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1 Introduction

This report is a final outcome of the work on design for repair and durability in the EU horizon project
PROMPT and has been developed from research conducted in this project. Deliverables within this project
(Specifically, D2.5, D4.4, D4.5) acts as strong foundation for this concluding report. This report is based on
research conducted on vacuum cleaners, washing machines, smart phones, and smart TV’s. However, the
guidelines and the testing program are formulated more generically in anticipation of use for a wider
range of electronic and electrical household products (D4.3 provide more product specific guidelines).

The guidelines discussed in this report focus on aspects related to the product architecture, i.e. the physical
design of the product. Aspects related to user and market factors, such as trends, personal attachment, or
company policies, are only considered when they have a direct impact on the physical design of the product.
More information on user and market factors is provided in the WP5 deliverables.

The report is divided into three sections. The first and second section provide general design principles and
guidelines for product longevity (reparability, maintainability, diagnosability, and robustness) of household
electrical and electronic appliances. The design guidelines for diagnosis, repair, and maintenance show large
overlap, therefore are discussed together. The guidelines are intended for use by designers, manufacturers
and policy makers.

In the third section, the testing procedures are outlined for testing on the most relevant aspects discussed in
the first section. First, an overview of the testing program is presented, followed by product-specific elements.
The chapter then discusses an evaluation of testing programs, beginning with the assessment of the current
scoring system. It proceeds with eight case studies (two per product category), demonstrating the application
of the PROMPT testing program and highlighting areas for further improvement.

Finally, this report provides recommendations and opportunities for the testing program. This testing program
is intended for use by independent testing organizations, market surveillance authorities, and policy makers
to promote the longevity of products and is in addition useful to designers, manufacturers, and product
engineers to evaluate the results of applying the design guidelines.
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2 Terms and definitions

For the purpose of this report, the following terms and definitions apply. Wherever possible, this report shares
similar terms and definition as provided in the standard EN45554 (General method for the assessment of the
ability to repair, reuse and upgrade energy-related products) [1]. Where relevant, the scope of the definition
within this report is presented.

Bundling: Creating a multi-functional module by connecting multiple components together using non
removable fasteners (e.g., by soldering or welding).

Clumping: Clustering non-priority parts in a sub-assembly that can be removed as an entity during
disassembly process.

Design Principle: Fundamental rule or process that informs designers on the design process and helps
them make decisions when designing products or systems. They serve as a foundation for making design
decisions that helps ensure that the product meets its specific goals such as repairability, maintainability and
diagnosability. Examples of design principles for repairability includes modularity and ease of disassembly.

Design Guideline: Set of recommendations or best practices that help designers create product or systems
that are consistent with the intended goal.

Design Feature: Specific attribute, characteristic, or element of a product or system that results from the
application of design principles. Example of design feature include reversible snap fit connections and visible
screwhead.

Diagnosis: Action to Identify and characterize the fault [2]. The process of fault diagnosis determines the
defective component of a malfunctioning product in three steps: (1) fault detection, identifies a functional
malfunction in the product; (2) fault location, determines the possible causes of the failure; and (3) fault
isolation, pinpoints the component at defect, thus diagnosing the product.

Disassembly: Process whereby a product is taken apart in such a way that it could subsequently be
reassembled and made operational [1]. Board level disassembly (e.g, desoldering and removal of capacitor)
is not considered in this report.

Disassembly Action: Refers to motion actions as represented in ease of disassembly metrics. These
actions are represented by “blocks” in a disassembly map. (e.g., unscrew, remove, pry, de-glue).

Disassembly depth: Number of steps required to remove a target part from a product [1].

Disassembly map: Visual map presenting the disassembly of a product, showing different design features
as well as actions, tools, and force required to remove components in a product [3].

Disassembly step: Operation that finishes with the removal of a part or a component, and/or with a change
of tool. Note: fasteners are not considered a part or a component, and manual operation is not considered
as using a tool.

Ease of Disassembly Metric (eDIM): Metric used to measure disassembly time using standardised time
from Maynard Operation Sequence Technique (MOST). This method assumes the disassembly pathway is
known and disassembly is done by professional repairers. For the context of this report, unless stated
otherwise, ease of disassembly time refers to time from eDIM.

Fault: The inability of an item to perform as required, due to an internal state[2].

Maintenance: Inspection and/or servicing tasks at regular intervals, to retain a product’s functional
capabilities and/or cosmetic condition [4].
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Module: An independent, self-contained unit consisting of one or more components that performs a specific
function within a larger system. Modules can be separated from the rest of the product as self-contained,
semi-autonomous chunks; and they can be recombined with other components.

Priority part: Part of high importance for repair, identified based on failure likelihood and functional relevance

[1].

Reassembly: Process of assembling a disassembled product to its original configuration and made
operational.

Repair: Process of returning a faulty product to a condition where it can fulfil its intended use [1]. Note 1: In
this report, repair is considered at part level (i.e., replacement of faulty part). Other forms of repair such as
board level repair and 3d printing for repair are out of scope. Note 2: EN45554 considers diagnosis a part of
repair, however this report distinguishes diagnosis from repair in order to conform with the positioning of
diagnosis within this project.

Sub-assembly: Partially assembled section or entity of a larger product, consisting of multiple individual
components or parts. In the context of reparability, if multiple individual components or parts can be removed
together during disassembly, it is called a subassembly. Modules are a type of subassembly.

Surfacing: Repositioning a priority component such that less components need to be removed before the
priority part is reached

Robustness: The ability of the product to withstand conditions beyond normal working conditions. These
conditions include mechanical, thermal, chemical, electrical and radiation.

Trimming: Decreasing the number and difficulty of actions required to reach a priority part without adapting
the product architecture

Variations: Conditions beyond normal working conditions. These conditions include mechanical, thermal,
chemical, electrical and radiation.
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3 Design principles and guidelines for repair, maintenance, and diagnosis

This guideline presents five main principles for diagnosis, maintenance, and repair. For each principle, the
relevance to diagnosis, maintenance, and repair is first presented. This is followed by examples of design
features and interventions adhering to the principle. The following principles will be discussed:

1. Disassembly and reassembly

2. Information provision

3. Accessibility of priority components

4. Modularity

5. Standardised components and interfaces

3.1 Principle: Disassembly and Reassembly

The principle of disassembly and reassembly is important for design interventions to improve the diagnosis,
maintenance, as well as reparability of the products. Therefore, this principle is discussed more extensively.

Relevance to diagnosis: In an Ideal scenario, the diagnosis should be facilitated without a need for
disassembly. However, disassembly is often required in diagnosis process. The disassembly process for
diagnosis can be divided into three levels, with level one generally requiring the smallest number of
disassembly steps and level 3 requiring the largest number of disassembly steps:

- (Level 1) Disassemble until components are visible: Visual inspection is one of the most common ways
of diagnosing a fault, and therefore, for inspection of internal components, disassembly until the internal
components are fully visible could be required.

- (Level 2) Disassembly until access to test points: Using a multi-metre or similar tool is a common
diagnosis practice, this requires disassembly until dedicated test points are accessible.

- (Level 3) Disassembly until components can be removed: A possible faulty component might be
exchanged with working component for fault diagnosis process, in this case complete removal of the
component is required and the disassembly process is then similar to disassembly for repair.

Relevance to maintenance: If disassembly is required for maintenance, aspects influencing ease of
disassembly are relevant. Since, maintenance is conducted regularly, the number of disassembly steps
should be small.

Relevance to repair: Disassembly is generally required for repair. For repair, disassembly is conducted until
targeted priority components are removed and replaced.

The ease of disassembly can be improved following three different approaches: clumping, surfacing, and
trimming. These approaches minimize the number of actions and/or decrease the time needed to reach a
particlular prioirty part. In real case scenarios, these three approaches can be used in conjunction with each
other depending on dimentional limiations and specific design requirements. The following sections provide
more detailed information on these three approaches.
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3.1.1 Clumping
Clumping refers to designing products such that non-priority parts are clustered in a sub-assembly that can

be removed as an entity during disassembly process (see Figure 1). Clumping falls under the principle of
modularity, this is further discussed further in section 3.4.
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Figure 1: Partial disassembly map showing example of potential use of clumping. Priority parts are highlighted
by red square. Area highlighted in red dashes represents the area where potential clumping can be done.
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3.1.2 Surfacing

Surfacing refers to repositioning a priority component such that less components need to be removed before
the priority part is reached (see Figure 2)
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Figure 2: Partial disassembly map showing example of potential use of surfacing. Priority parts are
highlighted by red square. Area highlighted in red dashes represents the area where potential surfacing can
be done.

3.1.3 Trimming

Trimming refers to decreasing the number and difficulty of actions required to reach a priority part without
adapting the product architecture, whereas surfacing and clumping change the overall product architecture
at high level. Two methods for trimming are briefly discussed.

Trimming method 1: Optimizing Fasteners

Fasteners refers joints that mechanically or magnetically connect two or more objects, parts or pieces.
Characteristics and type of fasteners are closely linked to required tools, their reusability, and ease of
detachment. This section provides guidelines related to fasteners that facilitate the disassembly process.

Minimize the diversity of fasteners along a disassembly pathway of a priority part. Using a low variation
of fasteners minimizes the tool change and decreases the disassembly time. Additionally, minimizing the
diversity of fasteners will help keep track of fasteners for reassembly.

Simplify the design so that less fasteners are used. For example, by using single fasteners to hold up
multiple parts together. (Note, this may negatively influence the reassembly time if used without reassembly
cues, therefore this strategy may need to be used in conjunction with strategy guiding reassembly (see
section on disassembly and reassembly cues).

Use fasteners that require no tools or basic tools to disassemble. If the product is designed to be
disassembled by common users, ideally no tools should be required to disassemble the product. If tools are
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required, they should preferably be basic tools [1]. We can distinguish the following order in tool preference:
No tools > Basic tools (e.g., screwdriver, Allen key, Wrench, Plier) > Advanced tools (e.g., soldering iron,
heat gun) > Proprietary tools (e.g. pentalobe screwdriver).

Avoid gluing components together. While gluing component could be a cheap and easy method to join
components together and to provide ingress protection, the process of degluinig a component via heat and/or
chemicals requires significantly long time, poses a safety hazard to the user, and risks chance to permanently
damage the product being repaired.

In cases where gluing is required, provide features facilitating its removal. E.g., by adding pull tabs or
stretch tabs (See Figure 3)

r

Figure 3: A smartphone battery joined with stretch release adhesive (left) and pull-tab adhesive (right).

In cases where ingress protection is required, look for alternative design solutions, such as rubber or
silicone gaskets, seals and lip and groove (Figure 4).

o
o

Figure 4: Galaxy XCover Pro back cover with watertight seal without the use of adhesive

Provide access to fasteners from same direction. Providing access to the fasteners from the same
direction reduces product manipulation during disassembly and thereby decreases the disassembly time.
For users without knowledge of the disassembly pathway, this also eases the search for fasteners and lowers
the risk of missing a fastener during disassembly and accidentally damaging the product.

Use connections that are visually accessible. Hidden fasteners require additional action of uncovering
and/or proper positioning of the tools, therefore designing connections that are visually accessible decreases
disassembly time. For users without knowledge of the disassembly pathway, this also eases the search for
fasteners and lowers the risk of missing a fastener during disassembly and accidentally damaging the
product. For example, using non-recessed screws or snap fit joints that have a cue (see trimming method 2
on disassembly and reassembly guidance)

Use fasteners allowing repeated use. Using reusable fastener such as screws and reversible snap fits
eliminates the time of searching for fastener replacement and cleaning the old fasteners residue. Even within
the reusable fastener category, breaking of snap fits, stripped screw head and threaded screw holes, could
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render the fastener not reusable and risks damaging the product. In such cases, the following design
interventions might be considered:

To address breaking of snap-fits during disassembly:
- Choose a more flexible material for the snap-fits, allowing for easier disassembly without breaking.
- Use reversible snap fits instead of one-way snap-fits

To address stripped screw head:
- Use a screw head design that offers better torque distribution, such as a Torx or Robertson head, to
minimize the risk of stripping.

- Choose a screw material with higher hardness and better wear resistance to prevent screw head
stripping.

To address threaded screw holes:

- Use thread inserts or helicoils to reinforce the screw holes and provide better resistance against stripping.
- Choose a more robust material for the components with threaded holes to prevent thread deformation.
- Choose coarser thread pitch and longer screw hole depth to provide better capacity to resist stripping.

Avoid the use of high strength (>20N) press fits and snap fits. For users without knowledge of how to
disassemble the product, high strength press fits and snap fits become a major barrier as users may not want
to proceed further due to risk of breakage. Similarly, the strong prying action required to release such fastener
has a high probability of damaging the product. If higher forces snap fits and press fit are regardless required,
provide clear disassembly cues and assistance (e.g., a prying slot) to ease its removal.

Trimming method 2: Providing disassembly and reassembly guidance

Disassembly and reassembly cues guide the user to correct and safe disassembly and reassembly of the
product. These cues can also motivate users to diagnose, repair and maintain the product. Additionally,
reassembly cues promote post-repair safety of the product. These design features are particularly relevant
in scenarios where the user lacks knowledge of how to disassemble and reassemble the product, such as in
DIY and repair café settings. However, even professional repairers may find these cues helpful in providing
assurance for the tasks at hand. Here we provide examples of disassembly and reassembly cues.

Disassembly cues:

- Visible fasteners: allows easy identification, and access to fasteners. e.g., figure 5 #

- Fastener indication: Marking fasteners with labels, arrows, numbers, or other symbols provides users
with clear guidance on how components should be disconnected during disassembly. E.g., figure 5#2
(pry notch as well as arrow marking)

- Seams: Allows for identification of detachment point and gives indication of how different parts are
connected. E.g., figure 5#3
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- Component marking: help user understands their function and on what should be disassembled. E.g.,
figure 5#4

Yours to open.
Yours to keep.

Figure 5: Example of fairphone 4 with variety of disassembly clues to guide users.

Reassembly cues:

- Keying: Keyed components or connectors are designed with a specific shape or orientation that allows
them to fit together in only one way

- Marking connections: Marking connections with labels, arrows, numbers, or other symbols provides
users with clear guidance on how components should be connected during reassembly.

- Coloured wires: Makes it easier to identify and connect corresponding electrical connections during
reassembly.

- Auditory verification: An auditory “click” serves as feedback to users when components are correctly
attached or connected during reassembly. This helps confirm that parts are properly seated or
connected.

- Cable guides: Helps organize and route wires or cables within a product during reassembly, ensuring
that they are placed correctly and do not become tangled or pinched.

3.2 Principle: Information provision

This principle relates to informing users and repairers for diagnosing, repairing and maintaining the product.
Table 1 gives an overview of the types of information that are desired and its relevance to diagnosis, repair,
and maintenance of the product. This information can be made available via a physical or digital manual,
online video, call service or attached to the product. Whenever possible, this information should be provided
attached/engraved in relevant areas of the product for best results.

Table 1: Information considered important for maintenance, diagnosis, and repair.

Type of Information Relevance

Access to repair training to 3" party repairers Enables 3rd party repairers and repair cafes to repair products
and repair cafés.

Clear explanation to error codes Guides diagnosis process

Component identification Assists in acquiring repair instruction and spare parts
Diagnosis information/ Troubleshooting chart Guides diagnosis
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Disassembly sequences via e.g. disassembly
map, or exploded view.)

Guides disassembly and diagnosis process

Fault detection indication

Guides diagnosis process

Functional specification of parts (e.g., Resistor
values)

Guides diagnosis, repair

Indication of tools required during the repair

Assists disassembly and diagnosis

Info on compatibility with 3" party parts

Enables use of 3rd party spare parts

Information on reassembly sequence

Guides reassembly

Information on repair service offered by the
manufacturer

Encourages the user to consider professional repair

Information to reset to working condition

Assists in diagnosis

Maintenance instructions and schedule

Guides maintenance process

Maintenance and repair
Instructions/manual/bulletin

Guides maintenance and repair process

PCB/Electronic board diagram

Guides diagnosis process and identification of spare parts and board
level repair

Product identification

Assists in acquiring repair instruction and spare parts

Recommended torque for fasteners

Guides proper disassembly and reassembly

Reference values for measurements

Guides diagnosis process

Replacement supplier/supply information

Assists in acquiring spare parts

Safety measures during repair

Promotes safe repair

Service centre accessibility

Promotes users to give for repair

Transportation instructions

guides proper transportation of products for repair

Active Information provision to the user: Information is provided to the user via a visual or auditory signal
to facilitate the process of diagnosis and maintenance. Examples include:
- Sound or text signals that communicate the correct appliance usage and the process executed in the

product.

- Sound or text signals that communicate component failure or maintenance.
- Change in colour indicating a maintenance or replacement requirement. For example, filter changing
colour in vacuum cleaner when replacement is needed.

3.3 Principle: Accessibility of priority components

Accessibility refers to access to priority components without the need for complete product disassembly. Both
visual and physical accessibility is considered in this principle. This principle promotes diagnosis and
maintenance by users since it enables access the point to diagnose or maintain the product the product
within a limited number of disassembly actions. Examples include:

Lid/valve/door. Having a point of entry like a lid, valve or door provides easy access to the maintenance

points (Figure 6)

Figure 6: Valve to access filter in washing machine
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Long cable length. This feature also reduces the chance of damaging fragile cables if disassembly is
required. However, long cables may negative influences the ease of reassembly of the product, since these
cables need to be carefully placed back, therefore cable guides should be used with this feature.

Wide geometry opening. Wide enough opening allows manual inspection by finger or hand.

Testing points. Using a multi-meter, oscilloscope or similar tool is a common diagnosis practice. Providing
testing points at early disassembly stages promotes diagnosis (Figure 7).

Figure 7: Using multimeter to diagnose a laptop is a common procedure.

Clustering maintenance points: components that require a similar maintenance schedule can be clustered
together. This promotes the ease and likelihood of maintenance of the product.

Full view of the components. This allows for checking the interactions of different components together,
making it easier to follow pathways (electric, mechanical, water or air) and identify potential problem areas.

Material transparency. Transparent material allows diagnosis and checking of internal condition without
disassembly.

Symmetric positioning of components. This allows for quick comparison to check and diagnose
components. Additionally, symmetric positioning of components also guides reassembly as positions of
components and fasteners can be quickly checked.

3.4 Principle: Modularity

Products are usually composed of various modules, each of which contains one or more components. These
modules can be separated from the rest of the product as self-contained, semi-autonomous units. Modularity
can have a positive impact on diagnosis and product disassembly since these modules that usually consists
of multiple components that can be removed together as an entity during disassembly process. However,
this can also have a negative effect on spare part prices if a priority part is ‘bundled’ with other components.

Bundling modules can provide benefits such as durability, improved performance, or security, such as
bundling a battery with a tray or frame or encapsulating high-voltage systems (e.g., PSU in desktop PCs or
smart TVs). Additionally, bundling components generally makes product manufacturing cheaper. However,
the degree of modularity must be balanced to consider the trade-offs.

In general, it is recommended to avoid bundling priority parts with other parts using non-removable fasteners.
Bundling components into larger modules decreases disassembly time but makes spare parts more
expensive. Priority parts should be individually removable to avoid significantly increasing their price and
thus reducing the chance of repair. Careful consideration of modularity is crucial to achieving a balance
between product design, manufacturing costs, and ease of repair and costs of repair.
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3.5 Principle: Standardised components and interfaces

Standardized components and interfaces adhere to a consistent set of specifications, guidelines, or criteria,
which makes them readily available, and interchangeable and compatible across different products or
brands. This could either occur within a brand (e.g., lighting port used by various apple products) or across
multiple brands (e.g. USB-C connector). In this report, a part and/or its interfaces is considered standardized
if it is used by multiple brands.

Standardisation of parts and/or their interfaces improves the access to spare parts and thus enhances
reparability. Additionally, standardised fasteners increase the likelihood that the fastener is removed
correctly, and the tool to remove the fastener is readily available. Furthermore, when a part is standardized,
the costs per part are likely to decrease through competition and economies of scale.

In general, it is recommended to standardize parts which have the same function in a range of different
products, but don’t have a significant distinguishing performance and don't fulfil an aesthetic function.
Examples of parts that could potentially be standardised include bolts, drainage pumps and motor for
washing machines, and batteries for vacuum cleaner.
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4 Design for robustness

Robustness is defined as the ability of the product to withstand variations beyond normal operation
conditions. Products that have a high level of robustness exhibit a high level of reliability since these products
are designed with higher specifications than needed for operation under normal conditions. This section is a
summary of results presented in D4.3 and presents the design principles and guidelines for robustness.

Table 2: Design principles for robustness

DESIGN PRINCIPLE EXPLANATION

Design simplicity Selecting a basic conceptual operating principle for performing a specific function
that reduces the number of (moving) parts required for performing that particular
function, thereby maximizing the simplicity and the robustness of the operating
principle.

Material and component selection Careful matching of type and grade of components and materials with functional
(interdependent with over-specifying)| requirements and use environment can prevent degradation (of chemical,
mechanical, radiation and/or thermal nature) during the performance of a
particular function.

Over-specifying Over-specifying parts so that the load (e.g., mechanical, thermal load) on the part
(interdependent with material during use will under normal conditions never exceed the load that the material
selection) can handle. This helps withstand stress during use. Furthermore, dimensioning

interfaces of moving parts to provide smooth running without excess wear could
also be considered.

Shielding, i.e., protection from This principle reduces variation in the component by shielding the

outside conditions product/component from the cause of the environmental variation. (e.g,,

(Interdependent with surface protecting sensitive electronics from water by using a watertight cover, shielding

treatment) against electric overcurrent by providing a circuit breaker, or surface treating the
material to shield from UV).

Surface treatment Selection of the type of surface treatment to prevent degradation (of chemical,

(Interdependent with shielding) mechanical, radiation and/or thermal nature) during the performance of a

particular function. It is also possible to choose a treatment where wear would be
acceptable or even beneficial (e.g., patina on the copper roof, leather shoes fitting
better by stretching, etc.).

Redundancy Redundancy is typically used where the functional variation can become so
(Interdependent with expendable extensive that it turns into a failure with serious consequences. (e.g., coaxial pipe
parts) system that only becomes active when the inner pipe fails)

Use of expendable parts Design of the weakest link; An inexpensive part that is designed to wear out during
(Interdependent with redundancy) use, thereby protecting parts that are more expensive and difficult to replace (Eg.

Brake pads in the disc brakes of a car wears out much faster than disc brakes,
thereby protecting disc brakes).

Component lifespan match Choosing components to match components with the longest lifespan in the
product prevents the “weakest link” in the design and assures a component
doesn’t fail until the rest of the product fails.

Uncoupling/decoupling Components designed with parameters independent from each other could reduce
performance variation since individual optimum design parameters could be
specified. (E.g., positioning capacitors away from hot transistors ensures they do
not need the same thermal resistance.)

Self-reinforcement Functional performance improves certain design parameters deviating from
nominal conditions. (E.g., Rubber lip ring sealing which becomes tighter as the
pressure increases.)

Flexibility Flexible parts can absorb parameter variation and therefore reduce the
(Interdependent with loose performance variation. It is worth noting that flexibility is a function of both
tolerances) material properties and geometry.

PROMPT Deliverable 4.5 16 | 52



Controlled tolerances Controlling tolerances based on the requirement reduces variation in the product.

For instance, introducing looser tolerances essentially ‘delays’ how the variation of
a design parameter influences the functional performance. If loose tolerances exist
between two functional surfaces, variation of one surface can occur to some extent
without affecting the interfacing surface. In contrast, Tightening the allowable
parameter variation will inherently reduce the performance variation as it reduces

wear.
Proper use and maintenance Whist this principle also falls under repair and maintenance, encouraging product
encouragement maintenance and proper use has shown to induce fewer failures over its lifetime

(Eg. Indicator light in coffee maker when decalcification is required).

Maintenance condition information Features that maintain the condition of the product actively or passively assure

that any variation does not exceed the tolerances of a component and therefore
reduce the failure chance. (e.g., cooling, and throttling system for IC chips to
prevent overheating, automatic load balancing system in a washing machine).

Design to avoid dropping For products that can be easily moved by the user (under 10kg), having ergonomic

handling features (e.g., handles for a vacuum cleaner, grips for phones), assure that
the product is less likely to be dropped when transported during its use phase.

These principles need to be carefully balanced and implemented to provide an optimal design for a durable
product. As indicated in Table 2, a number of principles are interdependent, implying that they should be
optimized in connection to each other. These principles if applied in isolation, might lead to products with
high manufacturing and material costs, that are not viable for the market. Also, their effect might be
counterbalanced by neglecting other design principles, resulting in a product that is robust in some respects,
but weak in other. Based on the design principles for physical durability, guideline have been derived, that
can be distinguished in five main categories: Prevent, Block, Distribute, Dissipate, and Endure.

Prevent. Avoid excessive variation in conditions. Examples are:

Indicate proper use and maintenance of the product: Make sure the product does not get exposed to
extreme situations through care and maintenance.

Provide breakers, like circuit breakers, throttle valves and overheat shutdowns, to make ensure the
conditions do not exceed potential for failure.

Use components that limit variations in internal condition (e.g., more efficient electronics to reduce heat
dissipation).

Separating sensitive components from components that produce variations.

Provide ergonomic design to avoid drops.

Block. Shield products and their components from condition variations. Examples are:

Provide a surface coating to materials to resist UV.
Provide thermal insulation to temperature-sensitive materials.
Shield against water through watertight seals.

Distribute. Spread the effect of condition variations internally in the product to minimize local stress
(thermal or mechanical) concentrations. Examples are:

Optimize geometry e.g., by creating smooth and gradual transitions between sections, and avoiding
sharp corners, edges, and sudden changes in cross-section.

Design load path in a way that it avoids areas with high stress concentrations and follows the natural
load follow through the component.

Add thermal mass, e.g., by using a large heat spreader.

Dissipate. Spread the effect of condition variations externally to the environment. Examples are:

Provide active or passive cooling to products that produce heat.

Endure. Resist the effect of the condition variation. Examples are:

Selecting proper materials and components.
Specifying/over-specifying dimensions.
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As discussed in D4.3, and D4 .4, since robustness of a design can be achieved by different combinations of
design principles and can result in quite different use of various design features, it is not feasible to reliably
assess the robustness of the product by assessing separate design features, as reliability is determined by
the integral product architecture, including choices of materials, dimensioning construction, and connections.
As a result, testing the robustness of a product through investigating its design is not feasible. Testing
methods for reliability as studied in WP3, that induces a failure cause (e.g., through accelerated lifetime tests,
or mechanical and thermal stress tests), are more fruitful.
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5 Testing procedures for repair, maintenance, and diagnosis.

This section reports on the step from design aspects that favour or hamper diagnosis, maintenance, and
reparability to a testing program that establishes repairability. As explained in the previous section,
robustness cannot be evaluated based on a straight-forward design analysis and needs experimental testing.
Testing for robustness is therefore not part of the design related testing program. Table 3 presents how the
design principles presented in previous section are incorporated in the testing program.

Table 3: Overview of the design principles incorporated in the testing program.

Design Principle

Testing program (sub-)criteria
covering the design principle

Remarks

Disassembly and reassembly | 1. Disassembly time Methods for improving ease of
2. Safety risks disassembly are evaluated in the
3. Tools required “Disassembly assessment” criterion.
4. Fastener types While reassembly is a recommended
5. Ease of maintenance criterion, it is currently not included in
the evaluation due to the need to
balance ease of testing with accuracy.
However, reassembly cues are
included in the safety criteria
framework to address post-repair
risk.
Information provision 1. Step by step repair guide The first four subcriteria cover the
2. Presence of part code information deemed essential for
3. Diagnosis troubleshooting | repair. Subcriteria 5 and 6 assess the
manual presence of active information
4. Maintenance instructions | provision to the user, facilitating
5. Error message indication diagnosis and maintenance.
6. Maintenance indication
Accessibility of priority 1. Disassembly time The principle of accessibility reduces
components 2. Safety risks or eliminates the need for
3. Tools required disassembling the product for repair,
4. Fastener types maintenance, and diagnosing actions.
5. Ease of maintenance Therefore, criteria related to ease of
disassembly also address the principle
of Accessibility.
Modularity 1. Disassembly time The first five subcriteria assess
2. Safety risks positive aspects of modularity
3. Tools required (improving ease of disassembly and
4. Fastener types maintenance). The last subcriterion
5. Ease of maintenance addresses a potential negative aspect
6. Spare parts cost of modularity (bundling).
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Standardised components 1. Disassembly time While the use of standardized

and interfaces 2. Safety risk components is not a direct criterion,
3. Tools required the benefits of standardization are
4. Fastener types assessed via various (sub) criteria,
5. Parts cost especially spare part cost and period
6. Part period of availability of availability.

Deliverable 4.4 provided an overview of the testing program, the rationale for the criteria, and the testing
method (including a detailed testing methodology for eDiM). This report builds on D4.4 and presents an
updated overview. Additionally, the determination disassembly scores, and the limiting factors are presented.
This chapter then discusses an evaluation of testing programs, beginning with the assessment of the current
scoring systems. It proceeds with eight case studies (two per product category), demonstrating the
application of the PROMPT reparability testing program and highlighting areas for further improvement.
Within the insights of the case study, update on aspects of eDiM methodology (including research on glued
components) are also presented.

5.1 Overall Testing program

Table 4 and Table 5 present the proposed updated overall criteria for the testing program and their weight
per product category. The assessment addresses six types of criteria: repair information, diagnosis,
disassembly assessment, spare part and repair cost, software aspects, and maintenance. The overall criteria
and weights were updated based on further workshops and collaboration with WP6 partners, considering
simplification for testing and balancing the overall tensions between reliability, reparability, and user and
market aspects. Further details can be found in the deliverables of WP6.

Weight of scoring aspects in overall repairability score

Table 4: Overview and weightage of the reparability and diagnosis scoring system. The criteria are applied
per priority part. (WM= Washing machine, VC= Vacuum cleaner, TV = Television, SP = Smartphones).
Subcriteria that need to exceed a threshold are indicated in red.

Criteria Weight | Weight | Weight | Weight |Sub criteria Weight | Weight | Weight | Weight
(WM) | (vC) (TV) (SP) (WM™m) | (vQ) (TV) (SP)
Repair 10% 10% 10% 10% |Step by step repair guide (including 80% 80% 80% 80%

information disassembly) (Manual or Video)

Presence of part code 20% 20% 20% 20%
|Diagnosis 10% 10% 10% 10% |Error message indication 64% 64% 64% 64%
Diagnosis troubleshooting manual 18% 18% 18% 18%
Additional diagnosis tools/software 18% 18% 18% 18%
IDisassembly 65% 65% 65% 65% |Disassembly time 85% 85% 85% 85%
Assessment Safety Risk 5% 5% 5% 5%
Tool Required 5% 5% 5% 5%
Fastener type 5% 5% 5% 5%
Spare part and 15% 15% 15% 15% |Spare parts costs 50% 50% 50% 50%
|repair cost (LF) OEM repair cost 20% | 20% | 20% | 20%
Period of availability 30% 30% 30% 30%
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Table 5: Overview and weight of software and maintenance aspect in the scoring system. These are part of
reliability section on the overall scoring system. Note: security and functionality update are not separated in
WP6.

Criteria Weight | Weight | Weight | Weight |Sub criteria Weight | Weight | Weight | Weight
(WMm) | (ve) | (TV) | (SP) (WM) | (vC) | (TV) | (SP)
Software Reliability | Reliability | Reliability | Reliability |Security and Functionality updates 100% 0% 100% 65%
Jospects 3% 0% 14% 7% |software-based prevention of repair 0% 0% 0% 25%
Reset to factory settings 0% 0% 0% 10%
[Maintenance |Reliability | Reliability | Reliability | Reliability | Maintenance Indication 20% 20% 5% 60%
(27%) | (20%) 6% 3%  |Maintenance instructions 60% 60% 5% 20%
Ease of maintenance 20% 20% 15% 20%

5.1.2 Limiting factors, scoring thresholds

Testing programs that consider many different aspects run the risk of undervaluing aspects that are
considered of crucial importance if just a single score is calculated, as many other effects also need to be
accounted for. On the one hand, the overall score should strike the right balance between the constituting
parts, while on the other hand design features that make repair impossible should determine the overall score
to a large extent. However, simply putting a high weight on such design features would lead to
underestimation of other aspects if such detrimental features are not present. We therefore introduce limiting
factor for critical criteria. If the threshold is not passed, the score will be largely determined by the score for
these features. If the threshold score is passed, the weight of the particular criterion is as indicated in Table
4 and 5.

The following four (sub) criteria have a limiting factor [5]:
- Safety risk

- Spare part cost

- Spare part period of availability

- Security and Functionality updates

These criteria severely hinder the reparability of the product if they are below the threshold. Consequently,
in the testing program, these factors should then significantly impact the overall score. Table 6 indicates how
the thresholds for these subcriteria affect the resulting score. The ‘low performance weighting’ indicates the
extent to which the subcriterion contributes to the overall score if the threshold is not passed. A low
performance weight of 70% thus means the limiting factor's weight becomes 70% if the criterion score falls
below the minimum threshold value.

Table 6: Minimum threshold, low performance weighting, its influence, and details on the limiting factor
criteria.

(Sub-)criteria Minimum Low Criteria, the Details
threshold performance | limiting factor
weighting influences
Safety Class D 70% Overall Covers safety risk of medium to high
disassembly severity and medium to high likely
score hood as according to PROMPT safety
framework. See D4.3 for further info.
Spare part cost | 30% price of a 70% Overall repair Price at the time of assessment
new product score
Spare part Expected 70% Overall repair | expected lifetime (years): SP =4, VC =
period of lifetime score 7, TV=9, WM = 9. (Based on survey
availability data within PROMPT [6]).
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Software Expected 100% Overall Only applicable to smartphones (4
lifetime reliability years).
score

Figure 8 provides an example: if the availability period falls below the threshold value of 4 years, this criterion
begins to severely affect the overall score. In the case of Product 3, if the spare part is not available (0 years
of availability), the reparability score would be approximately 3 with a limiting factor, rather than over 7 without
the limiting factor.

Influence of limiting factor to score

t;

Overall repair score

0 2 4 6 8 10
spare part period of availability (years)

Figure 8: Example showing the influence of limiting factor towards overall score. ti = threshold line, Blue
line= influence of spare part period of availability on the overall score without limiting factor, Red solid line =
influence spare part period of availability on the overall score with limiting factor.
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5.2 Determining disassembly score

The disassembly score for each product category is related to the minimum and maximum disassembly time
based on analysis of 10 products within each category (see deliverable 4.3 for more details). The Score
ranges from 0.5 (lowest) to 5.5 (highest). The 75" percentile of disassembly time was used for the lowest
score per component. This implies that the 25% of the priority parts with the longest disassembly time
receives the lowest (0.5) score. Table 7,8,9 and 10 presents the disassembly time score for each product

category.

Table 7: Disassembly time score determination for the priority parts in washing machines.

Washing machines
Disassembly time range (in seconds)
Door Drum Shock
Score seal bearings absorbers Pumps Electronics Heater

5.5 0-180 0-300 0-180 0-180 0-180 0-180
4.5 181-240 301 -600 181-240 181-240 181-240 181-240
3.5 241-300 601 - 900 241-300 241-300 241-300 241-300
2.5 301-360 901 -1200 301-360 301-360 301-360 301-360
1.5 361-420 | 1201-1800 361-420 361-420 361-420 361-420
0.5 420+ 1800 + 420+ 420+ 420+ 420+

Table 8: Disassembly time score determination for the priority parts in Vacuum cleaners.

Vacuum cleaners
Disassembly time range (in seconds)

Score Motor Battery Nozzle Filter
5.5 0-120 0-30 0-10 0-10
4.5 120-180 31-60 11-20 11-20
3.5 180 -240 61-90 21-30 21- 30
2.5 240 - 360 91-120 31-40 31-40
1.5 360 - 480 121 - 150 41-50 41 -50
0.5 480+ 150+ 60 + 60 +

Table 9: Disassembly time score determination for the priority parts in TVs.

TV's
Disassembly time range (in seconds)

Score Mainboard TConBoard Backlight PSU
5.5 0-120 0-120 0-120 0-120
4.5 121-180 121-180 121-180 121-180
3.5 181 - 240 181 - 240 181 - 240 181 - 240
2.5 241 - 300 241 - 300 241 - 300 241 - 300
1.5 301-360 301 - 360 301 -360 301 - 360
0.5 360+ 360+ 360+ 360+

PROMPT

Deliverable 4.5

2352



Table 10: Disassembly time score determination for the priority parts in smart phones.

Smart Phones
Disassembly time range (in seconds)

Score Battery Screen

5.5 0-60 0-120

4.5 61-120 121-300

3.5 121 - 240 301-420

2.5 241 - 360 421-600

1.5 361 - 600 601-900

0.5 600+ 900+
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6 Evaluation of the testing program.

The testing program must be both valid (ensuring the scoring system measures what it is intended to
measure) and reliable (providing consistent scores upon re-evaluation and maintaining objectivity) [7], [8].
In addition, these two aspects should be carefully balanced with testability (ensuring the testing program
can be done within reasonable time and budget). This will enable its effective use in policymaking and
assessment by consumer organizations, Market Surveillance Authorities (MSAs), and other stakeholders.

To ensure the validity and reliability of the testing program, whist keeping in mind its testability. The
following two steps was taken.

1. First, potential gaps that could occur related to validity and reliability in a testing program were
identified through a study evaluating four current reparability testing programs (i.e., scoring
systems). These gaps were taken into account during the development of PROMPT reparability
testing program.

2. The PROMPT testing program was then studied using eight cases, two from each product
category.

6.1 Evaluation of current scoring systems

A study was conducted evaluating the validity and objectivity of the four current reparability scoring
systems (1) Joint Research Centre (JRC) Scoring system [9], French Reparability index (FRI) [10], iFixit
scoring System (iFixit) [11], and ONR 192102 (ONR) [12]. (See appendix IV for the preliminary draft of the
research paper). This chapter presents the overview of the validity and reliability evaluation study, and the
takeaways for PROMPT testing program.

Method overview

In this study, 16 products (10 smartphones and 6 vacuum cleaners) were scored and analysed using the
four-scoring system. The reliability of the scoring system was then determined by scoring best and worst-
case interpretations per criterion and identifying the cause and the extent of differences in interpretations.
The validity of the scoring system is determined by evaluating how the scoring system handles scenarios
where repair is not possible.
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6.1.1 Reliability

The potential for varying interpretations (unclear aspects) when scoring criteria in each scoring system was
investigated to determine the reliability of different scoring systems. Table 11 presents an overview of the
results. Multiple interpretations were possible in the following aspects: bundling, breakable fasteners, spare
part costs and availability, and repair information. Based on these results, the considerations for the
PROMPT testing program related to reliability are also shown in this table. The decisions for these
considerations are largely based on workshops held with PROMPT consortium partners (see D4.4,

Appendix 4).
Table 11: Main reason in subjectivity in the scoring system, its explanation, and considerations for PROMPT
testing program.
Advantage Disadvantage Consideration for
Possible scoring PROMPT reparability
Topic Unclarity decisions testing program
Destructive - Could promote
disassembly and designs that require
desoldering can be destructive
conducted until priority disassembly Bundled components are
Unclarity on how | part is removed considered not
Bundling bundling should Bundled components Bundling is Does not consider | removable if price of
be addressed. are Consider not penalised small elements spare part is above 30%
removable bundled together of the product.
Consider th i Considers small Could promote
bonjll ertne er;llre elements bundling of large
undie removable bundled together | modules
Promotes Products may be
Fasteners (e.g., Consider not fastener that do harshly scored
snap fits) that may | removable not break during | since it's only a Consider removable only
Breakable break during disassembly chance. if ~10% breaks without
fasteners disassembly/reass Conforms to Promotes fastener | any damage to the
embly is difficult to Consider removable what is currently | that break during component.
consider. done in general disassembly
for FRI
Easier to test Do not account for
, check current local fluctuating price
Unclarity on how : :

- : price during L
fluctuating prices assessment Current price is checked,
of spare parts ' further research may be
over time should required.
be factored in Accounts for More difficult to test

Spare part Update assessment ; .-
. o fluctuating pricing
price and periodically
availability -
Easier to test Do not account for
Unclear how "out | consider not available t?mpl)(orgry out of Manufacturer is
of stock" spare stock prices contacted. If no answer
parts should be More difficult to get is received, it is
handled C(r)]ntag[t TT}IEIEUf?Ctl:FeFk representative of | answers from considered not available.
when it will be in stoc real case Manufacturer
Thorough step by step More accurgte Maybe too strict
. ! representation of | and currently none
information for . . :
diagnosis and repair |nformgt!on of the products will
Unclear the extent : availability pass. Do not Step by step information
. . - on each failure mode : . : )
Repair of information . . consider partial is required for
. . . is required . . . .
information | required for a information disassembly, repair, and
"pass" criterion. . . Points are Less strict and can | diagnosis of the product.
Partial guidance on . .
provided be easily bypassed

general failure mode
may suffice

without giving clear
guidance to user
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6.1.2 Validity

In situations where it is evident that repair is not viable, a valid scoring system should reflect this by assigning
a very low score. Consequently, two hypothetical scenarios were examined: In the first scenario, a
hypothetical product was assessed where the spare part price of one of its components (motor for a vacuum
cleaner and screen for a smartphone) exceeded 50% of the price of a new product, while all other criteria of
the scoring system were met. Likewise, in the second scenario, a hypothetical product was evaluated where
a priority part (motor for a vacuum cleaner or screen for a smartphone) was attached using a permanent
fixture, rendering disassembly impossible, while still meeting all other criteria.

The study demonstrated that the current scoring systems could be further refined for validity. In the
hypothetical scenario of an ideally repairable product with one expensive spare part, all scoring systems
resulted in scores above 80%. Similarly, for the hypothetical scenario where a single priority part cannot be
disassembled, FRI and JRC scored above 80%, while iFixit scored 68%. These outcomes indicate that for
cases where repair of a specific priority part is unfeasible, the product still receives a relatively high score.
Regrettably, in these kinds of extreme situations where repair is impractical, none of the evaluated scoring
systems accurately portray the product's actual reparability. Although these scenarios are extreme, they are
still reasonably likely to occur.

The PROMPT reparability testing program has addressed this issue by introducing limiting factors (e.g., for
spare parts availability and price) (see Section 5.1.2) or by assigning high weightage (e.g., for ease of
disassembly) on important criteria.

6.2 Evaluation of PROMPT testing program

This chapter presents the primary findings and potential areas for improvement concerning the validity and
reliability of the PROMPT reparability testing program while taking its testability into account. The evaluation
of the PROMPT testing program was conducted using eight cases, selecting two cases from each product
category (See Appendix lll for the raw results). The methodology used is similar to the one outlined in Chapter
6.1. In terms of reliability, the chapter discusses aspects that could introduce ambiguity in the testing program.
As for validity, the handling of hypothetical scenarios, the assessment of model time versus actual time, the
degluing process, and safety aspects within the PROMPT testing program are discussed.

6.2.1 Reliability

Time-dependent criteria, such as spare part price, spare part availability, and software updates, are currently
only assessed at the time of testing. The scores for these criteria may change over time, which is not
addressed in the current scoring system. Possible solutions include obtaining statements from manufacturers
regarding maximum spare part prices or evaluating the criteria annually, further investigation may be needed
on how this is best addressed.

The current protocol does not provide information on how to assess software-based prevention to repair
(e.g., part pairing). One potential solution involves using two identical devices, switching their priority parts,
and testing the product's functionality. Another option is to determine if genuine third-party priority parts can
be installed, although this would require significant resources to maintain a database of such parts.
Additionally, software-based prevention to repair can occur at various levels, and further study is needed to
determine how this can be fully incorporated into a scoring system.

It remains unclear whether the level of detail provided by the manufacturer is sufficient for a scoring in
diagnosis criterion. Most devices offered device-level diagnosis for instance, a manufacturer could provide
generic information for a single failure and still achieve a full score in diagnosis. Other scoring systems also
currently consider diagnosis and maintenance information at the device level, but the required level of detall
is not specified in any of the systems. While inducing each priority fault and checking for error indications
would be a more comprehensive approach, such an approach would be too resource consuming. Whether
more detailed diagnostic assessment is required should be further investigated.
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6.2.2 Validity
Hypothetical scenarios

Figure 9 presents score of hypothetical scenarios of 3 current reparability scoring system and PROMPT
scoring system. In the hypothetical scenario where, spare part is not available whilst all other criteria are
fulfilled, the PROMPT testing program scores 35%. Similarly, for the hypothetical scenario where a single
priority part cannot be disassembled, the PROMPT reparability scores 58%. While the score when a priority
part cannot be disassembled is still relatively high, these results indicate a better representation of extreme
scenarios than the current available scoring systems. To further represent the non-disassembly of a priority
part in the scoring system, a further increase in weightage, or a limiting factor in “Disassembly Assessment”
criteria may be needed in PROMPT testing program.

Hypothetical scenario comparision
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Figure 9: Score of hypothetical scenarios of 3 current reparability scoring system compared to PROMPT
scoring system (For smartphones).
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Overall Disassembly time

Table 12 presents a comparison between modelled eDiM disassembly time and actual required time during
the testing procedure. The initial results indicate that, for phones, washing machines, and vacuum cleaners,
eDiM times are comparable to actual times (within 70% accuracy). However, the model does not accurately
represent TVs, where the actual time deviates from modelled time by factor of 2.

Further analysis reveals that this large deviation results from how the “pry circumference” action (prying entire
circumference of a cover or assembly held on by (e.g.) adhesive, snap fit or friction fit) is modelled in eDiM
(see Table 13Table 11). In current eDiM testing program, for simplification of eDiM, a generalization is made
for pry actions with and without adhesives. However, this decision led to significant discrepancies in the
model time, with the actual time for pry actions without glue being significantly overestimated (approximately
by factor of 3.5) and underestimated (by factor of 2) for pry actions with adhesives. Based on these findings,
an additional pry action for adhesives will be incorporated into the eDiM of the testing program (see
deliverable 4.3 Appendix 5 for further details).

Table 12: Overall model and actual disassembly time of the analysed product, cells highlighted in orange
shows significant difference between actual and modelled time.

Overall disassembly time (seconds)
Ratio
Modelled | Actual % Difference (modelled/actual)

Phone 1 125 103 21% 1.21
Phone 2 656 794 -17% 0.83
TV1 1014 406 150% 2.50
TV2 367 187 96% 1.96
WM1 1083 1132 -4% 0.96
WM?2 1512 1630 -7% 0.93
VC1 230 183 30% 1.30
VC2 164 125 29% 1.29

Table 13: Average modelled vs actual time of pry actions.

Pry Ratio
circumference | Modelled time Actual time %Difference (modelled/actual)
Mid force 210 64 228% 3.28
High force 817 217 276% 3.76
Mid force -47% 0.53
(with glue) 52.8 99

Degluing process

It was difficult to apply the current model of eDiM to glued connections since repetitive prying is required and
these motions cannot be easily described. To address this issue, further tests were conducted to explore
alternative approaches to assessing the degluing process: 1) modelling physical fastener characteristics, 2)
measuring the bond strength of glued connections, and 3) extending eDiM for glued connections (see
Appendix | for more details). Based on this analysis, an updated version of eDiM was chosen, wherein the
sequence of movements expected from a particular degluing process is modelled (refer to D4.4 Appendix 5
for more information).
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Safety

The current safety model does not provide a comprehensive assessment; a safety score based on an
incomplete evaluation may result in misleading conclusions regarding actual repair safety risks. Therefore,
while we acknowledge the importance of including a safety criterion with limiting factor, we recommend
including safety criterion in the testing program only after the safety framework is fully developed and
encompasses the majority of probable safety risk factors. These factors include chemical hazards,
mechanical hazards related to handling heavy objects, and additional post-repair safety hazards.
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7 Recommendations on testing

There are several opportunities for improvements in the testing program and for further investigation related
to diagnosis, maintenance and repairability of the product:

The validity of disassembly time has currently been conducted with a small sample. This should be
further strengthened by including a greater number of products and product categories, examining
the extent to which calculated model times reflect actual times across different product categories.

The relationship between disassembly and reassembly should be further investigated to determine
whether reassembly assessment should be explicitly part of the evaluation criteria or whether this
is already sufficiently covered by the disassembly time.

A more comprehensive assessment of safety is desirable, expanding the safety framework to
include chemical hazards, mechanical hazards related to handling heavy objects, and additional
post-repair safety hazards.

The current reparability assessment does not address board-level repair. However, board-level
repair is a common practice among highly skilled third-party professional repairers. Further
investigation may be needed to incorporate features influencing board-level repair into the testing
program.

The testing program does not consider software aspects for washing machines and vacuum
cleaners. However, there are instances where software aspects play a role (e.g., resetting to
factory settings), and with the rise of smart vacuum cleaners and smart washing machines, this
may become more relevant in the future.

Time-dependent criteria, such as spare part price, spare part availability, and software updates, are
currently only assessed at the time of testing. Further investigation may be needed to determine
how scores from these types of criteria can accurately reflect the dynamic reality.

While this research establishes the importance of addressing software-based obsolescence (e.g.,
part pairing), a robust protocol for testing these factors has not been fully developed. Therefore,
this area requires further development.

The testing program highlights areas where regulations may have the largest impact. Criteria with
limiting factors or relatively high weight could considered for potential legislation. Instances of such
regulations are already evident. For example, since March 1, 2021, the Regulation on eco-design
requirements for household washing machines and washer-dryers (EU) 2019/2023 mandates
manufacturers to supply spare parts, such as door hinges and seals, for a period of 10 years to all
professional repairers. It is recommended to implement similar legislation based on the criteria
from this testing program.
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APPENDIX I

1) Modeling physical fastener characteristics

Using fastener characteristics and available measured disassembly times, models can be built that predict
the disassembly time. Disassembly times of glued batteries and screens were modeled as a linear model
estimated by maximum likelihood.

As variables in the model, a variety of physical characteristics were selected, including part dimensions,
number of battery packs, and adhesive surface area. The positioning of the adhesive on the part influences
the use of lever force and was characterized by the percentage of the adhesive area in the center of the
component and the percentage of the adhesive area within 15 mm of the edge of the component. Factors
influencing the accessibility of the part were the percentage of fastener circumference obstructed by other
components, and the percentage of the fastener circumference that is recessed. The advantages of a linear
model with self-picked physical properties are that it is easy to interpret and unlikely to overfit the variability.

The resulting models performed unreliably on untrained data. Challenges to this approach are finding the
characteristics that influence the disassembly time and measuring them. A potential missing characteristic in
the model is the adhesive strength or glue tackiness. The tackiness varies between models but may also
differ from sample to sample due to aging of the glue, different use scenario, or different production scenario.
In addition, quite some data is needed to build the models and this data would be needed to model new
evolutions in the market, making the approach difficult to scale.

2) Measurement of bond strength of glued connections

We investigated whether measuring the bond strength of glued connections would result in more reproducible
results compared to manual disassembly. We found that the yield strength tests provide quite repeatable
results, and that the yield strength tests provide very granular results, allowing to pick up fairly small variations
from one product to the next. For more information see the Appendix Il on bond strength measurement.

3) eDIM extension for glued connections in smartphones and smartTVs

To obtain a practical, reproducible solution to assess adhesive connections, we propose to base the proxy
time for adhesive connections on the sequence of movements needed to disassemble a generic version of
that fastener. The actual movement needed to disassemble a specific fastener is not described, instead the
sequence of movements expected from that kind of fastener are modeled. This evaluates the connector
selected in the product design process rather than the actual implementation of the fastener. Detailed
information is published in PROMPT deliverable D4.4 appendix 5.
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APPENDIX I

Assessing the Ease of Disassembly of Glued Connections
through Measurement of Bond Strength

Ease of disassembly (EoD) proves hard to determine for glued connections, as on the one hand, actual
disassembly times may vary wildly across samples and operators, and on the other hand, the actions needed
to reverse the adhesive bond are hard to define purely based on product design in terms of precise
movements, force, and number of attempts required. More background to this question is provided in
PROMPT deliverable D4.4 Appendix 5.

From October 2021 to january 2022, as part of its research in the PROMPT project,' iFixit conducted a series
of tests at the KULeuven Demanufacturing lab? in order to investigate if a test rig could reliably measure the
mechanical resistance of glued connections in smartphones, as a proxy for ease of disassembly that would
be both granular and reproducible. We performed tests on back covers, screens and batteries of two current
models of smartphones, Samsung Galaxy A32 and Motorola Moto G30.3 After several iterations of the setup,
we were able to achieve fairly consistent results across a batch of devices of the same make and model.

1. Test Setup

We used a Thiimler Z3 universal tensile testing machine to apply a measured pulling force to back covers,
screens, batteries and battery pull tabs. For battery pull tabs, we used Grip Engineering THS470 pincers.
The flat surfaces of back covers, screens and batteries were gripped with Schmalz SAOF oval-shaped nitrile
rubber suction cups (Shore hardness 45°) actuated with a -0,8 bar vacuum. We settled on vacuum clamping
after previous tests with a metal pull plate glued to the screen with MS polymer glue had failed, breaking the
screen and letting go before overcoming the adhesive bond of the screen to the frame.

We verified the efficiency of the vacuum clamping setup by testing the holding force of various suction cup
sizes on a smooth metal plate clamped with suction cups on both sides, and found that the force exerted by
round and oval suction cups was proportional to their surface area as expected, and equal to ca 87% of the
theoretical maximum holding force. A square suction cup proved to be less efficient.

" See www prompt-project.eu.
2 We would like to thank Ellen Bracquené and Tine van Moeseke for their help with the tests.

3 We chose those models based on the presence of adhesive for 3 components (back cover, battery and screen) in order to maximize
the number of test per sample, and beyond that on their prevalence in terms of market share and on retail price.
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Max force correlates with suction cup area

Tested by pulling metal sheet with different suction cups until release of suction cup

nr  shape width (mm) length (mm]area (mm2) theoretical max force @ 0,8bar (N) actual force (N) efficiency (%)
1 square 60 60 3450 276 177
2 circle 50 50 1963 157 136

3 ellipse 40 80 2857 229 200
4 ellipse 50 100 4463 357 315
5 ellipse 60 120 6427 514 430

500

-
g B8 3
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Fig. 1: Pull force vs suction cup area

As far as holding the devices is concerned, for the initial tests on back cover and battery removal, the
smartphones were held in a simple clamp intended to hold smartphones on a bicycle. This setup was
adequate for back covers, which have a large surface area and limited adhesive. Battery removal proved
more challenging in this setup, and the holding force was found to be totally insufficient for the disassembly
of screens, which have the strongest adhesive bond - causing the devices to slip out of the clamp. For screen
removal, holding the smartphones from below with a second suction cup also proved unsatisfactory. In the
final iteration of display removal tests, the smartphones were held by in a Power Plus 0246 cast iron clamp
intended for holding workpieces during drilling, equipped with serrated jaws for better grip on the smartphone
frames (with the regular jaws, the smartphones would still slip out of the clamp). This was tightened with a
controlled force of 10Nm using a Wiirth 0714 71 30 torque wrench, resulting in a clamping force of
approximately 4900N. This provided adequate clamping without distorting or damaging the frame of the
devices, which is a delicate balance.

The samples were repeatably placed in the same position using a support plate that registered on the outer
rim of the frame as well as an adjustable stop, ensuring that the gripping device (suction cup or pincers) was
precisely located over the object (centre of screen or battery, or pull tab). On batteries, the suction cup was
positioned diagonally in order to fit the largest possible size of suction cup.
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Fig. 2: teét setup

2. Procedure

The force registered by the tensile tester was zeroed under no load with the suction cup and vacuum hose
attached.

Before testing, the smartphones were heated in an Excalibur 4926T drying oven for a minimum of 40 minutes
at a temperature of 80°C*. The actual temperature of the samples was checked before and after testing with
a Flir Thermovision A20 thermal camera; the starting temperature was within a range of 68-77°C for all tests
and the temperature after completion of the procedure was within a range of 38-52°C.

The samples were subsequently mounted in the test rig and loaded with a small (3 to 5 N) downward pressure
from the suction cup in order to ensure that the cup seal mated well with the surface of the target component
(back cover, screen or battery), and that any slight bending or buckling of the frame due to clamping force
would oppose the pulling force instead of pulling the sample out of the rig. After this, the clamp was tightened
to the predetermined force (cf. supra). The tensile test was then started and continued until the target
component was completely separated from the sample.

Fig. 3: sample a beginnng of test

3. Results

Back covers consistently peeled off in the same manner, starting from the sides and bottom of the
smartphone and holding a bit longer on the top corner of the phone where the camera is located (more
adhesive is present at the periphery of the camera). Back covers of Samsung Galaxy A32 all peeled off
completely, whereas back covers of Motorola Moto G30 sometimes got hung up on the edge of the camera
at the end of the pull. Batteries deformed much less, bulging a little initially before letting go first on one side
and then on the other.

4 As far as we could assess, disassembly temperatures recommended by manufacturers range from 60°C to
70°C. Since our setup does not simultaneously heat while applying force, we set the temperature slightly
higher so as to perform the effective separation at a temperature of around 70°C.
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Back covers

Large surface and limited adhesive: lowest force required

This first test series had some outlier results but we found sufficient overlap between different
force/displacement plots as well as maximum yield force to conclude that at least in principle, this method
could yield consistent results.

One can distill different metrics from the graphs, such as for instance the yield ratio (steepness of the curve
i.e. displacement divided by force) within the elastic range, or the total energy used for separating the bond
(surface under the curve). We chose maximum vyield force as a simple metric that offers a good
representation of the effort required to separate the bond. The maximum yield force of the back covers was
within a range of 82-113 N.

Back covers

Results

S
l_}_.;v' ,. | s -

Fig. 5: test results for back covers

Batteries on the other hand, required 109-173 N of force to separate.
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Batteries: adhesive

Motorola Batteries
Samsung Batteries

b

Chart Area ——

Fig. 6: test results for batteries

Screens required considerably more force to come loose, in the range of 321-453 N. However, having refined
the setup at this point, we achieved quite consistent results with screens as well, as can be seen from fig. 7.

Screens: adhesive

Fig. 7: test results for screens

An overview of the test results with variability can be found in table 1. The relative standard deviation across
samples was between 6 and 17%, showing a vastly higher reliability than manual disassembly time which
had relative standard deviations between 45% and 101%. Note that heating time is excluded from the time
measurements to make them comparable with the yield tests, which also start with heated devices.

Maximum force of mechanical testing Time of manual disassembly
Component|Model Average (N)  StDev(N) RelStDev NrSamples| Average(s) StDev(s) RelStDev NrSamples
Back cover |Samsung Galaxy A32 96 13 13% 6 9 4 45% 4
Battery Samsung Galaxy A32 152 19 13% 7 36 20 54% 4
Motorola Moto G30 143 24 17% 5 63 63 101% 4
Screen Samsung Galaxy A32 384 53 14% 5 141 98 70% 4
Motorola Moto G30 342 20 6% 5 116 71 61% 4

Table 1: overview of the test results from mechanical yield testing and manual disassembly, with standard deviation.

4. Conclusion

The comparison of mechanical yield strength measurements and manual disassembly times in terms of
variations shows that manual disassembly times, even those recorded with a single experienced repair
operator, are far from repeatable, whereas the yield strength tests provide quite repeatable results.
Additionally, the yield strength tests provide very granular results, allowing to pick up fairly small variations
from one product to the next. Therefore, they offer a crucial combination of repeatability and granularity,
which is needed to reliably differentiate between products.

This has so far been the crux of EoD assessments for glue bonds in the state of the art: they either lack the
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granularity needed for differentiation (in the case of simple action-based proxy times) or the repeatability
needed for a reliable assessment based on a small number of samples (either in the case of real time
measurement or assignment of highly granular proxy times, which tend to be assigned differently by different
operators).

The measured yield strength could be used as a direct proxy for ease of disassembly, or it could be combined
with an action-based ease of disassembly metric by allowing the selection of an adequate difficulty factor to
be added to the prying (or similar) action used to loosen the adhesive bond.

While this method also comes with certain disadvantages - notably the cost of the test setup and the
destructive nature of the test - these are relative since disassembly by a qualified operator is also expensive
and manual disassembly can also lead to damaging the product, and they may be justified by the
improvement over existing methods in terms of granularity and repeatability.

Finally, it should be noted that our assumption that bond yield strength is a good predictor for actual ease of
disassembly and therefore disassembly time, while intuitively obvious, has not been scientifically validated.
Due to the variation in actual disassembly times, devising any sort of proxy measurement that fits well with
these times is like shooting at a moving target. Within the scope of this research, we have tested enough
samples to demonstrate that yield testing provides significantly higher repeatability than manual disassembly,
but not to demonstrate that it would yield the same results as manual disassembly if applied on a large scale
to the same products. This could be a topic for further research.®

5 In order to validate the assumed relation between bond yield strength and disassembly time, one would
have to test a large number of samples of an extensive range of smartphone models with both methods (yield
force test and manual disassembly) and rank them according to the average test result by both methods. If
one is an adequate proxy for the other, ideally both methods would result in the same ranking. With our
limited number of samples, the mechanical tests yield the same ranking of devices for screens, but not for
batteries. However, given the large variability of results with manual disassembly, one would have to
disassemble a much larger number of samples for each model in order for the average to be a meaningful
representation of the population. To do this for a significant number of models would require a considerable
investment and was beyond the scope of our research.
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APPENDIX III
Product wise test results

Smartphones

Information, Diagnosis, Spare part price and availability, Maintenance and software aspects

Phone 1

Information Battery Display

Step by step disassembly information (video / Manual) {Consumer  |Consumer
Step by step disassembly information (Manual) Consumer  |Consumer
OFEM repair information provided in website Consumer  |Consumer
Error message indication Yes Yes
Diagnosis troubleshooting (manual/website) Yes Yes
Additional diagnosis tools/software (if required) Consumer  |Consumer
Maintenance indicator N/A N/A
Maintenance instructions N/A N/A

Ease of maintanence N/A N/A

Spare part price (Euro) 29.95 89.95
Oem repair cost (Euro) 64.75 124.75
Spare part Availbility Consumer  |Consumer
Peroid of spare part availability (years) 5 5
Software based prevention of repair Consumer Consumer
Security update over time (years) 5

Functionality update over time (years) 5

Rest to factory settings Yes

user can repair product without voiding warranty Consumer

Phone 2

Information Battery Display

Step by step disassembly information (video)  |not available |not available

Step by step disassembly information (Manual) |Repairer Repairer

OEM repair information provided in website Consumer  |Consumer

Error message indication Yes Yes
Diagnosis troubleshooting (manual/website)  |Yes Yes
Additional diagnosis tools/software (if required)Repairer Repairer

Maintenance indicator N/A N/A
Maintenance instructions N/A N/A
Maintanence activity required details

Spare part price (Euro) 90 220
Oem repair cost (Euro) 99 239
Spare part Availbility Repairer Repairer
Peroid of spare part availability (years) 0 0
Software based prevention of repair Repairer Repairer
Security update over time (years) 7
Functionality update over time (years) 7

Rest to factory settings Yes

user can repair product without voiding warranty Repairer
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Disassembly Time (eDiM)

Phone 1

Fasten Addi‘tiona Extr | Pro Re
er
being | produ conn iti a |duc mo | Total
| used component/fastneris | <P¢ mac:\‘\p posTnci):r‘rmg ‘;c;: reqlf‘wed Grab/C Too| b piggq | Ve |Disas| Actual
] C°"'"°"e“t:ei“5 (Does. b{'“k“ Tool type Action Force /Intensity | Identiiability | seperated and placed | "0 | ulatio |fobstructed | nto F‘“‘:.e‘_' during Re"a“’s":"" e .'da"t [ : N!a ]| (R_Emrdad)
H remove not f;h';" aside (;‘*] n(Tilt | or d<3mm) |al Reuasbiity | peassem Hazar ol |T¥ (8)|posi| nip | " s) Plac| ly (Disassembl
g influe | /Fip) | (1/0) | e bly. tion | ulati e |time | ytime (s)
; ::: (1/0) (1/0) ju(:‘f':‘:le ing | on awa| (s)
£ score) ted) (s) | (s) v (s)
H
a
2
1|Back cover (re) Hand Pry (snap fit, Adhesive) 5N) Visible (>0.5mm] Component (0-5N) 1 0| 0 Reusable 0|None 0 o o 0 1.8| 1.8| 3.55 9.25
2 |battery Hand Remove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm]C it (0-5N) 1 0| 0 1] 0|None 0 0 1] 0| 2.52| 18| 4.27 3.75
3|Display PHOO |Common |Turn (screw, thread) 5-10 turn|medium (Wrist, |Visible (>0.5mm]Fastener 13 0 0 0 0|None 2.5 0 0 0| 107.9| 19| 112 65
4|Display Hand Pry (snap fit, Adhesive) medium (Wrist, |Visible (>0.5mm]C it (0-5N) 1 0 0 0 0|Post Repair (A) 15 0 0 0| 2.52| 18] 577 25
Phone 2
Fasten Additiona Ext| Pr Re
o er . \ ra |od Mod
g being produ conn To |uct| T el
a remov| ot Tool  |ected B Grab/|Ide Disco| ve | Actual
= . ed | Toolused Repe| | anip| positioning | actio required | Repair ol | M Disa
a C""'p"“e“t:e‘"g {Does | (leave blank no | Tool type Action Force /Intensity | Identifiabllity | Isseperatedand | T° |ulatio | {obstructed| nto F“t":_' during | Saftey chan]ns po |ani| "¢ Bl - (R_“‘”d“,
z remove not | toolis used) placed aside (;'i] n (Titt | or d<3mm) | abov Reuashility | peassem | Hazard ge |fy siti |pul tion |Plac Iy Disassembl
E influe /Hip) | (1/0) e bly tool |(s)| | | (s) | e |, y time (s)
H nce (1/0) (1/0) (Unguide oni| ati awa time
i nee d,Obstruc ng [on (s)
a score) ted) ) | 151 v (s)
1 pentalobe |Common |Turn (screw, thread) 5-10 turn|5N) Visible (>0.5mm|Fastener 2 0 0 Reusable 0|None 25/ 0| 0| 0] 12.3| 19| 16.7 30
2 heat plate |Common |Adhesive (heat/Alcohol) High (Arm, Visible (>0.5mm]No 1 0 0 0|Removable 0|None 4| 0| 0| 0| 325 0| 36.5 122
3 suction cup §Common |Pry circumference (per 5 cm) | medium (Wrist, |Visible (>0.5mm]No 9 0 0 0|Removable 0[None 4| 0| 0| 0| 488 0| 52.8 99
4 Hand Remove (Lift, friction fit) dium (Wrist, |Visible (>0.5mm|No 1 1 0 0 bl 0|None 15| 0] 0] 2 36 0| 6.9
5 triwing UncommdTurn (screw, thread) 5-10 turn|low (finger ,0- | Visible (>0.5mm)]Fastener 3 0 0 0|Reusable 0|None 6| 0/ O 0] 184| 19| 26.3 40
6 battery bracket tweezers Common |Remove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm]Component (0-5M 1 0 0 0 0[None 4| 0| 0| 0| 3.62| 1.8| 9.37 8
7 spudger Common |Disconnect (cable plug, hose) |low (finger ,0- |Visible (>0.5mm]|No 1 0 0 0 0[None 4/ 0| 0| 0| 29 0| 6.9 9
8 triwing, UncommdTurn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (>0.5mm|Fastener s| o 0| 0[Reusable 0[None 6/ o] o] o] 207] 1.9] 38.6 45
9 display bracket tweezers Common |Remove (Lift, friction fit) low (finger ,0- |Visible (>0.5mm]Component (0-5N 1 0 0 0|Reusable 0|None 4| 0/ 0| 0] 362 18| 9.37 8
10 spudger Common |Disconnect (cable plug, hose) dium (Wrist, |Visible (>0.5mm]No 3 0 0 0 0[None 4/ 0| 0| 0| 109 0| 14.9 14
11 display Hand Remove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm]Component (0-5N 1 0 0 0 0|None 15/ 0| 0| 0| 252| 18| 577 5
12 triwing UncommdTurn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (»0.5mm]Fastener 1 0 0 0|Reusable 0|None 6| 0| 0| 0] 614 1.9 14 15
13 PHOOO Common |Turn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (>0.5mm)]Fastener 3 0 0 0|Reusable 0|None 4| 0| 0| 0] 184| 19| 243 275
14 sensor bracket spudger Common |Pry (snap fit, Adhesive medium (Wrist, |Visible (>0.5mm]Component (0-5M 1 0 0 0|Removable 0[None 4| 0| 0| 0| 3.62| 1.8| 9.37 16
15 spudger  |Common |Pry (snap fit, Adhesive low (finger ,0- |Visible (>0.5mm|No 1 o 0| o[Removable 0[None o/ o/ o] of 29] o] 29 12
16 tweezers Common |Pry (snap fit, Adhesive medium (Wrist, |Visible (>0.5mm]No 3 0 0 0|Removable 0|None 4/ 0| 0] 0] 108 0| 14.9 20
17 speaker bl tweezers Common |Pry (snap fit, Adhesive High (Arm, Visible (>0.5mm)Component (0-5M 1 0 0 0|Removable 0|None 0| 0 0| 0] 47| 18| 6.45 8
18 PHOO Common |Turn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (>0.5mm)]Fastener 5 0 0 0 0[None 4| 0| 0| 0| 30.7| 1.9| 36.6 34
19/ lower bracket Hand Remove (Lift, friction fit) low (finger ,0- |Visible (>0.5mm]|Component (05N 1| 0 of o bl 0[None 15| o] o| of 252] 18] 5.77 55
20 spudger Common |Pull (tab, peel) medium (Wrist, |Visible (>0.5mm)Fastener 1 0 0 0|Reusable 0|None 25/ 0| 0| 0] 434| 19| 8.74 18
21 PHOOO Common |Turn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (>0.5mm)]Fastener 4 0 0 0 0[None 4| 0| 0| 0| 246| 19| 30.5 33
22 tweezers Common |Push (buttons, s) dium (Wrist, |Visible (>0.5mm]No 1 0 0 0 0[None 4/ 0| 0| 0| 3.62 0| 7.62 10
23/taptic bracket Hand Remove (Lift, friction fit) low (finger ,0- |Visible (>0.5mm]|Component (05N 1| 0 0| o|Reusable 0[None 15| o] o| of 252] 18] 5.77 4
24 standoff UncommdTurn (screw, thread) 5-10 turn|medium (Wrist, |Visible (>0.5mm)]Fastener 2 0 0 0|Reusable 0|None 6| 0/ O/ 0] 16.6| 19| 24,5 18
25 speaker spudger Common |Pry (snap fit, Adhesive) High (Arm, Visible (>0.5mm)Component (0-5M 1 0 0 0|Removable 0[None 4| 0| 0| 0| 47| 1.8| 10.5 40
26 PHOOO Common |Turn (screw, thread) 5-10 turn|low (finger ,0-  |Visible (>0.5mm)]Fastener 2 0 0 0 0|None 4/ 0| 0| 0| 12.3| 19| 18.2 12
27 spudger  |Common |Disconnect (cable plug, hose) |medium (Wrist, |Visible (>0.5mm]|No’ i o 0| 0[Reusable 0[None 4] o] o] of 262] o] 7.62 45
28 taptic engine spudger Common |Remove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm]Component (0-5N 1 0 0 0|Reusable 0|None 0l 0 0/ 0] 362| 18| 537 5
29 Hand Pry (snap fit, Adhesive) dium (Wrist, |Visible (>0.5mm]No 24 0 0 0 0[None 1.5/ 0| 0| 0| 605 0 62 78
30 tweezers Common |Pull (tab, peel) dium (Wrist, |Visible (>0.5mm|Fastener 6 0 0 0 bl 0|None 25/ 0] 0] O 26| 19| 30.4 50
31 battery spudger Common |Remove (Lift, friction fit) low (finger ,0- |Visible (>0.5mm]Component (0-5N 1 0 0 0|Reusable 0|Post Repd 4/ 0] 0| O] 362 1.8 9.37 4.3
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TV

Information, Diagnosis, Spare part price and availability, Maintenance and software aspects

V1

Information Power Unit |Main board
Step by step disassembly information (video) not available |not available
Step by step disassembly information (Manual) Repairer Repairer
OEM repair information provided in website Consumer Consumer
Error message indication Yes Yes

Diagnosis troubleshooting (manual/website) Yes Yes
Additional diagnosis tools/software (if required) |Repairer Repairer
Maintenance indicator N/A N/A
Maintenance instructions N/A N/A
Maintanence activity required details

Spare part price (Euro) 87.99 191.62
Qem repair cost (Euro) 87.99 191.62
Spare part Availbility Repairer Repairer
Peroid of spare part availability (years) 7 0
Software based prevention of repair Repairer Repairer
Security update over time (years) 0

Functionality update over time (years) 0

Rest to factory settings Yes

user can repair product without voiding warranty |Repairer

TV2

Information

Power Unit |Main board

Step by step disassembly information (video)

not available |not available

Step by step disassembly information (Manual)

Repairer

Repairer

OEM repair information provided in website

Consumer Consumer

Error message indication Yes Yes

Diagnosis troubleshooting (manual/website) Yes Yes
Additional diagnosis tools/software (if required) |Repairer Repairer
Maintenance indicator N/A N/A
Maintenance instructions N/A N/A
Maintanence activity required details

Spare part price (Euro) 135.03 230.46
Qem repair cost (Euro) 135.03 230.46

Spare part Availbility

Consumer Consumer

Peroid of spare part availability (years)

Software based prevention of repair

Consumer Consumer ‘

Security update over time (years)

Functionality update over time (years)

Rest to factory settings

Yes

user can repair product without voiding warranty |Repairer
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Disassembly Time (eDiM)

TV1

Fasten
er
Being Model
i Rep | Disass Actual
) ed Tool used component/fastner | R
ecorded
o Component Being (Does |(leave blank no| Tool type Action Force / Intensity Identifiability is seperated and etiti embly ( . )
2 removed i . ons| Disassembl
o not | tool is used) placed aside 14| time
3 influe (24 y time (s)
2 (s)
w nce
%‘ the
E score)
a
@
o
e
=]
1|Back cover screw|PH1 Common |Turn (screw, thread) 5-10 turn |5-20N) Visible (>0.5mm)|Fastener 7| 625 88
2 |Back cover plastic cards [Product Sp{Pry circumference (per 5cm)  |High (Arm, Visible (>0.5mm)|No 48| 817.1 217
3 |Back cover Hand Remove (Lift, friction fit) High (Arm, Visible (>0.5mm)|Component (20+N 1| 21.21 0
4|Power unit Hand Disconnect (cable plug, hose) |low (finger ,0-  |Visible (>0.5mm)|No 2 3.6 9
5|Power unit screw|PH1 Common |Turn (screw, thread) 5-10 turn [medium (Wrist, |Visible (>0.5mm)|Fastener 5| 45.9 34
6|Power unit Hand Remove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm)|Component (5-201 1| 7.27 4
7 |Main board Hand Disconnect (cable plug, hose) |[low (finger ,0-  [Visible (>0.5mm)/No 2 3.6 8
8|Main board ZIF Hand Disconnect (cable plug, hose) |medium (Wrist, |Visible (>0.5mm)/No 3| 7.56 16
9|Main board screw|PH1 Common |Turn (screw, thread) 5-10 turn [medium (Wrist, |Visible (>0.5mm)|Fastener 4/ 37.6 19
10|Main board Hand Remove (Lift, friction fit) medium (Wrist, |Visible (>0.5mm)|Component (5-20] 1| 8.35 11
TV2
Fasten
er
being
Model
. Rep| Disass Actual
ed Tool used component/fastner R
i iti ecorded
o Component Being (Does |(leave blank no| Tool type Action Force / Intensity Identifiability is seperated and ettt embly ( . )
2 removed i . ons| Disassembl
o not | toolis used) placed aside 14| time
E influe (24) y time (s)
2 (s)
wvy nce
>
= the
£ score)
o
@
@
o
e
=]
1 iSesame Common |Pry (snap fit, Adhesive) 5-20N) Visible (>0.5mm)(No 1| 6.12 27
2 Spudger with Uncommo|Pry circumference (per 5cm) |medium (Wrist, |Visible (>0.5mm)|No 53| 293.3 64
3 |Back cover Hand Remove (Lift, friction fit) High (Arm, Visible (>0.5mm)(Component (20+N 1| 21.21 17
4 Hand Disconnect (cable plug, hose) |medium (Wrist, |Visible (>0.5mm)|No 1| 14.02 4
5|Power Unit Hand Remove (Lift, friction fit) High (Arm, Visible (>0.5mm)|(Component (5-20] 1| 16.21 18
6 Hand Disconnect (cable plug, hose) |medium (Wrist, |[Visible (>0.5mm)|No 5| 12.6 36
7 |Main board Hand Remove (Lift, friction fit) low (finger ,0- Visible (>0.5mm)|Fastener 1| 4.42 21
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Vacuum Cleaners

Information, Diagnosis, Spare part price and availability, Maintenance and software aspects

VC1

Information Floor Nozzle |Suction Hose [Dust Compartment |Handle Cord Reel Motor On/Off Switch{Wheels
Step by step disassembly information (video) Repairer Consumer Consumer Consumer Consumer Consumer Consumer Consumer
Step by step disassembly information (Manual) Consumer Consumer Repairer Consumer Repairer Repairer Repairer Repairer
OEM repair information provided in website not available |not available |not available not available |not available [not available |notavailable |notavailable
Diagnosis
Error message indication Yes Yes Yes Yes Yes Yes Yes Yes
Diagnosis troubleshooting (manual/website) Yes Yes Yes Yes Yes Yes Yes Yes
Additional diagnosis tools/software (if required) [Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer
Maintainence
Maintenance indicator Yes Yes Yes Yes No No No No
Maintenance instructions No No No No No No No No
Maintanence activity required details Clean from lint |Clean from lint [vaccuum/wipe no maintenanddisentangle ca|no maintenan{no maintenan{no maintenanc
Spare part
Spare part price (Euro) 30.9 25.1 23.7 16.5 31.2 68.9 22.2(19,60 (all whet
Oem repair cost (Euro) a check costs 99€
Spare part Availbility Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer
Period of spare part availability (years) at leat 10 years|at leat 10 years|at leat 10 years at leat 10 year|at leat 10 year|at leat 10 year|at leat 10 year|at leat 10 year:
Software
Software based prevention of repair Consumer Consumer |C0nsumer Consumer  |Consumer |C0nsumer ‘Consumer Consumer
Security update over time (years) not available (F) (No Number available, a request via e-mail is in process)
Functionality update over time (years) not available (F) (No Number available, a request via e-mail is in process)
Rest to factory settings No no need
user can repair product without voiding warranty |No
VC2
Information Floor Nozzle |Suction Hose [Dust Compart|Handle Battery/ Cord|Motor On/ Off switc|Wheels N/A N/A
Step by step disassembly information (video)  |Consumer Consumer Consumer Consumer Consumer not available |not available |not available
Step by step disassembly information (Manual) |Consumer  [Consumer [Consumer [not available |Consumer  |not available |not available |not available
OEM repair information provided on website Consumer |Consumer |Consumer |notavailable |Consumer [not available [not available [not available
Diagnosis
Error message indication Yes No Yes No Yes Yes No No
Diagnosis troubleshooting (manual/website)  |Yes No Yes No Yes Yes No No
Additional diagnosis tools/software (if required) Consumer  [Consumer  |Consumer  |Consumer  |Consumer |Consumer  [notavailable |not available
Maintainence
Maintenance indicator {display, visual sticker) |Yes No Yes Yes Yes Yes No No ‘
Maintenance instructions (manual} Yes Na Yes No No No No No ‘
Maintanence activity required details Clean from linif needed: clelvaccuum/wip{no maintenan no maintenanno maintenanno maintenanno maintenance
Spare part
Spare part price (Euro) 77.8 35.9(77,80 (cyclon {66,90 (only as 87.9]66,90 (only as|66,30 (only as|no spare parts
Oem repair cost (Euro) 125 125 125 125 125 125 125 125
Spare part Availbility Consumer Consumer Consumer Consumer Consumer Consumer Consumer not available
Period of spare part availability (years) 10 years 10 years 10 years 10 years 10 years 10 years 10 years 10 years
Software
Software based prevention of repair 7?7 Consumer |Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer
Security update over time (years) no, not necessary
Functionality update over time (years) no, not necessary
Rested to factory settings No |
user can repair product without voiding warrantyNo |
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Disassembly Time (eDiM)

VC1

A YEE | Tool used o Tool [T g required Medel Actual
ﬁ . e {leave . '??pe manip | positioning . during Repair Di Ri Cleel
= Cnmpon:r:ilmﬂemg ed blank no | Tool type Action Force / Intensity Identifiability wm::nen;ﬂ?s;:r |s‘d ition ulatio | {obstructed action Rraﬂ:ﬁ.r Saftey isasse l .enur e l
.E rem (Does ool is seperated and placed aside | s n (Tilt | or d<3mm) w0 ieuashility Hazard mbhly |Disassembl
i not (1+) . above| 5 N .
8 S JEip)|  (1/0) i {Unguided time (s) | y time (s}
8 (1/0) .Obstructe|
= ot d)
1|Suction Hose 0| Hand Disconnect (cable plug, hose) 9-20N) Visible (>0.5mm) No 1 0| 0| Reusable 0|None 2.16 2.468
2[Suction Hose 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {(>0.5mm) Component (5-20N) 1 0 0 0|Removable 0|None 463 2.300
3[HANDLE 0 Hand Disconnect (cable plug, hose) medium (Wrist, |Visible (*0.5mm) No 1 0 0 0|Reusable 0|None 2.16 2.700
A|HANDLE 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 4.63 1.033
5|FLOOR NOZZLE 0 Hand Disconnect (cable plug, hose) medium (Wrist, |Visible (>0.5mm] No 1| 0 0| O|Reusable 0|None 216 0.866
6(FLOOR NOZZLE 0 Hand Remove (Lift, friction fit) medium (Wrist, |Visible {(>0.5mm) Component (5-20N) 1 0 0 0|Reusable 0|None 463 1.167
7|DUST COMPARTMEN 0| Hand Hinge (open door, hinged cover) [medium (Wrist, |Visible (>0.5mm) No 1 0| 0| 0|Reusable 0|None 4.32 3.567
8|DUST COMPARTMEN 0| Hand Disconnect (cable plug, hose) High (Arm, Visible (>0.5mm) No 1 0| 0| 0|Reusable 0|None 4.32 2.433
9|DUST COMPARTMEN 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {(>0.5mm) Component (5-20N) 1 0 0 0|Reusable 0|None 463 2.334
10(TELESCOPE HOSE 0 Hand Disconnect (cable plug, hose) medium (Wrist, |Visible (>0.5mm) No 1 0 0 0|Reusable 0|None 2.16 2.367
11|TELESCOPE HOSE 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 4.63 1.533
12(EXHAUST FILTER GRI 0| Hand Disconnect (cable plug, hose) low (finger ,0-  |Visible (>0.5mm) No 1 0 0 0|Reusable 0|None 2.88 1.233
13[EXHAUST FILTER GRI 0 Hand Remove (Lift, friction fit) low (finger,0-  |Visible {>0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None A5 1.067
14|EXHAUST FILTER 0| Hand Disconnect (cable plug, hose) low (finger ,0-  |Visible {>0.5mm) No 1 0| 0| 0|Reusable 0|None 2.88 2.367
15|EXHAUST FILTER 0| Hand Remove (Lift, friction fit) low (finger ,0- | Visible (>0.5mm) Component (0-3N) 1 0| 0| 0|Reusable 0|None 3.55 1.067
16(DUST BAG 0| Hand Disconnect (cable plug, hose) low (finger ,0- |Visible {>0.5mm) No 1 0 0 0|Reusable 0|None 2.88 2.200
17|DUST BAG 0| Hand Remove (Lift, friction fit) low (finger ,0- | Visible {>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None HEG 1.166
18|DUST BAG HOLDER A 01502380 [Common |Pry circumference (per 5 cm) medium (Wrist, |Visible {>0.5mm) No 2 0| 1 0|Reusable 0|None 15.86 14.534
19(DUST BAG HOLDER A 0| Hand Disconnect (cable plug, hose) medium (Wrist, |Visible {(>0.5mm) No 1 0 0 0|Reusable 0|None 3.66 1.000
20({DUST BAG HOLDER A 0 Hand Remove (Lift, friction fit) low (finger,0-  |Visible {>0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None #4556 1.000
21|Seal Frame 0| Hand Pry (snap fit, Adhesive) medium (Wrist, |Notvisible (<0.5mm) [No 1 0| 0| 0|Reusable 0|None 6.12 19.167
22(seal Frame 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible (>0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None 463 1.200
23[Top Cover 3[15010664 [Common |Turn (screw, thread) 5-10turn  [medium (Wrist, |Visible {>0.5mm) Fastener 3 0 0 0|Reusable 0|None 29.3 37.232
24{Top Cover 0 Hand Pry [snap fit, Adhesive) medium (Wrist, |Visible (=0.5mm) No 1] 0 0| O|Reusable 0|None 4.02 1.834
25|Top Cover 0| Hand Remove (Lift, friction fit) m (Wrist, |Visible (>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 4.63 2.168
26(Motor Housing 0| Hand Disconnect (cable plug, hose) medium (Wrist, |Visible {(>0.5mm) No 1 0 0 0|Reusable 0|None 2.16 2.500
27|Motor Housing 0 Hand Remove (Lift, friction fit) medium (Wrist, |Visible (*0.5mm) Component (5-20N) 1 0 0 0|Reusable 0|None 463 2.266
28| 0| Hand Disconnect (cable plug, hose) low (finger ,0- | Visible {>0.5mm) No 1 0| 0| 0|Reusable 0|None 2.88 1.166
29(Motor Housing Soun| 0| Hand Remove (Lift, friction fit) low (finger ,0- |Visible (>0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None A5G 1.367
30(Motor 0 Hand Disconnect (cable plug, hose) low (finger,0-  |Visible {>0.5mm) No 2 0 0 0|Reusable 0|None 5.76 3.533
31|Motor 0| Hand Disconnect (cable plug, hose) medium (Wrist, |Visible {>0.5mm) No 1 0| 0| 0|Reusable 0|None 216 5.500
32|Motor 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible (>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 463 1.600
33[Cooling Valve 0| Hand Disconnect (cable plug, hose) low (finger ,0- |Visible {>0.5mm) No 1 0 0 0|Reusable 0|None 2.88 2.100
34|Cooling Valve 0 Hand Remove (Lift, friction fit) low (finger,0-  |Visible (*0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None HE5 1.034
35|0n/Off Switch 0| Hand Disconnect (cable plug, hose) medium (Wrist, |Visible {>0.5mm) No 1 0| 0| 0|Reusable 0|None 2.16 4.767
36(0n/Off Switch 0 Hand Remove (Lift, friction fit) low (finger ,0-  |Visible {>0.5mm)] Component (0-5N) 1| 0 0| O|Reusable 0|None A5 1.551
37[Stopper Cap 0[1502380 |Common |Pry (snap fit, Adhesive) medium (Wrist, |Not visible (<0.5mm) |No 1 0 0 0|Reusable 0|None 972 12.933
38|Stopper Cap 0| Hand Remove (Lift, friction fit) low (finger ,0-  |Visible {>0.5mm) Component (0-5N) 1 0| 0| 0|Reusable 0|None 5.05 1.834
39|Cord Reel 0| Hand Disconnect (cable plug, hose) medium (Wrist, |Visible (>0.5mm) No 1 0| 0| 0|Reusable 0|None 2.16 2.433
40|Cord Reel 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {(>0.5mm) Component (5-20N) 1 0 0 0|Reusable 0|None 463 1.733
41|Motor Seal 1 0 Hand Disconnect (cable plug, hose) low (finger,0-  |Visible (*0.5mm) No 1 0 0 0|Reusable 0|None 2.88 1.433
42(Motor Seal 1 0| Hand Remove (Lift, friction fit) low (finger ,0- | Visible {>0.5mm) Component (0-5N) 1 0| 0| 0|Reusable 0|None HEE 1.400
43|Motor Seal 2 0| Hand Disconnect (cable plug, hose) low (finger ,0-  |Visible {>0.5mm) No 1 0 0 0|Reusable 0|None 2.88 1.834
44|Motor Seal 2 0 Hand Remove (Lift, friction fit) low (finger,0-  |Visible {>0.5mm) Component (0-5N) 1 0 0 0|Reusable 0|None #4E5 1.551
45|Wheel 1 0 Hand Pry (snap fit, Adhesive) medium (Wrist, |Visible (=0.5mm) No 1] 1] 0| O|Reusable 0|None 6.12 3.800
46(Wheel 1 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible (>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 463 2.534
47|Wheel 2 0| Hand Pry (snap fit, Adhesive) medium (Wrist, |Visible {(>0.5mm) No 1 1 0 0|Reusable 0|None 6.12 5.433
48(Wheel 2 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {>0.5mm) Component (5-20N) 1 0| 0| 0|Reusable 0|None 463 2.267
43(Wheel 3 0| Hand Pry (snap fit, Adhesive) medium (Wrist, |Visible (>0.5mm) No 1 1 0| 0|Reusable 0|None 6.12 5.833
50|Wheel 3 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {(>0.5mm) Component (5-20N) 1 0 0 0|Reusable 0|None 463 1.167
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]
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a

1|Metal Suction Hose 0| Hand Disconnect (cable plug, hose) [5-20N) Visible (»0.5mm|No 1 1] 0 Reusable 0|None 2.52 2.767

2|Metal Suction Hose 0 Hand Remaove (Lift, friction fit) medium (Wrist, |Visible (>0.5mm|Component (204§ 1 0| 0 0[|Reusable 0[None 10.4 2.933

3|Battery Compartme| 3 Hand Turn (screw, thread) 10+ turn |medium (Wrist, |Visible (>0.5mm|No 3 1 0 0|Reusable 0|None 33.8 50.066

4 Battery 0 Hand Disconnect (cable plug, hose) [medium (Wrist, |Visible (>0.5mm|Nao 1 0| 0 0[|Reusable 0[None 252 0.600

5 Battery 0| Hand Remove (Lift, friction fit) medium (Wrist, [Visible (>0.5mm|Component (5-20) 1 1] 0 0|Reusable 0|None 6.85 1.167

6|Dust Compartment 0 Hand Hinge (open door, hinged covgmedium (Wrist, |Visible (>0.5mm|Nao 1 0| 0 0[|Reusable 0[None 5.04 2.167

7|Dust Compartment 0| Hand Push (buttons, components)  |medium (Wrist, [Visible (>0.5mm|No 1 1] 0 0|Reusable 0|None 2.52 1.367

8 Dust Compartment 0 Hand Disconnect (cable plug, hose) [medium (Wrist, |Visible (>0.5mm|Nao 1 0| 0 1|Reusable 0[None 2.52 0.866

9| Dust Compartment 0| Hand Remove (Lift, friction fit) medium (Wrist, [Visible (>0.5mm|Component (5-20) 1 1] 0 0|Reusable 0|None 6.85 1.534
10|Handle 0 Hand Disconnect (cable plug, hose) [medium (Wrist, |Visible (>0.5mm|Na 1 0| 0 0[|Reusable 0[None 2.52 2.767
11 Handle 0| Hand Remove (Lift, friction fit) medium (Wrist, [Visible (>0.5mm|Component (20+4) 1 1] 0 0|Reusable 0|None 10.4 2.933
12| Metal Suction Hose 0 Hand Disconnect (cable plug, hose) [medium (Wrist, |Visible (>0.5mm|Na 1 0| 0 0[|Reusable 0[None 2.52 0.867
13 Metal Suction Hose 0| Hand Remove (Lift, friction fit) medium (Wrist, [Visible (>0.5mm|Component (20+4) 1 1] 0 0|Reusable 0|None 10.4 1.500
14|Floor Nozzle Side C4 0[1502380 Common [Pry (snap fit, Adhesive) medium (Wrist, |Visible (>0.5mm|No 1 0| 0 0[|Reusable 0[None 6.12 4.933
15 Floor Nozzle Side C4 0| Hand Disconnect (cable plug, hose) |low (finger,0- [Visible (>0.5mm|No 1 1] 0 0|Reusable 0|None 33 4.500
16|Floor Nozzle Side C4 0 Hand Remaove (Lift, friction fit) low (finger ,0-  |Visible (>0.5mm|Component (5-20] 1 0| 0 0[|Reusable 0[None ST 0.967
17/ small Brush Roller 0| Hand Remove (Lift, friction fit) low (finger,0- [visible (>0.5mm|Component (0-5N 1 1] 0 0|Reusable 0|None 4.27 2.233
18| Main Brush Roller 0 Hand Disconnect (cable plug, hose) [medium (Wrist, |Visible (>0.5mm|Nao 1 0| 0 0[|Reusable 0[None 2.52 2.000
19 Main Brush Roller 0| Hand Remove (Lift, friction fit) medium (Wrist, [Visible (>0.5mm|Component (5-20] 1 1] 0 0|Reusable 0|None 6.85 1.767
20|Floor Nozzle Wheel 0[1502380 Common [Pry (snap fit, Adhesive) medium (Wrist, |Visible (>0.5mm) 1 0| 0 0[|Reusable 0[None 6.12 6.833
21 Floor Nozzle Wheel 0[1505745 Common |Pull (tab, peel) medium (Wrist, |Visible (>0.5mm) 1 0 0| 0|Reusable 0|None 8.34 6.767
22 Floor Nozzle Wheel 0| Hand Remove (Lift, friction fit} medium (Wrist, |Visible [>0.5mm|Component (0-5N 1 0 a 0|Reusable 0|None 6.85 2.067
23 Floor Nozzle Wheel 0| Hand Remove (Lift, friction fit) low (finger ,0- |Visible {>0.5mm|c0mponent (0-5N 1 1] 0 0|Reusable 0|None 4.27 3.067
24 Floor Nozzle Wheel 01502380 Common |Pry (snap fit, Adhesive) medium (Wrist, [Visible (>0.5mm) 1 0 a 0|Reusable 0|None 6.12 5.399
25 Floor Nozzle Wheel 0[1505745 Common |Pull (tab, peel) medium (Wrist, |Visible (>0.5mm) 1 0 0| 0|Reusable 0|None 8.34 3.334
26 Floor Nozzle Wheel 0| Hand Remove (Lift, friction fit} medium (Wrist, |Visible [>0.5mm|Component (0-5N 1 0 a 0|Reusable 0|None 6.85 1.034
27 Floor Nozzle Wheel 0| Hand Remove (Lift, friction fit) low (finger ,0- |Visible {>0.5mm|c0mponent (0-5N 1 1] 0 0|Reusable 0|None 4.27 1.733
28 Dust Bin 0| Hand Hinge (open door, hinged covegmedium (Wrist, [Visible (>0.5mm) 1 0 a 0|Reusable 0|None 5.04 2.167
29 Dust Bin 0| Hand Push (buttons, components)  |medium (Wrist, [Visible (>0.5mm) 1 1] 0 0|Reusable 0|None 2.52 1.367
30 Dust Bin 0| Hand Disconnect (cable plug, hose} |medium [Wrist, [Visible (>0.5mm) 1 0 a 0|Reusable 0|None 2.52 0.866
31 Dust Bin 0| Hand Remove (Lift, friction fit) medium (Wrist, |Visible {>0.5mm|c0mponent (5-200 1 1] 0 0|Reusable 0|None 6.85 1.534
32 Floor Nozzle 0| Hand Remove (Lift, friction fit} medium (Wrist, |Visible [>0.5mm|Component (5-20) 1 0 a 0|Reusable 0|None 6.85 1.533
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WASHING MACHINE.

Information, Diagnosis, Spare part price and availability, Maintenance and software aspects

WM1

Information Door Door Lock Door Seal Drum Bearing|Electronics  |Heater Hoses Pump Shock Absorb{Tub Assembly

Step by step disassembly information (video) not available |not available |not available |not available |not available |not available [not available |not available [not available |not available

Step by step disassembly information (Manual) [Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer

OEM repair information provided on website not available [not available |not available |not available |not available |not available [not available |not available [not available |not available
Diagnosis

Error message indication Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Diagnosis troubleshooting (manual/website) Yes Yes. Yes Yes. Yes Yes Yes Yes Yes Yes

Additional diagnosis tools/software (if required) |Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer
Maintainence

Maintenance indicator (display, visual sticker) No No No No No No Yes Yes No Yes

Maintenance instructions (manual) No No No No No No No Yes No Yes

Maintanence activity required details clean/wipe clean/wipe wash hot, des|wash hot, exty lint filter drum cleaning
Spare part

Spare part price (Euro) 245 Ly 19.2 39.8(60,60 (only for one)

Oem repair cost (Euro) 179 + spare p{179 + spare p{179 + spare pi179 + spare p{179 + spare p{179 + spare p{179 + spare pi 179 + spare p{179 + spare pj179+59

Spare part Availbility Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer

Period of spare part availability (years) at leat 10 yealat leat 10 yeajat leat 10 yeajat leat 10 yeafat leat 10 yeajat leat 10 yeafat leat 10 yealat leat 10 yeajat leat 10 yealat leat 10 year:
Software

Software based prevention of repair ??? Consumer ‘CDnsumsr |CDnsumer Consumer Consumer Consumer |CDnsumer Consumer Consumer Consumer

Security update over time (years) (F) Technique hotline (F) (No Number available, a request via e-mail is in process)

Functionality update over time (years) (F) Technigue hotline (F) (No Number available, a request via e-mail is in process)

Reset to factory settings Yes ‘(F) (F) (No Number available, a request via e-mail is in process)

user can repair product without voiding warranty|No ‘

WM2

Information Door Door Lock Door Seal Drum Bearing| Electronics Heater Hoses Pump Shock AbsorbgTub Assembly

Step by step disassembly information (video) not available [notavailable |notavailable |notavailable |notavailable |notavailable |notavailable |notavailable (notavailable |notavailable

Step by step disassembly information (Manual) Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer

OEM repair information provided on website not available [notavailable |notavailable |notavailable |notavailable |notavailable |notavailable |notavailable [notavailable |notavailable
Diagnosis

Error message indication Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Diagnosis troubleshooting (manual/website) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Additional diagnosis tools/software (if required)  [Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer Repairer
Maintainence

Maintenance indicator (display, visual sticker) No No No No No No Yes Yes No Yes

Maintenance instructions (manual) No No No No No No No Yes No Yes

Maintanence activity required details clean/wipe clean/wipe wash hot, des{wash hot, extr|lint filter drum cleaning
Spare part

Spare part price (Euro) 245 a7 19.2 39.8|60,60 (only for one)

Oem repair cost (Euro) 179 + spare pg 179 + spare pg179 + spare pg 179 + spare pg 179 + spare pg 179 + spare pg 179 + spare pg 179 + spare pg179 + spare pg179+59

Spare part Availbility Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer Consumer

Period of spare part availability (years) at leat 10 year]at leat 10 year|at leat 10 year|at leat 10 year| at leat 10 year|at leat 10 year|at leat 10 year|at leat 10 year]at leat 10 year|at leat 10 years|
Software

Software based prevention of repair ??? Consumer |Cun5umer ‘Consumer Consumer Consumer Consumer ‘Cunsumer Consumer Consumer Consumer

Security update over time (years) (F) Technigue hotline (F) (No Number available, a request via e-mail is in process)

Functionality update over time (years) (F) Technique hotline (F) (No Number available, a request via e-mail is in process)

Reset to factory settings Yes |(F) (F) (No Number available, a request via e-mail is in process)

user can repair product without voiding warranty

No
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Disassembly Time (eDiM)

WMH1

[ prod| Tool [Lon Addi
E uct | positi | nec tion Total Actual
= Re [ man | oning | ted al Disas
] B compone-nl"asl pet | ipul [ [obstr [ acti | Fastner | Posi| Repair [Recorded
5= | Component Being Tool Acti Force ! \dentifiabili ner is T - d R bil| tioni | Saf sem
= d v o ction Inlensit lentikial Ill, & elated and itio | atio | ucte: on euasbil | tioni al ley I
E remae: oL & e N ns | n or o ity ng | Hazard hh{ Di b
a2 placed aside . . I5as5em
8 (1+])| [Tile | d<3m | abo requ time .
2 ! m] ve ired {5} h’tll‘l’le [5]
L] Flich| (10000 |10 s
1|Detergent Drawer |Hand Pull (tab, peel) 5-20M) Visible (>0.5mm No 1 1] 0 Reusabld 0|Mone 3.24 3.13
2|Detergent Drawer [Hand Remowe (Lift, friction fit) medium (Wrist, [Visible (*0.5mmComponent (5-200 1 0 0 0|Removab| 0|None 6.85 287
3|Lid Common |Turn [screw, thread) 5-10 turn{low (finger ,0- |[Visible [>0.5mn{Fastener 2 0 0 0|Reusablg 0|None 16.7 32.10
4|Lid Hand Push {buttons, components) [High {Arm, Visible {=0.5mm No 1 0 0 0|Reusablg 0|None 5.1 0.80
5|Lid Hand Remove (Lift, friction fit) High (Arm, Visible {(=0.5mm|Component (-5 1 0 0 0|Reusablg 1|Mone 14.7 6.37
&|Control Panel Commeon [Turn {screw, thread) 5-10 turnimedium [Wrist, |Visible {*0.5mm Fastener 3 0 0 0|Reusable 0|None 29.3 3797
7|Control Panel Hand Disconnect (cable plug, hoseymedium [Wrist, |Visible [*D.5mn{No 2 1] 1] 0|Reusable 0|None 6.54 15.97
&|Control Panel Hand Disconnect (cable plug, hoseymedium (Wrist, |Visible [>0.5mn{No 1 1] 1] 0|{Reusable 0|None 2.52 3.40
‘9|Control Panel Hand Pull (tab, peel) low [finger ,0- |Visible (>0.5mm No 1 1] 0 0|Reusable 0|Mone 252 753
10|Control Panel Hand Remove (Lift, friction fit) medium [Wrist, [Visible (>0.5mmComponent {5-20( 1 1] 0 0|Reusable 1|Mechanig 6.85 6.13
11|5pring Washer Commaon |Pry (snap fit, Adhesive) High (Arm, Visible (>0.5mmNo 1 0 0 0|Reusablg 0|Mechanid 7.2 11.41
12|Spring Washer Common |Remove [Lift, friction fit) low [finger 0- [Visible {>0.5mmFastener 1 0 0 0|Reusablg 1|Mechanid 9.52 2.00
13| Door Seal Hand Push {buttons, components) [High {Arm, Visible {=0.5mm No 1 0 0 0|Reusablg 0|None 3.6 9.10
14|Service Door Hand Hinge (open door, hinged cov|medium [Wrist, |Visible [>0.5mn{No 1 0 0 0|Reusable 0|None 5.04 3.27
15|Service Door Hand Remove (Lift, friction fit) medium [Wrist, [Visible (*0.5mmComponent (0-5N 1 1] 1] 0|Reusable 0|None 535 153
16|Front Common [Turn {screw, thread) 5-10 turnimedium [Wrist, |Visible {*0.5mm Fastener B 1 1 0|Reusable 1|Mechanid G52 105.82
17|Front Hand Disconnect (cable plug, hosejHigh [Arm, Visible (>0.5mm No 1 1] 1] 0|{Reusable 0|None 5.1 B.90
18|Spring Clamp Common [Disconnect (cable plug, hose)ymedium (Wrist, [Visible (>0.5mm No 1 1] 0 0|Reusable 1|None 6.12 6.94
19|Hose Hand Disconnect (cable plug, hose)medium [Wrist, [Visible (>0.5mm{No 2 0 0 0|Reusablg 1|Mone 6.54 B.70
20|Hose Hand Complex manipulation {unthrmedium [Wrist, |Visible [>0.5mm No 1 0 0 0|Reusablg 0|None 5.76 7.32
21|Hose Hand Remowe (Lift, friction fit) medium (Wrist, [Visible {*0.5mm|Component (5-200 1 0 0 0|Reusablg 0|None 6.85 3.35
22| Door Lock Hand Complex manipulation {unthrlow (finger ,0- |Visible [(>0.5mm No 1 0 0 0|Reusablg 0|None 3.6 5.27
23|Door Lock Hand Disconnect (cable plug, hose)low (finger ,0- |Visible [*0.5mn{No 1 0 0 0|Reusable 0|None 1.8 237
24|Door Lock Common [Pry (snap fit, Adhesive) low [finger ,0- |Visible (*0.5mmNo 1 1] 1] 0|Reusable 0|None 5.4 B8.68
25|Door Lock Hand Removwe (Lift, friction fit) low [finger ,0- [Visible (>0.5mmComponent {5-20( 1 1] 1] 0|{Reusable 0|None 727 3.35
26|Front Hand Hinge (open door, hinged cov|High [Arm, Visible (>0.5mm No 1 1] 1] 0|{Reusable 1|Mechanid §.64 173
27|Front Hand Remove (Lift, friction fit) High [Arm, Visible (>0 5mmComponent {20+ 1 1] 0 0|Reusable 0|Mone 197 5.90
28|Pump Cover Common |Turn [screw, thread) <5 turn [low (finger ,0-  [Visible [>0.5mmnFastener 1 0 0 0|Reusablg 0|None 9.1 12.24
29| Pump Cover Hand Disconnect (cable plug, hose)low (finger ,0- [Visible [>0.5mnm{No 1 0 0 0|Reusablg 0|None 33 2.23
30|Pump Cover Hand Remove (Lift, friction fit) low (finger ,0- [Visible {(=0.5mm|Component (5-200 1 0 0 0|Reusablg 0|None b7 153
31|Drain Bellow Commeon [Turn {screw, thread) <5 turn  |low [finger 0~ [Visible (*0.5mm No 1 0 0 0|Reusable 0|None 7.2 6.27
32|Drain Bellow Hand Disconnect (cable plug, hoseymedium [Wrist, |Visible [(0.5mn{No 1 0 0 0|Reusable 0|None 4.02 553
33|Drain Bellow Common [Turn (screw, thread) <5 turn  |low [finger 0- [Visible (*0.5mm No 1 1] 1] 0|Reusable 0|None 7.2 11.60
34|Drain Bellow Hand Disconnect (cable plug, hoseymedium (Wrist, |Visible [>0.5mn{No 1 1] 1] 0|{Reusable 0|None 4.02 461
35|Drain Bellow Hand Remove (Lift, friction fit) medium [Wrist, [Visible (>0.5mmComponent (5-20( 1 1] 0 0|Reusable 0|Mone G6.85 3.35
36|Pump Common |Turn [screw, thread) 5-10 turn{low (finger ,0-  [Visible [>0.5mmnFastener 1 0 0 0|Reusablg 0|None 10.54 1874
37|Pump Hand Disconnect (cable plug, hose)low (finger ,0- [Visible (>0.5mm{No 1 0 0 0|Reusablg 0|None 33 287
38|Pump Hand Disconnect (cable plug, hose)medium [Wrist, [Visible {>0.5mm{No 1 0 0 0|Reusablg 0|None 2.52 460
39|Pump Hand Disconnect (cable plug, hose)medium (Wrist, [Visible (>0.5mm{No 1 0 0 0|Reusablg 0|None 2.52 2.63
40(Pump Hand Remaove (Lift, friction fit) medium [Wrist, [Visible [*0.5mmComponent {5-20( 1 0 0 0|Reusable 0|None 6.85 237
41(Shock Absorber L |Common |Crank [bolt) 10+ crank High [Arm, Visible (*0.5mn] Fastener 1 1] 1] 0|Reusable 0|None 26.38 27.28
42[Shock Absorber L |Hand Place (suction cup, repositionlmedium [Wrist, |Visible [*D.5mn{No 1 1] 1] 0|Reusable 0|None 51 240
43[Shock Absorber R |Common |Crank {bolt) 10+ crank High [Arm, Visible (>0.5mn] Fastener 1 1] 1] 0|{Reusable 0|None 26.4 3891
44(Shock Absorber B |Hand Place (suction cup, repositionfmedium (Wrist, |Visible [>0.5mn{No 1 1] 0 0|Reusable 0|Mone 5.1 311
45)Inlet Hose Common |Disconnect (cable plug, hose)medium [Wrist, [Visible (>0.5mm{No 2 0 0 0|Reusablg 0|None 9.74 19.75
46|Inlet Hose Hand Disconnect (cable plug, hose)medium [Wrist, [Visible {>0.5mm{No 2 0 0 0|Reusablg 0|None 6.54 13.93
47|Inlet Hose Hand Remove (Lift, friction fit) High (Arm, Visible {(=0.5mm|Component (5-200 1 0 0 0|Reusablg 0|None 16.2 3.35
48|Heater Hand Disconnect (cable plug, hose)low (finger ,0- [Visible (>0.5mn{No 4 0 0 0|Reusablg 0|None 7.2 B.33
49 [Heater Common |Crank (bolt) 5-10 crank medium [Wrist, |Visible {*0.5mm Fastener 1 0 0 0|Reusable 0|None 12.7 1408
50(Heater Common [Push {buttons, components) |High [Arm, Visible (*0.5mnm No 1 1] 1] 0|Reusable 0|None 8.7 6.68
51{Heater Hand Pull (tab, peel) High [Arm, Visible (>0.5mm No 1 1] 1] 0|{Reusable 0|None 7.26 11.00
52|Heater Hand Remove (Lift, friction fit) medium [Wrist, [Visible (>0.5mmComponent (5-20( 1 1] 0 0|Reusable 1|None G6.85 193
53 |Front Traverse Common [Turn (screw, thread) 5-10 turnflow [finger 0- [Visible (>0.5mm No 4 1] 0 0|Reusable 0|Mone 271 63.14
54|Front Traverse Hand Pry (snap fit, Adhesive) medium [Wrist, [Visible (>0.5mmNo 1 0 0 0|Reusablg 0|None 4.02 1237
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55|Front Traverse Hand Remove (Lift, friction fit) medium (Wrist, [Visible (*0.5mn{Component (5-200 1 0 0 0|Reusabld 0|None 6.85 2.00
56| Detergent Compart)Common |Disconnect (cable plug, hose) medium [Wrist, |Visible [=0.5mnNo 2 o o 0|Reusablg 0O|None 9.74 10.14
57| Detergent Compart|Hand Disconnect {cable plug, hose)l medium (Wrist, |Visible {>0.5mm No | 2 0 0 0|Reusablg 0|None 6.54 897
58| Detergent CompartiHand Remove [Lift, friction fit) medium [{Wrist, [Visible {>0.5mnComponent [S—ZCﬂ 1 0 0 0|Reusablg O|None 6.85 5.40
59|Cable/Cable Ties/C|Common [Cut [plier, scissor, knife) medium [Wrist, |Visible {*0.5mmNo 1 0 0 0|Removab 0|None 7.2 10.18
60|Cable/Cable Ties/C|Hand Disconnect {cable plug, hose)l medium (Wrist, |Visible {>0.5mm No 1 0 0 0|Reusablg 1|None 4.02 5.33
61|CablefCable Ties/C{Hand Complex manipulation {unthr{High [Arm, Visible (>0.5mmNo 1 [1] [1] 0|Reusable 1|None 11.5 23.00
62|Cable/Cable Ties/C|Common |Cut (plier, scissor, knife) medium [Wrist, |Visible {*0.5mmNo 1 0 0 0|Removab 0|None 7.2 947
63[3D/G Sensor/Motor|Hand Disconnect (cable plug, hose] medium (Wrist, |Visible [>0.5mmNo 2 o o 0|Reusable O|MNone 6.54 7.90
64| Weight Top Commeon |Crank {bolt) 10+ crank High {Arm, Visible [>0.5mmFastener 2 0 0 0|Reusablg 0|None 48.36 4416
65|Weight Top Hand Remove (Lift, friction fit) High {Arm, Visible (*0.5mmComponent (20+] 1 0 0 0|Reusablg 0|Mechanig 21.2 8.03
66|Middle Traverse Comman |Turn {screw, thread) 5-10 turnfmedium (Wrist, |Visible {>0.5mm Fastener 4 1 0 0|Reusablg 0|None 49.1 57.15
67|Level Controller Hand Disconnect (cable plug, hose) low [finger ,0- |Visible [>0.5mm No 1 0 0 0|Reusablg 0|None 3.3 157
68| Level Controller Hand Pry [snap fit, Adhesive) medium {(Wrist, [Visible {0.5mn|No 1 o o 0O|Reusablg O|None 2.52 2.83
69| Level Controller Hand Remove (Lift, friction fit) medium [(Wrist, |Visible [*0.5mmComponent (0-5N 1 0 0 0|Reusablg 0|None 5.35 2.80
70|Cable Harness Hand Disconnect {cable plug, hose)] medium (Wrist, |Visible (>0.5mmNo 1 0 1] 0|Reusablg O|None 2.52 1.83
71|Cable Harness Hand Pry (snap fit, Adhesive) medium [Wrist, |Visible {*0.5mmNo 5 0 0 0|Reusablg 0|None 12.6 34.80
72|Tub Hand Remove (Lift, friction fit) High {Arm, Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 12.96 1173
73[Tub Hand Remove [Lift, friction fit) High [Arm, Visible [>0.5mn{Component (20« 1] 0 0] o|reusabld  1|Mechanid 197 963
74| Door Hand Hinge {open door, hinged cov|High [Arm, Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 8.64 2.10
75| Door Common |Turn (screw, thread) 5-10 turrfmedium [(Wrist, [Visible [>0.5mn]Fastener 2 0 0 0|Reusablg O|None 21 2402
76| Door Hand Hinge {open door, hinged cov|High [Arm, Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 10.1 1.30
77| Door Hand Remove (Lift, friction fit) High {Arm, Visible (=0.5mmComponent (20+] 1 0 0 0|Reusablg 0|None 19.7 8.50
78|0uter Door Frame |Hand Pry (snap fit, Adhesive) High {Arm, Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 36 15.50
78| 0uter Door Frame |Hand Remove (Lift, friction fit) medium [(Wrist, |Visible [*0.5mmComponent (5-20( 1 0 0 0|Reusablg 0|None 6.85 4.03
80| Door Common |Turn (screw, thread) 5-10 turrfmedium [(Wrist, [Visible [=0.5mnFastener 10 o o 0O|Reusable O|None 87.4 68.80
81|Door (Handle) Hand Pry (snap fit, Adhesive) medium [Wrist, |Visible {*0.5mnmNo 1 0 0 0|Reusablg 0|None 4.02 597
82|Door (Indoor Frame Commeon |Pry (snap fit, Adhesive) medium [Wrist, |Visible {*0.5mmNo 1 0 0 0|Reusablg 0|None 6.12 537
83|Inner Door Frame |Hand Remove (Lift, friction fit) medium [(Wrist, |Visible [*0.5mmComponent (5-20( 1 0 0 0|Reusablg 0|None 8.35 487
84|Door Glass Hand Remove (Lift, friction fit) High {Arm, Visible (=0.5mmComponent (20+] 1 0 0 0|Reusablg 0|None 19.7 2.60
85| Door Hinge Hand Disconnect (cable plug, hose) low [finger ,0- |Visible [>0.5mmNo 1 o o 0|Reusablg 0O|None 1.8 2.53
86|Door Hinge Hand Remove (Lift, friction fit) medium [(Wrist, |Visible [(*0.5mmComponent (0-5N 1 0 0 0|Reusablg 0|None 5.35 107
87| Door Hook Hand Disconnect (cable plug, hose) low [finger ,0- |Visible (>0.5mmNo 1 0 1] 0|Reusablg O|None 1.8 1.90
88|Door Hook Hand Remove (Lift, friction fit) medium [(Wrist, |Visible [(*0.5mmComponent (0-5N 1 0 0 0|Reusablg 0|None 5.35 153
88|Spring Washer 2  |Common |Pry (snap fit, Adhesive) medium [Wrist, |Visible {>*0.5mnNo 1 0 0 0|Reusablg 0|None 6.12 9.19
90|Spring Washer 2 Hand Remove [Lift, friction fit) medium [(Wrist, |Visible [(*0.5mmComponent (0-5N 1 0 0 0|Reusablg 0|None 6.85 3.35
91| Door Seal Hand Disconnect {cable plug, hose)High [Arm, Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 3.6 3.61
92| Door Seal Hand Remove (Lift, friction fit) medium (Wrist, |Visible (*0.5mn{Component (5-20( 1 0 0 O|Reusable O|None 6.85 3.35
93|Back Cover Comman |Turn {screw, thread) 5-10 turnfmedium (Wrist, |Visible {>0.5mm Fastener | 1 0 0 0|Reusablg 0|None 12.7 1193
94|Back Cover Hand Remove (Lift, friction fit) medium [Wrist, |Visible {(>0.5mmComponent [5—21:4 1 0 0 0|Reusablg 0|None 8.35 270
95|Cable Cover Comman |Turn {screw, thread) 5-10 turnfmedium (Wrist, |Visible {>0.5mm Fastener | 1 0 0 0|Reusablg 0|None 12.7 11.54
96|Cable Cover Hand Remove (Lift, friction fit) medium [Wrist, |Visible {(>0.5mmComponent [5—21:4 1 0 0 0|Reusablg 0|None 8.35 437
97| Electronics on HougCommon |Turn {screw, thread) 5-10 turnfmedium [Wrist, |Visible (=0.5mmFastener 1 o o 0O|Reusablg O|None 12.7 13.44
98|Electronics on HougHand Pry [snap fit, Adhesive) medium [Wri Visible [>0.5mmComponent [S—ZCﬂ 1 0 0 0|Reusablg 0|None 7.27 5.00
98|Power Electronics  |Commeon |Pry (snap fit, Adhesive) medium [Wri Visible (=0.5mmNo 1 0 0 0|Reusablg 0|None 6.12 758
100|Power Electronics |Hand Disconnect {cable plug, hose) medium [Wri Visible (=0.5mn{No 1 0 0 0|Reusablg 0|None 4.02 3.17
101|Power Electronics |Hand Disconnect {cable plug, hose) medium [Wri Not visible [< 0]No 2 0 0 0|Reusablg 0|None B.64 B.47
102|Power Electronics  [Hand Complex manipulation (unthrmedium (Wrist, |Visible (*0.5mmn|No 1 1] 1] 0|Reusabl 0|None 5.76 23.33
103 |Power Electronics |Hand Remove (Lift, friction fit) medium (Wrist, [Visible (*0.5mnComponent (5-20) 1 0 0 0|Reusablg 0|None 6.85 7.13
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1|Lid Common | Turn [screw, thread} <5 turn low [finger ,0-5N) Visible [*0.5mm} |Fastener 2 a [ Reusable 0|Nane 13.8 22.029

2|Lid Hand Push [buttons, components) High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 51 0.3

3|Lid Hand Remave Lift, friction fit) High [Arm, 20+N) Visible [*0.5mm) |G [5-20N) 1 0 0 0[Reusable 1|Nane 16.2 5.267

A|peterzent Drawer Hand Hinge (opan door, hinged cover) low [finger ,0-5N) Visible [0.5mm) Mo 1 0 0 0|Reusablz 0|Mone 3.24 0.866]

5|Detargent Drawar Hand Push [buttons, ) low [finger ,0-5N) Visible [*0.5mm}  |No 1 0 [ 0|Reusabla 0|Nane 1.8 0.8

6| Detergent Drawer Hand Remove (Lift, friction fit) low [finger ,0-5N) Visible [*0.5mm} _|Component [0-5N) 1 a [ 0|Reusable 0|Nane 4.27] 1.734]

7 |control Panel Common | Turn [screw, thread)<5 turn low [finger ,0-5N) Visible (0. 5mm}) Fastener a 0 o 0|Reusable 0|None 232 46.102

8|Control Panel Hand Disconnect [cable plug, hosz) medium [Wrist, 5-20N|Visible (;0.5mm} _ |Na 1 0 0 0[Reusable 0|Nane 4.02] 7.534]

9|cantral Panel Hand Disconnect cable plug, hose) medium [Wrist, 5-20N| Visible [=0.5mm) Mo 1 0 0 0|Reusabiz 0|Mone 252 1.567
10|centrol Fanel Hand Remove [Lift, friction fit) low [finger ,0-5N) Visible [=0.5mm} [e! [0-5M) 1 [} 0| 0|Reusable 1|Mone 4.27] 3.2
11|cCable Hand Complex manipulation [unthread) low [finger ,0-5N) Visible [*0.5mm]  |Na 1 a [ 0|Reusable 1|None 3.6 37
12|Door Hand Hinge [open door, hinged cover) High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 2.1
13|Spring Washer Common _|Pry [snapfit, Adhesive) medium [Wrist, 5-20N|Visible (;0.5mm} _ |Na 1 0 1 0[Reusable 0|Mechanical 14.146]
14 |spring Washer Hand Disconnect [cable plug, hosz) medium (Wrist, 5-20N|Visible (*0.5mm]  |Na 1 {1 0| 0|Reusable 0|Nane 3167
15|spring Washer Hand Remove (Lift, friction fir) low [finger ,0-5N) Visible [*0.5mm} |G {0-5n) 1 0 [ 0|Reusabla 1|None 0.9
16|Door Seal Hand Push [buttons, components) High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 8.433
17|Door Common |Turn [screw, thread) 5-10 turn medium [Wrist, 5-20N|Visible [*0.5mm]  |No 2 0 9 0[Reusable 0|None 18.534]
18|Door Hand Remave (Lift, friction fit) High [Arm, 20+N) visible [*0.5mm) |G (5-20N) 1 0 0 0[Reusable 1|Nane 9.5
19|Door Lack Common | Turn [screw, thread)5-10 turn medium (Wrist, 5-20N|Visible [*0.5mm) _ |Fastener 2 {1 0| 0|Reusable 0|Nane 22.918]
20|Door Lack Hand Disconnect [cable plug, hosz) low [finger ,0-5N) Visible [*0.5mm}  |No 1 1 [ 0|Reusabla 0|Nane 4.124]
21 [Emergency Release Hand Disconnect [cable plug, hose) low [finger ,0-5N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 4833
22|Door Lack Hand Remove Lift, friction fit) low [finger ,0-5N) Visible [*0.5mm] _|Component [0-5N) 1 0 9 0[Reusable 0|None 2.584]
23|Add Wash Plug Hand Disconnect [cable plug, hosz) low [finger ,G-5N) visible [*0.5mm} _ |Na 1 0 0 0[Reusable 0|Nane 5.633
24|Door Hand Hinge (open door, hingad cover) High [Arm, 20+N) visible [*0.5mm}  |Na 1 {1 0| 0|Reusable 0|Nane 2
25|Front Common | Turn [screw, thread) <5 turn medium [Wris, 5-20N|Visible (x0.5mm)  |Fastener 2 1 [ 0|Reusabla 0|Nane 34.8]
26|Front Common |Tumn [screw, thread) 5-10 turn medium [Wrist, 5-20N|Visible [-0.5mm)  |Fastener 2 1 0| 0|Reusable 0|None 15.234]
27|Front Hand Disconnect [cable plug, hoss) High [Arm, 20+N) Visible [*0.5mm]  |No 1 0 9 0[Reusable 0|None 2333
28|Front Hand Remove [Lift, friction fit) High [Arm, 20+N} Visible (=0.5mm} C [20+N) 1 0 0 0|Reusable 0|Mane 19.71 5.667
29|Doorseal Hand Disconnect [cable plug, hose) High [Arm, 20+N} Visible [=0.5mm} No 1 ] 0| 0|Reusable 5|Mone 3.6 4893
30|Doorseal Hand Remave Lift, friction fir) High [Arm, 20+N] Visible [*0.5mm} |G (5-20N) 1 0 [ 0|Reusabla 0|Nane 16.2 2.584]
31|Back Wall Common |Tumn [screw, thread) 5-10 turn medium [Wrist, 5-20N|Visible [-0.5mm)  |Fastener a a 0| 0|Reusable 0|None 37.6 37.418]
32|Back wall Hand Remove Lift, friction fit) medium [Wrist, 5-20N|Visible [*0.5mm]  |No 1 0 9 0[Reusable 0|None 5.1 0.657
33|Backwall Hand Remove [Lift, friction fit) High [Arm, 20+N} Visible (=0.5mm} C (5-20N) 1 0 0 0|Reusable 0|Mane 16.21 3.233
34|8elt Pulley 1 (flat belt) Hand Remove [Lift, friction fit) medium [Wrist, 5-20N|Visible [=0.5mm} No 1 ] 0| 0|Reusable 1|Maone 3.6 3.766
35|BeltPulley 2 flstbelt)  |Hand Remove Lift, friction fit) medium [Wrist, 5-20N|visible (*0.5mm]  |No 1 0 [ 0|Reusabla 1|None 3.6 ERED
36/|Heater Hand Disconnect [cable plug, hose) High [Arm, 20+N) Visible [*0.5mm} _ |Na a a 0| 0|Reusable 0|None 14.4 7.33
37|Heater Cover Common |Turn [screw, thread) 5-10 turn medium [Wrist, 5-20N|Visible [:0.5mm)  |Fastener 3 0 9 0[Reusable 0|None 29.3 31.334]
38|Heater Caver Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N| Visible [0.5mm) No 1 0 0 0|Reusable 0|Mane 4,02 37
39|Heater Caver Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [=0.5mm} No 1 ] 0| 0|Reusable 0|Maone 2.52 9.633
A0|Heater Common | Turn [screw, thread) 10+turn High [Arm, 204N} visible (0.5mm) No 1 0 o 0|Reusable 0|Nane 202 216
41 [Heater Common __|Push [buttons, components) High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 1[Reusable 0|None 2.3
42 [Heater Common | Pry[snap fit, Adhesive) medium [Wrist, 5-20N|Visible [*0.5mm]  |No 1 0 9 0[Reusable 0|None 9.557
43 [Heater Hand Disconnect [cable plug, hosz) medium [Wrist, 5-20N|Visible (:0.5mm]  |Na 1 0 0 0[Reusable 0|Nane 3367
44 [Heater Hand Turn [screw, thread) 5-10 turn medium (Wrist, 5-20N| Visible (*0.5mm) |G (5-20N) 1 {1 0| 0|Reusable 0|Nane 1333
45|cable Tie Scraw Common |Turn [screw, thread) 10+tumn medium [Wrist, 5-20N|visible (*0.5mm]  |No 1 0 [ 0|Reusabla 1|None 11.8]
46 |Motor Left Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [*0.5mm}  |Na 1 a 0| 0|Reusable 0|None 17
47 [Motor Left Common ___|Turn [screw, thread) 10+turn High [Arm, 20+N) Visible [*0.5mm) _|Fastener 2 1] 0 0[Reusable 0|Nane 15.701
48 [Motor Left Hand Disconnect [cable plug, hosz) High [Arm, 20+N) visible [*0.5mm}  |Na 1 {1 0| 0|Reusable 0|Nane 7.3
49 [Motor Left Hand Remave Lift, friction fit) High [Arm, 20+N) visible [20.5mm) |G (20+H) 1 a 0| 0|Reusable 0|Nane 2.334]
50|Motor Right Hand Turn [screw, thread) <5 turn High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 16
51 |Motar Right Common |Turn [screw, thread) 10+turn High [Arm, 20+N) Visible [*0.5mm)  |Fastener 1 0 0 0[Reusable 0|Nane 31.666|
52 |Motor Right Hand Disconnect [cable plug, hosz) High [Arm, 20+N) visible [*0.5mm}  |Na 1 {1 0| 0|Reusable 0|Nane 17.624]
53 [Motor Right Hand Remove (Lift, friction fit) High [Arm, 20+N) Visible [*0.5mm} |G (204N} 1 {1 [ 0|Reusabla 0|Nane 2.233
54 [shock Absorber Left Common |Turn [screw, thread) 10+tumn High [Arm, 20+N} Visible [*0.5mm} |Fastener 1 a [ 0|Reusable 0|Nane 37.893
55 [Shock Absorber Left Hand Place [suction cup, reposition) High [Arm, 20+N) Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 10.1
56 |[shock Absorber Right Common |Turn [screw, thread) 10+turn High [Arm, 20+N) Visible [*0.5mm)  |Fastener 1 0 0 0[Reusable 0|Nane 45.667
57 [shock Absorber Right Hand Place (suction cup, reposition) High [Arm, 20+N) visible [*0.5mm}  |Na 1 {1 0| 0|Reusable 0|Nane 87
58|Triple Valve Hosas (Common | Cut [plier, scissor, knife) medium (Wrist, 5-20N|Visible (x0.5mm)  |Fastener 1 {1 [ 0|Removable 0|Nane . 5.3
59|Triple Valve Hoses Common | Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [-0.5mm]  |Fastener E] a [ 0|Reusable 0|Nane 16.76 22767
60|Triple Vslve Hoses Hand Complex manipulstion [unthread) medium [Wrist, 5-20N|Visible [*0.5mm} _ |Na 1 a 0| 0|Reusable 0|None 7.26 7
61|Triple Valve Hoses Hand Disconnect [cable plug, hosz) medium [Wrist, 5-20N|Visible (;0.5mm} _ |Na 3 0 0 0[Reusable 0|Nane 7.56 26.466]
62 |Level Controler Hose Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [=0.5mm} No 1 ] 0| 0|Reusable 0|Mone 2.52 4.234
63|Traverse Comman Turn [screw, thread)5-10 turn medium [Wrist, 5-20N|Vizible [0.5mm) Fastener 5 [} 0| 0|Reusable 0|Mone 45.9 427
64 |Traverse Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [*0.5mm]  |No 1 a [ 0|Reusable 0|Nane 4.02] 2.8
65 |Cable [on traverse) Hand Complex manipulation [unthread) medium [Wrist, 5-20N| Visible (0 5mm}) o 1 0 o 0|Reusable 1|None 576 37
66| Traverse Hand Remave Lift, friction fit) medium [Wrist, 5-20N|Visible (-0.5mm) |G [5-20N) 1 0 0 0[Reusable 0|Nane 6.85 2.4
67 |inlzt Hose Hand Disconnect cable plug, hose) medium [Wrist, 5-20N| Visible [=0.5mm) Mo 2 0 0 0|Reusablz 0|Mone 5.04 2.167
68|Inlet Hose Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Vizible [0.5mm) No 2 [} 0| 0|Reusable 0|Mone 5.04 2.3
69|Inlst Hose Hand Remove (Lift, friction fit) medium [Wrist, 5-20N| Visible [-0.5mm] | Component [0-5N] 1 a [ 0|Reusable 0|Nane 5.35 2.584]
70|Detergent Compartment |Hand Remove [Lift, friction fit) medium [Wrist, 5-20N|Visible [*0.5mm] | Component [5-20N) 1 a 0| 0|Reusable 0|None 6.85 2.166]
71 |0rain Bellow Hand Turn [screw, thread) 10+ turn medium [Wrist, 5-20N| Visible [*0.5mm) No 1 0 0 0|Reusable 0|None 10.1 18.175
72|Drain Bellow Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N|Visible [0.5mm) No 2 ] 0| 0|Reusable 0|Mone 5.04 13.572
73|Drain Ballow Hand Remove Lift, friction fit) medium (Wris, 5-20N| Visible (x0.5mm) |G {0-5n) 1 {1 [ 0|Reusabla 0|Nane BE5 2.584]
74| weight Top Common |Tumn [screw, thread) 10+tumn High [Arm, 20+N] Visible [*0.5mm]  |No E] a [ 0|Reusable 0|Nane EEE 35.534]
75| Weight Toj Hand Remove [Lift, friction fit High [Arm, 20+N] Visible [#0.5mm| Component [20+N] 1 a 0| 0|Reusable 0|None 21.21 4366

izht Top 5 ! ., po!

76 [Weight Left Common | Turn [screw, thread) 10+ turn High [Arm, 20N} Visible [0.5mm) No 3 0 0 0|Reusable 0|None b55 37.4
77 |weight Left Hand Remave (Lift, friction fit) High [Arm, 20+N) visible [*0.5mm) |G (204N} 1 {1 0| 0|Reusable 0|Nane 2 7.1
78| weight Right Common |Turn [screw, thread) 10+tumn low [finger ,0-5N) visible [*0.5mm]  |No 2 {1 [ 0|Reusabla 0|Nane 4 45.734]
79| Weight Right Hand Remove (Lift, friction fit) low [finger ,0-5N) Visible [*0.5mm]  |Component [20+N) 1 a [ 0|Reusable 0|Nane 10.77 5.166]
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80|Tub Hand Remove (Lift, friction fit) High [Arm, 20+N] Wisible (>0.5mm) [ [20+N) 1 ] [] 0|Reusable 0[None 19.71 54533
81 spring Fader Hand Remove (Lift, friction fit) low (finger ,0-5N) Wisible (>0.5mm) No 1 ] [] 0|Reusable 0[None 2.52 225
82|spring Feder Hand Remove (Lift, friction fit) low (finger ,0-5N) Wisible (*0.5mm) No 1 ] ] 0|Reusable 0[Nane 2.52 325
83 |1ub Common  |Turn [screw, thread) 10+ turn High (&rm, 20+N] isible [*0.5mm) Fastener 15| 1 o 0|Reusable 0|None 281 331668
84 |tub Hand Remove (Lift, friction fit) low (finger 0-5N) isible [*0.5mm) Mo 1 o o 0|Reusable 0|None 402 42
85|Tub Hand Remove (Lift, friction fit) low [finger ,0-5N) Visible (»0.5mm) No 1 ] /] 0|Reusable 0|Nene 2.52 3366
86| Motar Electronics Commean  [Turn [screw, thread) 5-10turn medium [Wrist, 5-20N| Visiblz (>0.5mm) No 2 of 1 o|Reusable ofnone 216 27.434
87|Cable Harness Hand Remove [Lift, friction fit) medium [Wrist, 5-20N] Visible (>0.5mm) No 3 [] [ 0|Reusable 0|Nene 12.3 6.934
88|Motor Electronics Cover  |Hand Hinge [open door, hinged covar) High [Arm, 20+N] Visible (+0.5mm) No 1 of 0| o|reusable ofnone 8.64 35.867
89| Motor Electronics Hand Disconnect [cable plug, hose) medium [Wrist, 5-20N] Vizible (*0.5mm) No 6| ] [] 0|Reuszable 1[None 15.12 32.333
90| Moter Electronics Hand Disconnect (cable plug, hose) medium [Wrist, 5-20N] Visible (>0.5mm) No 1 0| 0| o|Reusable o|none 2.52 16.767
‘91 | Motor Electronics Hand Remove (Lift, friction fit) medium [Wrist, 5-20N] Visible (*0.5mm) Ne 1 ] [] 0|Reusable 0[Nane 3.6 a7
92| Power Electronics Common  |Turn (screw, thread) 5-10turn medium [Wrist, 5-20N] Visible (>0.5mm) No 2 0| 0| o|Reusable o|none 19.1 26.512
93 |Power Electronics Hand Discennect [cable plug, hose) medium [Wrist, 5-20N] Visible (*0.5mm) Ne 1 ] [] 0|Reusable 0[Nane 4.02 4233
94| Power Electronics Hand Hinge [open door, hinged cover) medium [Wrist, 5-20N]Visible [>0.5mm) No 1 [ 0| o|Reusable o[None 5.04 11.267
95| Power Electronics Hand Disconnect (cable plug, hose) medium [Wrist, 5-20N] Visible (=0.5mm) _ |No. 7 o of 0|Reusable 1|None 17.64 37.166
96| Power Electronics Hand Remove (Lift, friction fit] medium [Wrist, 5-20N] Visible (=0.5mm) _ |No. 1 o of 0|Reusable 0|None 3.6 3.434
97| Drain Pump Common | Tumn [screw, thread) 5-10 turn medium [Wrist, 5-20N] Visible (=0.5mm) _ |No. 3 o of 0|Reusable 0|None 274 41.201
98| Drain Pump Hand Complex mani ion (unthread) medium [Wrist, 5-20N]Visible (>0.5mm) Mo 1 [ 0| o|reusable o[none 7.26 4933
99| brain Pump Hand Hinge [open door, hinged cover) low (finger ,0-5N) Wisible (>0.5mm) No 1 ] [] 0|Reusable 0[None 3.24 1533
100 |orain Pump Hand Disconnect [cable plug, hose) low (finger ,0-5N) Wisible (>0.5mm) No 2 ] [] 0|Reusable 0[None 3.6 12
101 |orain Pump Hand Remove (Lift, friction fit) low (finger ,0-5N) Wisible (>0.5mm) No 1 ] [] 0|Reusable 0[None 2.52 4433
102 |rortom cover Common  [Turn [screw, thread) <5 turn low [finger 0-5N) Visible (>0.5mm}) Mo 2 1 o o|reusable ofnone 234 14.167
103 [Botrom Cover Comman Turn (screw, thread) 5-10 turn low (finger ,0-5N) Wisible (*0.5mm) Fastener 2 [] ] 0|Reusable 0[Nane 14.18 233
104|Bottom Cover Hand Disconnect (cable plug, hose) low [finger ,0-5N) Visible (»0.5mm) No 1 ] /] 0|Reusable 0|Nene 3.3 0633
105 |Bottom Cover Hand Discennect [cable plug, hose) low [finger ,0-5N) Visible (>0.5mm) Ne 2 ] [] 0|Reusable 0[Nane 3.6 4.8
106 |Borrom Cover Hand Remove (Lift, friction fit) low (finger ,0-5N) Wisible (>0.5mm) No 1 ] [] 0|Reusable 0[None 2.52 2434
107 [shock Absarber Left Comman Turn [screw, thread) 10+turn High [Arm, 20+N) Visible (>0.5mm) Fastener 1 ] [] 0|Reuszable 0[Nane 22.06 37.899
108 |shock Absorber Left Hand Remove (Lift, friction fit] High [Arm, 20+N) visible (>0.5mm) |G (5-20N) 1 o [ 0|Reusable 0|None 17.71 2584
109|shock Absorber Right Common Turn [screw, thread) 10+ turn High [Arm, 20+N) Visible [>0.5mm) Fastenar 1 [] [ 0|Reusable 0|Nene 22.06 45.667
110|shock Absarber Right Hand Remove (Lift, friction fit] High [Arm, 20+N) Visible [(+0.5mm) |G (5-20N) 1 1 of 0|Reusable 0|None 20.21 2584
111|service Door Hand Hinge (open door, hinged cover) low [finger ,0-5N) Visible (»0.5mm) No 1 ] /] 0|Reusable 0|Nene 3.24 1233
112[Pump Housing Commen __|Pry (snapfit, Adhesive] medium [Wrist, 5-20N] Visible (-0.5mm) _ |Ne. 1 o o 0|Reusable 0|None 6.12] 10.845
113 |Pump Housing Comman Turn (screw, thread) <5 turn low (finger ,0-5N) Wisible (*0.5mm) No 2 [] ] 0|Reusable 0[Nane 13.4 32767
114 |Pump Housing Hand Discennect [cable plug, hose) low [finger ,0-5N) Visible (>0.5mm) Ne 1 ] [] 0|Reusable 0[Nane 3.3 6.167
115 |circulation Pump Comman Turn [screw, thread) <5 turn low (finger ,0-5N) Wisible (>0.5mm) No 3 ] [] 0|Reusable 0[None 16.6 28,685
116|Circulation Pump Hand Hinge [open door, hinged cover) low [finger ,0-5N) Visible [>0.5mm) No 1 [] [ 0|Reusable 0|Nene 4.74 3.2
117|circulztion Pump Hand Disconnect (cable plug, hose) low [finger 0-5N) Visible [(+0.5mm) _ |No 2 o of 0|Reusable 0|None 3.6 3734
118|Circulation Pump Hand Remove (Lift, friction fit) medium [Wrist, 5-20N] Visible (*0.5mm) No 1 1] 0 0|Reusable 0|Nene 3.6 4733
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fasteners) during disassembly, provision of repair information, and fluctuations in spare part prices.
However, the extent to which these issues influence scores, and their effect in other scoring systems is
not clear.

Overall, a complete picture regarding validity and reliability of the current scoring systems is lacking. This

paper aims to address this gap for the four scoring systems mentioned above. The overarching research

guestion of this study is: How valid and reliable are the current scoring systems? This question is explored
through the following activities and analyses.

- The scores of a number of products in different product categories are compared across the different
scoring systems, to examine the differences and their justification. While this comparison does not
directly determine the validity of a scoring system, it provides indications of areas that may require
further investigation in terms of validity.

- The validity of the scoring system is evaluated by checking how the scoring systems handles
hypothetical scenarios where repair is considered not feasible.

- More specifically, regarding disassembly, the eDIM and steps methods are compared with measured
disassembly time for a range of different products to identify the validity of each method.

- The reliability of the scoring systems is determined first by scoring various products with best-case
and worst-case interpretations per scoring criterion, then by identifying the cause and the extent of
differences in scores.

In total, 26 products (10 smartphones and 6 vacuum cleaners, 5 washing machines, and 5 TV’s) are
evaluated from the perspective of self-repair and 3™ party professional repair. Aspects related to OEM
(authorized) repair are not assessed, due to lack of access to information and tools provided for authorized
repair.

Based on these findings, the paper proposes recommendations to improve validity and reliability in the
current scoring systems. These improvements may empower designers, repairers, consumer
organizations, and policymakers to leverage these systems more effectively.

2 Scoring systems

This section provides an overview of the four scoring systems that will be analysed. The criteria applied
by these scoring systems and their weight is presented in

Table 1.
Joint Research Centre (JRC) Scoring system.

The JRC scoring system has been developed based on the preliminary draft of the standard EN45554 ,
which concerns general methods for the assessment of the ability to repair, reuse, and upgrade energy-
related products [16](CEN/CLC TC10 European Standard, 2017) and the Benelux study on "reparability
criteria for energy-related products" [3], and is intended to be implemented as part of the eco-design
requirements for consumer products. This scoring system is mainly focused on professional repairers, with
some criteria considered for consumer repair. It is currently suited for the assessment of vacuum cleaners,
washing machines, smartphones, tablets, and TV’s.

French Reparability index (FRI)






























iFixit Score Breakdown
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Figure 2c: iFixit score breakdown for smartphones. "sp exp " = expensive spare part “not disasss” = a priority part
cannot be disassembled.
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Figure 3: FRI, iFixit and JRC score and its uncertainty range for smartphones. Bars show the extent of best- and worst-
case interpretations.
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Figure 5: FRI and JRC score and its uncertainty range for vacuum cleaners. Bars show the extent of best- and worst-
case interpretations.

Results for the ONR system are not shown. ONR has 11 must-have criteria, for which none of the assessed
vacuum cleaners passed. Essentially, the overall score of ONR for all vacuum cleaners was 0. Furthermore,
scoring of vacuum cleaners by ONR turned out to be highly subjective. This subjectiveness arises because
ONR frequently provides 0-5 score levels but does not provide instructions on how each level should be
scored. This was also observed in previous research [3], [22].

4.2 Performance of hypothetical scenarios

For the hypothetical scenario, for both smartphones and vacuum cleaners, in which one spare part is
prohibitively expensive in a further ideally repairable product, high scores were obtained. JRC and iFixit
scored up to 100% (Figure 2a, 2c, 4a & 4b) while FRI scored up to 80% (Figure 2b & 4b ). Similarly, for the
hypothetical scenario, in which a single priority part cannot be disassembled, FRI and JRC exceeded 80%,
and iFixit scored 68%.

4.3 Comparison of scoring systems

For smartphones, regression analysis showed that JRC, iFixit and FRI scores were highly correlated (R? =
0.98). However, this correlation doesn't extend to the criteria level, where a lower score in one criterion
is often offset by a higher score in another. FRI has higher scores in disassembly ease compared to JRC
due to its emphasis on fewer priority parts (4 for FRI versus 8 of JRC) and less stringent disassembly steps
(for example for the disassembly of the display, JRC requires less than 3 steps for the highest score,
whereas the FRI requires less than 7 steps). Additionally, FRI scores high to criteria such as software reset,
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update information, and remote assistance availability, which are not considered in the JRC system.
However, FRI includes spare part price, and this results in lower scores for most smartphones since most
(8/10) score 0 in this criterion. JRC scoring system, despite having stricter disassembly criteria, tend to
lean towards higher scores due to the significant weight given to the ease of disassembly (55% for JRC
versus 20% for FRI). iFixit scores are higher than both JRC and FRI as it focuses on two easily removable
key parts (battery and screen), has highest weight in ease of disassembly (58%), and factors in the
availability of third-party spare parts, which are usually easy to acquire.

For vacuum cleaners, regression analysis showed a low correlation (R2 = 0.59). Wilcoxon signed-rank test
confirmed that the FRI score of vacuum cleaners is significantly lower than the score of JRC (P < 0.0001).
In the case of vacuum cleaners, the significantly lower score on FRI than JRC can be attributed to three
major factors. The primary factor is the high weight assigned to JRC's disassembly criteria (60%) in contrast
to FRI's disassembly criteria (20%). The JRC-score for disassembly only exceeds for all product the total
FRI-score. Further, in the JRC system, spare part availability distinguishes between "available", 5 years,
and 8 years, whereas FRI distinguishes between 9, 11, and 13 years. As a result, nearly all vacuum cleaners
(5 out of 6) receive poor scores for spare part availability in the FRI system. Finally, JRC does not consider
the price of spare parts as a criterion, while all vacuum cleaners score 0 in the FRI system in this respect.

Best- and worst-case interpretations

As presented from the Figure 3 and Error! Reference source not found., based on Wilcoxon signed rank
test, significant difference between worst- and best interpretations are observed in both vacuum cleaners
(P<0.001) and smartphones (P<0.004). This means that the variance from best case to worst case within
the same product is higher than the difference between product scores, especially for vacuum cleaners.
The main reasons for the observed differences between best- and worst-case interpretation are listed in
Table 5. These differences arise from unclarity related to bundling, breakable fasteners, adhesive removal,
spare part price, spare part availability, and access to repair information.

Table 5: Main reason for difference in score due to difference in interpretation and its explanation.

. L . . . Affected
Design Interpretation issue in Possible scoring . -
. . . Advantage Disadvantage scoring
aspect scoring decisions
system
Bundled components Does not consider
are considered not Bundling is penalised small elements
removable bundled together
Bundlin Unclarity on how bundling Consider the entire eﬁe?:j:tirtijrr:ja;!d biil:jlﬁnprgﬂg:ee FRI, JRC,
J should be addressed. bundle removable & & IFIXIT
together modules
Remove the part Pro.rr.motes de5|gn-s
. requiring destructive
destructively .
disassembly
. Promotes fastener Products may be
) Consider not .
Fasteners (e.g., snap fits) removable that do not break harshly scored since
Breakable that may break during during disassembly it’s only a chance. FRI, JRC,
fasteners disassembly/reassembly is Conforms to whatis | Promotes fastener that IFIXIT
difficult to consider. Consider removable currently done in break during
general for FRI disassembly
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Multiple tools and
techniques may be

Count each and every
tool changed by
assessor

Can address
differences in
difficulties of models

Is subjective

required, making it FRI, JRC,
iffi i . Provides consistent
SlfﬁCUIt to determine t:e determine and and objective Database and further il
Adhesive est V\{ay to represent the consider standard ] :
adhesive removal process amount of tool change assessment for research are required
removal g adhesive removal
process Less accurate on
Assess entre surface . .
Components are generally . Easier to test representation on the
S that is attached
glued in thin lines, ease iFixit
therefore unclear how to More accurate on
Assess only surfaces i .
check glued surfaces . More difficult to test | representation on the
where glue is present
ease
Do not account for Unclear
Unclear how "out of stock" | consider not available Easier to test temporary out of stock | how "out
Spare part i of stock"
P . p spare parts should be prices
availability spare parts
handled
. - should be
Contact manufacturer | More representative | difficult to get answers
o . handled
when it will be in stock of real case from Manufacturer
Thorough step by ste Maybe too strict and
. & . p by step More accurate v
information for . currently none of the
. . . representation of .
diagnosis and repair on information products will pass. Do
Unclear the extent of each failure mode is o not consider partial
Repair ) . ; ired availability inf ti JRC, FRI,
. - information required for a require Information o
information iFixit

"pass" criterion.

Partial guidance on
general failure mode
may suffice

Points are provided

Less strict and can be
easily bypassed
without giving clear
guidance to user

4.4  Assessment of ease of disassembly

Figure 6 and Table 6Error! Reference source not found. presents the number of disassembly steps and
the calculated eDiM time compared to the actual recorded time in professional disassembly. A high
correlation (R?= 0.93) was observed between eDiM time and actual time, and medium correlation (R2 =
0.69) between number of steps and actual time. Furthermore, eDiM time maintains a significantly higher
correlation with the actual time at the product level, as opposed to the disassembly steps method (Table
6). Additionally, it's notable that the intercept of the trendlines for steps significantly deviates from the
expected 0,0 intersection, which is not the case for eDiM time. This discrepancy highlights the clear
advantage of the eDiM time method over the steps method.

The larger deviations when considering the number of steps as a measure for the actual disassembly time
are due to two main reasons: a) component removal after unscrewing a large number of similar screws
and component removal after unscrewing a few screws are treated the same, and b) some products have
many easy to remove small components, resulting in a high disassembly step count.

In general, eDiM time is slightly higher than the actual time. Upon video observation, the following two
main reasons were identified: a) the repairer frequently keeps small tools still in hand while conducting
minor disassembly tasks. In contrast, eDiM calculates every change from tool to hand and vice versa; b)
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removal of several components or fasteners is sometimes done at once, whereas in eDiM, each removal
of a component or group of fasteners is considered individually.

Disassembly step + Calculated time vs Disassembly time
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Figure 6: Disassembly step and Calculated eDiM time comparted to actual time.

Table 6: product wise R? Relation and corresponding trendline of eDiM and Steps to actual time. *Note: to provide
a similar comparison according to graph, steps value is multiplied by 28.7 (1000/35) for the trendline.

R? Relation to Actual Time Trendline
Products eDiM Steps eDim Steps*
Washing Machine 0.97 0.75 1.3x-13.7 .70x +143
TV 0.93 0.59 1x +13 .63x +54
Vacuum Cleaner 0.92 0.62 0.76x +11 .73x +89
Overall 0.93 0.69 0.8x +20.6 .70x +143

5 Discussion

The validity of scoring systems in hypothetical scenarios, upon comparing different scoring systems and
on different disassembly assessment methods is discussed first. Then we discuss the reliability of the
scoring systems in best- and worst-case scenarios. In general, all the assessed scoring systems have
opportunities for improvement regarding their validity and reliability.

The scoring systems reflected the validity well for products that are known to be highly repairable (such
as Fairphone). However, we observed validity problems across all scoring systems in scenarios where
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repair of a specific priority part was not feasible or affordable. Here, products still scored relatively high,
despite the poor repairability. Therefore, in these cases, none of the evaluated scoring systems accurately
represent the product's actual reparability. Although these scenarios are not frequent, they do happen
regularly, corroborating previous findings [11], [12].

A potential solution to address this issue could involve the implementation of a limiting factor approach
[23] for criteria that determine the feasibility of repair. In this approach, if a criterion fails to meet a
specified threshold, the overall score would be predominantly determined by this critical criterion, based
on how far it falls below the threshold. Other recommended solutions include pass/fail thresholds and
increasing assigned weight [12]. However, the limiting factor approach ensures that other criteria are not
underestimated in the absence of detrimental features and avoids harsh penalties for products that
slightly exceed the threshold value. For instance, if the threshold value is set at 30%, a product with a
score of 29% would face severe penalties, while one with a score of 31% would not at all.

Currently, only FRI takes spare part price into account (with a weight of 20%), resulting in situations where
expensive repairs make repair unfeasible to the customers despite receiving a high score. Spare part price
is usually not accounted for because it is hard to assess precisely, as prices fluctuate over time, but such
an approach fails to capture critical data, as a result, this is also identified as one of the main issues related
to reliability. Possible solutions include: using price estimates with large error margins, asking
manufacturers to provide information on how spare part prices would change over time, or conducting
regular price checks. However, each method has its limitations, and further research may be necessary to
effectively tackle this issue.

Software aspects are addressed by two scoring systems (JRC and FRI); for smartphones, software has a
weight of 15% and 5%, respectively. For devices centred around software (e.g., smartphones and laptops),
long term support of security and software updates are crucial for extended lifetime of the device and
could be a deciding factor for users to repair when the product eventually fails [24], [25]. Additionally,
software part-pairing, where a part becomes difficult or almost impossible to replace by third party
repairers or users, is becoming increasingly prevalent [12]. However, none of the scoring systems take this
into account. Thus, while this study did not empirically test software aspects, software update time and
part pairing should be investigated to establish if software should be represented with a higher weight or
considered as a limiting factor.

To determine priority parts, according to recent research by Bracquene et al (2020) [14], considering
either 75% of failures or at least 5 priority parts provides the optimum balance between validity and ease
of testing. In situations where the failure rates of priority parts are significantly different (for example,
60% battery, 20% motor for cordless vacuum cleaners), the validity of the scoring system could be
improved if individual scores related to priority parts (e.g., ease of disassembly of a priority part, spare
part availability) are weighted according to the average failure rate per product category, as done by
Bracquene et al (2020) [14]. Given this, the JRC scoring system (with weights based on failure rates)
appears to be most valid, followed by FRI. The iFixit scoring system considers only the battery and screen
as priority parts, and the combined failure rates for these two are approximately 60% [26]. Thus, the iFixit
scoring system could be enhanced by incorporating one or two additional priority parts in the assessment.

Figure 6 shows that eDiM time provides a better representation of the ease of disassembly than the
number of steps. Additionally, our results show that eDiM is not only valid for ICT products, but also for
completely different categories like washing machines and vacuum cleaners, thus largely extending the
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applicability of eDiM. Since ease of disassembly is one of the critical criteria for determination of
reparability, eDiM (as used by iFixit) is recommended for a more valid reparability scoring system.
However, eDiM does present limitations. The public database [27] is currently limited to a few ICT
equipment types and demands extensive time for calculation. Additionally, the database must be updated
every time a new product is introduced. The current eDiM database uses specific connector types and
specific tools as input, and since there are essentially countless types of tools and connector combinations,
it becomes increasingly difficult to incorporate all the different connector types and tools required to
assess various products and designs. This could be unfeasible for a scoring system that intends to expand
the product types it could test in the near future. Further investigation is necessary to develop an eDiM
system that is simpler to implement and capable of incorporating a wider range of products into the
database. Here, considering specific actions rather than tools and connections, as done by De Fazio et al.
(2019) [28], could be further explored.

Reliability findings, as presented in Table 5, show that while there is reasonable correlation between
scores of the same product across scoring systems, each product’s possible variation of score from best
to worst was often larger than the differences between products; this is in line with previous research
[11], [12]. Thus, scoring systems need clearer and more detailed protocols to minimize subjectivity. One
major reliability issue relates to bundling. Here, clearer protocols are required so that designs containing
large modules or requiring destructive disassembly are adequately penalized. For example, bundled parts
might be considered as non-removable. However, it's important to note that the use of bundling can also
be beneficial for the ease of disassembly, as well as the product's reliability and cost [22]. Striking the right
balance when applying bundling is crucial, and this balance should be reflected in the scoring accordingly.
Other reliability issues relate to "repair information" and “diagnosis information” criteria, which are not
accurately described by JRC and FRI. The level of detail in diagnosis and repair information should be
specified by indicating exact failure modes and parts it addresses steps to diagnose and repair it.

Future opportunities

Validity can be further examined by surveying professional repairers about the product's reparability and
evaluating how well their opinions align with the score. Furthermore, comparison of disassembly step
numbers and eDiM times versus actual times for glued components should be assessed to provide a
complete picture on the validity of each disassembly assessment method.

The reliability of scoring systems can be further improved by engaging a larger number of independent
assessors to evaluate the scoring system using the same products. Evaluating more product categories
would help to determine the scoring systems' generalizability across different categories.

6 Conclusion

This study evaluated the validity and reliability of four prominent reparability scoring systems: the French
Reparability index (FRI), Joint Research Centre scoring system (RSS or JRC scoring system), iFixit, and
ONR19202. The research aimed to enhance the effectiveness of these systems in promoting more durable
and repairable products in alignment with the European Commission's circular economy action plan and
the right to repair movement.

While the scoring system provided a valid reflection of products known to be repairable, the analysis also
identified several areas that require improvement. Scenarios where repair is deemed infeasible or too
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expensive demonstrated that the current scoring systems do not accurately represent the actual
reparability of products. To address this issue, the study proposed the implementation of a limiting factor
approach for criteria that determine the feasibility of repair. This approach ensures that critical criteria
play a significant role in determining the score when they fail to meet specified thresholds.

Reliability issues in the scoring systems were also identified. Different interpretations of scoring criteria
can change overall product scores significantly, making them score better or worse than other products.
The paper recommends a need for a clearer and more detailed protocol to address issues related to
bundling, spare part availability and price, and repair and diagnosis information criteria, ensuring that
these design aspects are free from subjective interpretations.

Additionally, the study evaluated the accuracy of disassembly assessment methods, namely the eDiM
method (which estimates disassembly times by modelling necessary actions) and the step method (which
counts disassembly steps), in comparison to actual disassembly time. Results indicated that the eDiM
method gives a significantly more accurate representation of actual disassembly ease than the step
method, establishing its superior validity for disassembly ease assessment. This research also
demonstrated that the eDiM method's applicability extends beyond ICT products to categories like
washing machines and vacuum cleaners, significantly broadening its utility. Despite these strengths, the
eDiM method has certain limitations, including a limited product database and a lengthy calculation
process. Future research should aim to refine the eDiM system, making it more practical and capable of
assessing a wider range of products.

Our findings can help to improve scoring systems, which in turn should improve product design for
sustainability. The suggestions presented could serve as resources for designers, repair professionals,
consumer organizations, and policymakers, aiding them in promoting more repairable products. For repair
scoring systems to be widely adopted in policy or industry, ensuring their validity and reliability is essential
to establish trust and credibility.
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Table 7: Calculated FRI, JRC and iFixit scores for smartphones

FRI
Product Sam A41 sam Fold 2 Core Prime Redmi note 9 |Huwei Psmart [Iphone 5s Iphone 12 Fairphone 4  |Fairphone 2 |LG G5
Criteria Weight (%) |Best Worst [Best  Worst |Best  Worst [Best  Worst [Best  Worst |Best  Worst [Best  Worst |Best  Worst |[Best  Worst |Best  Worst
Ease of Di bl 20 125 (125 |11.7 |11.7 142 (142 |179 (154 |10.8 |10.8 (116 |11.8 (100 |10.0 |20.0 (153 |19.8 |159 |184 |17.3
Information ibli 20 3.8 3.8 38 3.8 38 38 3.8 38 5.4 5.4 38 3.8 131|131 131 (131|131 131 |41 3.8
Spare part ilabli 20 2.4 2.4 6.7 2.4 2.4 2.4 14.2 |24 2.4 2.4 2.4 2.4 2.4 2.4 18.3 |16.7 |18.3 |[16.7 |2.4 2.0
Spare part price 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 |10.0 |15.0 [15.0 |0.0 0.0
Software aspects 20 145 |135 |145 |135 |145 |13.5 |145 (135 [145 (135 (145 |135 |145 |135 |175 |17.5 |17.5 |175 |145 |135
Health and saftey 0
Repair endorsment 0
OVERALL SCORE 33.2 |32.2 ([36.7 |31.4 |35.0 [34.0 |50.4 [35.1 |33.1 |32.1 |32.3 |31.6 [40.0 |39.0 |78.9 |72.5 |83.7 [78.2 |39.3 [36.6
JRC
Ease of Di: bl 55 185 |183 |185 |[185 |29.0 |29.0 |303 (229 |17.0 |17.0 (152 |152 (143 [143 |[431 (407 |46.1 |403 |373 |30.1
Information A ibli 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 150 |15.0 |15.0 |15.0 |15.0 |15.0 |3.0 0.0
Spare part availabli 15 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 12.0 |120 |12.0 |12.0 |3.0 3.0
Spare part price 0
Software aspects 15 9.0 9.0 9.0 9.0 9.0 9.0 9.0 0.0 0.0 0.0 120 [12.0 |12.0 [12.0 |9.0 9.0 9.0 9.0 0.0 0.0
Health and saftey 0
Repair endorsment 0
OVERALL SCORE 27.5 |27.3 ([27.5 |27.5 |38.0 [38.0 [45.3 |22.9 |17.0 |17.0 |27.2 [27.2 |47.3 |41.3 |79.1 |76.7 (82.1 |76.3 |43.3 ([33.1
Ifixit
Ease of Di bl 58.33 205 |16.8 |16.7 |8.7 39.6 |18.6 |36.1 [23.6 [18.3 |146 |[354 |30.7 (235 [19.6 |[55.9 [55.9 |57.0 |57.0 |43.6 [39.9
Information A ibli 12.5 0.6 0.6 0.6 0.6 0.6 0.6 13 0.6 0.6 0.6 0.6 0.6 7.5 7.5 116 |116 (116 |116 |3.8 0.6
Spare part 20.83 5.2 5.2 89 15 5.2 52 179 |5.2 5.2 5.2 5.2 5.2 164 |12.6 |164 [164 |16.4 |164 |[5.2 52
Spare part price 0
Software aspects 0
Health and saftey 4.17 1.4 1.0 1.4 1.0 3.5 3.5 1.7 1.7 1.0 1.0 1.6 16 1.7 1.4 4.0 4.0 4.0 4.2 3.5 3.5
Repair endorsment 4.17 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 4.2 1.0 4.2 4.2 4.2 4.2 1.0 1.0
OVERALL SCORE 28.7 |24.8 (28.6 |12.9 |49.9 |28.9 |58.0 [32.2 |26.2 |22.6 |43.8 [39.1 |53.3 |42.2 |92.0 |92.0 (93.1 [93.2 |57.1 ([50.3
Table 8: Calculated JRC and FRI scores for vacuum cleaners
| JRC
Product Dyson | Bosch | Siemens Philips Hoover Samsung
Criteria Weight % |Best Worst Best Worst Best Worst Best Worst Best Worst Best Worst
Ease of Disassembly 60| 55.2778| 37.7778 51.25 48.75| 55.5263| 48.6842| 48.9474| 33.1579| 51.3889| 51.3889| 54.7222 52.5
Information Acessiblity| 20 11.25 11.25 7.5 7.5 7.5 7.5 8.75 8.75| 8.23529| 8.23529 8.75 8.75
Spare part availablity 20| 3.88889| 3.88889 7.5 7.5 20 20 0 0| 6.11111| 6.11111 0 0
Spare part price 0
OVERALL SCORE 70.4167| 52.9167 66.25 63.75| 83.0263| 76.1842| 57.6974| 41.9079| 65.7353| 65.7353| 63.4722 61.25
FRI
Ease of Disassembly 20| 18.1746| 14.0595| 14.8413| 14.8413| 18.6667 17 12.619| 8.11905| 12.7778| 12.7778 14 14
Information Acessiblity| 40| 17.3333| 9.33333| 13.3333| 5.33333| 13.3333| 5.33333 16 8| 14.6667| 6.66667| 14.6667| 6.66667
Spare part availablity 20| 4.44444| 2.84444| 5.07407| 3.47407| 13.0949| 11.4949| 5.22222| 3.62222| 6.75128| 5.15128( 4.93333| 3.33333
Spare part price 20 0 0 0 0 0 0 0 0 0 0 0 0
OVERALL SCORE 39.9524| 26.2373| 33.2487| 23.6487| 45.0949| 33.8282| 33.8413| 19.7413| 34.1957| 24.5957 33.6 24
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