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ABSTRACT

This paper documents the product development grdjat was carried out following the first session
of the Integrated Product Development Summer SckipdlSS14). The first part of this summer
school was held in Malta in May 2014. The second pas held in Magdeburg in September. The
team was comprised of six members from five EUituisdns and the aim of the project was develop
a cleaning solution for delicate objects by usindrdegrated Product Development methodology. The
report presents the process in detail as well @iitant lessons learned. The final solution progpse
Cleaning Genieis a cleaning add-on for cordless screwdrivergferconsumer market.

Many households are lacking effective and costieffit means of cleaning delicate objects, littie di
they know that the common cordless screwdriver itiagt of them have in their toolbox together with
the affordableCleaning Genieadd-ons can solve their cleaning proble@iganing Genies targeting
an enormous consumer market by applying bundlinbl@m price strategies.

1 INTRODUCTION

This report is part of a product development priofeat was made by a multinational interdisciplinar
team aiming to develop an artefact for cleaningcdéd objects. The product was developed based on
the need to provide customers withast-effectiveindsimplesolution, whichdoes not require the use

of aggressive chemicalsr the purpose of cleaning delicate objects madeobporcelain and glass.

The objective of the assigned product developmeméegt was to:

1. Enable the participants of the summer school t@e&pce a typical product development
process. Such a process is typically attributethbyneed to work both together as well as
independently and in parallel.

2. To provide the opportunity to stakeholders to eigyere and address challenges pertaining to
logistical issues, project execution, and multiliten conflicting) concurrent views.

3. Enable the participants to conduct a product dgretnt exercise that entails the use of
support tools such as quality function deploymamdrphological matrix, and function means
tree.
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4. Allow the project members to develop a product bysidering not only design issues but also
to take into consideration business and manufagaspects.

5. To develop a product intended to clean delicateabjsuch as wine glasses and porcelain
objects.

The team was comprised of six members from fiveisStitutions. The project team met on a weekly
basis in order to discuss current development sssudle planning short and long term goals. A
minutes and task agenda was created in orderlawfohe work. Between meetings the team worked
in parallel. In addition the team reported the gcojto Prof. Sdndor Vajna and Prof. Jonathan Borg,
who were the organizers of the summer school. @amtused various online collaboration tools such
asGoogle Hangouts, DropbpandGoogle Drive

2 PRODUCT DEVELOPMENT PHASES

The product development project was comprisedfi&ses. The upcoming chapters in this document
will explain the underlying processes and ratiordaind the decisions made throughout each phase
of the project.

* Phase 0: Recognition of Need
* Phase 1: Investigation of Need
* Phase 2: Product Principle

* Phase 3: Product Design

* Phase 4: Product Preparation and Execution

The sections describe the objective of each phaghe product development process, outline the
product development support tools/methods emplogeaitify the difficulties encountered if any, and
outline the outcomes emanating from each of therde=d phase.

3 PHASE 0: RECOGNITION OF THE NEED

The objective of this stage was to understand thetsire of the customer requirements. This was
achieved through the creation of a survey queséiman The responses obtained from the survey
guestionnaire were analysed and summarised. Theyswas compound of five questions aiming to
define the users profile, to delimit the term oflelicate object, and to explore typical means for
cleaning. The results are shown in Figure 24.

Q1. You clean delicate objects as: Q2. What are the delicate objects, the most difficult to

clean ?
M Housewife/Husband
On your work but you
are not professional
celaner

H Other

Count
©

Crystal and Delicate tissue Library and old Other
procelain objects books

Categories

Q3. Why ? Q4. What do you use to clean it ?

28 M Vacuum cleaner

9.4% W Cioth
Swiffer
H Other

21

Count
=

Because of the Because of the Because ofthe Because of the Other
shape size (too small)  size (too big) material 438%
Categories

Figure 24: Results of the survey questionnaire
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From the survey results, the main decisions were:

1. Focus the system to clean the objects in a homeargext more than in a professional one.

2. Concentrate the effort on porcelain and crystagctsj but keeping in mind the need of a
universal solution allowing the books cleaning also

3. To proceed by defining the particular space omtiaeket and to get some inspiration how
delicate objects can be cleaned the team did an@sen existing solutions on the market.

There are many interesting solutions, how delichjects with their external and internal surfacas c
be cleaned. The market results showed very uselutiens for cleaning and polishing wine decanters
by hand and polishing glasses and floors automiticehe team also found some extraordinary
gadgets like an ultrasonic cleaner or a cleaniritypApart from industrial solutions for cleaniniggat
exists in the market, such as the ones mentionemidyehemical and physical solutions can be used
for cleaning purpose. These types of products atenacessarily commercialized in the market but
constitute the basic substances for cleaning.

4 PHASE 1: INVESTIGATION OF THE NEED

Following the research into existing artefacts #melanalysis of the approach obtained from a web-
based survey questionnaire, Quality Function Deplyt (QFD) was used in order to list the
customer requirements and investigate how theselireggents are fulfiled via predefined
specifications. The result of the QFD is the HoaEQuality [Ak90]. Figure 25 illustrates the House
of Quality that was used throughout this phaséefproduct development process.

Column # 1 2 3 4 5 6 7 8 9
Direction of l l l l l | 1 l
. Quality E
z ] Characteristics ° g 4 =
H > g (Functional " S5 - = ]
£ é g requirements or "how") ;E) 2 § " .,Q, E 7y .,E, 5
g L g |22 g g g |gsg| =
g £33 | Demanded g e £ 3 E o |gse|
2 = g= " € 5t = £ S = = £% ¢ g
2| o |guno| Quy 8 S 1228 ¢ | 3 = g |858| &
sl 2 | £ ‘ég (Customer 2 5 |s2c| 2 5 2 2 |s5s| S
s 2 = requirements or @ s 2 E5 5 3 g K] s 2z @
Tl | 2a2g| whasy £ E |2§2| 3 8| 2 5 |28 ¢
els| & |SEE & = S<s = 65 < & S5 ¢ S
1 9| 642 7 |towCost ® ® ] o o 1) ] ® 1)
2l o 9,17 10 Does not damage the object O 14 ) ® O O 14 ) o) [ ) O
3 s 826 9 Removes dust particles ) o) » o) o) ) » ) )
4l o| 734 | g |Removesstans > > L) o o > L) > o
|Adaptable/Universal - Solution should
S| 9] 734 8 lapply to different shapes and sizes (] [ ] [ ] (] (] o > [ ] o
6 o | 642 7 |Easytouseathome 1) ® [ ] ® ® ® O ® ®
Comfortable to use - can be held in one
7] 9| 550 6 |hand 4] o [ ] [ ] [ ] [ ] o] 4] o
g o 9,17 10 Feels' Safe to use / Not Hazardous ) ) ® ) [ ) O o) o)
Effective - restores the shiny Tusture after]|
9 9| 642 7 lcieaning ¢ ] @] P> @] @] ¢ ] o [ ] o]
Portable (can be easily carried around
100 9 | 459 5 |the house) [ ] [ ] > [ ] [ ] o] [®] ¢ ] o]
1 o 367 4 Does not pollute the environment (waste) o [ ® o) o) o) ® o) o)
12| 9 6,42 7 A fast way for cleaning the object [ ) 14 ) ® 14 ) 14 ) 14 ) o) [ ) O
13 9| 550 6 |Fasylotidy 1) [ ] O [ ] [ ] o] o ] o]
14 o 6,42 7 Looks cool, aesthetic [ o) ® o) o o) O o) o)
15| 9 7,34 8 Easy to clean (our system) 14 ) [ ) ® 14 ) 14 ) O o) [ ) O
Target Value
Weight 547,71 | 544,04 | 753,21 | 397,25 | 485,32 | 408,26 | 276,15 | 621,10 | 210,09 |
Relative Weight 12,91 | 12,82 | 17,75 | 936 | 11,44 | 962 | 651 | 1464 | 4,95
Ranking 3 | 4 | 1 |7 ] 5 | 6 | 8 | 2 | 9

Figure 25: House of Quality

Based on the inputted data a score is assigneatctotechnical requirement of the product. The score
is based on the strength of the interrelationstipsveen customer requirements, the technical
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specifications and the relative importance of eaastomer requirement. The technical requirements
are ranked based on the respective scores thaolthained.

A high score, e.g. one that is obtained by theetarof means, indicates that the fulfilment of this
particular technical requirement has a profounthérfice on a wide variety of customer needs. Hence
if this technical requirement is not fulfiled bia artefact to be developed, many of the customer
needs will also remain unfulfilled.

5 PHASE 2: PRODUCT PRINCIPLE

In the conceptual design phase the essential pnsbéee identified through abstraction, establishing
function structures, searching for appropriate Wwagkprinciples and combining these into a working
structure, the product concept [PBO7].

For the conceptual design the team decided to lmseMorphological Box [Zw66] and created
different concepts of the product. This stage ef phoduct development process represents the most
important stage because all decisions made heneeditfe fundamental properties and behaviour or
the product. Furthermore this is a very creatiagast Due to this reasons the work at this stage was
not done in parallel, basically, because all memu#rthe team needed to be involved into the
creativity process.

5.1 Conceptual Design: Morphological Box

A division of the major task of the product was dofihe resulting tasks were separated into several
sub-functions and collected in a morphological bear the various sub-functions the morphological
box was filled with different solutions and thehetteam worked on the principles of each solution.
Table 10 shows an extract of the morphological box.

Table 10: Extract of the morphological box

Solution
Sub- 1 2 3 4 5 6 7
function
1| Deliverin —— Y
g energy I _ /,-'/ (‘-f,‘
Hand Electrical
Operated Battery Solar Socket
2| Removin | Sy 7~ 1 b
g dust| %, 1 " N ]
particles [ . =L/ i
mechani- i i -
No Means . ucking Air ot . : Brushes
caly) Yo | suwkng x| cion | Okeeenc | pnsnes | S
3| Provide R
ample ﬁ,
grip (does| # ®
not slip
from No Means gﬂrbfggé Foam Cork
hand)

In this stage of the product development processeaam had a lot of discussions. The morphological
box was filled in a meeting by all team membergéaerate synergies in the creativity process. This
step was kind of a bottleneck in the developmentgss because no one worked in parallel at this
time and everybody worked on the same task. Howdweplving all team members was very
important to slow down and find good solutions andapplicable product concept.
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5.2 Evaluation of Synthesised Design Concepts

An important phase in the product development ptojas the evaluation of the generated concepts.
In total five concepts were generated. The simgteed weight (SAW) approach was used to evaluate
the concepts. The reason for choosing this paatiaulultiple criteria decision making technique was
due to its inherent simplicity and ability to praduclear results.

Following the generation of concepts, the next stephe evaluation process was to identify the

evaluation criteria. Reference was made to reledmcumentation pertaining to QFD in order to

identify key technical requirements. Following #ealuation process and further evaluation the team
agreed that concept C2 should be chosen and dexkfapther as illustrated in Figure 26.

This concept is like the Black and
Decker mouse but for cleaning.
The main body contains a tank

» Rubber
for white vinegar or any kind of ¥ S A e e
detergent and a motor to rotate /
the flexible wash pillow. by using Manual pump — i N
the manual pump it is possible to |
moisten the wash pillow. [
To use the wash pillow for | \ o /
polishing, we need s.th. to wring Universal connectorfor 1\ e —
it out by “one button”. That's the different attachments | \
weakness of this concept. L Flexible wash pillow to
Straps to conform with i 1 conform with different
different contours and —<"\ é‘ contours and shapes
shapes more exact \ ¢ g / more exact
;9 R / = is turning
Legend: U B Q

¢ - Drops of a fluid

Figure 26: The selected concept C2

6 PHASE 3: PRODUCT DESIGN

After deciding about the concept the team wantedideelop the product, it's important to start
defining the technical specifications for it. Thsrk was done in three phases:

1. The study of the technical possible and realisilat®ns that can be adopted
2. The definition of system performances and requirgm® include

3. The consideration of the design constraints tha¢ @ be solved and to be taken into account.

Each phase allowed defining accurately the systash the team wanted to design regarding the
constraints with respect to the customer requirésnand system performances. In order to design the
wash pillow add-on, the following points had todmmsidered:

» A technical system for holding it
* A system for giving it the required power

» A safety and maintenance system

Basically, there are two types of holding for sadewers that can be used for the add-on as illtesra
in Figure 27.

Figure 27: Types of add-ons ([online01], [online02])
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The two systems are composed mainly from the saarts pnd have the same technical specifications
apart from the cleaning part device. The main bomiyposed of a screwdriver, like the one presented
in Figure 27, allows an automatic functioning aothtion of the connector part holding the cleaning
device.

6.1 Designing the technical solution

From the technical specifications, a first solutionthe add-on was designed as shown in Figure 28.
This first design solution allowed the team to More accurately the design constraints that were
considered for the optimization process.

15| 30

132

Figure 28 : First design solution

In order to optimize the add-on, a mathematicainaightion algorithm based on the gradient descent
method was used. For use comfort, the shape afli¢haing part was changed in order to easy attempt
all kinds of surfaces. Figure 29 shows the optichizeape of the add-on.

Figure 29: Optimised design solution for add-on #1
The important components of the solution are:

* A main shafthat transmits the rotating torque from the electrotor of the screwdriver to the add-
on and that holds all other parts of the add-oncamdains the connector.

» A flywheelring that is the base plate for the cleaning camepts (the sponge and the skin). It
rotates with the axe and the cleaning parts. Dukisdfact its inertial centre is defined in theea{
the main shatft.

» The cleaning bodythe skin and the sponge) is mounted throughpaasii the flywheel ring and
thus is rotating at the same speed of the flywhadlthe main shaft. It has a conic shape in oxder t
attain all kind of area to clean such us corners.

The same work was done to design the second adehmh is shown in Figure 30. The new main
shaft length and flywheel dimensions and also &mgth of the cleaning part were calculated. The
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main shaft for this solution is shorter than thetfadd-on for maintaining issues while the addson
rotating. The cleaning body is made of simple #ssuch the one used for cleaning human faces etc.
and as for the first add-on, the main shaft andlytvéheel can be made from plastic or steel.

-

/

Figure 30: Optimised design solution for add-on #2

7 PHASE 4: PRODUCT PREPARATION AND EXECUTION

7.1 Manufacturing Plan

In order to choose the materials to be used forattteon and to design the manufacturing process,
each component of the add-on was handled separately

7.1.1 Material Selection

Material selection was done regarding the propewdied specification of the product, and comparing
different materials accomplishing selected featuiid®e decision for the skin was to use microfibre
clothes, in order to improve the shine of the dbjacough lower laundering costs and a longer life
cycle.

7.1.2 Manufacturing Process

Figure 8 shows a hierarchy of manufacturing prac&ss the project primarily shaping process,
assembly, and test processes only were used. €hisiah is based on the simplicity of the add-on.
The choice of different shaping process for eaath was done taking in account the material to be
employed and the volume to be produce by using?RIMA selection matrix [SB13].
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Raw Material

PRIMARY SHAPING PROCESSES

Casting Moulding Forming Powder Special
Sand, dee, Injection Forging, Powder Compostte
investment mouiding, presswork, metal lay-up
casting blow rolling sintering
mouliding
SECONDARY PROCESSES
Bulk Heat Material Removal Surface
Treatment Processes Treatment
Hardening, Turning, drilling, Plating, painting,
tempering, milling, laser beam anodising,
annealing machining polishing
ASSEMBLY/TEST PROCESSES
Joining Pr A bly Systems Test Processes
Boiting, riveting, Component feeding, Measurement,
welding, brazing, orientation, robotics, inspection
soldering, adhesive placement, insertion functional testing
bonding

End Product

Figure 31: Hierarchy of Manufacturing Processes [SB13]

The decision concerning the assembly and testepses was taken regarding mainly the assembly
system selection chart. A production of 1.000 td@0 units is the approach for the first year.his t
case, the decision for the assembly process ismiéimeial one as recommended on Figure 32.

No. of
Product
Variants

A

MODERATE
oD o
16.2]

Low
1702

Low MODERATE HIGH
Prod. Rate (items per hou 1TO10 10 TO 100 100+
Quantity (per ann 1 TO 10,000 10,000 TO 100,000 100,000+
Equipment Cost (! <50,000 50,000 TO 1,000,000 1,000,000+

Figure 32 : Assembly System Selection Chart [SB13]

DEDICATED
16.3]

7.2 Business Plan

The aim is to selCleaning Genighrough traditional online and offline retailersvasll as through an
own online store. A conventional retail businessietavill be used. When distributing to retailerg th
team aims for a mark-up of 2 of net production cBsttailers normally price consumers goods to end
customers at a mark-up of 2,5. Retailers tend tedpsitive to producers undercutting them in price
through direct sales.
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But the team envisaged an online store to sellrigaGenie for the same price as traditional retail
since the team acknowledges the importance of iggithie reach of traditional retailers. The benefits
with these pricing strategies are significant langargins compared to selling to retailers whehrggl
through the envisaged own online store.

7.3 Target Market

Two market segments, the market for cordless driils the market for delicate cleaning objects,ariv
the market for th€leaning Genielts target customer is a household that owngdless screwdriver
and also has a need to clean delicate objects.dt@s in the market analysis is hence to estirtiege
number of households that own a cordless screwdrivefortunately, the amount of available data
and reporting from major producers is limited, lkdue to a fiercely competitive marketplace where
sales data is a closely guarded secret.

In order to make reasonable estimates the teaneddedrely on aggregated market size and count
backwards with reasonable estimates. The marketléatric drills is estimated to be worth closéto
billion USD by the year 2009. For the market fommgo tools as a whole they estimated that cordless
would be around 25% also at close to 5 billion USDthis estimate the team members choose to
make a conservative approximation that the glokaket for cordless drills would be worth around 2
billion USD, reflecting the higher growth rate foordless compared to plug-in drills.

In order to estimate the total sales in units cae t find out the average consumer price for essll
drills. A search on Amazon.com reveals a signifiadifference in price between different types and
sized cordless screwdrivers, with prices from 3ZDUo 200 USD. For simplicity reasons the team
members assume a mean price of 50 USD. Table 1finarises these findings and concludes that it
can be estimated that around 40 million units ofless drills are sold globally on an annual basis.
Assuming in a conservative manner that the avelitegpan of a cordless drill is 5 years and due to
the uncertain nature of the estimates no growesrhaive been seen during the last 5 years gives a o
200 million units of functioning cordless drills ¢ime global market place. The team members estimate
that around 80% of those are owned by private Helds, which results in a total addressable market
of 160 million households.

Table 11: Market data

. o 5 billion
Market size of electric drills USD
Cordless power tools (share of 20%
total)
. . 2 billion
Market size of cordless drills USD
Cordless drills (annual units 40 million
sold) units

7.4 Marketing strategies

Cleaning Genidargets the mass consumer market, a market nosofw its high barriers in terms of
marketing costs. Therefore the authors believe e of high importance to apply conventional as
well as unconventional marketing strategies in oitdereach the mass market consumers. Ideally,
marketing efforts should be undertaken to increbssnd awareness in all sales channels, i.e.
traditional retailers and th@leaning Geniaveb shop.

The below list reveals some of the marketing sgiateplanned to be undertaken.

» Direct sales to retailersAlthough labour and resource intensive, it is ofthimportance to
establish a contact with large retailers such améiDepot and Lowe’s in the US and Kingfisher in
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Europe. This initial contact will require first exisive sales efforts in terms of materials and
meetings, and in the long run also extensive pregotiations.

» Bundling together with cordless screwdriveRossibilities exist to bundle théleaning Genie
together with existing cordless screwdrivers onriteket. This could be made possible through
partnerships with producers such as Bosch and BRe&ker. This would create a win-win
situation since the added features of the cordiesswdriver could lead to increased sales for the
producer andCleaning Geniealike. In similarity with direct sales to retagewill the bundling
strategy demand significant time and resourceswbilit the added benefit that, if successful, it
would utilize existing distribution and sales chelsrthrough the producers.

* Online marketingin the new economy there are plenty of means teewaeltbig results with frugal
budgets, provided that the offering is appealingugi. Through the use of inexpensive yet well
produced videos on YouTube tB&aning Geniedeam aims to attract attention to this new form of
cleaning in a fun and engaging way. Efforts wil@abe undertaken for marketing on Google, ads
on Facebook and other more viral activities (coitipes etc.) on social media in general. In
addition to driving sales to th€leaning Genieweb shop, these activities could increase brand
awareness that would simplify the direct sales ggsd¢owards retailers and producers.

8 LESSONS LEARNED

This paper is the result of the product developnpoject that was carried out following the first

session of the Integrated Product Development Sur@tigool that was held in Malta between the 5th
and 9th of May 2014. The team was comprised ofrgmbers from five EU institutions. The team

developed a cleaning solution for delicate objdaysusing an Integrated Product Development
methodology. The main lessons learned are thewWoilp

* The initial phases of product development requingtiouous and persistent communication among
all team members.

» The characteristic fuzziness of the initial phaseskes it difficult for product development
stakeholders to work in parallel.

* The early phases of product development have afisaymt influence on subsequent phases and
issues such as manufacturing and assembly.

* A good product development process needsnger-disciplinary teamin order to develop the
product from different perspectives.

* A structured product development approach can enphbduct development stakeholders to
develop a product which takes into consideratist,dome and quality issues.
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