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1  Introduction  

The main objective of Task 3.4 is the identification of failure modes and mechanisms to be covered by testing for the 
selected four product groups resulting in a recommendation for possible test approaches to detect premature 
obsolescence on mechanical parts. 

This task will result in developing a testing procedure and evaluation criteria for mechanical parts of washing machines 
(WM) and vacuum cleaners (VC).  
 
This Deliverable presents our results of Task 3.4 Test Development for Mechanical Structures and contributes to the 
transfer of test specifications to WP 6. 
The Deliverable was submitted on April 30th 2021. The present amended version additionally considers the results of the 
analysis of the Vacuum Cleaners (VC) 7 to 10 and contains additional visual material and minor changes in wording and 
spelling. 

1.1 Preliminary work 

Based on Task 3.1 the aim was to identify potential weak points for the product groups washing machines (WM) and 
vacuum cleaners (VC), which have their origin in mechanical design (mechanical construction and material selection). 
To identify these weak points, specific tests need to be designed and/or identified, which can detect premature 
obsolescence on mechanical parts. 
 
Based on the product group analysis R.U.S.Z. defined in a first step a feature analysis test approach (D3.2 Test Plan 
Mechanics), containing a rough sketch for the testing for potential weak points of mechanical parts of WM and VC which 
can be identified visually (primarily by R.U.S.Z) or by advanced analytical techniques (primarily by IZM)), which was the 
starting point for the works for the present deliverable. R.U.S.Z inspected, disassembled, and identified the critical 
components of 2 WM models from its Re-Use Centre (a high-end household WM and a cheaper, mediocre model) as 
well as 4 VC from its Re-Use Centre (2 bagless VC, 2 VC with bag, a cheaper and a more expensive model each). Critical 
parts causing failures and consumer behaviour, which lead to replacement, were identified for WM and VC. Critical parts 
in average WM causing the most frequent failures were drain pump, drive belt, heating, motor brush, power electronics, 
shock absorber, inlet hose, drum bearings, entire washing unit. Critical parts in average VC causing failures were suction 
hose and connection pieces, engine, cable rewinder, casing that fixes or covers functionally relevant components, filters, 
suction pipes, nozzles, or hoses. 

1.2 Work in Deliverable D3.5 

The knowledge gained from the preliminary work was transferred into the analysis of 10 WM and 6 VC. 
For the present work, STIWA and TA provided in accordance with R.U.S.Z product samples (10 WM and 6 VC) of 
different prices and expected reliability levels from their testing activity. 
 
R.U.S.Z performed a visual inspection, disassembly, and an assessment of 10 pre-defined Priority Parts (PP) in WM and 8 
pre-defined PP in VC, as well as the identification of other critical components related 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 follow the Austrian standard 0NR 192102:2014 and the European standard EN 
45554:2020 for our work within D3.5. for the development of a testing method for mechanical parts in WM and VC. 
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2  Methodology  

2.1 Definitions 

Reliability1 
Probability that a product functions as required under given conditions, including maintenance, for a given duration 
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 durability2 
Ability to function as required, under defined conditions of use, maintenance, and repair, until a limiting state is 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 always be clearly stated. 
 
Disassembly3 
Process whereby a product is taken apart in such a way that it could subsequently be assembled and made operational. 
 
Reprocessing4 
Restoration or modification of the functionality of a product or part. Reprocessing may consist of repairing, rework, 
replacement of worn parts, and/or upgrade of soft-, firm-, and/or hardware. 
 
Repair5 
Process of returning a faulty product to a condition where it can fulfil its intended use. 
 
Maintainability6 
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)7 
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 failure or wear-out. Therefore, the identification of priority parts should also take into account such technology 
differences. 
What determines a priority part is: 
ɽ The likelihood of the need to replace or upgrade the part, 
ɽ The suitability of the part for reuse, and 
ɽ The functionality of the part. 

 

1 CLC/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020 
2 CLC/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020 
3 CLC/TR 45550:2020, Definitions related to material efficiency, Technical Report, December 2020 
4 CLC/TR 45550:2020, Definitions related to material efficiency, Technical 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=Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK)&
oldid=60050) 
7 CEN-CENELEC, FprEN 45554, General methods for the assessment of the ability to repair, reuse and upgrade 
energy-related products, FINAL 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 failure shall be 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 in this Deliverable considered: 

¶ D3.2 Test Plan Mechanics 

¶ D4.2 Design methodology, guidelines and testing procedures ɲ Intermediate Report 

¶ Current scoring systems: ONR 192102:2014 (Austrian standard Organization, 2014), EN 45554:2020, Benelux 
study on ɸReparability criteria for energy related productsɹ (Bracquene et al., 2018) 

¶ P Tecchio, F Ardente, F Mathieux: Analysis of durability, reusability and reparability-application to washing 
machines and dishwashers - Publications Office of the European Union, EUR, 2016 

¶ Tecchio P et. al.: Understanding lifetimes and failure modes of defective washing machines and dishwashers. J. 
clean prod.215, 1112-1122. 2019  

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

¶ Washing machine analysis by R.U.S.Z: R.U.S.Z has tested 24 washing machines against the ONR 192102. 

¶ Vacuum cleaner analysis by R.U.S.Z: R.U.S.Z has tested 40 vacuum cleaners against the ONR 192102. 

This report focuses on WM and VC for private households. Professional appliances in these product groups, contrary to 
household appliances, can be seen as role models for good product design concerning longevity and reparability. In 
many cases, e.g. professional WM, the most common failures of household WM, the pumps, are simply not installed. In 
other cases, parts are made of good material and are therefore durable and repairable (motor brushes, washing unit and 
shock absorbers). Electronics are well protected against water and steam and repairable. A summary comparison 
between household and professional products is presented in document ɸDifferences between Consumer and 
Professional Productsɹ in the Annex. 

2.2.2  Criteria  

The 12 criteria for WM and VC respectively proposed in D3.2 were used as the basis for the analysis and method 
development and were modified and grouped / re-grouped where it was deemed necessary. 

2.2.3  Selected WM and VC  

For the present work, STIWA and TA provided in accordance with R.U.S.Z product samples (10 WM and 10 VC) of 
different price and expected reliability level from their testing activity. 

 
List of WM: 
 

# Brand Model 

1 Samsung  WW7XM642OPA/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 WM6HXF90NL/01 

8 LG 910PWAWL2808 

9 Beko WQY 9736 XSW BT 

10 LG FH4J3TDN0 
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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 VCC 5850 A 

10 Rowenta RO7230EA 

 

2.2.4  Procedural method  

It was investigated whether the list of the critical parts in average WM and VC causing the most frequent failures 
represented in D.3.2 is still applicable and necessary changes / additions were made. This resulted in the selection of the 
10 WM and 8 VC Priority Parts (PP) shown in the Tables below. 
 

WW PP # Description 

1 Door 

2 Door Lock 

3 Door Seal 

4 Drum Bearing 

5 Electronics 

6 Heater 

7 Hoses 

8 Pumps 

9 Shock Absorbers 

10 Tub Assembly 

 
Electronics were taken into consideration for this Deliverable (mechanical parts) only to the extent  

¶ as a malfunction of electronics impacts mechanical parts and  

¶ regarding effects on  accessibility by measures for the protection of electronics. 
 

VC PP # Description 

1 Floor Nozzle 

2 Suction Hose 

3 Dust compartment cover 

4 Handle 

5 Battery/ Cord Reel 

6 Motor 
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7 On/Off Switch 

8 Wheels 

 
R.U.S.Z performed a visual inspection, a complete disassembly, and an assessment of the selected PP. To complete the 
picture, the findings related to longevity and reparability made during the disassembly of all samples of both product 
groups concerning other parts or components were added. 

2.2.4.1  Visual inspection  

The visual inspection examines general aspects of construction, e.g. robustness and general accessibility. This section 
also includes general criteria that were not specifically examined here, but are necessary for completeness, also with 
regard to method development, like information availability and user / repairer safety. 

2.2.4.2  Disassembly  & Reassembl y 

The actions were recorded entirely with video and are available to the Partners upon request. 
For each analysed WM and VC, a separate document comprises the following information: 

¶ The ɸAnalysis Outcome Overviewɹ describes the tools used for disassembly and reassembly and the time spent 
with each tool according to a predefined set of actions. This allows the derivation of average times for 
disassembly and reassembly. 

¶ The ɸDisassembly Mapsɹ depict the complete disassembly and the disassembly of the PP (if possible and / or 
feasible) of each sample. 

¶ The ɸDesign Analysisɹ groups the findings for PP as well as useful additional remarks for each sample (visual 
inspection, disassembly, and reassembly) that will serve as examples supporting the construction of the 
method (criteria and rating).  

Please see also the documents ɸPROMPT Disassembly Maps WM Design Analysisɹ and ɸPROMPT Disassembly Maps VC 
Design Analysisɹ provided in the Annex. 
The relation between disassembly time, disassembly steps and disassembly features were analysed to contribute to 
assess the ease of disassembly. A reference value was derived for the scoring of disassembly time and disassembly steps 
for products of the same product category (WM and VC) to enable scoring by comparison to the reference values. 

2.2.4.3  Method development  

A method for analysing WM and VC was developed and an evaluation of the various criteria was made.  
 
List of considered Criteria 
 
The following criteria were used for the development of a scoring method for WM and VC respectively (ɸPrioritisation of 
on-site repair and maintenanceɹ, ɸDiagnostic softwareɹ, and ɸLow-level functionalityɹ only for WM): 
 

¶ Results of visual inspection and derived general requirements 

¶ Construction (enabling, facilitating, or hampering maintenance & repair) 

¶ Features and / or components influencing the complexity and / or robustness of the product and possibly 
impacting maintenance and / or repair 

¶ Prioritisation of on-site repair and maintenance 

¶ Diagnostic software 

¶ Low-level functionality 

¶ Restorability of factory settings 

¶ Error codes 

¶ Information availability 

¶ User / repairer safety 

¶ Non-destructive access to components 

¶ Support of maintenance for users 

¶ Criteria for physical durability 
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¶ Spare part availability 

¶ Degree of product complexity 

¶ Material and component selection 

¶ Surface treatment of CPUs and motors 

¶ Criteria for maintenance and repair 

¶ Accessibility (in general and to components) 

¶ Overall view 

¶ Access to components 

¶ Disassembly time and number of disassembly steps 

¶ Component disassembly 

¶ Disassembly of PP 

¶ Degree of standardisation 

¶ Visibility 

¶ Component identification 

¶ Required tools 

¶ Characteristics of fasteners/joints 
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3  Analysis of washing machines  

3.1 Results of visual inspection and derived general requirements 

The findings were used to identify general requirements for longevity and reparability. 

3.1.1  Construction  (enabling , facilitating,  or hampering maintenance & repair ) 

It is necessary that a possible failure can be repaired. Lifespans 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, reusability, upgradability, spare part availability and consumer behaviour. 
Consumer behaviour is increasingly influenced by marketing activities commissioned by manufacturers and big retailers. 
The term ɸWaschvollautomatɹ (fully automatic washing machine) alone is a hint on frequently diagnosed poor or even 
no maintenance by users (R.U.S.Z repair database: 20% of our repair diagnoses of washing machines are foreign objects 
blocking the drain pump). Future advertising, complying with material efficiency, must prevent current information 
asymmetry and the importance of maintenance instead of feeding the impression that we can further afford it to 
replace ɺdurablesɸ as soon as the first failure occurs. 

3.1.2  Features and / or components influencing the complexity and / or r obustness of the 

product and possibly impacting maintenance and / or repair.  

Findings from current analysis: 
 

WM # PP / Component + / - / 
neutral 

Comment 

1 1 / Door with 
integrated add wash 
door (see also the 
Figures below) 

- The designed door allows the consumer to add laundry while the 
washing machine is washing. To realize this special function the 
washing machineɵs door needs more parts and integrated 
electronics. 
Therefore, the repair takes more time (compared to a door without 
special functions) and lowers the doorɵs life span, as there are more 
parts that can break. 
In the analysis, it was found out that a door with the same function 
can be created with a simple and repairable design and without using 
more resources. As many washing machines already can be opened 
during washing with either a long press on the button ɷdoorɵ or 
pulling the emergency release, the probably most resource friendly 
change would be informing the consumer. 

9 10 / Tub Assembly - This WM is an example with a tub where the tension springs can cut 
through the tub suspension. Here the connection point appears very 
edgy. In comparison Siemens WMɵs tub suspensions are rounder. 

1 Drum (with a back 
wall spinning in 
another direction, see 
also the Figures 
below) 

- To realise this function the WM must have built in 2 motors, 2 drum 
bearings, 2 belt pulleys, and 2 flat belts which is twice the number of 
resources needed compared to an average WM which is assumed to 
deliver clean laundry in any case. The goal of having more clean 
laundry could also be tackled by creating special washing programs 
for different laundry types, by education the consumer or by having 
an eco-friendly soap for special laundry. 

3 BLDC motor (see also 
the Figures below) 

+ The WM has an BLDC motor (Brushless Direct Current Motor) which 
is energy efficient and long lasting. A lot of the tested WMs had this 
motor. It has no wear because there are no brushes. 
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Figure 1 WM1_Door_with_integrated_add_wash_door_1 

 

 
 

Figure 2 WM1_Door_with_integrated_add_wash_door_2 
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Figure 3 WM1_Drum_with_back_wall_spinning_1 
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Figure 4 WM1_Drum_with_back_wall_spinning_2 

 

 
 

Figure 5 WM3_BLDC_Motor_1 
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Figure 6 WM3_BLDC_Motor_2 
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Figure 7 WM3_BLDC_Motor_3 

 

Proposed scoring:  
+1 for beneficial aspects, -1 for non-beneficial aspects observed for PP (reduced scoring for non-PP) 

 
 

3.1.3  Prioritisation of o n- site repair and m aintenance  

Designing for maintenance must ɸpre-arrange and facilitate the substitution of short-lived componentsɹ (Vezzoli & 
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 mode available 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 criterion 
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3.1.5  Low- level functionality  

The principle of low-level 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 low-level functionality: 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:  
Guaranteed restorability for repairers and users: Mandatory criterion 

 
 

3.1.7  Error Codes  

Malfunction annunciation serves to announce to the operator or user that a product is about to fail (Moss, 1985, p. 37). 
 

Proposed scoring:  
+1 if implemented 

 
 

3.1.8  Information Availability  

Providing maintenance and repair information and documentation facilitates maintenance (and repair) for the repairers 
and the users.  
The user manual must ɲ if necessary ɲ indicate the regular maintenance schedule: The user manual must contain 
information about the removal of foreign objects and decalcification. 
 
The operation of the device should be as simple as possible (e.g. self-explanatory) and the instructions easy to read and 
understand. 
 
Findings from current analysis: 
 

WM # PP / Component + / - / 
neutral 

Comment 

5 5 / Power Electronics + The power electronics have on their backside a detailed layout 
showing which solder connections are connected to which function 
in the WM. 

6 Miele WM Part 
Numbers 

+ Almost every component of a Miele WM has a part number. When 
you search it on the Miele Website you can find every spare part. 

7 Repair Manuals - To access the repair manuals of Siemens WMs one needs a license. 

8 Back Cover + The back cover has graphic information on how to loosen the transit 
bolts. 

 

Proposed scoring:  
Access to information: Mandatory criterion 
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Proposed scoring:  
Period of availability of information after last production: 10 years mandatory, +1 for each additional 
year 

 

Proposed scoring:  
Completeness of available information: information must at least comprise product identification, 
exploded view, instruction for regular maintenance, disassembly and reassembly sequence charts, 
error codes: Mandatory criterion 

 
 

3.1.9  User / repairer  safety  

Presence of warning labels: 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 
appliance, particular attention will be paid to any warning signs attached on the outside of components. 
 

Proposed scoring:  
Mandatory presence of warnings with every dangerous component 

 
 

3.1.10  Non- destructive access to components  

Findings from the current analysis: See also the corresponding Figures below the following Table: 

 

WM # PP / Component + / - / 
neutral 

Comment 

6 4 / Drum Bearing + The drum bearing has an increased diameter. Some of these WM 
types had previously issues with breaking drum bearings. The change 
of the drum bearingɵs diameter might be a response to this failure. 
The drum bearing is protected with a lot of grease. 

7 5 / Electronics - This WM has new electronics called sensor fresh electronics to 
further sanitise the laundry with a sensor fresh system. This system is 
connected to the water system and the power electronics. The 
sensor fresh electronics were added to the Priority Parts 5, as the WM 
might not work if that system fails. 
Furthermore, the sensor fresh system can be taken apart, but it is not 
clear, if there are any spare parts on the market. 
This WMɵs previous model didnɵt have a sensor fresh system yet. 

8 5 / Electronics +/- This WM has only two electronics which are right next to each other 
and are reachable from the front. 
The power and motor electronics (which are one component) are 
encased in synthetic resin. Therefore, they are not repairable. The 
electronics of the control panel are not encased. 

10 5 / Electronics - The control electronics, power electronics and motor electronics are 
one part. They can be reached by disassembling the control panel. 
This makes the whole electronics area very accessible. At the same 
time, when one of the electronics fails, one must replace the whole 
part with the other electronics on it too. 
Furthermore, the electronics are coated with synthetic resin making 
them not repairable. 
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8 6 / Heater + The heater has two screws. One of them holds the grounding cable in 
position. 

6 6 / Heater +/- This heater is held in the WM by the strong friction of the heaterɵs 
seal. Therefore, the heater is not screwed.  
For fast repair and when it is certain, that the heater is broken, it can 
be ripped out of the WM. In case of just checking the heater, one 
must be careful to not damage the seal while levering the heater. 

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 +/- The lifters are made of plastic and can be replaced by pushing down 
two thin metal tongues below the lifter with a screwdriver. Spare 
parts are available. If a lifter breaks out the laundry can be cut during 
the washing process due to the sharp metal tongues. 

5 Sheet Metal 
Forming 

+ The sheet metal forming of this WM has no sharp edges. Reducing 
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 the 
screw was very tight and the belt pulley, made of plastic, could have 
been harmed. 

6 Front Snap Fits - The front has 2-4 snap fits, which are known as problematic, as 
people who donɵt know about the snap fits and donɵt look carefully, 
might just tear the front down and break the snap fits. 

6 Water Way 
Selector Motor 

+/- The WM has a special motor for leading the water in the wanted 
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 same failure mention in point 2 of 
remarks to priority parts. 

6 Water Inlet 
System plug 

+ The plugs of the water inlet system cannot be plugged the wrong 
way. 

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

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

9 Circulation Hose - The circulation hose is very close to the power electronics. During the 
spinning process of the tub, the hoseɵs and or power electronicsɵ 
material can deteriorate over time. 

9 Drum Lifters - The drum lifters can only be exchanged by breaking them out of the 
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 new 
drum lifters can be installed, as there is so little space in the tub. In 
case this is not a problem, one must break the drum lifters out and 
then reconnect the new drum lifters on the metal tongues. 

3 Aqua Stop - The WM has an electric aqua stop. Please see document: ɸPROMPT 
Water Leakage Safety Systems of all WMsɹ giving an overview of all 
WMs with Floor Float, Aqua Stop or neither in the Annex. An Aqua 
Stop requires more resources (due to the electronics in the hose) and 
does not work without a Floor Float. Therefore, in our opinion, it is 
better to use only a Floor Float, as it functions independently and 
stops the WM in case of excessive water in the floor pan.  
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Figure 8 WM6_Drum_Bearing 
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Figure 9 WM7_Electronics 

 
 

Figure 10 WM7_Electronics_Control_Panel_1 
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Figure 11 WM7_Electronics_Control_Panel_2 
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Figure 12 WM7_Electronics_Motor 

 

Figure 13 WM7_Electronics_Power 
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Figure 14 WM7_Electronics_Sensor_Fresh 
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Figure 15 WM8_Electronics_Control_Panel_1 

 

 
 
Figure 16 WM8_Electronics_Power__Motor 
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Figure 17 WM10_Electronics_Control_Panel_ 

 
 
Figure 18 WM10_Electronics_Control_Panel_2 
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Figure 19 WM10_Electronics_Motor_Power_ 
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Figure 20 WM6_Heater_1 
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Figure 21 WM6_Heater_2 

 

 
Figure 22 WM6_Heater_3 
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Figure 23 WM9_Pump_1 
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Figure 24 WM9_Pump_2 

 
 
Figure 25 WM3_Drum_Lifter_1 
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Figure 26 WM3_Drum_Lifter_2 
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Figure 27 WM5_Sheet_Metal_Forming_1, 2, 3, 4  

 

 

Figure 28 WM5_Belt_Pulley_1 
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Figure 29 WM6_Front_Snap_Fits_1, 2, 3, 4  

 

 
 

Figure 30 WM6_Water_Way_Selector_1 
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Figure 31 WM6_Water_Way_Selector_2 
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Figure 32 WM6_Weights_1 
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Figure 33 WM6_Shaft_Seal 

 

Figure 34 WM7_Floor_Float_1 
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Figure 35 WM7_Floor_Float_2 
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Figure 36 WM8_Drum_1 

 

Figure 37 WM8_Drum_2 
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Figure 38 WM10_Drum_Spider 

 

Figure 39 WM10_Drum_Lifters 
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Example (as evident from former RUSZ repair analysis): 

¶ Untrimmed edges: sharp untrimmed edges in any part of washing machine becomes a safety hazard. This 
problem could be easily solved by simply trimming the edges. 

¶ 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 aspects, -1 for non-beneficial aspects observed 

 

Proposed scoring:  
Water leakage safety system: Mandatory criterion. 
Floor Float only = best, Aqua Stop + Floor Float = good, No Water Leakage Safety System = no go 

 
 

3.1.11  Support of m aintenance for  users  

Findings from current analysis: 
 

WM # PP / Component + / - / 
neutral 

Comment 

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

 

Proposed scoring:  
+1 for beneficial aspects, -1 for non-beneficial aspects observed 

 
 

3.2 Criteria for Physical Durability 

The objective to ensure or increase the longevity of the device depends on the construction (design) of the product and 
the robustness of materials / components used 

¶ The average life span based on average usage of the device must be at least 10 years. The manufacturer must 
provide sealed counters in his appliances for the detection of washing cycles and hours of use.  

¶ An increased product lifespan (adapted for more than 10 years) must have the availability of spare parts 
indicated by the manufacturer. An extra bonus will be awarded for each additional year. 

 

Proposed scoring:  
Minimum life expectancy of 10 years: Mandatory criterion 
+1 for each additional year 

 
 

3.2.1  Spare Part Availability  

¶ The availability of spare parts to all interested parties must be guaranteed for at least 10 years from the last 
product produced. The shipping time for spare parts (components or groups of components) hast to be 
declared.   
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Proposed scoring:  
Mandatory for 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 dimensioning of components 

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

¶ different types of connection, e.g., welding, bolting, gluing, snapping, pressing, or stitching 

¶ different production methods, e.g., casting, injection moulding, milling 

Findings from current analysis: 
 

WM # PP / Component + / - / 
neutral 

Design 

1 1 / Door with 
integrated add wash 
door 

- The designed door gives the consumer the opportunity to add laundry 
while the washing machine is washing. To realize this special function 
the washing machineɵs door needs more parts and integrated 
electronics. 
Therefore, the repair takes more time (compared to a door without 
special functions) and lowers the doorɵs life span, as there are more 
parts which can break. 
In the analysis it was found out that a door with the same function can 
be created with a simple and repairable design and without using 
more resources. As many washing machines already can be opened 
during washing with either a long press on the button ɷdoorɵ or pulling 
the emergency release, the probably most resource friendly change 
would be informing the consumer. 

2 Drum with integrated 
Lifters 

+ This drum type was first built in 1999 and is still actively implemented 
in todayɵs WMs due to its high quality. 
The drum is unique as the drum lifters are one part with the drum. 
Therefore, they cannot break, and no other plastic lifters need to be 
built in. 

 
Examples (as evident from former RUSZ repair analysis): 

¶ Large bends in detergent hose: large bends in detergent hoses (180°) could cause soap deposition and could 
obstruct the flow of water leading to underperformance.  

¶ Cable tolerances: A tight tolerances on cables could render the cable to break during unplugging, this could 
mean the control board needs to be replaced as cable cannot be bought as separate parts. A tolerance in the 
cable is recommended.  

 

Proposed scoring:  
+1 for beneficial aspects, -1 for non-beneficial 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 + / - / 
neutral 

Comment 

3 Drum Lifters +/- The lifters are made of plastic and can be replaced by pushing down 
two thin metal tongues below the lifter with a screwdriver. Spare 
parts are available. If a lifter breaks out, the laundry can be cut during 
the washing process due to the sharp metal tongues. 

5 Reusable Cable 
Ties 

+ The WM5 has very repair friendly reusable cable ties for the cable 
harness and hoses. Without the use of tools, the cables can be easily 
unthreaded and threaded in short time. The reusable cable ties 
always stay fixed on the WM housing. 

8 Shaft Seal + The drum bearingɵs shaft seal has a good quality. 

 
Examples (as evident from former RUSZ repair analysis): 

¶ Tub material: Using plastic tubs is more susceptible to damage than using stainless steel tubs. Stainless steel 
tubs are more durable, and their bearings are replaceable. 

¶ Tension spring material: Tension springs for door seals made of plastic damaged after first disassembly for all 
the washing machine designs thus showing the non-removable nature of such design. 

¶ Shock absorber type: Frictional shock absorbers 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 aspects, -1 for non-beneficial aspects observed 

 
 

3.2.4  Surface treatment  of CPUs and motors  

Control processor units should be protected through 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. 

 
Examples (as evident from former RUSZ repair analysis): 

¶ 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 board as it protects the circuit board 
from dust and moisture. 

 

Proposed scoring:  
+1 for beneficial aspects, -1 for non-beneficial aspects observed 

 
 

3.3 Criteria for Maintenance and Repair 

¶ Disassembly: If servicing is required, it must be possible to disassemble the compounds and components. 
Screw and plug-connections and components must be easily accessible and removable. 

¶ The appliance can be disassembled down to individual components, which should also be available as spare 
parts. As components and assembly units can become defective, they must be easily interchangeable.  
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¶ The fundamental parts of the product should be able to be disassembled into their individual parts without the 
use of special tools. If a special tool is nonetheless necessary, it must be easily 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 / without flipping and working from below 

¶ Accessibility in the switched-on position must be guaranteed for the purpose of troubleshooting during repair 
work. When the appliance is opened, the appliance can still be activated. 

¶ housing, presence of emergency emptying hose, presence of door release (important for magnetic door lock) 

¶ Visible maintenance flap for cleaning the foreign objects trap.  

3.3.1.2  Access to components  

Accessibility of each component taking into consideration the physical limitations of the maintenance/repair worker, 
and whether other items must first be removed to gain access to a specific item (Moss, 1985, p. 37).  
Findings from current analysis: 

 

WM # PP / Component + / - / 
neutral 

Comment 

3 1 / Door + The door can be disassembled after unscrewing in total 14 screws. 
There are no other actions needed for disassembly. All the parts are 
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 exchanged with no effort. The only 
part which would need more skills for repair is the door hinge, as one 
would need to carefully hammer out the door hingeɵs stud. 
Furthermore, door hinges barely break and usually do so after 
improper use. 

5 1 / Door - The door cannot be disassembled. To replace it, one must buy a new 
door. 

3 3 / Door Seal - The door seal can only be pushed behind the front and not inside the 
drum. Being able to push the door seal behind the front would ease 
the repair. The brands Bosch, Siemens and Miele have door seals 
which can be pushed into the drum. 

2 4 / Drum Bearings - Like the shock absorbers the drum bearings can only be reached and 
repaired with special tools. 

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

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

1 5 / Electronics - The power and motor electronics can only be reached by unscrewing 
the motor. However, other washing machines have shown that the 
power and motor electronics can simply be accessed by unscrewing 
the back cover. In an even simpler case, the WM 10 - LG TYPE: 
FH4J3TDN0, all the electronics were mounted together with the 
control electronics. This has on the one hand the positive side of easy 
accessibility, as there is no need to move the WM from its original 
position. On the other hand, if one of these electronics have a 
default, then it might be, that all of them must be exchanged. 
Furthermore, the electronics cannot be repaired as they have been 
made waterproof by synthetic resin. 
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8 5 / Electronics +/- This WM has only two electronics which are right next to each other 
and are reachable from the front. 
The power and motor electronics (which are one component) are 
encased in synthetic resin. Therefore, they are not repairable. The 
electronics of the control panel are not encased. 

1 6 / Heater - As this machine has built in more functions, more screws and holding 
compartments are needed. In this case this especially leads to a 
longer repair time for the heater, as there are many compartments 
and screws to be unscrewed and loosened before. 

1 9 / Shock absorbers - The shock absorbers can be exchanged from the back. Which means, 
that the repair person must move the WM from its original position. 

2 9 / Shock Absorbers - The shock absorbers can only be replaced after lifting the tub out of 
the WMɵs housing. Then the tub must be drilled with special siemens 
tools. This is done to reduce steps in the production. While 
exchanging the shock absorbers one has to be very careful to not 
harm the tub. Simple techniques such as bolts or screws can be an 
alternative. 

3 9 / Shock Absorbers - The shock absorbers of this WM are fixed with snap fits and a 
bayonet lock. They are more difficult to replace if the tub is still in the 
WM. 

5 9 / Shock Absorbers + The shock absorbers are well accessible and replaceable, after the 
WM hast been tilted. 
To replace the shock absorbers 4 screws of the bottom cover must be 
unscrewed. Then 4 screws of the shock absorbers must be 
unscrewed from one side and on the other side a bolt has to be 
loosened. 

9 9 / Shock Absorbers + This WM has two different shock absorbers. Two of the three shock 
absorbers are installed with a bolt on the side of the tub and a screw 
connecting the shock absorber to the WMɵs housing. The third shock 
absorber is fixed with bolts on both sides. Even though complex, the 
positive mark honours the possibility of exchanging them. 

2 Back Cover + The back cover of this machine is fixed with only one screw, therefore 
being an example of a design with few screws, reducing the total 
time of repair. 

3 Cable Tie/Snap Fit - The cable harness was mounted with cable ties which snap fit into 
the wanted position and can be unsnapped with the combination 
pliers (ISO5746). A few cable ties were very difficult to loosen as they 
were difficult to reach with the tool. E.g., the cable tie next to the 
pressure switch took three times longer than an average loosen 
action. 

8 Drum Spider + This WMɵs drum spider can also be unscrewed and changed. 

10 Drum Spider + The drum spider can be exchanged. 

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

5 Emergency Release + When opening the service door, the emergency release pops out at 
the same time. 

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

9 Transit Bolts - The analysed WMs vary a lot in their amount of transit bolts. With 5 
transit bolts WM9 has very many (see table of Transit Bolts of the 
WMs below). In summary, more transit bolts mean a little more work 
to set up. But you do that once when you buy the WM and then never 
again. 
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Example (as evident from former RUSZ repair analysis): 

¶ Drain pump filter accessibility: Accessibility of drain pump from front and no tools are required to remove it 
greatly facilitates replacement of the filter. 

¶ 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 possible to control heating in calcification from this design. 
However, the component is susceptible to damage during washing sessions. 

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

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

¶ Cover panel design: Two designs were identified for cover panels; a three-part design with two side plastic 
rails encasing plywood board in the middle and a single panel design attached with glue or metal clips. The 
single-part panel design is found to be easier to disassemble and reassemble. 

¶ easily accessible ɵservice doorɶ which can easily be opened  

¶ rear panel non-removable: The tub has to be removed in case of bearing replacement. 

¶ Removal of the entire, removable rear panel (older BSH-washing machines on certain E-Lux washing 
machines), or the construction of older Miele models with a ɵservice doorɶ. Nevertheless, it must be 
acknowledged that the front panel can be removed for door seal replacement. Concerning other low-cost 
models like Indesit, Candy, Exquisit, Eurotech, Elin and Gorenje the whole tub must be removed for door 
seal replacement!  

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

¶ Attachment of detergent drawer and input valve: In general detergent drawer is connected to input valve by 
separate hose , however, in 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 price and decreasing the reliability 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. 
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Proposed scoring:  
Complete disassembly: Mandatory criterion 
Sealed tubs: no go 
+1 for beneficial aspects, -1 for non-beneficial aspects observed for PP 

 

Proposed scoring1:  
0% / <50% / <75% / 100% of PP can be replaced individually 

 
 

3.3.2  Disassembly time and number of disassembly steps  

3.3.2.1  Comp onent  disassembly  

Findings from current analysis, see also the corresponding Figures below this Table: 
 

WM # PP / Component + / - / 
neutral 

Comment 

4 Drum Lifter + / - The drum lifters can be disassembled by loosening the small metal 
tongues which hold the lifters in their fitting. 
The metal tongues are reached with a screwdriver which has to fit 
through the liftersɵ holes. The reassembly process will be more 
challenging as the small metal tongues will have to be in the exact 
same position, to ensure that 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 the 
screw was very tight and the belt pulley, made of plastic, could have 
been harmed. 

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

5 Reusable Cable Ties + The WM5 has very repair friendly reusable cable ties for the cable 
harness and hoses. Without the use of tools, the cables can be easily 
unthreaded and threaded in short time. The reusable cable ties 
always stay fixed on the WM housing. 

6 Front Snap Fits - The front has 2-4 snap fits, which are known as problematic, as 
people who donɵt know about the snap fits and donɵt look carefully, 
might just tear the front down and break the snap fits. 

6 Backflow Prevention - A small snap fit of the backflow prevention broke during disassembly. 
It is assumed that is not meant to be disassembled. 

6 Cross Screws - The cross screws of this WM type are longer than in previous type. 
This is probably connected to the same failure 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 replace 
the aqua stop, the inlet system, and the hose. 

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

 

1 D2.4; Design features from Appendix III further elaborated to detailed parameters. Source column; (1: PREN 45554, 
нΥ Ww/ ǎŎƻǊƛƴƎ ǎȅǎǘŜƳΣ оΥ.ŜƴŜƭǳȄ ǎǘǳŘȅ ƻƴ άwŜǇŀǊŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ŦƻǊ ŜƴŜǊƎȅ ǊŜƭŀǘŜŘ ǇǊƻŘǳŎǘǎέ Σ пΥ hbw мфнмлнύ 
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Figure 40 WM4_Drum_Lifters_1 

 
Figure 41 WM4_Drum_Lifters_2 
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Figure 42 WM4_Drum_Lifters_3 

 

Figure 43 WM5_Belt_Pulley_1 
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Figure 44 WM10_Drum_Lifters 

 

Figure 45 WM5_Reusable_Cable_Ties_1 
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Figure 46 WM5_Reusable_Cable_Ties_2 

 

  

  
Figure 47 WM6_Front_Snap_Fits_1, 2, 3, 4  


































































