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Abstract

The aim of this project was to evaluate the current situation, to create concepts for a driver’s seat — suspension —
tilting combination, which is safe to handle but still has good manufacturability at a reasonable price.

Constant dialog with the supervisors and a field related specialist, as well as designing using a 3D designing tool
(SolidWorks 2019) were the methods used to achieve the set goal and to conclude the project.

The project concludes in a design concept for a seat suspension, combined with a re-worked tilting mechanism.
This process of product development and design work concealed many challenges. To be successful, a combina-
tion of knowledge, education and access to fitting tools were needed as well as motivation, foresight, and calm-
ness. Sometimes all the first named attributes of a successful combination to face the challenges seemed to lack,
so calmness turned out to be one of the most important factors during the process.
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1 INTRODUCTION

1.1 General

A week contains 168 hours of which we should spend around 52,5 hours (National Sleep
Foundation 2015) sleeping. From the left over 115,5 waking hours driver’s seat operators
spend up to 50% or more at work. These facts underline the importance of work safety and
health protection.

Junttan Oy (Case company), one of the leading piling/drilling rig manufacturers worldwide
(PileBuck Magazine, 2018) is permanently improving their products, to fulfil the vision of
“Enabling success”. To enable success of the customer, the health of the customer’s work-
force it is a big field of interest. An operator of a Junttan Oy - piling or drilling rig must sit up
to 10 hours a day in the driver’s seat, permanently handling huge masses at high accuracy.
For not to interrupt the operator’s focus, and to avoid the risk of health damage, a certain

level of comfort (Chapter 1.2) in the driver’s cab is needed.

This thesis consists of two main parts, a theoretical introduction into product design and

development, and a practical concept development for Junttan Oy.

1.2 Background of the study

Junttan Oy produces large piling rigs for driving steel or concrete piles in the ground, to re-
inforce and support the existing conditions. Furthermore, the case company produces for

the ground drilling business, using the same machines, but with a different tool.

Picture 1 — A piling rig is driving a pile into the soil (Junttan Oy, product archive)



1.3 Goal

In this chapter the piling process is described. The accruing challenges are more distinctive
in this field than in the drilling process. Still, the results of this work can be applied to both

work fields.

Like a carpenter uses a hammer to drive a nail into a wooden plank, piling companies are
using Junttan rigs to drive huge, special designed concrete- or steel piles into the soil or
ground. Depending on given conditions, different challenges appear. The denser the
ground, the more force is needed, the harder the hammer needs to punch, the more con-

cussion plagues machine and user.

To achieve the daily work goal, the operator sits in a wheelhouse, controlling the pro-
cesses. The new pile gets picked up and, guided by a rope and inserted into the hammer’s
housing. In order to accomplish this, the operator must lean forward and look upwards up
to 25 meters, which represents a challenge for neck and muscles. To facilitate this opera-
tion, the driver’s seat should offer the possibility of tilting backwards to allow the operator to

look straight and upwards at the same time (see Figure 1).

Field of view

-

During the actual piling process recurring hits performed by the hammer on the pile are

Figure 1 — The field of view

shaking the ground as well as the wheelhouse and the operator. A sufficient suspension is

recommended, to protect health and well-being.

The aim of this project was to evaluate the current situation, to create concepts for a
driver’s seat — suspension — tilting combination, which is safe to handle but still has good

manufacturability at a reasonable price.



1.4 Abbreviations

Abbreviation Meaning

CRM Customer Relationship Management
QFD Quality Function Deployment

FEM Finite Element Method

CAD Computer Aided Design

Figure 2 - Abbreviations



2 MENTAL WORK PREPARATION — PREPARE YOUR MIND FOR WORK

2.1 “Mind the product” — Mind yourself

In field literature many good thoughts and ideas can be found, they are very helpful to edu-
cate and improve ourselves. But before going deeper into theory, another very important
part of (work-) life in general is mindset. Victor Antonio Gonzales teaches in an online
sales training course (Gonzales, 2013) that according to his opinion 70% of creating a suc-
cessful sales process is mindset. Even though Victor Antonio is speaking about sales, this
theory can be applied in most other fields, too. An open mind, the will to constantly improve
and the consciousness of what we are doing and its effect to ourselves, the environment

and to people are key factors to success, likewise education and knowledge.

On the “Mind the product” conference 2017 in San Francisco Dave Wascha pointed out
that “Product Management is a mindset”. The understanding of what really is your job is

part of the base of product design and management.

In work life in general people sometimes ask themselves, why am | doing that (their job)?
Often the answer is for money or safety. These are reasonable, personal interests but for
building up mindset the answer continues. Like in many other work fields also in product
design someone must understand that his or her work offers positive things and feelings to
people and community. Product designers are solving customers problems and adding
value to their lives. This is a fundamental principle to understand in creating mindset (Gon-
zales, 2013).

Especially in product design a third factor represents great importance. Possibilities,
which mean not only to know what is possible, also what is not. Regardless of good educa-
tion and great mindset, there are most likely always borders and limits, that are to deal
with, like money/budget or the availability of resources. It is quite challenging when not
even impossible to build a hydropower station in the desert. Wascha called this “Don’t be a
visionary”. He said that Elon Musk is a visionary, building self-driving cars and space shut-

tles, but the rest of us are not!



Rest of us

Elon Musk

BADASSNESS

Figure 2 — Dave Wascha's "Badassness”™Graph, used 2017 at the “Mind the product” conference in San Fran-

cisco

In this graph Wascha combines factors like strong will, genius minds, general potential and
a touch of craziness the noun badassness, which delivers his message in a clear way. Un-

derstand your position, possibilities and resources!



3

PRODUCT DESIGN AND DESIGNING

3.1 Whatis design?

Apples C.E.O. Steve Job said, “It’s not just what it looks like and feels like. Design is how it
works” (Walker 2003, The New York Times Magazine).

To understand the complete meaning of design, the separation of the two fields, Industrial
design and mechanical engineering, helps. Often understood as one and the same, when it
comes to product design, industrial designers are specifically trained to develop products,

while mechanical engineers are specialized in making things work.

Industrial Mechanical

design engineering

Figure 3 — Comparison Industrial design — mechanical engineering (Jimmy Design, 2019)

People working in both fields empathize with the customer, put themselves into their shoes
and try to see the world from their perspective. In industrial design, the focus is more about
appearance, and how to make living and handling easier whereas a mechanical engineer
ensures the function and the safety of a product. Figure 4 shows how both fields interact. A
common shared base (green) and separate main fields (blue and yellow).

In theory, the best possible prerequisites for a product design project are given, if an indus-
trial designer and a mechanical engineer are working together responsively, to find the best

compromise of a design’s features, that (still) satisfy the customer. (Jimmy Design, 2019)

Let it be understood, the meaning of design varies in many fields. Manufacturing industry
has different requirements than e.g. the piece production of a goldsmith. Still, the thought of
design as a collaboration between different designing aspects (design’s requirements), un-

der consideration of the depending customer, describe “design” very well.

As aresult, LUT School of Energy Systems (Lappeenranta, Campus Lahti / Finland) offers
since beginning of August 2020 a “Master’s Program in Industrial Design Engineering”, to

combine mechanical engineering and industrial design.



3.2 About designing
3.2.1 Historical evolution of modern designing

(Based on Anil Mital, Desai, Subramanian, Aashi Mital, “Product Development: A Struc-

tured Approach to Design and Manufacture”, 2008)

Also, the first sketches of designs are going back around 5000 years, in ancient times there
was basically no designing phase in the emergence of a new “product”. People in the
stone-age made shoes by using leather from the last hunt and some grass-ropes, no draw-

ing was needed.

Picture 2 — Leonardo da Vinci’s flying machine, 1488

With the growth of an industrial society, designing gained more and more importance.
Many factors pushed this evolution. On one side people realized, that mistakes and failures
can be avoided, if a sufficient amount of time in designing is invested. Additionally, a first
design on paper can safe time (and money), compared to a prototype, created only by
memory and imagination. Another point is the possibility of standardization and replication.
These factors among others built the way from no design via sketching and later ink draw-
ing to the first computer aided designs and now modern 3D modelling.



Picture 3 — Drafting boards in a designing department (Paolo Monti, 1963)

3.2.2 Models in 3D

In modern 3D modelling the designer uses sketches to extrude and process bodies, which
can later form whole digital assemblies. The use of simulating a product arrangement or
assembly comes with great benefit. Since everything is for the first only digital, no unneces-
sary material waste appears. A flattened 2-dimensional “drawing” corresponds with cutting
machines like laser or plasma cutter as well as a 3D model with a highly complex 5-axis
lathe or mill. An interference detection shows possible collisions between parts. The final
appearance can be influenced much better, since a 3D model visualizes the proportions of
an object like they are. Motions can be simulated. In addition, supporting software offers
analysis of material strength (FEM analysis) and how a body react to environmental influ-

ences.
By transforming these models into technical drawings, the production process can be de-

termined. Information about welding technologies, bending definitions or surface treatments
tells how the part must be handled.

10
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Figure 5 — Modern drawing created with a CAD program (Junttan’s PDM system)

3.2.3 Conscious designing / modelling

Opposite to designing for personal projects, designing for a company contains a big differ-
ence. In a private project only the owner must deal with created designs and drawings
while during working in a company many other people are involved. The obvious part is
represented by the workforce, working accordingly to given drawings and instructions, as
well as other postpositive positions. It is part of a designer’s responsibility, to offer these
positions the best possible material, to fulfil their job. Additionally, there is another, maybe
no so obvious field of responsibility. A designer must have the presence of consciousness,
that his or her 3D model probably won't stay like it is. Due to revisions, up-dates or re-de-
signs, the original structure changes or is modified. The designer always needs to be
aware of that. Not only for easing someone’s own work, sometimes this process is per-

formed by another person.

Consciousness in sketching. A reasonable arrangement of origin, planes and parts helps

not only during the part designing process. Further it eases the assembling- and adjust-
ing/revising processes. The use of linear- or circular patterns can be helpful, it can as well
make revising more difficult. Foresight is needed, and the thoughts of “what if | have to
change the design in the future?”. It is also advisable to avoid chain dimensioning. Dimen-
sioning from a fixed edge of a body is in many cases the better way, to make adjusting and
changing easier. “Anticipate potential requirements to minimize redesign efforts” (Solid-

Works Introduction guide, page 24)

11



Fully defined parts and assemblies. To lower the risk of unexpected surprises, a part or an

assembly should always be “fully defined”. That means, all necessary dimensions and rela-
tions are given, the product got only one possible shape or arrangement. A 3D modelling
program tells the designer about the defining status. This should not be ignored. It can on
one side give information if something is still missing, if something needs to be adjusted or
defined better, on the other side it is important for a possible FEM analysis. Underdefined
assemblies or parts can lead to wrong results, the consequences can be imagined. “You
should fully define sketches to maintain your design intent” (SolidWorks Introduction guide,

page 28)

The use of an interference detection. A modern 3D modelling program offers the possibility

of an interference check or a collision detection in assemblies. This process tells the de-
signer, if all parts are well arranged, and do not have any colliding edges. During designing,
small interferences are not always visible on first sight, but at the end people in the produc-
tion line will realize the mistake. It is an often forgotten, but an even more important step to
avoid unnecessary additional work or material waste. “To ensure that the assembly func-
tions correctly, you can use assembly tools such as CollisionDetection. CollisionDetection
lets you find collisions with other components when moving or rotating a component”

(SolidWorks Introduction guide, page 33). The same applies to the interference check.

3.3 Requirement of design

(Based on Pye, 1989)

Correct embody of the arrangement

Geometrical relation between all components and the object
Strength

Access

Costs

I T A

Appearance

“Design is the process of satisfying these requirements”. During designing, these require-
ments are in constant conflict. Everything must fit together, must be strong enough to with-
stand environmental influences and fulfil safeness and lifecycle expectations, the product
must be cheap in cost and production, and last but not least, its appearance must be satis-

fying. It is up to the designer, in correspondence with the customer, to find the best possi-

12



ble compromise between all included factors. This fact makes designing to a “problem-solv-
ing activity” and, because of the influence and importance of appearance, an “art”. (Mital,

Mital, Desai, Subramanian, 2008)

3.4 Properties of the product

Similar to a product’s requirement it is essential in designing to know and to understand a
product’s properties, which can be divided into design, internal, external and systematic
properties. The design tells about a product’s structure and form, about its tolerances and
its surface, about the used materials and manufacturing methods. Internal properties are
strength, corrosion resistance, durability and manufacturing properties. External properties
representing ergonomic and aesthetic as well as economic and function. Other contributing
factors are budget, and naturally law conformance. As systematic properties can be seen a
product’s space requirement, its durability, weight/mass and maintenance ability, its sur-
face quality, color and appearance, the storage space needed, its quality, costs and price,
the appearing waste and its recyclability, its general function and reliability. (Mital, Mital,
Desai, Subramanian, 2008 — adapted from Hubka and Eder, 1988)

13



4 PRODUCT DESIGN / DEVELOPMENT

4.1 Strategy

For every (repeating) process it is advisable to create an approach system, its own strat-
egy. Nevertheless, everyone should figure out the best way of solving challenges on
his/her own, field literature gives good frames for this process. Ulrich and Eppinger de-
scribe a “Mission-Statement-Development-Plan” in their book “Product design and develop-

ment”.

Mission Statement Development Plan

Identify . Establish Generation

. Plan
\ b W Select Product Gl Test Product A Set Final 5,
Customers l_f Target l_? Product |_f l-f ™ AU |_’ Downstream
Needs Specifications Concepts Concept(s) Concept(s) Specifications Development

Perform Economic Benchmark Build and Test Models
Analysis Competitive Product and Prototypes

Figure 6 — Mission - Statement — Development — Plan (Ulrich and Eppinger, 2011)

This plan describes a special conceptualized strategy throughout a whole product develop-
ment process. 7 steps from the identification of customer needs to a sustainable plan of de-
velopment, permanently supported by economic analysis, comparison with competitive
products and constantly testing the models and prototypes. This strategy leads to a reason-
able, well designed final product. The following chapters offer a deeper look into the certain
steps of the process.

4.2 ldentifying customers’ needs
4.2.1 Who or what is the customer?

To be able to identify customers’ needs it must be defined who or what the customer is.
The most common understanding of the concept “customer” is the person that goes to a
store and buys something. But being a customer is not only the process of buying for ex-
ample a new car, also using and maintaining the car, the transferred economic status and
many other points more are defining the field. Everyone and every group of people can be,
and is somehow a customer, from the single person up to a whole population. Everywhere,

where goods or services are used, transferred or exchanged, depending positions can be

14



defined as supplier and customer. Even your co-worker, that receives your work to con-
tinue with can be seen as your customer. The knowledge of “who is the customer” is espe-
cially important in the field of product design, since all customer-types have separate, spe-

cific needs to focus on. That means, they value a products properties different.

4.2.2 ldentification of the needs

(based on Sauro, 2015)

An uncountable number of techniques and strategies exist, but before investing time and
money in hew researches it is to check what knowledge, e.g. a past survey or the support
call log, is already existing. “Starting with existing data” should be the first method for iden-
tifying customer needs, followed up by stakeholder interviews. These two processes con-

tain huge potential and are completely for free.

If the customer’s process is known, it can be mapped. Jeff Sauro shows a great and suc-
cessful example. It takes the old-fashioned process of using a taxi and is mapped in the

following way..

Call taxi company][ wait on hold I Relay location ICab is dispatched][wigge\ziI‘I":ﬁ{\'/éhe][g?dcéaf:por';&asi;I Depart car

Figure 7 — Old fashioned way of ordering a cab (Sauro, 2015)

And here is what Uber turned this process into.

Summon car from app

with arrival time Depart car

Figure 8 — Uber’s way (Sauro, 2015)

Specialized surveys, customer interviews or any related other way of data collection offers
information about the customers goals, challenges and problems, which then can be turned
into improvements and opportunities. Another potential and legit field of gaining information
is customer analysis. Successful competitors may have done things the right way, so why
not adopt parts of their doing? Such studies can later be used throughout the whole prod-
uct development process and additionally in benchmarking and marketing/sales processes

and strategies.

15



4.2.3 ldentification of the needs, a different approach

Clayton Christensen, a Professor at Harvard Business School offered a different approach
to identify a customer’s needs. “The customer is the wrong unit of analysis” he said, “ask
what the customer is trying to accomplish?” What are the goals? And think about ways that
support the customer to achieve these goals. As an example, Christensen described the
former situation of a sales- or a serviceperson, that needs to work “out of the car”, their car
is there office. Maobile internet connection was not that usual as in 2020 and the car indus-
try had not yet developed a car cockpit, that is designed as a workstation. Since the people
in question often spend a lot of their working hours on the road, they were forced to pull
over many times to reach an internet hotspot here or there, when a table is needed to fill
papers and reports, or when it comes to storing these documents in a proper way. “They
stop at a traffic light and the laptop falls over, because there is no docking station” is an-
other description of the situation. Christensen finished this thought with “Just by watching

what people are doing, you can imagine the opportunities...”. (Christensen, 2012)

4.2.4 Example of a customer’s value analysis

A survey or analysis of a (potential) customer(s) about key factors of a product’s proper-
ties. The customer(s) is (are) asked to value the importance of certain factors on a scale

from O to 100, where 100 represents the most important field. The following results are

gathered.
Properties
Design Internal External Systematic
Value Value Value Value
Structure 10 |Strength 25 |Ergonomic 25 |weight/Mass 10
Surface quality 10 |Durability 25 |Aesthetic 80 |Maintenance 20
Materials 10 |Corrosion resistance 10 [Economic 40 |Costs 100

Figure 9 — Example of a customer’s value analysis

These results reflect how much the customer(s) values the specific properties and, pro-

jected into a chart, the focus areas.

Customer focus

COSTS

AESTHETIC
ECONOMIC
ERGONOMIC
DURABILITY
STRENGTH
MAINTENANCE
WEIGHT/MASS
CORROSION RESISTANCE
MATERIALS
SURFACE QUALITY
STRUCTURE

Figure 10 — Results of Figure 9

16



In this particular case, the priority lies in costs and aesthetics, where quality and durability
are not in the main focus. This or these customer(s) want a fancy looking, cheap product
and do not care too much about if it lasts or from what it is made of. This knowledge not
only tells about where to focus on designing, additionally it gives valuable information about

the customer general, which can be used in marketing or CRM.

4.2.5 Customer care

In former days product design and management was about defining the functional require-
ments of products (Cost, Speed, Power). This is no longer enough, in our times also ap-
pealing to emotional and social needs is more and more important. Customers want to be
heard and understood, customers want to trust into products they are investing in and trust
is less build on pure performance than on the realization that the product management and
the product designers know who customers really are, and what are their needs. (Wascha,
2017)

A comparison of older and newer field literature empowers this impression. While older re-
sources like the design requirements according to Pye, 1989 (chapter 3.3) focus only on
the technical features and the appearance of a design, modern thoughts always point out

the importance of customer care and collaboration also in the design state.

17



4.3 Establishing target specifications

(based on Ulrich and Eppinger, 2011)

The target’s specifications are factors, that can be affected by designing. In order to estab-

lish them it is important to know where to focus on. The use of matrices is a common tool to

show the most important points regarding customer’s needs and his/her own possibilities.

Such matrices use information, gained by the customers analysis, paired with field related

knowledge, potential and experience.

In this stage of the development process the product gets an environment. It is to define,

what size, what room the product should occupy, and how it needs to get prepared for that.

Properties like strength, surface treatment and other boundaries build the framework in

which a designer can move, to transform customers’ needs into sketches and models.

Probably the most known and approved approach is the QFD’s house of quality. In a de-

sign related variation of this technique the voice of customer is compared with factors that

can be controlled by the design.

Covered mechanism

bl
J_% § T| @
Weight factor Bl<|a E 2|2
glE| =€ z =
HEEERIHIRE
Yl =8 S|8
Low cost price 3| + +
@ |Low maintenance costs | 3 + | *
g Safeness 5 +
% [Function A NEEEE *
%5 |Function B 3 W *
_3 Function C 5 + | * | * +
= |quality 3 * *
"made in" 5|+
85 |115| 60 (110| 35| 70

Figure 11 — Design related House of Quality

+=10

<4—— Importance factor

The results in Figure 11 show, that according to the highest “importance factor”, using ma-

terial B in a covered mechanism with a 200 KW engine would most likely satisfy the cus-

tomers.

18



4.4 Generation of product concepts

Now that all limitations are evaluated, demands are specified and preparations are con-
cluded, the active design work can start. The aim of this stage is to present different solu-
tions, to fulfill customers” needs and wishes. At this phase concepts don’t have to be com-
pletely elaborated. It is more about brainstorming, gathering ideas and thoughts, as many
as possible. A product’s concept at this stage is an “Approximate description of the tech-
nology, working principles, and form of the product or service” as well as a “concise de-
scription of how the product or service will satisfy the customer’s needs” (Prof. T. Lee,

2012)

To visualize these thoughts, modern designing utilizes 3D CAD software. The use of soft-
ware offers great support in designing, it revolutionized the whole field.

Depending on the scale of a product, the first prototypes are constructed in this stage. Nor-
mally less in daily routine work, but in project working. While revisions of existing products,
services or processes are in the responsibility of the designer, concepts for new develop-
ments, projects or competitive bidding can request tactile demonstration models, which
needs approvement from higher levels like the department leader, production manager or

even the CEO. It depends again on who is the “customer”.

19



4.5 Selecting product concept(s)

(based on Ulrich and Eppinger, 2011)

The goal of concept selection is not to select the best concept, it is to develop the best con-
cept. Evaluation processes and techniques supporting the decision-maker. The following

strategic selection process consist of two main steps, concept screening and concept scor-
ing.

4.5.1 Concept screening

In concept screening all concept ideas are re-evaluated critically, for feasibility. The goal of
this step is to reduce the number of different concepts, or concept parts. Depending on the

product it can either be seen as one concept, or as a building set, where partly independent
components form the product.

Concept Screening

Design Concepts
< om o (=) w w (G T
= = = = = = = =
(=5 [=5 o (=5 [=5 o (=5 [=5
[ [ a [ [ a [ [
=] (=] =] =] (=] =] =] (=]
=4 c g =4 c j=4 g c
(5] S [S) (5] S [S) (5] S
Quath Set Quality Quality Quality Quality Quality Quality Quality Quality
Capacw'ty Value Capacity Capacity Capacity Capacity Capacity Capacity Capacity Capacity
Economy Set Economy | Economy Economy Economy | Economy Economy Economy | Economy
Appearance Appearance | Appearance | Appearance | Appearance | Appearance | Appearance | Appearance | Appearance
Continuation? No Yes No No No Revise No Revise

Figure 12 — Concept screening

It is important to understand, in this phase it is not about selecting the best solution, it is
about developing it. In Figure 12 eight different concepts are compared. Green reflects
good performance, red stands for bad performance and white is average. The evaluation
criteria are for example given by the research done in customer analysis or the product
specification evaluation. In this example one concept shows three green values, two others
each have two. After consideration of possible feature exchanges, or combinations of dif-
ferent concepts, a set of probably new concepts remains.
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4.5.2 Concept scoring

A concept scoring table (Pugh Chart) is a common tool to compare concepts and criteria’s

in depth.
PUGH CHART EVALUATION
Design conceptd
—i (] m
_E -E - - -
. . B | @ 2| 2|
Concept Selection Matrix o |E =
2|8/3|58|5
hlo|lo]oO
Quality Quality criteria 1 3|S|+| S| -
Quality criteria 2 2| S |++| S| -
Quality criteria 3 1S | S| +| -
Capacity Capacity 21S |+ | S |++
Economy |Economical criteria 1 208 | -] +]S
Economical criteria 2 2SS |+ -
Economical criteria 3 3]S| -] +]5S
Appearance |Apperance 1] S|+ | S| -
Score 34 |-4
Score weighted 3/8|-6

Figure 13 — Pugh chart evaluation

In the example three concepts (1-3) are formed from the former 8 (A-H) and compared with

a set standard. This standard can either be one of the remaining concepts, that is in the

opinion of the operator the most average solution, or an imaginary “Standard-concept”. The

concepts are rated as follows.

Symbol Value
++ 2 (much better than standard)
1 (better than standard)
S 0 (as standard)

-1 (worse than standard)

-2 (much worse than standard)

Figure 14 — Value explanation

After the score is calculated, the results are multiplied with a weight-factor. This factor can

also be taken from former steps, like for example a house of quality. The highest “weighted

score” represents most likely the best concept for the evaluated areas.
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4.6 Testing product concept(s)

(based on Ulrich and Eppinger, 2011)

In this stage a prototype is built and compared to information and specifications gathered
beforehand. It is about finding answers, does the product fulfil functions and needs, is it
feasible and does it satisfy the customer. Performance tests and lifetime estimations/calcu-
lations are used to prepare for a presentation of the concept. A presentation leads to ac-
ceptance, rejection or acceptance under modification. If a concept is accepted, the final de-
signing work, followed by production can start. In case of rejection, the project/design is de-
termined, but most often this phase tells about how to continue, what is still needed to get

the product ready for production.

The concept testing process is chronologically segmented in several steps. It starts with a
definition of the test’s purpose, followed by choosing a survey population and format. It
must be clear how to communicate the concept and how to measure the response. After

these steps the results are interpreted and reflected.

4.7 Setting final specifications

Information gathered from tests and feedback from the customer leads to a set of final
specifications, that describes how the product will look like, and what is able to perform. Ac-
cording to these “specs”, as specifications are shortly called, the final product will be pro-
duced. It is important that all included positions have got the same level of information be-

fore this step is concluded.

4.8 Planning downstream development

After finishing the first run, the sequences can be formed to a circle, for continuous quality

control and improvement.

Identity
Customers

) Needs ~\

Plan Establish
Downstream Target
Development Specifications

[ |

Generation
Product
Concepts

N /

Test Product Psrglcifgt
Concept(s) <__ Concept(s)

Figure 15 — Product development circle (Ulrich, Eppinger, 2011)

Set Final
Specifications
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Also, this phase is postpositive to the actual designing and producing, it is nevertheless im-
portant. The potential of a product, regarding perspectives like specialization or future aims
and goals should be defined. It is advisable to control, and as the circumstances require to

adjust a product’s life cycle estimation. In order to increase the profit-possibility of a prod-

uct, improvement- or further development processes must start early enough. The goal is

to erase, or at least minimize the “decline” phase of a product’s life cycle.

4.8.1 Life cycle of a product

Product Life Cycle

Sales

_4

Introduction Growth Maturity Decline
TIME

Figure 16 - Product life cycle (Jeff Bodenstab & Stefan de Kok, 2015)

After the maturity phase a product extension (e.g. an updated product, modernized with
new features) tries to cancel out the decline phase and to replace it with the next growth-
and maturity phase. This consciousness shows the importance of downstream planning
since the development precedes the life cycle curve. To keep up constant sales, the prod-
uct extension must be ready right after the maturity phase, which means its development
must start even earlier. Companies like Apple or Sony are exactly aware of this fact and
present the new iPhone or PlayStation at the strategic best point in time, as long as the de-

velopment is ready.
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5 THE SEAT PROJECT

5.1 Today’s situation — Status quo

Today, the driver's seats of Junttan rigs are equipped with suspension, offered by the sup-
plier. This arrangement can absorb occurring concussions from the hammering process,

but it is not possible to tilt the seat backwards, to allow a better view for the operator. Tilting
backwards is not possible because there is no space left between seat and backwall, which
is in this case a big control cabinet. These wheelhouses are filled up with technic, switches
and levers, monitors and other supporting equipment. Everything needs to be installed and

stored safely, which does not leave enough room for a suspended and tilt able seat.

Therefore, the company is planning to re-design the whole wheelhouse. A first prototype,
with more space inside, is located at the company’s premises and used as a simulator. In
this simulator the seat is tiltable. This tilting mechanism fulfills the need of keeping the posi-
tion of the operator’s knees stable. This is important because the operator must control gas
and brake pedals with his feet. The problem is this system is not suspended. Using the
supplier’s suspension is not possible because it would raise the seats level too much, the
average operator could not reach the pedals anymore. Additionally, the existing tilting
mechanism is open. An unexperienced operator faces the danger of squeezing his or her
fingers, due to incautious handling. A third problem point is the manufacturability and the

resulting costs.

5.2 Work preparation

Like described in chapter 1.3 the goal is to support the case company Junttan Oy by creat-
ing concepts for a tiltable and suspended driver’s seat. The goals of this development pro-
ject are to higher the comfort and safety for the operator and to improve the manufactura-

bility of the seat suspension, if possible, at lower costs.

Permanent access to the simulator room as well as all needed tools for digital concept cre-

ation and practical testing are granted.

5.3 Customer’s needs

In this case the research resulted in three different “customers”. On one side it is the com-
pany, that buys a new piling rig. The main fields of interest for these companies are price
and sustainability. On the other side there are the direct users, the operators. Their main

field of interest is comfort and safety. Also, the operator needs the possibility to always
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reach the gas- and brake pedals, which are located on the floor in front of him or her. The
third party is the producing company. The product should be cheap and easy to assemble

and with good manufacturability.

5.4 Target specifications

Max. Forces acting:
- User 150 kg — ~ 1500 N
- Chair45kg —» ~450N

Seat dimensions, including the supplier's suspension:

.A I -

v

c Picture 4 — Driver’s seat dimensions

Position Dimension [mm]
a 1200
b 400
c 400
d 800
e 450
f 600
g 320-400

Figure 17 — Driver’s seat dimensions

Type of load/strain: repeating hits with a frequency of maximum 2 hits / second

The important factors which set the frame of this project are:
- aconstant distance between the operator’s knee and the gas / brake pedal
- atilt angle of 30° should be achieved (see chapter 1.2 - figure 1)

- asufficient suspension / shock absorbing system is needed
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5.5 Concept generation Suspension / Tilting

5.5.1 Concept A

Existing tilting
mechanism

Guides

mr@Zmouon>

Figure 18 - Concept A, seat on shock absorbers

This concept uses shock absorbers below the existing tilting mechanism. The absorbers
are located between 4 guides and accordingly 4 tubes.

For an easy and real cheap solution, shock absorbing or reducing rubber bumpers can be
mounted between the existing tilting mechanism and the seat. This system has a down-
side, since the shock absorbers would make the whole tilting mechanism unstable and

more difficult, if not impossible to control.
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5.5.2 Concept B

Suppliers

suspension

Linear guided

slides

Controlled

Figure 19 — Concept B, hinge on slides

This concept uses strong hinges in between the seat and the supplier’s regular suspension,

mounted on a slide. The possibility of removing the seat from the suspension is given.

Figure 20 — Concept B, turning point

Controlled by a cylinder, the front of the seat can be lifted, while the supplier’s suspension
moves downwards. That keeps the position of the seat’s front constant.
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5.5.3 Concept C

Figure 21 — Concept C, the swing
In this concept the seat is mounted on a swing. The two side cylinders are suspending the

whole mechanism, which is controlled by a third cylinder from the back.

5.5.4 Concept D

Springs

..

TS

=

Bearings / Slides =

Rails, inserted on existing

Figure 22 — new suspension design - .
tilting mechanism

In this concept the existing tilting mechanism is used. Rails (one on each side) are
mounted in which a scissor mechanism with springs can suspend the seat. When the oper-
ator sits down, the applied force will push the seat downward. This causes the springs to
stretch. The springs now create a force working against the applied force. These two forces
will balance at some point in a new equilibrium. Every change of one of the forces will

cause this process to repeat and so create a suspension for the seat.
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max. 120mm

A

'(@M%ﬁwgg

Figure 23 — suspension design max

min. 40mm - — . *

The idea is

Figure 24 — suspension design min

to include the rails in the tilting mechanism design, to conserve the height of the

rails. This would offer up to 8cm suspension and raise the chair level only by 12cm.
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5.6 Concept selection

During an interview with the supervisor and a field related specialist the concepts were pre-
sented. The concepts A, B and D were shown on paper and as digital assemblies, Concept
C via an animated video. Feedback was gathered and new thoughts implemented in the

concepts. After further development the concept generation phase can be set on hold, and

a comparison could start.

5.6.1 Concept screening

Concept screening - very well
Table: Concepts / Features
well
k5 ok
v - -
2 & sufficient
c e, @ = -
2 g £ 5 . insufficuint
g 5 2 § ¥ out of question
o @ c 9 g} uto qu st
w c £ @ @ =
25 8% 0 w
w 5 g 2 g ¢
T w e £ 3§ =
Tyt BEE
a B o £ 5 g
2 8 6 & ¢ ¢
Costs ) Costs of manufacturing, sales price
Sustainability mmmmmm) Stable construction, easy to maintain
Comfort - =) Comfort for the operator
Safeness mmmmmm) Risk of injury (affective and long term)
Manufacturability mmmmmm) Easy to manufacture and to assemble
Efficiency mmmmm) Are the goals like a contant distance to the pedals fulfilled?

How much extra space is needed?

Figure 25 — Concept screening

The concepts / features were evaluated by their performance in costs, sustainability, com-

fort, safety, manufacturability, and efficiency.

The supplier’s suspension offers great comfort, is safe and its sustainability is great. But it
is rather expensive, needs a lot of space and an additional tilting mechanism is needed.
The existing tilting mechanism performs great in the field of efficiency, but is expensive, un-
suspended, and not safe to use. Concepts A and C (shock absorbers, swing mechanism)
don’t give any useful information. It is not what the company is looking for, and not even
features from the concepts are valuable. A new suspension design as well as a new tilting

design would offer high comfort at lower price if they are implemented.
After comparing, analyzing, and discussing the ideas, the following information was gained.

The existing tilting mechanism fulfils many needs and is stable and controllable. It is in its

actual shape too expensive, so a design rework is needed, to improve manufacturability
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and reduce the costs. This mechanism is to be combined with a new, customized suspen-
sion system. Additionally, an accordion shaped rubber sleeve is needed, to cover all the
moving parts and to protect the operator.

The combination of the supplier’s seat suspension and a new designed tilting mechanism

offers potential but further development work is needed.

5.6.2 Concept scoring

Concept scoring

Table: Concepts
g
o
s g 5
] - ;A
[+11]
E =4
T = i
oow = o
P T+ oo A
e = . _E |y
oo g v ¥
o} o = W= m
Z A= g o
Suspension 3 + 0
Tilting 3 0 ++
Safeness 2 e e
— ++ = 2
Stability 2 2 2 N _ 1
Pedal distance | 2 0 + 0 = 0
Costs 1 ] = -1
Score 3 6 = -2
Score weighted q 14 e = the concepts are equal, no evaluation

Figure 26 — Concept scoring

In the concept scoring process, the two created concepts were compared. The score and
weighted score are in favor of the second concept. The focus of the upcoming designing
work will be on creating a new, customized suspension, that works placed on the existing
tilting mechanism. The existing tilting mechanism will receive a re-work, in order to lower its
costs and to raise the manufacturability. Since during the process of developing the final
concepts it turned out many times that safeness needs in some way an improvement, the
whole design including tilting and suspension will get a rubber sleeve. This sleeve works in

two ways, it protects both, the operator from injury and the mechanisms from dirt.
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5.6.3 The final concept

Figure 27 — The frame of the tilting mechanism

The original tilting mechanism is confidential. Figure 27 shows the result of the re-work.
The design uses a squared tube frame [D], formed from one piece. During the process of
cutting the tube at length, grooves at a certain angle are cut as well. This makes it easy for
the worker to bend and weld the frame (Figure 28). Further, the frame is reinforced by a
round bar [C], simply pushed through pre-cut holes and welded in place. This round bar is
additionally used in the suspension design, for holding the springs. The lower part of the
product is again formed from squared tubes and two strong gusset plates [E]. The cylinder
attachments [A] are placed into pre-cut slots and welded (Figure 29). These are the spots
where cylinders, controlled by electric motors are acting. Their correct interaction is respon-
sible for keeping the operators knee position constant, while tilting back- or forwards. Two
joints [B] located on each side of the construction allow the upper and lower parts to pivot

while the cylinders are moving.

BN -

Figure 28 — Squared tube bending
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Figure 29 — The cylinder attachment points

A

v

Figure 30 — The suspension concept

Like described in chapter 5.5.4, the suspension is formed by a scissor mechanism [B] and
sliders [D] attached to a sliding block [C], placed in modified rectangle tubes [A], where a
spring [E] creates the counterforce to the occurring loads. Two of these are to be install be-
tween the tilting mechanism and the driver’s seat. To assemble the mechanism the sliding
blocks with the attached sliders are dropped into the lower rectangular tube, using the little
opening at position [F]. The scissors are now placed and secured by pins. The backside pin
goes through rectangular tube, sliders, slider block and scissor and is fixed with a retaining
ring on each side. The front side pin is a little shorter as the rectangular tube is wide. It only
goes through slider block, sliders, and scissor, to enables the sliding block to move. A hole
in the middle of the front opening [G] allows the pin to be placed. Since under load the
block never reaches this position again, the pin doesn’t need any additional securing. After
the same steps are done on the top side, the spring can be placed between the front scis-
sor and the round bar of the upper frame. As soon as a load, for example a driver’s seat
will create a force downwards, the spring will create the counterforce and the system will
level itself in a new equilibrium.
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Figure 31 — Suspension in tilting mechanism

The suspension is worked into the tilting mechanism, to safe space. This design now can
go into the next phase. The next step will be to produce a prototype, which will show if the
theory will work in praxis, and where and how many adjustments need to be done. The last
steps to achieve this stage was to create all manufacturing drawings, including a produc-
tion step order and making material- and surface treatment decisions. The sliders are made
from PVC, the solid manufactured parts from S355K2+N and for the tubes S355J2H steel
is used. All steel parts will get painted, to be protected from corrosion.
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6 CONCLUSION

During the process it became clear that product development processes are filled with
compromises. This design and development process aims to improve an existing product,
based on a variety of different points of view. As a fact of nature different points of view
support different interests, which can be difficult to combine. A 100% solution is nearly im-

possible in product design and development, it is all about finding the best compromise.

Mistakes were made! Every designing or development process is also a learning process.
In this case many hours were spent on how to fit all the needs into the existing driver’s
cabin, until it turned out that the company is already planning to re-design this cabin. This
mistake was caused by two to three factors. Lack of communication or/and a simple misun-
derstanding, and tunnel vision by the designer. Focusing so hard on something can steal
the ability of seeing the big picture. Plenty of working hours could have been saved if only
one step backwards would have been taken at the correct time, to realize, it is not possible
to fit all the needs into the given surroundings. Before an analysis of what caused a wrong
direction of thinking, walking or in this case designing can be done, the mistake must be
realized, and tunnel vision is the worst enemy in that task. It is important from time to time
to step a bit away from the actual work and ensure that everything still stays on the right
track. This learned lesson again proves the importance of understand the customers’
needs and additionally of documentation. A written report or project plan checked and

signed by all involved parties would have minimized the danger of misunderstandings.
After overcoming all obstacles and problems, two concepts were created and one of them

is ready to enter the prototype phase. Most impressive is the realization of how many fac-

tors are surrounding an actual design, especially in working for an industrial company.
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