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ABSTRACT

There is an on-going paradigm shift from mechanically
operated shifters to “by wire” systems in the automotive
industry. This change also applies to the heavy truck in-
dustry, where Kongsberg Automotive has identified a po-
tential market for a generic “by wire” shifter, that is inter-
changeable across vehicle types and platforms.

The aim of this master thesis project was to explore the
potential for developing an “off the shelf” shifter for the
heavy truck industry. The goal was to introduce a design
proposal for a generic shifter, capable of achieving vatrious
positions within the truck cockpit.

Knowledge regarding users and the use context was ac-
quired through interviews with truck drivers, observations
and study visits to resellers. A usability test was conducted
for further insight regarding different shift patterns, and
numerous concepts were developed and evaluated both
theoretically and practically through workshop sessions.

The final concept is a generic shifter offered in two ver-
sions. It is designed to provide a good user experience re-
gardless of the type of truck or field of operation, and can
easily be integrated into different interiors. The concept
can be bought “off the shelf”, minimising development
time and costs for the vehicle manufacturer.

RKeywords: Shift by wire, off the shelf shifter, truck industry,
product development
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INTRODUCTION

This chapter introduces the project s starting point
and describes the background, purpose and goals
that were established at the beginning of the project.

1.1 BACKGROUND

A paradigm shift is on going within the automotive
industry, where mechanically operated shifters are re-
placed with electronically controlled “by wire” systems.
Development of shifters has traditionally been driven
by the OEMs (original equipment manufacturer) and
the need for mechanical linkage between shifter and
transmission has made it difficult to make a shifter
compatible with different platforms. When introducing
shift by wire said limitations does not apply anymore
and OEMs are starting to look for “of the shelf ”’-shift-
ers to reduce time to market and save development
cost. To support this trend Kongsberg Automotive
(KA) will develop a generic shifter mechanism aimed
to be reusable between vehicle types and platforms.

An industry that is supposed to be particularly interest-
ed in this kind of solutions is the heavy truck industry,
where the driver interface in general are not as prioti-
tized as in personal vehicles.

As KA traditionally is a company that develop products
out of given specifications, knowledge in fields as ergo-
nomics, semantics and user-experience are lacking and
this is why this project was initiated.

1.2 PROJECT
1.2.1 Purpose
The purpose of the project is to examine the possibil-
ity of developing an off the shelf-shifter for the heavy

truck industry. The project will study what aesthetic
and semantic attributes as well as what functionality
that should be applied to the shifter in order to satisfy
the drivers. The final concept aims to facilitate KA in
selling a generic shifter.

1.2.2 Goal

The goal of this project is to develop a design proposal
of a generic shifter that is feasible for various positions
within a truck cockpit and applicable for different types
of trucks. The shifter shall be intuitive, ergonomically
pleasant and be customizable in order to fit different

brands.

1.2.3 Delimitations

e The final concept of this project will use a by KA
already developed shifting mechanism.

e  The project will only discuss a number of shift pat-
tern predefined by KA.

1.2.4 Deliverables

The main deliverable of this master thesis project is an
academic report describing the process and all relevant
results including recommendations. Basic visualization
of eatly concepts will be delivered, showing a wide
range of ideas that can be used in further development
for KA. The final concept will be represented with
rendered pictures showing material suggestions and a
physical functioning prototype that could be used as a
demonstration tool for the company.
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3 | INTRODUCTION

1.2.5 Project and Report Outline

The project comprises six main phases (image 1.1) that
have been executed using an iterative process. This
means that although the phases are described separate-
ly in this report, they have been processed several times
and in parallel with each other.

Hach chapter starts with an introduction of what the
chapter will discuss. The process, main results and con-
clusions are then presented continuously.

Throughout all phases, input and guidance have been
given mainly from Andreas Persson, Concept Design
Engineer at Kongsberg Automotive. Along the project
he has also involved employees with relevant expertise
in order to support the development and make deci-
sions. The proceedings of the project have been done
in consensus.

BACKGROUND
STUDY

RESEARCH &
ANALYSIS

CONCEPT
DEVELOPMENT
EVALUATION &

FURTHER
DEVELOPMENT

Image 1.1. The project’s six main phases in chronological order.



THEORY

The following chapter describes relevant techni-
cal theory as well as chosen design theories that
formed the theoretical basis for this project.

2.1 TECHNICAL THEORY

2.1.1 Shift-by-wire overview

In a Shift by wire system, (image 2.1) the gear selector
is connected to the gearbox electronically in contrast
with traditional technology where the gear selector and
gearbox are connected mechanically with a cable or
rod. This enable a more or less free positioning of the
gear selector since the only constraint is to provide an
interface to the vehicles electronic network. Removing
the mechanical link does also give freedom to select the
right shift force and movement in order to develop suit-

able haptics. (Bickerstaffe, 2011)

The gear selector allows the operator to select gears and
modes through movement. The most common modes
are Park (P), Reverse (R), Neutral (N), Drive (D), and
a manual mode (M), (see chapter 2.1.2). A gear selec-
tor does often also include a sport and an economy
mode. Information from the gear selector is sent to a
controller that executes commands and communicates
with the gearbox. The controller is usually connected
to other vehicle systems such as the brake pedal and
the dashboard display to collect and send information
related to the gear shifting.

2.1.2 Functions

Auntomatic mode

When using the automatic mode, the shifting is made
automatically. The driver however still needs to interact
with the gear selector and change driving modes when
needed. The most common modes are:

Park (P): By locking the gears, the vehicle is
prevented from moving,

Reverse (R):  The vehicle will be driving backwards.
Neutral (N):  The transmission is disconnected
from the engine.

Drive (D):

Manual (M):

The vehicle will be driving forward.
Gears can be selected manually in se
quential order.

Shift lock

Most gear selectors features a release button connected
to a shift lock in order to prevent accidental shifting;
Traditionally this button has to be pressed to move the
gear selector and thereby change mode/gear. To pre-
vent illegal shifting (for instance going to R when the
vehicle is moving forward in high speed) the button is
mechanically locked. Shift by wire systems can feature
a similar electronic release button. In mono stable gear
selectors (see chapter 2.1.3) it is in general possible to
tilt the gear selector without pressing the release button,
even though this would not give any result when trying
to make illegal shifting.

Break pedal lock

In excess of the shift lock the driver is also in general
required to press the brake pedal in order to prevent
unintentional movement of the vehicle. This can be the
case for instance when releasing the park mode.

2.1.3 Shift patterns

The layout of the gear selector’s function is called shift
pattern (image 2.2). Gear selectors can have different
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types of stability when manoeuvring these patterns,
mainly multi stable and mono stable (image 2.2). In a
multi stable system, the gear selector stays in the po-
sition it is put in, and each gear has its distinct loca-
tion (this is traditionally the most common solution).
In a mono stable system the gear selector moves like
a joystick in one dimension. It will thus tilt back to its
starting position after it has been triggered. Note that
a mono stable gear selector can feature several unsta-
ble positions (usually indicated by a haptic “click”) in
each direction, enabling shifting for instance from R to
D in a single movement. A pattern with two unstable
positions is referred to as a “single-step” (8S) pattern
and one with four unstable positions as a “double-step”
(DS) pattern in this report. Some automatic shifters
also provide the possibility of a manual mode. This
is normally entered either with tipping the shifter or
pressing an external button. (image 2.2)

Worth noticing is that R is placed in the front of the
sequence while D is placed in the back. In order to
make the vehicle move forward, the shifter should con-
sequently be tilted backward. This is a questioned issue
from a usability perspective and the way of movement
is often not intuitive for a non-experienced user. This
order has however always been used, and the vehicle
manufacturers are afraid of potential accidents that
could occur due to a change of a accustomed move-
ment. (Persson, 2013)

. Stable position

Unstable position

Button for enterig Manual mode

n Parking brake button

SHIFT BY WIRE SYSTEM

GEAR SELECTOR

Lever
Shift lock button
Display

—

Controller

Display

Pedal (dashboard)

Gear box

Image 2.1. A shift by wire system.

If there is an M-button,
no tipping in the x-direction is
possible

y

.

Image 2.2. Description of mono stable shift pattern.
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2.1.5 Transmission

A Shift by wite system can be applied to different kinds
of transmissions. Automatic Transmission (AT), Au-
tomated Manual Transmission (AMT), Dual Clutch
Transmission (DCT), Constant Variable Transmission
(CVT) and Electric Vehicles (EV’). For the truck in-
dustry, AT and AMT is however the most used tech-
niques. (Transmission 2013)

2.1.6 Rules and regulations

Law regulates the design of a gear selector. The Elec-
tronic Code of Federal Regulations (eCRF) is applica-
ble on a shift by wire system. In summary, the relevant
regulations can be formulated in the following bullet
points:

*  Shift positions, including the positions in relation
to cach other and the position selected, have to be
displayed in view of the driver. (¢CRF §571.101)

*  Neutral position has to be positioned between for-
ward and reverse drive. (eCRF §571.101)

e The engine starter shall be inoperative when the
transmission shift position is in a forward or re-
verse drive position (eCRF §571.101) (¢CFR, 2014)

2.2 DESIGN THEORY

2.2.1 User experience

A user experience is a user’s perception and response
resulting from an interaction, or anticipated interac-
tion with a product, system or service. The affective
response created by a human-product interaction are
defined by Desmet and Hekkert (2007) as the Product
experience and divided into the three different levels;
aesthetic pleasure, attribution of meaning and emotion-
al response (image 2.3). The aesthetic pleasure refers to
the sensory experience of the product, the attribution
of meaning describes the interpretations and associa-
tions linked to the product, and the emotional response
describes the feelings and emotions that the product

PRODUCT EXPERIENCE

Experience
of meaning

Aesthetic Emotional
experience response

User-product
interaction

Image 2.3. An interpretation of Desmet and Hekkert's product experience model.

elicits. The three different components are closely
linked to, and often dependent on, one another and the
overall experience are the combined set of psychologi-
cal effects that the product have on a user (Schifferstein
& Desmet, 2007).

The user experience refers to all the possible interac-
tions connected to the product, and not only the actual
use of it. These interactions could be occurring with
different users in different stages of the product’s life-
cycle and therefore a differing base for the user experi-
ences are created. Hence there is of great importance
that the full customer journey is considered as it “... en-
compasses every moment from the second when some-
one has a need for a certain product or service through
the purchase and even onto aftercare or repurchase”

(Ruth, 2011).

2.2.2 Usability

The ISO-definition of usability is “the extent to which
a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satis-
faction (image 2.4) in a specified context of use” (ISO
9241-11, 1998). Usability is a fundamental part of the
user expetience during the actual use of the product
and is determined by the interplay between the user,
context, product and task (Jordan, 1998). To widen the
understanding of usability Jordan (1998) has comple-
mented the ISO-definition with five additional measur-
able factors:

Guessability - Usability for first-time users
Learnability - Usability for a user who already has
used the product

Experienced User Performance - Usability for more
skilled and experienced users

System Potential - The maximum potential of usabil-
ity that the system possesses

Re-usability - Usability for users who has not been us-
ing the product for a long time

ISO-DEFINITON
OF USABILITY

Effectiveness Efficiency Satisfaction

Image 2.4. The 1S O-definition of unsability.
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2.2.3 Product semantics

Semantics is one of the two factors that define prod-
uct language according to the conceptual model of the
Offenbach Theory of Product Language (Gros, 1976).
Product semantics is here defined as the beatrers of
meaning and divided into “indicating functions” and
“symbol functions”, making a distinction between sign
and symbol. Indicating function play an important role
when it comes to the product’s recognition, usability
and self-explanation and indicate the more practical
functions of a product, while symbol functions are
more related the user’s imagination associated to the
product and derive from cultural and social traditions
and conventions. (Steffen, 2010)

2.2.4 Brand identity

The visual dimension of design plays a significant role
in the consumer’s initial interpretation and evaluation
of a product’s properties. It is the visual features that
often catch the consumet’s attention and direct the
perception and product associations. A successful de-
sign consistency can result in a solid and unmistakable
brand, with a strong differentiation and advantage over
competing brands. The visual aspects of design creating
a visual brand identity can be expressed through a com-
bination of features such as forms, colours, materials,
surfaces and textures, as well as graphical elements and
logotypes (Karjalainen, 2007). The visual features must
also be true to the inherent functionality of the prod-
uct, creating a coherent product experience throughout
the whole interaction as well as the complete customer
journey (Roscam, 2010).

2.2.5 Lateral and vertical transformation

It exists two different types of transformations that
could be used to generate form, lateral and vertical.
Lateral transformation is mainly used in the early stages
of the process and is associated with a more unstruc-
tured form generation where there is a movement from
one idea to another. Vertical transformation is on the
other hand occurring during the refinement and more
detailed design phases. During the vertical form gen-
eration more precise alterations are applied to the new
concepts. When using the vertical form generation
method it is favourable to produce a larger group of
ideas and concept variations. (Purcell, 1998)
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2.3 PHYSICAL ERGONOMICS

2.3.1 Overview

Hands are complex in both function and ability, and
that is why products handled by hands need to be con-
sidered from a number of different aspects. Efficient
power transmission is substantial, as well as comfort.
Furthermore, it is important that the user feels in con-
trol over the product and that the product expression
is signalling how it should be held and used. (Bohgard
et al, 2008)

It is naturally also necessary to consider the placement
of the shifter since this is affecting the ergonomics and
the design as well. What strength that is needed to ma-
nipulate the shifter in different posture is dependent
both of physiology and for reasons of simple mechan-
ics. What is an acceptable reach is dependent on wheth-
er the task involves gripping by the hand, finger pinch
grip or fingertip operations. (Pheasant, 2003)

2.3.2 Guidelines

Freivalds (1987) highlighted four main anatomical con-
cerns regarding handle design in addition to effective-
ness of the tool itself. These are; avoidance of awkward
wrist and finger postures, static muscle loading, repet-
itive finger action and tissue compression. Pheasant
(2003) emphasize these concerns by forming a number
of guidelines for handle design that steams as much
from common sense as from scientific investigation.
Here are the guidelines that seemed relevant for this
particular project:

1. Forceis exerted most effectively when the hand and
the handle interactin compression rather than shear.
This means that it is better to exert a thrust perpen-
dicular to an axis than along the axis. If the latter is
necessaty, a knob on the end will improve the grip.

2. Avoid sharp edges and other surface features that
cause pressure hot spots when gripping the handle.
Thisincludes thingsas finger shaping, edges of raised
surfaces (e.g., for application of labels orlogos), and
‘pinch points’ between moving parts.

3. Surface texture should neither be so smooth as to
be slippery, nor so rough as to be abrasive. The
frictional properties are complex due to that they
are changing when the hand gets wet or when
gloves are used.



2.3.3 Anthropometry

Using anthropometrical data is an efficient way to

find out what dimensions that suite a population. It is
conventional to aim to fit 90 % of the population and
therefore use data between the 5:th and the 95:th per-

centile.

Two anthropometric measurements are especially im-
portant for the product that is being developed in this
project. These are the length and the breath of the hand
(image 2.5). As 96 % of all transport workers in Sweden
are men (SCB 2011), and we can assume that this is
similar in other countries. The result is shown in table 1.

BREADTH

LENGTH

Image 2.5. Hand measuremets

Men Women
Dimension 5th %ile 50th %ile 95th %ile SD 5th %ile 50th %ile 95th %ile SD
Hand length 173 189 205 10 159 174 189 9
Hand breadth 78 87 95 5 69 76 83 4

Table 1. Hand measurements of Swedish men and women.
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METHODS

This chapter outlines the methods utilised, and
how these were implemented through the project.

3.1 PLANNING

3.1.1 Gantt Chart

A Gantt chart is a tool where the time committed to a
certain task is represented in a matrix. Tasks are listed
vertically and the stretch of the horizontal blocks sym-
bolizing each task shows its time consumption and their
chronological position in the project. (Ulrich, 1995).

The Gantt chart method was used to easily get an over-
view of the time plan for this project. It was both useful
in the early stages of the project structuring the upcom-
ing activities, as well as throughout the project where it
worked as a checklist to ensure the project’s position
and direction (appendix I).

3.2 DATA COLLECTION

3.2.1 Literature Studies

In order to get more insight and background informa-
tion regarding a certain subject a literature study can
be carried out. The relevant literature can be articles
and books as well as checklists and regulations, both

found online and in physical publications. (Bohgard et
al., 2008).

In this project literature studies was especially used in
the early stages of the project providing the project
team with a necessaty knowledge base and an undet-
standing for the subject of the thesis.

3.2.2 Interviews

Interviews are the most fundamental method for
gathering information about people’s opinions and
thoughts. The data from an interview can be regarded
as mostly qualitative, when knowledge about a person’s

experiences and values, as well as insights of his or
her reasoning are collected. An interview can be either
structured, semi-structured or unstructured. (Bohgard

et al, 2009).

For this thesis project, mainly semi-structured inter-
views were performed. Using a semi-structured setup
allowed for discussions regarding issues that evolved as
especially interesting and created an more informal and
somewhat relaxed context for the interview. For the
improvised interviews throughout the project a more
unstructured setup was used.

3.2.3 Observations

Observations are used to understand how people ac-
tually behave in a specific situation and to get knowl-
edge regarding things that the observants are not al-
ways aware of. Observations are a good complement to
interviews, and can preferably be recorded for further
analysis. (Bohgard et al., 2009).

Observations were used in the early stages of the proj-
ect to get an initial knowledge regarding the usage of
shifters and later in order to analyse gripping of knobs.

3.2.4 Benchmarking

Benchmarking is a method used to gain insight and
knowledge from analysing other companies within the
same segment and to investigate the differences and
trends on the market. Benchmarking is primarily used
to compare processes and procedures but can also be
applied for a comparison between products. (Bohgard
et al., 2009).

METHODS | 10



Benchmarking was used throughout the whole project.
It was conducted to identify trends within the area of
the thesis and to learn more about what products and
solutions that existed on the market.

3.3 ANALYSIS TOOLS

3.3.1 Clustering

When structuring large amounts of data, clustering can
be an efficient and effective way to identify common
elements and to sort out relevant and useful aspects.

Clustering facilitated the sorting of the content from
the literature study as well as the analysis of the data
from the interviews. It was also used to find interesting
form elements and promising ideas to continue with
during the idea generation phase.

3.4 CREATIVITY METHODS

3.4.1 Personas

A persona is describing a fictive person that is using
a certain product or service. A persona should clear-
ly mirror the information gathered from the data col-
lection and correspond to relevant needs and require-
ments. Several different personas can be created in
order to cover a full target group. (Ostetlin, 2010).

For this project, personas were used as a communica-
tion tool both internal and external and were a way of
combining and compiling user aspects and other rele-
vant information in an inspiring way.

3.5 VISUALIZATION METHODS

3.5.1 Sketching

Sketches can be made with a very differentiated level
of detail, depending on what it is proposed to com-
municate. Sketching can be made in either two or three
dimensions, and different types of sketches are more
suitable in different stages of a project. (Osterlin, 2010).

Sketching was the main method used in the carly idea
generation and was thereafter used throughout the
project. Mainly to communicate ideas within the proj-
ect group.

3.5.2 Mock-ups (Physical models)

Making mock-ups or physical models are a quick, easy
and cheap way of examine the three dimensional form
and building structure of an idea or concept. With a
physical model it is also possible to get the haptic expe-
tience of a shape. (Osterlin, 2010).

Numerous different physical models were made in this
project, both used for communicating ideas internally
and for the form evaluation in the KA workshop and
the more unstructured user tests.
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3.5.3 CAD-modelling

Computer Aided Design (CAD) can preferably be used
in order to visualize a model before making a physical
model. CAD tools can also facilitate calculations and
movements of mechanical systems. (Johannesson et al.,

2004).

The models of the final concepts made in ureol were
made digital using the online version of the software
123d-catch. This resulted in a polygon mesh possible
to use as an undetlay when creating class-A surfaces in
Alias Automotive.

3.5.4 Function Modelling

The purpose of making a function model is to test op-
erations and tasks that the product is ought to be able
to perform. The focus is to explore the functionality
rather than the visual aspects of the product. (Ostetlin,
2010).

In this master thesis project function models was used
to explore the functionality and haptic sensation as well
as the usage of the product. The functional models
made the usability tests possible and enabled deeper
discussions during the interviews.

3.5.5 Rapid Prototyping

Rapid prototyping is a quick way of printing CAD
models and turning them into physical objects. When
using this type of method no machining is needed,
making the process of trying out and experiencing dif-
ferent designs fast and easily accessible. (Johannesson

et al.,, 2004)

For this project rapid prototyping was used in the later
stages of the project, to get a physical experience of the
final concept and to analyse how well the scanned-in
ureol models had been transformed into digital surface
models. The printer used in this project uses a tech-
nique where a plastic string create layers that are melted
together, forming the desired shape.

3.6 EVALUATION METHODS

3.6.1 Usability test

In a usability test a number of test participants conduct
a series of tasks with a representation of a product in a
certain environment. The result from the tests enables
an evaluation of different relevant aspects connected to
usability. The measured parameters can be both qualita-
tive and quantitative. (Jordan, 1998).

To enable an analysis of the different shift patterns
possible to be used in this project a usability test were
conducted. This resulted in information useful for the
further development of the product.



3.6.2 Kesselring

A Kesselring matrix enables a ranking of different
concepts. Several pre-defined criteria are weighted and
multiplied with how well the concepts fulfil the differ-
ent criteria and then added up resulting in a total score.
(Johannesson et al., 2004)

A Kesselring matrix was used to evaluate the workshop
concepts in order to choose what concepts to proceed
with into the last stage of the project.
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RESEARCH
AND ANALYSIS

The following chapter summarizes the insights re-
garding users, use context, and current solutions
that were generated during the research phase.

4.1 COLLECTION OF DATA

4.1.1 Literature Studies

Literature studies supported the project throughout the
entire research phase. Initially these studies were used
in order to build up an understanding for the shift by
wire technology, existing shifting solutions as well as
rules and regulations regarding the subject. This was
done primarily by reading journal articles and studying
previous projects carried out in the subject. The litera-
ture study was also used to deepen the knowledge in ex-
isting design theory, mainly through books and journal
articles related to ergonomics and user experience. The
findings founded a theoretical basis that was substantial
in order to understand the technology and functionality
as well as enable the project group to form the subse-
quent user studies.

4.1.2 Study of truck interiors and shifter
placement

With the intention of understanding the context of the
future product the interior of different truck brands
were analysed. This was done by studying digital mar-
keting materials from 16 truck brands represented glob-
ally and document type and placement of the shifter.
This was helpful in order to realize how this product
should be designed to suit a large variety of truck inte-
riotrs. The result of this analysis is described in chapter
4.2.3 Existing shifter solutions and placement in trucks.

4.1.3 Study visits - Reseller of personal vehi-
cles

To gather inspiration and experience of current shifter
solutions a couple of study visits at resellers of pet-
sonal vehicles was carried out. The 30th of August un-

structured observations of vatious brands were done
mainly to see what exists on the market of personal
vehicles, and what potentially could be implemented in
a truck. Later on, the 2nd of October, focused obset-
vations of specifically mono stable shifters in personal
vehicles was done. The shifters in Volvo C30 Electric,
Mercedes SL. + SLS, BMW 3-series, and Audi R8 were
analysed mainly regarding form and haptic feedback.
The Volvo C30 Electric was also test driven for an hour
to analyse the shifter over time.

4.1.4 Study visits - Reseller of trucks

Study visits were made at Volvo trucks reseller in Go-
thenburg the 4th of September 2013, Volvo Demo
Centre in Torslanda the 5th of September, Mercedes
trucks reseller in Gothenburg 10th of September, and
Scania trucks reseller in Gothenburg 10th of Septem-
ber. The objectives with these initial visits were to gain
real life experience of trucks, and how it feels driving
this type of vehicle. The visits also aimed to understand
the additional functionality that is used in trucks com-
pared with personal vehicles and acquire knowledge to
be able to design relevant upcoming interviews.

4.1.5 Interviews with truck drivers

Interviews were conducted at Halléns Transport in Go-
thenburg the 25th of September 2013, Schenker AB in
Gothenburg the 26th of September, Mattssons Akeri
in Gothenburg the 30th of September, Haga-Molndal
Lastbilcentral in Mélndal 1st of October, and Catlsberg
in Karlstad 5th of October. In total 20 truck drivers
were interviewed. The interviewees worked in different
fields; local and regional distribution, long-haulage and
construction, thereby they used a large variety of truck
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models. More information about the different fields
can be found in 4.2.7 Different types of transportation with
trucks.

The intention with the interviews was to get an under-
standing of the truck drivers work situation and what
is appreciated and not appreciated with current shifting
solutions. Moreover the interviews aimed to evaluate
whether a mono stable shifter would be appropriate to
use in a truck, what shifting-patterns that would be best
suited, what, if any, additional functionality that could
be implemented in the shifter, and what kind of grip
that would be preferred. Besides, the interviews aimed
to develop an understanding of the main objectives,
needs and preferences of the truck drivers.

One shifter-rig equipped with a single-step shift pattern
and a tip function was brought to the interviews. In
addition, three highly differentiated grips were used as
mediating objects in order to create a discussion about
form and ergonomic values.

4.1.6 Usability test

Based on the information received from the company
regarding interesting and realizable shift patterns, four
patterns were identified as applicable. Due to the setup
of the usability test it was though regarded as enough to
try out three of the patterns (SS with tipping for man-
ual mode, DS with tipping for manual mode, SS with
button for manual mode) and still obtain information
for all the interesting possible pattern variations (see
chapter 4.3.2 Shift-pattern Kongsberg). The test were
performed on the 4th and 5th of November 2013 in
the usability lab at PPU, Chalmers. The test included
in total 18 participants, all being students at Industrial
Design Engineering with a diverse experience of us-
ing automatic shifters. The number of participants was
chosen with regard to that the three different patterns
allowed six possible internal orders and if each order
would be used an equal number of times, unnecessary
sources of error would be avoided.

To enable a test of the three patterns two function
models (image 4.1) were needed. These were manufac-
tured by the company and then installed with a small
tool on which micro switches were attached, so that
the shifter-rigs were made interactive. The switches
were soldered on to cable connected to a five-button
computer mouse. The use of a computer mouse and a
program called X-mouse simplified the communication
between the shifters and a computer. A flash program
was built in order to visualize the current gear.
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One shifter was used for representing the single-step
pattern and the other one the double-step pattern.
The single-step shifter was customizable being able to
represent two different shift patterns, one with the tip
function and one with a button for entering the manu-
al mode resulting in three different patterns altogether.
Both of the rigs were equipped with the same, some-
what generic, grip to avoid that this would affect the
test to a great extent.

A short scenario was created for the test, representing a
possible but compressed gearshift sequence (appendix
II). This sequence were read out loud, one gear at the
time, to the participant by the member of the project
group located inside the test room, while the other one
was in charge of recording the test from inside the adja-
cent control room. At the same time as the participants
carried through the shift sequence with their right hand,
they were asked to play a simple computer game (Papi
River) with their left hand (image 4.2). The test was de-
signed like this in order to simulate that gear shifting is a
secondary task when it comes to driving. The game was
though regarded as simple enough to not affecting the
wanted measure values, so that the participant’s simul-
taneous capacity would distort the result.

Each pattern was tested twice for the same shift se-
quence allowing analysing possible improvements when
using the pattern over time. The participants were able
to try each pattern out before it was tested to briefly
get familiar with it. After the three different patterns
had been tested, the participants were asked to fill out
a questionnaire (appendix III) where they weighted
the single-step feature against the double-step feature,
and the tilt function against a button for entering the
manual mode. These were done in three respectively
four different scales, including experienced time, safety,
intuitiveness and which one they preferred. The pat-
ticipants were also asked to more qualitatively describe
what function they preferred and why, complementing
the information gathered from the scales.

Video recordings were used to analyse each test in ret-
rospect, where the time and error frequency for each
participant and sequence were measured and registered

(appendix IV).



Image 4.1. The interactive rig used in the usability test with no grip attached

Image 4.2. Photo of one of the participants during the nsability fest.
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4.2 CONTEXT AND USER DESCRIPTION
4.2.1 Different types of transportation with
trucks

As the project aims to develop a generic gear shifter, the
concept should suit different kinds of trucks for differ-
ent types of transportation. The types of transporta-
tion that is considered to be most relevant and thereby
in focus for the project scope are local and regional
distribution, long-haulage, and construction. As these
types of transportation differ in many aspects, they also
put diverse requirements on the product. (image 4.3)

Local and regional distribution

Transportation of goods that can be done during a
workday is often called distribution. Distribution that
is done within an area of a city including suburbs is
termed local distribution, while regional distribution is
operated within a radius of up to 300 kilometres.

Trucks for distribution are generally smaller than for
instance long-haulage trucks in order to be more ma-
noeuvrable in traffic. This does also result in a small-
er cockpit where the driver seldom moves around but
rather reaches for papers or gadgets placed in the pas-
senger seat.

In local distribution a number of 30 stops per day is
not unusual, and in most cases the truck is backed into
a loading dock. This causes relatively much interaction
with the shifter, which is the reason why AT and AMT

transmission is often used in this type of vehicles.

According to most interviewees, the field of distribu-
tion is rather stressful. The drivers are expected to keep
up with many stops per day and are often driving within
intensive traffic. This puts high demands on the shifter
to be intuitive and fast. Furthermore the shifter needs
to be easily accessed but not be in the way.

Local and regional distribution

Long-haulage

Long-haulage trucks and the way these are used differ
from distribution in several aspects. First and foremost
long-haulage trucks are designed to allow sleeping
possibilities and are therefore equipped with a larger
cockpit. The drives does usually run for several days
or weeks, which mean that the cockpit becomes almost
like a home for the driver. Furthermore does this type
of driving include very few gearshifts since most time
are spent on highways.

Due to the small amount of interaction, the drivers
interviewed did not put particularly high demands on
the shifter regarding accessibility and speed of interac-
tion. Instead it is of great importance that the shifter
is not in the way and does not worsen the possibilities
to move inside the cockpit. Several drivers termed that
they would appreciate to use buttons for shifting in a
long-haulage truck since that would occupy a minimal
amount of space.

Construction
The third category is trucks used in construction. This
includes vehicles such as crane trucks, loading trucks
for construction materials etc. These trucks are general-
ly used in dirty and rough environments that also affect
the interior.

Trucks used in this field are often driven out of tar-
macked roads that are bumpy and heavy to manoeuvre,
which puts high demands on the driver. According to
most interviewees, manual shifting is often preferred in
these situations in order to maximise control. It is also
of great importance that operating devices in these sit-
uations has an appropriate sensitivity and provide good

feedback.

Construction

Long-haulage

Image 4.3. Different types of trucks.
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4.2.2. Personas

CHRISTER, 61

Christer is 61 years old and has been a truck driver for
35 years. During his career he has worked for sever-
al different trucking companies but has for the last 15
years been doing pick-up and delivery for one of the
bigger trucking companies in Gothenburg, He is almost
only driving shorter distances within the Gothenburg
region and is doing around 20-30 stops per day.

Ever since he started driving trucks, Christer has en-
joyed his job and is feeling that he is contributing to the
society. He is social and appreciates the short and often
jokey conversations with customers as well as with his
colleagues in the coffee room at work.

During the years Christer has been driving several dif-
ferent trucks with a great variety of gear shifters. His
current truck is equipped with a shifting lever behind
the steering wheel, but Christer does not like this solu-
tion very much. The lever is too small and difficult to
handle and Christer sometimes gets really frustrated
when the shifter does not react to a gear change. This
can be very stressful, especially in the intense inner city
traffic.

Christer thinks that everything inside the cockpit
should be easily accessible and that the different levers
and buttons should provide good feedback with a feel-
ing of quality. Christer is opened for changes, as long
as they are simplifying his working situation and he be-
lieves that one get used to new things quite fast.

He thinks that the automatic gearbox suits the inner city
traffic well. In more difficult conditions, like during the
winter, Christer though feels that he needs to control
the shifting himself, and therefore thinks that a manual
mode is a2 must.

JOHAN, 28

Johan is 28 years old and a dedicated truck driver. He
has always loved all types of vehicles and got his own
workshop in the garage at home. He studied the auto-

motive program at the upper secondary school and has
been working as a truck driver ever since.

In the beginning of his career, Johan worked with local
distribution, but due to Johan’s personality, this type of
transportation did not suit him at all. He is a calm and
laid back type of person and a stressed environment
with people putting pressure on him resulted in an im-
possible work situation. Johan has instead been doing
long-haulage transportation for the last 8 years. The
longer distances the better he thinks, and appreciates
that no one tells him what to do during the drive.

Due to that the truck is Johan’s home for long periods
of time, Johan feels that it is of great importance that
it is kept clean inside the cockpit. He even keeps a pair
of crocks just inside the driver’s door because no shoes
are allowed inside. The curtains that the older drivers
persist having in their trucks are however not his cup
of tea.

Johan thinks that it is very important that the truck that
he is driving is up to date and that the interface inside
the cockpit is providing easy understandable controls.
Previously Johan drove a truck with a manual shifter
sticking up between the seats, on which he tripped sev-
eral times when he was about to get back to his bed for
a rest. Today Johan’s truck is equipped with an auto-
matic gear shifter, which result in very few shifts when
doing long-haul transportation. Due to these reasons,
Johan feels that it is really important that the shifter
is small and not in the way when he wants to move
around in the cockpit.
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4.2.3 Existing shifter solutions and place-
ment in trucks

In the western world, the use of manual gearboxes in
trucks are decreasing in favour of AT and AMT’. The
operating devices used to control these AT/AMT’s
could be divided into three groups; more or less clas-
sical levers, levers behind the steering wheel, and key
sets. Images describing these three solutions are found
in image 4.4.

To get an understanding of where and how shifters
are placed inside different cockpits today, a number of
international brands were studied. The results showed
that the leavers almost exclusively were mounted on
a more or less horizontal surface and that four main
groups of placements existed; Centre console (CC),
Dashboard (DB), Beside seat (BS) and Behind the
steering wheel (BSw). As the mechanical design of the
type of mono stable shifter developed in this project
is not suited for a solution located behind the steering
wheel, horizontal placement in CC, DB and BS are the

locations that are discussed in this project (image 4.5).

Image 4.4. Volvo s I-shift beside the seat, Scania’s opticruice behind the steering wheel, and the key set in Volvo FE.

SHIFTER PLACEMENT
IN TRUCKS

Image 4.5. Description of Beside seat, Centre console and Dashboard
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4.3 SCOPE SPECIFIC RESULTS

4.3.1 General opinions from the drivers’ per-
spective

Due to the quantity of interviews, a rather representa-
tive picture of truck drivers was created. It was howev-
er apparent that opinions and point of views differed
cleatly in certain respects within the interview group.

Most of the interviewed drivers were positively dis-
posed towards AT/AMT shifting in general. The ma-
jority considered shifting as a secondary task that they
did not need to control fully, but instead trusted the
vehicle to make the selection of gear in most situations.
The exception to this was drivers with no experience of
AT/AMT that rather meant that manual shifting was
the “real way”” of driving a vehicle. A number of drivers
referred to that they had such mind-set until they were
forced to drive an AT/AMT truck, and that they ever
since wouldn’t go back to a manual vehicle. Aged driv-
ers also described how their arms and shoulders were
hurt due to resting their hand on a vibrating manual
shifter through many years, and that these problems did
not prevail when using a shift by wire solution.

The ability of using a manual mode was indispensable to
in principle all interviewees. Even though modern AT’
and AMT’s has become fast and accurate in choosing
suitable gears, the gearbox’s controller can still not re-
place the driver’s competence in all situations (Nordin,
2013). The manual mode is mainly used in wintertime
when the roads are icy and slippery and when there is a
risk of being bogged down. It is also used when driv-
ing in narrow spaces and sometimes when going uphill.
The manual mode can also be used for engine braking;

No general conclusions could be drawn regarding the
interview group’s willingness to adopt new technolo-
gy and operation methods. Instead, this differed clearly
between individuals. As mentioned above, some intet-

viewees would not even accept a transition from man-
ual shifting, while others claimed that using any kind
of lever in order to change gear was out-dated. It was
however prominent that the interview group were able
to absorb changes (e.g. operating methods within the
interior) fast due to that the interaction often is made
continuous many times per day and therefore soon be-
comes a habitude.

A mono stable solution was generally well received. As
the interviewees interacted with the rig, they found it
intuitive and appreciated the feedback. The interview-
ees found this solution rather similar to Volvo’s I-shift
and were not concerned about knowing which gear that
was active due to the single stable position. Most drivers
that were currently using Volvo’s I-sync argued that the
mono stable concept seemed to be a better solution due
to the simple interface with just a tiltable lever that did
not require that much fine motor ability.

Whether the drivers care about the truck interior de-
sign was diversified as well. Some drivers thought of
the truck as their second home while others just consid-
ered it as a tool they had to use for work. According to
Andreas Nordin, one can also see differences regarding
the importance of the interior design depending on if
the purchaser intends to drive the vehicle, or if a com-
pany is investing in several trucks at ones for their em-
ployees. In the latter case the matter of interior design
is commonly low prioritised. (Nordin, 2013)

What generally mattered the most to the interviewees
regarding the interior design was the operating devic-
es capacity of providing clear feedback and a feeling
of quality. Most drivers formulated that they disliked
manoeuvres that require fine motor abilities to a great
extend and are too sensitive. Instead they preferred ro-
bust details that are easily found and operated also in
stressed situations.

~

Image 4.6. Evaluation of early concept
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4.3.2 Shift pattern Kongsberg

From previous research, Kongsberg had identified five
different shift patterns (image 4.7) applicable for the
type of shifter developed in this project. The patterns
had been ordered on a cost scale based on the estimated
mechanical and electronic functionality needed as well
as development costs for each solution. All patterns
had just one stable position in the automatic sequence,
making them mono stable in accordance to the project
definition. From estimated as cheapest to develop to
most expensive the following patterns were present-
ed: Single-step with a button for entering the manual
mode, Double-step with no manual mode, Double-step
with a button for entering the manual mode, Single-step
with tilt function for entering the manual mode and
Double-step with tilt function for entering the manual
mode. All the patterns were also equipped with a park-
ing brake button.

According to KA, the reason for using a button for en-
tering the manual mode was mainly economical. Ap-
plying mechanical locks for the tip functionality would
require extra costs. The event of a tipped shifter when
trying to start the car (after a motor failure for instance)
could also cause problems. Some manufacturers do not
simply allow the vehicle to start with a tipped shifter,
which could cause hazardous situations and even dan-
ger of life. This could though be solved with a motor-
ized redirection of the shifter every time the vehicle
is switched off, but this would of course demand for
greater costs.

Out of the five possible patterns presented by the
company four patterns were identified as suitable for
further analyses. The one with no manual mode was
considered as unsuitable for this project, based on the
findings from the initial studies.

oD

Estimated cost —

Stable position .

Unstable position

DomD

Button for enterig Manual mode

Parking brake button

4.3.3 Shift pattern Truck driver Interviews
Since only a single-step shifter was brought to the truck
driver interviews, the comparison between a single-step
and a double-step shifter could only be made theoreti-
cally. When theorizing about a double-step shifter, many
interviewees were worried to slip and move one step too
far in the shift pattern. Others however thought that a
feature like that could make shifting more efficient. Al-
together the ones preferring single-step was a few more
compared with the ones preferring double-step.

The comparison between a button or tip function for
entering the manual mode also had to be made theoret-
ically due to that the tip function was the one represent-
ed on the rig. Probably this affected the result where ev-
eryone, except one, preferred the tip function. The tip
function was nevertheless largely appreciated and the
respondents liked that it provided a clear and distinct
manual position of the shifter.

4.3.4 Shift pattern Usability test

Measurements

The double-step pattern was twice as fast compared
with the single-step pattern when shifting from R to D
(or vice versa). The mean value of a number of shifts
showed that moving two steps with a single-step shift-
er took 4/10 seconds in contrast to 2/10 for the dou-
ble-step shifter. These are however measures done on
just two gear steps, and when measures are done on a
whole sequence of shifts, the differences are not that
clear. This also became clear in the usability test where
no significant differences in time needed to complete
the entire shift sequence could be identified. The sin-
gle-step shifter with the tip function was slightly faster
in the tests compared with the single-shifter equipped
with a button, but there were no large variances. One
thing that could be noted was that the participants that

Image 4.7. The five initial shift patterns
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tested the double-step pattern after the single-step pat-
tern always performed the fastest time with this one.

Neither the error frequency differed severely between
the different patterns. An equal amount of mistakes
was for instance done by the participants when trying to
enter, or leave, the manual mode. Independent whether
they were testing the shifter with the tip function or the
one with the button. The most frequent error made was
moving in the wrong direction in the pattern, both in
the automatic and the manual mode. This was made by
all participants at some point and 92 times all together,
which correspond to almost 5 % of all shifting. The
error when the user by mistake stepped past the N gear
and made a double-step instead of a single one were
registered in 4 % of the times when it was possible to
be made using the DS shifter.

Subjective opinions

Many participants found the internal order of the gears,
R forward and D backwards, to not be intuitive. The
same thing applied to the plus and minus in the manual
mode.

Regarding the DS and SS feature the majority of the
participants perceived the single-step feature as most
safe, providing a greater control. Even though some of
the participants found no divergence regarding safety
between the two patterns and found the position of the
double-step shifter to be distinct enough for a safe ex-
perience. A few participants preferred the double-step
feature due to that one did not have to count the steps
when moving between D and R, because “it is just sim-
ply pulling and you will end up in the desired gear” as
one participant put it. Referring to that it did not matter
what gear that is active when making a “double-move”
in the right direction, because one end up in the intend-
ed gear. Furthermore thoughts about that one could
possibly become frustrated over time when using a
single-step shifter was expressed and some participants
imagined the double-step feature to be even more pref-
erable when one got used to it.

Almost all participants preferred the tip function in fa-
vour of the button and perceived it as both faster, safer
and a more intuitive way to enter the manual mode. The
fact that the shifter was physically put in another posi-
tion and that one did not have to let go of the knob
with the tip feature was something that was perceived
as positive. Pressing a button was experienced as a dif-
ferent type of movement compared with how the le-
ver is handled and was therefore difficult to connect
to shifting according to some participants. One partic-

ipant expressed that “manoeuvring a car with buttons
does not seem very safe.”

Conclusions and sources of error

Rather than showing a clear time difference between
the different patterns the results instead indicated an
improved time for each completed sequence. It was al-
most always the last or second last shift sequence that
was measutred as the fasted one.

The same thing applied for the error frequency, which
for all participants decreased in time with the test.
Most errors were consequently often made during the
participants’ very first try. Even though some of the
participants made more mistakes with the single-step
featured shifter, it was still perceived as safer than the
double-step shifter, possibly because of that is what the
common sense indicates. The results from the tests did
not indicate a high level of errors where the user acci-
dently stepped past N when using a DS shifter, which
in beforehand had been an area of concern.

The tip function was regarded as safer than the but-
ton when the participants intended to enter the manu-
al mode, but according to many comments the button
was safer concerning avoiding mistakes and an unwant-
ed activation. Regarding the comparison between the
two ways of entering the manual mode, it was bit of an
unequal refinement of the two features, which affected
the experience, possibly in the buttons disadvantage.

Further factors linked to the test setup that affected the
results was the fact that it was done in a usability lab
with no vibration or acceleration, nor other movements
that appear in a normal truck cockpit. With the acceler-
ation, for instance, the order of the gears, with D in the
back and R in the front, would maybe have appeared
more natural, due to that the acceleration of the truck
pushes the driver backwards.

Some of the participants viewed the test as a compe-
tition and the concentration aimed at the game com-
pared with the gear display varied quite a bit, and conse-
quently sometimes distorted the result with faster times
and increased errors.

It is however important to keep in mind that the pur-
pose of the usability test not necessary was to name
and proceed with one winning shift pattern, but instead
investigate and identify if any of the tested solutions
proved to be less suitable, and hence should be discard-
ed.
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USABILITY TEST
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Image 4.8. Results from the usability test.
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4.3.5 Additional functionality

A potential way of improving the accessibility of op-
erating devices and enhancing the driving experience
could be to integrate more functionality to the shifter
and the underlying panel. This is becoming common
in the personal vehicle industry and might be a way for

KA to add value to the product.

In order to find out what functions that could be suit-
able to place in this position in a truck, the interview-
ees were asked to refer to functions they thought were
related to shifting. Generally the drivers were not very
interested in adding functions to the shifter, instead the
majority expressed that they would prefer it as simple
as possible. The functions that were mentioned by the
drivers and considered as realistic are listed in table 2.

It was however shown that several potential functions
are specific for different vehicles, and that functions
that are controlled with buttons in some vehicles could
be automatically controlled in others.

Possible additional functionality

1 Park-break

2 Sport/Eco-mode

3 Rocking control

4 Limp (Maneuver mode)

5 Cruise control (interval)

6 Engine brake on/off ([Highway mode)
7 Boggi pressure

8 Exhaust break

9 Hazard warning lights

10 Reverse camera

Table 2. Possible additional functionality.
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4.3.6 Knobs and movement

There are a vast variety of opinions regarding knob
shapes. During the interviews with truck drivers it was
apparent that drivers of manual vehicles preferred clas-
sic large knobs, while other drivers had a more open
mind regarding size and shape. A possible reason for
this is that a manual shifter generally requires a higher
force and is operated in four directions unlike a auto-
matic shifter that mainly is moved forward and back-
ward. All drivers did however express the importance
of solidity of the knob and clear feedback during

movement.

When truck drivers tested early knob concepts, it was
discovered that the models were gripped in several un-
expected ways that were different variations of top, side
and finger grips. This was due to that many drivers had
clear preconceptions of how a shifter should be held
and handled, but probably also due to lack of clear se-
mantics of the concepts.

The unstructured analyses that were made on personal
vehicles with mono stable shifters resulted in important
input to the development process. A problem that was
experienced with most shifters was how pressure hot
spots were created due to sharp edges located where
force were applied. As this felt uncomfortable already
after a couple of minutes of intense testing, it is likely
to cause problems after years of repetitive use.

It was clear that several knobs were designed for one
type of grip only. This can be considered to be accept-
able in a car where the shifter has its defined location. It
however became obvious that a grip that will be placed
in different locations have to permit various ways of

gripping;

4.4 SHIFTERS IN PERSONAL VEHICLES

It is a significant difference between the interior of
trucks and personal vehicles (PV’). The PV industry is
many years ahead, not at least from a design perspec-
tive. This is apparent also when it comes to shifters.
Traditionally a shifter lever consists of a lever arm
sheathed with a spat, and with a one-piece moulded
knob mounted on top. This is still often the case when
it comes to trucks while the PV industry has moved
further (Persson, 2013).

In modern PV’s the shifter design is often more refined.
Today, the shifters are often designed with several ma-
terials in more advanced ways. Many shifters have be-
come shorter and in AT/AMT shifters the spat is often
removed in favour of a cleaner look. As a shifter in
an AT/AMT vehicle is mainly moved in two directions
the shape does not have to be optimised for pulling
and dragging in the traditional four directions. This has
created opportunities for new shapes and proportions.

LED-lightning is commonly used to display the shift
pattern in todays modern PV’s. Furthermore buttons
are often integrated on the shifter or on the underlying
panel to be easy accessible.

Image 4.9. Analysis of shifter knob in PV
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Image 4.10. Analysis of shifter knob in PV

RESEARCH AND ANALYSIS | 26



e

Image 5.1. deation

27 | CONCEPT DEVELOPMENT



CONCEPT
DEVELOPMENT

This chapter describes the path from the research
results to ending up with eight different concepts.

5.1 IDEATION PREMISS

5.1.1 Existing mechanics

As this project is being executed, KA has not fully de-
fined the shifter mechanics. A functional concept was
however given to the project group, which served as a
base for the development process. The functional con-
cept mainly consists of a rod that is connected to a
structure including mechanics and electronics that en-
able and register the shifter movement.

When assembling the shifter, a locking ring and the
knob is skewered onto the rod. The locking ring is
thereafter twisted in order to lock the parts together
(image 5.2).

5.1.2 Visual appearance

As KA traditionally is a company that develops prod-
ucts out of given specifications they do not have an
own visual brand identity. Nor did they have any specif-
ic guidelines for the visual appearance for this concept.
Instead, the project group got full scope regarding this
issue.

As the concept aims to be installed in different trucks it
was however stated that the visual design should suit a
generic truck cockpit of today. The design should also
be at the forefront in the truck industry and be per-
ceived as modern.
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Image 5.2. Existing mechanics
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5.1.3 Requirements list

To concretise the requirements from KA and what was
found during the research part a brief list of require-
ments were made (table 3). The list is not complete and
includes several subjective parameters that cannot be
measured during this project. It does however picture
important issues to be treated in the development pro-
cess. The background for each requirement is stated in
italic.

5.2 IDEA GENERATION

5.2.1 Inspiration

In order to stimulate the idea generation a collection of
pictures were gathered to create an inspiration board.
The pictures were both aimed to trigger ideas regarding
the form and the experience of the shifter as well as to
understand how to differentiate the new shifter from
existing ones.

5.2.2 Form ideation

The form ideation started of with both quantitative and
qualitative sketching sessions. Sometimes on one’s own
accord but more often in a group to keep a stimulating
environment and to share ideas with one another. It
was however quite early understood that this method
was not enough, even in the early stages. The haptic
sensation of the type of product that was developed
was considered very important, and together with the
size of the product the use of materials such as styro-
foam was perceived as useful for the idea generation.
The qualities of this material made it easy and time effi-
cient to create physical models and a three dimensional
experience of the eatly concepts. However, styrofoam
has a disadvantage regarding how changes in the form

29| CONCEPT DEVELOPMENT

can be reversed, which is something that clay provides.
When wanting to create organic shapes clay is also a
preferable material to work with and due to that it is
hands that acts as tools when working with clay the fit-
ting to the hand, when gripping the shifter in this case,
comes more naturally. These three tools were therefore
perceived as complementing each other’s weaknesses
and used in parallel throughout the idea generation.

In the beginning, all types of ideas were sketched or
created with styrofoam or clay without any criticism in
otder to create a big base of forms to use for the up-
coming stages. It was perceived as important to have
diversity among the early ideas. To achieve this some
of the idea generation was made with different aspects
in mind. Examples of aspects used to stimulate diver-
sity as well as to ensure the quality and relevance of
ideas was; how the shifter could take up as little space
as possible, how it could fit in different positions in the
best way, how it could provide many different gripping
possibilities, how it could differentiate itself from other
shifters and how it could indicate the tip function in an
intuitive way.

5.2.3 Semi-structured tests

Semi-structured tests was continuously performed with
the different early ideas to get a feeling of how the size
of the shifters was perceived by people with differ-
ent hand sizes and how well they worked in different
cockpit positions. This resulted in that some ideas were
discarded while others had to be modified in different
ways. Performing these tests on people with different
hand sizes made it possible to design the concepts to
better suit the broad intended target group.



1. Ergonomics

11 Be comfortable to handle a workday with 40 stops in intense city traffic Demand
An estimation of maximum usage based on user studies

1.2 Allow different gripping Preference
User studies demonstrated a variety of preferred hand positions

1.3 Allow manoeuvring using only fingers Preference
Preference from KA as this is seen as an upcoming trend

1.4 Allow hand resting Preference
A preference gained from user studies and KA

1.5 Provide clear feedback Demand
An issue that was communicated by almost all interviewees

1.6 Require a suitable force to be manoeuvred Demand
All interviewees expressed the importance of that the shifter should not require too high nor too low force

2. Function

241 Include a manual mode Demand
A manual mode was substantial almost all interviewees occasionally

2.2 Suit different shift patterns Demand
The usability test showed that several shift patterns were more or less equivalent in performance. The
OEMs might be able to choose from several predefined patterns.

2.3 Include at least 4 conformable buttons Demand
KA want to add functionality and added value to the shifter. This is also seen as a trend in the PV industry

3. Integration

341 Fit existing mechanical structure concept Demand
Demand from KA

3.2 Maximum panel area of 200x100 mm Demand
In order to fit in different positions in the interior without occupy too large area. Demand observed in
benchmark studies

3.3 Maximum height of 120 mm Demand
To not trench the interior. Demand observed in benchmark studies

3.4 Allow placement on dashboard, centre console and beside seat Preference
The three main positions for trucks according to the benchmark study

3.5 Withstand a harsh and dirty environment Demand
The environment in some contemplated interiors according KA and user studies

4. Aesthetics

41 Possess a design that suit a generic truck interior Demand
Demand from KA

4.2 Allow customisation to suit different brands Demand
Demand from KA

4.3 Possess a design that is at the forefront in the truck industry Demand
Demand from KA

Table 3. Requirements list.

CONCEPT DEVELOPMENT | 30



5.3 CONCEPT GENERATION

5.3.1 Categorization of concepts

In order to structure the different ideas from the form
generation some kind of categorization was needed.
This categorization was thought to work as a sort of
insurance so that the ideas were fulfilling the identi-
fied needs and requirements as well as that the ideas
together showed a diversity and provided a wide range
of different thoughts to pick from, something that was
cleatly requested by KA. Similar ideas or thoughts were
clustered together to narrow down the selection of
concepts ought to be used for the upcoming workshop
(table 4).

The five factors used for the categorization was select-
ed with the internal variance of the factor in mind and
naturally derived from the findings in the data collec-
tion. The first factor chosen was Size, which was divid-
ed into three different distinct options (S, M, L). This
was included partly due to that many different prefer-
ences regarding a shifter’s size exists. The second fac-
tor was possible Placement (DB, CC, BS) that together
with the third factor Grips (Finger, Top, Side) (img; 5.3)
thought to represent the adaptability of the concepts,
which has been one of the most important things to
consider in this project. The fourth factor was degree
of innovation and was scaled from 1-5 and the fifth
factor related to in what way (if any) current gear or
Shift pattern should be displayed (yes on shifter, yes
on panel, no). Worth noticing is that the current gear
would be showed in some sort of external display in
all three cases. The two last factors thought to facilitate
the evaluation when providing an indication of what
level of technical and form-related degree to apply to
the final concept.

FINGER GRIP (F)

TOP GRIP (T)

5.3.2 Creation of workshop concepts

The categorization table was made partly based on the
different concepts from the ideas that came up during
the ideation phase, while other parts of the categoriza-
tion table instead were formulated due to an anticipated
need and then created in hindsight.

During the work of creating the workshop concepts, it
was early understood that ten concepts was too many,
both due to the time limit of development and the eval-
uation time during the workshop. Concept number 7
and 10 showed no really unique features or advantages
and was therefore discarded. The eight remaining con-
cepts were considered enough to create the wanted di-
verse concept sample needed.

After establishing the categorization table the concepts
were refined in order to acquire the wanted shapes and
expressions. Modifications to make all concepts theo-
retically manufacturable were also applied at this stage.

When the basic design features were set, detailed dig-
ital sketches were made in Photoshop and physical
ureol-models were created. Bolts were glued into the
bottom of the models, which enabled mounting on the
shifter rig. Together, the sketch communicated the vi-
sual sensation while the physical model provided an re-
alistic haptic experience and demonstrated the physical
interaction (image 5.4).

SIDE GRIP (S)

Image 5.3. Different types of grips.
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Image 5.4. Workshop concepts including sketches and physical models.

Concept Size Placement Grip Innovativeness Shift pattern

1 Thumb S DB (CC) F 4 NO

2 Mini S DB (CC) FT 2 NO

3 Joystick S/M DB CC FS 4 PANEL
4 Curve M DB CC MS TS 3 PANEL
5 Polygon M/L DB CC BS TS 4 SHIFTER
6 Chubby M/L (DB) CC BS TS 3 SHIFTER
7 Whale S/M DB CC BS TS 4 SHIFTER
8 Flash M DB CC S 5 NO

9 Box M DB CC FTS 2 PANEL
10 Rocket M DB CC T 5 SHIFTER

Table 4. Categorization of concepts.
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5.3.3 Workshop concepts

Flash concept

The flash concept was developed to differentiate from
existing shifters and express innovation. Using a side
grip, the hand can rest on the curved shape. The con-

cept was mainly designed for placement in centre con-

sole and dashboard.

Box concept

Simplicity and basic shapes were the starting point of
the box concept. The large front area created the pos-
sibility of placing several fingers here when using a side
grip as well as a top grip. The thinness did also allow
a finger grip. Centre console and dashboard were the
intended locations of placement.

Pobygon concept

The polygon concept was designed to provide a com-
fortable top grip as well as a side grip. With sweeping
surfaces and sharp edges the knob got a contemporary
expression. Using a flat top surface, a LED shift pattern
could easily be integrated. The concept was designed
for dashboard as well as for the centre console and be-
side seat.

Thumb concept

As the name indicates, the thumb concept was designed
to be manoeuvred using the thumb together with one
or two fingers. The small size made it especially suitable
for placement on the dashboard.
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Joystick concept

With its elongated shape, the joystick concept was op-
timised for a side grip. The shape did also make tipping
into manual mode natural and gave a futuristic expres-
sion. Centre console and dashboard were the intended
placements.

Chubby concept

Knobs in modern PV’ inspired the shape of the chub-
by concept. The shape gave a steady grip from the top
as well as the side. The intended positions were the cen-
tre console, dashboard and beside seat.

Curve concept

The curve concept was designed to provide a comfort-
able top grip as well as a side grip. Using an unsymmet-
rical shape, the knob also indicated tipping in the side
direction. The knob was designed to be placed on the
dashboard, centre console as well as beside seat.

Mini concept

The mini concept was designed to be small but still al-
low usage of multiple fingers primarily from a side grip.
The concept was first and foremost developed to be
placed on the dashboard or in the centre console.
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Image 6.1. Evaluation at KA

Concept P1 P2 P3 P4 P5 Total
Flash 2 3 1 1 7
Box 0
Polygon 3 3 6
Thumb 1 1 2 2 2 8
Joystick 0
Chubby 3 3
Curve 3 1 4
Mini 2 2
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EVALUATION AND
FURTHER DEVELOPMENT

lIn the following chapter, the different evaluations
are described as well as the refinements that
were made for the final result.

6.1 KAWORKSHOP

6.1.1 Description of KA Workshop

To evaluate the concepts and gain feedback from pro-
fessionals, a workshop was carried out with five KA
employees in Mullsjé the 3rd of December 2013. Two
mock-up truck interiors was built including a seat and
shifter rigs placed in the three identified positions (Be-
side seat, Centre console and Dashboard). Each con-
cept model was then mounted in the various positions
so that the participants got to test the concepts in all
three positions (image 6.1).

An open discussion climate prevailed, and the partic-
ipants were encouraged to clearly communicate both
positive and negative criticism during the whole work-
shop. The project group were continuous observing
the participants way of interacting with the concepts
and asked attendant questions. In order to complement
the discussions and concretise opinions as well as im-
provement proposal, a questionnaire, appendix V, were
completed by the patticipants.

The workshop was wrapped up with a group discussion
were the participants got to grade the concepts and give
grounds for identified advantages and drawbacks of the
concepts.

6.1.2 Outcome from KA Workshop

The KA workshop resulted in important input and
new insights for the following concept development. A
summary of the participants’ comments on each con-
cept is found in appendix VI and the scores are found
in table 5.

The participants had a surprisingly positive attitude to-

wards the more uncommon concepts such as the Flash
and Thumb concept. A tiredness of existing knob de-
signs might be the reason for that, which might not be
representative for the target group. The relatively small
sizes of the knobs were appreciated by the majority and
were found to suit a modern shifter.

The sharp edges that could be found in several con-
cepts were in most cases disapproved from an ergo-
nomic point of view since they were considered as un-
comfortable. For some concepts e.g. the Polygon, some
participants expressed a concern whether one would be
able to rest the hand on the shifter without tilting it
forward due to its forward angled design.

From the score table and the workshop discussions,
the Box, Joystick, Chubby and Mini concept could be
rejected. These ideas were neither more evaluated nor

further developed.

6.2 UNSTRUCTURED EVALUATIONS

Further semi-structured evaluations were carried out by
the project group on its own and together with other
design students to gain further insights. The four re-
maining concepts were intensively tested in different
positions. In this way, the comfortability could be eval-
uated over time. In what way the mounting angle in-
fluenced the different design proposals could also be
investigated. These evaluations resulted in a number of
improvement proposals mainly regarding comfort and
more balanced forms.
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By including design students in these evaluations, the
project group gained ideas for aesthetic improvements
and could also further evaluate how people with differ-
ent hand sizes perceived the knobs. Somewhat surpris-
ing, the hand size had minor influence on how com-
fortable the forms were experienced.

6.3 THEORETICAL EVALUATION

The four concepts that were chosen from the KA work-
shop were theoretically evaluated against the require-
ments list using a Kesselring matrix. This was done in
order to ensure that all the relevant factors would be
taken into consideration (table 6).

Since there is no existing solution to be replaced, the
concepts were only compared to each other. The crite-
ria were selected to include all requirements and were
weighted to represent the importance. Since all shift
patterns do not include tipping for manual mode In-
dicate tipping got 2. Allowing Several gripping possibilities
were considered important, as the knob will be gripped
from different angles dependent on position, further
it is ergonomically favourable to vaty grip during use,
hence 4. Placement possibilities were weighted 5, as this is
a fundamental condition for the concept to be generic.
Novelty was considered to be important for KA and
new product development in general, hence 4. Since the
shifter will be used several times per day for many years
and Comfort is one of the key parameter for a success-
ful shifter, this was considered to gain highest weight.

To enable varied placement, not being in the way nor
trenching the vehicle’s interior Space efficiency got 4. Fin-
ger manoeuvring is rather a preference than a demand,
hence 3.

As seen in table 0, the Poly, Cutrve, and Thumb concept
received almost equal high scores, while the Flash con-
cept got extensively adverse results. The unfavourable
scores were mainly due to the large size that limited
opportunities of placement and the weak possibilities
for diversified grips.

6.4 CONCEPT CHOICES

Since the Polygon and Curve concept were relatively
similar regarding size, gripping possibilities and compo-
sition, but still had different strengths and weaknesses,
they were combined to one design (hereafter referred
to as Poly/Curve concept) including the advantages
from both. As the Thumb concept was highly appreci-
ated during the KA workshop and gained good results
in the theoretical evaluation, it was decided to develop
both these concepts in order to create the variation KA
was requesting. The differences in these two concepts
were considered to complement each other in a suffi-
cient way.

As the flash concept differed extensive, it could hardly
be combined with any of the others. Due to the time
limit, this concept was left to KA for further develop-
ment.

B

Criteria description W | Ideal (W) Flash Polygon Thumb Curve
Indicate tipping (for M-mode) 2 10 8 4 2 10
Several gripping possibilities 4 20 8 16 12 16
Placement possibilities 5 25 5 20 15 20
Novelty 4 20 20 12 20 16
Comfort 5 25 20 20 20 15
Space efficiency 4 20 4 16 20 16
Possibility for finger manouvering 3 15 6 9 15 9
Total 135 71 97 104 102
Ranking 4 3 1 2

Table 6. Kesselring evaluation of the four remaining concepts.
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6.5 FINAL CONCEPT DEFINITION

6.5.1 Poly/Curve

The Poly/Cutve concept was aimed to be the slightly
bigger one of the two final concepts and more fitted
for a BS and CC placement. It was thought to keep the
asymmetry of the Curve concept to clearly indicate the
tipping function for entering the manual mode. The top
part would be significant and of a slightly curved sut-
face. The top surface would have a distinct chamfer as
the Polygon concept that would meet the bottom part,
which would be of a softer and more rounded shape.
The top and bottom part would have approximately the
same thickness viewed from the side. The combined
concept was thought to have roughly the same size as
the Polygon concept.

6.5.2 Thumb

Aimed to fit well for a DB placement, the Thumb
concept would be of a smaller size than the Poly/
Curve concept. The profile of the Thumb concept was
thought to be approximately the same in the refined
version. The curved inside and the foot was going to be
kept, while some modifications were going to be made
on the edge where the two surfaces on the front side
met, making the transition a bit softer. The top part
of the concept, providing the two finger grip, would
retain quite thin, and the overall size would be slightly
increased in the refined Thumb concept.

POLYGON CURVE THUMB
Size (1) Asymmetry (4) Profile (1)
Chamfer (2) Top part (5) Shape of foot (2]
Split line (3] Thin top (3)

FINAL DEFINITON
POLY/CURVE THUMB

Image 6.2. Features for the final concept.
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6.6 VERTICAL FORM GENERATION

A vertical form generation were initiated when the final
concepts had been defined. The main target was to pro-
duce a quantity of models in clay, styrofoam and ureol.

6.6.1 Poly/Curve concept

Styrofoam was used for the vertical form generation
of the Poly/Curve concept. The front and side view
defined in 6.5.7 Poly/ Curve were used to cut out sever-
al base forms and then different diversifications were
made on the forms regarding the amount of asym-
metry, the angle and size of the chamfer, its vertical
stretch and the thickness for instance. This resulted in
a fair amount of different concepts from which differ-
ent form elements were picked out to form the final
concept.

The front view of concept representation 1 was per-
ceived as the most successful one regarding the wavy
form on the left hand side, providing a comfortable
grip and at the same time a firm and modern expres-
sion. The almost horizontal top of concept represen-
tation 2 was chosen to hold the wanted angle and its
chamfers were also perceived to be the most balanced
ones both regarding expression and comfortability. The
bottom width of concept representation 3 was thought
enough to still provide a solid look while not being too
voluminous. The underside of concept representation
4 was chosen because of its balanced roundness and
the line on the right hand side of concept representa-
tion 5, when viewing it from the front, was considered
to counterbalance the more wavy and soft left side in a
preferable way.
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6.6.2 Thumb concept

Clay modelling was thought to be most suited method
for the early vertical form generation of the Thumb
concept due to its concave shape. More detailed and
sharp forms were difficult to achieve with clay and
some models in ureol were therefore produced as a
complement.

The rounded front side of the foot visible in concept
representation 1 and this concept’s front view was
perceived to be most similar to the wanted shapes for
the final concept. The chamfer on concept represen-
tation 2, also seen added to concept representation 4,
were something that was chosen to proceed with since
this connected it to the Poly/Cutve concept and also
made the grip more comfortable while still keeping a
professional look with straight and distinct lines. The
surface on which the thumb would be placed using fin-
ger manoeuvring was thought to be best illustrated in
concept representation 3 and the inside (or underside)
where the other finger would be placed using this type
of grip was regarded to be most successfully expressed
in concept representation 4. The almost vertical surface
of the nose was considered best expressed in concept
representation 5, while the waist of the final concept,
viewing it from the front, were thought to be appropri-
ate to attain a form somewhere between concept repre-
sentation 4 and 5.
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6.7 PANEL DESIGN

Something that had been requested by KA but not
prioritised due to the time limit and workload of the
project was the development and design of a panel to
integrate the shifter concepts with. Some thoughts re-
garding this had been discussed in earlier stages but it
was not until this stage it was considered to be suffi-
ciently useful for the project. The panel was aimed to
provide the shifters with the right context and to add
credibility to the final concepts.

Quick sketches of the basic form and what elements
and parts that should be included initiated the some-
what intense form generation of the panel design. The
findings regarding additional functionality from the
pre-study was considered when integrating buttons on
the panel. Measurements in cars, complemented with
mock-up testing, provided the right dimensions for the
different regulators of the panel. When the basic form
of the panel had been decided a full-scale version was
created with clay (image 6.4). This enabled for the shift-
er concepts to be tried out with the panel to get the
right experience of the full concept and the dimensions.

The outer shape of the panel was thought to resem-
ble the shape of the shifter concepts and especially
the Thumb concept. This together with the concave
chamfer of the panel aimed to create a coherency. The
concavity of the chamfer would also provide a better
feeling of integration when the panel would be mount-
ed into a truck interior.

6.8 CONCEPT FINALISATION

The final ureol models of the two concepts were made
digital with use of the 123d-catch software that gener-
ated a polygon mesh, which could be used as an under-
lay when creating surface models in Alias Automotive.
Some changes were made during the 3D modelling of
the concepts to get the wanted functional form and
achieve the right expression. When the surface models
were finished the two concepts were made into physical
models using rapid prototyping (image 6.3) so that the
haptic and spatial experience could be better analysed.
One additional iteration was hereafter made to the sur-
face models in order to achieve a satisfying result. The
finished surface models were sent to KA for mechanical
design and preparation for prototype manufacturing,

Image 6.3. Rapid prototyping of concept.
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Image 6.4. Ideation of panel design.
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FINAL RESULT

This chapter describes the final concept and how
it is fulfilling the requirements stated.

7.1 CONCEPT

7.1.1 Concept idea

G Swift and C Swift are two concepts of mono stable
shifters for the truck industry. By using shift-by-wire
technology, the shifters can be bought “off the shelf”
and implemented in all trucks with supporting auto-
matic transmission, in order to minimise development
time and costs for the vehicle manufacturer. This con-
tributes to a more economical sustainable product.

The concepts ate designed out of requirements and
preferences from Swedish truck drivers and aim to pro-
vide a good user experience regardless of the type of
truck and field of operation. By being offered in two
versions, the product can be better suited for specific
demands and more easily be integrated in different inte-
riors. The concepts can be implemented with different
shift patterns, specific recommendations are found in

chapter 7.3 Shift-pattern.

7.1.2 Ergonomics

Both knobs are designed to enable placement in various
positions and to fit hand sizes from 5:th to 95:th per-
centile men and women. The G Swift provides a com-
fortable experience regardless of if it is gripped using
a top ot side grip. The thinness also enables finger ma-

noeuvring for even better variation possibilities. The C
Swift is designed to provide a sturdy finger grip both
from the top and from the side. Both knobs holds even
shapes that will not create pressure hot spots during
use.

G Swift and C Swift can easily be handle in diverse posi-
tions. The forms provides good gripping possibilities if
they are placed beside the seat, in the centre console as
well as on the dashboard. The small size does however
make the C Swift optimal for placement on dashboard.

The functionality of the underlying panel is easily ac-
cessible through its design. As all buttons are placed
behind the knob, these can easily be manipulated re-
gardless of position.
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7.1.3 Aesthetics and Semiotics

G Swift and C Swift are also designed to suit a large
variety of interiors regarding aesthetics and semantics.
The expression aims to be modern and in the leading
edge compared with what exist in trucks of today. It
is however not intended to be as cutting edge as seen
in some of today’s personal vehicles since that would
hardly match any truck intetior the upcoming yeats.

Both knobs are built up of sweeping surfaces intersect-
ing in small radii. Through a smart placement of these
intersections and by using chamfers, the concepts can
hold a partly edgy expression without feeling uncom-
fortably edgy during gripping,

The semi glossy upper part creates a contrast to the
rugged under part and gives the knobs a more dynamic
and interesting expression. In these concepts, both the
upper and lower part are 100% black in order to be per-
ceived as generic as possible. The colour can however
be changed by the OEM in order to better fit a specific
brand or interior.

The hollow shape of the panel emphasise the expres-
sion of integration with the interior, and by using a sim-
ilar texture on the panel’s buttons as the knob’s under
part, a balanced wholeness is created. The five push
buttons on the panel can be configured by the OEM
and will therefore possess different symbols. The cen-
tral round button is however differentiated and can be
used for important actions such as entering the manual
mode. A button for parking brake is located rearmost.
This is pulled upwards for activation of parking break
and pushed down for release.
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7.2 MATERIALS AND MANUFACTURING

Both knobs are composed in a similar way, but the com-
ponents are specific for each of them. Starting from the
inside, the knobs are built up by a load carrying struc-
ture of glass fibre reinforced polyamide. Using double
shot injection moulding, this structure is partly covered
by a softer, almost rubbery thermoplastic polyurethane
(TPU), which make up the inside/underside of each
knob. In this way, the knob gets very solid as this be-
comes one component.

The upper part is made of an injection moulded poly-
carbonate-ABS blend (PC-ABS), a polymer that is fre-
quently used in the automotive industry. The PC-ABS
gives the component both high strength and toughness,
and the surface does not need to be painted in order to
achieve the semi glossy surface. This upper part has a
material thickness between 1-2 mm, and is mounted to
the load carrying structure using built in snap buckles.

The locking ring and the base of the panel are also
manufactured of injection moulded PC-ABS. In this
concept, these parts are varnished with a chrome co-
lout.

By making all components of polymer, the colour can
relatively easily be changed. This is favourable for the
product to be generic.
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7.3 SHIFT-PATTERN

As mentioned earlier, different shift patterns can be
implemented in both concepts in order to meet the
OEMs” needs. The project group does however rec-
ommend to use a DS pattern with tipping for manual
mode in G Swift and a DS pattern with push button for
manual mode in C Swift.

A DS pattern is used in both concepts as this is consid-
ered to give the most efficient experience. Even though
the nominal time difference from a SS pattern is min-
imal, the perceived time difference will most probably
be substantial for an everyday user. The fact that the
driver can pull or push the shifter two steps regardless
if it is needed or not to access the intended gear, will
most likely be appreciated, as a minimal cognitive exer-
tion is needed.

Since both the field studies and the usability test in-
dicated that tipping the shifter for manual mode is
favourable, this functionality is used for G Swift. The
asymmetric and tapered shape of this knob also helps
in expressing this functionality. C Swift does however
use a pushbutton instead because of its low profile and
since the form less obvious give clues about tipping
possibilities.
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DISCUSSION

The following chapter elaborates on the process of
the project as well as the final result and how this
could be improved further.

8.1 METHODS AND PROCESS

8.1.1 Overview

The ambition from the start of the project has been to
stay within the assigned time frame of twenty weeks
according to the initial Gantt chart (Appendix I). The
planning has been followed well and all planned activi-
ties have been given the time required.

Well-recognised methodology for product development
and design has been used during the whole process, but
only a few specific methods have been executed prop-
erly by the book. Instead, ways of thinking found in
different methods has been implemented and methods
have been tailored to fit this specific project. One could
argue that a more strict approach towards the methods
would give more useful results. On the other hand, tai-
lored methods ate time efficient and by being shaped
specifically for the current project, the results most like-
ly are more relevant, and with that also more useful.

8.1.2 Data collection

A theoretical base could rapidly be formed from the
literature studies and conversations with KA, which
made it possible to petrform user studies in a relatively
eatly stage of the project. Weather it was an advantage
ot not to carry out these studies in such an eatly stage
can be discussed. On one hand it was profitable to get
a deeper understanding of the use situation and the us-
ers’ preferences at this point. On the other hand, more
insightful information might have been gathered and
more relevant concept testing could have been fulfilled
in a later stage.

Performing interviews with the target group was more
difficult than expected. Several questions and evalua-
tion procedures that were prepared in advance could
not be performed due to time limits and interviewees’
unwillingness to discuss. Instead, the interviews had
to be adjusted and improvised during the execution. A
general sentiment of not being able to influence the
vehicle interior by the target group also limited the out-
come. To observe the users during driving could have
resulted in other insights, such procedure was however
not prioritised.

The absence of direct contact with any OEM might
have resulted in overlooked demands and preferences
on the product. Instead KA has been the contact for
such aspects whose opinions are substantial for the
product to be successful from a business perspective.

8.1.3 Usability test

Preparing and performing the usability test claimed a
fair amount of time, especially designing and manufac-
turing the hardware and software to make the rig in-
teractive. One could discuss whether this should have
been prioritised or not since this set up still differed
from a real life driving experience in many ways. The
most influencing differences were probably that the
participant did not have to worry about making mis-
takes to the same extent in the test that they would do
in reality. This is a likely reason for the relatively large
number of mistakes done. Furthermore the shifting se-
quence that was executed were more intense than an
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ordinary driving situation, which gave the participants
less time to think and created a rather extreme driving
situation. It is however most probable that the findings
from the usability test are much more trustworthy than
what a theoretical evaluation would have resulted in.

The selection of participants for the usability test con-
sisted of design students instead of truck drivers as
this saved a large amount of time for preparation. One
could argue that this group are not representative for
the target group and that the results thereby might be
distorted. These participants are however presumably
better in understanding the representation and map this
to a real life driving situation, in contrast to experienced
drivers who most probably would have had difficulties
with the generalisations that were made.

8.1.4 Concept generation

Working with several different materials in parallel
during the ideation and concept development phase
was a key element in order to generate realistic con-
cepts. It is however undetermined if this led to a lack
of extreme concepts, as the ideas continuously were
tested against aspects like comfort and manufacturing;
More innovative solutions might have triggered KA’
ideas even more, but there is still a greater risk that said
concepts would end up as just ideas with a need for
modification to be used further.

8.1.5 Evaluation

As there is no existing reference product, the concepts
could only be evaluated against each other and the re-
quirement list to cover all aspects. An evaluation of this
product also included numerous subjective parametets,
which complicated the procedure.

The workshop evaluation at KA together with the the-
oretical evaluation had the main impact on the concept
selection. According to observations during the work-
shop discussions, it is likely that the employees evaluat-
ed the specific concept instead of taking into account
small changes that could be made for improvements.
This, in combination with the great impact each num-
ber in a top three grading have for such a small group
of respondents, makes the results from the workshop
not completely reliable. Furthermore has the cho-
sen criteria and grading in the theoretical evaluation a
highly significant impact on the result, which make the
outcome very much depending on the project group’s
opinions.
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Lastly one can question to what extend the results from
the evaluations would have differed if truck drivers
would have been involved. The experiences gathered
during the initial study adverts that such evaluations
would not have resulted in much qualitative data in re-
lation to claimed time. To involve drivers would rather
be appropriate if the shifter with different knobs could

be mounted and functioning in a truck.

8.2 FINAL RESULT

8.2.1 Generic perspective

A generic shifter is a wide concept that could have
resulted in different solutions. It could be questioned
whether a concept including several knobs is a suffi-
cient solution and if one single product instead could
fulfil the requirements just as well. As the initial re-
search showed, there is a great variety in user demands
linked to the differences in type of transportation. The
project group therefore believe that a range of knobs
are needed to fulfil all preferences in a satisficing way.

The solution could possibly have been made even more
generic. Designing the knob so that it could be mod-
ified and customised by the OEM without cost driv-
ing tooling could be one way. Making the panel more
modular so that buttons could be placed according to
the specific OEM’s preferences, or making the panel
adjustable in size could also be a solution. These ideas
were however rejected, as there is an imminent risk that
such product would lack in quality and possibilities of
smooth integration.

8.2.2 User experience

As the result has not been evaluated with its intended
materials mounted and in the right context, it is im-
possible to draw any definitive conclusion regarding the
user expetience during usage. It is also not reasonable
to believe that the concept changes the truck driving
experience dramatically as the shifter is only one of nu-
merous components of a truck interior.

It is however likely that the concept enhances the shift-
ing experience in relation to existing solutions. The
mono stable movement will presumably give a suffi-
cient feedback and an amount of sportiness appreciat-
ed by the users. The solid design of the knobs, with sev-
eral steady gripping possibilities and modern aesthetics,
will most likely contribute to a pleasant user experience.



8.2.3 Realizability

The final knob concept is designed to be highly realiz-
able for KA. Both knobs and the panel use materials
based on recommendations from the company and ac-
cording to engineers at KA, the surfaces models made
are good enough and suited for existing mechanics. Me-
chanical design of the inside of both knobs are howev-
er still required.

The development of the panel design was not neatly
acquired with as much time as the design of the knobs.
Because of that it was less prioritized it is rather con-
ceptual and significantly more refinements are needed
to make this functioning. This concerns the moving
parts in particular, as the movement and durability has
not been covered in this project. The design does how-
ever use existing solutions for all functionality, which
indicates that the realizability can be considered high.

If the concept would be extended with a wider range
of knobs, it would be beneficial to use the same com-
ponents to a greater extend. That could for instance be
applicable on the locking ring. A re-design of the knobs

would then however be required.

8.2.4 Sustainability

The final concept has the three legs of sustainability
in mind, social, ecological and economical. From a so-
cial perspective it is uncertain if the concept will have
a measurable impact. The absence of vibrations in the
shifter may however lead to a less morphological skele-
tal wear for the driver in a long-term perspective.

Regarding ecological sustainability, this concept is
equivalent to existing shifters in most aspects. The PC/
ABS polymer that is used can be melted and recycled.
The main structure cannot be recycled in an efficient
way as two different materials are melted together. It is
however believable that it is the mechanical and elec-
tronic structure underneath the panel that will have the
greatest ecological impact.

From an economical point of view the product will
likely be sustainable as it conform to a modern and
modular business model where KA can sell a ready-
made product. This reduces the investments cost for
the OEM, and respective company can focus on their
area of competence.
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CONCLUSION

The research showed that the integration of a gear
shifter could be done in various ways and that truck
drivers’ opinions regarding these products differ signifi-
cantly. It was though shown that this group of users
had a positive attitude towards a mono stable solution
and saw potential in improvements regarding comfort
and ease of use. The usability tests indicated that sev-
eral shift patterns are appropriate to use in this sort of
shifter. It is though hard to determine what additional
functions that could add value to the product due to the
differences in embedded functionality between trucks.

The final result is a highly realizable shifter concept
designed to fit the different stakeholders’ requirements
and preferences. It is designed to fit in different posi-
tions, and to suit all types of trucks and fields of op-
eration. For the product to be commercialised, further
evaluation of the concept in its right context as well as
mechanical development is needed.
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APPENDIX Il - SHIFT SEQUENCE

The gear shift sequence used in the usability test. The sequence is designed to represent an ordinary driving route.

OX0ZIZL0Z2Z00x0x0Z200O0OX0OZ
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APPENDIX Il - USABILITY TEST QUESTIONNAIRE

ANVANDARTEST

MONOSTABIL VAXELSPAK FOR LASTBILSINDUSTRIN

ENKELSTEG VS. DUBBELSTEG

Upplevd tid - Hur snabbt kan jag genomfora onskad vaxling?

Mycket snabbare Lite snabbare Likvérdigt Lite snabbare Mycket snabbare

Enkelsteg () O O O (O  Dubbelsteg

Trygghet - Hur trygg du ar i att den avsedda vaxeln kommer laggas i?

Mycket tryggare Lite tryggare Likvirdigt Lite tryggare ~ Mycket tryggare

Enkelsteg () O O O O Dubbelsteg

Jag foredrar

Enkelsteg O O O O O Dubbelsteg

Darfor att:

FOR MANUELLT LAGE: FALLNING VS. KNAPP

Upplevd tid - Hur snabbt kan jag genomfora onskad handling?

Mycket snabbare Lite snabbare Likvardigt Lite snabbare Mycket snabbare

Fallning O O O O O Knapp

Trygghet - Hur trygg du &r i att det manuella laget aktiveras/avaktiveras?

Mycket tryggare Lite tryggare Likvérdigt Lite tryggare  Mycket tryggare

Fallning O O O O O Knapp

Inuitivitet Mycket mer Mycket mer

intuitiv Lite mer intuitiv. ~ Likvédrdigt  Lite mer intuitiv intuitiv

Fallning O O O O O Knapp

Jag foredrar

Fallning O O O O O Knapp

Darfor att:

APPENDICES | Il



€z
8Y

4|

Lz
9§

N

L2l

ve e
19 6

13 M3 IM3

Lz
LG

[4¢]

Lz
4]

\d

cl

caiL S
laiL v€

d
<N
LN
<N
a

- o™
= x

ZoxroxrxzoxrxoxezaoX

¥d4

<a

oY%

€ @ € ol

l € 4

(AN A AR calLoz Sz 6L oz Yz 6L zaiLoz ¢ oz 6L 0z Wz calL

d

<N

LN

[4 <N
a

o~
~

= o
S x

ZoxroxrxzZzoxrooxezoX

¢3 13 M3 M3
€dd

d

44

LN

[4 44
a

d

2]
=

ZoxroxZzZoxrxooxwzaoX

cM3 M3 ¢3 13 <2d 1d
¢dd

¢d d M3 M3 <3 g

7 8y 9% LS laiLsy 8% o7 €y 6% LS LaiLey vy €y %% oS 09 LaiL

d
47
LN
47
a
d
EN
LN

[m]

ZoxroxrxzZoocecooe

ldd

Jeupadoj ber(ysad)
191AIINIU|(YSAS)
18Y6644] (MsA4)

Pt pas1ddn(ysad)

Jeapado) ber(gsa3)
18y66441 (QsAT)
Pt paeddn(dsA3)

YoAu3 B4 404

1943B11AQ
1eA-spow-w “m_ESw.u._
#oA13 1B1poIang
19XeA- 19404

N 904

WiIngy1ed
VIngy1ed

8124
L1734
9194
G184
VARE
€194
[ALE]
194

V1iva 1S3L ALITavsn - Al XIAN3ddV

IV | APPENDICES



9l

[44

6l

Ll 6L

ve vy L& 68 &Y

cad

\a

3

13 M3

L L

2T zall 4
Ly LaiL 6e LY

el

4%

LN

4%

a

L d

™
=

ZoroxrzZzoocrooewzno>

M3

o~
o
[T

[AZE!

vz

M3

6L
[44

4|

Gz
Gy

13

%4
[44

[4¢]

[44
Gy

L

9 L € € ¢

[

calLgt € e € oz 9€
LalL €7 6% €7 Ly LY 69

d
44
LN G
44 4 g
a l
d G
EN
LN G G
a g L L
N
d l L
a
<] l
a
N
d l
a
d
a l L L
N
¢d ld M3 M3 <3
8dd

Y1 L l @ 4 l

zaiLgL 8L Ll o0z 6L T

l}alLLe €y Yy Ly 9y 9%
d
<N
LN
4% [4
a
d
EN
LN
a L 3 S 3
N
d
a
d
a L
N
d
a
d
a L
N
¢3 13 <¢d ld M3
Ldd

M3

L- 14
L- l
l 4
L l l 4 V4

call Ly Tz Tz ¢ 6L Tz zdiL

LalL 6€ 9% 8€ 9% 2% 0§ LalL

o o

47 4 [

LN LN

N z N

a a

o d

EN EN

LN LN

a L a

N S N

<] Y

a a

o o

a a

N N

S| o

a a

S| d

a L a

N N

M3 W3 ea g z3 L3
9d4d Gd4

APPENDICES | IV



¢ z- 0
¢ z ¢
z- z- 4
- I- I
4 4 ¢
L - ¢
L 4 F
v S LTy ooz Elle Bl: @ £
8L 8L L 6 Tz 0z eallL 8L Oz Y2 o0z €2 zAll6L Tz YT € 9z 8T zAILLL 6L 6L 8L Ll gl
g€ o% LE ¥ 9¥ &Y LalLge oy v Ly v Gy lalL € %% oS 6% 05 8§ LaiL 6€ g€ 17 gt LE &Y
d d L d
4} [} 4% Y
LW LW [4 LW S
L N ¢ TL YL W ¢ T ¢ N 4
g a a a L
Y Y F ! Y
EN 4 EN L EW L
LN LN LN
§ a a S a g
N N L N L
d S d d
a a a
o d 4 1’8
L a a a S
N N N €
d d d
a a a
d d d
S a a a S
N N S N
a3 M3 <3 13 <¢d d ¢ d oMl M3 <3 3 ¢3 13 < 0 oM3 M3 o3 M3 ¢d ld <3 I3
71d4 €ldd cldd

L

cdll 9l

d
44
LN
44
a

- ©
= x

ZoroxrzoxrxoxzaoX

NI
_‘I
L
0
[4
Lz Y
LV 9L AL 0T 0T czdll
LaliL L& 6€ o7 Wy Wy €Y ialL
d
ZN
LN
ZN
a
L d
4 EN
LN
a
N
d
a
d
a
€ N
d
a
d
a
N
¢3 13 M3 M3 <cd id
old4

-

pamy
o
L

IV | APPENDICES



eee'L- z-
zeeil- -
688'0- -
v6'0- 1-
96650 L
G'o- 1-
ceee’l L

19P3N UBIPSN

8L
[y

4|

1)
€y

¥4
ey

13 23

L2

6c Iz
€5 6%

M3 <a

z-

-

z-

0

!

z-

!
Ay
0€ zalLiL L
L9 laiL 9€  9€

d
43
4 W
TN L
a
d
[4 EN
LW
L a
N
d
a
d
a
N
d
a
d
l a
N
\a £

[ce)
-
o
[V

13

0z
v

[4¢]

6l
Ty

1z
gy

1a ex3

z-
-
-
-
L
-
L
.
8¢  cdall Sz
LS LaiL LS
L <|
4%
LW ¢
4%
a
<!
EN
L LW
L a
l N
S|
at
<!
a
N
<|
a
S|
g a
N
IM3 (A
Lldd

Lz
4]

M3

0¢

1S

44|

[44
Ly

\d

0C
Va4

3

o€
€3

13

ol

caiL
laiLce  ve

oL

4]
LN
4]

a

= o
S x

Zoroxrxzoxcroxzao=

el
-
o
w

cd

Gl

L

Sl
Ge

4|

Lz

9L gl

8¢ G¢
9
q

9

13 23

0¢
44

M3

call
LaiL

d
4]
LN
4%
a
o

- ™
Zoroxrzocroxzo= =

Lo
—
[a
L

APPENDICES | IV



APPENDIXV - KA WORKSHOP QUESTIONNAIRE

CONCEPT EVALUATION

KONGSBERG AUTOMOTIVE, MULLSJO 2013-12-02

Appropriate positions Opinions Improvement proposal
1 [ cenTre consoLe
FLASH CONCEPT [ sesoe sear
[ oasHBoARD
Appropriate positions Opinions Improvement proposal
2 [ cenTRe consoLE
BOX CONCEPT [] sEsiDE SEAT
[ oastBoarRD
Appropriate positions Opinions Improvement proposal
3 [0 centre consoLE
POLYGON CONCEPT [ sesie sear
[ oastBoARD
Appropriate positions Opinions Improvement proposal
4 [ cenTre consoLe
BESIDE SEAT
THUMB CONCEPT L
[ oastBoARD
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Appropriate positions Opinions Improvement proposal

CENTRE CONSOLE

.
O

JOYSTICK CONCEPT

O

BESIDE SEAT

[ oastBoARD

Appropriate positions Opinions Improvement proposal
] CENTRE CONSOLE
CHUBBY CONCEPT [ eesoE seaT

[] oasHBoARD

Appropriate positions Opinions Improvement proposal
7 [ cenTre consoLe
CURVE CONCEPT [ esoE SeAT

[ oastBoARD

Appropriate positions Opinions Improvement proposal

CENTRE CONSOLE

O

O

BESIDE SEAT

MINI CONCEPT

[ oastBoARD

TOP LIST
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