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Summary

Abstract

Not many people think of design when they hear the word forklift. It is a vehicle
associated with lahamachinghat haghe purposeof making work more efficient and
profitable Thoughthatistrue, for a company producing forklifts can the design be a very
important factor for a lucrative business. A forklift that can exprefsnaigmality is

more capable to compete on the market.

Thisthesisdescribes the product development of a forklift for the company Semax. The
work is a design project and focuses on the visual expressiqgraddlce The gal was
to improve the extendo be more cohesive and more aesthetically pleasing.

The report covers certain methods taax baused duringdesign project of this nature.
It will explain the process in the order it was condaotbdescrilszesearch, findings,
ideation and resul

Keywords
forklift, design, cohesive, product, developrfam, analysis



Summary

Sammanfattning

Det ar inte manga som tanker pa design nar de hor ordet gaffeltruck. Det ar ett fordon
forknippat med arbetskraft, en maskin som har till syfte att goraradvetéfektivt och
lukrativt. Det stammer ocksa niénett féretag som tillverkar gaffeltruckar kan designen
vara en myek viktig faktor for en framgangsriacksamhet. En gaffelthkisom kan

uttrycka hog funktionalitet ar mer kapabel att konkurrera pa marknaden.

Dennarapportbeskriver produktutvklingen av en gaffeltruckfatetaget Semax.

Arbetet ar ett designprojekt och fokas@a det visuella uttrycketpawduktenMalet

var att forbattraletexteriora utseendgt att bli mer sammanh&ngande och mer estetiskt
tilltalande.

Rapporten tacker vissa metoder kananvands undeettindustriellidesignprojekt.
Den forklaraprocessen i dendmingsomden genomfdrdes och beskrifgrskning,
upptackteridéer och resultat
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Introduction

1 Introduction
The project was made in collaboration with two companies, Semcon and Semax.

Semcon is a consultant firm thatods main «k
manufacturing industry, but they also provides services in product development.
SemcogahdPsboduct devel oplmeeadidub .based on huma

Semax is a company located in Storebro, Sweden. The company develops and
manufactures telescoping forklifts with electhieseland gagngines.

1.1 Background

A forklift is a vehicle that is designeddioe purpose, to transport and relocate goods

and materials. The basic construction idea is mostly the saou theumarket. There

Is a lifting system the front of the vehicle that cka mounted with different lifting

tools. For example onetosli somet hi ng called oforksod, wt
protruding forward. They enable to reach utihdeobject that is to be movatt,it up

and transport ifTo counter the mass that the object adds outside of the wheel base and
further awayrom the ceterof gravity, most forklifts use a counterweight in the back to
prohibit the vehicle to pivot forward

Semaelescopingfting systenms located behind the cab, which is where the driver is
positionedThisplaces the center of gravity of the vehiceerappropriately in the
center. But alssignificantly increases visibilitgomparisomo other forkliftswhere it
often isplaced irthefront of the vehiclel h e ¢ o meveloprgedtof forklifts has
great focus in improving the visibility for the driver and is som#thingderlieshe
name Semax, to seaximum.

Theproject wasrom thestartonlygoingto beabout developing a nelgsigrfor the

counterweight othediesel truck. But after sofuetherdiscussionwith Semax and
Semconthe project was instegoingto be fa@usingon the creationf a newexterior
desigrfor the electric forklift.

The current design of thehiclds veryfunctionalbut it does not hee a defined form
language or color language Semax develops products that have high functionality and
flexibility, the visual expression in the design has had no major part in the company's
development process. This makes them lose something otialpadportunity to be

more competitive.

Semax is in need of modernizing, strengthening and improving the visual design of their
product.Oneconcern is the cohesion of the current design, the forklift does not give the
impression of being one uin improvement of the design can create more value to
theirproduct. The design can convey the company's core values and make the
presentation of the product's strengths more apparech, tothay is an important aspect

for companies to differentiate themselk@s competitors. A more attractive design can
lead to increased sales and a greater recognition factor in the long run
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1.2 Purpose and research question

The purpose of thihesigs the development of a newteriordesigrconcept for Semax
electricaforklifts. The goal is to improve the visual impressithrnthecurrent
constructiorof the vehiclas a foundation. The desgrould not reduce visibility, affect
the functionality or efficiency of the forklift. If possible, instead improve these aspect

Research quest®n

What is possible to do with the current construction as ddvakseloping a new
design language

Whatexpression alesigrarekey featurés

How to make the design more coheisives presentatidh

1.3 Delimitations

The design dedopment of the vehiclgill not go beyond the concept stadye.
calculations aechnical drawings will be made. Neither iiihetionalprototype be
made andherefore no testing.

Somecomponentsf the vehiclavill not be covered in this project,animg excluding all
componentérom the workexcepbon two major partshechasse anchb. Tlesewo are
themost important partshen it comes to expressadgesigrianguagen the vehicle.
Thisdecision was made to frame the thesis in a reasonable time spectrum.

1.4 Disposition

After the introduction follows the theoretical background and will introduce the reader to
some philosophies of design thinking. After that will the report describe different

methods that can be used in product development and design. The following chapter then
describes how these methods were ingpltsd and executed, wiltle lastchapter

presented in the end containiagult and discussion




Theoretical Background

2 Theoretical Background

This sectiowoverghe theoretical backgroufdhe purposés to give the reader an
understanding of the theacal foundation that the projestands on. It proves a
desciption of the though process that took place in the development of the forklift.

2.1 Design Thinking and the Designer Role

2.1.1 Purpose of Design

oDesign must be honest and fulilburposé only then will it enduré.
- Ferdinand Porsche

The design of a product will portray a feeling of something no matter how it is made. It
will reflect the quality and thought process that was put in to the deweldjpme
provide a satisfying result is it important to define the problem that the design is to solve.

2.1.2 Design thinking

0Scientists may be able to do their job ¢
and artists for theirgeatainly do not depend upon scientific method. For designers life is not s
they must appreciate the nature of both &
(Lawson, 2005, p. 13)

Lawson describes handesigneshouldbe able to use scier#lly facts and combine

them with thecreative artistic skiThis is not always that easy, but a designer needs to be
able to cover both sides of the spectrum. Being able to také¢haesknowledgin

science antthe creativerss inartistic skill will provide tHmuilding blocks for creating
functional and aesthetically pleasing products.

He continues and talks about designas @skile si gn i s a hi ghly con
skill. It is not a mystical ability gitethasky with recondite powers but a skill which, for many,
must be | earnt and practiced rather 1|ike

(Lawson 2005, p. 14)

Lawson (2005) explaimsw designers learn by doing, some may have a nattical artis
intuition but even they will become better through gaining experience. We as humans
become better at something when we practice time and time again and some things have
to be learnt by doing. For example, a person can be shown how to bicycle and the
explanation can be very thorough and detailed. But the person has to make the test ride
alone to get a feeling of how to balance the body and maneuver the vehicle. By doing, the
person will gain knowledge how to operate the bicycle and by practice velbetieom

and [etter. This can be relateddtesign as a profession. It takes practice to become a

good designer, mbtainthe right mindset and strategic thinking.

However, there is also a need of certain piakiliato be able to express and

communcate as a design€here i®ften done through some sort of media that is able

to embody the ideashetherthere is by drawing, sculgpiig or by using CABprograms

8
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A good designer is able to use several different media to communicatanilosght
open for new possibilities.

2.1.3 The Designer Role

The designer role within a company is an important role and Ulrich (2012) talks about
three central functions of a company: Marketing, Design and Manufacturing. This is how
he defines design within an organimatio

6Design: the design function plays the | €
customer needs. In this context, the design function includes engineering design (mechanic
software etc.) and industrial designéae i c s, er g(UInch, 2012, 8.3) user i

Ulrich (2012) separates the designer role in two satimhsnicalesigners and

industrial designers. These two is working in close collaboration with each other and
other functions of theompany in a project team under a team leader. They are members
of what he calls the core team. The core team is usually a small group of people, not
bigger than the possibility to have meetings in a conference room.

@acturing
Engineer .
Mark®) Purchasing
Professional _ Specialist _
TEAM
LEADER
Industrial Electronics
Desig:fay Designer
Mechanical
Core Designer
- Team " ’

Extended Team
(Including Suppliers)

Figurd, The composition of a product development team for an electromechanical product of

OFew products ar e (drelv,20l2o0p®d by a singl e i
To be able to perform well as an industrial designer is it necessary to understand other
functions one important area is the understandimgemhanical engineering. This also

includes havingnhowledgef manufacturing procedsrd his isnecessarfpr

communicatiorio flow efficiently between them. It wiliinimize time delays and errors

in the development of a product.
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2.2 Attractiveness in products
0Styling is not injected at any single pc
Styling contivesth oughout t he Bdxepldd%,m5gr ocess. 0 (

2.2.1 Meaning of attractiveness in products

Baxter(1995)alks about how products should be attractive to customers in three subtly
different ways

l.L.oOFirstly, an object goamsbegouai cattte nlde c
continues with a paraltelwhen an architedtaw a house, a wdésigned house
should have a visual appeal that is im
attention. Li kewi se, s ho ubndvheascmwlliingduct
through a webpage or walking at a retailer.

2.0Secondly, an attractive object is a d
if a product is desired by the customer only through its appearante then
product isa strong competitan the market.

3.Combining these two attributes togethe
attention grabbing and desiralniekes the product attractive. The customers are,
as Baxtef1995putsi t , 0 d r athe produach amcis thlediteraheaning of
the word attraatin.

2.2.2 Importance of inherited traits

For the purpose of maintaining repeated s
traits fromits predecessor have to be visually apparent. If it is not recognizable to be a

new version of a previous product the custonmgint not be interested boly the new

onedue to the nonexistent resembka However if the product hasual key features

from the first, themhe new produds ablausethatknowledge the customer already have

and possiblgbtain repeated saldsnakes the product a better competitor on the

market.

Baxter (1995alks about how thedso applie® the brand identity af the product is
included in a product range. lhecessary to includertain key visual features for the
customer to be abidentifyingthe belongingess.

Ev e n aitotallyingwpodutth at 6 s bei ng devrecbgoizalled i s t h
traits. For example a new and innovative
completely from current products on the market. The customer musttbaedsriafy

its use almost immediatdtyneeddo includesomevisual featured @ phone for it to be
recognized as thandto be able teompetan that specific industry.

OFrom a mar ket ofaiewdit ditallysimportarst and mustibe t
acknowl edged and r espeBaxedloghupsS56)ng t he sty

10
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2.3 Perception of cohesive design products

Warell (2008) brings tipe appreciation people have of recognizing aesthetic values and
describes that people appreciate parts belonging to each other on a product, the
organizational essence in form, similarity, repetibatinuity etc.

oln the visual domain, hierarchy and | aye
belonging together and which are incommensurate (Arnheim 1970, p.57). The pleasurable ¢
visual composition of detanltgma product design can be enhanced by the creation of coheren
resemblance between elements within each structural level of the visual composition, as we
hierarchical l evel s OMarellR@0B,ppti ¢ and at omi

2.3.1 Gestalt laws

The word gestalt comes from the German languageralnel tanslated as shape, form
or figure.

0 G e s-amaalrangement of parts which appears and fus@si@whole that is more
than the sum of its padigMono, 1997, p.33)

That ishowMono (1997)describes the word gestalt. What it means is that all the

containing factors ohaobject,colgr f or m and materi al , 'S pei
whol ed. T he f a clftomerclmngesfitd peopettieset avilt dffeeo t h e r .
others, the whole impression of the gestalt will chEmgegestalt isot onlyperceived

in objects and products but can also be defined azafoplea group of people

standing close togethmra room in a housEor this project however, isnore relevant

to focus on how the gestalt laws affects objects.

The picture below is of a disassembled car. Every part of the car has been taken apart and
Is beinglisplayedn the groundAny observerfdhis disassembly can probably name at

least one part presented in this picture, but would probably nadaal tt ochrdt &

not perceive@saone unit asa gestal{Fig2)

11
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Figure 2, Disassembled car

What can be seen in the next pickigegar of the same model. Heeall theparts
assembled andgether do thegivetheimpressiorof a car. The ptgarebeing
per cei wledadhbsénauynit oagestalt(Fig3)

e p— ——

Figure 3, Assembled car

12
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Mond (1997)escribes theight most important factors of identifying gestalts

proximity, sim

ilarity, area,

symmetry,

experiencélhe most interesting for the purpose of this projeqrasented in the

picture bellowmFig4)

OO0 OO
OO0 OO
000 OO
Proximity OOQ OO Symmetry
o000
sess awes
OO@OOO0O
sty OO0 @@OO0 i T
imilarity nclosed area
ololel I I 6@ B A D D
0]0]00/0] I6e)
A el Y X
N S
O SN
rea The good curve o s
- @@ 8 - Fawl
Figure 4, Gestalt factors
The proximity factor,ist he grouping of things cl ose

the clearer t h

The similarity factor,0 Fi g u

e gestaltao.

res with the

described as buttons a control panel, they can stand out by having different color or
symbols that communicate their function.

omakes
For

The area factor
area i1 s6.

us experience
exampl e

ellove croSswore alblus h

t he
flag,

background. It is not described to have a yellow background with four rectangles.

The symmetry factor

0Osymmet ry Objects thdt kasghe gasns t a | t .

0

symmetrical properties will stand out amarigstts that arasymmetrical.

The inclusion factor, OLi

nes

t hat encl ose

an ar ea

The goodcurve, isfor example the perception of a line or shagppe ¢ o reten n u u m
t h o u glividedby €pacedThegood curve is what allows us to see the arrangement
that makes the minimum change or break in straight lines or unifornoaurves ont our s
For example how a mosaic artwork cambiserved and experienced, though the mosaic

pieces is separated by smaltsp
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2.4 Design work process

2.4.1 Bootcamp Bootleg

Bootcamp Bootleg is a tool to help the designer through the design process, it functions
as a guide and states the most common and most necessary steps in the product
development process. Institute of Designaatf@id (2019) has defined this tool by five
modes: Emphasize, Define, Ideate, Prototype and Test.

%“
2.4.1.1 Emphasize

Emphasizing with the user is what a designer should do to get a better understanding of
how they gperience the product. In this matheuld only datie collected and not
evaluated. Three keywords that is stated in the Emphasize step:

Figure 5, The structure of a design project

0-ObserveNiew users and behavior in the context of their lives.

-Engage Interact with and interview usets hiough s chedul ed and shor
-Immerse. Experience what your wuser experienc
(Institute of Design at Stanford, 2019, p. 4)

What a designer must realize is that the problem to be solved is not their own. A designer
has to identify theser problem without adding their own preconceptions of what the
problem might be and possibly what the best solution is. However, the users themselves
might not know what the actual problem is but can sometimes have an idea of a solution.
This can be hélipl but designers need to be cautious when collecting data involving user
observations and interviews. The designer should not intervene unnecessarily and should
have a notiased mindset.

2.4.1.2 Define

Define is when the data collected from the previous moderobbservations is to be
evaluated. The designer creates a foundation of knowledge that will carry the project
forward. He or she shall not conceive a fully fletched solution but reassess the data to give

14
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focus on what direction the project shall coatiflighlighting the problems will make
the task smaller and more manageable. It will encourage creativity by giving purpose and
setting limitations, which is necessary going forward.

2.4.1.3 Ideate

When ideating, it is important to explore as many solutionsiepd® have a big

pool of ideas will increase the outcome of a good design. The diversity of the solutions
will be valuable when later narrowed down to a few concepts. It is up to the designer how
much exploration is needed.

2.4.1.4  Prototype

Prototyping is wheideas take physical form. Making a prototype does not necessarily
mean that is has to be a fully functional well defined product but can be a paper model
that only explains the scale and main shape or just a part of the product, a handle or seat.
It is Y to the designer why a prototype should be made. For example, the prototype can
be used in ideation to explore further aesthetics, to communicate to others what functions
shall be included or to highlight different problems that might occur. Protctypugyi

to develop the selected solution or solutions further.

2.4.1.5 Test

Testing is when the designer takes a look at the solutions and evaluates them. It is in this
mode the prototype will be tested and refined. For example, letting the user test the grip
of a prototype handle and observe what could be improved upon ergonomically.

15
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3 Method

To have a broad input mfformation, the project will use several methods taken from the
design process. This section will cover those methods.

The thesis has been framed around certain parts of the product. However, there is
important to gather allot of information, not justudtiioe vehicle itself batsoof other
affecting area3 o haveabroadfoundationto stand orthroughout project is research
needed in a@as such asompany, marketustomerbrand, manufacturirgc.

3.1 Bootcamp Bootleg

This thesis uses Bootcamp boatiefoundation for the structure of the projdntided
into four phases. Due to this project not leaving the concept phase, four out of five
phases will be uséthis means omitting the testing ph@ke.testing phase is when the
project is enteringnal product refinements and evaluatiomfanufacturingvhich is

not a part of this project.

The four phases that will be coverdthnpathize, Define, Ideate and prototype.
(Institute & Design at Stanford, 2019

3.2 Gantt Schedule

Ullman (2010) descrilbtee importance of planning a project in a structured manner.
Gantt schedule is a valuable tool for planning and provides a good overview of the
project.t is visualized by using a chart.

3.3 Observation

Observing was a big part of the thesis. Beingpalgither data objectively througial

life experience is very important to get a clear, almost subconscious, understanding of the
project, company and of course the product.

A big amount of data can be collected by analyzing the CAD model of a product.
However, theres anly so much information that the digmeddium can provid€AD is

a big parin the development of a produdbwever, beinghysicallpn the ground,

talking to personnel, listening, touching components and observing can give a wider
insght It can contribute to gainformation thatinexpected evenffersby justbeing
present in the moment aal$o being on the lookout for those scenarios.

Taking notes and picturesésy important. Not just to have physical data for future
phases ithe project bualsoto strengthen thmtake ofknowledge gathered the
momentlt is described in the Bootcamp Bootleg byrtktute ¢ Design at Stanford
(2019).

3.4 Interview

An interview is a tool fayatheinginformationTr yi ng t o under stand a
has the purpose obllecting data afhat should be considered when innovating his or
hersdesireddesign.
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l tds i mportant for the i nt eduvngamnwgerview o not
and to be as ¢dxctive as possiblénstitute & Design at Stanford, 2019

3.5 Questionnaire

Williamson (2002) talks about how a questionnaiteas of collecting data from the
target group. |l tds a good wasensexperiema@ng her i r
theproduct.lt aims to gather a big amount of data that can be measusscigrdd

3.6 Competitor Analysis

Evaluatinghe competition is a way of understanding the mark#étcedtes an
opportunity tcanalyzé¢he valueof the newproduct.Comparing the pducthas the
purpose of evaluatisgyengths and weaknesses.

A competitor analysis has three general aims:

0 To describe the variety of ways an existing product will compete with the proposed new p
- To identify or evaluate opportunit@satan.

- To set targets which the new product must meet in order t6 compete effectively.

(Baxter, 1995, p.163

However choosing competitors is not always aasasyight seeritherearesome
problems thabccurwhen picking a competitor. Theabusis must first decide what
defines a competing product, what characteristics should it contain and deciding the
criteria to uséor seting aims for the new product.

3.7 SWOT

SWOTanalysiss short for Strengths, Weaknesses, opportuantieshreatsdJliman

(2010) describes the tool toused in business to evalugi@ssible new projedthe

analysis is presented as a chart, separated into four sections, defined by the four words.
The data in each section will be weighed against each other tonjodde ithe

projectis of possible value at that current time

3.8 Reverse Engineering
OReverse engineering is (Wmam20iOp.a78) t o under

Thayer (2017) desa#reverse engineering mohfor collecting data of an existing
product. It is a process in which a product is deconstructed so that the internal, as well as
the external, can be examined in detalil.

Reverse engineering meathod ofgatheinginformation of how a product is
corstructed. The product is disassemaietihe content is theanalyzeé. The method
means t@valuate how the components warkohesioro perform the task the system
Is designed for, but also how the product is manufactured and held. tbgether
popular method amongst engineers. The purpofiemsto gain knowledgdouthow

the designsiof the product solved certgiroblems to make it a functional product.
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3.9 PBS
OProduct Breakdown Structur e nipBrRris)ithati s an
make up a project deliverable, arranged in whole gHaaghdyrodn s hi p. 6

Product Breakdown Structure (PBS) is a good tool for getting better understanding of the
p r o d stractui and documentinglitprovides an overview ofetltomponents and

the correlation to each other. The goal of this project is not to change or reshape any
components. However, PBS is a good wggtbhg a fundamentahderstandingf the

product and what could pessible t@chieveegarding thaesthics of thedesign.
(Productbreakdownstructure,)n.d

3.10 Function analysis

The function analysis has the purpose of illuminate the functions of the plodurcta
sense also highlights the purpose of the product. It istlhaichn help teisualize and
document the functions the beginning of a projeBut also can lie used as a living
document during the project to highlight other functions that was discovered in a later
stage. It is up to the usew he intends to usiee tool.A function analysis éasway of
defining the path towards a possible solution.

Osterlin (2016) puts the functionghree hierarchic classes. First is the Main function
which is the most important to put effort imtbendefining, second are the necessary
functionsthat is of a supportive nature to the maastib the ordeire the desirable
functions, which are not necessary but can add w#heeptroduct.

3.11 Brand and core values

Many compani esd us e saesthetriitegiawheg deelabiedai nes or
new product. This is to make the development more eféio@dtiot maintain the core
feeling of the bran®erhaps the new product should inherit some traits from previous
versions.

However, theres nodesigrtemplateexistingof any sorat this momenfor thistype of
projectatthe company of Semax. Therefore some keyWatdepresent the core
valueof Semaxvill be developeand suggestdd help emphasizing the brand in the
ideation phas@hese will function as reminder for wthatcompany stands for, what

the brand personality is and what the heritafeeisore values impact all the aspects of
the companyScania, n.d) (Heinild, 2020)
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3.12 Sketching and Ideati ng

3.12.1 Brainstorming with sketching

Sketching is a very important partimbrainstorm session. It is a good way of exploring
thought. By creating several simplistic sketches of an object or product, the ideas can be
evaluated and narrowed down to thstrfitiing shape or solution. Eissen (2013)

describes how he uses simpétcsies or doodles, as he calls thenpufiting the ideas

on papemwhen brainstorming his offersan understanding and retielaabout the

most basic shape of the product.idéss is a way of creating lots of ideas quickly, which
not only provides agpl of ideas to choose from but also could be used as a tool for

better communication with othgeople involved if necessary.

3.13 Intuition and Decisions

Taking decisions is a big part in a project. It not only enables the project to progress but
also is aefining factor for the end result, therefore very impoHamtever in aesthetic

design related decisions there is not always a certain answer. No matter how much data or
facts collected for the purpose of support in the decision making. Here is vilogn intu
sometimes can play tlode of executioner. Removing for example unwanted suggestions

of design that perhaps has all the theodatihcludedout does not quite fit the
targetedchesthetigoal.

It is important to have input the shape of opinions help inthe decision making.
Preferably is the project executed by a teémereris an accessaoupport functiarto

have the possibility of sharmgjnionsabout the designeely.External input can also be
of value if not even more important when working directly with a custérogiding

the customer with wedeveloped suggestions of a design to choose from will enable a
more satisfactory res\fltliman, 2010)

3.14 CAD

Ullman (2010) discusses HomD, short forComputerAided Designs an effective tool

for communicating design or construction on a highly detailetidlemgh a 3D model.

Some companies rely heavily on CAD in their process. This digital medium is a preferred
form of communication in many businesisagproduces producth.is also a good tool

for analyzingnd developing product because of the big amount of information that the
model proides.

3.15 Renders

Renders created from a-&iddel is able to provide very detailed information about the
product. Thegresentation can be highly effective when communicating function but also
the aesthetics of the product.
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4 Approach andmplementation

This section describes how the work was executed. It covers how the methods previously
mentioned were implemented.

4.1 Startup

First visit at Semax was an introduction to the Compatlyeakely point for starting

and shaping of the thesifiemeeting was conducted together with Semax and Semcon
to work as start up for the project. It was at this meeting the project changed from
developing a negounterweight for the diesel driven forkidta face lift ofne new
electrical forklift.

4.2 Support meeting

Once a weelvas a meetinteld togethewith Ewa Sondell from the design
compartment of Semcofhe meetingaere performed digitally usihg tomputer
program Skyper®gress was sometimes sent throughbetfaite each meeting, in the
formatof pictures and descriptio$ieyfunctioned asupportsessiosand enablethe
possibility of gettingpiniors ofthe project from an onlooker with designer experience.

4.3 Empathize

To be able tareate a satisfyidgsigrof theproduct for &companys it \very important

to doresearch, not only about the productabsmthe company and its communitiis

Is to achieve a complete understanding and more easily define the problem to be solved.

4.3.1 Interview

Two interviews were conductiedethemwith Tobiadngemarsson(CEQO) amtiagnus
Andersson (engineer) at Semax headquatiersiterviews were made separately. The
format was performed in a casual manner, more or lefsraralconversation. This
wasto let the interview have a re@f an easy flow anol avoid thdeeling of an
interrogationWith a set of questions chosen to function as the foundation for the
conversationhe interviewedas encouraged $peakreelyandthe interviewer only
added something or stepped in wihextonversation was heagltoo far from the main
subject. This type of interview caweal other areas of interests tth@apremade
guestiongnight notbe able to enlighten.

4.3.2 Observation

The doservatiorphase was done in the manufacturing faafilgmax

This was done on twaxcasins due to a complete buildadbrklift was not present on

the first. Therefore thdirst occasion was focused on observing the facility and talking to
the people working there, conducted in a similar manner to how the interviews were
performed. ¥ry casual with an objective mindsét using the path order how the
forklifts are built as a tour guide, starting the observation from where the first
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components are put together to the finished protalging to people working on the
production lings very important to understand the company itself. They come in close
contact with the product every day and therefore have great knowledge that a blueprint
does not offer.

Taking picturesf componentsnd talking with personrexiables the observerciallect
a large aount of informationlt offers not only documented data but also
subconsciously knowledge about the company.

Observing the manufacturirsgmportant to understand wiia¢ company is capable of.
The capacity of the facility offers anamsthnding of what is possible to manufacture,
which indirectly provides a picture of what is possible to design. It is reflected through
the amount omanpower, tools, spaedficiencyetc.

Theproject had thaeecessity tdefine some coharacteristicsf the Semakirand to
create @esigrthatcould reflect the compawmgluesA satisfying design, that Semax
could be proud of to use in their produ€tse observation helpedfiod characteristics
that later were defined by keywordeiast ¢ o mp a n y oIke callecrecedatdsa | ue s .
aidedn finding keyworddor the design of the product itsédfpe used in thideation
phase.

.'J T ',,!““
; : g i ‘

Figure 6, Semax Forklift

4.3.3 Competitors

Semax provided several competitors that could be of ussnadyais. In addition to
these wre some more added througbearch. They needed tadlevant to the project
in the sense that their products cd@ldompared t8emax products.
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The criteria were to collect companies forlifts that preferably werin the same
power range as Semax forklift and especially electric powered. Howswussrihisften
not the casé this industry when it comes iglterlifting capacitytherefore exceptions
had to be made.

4.3.4 Questionnaire

The questionnaire was puididonlineusing the platform of TypeForm which provides
linksto the sitehat Semax later could distributedhieir customers. (typeform, n.d)

Thequestionnaire was created with the purpogatioéring information from the
customers regardingeihexgrience with thproduct The questionnaimeas made with
some suggestions fr@emax to not just focus on design butgd#wer information of
the overall experience with Sefoaklifts. It was created with the intent to be balanced
betweercollectingmportant information and not being exhausiiman annoying for

the reader to answer. Therefore did it including only 10 questions per version.

The questionnaire was made in two versions onefdritier and one for the buyer, i
some smaller companisthisthe same person. However, imverycompanyand
there is of much value to get the point oi\frem both.(See attachmeny 2

From a selling poinis thedesigrof the producteryimportantand it is the buyer that is
making the choicButit is the driver that truly experiences the product every day and a
pleasant looking vehicle can provide a sense of pride.
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4.4 Define

4.4.1 Analyzing and Defining Semax forklift

Defining the work of the forklift was made mostly through the provided CAD medel du
to the actual vehicle not being in production at this moment in time.

Analyzing the CABnodelis a type of reverse engineering though it is an evaluation of a
products template and not an actually disassembling session of the product itself. The 3D
modelor blueprint is very precise in its presentation. However, the observer needs to
have knowledge of what is presented before him to make a correct assessment. This in a
sense means that there is a need to possess a fundamental understanding of mechanical
engineering and having experience with these types of computer programs to be able of
evaluating the product in the digital medium.

The cad model provided by Semax was of the electrical forklift in the smaller range.
Semax uses the computer program Sokgv@®xl7 for their work on models. However,
due to this project not focusing on engineered construction was the files from Semax
converted into stefiles to be used in CATIA V6. This was for the purpose of having a
more efficient workflow due to the greaddready existing, knowledge in the program of
CATIA.

First step in analyzing the model was to gather an overall understanding how the vehicle
is functioning. Already having the knowledge of the task the vehicle is performing,
moving objects from A to Bhe purpose was in this phase to examine how it works
mechanically to prevent the design from interfering with functions.

To enlighten the essential areas of operation that may affect the design. Next step was to
look at parts that were visible on themat. Evaluating parts that were going to be
redesigned and how they work in cohesion together. The main parts of current
construction the product that the project would cover were defined as: the exterior plates
of the frame, the counterweight and tlie wdiich is where the driver is positioned.
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Figure 7, Cad model of Semax

This was discussed on the startup meeting but it was necessary to evaluate the parts and
their relations with the rest of the products components.

Product BreakdowStructure (B was used as a tool to document the findings, PBS

stands for Product Breakdown System. However due to this being a design project and
not a detailed mechanical evaluation, the PBS only include parts that can be connected to
the aesthetic esgssion of the product and does not go in depth down to the last
component of the forklif{See attachmeBy

442 Keywords

Keywords for the desigvere chosen for guidance in the ideation phase. They were
extracted from interviews and conversations with SEngapurpose of them is to help
framingthe thought processound certain sets of characteristics that emphasizes the
words.The diversity of shapes will be more limited and therefore will the exploration be
more efficient and accurate

Following is kyword®f howSemax definler currentdesigrof forklift andis features
that the company waritee new design to inherit.

Visibility - Refers to how well the drivisrable tsee outside of the vehidlbe design
should express high visibility.

Robust d The word representslarableproduct that is capable of heawyy work.

Compact- The forklift design should have the appearance of being denseldedt
the same time. Capable of performindakle it was constructed fwithin tight spacse
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Three nore keywords were addedhe list Thewordswere added due to them
repeatedly occurred in discussions during the visits at Heesaxew word$ad the
purpose ofdding to theisionof thenewdesigrtogether with the first three.

Efficient d The product should givieefeeling of beinqhdustriousmeaning hard
working, while looking agile at the same time.

Cohesive- This can be referred to the product having a cohesive design, which means all
the components should have the appearance of belonging together. The forklift should
give tle impression of being one unit or gestalt.

Professionaism & The product should esgssfundamental vigor in a sophisticated way.

4.4.3 Semax core values

Semax doesndt have anitgeisamneed townavdthem&or d o c U me
company of this sizemller organizatismsuallyd o e savedany neetf thisbecause

the personnel ia contacwvith each otheslmost every day aisdcreating sensef

core values on a subconscious,leged communitidiowever this is sociddehaviorland

does not always apply to how the company is presenting itself outwards.

Defining the corgalues o company makes it easier to identify and creategestr
brand. It is a way to segjoal of what to strive for, whichngenerate team spiitthin
the organization

There is also a good method for presenting the company in good ligimnharcial
usePresenting strong ethical values can make the company more attractive to customers.
Something else thatieneficiabf using core valuesthepurposdor thenew employe

to settle in faster in the organization.

A set of words were cted to define the brand and company of Sededixingvalues
and characteristiCEheyare meant to reflect theandimage and therefore shobkl
taken also into consideration when devdjhe design for the product. A product is
the ultimate messaigethe world what the company standsBefow are the suggested
keywords of t hdescrbedFig8a ny 6s val ues

Brand Image: Heritage: Core Valves:
Flexibel Experienced Fellowship
Trustworthy Will Team Spirit
Professional Competence Goal Oriented

Figure 8, Suggested Core Values for Sen
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Brand imageis the how the company wants to be seen by custdimecempany

wantsto be seen as flexible in the sense of offering customizable products on the

c u s t oaeqeestliustworthy, Semax wants to be seen as an honorable and reliable
company with a serious and professional business.

Heritage is the category that describeses background. The company has had
experienced and competent peageking there since the beginning. The waltd
describehe willingnessf Semax to create good products and progress the company in a
lucrative directigreomething that has been préserce the start of the company.

Core valuesarewhatdescribéhe community, the people within the company of Semax.
They are goal orientdthvea sense of team spirit aldoinspire fellowship.

4.4.4 Competitors

Market analysis was made to cover reldiflarences and similarities between
competitors an8emax electrical forklift. The intention of comparing products and
include Semax forklift in the evaluation was to placert@emtproduct on the market,
to define its strengths and weaknesses ragtrdiaxpression in design.

The analysis focuses on the design of the vehicles, the impression they convey and other
criteria that emphasizes the character of the vehicle. It includes a commentary about each
product with a simple sketch, which was usadvag of unekstanding the shape on a

more fundamental lewghenmaking the evaluation

Each subject is then given points on a scale fidhof six different characteristics.
These chaicteristics were chosen because of their relevancy to theBasgetbn
input giverfrom Semax oivhat the company thought would be importantdrat the
company thougtghould bencluded in a new design.

The characteristiegere: visibility for driver, robustness, attractiveness, professionalism,
modern expressi@nd safety. The analysis then ends with charts that are visualizing the
points given in a comparison between the products.

The market analysis was used as a tool for creating a greater understating of the market
and at the same time work as guide faesgn otlesign in the ideation phase.
(See attachment 5)

4.45 Function Analysis

To identifynoticeable feature$ the productandits limitations a function analysis was

made. It identifies the functionghmeedifferent classes apdtsthem in hieranhic

order.The classes are Main Function which can only be given to one, Necessary Function
which is second on the hierarchic ladder and last Desiralller-8ee attachment 4)
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446 SWOT

A SWOT anaksis was made poesenSemasstrengths, weaknesses, opportunities and
threatsThe intent was to illuminate the current situation on the nfadkiected dta
wastakenfrom the interviews with Semtagether with marketservation(Fig9)

Has a strong keyfeature,
High visibility. Is a small company.

Flexible to customer No strong brand
orders, customizable. identity.

Pattended construction of having

lifting mechanism behind cab. DIV S e T

marketing.

Long experience with forklifts. :
No focus on aesthetically

Employees has good pleasing design.
technical knowledge.
Not many employees, can affect

Quality before production due to sickness

quantity.

Very competitive market.
Grow and expand.
Competitors has high efficiency
and capacity of manufacturing
lots of products.

Implement modular
system.

Establishthemselves on

the European market. Competitors has high

employee numbers.

Become a more recognized

company on the market. Competitorsis on the
global market, which

Develop a more means options and
competitive product. financial safety.

Figure 9, SWOT analysis

4.4.7 Inspiration and Expression in V ehicles

To broaden the understanding of vehicle design was several industries It bses\aed.
good method to explodesign solutions that may already exist.

4471 Forklifts

Many forklifts on the markbave a different designtbé cabn comparison to the
chassis. This is a result of enabling the cab to fit different,iedplgpose is to allow
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easier assembly and lower manufacturing expeissasnodular system tlwdtersthe

use of the same key component on all the forkldelmoThe company provides

variation irfifting capacity without the need of developing ecabfer each model.
Thereforearethere sometimes different designers that develop each part of the product.
Semax uses the modular systetingr manufacturingrocess.

e

Figure 10, Kalmar forklifts

TheKalmarforklift miss the expression of havingphesive desidnut the modular
system can give the customeense damiliarity when operating different models.
(Fig.10)

Somemanufacturers have the possibiliyntE#gratingtie cab completely into the body

by construction the cab and chassis as one fraimallows the vehicle to pay a

more cohesive desidrhis comes down to that larger companies have the economic
strength to do this. They also have the tools to create very dynamic form, allowing the
design to be more creatifieig.11)

Figure 11, Linde forklift

Some forklift companiéss veryittle design included, close tanone existing. The
construction ifieavilybased on functions which make the prodeist capable, but it
misse®ut on the potential of highlighting the functionalitijout the design elements
The products expressi @Fig.l2hbecomes often v
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Figure 12, Svetruck forklift

The forklift industry does have great focus on functionality. That is the purpose of the
vehiclesTo makehe machinegerform taskefficientlymust they be highly functional
However, from a selling point of view is a strong diesignage amportant factor to
communicate this functionality to customers, which means dieapogsibility c&
lucrative business.

4.47.2 Forest Harvesters

Due to the forklift marketot alwaygroviding strong visual design and to broaden the
understanding of designheavy duty vehicless more research madeaanther

industryforest harvesters. These vehicles sometimes have the cab separated from the rest
of the machines body to allow threver to stay perpendicular towards the horizontal

plane of gravity.he design still needs to connect the parts together visually for the

purpose of creating a gestalt, a one unit impression.

Figure 13, Komatsu forest han Figure 14, Komatsu forest harvester with highlighted

The Komatsu harvestsrdefined as red and black, were black is used as a contrast to
define form and to highlight components. The veaslea desigthatpresents
distinctconnectn between engine compadnt and calihey shareghe same form and
color.
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Thedesign languageesentdines that want toross ovethe space between the parts
Two of the most distindinesaredefinedby thecontrast of thén a r v ecsldisenrth@é s
shape oturvesthat aregpointing or reachinpwards each othen either sideseparated
by theempty space

There is no direct alignment in betwibentwo linedput the visual connection is still
obvious enough to be recognized. The aagles constay adjusting for thpurpose
of standing upright, whilst the rest of the vehicle is moving around it. A perfect alignment

i sndot (Fg.t3x(Rgld)r v .

Figure 15, John Deere forest h

Another example is the John Deere harvester, in this case is the cab shaped to almost

0 s bnttap of the engine compartment i t 6s a result of oform
enables the cab to move around with enough space to do so without any contact
occurrngwhilstemulating the same shape of the engine compaiinaiotvs a more

compact design aindplies thevisualpresentationf apuzzle, itinksthe partsogether
andmakeghem express aonneabn. (Fig.15)
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4.4.7.3  Sports cars

When exploringhe visualxpression of sports camgassomecharacteristics
acknowledgetthat could beisefulin theproject.

Figure 16, Lamborghini Avente

Looking at thesports carl.amborghini Aventadpoouldsome notable observations be
made(Fig.16)

The sidevindows are small and thin compared to the broad side of the door,
emphasizing stability and safittyas a low profile for the purpose of aerodynamics
which gives it low center of gravity, very important for doing fast tuensarTib
designed fofunction and higispeedTo really emphasize thertrayabf a car made for
speedsthedesigramplifying tis feelingmostly through formirherefore is almostl

the major line work poiinig towards the front, in@lopingma n n e r . | t 0s
lines are tilted forward, going downhill from the back to the Titmistmakes the car

look fast and ready to go.

Sportscars loolike they are ready to goat is something thaduld banterpreted as
efficient orif appliedo a forklift having thevillingness to worK-his observation
suggested the idea of using some similafifi@sn in the ideation phasghen
exploring concepts
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4.4.7.4  Automobile Trucks

Figure 17, Mercedes automobi

Samerincipleof form languageouldbe found in the design of automobile trudkes
industry alsokae use of t Woekto@igethevehicieagniore lefficierd and
activeimpressionNot to the samextentas in sports cars but as can be seen on the
Mercedes Actr@Big.17)istheline workmaking theruck look faster though ttasic
shapeof the entire vehicle a cube.

By havingthelinesparalleltendghe observeto group them togethewmhichprovides
theimpression of the whole product looking fastéren &erythings going the same
directiondoes the perception of a gestalt become more appasmbrie likelythe
objectwill be seen as one yrohe truck.
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Figure 18, Ford concept electric automobile truck

Another example Bords concepaf anelectric truckFig.18)The design is more solid

and the o0slopingo6 | i ndeyaerverydstinctarghlliyot i c e at
emphasizthe directiorof movement that theehicle is going. The megtparent line

covers both the trailer and tineck. It goes across and over the back wheel into the side

of the truck. This not only expresses the direction of movement bunalsctsohe

two visually Whenconnected can the truck and trdbkeeperceived as oabject

The form language follow$unction which is taptimizethe aerodynamics. The
designer has used the aesthetics to express the finuttidkewise has the function
been used to connect the trailer and truck visually.
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4.5 Findings of research

45.1 Core values

The process of creatikgyword for Semax core values can be compaeedrand

analysidt shares the same tools for collecting data, interviews, observations, market
analysis, product analysis ettleCting informatioabout the company had the pse

of getting knowl edge akbywards iatefingionofthatp any 6 s
Semax approval of the words, recognizing that the words fit their brand image, is a
definite validation of the resu#iccuracy.

452 SWOT

The SWOT analysis confirmédttSemax could make use of a possible facelift of their
forklift andthat the company h#®e possibility to do séhey hae the capacity to
providethe market with high quality produt¢k®ugh in lower numbers than
competitors. Focusing on quality bbefguantitys something that would help
strengtheimg Semakusiness.

45.3 Competitors

45.3.1 Form analysis

The analysis of competitdra d t he purpose to define the
strengths and weaknesses compared to the market. Bdtiriciisned indectly as a

form analysist provided an observation of the Serfaaklift that pointed out specific
characteristics that were not wanted in the dBsigavaluatintheform language of the

market and including the Semax forkidtildknowledgée collectedthatwas important

in the ideation phase.

45.3.2 Market analysis

The marketor competitoranalysis positioned Sertax on the visual gradirig.
acknowledged the importance of aesthetically pleasing design. Buanfiatsedthat
Semax is able toeate a competitive design with very easy tmeasiag the current
construction as a foundatjalie tomost of thecompetitorsiot havingaverystrong
design language.

4.5.4 Design

The Semax forklift is very boxy in its presentation, it has a desigeshaatdeel
unified or as one gestalt ahpresents something obeuted appearance
(See attachment 5)
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4.6 |deation

The pr oj etenodify paftscotthe $orklift shat has no direct functional purpose
andto use them for aesthetic improvement, containing the functional qualities of the
product angossiblystrengthen the visual presentatibthem

4.6.1 Exploring thought through sketching

The brainstorm session was made&gting a large amowrfitsketches todve a big
pool of ideas that could be evaludteslows exploring large variety of ideas and
visualizing them.

When the sketches reached a satisfautoriger of plausible ideas, were they compared
and divided into good or hambllectingpnlythe mat interestinguggestions for further
evaluationThepurpose wat® end up with threieleas oflesigns thaveremostsuitable

for furtherdevelopnenttowards concepts.

4.6.2 Sketching with template s

To make the process of creating lots of sketchesefficrentwas a template created.
A picture from the side view of the forklift wesenof the CAD model provided by
SemaxThe picture was edited by using the computer program Photosihbgpresent
the contouland necessary line work that definesrthjor partef the forklift The side
view was chosen due to it betimg strongest viewpoititat the observer defines the
pr oduc tfiom. A trepaterad 2D format also allows more efficient progress,
making the processlickerto define andq@ducemoresketcheqFig.19)

The templatémitsthe spectrm of possiblalesigs, by using the Semdarklift
construction as a basis. This was also done to include allot of variety, though containing
the innovations within a fraroéthe Semasorklift s con.structi on

— =

! //
// /—J

il

/
/

//7,7
()

J %w —
Figure 19, Side view template

For defining and evaluating interestketches made of thgle viewa second template
was create(fig.20) This one presentise Semax forktifrom a perspective angle. The
purposeavas to combine tredewith the front, exploringhapdransitions and the
possibldorm languagef the concept
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Figure 20, Perspective view template

The templates keep the proportions in check, making the sketches more truthful towards
a realistic concepising theoriginal frame of the forklifts a basis will make the
sketches inherit the functionality of the produtdmatically

4.6.3 Sketches of bra instorm

One of themost importanthings that were elkped through sketching was cohesive

designlt wasmade bynodifyingthe shape of the major parts, the cab, the frame and
counterweightThe goal was to reshape them into playing a decistogether that

could give a more cohesive impression of the forklift. To make the impression of a gestalt
more presenilhe process &so taking into consideration that it should be a pleasing
looking design based on the knowledge coliecpeevious ggments of the project.

Figure 21, Examples of side view sketches
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Thesketchingrocess mostly focused on exploring the line wdrdtvween parts, to
define certain distinct lines that could function as major factors to the cohesive
impressionThe am wasto create a clear presentation of the forklift to be perceived as
being one unit withcoherent desighavingeatureshat would connect the whole
assembly

Figure 22, Examples of perspective view sketches

Theline workin the process can be linked to the gestalt factors described in the
theoretical background chapter.

4.6.4 Three Concepts

The brainstorm sessiproducedhree conceptshichweredeveloped further.

4.6.4.1 Development of Concepts

All three concepts wetlitrough the sae process, howewver the sake afepetitionwill
theprocess of the first concept function as an explanatory segment for all three.

First concept added the idea of having a lid covering the.l&Bterg the project
started had Sembgen discussirige possibilitpf includinga lidin the constructiofor
the purpose of protecting the batténgding a lid would not only protebe batteryut
also maké possible to shape the form more extensai@ying the possibility to give
the product a ore cohesive design.

Sketching startedhdhe side view template and @ea wag connect the parts of the
product withseveratontinuous linethat would travel across the forkirfostlyin a
horizontal mannemhe sketching explored possible sh#m®ugh this method, testing
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what lines could be used for defining the shape. For exam{itee woald travel from

the bottom of the sideindowandcrossover to the lidby making use of the gestalt

factor oO0the good c ur Vhelneitauall dividedythene par t s
lifting systemand @anbe seen as two lines. But by having themimgatteach other in

the same angle, can they be perceived as one continuous line.

Another feature that was added to the first concept was thgeotlde windows. This
would give the impression of greater visibility for the driver, agftreiSemax brand
of good viewwithin their forklifts.

The linework was explored several times with the help of templagetbree most
important contour liesare described the top lefin the picture, painted in régig.23)

Figure 23, Describing presentation of line work

Whenthe exploration hated to a satisfactory side view sketch, was the next step to
translate it to the perspective viewhould be noted that in this stage of development
was the purpose to define them language
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Figure 24, Sketches of concept 1

Line work of the first concept, created by the use of side view template and perceptive
view templatgFig.24)

39



Approach anidnplementation

4.6.4.2 Concept1l

The concepis heavily based on the original forklift construction. As mentioned before

has a lid been added to cover the bafférg isalso to enhance the form language,
creating a | ess -ambddpilkwrgdhe daxkpmreas srs¢ilas heen The A
painted black to give the impression of the window extending outside of tlamnfltame
highlight the continuous form.

Figure 25, Concept 1 side view

Figure 26, Concept 1 perspective view
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4.6.4.3 Concept 2

This concept was more creative in its nature due to thefeomsept had been
heavily based on reabiyd to have variety among the suggested Thee@ea waalso
to inspire Semax to think outside of the box, perhaps not choose this corsmeptiper
allowing a more open mind for future designs.

The concept is heavily stylized in comparison with thehwtheosnceptsmade with the
mindset of allowing more creative freedom when innovaismqdpired by the fast
movement of some supercard acing motorcycldstegrating the battery more into
the construction of the vehicle to make it more modern, but keeping a part visible to
function as a reminder of the heritage.

The big windscreentisereto really emphasize the high visibilitthefiehicle. The
overall impression is supposed to be extreme.

Figure 27, Concept 2 side view

41



Approach anidnplementation

Figure 28, Concept 2 perspective view

Figure 29, Concept 2 perspective view without lifting tool
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4.6.4.4 Concept3

The continuous windscreen is deéining feature of this concegtce again
emphasizinthe Semakusinesglea of higlvisibility. Theform language is created with
the intenibn wago makehevehicle morsolidin its presentatiorThe body form is
perceived as being more closedijg only a small gap to show the location of the
batteryThis again ighe focus on cohesive desife intent to make the shape more
cubicwasin order to portray safestability and robustness. But still having an amount
of lines angled to emphasthe feeling of the forklift being hardworking and efficient.

)

Figure 30, Concept 3 side view

Figure 31, Concept 3 perspective view
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4.6.5 Chosen main concept

After the mid presentation at Semax headquarters wadeiti dieat the project should

continue with Concept 1 as the main and final concept. In the discussion with Semax was
it concluded that the concept was more realistic from a manufacturing pointasf view

the companyand that it was more fitting to the Semax brand than the other two.

46.5.1 Refinements

After the mid presentation, gave Semax the information that they had lowered the
position of the battery to be closer to the ground in order to allow more visibility when
reversing the forklift. With tmewmodifiedcad modelvas it necessaxydo a minor
reworkon the concept. However, this created no disruption or problem in the aesthetics
of the design. In fagtouldit insiead work in its advantage due to the angle of the lid
increasingmakingthe impressiomore dynamic.

Somdeatures that were modifiede theconcepsketchwere:

The roof, this was reshaped to follow the line work of the rest of the body and to provide
a O6cleanerd | ook.

Adding extension to the body platethis was madeetween the frowheelsand
extendindifting system to provide an impression of stability, letting the lifting system rest
on topof the body plate

The body plate coveringhalf the battery, it was madaallerto line up with the upper
edge of thextending lifting systeffhiswas mad& emphasize stability

Figure 32, Presentation of refinements, before and after
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4.6.5.2 Headlights

The headlights are an important factdinénoverall impression of the Semax forklift.
They defin¢he charactesf the productind are oftethefirst thingto catch the
attentionof the observeiherefore werthe headlightseworked andefinal to be a
strongeraddition tathe design, @rking in cohesion witthe surrounding parts.

Figure 33, Sketches of headlights

4.6.6 Transition from sketch to CAD

The cancept was then interpretattlanoved from papéo computer to be worked in

the program of CATIA, using the new cad model with lower positioned battery as a
referenceThis section is where the more detailed work could be made on the concept.
Really refimg it and evaluating the content of it.

The discussiowith Semarmbout possiblmanufacturingnethods of the forklift
presented several features that shmuidcludedh the design. These could now be
thoroughly tested in the 3D medium of CATIA.

Two of the most importarfeaturesvere

Themanufacturingroces®f the hardened glatbsat m&esup the windscreewas taken
in to consideratioMhe glass is made frame single pie@nd then bertb allow the
continuation of thavindscreen from the dnt of the vehicléo the top of the roof.

Thedesigrof an emergency hatch on the nwat addedrhis falls under laws and
regulations, which makes it a must have feature.

Thelastfeatureshat wereadded finalized tlewrceptbefore the renderirsggssion.
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4.6.7 Testing by Rendering

When the cad model had been created was it transferreddering programs be
processed. This was to get a more realistic presentation of the now digital concept and
allows a better evaluation of the visual impression of the model.

46.7.1 Color

The choices of colors were made by using the rendering programs. This was due to the
moreefficientandprecisavay theesting could be made on ttencept Changing the
color is gick and the presentatiohthe productis closer taeality

4.6.7.2 Rendering

The aim was to create renders that was easy to understand and would present the
intended dsign of the product in a very explanatory manner.

The renders were made ushmytwo kinds of rendering prograifise software that was

most used was Keyshot, it was the source of creating high resolution renders of both still
Images and animations. iflveas a program called Blender used to refine and edit the
animations into short explanatory movie clips, which were created for the purpose of use
in oral presentations if the product.

4.7 Prototype

4.7.1 3D printing

The model was made by using@ting technolgy, it allows precise prototyping by

using the CABmodel as a referendée printing machine builds the model in layers

from the ground up by drawing each layer with a filament string. To be able of creating
protruding parts that an®t connected to thground does theripter add support

structures htese are made with the same filament but are less dense and are removed after
the process of printing is done.

Figure 34, 3printing process

Themodel is printed in several parts to allow an easienore precise painting process.
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4.7.2 Painting Process

4721 Refinements

Some surfaces needed refinements due to the ponoiegsot always creatipgrfect

result. To achievesmoothesurfacethat is also hayavasplastic putty applied @ome

parts Theputty needs a hardener, a type of reactor component that makes the hardening
process take place.

Figure 35, Applying plastic putty

When the putty has hardened properly is the surface then sauleev#he more
smother texturdhe model is then ready for the next step.

4.7.2.2  Priming

All the 3Dprinted parts where primed to allow better adhesive connection of the paint.

The primer used is of gray color arapgied through spraying. It covers the model with
2 layers to ensure goathasion.

Figure 36, Priming the model

4.7.2.3  Painting

The paint was applied using two methods. First was the main colors added by using spray
paint. To only paint the appointed areas was the rest of the body covered kuiity
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tape. t allows very consgsit coveragef paint in comparisaio using brushes, especially
on wide surfaceshere sprapaint provides more fluent transitions

FigureB Painting the model

Second stepas to paint detailior example headlights and lists. The methosirmj
fine brushes alloviixing some minor mistakét may occur during the sppamt
session. It is however a very tooasuming method in comparison.

47.3 Result

The result is a prototype that is blue and white with black comptnmes&snbles the
Semax colors used in the first concept. It is a presentation of the developed form
language.

Figure& 1:20 scale model

The prototype is a 1:20 scale ma@lehodel of this size is something that is easy to
transport and presents the whole concetpieteiewer in a very explanatory manner. It
provides seval angles of observation @hd concept can be examined in d¢ssak
attachment)e
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5 Result

5.1 Final concept
The final concept is presented as two parts, first the form language and then two
suggestions of color languages.

5.1.1 Form

Form follows function and can be seen for example in the area around the tires, where
the side plate follows the shape of the wheels. This has the intent to make the vehicle
more compact in its presentation.

Thedesigris preselmg a windscreen thatninues from the front to the rooffhe
blackareas surrounding the windows are meant to be plasparfacand havbe
purpose to give the visual impression of extending the wjmshoplgasizing Semax
focus on high visibility.

The headlights are shapedollow the form of both windscreen and front bumpers,
which is the two black rubber pamtstruding just underneath. The headliglsis have
the visual purpose of guiding the blacksaition in the front downwards.

Figure® Render 1
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Figure 4Render 2

Figure 4Render 3
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5.1.2 Color

Thechoiceof color for the forklift ipresented in two versigras suggestby Semax.
One with the company colors and arale fronpersonal choice

5121 The Semax colors

The colors of Semax is blue afmitey they are distributed with the intent to emphasize
the shape of the produat contrast isuinctional parts painted black for easy
identification. The roof is also black in order to give the impression of a lower center of
gravity, providing a sense of safety.

Figure 4Render of Semax blue and white
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5.1.2.2  Suggested colors

Black and redhese colors present a feeling of warning amdisireg awareness to the
observer of t h&hefwmasdmptifiedby thepptacemeaentotcelor, the
black area along the side is strengthenimgpinessiorand the separategdareas are
binding theperception of the forklitbgetherThe contrast between the two is high

Figure 4Render of black and red color suggestion

52



Conclusion and discussion

6 Conclusion and discussion

6.1 Research

It should be noted that all research was made in Swedish for the purpose of easier
communication with Semax and therefore more efficient work in the project. Some
documents have been translated. Howave@arts do not satisfyingly translate perfectly

to the English version, for example the competitor analysis describing the form language
IS not as precise as the Swedish version.

Due tothe pandemic of CowitB wasesearch affectethe questionnairedinot get a
satisfying number of answers to play any role in the p@wjgcaone answer was

received and there was no evaluation made because of this. The information could have
been used to better understand the actual user of the product. Neidmgr wsts

made at customers to gather information through observation and interviews.

For the same reason was there no physical
It would have been of great use to gather information in this manner, and cefttbined

the research of websites that took place could rmdeptim data have been collected.

However, focus was on the aesthetical design of the exterior of the forklift and the

pictures found on websites still provided a good source of information.

6.2 Defining a Brand

Working with a comparnlyat has no design guide lines or documented brand image can
cause some problems to occur if not defined before the ideation phase. To create some
type of identityf this,to work as a foundation when ideating is vepjuhel here is

need of understanding the company and its people to be able to design for them.

Communication is also very important to create a satisfying result, both for the customer
and the designer.

6.3 Templates

To workwith templatesrhen sketchingnalbed an efficient and qualitative proce$s
exploringshapes the ideation phadéfunctionedas a tol for creatinglesign that was
both cohesive and aesthetically plealigya good way of developing an already existing
form languagef a productlt allows exploration but will manage the outcdmstay
realistidoy keeping important traitdowever, it is up to the designer to define which
traits hantendsto keep.

6.4 CAD

Analyzing the cad model was an important part in the ghoget the model being the
foundation for the new design ahd big amount of data that vgashered. ood3D-
modell can provide information in very high preciseness when it comes to functions,
dimensions, materials etc.

The cad model functionedthe main source of information and it shed light on several
things. For examplehatwas possible to do when creating a new design, what type of
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restrictionsvere present, what was the form language of the ovitatatomponents
could be modified etc.

Thecad model also functioned as a way of communication between Semax and the
project leader. It was used as a map for locating areas of interest on the product that
could give rise to questions that was very precise in nature, due to the detailed
informationthat a 3D medium allows. Therefore were the questions also given precise
answers.

6.5 Experience

The feeling of the project becoming very large became apparent when entering the
finalization phase. Implementing the concept to CAD was one of the most time

congiming processes due to the importance of considering that all functional

components should work in cohesion with the concept aesthetics. Some mechanical
engineering methods had to be applied in this session to provide a believable presentation
of the concpt. There is no need of creating a product if there is no realistic possibility to
manufacture it.
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Gantt
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8.2 Questionnaire

8.2.1 Swedish

Hur lange har ni varit kund hos Semax?

Hur fick ni reda pa Semax?

Vad fick er att bli intresserade av Semaxs  produkter?

Vad fick er att kdpa Produkten?

Vad ar viktigt i erat val av motviktstruck?

Ar en attraktivt design ndgot som raknas in i val av produkt for er?
Skulle ni s&ga att semax truckar har en attraktiv design?

Tycker ni att Semaxs truckar har en design ~ som kan ses som robust?

Tycker ni att designen pa trucken ser ut att ha hog visibilitet?

Ar du en van anvandare av Semax truckar?

Vad tycker du ar bra med trucken?

Vad tycker du & mi ndre bra med trucken?

Har du kort andra méarken av truck innan?

Om ja vilka har du kért?

Vad ar viktigt for dig att en truck har for egenskaper?

Ar en attraktivt design pa trucken nagot som du tycker &r viktigt?

Skulle du tycka att en snyggare design skulle hoja upplevelsen att kora trucken?
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8.2.2 English

Customer / purchaser questionnaire

Business:
Name:

Forklift model:
Date:

How long have you been a customer of Semax?

How did you find out about Semax?

What made you interested in Semax's products?

What made you buy the Product?

What is important in your choice of counterbalanced forklift?

Is an attractive design something that is included in the choice of product for you?
Would you say that Semax forklifts have an attractive design?

Do you think that Semax's forklifts have a design that can be seen as robust?
Do you think that the design of the forklift seems to have high visibility?

Driver / user questionnaire

Business:
Name:

Forklift model:
Date:

Are you a regular user of Semax forklifts?

What do you think is good about the forklift?

What do you think is less good about the forklift?

Have you driven other brands of forklifts before?

If so, which ones have you driven?

What is important to you that a forklift has properties?

Is an attractive design on the fork  lifts something that you think is important?

Would you think that a nicer design would enhance the experience of driving the
forklift?
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8.3 Product Breakdown Structure

PBS

8.3.1

handtag

styrkontroller

stattangare fram (gummi]

nédutgdng

wventilation

takruta

nédlucka

bakruta [

fonster

El-motor

Framaxel

insteg

elskap

hydraliksystem

2 x stankskarm

Styrenhet

Batterildda
2x40 battericeller

utskjut

kablage

teleskoperingsystem

papperskiamma

strélkastare

kamera (valbar)

sidoruta
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8.3.2 PBS description (Swedish)

Semax El-truck, Funktionsbeskrivning av storsta komponenter na
Hytt

Hytt sitter forare, som ska ha hog visibilitet.

Fyra riktningar av fonster. framruta, hoger och vanster sidoruta, bakruta.
Pa taket baktill sitter nodluckan, ifall lyftarmar fastnar vid dorr.

Hytten har en dorr som sitter pa vanster sida.

Framlysen under framruta med lysen pa taket.

Framtill sitter tva stotdampare, ifall forare kor for nara lastbil vid av - och
palastning.

Hytten har fyra styck utskjut, tva pa vadera sida, som kan anvandas for

att lyfta upp hytten nar exemplevis underhall maste gora S pa motor.
Utskjuten ar sdkrade med sprintar.

Chassi

Denna del sammanléankar alla stérre delar som hytt, stativ och bakparti.

Det ar sjalva basen i konstruktionen.

Den ar ihopskruvad till en enda stor komponent.

Inuti chassit sitter framaxel, elmotor, hyd  raliksystem, kablage och elskap.
Stativet fixas i chassit. Infastning av stativ sker pa fyra punkter. Bada
stagen fasts i botten pa chassit och sedan pa sidorna av chassit med

en lank.

Pa sidan for dorren sitter instegen, 2 styck.

Stativ

Stativet sitter ba kom hytt for att mojliggora bra sikt framat. Utskjutet
ligger an mot chassit i nedsankt lage och fungerar som steg vid av och
pastigning.

Bakparti

Det sitter fast mott chassi med ett stort antal bultar pa tva ytor, forst mot
anslutande vagg sedan  utskjutande del frAn chassi som bakpartiet
ocksa vilar mot.

Har som funktion att halla batteri, motvikt och bakaxel. Pa bakaxeln
sitter ocksa styrningen.

Batteriet fasts pa vadera sida me en utstickande del fran batteriladan
som sedan laggs i hallare. Lase s med sprint.

Bakpartiet &r designat sa att batterilddan kan lyftas av med gaffeltruck.
Batteriladan vilar forhojt pa en platta.
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8.4 Function Analysis

Function What Class Function Limit
Move Goods MF Product
Provide Visibility NF Product
Provide Safety NF Product
Provide Transport NF Product
Utilize Energy NF Electricity
Utilize Lifting NF Power
Provide Control NF Product
Fulfill Regulations NF Laws
Prohibit Damage NF Goods
Allow Comfort DF User
Facilitate Maintenance DF Product
Facilitate Manufacturing DF Product
Facilitate Efficiency DF Product
Express Brand DF Design
Express Professionalism DF Design

MF= Main Function

NF = Necessary Function

DF = Desirable Function
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8.5 Competitor Analysis

8.5.1 Comments on Design Language

Hyster H8-12XD, Diesel, 8500 — 12500kg

Quite a good colortheme throughout, the color choices complement each otherwell.
Thelogois well placed, itis easytofind as an observerandthe choice of placementis at eye level.

The line drawing is mostly straight with somesoft transitions. Itis a good balance between angularity and
softness. The product needs a certain hardness inthe expression to prove thatitis capable of the taskit is
designed for, butif itbecomestoohard, thereis arisk that it quickly feels outdated and can also give a feeling of
safety risk if the product has sharp protruding edges.

The counterweight atthe back is the part that is most dynamically designed. The part allows the designerto be
creative because of the solid volume has no direct components inside. The counterweight can give the truck a
distinct character trait, which 1 think is reflected in this case. The shape of the taillights follows the rectangular
shape ofthe logo.

The design feels well thought out, the shapes reflect each other between the different parts. Forexample, the
centersection of the door follows the upper edge / back edge of the chassis. This is a subtle detail but it adds
value tothe expression. The form also follows the function, as in the front of the cab where the mold creates
space for the hydraulic pistons which are connected tothe stand. It emphasizes the function and thereisan
honesty inthe expression.
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Hyundai 70D-9, Diesel, 7000kg

The firstimpression is something similar to a professional design, but when looking closer, doesitturn out
to be something more messy that does not feel very well thought out.

Much that happens, lines cross and end abruptly without a definitedirection or end point. The lines do not
connectthe productto a unit. They do not pass satisfactorily between the parts of the vehicle.

The lines are mostly straight but also have elements of being dynamic. At the front, a very dynamic, almost
organicshape hasbeen created on the cab torelease to the attachment for hydraulic pistons to the stand.
The shape does notfitinto the surrounding theme in that particulararea.

The cab doesnotseemtobelongto the chassis, the obviousisthe color choice but also the shape that
does notreflectthe design language of the chassis. The cab gives avery enclosing impression, the windows
are tinted and small with wide segments between them. Gives the impression that the driveris safe but
does not have optimized visibility. The cab looks like it belongstoan lunarcar.
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Kalmar, Electric, 5000 - 9000kg

The cab doesnotseemtobelongtothe chassis, the most obviousis the color choice but also the material and
formis a contrastto the chassis.

The cab gives the impression of being more modern than the chassis. The chassis is very angular and straight, has
no smooth transitions. Is a clear construction of bent sheet metal. The angularity and the low profileadds asmall
sense thatthe forkliftis stable.

The truck is designed after modular construction, which means that the cab can be applied to different chassis.
However, my opinionisthatitdoes notinteract with the design language of any models of Kalmars Froklifts.

The headlights look like an afterthought, they sit on the fenders with a bent plate as protection.

Overall, the impression is a bit messy, but the truck still expresses functionality.

£
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Konecranes, Diesel, 10 000 - 18 000kg

Fairly good color language, possibly another shade of blue could enhance the impression.

Relatively good flow of lines, there are no lines that directly "collide" or contradict each other. Straight lines go
into smooth transitions. Could have been developed more.

The expression is a mixture of hard and soft, itis quite well balanced. The truck feels like a competent product.

I Like the design of the cab, the side windows are shaped to merge towards the windshield, which gives amore
serious / aggressive expression. The driver seems to have good visibility.

Nice dark detail that covers the bottom edge of the doorand the front of the cab, where the productinformation
can be found. Nice solution. It might have been nicer if the bottom edge of the doorwindow started at the edge
ofthe top of the engine compartment.

I like the detail at the end of the fenders at the bottom of the older models, but the new straight end is a pretty
"clean" expression. The design language gives the impression that there is a well-thought-out identity in all
Konecranes products.

Modular construction, the cab can be applied to several models.
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Linde E60 - EB80, Electric, 6000 - 8000kg

Well-drawn form lines, they switch nicely between cab and chassis, have the same directions or complement
each otherin a defined and well-thought-out way. Many lines are straight with sharp transitions and end or point
towards a spot located at the frontwheel.

The truck has something of a hard expression at the front which then changes to a slightly softer design language
at therear. Thiscan be seendirectly onthe rearside window with rounded transitions to the back and sharp in
the front. The more dynamicline drawing is on the back of the chassis, which complements the straight lines and
sharp transitions in awell-thought-out way. The expression becomes somewhat aggressive, butnotinan
exaggerated or negativeway. The angularity gives the truck a feeling of robustness and the dynamicdesigns tone
itdown so that itdoes not become a clumsy or outdated expression.

The color combination and placement of the color choices is done in a nice way, good balance.

The truck looks somewhat pyramid-shaped and gives ita more compact expression but also a feelingthat there
may be cramped space in the cab.

The headlights are notintegrated into the design, siton fenders
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Manitou Ml 100, Diesel, 10000kg

The original language has a certain simplicity but notin a negative way, it makes it possible forthe observer to
identify the design quickly. Itwill be a pretty clean impression.

Most of the line drawingis straight in design, the contrastis onthe rear / counterweight which hasa very
dynamicshape. However, it goes together in a pretty good way, the harder expression on the front of the truck
which then changes to the more dynamicshape of the counterweight gives ita design languagethat feels well
thought out.

It gives the impression of the driver having good visibility, a major factor is that there is no doorwhich opens up

for visibility. However, it also reduces the impression of safety.

The logo feels slightly misplaced onthe side, it floats slightly in emptiness without having any foundation that
can support it. Which means thatif itwas placed closerto an edge orangle or more centered, itcould have a
maore stable placement.

The color choice is good, the colors match and are placed correctly.
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Montini, Electric, 7000 —12000kg

Very dull appearance, all lines are straight except the shape of the door. The rounded edges of the cab, the
doorand window is a large contrast to the otherwise angular expression. This distinctive form gives the truck
a character and recognition factor but notin an attractive way. The design has a minimalist simplicity butina
way that makes the product appear cheap.

The entire truck has an angular expression, however, it is designed with a focus on optimizing functionality.
Somethingthatis obvious at first glance, for example, is the batteries easy to access and the cab has large
areas covered with glass thatisintended to give the driver good visibility.

The truck is built on a modular system, the cab can therefore be mounted on different types of chassis. Itisa
smart design system to facilitate production.

69



Attachments

Svetruck, Diesel, 10000 -14000kg

The truck has a feeling of the 1980s and does not give the impression of being in the year 2020.

Square design language, the truck is defined by straight lines with sharp transitions . Not much focus on design
interms of being visually pleasing. Itis designed for functional purposes.

It is built for function but that does not mean that the shape always follows the function in a good way. It
follows function when necessary, not to make it visually attractive. For example, looking at the exposed
hydraulic pistons between the frame and the chassis, you see that the cab plate overlaps them without
following the angle of the pistons. Which does not give the impression of the product being designed to be
attractive, the visuals expression feels forgotten.

The headlights protrude from the fenders and looks tall, notintegrated in the construction.

However, the color choices and placement of color work quite well.
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Semax P35L-E, electric, 3500kg

Thereis no form language that governs the design, the truck is constructed for function. To maximize visibility, is the
lifting system placed behind the cab. The cab itself sits fartowards the frontand is tall to increase visibility. The truck
is built by a modular systemthatis intended to make the production more efficient.

The shapeisvery square, gives the impression that the productisvery “boxy”. The forklift looks like a mix of boxes
stacked on top of each other.

Theline drawing is quite mixed very straight with someuneven dynamiclines in some places. The shape have sharp
edges with varied thickness of surfaces.

The truck has a bit of an expression that could be called “silly” or “childish”, but a better word choice is probably that
ithas comiccharacter traits. It can be compared to a character in the Disney movie Cars. What leads the observer to
make this assessment can be several reasons. But something that people tend to do, isto see the characteristics of
living things in objects. Itis usually made unconsciously but it helps us to judge if whether we like what we see or not.

The forklift has a fairly high profile, the wheelbaseis not wide, the cab is quite large compared to the chassisand itis
placed far forward, the shape of the large headlights is round and clearly visibleagainst the black plasticarticle that
coversthe surroundingarea.

Imagine thatthe truckis a child, that the cab is the head, the chassis is the body and the headlights are the eyes. And
itcan give the impression to have some of those childish traits. A big head, small body and big eyes.
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8.5.2 Competitor Score Analysis

What follows is assessments of competitors and Semax forklifts with a points
system that covers six different values that describes the expression of design.
The points are given on a scale from one to ten, where one is bad and ten is
excellent. | set the score according to what the design language expresses and
have only made the evaluation from images via resellers or the manufacturer.

No inspections or tests have been done on site, nor has any other person done it
in my place. The assessment serves as a tool to create a better understanding of
what is on the market, who the competitors are, in what design they have
developed their product in terms of design and what Semax can do better to
become more competitive. The assessment helps me to place Semax product on
the market when it comes to expression in design.

Hyster H8-12XD, Diesel, Hyundai 70D-9, Diesel, 7000kg
8500 — 12500kg

Visibility: 7/10 Visibility: 4/10

Robust: 9/10 Robust: 7/10

Attractive: 7/10 Attractive: 4/10

Professional: 8/10 Professional: 6/10

Modern: 7/10 Modern: 5/10

Safe: 8/10 Safe: 8/10
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Linde, Electric, 6000 — 8000kg Manitou MI 100, Diesel, 10000kg
Visibility: 6/10 Visibility: 8/10

Robust: 5/10 Robust: 7/10

Attractive: 7/10 Attractive: 7/10

Professional: 7/10 Professional: 6/10

Modern: 8/10 Modern: 7/10

Safe: 8/10 Safe: 4/10
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