Fixing the Scoring of Reparability






Q) FixiT

The free repair guide for everything,
written by everyone.

Find a Repair Guide

Shop Parts & Tools

& Right to Repair
’Q _

IFixit is a global community of people helping each
Let's fix the world, one device at a time.

Today, ifixit.com hosts repair
manuals numbering in the many

thousands

WHY REPAIR?




Apparel Appliance Camera Car and Truck

Computer Hardware Electronics Game Console Household
iPod Mac Media Player PC
Phone Skills Tablet Vehicle
Learn a new skill View All >

How To Solder and Desolder
Connections

Electronics Skills Kit 101

Thread a Sewing Machine Sew a Button How To Use A Multimeter How to Take Awesome Photos
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Q IFixiT
Smartphone Repairability

Our engineers disassembled and analyzed each smartphone,
awarding a repairability score between zero and ten. Ten is the
easlest to repair.

How we rate devices:

A device with a perfect score will be relatively inexpensive to repair because it is easy to disassemble and has a
service manual available. Points are docked based on the difficulty of opening the device, the types of fasteners
found inside, and the complexity involved in replacing major components. Points are awarded for upgradability,
use of non-proprietary tools for servicing, and component modularity.




LG Rear panel and battery can be removed with no tools
G4 Many components are modular and can be replaced independently.
= LCD isfused to the glass.

Google Mod

odular design allows replacement of individual components

Nexus 5 Standard Phillips screws used throughout.
= LCDisfused to the glass.

Samsu ng Battery is easy toreplace.
Galaxy S4 Very easy to open for access to internal components.

Components adhered to the back of a fused display assembly.

B|3Ckberr\/ Battery is easy toreplace.

210 S:; \dard screws make the device easy to open.

Smaller components are strongly adhered in place.

Samsung Battery is easy to replace
Galaxy Note ll Very easy to open for access to internal components.

Components adhered to the back of a fused display assembily.




Amazon External, non-proprietary screws make getting inside straightforward.

Fire = The four Dynamic Perspective cameras are encased in glue.
I'he phone is not modular, increasing the cost of replacement parts.

HTC Standard Phillips screws make the rear case easier to open.
One M9 " The di:‘»pl:—s'--' assembly is the hnr'ces:';r‘4r71"'r'ﬂr19r|‘ to replace.
= Battery is buried under motherboard and adhered to midframe.

HTC Standard Phillips screws make the rear case easier to open.

One M8 = The display assembly is the hardest component to replace.
Battery is buried under motherboard and adhered to midframe.

Apple Standard Phillips screws used throughout.
. = Hidden clips make it nearly impossible to open rear case without
iPhone

damaging it.
Soldered battery is very difficult to replace.

HTC Solid external construction improves durability.
One = Virtually impuss ble to open without extreme damage to rear case.
Battery is buried under motherboard and adhered to midframe.
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EU Grant Project sustainablySMART

Maintenance LCD screen - 9%
100%
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Housing - 9%

Others - 8%
Integrated
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Camera, earpiece, speaker, vibrator - 6%
Recycle
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Transportation, packaging, !
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o Upgradable

Disassembly

Battery - 37%




Project Objectives S“S“"”ART

Our task: To develop a validated reparability
scoring system

* SustainablySMART will incentivize and advocate for design for repair /
reuse / remanufacturing

* Repair, reuse and remanufacturing require basically the same design
features

*  We'll develop a system of algorithms to allow for a reproducible ranking of
mobile devices in relation to these objectives

*  The results will be communicated to policy makers and are intended to be
reflected in eco-labelling

This project has received funding from the European Union’s Horizon 2020 research & innovation
“ programme under grant agreement No 680640 and 730308 ' Fl x l T E U R O P E



Repair Scenario Considered S”S“"”ART

* Target audience: self-repair / laypeople
* Part replacement, not part repair

* Diagnosis is out of scope

* Critical components are accounted for

* Results must be stable over time

This project has received funding from the European Union’s Horizon 2020 research & innovation
“ programme under grant agreement No 680640 and 730308 ' Fl x l T E U R O P E



Selection Principles for Criteria S”S""”ART

Relevance (does the criterion address an essential aspect influencing the
likelihood of repair in scenarios considered? Is the criterion the only/best one
to address said aspect i.e. if we dropped this criterion, would we miss this
essential aspect?)

Feasibility / objectivity / repeatability of verification (can we define the
criterion in such a way that it can be assessed in a reliable and consistent way
regardless of the person conducting the assessment?)

Potential for differentiation between products ('minimal pair': is there a
series of relevant products i.e. smartphones or tablets currently on the market
or expected to hit the market in max. 2 years, whose varying levels of
reparability can (only) be distinguished by this criterion?)

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 ' Fl x l T E U R O P E



SUSTAIN p:\:1A4

Selected Criteria / Rationale M ART

1 — Availability of information (Q)
Repair guides or service manuals ensure reliable ways of repairing the product for all 6 — Type of tools needed (EoD)

potential repair actors. Having access to repair information reduces the risk of repair  The number of tools needed to replace critical components, as well as their precise
failures and thereby also increases the likelihood of the repair being undertaken, since type and their availability, strongly influence the chance of initializing and successfully

fear of breaking a product decreases when a manual is available. finishing the repair. We have divided the specific tools that can be needed for
smartphone or tablet repair into classes corresponding to those defined in PrEN54445,
2 — Deterrent Messaging (Q) from class A (Common Tools), class B (Product specific tools), class C (Commercially

Voiding warranty or other issues that disincentivise opening up a product stand in the available tools) to class D (Proprietary tools).
way of actually repairing and thus extending the product life.
7 — Accessibility for repair (EoD)
3 — Path of Entry (EoD) The accessibility of critical components, which fail most often, is a crucial factor for
Before initializing a repair process, the repairer should be confident that it is possible  repair success. The accessibility of a component depends on the minimum number of
to finish the repair successfully. Whether the product itself encourages or discourages Steps to reach the component and the number of “difficult fasteners” needed to
the repairer to open the casing (how daunting is it to open up the product) is therefore overcome to reach the component.
a determining factor for the likelihood of repair. The assessment focuses on the ease of

opening up the exterior (the amount of force) and the tools needed to do so (from 8 — Difficulty to repair (EoD)

fingers only to the use of uncommon tools). The need for high force, difficult positioning of tools or additional activities adversely
affect the accessibility of critical components. “Difficult fasteners” are connecting

4 — Visual Cues (Q) technologies which negatively influence the time-to-access the component and the

Visual mapping and identification of the components (e.g. battery), its fasteners (e.g.  overall repair experience and can be defined when the connecting technology 1)
screws) and cable connectors (e.g. ZIF) by means of codes, icons or colour could help ~ requires the use of specialized tools like secured screwdrivers, 2) is difficult to separate

the repairer to initiate and run through the process of disassembly with more like glue or one-way screws, or 3) is difficult to reach like recessed or hidden screws.
confidence. It also reduces the chance of overlooking fasteners or connectors and
therefore improves tha chances of success. 9 — Health and safety risk (Q + EoD)

Any risk of injury leads to a lower chance of actually initializing and successfully
5 —Spare part availability (Q) finishing the repair. We evaluate three aspects influencing safety: 1) type of battery
Without critical spare parts, it is impossible to repair a product and bring it back to (risk of puncture), 2) need for the use of heat during the process and 3) use of high

working functionality. Critical components can be made available to the general public force for prying (increased risk of injuring the repairer).
for DIY repair, only to authorized repair workshops, or not be made available at all.

Acquiring a critical spare part for a reasonable price, in an easy and quick way,

contributes to a successful repair.

This project has received funding from the European Union’s Horizon 2020 research & innovation
“ programme under grant agreement No 680640 and 730308 ' Fl x l T E U R O P E
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Basic Scoring Modules Sl ART

This project has received funding from the European Union’s Horizon 2020 research & innovation
programme under grant agreement No 680640 and 730308
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1. Availability of Information
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Repair guides or service
manuals ensure reliable ways
of repairing the product for all
potential repair actors. Having
access to repair information
reduces the risk of repair

failures and thereby also
increases the likelihood of the

repair being undertaken,

since fear of breaking a
product decreases when a

manual is available.

This project has received funding from the European Union’s Horizon 202
programme under grant agreement No 680640 and 730308 5
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HP El?te X2 1012 G1 Tablet

HP Elite x2 1012 G1 Tablet with Advanced
Keyboard

HP Elite x2 1012 G1 Tablet with Travel
Keyboard

Maintenance an_d Service Guide
IMPORTAN_T! This document is intended for
HP authorized service providers only.



SUSTAIN p:\:1A4

Scoring Criteria: Heuristic Assessment SV ART

Repairability Evaluation: Huawel Nexus 6P CC

Module 1: Questionnaire it Andevemasthibhinaiab
1. Availability of information CATEGORIES PRODUCTS EVALUATION DETAILS EASE OF DISASSEMBLY QUESTIONAIRE REPORT

. Deterrent messaging p: >« s ©

1. When locking at the product itself or on the manufacturers website..

. Spare part availability

Can you find a unique product identifier on the product itself?

2

4 Visual cues
5

9

. H e a It h a n d S a fe ty ri S k Can you find an identification code on the battery component?

Can you find an identification code on the screen component?

@ © © ©

Can you identify the correct replacement part for battery replacement by entering the
product identification code online?

=

Can you identify the correct replacement part for screen replacement by entering the
product identification code online?

Can you find a parts list for the product?

Can you find an exploded view visualization for the product?

y — 1 Wi ¢ A nSi Can you find a video for replacement of the battery?
CT]_ p— R O und . 1 O Can you find a step-by-step repair guide for the replacement of the battery?

1 Wi Can you find a video for replacement of the screen?

e © 0 © © ©

Can you find a step-by-step repair guide for the replacement of the screen?

How do | assess this correctly?

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 l Fl x l T E U R O P E




SUSTAIN p:\:1A4

S ART

6. Type of Tools Needed

The number of tools needed to replace
critical components, as well as their precise |
type and their availability, strongly influence
the chance of initializing and successfully
finishing the repair. We have divided the
specific tools that can be needed for
smartphone or tablet repair into classes
corresponding to those defined in
PrEN45554, from class A (Common Tools),///
class B (Product specific tools), class C
(Commercially available tools) to class D

(Proprietary tools).

Feasip,
/i
tOo[ S =

This project has received funding from the European Union’s Horizon 2020 research & innovation
programme under grant agreement No 680640 and 730308



Scoring Criteria: EoD Assessment

SUSTAIN p:\:1A4

WIART

Module 2: Ease of Disassembly Assessment

3.
6.
7
3
9

Path of entry

Type of tools needed
Accessibility for repair
Difficulty to repair
Health and safety risk

Disassembly steps of Huawei Nexus 6P CC

Entry #

Al

A2

>
© 0 N O 0 & W

v

Component Name
SIM card

top rear cover

top rear cover
top rear cover
bottom rear cover
bottom rear cover
bottom rear cover
rear cover

rear cover

rear cover

rear cover

connector plate

Activity

Remove

Loosen Glue
Loosen Glue
Remove

Loosen Glue
Loosen Glue
Remove
Unscrew
Separate Snap Fit
Separate Snap Fit
Remove

Unscrew

Crg

=10

— Count(Toolsize{Underarm})
— 2 - Count(Activity{Deglue})
— Count(Toolsize{ClassD})

Accessibility Additionals

Tool Used

Part 1121
Heatgun 3112
Lever Prybar 3112
Part 1121
Heatgun 3112
Lever Prybar 3112
Part 11.21
Philips Ph 00 1,2,10.8
Lever Prybar Guitar pick 2122

Lever Prybar plastic opening picks 2;1,2;2

Part

Philips Ph 000

1121

12,108



Disassembly Steps as a Proxy for susran L0

Reparability ARt

BasicMOST" MiniMOST" MaxiMOST" tdminMOST™

Ease-of-disassembly dlM Q FixiT
s peieom il
i ’

;[0 Hold / Grip DR ol
Work Measurement Systems R T St na
Third Edition Revised and Expanded — -

PL Pertalobe Screwdriver

AK  A¥en Key / Wex Screwdriver
ND  Nutdriver

TW Tri-wing Screwdriver

XS Other Exotic Scrowdrivers

Drivers & Wrenches.

PS Phillips Screwdciver

FS  Flathead Screwdriver

™ Torx (Security) Screwdrivee The

FW  Fund-end Wrench
AW Adjustable Wrench
SR Socket with Ratchet
PW  Power Wrench

Gripping & Fixtures:
TW Tweezrs

PL o Pliers

TH  Third hand

Vs Vite

Prying & Opening:

5K Suction Cups

OF  Plastic Opaning picks.
5P Metal/nylon Spudger
XP  Other Exotic prying/

opening tools
Cutting & Breaking:
KN Knife
WC Wire Cutter HG Hest Gun_
SH  Handheld Shears GW Grinding Wheet
MM Hammer Macksow
DR Drill S5 Power Saber Saw
AC Electric Rotary Cutter BS  Power Band Sew
PG Mandheld Power Grinder  CH Chisel

P Poybar

Other: 1o/
BR Beush bs B
RG fag ““mﬂ

This project has received funding from the European Union’s Horizon 2020 research & innovation

programme under grant agreement No 680640 and 730308 0 l Fl x l T E U R O P E
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Ease of Disassembly (EoD)

DISASSEMBLY EVALUATION CHART /
PRODUCT: DATE:
PREPARED BY: SHEET: OF
1 2 3 4 5 6 7 | 8 ] & | 10| 11 12 | 13 14
-]
,5; DIFFCULTY RATING
@ g HEASY) .. . 10 (DIFFICULT)
: P
> s a3 |2 w -
HHHHHIHHARITHE
— SRICIEC) §§s§g§§§§z§§§mm
|~ e B
a—— _ —

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 l Fl x l T E U R O P E



EoD Software Tool (Offline) " Elart

Balanced Score Card_Repairability 0.17_v24L - Excel Table Tools Bas Flipsen

iFixit Insert Page Layout Formulas Data Review View Design Q@ Tell me what you want to do

+ 00

Add Reset About
Activity Project

~
= Parts / Activites X v
A 8 Sub-Assemblies / Parts Activity v 7 a
1 | 1.0 Base Detach ..
2| 1.1 test Detach 1 Activity type | Detach =
3| Typeofconnectionl Mut L]
4 ‘ } removal of threaded nuts and bolts
5 |
6 |
7] —_—
# of repetitions | | Toolused | Alan_socket ~| Special Codes
‘ i i 9to 13 effectivet 2 o
Accessibility I Clear bolt & nut, heavy resistance L] Tool size I 3.5 _'_I E R | ]
[0 20to 24 effective 2 ‘
[ screws with washe 2 |
Comments detach| [[] Washers pickedu; 2 !
[ short thick screws 2
[ [ long thick screws { 2 ‘
8 [ wrenchor Allenke 2| !
9 Rl | 3 \
10 1.1 Part |
] |
- Reset/clear |
12| | : N
13 | Ll - — _— - - _ _ : - e
14 |
15 | dese
16 |
17|
18 |
19 |
20
21 |
Version History | Dev Notes | System \ Data | | General | Activities | Balanced Score Card | lists | references | sandbox | &) <] I[¥]
Ready Average: 1 Count2 Sum:2 22s) Eo- | + 100%

2 4:21 PM
AR ® 7z P

3/17/2017

This project has received funding from the European Union’s Horizon 2020 research & innovation 0 l Fl X|T E U R O P E
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Finding a Balance S”S“"“Am

Questionnaire Module EoD Assessment Module
Easier to teach Harder to teach
Higher statistical variance More exact & repeatable
Qualitative Focus Quantitative Focus
Context-centered Product-centered

A

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 l Fl x l T E U F\) O P E
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ldentifiying Critical Components Y ART

—®

Product /
Base \

\ Battery

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 l Fl x l T E U R O P E



Online Scoring Software: Functional sustai IS
. S| ART
Overview

Scoring Application vl — Functional Diagram

Frontend (User Access)

Creation of Product Record

(+ Product Retrieval)

Heuristic Assessment Module
(Criteria List Based Questionnaire)

EE— Display of Assessment Results

Backend (Admin Access)

Content Management System Product Assessment
Database

o Tools, Connectors, Activities,

Critical Components, etc. Product -«
L Q & Formats EoD Protocol Data <&
#® Scoring Rules & Algorithms Answer Result Data  <-—

This project has received funding from the European Union’s Horizon 2020 research & innovation
- programme under grant agreement No 680640 and 730308 l Fl x l T E U F\) O P E
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Scoring Application vl — Functional Diagram

Frontend (User Access)

Creation of Product Record

(+ Product Retrieval)

v

Heuristic Assessment Module

—> Display of Assessment Results

Backend (Admin Access)

Content Management System

Tools, Connectors, Activities,
Critical Components, etc.

Questions & Formats

@ Scoring Rules & Algorithms

\

'

Product Assessment
Database

Product Metadata

EoD Protocol Data

Answer Result Data

T
L]
T
!
]




Outlook: Scoring of Smartphones/Tablets S”STA'”ART

* Benchmarking with outlier products
*  Fine-tuning for improved grading

* Assessment series of market leading smartphones
(iPhone, Samsung Galaxy S)

X
TOUCHSCREEN g

i nexus ) B

This project has received funding from the European Union’s Horizon 2020 researc h & innovation
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Let’s Fix the Future



