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1 Introduction

The nain objective ofask 3.4 is thdantification of failure modes and mechanisms to be covered by testing for the
selected four product groups resulting in a recommendation for possible test appmdetext premature
obsolescence on mechanical parts.

This task will result developingatesting procedurandevaluation criterifor mechanical parts of washing machines
(WM) and vacuum cleaners (VC)

This Deliverable presemsrresults offask 3.4 Test Development for Mechanical Struaatesontributes to the

transfer of ¢st speifications to WP.6

The Deliverable was submitted on ApHIBIR1 The present amended version additionally considers the results of the
analysis of the Vacuum Cleaners (VC) 7 to 10 and cadthtiomal visual material amdnor changes in wording and
spelling

1.1 Preliminary work

Based on Task 3tk aim was to ideffiyi potential weak points for the product growashing machines (WM) and
vacuum cleaners (V,@yhich have their origin in mechanitegdign (mechanical construction and material selection).
To identify these weak points, specific tests nebd designedand/or identifiedwhich can detect premature
obsolescence on mechanical parts.

Based on the product group analyid.S.Z. defirtkin a firststepa feature analysis test approddi3.2 Test Plan
Mechanicy contaiimnga rough sketch for the testifay potential weak pointsf mechanical parts ¥¥MandVCwhich
can be identified visually (primarily by R.U.S.Z) or by advanced analytical techniqueskpiiziM)jlwhichwas the
starting point for the works for the present deliver&ld.S.Z insted,disassembledind identified the critical
components o2 WMmodels from its Relse Centréahigh-end household WM and a cheaper, medioarée) as
well ast VCfrom its ReUse Centré2 bagless VC, 2 VC with bag, a cheaper and a&rpmesive model eaciritical
parts causing failures and consumer behaviour, which lead to replacement, were ide¥iifiedrfdvVCCritical parts
in averag&VM causing the most frequent failukesredrain pump, drive belt, heating, motor brush, peiectronics,
shock absorber, inlet hose, drum bearings, entire washing unit. Critical parts iV&arasjag failureseresuction
hose and connection pieces, engine, cable rewinder, casing that fixes or covers functionally relevant corpmnents, filt
suction pipesjozzlesor hoses.

1.2 Work in Deliverable D3.5

The knowledge gained frometpreliminarywork wastransferred into the analysis10 WhMand6 VC
For the present worBTIWA and TA providen accordance with R.U.Sbduct samplegl0 WM ané VQ of
different priceand expected reliability leg&lom their testing activity

R.U.S.performeda visual inspectiodisassemblyandan assessment of 10 gtefined Priority Parts (PiR)WM and 8
pre-defined PP in \(@s well as thielentification obthercritical componenteelated to durability and reparability

Based on WP 2.2 Fact Sheets the currently available standards and studies on longevity and reparability were screened
and evaluated. We decided to follbmr Austrian standard ONR 192102:2014 and the European standard EN
45554:2020 for our wovkithin D35. for the development of a testing method for mechanical parts in WM and VC.
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2 Methodology

2.1 Definitions

Reliability
Probability that a produfitnctiorsas required under given conditions, including maintenance, for dgigton
without limiting event.

The intended function(s) and the given conditions are specified in the instructions for use supplied with the product.
The time period may be expressed in units appropriate to the part or product in question, e.g. calendar time, operating
cycles, distance, etc. The units should always be clearly stated.

Functional durability
Ability to function asequiredunderdefined conditions of use, maintenance, and repatil a limiing stateis reached.

Functional durability may be expressed in units appropriate to the part or product in question, e.g. calendar time,
operating cycles, distance, etc. The units should dheaysarly stated.

Disassembfy
Processvherebya product isaken apartn such a way that ibeld subsequentlye assembled andade operational

Reprocessirfy
Restoration or modification of the functionality of a product orReptrocessing may consist of repairing, rework,
replacement of worn parts, and/or upgrade of sfifin-, and/or hardware.

Repait
Process of returning a faulty product to a condition where it can fulfil its intended use.

Maintainabilit§
Defined as the probability that a system or system element can be repaired in a defined environment within a specified
period of time. Increased maintainability implies shorter repair times (ASQ 2011).

Priority part(s)
The need to replace a part for repair or maintenance is also highly dependent on the technology used for that part. Parts

providing the same function in similar products can be based on different technologies, resulting in different likelihoods
of failureor wearout. Therefore, the identification of priority parts should also take into account such technology
differences.

What determines a priority part is:

( The likelihood of the need to replace or upgrade the part,
[ The suitability of the part for reusend
[ The functionality of the part.

1 CLC/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020

2CLCI/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020

3 CLCI/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020

4 CLCI/TR 45550:2020, Definitions related to material efficiefieghnical Report, December 2020

5 CLC/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020

6 SEBoK Authors: Guide to the Systems Engineering Body of Knowledge (SEBoK),

https://www.sebokwiki.org/w/index.php?title=Gudie_to_the Systems_Engineering_Body_of Knowledge_(SEBoK)&

oldid=60050)

"CENCENELEC, FprEN 4555dneral methods for the assessment of the ability to repair, reuse and upgrade

energyrelated productsFINAL DRAFT
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NOTE Priority parts likely to suffer damage or induce damage to the product upon removal do not facilitate repair, reuse
or upgrade as those that are easily removable.

Parts with a high average occurrence of faihat Ise added to the list of priority parts for repair, taking into account

their relevance to the functionality of the product.

2.2 Work Plan

2.2.1 General framework

The analyses and developments inDieféverableonsidered

1 D3.2Test Plan Mechanics

1 DA4.2Design methodology, guidelines and testing procegiureasrmediate Report

9  Current scoring systems: ONR 192102:2014 (Austrian standard Organization, 26585120R0, Benelux
study on ¢Reparabil iprydarcittsar i(®8rfacmguemer gy rael at €d

1 P Tecchio, F Ardente, F Mathieux: Analysis of durability, reusability and rejzgualixkityon to washing
machines and dishwasheRublications Office of the European Union, EUR, 2016

1 Tecchio P et. al.: Understamgliifetimes and failure modes of defective washing machines and dishwashers. J.
clean prod.215, 111222. 2019

1 Joint Research Centre (JRC) Scoring system (Cordella et al., 2019)

1 Washing machine analysis by R.U.S.Z: R.U Se&tel 24 washing machinaegainst the ONR 192102.

9 Vacuum cleaner analysis by R.U.S.Z: R.U.8&&tel 40 vacuum cleaners against the ONR 192102.

This reporfocuseson WM andVCfor private households. Professional appliances inghedeact groupscontrary to
householdpplancescan be seen as role modelsgood product design concerning longevity raparability. In

many cases, e.g. professionéd¥l, the most commofailures of householWM, the pumps, are simply not installed. In
othercases, parts are made of good mateauial areherefore durable and repairable (motor brustvashing unit and
shock absorbers). Electronics are well protected against watdeanmdand repairabl&. summary comparison
between household aquiofessionbproducts is presented in documéifferences between Consumer and
Professional Produati® theAnnex

2.2.2 Criteria

Thel2criteriafor WM and VC respectiv@isoposed in D3.2 were used as the basis for the aaatysisthod
development antveremodifiedand grouped / rgroupedwhere it was deemed necessary

2.2.3 Selected WM and VC

For the present worTIWA and TA provide accordance with R.U.idduct sample€L0 WM and0VQ of
different price and expected reliability |ék@i their testing activity

List of WM
# | Brand Model
1 | Samsung WW7XM6420PA/EG
2 | Siemens E-Nr.: WM14N270 /01
3 | Bauknecht WM Care 8418 Z
4 | AEG L6FB64470
5 | Gorenje W2A744T
6 | Miele WDB330 WPS
7 | Siemens WM6HXFO0NL/01
8 | LG 910PWAWL2808
9 | Beko WQY 9736 XSW BT
10| LG FH4J3TDNO
PROMPT Deliverabléd35 7|8z
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List of VC:

# | Brand Model

1 | Siemens VSZ1RK212/04

2 | Siemens VSQ8MSA332/12
3 | AEG VX9-4-8IBM

4 | Dyson SV 12 V10 FL SRAR EU
5 | Bosch BBS1U224

6 | AEG SH360L25

7 | INVENTUM STS725RC

8 | Vorwerk VK200 1

9 | Grundig VCC5850 A

10| Rowenta RO7230EA

2.2.4 Procedural method

It was investigated whether the tithe citical parts in averagh/M and V@ausinghe most frequenfailures

represented in D.3i&stillapplicable and necessary changes / additions were Tasleesulted in the selectiortiud
10WM and 8 Veriority Parts (PBhown in the Tables below

WWPP # | Description

Door

Door Lock

Door Seal

Drum Bearing

Electronics

Heater

Hoses

Pumps

O 0| N| O g | W N|

Shock Absorbers

=
o

TubAssembly

Electronics were taken into consideration for this Deliverable (mechanicainbattsjhe extent

1 as a malfunction of electronics impacts mechanical qadts

1 regardingeffects onaccessibilityyy measures for the protection of electronics

VCPP # Description
1 Floor Nozzle
2 Suction Hose
3 Dust compartment cover
4 Handle
5 Battery/ Cord Reel
6 Motor
PROMPT Deliverabldd35 8|8t
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7 On/Off Switch
8 Wheels

R.U.S.performeda visual inspectioa,completadisassemblygnd anassessment dhe selectedPP. To complete the
picture, the findingelated tolongeviy and reparabilittnade during the dissemblyf all samples of both product
groups concerningther parts or components weadded.

2.2.4.1 Visual inspection

The visual inspecti@xamines general aspects of construgéan robustnesandgeneralaccessibilityThissection
also includes general criteria that were not specifically examined here, but are necessary for completeness, also with
regard to method developmerike infomation availability and user / repairer safety.

2.2.4.2 Disassembly & Reassembly

The actions were recorded entirely with vialee are available to the Partners upon request.
For eaclanalysedVM andvC,a separate document comprises the folloviifigrmation:
1 T h Analgsis Outcome Overview descri bes the tools used for disass
with each tool according to a predefined set of acfidns.allows the derivation of average times for
disassembly and reassembly.
1 ThedDisassembly Maps d e p doropletedisasesemblgnd thedisassembly of the PP (if possible and / or
feasible) of each sample
1 Th ®esignAnalysis gr oups the findings for PP as wswdll as us
inspection, disssembly, and reassemptiat will serve as examples supporting the construction of the
method(criteria and rating)
Please see alsbetdocumens (PROMPT Disassembly Maps WM Design Analysig#®ROMPT Disassembly Mafis
Design Analysis pr o vhe Aneek. i n t
The relation between disassembly time, disassembly steps and disassemblyfeegiaralysetb contribute to
assess thease of disassemblreference valueas derivedor the scoring of disassembly tirmaddisassemblgtes
for products othe same product categofwtM and VC) to enatdeoing by compasonto the reference values.

2.2.4.3 Method development

Amethod for analsing WM and VC was developed and an evaluation of the various criteria was made.
List of considered Ceitia

The following criteria were used for the derotiedtiampfment ¢
on-site repair and maintenanceDiaghostic softwane, leoowldvelfunctionality onl y f or WM) :

1 Results of visugdspection and derived general requirements
1 Construction (enablinéacilitating,or hamperingnaintenance & repair)
1 Features and / or components influencing the complexity and / or robustness of the product and possibly

impacting maintenance and / or répa

Prioritisation of ofsite repair and maintenance

Diagnostic software

Lowlevel functionality

Restorability of factory settings

Error codes

Information availability

Uset/ repairersafety

Non-destructive access to components

Support of maintenander users

91 Criteria fophysical durability

=8 =8 =4 -4 -4 -8 -4 -8 -9
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|l

= O —a —a —a o

=A =4 =4 -4 =

Spare part availability

Degree of product complexity
Material and component selection
Surface treatmemf CPUs and motors

riteria formaintenance and repair

Accessibility (in general and to components)
1 Overall view

1 Access to components

Disassembly time and number of disassembly steps
1 Compnentdisassembly

1 Disassembly of PP

Degree of standardisation

Visibility

Component identification

Required tools

Characteristics of fasteners/joints

PROMPT

Deliverabldd35
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3 Analysis of washing machines

3.1 Results ofisual inspectioand derivedeneral requirements
The findings were used to identigngral requirement®r longevity and reparability.
3.1.1 Construction (enabling , facilitating, or hampering maintenance & repair )

It is necessary thatpossibléailure can be repairedifespans of washing machines are not only a function of their

technical (mechanical) design. They are the result of the current business models, the interaction of durability,
reparability, reusalitiy, upgradability, spare part availability and consumer behaviour.

Consumer behaviour is increasingly influenced by marketing activities commissioned by manufacturers and big retailers.
The term ¢Waschvoll aut omat 1 (salihtloryfrequentlyaiegadsed poovoaesvemi n g r
no maintenance by users (R.U.S.Z repair database: 20% of our repair diagnoses of washing machines are foreign object
blocking the drain pump). Future advertising, complying with material efficiency, mugtqneeat information

asymmetry and the importance of maintenance instead of feeding the impression that we can further afford it to
replace Jdurables¢ as soon as the first failure occur ¢

3.1.2 Features and/ or components influencing the complexity and/orr obustness of the
product and possibly impacting maintenance and / or repair.

Findings from current analysis:

WM # | PP / Component + /-1 Comment

neutral

1 1 /Door with - The designed do@ilows the consumérs add laundry while the

integrated add wash washing machine is washifi@. realize this special function the
door(see also the washing machinees door needs
Figures below) electronics.
Therefore, the repair takes more time (compared to a ddwuwwi
speci al f unct i on s )spam asdherk arewgore
partsthatcan break.
In the analysj# was found out that a door with the same functiol
can be created with a simple and repairdéeign and without usin
more resources. Asamy washing machines already can be oper
duringwashingei t h ei ther a | ong pre
pulling the emergency releasiee probably most resourégendly
change would be informing the consumer.

9 10 /Tub Assembly - This WM is aaxample with a tub where the tension springs can
through the tub suspension. Here ¢banection point appears very
edgy. I'n comparison Siemens

1 Drum(with a back - To realise this function the WM must have built in 2 motors, 2 d

wall spinning in bearings, 2 belt pulleyend 2 flat belts which is twice the number

another directionsee resources needed compared to an average WM which is assun

also theFigures deliver clean laundry in any casee goal of having more clean

below) laundry could also be tackled by creating special washing progt
for different laundry types, by education the consumer or by ha
an ecefriendly soap for special laundry.

3 BLDC motofsee also| + The WM has aBLDC moto(Brushless Direct Current Mdtathich

the Figures below) is energy efficient and long lastiAgot ofthe testedWMs had this
motor. It has no wear because there are no brushes.
PROMPT Deliverabléd35 11| 8z
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Figurd WM1_Door_with_integrated_add_wash_door 1

Figur WM1_Door_with_integrated_add_wash_door_2
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Figur&@ WM1_Drum_with_back_wall_spinning_1
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FiguretWM1_Drum_with_back_wall_spinning_2

Figur&é WM3_BLDC_Motor_1
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Figuré WM3_BLDC_Motd&_
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Figuré WM3_BLDC_Motor_3

Proposed scoring:
+1 for beneficial aspect&for nonbeneficial aspects observed for PP (reduced scoringrfétP

3.1.3 Prioritisation of 0 n- site repair and m aintenance

Designing f or marrange and fadiitate thensubstitutiop @f sheit ve d componentsi (V
Manzini, 2008, p. 145) and aim for maintenance actions that could easily be performed onsite.

Proposed scoring:
100% / > 75% / <= 75% / 0%

3.1.4 Diagnostic software

Software controlled devices must have a test rawd#able that can be utilised by the repairer: The test
mode/diagnosis software of the manufacturer must be accessible for free and be utilised by each service technician also
from independent repair service providers.

Proposed scoring:
Mandatory criteipn

PROMPT Deliverabléd35 16|82
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3.1.5 Low- level functionality

The principle of losevel functionality ensures that product is still able to perform basic functionality despite failure of
critical components. This promotes the ability to diagnose of the product.

Proposed scoring:
Guaranteed lovlevelfunctionality Mandatory criterion

3.1.6 Restorability of factory settings

The principle of restorability ensures that the product could be reset to default factory settings easily.

Proposed scoring:
Guaranteedestorabilityfor repairers and usefdandabry criterion

3.1.7 Error Codes

Malfunction annunciation serves to announce to the operator or user that a productdsfaiioss, 1985, p. 37).

Proposed scoring:
+1if implemented

3.1.8 Information Availability

Providing maintenance and rep@iformation andlocumentation facilitatemaintenance (and repair) for thepairers
and theusers.

The user manual mystf necessarpindicate the regular maintenance schediitee user manual must contain
information dout the removal of foreign objects and decalcification.

The operation of the device should be as simple as possible (explaaHtory) and thastructionsasy to read and
understand.

Findings from current analysis:

WM # | PP / Component +/-/ Comment
neutral
5 5 /Power Electronics| + The power electronics have on their backside a detailed layout
showing which solder connections are conndotedhich function
in the WM.
6 Miele WM Part + Almost every component of a Miele WM has anpanber. When
Numbers you search it on the Miele Website youficainevery spare part.
7 Repair Manuals - To access the repair manuals of Siemens WMs one needs a lig
8 Back Cover + The back cover has graphic information on how to loosen the tr
bolts.
Proposed scoring:
Access to informatioMandatory criterion
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3.1.9

Presence of warnirigbels In case of a repair service, every dangerous component must have clear warning signs that
are easy to see (personal injury protection and protection of components against destruction). While deconstructing the

Proposed scoring:

Period of availability of information after last producfibryears mandatory, +1 for each additio

year

Proposed scoring:

Completeness of available informatimformation must at least comprig®duct identification,
exploded view, instruction for regular maintenance, disassembly and reassembly sequence
error codesMandatory criterion

User / repairer

safety

appliance, particular attention will be pgaidny warning signs attachew theoutsideof components.

Proposed scoring:

Mandatory pesence of warninggith every dangerous component

3.1.10 Non- destructive access to components

Findings fronthe current analysiSee also the corresponding Figureswehe following Table:

WM #

PP / Component

+/-/
neutral

Comment

4 /Drum Bearing

+

The drum bearing has an increased diameter. Some of these W
types had previously issues with breattiogn bearings. The chang
of t he dr diametdr might be a @spanse to this failure
The drum bearing is protected with a lot of grease.

5 /Electronics

This WM has new electronics called sensor fresh electronics to
further sanie the laundry with a sensor freghtem. This system i
connected to the water system and the power electronics. The
sensor fresh electroniegre added to the Priority Parts 5, as the
might not work if that system fails.

Furthermore, the sensor fresh system can be taken apart, but it
clear, if there @& any spare parts on thearket.

This WMes previous model did

5 /Electronics

+/-

This WM has only two elmnics which are right next to each othe
and are reachable from the front.

The power and motalectronics (which are one component) are
encased in synthetic resin. Therefore, theyeaireepairable. The
electronics of the control panel are not encased.

10

5 /Electronics

The control electronics, power electronics and nedéatronics are
one part. They can be reached by disassenthingpntrol panel.

This makes the whole electronics area very accessible. At the g
time, wherone of the electronics fails, one must replace the whg
part with the other electronics onabt
Furthermore, the electronics areatam with synthetic resin making

them not repairable.

nal

charts,
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8 6 /Heater + The heater has two screws. One of them holds the grounding c
position.

6 6 /Heater +I- This heater is held in the WM by the strong fnictim f t h e
seal. Therefore, the heater is not screwed.

For fast repair and when it is certain, that the heater is broken, i
be ripped out of the WM. In case of ¢ghsticking the heater, one
must be careful to not damage the seal while levéringeater.

9 8 /Pumps + The cable of the pump motors cannot be plugged wrong, as the
cable length will only fit for one way.

3 Drum Lifters +I- The lifters are made of plastic and can be replaced by pushing
two thin metal tongues below tliter with a screwdriver. Spare
parts are available. If a lifter breaks out the laundry can be cut ¢
the washingprocess due to the sharp metal tongues.

5 Sheet Metal + The sheet metal forming of this WM has no sharp edges. Redu

Forming therefore the risk of injuries during repair.
Creating an example for a repair friendly WM.

5 Belt Pulley - The belt pulley was not disassembled during the analysis, as th
screw was very tight and the belt pultegde of plastic, could have
been harmed.

6 Front Snap Fits | - The front has-2 snap fits, which are known as problematic, as
people who donet &ndwdabeutl
might just tear the front down and break the snap fits.

6 Water Way +/- The WM has special motor for leading the water in the wanted

Selector Motor direction.

6 Machine Weight | - This WM is very heavy as it has metal weights.

6 Shaft Seal +- The shaft seal is a bit bigger than in previous WM types. This is
probably connected to the saffi@ure mentionn point 2 of
remarks to priority parts.

6 Water Inlet + The plugs of the water inlet system cannot be plugged the wron

System plug way.

7 Floor Float - The floor float is connected to a bigger plastic component.

8 Drum - Whenspinning the drum, it wobbles slightly more than the other
tested WMs. It is assumed that this cofmes either an imprecise
design or imprecise production.

9 Circulation Hose| - The circulation hose is very close to the power electronics. Duri
spinning processanaf otrhe otwel,
material can deteriorate over time.

9 Drum Lifters - The drum lifters can only be exchanged by breaking them out o
machine.

10 Drum Spider + The drum spider can be exchanged.

10 Drum Lifters - The drum lifters cannot be disassembled. It is not clear, if even
drum lifters can be installed, as there Igteospace in the tub. In
case this is not a problem, one must break the drum lifters out &
then reconnecthe new drumifters on the metal tongues.

3 Aqua Stop - The WM has an electricaquaskp.e ase see doc
Wat er Leakage Safety Systems
WMs with Floor Float, Aqua Stop or neiitnéne AnnexAn Agqua
Stop requires more resources (due to the electronics in the hos
does not work without a Floor Float. Therefore, in our opinion, it
better to use only a Floor Float, as it functions independently ar]
stops the WM in case of excessive viatire floor pan.
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Figur8 WM6_Drum_Bearing
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Figur® WM7_Electronics

FigurddlOWM7_Electronics_Control_Panel_1
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Figurdd2WM7_Electronics_Motor

Figurdl3WM7_Electronid3ower
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Figurd4WM7_Electronics_Sensor_Fresh
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Figurdl5WM8_Electronics_Control_Panel_1

Figurd6WM8_Electronics_Power__Motor
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Figurede7WM10_Electronics_Control_Panel_

Figurd8WM10_Electronics_Control_Panel_2
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FigurddOQWM10_Electronics_Motor_Power_
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Figur IWM6_HeateR

< =
Figur€2 WM6_HeateB_
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Figur€3WM9_Pump_1
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Figur4WM9_Pum®

Figur@5WM3_Drum_Lifter_1
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Figur6WM3_Drum_Lifte?
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Figur@7WM5_Sheet_Metal_Forming213, 4
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Figur€9WM6_Front_Snap_Fits_1, 2, 3, 4

Figur80WM6_Water_Way_Selector_1
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Figur81WM6_Water_Way_Selector_2
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Figur83WM6_Shaft_Seal

Figur&84WM7_Floor_Float_1
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Figur85WM7_Floor_Flo&t
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Figur86WM8_Drum_1

Figur&7WM8_Drum2
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Figur89WM10_Drum_Lifters
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Exampleds evident from former RUSZ repair angtysis

1 Untrimmed edges: sharp untrimmed edges in any part of washing machine becomes a safety hazard. This
problem could be easily solved by simply trimmingdgese
1 Protection in the suspension ring: Plastic protection between suspension springs protects the spring from wear,

in designs with suspension springs directly in contact with metal (or only protected by fatty layer could result in
faster wear.

Proposed scoring:
+1 for beneficial aspect&for nonbeneficial aspects observed

Proposed scoring:
Water leakage safety systelhandatory criterion.
Floor Float only = best, Aqua Stop + Floor Float = good, No Water Leakage Safetyn8ygiem

3.1.11 Support of m aintenance for users

Findings from current analysis:

WM # | PP / Component + /-1 Comment
neutral

10 Washing programs Next to its basitinctions this WM has also a drum cleaning
cycle.

Proposed scoring:
+1 for beneficial aspect&for nonbeneficial aspects observed

3.2 Criteriafor Physical Durability

The objectivéo ensure or increase the longevity of the dedégeends on theamstruction(design)f the productand
the mbustness of materialgomponents used

1 Theaverage life spamsed on average usage of the device must be at least 10 years. The manufacturer must
provide sealed counters in his appliarfoe the detection of washing cycles and hours of use

1 Anincreased product lifesp&dapted for more than 10 years)st havahe availability of spare parts
indicated by the manufacturer. An extra bonus will be awarded for each additional year.

Proposed scoring:
Minimumlife expectancy of 10 yeawandatory criterion
+1 for each additional year

3.2.1 Spare Part Availability

1 Theavailability of spare patis all interested partigaust be guaranteed for at least 10 years from the last

product producedThe shipping time for spare parts (components or groups of components) hast to be
declared.
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Proposed scoring:
Mandatoryfor at least 10 years from the last product produced
+1 for each additional year

3.2.2 Degree of product complexity (goal: simplicity and resistance to wear and stress )

dimensioning or over dimensionioigcomponents

different types of movement, e.g., rotation versus translation

different types of connection, e.g., welding, bolting, gluing, snapping, pressitching
different production methods, e.g., casting, injection moulding, milling

=A =4 =4 =4

Findings from current analysis:

WM # | PP/ Component + /-1 Design
neutral
1 1 /Door with - The designed door gives the consumepfigortunity to add laundr
integrated add wash while the washing machine is washirgrealize this special functig
door the washing machinees door ng¢
electronics.
Therefore, the repair takes more time (compared to a door withg
special functionsyhad | ower s spanes tlece@ne mare

parts which can break.
In the analysis it was found out that a door with the same functig
be created with a simple and repairat@sign and without using
more resources. As many washing machinesiglem be opened
duringwashinggi t h ei ther a |l ong pre
the emergency releasthe probably most resourégendly change
would be informing the consumer.

2 Drum with integrated| + This drum type was fitstiilt in 1999 and is still actively implement
Lifters in todayes WMs due to its hicg
The drum is unique as the drum lifters are one part with the druf
Therefore, they cannot break, and no opastic lifters need to be
built in.

Example(as evidenfrom former RUSZ repair analysis):

1 Largebends irdetergent hose: large bends in detergent hose$)&80ld cause soap deposition and could
obstruct the flow of water leading to underperformance.

1 Cable tolerances: A tight tolerances on catdakl render the cable to break during unplugging, this could
mean the control board needs to be replaced as cable cannot be bought as separatofsence in the
cable is recommended.

Proposed scoring:
+1 for beneficial aspect&for nonbeneicial aspects

3.2.3 Material and component s election

Goal: prevent degradation or control of deterioration
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Findings from current analysis:

WM # | PP/ Component| + /-/ Comment
neutral

3 Drum Lifters +/- The lifters are made of plastic and carepéaced by pushing down
two thin metal tongues below the lifteith a screwdriver. Spare
parts are available. If a lifter breaks thtlaundry can be cut durin
the washingrocess due to the sharp metal tongues.

5 Reusable Cable | + The WM5 hasevy repair friendly reusable cable ties for the cablg

Ties harness and hoses. Without the use of ttt@s;ables can be easily

unthreaded and threaded in short time. The reusable cable ties
always stay fixed dhe WM housing.

8 Shaft Seal + Thedrumbeari nges shaft seal has

Examplesas evident from former RUSZ repair anglysis

I Tub materialUsing plastic tubs is more susceptible to damage than using stainless steel tubs. Stainless steel
tubs are more durable, and their bearingsepkaceable.

1 Tension spring materialension springs for door seals made of plastic damaged after first disassembly for all
the washing machine designs thus showing theempvable nature of such design.

1 Shockabsorber typeFrictional shockbsorbers with fat foam were observed in WM in cheap price range. This
type of shock absorber has a lower reliability than other types.

Proposed scoring:
+1 for beneficial aspectfor nonbeneficial aspects observed

3.2.4 Surface treatment of CPUs and motors

Control processamits should be protectatirough a variety of technical options: Electronics control and motor
should be protected against moisture, high temperatures and dust by a permanent mounting and other technical
facilities.

Examplesas evident from former RUSZ repair anglysis
1 Resin coating in circuit board: A plastic resin coating on a circuit board makes it difficult to repair. However

according to the report this design elements prolongs the life of circuit boarmt@ets phe circuit board
from dust and moisture.

Proposed scoring:
+1 for beneficial aspect$for nonbeneficial aspects observed

3.3 Criteriafor Maintenance and Repair

1 Disassemblyif servicing is required, it must be possilds&ssemble the compounds and components.
Screw and plugonnections and components must be easily accessible and removable.

1 The appliance can be disassemlewn to individual componentshich should also be available as spare
parts. As components angseambly units can become defective, they must be easily interchangeable.
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1 The fundamental parts of the product should be able to be disassembled into their indivishitdquerthe
use of special toolf a special tool is nonetheless necessarysitbaweasily available for all repairers (not
only for the manufacturer’s service units and service partners)

3.3.1 Accessibility
3.3.1.1 Overall view

General accessibility: with / without dislocation of product, with / viithpumg and working from below
Accessibity in theswitchedon position must be guaranteed for the purpose of troubleshooting during repair
work. When the appliance is opened, the appliance can still be activated.

1 housing, presence of emergency emptying hose, presence of door release (ifigponagnhetic door lock)

1 Visible maintenance flap for cleaning the foreign objects trap.

f
f

3.3.1.2 Access to components

Accessibility of each componentitakinto consideration the physical limitations of the maintenance/repair worker,
and whether other items mugtst be removedb gain access to a specific item (Moss, 1985, p. 37).
Findings from current analysis:

WM # | PP / Component + /-1 Comment
neutral
3 1 /Door + The door can be disassembled after unscrewing in total 14 scre
There are no othexctionsneeded for disassembly. All the parts a
completely loose when the door is unscrewed.

4 1 /Door + The door is very easy to disassemble. The moment the door is
unscrewed the door parts can be exchamgtdno effort. The only
part which would resl more skills for repair is the door hjregene
wouldneedte ar ef ul l'y hammer out t
Furthermore, door hinges barely break and usually do so after
improper use.

5 1/ Door - The door cannot be disassembled. To replace itnogebuy a new
door.
3 3 /Door Seal - The door seal can only be pushed behind the front and not insigq

drum. Being able to push the door seal behind the front would €
the repairThe brands Bah, Siemens and Miele have door seals
which can bpushed into the drum.

2 4 /[Drum Bearings | - Like the shock absorbers the drum bearings can only be reache
repaired with specitbols.

3 4 | Drum Bearing - The drum bearing cannot be replaced as the tub is sealed.

4 4 | Drum Bearing - The drunbearing cannot be replaced as the tub is sealed.

1 5 /Electronics - The power and motor electronics can only be reached by unscr

the motor.However, other washimgachines have showimat the
power and motor electronics can simplabeessed by unscrewing
the back cover. In an ev@mpler case, the WM 1DG TYPE:
FH4J3TDNO, all the electronics were mounted together with the
controlelectronics. This has on the one hand the positive side o
accessibility, as there is no neethtve theWM from its original
position. On the other hand, if one of these electronics have a
default, then it might béhat all of them must be exchanged.
Furthermore, thelectronics cannot be repairasl they have been
made waterproof bgynthetic reis.
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5 /Electronics

+/-

This WM has only two efmnics which are right next to each othe
and are reachable from the front.

The power and motor electronics (which are one component) a
encased in synthetic resin. Therefore, theyaireepairable. The
electronics of the control panel are not encased.

6 /Heater

As this machine has built in more functions, more screws and h
compartments are needed. In this dde especially leads to a
longer repair time for thieeater,as there are many compartments
and screws tbe unscrewed and loosened before.

9 /Shock absorbers

The shock absorbers can be exchanged from the back. Which 1
that the repair person must mawe WM from its original position.

9 /Shok Absorbers

The shock absorbers can only be replaced after lifting the tub o
the WMes housi ng .drillddhighrspetiahseemen
tools. This is done to reduce steps in the production. While
exchanging the shoeksorbers one has e very careful to not
harm the tub. Simple techniques such as bolts or screwsaran be
alternative.

9 /Shock Absorbers

The shock absorbers of this WM are fixed with snap fits and a
bayonet lock. They are more difficult to replatteeifub is sfiiin the
WM.

9 /Shock Absorbers

The shock absorbers are well accessible and replaceable, after
WM hast been tilted.

To replace the shock absorbers 4 screws of the bottom cover m
unscrewed. Then 4 screws ofsheck absorbers must be
unscrewed from one side and on the other side a bolt has to be
loosened.

9 /Shock Absorbers

This WM has two different shock absorbers. Two of the three sl
absorbers are installed with a bolt ondilde of the tub and a sev
connecting the shock absorbe
absorber ifixed with bolts on both sidésien though complex, the
positive markionous the possibility @xchangngthem.

Back Cover

The back cover of this machinéxed with only one screw, therefg
being an example of a design with $evews, reducing the total
time of repair.

Cable Tie/Snap Fit

The cable harness was mounted with cable ties which snap fit i
the wanted position and can laesnappedvith the combination
pliers (1ISO5746). A few cable ties were very difficult to loosen &
were difficult to reactith the tool. E.g., the cable tie next to the
pressure switch took three times longer than an average looser
action.

Drum Sgder

This WMes drum spider can al

10

Drum Spider

The drum spider can be exchanged.

10

Drum Lifters

The drum lifters cannot be disassembled. It is not clear, if even
drum lifters can be installed, as there lgtkospace in the tub. In
case this is not a problem, one must break the drum lifters out &
then reconnecthe new drum lifters on the metal tongues.

Emergency Release

When opening the service door, the emergency release pops o
the samdime.

Floor Float

The floor float is connected to a bigger plastic component.

Transit Bolts

The analysed WMs vary a lot in their amount of transit\viths
transit bolts WM9 hagery manysee table of Transit Bolts of the
WNMsbelow). Insummary, more transit bolts mean a little more w
to set up. But you do that once when you buy the WM and then
again.
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Example (as evident from former RUSZ repair analysis):

91 Drain pump filter accessibility: Accessibility of drain pump from frdmicetools are required to remove it
greatly facilitates replacement of the filter.

1 Access to drain pump filter in the drum: Creating access to drain pump filter directly from the drum reduces
steps to change the filter. In addition, it is also possibtmtrol heating in calcification from this design.
However, the component is susceptible to damage during washing sessions.

1 Panel mounting material: Using plastic hooks for mounting panels hindered the ease of dismounting and
remounting, in addition, thiype of hooks is more prone to breakage

1 Placement of level switch: Placement of level switch directly behind the removal panel gives easy access to
level switch for its servicing.

1 Cover panel design: Two designs were identified for cover pdhide;part design with two side plastic
rails encasing plywood board in the middleaesidgle panel design attached with glue or metal clips. The
singlepart panel design is found to be easier to disassemble and reassemble.

T easily accesshichtareasilgbeoperied e door & w

1 rear panehonremovable: The tub has to be removed in case of bearing replacement.

1 Removal of the entire, removable rear panel (oldeni&SHing machines on certaklL&x washing
machines), or the construction of older Mielelraol s wi t h a eservice door c. N
acknowledged that the front panel can be removeddor seateplacement. Concerning other loast
models like Indesit, Candy, Exquisit, Eurotech, Elin and Gorenje the whole tub must be remmved for do
seal replacement!

1 Modularity of electronic components: If there is a fault in the control board the entire unit must be replaced
(control board, Ul board) rather than changing individual compsuehtas capacitors. While this
modularity does make ¢treplacement slightly simpler, it also increases the price of spare part.

1 Attachment of detergent drawer and input valve: In general detergent drawer is connected to input valve by
separate hose , howeyier some designs, hose and detergent drawer is constructed as a single plastic
component. This means if damage occurred in either the hose or the drawer, the entire unit needs to be
replaced and thus increasing the spare part aniddecreasing the reldity of the unit as a whole. In
addition, the spare part must be obtained from the washing machine manufacturer (in case of separable
hose, the standard hose could be bought from several suppliers.

Transit Bolts in WMs

Transport Locks Time (sec.ms.) Time (sec.)

Amount
WM1 4 75.033 75
wWM2 4 130.767 140
WM3 4 158.797 159
wM4 3 153.299 153
WM5 4 140.266 140
WM6 2 23.866 24
WM7 4 80.033 80
WM3s 4 100.566 110
WM9 5 145.044 145
WM10 4 82.899 83
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Proposed scoring:

Complete disassemblylandatory criterion

Sealed tubs: no go

+1 for beneficial aspect&for nonbeneficial aspects observed for PP

Proposed scoririg
0% / <50% / <75%00%0f PP can be replaced individually

3.3.2 Disassembly time and number of disassembly steps

3.3.2.1 Component disassembly

Findings from current analysige also the corresponding Figures below this Table:

WM # | PP / Component + /-1 Comment
neutral
4 Drum Lifter + /- The drum lifters can be disassembled by loosening the small m
tongues which hold ghlifters in their fitting.

The metal tongues are reached with a screwdriver which has to
through the 1 i ft eprosesswillbdnore.
challenging as the small metal tongues will have to be in the ex
same position, to ensutteat the lifters will not loosen during the
washing process.

The repairman has never had a broken lifter in an AEG WM.

5 Belt Pulley - The belt pulley was not disassembled during the analysis, as th
screw was very tight and the belt pultegge ofplastic, could have
been harmed.

10 Drum Lifters - The drum lifters cannot be disassembled. It is not clear, if even
drum lifters can be installed, as there Igtkospace in the tub. In
case this is not a problem, one must break the drumdifteasnd
then reconnecthe new drum lifters on the metal tongues.

5 Reusable Cable Tig + The WM5 has very repair friendly reusable cable ties for the ca
harness and hoses. Without the use of tt@sables can be easily
unthreaded anthreaded in short time. The reusable cable ties
always stay fixed dne WM housing.

6 Front Snap Fits - The front has-2 snap fits, which are known as problematic, as
people who donet &Bndwdabettutl
might just tear tb front down and break the snap fits.

6 Backflow Preventior] - A small snap fit of the backflow prevention broke during disasse
It is assumed that is not meant tallsassembled.
6 Cross Screws - The cross screws of this WM type are longer thmavious type.

This is probably connected to the sdailere mention in point 2 of
remarks to priority parts.

7 Water Inlet System | - If a component of the water inlet system is broken, one must re
the aqua stop, the inlet system, andhbse.
7 Floor Float - The floor float is connected to a bigger plastic component.

1D2.4;Design features fromppendix Il further elaborated to detailed parameters. Source column; (1: PREN 45554,
HY Ww/ &d02NAy3 &deaidiSYZ oY. SyStdze aidzRé 2y GwSLI NF 6Af Al
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FiguréllWM4_Drum_Lifterg_
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Figurél3WM5_Belt_Pulley_1
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Figurel5WM5_Reusable_Cable_Ties_1
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Figurel6WM5_Reusable_Cable_Ties_2

Figuret7WM6_Front_Snap_Fits_1, 2, 3,4
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