & holdersensoishould still exceed that demanFriigqurM Husquarma sefbr.

for an IP67class, but in thigroduct,it will have to be solved i

a constructional way, since the product will be hollow and the battery is going to be changed
by taking the parts away.

The closure between the parts are vital to ensure that the piddectompletely sealed

for water and dust. It put high demands onto the-$wistion to get a tight drstrong
sealing inocked position. The vibration on the machine that the product will be put on
cannot cause the product to fall apart.

4.13.2 Personal tag, card v ersion

CombiQ had one personal tag developed, that they owned the tools to produce. The
existing product can then be used as a base for the new design and the new version will be
developed by applying the new design elements.

The new desigalements are including many soft curves an
edgessee figute Thereforethe card sensagot slightly curve
sides, seefrom above. Then the sides are still straight, 3
modular sensor, that then have a soft curvature before form
top and bottom sides.

CONFIDENTIAL

4.13.3 Personal tag, bracelet version Figurd5 Card sensor

The last product in the prodtfeinily is the personal tag that will be carried on the wrist.
This producis small to the size, which givesindarie®f what that could be dométh

the design and usagethe design elements and guidelifiksrefore,it mustbe an
evaluation for which elements that could be used to be able to get the same kind of design
language.

A curved top surface hasheapplied and grgurfaces from the modular sensor has been
implementedn the top of the producthe sensor willave a strap to be able to wear it
on thewrist as a braceld@® fit it further to be used on a wrist, the undersurface is curved,
to follow better in shape.
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4.14 Visual prototype (model)

When the pas had been 3printed, the result was variat
The tolerances in the 3Winter is not accurate and it will a |
print out in variated quality. In this case, with the text o
on the prototype, it became a better result when printin
in low quali then maximum one. The bottom one irfithére
46to right is the one with the low quality when the top o CONFIDENTIAL
with the maximum quality than can be achieved in the aV |
3D-printer. As seen, the text is more revealing in the
guality one and thdoge this was chosen for the model. L

The bottom module on the other hand, was not gett |
defined logo on the side figyé The logo was small andFiguréé Differst quality of 3iinter
was not 3Bprinted well. It was then reconstructed by hanu w

get a more defined logo.

Due b outof-stock and long delivery time, 1
components that was going to be placed inside the
could not be delivered in time. Therefore, these had CONFIDENTIAL
3D-printed asa final call Since the model was 1
supposed to be functional, the components wetg
essential. Even tough, a higher realistic aspect cOurame——

achieved in the final model. Flguret. Unbuiltlogo by-pimter.

When the parts were 3inted, and the support material was removed that thergBr
had made, they could be covered with filler. Then the work continuegcleishof filler,
grinding, filler until a smooth surface was achieved on the parts.

Later on, the components had to be fixed into the holes that was made in the modules.
Since the components was meant to be moldedhe product, these transitibetween
the module andomponents should be invisible.

The components were first glued into the |
in the modules, to think about was that
modules should.be able to assemlble an( CONFIDENTIAL
connectors can just be connected in one
Therefore, the connémh betweenall the
modules had to be ensured to fit, so the g
whengluingand mounting the connectors w
essential.

Figurd8 The components was fitted in.

When all the surfaces were smooth, the paint could ledappthe product. And the
connectors were painted with a brush afterwards since they were difficult to get an even
coating when painting with a spray can.

The components in the middle module, the four connectors that are used for the
extensions, coulabt be sprayed with a spcan. Thereforeg nail product was used to
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get a chrome effect. First a black nail polished was applied and then a fine silver powder
was rubbed on the toudhy nail polish to get a chrome mirror effect. With this method, a
smdl brush could be used since the components were small and difficult to get precise.

The logo on the tomodule was supposed to have a shiny texture. Since this was difficult
to masque and to paint separately due to the size, anckiveas appliedt included a

top coat for nails, which is transparent. With a small bru
top coat could be applied to give a shiny surface on the

When all the parts had dried, the components in the m
module and the screw in the bottom could be glueglate CONEIDENTIAL
and the product was finished.

Furthermore, a plate was made with two nuts glueg
covered with filler inside. Which made a screw hole whg
product could be screwed into to facilitate the demonst
of the product. It also made the pradtw be able to b&sguras Top coatfornais was a
0standingdé on a surface, getashnysurface produ
bottom it cannot be standing up on a regular surface.

As seen in thiggur&0below is théuilt modules. Theyan be built together in the different
versions.

The prototype can also be used as a test how it feels vavangan into the bottom
late.

CONFIDENTIAL

Figur&1l The made protdtgbean be assembliéférienersions.

CONFIDENTIAL

Figur&Q. Testing the prototype.
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5 Result

Through the approach and implementation throughout the thesis, the project could be
conducted to answer the research questions. In this chapter, eadseéthk questions
are answered.

5.1 Is it possible to do a modular solution that fulfill or exceed the
specific requirements?

The requirements thatere defined in this thesis work consisted out of the functional
analysis and the functional requiremerishapte#.5 Define requirements

Construction

The design of the produc: m t he
then developed and the result became following;

CONFIDENTIAL
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lo the right
g the

Functions

In figuré4 below the product has been put to transparency to expose the components
inside the product. As seen, most of the functions are solved by components inside the
product and the product have been developed after the given aus@ok their

dimensions.

CONFIDENTIAL

Figur&4. Components and functions of the product.

CONFIDENTIAL

that the
jth
he plastic
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CONFIDENTIAL

Production

The product is planned to be tpvessure injection molded, which is a manufacturing
process that allows the components to be-moldthout destroying them. Thawvo
pressure injection moldingusing naturally occurring material that comes in different
variations and can be chosen for operating temperaturel@oonl70 degrees and with
customized color options.

Color

The company requested to work with they-grewn color that they had in their brand
and logo, which is the color that the product is carrying.
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5.2 Which design values express and define CombiQ as a brand?

The way to describe the design of the modular concept in a way that will express the brand
CombiQ and to be a foundation for the further work with the prefduaty can be

defined in some basic rules in diffecam¢gories

Rules for logoon product;

0 The logetype can be used as a combination of

Qi con and the texustthe! t can
Q as a symbol for the brand on the product.
just have the text 06C¢ ot al |

o0 The logo on the product can be used with ei CONFIDENTIAL
matte or shine top surface.

o0 The logo must be embossed, not recessed.

0 The logo should be placed on the pobahere it
will be most likely to seen.

o Forsmalllogos on products, just theygnbol will
be used to express the brand.

o The logo will have to be placed on a flat surface and with a flairotfset
embossed logo.

Rules for the general design;

The sidesurfaces will be transitioned with a smooth ra|

Corners where three surfaces meet will be rounded.

0 Human interactive parts will be expressed with c
surfaces.

0 The sides and top surface will be transitiaitéda smootlf CONFIDENTIAL
curved surface.

o Around holes, there will be a recess formed by a spl

oval.

o O

When applicable;

0 Use cylindrical recesses between side top surface.
0 UselLEDdi ode in the o6inter-lsgp.cti ng | ined o

These rules can then be used and appliedeioprtiducts, to express the same type
design as the modular sensor that has been developed. Which facilitate to develop a
whole product family for CombiQ.
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5.3 How can a product -family be conducted for the brand CombiQ?
To answer the third, and last, resegqudstion the result will be in form of the design

concepts of the product that are included in a prdandly for the complete lleT
solution.

Bracket & Holder

With a lot of functions in common with the modular solution, the bracket and holder
concets got many of the elements from the top part of the modular solution. Even though
some dimensional adjustnenhe design of the brackeh&lder can stronghelate to

CONFIDENTIAL

Figur€9 The conceptd.of the o6bracket & holder

CONFIDENTIAL

Personal tag, cardrersion

With a combination of soft curves and static desigrsanpétag have been dieped
and still with the sangesign elements that has been developedHeodonand values and
the design of the modular solution.

The produchas place for stickers on both si
where it will be individual information in fof
of texts and codes etc. The places for CONFIDENTIAL
stickers has therefore a shiny surface to al
good athchment of stickers.

In top of the product there is place fdaelhing
a strap so the product can be hanged i
clothes. for examp|e_ Figuuél The. ©O6cardd sensor

SeeAttachmebB for bigger view of the product.
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Personal tag, braceletersion

The lasproduct in the prodtt familyis another form of a personal tag, this one are going
to be carried on the arm, as a bracelet.

CONFIDENTIAL

Figuré2 The 'bracesethsor

The sensor has an attached elastic strap that can be adjusted. By having this it will have the
function to avoid damages to thaspea wearinghe products if it is getting stuck
somewlkre, since it is going to weaan industrial environment.

The under surface is slightly curved to bend more natural around thi@evastved top
surface with the two recesses can be related to the designafulae sensor.

SeeAttachmebd for larger pictures.
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6 Conclusion and discussion

This chapter contains the personal reflection cectiievedesult of the projectiivided
in the three research questidfglowed by going through how the projeculd be
continued and developed. This chapter will then end with a conclusion of the project.

6.1 Achieved result

The thought of the research questions was that theygwiag to help each other and
together give a structure way to end up in the waistdtl Tee company was unsure
about the size of the project in the statiere a compromise was setiiteébcus on
investigad their idea of the modular seread then to give ideas of design on the rest of
the products in the same familerefore, thesecond research question had to be a
guestion concerning something that was going to help the work with the-faradyct
which then became to investigate the design values and to define design futdaines.
way, | feel that the research queshans been well defined and been a help in the project.

[1] Is it possible to do a modular solution that fulfill or exceed the specific requirements?

In this kind of projects, when a new product from an idea will be developed, there is plenty
of changeslang the work. New constraints or ideas will come up along the process and |
have been adapting and working in an agile way to be open and prepared for sudden
changes. | tried to narrow things down one small step at the time. By having meetings often
and ontinuously with the company, discussions could be made and things could be cleared
out. Still there were some major changes along the procesaparetiee final modular
concept. Along my process | focused on a concept that was chosen alreadynnitige be

of the project in the first decision of three design concepts. This was then natural for me
to continue on thatonceptto further develop &nd to presd the whole process for how

| had worked with the design in different progrdsmfortunatey, the concept was
changed late in the projacida newconcept with a differeshape was added. Since the
process already was explained for the first concept | decided to keep the explanation for
that one. Since the development was about how | worketievitesign in theifferent

prograns, it automaticalBxplains how | have worked with tievshape in the program

as well. Furthermore, | still explained mloévidual process of the fir@ncept with the

parts that difred from the previousmcept, for example how | considered the ergonomic
aspects.

Furthermore, the company wanted to work in the color that they had in their logo, which
was a dark red and a bregmey color. | decided to work with the bregvay color and to

have details irhé red color. Due to the production cost, it was later chosen toeuse on
color, then the red details were taken away and the-drmywvas left. To use the grey

color was a decision | made to fit an industrial environment where dirt will be a problem.
To not use the red color was a decision based on that thedlador will not be
appealing on all the colors that can occur on the machines it will be placed on. Secondly, a
red color can be connected to faults and errors, meanwhile it can draw riore htten

an industrial environment, it can be confusing for workers to draw the attention to the
sensor when a chaotic situation occurs. Meantime, to express the brand and to be more
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visible the product should be noticed, but under good conditions aacdwttble color.
In this thesis, the browgrey color was decided to be at least tried out, if it will work or if
the color has to be changed.

[2] Which design values express and define CombiQ as a brand?

This research question wasrime complicatepart of the thesis, also since it did not
have a big part of the projeseanwhile it can be a question that should be investigated
deeply The main pardf the thesisvas to investigatbe modular sensor and thgime
examples on the design of the fanihe question about analyzing the breaud not

take that big part, which made it more difficaltddfine the brandut of the few words
given from the company that they wanted in the desagmot a simple task

It was difficulttofindaprecs s of how defining the 06desi
foundation for the produdéamily. Therefore, some own estimation had to be done for
what could be used. Nonetheless, the process of the visual brand language made me analyz
the brand in a gabway and to understand further about the design aspects.

By analyzing the words given from the company through different moodboards and
directions gave me a structured way to design three different concepts based on the same
words. It held the possihdis with the design wide, before narrowing down with the
company and | could understand better and better what the company really wanted in the
design.

When it came to defimeles forthe design, it walfficult to find a balance. Design cannot

be madeof some ruds, there is more aspectssuch as the designel
guidelines should then be general for the shape and design to facilitate and to get some
elements that will be used in all the products and in that ey Users connect the
productsto the same brand@herefore, the guidelines should not be defined to a level
where it will not let any changes be done or to let the designer use their own mannerism.

Even though it feels 8k have analyzed and answerésisarch question fibris project

it can still be developed further. | think that this research question could be one thesis work
just on its own, which then could provide a more defined and analyzed answer. In this
thesis work this question was stated to get a bridge b#tevespdular concept and the
design of the product family. Meanwhile it could help me to analyze the brand in a
structured way. The thought in the beginning was to in the end have a result as guidelines
in form of picturesind illustrationsxplaining athe different design elements. | managed

to do some illustrations and guidelines in form of pictures on the logo with its features.
Due to the time of the project | did not have time to do all the illustrations for the rest of
the guidelines on the genelasign. Since, the mgselements should not be coaed
pastedrom the modular conceptnteans that | would have been forced to do several
different CADmodels or handrawn illustrations in good quality on every one of the
design elements. Whiah this thesis was not possible to do based on the given time on
this research question.

[3] How can a productamily be conducted for the brand CombiQ?

The challenge with this research question was that the products that was going to be
developed was ndefined with functions or requirements. Some of the product CombiQ
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already had tools to produce, meanwhile other prpthatt$ got in my handvas the
products of some clients that they have worked Ivtfitbn took inspiration and tried to
analyze thproducts | was given to figure out what that had to be fulfilled in the design.

Some of the product in the family could just be updated with the design language of the
brand, for the card example, could be updated without interfering with any patent or
products since the company owned it.

With the design guidelines based omttaular concept and the design values of the brand
CombiQ, | feel satisfied with the result. The productseratated tahe modular sensor
in the design even if they do not hiéneesame type of shape.

6.2 How to be continued
Here it willbe presentelddow the project can be continued totfartdevelop the concepts

and what to think about befarensideringendingt to production.
[1] Is it possible to do a modular solution thétlfill or exceed the specific requirements?

Therearesome parts that still have to be further developed to get the modular concept
ready for production, even though the research question is asswveeiteild possible to
produce the idea that the cang have of a modular solution.

The modular solution, thsthouldbe produced with loyressure molding, will have to be
further developed to ensure that the shape surely works to be molded. Afterwards, the mold
should be designed and produced beforgribduct can be manufactured. To avoid
mistakes in a production, the product should be made as a functional prototype, to make
sure that everything works, before manufacturing the tool for a mold, which is an expensive
cost if something is wrong.

The intenal components will have to be investigated and the electrical parts must be
designed to fit inside the product and to make the sensor work. This is something that has
not been a big part of the project, since the company was supposed to provideise with th
information and that they will construct the internal parts from the concept. The internal
components theshouldbe investigated see further how they will fit andh& product

has to be scaled up.

cally
launching
ped or the

CONFIDENTIAL

wed into a
nents. This
yed

The product should fulfill an IP@Hassification, even if it has been taken into consideration
during the project, this has to be tested preferably on a functional prototype to see how the
construction works dnf something has to be changed.
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ate further
size and
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To put the browsgrey color on the prototypesate the possibility to analyze the decision
ofcolorFi rst of all, it was difficult to get
was defined with a printing color which is not directly éraakfe to a car paint which

had to be used to paint the prototyplee aesthetic of the color is of course individual,
further more i f t he company want t o expr
technol ogyd and 6 moder oréhpuldibediffarenb Eherefae, wa )
| would like to analyze this further to find a color that will fit the brand that is not the
browngrey color that they have in their logo.

[2] Which design values express and define CombiQ as a brand?

Even if the resulbf the second research question with the design guidelines are enough
for this specific project, and for me to use in the design work. It is not enough to call a
defined manual with guidelines for the company. To provide a better brand manual for the
compmany more time should be put on the result. At start, the brand can be analyzed even
further on what they want, the result of this thesis can then be the foundation for this work
and the definition of what the company stands fowhatl theywant to expreswill be

clearer. When analyzing further the company and the brand, the guidelines from this thesis
can be supplemented with more definitions and design aspects. | have listed design
elements in this thesis work on what | think is right for the compdrfgrafurther

products. But to get people to understand better and to be able to use the guidelines, every
listed design elements should be illustrated with a picture that shows and describes the
feature.

| also think that this kind of brand manual hag ta document that will have to be updated

and supplemented continuously in the company. Guidelines shouldilzdtadflether

design projectsyhen noticing that somengis missing. Further | think that is important

to add mi st akest mguddined As wellhas gudaires with design
elements that have been up during discussion and no been selected, like | did in this thesis
with some design elements on the logo that was not chosen from the company. In this way
and with more time thaesign guidelines could be defined to a state where it can be used

in a wider range and with greater psefor the company and brand.
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[3] How can a productamily be conducted for the brand CombiQ?

When it comes to the rest of the product familypthst be given more time to develop.

Due to the given time in the project for this research question the concepts dmild not
developed to the same state as the modular concept. Furthermore, the purpose of this
research question was to give a designgaldpo how a product family can be conducted,
which has been done.

Since theoncepts that are proposed are rough hade not taken into consideration any
requirements or functiogrexcept my own thoughts and knowletlggy shoulde gone

through, ore by one. To go throughe same type of process as the modular sensor has
gone through in this thesis work. Where a functional analysis is done to get the functions
that must be fulfilled in the product. These can then be the foundation for the developmen
process for each of the products. Then the dpsigrosal | have put up in this thesis
probablycanbe used in one or another wayndy have to be changed due to the internal
components or functions, but it should be possible to use most of thesldesarts of

the productWhich then will narrow down the development process of the products and
make it faster to an industrialization anddhing of the product family.

6.3 Conclusion
Which ha been educational within in this thesik has been to wodkose to a company,

where also the project was kagiority for them. The work then felt useful for both parts
and the motivation became higher.

In the end of the projechoth me and the company is satisfied with the result. The
company hae gotten more information aadlearer idea of the sotrt of the modular
sensor. ey want to keep on demging the product to release it @ndthe of the design
concepts of the family will also be used as inspiration for the product family. \\&iismy th
work as a foundian for them it will givéhe whole first phase of the product development
processinished and will get a shorter process to produce it.
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8 Attachments
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Presentation of the bracket & holder sensor
Presentation of the personal tag, card version

Presentation of the personal tag, bracelet version
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8.1 Attachment 1: Table on IP -classification

Ingress Protection (IP) Ratings

Connectors may be susceptible to ingress of foreign materials such as moisture or dust, particularly in the
unmated condition. Protection from this ingress is provided for connectors by their housing and the seal
between the plug, jack, and cable or between a jack and a panel. The IP standard rating system defines the
degree of pr ion provided. The IEC 60529 has specified the degree of protection and divided it
into several levels, defined by the IP number, which has the letters IP followed by two digits. The first digit
defines the protection against the ingress of dust particles, the second digit defines the protection against the
ingress of water. The tables below show IP ratings for electrical connectors:

0

0 No Protection against contact and ingress of objects
1 Protected against any large surface of the body, such as the b
back of a hand. Protected against solid objects greater than
50mm in size. 2
2 Protected against access to hazardous parts by a finger or 3

similar object. Protected against solid objects greater than

12.5mm in size. 4
3 Protected against access to hazardous parts with a tool or S
thick wire. Protected against solid objects greater than 6
2.5mm in size.
7
4 Protected against access to hazardous parts with a wire,
screw, etc. Protected against solid objects greater than
1mm in size. 8
< Protected against access to hazardous parts. Dust
protected.
9K
6 Protected against access to hazardous parts. Dust-tight.

1

No Protection

Protected against water drops

Protected against water drops at a 15 degree angle
Protected against water spray at 60 degree angle
Protected against water splashing from any angle
Protected against water jets from any angle
Protected against powerful water jets and heavy seas

Protected against the effects of temporary submersion in
water. Test requires 30 minutes at 1 meter depth.

Protected against the effects of temporary submersion.
Customer specification applies and specific testing may be
required.

Protects against high pressures associated with steam
cleaning.
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8.2 Attachment 2: Design guidelines for assembly

L7

part must be released part located before release
before it is located
Old design

@)@ Qi

New design

From sourcd24]
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8.3 Attachment 3: Anthropometric for hands

HAND MEASUREMENTS OF MEN,WOMEN AND CHILDREN

RIGHT HAND HAND POSITIONS - AVERAGE MAN
AV. MAN increase 14% when bent MAX. REACH
3.5 I 7.5
.4 min. open. o
gl profected Lo2-St,
R e Y T buttons L31-LM 0
profile of 1 1 .-930. She N
heavy winter Y : T
loves A.AF | A 4.5
J ? i > 34 -finger Ig. — \$
% | .esav &9 —
go" ™l .03 max. 3 LB.mOx.F. \/\
- 4— 875 max. I LB.opf. L
>r ol “—prefer to ! 952 ]
: 225 x 4" hole operate : s
3 e | or 3.5"sq.hole gust] buttons l
' —=— min.acgesz for\_by finger pads:® ; (
= . empty han
-]
23 "Ej\ 20°
[] 8
A5 [ dorsumlg. o \GER GRIP
42 palm Ig. . )
47 R angle of max. . l14% increase in
i = force and < hand lg.
Fluncte resting angle
1)
RIGHT HAND finger nails vary G
AV, WOMAN ;
T o I 4 16 LB. max.force g g4 decrease in
finger exclusion pyt hand lg.
3 5.0
2
¢ hand grip 4.0 HAND GRASP 25 E
‘?_-1|B fist circum,:
T B
6.9 2.75 max.sphere LM
\ 5 opt. | 12.7 - L.M.
15°% A\ —
37 ’
41 L6 s
2.9 4.5 1.8 max.cyl. . pr—
: 2.1 -
Wt o
-2 touch pt.” SQUTP\ T e
i L¢ lunate Auenn x
: 1.75 max. handrail dia.
| 1.5 max.rung dia.
i .75 min.rung dia.
i MEN WOMEN CHILDREN
R DAY 2.5%tile| 50.%tile | 975 % tile | 2.5% tile| 50.% tile| 975 %tile| & yr. B yr 11 yr. 14 yr.
hand length 6.8 7.5 8.2 62 6.9 7.5 5.1 56 6.3 7.0
hand breadth 32 3.5 3.8 2.6 2.9 3.1 23 2.5 2.8 —
3d-finger Ig. 4.0 4.5 5.0 3.6 4.0 4.4 2.9 3.2 3.5 4.0
dorsum Ig. 2.8 3.0 3.2 2.8 29 3.1 22 2.4 28 3.0
thumb length 2.4 2.7 3.0 2.2 2.4 2.6 1.8 2.0 2.2 2.4

The table isaken fromsourcq69}]
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8.4 Attachment 4: P rocess tree

Define the product:

Industrial wireless sensor

Identify stages of product: Operations of product / use
- Production User tasks
- Assembly after production - Expand product with modules
- Installation - Take modules off product
- Operations of product / use - Check products status
- Maintenace Product functions
- Repair? - Measure data
- Built on, and off the modules - Send wireless data
- Disposal - Contain specific PCB
- Take up soundwaves
Describe all processes: - Show status
Production Maintenance
- Produced in mold - change battery
Assembly after production - check status
- Assemble - Replace parts
Installation Disposal
- Assemble modules - Uninstall product
- Screw onto surface - Disassemble
- Recycle
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8.5 Attachment 5: Functional Analysis

Function Analysis

SHELL

Function class limit
Protect components MF
Allow transmissions NF |of data, wireless
Measure [temperature NF |process and send data
Pick up sound NF |process and send data
Resist heat NF |80 degrees
Resist cold NF |-20 degrees
Resist water NF [to getto components
Resist dust NF |to getto components
Allow installation NF |in M8 screw hole
Contain energy source NF |by batteries
Allow transmissions NF |electricity between moduleg
Express |brand D |logo and design
Give status D |[touser
Allow expansion D |through connectors
Resist vibration NF |from under surface to MB
Offer reshuffle D |of MB and BP
Allow assemble NF |hold modules together
Allow disassemble D |take apart
Allow access D |easy accessto change BP
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Attachments

8.6 Attachment 6: Technical specifications

CONFIDENTIAL
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Attachments

8.7 Attachment 7 : Morphological chart

CONFIDENTIAL
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Attachments

8.8 Attachment 7: Technical concepts

CONFIDENTIAL
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Attachments

CONFIDENTIAL
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Attachments

CONFIDENTIAL
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Attachments

8.9 Attachment 8: Design equalizer

FORM MATERIAL COLOR SURFACE

MODERN ‘ | | | | ‘

NEW TECHNOLOGY ‘ | | | | ‘

ROBUSTNESS ‘ | | | | ‘

FUNCTIONALITY ‘ | | | | ‘
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Attachments

8.10Attachment 9: Design values

Direction 1 Direction 2 Direction 3

Soft edges Chamfers Simplicity

Big radius Structured surfaces Ergonomic

Low contrast Grey+ black+ one 1 main and 1
between colors contrast color interactive color
Soft colors Splitlines interaction color
Smooth chamfers high contrast

Matte surfaces

89



Attachments

8.11 Attachment 10: Evaluation of logos

CONFIDENTIAL
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Attachments

8.12 Attachment 11: Presentation of the  modular sensor

CONFIDENTIAL
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Attachments

CONFIDENTIAL
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Attachments

8.13Attachment 12: Presentation of the bracket & holder sensor

CONFIDENTIAL
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Attachments

8.14Attachment 13: Presentation of the personal tag, card ve rsion

CONFIDENTIAL
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Attachments

8.15 Attachment 14: Presentation of the personal tag, bracelet
version

CONFIDENTIAL
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