Wikilab, architecture & CNC

Collaborative architecture and
construction with FreeCAD

Yorik van Havre
FOSDEM 2018



These slides available from FOSDEM website



The WikiLab

Sao Paulo, Brazil
Built in 2017

Based on WikiHouse
Built by volunteers
Fully open-source
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The WikiHouse project

Do-it-yourself construction system made of
CNC-cut wooden pieces

 Started In the UK In 2011

 Already several built units around the world
« Open-source

» Well-tested and matured system already

e http:/Iwikihouse.cc






Wren Hardware

Wren components are CNC manufuctured using structural-grade
timber panel materials (typically, plywood) and can be rapidly
assembled to produce a structural chassis, onto which other

components such as cladding, windows, doors can be fitted.

Wren wiki
Wren Parametrics

This version of the Wren structural language has been developed in
Grasshopper, the parametric scripting plugin for Rhino 3D. This
computational design platform is widely used in the design and
construction industries, and is ideally suited to digital

manufacturing.

Other formats of the Wren system are currently being developed, but
currently this version in Grasshopper format represents the latest

thinking and workflow for the structural technology.

SarElIdy ool

Comimunity Build Photos

Mty Project Engine xlsx

READKE.md

FI

_

WikiHouse WREN_{v4.2).gh

El Report an ssue

WikiHouselntroProcess_v 1.0 pdf

License

This work i=s licensed under the |
(MPL) version 2.0

i
i

illa Public Licence












FreeCAD

Open-source parametric 3D modeller

o Started in Germany in 2002

e Today probably the most well-known
“technical” open-source 3D app

« Generic, many uses and specialties

« Parametric, objects are defined by their
parameters

e http:/lfreecadweb.org
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Sketchup — FreeCAD

« Mesh geometry — Brep geometry (NURBS-
based)

e Step-by-step conversion to parametric model

- Integration with other elements (brickwork,
piping, etc...)

e Precise guantities

e Production of all needed files (2D plans,

spreadsheets, mesh models for rendering,
CNC code, etc)









File Edit View Tools Macro Arch Draft Windows Help
4. Arch - #Ato -~ JJ] px D 6000 T F 1" None H E N eme WD :H: e "’ L .:. @ -
STNOGANSOCOARA N> ST— BEHWLIH»MN C@ S

Combo View %]
Model Tashks

Labels & Attributes

Application
v [} wikilab
v @ Wikilab
» W Alvenaria
» W Caixilhos
» @ Fundacao
» W Caibros
» W Vigas - guia
> @ Lajes
> B Paineis frontais
» W Cobertura polipropileno
v @ Wikihouse
» @ Modulo inteiro
> @ Modulo vazado
> @ Modulo vazado001
" Modulo inteiro002
9 Modulo vazado002
" Modulo vazado003
"B Modulo inteiro001
= B Coluna final
» W Equipamento
> W Ferragens
» B Rampa
» I Cortes
» I Anotacoes
= Il Mobiliario
» IR Descartados

> of Materials R
M victa daral 1 wikilab:1 x

Valid, Internal name: Component001
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Tasks

Attributes

on

ikilab

b Wikilab

- @ Alvenaria

- [ Caixilhos

- @ Fundacao

- [ Caibros

- 8 Vigas - guia

» 8 Lajes

r Ik Paineis frontais

v B Frente

» i Caibro
» J Caibro 083
» P8 Caibro 084
» P8 Caibro 085
» P8 Caibro 086
» § Caibro 087
» P8 Caibro 088
» P8 Caibro 089
» § Caibro 090
» g Policarbonato 4mm00
» Wy Policarbonato 4mmo0
» By Policarbonato 4mmo0
» By Policarbonato 4mmo0
» Wy Policarbonato 4mmo0
» g Policarbonato 4mm00
» By Policarbonato 4mmo0
» Wy Policarbonato 4mm

Fy wikilab:1



¢ Fao ~ Woex Je000 [ Mrne H QN oo X H LS L SO+ X
GANSOCIASRA PN ST —" 2O LIH» N -C8 & 8-

& [

utes

» By Policarbonato 4mm00
» By Policarbonato 4mmo00
» By Policarbonato 4mm00
» By Policarbonato 4mmo00
» By Policarbonato 4mm
N Tras

Cobertura polipropileno
Wikihouse

@ Modulo inteiro

B Modulo vazado

I Modulo vazado001

@ Modulo inteiro002

@ Modulo vazado002

B Modulo vazado003

@ Modulo inteiro001

B Coluna final
Equipamento

Ferragens

Rampa

{:1

tagoes

Anotacoes planta

Anotacoes corte transversal
Anotacoes corte longitudinal
Anotagoes montagem fase 1

Anotagoes montagem fase 3
iliario

Fy wikilab:1

en side007 - wikilab.Component023.Vertex60117 (-3075, 1807, 2051.42)



- #ato -+ JJ]px 000 D F ' Nonme H & < =« S5 L@ + X
NS ROASA SN ST BHRLSIF[ N O8 F N

el0nz
el003
el004g
el0ns
el0D6
el0n?
pound030
elons
el009
el010
el011
el012
el013
el014
el015
pound029002003
el016
el017
el018
el

el001
 side001
 side002
 side003
 side004
 side005
 side006
 side007

r+ wikilab:1 x

tariar hankhairn - 187 hlacrac - wil-iilab Wsllnnd CAqaas? (7534 073 8na1a3 17049 os)
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lasks

ittributes

Wren component
@ Endcap - 52 pecas
» & Endcap side panels (5 originals)
» & Endcap reinforcements (3 originals)
» & Endcap structure (11 originals)
» & Endcap skis (0 original)
@ Base component - 90 pecas
& levell sides (0 originals)
& level2 reinforcement (0 originals)
& level3 structure (1 originals)
& levels spacers (3 originals)
& levels outer panels (8 originals)
& level6 inner panels (4 originals)
& level7 footing (1 original)
& levels original (4 originals)
I Window - 5 pegas ( + 86da Base)
IR Parafusos - 92 parafusos
IR Finicao - 6 pecas

—
)

¥ ¥ ¥V ¥ ¥ V¥ V¥T

g L, L L, T, —, T,
— r r - r 3 r r

Value
Color [0, 0,0]
Size 1.00
able  true
ion S... Shape
coor [ N
areney N
ita Fey wikilab:1 3 [5 modulowren:1* x

d: Struct outer roof large 002 - modulo_wren.Panel137.Edge58 (656.999, -898.575, 3509.48)



Producing:

« 2D plans
 Mesh models for rendering
» Spreadsheets for quantities / pricing

« CNC code

e ...And FreeCAD code!
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File Edit View Insert Format Sheet Data Tools Window Help

B

EN xXBh@

Liberation Sans F A - & -
|

Y Lablivre Wikilab
Orcamento definitivo

Escopo Secaoc Item Descicao

1 Fundagio, alvenaria e estrutura

11 Limpeza do temeno + remocao da camada wegetal em
: toda a area da construgao (1 Talm ¥ 4.20m)
12 Escavacao manual das valas de 30cm x 30cm
13 Lastro de concreto de 7om no funda da vala
14 Lastro de concreto de Scmono temeno todo
Sapata comida em alvenana de bloco de concreto
15 estrutural de 19cm (duas fileiras, fileira de cima em
bloco canaleta)
16 Grauteamento dos blocos
17 Hetrgtge refnrpn em alvenarnia: 2 bamas bitola Smm
Impermeabilizacio da sapata com cmentagem &
18 plnl:'lcura bitu mlngga (topo Ea Sapata) d
19 Lona de polietieno 4x3m de baixo da laje
1.10 Foma para lajes de concreto em tabuas de madeira
1.11 Concreto estrutural 20Mpa em duas lajes de 2m x 2m
: X Scm
Femagens — malha 20%20 bitola 4.2mm — 2 pecas de
112 oy xgm peed
1.13 |Impemeabilzacao de laje
1.14 Ablenana de bloco de concreto de 19cm aparente (12
: fileiras, fileira supenor em bloco canaleta)

=+ orcamento

Sheet 10f1

data: | 31.01.2018

Quantidade
46.37 me
255 m?
0.60 me
1.58 m?
10.28 me
0.98 me
11.07 kg
10.28 me
1.00 un
7.33 me
0.79 me
562 kg
4.45 me
26.00 me

Formatted Display

Default

Unidade |Preco material

R% 0.00

R% 0.00
R% 173.62
R% 173.62

R% 52.69

RE 219.27
RE 3.37

R% 28.19

R% 16.00
RE 8.54

R% 260.60

RE 4.34
R% 28.19
RE 52.69

Match Case

fonte PMSP:

http:ffwew. prefeitura. sp.gov. bricidade/secretanasfobrasitabelas_de_cus

Pregghrpgm e Total material| Total méao de obra Preco total
RE4.15 R% 0.00 RS 192 .43 RE 192.43
RE 4981 RE 0.00 RE 127.22 RE 127.22
RS 140.24 RE 103.36 RS 83.49 F% 186.86
RE 140.24 RE 273.52 RS 220.94 RE 404 46
RE 2953 RE 541.65 RS 303.57 RE B45.22
RE 400.41 RE 21414 RS 301.04 R% 605.18
R%3.09 RE 37.30 RS 34.19 RE 71.48
RS 3581 RE 2849.79 RS 368.13 RE 657.92
R% 0.00 RE 16.00 R 0.00 RE 16.00
RE 4452 RE 62.60 RE 326.33 RE 388.93
RS 121.96 RE 206.86 RS 96.81 RE 303.68
RE155 RE 24.39 R 871 R% 33.10
RE 35.81 RE 125.45 RE 159.35 RE 284.50
RE 2953 R% 1,370.11 RS 767.87 RS 2,137.98
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Wy Floor panel
Bg Inner side |
By Outer side
B Outer side
ndow - 5 pecas |
rafusos - 92 par
ligao - 6 pegas
endcap - 52 peg
module - 90 pe¢
window - 91 peg
sheet
]
1
eet_In3_nested
eet_In3 nested
eet_2n3_nested
3anel large 001

falue

fx modulowren:1* x [ Unnamed1:1* x

r panel large 001 - Unnamed.Panel029.Edge657 (9.578, 586.977, -1.78363)
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&, Arch . #ront -+ JJJpx " 6000 ©F+ ! None H & < - &2 L e @
SNCANSOCOARNA SN ST —" BHRLST » N -C8
Combo View & [

Model Tasks

Labels & Attributes

= View of Inner roof
/ View of Inner roof
' View of Footing 00
! View of Footing 00
' View of Floor pane
/ View of Inner side
' View of Outer side
~ View of Outer side
> 111 Array
* Il Views window - 91 peg
48 PanelSheet
@ Section
v Unnamed1
2} plotsheet_2n3_nested
2§ plotsheet_2n3_nested
2% plotsheet_2n3_nested
> By Floor panel large 001

: ."‘l ."‘l ."i ."i ."i ."‘l

Property Value

View Data T modulowren:1* » [ Unnamedi:1* x

Preselected: View of Bottom panel medium 002 - module wren.PanelView123.Edge? (2775, 2368.25. 65.6485)
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» modulowren:1* x5 Unnamedl:1*




Edit View Tools Macro Arch Draft Windows Help

h s #ato -+ [ px : 6000 *F ' None H S N QL0+ X
NOCANSOOASRA SN SN — BHRL&£H » N O @8 &£ Nn

lew (= %]
Tasks
y Attributes
B Wire082
B Wire083
B Wire073
B Wire072
B Wire086
B Wire074
B Wire085

B Wire070
lob

I
H'l-
¢ pefault Tool "y
v 4§ Operations
{2 Contour ||||
[
S

4 Profile_Edges

4 Profile_Edges001
¥ Base-Part
@ Stock H" ||||

8 SetupSheet

e

T
Fw

value N I =
AN

Data [ Unnamed2:1*

ed: Panel - Unnamed1.Panel.Edge279 (267163, -440.749, 285.999)
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Combo View

Model Tasks

[ Nesting

Container :
Pick selected
Shapes
Add selected Remove
Nesting parameters
Tolerance 0.00010000 H
Arcs subdivisions
Rotations 0,90,180,270 *
Nesting operation
Start

teste cut sheet : 1*

[]

L]

B

[ ]

Preselected: OUTLINES - teste_cut_sheet.OUTLINES.Vertex947 (-1.29663e+06, 1.39085e+06, 0)



File Edit View Tools Macro Path Windows Help

T Path . % =

- - all [] - i il - [ A = T L — : ! =
EE R F & & €02 ¢ 8 E 2 o (
Combo View
Model Tasks

EEZE EEN

| - Job Edit |

General Output Setup Tools Workplan

Stock

Extend Model's Bound Box -

Ext. X 0.10 cm @& o010cm Vv

Ext. ¥ 0.0 cm @ 0.10 cm @1

Ext.Z 0.0 cm @ 0.10 cm @

Alignment




B CUTS
¥ Shape
v EE Job

¢ Default Tool

v U8 Operations

% Profile_Faces

& Base-Shape
@ Stock
EE SetupSheet

Property Value

View Data ' teste cut sheet:1*

Selection view % Reportview
Search @o Profiling Select Mode

Eremee O | oot



Controller

Tool
Tool Properties

Name Default Tool
Type EndMill
Material HighSpeedSteel
Diameter 062cm ®
Length Offset 0.00cm @
Flat Radius 0.00cm ® °
Corner Radius 0.00cm @
Cutting Edge Angle 0.00deg ® ~
Cutting Edge Height 1.50cm @

I Arar mandrfestiane anlhe o Faet fhae

4 teste cut sheet:1*
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= | freecad

G2l
- 2n3_nested_153_sheets_final_v1_0_shee 643

Gb4 PO.0O50000
M6 T1.o00DBDOO

It Tool

(Tool Number:1)
(7.998 mm dia. slot drill)

itions G43 Hl.00OBOO

Cube GO

Sheet

Gl
Gl
Gl
Gl
Gl
Gl
Gl
Gl
Gl

.00 0.00 1.00); 0.00 deg; (0.00 cm 0.00...
otsheet_2n3_nested_153_sheets_final_...

£30.000000

M3 519000.000000
Go4 Plo.0DOEOO

F9999.000000
F2000.000000
F4000.000000
F4000.000000
F4000.000000
F9999.000000
F9999.000000
F2000.000000
F4000.000000
F4000.000000

X580.
X580.
X568.
X568.
X568.
X568.
Xe07 .
Xe07 .
X596.
X594

6511060
6511060
027300
027300
027300
p27300
366700
366700
064000
677400

Ylo82.
Y1082 .
Ylo82.
Y1123.
Y1082.
Ylo82.
Y1123.
Y1123.
Y11le7.
Y1105.

Gl
l Note: Pressing OK will commit any change you make above to the object, but if the object is parametric,

Fs | these changes will be overridden on recompute.

% Reportview

@1 Path workbench deactivatea
Arch workbench activated
Arch workbench deactivated
Path workbench activated

2n3 nested 153

nlatcheat 'n? nectad 152 cheate final vl 0 <cheat 7 to 21 97 1 teaxt CCR

648700
648700
648700
741600
648700
648700
741600
741600
778300
816400

=
e
B

B
it

=

elelolololy
.5000BE
. 50000O
.500DBE
.50000O
elelolololy
elelolololy
. 50000O
.500DBE
.50000O

[ -

Pod Pod P P Pod P Pl P P [

el e = = T e =

Dl (G

FdlllaCl LPLs.FdLJUDUUL.LTEdLE LH.IJP.AC
Gul.activateWorkbench("ArchWorkbench
Gui.activateWorkbench("PathWorkbench
PathScripts.PathInspect.show(FreeCAD



= ' Choose a processor

Processor  linuxcne_post =

- 0.00 ...
final_...

'+ Unnamed1:1*



g




What | learned:

« Fabricating is EASY
e Cost control is very precise
 Lots of optimizations possible

A big part of the production chain is under
control

- Lots more to do: integrate electrical
appliances, make doors and windows, cut
plastic pieces too, etc

* Give less to professioanl builders and more to
the community. Building houses is FUN

« Experimentation, hacking, actual building and
fun are back into architecture



Thanks for watching!
FreeCAD

http:/lwww.freecadweb.org
http://forum.freecadweb.org
Facebook, Google+,etc...

Yorik van Havre
http:/lyorik.uncreated.net

yorik@uncreated.net
@yorikvanhavre
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mailto:yorik@uncreated.net
http://www.twitter.com/yorikvanhavre
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