Enhancing consumer
product repairability u %

a case study on
vacuum cleaners

Product design for Circular Economy
TheEuropeanCommissionpointedoutin2015,with
“An EU action plan for the Circular Economy”, the
importance of energy and resource preservation,
by respecting Earth’s resilience and renewability
(European Commission, 2015). Atransition towards
Circular Economy is necessary in this sense to
create new sustainable advantages, protecting
businesses from future potential resource scarcity
and boosting the economy. In order to enable
this transition, the way products are designed
must change by taking into account product life-
extension, reuse, refurbishing and recycling.

Research objective

In recent years, Philips has expressed a growing
interest in circular economy. This pushed the
company to investigate the current state of their
product portfolio and new ways of designing

consumergoods.Inthissense, productrepairability -

and disassembly represent some of the most

important design requirements in order to enable -

circular business models.

Carried outin collaboration with the company, this -

research project practically investigates design

features which influence positively and negatively -

product repairability, eventually proposing new
design guidelines and methodologies for design
for repairability and product retirement.

Assessment of seven products repairability

and practical reccomendations

The European Commission Joint Research Centre
released in 2019 a Scoring Assessment System
for Repair and Upgrade of Products (Cordella
et al, 2019). This system has been applied on
seven consumer products, part of the vacuum
cleaners product group, assessing more than 260
disassembly operations.

Firstly, insights gathered during this analysis
have resulted in a list of practical design
recommendation for the manufacturer and
remarks on the assessment system itself.
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Additionally, a new design tool for product
architecture mapping, called Disassembly Map,
was created. This is an effective method to
represent the architecture of a product, showing
disassembly depth of all the product components
and the intricate logic connections which link them
to each other. The mostimportant components for
product repairability and retirement are spotted
using special indicators, guiding the attention of
designers towards these products’ “hot-spot”.

Testing of four redesign approaches

The Disassembly Map, together with the insights
collected from the repairability assessment,
were tested by redesigning a representative
consumer product, together with the Philips 1&D
department. During this process, the following
design methodologies have been explored:
Redesign for disassembly time optimization
through clumping methodology

Redesign for hotspot components accessibility
through bottom-up assembly

Redesign for legislation compliance and use of
common tools

Redesign for sequential independent
disassembly and safer self-repairs

New official serviceability design

requirements for Philips 1&D

The results achieved convinced the manufacturer
to define together new serviceability design
requirements, which will be implemented in the
development of future Philips canister vacuum
cleaners.

This research concludes suggesting new
assessment values for a discrete rating system of
canister vacuum cleaners, which could be used
by the European Commission Joint Research
Centre for possible future iterations of the Scoring
System for Repair and Upgrade of Products.

Commiittee Conny Bakker

Bas Flipsen
Company Royal Philips
Leendert Jan de Olde

= Priority = Economical
component indicator L.1

Map

Complete assembly

24 months

Long-term solutions
The perfect vacuum cleaner

12 months

Mid-term solutions
Implementable with
small changes in
injection molds

&

SEENE)

o

Ph. #2 (Sc)

I

6 o

S.F.(H) S.F.,(H)

Ph. #2 (So)

;24 |
‘ S.F, (S

|
i Ph. #2 (Sc)

S.F. (S

It

Ph. #2 (Sc)

31

Ph. #2 (Sc)

-3

S.F.(H)

DEOBE
Ph. #2 (Sc)

F.F., (H)

4

45849850

0

[ |

SHEN(S)

S.F. (S

Ph. #2 (So)

S.F.\(S)

Ph. #2 (Sc) Ph. #2 (So)

.
e N / -
1 " S\bf : : . &
Redesign of the Vertical disassembly // /
. f the motor housing
power slider - E
xternal wheels
assembly . Independent disassembly
disassembly of motor
and cord-winder
I S.F.(S) ' . y ' - '
St - Intuitive and ~_~'g|f“ W
DEE( EEH fast disassembly
% DEEE) movement
— ——
o *
% /
Redesign of /f

the PCBA

AR
@

o S
S

A "N'\\\
"55 %\p"

é‘c\z

3D printed
prototype

b
<
Connectors

- - Hand S.F.  =Snap Fit

F.F = Friction Fit
(S) | = Spudger C.Plug = Cable plug

Push B. = Push button
(SC) = Screwdriver Hg = Hinge

Disassembly HotSpot Indicators

Penalties

= Product
manipulation

= |dentifiability
(low visibility)

= uncommon
tool

= Unreusable
connector

= Environmental
indicator L.1

= Economical = Environmental
indicator L.2 indicator L.2

?
Force intensity ‘
ON B\ 20N \
s /4 Upper handle
EmEEE o f
¢ o H)

\ Middle

housing

\ Rear

housing

\ Motor

housing

Upper clump
redesign

TUDelft

Delft University of Technology




