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Cradle to Cradle
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(C2C®, 2021)
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Cradle to Cradle Levels
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How can the disassembly potential of Aldowa’s cladding products be
assessed, and what design guideline can be proposed to comply with the
design for disassembly requirements of the Cradle-to-Cradle certification?
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How can the disassembly potential of Aldowa's cassette panel be assessed?
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What design guideline can be proposed to comply with the design for disassembly
requirements of the Cradle-to-Cradle certification?
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Who are the main stakeholders in Aldowa involved in
the decision making of design for disassembly?

Sales department Engineering department
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When and how can the guideline be used?
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When can the guideline be used?

Before a project
starts
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When can the guideline be used?

Before a project
starts
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During a budget
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When can the guideline be used?

At the early
engineering
design stage

Before a project

During a budget
agreement with
clients
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When can the guideline be used?
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When can the guideline be used?
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FAQ

Frequently asked questions

1. Whatis Cradle to Cradle?

The foundation of Cradle to Cradle stems from
the book authored by Michael Braungart and
William McDonough. Their approach, distinct
from other system theories aimed at minimizing
negative impacts, is centered around
generating a positive impact. This is achieved
through a twofold strategy: firstly, by NOT using
toxic materials, and secondly, by creating
products that can undergo continuous recycling
or repurposing at the conclusion of their life
cycle. By adopting this approach, waste
generation is eliminated, and the environment
remains unharmed.

CRADLE TO CRADLE

2w g-d,

st -

For more information on Cradle to Cradle visit:
https://c2ccertified.org/

2. What does a Cradle-to-cradle
Certification mean?

The Cradle to Cradle Products Innovation Institute
(c2cPll), located in San Francisco, has developed
an  evaluation system aimed at creating,
assessing, and certifying products that meet the
C2C requirements. In response to the increasing
demand for building certifications like LEED,
BREEAM, and DGNB in recent years, there has been
a corresponding rise in the need for sustainable
materials and products.

C2C certification serves as an independent
confirmation of a product's quality, encompassing
various aspects. It verifies compliance with
harmful emissions throughout installation, usage,
and dismantling processes. Moreover, the
certificate  holds weight as evidence of
sustainability, making it valuable for use in tender
specifications that prioritize eco-friendly solutions.

3. Why do the products need to be
demountable?

Design for disassembly means that the product is
designed in such a way that the product can be
demounted from the building and dismantled into
assemblies and further into parts in a non-
destructive way. After the disassembly process the
parts can be recovered, sorted and inspected to
apply an R-strategy (Reuse, refurbish, repair,
remanufacture or repurpose) to extend its service
life.

4. How does the certification work?

To achieve the certification, Aldowa must
demonstrate  strict adherence to all the
certification  standards, documenting  and
providing  corresponding  certificates  and
measurements as evidence. The certification body
conducts a conformity check based on the
submitted documents. Only upon meeting all the
requirements, Aldowa is granted the certificate. It's
worth noting that the certification needs to be
renewed every two years.

If any materials are found to be in the RSL
(Restricted substances list), Aldowa must replace
them with other material alternatives. This process
ensures that the company's facade products meet
the highest environmental and sustainability
standards. Due to the strict analysis of the
composition of materials, which extends deep into
the supply chain, Aldowa involves suppliers and
subcontractors in the process. To protect sensitive
information, such as production processes,
suppliers may use non-disclosure agreements
(NDAs) to safeguard their business secrets.

5. What is the difference between general
recycling and Cradle to cradle recycling?
Recycling, especially aluminium recycling, faces
challenges due to impurities, leading to
"downcycling” where materials lose their technical
quality. Cradle to Cradle recycling aims for
consistent, high-quality circulation by proper
disassembly, separating materials to prevent
contamination and preserve their value from
manufacturing and finishing processes.
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non-destructive way. This ensures that the part being dismantled remains intact and can be reassembled or used a

uitwerking

C2C Check

Bijlage tbv Klant

Budgetten

Brutering plaatmaten

Coaten
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| Design fa’ c2C ngw.men ) )
RNan - 1. Bill of materials check

To certify our products with a Cradle to Cradle certification we need to ensure the product's materials aligns with the Bill of Materials of our certification. H gt
2. Right quantities (kg)

Use this excel file to check if the design can be certified. Go to the "Approved" column to check if all the material percentages are within the boundaries.

el To obtain certification for our products, we must design them using a specific list of materials that are included in the certification. Use the certified materials

Material %

0 AlMg1 14869.20 80% 1331.82 98% Yes
T3 RVS304 3365.60 18%" 6.98 1% Yes
3 15.00 0%” 0.00 0% Yes
3 74.80 0% 12.99 1% No
3 152.00 1% 0.00 0% Yes
b 0.00 0% 5.94 0% No
£ 0.00 0% 0.00 0% Yes

sl w2 =3 n4 u5 u6 =7
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To design for disassembly it is necessary to choose connections that are detachable. In this way we can disassemble all the partsin a
non-destructive way. This ensures that the part being dismantled remains intact and can be reassembled or used again, if needed.
For a circular design we should strive to use connections with a score above 0.5!

™

Dry 1.00 ’ ‘ 0.80 ‘
Click 1.00
Velcro strap 1.00
EPY Magnet 1.00
kI Bolt and nut connection 0.80 669.23
Ferry screw connection 0.80
Corner 0.80
Screw 0.80 794.15
Connection with extra connective
EEl elements 080
FUl Direct integral connection 0.60
Spike/nail connection 0.60 0.00 BUILDING
P¥4 Kit connection 0.20 0.00 CIRCULARITY
ell Pur connection (Polyurethaan) 0.20 INDEX®
Glue connection 0.10
Poured connection 0.10
B Laser connection 0.10 0.00
@l Cement connected 0.10
Chemical anchors 0.10

el Hard chemical connection

aldowa uitwerking €2C Check Bijlage tbv Klant Budgetten Brutering plaatmaten Coaten Perforatie+clusters Alumet
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© Attheearly
O engineering design
stage

DESIGN FOR D
DISASSENBLY MAP ALDOWA

Draw your map by hand or in Miro. Then, assess
your disassembly map by calculating the amount of :
V Fasteners

« Disassembly actions

V Parts

/ Amount and list of tools

Test it with a
Disassembly Map

Select an assembly of a project and
gather a 2D drawing or a 3D model of it.

Make sure to
identify the
penalties and try
to eliminate them  RURE TS

Use this legend to categorize < LEGEND in'step 10111t Lol BESSE 2
each component. An assembl; af

el A pansy Calculate the detachability score based on the

and a partis defined as an item scores below: .

of an assembly and cannot be TYPE OF CONNECTIONS (Action boxes)

disassembled further down, ==

such as a bracket.

Make a disassembly map to visualize in what o i .
order the assembly can be disassembled and L =
what actions are needed. Remember to use a
disassembly action box before reaching a
fastener/part box: ACCESSIBILITY
/N | Freely accessible
_ name — ack
If you have enough 5
Action information, record 4 -
A2 the amount of times
(X AMOUNT ) the
ERITRTNT2 disassembly action Aecessible.
et needs to be done : v Uok .
and the amount of e “
e ers 0.6 Integral connection mage

P 0.4 Accessible

. ical connection
Map all the parts and corresponding

disassembly actions by answering these
questions:

Which next disassembly step(s) is
required to reach the next part?

° :

Chemical anichors
? Is there any other operation that could be ROPUSTNESS
- carried out first?

Is there any other operation that could be
carried out in parallel with the one just
e  completed?

challenging

Take into account other assemblies of products. INTERPEPENPENCE
If a part from another assembly (even if it is not
from Aldowa) needs to be first demounted before
accessing the assembly you have chosen, add it
to the disassembly map.

Independent ¢,

_ Assembly 2

Improve the design for disassembly by

Action analysing the map and asking yourself:
Part 1 ? Is this part absolutely necessary or is there
o+ another way to make a connection without it?
achar] ? How can the disassembly penalties in the
Part2 ¥ design be reduced?
3 What is the lowest detachability score and what
Action £ measures could improve it?

Part3

**dismantling a part in a way that causes damage

30



What is a disassembly map?
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TYPE OF CONNECTION ACCESSIPILITY

Detachability score 2 1 oy £ miyscnm

0.8 Acessible

with fi epairable
dam

0.4 Accessible
with partiall
0.Z Soft chemical connection

ic (k 0 Not accessible
C ction (Polyurethaan) e
rable damage to the

0] Hard chemical connection duct o ounding

No risk of
damage at
end of its
service life

Repairable Notable risk and High risk and

risk of repair might be ~ reassembly
damage challenging not possible

INTERPEPENVENCE

&

I 05 0
Full

Independent  c;c5ional dependence
dependencies




Testing

Vet
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e Itcan be used in the early design stages:
when an engineer receives the drawings

from sales
Assembly 2
| : .
Assembly Aldowa Act‘ion e Quick way to assess the disassembly
| e potential of an assembly
Actvon — ‘
Pa‘rﬂ Aciion
Action Pa‘“ e Disassembly barriers can be detected
Part 2 Part 3 ACTO“ easier in a visual map
Part 3

e Aninitial disassembly score can be set as
a base to improve or compare the
re-design

e It has a degree of subjectivity



Design for Disassembly requirements for C2C

1 Reduce fasteners -

2 Decrease disassembly steps

3 Eliminate destructive processes

4 Minimize tools > SAFE STRUCTURE

5 Use detachable fasteners

6 Accessible critical parts

7/ Increase automation of disassembly



Parametric model of
the shape and
material of a
Cassette Panel

Using Rhino- Grasshopper - Karamba

Define the
loads

l

Structural

— analysis with

Karamba

T

Define the
supports

Max. Displacement/
Deflection

Max. Stress

Minimum
amount of
reinforcement

Minimum
amount of
bedhooks
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https://docs.google.com/file/d/1KOv5tJQGKyZzpjo0VW7je8JNrNzJRWil/preview

Benefits of minimizing connections

Reduce
disassembly time

\l/

R

Lower risk of
damage

]

Easier to
separate & user
friendly

-3

Costs savings in
material and
labour
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(Hogewoning, 2023)

HIGH |

Geometry RISE |

Ii-»

3mm(527x1775mm) 3mm(1054x1775mm)
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Comparing results with Ansys Model

[mm]

Panel A Panel B
Highrise BV Grasshopper Highrise BV Grasshopper
Simulation Simulation
Total displacement 8.48 14.0 8.58 17.0

+/- 6.8 mm
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Comparing results with Ansys Model

Panel A Panel B
Highrise BV Grasshopper Highrise BV Grasshopper
Simulation Simulation
Total displacement 8.48 14.0 8.58 17.0
[mm]
Total displacement 8.48 10.9 8.58 9.8
[mm]

+/- 1.2 mm

41



Redesign a new connection
DESIGN FOR DISASSEMBLY ©

REPVESIGN ALDOWA

2 3
o

Create 3D models out of
paper or alternative

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

CHOOSE materials, or produce a
PEMOUNTABLE Mock-up.
CONNECTIONS TvAT LB e L p
& oo FASTENERS >
ToOLS ACCESSIBLE 0
AVOIP PESTRUCTIVE
PROCESSES N
DESIGN NOPULAR g
REDUCE INZEPENPENT ;
UNNECESSARY ASSEMPLES encountert
CONNECTIONS design challenge/situation. Test and evaluate the
CLEAR mock-up.
IPENTIFICATION
OF PARTS
To re-design an existing design Sopl e E
first create a Disassembly \/ Design requirements
Map to identify the barriers s
facilitating disassembly. / Detachability score >0.5
Otherwise go to the next step. V Structural analysis

Assembly Roof Assembly Panels Choose the best scoring solution
and integrate it in the product.
unscrew unscrew
Screw Screw 4.8 / Desired functionality
Separate lift V Dimension of parts
[ - List the design V uction & Transport
Klang Roof cap Cassette Panel requirements redlrements )
Share your (re) design! 42
unscrew  Unscrew V/ Building codes

M6 pins M8 bolts
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Case study

" Roof panel
.
. Roof clang

~ Couple piece

- Cassette Panel

N

Reinforcement profile

.
* Omega profile
.
» Plastic tube
.
* L-Profile
.
* Brackets

.
v Filler plates

_ Watersill
~_ Couple piece
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Fasteners

N
-~
\

Self-drilling screw 4.8 x 25
Anti dreun Foil

| "« Glue High Tack

L M6x16

~ Self-drilling screw 4.8 x 25

* Hexagon head bolt M8 x 70

v Self-drilling screw 4.8 x 25

v Self-drilling screw JT3-6 E16

'-’ T T T 7 1\ HSBscrew4,5x30
- or
Concrete anker M16

_ " AntdreunFoil _
r ~ Glue High Tack .
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Recovery scenario

3¢ Party
Aluminium coils

0|

Melting Facility Aluminium sheets

wi ROBA ==

A\ 4

— Pre consumer scrap @

ALDOWA

. Post consumer scrap

(Roba, 2023)



Overview of the guideline

Q

ALDOWA

LEAVE YOUR MARK

REPESIGN

To design a new connection or
product for disassembly it is

important to take into account the

disassembly principles:

@

Create 3D models out of
paper or alternative

CHOOSE materials, or produce a
renoy MAKE PARTS & Mock-up.
CONNECTIONS THAT
o FASTENERS
Ut CUBNEN ACCESSIBLE
TOOLS

AOI?

INPROVE

51

Test and evaluate the
mock-up.

To re-design an existing design Compare the variations

first create a Disassembly
Map to identify the barriers
facilitating disassembly.
Otherwise go to the next step.

V Design requirements
/ Detachability score >0.5
V Structural analysis

/_Assembly Panels Choose the best scoring solution
I and integrate it in the product.
unscrew unscrew
Screw Screw 4.8
Separate lift

Cassette Panel )
equirements .
—— , e Share your (re) design!
Unscrew  Unscrew \/BL

M6 pins M8 bolts

47



1. Take into account the disassembly principles

Make parts &
connections
accessible

Avoid destructive

processes
Reduce
unnecessary
connections
Choose
demountable
connections that use Design modular
common tools independent
assemblies
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Overview of the guideline

Q

ALDOWA

LEAVE YOUR MARK

REPESIGN

To design a new connection or
product for disassembly it is

important to take into account the

disassembly principles:

Create 3D models out of
paper or alternative

CHOOSE materials, or produce a
PEMOUNTABLE &
CONNECTIONS THAT NAKE PARTS & Mock-up.
uss common FASTENERS

ACCESSIPLE
AVOIV

INPROVE

{01y
20-; I

CONNECTIONS Test and evaluate the
CLEAR mock-u P.
IPENTIFICATION
OF PARTS

To re-design an existing design Compare the variations

first create a Disassembly
Map to identify the barriers
facilitating disassembly.
Otherwise go to the next step.

V Design requirements
/ Detachability score >0.5
V Structural analysis

Choose the best scoring solution
and integrate it in the product.

unscrew unscrew

Screw 4.8

Screw

Separate

equ ents r 4
requirement Share your (re) des 4
Unscrew  Unscrew v

M6 pins M8 bolts
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2. Create a disassembly map to identify the barriers

80

A A

Achterg

Case study: Project Logistiek & Milieu

80

‘‘‘‘‘‘‘‘‘‘‘‘
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2. Create a disassembly map to identify the barriers

i

I Unscrew x 2 |

)
I

l

| Detach

Unscrew

Unscrew

(Civien ) [tz

Self drilling ( Screw ] [ Screw
screw4.8x 2
Lift
[
| I
||

| Unscrew x 3 Unscrew x 4 |

Fastener x 3 M6 Fhreaded
pins x 4

Separate x 2 | Separate |

Unscrew x 4 |

Case study: Project
Logistiek & Milieu
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2. Create a disassembly map to identify the barriers

Unscrew x 2
Self drilling s ] [
screw 4.8 x 2

Detach Unscrew | Unscrew |

Unscrew x 3 | Unscrew x4

Fastener x 3 Mspf:;exaged N L l P
e .’
v BN

I Separate x 2 | | Separate |

‘ Case study: Project

Unscrewx4 Log|st|ek & MIIIeU




Overview of the guideline
DESIGN FOR DISASSEMBLY

REVESIGN

Q

ALDOWA

LEAVE YOUR MARK

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

Create 3D models out of
paper or alternative

CHOOSE materials, or produce a
LEONTEE e ers W Mockcup.
o FASTENERS >
£ comnon ACCESSIBLE
TO0LS 0 I w
Lo I
REPUCE g & they have been
UNNECESSARY a \ EMMPUES L with a similar
CONNECTIONS { Test and evaluate the
CLEAR mock-up.
IPENTIFICATION -
OF PARTS

To re-design an existing design Compare the variations

first create a Disassembly
Map to identify the barriers
facilitating disassembly.
Otherwise go to the next step.

V Design requirements
/ Detachability score >0.5
V Structural analysis

Assembly Roof Assembly Panels Choose the best scoring solution
and integrate it in the product.
unscrew unscrew
Screw Screw 4.8
Separate lift
Klang. Roof cap Cassette Panel

Share your (re) design!
Unscrew  Unscrew

M6 pins M8 bolts
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3. List the design requirements

(J
/
ol

Desired
appearance

Desired
functionality
& recovery
scenario

f—

Dimension of
parts

V-

Production and
transportation
requirements

[}

Building
codes

54



Overview of the guideline

DESIGN FOR DISASSEM

REVESIGN

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

CHOOSE
PEMOUNTABLE
CONNECTIONS TvAT Wit
o FASTENERS
Loy ACCESSIBLE
TOOLS
PESIGN NOPULAR
INEPENZENT
REPUCE 4 Ef
UNNECESSARY 7% ASSEMBLES
CONNECTIONS ‘
e
IPENTIFICATION -
OF PARTS

To re-design an existing design
first create a Disassembly
Map to identify the barriers

facilitating disassembly.

Otherwise go to the next step.

Assembly Roof Assembly Panels
unscrew unscrew
Screw Screw 4.8
Separate lift
Klang. Roof cap Cassette Panel

Unscrew  Unscrew

M6 pins M8 bolts

Q

ALDOWA

LEAVE YOUR MARK

Create 3D models out of
paper or alternative
materials, or produce a
Mock-up.

51

Test and evaluate the
mock-up.

Compare the variations

V Design requirements
/ Detachability score >0.5
V Structural analysis

o
Q
S
9,

Choose the best scoring solution
and integrate it in the product.

functionality
/ Dimension of par
V Production & Trar

requirements

V Building

Share your (re) design!
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4. Ask colleagues

Project Leaders
Engineers Production

It takes more time to
fix them here
because it slows
down the production
process.

Couple pieces are
loose pieces without
identification. They
are mostly lost or
missing at the
building site.

56



4. Ask colleagues - Couple pieces

Screwed at the back of the roof panel

Drawings from Aldowa

Clicking system

57



4. Ask colleagues - Cassette Panels

Click & Go

Engineers

(Aldowa, 2023)



Overview of the guideline
DESIGN FOR DISASSEMBLY

REVESIGN

Q

ALDOWA

LEAVE YOUR MARK

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

: \
)
@ o
Create 3D models out of
paper or alternative

CHOOSE materials, or produce a
PEMOUNTABLE Mock-up.
et MAKE PARTS & Ly p
adihees FASTENERS >
ACCESSIBLE
TO0LS 0
AVOIP PESTRUCTIVE N
PROCESSES
PESIGN MOPULAR §
REVUCE 4 INZEPENZENT colleagues if they have been
UNNECESSARY Z ASSEMBLES ered with a similar
CONNECTIONS Test and evaluate the
CLEAR mock-up.
IPENTIFICATION
OF PARTS
To re-design an existing design Compatelib e aiiaticns
first create a Disassembly V Design requirements
Map to identify the barriers oo
facilitating disassembly. \/ Detachability score >0.5
Otherwise go to the next step. V Structural analysis

Choose the best scoring solution
and integrate it in the product.

Assembly Roof Assembly Panels
I [

unscrew unscrew
Screw Screw 4.8 : functionality

Separate lift / Dimension of par

List the design / Production &Trar
Klang Roof cap Cassette Panel e .
requirements ements "
- e Share your (re) design!
Unscrew  Unscrew V Building codes

M6 pins M8 bolts



5. Make sketches and variations: Couple piece

, I—J Panel
X - Spot welding U Keppelstuk
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5. Make sketches and variations: Cassette panel

A.  Sliding system B. Clicking system C. Snap fit system

Sde 2| ang
. e

Los 2
QMM

D @

ﬁ
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Overview of the guideline

DESIGN FOR DISASSEMBLY

REVESIGN

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

CHOOSE
DEMOUNTABLE
CONNECTIONS THAT o Sl s
o FASTENERS
£ comnon ACCESSIBLE
TOOLS
AOIP PESTRUCTIVE
PROCESSES
PDESIGN INOPULAR
INPEPENZENT
REPUCE g colleagues if they have been
UNNECESSARY / ASSENBLES ered with a similar
CONNECTIONS
CLEAR
IPENTIFICATION
OF PARTS

To re-design an existing design
first create a Disassembly
Map to identify the barriers

facilitating disassembly.

Otherwise go to the next step.

Assembly Roof Assembly Panels
I [

Q

ALDOWA

LEAVE YOUR MARK

Create 3D models out of
paper or alternative
materials, or produce a
Mock-up.

51

Test and evaluate the
mock-up.

Compare the variations

V Design requirements
/ Detachability score >0.5
V Structural analysis

Choose the best scoring solution

and integrate it in the product.
unscrew unscrew
Screw Screw 4.8 functionality
Separate lift / Dimension of par
List the design Production & Trar
Klang Roof cap Cassette Panel 18 4

requirements requirements

Unscrew  Unscrew V Building codes

Share your (re) design!

M6 pins M8 bolts
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Overview of the guideline

REVESIGN

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

cHoOSE
PEMOUNTABLE
CONNECTIONS THAT Wit
FASTENERS
L2 CONMA ACCESSIPLE
TOOLS
AVOI? DESTRUCTIVE
PESIGN MOPULAR
INVEPENZENT
REVUCE ‘
UNNECESSARY ’ ASSEMPLES,
CONNECTIONS
aene
IPENTIFICATION
OF PARTS

To re-design an existing design
first create a Disassembly
Map to identify the barriers

facilitating disassembly.

Otherwise go to the next step.

Assembly Roof Assembly Panels
I [

unscrew unscrew
Screw Screw 4.8
Separate lift
Klang Roof cap Cassette Panel

Unscrew  Unscrew

M6 pins M8 bolts

DESIGN FOR DISASSEMBLY

Q

ALDOWA

LEAVE YOUR MARK

: \
)
@ o
Create 3D models out of
paper or alternative

materials, or produce a
Mock-up.

51

Test and evaluate the
mock-up.

colleagues if they have been
ered with a similar

Compare the variations

V Design requirements
/ Detachability score >0.5
V Structural analysis

9 INPROVE

Choose the best scoring solution
and integrate it in the product.

functionality

/ Dimension of par

List the design / Production &Trar
requirements requirements

Share your (re) design!
v Building codes
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/. Test: Cassette Panel Connections

A. Sliding system B. Clicking system

C.

Snap-fit system
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Overview of the guideline

REVESIGN

To design a new connection or
product for disassembly it is
important to take into account the
disassembly principles:

cHoOSE
PEMOUNTABLE
CONNECTIONS THAT Wit
FASTENERS
L2 CONMA ACCESSIPLE
TOOLS
AVOI? DESTRUCTIVE
PESIGN MOPULAR
INVEPENZENT
REVUCE ‘
UNNECESSARY ’ ASSEMPLES,
CONNECTIONS
aene
IPENTIFICATION
OF PARTS

To re-design an existing design
first create a Disassembly
Map to identify the barriers

facilitating disassembly.

Otherwise go to the next step.

Assembly Roof Assembly Panels
I [

unscrew unscrew
Screw Screw 4.8
Separate lift
Klang Roof cap Cassette Panel

Unscrew  Unscrew

M6 pins M8 bolts

DESIGN FOR DISASSEMBLY

Q

ALDOWA

LEAVE YOUR MARK

: \
)
@ o
Create 3D models out of
paper or alternative

materials, or produce a
Mock-up.

51

Test and evaluate the
mock-up.

colleagues if they have been
ered with a similar

Compare the variations

V Design requirements
/ Detachability score >0.5
V Structural analysis

9 INPROVE

Choose the best scoring solution
and integrate it in the product.

functionality

/ Dimension of par

List the design / Production &Trar
requirements requirements

Share your (re) design!
v Building codes
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8. Compare the variations: Detachability score

Couple pieces

Unscrew

Unscrew x 2
Screw x 2

Separate

Unscrew x 2

Unscrew

[wa] [Ceuplemeae]

Unscrew x 2

Screw x 2



8. Compare the variations: Detachability score

Couple pieces

Disassembly Map Comparisons Detachability score
—e—Original
Original
Parts —e—Alternative 1 1
7 ) 0.9
—o—Alternative 2 0.8
P 0.7
. —e—Alternative 3
4
3
Amount of tools 5 Fasteners
Alternative 3: Spot Alternative 1: Screw at
welding the back
Destructive processes Operations
Alternative 2: Click
system
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8. Evaluate - Couple piece connection

-----------------------------------------

Coating methods

e -'-- o:::c:a
o[®g "
Anodization Powder Coating

-----------------------------------------
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8. Evaluate - Couple piece connection

-----------------------------------------

Coating methods

b -t
© g T o

Anodization Powder Coating

-----------------------------------------

Spot welding for
powder coating
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8. Evaluate - Couple piece connection

-----------------------------------------

Coating methods

y

Anodization Powder Coating
v v
/ """ / / """ /
="
Screw at the back for Spot welding for
anodization powder coating
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8. Compare the variations: Detachability score

Self drilling
screw 4.8x 2

I l uUnscrew x 4 Unscrew x 4 I

Unscrew x 3 Unscrew x 4 | Unscrew x 4 Unscrew x 4 |
Maners
ener x i

| Separate x 2 | Separate |

Unscrew x 4

M6 threaded
pins x 4

| Separate x 2 I Separate [separatex2 | Separate |

-

Unscrew x 3

Fastenerx 3

Unscrew x 4

Separate x 2 I | Separate | U"SCFEW x4 | Unscrew x 2 I
M8 Bolts x 4

M3 Bolts x4 Self drilling
screw 4.8 x 2

M8 Bolts x 4
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8. Compare the variations: Detachability score

Disassembly Map Comparisons

Amount of tools

Destructive processes

Parts
18
16
14
12
10

—e—Original
—e—Alternative 1
—e—Alternative 2

—eo—Alternative 3

Fasteners

Operations

Alternative 3: Snap-fit
system

Detachability score

Original
0.850

0.800

Alternative 2:
Compliant mechanism

Alternative 1: Slide
system
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8. Compare the variations: Structural analysis

Stress ¢
Strain hardening : Necking

Elastic
Deformation

Strain €

dmax <Yield strength
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Calculation of the forces

WIND FORCE

Height Building

Area Panel

Number of connections
Number of connections
Peak velocity pressure

Cf coefficient

Safety Factor variable load
Wind pressure/suction (qp)
Wind upwards (qu)
Quvertical

Qhorizontal

65 m

0.7 m2
6 Prevents horizontal motion
2 Prevents vertical motion

1.86 Coastal Area Il

1.4 -
1.5 -
3.906 kN/m2
0.078 kN/m2 (2% of qp)
54.68 N qu/1* Area * 1000
546.84 N qp /5 * Area * 1000

Funiock > Qvertical 55N
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D: 4 Click Displacement Control
Joint Probe
01/11/2023 1112
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https://docs.google.com/file/d/1T5zEw7iVkIoHCsQhw97pk-yeIA1ZO2Zg/preview

Iterations

220

73

o4

24— 18

80

ipal)

o4

@4

100

@6—""

Iteration | Force unlock Stress
(N) (MPa)

1 64 171

2 48 164

3 23 131

4 93 188

5 20 186

6 81 180

7 57 154

8 93 166

Funlock> 55 N
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D: 4 Click Displacement Control
Equivalent Stress

Type: Equivalent {(von-Mises) Stress
Unit: MPa

Time: 3,7 s

28/10/2023 16:10

154,39 Max
137,23

120,08

102,93

85,774

68,62

51,467

| 34313

17,16
0,0066372 Min

omax < 132MPa

80,00 (mrm)

79



E

t & Fit Failure Analysis

Equivalent Stress C: Hook Failure Analysis
Type: Equivalent (von-Mises) Stress Equivalent Stress
Unit: MPa Type: Equivalent (von-Mises) Stress
Time: 15 Unit: MPa
24/10/2023 14:08 Time: 1s
26/10/2023 13:40
15,783 Max
103 128,3 Max
oo 1405
B,%?Sd 99,79
7,0248 85,535
5,2732 71,279
35216 57,024
177 22,769
0,018354 Min 28,513
14,258
0,0026882 Min

Omax =15 MPa Omax =128 MPa

Omax <132 MPa

F: Slot & Fit Failure Analysis

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

29/10/2023 11:28

63,103 Max

7,029
0,019752 Min

0,00 40,00 80,00 (mm)
I I ]

20,00 60,00

Omax =63 MPa
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Finite Element Analysis: snap-fit system

0,00

90,00 (mm)

Omax < 132 MPa

45,00

Ansys

2021 R2

Iteration Push Displacement | Max. Stress
Force (N) (mm) (MPa)
1 60 3,1 161
2 45 3,0 158
3 20 2,2 128
81



Introduction DfD Guideline Case Study




Cassette panel connections

> |

)

Less amount of:

Fasteners
Operations

Amount of Original Clicking system Snap-fit
system
Parts 4 4 4
Fasteners 13 11 8
Operations 17 15 12
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Cassette panel connections

> |

® -
Higher detachability
score

Less amount of:

e Fasteners
e Operations 0.70 — 0.83

20

Funlock > QVerticaI Wind
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Further research

S O
A O

Further iterations
necessary to
reduce peak

stresses at corners
and vibrations

Include tolerances
for thermal
expansion and
coatings
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How can the disassembly potential of Aldowa’s cladding products be
assessed, and what design guideline can be proposed to comply with the
design for disassembly requirements of the Cradle-to-Cradle certification?
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DfD Guideline

Facilitate
Q maintenance
‘ Reuse, Repair,
Remanufacture...
A flyer to inform A

and educate

. Engineering " Extend the
! i | l & ‘ service life of

- ’ products
% v

During a budget Re-design a new
agreement with connection for
clients disassembly

At the early
engineering
design stage

(/

Before a project
starts

Reduce waste

ca C2C certificate

cradletocradle

PRODUCTS PROGRAM
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Thank you



