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1 Clad That! (if you dare)

The class will guide attendees to understand the workflow between different Autodesk
applications in order to approach the complex shapes typical of contemporary architecture as
well as the benefits that Autodesk technology and services can bring.

The main set of Fusion 360 modeling techniques will be covered, and the produced material
will be then used in Revit to create building components and a BIM model, allowing the
designer to approach complex geometries and assign attributes and customized parameters
where needed.

The creation of preconstruction documentation is then possible and demonstrates how to the
BIM and Manufacturing worlds combined together can bring effective and consistent benefits
to the Architecture and Construction industry. The class will drive participants to investigate
and test the potential of the interaction between the 2 approaches. The aim is showing how a
BIM model could be prepared for creating the construction documentation using the
interaction between Fusion 360 and Revit, with a particular focus on complex architectural
cladding modeling.

The main inspiration for the set of exercises described in this document is the stunning
building designed by Zaha Hadid for the Reinhold Messner Mountain Museum. This is located
in Plan de Corones, Italy, and it is composed of a concrete structure whose architectural space
is "smoothed" and bounded with concrete panels cladding. The scope of this class is
reproducing a similar building and explaining how architects and engineers can take
advantage of Autodesk solutions to approach complex designs and make more informed
decisions.

2 Learning Objectives
» Understand the combined use of Revit and Fusion 360
» Understand the main modeling techniques in Fusion 360
» Understand the potential of Fusion 360 for the architectural design
» Prepare preconstruction documents combining BIM and Manufacturing approaches
» Create and Manage complex geometries and unusual architectural shapes
» Understand the main set of applications involved on this kind of Conceptual Design
e Understand how to create BIM models for downstream uses



{\ AUTODESK
UNIVERSITY

3 Scope of this document

The aim of the current document is outlining the use of the main set of applications (Fusion
360 and Revit) involved in the creation of complex architectural claddings.

This is organized across 8 exercises:

Project Configuration

The Patch Environment — the First Branch

The Freeform Environment — one Branch and one Theatre
Solid Modeling — the Entrance

Terrain Creation

Fusion 360 to Revit

Drawing Production for Panel Assemblies

4D Sequencing for Panels Installation

O N O O~ D=

These exercises will show specific featuresin order to help the designers to better understand
how to deal with this technology system while approaching a complex and contemporary
architectural shapes and claddings.

4 Related BIM uses

According to Penn State University (https://www.bim.psu.edu/), @ BIM use can be defined as:

“a method of applying Building Information Modeling during a facility’s lifecycle to
achieve one or more specific objectives.”

So, the BIM use defines the way an information model is going to be used to carry out specific
activities and reach specific achievements.

The solution described in this document can be connected to the following uses.

Name Description

. The process to represent the design intent and all possible related

Model Authoring ) ) )

scenarios by means of an information model.
The process based on information models to support the creation of
Drawing Production consistent drawings, annotations and schedules related to all the model
components.
The model-based process to find physical and by clearance interferences
in a multidisciplinary integrated information model.
The process for simulating time-based analysis, such as construction
sequencing, in a model on building projects.
The process based on information models allowing to visualize and
Visualization represent the design with realistic 3D views, different projection types

and styles.

3D Coordination

4D Modeling
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S Your AU Expert

I am an architect based in Rome (Italy),
with 17 years of experience in BIM.

I started working for Autodesk in 2005 as
an Autodesk Authorized Consultant and
finally I joined the Company in 2012 as a
member of Autodesk Consulting, on the
EMEA BIM Transformation Team. I am
experienced on BIM transformation and
implementations,  Revit guru and
architecture enthusiast.

My energies are spent on shaping an
architectural oriented set of services,
taking advantage of Autodesk
applications with the BIM approach and
adding a bit of "non-standard / non-
linear" thinking.

When I had the opportunity to develop a framework to approach the Conceptual Design
Process, I tried to forget the software features and try to understand how an architect thinks
instead: several unusual and unexpected results came from this approach and so many new
software capabilities can be used to face complex designs.

Although I precisely know that the final answer to life, universe and everything is 42, I am still
working hard to find a way for improving and optimizing the conceptual design BIM approach.

During my spare time I still continue dealing with BIM (I'm an enthusiast, you know), playing
basketball, exercise with my lightsaber, riding my Harley and strumming my ukulele although
not necessarily in this order.

Website: www.frankenbim.com
Twitter: https://twitter.com/ipg77
LinkedIn: https://www.linkedin.com/in/paolo-galli-44662b4/
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6 The Messner Mountain Museum by Zaha Hadid
The Messner Mountain Museum has been taken as a reference for this document and the
related exercises.

The museum has been designed by Zaha Hadid architect and according to the “Messner
Mountain Museum” website (http://www.messner-mountain-
museum.it/en/corones/museum/):

MMM Corones, situated on the summit plateau of Kronplatz (2,275 m), is dedicated to
traditional mountaineering, which has strongly influenced — and been strongly influenced
by — Reinhold Messner. The museum is devoted to mountain history and also offers unique
views of the great mountain walls of the Dolomites and the Alps. At the edge of the most
magnificent viewing platform in South Tyrol, in the distinctive museum building created by
Zaha Hadid, the view goes beyond the borders of South Tyrol to all points of the compass:
from the Lienz Dolomites in the east to the Ortler in the west, from the Marmolada in the
south to the Zillertal Alps in the north.

Reinhold Messner, the first man to climb Everest without supplemental oxygen, says about
the museum:

MMM Corones on Kronplatz — between the Gader Valley, Olang and the Puster Valley - is
the final act in the Messner Mountain Museum project (which comprises a total of six
facilities). On the edge of South Tyrol’s mountain plateau with the most spectacular views,
in the unique museum architecture created by Zaha Hadid, I present the crowning of
traditional mountaineering.




{\ AUTODESK
UNIVERSITY

Kronplatz offers views beyond the borders of South Tyrol to all points of the compass: from
the Lienz Dolomites in the east to the Ortler in the west, from the Marmolada in the south
to the Zillertal Alps in the north. The museum is a mirror of the world of my childhood - the
Geislerspitzen, the central buttress of the Heiligkreuzkofel (the most difficult climb in my
whole life) and the glaciated granite mountains of the Ahrn Valley. On Kronplatz I present
the development of modern mountaineering and 250 years of progress with regard to the
equipment. I speak of triumphs and tragedies on the world’s most famous peaks — the
Matterhorn, Cerro Torre, K2 — and the depiction of our activity, however contradictory it
may seem. As in my other museums, I shed light on alpinism with the help of relics,
thoughts, works of art (pictures and sculptures) and by reflecting the outside mountain
backcloth in the interior of MMM Corones.

As the storyteller of traditional mountaineering, it is not my intention to judge or dramatise
but simply to condense human experience of a world that is my world, of the 250-year-old
contest between man and the mountain. The focus is not on sport and records but on
people, on the key contributors to mountaineering, including philosophers and pioneers
who had the courage to take the ‘golden step’ from the idea to the deed, disregarding the
question “Why?”

“Corones” is the Ladin word for “crown”, like “Krone” in German. And Kronplatz — South
Tyrol’s famous mountain for skiers and hikers and a perfect launchpad for hanggliders and
paragliders — is now home to the crowning piece of my mountain museum project, a place
of quiet where people can slow down and enjoy unforgettable views. It is a place of
withdrawal that opens up the human senses for the above and beyond, where the
mountains become an experiential space and a part of our culture. In mental flights beyond
all summits, they are revealed anew.
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The museum web site also reports:

The first structure built to parametric standards in South Tyrol therefore stands on a
mountain peak. Hadid was known for her free-form architecture, based on digital design
techniques. Nature and environment play a decisive role, with the architectural forms
seeming to blend into the surroundings. This is why concrete was chosen as the material
for the exterior and the interior cladding, as no other material lends itself so well to casting
in so many forms. It also best fits the topic of rock, both as regards look and feel. The colour
of the concrete and the building itself — for the most part built underground in order to
intrude as little as possible upon the landscape and to avoid further construction on the
peak — fit naturally into the surrounding mountain landscape.

This museum gave the inspiration for the solution described with this document; the reason
if related to its complexity and architectural quality and to the need of defining some
consistent methods to use Autodesk applications to create a consistent process to allow all
the involved designers to coordinate their models without losing the design freedom. The
main aspect of the museum which is relevant for the process here faced, is related to the
creation of concrete cladding systems. This is the central topic for the described solution and
involves different Autodesk tools.
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7 Useful Information before to start
Just some information before starting the exercises, see following points.

7.1 Dataset
These exercises are supported by a dataset provided to all attendees.

The Dataset folder contains three sub-folders:

« O01_RVT > Revit template, intermediate model and the final one;
e 02_F3D = Fusion 360 files;

e 03_DWG & SAT - AutoCAD and SAT exports from Fusion 360;
e 04_Navisworks = Navisworks (NWF and NWC) files and the 4D inputs;
* 05_Dynamo - the Dynamo Scripts and the related family templates;

§: O1RVT
02_F3D
03_DWG & SAT

]n 04_Navisworks

05_Dynamo

\-\‘~‘ dion A A M

u‘ S —— ".._‘.’*

NOTE

» Everyone has to create a folder in which the copy of the dataset has to be placed

» DO NOT work on the shared folder, otherwise there is the risk to prevent files to
be used by other people

10
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7.2 Fusion 360: preparing the environment

Fusion 360 is a software with a mechanical design approach,
this means that there are a number of default settings which
are oriented to the manufacturing standards. It is necessary to
configure the environment so that this works in the way an AEC

Autodesk Account

(Architecture, Engineering, Construction) designer is used to. | Preferences
. . Switch T 3
Click on the upper right corner, where the account user name St
‘e di My Profi
is displayed and select “Preferences”. %B e

@ Sign Out

=

Here, setup the “General” section as shown on the next image,
in order to:

e Define Z as the vertical axis (default Y);
e Check that “Fusion” is selected for “Pan, Zoom, Orbit shortcuts;
e Set the orbit type as “Constrained” (default “Free”);

I Preferences X
v General h ( F controlling g 1 Ul behavi ]
APl
Design User language | English >
Render
CAM Graphics driver | Auto-select v
Drawing Offline cache time period (days) _
Simusiatinn
Material Automatic version on close []
Mesh Automatic Recovery Save time interval (min) ﬁ
Graphics Default modeling orientation | 7 yp v
Network

Data Collection and Use

v Unit and Value Display Show tooltips

Simulation Show command prompt
v Default Units Show default measure
Design Show in-command errors and warnings

CAM
Simulation Show Fusion Team notifications
Preview
Pan, Zoom, Orbit shortcuts | Fusion v
Default Orbit type ' Constrained Orbit v
Reverse zoom direction
Enable camera pivot
Use gesture-based view navigation
Restore Defaults Apply 0K Cancel

Since Fusion 360 is a software oriented to manufacturing, the typical units used are
millimeters. In some cases, depending on the size of the element to be modeled, the used

1
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units could be meters; in this case, in the project tree under “Document Settings”, select
“Units” and specify “Meter” for the “Unit Type” field.

wm/\””\f\b
“ BROWSER Q|

4 Q (5 Exercise3v3

© CHANGE ACTIVE UNTS

Unit Type Meter v

Setas Defaut ()

Cancel

7.3 User Interface

Fusion 360 interface depends on the active environment; all commands are organized on the
horizontal ribbon and they change according to the current work area.

This can be accessed by clicking on the first button on the left of the ribbon. In this class, only
the Model and Patch areas will be used.

F Autodesk Fusion 360

# B 8 &« o~ @ Untitied x 4+ B M © roocai @

- BoD BB BFS B M =8 =)

KETCH ¥ CREATE ¥ MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERTY MAKEY  ADD-INSY  SELECT~

MODEL Ll
GENERATIVE DESIGN ©

iflos

PATCH

SHEET METAL
RENDER
ANIMATION
SIMULATION

MANUFACTURE

DRAWING

12



{\ AUTODESK
UNIVERSITY

The navigation tree is on the left of the userinterface and this allows to navigate and organize
the project components. Here it is possible to create, see and manage the components, bodies,
sketches and other settings such as the project units.

""""\I\MW-A—'-\-\//S
|| e« BROWSER o—
419 @
Q Document Settings

E7J Named Views

@ B3 Origin

@ B3 Analysis

Q@ () @ 0o1_MuM_Structure v2:1

@ () @ 02_MMM_interiors v1:1
@ (O) Boundaries:1
)

01_Patch Cladding:1

NVVVVVVV

Origin

N <

S0YY9Y99%450

Bodies

Support Bodies (6)
Outer Shell (64)
Inner Shell (75)

(;'“QQ“OBD
o000

Window Transition (6)

Sketches

AV AR v
o E

A - Division Framework:1
02_Edges Loft:1
03_Profiles Loft:1

04_Cinema:1

O O O O

OO EER

05_Entrance:1
06_Link Surface:1
07_Ceiling Components:1

08_Terrain:1

'\/\/\;/”\M\/\/\w.mm/\/“wf\/“\/\/\\mw/\ ‘

A ZRVARVERY VAR VAR vV v4

Q QO O O

09_Windows:1

This is a tree organization in which each component is assigned with a random color allowing
the user to quickly identify what are the bodies belonging to the same componentin the work
area (press Shift + N to assign the color to each specific component on the work area).

13
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/JJ‘ ’\,_......,-ﬂ“’ﬁ\ O T i V‘mm;
~

Shift + N

Next to each component name there is a triangle; by clicking on this the component content
expands, and all the related elements can be viewed, turned on/off, renamed and
deleted/removed.

A component can usually consist of the following elements, which can be found below the
component tree:

e Origin
o Sketches
* Bodies

» Constructions (reference points, lines, planes)

The lower part of the work area contains the

visibility bar which allows to setup the visual § d-E®EQr O ﬂv .
styles and the viewports. ~ - ~

<f\~\/‘~““‘\f

14
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The first icon is for setting up the camera and the visual appearance of the model (effects
such as shadows, reflections, ground plane..) and the camera properties: set this as
“Perspective with Ortho Faces”. This option allows to maintain the perspective unless a face
of the view cube is selected; in this case the “elevation” view will be displayed using parallel
projections.

7«/\«”%

Visual Style
Mesh Display
Environment
Effects

Object Visibility
Camera

Y VvV v v v v

Orthographic
Ground Plane Offset Perspective

@ Enter Full Screen  Ctrl+Shift+F @ Perspective with Ortho Faces %

The second icon is for showing/hiding the grid and to switch on/off the snap to grid.

s B 520 Dy
ﬁ:wt Grid
[M Layout Grid Lock

[] Snap to Grid

:
{ @ Grid Settings
b

[] incremental Move

ugn

@ Set Increments

(1]
8-

The last button allows to split the work area in multiple viewports or maintain the single
viewport provided by default.

\/-\mwx/“\/\.r'\/v—""”\

d

Multiple Views  Shift+ ’

15
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When multiple views are shown, it is also possible to synchronize them in order to have the
alignment between parallel projections maintained while zooming or panning.

F Autodesk usion 360 - 5 x
" v o P Untitec® x T 09_MNI_Clad That Refinement 3v15* x4+ B 0O © rwon @

Bomvesli /@ BB HBM W {

create oor sseiLe

VOIYYIYUD

. Ctr + 1

MHep») POAOEGGFCEI TP 0Bl INUNNUVESEAARARGOSESSBUEVIVVERRBNEBS9IRBUVVVVVUEBLBOIIww 5
N

The lowest part of the user interface hosts the timeline which reports all the events occurred
in the model, in terms of used commands and the components to whom those command have
been applied.

P I S N =0 e WO L P

COMMENTS ol

e VN A A et N AN N e NN NI A NN e et O
He )

A9 a- @
4> EBEEUUIE084IN00ESBI$EE0T089BIECIE & |

VA AN

Nt ot P e i e SHEPEL LS VNV VN

D R e

e W e N e WV

'\,‘_A/"J"";K“E’;l\

el

Association between commands and components is
reflected by the color bar above the commands list, as
shown in the previous picture; this assumes the same color
displayed next to each componentin the project tree (image
on the right).

Named Views
B3 origin
B3 Analysis

' () @ 01_MMM_Structure v2:1

b () @ 02_MMM_interiors vi:1

Boundaries:1

01_Patch Cladding:1
02_Edges Loft:1
03_Profiles Loft:1
04_Cinema:1
05_Entrance:1

06_Link Surface:1
07_Ceiling Components:1

08_Terrain:1

000000 RRED

09_Windows:1

16
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7.4 Navigation on Fusion 360
The navigation, once the initial setup has been done, it is pretty much the same to that in
Revit:

» Scroll the mouse wheel to zoom in and out

» Double click on the mouse wheel to zoom to fit
* Press and drag the mouse wheel to pan

* Press shift and the mouse wheel to orbit

There is a view cube which gives the ability to quickly rotate the point of view according
to the cube faces and also gives other options such as switching from perspective to
orthographic view.

SANAAANAANSDNNA_ oo

AN

Go Home
Orthographic
Perspective

/' Perspective with Ortho Faces
Set current view as Home p
Reset Home
Set current view as >
Reset Front

~\/\‘/~'\‘ f\‘ e /\/r\,\ /\/\ J\"’“’\/\\,’

NOTE
The use of a 3D mouse is suggested since it enhances the navigation experience and
efficiency in Fusion 360.

17
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7.5 File formats

The native Fusion 360 file format is F3D but it can use a number of other file formats.

Since the file repository is a A360 project and Fusion is based on cloud shared data, the
use of external files requires the conversion to “Fusion Design”.

After a file has been uploaded in A360, it is necessary to start the conversion to “Fusion
Design” in order to have the material prepared to be used, see image below. This is also
required in the case of native F3D files.

F Autodesk Fusion 360

< §) AU London 2019

Data | People

it | R

A  01_Clad That

@ 01_MMM_Structure
5/12/19

[ 01_MMM_Str
4129119 Create Fusion Design

Rename
@ 02_MMM _Interi pgjete
42819 Move

Copy

[ 02_MMM_Interiors.sat

4128119

@ 03_MMM_Clad That_0
5122/19

™8 03 MMM Clad That A

18
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It is possible to export the project material to other file formats, too. User can choose if
exporting the entire project or a single component. In the first case, the “export” command
is located on the main menu, as shown in the next picture.

M\
E gl \/’\

New Design e
New Design From File

New Drawing »
New Drawing Template

\« B Open Details on Web

Save Ctri+S

Save as

3
%
% Recover Documents (15) !
¢
{
i

Export... :
e Review Session I
/l Share 4

3D Print

Capture Image...

Scripts and Add-Ins...

Fusion 360 App Store

[
[
[ View >
[
[

Fusion 360 allows to export the entire project in multiple file formats using the command
shown before.

Export X

MName:
09_MMM_Clad That_Refinement 3v15
Type:

Autodesk Fusion 360 Archive Files (*f3z) -

Autodesk Fusion 360 Archive Files (*f3z)
Autodesk Inventor 2018 Files (*.ipt *.iam)

DWG Files (*.dwg)

DXF Files (*.dxf)

FBX Files (*.fbx)

IGES Files (*.igs *.iges)
DBJ Files (*.abj)

SAT Files (*.sat)
SketchUp Files (*.skp)
SMT Files (*.smt)

‘ Cancel

19
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If a single component has to be exported, it is needed to identify the component in the
project tree and then right click on it to find the “Export..” command.

{D £ Named Views Properties T

D Q ] Origin Export...

(Q B Analysis Save Copy As \
Save As STL

Copy Ctri+C
Cut

Delete Del
Cx

Ctri+X

«@® Remove

Display Detail Control

Fusion 360 allows to choose whether exporting files on the cloud service or locally.

Export X
Name:

4_Freeform
Type:

Fusion Files (*.f3d) v

Fusion Files (*.f3d)
IGES Files (*.igs *.iges)

SMT Files (*.smt)
STEPFiles (*.stp *.step)

C:/Users/galli/Desktop ‘ ‘

Cancel

Save to my computer

20
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Fusion files can be also saved in a number of other formats using A360 in the web browser:

1. Identify the project, then the file and click on it.

AU - De-Construct Me

3 A > AU-De-Construct Me f

3 ¢

S \

4 4

i <

Name 4 L 4

<

j <

£ i 01_References Paolo Galli Apr 25,2018 S

4 ;
i@ 020LD Paolo Galli 2 hours ago

il 03_Other Stuff Paolo Galli 2 hours ago ¢

3

P e Exercise 1 Paolo Galli 20 hours ago Ji

\ <

b ¢

@ @ o Exercise 2 - Completed Model Paolo Galli 2 hours ago ‘I

S ¢

3 S {

1 N §

e s P el A e s o el el e g il e o oo i i P

2. Once file has been selected, a new page is displayed and there, click on the down
arrow located on the upper right corner of the screen. This allows to export the
entire project to several different formats, including Inventor 2016 and DWG.

SR T g NN A YA TR

Fusion 360 Archive
Inventor 2016

IGES

SAT

SMT

f :
lgonver!  STEP

DWG . é
DXF i
STL {
FBX B!

SketchUp

b\ AL\ AA N\ | |’~‘ s

0B

PN

7.6 Autodesk Account
Users must sign-in the Autodesk Account in order to use the A360 cloud folder and Fusion
360.
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8 High level process
Following scheme shows the high-level process followed for this class.

The high-level workflow

R F B N

..............

Structure : e : SAT to
model i ‘ i Families

4D
Sequencing

Interiors
model

Aggregated
Model

» A Revit model is created in order to feed the cladding definition process. The Model
can be composed of structural and architectural files, coordinated in terms of
positioning, orientation, elevation as well as in terms of “copied and monitored”
elements (reference to the Copy/Monitor command in Revit);

* Revit models are exported to SAT and uploaded to a specific A360 cloud project
(myhub.autodesk360.com);

» Revit models are converted to Fusion Designs;

[ 01_MMM_St -
4/29/19 | Create Fusion Design
J

-

Rename
. 02_MMM _Interi pgjete

- F e 42819 Sl

: Copy
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» Converted models are inserted as links in an empty Fusion 360 project so that updated
files can be reloaded and there is no risk to modify for mistake the converted Revit
files;

» Fusion is used to create the cladding surfaces, give them a thickness and divide the
created components in panels according to the architectural design;

* The created components are then exported as SAT files;

» SAT files are imported in Revit using a Dynamo script which recognizes all the
components inside the file as single editable families;

* Revit is then used to aggregate different models coming from Fusion 360 and to
produce drawings;

« A dynamo script is used to define the installation sequence and write the related
information on specific parameters;

» Revit is then used to create schedules, based on the parameters populated in the
previous point, to feed Navisworks and simulate the panels installation sequence;

This process can be iterative: it is possible to bring back elements from Revit to Fusion in
order to use them as a reference to refine the model.
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9 Exercise #1: Project Configuration

The scope of the workflow documented in this document is showing how a coordinated set of
Revit files can be used to drive the modeling of complex architectural shapes in Fusion 360.
For this reason, two Revit files have been provided with the dataset. These have been
coordinated in terms of positioning and of copied / monitored elements (levels only, in this
case).

The model represents the structural concrete walls and the main interior walls of the building.
Fusion is used to define the architectural surfaces. In order to understand the different parts
of the building which will be used for the proposed exercises in this document, refer to the
following image.

«A» - Branch A

«E» - Entrance

«T» - Cinema

«C» - Branch C

The Branch B modeling is not part of this current document.

01_MMM_Structure.rvt 02_MMM_Interiors.rvt

* Copy/Monitor
* Shared coordinates
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1. Upload the files on the A360 project folder;

2. Right click on them and “Create Fusion Design”;

3. Load both of the created Fusion files on an empty file — note that the file must be saved
before loading external references;

[ U1_MMM_Structure.sat

429119

@ 02_MMM_Interiors

F s 412819 Open

I Insert into Current Design I

New Drawing from Design
[ 02_ MMM _Inte - ghare pyblic Link

B e e s S

4228119 Import New Version
Rename
M
@ 03_MMM_Cla. "¢
%p 5122/19 Copy
Delete

Add to Offline Cache
@ 03_MMM_Clad That_A

-

4. The symbol of a chain appears close to the name of both the loaded models;

e W o AT A e PN

IRECA fs 03 MMM _Clad That 0 vi0 [O]

fiewis.

p © 03 &
<

@ o1_u_Structure v21
@ 02_uMM_nteriors v1:1

b

oA G .

WM

5. Check the units; they must remain in millimeters for this project;

WM/'\J'\—\,—\

<+« BROWSER el

oM F= 03 MMM Clad That 0v10 [O}
A £+ Document Settings

2 Q Units: mm
TE] Named Views

6. Save the file.
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10 Exercise #2: The Patch Environment — the First Branch

This exercise will cover the topics related to the creation of the cladding of the Branch A. Here
the Patch environment of Fusion 360 will be used to investigate the capabilities of this set of
features to create architectural finishes.

The Patch environment is the area of Fusion 360 which collects all the commands and features
related to the creation and management of B-Rep surfaces. B-Rep stands for “Boundary
Representation” and refers to surfaces and solid models which are defined by their boundary
conditions (faces, edges and vertices).

ijwm/\f“—”f\\
MODEL ~ -—D el -/ & F [\J gg
«l MODEL SKGEj!-fl:“v

4 lad That - Branch... [O]
GENERATIVE DESIGN

9
I PATCH Patch Workspace

Creates construction surfaces and repairs surface
| SHEET METAL geometry. Access commands to create surface
bodies.

RENDER

: ANIMATION

| SIMULATION
MANUFACTURE

DRAWING >

[\\ﬂ/wmw\f\wi/\rv\\\}
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When this area is activated, the toolbar changes and displays the set of commands related to
this workspace. Next picture shows the set of modeling and editing commands related to this
environment.

@ 01_MMM_Clad Thaty,

J R B B

CREATE ¥ ASSEMBLE™  CONS
@ Press Pull Q

(D Filet F

SN =ENTY

v g M@

MODIFY ¥ @ Chamfer

Z Change Parameters

%) Derive o Trim
~ Extend
QT Extrude
. () stiten
P Revolve @ unstich
] % Sweep [C5 Reverse Normal ;
Q Loft / 5| Scale
Ll_=| Patch &y spit Face i
H .
Q Offset e
3+ Move/Co M
Pattern > = ”
GE Align
mﬁ Mirror
@ Pnysical Material
@ Thicken { @ Appearance A
&) Boundary Fil % Manage Materials
. (3 Delete Del
S D o &2 compute Al Ctri+B i

P R
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10.1 Sketching!

The majority of elements in Fusion 360, requires one or more sketches to be defined.

A sketchis a combination of unidimensional (1D) geometric primitives which can be defined
and constrained by means of constrains and dimensions.

To create a sketch a reference plane has to be selected as the “container” of the sketch
itself, but sketches can also exit from the plane and configure so a 3D sketch.

1. Click on any of the sketch elements in the sketch panel
g(%'b‘*""““‘“%‘%T“-F"'“‘M-»\
<

<
@ .> o @

S
@ Create Sketch [

- Line L

Rectangle

=]
Q

Circle

]
=

Arc

v v v v

Polygon
@ Elipse
Slot 4
[J Spline
: .,'tx. Conic curve
-4~ Point
A Text

i Fillet

=/~ Trim
-/ Extend

Break

Offset 0

-l

y B [\I: L

D O O

Project / Include >

O O

Mesh >

£

[

VLA AN A S N A ANS N Nt N e AN AN N
Fol ol ol ol ol ol ol ,—DW
0
{
AAAAGAA s NSNS a A STNAAAA AT NN NN A A N

2. Fusion requires the selection of a reference plane to start the sketch; by default, the
origin axis and planes (XY, XZ, YZ) are shown, but also other planes can be selected,
even if those belong to 3D bodies;
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\ [Select a plane or planar face |

Y
MAAA AN A " Vs AN

Iy N . D S SUee

3. Fusion 360 orients the point of view to the selected plane;

4. The “Sketch Palette” appears; this allows to set constraints and other configurations;

5. Click on the first point of the sketch; Fusion displays contextual information such as

length and angle;

© SKETCH PALETTE
¥ Options

Construction

Look At

Sketch Grid

Snap

Slice

Show Profile

Show Points

Show Constraints

RV A0O0Q@mA

3D Sketch

v Constraints
Coincident
Coliinear
Concentric
Midpoint
Fix/UnFix
Parallel
Perpendicular
Horizontal/Vertical
Tangent

Curvature

Il 40 ANBD>ORI™

Equal

o
I

Symmetry

Stop Sketch

[Specfy next point]

\\i;‘.« A A A AN A A A A AAAN

Nt b P oo S el e Bl o BN L s,
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6. When the sketch is completed, click on “STOP e o
SKETCH” on the upper right corner of the user ( _— EJ , , Sif mgm §
interface. If the sketch is closed, this is “: k §
automatically filled with a light orange solid g J
pattern: i
!

¢

» J

4 ¢

{ i

.‘M-r‘_r"«er_.Jo"*‘W

7. The new sketch now appears in the project tree /et it 70/ \}

where it can be renamed; the sketch is ready to {4 KN MTTTN O
> D {$# Document Settings
be used; 2 D E] NamedViews §
D @ B3 orgn
A ) E] Sketches
Q [ sketen

A VNAS

i\,«/ AASANAA N N~

8. Ifitis necessary to edit this element, right click
on either the project tree or directly on the
sketch and click on “Edit”; this enters the sketch
edit mode, displays the “Sketch Palette” and
temporarily reverts the timeline to the point at
which the sketch has been created.

{
{
{

s

S AANAAA AN AN A N A AANANAANASNAS

,f‘BR/O\ﬁgE\EJ“V‘V\ gt A .,A_,x..»“FN\r' A~
{ 4 GO O
S D 8 DocumentSetings
D E] NamedViews
D @ B orgn
4 Q P, sketches,,
o (] (O )
UMN -

Move/Copy () Hole
|

SN\t NS

[§y Create Selection Set
Offset Plane

{2 ot sketch N

LA Redefine Sketth Plane
j) Shce Sketch

[ saveas DXF

(&) LookAt

) Hide Profie

@ Show Dimension
@ ShowHide

COMMENTS Find in Browser

Find in Window
7 < ’ » H Find in Timeline
{

4

AN SV SAA A SAADAAA A A A AA AN,

x
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10.2 Base Geometry Creation

1. Open the file “01_MMM_Clad That — Branch A” or create a new drawing by opening the
provided F3D file

Open X

AU London 2019 » 01_Clad That

Projects NAME a OWNER LAST UPDATED

AU London 2019

| Open from my computer. | ‘ Cancel ‘

2. Right click on the file name at the top of the project tree and create a new component.
Components are the functional units defined in Fusion; these are composed of Bodies,
Sketches, Constructions. Name “03_Patch — A” the new created component;

SKETCH ¥
+« BROWSER ol
4 Q [T r—
D ## Document Settings [ New Component I
D EJ Named Views reate Drawing
D @ B3 origin [§) Create Selection Set
D @ EJ Anaysis P& Rigid Group
D12 (O ot_mmm_structure @ Physical Material
DIQ O oz_mmum_nteriors @ Appearance A
D u@ O Boundaries:1 <f) Texture Map Controls
Properties
Export...
Save Copy As
Save As STL

Display Detail Control

|
|

L WES GG W (PR WU ry " SO R G WA W GOy P

@ ShowHide v
_— | @ Show All Components

@ Show All Bodies

Opacity Control >

Find in Window
Find in Timeline

2. Do not capture Design History

Py R N Y e SV
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The component is automatically activated; for this reason the others are now displayed
as transparent and in halftones. A black dot appears on the right of the active
component name;

Click on the “Loft” command under the “Create” group;

4+ o - MMM_ciau Thal- Branon Ave*

e e TS

YO BB = &

MODIFY~ = ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERT ¥ ’

%) Derive

(1 extrude

a Revolve

Creates a transitional shape between two or more

N sketch profiles or planar faces.
& Offset

Select a series of profiles or planar faces to define a

Fatter g shape. Optionally select rails or a centerline to guide
(I mirror the shape. N
€2 Thicken el e =

i =

! & Boundary Fil

This command requires the selection of two or more profiles (they can be either closed
or open) to create an interpolated surface across them; In this case the edges of the
concrete walls will be used;

profie1 (Y B Connected (G0)
Profie2 () ~ B Connected (G0)  ~

b

Rails

Guide Type m %
I

. i

i R N W e, 0 ¥ VP

=~ 4+ x

Chain Selection (@D

& Closed (m]
Operation O New Body v
] OK Cancel

PPV v TSR S TRy T e Y e T L ”"«"«—‘—)
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6. If an edge is not selectable, this means that it may behind another element. In this
case, keep the left mouse button pressed and Fusion 360 will show a dialog listing all
the elements below the mouse arrow that can be used as a reference;

7. Click “Ok” when done and the first surface appears;
8. Repeat the same sequence for the shorter side (that one with the opening) of the

Branch A and click “Ok” to create the related surface;

€ BI[ Profiles
Profie1 (7 v Peum:u«m -
+ X
Guide Type m )
Rails [N
+ x

Chain Selection (@

Closed (w)
Operation O New Body v
’ e
L] OK | [Cancel | [* g ;
WMAMJ.J
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9. The third face cannot be modeled using the wall edges since a floor breaks in two parts
the farther edge, as shown on the following picture;

"\,“

E,

10. A sketch must be created to replicate the continuous geometry of the edge and use it
to define a loft surface;

11. Create a new sketch by pressing the “Line” command and then select the XY plane as
reference; in this case, although the XY plane is the “host” of the sketch, 3D elements
outside the plane will be taken in count as drivers for the sketch geometry;

@ B~ 8@ «vo- @ 01_MMM_Clad That- Branch Av2"

PATCH ¥ .m_/g F[‘J LE] @ %m ‘ = a ‘:‘}
SKETCH™ CREATE™ MODFY™ = ASSEMBLE™ ~ CONSTRUCT™ = WNSPECT™ = WNSERT® MAKE™ ADD-NS™ = SELECT™

<« BROWSER Olwf
49 (b 014 ciadThat-BranchAv2

D ## Document Settings =

D B3 NamedViews

D @ B3 orgn

D Q EJ Anaysis =

D19 O ot uwmstructure v2:1

DIQ O oz mmmiterors vi:t

D9 (O soundariest 5

b 19 CNETEREN O e

A

Ik A A e A b e T T e oA A AL AR o Aaie o A4, A b

|
i
|
|
|
E

w
N
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12. Fusion allows to snap on vertices even though they are outside the reference plane;
click on the vertices representing the start and the end points of the wall edge;

13. Click on “Stop Sketch” (on upper right corner) when done;
14. Create a loft surface using the wall edge close to the wall with the opening and the
sketch line just created;

4
1
i
/
B Connected (G0) ’
Bbm ¥ a
B+ x bl
Guide Type m () ‘}
Rais N ?
. . {
B2 ChainSelecton @ \
Closed @ ﬁ
Operation (& New Body
b ¢
e oK | [ Cancel :
/ 4
| ;
B I PN oo ol bt A . ."WW 0"‘)-..—-—&‘-’;

w
(81
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15. Turn off the visibility of the structural file and of the interior model,
16. Create a loft surface using as a reference the two top lines of the vertical faces as show
on the following image;

SKeruH CREAIE - MuurY* ' ASSEMBLEY | CONSTRUCT™ © Borcul™ | WGERT- | MAKEY  AUL-NS™  SELECI

«« BROWSER ol 1
4 Q (B 01_MMM_Clad That - Branch Av2 \O

D £ Document Settings = = =
D B3 NamedViews
D @ B3 orign
D@ L] Anayee
D9 O ot_mm_stucture vzt
D19 O oz mmm_nteriors vi:1

nlo

b 19 DN

© LOFT

profie1 (Y B connected (G0)
pofie2 (I ~ B> Connected (G0)  ~

+ X

Guide Type m )
Rails Ny

+

Chain Selecton @

Closed o
Operation (& New Body
o oK Cancel

Attt b s T WA A A AR ASAR s Asimoh A4, Al A eatioindy 8

v o T Y PRI ol e N TOSEE B & VPN LS urauvr S ]

17. Repeat the same command for creating the bottom surface; this will be used for the
external cladding while it will be erased for the case of the interior finishing. Finalize
the process by creating also the face on the rear side;

© LOFT

P

Profie 1 [1] B connected (G0)

Pofie2 () ~ B Connected (G0) ¥

+ X

Guide Type m )
Rails Iy

+

Chain Selection (@

A, A L A s B B A oA AR AAAR Ao

Closed o
Operation (&3 New Body
[} OK Cancel | ||\
~ O a0 s b AT . It 0 I BT A A STt A e it et A e AR, ’..o.é-j
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18. The project browser shows now six different bodies;

: [> Q [__) Boundaries:1
VRICH @ 03 Patch - A:t_[O

Origin

QO O
DIDIDD

D
A Bodies

Body2 (1)
Body® (1)
Body1 (1)
Body4 (1)
Body3 (1)
Body25 (1)

P v EI Sketches

\.A”M APt _ande . 4

\NAM;A‘ Ro M o, A

19. These six bodies are going to be used to create the external and internal shells; for this
reason, they will be both joined and separated when this is needed in order to create
the right offset geometries;

10.3 External and Internal Shells
1. Use the “Stitch” command to join the six surfaces into a single body;

® C._MMM_C..

1Elm & = =k

TE¥Y  MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSER"*
Stitch

Joins surfaces to make a single surface body or solid
body.

Select the surfaces to join. Edges within the
tolerance are highlighted green.

)
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2. Select the six surfaces and click “Ok”;

Free Edges

v Stitch Result

@ STMCH
Stitch Surfaces X
Tolerance 0.10 mm
o
Operation (& New Body

24

Edges to be Stitched 24

¥ Unstitched Edges

e T VR WY YT VORGP Y R w‘ﬁ"

Edge Max Gap
Q 4

4
[i ] OK Cancel -—-'3

PPV S R e o= DU SO w_’-u-—j

3. Asingle body is now shown on the project browser; this is the basic shape which will
generate the external shell. The next step is making an offset outward of this
polysurface;

@ 01_MMM_Clad 1.

4
“\J ES g ﬁ;@ —
E ml = ‘
MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERT ¥ ’
%) Derive
OT Extrude
a Revolve
% Sweep 1
Q Loft 1
ol Batch 3
&3 offset : 4
Patern ’ Creates a new surface at a given distance from the <
selected face. 1
mﬂ Mirror
- Select the face to offset then specify the distance.
€2 Thicken
@ Boundary Fill 1
o ant o o aandbe. |”‘J“—’J
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4. Select the polysurface and specify an offset of 700 mm outward; click “Ok” when done;

© OFFSET

Faces / Surface Bod... X

Chain Selection

Distance 700 mm

Operation () NewBody  ~
(i ] OK Cancel

\_»Q.,.AA‘N— B Ao A s s b A omhunsh A AN SAORES B s A

AM—

5. Remove the back face by selecting it and pressing the “Delete” key;

PRV VO WY PRI TY TP DRSO GR QY Vg Y U P e

DAn S e e At e ot s It s S imritieattisiinn, i i b))

6. Switch off the visibility of the outer shell and repeat the offset command by 250 mm
inward,;
7. Leave visible the inner shell only;
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8. Select the bottom face and right click; select the “Move/Copy” command from the
contextual menu;

(oo G LG 7=

I Move/Copy -

) -
*[§ Create Selection Set
i Create Sketch
@T Extrude e
OT Extrude
[” Offset Plane
€2 Thicken
Edit Feature

e Appearance a
C[] Texture Map Controls
Properties

@ ShowrHide v
Selectable/Unselectable
Find in Browser

Find in Window

o

P PR VL VWGP N P P WY Y R WO WY DY

N,
N

i
e

B N e e W W m--’J

9. Specify that the object to move is a “Face”, then click on the bottom face to place the
gizmo and specify 250 mm as Z movement; this command brings back the bottom face
at the original position in order to have it coplanar with the building flor;

© MOVE/COPY
Move Object ] Faces -
Selection X 1
Move Type . LNE 1
Setpivot |4 P’
-
X Distance 0.00 mm - i
Y Distance 0.00 mm - ;
I ZDistance 20| - I 3
XAngle 0.00 deg v .
250mm |~ [ Y Angle 0.00 deg v )
ZAngle 0.00 deg v ?
B, >
-
4
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10. Remove the bottom and the back faces since they are not used to define the interior
cladding;

PP N Y WU NP Y [ Wy PV T R W PR Y T DR,

S VDV B S SRy W DO P raee DT SR ¢ Y S _"J

11. Following image shows the two shells;
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12. Use again the “Move/Copy” command to increase the slope of the front face; select the
face and set the pivot on the bottom edge as shown on the picture below; click on the
green checkmark when the pivot is placed;

© MOVE/COPY

Move Object ﬂ Faces

Move Type

X Distance 0.00 mm

0.00 mm

Y Distance

Z Distance 0.00 mm -

XAngle 0.00 deg v

Y Angle 0.00 deg v

~ Zange 0.00 deg 5

e ] Cancel

By Y W N R Y S _’-.,__‘a..._)

13. Select the rotation handle shown on the next image and rotate the face outward; it is
also possible to specify an angle instead; click “Ok” when done;

© MOVE/COPY

Move Object ] Faces

Move Type . BHNE e.{’ A'_f
L

Set Pivot

X Distance 0.00 mm

Y Distance 0.00 mm

Z Distance 0.00 mm

XAngle 0.00 deg

Y Angle -18.437 deg

Z Angle 0.00 deg

- EEEEm - Lt

i ] OK
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14. Use the “Fillet” command to create a round transition between the faces;

R 01_MMM_Clad That- Branch A- WIP v2*

4
FO BB = B B
CREATE ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERTY = MAKEY = ADD-INS ™ ’
r@m F
*Tnm
EExtend

[E] stitcn
; (@ unstitch
[3 Reverse Normal
Scale
Q Spiit Face
(&) spit Body
3+ Move/Copy
B8 aiign
@ Pnysical Material

e Appearance A
Manage Materials
(T Detete Del
2 compute Al Ctri+B

> change Parameters

|

15. Specify a fillet radius of 750 mm;

(D Filet

3 750 mm v B Tangent(G1) ~

+ X

Radius Type (® constant Radius -
Edges/Faces/Features LI
Tangent Chain

" Corner Type £ Roling Ball v

[i ] OK Cancel

\ulz./dtv

A AR I e A B e ™ e w‘_‘”w*‘.‘ﬁj
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16. Turn off the outer shell and repeat the same on the inner geometry, specifying a fillet
radius of 500 mm; here five edges only have to be filled being that two faces have been
removed before;

© FILLET

|
f
|
|
r'
{

N PN Py S SR OUR S Ty S G ep Ay Y SR Y VR P

Type Fillet -
5Edges (D soomm v B Tangent(G1) ~
+ X

Radius Type @ Constant Radius v
S

Tangent Chain

Corner Type B Roling Ball v
L] OK Cancel

&7

POV R P WP SNy D NI v e S NSRSt BRSPS S Oy W S

17. Turn on the outer shell and the component called “Boundaries”: this is related to
retaining walls which limit the cladding extension;
18. Use the “Trim” command to remove the surfaces going beyond the retaining wall;

- Vo .
s

IEER # = o8 B ]

CATEY .IE@ m ASSEMBLE ¥ CONSTRUCT INSPECT ¥ INSERTY MAKEY  ADD-INS~

@ Press Pull Q
(2D Fillet F
BT S
3 Trim :

md Removes the selected area of a surface body using
@ the specified cutting tool.
Stitch

» ) Select the cutting tool to use then select faces or
[F' Unstitch surface bodies to remove.

[__'1) Reverse Normal
R IFV YN S NSeY S
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19. Use the Trim command to remove the part shown on the next picture;

© TRM

Cancel

L Y PRV T SRR TRy Y WY S

o

20. Click “Ok” when done; the result should be like that one on the following image;

\,—\,Aw‘v Moan A a2 A A anmhm b omhanan a ANA SRS B b A

NG
ERPEPY I S W S S DT Sl v Y S R e 5

21. Before continuing with the cladding definition, a couple of more cuts have to be
performed;
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22. Turn off the visibility of the internal shell;

NPPPII T PO SR

23. Create a new sketch using as a reference plane the bottom face from the outer shell;

u,”
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24. Use the “Project” command (under the “Sketch” menu) to include on the current sketch
the two points of the continuous footing shown below;

© PROJECT

Geometry R 2 selected B4

Selection Fitter m O

Projection Link

(i} OK Cancel

1
P TP KPS DU Do S o Sy SRy S e

25. Create a line between these two points;
26. Create another line as shown below (the blue one);

J

SRUCPV R S R WP SR T DA R v SN
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27. Use the “Parallel” constraint on the “Sketch Palette” to force the blue line to be parallel

to the reference one. Select the reference line first then the second one to establish
the parallel constraint;

© SKETCH PALETTE

\

v Options

Construction <
Look At =
Sketch Grid
Snap o
Slice Q
Show Profie
"""""" Show Points

Show Dimensions

Show Constraints

Q

(I
:-‘AWL—A.;-M-A ~\,

Show Projected Geometries
30 Sketch
¥ Constraints
Coincident I
4
Concentric ©
Midpoint A
FioUnFix )
Perpendicular

- - HorizontalVertical £

R v By Tangent fo )
----- Curvature 3
Stop Sketch

BTV P I R A s e DU D © Y S ,_r‘wﬂ—-—-.—‘uj

28. Create a dimension (use the “D” keyboard shortcut) between the two lines and specify
800 mm as the distance;

BV DV N R R e W DU STy © VoY Y A ‘_,
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29. The blue line has become black since itis fully constrained now; click on “Stop Sketch”;
30. Unstitch the outer shell to divide it on its composing bodies;

~ ool _ . Dlaiiv.an Wl o
—t ‘
= :
=/ .BE@ m ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERTY MAKEY  ADD-INS~ J
@ Press Pull Q ;
(D Fillet F
@ Chamfer g
— <
* Trim ‘
B Extend
[E] stitch
@ unstitch : <
(29 Reverse Norma! Breaks joined surfaces into individual surfaces.
Scale Select faces to unstitch. The selected face is 3
unhooked from the parent body and the result body
& Spitt Face contains the unhooked face. J
(& spit Body -«
«3» o op' M
AR Tl A R R A .....y““*’

31. Use the “Trim” command and select the new line as trim tool; remove then the bottom
face and the two fillets behind this line. Note that the line acts as a surface whose
extrusion direction is perpendicular to the sketch plan;

‘A*M“MA M, -

\

© TRM 2
4

] - EE—
2 1

2

BTV PV S B | e DU BNy © Loy S
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32. The cut bodies will appear as shown below;

—

Mot A A M A e Ban B A o A asnn ot s s mhitah A AR A A A h

‘-M‘\;)\t"-’dw SR DU SRy T S N

33. Repeat the same process using the indicated footing face and sketching a vertical line
this time;
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34. Use the line as the trimming tool to remove the portion of vertical face and its related

fillet;
/‘// ‘// ‘ V
S )

:

< © TRM

. TrimTool [NRIEEEEELE X

e
) N

\
/\///
PP R WP Cor DT WP ey, |

35. Stitch again the outer bodies to recreate the single shell;

© STCH )
Stitch Surfaces X i
Tolerance 0.10 mm - j
O—
v stitch Result A
Free Edges 67 }
Edges to be Sttched 56 3
¥ Unstitched Edges 1
Edge Max Gap z
1 Free Edge 4
2 Free Edge
3 Free Edge
4 Free Edge ,
s Free Edge
6 Free Edge
14 Free Edge
8 Free Edge J
9 Free Edge 1
10 Free Edge 4‘
1" Free Edge }
ar 3
{
(i} 0K Cancel 3
VO T S Sy B U S i T D S Y S PSSR S SN

51



{\ AUTODESK
UNIVERSITY

OPTIONAL

It can happen the case that the created surfaces need to be “fine-tuned” or refined. In this
current case, the top face shape could be improved by adding a triangular part to better
reach the retaining wall.

LV W PR R VL R Y VIR B TP T Y W W R SRR N

1. Use the “Extend” command under the “Modify” menu, “Patch” workspace;

@ 01_MMM_Clad That- Branch A- WIP v19*

JH BB = b B

CREATE ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERTY MAKEY  ADD-INS~ SELL
@ Press Pull Q ’
Fillet F ’
@ Chamfer
L {
[ E Extend :

Makes a surface larger by extending a specified

% distance.
(&)’ Unstitch

Select the edge of the surface to extend and specify
B Reverse Normal the distance. The extension type controls the
5] S el direction of the new surface.

Q Split Face
(& spit Body
030 Move/Copy M

B8 align

@ Pnysical Material

@' Appearance A
Manage Materials

E;‘( Delete Del
':; Compute All Ctri+B

E Change Parameters
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2. Select the highlighted edge and extend it so that it intersects the retaining wall;

© EXTEND

Edges R 1selected B4

Enable Chaining

Distance 1482.764 mm -

Extend Type @ Natural -

(i ] OK Cancel

s, Ot T L LS WY VPR WL R T N

"

E il et Y Y e e Y R

3. Use the “Trim” command to cut the face portion beside the retaining wall;

@ TRM

3
i
%
Trim Tool X ’
{
§
{

Cancel
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4. Create a new sketch using the XY place as the host;

— o et 23 YIS

¢

5, ;
N Y
| “‘ \\ %, 3
U ]

.

|

1

K

{

{

1

3

{

{

p

i

B T ey e W I e et S SRy ’-I

5. Use the “Project” feature to capture the two points highlighted below;

4

{

3

© PROJECT i
B . {
Selection Fiter © <
Projection Link ;
(i} OK Cancel i
i

{

{

AT G ol s o o I
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6. Create a line between these two points and an additional one which runs beside the
shell body extension;

: \\t‘-\\
A\
\
\\ \
\

7. Use the “Collinear” constraint to align the additional line to that one between the
projected vertices;

Show Projected Geometries
3D Sketch

¥ Constraints :
Coincident i

i
Concentric © 1
Midpoint A ,
Fix/UnFix a8 <
Paralel 7 3
Perpendicular NG

B T R I I Iy i MO el T ""‘J

8. Use the line to cut the extended surface. Note that the line acts as it were a surface
extruded with a direction perpendicular to the line host plane;

© TRM

TrmTool NEIESETEN X

(i) OK Cancel

LA»«-‘M.’“ e B L VY PP WL W VRN WV W VLN
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9. Use the “Thicken” command to apply a thickness to the polysurface;

© THICKEN

Faces R 4 selected B4

Chain Selection

Thickness 40 mm v
Direction h One Side v
Operation O New Body v
(i} OK Cancel
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10.4 Window Opening Creation

Once that both the internal and external shells have been modeled, the window opening must
be defined. The desired shape, in this case, is a blend between a smaller internal profile and a
bigger exterior one.

Anofon S Sl s Al A B, e -..4.‘.“‘

E
!
E
]

1. Turn on the visibility of both the internal and external shells;

2. Since the exterior face is not planar, a plane approximating its shape must be created
in order to define a sketch on it. Being that three points can be identified, select the
“Plane Through Three Points” command under the “Construct” menu;

x 4+ H ) © raobcai ¢

W oW =80 B :

il
JEY CONSTRUCT ¥ INSPECT ¥ INSERT ¥ MAKE ¥ ADD-INS ¥ SELECT~ ,4“ A
[iﬂ Offset Plane Vi @40% ~

wlN

&) Plane at Angle
@ Tangent Plane

{
r
:
{
9 widplane 1
{
i
f

€3 Plane Through Three Points :
ne langent (o Face at Poin Creates a construction plane through three selected

construction points, sketch points or vertices.
ﬂ Plane Along Path

Select three points.

;5 Axis Through Cylinder/Cone/Torus

G— Axis Perpendicular at Point

A DEAETROUL TURDEIZE oo o o
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3. Select the points highlighted below and click “Ok” when done;

© PLANE THROUGH THREE POINTS

Vertices QLIERECECLE X

OK Cancel

‘L
3
}
i
z
}
b
|
1
y
{
E

4. Use the “Offset Plane” command to create a parallel plane;

(@] =8 o 8 &I

HEX CONSTRUCT ¥ INSPECT ¥ INSERTY MAKEY  ADD-INS
Offset Plane

Creates a construction plane that is offset from the
selected face or plane.

Select a face, plane, or sketch profile, then specify
the offset distance.

i e Aot B o Aind M Adedd A
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5. Specify 500 mm as the offset distance;

© OFFSET PLANE

Plane X 1selected B

Extent |~ Distance -

Distance 500 mm -

L] OK Cancel

R T T DR Wy PENE 'OR WY PREE Y TP DR S apen WP 8

¢
‘?
:
i
|
|
\
S
;
c
E

6. Repeat the same procedure for the internal shell (“Plane Trough Three Points” and
“Offset Plane”);

© PLANE THROUGH THREE PONTS

© OFFSET PLANE

Plane & 1selected B9

Extent |+ Distance -

AN ARG A b AN M A A

OK Cancel Distance  -500 mm -

S (i ] OK Cancel

PURY & FDPTPY Y S PO Or Y W e

R T Y I R R vy D RN © e S
BV R S BU Y SN D S T _,AJ

7. Create a new sketch using the outer plane and use the “Project” command to replicate
the surface boundaries; select the whole face and click “Ok” when done;

© PROJECT

Geometry R 1selected BB

Selection Fiter E o

Projection Link

o OK Cancel

PO e P W LR

ST PV v S WP SRS D ‘__._’n-'-.. % SR J~..—A—J
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8. Create an internal offset with a distance of mm;

© OFFSET

Sketch curves R 1selected B4

- Chain Selection
Offset position 400|

Flip R

L

N NN [ OK Cancel -
RN :
3

1

{

EPEDV Y i W B BTSSR DA ) M“J‘\,_’-M

9. Being that the projected geometries could assume a shape which cannot be
manipulated (for instance complex splines or similar curves), use the offset geometry
to recreate a boundary composed of lines only. In this case a big “X” has been sketched
as a reference, then the boundary lines have been deleted. The endpoints of the “X”

have then been used to recreate 4 lines;
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10. An alternative to this procedure is projecting the vertices only and then connect them
with lines; the result of an offset of those lines would still represented by lines, so they
can be easily manipulated;

11. Use the “Fillet” command to create a smooth transition between the edges;

Boo sl Y T B B

SKETCH ¥ CREATEY = MODFY ¥ ASSE)
@ Create Sketch 3
01_f == Line L :
ocum Rectangle > !
N Circle > 3
] o Arc » ‘
. Polygon »
] @ Elipse
J Sot >
j Spline 4
—j A Conic Curve 4
] —%— Point
m A Text
EL (" Fillet ShiftsF :
@ > Tnm !
? -/ Extend
v |- Break
B E] Sketch Scale
Q\-MW MO e A B el b

12. Specify a 700 mm fillet radius;

BTV DV R SN SO SD WS  SPURge SR Y ____’-N_..—A«-’
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13. Repeat the same procedure for the inner plane; the final result should appear as in the
next image;

\..A PP N Y WOreI L A Y [ Wy Pr W% OR WY PO Y TP VTSR wper e

At AR "‘\""“w‘&-.’.—-’ww“&"‘—"’

14. Use the “Loft” command under the “Create” menu of the “Patch” workspace;

@ 01_MMM_Clad That- Branch A- WIP v19*

~ R BB W =

MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ~ INSPECT ¥ INSERTY  MA

%) Derive

(1 extrude
) Revolve
QD Sweep
i Lott
L] Patch
& offset
Pattern > e
ﬁm Mirror
€2 Thicken
@ Boundary Fill

- )

&»\.rh-‘ M At A ssohom &

N GPSY DVL N Y STy SRS R TS RS Y NS

62



{\ AUTODESK
UNIVERSITY

15. Select the interior and the exterior profiles to create a lofted shape; click “Ok” when
done;

© LOFT

Profiles

Profile 1 0y B¥ connected

profie2 () ~ ¥ connected -
+ x

Guide Type m %
I

Rails

FUPUSTIPRpYr Y v gy WU VTY e S Wy Y

+

Chain Selection O

Closed () &
Operation [j New Body v 1
<
-
(i) OK Cancel "

BTV DV I S Y A P O e S Y e w‘_’“mww

16. Use the “Trim” command to create the opening both in the external and in the internal
faces;

© TRM

OK Cancel

!
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© TRM

(i} OK Cancel

P PV WY WY DT L SON WY PUIRLY R DRROR T pe TY

Y i e DU NN~ S ™ S Jw—-—-—‘--—-—../

17. Repeat the same sequence to remove the loft geometry going outside the faces;

© TRM

OK Cancel

k“-\.z M A omaBan B d o owh B M assshm he 2 mhated

Y W R T ™

© TR

TrimTool LIRECEEELE X

(] OK Cancel

L W DY SE VR WY PRI Y R DRSNS

BT VP TV e WGy T B © L Y e _"M—-—-’w‘"
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18. Use the “Stitch” command to join the internal and the external shells with the opening
loft;

@ STCH 3
Stitch Surfaces x 1
Tolerance 0.10 mm - ’

€
O— L
v stitch Result i
Free Edges 27 4
Edges to be Stitched 4 2
1
¥ Unstitched Edges ‘
Edge Max Gap j
1 Free Edge A
2 Free Edge }
3 Free Edge 2
4 Free Edge ’
5 Free Edge .
6 Free Edge :
7 Free Edge >
8 Free Edge 1
9 Free Edge 4
10 Free Edge ’
Bt Free Edge ’
12 Free Edge 3
13 Free Edge
14 Free Edge :
Q rd j
4
[} oK Cancel «
d

STV DY I S SRS WP P S e o R yo_’m,—;ew

19. Select the result body and use the command “Thicken” to transform the polysurface to
a solid element; Fusion 360 will create a new solid body without deleting the original
surface;

© THICKEN

Chain Selection
Thickness 40 mm v
Direction h One Side v

Operation g New Body v
OK Cancel

L’ WO NP Y G S PV B PO e DS
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NOTE

The “Thicken” command can be called by selecting a surface, right click and by choosing
“Thicken” form the contextual menu.

It can be also found under the “Create” menu of the “Patch” workspace.

@ 01_MMM_Clad That - Branch A- WIP v6*

FY U Bk =B & B

IESZSE MODFY Y ASSEMBLEY | CONSTRUCTY  INSPECTY  INSERTY  MAKE™Y ~ ADDINS™ = SELECT~
%) Derive
01 extruge
©p Revolve
@ sweep
I Lot
LT_\ Patch
& offset
Pattern »
w Mirror
g Thicken

© Boundary Fl

Lt Y WOURPRL P PN P W PR VO T P Y R WSTESERr RO gy Y Y W TY IS

Another method is typing “S”; this opens the “Shortcuts” dialog. Here, start typing “Thicken”;
Fusion 360 will then display the command by its name.

Patch Shortcuts
SE]

[thick |

€D Thicken

WM
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20. Under the “Inspect” menu select “Section Analysis”. This allows to select a face and
then to generate a model section by just dragging the handle to define the placement
of the section plane;

AA Ve VYt ~ [ - g W

I = o8 B N

ucT~ INSERTY = MAKE~  ADD-INS¥ = SELECT~

= Measure |

@ Interference

AR, Curvature Comb Analysis

Zebra Analysis

(™ Draft Analysis

-/ .

E Curvature IMap Analysis

P section Analysis :

3 Center oT Mass Generates a cutaway view of the model at a single
section plane.

@ Component Color Cycling Toggle Shift+N

Select a face or plane to use as the cutting plane.
Specify offset and angle values to position the
section plane.

Adwh . Aol o -\'.wg.u-‘.

21. Following images show how the cladding shell is now a solid defined by its thickness;

FPRPUUAIGRPY VPV VY SRR SRRSO I YOTE WIS SRIR S Y Y

h J
T P g e P e & Y I i T Ty Wby SNy W
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. y - H

22. Use the specific group in the project tree to switch on or of the created cross sections;

<« BROWSER QI

YRR fs 01_MMM_Clad That - Branct... [O)

D £# Document Settings
D EJ Named Views
D EJ selection Sets
DO P oigp
4 Q B Analsis
@ H® Sectiont
@ H®  Section2
@ B Section3
@ B sectiond
DIv U O I Structure v2:1
DI (O oz_mmm_nteriors vi:1

i
i
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10.5 Panel Division

Once the shell has been modeled, it is necessary to divide it to define each single cladding
panel. To do so, some sketches need to be defined; these will be then used to extrude a number
of surfaces which will drive the shell division.

1. Start a new sketch using the XY plane as the sketch host;

700

2. Use the “Project” command to select the four vertices identified below;

© PROJECT

=
Selection Fitter “ ()]

Projection Link

[i ] OK Cancel

Mot Man A a2 A M b 2 mhital A ANN A

BV DY I Y A Y S T e TR e w‘_‘"ww

3. Sketch lines as shown on the next picture;

Show Dimsnsins -]

\5, Show Constraints

Show Projected Geometries @
L4 30 Steten @
\ ¥ Constraints.
¥ st ;
Concentric. -

Midpoint

©

FixUnFix

&
40 AN B D

i

Stop Sketch

\‘.»'-—t-uuut B, VIE U PRy SO Y PRSP S Ve

By i P I o I Iy W T Y S e airs BN
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4. Usethe “Collinear” constraint to align the “outer” lines with those having the projected
vertices as endpoints;

5. Use the “Offset” command to create a parallel line with a distance of 1800 mm from the
lower one;

Chain Selection

Offset position -1800 mm
Fip &2
(i} \ OK Cancel |

e TP VRSN Y VY WV TY e e Wy

6. Insertasplinein the remaining space as shown below;

PETURGRPY VY WP TY L W ey v

BT R W e I I T T gy ey BV SNy oW

7. The sketch is finished; close it and rename it as “Vertical Cuts”;
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8. Start a new sketch using the vertical face of the continuous footing as the host;

==

A AR P b B A P i L e w_’-.....»}

9. Use the “Project” command to capture the projection of the lower line; this is coplanar
with the floor upper face; create an offset of this line upward and specify a distance of
1000 mm;

0051 |

© PROJECT

e x
Selection Fiter B o

Projection Link

(i ] OK Cancel

A mhnah A AMN SRS A had s

SOV I S WP SR DU RN U SV SRS SRS ST S ST gy W S Sy we N
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10. Use again the “Project” command to capture the two points identified on the next
picture;

]

A
!

0
P
@ PROJECT

Selection Fiter (@]

Projection Link

(i} OK Cancel

G PUIPEY N NSO TRy Y Y S STy g

11. Create a line connecting these two points and add another collinear line to make the
geometry to continue beside the shell shape;

12. Extend the slanted line and the horizontal one (that one created with the offset
command) to find their intersection point;

d &Y o

.o i BB W =

IESGIEE CREATEY MODFYY  ASSEMBLEY  CONSTRUCT™  INSPECT ¥
Create Sketch

3 01_f~ Line L
Rectangle
Circle

Arc

5
2
vvvyw

Polygon
@& Elipse
Slot
Spline >
A Conic Curve
-4 Point
A Text
8 'f,‘ Fillet Shift+F

/- Trim "
—

-/ Extend

|- Break Extends a curve to the nearest intersecting curve or

) m boundary geometry.
- E] Sketch Scale
) = A Pause the cursor over the curve to preview the
Q & Offset o portion to be extended. Select the curve to extend it.
DI@ mirror

‘L‘* M ASAR Assolion o e s Al MR A, e e

s S 2 Clriuiﬂr Pattern . , . -~
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13. Sketch a third line between the other two ones;
14. Use the “Symmetry” constraint to force the third line to be the bisector of the angle;

]

Show Constraints

Show Projected Geometries !
3D Sketch 3
g‘ ¥ Constraints j
8 IS
Colinear 4 3
Midpoint A {
FidUnFix a8 i
Paralel Vi
Perpendicular N4 z
HorizontalVertical 1 j
Equal = 3
s @ :
Stop Sketch
B R T I I e ™ I i WS DV APPSIY WSy SV Ay W ‘_—A‘.»j

15. Lines should now be displayed in black since they are fully defined and constrained,;

0000L
200 2 omintah A AN

TS P R PRReRSSS
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16. Create a line like that one in the picture below and use the “Break” command to split
the three converging lines;

J avor

<4
Z =7 4
. Bom-ve Y OB B
SKETCH ¥ CREATE™ = MODFY~¥ = ASSEMBLE™ = C
[ create Sketch
01_f == Line L !
socun{  Rectangle »
amed  CiC >
e »
Polygon »
19 4
@ Elipse
s 9 1
j Spline » 3
J f\ Conic Curve i
ERN P
-4~ Point
oy 3
=) {+ Fillet ShiftsF :
= </ Trim T
Q
9 | Break
@
o srerer
B L Offset 0 ;
9 3
DIg Mirror :
\? @Clrcular Pattern ‘.
9 272 Rectangular Pattern ;
9 Project / Include »
Q Mesh > !
() | [ —————— 3
[+ Sketch Dimension D H
@ &3 stop Sketch
]
@ @ Pane2
Q @ Plane3 <
? Plane4 }
S AR APt A A A PO S or Ty

17. Remove the converging parts of the
three lines. This will be useful later
when the lines will be extruded. This
way the result of the extrusion is
three disconnected bodies while the
lines with a point in common could
have generated a connected body
instead. An alternative is to select
the converging portion of the lines
and press “X”; this transforms the
elements in construction lines
which will not take part on the
following extrusion; 3

: ;
BT LDV I S A U O e Tl DU R © S Y S
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18. Finish the sketch and call it “Radial H Cuts”;
19. Create another sketch using the XY plane as the host;
20. Use the “Project” command to identify the same set of four points used before;

@ PROJECT

Selection Filter O

Projection Link @

(i} OK Cancel

Aad Man Ao b A M annnmim b 2Dt A AR A NS A

21. Create the lines connecting the first with the second couple of points and extend them
(or add additional collinear lines) in order to define their intersection point. Also
extend (or add additional collinear lines) the two lines below. The scope is also having
the lines extending beside the body shape in order to drive an effective cut geometry;

/
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oA M Al Assotian S Sy s Ahe A B, e e iy A S

|
|
|

~
()]



{\ AUTODESK
UNIVERSITY

22. Use the  “Circular Pattern” « ¢+ - 2

command to create a total of 6 SE -/ & m 1/' f‘} Q [g
radial lines starting from the SKETCH » CREATE™  WODFY~  ASSEWB

[i# create Sketch Y

intersection point;

01_| .2 Line L

ocum Rectangle

— Circle

Arc

YVYVYY

Polygon
@ Elipse
A
Slot
Spline >
A Conic Curve

e BB G S
o

—}- Point

A Text

{* Fillet Shift+F

/- Trim i
-/ Extend
|- Break
Sketch Scale
AL Offset o

WOl sticcoc

@ Circular Pattern
e Reclanguiar Canern Duplicates selected sketch curves in an arc or

circular pattern.

==l

Project / Include »

Mesh » Select the curves to pattern, the point to revolve
’ around, and the quantity.

23. Specify the elements to be
repeated, the center point, the
number of items and the angle ﬁs;jjj:ff"

(this can also be measured £ constucin
SRR I B A DI e antt L et
before);

|‘_‘| Sketch Dimension D

Q@ U U WY DO

r
7 T P N A PR PRy PRI YUY W PR

© CIRCULAR PATTERN

Objects [} 3selected X
Center Point x
Type < Angle v

Suppress

Total Angle 30.371 deg -
Quantity 6
(i ] OK Cancel
\

\

\ )
(S} - 1
=3 =4
3 S
8 3

‘\ w \n
-8\
\ S \
T
n ‘ \ '

A A bAoA A RORQL A d e et ROR0L s i 2RO A

L
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24. Mirror the second to last line in order to have an additional split element above the
portion of internal shell on the right; use the last line as the mirror axis;

0000€

[

0000

© MRROR

Objects Iy 3selected X

OK Cancel

0000L

R’ WO NP Y (PP Ny DY VT VOR WY PRI Y P DRIROEERTRpae Y ueerpeape v Y Y W

Ouuus
00001

BT W I R A e v P~ 4‘..-“-‘.-"*.,Jﬂ.‘b.“__“'..*l-uu-‘}

25. Cut the last part of the converging lines using the “Break” command as explained
before;

PY YR Wiy PV SE VOR WY PUIRLY TP DR e e e Y

26. Finish the sketch and call it “Radial V Cuts”;
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27. A set of three sketches has been created; these will be now used to create extruded
planes to drive the panel division;
28. Turn on the visibility of the “Vertical Cuts” sketch and click on the “Extrude “command;

@ 01_MMM_Clad That - Branch A- WIP v8*

rFY T Bl = e 2 R

MODIFY~ ~ ASSEMBLE ¥ CONSTRUCTY  INSPECT~ INSERTY  MAKEY  ADD-INSY = SELECT~™

I
— B

¥

IV

NPT Y PP VR N YRS GRS R QP Y SV I - SENPRpVeTa

g K Adds depth to a sketch profile or planar face.
= % Sweep
I Lot
G Paten
& offset

Pattern »

mﬂ Mirror
€9 Thicken

@ Boundary Fill

Select the profile or planar face then specify the
distance to extrude.

> €
STV DV I S W DD S D PRy JQJM.——’

29. Select the four curves in the sketch and use, if needed, the “Two Sides” direction to
make sure that the extrusion spans for the entire height of the cladding body;

e e

_— s 3}%
4
i
© EXTRUDE ’
Profie - 4 selected [ {
Chaining
Start b Profie Piane v i
1
v Side 1 <
4
Extent || Distance 4
Distance 2225594 mm j
TaperAngle 0.0 deg 4
v Side 2 }
Extent || Distance 3
Distance 10206404 mm ’
TaperAngle 0.0 deg ’
Operation (T New Body ‘.
020E+04mm | v L] OK Cancel i
4
i
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30.Under the Body section of the project ”A é@

tree, right click and create a new group D Q@ B3 orign
called “Vertical Cuts”; 49

@

Q

A0

Q@

Q@

@ @ Boayr7(1)

@ @ Bogyrs(1)

31. Drag the new bodies inside the group;
32. Use the “Thicken” command to define a 40
mm thickness for each of the created

A @ F7] Sketches
vt el sictent o

D @ EJ origin

Vertical Cutsﬁ

Base Body

@B
O
@ [ shene)
9 ©
-

4 @ B Sketes =
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33. Specify “Symmetric” as the direction and 20 mm as the thickness (it means 20 mm for
each side, for a total of 40 mm in this case);

-~

@ THICKEN

Faces R 4 selected B

Chain Selection

Thickness 20 v

Direction m Symmetric v

Operation [j New Body -

(i} OK Cancel

Y WO P PP WY PO YOI Y PRUEY T DRGSR weorapae VY PRV SRV T S
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34.The thickness command generated new four bodies; drag them inside the Vertical Cuts
group;

D g¥ (1) Boundaries:1

VRS o: poicn 21 O ;
D@ B3 oOrigin
4 Q . 5gss,, }
A Q E] VertcalCuts — <
Q@ @ Bodyrs(1) ‘-\"\
Q @ soayrs (1) B J
Q @ Booyrzr) SR £
@ @ Bodyrs(1) J
D @ B3 RadialHCuts (3) -
D @ EJ RadialVCuts(8) ’
@ ([ BaseBody 1
Q@ @) sheno) 1
@ (@ Ccladding }
o
0 4
O .
) [E !
o Aj g‘ﬂ(ﬁtihfoﬂ-’tu’ qJ
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35. Change the workspace and choose “Model”;
36. Use the “Combine” command to cut the cladding shell with the vertical surfaces just
created;

@ 01_MMM_Clad That- Branch A-WIP viT

e FPEmm @ =1

SATEY MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT:

Combine

Performs boolean operations between solid bodies.

Select the target body then select one or more tool
bodies to perform a join, cut, or intersect operation
on the target.

e

37. Select the shell as the target body and then the four vertical components as the tool
bodies. The “Operation” must be set as “Cut” and the “Keep Tools” option must be
checked to maintain the vertical elements and be able to re-use them in a second
moment. Click “Ok” when done;

© COMBINE

Target Body [} 1selected X

Tool Bodies R 4 selected B3

Operation Bcut - I

New Component (@

Keep Tools

(i} OK Cancel
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38. The result should be like that one shown below;

\w‘ L PORO RSPV VL VEPORETE N Y [P Wiy PP o VORI DU Y T AR
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39. Repeat the same process for the other sketches;

Ao

S © COuBINE

Target Body [} 1selected X

Operaton Sicut |

. New Component @

Keep Tools

- e —

(] OK Cancel
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NOTE

In some cases, selecting elements can be difficult since Fusion 360 could give the priority
to components “behind” that to be selected. In this case, disable the “Select Trough” option.

This also allows to set a selection filer, making possible to reduce the set of selectable

ADD-INS ¥ 3

CL Select

q Window Selection 1
C{) Freeform Selection 2

n'?,'!-» Paint Selection 3

Selection Tools

Selection Priori
[} Selection Filters

[ select Through I

7] Select All

@ Bodies

E Body Edges
[~ Body Faces
[ Body Vertices
M canvas

E Components
@ Custom Graphics
M pecal

[ pimension

M Features

@ Joint Origins
[Z Joints

[ Mesh Bodies
[ Mesh Facets
[ sketch curves
Z Sketch Geometry Constraint
@ Sketch Points
[ sketch Profiles
[ T-spline Body
@ Text Selection
[ work Geometry

e b WY T VO PRV B PRIV VL VPR Y WY WY P YOR Y B

|
A AR e b A Ao }

elements or to force the selection to a specific element only.
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40. Use the “Appearance” dialog (right click on the work area and choose the “Appearance”
command) to define new material or to load them from the Fusion 360 library;

-/ RepeatExtend |

Delete G | @ Press Pull |
Undo & | ¢ Redo |
Move/Copy ¢§+ | Hole |
Sketch v |

@ Set Orbit Center

& Reset Orbit Center

(2 Dbocicoidiotocio

I Appearance I
T T OO

Unisolate
Workspace >
Sketch >
Create 4
Modify 3
Assemble >
Construct >
Inspect »
Insert >
Make 4
Add-ins >
>

Mt A bt M i At oA M At l A el

Select

\AAMM

41. Assign the material to the desired bodies by dragging and dropping the material icon
above the desired elements;

CREATE ¥ MODFY ¥ ASSEMBLE™  CONSTRUCT ¥ INSPECT ¥ INSERTY = MAKEY =~ ADD-NS™  SELECT~

© APPEARANCE

v Apply To:
Bodies/Components. ®
Faces. (~]

" v InThis Design

v Library

2]

[search

&2 | Fusion 360 Appearances | &3 MyAppearances Favorites.

Show downloadable materials

Paint - Enamel Glossy (Grey)

Paint - Enamel Glossy (Red)

Paint - Enamel Glossy (White)

Paint - Enamel Glossy (Yelow)

~
&
()

B2 metatic
"1 Powder Coat Rough

\ | |
AARR A A A s Aadii e A A‘Q”u-N-MAL&l-M-“. Ada

[ Close

e
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11 Exercise #3: The Freeform Environment — one Branch and one
Theatre

T W, LS W DI W P VU Sy WY W, WO G TP VL

i
E
|
|
!
3
\
|
|
!
.

The scope of the current exercise is understanding the main modeling techniques inside the
freeform/sculpt environment. This allows to freely manipulate facets, edges or vertices using
the T-Spline technology.

Use the file “02_MMM_Clad That - Branch C.F3D” and start a new design with it; otherwise
open the project from the A360 folder.

Create a new component called “04_Freeform — C” (“C” stands for the building branch) and
activate it.
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11.1 Base Geometry Creation
1. Create a new component and call it “2_Extrusion”; make it active;
2. Click on the “Sculpt”icon to activate the freeform workspace;

@ v2_MMM_.
— R
/ B@le P SOE B
CREATE ¥ MODIFY ¥ ASSEMBL%
ol Create Form

Enters Form mode and inserts a form feature into
the timeline. Use form tools to create and edit
history-free bodies by pushing and pulling on
vertices, edges, and faces. This is commonly referred
to as T-Spline modeling.

vl

Select Finish Form to exit out of the mode.

3. Asin the previous exercise, the “Loft” command is going to be used here, too. In this
case, the command will generate a T-Spline geometry instead of a B-Rep one;

.

@ < a B > = -A

IEESEE MODFY ™ SYMMETRY Y | UTILTES Y SKETCH ¥

Box ol =

02_f @ Plane nch C- WP v1

a cu’m @ Cylinder
med 0 Sphere

elect| & Torus

ol e Quadball

Al & Pipe

j ‘:Z/‘ Face 2:1
] T Extrude 1

S| @ Revolve

_J % Swieep

] B Loft

=

Creates a transitional shape between two or more
sketch profiles or planar faces.

Select at least two profiles to define the loft. Refine
the shape by using rail or centerline guides or point
mapping.
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NOTE

A T-spline surface can be thought of as a NURBS surface for which a row of control points
is allowed to terminate without traversing the entire surface. The control net at a
terminated row resembles the letter "T". Modeling surfaces with T-splines can reduce the
number of control points in comparison to NURBS surfaces and make pieces easier to
merge but increases the book-keeping effort to keep track of the irregular connectivity. T-
splines can be converted into NURBS surfaces, by knot insertion, and NURBS can be
represented as T-splines without T's or by removing knots. T-splines can therefore, in
theory, do everything that NURBS can do. In practice, enormous amount of programming
was required to make NURBS work as well as they do and creating the equivalent T-Spline
functionality would require similar effort.

4. Select the internal edges as shown in the next picture and specify 4 faces both for the
Length and for the Width directions. Avoid dividing the surface with too many faces
since it will become more difficult to edit the shape and the resulting geometry can
lose smoothness or have discontinuity areas;

— = —— = © LOFT

— = =48 Profies ;
= =
= e =——— J— L Pofie1 () ¥ connected (G0) !
7 i — K Pofie2 () v B Connected (G0) ~ )
- —— ii 1
= 1 = 1| - - ¢
— : X i Guide Type m [ 1
= e - —=
- T - ; ==l \ 7‘/"/:7:/;, = Rails [} J
== — 4
== = 4
<
~ - 4
+ {
T~ Chain Selection () ;
! Closed (W] ¢
= — = | - y Eiofle 20 ‘ Length Spacing 'B Uniform P
- ! Profile 1 I Faces 4 : I J
E—— Width Spacing % Uniform v }
=t = . (=
|2 - O f_| IFaces 4 z I )
S e \ Operation & New Body - ’
: L] OK Cancel :
I Sk At e bl . B o Bt Rt B ot ol . [t ap bt . P ton .—"*"“.’"“”—__’_’
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5. Asin the previous exercise, for the second vertical surface, it is necessary to create a
sketch to define a continuous edge line since the wall edge is interrupted by an
intersecting floor;

-

Length Spacing % Uniform
Faces 4
" wien Spacing Y Uniform
Faces 4

Operation ) New Body -
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7. It is possible to proceed in two different ways to create the “ceiling” of this internal

shell:
a. Adding another loft element and joining its edges with the two vertical walls’

top edges;
b. Creating a “bridge” between the two vertical walls;

11.1.1 Loft and merge
1. Create a new loft using the edges or the roof; if selecting an edge is difficult, keep the

left mouse button pressed until a dialog appears: this allows to choose between all the
overlapped and selectable elements;
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2. Specify 4 faces both for Length and for Width directions and click “Ok”;

s snson P

3. Turn off the visibility of the other components;
4. Click on the “Merge Edge” command; this allows to select a group of edges and to
merge them with a second group to create a continuous surface;

@ A B.o=-7

Ev SYMMETRY ¥ UTLTES ¥ SKETCH ¥ CONSTRUCT ¥
& Edit Form

Ao,

6 Insert Edge

iTha
108 @ Subdivide
<3 Insert Point

Aligns the first set of selected edges to a second set
of selected edges.
& Fill Hole

i Select the first set of edges then the second set of
Struq JX Erase And Fil edges.

ateril @ Weld Vertices
-s:1 ?} UnWeld Edges
<A1 Q.; Crease

T & Uncrease
9 Bevel Edge
4 side Edge

w2 ® Smooth
ays |BE] Pun

1y10 | 3 Flatten
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5. 1In this case the two groups of edges are almost precisely overlapped: double click for
selecting the first sequence composed of 4 segments; click con the “Edge Group Two”
to enter the second group and double click again on the edge. Fusion 360 understands
that a first group of segments have been selected so it keeps as selectable the edges
that have not been selected yet only; this method allows to quickly select the two
groups avoiding mistakes;

@ MERGE EDGE

Edge Group One [} 4 selected X

e Gz e

Maintain Crease Edges (O

[i] Cancel

rG, e g A A B AL AR s A A AL N A Ay A

6. Click “Ok” when done and repeat the same procedure for the other edge;

4
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11.1.2 Bridge creation
1. Undo the “Merge Edge” command and the creation of the “roof” surface to come back
to the elements as in the next image;

9y

2. Click on the “Bridge” command under the “Modify” menu of the “Sculpt” environment;
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3. Thiscommand requires to select two edges composed of the same number of segments
and to specify how many faces must be created to interpolate the first edge with the
second one. In this case 4 faces will be set;

© ERIDGE

Side One Iy

Side Two

Follow Curve Q

Preview C]

Twists 0.00 -
I Faces

Flip Direction1

0O O]~

Flip Direction2

Maintain Crease Edges Q

(i ] OK Cancel
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4. Click “Ok” when done and compare the result with the previous method;
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5. Try to set a different number of faces and check the differences on the created
geometry;

1 face

LW»N\ A AR AL B g, e Ay A e

10 faces

|

Aot S S 2 Ade A B, -.«uh—&g‘, \M_W.A~\A“‘AW.‘« e ~

100 faces

B e Y J

The base geometry is now created; the next step is using it to model the internal and the
external shells.
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11.2 Internal and External Shells
Fusion 360 does not allow to offset surfaces while in the “Sculpt” environment but there is a
command which can be used as a workaround and which produces the same result.

1. Click on the “Thicken” command under the “Modify” menu. This command works in a
similar way of the other with the same name that can be found in the Model and in the
Patch workspaces;

—

= match
€9 Thicken
reeze Creates a body offset.
‘E‘ Move/Copy M Select the body then set the thickness and end
treatments.
mf=} Align

Physical Material
@ Appearance A
Manage Materials ,

(3 Delete Del 7 7/

-

AR s Ahd Arohon S S 5 AR A

I ik B et M o Dt s B ot ol sl ot

2. Specify 250 mm as the “Thickness” and set “No Edge” as “Thicken Type”. This generates
an offset geometry inward;

© THICKEN
T-Spline Body ELIREL -Gl X

Thickness 250 v

Thicken Type  |AIIZET

Direction

250 mm
(i}

Ay A A L A AR A A A A T Ay e

B T e el I Y el o R --‘—J
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3. Repeat the same outwards, specifying 700 mm as the Thickness;

© THICKEN
T-Spline Body X
Thickness -700 mm

ThickenType  Z No Edge
Direction 3, Normal

(i} OK Cancel

D W L L T R O PN T U W VI Vg NP Vo

4. Switch off the visibility of the base surface and make the building structure component
visible; the external corner curvature is too big so that the surface intersects the
concrete structure;

==

= ///#‘* K =~ ’

=== ==

~— — — ...'. ,
- 1 r

- ‘
AE;
s, Y S

96



{\ AUTODESK
UNIVERSITY

Use the “Edit Form” command to be able to manipulate the surface sub-components
such as vertices, edges and faces;

Il & % @oet

EY MODFY~ SYMMETRY ¥ UTILTES ¥ SKETCH "

Edit Form

Manipulates faces, edges and vertices with
transform, scale and rotate editing.

Select faces, edges, or vertices to enable the
manipulator. Double click a face or edge to select a

The “Edit Form” control dialog allows to set several options in order to increase the
efficiency while manipulating the shape;

a. The “Transform Mode” allows to choose to translate, rotate, scale or to have a
combined approach allowing to perform the three kinds of edits (this is the first
icon);

b. The “Coordinate Space” allows to edit elements using the global coordinates,
the plane perpendicular to the point of view (View Space) or local coordinates;

c. “Selection Filter” allows to limit the editing capabilities to vertices, edges,
facets or all of them;

d. “Soft Modification” is for “expanding” the edit effects to surrounding elements;
this propagates the changes depending on a parameter called “Weight”. The
main scope of the “Soft Modification” is obtaining smooth transitions inside the
surface;

© EDIT FORM

T-Spline Entity R 4 Edges

Transform Mode . s B &
Coordinate Space . L;] ‘;E 'fg"?
Selection Fitter ‘s T @ ﬂ
» () Object Snap

» () Soft Modification

P Selection Options

P Numerical Inputs

(i} OK Cancel
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NOTE

Selection Space transforms selected objects as a group in the direction of the axis of the
manipulator. Local Per Entity transforms each of the selected objects locally, relative to the
direct of the axis of the manipulator.

7. Select the “corner” edge and drag it as shown in the next image; use the “View Space”
Coordinate Space (second icon); use the vector components in the red box as a guide
for the movement of the selected edge;

=

iP:% I 806.992mm v 670.599mm v IZ" I

@]
.Q ¢§> S © EDIT FORM
T-Spline Entity X
Transform Mode . & E'.a ﬁ
>~ Coordinate Space |z, n b= %

Selection Fiter s F o RS

)

AL AL AR A A A

-~ » (O object Snap

» (O Soft Modification

» Selection Options

» Numerical Inputs

8. The result should appear as shown in the picture below;
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9. Use the same technique to move the highlighted edge away from the structural walls

intersection and to raise the top faces to avoid the clash with the roof edge;

T Y e gy o A B A AR s A A D Y s Ay

o A e O ol g ot \'J

10. In this case, use the “Soft Modification” to avoid generating “twirls” and irregularities
on the geometry;

= |
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(i} OK Cancel
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11. Move up the two selected edges to avoid the interference with the roof;

i {

| )

© EDIT FORM i

F— x {
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12. Use the same command to move the outer shell lower edge to reach the foundation
top face; lower it by 280 mm;

© EDTFORM
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Transform Mode . i & & i ‘

LAL“ [V

Coordinate Space . gy %
Selection Fiter & T W RS
& ! | L
» O object Snap (
» @ soft Modification 1
4
» Selection Options e S — :
» Numerical Inputs 4
280 v ?
[} OK Cancel ;
L4
<
B il ] o OV SRS A S A O v T TR L S S ’*—‘—J

100



{\ AUTODESK
UNIVERSITY

11.3 Parapet Creation
The next step is related to the creation of the parapet and to connect the internal and the
external shells.
1. Select the external lower edge only; this will be used to drive the parapet definition.
Measure the height of the edge from the floor top face and if needed adjust it to be
around 800-1000 mm: for this task use the “Measure” command (type “I");

ch e -Finalvis*

o 555 o) = [N

« @ MEASURE
RUCT ™~ INSPECT ¥ INSERTY MAKE~™ ADD-INS ¥ SELECT~ ‘
M i - -
=m0, Selection Fitter ﬂ L}
Reports distance, angle, area, or position data of the
selected object.
.. -

Select a vertex, edge, face, body, or component. Precision 0123

Secondary Units None -

Restart Selection 4

Show Snap Points l:l

[ ] Close

Y NS VUVSISRY "‘Muﬁ‘__’_"}

13. Next image shows the edge to be selected;
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14. Click on the bottom face of the View Cube to move the point of view below the building.
In this case this allows to have a better point of view of the slab so that it would be
easier to model the parapet boundary;

15. Use the “Edit Form” to start the parapet definition; keep the Alt key pressed while
dragging the edge to create new faces. Follow the floor perimeter and stop the
modeling about at 500-1000 mm of distance from the other external shell edge;
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16. If needed, change the rotation of the last elements in order to match the slope and
orientation of the related element of the external shell with whom it will be connected
to finalize the parapet modeling task;

@ EDIT FORM
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17. Use the “Merge Edge” command to join the two edges;
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18. Use again the “Edit Form” feature to drag the top edges (whose amount depends on
how many segments have been added using the Alt + drag feature) of the parapet
outwards;

© EDIT FORM

Transform Mode . s B
Coordinate Space . =
-5

Selection Fiter N

L)

» (O Object Snap

» @ Soft Modification

/

» Selection Options

» Numerical Inputs

e oK Cancel

o
\» 15,148 o)

Mo Ay e S AL AL B Am s

19. Repeat the same procedure to create the internal face of the parapet and drag the
upper edges outward to have them closer to the related edges of the outer face;
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20. Use the “Bridge” command to start joining the external and the external faces; set “1”
as the number of faces to be added with the bridge command;

21. Avoid selecting the whole set of external and internal edges; it advisable to proceed
step by step instead to maintain a higher level of control on the final shape and to
correct possible errors;
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22. Notice that if a single edge remains between the two sides of a “bridge”, this will be
merged on the result geometry;
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23. Repeat the same procedure for the vertical sides of the opening; be sure to select the
same amount of edges for both the sides, otherwise the “Bridge” command may fail;

© BRIDGE

Side One

&

Side Two
Follow Curve
N Preview
Twists
Faces

S Fiip Direction1

00 - s0vE~

Fiip Direction2

. Maintain Crease Edges (@

() oK Cancel
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24. Repeat the same on the other vertical side;
25. Use the same command to close the hole on the top side;

© BRDGE
Side One
Side Two
Follow Curve

Preview
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Fiip Direction1
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Fiip Direction2

Maintain Crease Edges (@

OK Cancel
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26. The result should appear as that one shown below;
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27. Notice that there are some interferences between the cladding shell and the concrete
structure. These are clearly visible on the next picture;
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28. Select the facets indicated in the previous picture and use the “Edit Form” command to
rotate and to translate them outwards;
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29. Use the “Edit Form” again for creating the bottom shell. Select the bottom outermost
edges of the parapet and drag them while pressing the Alt key. Use the most
appropriate “Coordinate Space”; this can vary depending on the surface shape and
orientation and on the specific modeling preferences;

© EDTFORM

T-Spine Entty x

Transform Mode . [

Coordinate Space . 9% ok
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30. Create a Bridge to join the side edges. Notice that in this case the two sides share a
vertex,

© BRDGE
Side One
Side Two
Follow Curve
Preview
Twists

Foces N

Fiip Direction1
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Fiip Direction2
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OK Cancel
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31. The result is a continuous and smooth surface;
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32. The right side of the building branch has a footing which extends more than the other
one; this means that the cladding shell must be edited in order to avoid the
interference with that structural member. Select and remove the highlighted facets;

33. Edit the vertices using the “Soft Modification” option to adapt the shape to the footing
geometry;

Bl © D FORM

Transform Mode . s & B
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34. Finalize the task by creating a bridge geometry to close the gap. Even in this case the
two bridge sides share a vertex;

© BRIDGE
Side One
Side Two
Follow Curve
Preview
Twists
Faces
Fiip Direction1
Fiip Direction2

Maintain Crease Edges

(i} Cancel
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35. Edit the vertices position to refine the spatial relationship between the shell and the

structural foundation;
36. Click “Ok” when done;

© EDIT FORM

R 1 Vertex Y

Transform Mode . I&: E!} m
Coordinate Space . 2 Y gk
Selection Fitter H F @ ﬂ

T-Spline Entity

» () Object Snap

» O soft Modification

P Selection Options

» Numerical Inputs

[ ] OK Cancel
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11.4 Connection with the retaining wall

Once the shell geometry has been defined, this must be connected with the retaining wall.
The area identified by the red boundary should be filled with a surface connected with the
cladding shell.

To obtain this objective, a sketch must be created to drive the creation of a loft surface. After
that, the loft edge will be merged with the existing shell edge.
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1. Start a new sketch using the retaining wall face as the host;
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2. Usethe “Offset” command to create a 500 mm offset of the lower edges of the retaining
wall;

P U2_iMhwi_ule s Tha- bl
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Sx CONSTRUCT ¥ INSPECT ¥ INSERT¥ ~ SELECT~ = STO

@ Create Sketch
=) Line L
Rectangle

Circle
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Polygon
@ Elipse
Slot

v

Spline »
f\ Conic Curve
-%- Point

A Text

(" Fillet Shift+F

/- Trim T
-/ Extend
|- Break

Bl sketch Scale

@ Offset o

Copies the selected sketch curves a specified
distance from the original curves.

irror

0:? Circular Pattern

0-0 Select the curves to offset then specify the offset
&-o Rectangular Pattern distance.

Project / Include
Mesh >

[ sketcn Dimension D

@ Stop Sketch
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3. Uncheck the “Chain Selection” and select the three lines highlighted below;

© OFFSET

Sketch curves R 3selected b4
™~ Chain Selection (@

Offset position -500 mm

Fip &

ncel
wr (i} OK Cancel
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4. Without stopping the sketch definition, create a “Fit Point Spline” and use the shell
vertices to drive its shape; also select the offset lines and press “X”: this turns them on
construction lines (shown with the dashed line pattern);
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5. Create another spline using the offset edges as a reference; the result shape is not
precisely matching with the original linework;
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6. Turn off the visibility of 3D bodies and adjust the green handles of spline vertices in
order to have the curve the closer as possible to the offset edges. It is not possible to
have the two geometries precisely coincident since the offset geometry is a polyline
while the spline is a continuous curve;

7. The edited handles change their color and become cyan;

8. Stop the sketch creation;
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9. Asdonein previous exercises, use the “Loft” command to create a surface interpolating
the two curves; specify the number of divisions as in the below image (Length = 8,
Width =1);

© LOFT

Profiles

Profie1 O B connected
Pofie2 () ~ B> connected
+ X

Guide Type m *
Iy
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4
Chain Selecton @
Closed @
Length Spacing &} uniform -

I Faces 1 : I

Width Spacing ) Uniform

I Faces 8 3 I

Operation @) New Body

o OK Cancel
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10. Use the “Merge Edge” command to join the two surfaces, obtaining a continuous and
smooth shell;
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}

© MERGE EDGE g

Edge Group One k B8selected X )
Edge Group Two x

Maintain Crease Edges (O I

4

(i} OK Cancel !
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11. The result should appear as in the next picture;
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12. From the project tree, select the original base geometry and deleted it since it is not
going to be used anymore (right click to visualize the contextual menu);
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13. Click on “Finish Form” and repeat the procedure followed on the previous exercise to
thicken the shell and divide it in panels;

© THICKEN

Chain Selection

Thickness 40.00 mm
Direction &y one sige

Operation (& New Body

(i} OK Cancel
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14. When solid models have been created, it is possible to the if there are interferences
between geometries; use the “Interference” command under the “Inspect” menu;

@ 02_MMM_Clad That - Branch C - WIP v13*

) =8 o o % N

UCcT~ INSPECT ¥ INSERT ¥ MAKE ¥ ADD-INS ¥ SELECT ¥
R AS L .
|- @ Interference :
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bodies or components.
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@ Component Color Cycling Toggle ~ Shift+N
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15. Select the elements to test;
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16. Check the results and correct the found issues;

F Interferences Results

Groups Volume. Component 1 Component 2
1 2.099E+07 mm*3 01_MMM_Structure v2:1-Bo...  01_MMM_Structure v2:1-Bo...
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2.117€+07 mm*3 01_MMM_Structure v2:1 - Bo..

01_MMM_Structure v2:1 - Bo...

6 6.1426+06 mm*3 01_MMM Structure v2:1-Bo...  01_MMM_Structure v2:1-Bo...
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11.5 Theater acoustic ceiling

The scope of this exercise is showing how an interior cladding can be created for a bounded
space. This is a small cinema on the lower floor of the building.

b ST I RGN I VORI R Y

Use the file called “03_MMM_Clad That - Cinema T.F3D” to start a new design or open it from
the A360 project.

11.5.1 Ceiling: Main shape creation
1. Create a new component called “04_Cinema”;
Following image shows the building area in which the acoustic ceiling must be
modeled;
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3. Orient the view to clearly see the bottom face of the second structural slab;

4. Start a new sketch and indicate that face as the host; keep the left mouse button
pressed to have Fusion 360 showing a dropdown menu allowing to choose the right
host;
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5. Create a sketch using as a reference the walls edges; if needed, use the “Project”
command; two lines only are needed in this case;
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6. Select all the sketch elements, right click and choose “Break Link” from the contextual
menu to remove the connection with the original projected geometry. This allows to
freely manipulate the sketch elements;

A | Move/Copy 3+ | | @) Hole
- | Sketch v |
@ Set Orbit Center

7. Finish the sketch;
8. Select the outer line and make right click; choose the “Move/Copy” command;
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Delete [T (@ Presspul
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[§ Create Selection Set

Edit Sketch

H Sketch Dimension s
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I Copy Ctrl«C-

Find in Browser
Find in Window
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9. Move the line downwards by 500 mm and click “Ok”;

10. Click on “Create Form” to enter the freeform modeling workspace;
11. Create a loft using the two lines as profiles and specify 4 faces both for Length and for
Width directions;
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12. Create another Loft, between the ceiling edge and the seat element edge as in the
following picture; divide the surface with 4 and 2 faces as shown in the Loft dialog
below;

| e@ LoFT
Profiles
profie1 B connected (G0)
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+ . ’
Chain Selecton ([ ; ¢ :
Closed o 7 “
Length Spacing & Uniform P H '

IFaees 2 - I ,'/ 1
Width Spacing ) Uniform - ;": }
IFaces 4 5 I f; 1
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13. Click “Ok” when done;
14. The edges must be merged to obtain a smooth transition and a single surface;
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15. Use the “Merge Edges” command,

© MERGE EDGE

Edge Group One [} 4 selected X

~ Edge Group Two X

\ Maintain Crease Edges ()

(i} OK | Cancel
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16. The results should be like that one in the next image;

:
{
4
b
4
{
{
]
4
4
;
R il el P Py I ) '...‘J

128



{\ AUTODESK
UNIVERSITY

17. Use the “Thicken” command to create and offset of the surface downwards; specify 150
mm of thickness but check the direction before finalizing the command. Specify “No
Edge” as “Thicken Type”;
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© THICKEN

T-Spline Body X
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Direction 3, Normal -
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18. It is now necessary to divide the surface in 4 different “stripes” so that it will be
possible to manipulate the shape of each one easily;
19. Click on the “UnWeld Edges” command;
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17. Select the highlighted edges keeping pressed the Shift key to add elements to the
current selection. It is also possible to double click on a line to select the whole chain.
Click “Ok” when done;

© UNWELD EDGES

(i} OK Cancel
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18. The surface has been splitin four different bodies;
19. Select the highlighted edges (four elements in this case) and use the “Edit Form”
command to move them downward by 150 mm;
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17. Select the vertical edge and move it to left for 150 mm

© EDTFORM

— -
Transform Mode . s & B2
Coordinate Space |z,

Selection Fiter » T @ ES
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18. Switch off the visibility of the manipulated body and repeat the same set of operations
on the following set of edges;
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19. Repeat the same procedure on the remaining two bodies; the result should look like to
the following picture;

20. Remove the basic shape since it is not needed anymore;
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21. Use the “Thicken” command (40 mm downward) to create solid bodies out of the four
surfaces;

© THICKEN

- x
Chain Selection
Thickness 40 mm
Direction iy one side
Operation & tew Body
(i} OK Cancel
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22. Cut the element closer to the entrance using the wall as the tool. This cut is needed
since that wall has a curved part which interferes with the ceiling component;
23. Remember to specify “Keep Tools” in the “Combine” options;

© COMBINE

Target Body Q 1selected X
Tool Bodies x
Operation ﬂ Cut v

New Component (D

Keep Tools

[i] OK Cancel
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11.5.2 Ceiling: panels division

The scope of this exercise is understanding the method for dividing the ceiling in three parts
with the same angle.

1. Start a new sketch and use the XY plane as the host;
2. Use the “Project” command to capture the wall projection and the two points identified
by the arrows in the image below;

© PROJECT

Geometry R 3selected B4

Selection Fitter O

Projection Link

o [ ok | [ cancel |
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3. Create a line between the two points and extend both the lines to reach their
intersection point;
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4. Place an angular dimension to measure the angle between the two lines;

&4

C

&
=
o

0005C

0000
0000} |
000

Mcnctn st aas MM Abas S has Al Anid AN A b A SA AR A

R T il i ! S PUEoer SN S A N e iy o e IV PSSPl

5. Create two additional lines inside the previous two ones and place and angular
dimension for each of them;
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6. Openthe “Change Parameters” dialog; the command is under the “Modify” menu of the
“Model” workspace;

O 03_MMM_Clad That- Cinema T - WIP v1*

V@ @& &OE B i

| MODIFY ¥ I ASSEMBLE ¥ !

([1 Press Pull Q
(2 Fillet F
BN Arnnbns

Manage Materials
I:;'( Delete Del
[E2 compute Al Ctrl+B

S Change Parameters

Displays the Parameters dialog box.

Edit the name, expression, and comments for
parameters. Create User Parameters to use in other
expressions.
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7. This dialog allows to list the properties of each element; elements are sorted and
organized by component. Expand the “04_Cinema” component and look for the sketch.
Once it has been found, set the first angular dimension as the measured angle divided
by three (3) under the “Expression” column. Set as the expression of the second
angular dimension the name of the first one (in this case: d17). This forces the first
dimension to the one third of the main angle and the second dimension to acquire the
same value of the first one.
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Parameters

Parameter Name

Favorites

User Parameters r
Vv 'Model Parameters

> Boundaries

> 02_Edges Loft - C

> C- Division Framework
> 03_Profiles Loft - B

B Diicioo £ ")

Unit Expression Value

Vv 04_Cinema
> Thickenl
Vv Sketch2
7 Angular Dimensio..  d17
Y% Angular Dimensio...  d18

deg (8.28/3)*1deg 2.76
deg d17 276

8. Theresult is that the three lines are equally spaced in terms of angle width;
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9. This sketch must be used to extrude three vertical surfaces (using the Patch
environment, as seen previously in this document). These surfaces are then thickened
and used to cut the ceiling bodies;

© COMBMNE
Target Body [ 1selected X
Tool Bodies R 1selected BB 1

Operation fi= e

(=]

Keep Tools

New Component

[ok ] [cancel |
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10. If desired, load or create a material in the “Appearance” dialog and apply it to the
ceiling elements by using the drag & drop technique. In this case a wood material has
been used;

¥ In This Design

12

%, Fusion 360 Appearances | <3 MyAppearances Favorites

Show downloadable materials @)
B3 Plastic
B Roofing
£ stone
£ wood

Li Bamboo Light - Semigloss
i i

[ Finished

=
=
. S

(i} \ Close \

A ““"““\‘\-‘“‘0-‘ PN WOCPUNS G PG WO WAL I ST SR

{
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11. Next picture shows the result of this exercise inside the building;
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12 Exercise #4: Solid Modeling — the Entrance

VoY T WP W WYY PR S SR VIR W OV e

PN Y T IRy e SR R SR A S e S MA—AJ

The scope of this exercise is using the solid modeling environment to define the exterior shell
of building entrance area. This volume will be then “carved” to create the cladding panels.

This is another method which can be used to create the cladding for a building, so the user
can choose whether applying the techniques related to the Patch environment (the standard
surface modeling), the Freeform area (the Sculpt environment) and the Solid Modeling. The
three approaches can be combined is needed to expand the designer’s capabilities.
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12.1 Envelope volume definition
1. Create a new component, called “05_Entrance” and activate it;
2. Start a new sketch using the top face of the continuous foundation as the host;

\»\N M Aban AW A AL AN A AN A ARt A AR A e A

R il e SRS A-)u\’lmw- P

3. Use the “Intersect” command, under the “Sketch” menu, to include in the sketch the
intersection of selected geometries with the host plane; it is possible to select either
faces or bodies;

&k Offset o]

D@ wirror
o& Circular Pattern

z:: Rectangular Pattern

Project / Include » g Project p
Mesh 4 47 Intersect :
H Sketch Dimension D E Include 3D Geometry Projects the points, model edges, work geometries,
@ Stop Sketch — and sketch curves that intersect the active sketch
(& Project To Surface plane.
f@ Intersection Curve Use the selection filter to project specific type of

geometry or the entire model.

LAA*'WA‘, -k

B il ! S WP SN _SIPHST SSY  SP

4. Specify “Faces” as “Selection Filter”;

@ INTERSECT
Geometry

Selection Fitter

Projection Link

[i ] OK Cancel
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5. Select the faces highlighted in the picture below; a purple line will appear when an
intersecting face is selected; Click “Ok” when done;

oot e B Aban A A A AN AN A A

6. Make an offset outward of 300 mm;

© OFFSET

Sketch curves X

Chain Selection

Offset position 300 mm

\w“ Mthin, mnedasdh e L Adas AW Ay A ANd AN

Fiip =
(] OK | | cancel
300
T et csmend® oAt o N Tt Sy o iy o
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7. Add theinternal line as show below to create a closed profile;

Ao A A A A AR n A e Marthin adensdh Amee M Adag S

STV PSR S A A»J«ﬁ"

8. Use the “Extrude” command under the “Create” menu of the “Model” areg;

@ 04_MMM_Clad That- Entrance v1*

&

FlEe @& E 1

-
CREATE ¥ MODIFY ¥ ASSE‘
I Extrude (e) 1
Adds depth to a closed sketch profile or planar face. "
Select the profile or planar face then specify the <
distance to extrude.
-
4
-
-
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9. Click on the “Extrude” command and select all the profiles in the sketch created
previously. Set 4000 mm as the extrusion “Distance”;

© EXTRUDE

Profile R Sselected B

Start I—' Profile Plane v
Direction 12y One sige -

Extent H Distance v

Distance 4000 - I

Taper Angle 0.00 deg v

Operation O New Body h

0 OK Cancel

Loﬂ»*‘-—-u-«u.‘ iy, Abas. ML Aae AL An A

po e R e ’-J PSS SOy SSOp e S ¥ PSP

10. The created solid is the “container” of all the geometries defining the cladding; this has
to be “carved” to remove the excess of material and leave the desired shape only.

QUOTE
“The sculpture is already complete within the marble block, before I start my work. It is
already there, I just have to chisel away the superfluous material”

Michelangelo Buonarroti
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11. Before “emptying” the interior part of the solid element, adjust the faces slope and
position by using the “Move/Copy” command. Select the face close to the main
entrance, right click and choose the “Move/Copy” command;

;|g Repeat Roll History Marker Here |

B e |

Move/Copy - Hole |

[‘i“ Create Selection Set
IE Create Sketch

@T Extrude

(B0 offset Plane

Shel

\ Edit Feature

\ Edit Profile Sketch

\ e O Appearance a
<&f) Texture Map Controls
Properties
@ ShowHide v
Selectable/Unselectable
Find in Browser
Find in Window

A Morthin mavinsth e MM Adas DAy AL And AN A oA

-

)

|

5

t

:
{5
} | e
|

§

}

%

At

12. Click on the “Set Pivot” icon and place the pivot on the bottom line middle point; click
on the green thick mark to fix the pivot position there;

«
© MOVE/COPY {
Move Object [ Faces v {
Selection X
Move Type LN E °{° l"f’ J
Set Pivot .
* XDistance 0.0 mm s f
Y Distance 0.00 mm -
Z Distance 0.00 mm v ,
XAngle 0.00 deg v
Y Angle 0.00 deg v
Z Angle 0.00 deg v !
o Cancel ’
4
’\"\'k\-‘.u——’ Dl S T T i el }

13.
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13. Notice that the “Set Pivot” icon changed when the position has been fixed. Click on the
indicated rotation handle and rotate the face by 15 degrees; it is also possible to type
the value on the “Move/Copy” dialog on the specific parameter;

© MOVE/COPY
Move Object [ Faces

Move Type b C L &
Set Pivot

XDistance | 0.00 mm

YDistance  |0.00 mm

Z Distance 0.00 mm

I X Angle 15 deg - I
Y Angle 0.00 deg
- ZAngle 0.00 deg
L] OK Cancel

Abam. A A Al And A A A A AD AN

14. Rotate the other faces, too. Use the following images as a guideline;

G : oy Sy - /
e’ ' A Bl
e s ' ‘ © MOVEICOPY "‘
= L N Move Object [ Faces v

B Vove Type . LG e

4
£
<
<
Set Pivot L+ }
- X Distance 0.00 mm - '
Y Distance 0.00 mm - 4
Z Distance 0.00 mm - :

-
= B XAngle 5.491 deg v )
v i ¥4 Y Angle 0.00 deg v ’
|/ /4/// ZAngle 0.00 deg k {«
s Li] OK Cancel J

<

> <
e g o S i
R _SSRNNEISS DV R S P WV PPN SRR TSI

© WOVE/COPY
Move Object [ Faces
s .
Move Type . b C 2
Set Pivot g
XDistance 0.00 mm v
Y Distance |0.00mm -
ZDistance  0.00mm -
XAngle 11,681 deg v
¥ Angle 0.00 deg v

ZAngle 0.00 deg -

(i) OK Cancel

. T e T R s et T e

4//
B e et P A et o ettt I . s i a0 A B err D o i by o
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© MOVE/COPY

Move Object [ Faces
- .
Move Type. . b C L2

SetPrvot a4

0.00 mm

X Distance

Y Distance 0.00 mm

0.00 mm

~ ZDistance

XAngle 7.854 deg -

Y Angle 0.00 deg - N
ZAngee 0.00 deg
() oK Cancel

AN VPV Y VIGIRY VPPN WECP IR Y SRy WOW TR B WA

© MOVE/COPY

Move Object [ Faces
— x
weroe [l 2 C 2
Set Pivot it

0.00 mm

X Distance

Y Distance 0.00 mm

ZDistance  0.00mm

XAngle 30.00 deg
Y Angle 0.00 deg -
ZAngle 0.00 deg -
(] OK Cancel

. TN U GRS R Rreupi R EPNVE SR S DIPY PR
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15. Enter the “Freeform” (or “Sculpt”) environment and select the “Convert” command
under the “Utilities” menu;

@ 04_MMM_Clad That - Entrance v1*

Qo= W =8

=
UTILITES ¥

SKETCH ¥ CONSTRUCT ¥ INSPECT ¥ INSERT ¥

g Display Mode

@ Repair Body

Make Uniform

&' Convert

=5 Enable Better Performance Changes the body type of the selected object.
Converts BRep (solid or surface) faces to a T-Spline
face. Converts a T-Spline body to a BRep body.
Converts a quad mesh to a T-Spline body.

Select the object to convert.

L TR QT YT VS W YR VRPN >

R e O el el W Wpuesvs S S _SIP S S

16. Specify “BRep Face to T-Spline” for the “Convert Type” setting and 5 x 5 faces for the
Length and Width spacings. This command creates a T-Spline based surface using the
selected one as a reference. Click “Ok” when done;

© CONVERT

ConvertType g BRep Face to T-Spi... ¥

Length Spacing T Uniform -

Faces s

Width Spacing &) Uniform -

Faces s

Operation @ New Body -
(i} OK Cancel

L WP PIPGR Y VIR PORP VT A S e WOR R
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17. Edit the surface in order to create a curved canopy; use the “Soft Modification” to create
a smooth transition between the modified elements and the remaining ones. End the
freeform creation when done;

© EDITFORM

T-Spine Entity x

Transform Mode . i & &5

Coordinate Space = ' ok

Selection Fiter B H ® B
L

» () Object Snap

v Soft Modification

Extent (€] B =
en =5
! Distance 8737.82mm -
0 — A\ | ’
® DX - | 000mm |v | 000deg |v | 000deg |+ L | Transtion u N B
T NS | Weight 0.000 3
—e—
> e — | » Selection Options
—— e S —
= - > — N » Numerical Inputs.
=
o oK Cancel

/
< 7 /

Nl o ot gl 1 Pt ot ISP B s O b At I T it

LY VIPVIPER Y WOV PPRPAS PPN Y S e oW R B VPSR

18. The scope of the next set of commands is editing the new surface to modify the top
face of the existing solid geometry;
19. Click on the “Replace Face” under the “Modify” menu of the “Model” workspace;

& 04_MMM_Clad That - Enuance v2*

PHIIBBM # =B A ré

ASSEMBLEY ~ CONSTRUCT™  INSPECT~ INSERT ¥
([ Press Pull Q
(D Fillet F
@ Chamfer
Shell
m Draft
Scale
@ Combine
ﬂ Offset Face

4] Replace Face

E Spit Face Replaces one or more part faces with different face.
The new face must completely intersect the part.

3 spit Body

@ Sihouette Spit Select the face to remove then select the new face.
iihouette Sp

L TOPRrRee Pup S W RIS VSO

.§o Move/Copy M
B8 aiign

Physical Material

O Appearance A

Manage Materials

G‘( Delete Del
[E2 compute Al Ctr+B

E Change Parameters

Rl SNV S i el ey SN S S S
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20. Select the face to be modified (Source Face) and the new surface to be used to replace
the original face (Target Face); Click “Ok” when done;

@ REPLACE FACE

I Source Faces [} 1selected X l

TangentChain (@

(i) OK Cancel

L R O T W Wve SO A Wy

; L

|

T N P "V PGPV R S e T Y

AP Tt e A A AR A e IR et AT P, e Y B “J“"‘\"

150



{\ AUTODESK
UNIVERSITY

21. Once the face has been replaced, use the “Fillet” command to create curved transitions
on the highlighted corners. Specify 700 mm as the fillet radius;

¥

«

4

© FILLET 3
Type (0 Fitet

3

9 Edges. (® ooomm v B Tangent(G1) ~ 4

]

+ x 3

Radius Type (® constant Radius :

Edges/Faces/Features <

Tangent Chain ;

Corner Type () Roling Ball ’

4

(i} Cancel !

{

<

B Rl il I s e e Y e et V" PSPPI TSUUSSSo=T i PSSV Y 3 J

22. The result should be like that one on the next image;

L

= S S [y

{
i
¢
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|
$
R il el S U NP Ty Tyt T ’)
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12.2 Opening creation

The scope of this exercise is showing how to create the two openings on the front facade and
to connect them to the main volume. The openings will be defined using two solids; these are
based on the openings defined in the structural model and will take those as a reference.

1. Turn on the visibility of the structural model;
2. Click on the command “Offset Plane” to create a new plane based on an existing one;

W =8 = = 2

- CONSTRUCT ¥ INSPECT ¥ INSERTY = MAKE~
Offset Plane i
Creates a construction plane that is offset from the 1
selected face or plane.
Select a face, plane, or sketch profile, then specify )
the offset distance. ,
4
<
1
4
«
e AR . -0‘-’ _ . '-“ “‘J

3. Select the entrance face to indicate the plane reference and specify 1500 mm as the

“Distance”;
© OFFSET PLANE
o . '
™ Extent |~ Distance - 3
Distance 1500 mm - '
<
OK Cancel 3
\\
{
\ {
B A s Pl P s O A e Bl ot i byt N
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4. Repeat the same on the other face as indicated and set 2500 mm as offset distance;

5. Start a new sketch using the first plane as the host and use the “Project” command to
capture the door’s edges;

et

/ e

B, W T U W TR R T U WYY NPT RN e

L
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6. Repeat the same operation creating another sketch and projecting the lines of the
second door;

© PROJECT

a g Selection Fiter (@)

Projection Link

(] OK Cancel

PO N T Tt WP W ST VU POy VY W WY PR WRE. WYY TR N

I et B i o s P B A e B ot g ..-A—.’"Mu-«.r-/

7. Use the extrude command to create a solid out of the first sketch. Notice that the
extrusion definition can be driven by its distance and by a taper angle. Set -6.5 degrees
as taper angle and a distance of -2500 mm (the “minus” sign depends on the host plane
orientation, in some cases it could be necessary to set a positive distance instead).
Click “Ok” when finished;

@ EXTRUDE )
: :
Start I-’ Profile Plane v '
Directon by One side - <
Extent || pistance - }
Distance -2500 mm v '
Taper Angle -6.5 deg v ‘
Operation (& New Body - 5

iy (i ] OK Cancel {
<
4
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8. Do the same for the second sketch, setting this time -3 degrees for the angle and -
3500 mm for the distance. Click “Ok” when done;

i3
. Start b profie Piane -
Direction Iy one side -

Extent H Distance v

Distance -3500 mm -

Taper Angle -3 deg v

Operation O New Body v

(i ] OK Cancel

PR s, LYY WY ST VO NOY T W WL PO W Y

9. Thetwo solids have a slanted bottom face; these elements must be horizontal to match
the floor face orientation;

10. Select the face, right click and chose the “Move/Copy” command; set the Pivot in the
indicated point and the specify 6.5 degrees for the X angle value. This rotates the face
and makes it to be horizontal;

@ MOVE/COPY

LY L W N W

Move Object ] Faces v ==
— x

Move Type . D C e

Set Pivot L

X Distance 0.00 mm -

Y Distance 0.00 mm -

4

{

1

| —
Z Distance 0.00 mm - '

X Angle 6.5 deg = I

Y Angle 0.00 deg v

ZAngle 0.00 deg -

(i) OK Cancel

4
]
]
‘
1
NP A Y ST Y O SRy e SN A e S S I gy ve ‘.’--o-j
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11. Apply the same technique to the other bottom face and specify an angle of 3 degrees
this time;

%
"
)
%

© MOVE/COPY

0l

Move Object [ Faces

- .

Move Type . L C . 22 ,;.'f
Set Pivot | it
== Ny X Distance 0.00 mm v
: N Y Distance  0.00 mm v
éb Z Distance 0.00 mm -
I X Angle 3deg v
= \./ Y Angle 0.00 deg v
/ : ZAngle 0.00 deg v
. 3 v ]Zf

i ] [ ok Cancel

-~ A X A L e d AR AL M As,

12. The results should be like the next image;

s

!
|
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13. Using the “Move/Copy” command, move both the faces 400 mm downwards to match
the main solid bottom face elevation;

© OFFSET FACE

Faces R 1 selected B4

Offset Type Automatic v

Distance 400 -

OK Cancel

\__.AAAJ%“‘\,N_; M A BB A e

L TV SRRy v SN P DT e S W R

@ OFFSET FACE

Faces X 1selected I

OffsetType  Automatic -

Distance 400 mm -

b N O U PR (PO T PR S SR g s

ol e A P s B e, I OV v Ry ooV S
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14. Use the “Combine” command to cut the main solid with the two elements modeled for
the openings. The option “Keep Tools” is not needed here (the cuts volumes are not
going to be reused anymore), so uncheck it;

© COMBINE

Target Body I3 1selected X
Operation & cut -

New Component (@D

(i} OK Cancel

L VWA b A A o A N e Moy 4

B A YT R SN S A R PP MBI T Wy v S S P e

15. Use the “Fillet” command to create round edges as indicated below. Specify 600 mm
as the radius value;

© FLLET

Type Filet

8Edges. (D comm = B Tangent(G1)
+ %

Radius Type (® constant Radius

pracare

Tangent Chain

Comer Type () Roling Bl

() OK Cancel

A o b D A M e A i A Ay

SRR PR Ny S S S PO G SRS
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15. Repeat the same command to fillet the interior edges with a radius of 350 mm;

© FLLET

s Vo W P A e e . VIE. "I SOV S I WP e

Type Filet

12 Edges 350 mm v B Tangent (1) ~

+ X

Radius Type Constant Radius

tparcearestres

Tangent Chain

Comer Type B Roling Bal
;) oK Cancel

Ay I s D et et o DAl PN, A po =

12.3 Body Shell

The created solid must be emptied, and the resulting thickness must be the same of the rest
of cladding elements.

1. Click on the “Shell” command, under the “Modify” menu of the “Model” workspace;

O 04_MMM, Clad That - Entrance v5

@'09“%@@ # =8 E

ASSEMBLE ¥ CONSTRUCT ¥ INSPECT ¥ INSERT ¥ HAK$
i Press Pull Q
(D Fileet F
@ Chamfer
@) shel
[$® Draft Removes material from a part interior, creating a
a _— hollow cavity with walls of a specified thickness.

Select faces then specify a thickness. The selected
é;] Combine faces will be removed and the body will become

[@ Offset Face R
[ Replace Face
Q Splt Face
& spit Body
& Silhouette Spiit

0§0 Move/Copy M
UE Align

Physical Material

@ Appearance A

Manage Materials

I:} Delete Del
2 compute Al Ctri+B

E Change Parameters

\.4\ AR AN A N A A W A

ol e A P s B et e n B AT
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2. Select the faces to be used for driving the shell feature. These faces indicate the
various directions in which the solid shelling will be proceeding;

0.00mm v

© SHELL

Faces/Body X 4selected [

Tangent Chain

Inside Thickness | 0.00 mm v
Direction IRy insige -
[i ] Cancel

S, WISV WV ST VU Py VI WL T PO W WP PR ISR e S

REv S N W SGRpe T R SRy TP S St S v e A POSRIIIT Sy P ST ey e JA—"“‘-“"“

3. Specify 40 mm as the “Inside Thickness” value. Before clicking “Ok”, make sure that the
shell operation is applied on the right direction (inwards in this case);

40 mm -

© SHELL

Faces/Body X 4selected I3

Tangent Chain
Inside Thickness 40|

Direction R Inside

i} OK Cancel

L\, ad AR A M A S AN A o e TRk A A Bt A e M e

PSSR Y SpY Ny SR e SNESOw D T e SRS S SIS N Wy e S e S
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4. This command will produce an element similar to that one on the following picture;

P W T TR WAV NP ST VPR R PR R

\
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{
%
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|
}
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5. Apply a material if desired;

© APPEARANCE
v Apply To:
Bodies/Components ®
Faces Q
¥ In This Design
v Library
s
Search q]

&> | Fusion 360 Appearances | & MyAppearances Favorites.
Show downloadable materials

£ Fabric

£ Glass

) Leather and Cioth
B Liqui

B Metal

B3 wirror

B Miscelaneous
2 other

£ Paint

B3 Plastic

£33 Roofing

L] Close

LR Y T WS PO WE WYY NPT -A./»—‘&A*ﬂq, Ao A A A

ol B s 0 T B ot sl ATt b B oot ot e N s Dt i o I N A «-.A-)
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6. Proceed with making the cuts to divide the continuous shape in panels as shown in a
previous chapter of this document. This procedure requires to:
a. Create sketches
b. Extrude the sketches using the Patch environment;
c. Thicken the extruded surfaces;
d. Use the Combine command to cut the shell in panels
e. Grouping the cut elements is a good idea to maintain the model under control
and avoid having too many body elements under the “Body” group of the project

tree.

TR e, WYY WV ST VPUNY TNOY VU W W PR WO WY R RS

B SV PTGy e S SN ey e ey --x."m...«_’——"-""‘l
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13 Exercise #5: Terrain Creation

»

|
L

b A D A M A A e M b AALac DAL e

B R T I I P Ty N D e P

The scope of this exercise is showing methods and techniques to model the terrain shape; this
will be excavated by the building so that the model will have a sort of tunnel in it. This is not
possible to be achieved in Revit so Fusion 360 is used to define the terrain geometry and later
this will be imported in Revit to define the toposurface.

Use the “05_MMM_Clad That - Terrain.F3D” to create a new design or open it from the A360
cloud project.
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13.1 Digital Terrain Model setup
1. Create and activate a new component and call it “06_Terrain”;
2. Leave visible the “01_MMM_Structure” and the “03_Boundaries” components only;
3. The terrain will be shaped as a “hill” between the two retaining walls; this will be
connected with the foundations below the cladded building branches;
4. Create a sketch using the indicated plane on the top retaining wall;

=

“l AR A Ay AR o AN A, oo A s

Z

5. Make an offset of the outer profile; set 400 mm as the distance (notice that the
distance could be either positive or negative depending on the orientation of the host
plane);

1

7500

5000

i

o ok ] foma] | ©
1

?

|

X
2500
P I e i P Y T R D

t
;
|
|
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6. Do the same with the indicated faces of the lower retaining wall;

Vg WY Ny v W e ey e W gy Vo Y
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7. Being that the retaining wall is not planar, repeat the same process for the part on the
right; after the offset is done, do not finish the sketch;

25000

\-\um..;“t&-\Am B N A e

PO TEWSEL VDI VPN ST S I WG ST S S
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8. Select the offset lines and press “X” to transform them to construction lines inside the
sketch. They will then appear dashed,;

| N

select and
press “X"

9. Create a “Spline Through Fit Points” to approximate the two profiles on the lower
retaining wall with a continuous curve;

. LY PEESS T VRESY WIPSEY VPR e w LV VI WPW e

TRt DO it g A NWWMJ
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10. Enter the Freeform environment to create a loft between the profiles related to the top
and lower walls;

.

A ot A s A AN AL LRy A i b B A Aag A A st A

A I o DI B e 2 B b N e 0 0t ol N o At gt ot N

© LOFT

|

Profie1 (Y B connected
Profie2 (1 ~ B connected

.

+ %

Guide Type m (2
Iy

Rails.

+ %
Chain Selecton @
Closed (m}

Length Spacing ) Uniform

| oces 4

Width Spacing &) Uniform

I Faces 4

EN B I

Operation @ New Body

(i) OK Cancel
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11. The vertices on the first profile make the surface to be composed of several sub-
surfaces; these need to be connected using the “Merge Edges” command,

P TSER Y GRS VPR G Yo LU PV PN RV B FIGEE PRGN S e

Attt 2w ol’b—w"wmu -..&.,“.—DMJ

12. Repeat the “Merge Edge” command for each set of lines indicated in the previous
image;

© MERGE EDGE

Edge Group One [} 4 selected X

G x

Maintain Crease Edges ()

L] OK

M\»—Mg,u—a AL A A B A e 4 A Auadie AR,

TR ST s S IO s s IO s el AN e B 0Ol ol P ool A b o

169



{\ AUTODESK
UNIVERSITY

13. The various surfaces are now joined into a single element, check the next picture for
reference;

AR o A s A AL Ry o o B A, Mg 4 A

R e VRIS M.‘.‘"WMﬂJ -".’“—"-“j

14. Select the indicated edges and click on the “Edit Form” command. Drag the edges while
keeping pressed the Alt key to add new faces to the main surface;

— B

000deg |~ | 0.00deg |v | 000deg |v [

——— o

© EDIT FORM i

.
B =
Transform Mode . i 6 B
| Coordinate Space L Z ' o5
{ Selection Fiter » T @ ES
R
» (O object Snap

» ([ soft Modification

» Selection Options

» Numerical Inputs

(i) OK Cancel

L GNP S e DPIIE PN T N SR SRR v
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15. Create a “descending” surface in order to match the foundations level on the front part
of the building. Take the next image as a reference;

© EDIT FORM

Transform Mode . ke &

Coordinate Space L I_:l ! %

Selection Fiter Ty T O B
@

» () object Snap
» (O soft Modification
» Selection Options

» Numerical Inputs

(i} OK Cancel

B an i Aaebh A A MTRAL LA A e b B A Aan 4a A 4

TASA e e a‘p’;‘iﬁww-ﬂ" N e

16. Select the top lines of the lower part of the surface and proceed in the same way,

© EDITFORM

Transform Mode . s &

B
B
L)

=

1
Coordinate Space Lz, 1%

b B

A

| sekctonfiter ¥

» ([ object snap
» (D soft Modification
» Selection Options.

» Numerical Inputs

L] OK Cancel

Q‘\,Au‘ AL SR A b B A A A A Aiarie A a A s B AN

B I
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17. Use the “Selection Space” for the “Coordinate Space” setting to simplify the additional
surface creation;

© EDITFORM

Tansomiucce [ 1= & &@

t

%

B
Coordinate Space Lz, 1S %
Selection Fiter v T m B

o

» (O object Snap
» @ soft Modification
» Selection Options

» Humerical Inputs

L] OK Cancel
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18. Repeat the same procedure for the side edges to expand the toposurface;

© EDITFORM

T-Splne Entiy x

Transform Mode . s & B

Coordinate Space [z, 1S

Selection Fiter v T m
@

» (O Object Snap

El

» (O soft Modification

P Selection Options.

» Numerical Inputs

(i} OK Cancel

A b A Ay AL ARy A Ay, Ang A A Aiane A A e
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19. Expand the surface edges to reproduce the following picture;

Rl PP R S OW G Y et VPN WP BT O O SIGRT R G s

TR I D AN M A A ettt e B et P A et J’

14. Use the “Merge Edge” command to connect the surface strips as shown below;

© MERGE EDGE

Edge Group One [} 3selected X

Edge Group Two R 3 selected Y

Maintain Crease Edges ()

(i} OK Cancel

k‘ e M A AN e A aa A b Asi e T
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15. Repeat the same for each of the four corners;

© MERGE EDGE

Edge Group One [y 3selected X

Maintain Crease Edges (O

oK Cancel
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16. The “Merge Edges” command allowed to create a smooth and continuous surface but
at the same time four "holes” are remaining on the corners and these need to be fixed.
Check below image for reference;

© FILLHOLE

T-Spline Edge

Fill Hole Mode @ Reduceds.. v

Maintain Crease Edges ()
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17. Use the “Fill Hole” command under the “Modify” menu of the “Freeform” environment
to create a patch connecting the edges of the four openings;

© FILLHOLE

Fill Hole Mode @ Reduceds...~

Maintain Crease Edges ()

[i] Cancel

18. The result of this set of activities should have generated a result like that one show
below;
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13.2 Surface editing and refinement
The created surface is going to be manipulated to simulate the “hill” above the building and
the “cliffs” below the three branches.

1. Use the “Edit Form” command to move up the desired faces to reproduce the shape of
a hill or hump. In this case the “Soft Modification” setting could be an option to obtain
a smooth and continuous surface. Test different “Weight” configurations to propagate
the edit distance to nearby elements;

@ EDIT FORM '
T-Spline Entity x !
Transform Mode . ik & & :
Coordinate Space |z, 1% ! ik E |
Selection Fiter T T @B B ’
@ i
» Object Snap 1
4
i
— Be- P -
)

Distance 1.468E+04 mm
Transtion u N D ;
Weight 0.000 5 1
e — 4
<
» Selection Options .
" » Numerical Inputs £
S 4
- (i} OK Cancel ?

2. Also, modify the side portions of the surface and test different types of “Coordinate
Space” settings to see how they affect the model editing;

0
{
;
L
@ EDIT FORM ‘
Fr—— x <
Transform Mode . s B & :
2 d Coordinate Space . 2P Yy ok <
Selection Fiter N F 0 & i
* !
» O object Snap i
» @ Soft Modification <
~\ » Selection Options
» Numerical Inputs ;
R i
y \\lf > [ oK Cancel <
/ N 7 ¢
o N\e_, ¢
S5 _4,(9/ oo Sl 4
N <
S e, e AN o I At b PNl Dl ol o S e Pt o st i
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3. With the scope of bringing the surface position at foundations level, vertices or edges
may be edited to obtain the desired shape;

© EDIT FORM

il

Transform Mode . B>
Coordinate Space . P Y% %
IR

Selection Fitter
» (O object Snap
» (@ soft Modification

o - Lt

» Selection Options

» Numerical Inputs

i ) OK Cancel

AN

e A (N [ AP O el At b gt
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@ EDIT FORM
T-Spine Entiy x
Transform Wode . s B
Coordinate Space. . =

Selection Fiter 9y

L

i b B

a W

" » @ object Snap
» O soft Modification
> Selection Options.

» Numerical Inputs

(i) oK Cancel

S

S
B N ooV W P s iy P B e e Y L PSS S P )
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4. Once the surface is configured with the desired shape, click “Ok”.

\a ALy A o A A, e A e Al i A S

TR I e B IO Do B MO e el BN e B i YN el Ay N ot DD s P .

5. Click on “Finish Form” to transform the sculpt object to a standard surface;

T Y VIPNY UVARS & WGP VPP W rpRURr ¥ S R SRR
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6. A new horizontal surface is going to be created. This will be then connected with the
shape representing the topography to obtain a solid body;

7. Create a new reference plane using the “Offset Plan” command; bring it below the
existing model;

Al Al Aaat DA

7

© OFFSET PLANE

Plane. X 1selected B

Extent || Distance

Distance  -2.195E+04 mm

L] OK Cancel

195E+04 mm v

4
\nan.g“-s Ao A A s

B ey R I o R Ty N D e an T s S P P

8. Start a new sketch and indicate the new place as the host; use the “Project” command
to capture the topography edges projections. Click “Ok” when done;

© PROJECT

Selection Fiter B ©

Projection Link

/,,

v//

(] OK Cancel

AL A o D A Mg A hianie AR i At DA,
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9. Use the “Patch” command inside the “Patch” workspace (this command and the related
workspace have the same name in this case). Click “Ok” to create the planar surface;

b

2

© PATCH 3

)

Boundary Edges ’
Group Edges o

Profi... 1

4

<

4

Interior Raiis/Points [ Select 4

Enable Chaining .

Operation (& New Body ?

(i) OK Cancel i

<

e T U PO Iy SRR AP PG S S ST U DRSPS SO SRS

10. Use the “Loft” command inside the “Patch” workspace to connect the lower surface
edges to those of the topography. To simplify the edge selection, check the “Chain
Selection” option. Click “Ok” to create the connection surfaces between the two objects;

~

© LOFT

Profies

profie1 (7 B connected (0)
Profie2 () ~ B> Connected (G0)  ~
+ X

Guide Type m 89

Rais Iy

+
Chain Selection
Closed (w}

Operation (3 New Body

L] OK Cancel

/':
\-u..rw Ao D Aaa Man 40 A Aarie A a A B S b

TR I e B Do s MR et ol o ANt B D aiP s Pl Rty N B I e ol ot

11. Click on the “Stitch” command to join the created surfaces. If those bound a closed
volume, the “Stitch” command generates a solid instead of a polysurface;
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4

@ STICH ;

F— x

Tolerance 0.10 mm j
S {

Operation (& New Body 4’

v stitch Result <

Free Edges 32 £

Edges to be Stiched 32 !

v Unstitched Edges 1
Edge Max Gap ¢
Q rd 4
4

4

] oK Cancel J
4
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12. The next step is cutting the new volume with the structural component in the model.
Switch the “O1_MMM_Structure” component on;

13. Use the “Combine” command to cut the topography. Check the “Keep Tools” option to
maintain the structural component after the command is executed;

© COMBINE

Target Body [} 1selected X
Operation Bcut -

New Component (@

Keep Tools.

A A B A M 48 A i AR A A

4
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14. Several bodies have been created since the “Combine” command split the toposurface
volume in different parts;

DIQ D 05_Entrance:1
VRN @ 06 Terrain:1 |

©
(]
o
&
2

D
4 Q £, Bodies

Lol ol ol ol ol ol ol ool o)

OOOOOIOOOOOOOOO

[]‘O‘O‘O‘OGO

D
D @ B3 Cconstruction

R PPV PSR Y N SIIOY I Y GeSub S PG I SN URD POTY SERE Sa L O J..-j

Sketches

M 2ot Dahs A A LA SR A e ah D A, e

15. Select the body to be maintained and turn off its visibility;
16. In the project tree, select the remaining bodies, right click and choose the “Remove”
option;

DI? O 05_Entrance:1

3% Move/Copy M —

B Move to Group

E, Create Components from Bodies
l"ﬁ" Create Selection Set

Physical Material

!
!

\ AN . A-A“L‘A‘“~ ‘N—.MQ.«A%.‘ A i

Body10 Q Appearance A

Properties

Copy Ctri+C

Cut CtrisX \ i 2 ° = =

s 8 & =—
Delete Del *;___;___’___'
) =
O Remove

Body17 &’ Show/MHide Vv

Selectable/Unselectable

O DDDD D DD DD DD O O O
X33
&
g
3
5
o
g
s

Isolate

D @ B3 Sketches

D @ B3 Construction
TERARA T g D O M A ettt e S P et
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17. This will remove the bodies without affecting the shape or the properties of other

elements;
18. If needed, use the “Split Body” command to remove the parts of the toposurface which
extend beside the retaining walls

PEEBR B =t

MODIFY ¥ ASSEMBLE ¥ CONSTRUCT ¥ INSPECT
Split Body

Creates new bodies by dividing selected bodies using
a profile, face, or plane.

Select the bodies to modify then select the profile,
face, or plane that divides the bodies.

k‘.‘““u‘ R . YPw VeR VL Y

TR A DO e A

19. For the current example, the main topography is split with the two faces of the lower
retaining wall;

B © SPLTBODY

Body to Spit [} 1selected X

_  Extend Spiiting Tool(s)

OK Cancel
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20.The result body is representing a solid topography which brings the footprints of the
building components such as foundations, walls and slabs. The generated solid has the
same coordinates of the original Revit files so that it can be exported and placed in the
aggregated Revit model,

R Y D T e T I T B R e R e W
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13.3 Alternative method for the main toposurface

1. Open the “Freeform” environment and select the “Loft” command;
2. Use theidentified lines to define the first and the second profile;

L‘\.‘ AN A o a A i A A MRS LR A b B A A

TR AT DA B A et e A0 PP P P

3. Qefine 4 faces both for the Length and the Width;

-
Profie 1 [ B Connected (G0)

pofie2 () v B Connected (G0)  ~

7(a
£l
A AR, A

POW PRSIV VI TP W O R PRI P Y

+ X

Guide Type m 9
I

Rails

+ x
Chain Selection (@
Closed @
Length Spacing & Uniform
Faces. 4
Width Spacing &) uniform
Faces 4

Operation @ New Body

(i) OK Cancel
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4. Use the “Edit Form” to move downwards the top lines of the first edge; move the
edges of 400 mm;

- © EDIT FORM

Transform Mode . & E:—’ m
Coordinate Space . L';' & qﬂ"’

Selection Fiter S T B RS

r

-400 - E_l'
» (O object Snap
» (@ soft Modification

P Selection Options

» Numerical Inputs

(i} OK Cancel

s, T e G R Y e ¥ u‘ZN,m
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5. Select the top lines of the bottom profile and move them downwards of 400 mm
using the “Selection Space” setting for the “Coordinate Space”. This will make the
edges sliding along the “host” face;

@ EDIT FORM

:jg_; Transform Mode . ik & 5

7777 = = Coordinate Space Lz, 1 ! ks
Selection Fiter n H W E 000deg v | 0.00deg |v [

@
» (O object Snap
» (O soft Modification
=

» Selection Options
» Numerical Inputs
(i} OK Cancel

y
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6. The surface is now ready to be used;
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14 Exercise #6: Fusion 360 to Revit workflow

i
-«
)
{
i
4
¢
4
4
4
F )
3
4
1
<4
4
y
%—/

R ST Yy IO I e N Ty N D R TP __w

The scope of this exercise is taking the modeled components and use them inside a Revit
model. The whole process shown in this document started with the use of a coordinate set of
Revit models which have been used as geometric references inside Fusion 360 to create
complex geometries and the cladding systems.

Now the produced material will be exported and used in Revit; two main techniques will be
used:

e The use of exported files as they are;
* The use of Dynamo to “translate” exported components to proper Revit families;
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14.1 File Export and Preparation
Fusion 360 allows to export the model or parts of it by using two different approaches.

The first one is the export of the entire model using the “Export..” command located in the
dropdown menu at the upper left corner of the software interface. It is important to repeat
that the whole model is exported this way.

a[fe - -

New Design

New Drawing

Open Ctri+O0 ETCH~

v
=]
!

A A M

« f Recover Documents (31)

[ e
A Upload.

H

\,.~4,AM.-L»~\Q

Save Ctri+S
Save as
Export...
3D Print

Capture Image.

Share | 3

View Details on Web

View | 3
D T [J 01_Patch Cladding - A:1
TRl an At ocinlt 401 AN

This allows to choose between several file formats and in some cases, this requires a “cloud
translation” so that the exported file will be downloaded once it is ready.

Export X
Mame:

06_MMM_Clad That - Final v11
Type:

DWG Files (*.dwa) hd l

0 This file type requires cloud translation, which may take a few minutes.

Location:

= -
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Itis also possible to export the whole model using the A360 web interface. Identify the file to
be exported and click on the down arrow to choose between the available file format. When
the file is ready, a notification is sent by email also providing the download link.

< c O

AU London 2019

@ https://myhub.autodesk360.com/ue29c2b3d/g/pi

'20190123171961551

.

A > AUlondon2019 > O1Clad That >

The second method is for exporting single
components.

1. Right «click on the “06_Terrain”
component (for instance) and choose
the “Export..” command;
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05_Entrance:

' 06_Terrain:1|

Display Detail Control

o~y S
EJ Analysis Properties
() o1_wmm_stry  Export..
() o2 mmm_nte ~SeveCoPyAs
Save As STL
O Boundaries:1
Copy Ctri+C
() 01_Patch Cla
Cut Cri+X
(& o02_EdgesLo
E} Delete Del
@ 03_Profiles L
«O Remove
() 04_Cinema:1

;) Show/Hide N
¥ Show All Components
@ Show All Bodies

Selectable/Unselectable

Opacity Control

Isolate

Find in Window

Find in Timeline

vw‘
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2. Specify “SAT” as the file type and check the option “Save to my computer” then click

“Export”;
Export X
MName:
06_Terrain
Type:
SAT Files (*.sat) hd

Save to a project in the cloud

I Save to my computer I | l

‘ Cancel

3. Only a limited amount of file formats are available with this approach;

Type:

<4
Fusion Files (*f3d) )
<

Fusion Files (*.f3d)
IGES Files (*.igs *.iges)
SAT Files (*.sat)
SMT Files (*.smt) *
STEP Files (*.stp *.step)

4. Note that this method exports all visible elements inside a component, so be sure to
turn off the visibility of un-wanted bodies and elements.
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14.2 Use of exported components in Revit
When a component is exported, this can be used into a Revit file. AutoCAD is here used as a
“bridge” to prepare the export files to be used inside Revit.

1. Export the “06_Terrain” component as SAT file;
2. Open AutoCAD and import the produced SAT file and export it as DWG. Be Sure to check
the consistence between the model size and the file units;

A Drawing Units

Length
Type:

Angle

Type:

Decimal Decimal Degrees
Precision: Precision:

0.0000 0

[JClockwise

Insertion scale
Units to scale inserted content:

Millimeters

Sample Output
1.5000.2.0039,0.0000
3.0000<45.0.0000

Lighting

Units for specifying the intensity of lighting
Intemational v

ok ][ concn

3. Save the file as DWG;

4. Open Revit (it is possible to use the Structural file or another project file in which the
structures have been linked origin to origin to remain aligned with the same
coordinates);

5. Create a new in-place component;

y . N - .
cqucture  Steel Systems Inset Annotate Analyze Massing &Site  Collaborate  View  Mar

=10 FESEE S @O{;’
indo [ Component || Column  Roof Ceiling Floor Curtain Curtain Mullion  Railing Ramp St
N - - ~  System Grid = '
d Circulation 4
g] Place a Component P
1 3
gj Model In-Place | X & 60 x 3 ity
<
Model In-Place 4
Creates a component that is unique to the project. ,‘
The component exists only in context of the current project, and 4
it cannot be loaded into other projects. &
1:50 <
4
Fine | 4
Show Original l
2
None o
4
Coordination| - ¢
By Discipline E
e None
0 | Press F1 for more help ;
n] v
TIRARA A o 2D A o R TRY ntes aat  ae aae }
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6. Specify the “Topography” category;

7 Family Category and Parameters H

Family Category

[ Railings ~
... Roofs

- Securty Devices

- Gite

- Specialty Equipment
- Sprinklers

- Stairg

- Structural Columns

- Structural Connections
- Structural Foundations
- Structural Framing

- Structural Stiffeners
Talacbons Nevices

o Windows v

Family Parameters

Parameter Value

| oK | | Cancel |

7. Call thein-place family “MMM _Topography” and click “OK”;

Mame x

Mame: | MMM _Topography |

8. Select the “Import CAD” command and look for the created DWG file;

oy o Sihe L ep R am e A pang o emlito S s e
a Create Annotate View Manage Add-Ins  Quantification  Site Designer  BIM Interoperability Tools  Lumion®  Modify  Precast (&2

EWL‘*’ g & GBI v X

Link . Manage Load Loadas Finish Cancel
CAD g Images Family Group  Model Model
ect v Link Import CAD (CA) ibrary In-Place Editor

Imports data or 3D geometry from other CAD programs to a Revit

perties project or family.

R Press F1 for more help

PERARA AT PP IO B B A et N AN e AP PO A et

M 2 A ha A e A
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9. Specify “Origin to Origin”;

10. The imported model must be moved to the right elevation since Revit places it at the
lower available level if the import command is executed while a 3D view is the current
one;

L PV UG e L VPR VTP Y S I WGIGEE RGP W WRPRSR S R S

e e PR N SOy I -V Derssp Y~ SV IO P I SV DRV S

11. Select the topography and specify “Level 0” as the “Base Level”;

[ [C T PRV I 1] e

Properties

Import Symbol
10_Terrain.dwg

[Imports in Families (1) v‘l % Edit Type
Constraints
Base Level |Level 0 v
Base Offset o0 T
Graphics _ A
Visible ‘™ »}
isibilitv/Graphica@vars i .
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12. Select the imported file and then click on “Explode”; this converts the imported solid
DWG to a native Revit solid. This means that itis possible to apply material parameters
to the geometry and modifying it with Boolean operations, for instance;

K oc - 2 e PRI [ S Vind e

aperability Tools s ™ Modify | Imports in Families ~ Precast S~

~iF ' r—1
N =7 ‘
JEl 5k & v
" Delets Query Visibility Finish Cancel
Layers Settings Model Model
“reate mpo e
Explode
Disassembles the import symbol one level to its next highest level
X of elements.

Press F1 for more help

L VOO DAY VO

13. The exploded element automatically takes the “By-Category” material specified for the
Topography;

AL M. M“,Mu‘“.. YW W Y "*“"‘*N A oA oA A

TRARA A N B M A et a e e S et P P
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14. Finish the family creation by clicking on “Finish Model”;
15. The created family can now be used in schedules and for drawing production purpose;

NOTE
Transforming a SAT file to DWG using AutoCAD, gives several benefits:

» It can be edited in AutoCAD, filtering the set of elements to be transferred to
Revit;

« Ifimported into a Revit family, the DWG can be exploded and recognized as a
native geometry; this means material parameters can be assigned and drawing
production is made easier in terms of graphic consistence and quality;

 When a DWG is exploded in a Revit family, this can be modified using void or
solid geometries performing Boolean operations;

« If a DWG is exploded inside a Revit family, this inherits the host family
properties. This means that a model imported inside an in-place roof family, will
work as a real roof: walls can be attached to its lower face;

» Walls from exploded DWG can bound rooms, although in some cases this can
work in unexpected ways so be careful!

» DWG files can be exploded only if imported; this does not work with linked files.

If there is not the need to explode the DWG, SAT files can still be used; the linking is more
advisable than importing for a matter of file performance and size. Moreover, the linked
SAT files inside an in-place mass family allows to divide its surfaces and place curtain wall
panels pattern based while imported SATs do not allow this useful feature.
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14.3 Use of Dynamo for the cladding placement

The second method to use Fusion 360 elements in Revit is using a Dynamo script to have all
the objects inside the exported file, recognized as single editable Revit families.

Use the provided “03_MMM_Patch Cladding.RVT” file since this has been configured with the
following points:

e Coordinates;

e Structural and interior files have been linked;

e Levels have been copied and monitored;

Several parameters have been setup to be able to schedule the cladding panels and
to give an input for the 4D sequencing;

Project Parameters *
Parameters available to elements in this project:

Add...
End

End Time :
Occupant LR
Paint
Sequence ID Remaove
Start
Start Time
Task Type

1. In Fusion 360, export the component “01_Patch Cladding — A” in SAT;

2. From the “Manage” ribbon, start Dynamo 2.02;

Dynamo For Revit - Dynamo Version X

Dynamo Version Selection

Multiple version of Dynamo installation found on this system.
Please select the Dynamo version you wish to run.

— Dynamo 1.3.4

C:\Program Files\Dynamo\Dynameo Revith1.34

— Dynamo 2.0.2

C:\Program Files\Dynamo'\Dynamo Revith.2

Close
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3. Select the script called “Family Panels by SAT.DYN”;

4. The script reads the exported SAT file and uses the node called “MW
FamilyInstance.ByGeometry” from the Springs Nodes
(https://dynamonodes.com/category/springnodes/) package to create single families by

specifying the category, the RFT family template path and the families name;

A s AR ARALA A A . A e A B e A A S A
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5. Click on “Run” when ready;

6. The script uses the family template specified to create a family with each solid in the
SAT model;

7. This node also allows specifying the material to be assigned to the family geometries
if this is defined inside the indicated family template;
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8. The script execution takes up to some minutes depending on the quantity and
complexity of the SAT file to be “translated”;
9. Below images show some steps of the translation process;
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10. The families can be individually opened and edited and belong to the “Casework”
category;

R Paneltaria - 3 View: View 1 -Ox

yr=10 AHEHERED

11. Create a file for each Fusion 360 component and link them to create an aggregate
model;

L 4
Manage Links X b
Revit [FC  CADFomats DWFMarkups PontClouds Topography 1
Refe Positi '
eren ositions

Status Type Not Saved Saved Path | Path Type Local Alias | J
Loaded Overlay 10_MMM_Windows.nt ’

Loaded Overlay i
Loaded Overlay I 4
Loaded Overlay E |
Losded Overlay P
Losded Overlay ! oft. i

Loaded Overlay 04 MMM _Edges Loftvt  Relative
Loaded Overlay 03_MMM_Patch Cladding.nt Relative 1
Loaded Overlay 02b_MMM_Boundaries.nt  Relative 4
Loaded Overlay 02_MMM_Interiors.nvt Relative 1
Loaded Overlay 01_MMM _Structure.nt Relative j
{
1
<
Sove Positons Reload Erom Reload \load Add... Remove 3
1
r <
Manage Worksets

4
14
[ R )

B P I I Ty N R e TSt S P s Y " =) ,J
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15 Exercise #7: Drawing Production for Panels Assemblies

This exercise shows how to use Revit to define panels assemblies and how to produce the
related drawings.

AvhAm MUA A A e M A a s N A A A A

RV Y W ) it WD S VAP S PPy - S RN 'A‘_“’)

1. Open the file “03_MMM_Patch Cladding.RVT”;
2. Activate a 3D view and select the panels indicated on the next image;

.\...k“*' a A

d

/

u-‘

e 4

RRP Y W W NV I B RV
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3. Itis possible to save the selection set to recall the same selection when needed. After
elements have been selected, click on “Save” under the contextual “Modify | Casework”
ribbon: a dialog appears and requires specifying a name;

b ..0gesk Vit L 20 -vo. . o diratch Liaddinginv, oL siew D

< Add-Ins  Quanti Designer  BIM Interoperability Tools  Lumion® J Modify | Casework E)’

& 1
i o 7 |
Pick Filter
New Host 4% Edit

Host Selection

Talogmmmntie s a0 0 e 0 e o J T A’““\”*“‘J

4. Once the elements are selected, click on the “Create Assembly” command;

AL Ouesk ReVi LUcv = vo_Viiind_rate. ; Llaudliiye v = 30 viev: {303

View __Manage Add-Ins  Quantification  Site Designer  BIM Interoperability Tools LumionOI Modifleaseworkl G))

T
)\' Create Assembly

-asure Creates an assembly from elements you select in the drawing
area.

Press F1 for more help | [’ Video is loading...

= d

L‘ﬁ;h.,,‘ﬂu

Y U BNPE NI e e T e e
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5. A dialog appears in which the assembly name must be specified. Name “Window Area”
the new assembly;

New Assembly X

Identity
If your assembly matches an existing assembly, it will inherit
its name from the match, and be read-only.

Type Name: | Window Area|

Naming Category: 'Casework

Lo ][ con |

L‘-Ap\a-tn LA A A s A A .

QP VW SO I T e T o S GNP PV

6. Once the assembly has been created, this appears in the Project Browser under the
“Assemblies” group;

Project Browser - 03_MMM_Patch Cladding.rvt X
‘0 Views (all)
Legends
=-f3 Schedules/Quantities (all)
Casework Material Takeoff
Casework Material Takeoff - 4D input
View List
Sheets (all)
91 Families
[@] Groups

=[] Assemblies

Window Area
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7. Right click on the “Windows Area” assembly P

and select “Create Assembly Views...”;

8. A dialog appears in which it is possible to
choose which view must be created and the

related View Template to be used. It also

allows to create a drawing Sheet;

roject Browser - 03_MMM_Patch Cladding.rvt
:D: Views (all)
Legends

= B Schedules/Quantities (all)
Casework Material Takeoff
Casework Material Takeoff - 4D input
View List

Sheets (all)

9 Families

[@) Groups

& Revit Links

=[] Assemblies

Create Assembly Views...

Delete

Rename

Select All Instances
Create Instance
Match

Type Properties...

Search...
Expand All
Collapse All

87 Create Assembly Views X
View scale B
Scale: 1:20 24
Scale value: 20
Views to create
M View type View template Assign
[ 3d Ortho Architectural Presentation 3D M
] Plan <From type>
[ Section A <From type>
[ Section B <From type>
[ Elevation Top <From type>
[] Elevation Bottom <From type>
[] Elevation Left <From type>
[] Elevation Right |<From type> |
[ Elevation Front <From type>
[] Elevation Back <From type>
[ Part List - <Fromtype> -
[ Material Takeoff <From type>
1] Casework Schedule <From type>
[Asheet | A1 metric v|
How do I create assembly views? | OK | [ Cancel
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9. The created views are now listed below the
“Window Area” assembly and if needed, they
can be opened and modified;

10. Double click on the Sheet to open it. Once the
Sheet is active, it is possible to place the
relevant views by using the drag & drop
method. In this case, panels are tagged with
a Caseworks tag reporting the ID Sequence
(shared parameter);

Project Browser - 03_MMM_Patch Cladding.rvt
0. Views (all)
Legends
=3 Schedules/Quantities (all)
Casework Material Takeoff
Casework Material Takeoff - 4D input
View List
Sheets (all)
2 Families
[@] Groups
@» Revit Links
=[] Assemblies
=) Window Area
3D View: 3D Ortho
Detail View: Detail Section A
Detail View: Detail Section B
Detail View: Elevation Back
Detail View: Elevation Bottom
Detail View: Elevation Front
Detail View: Elevation Left
Detail View: Elevation Right
Detail View: Elevation Top
Detail View: Plan Detail
Schedule: Casework Schedule
Schedule: Material Takeoff
Schedule: Part List
Sheet: A101 - Sheet

1
4
{\ AUTODESK ;
7 - : p
¢
o B | —3 !
T 3
A0 E 1
3 - e ;
1) ]
A 1
e/fq Owner f
o
\_ J / ° ' Project Name ;
\r%# J - Sheet —~ )
— — £
i A101 i€
— I
Attt A . et st o Bt 0 i g i
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16 Exercise #8: 4D Sequencing for Panels Installation

The scope of this exercise is preparing the input for the panels’ installation sequencing. In
this simulation this happens from the internal beginning of the branch outwards.

The following image (https://www.floornature.com/messner-mountain-museumzaha-hadid-architects-
10783/) shows the actual panel installation on the Messner Mountain Museum. Their placement
begins from the interior of the building and this exercise replicates the same behavior.
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16.1 Preparing the 4D input

Open the “03_MMM_Patch Cladding.RVT” file. This has been setup with some parameters to
specify the installation order for each cladding panel as reported in the previous part of this
document. Customized parameters are shown in the picture below and they are related to the
distance from the reference (the Theodolite placeholder) and their Sequence Id, which is the
distance order form the reference.

Properties X

i Panel106 -

Casework (1) v Edit Type
Constraints A
Host MNone
Offset -6707.9

Moves With Mearby Elements [
Text
End
Start
Identity Data
Image
Comments
Mark
Phasing
Phase Created {New Construction
Phase Demolished ‘None
Other
End Time
Start Time
Task Type

Distance from Reference
Paint Grey Coated
Sequence D

Properties help Apply
There are also parameters related to the installation timing: start and end time are assigned
using the dynamo scriptin which also the installation needed time for each panel is specified.

In this case a specific family is used to define the origin for the installation sequence; this has
been modeled using the shape of a survey theodolite.
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1. Place the family called “Theodolite = Type 1” as indicated in the next picture;

2. Start Dynamo 2.02 (or more recent versions) from the “Manage” ribbon;

3. Open the “Panels — Sequence ID.DYN” script;

4. The first part of the script, shown later, requires selecting the reference element (the
Theodolite) and the panels to be numbered. For This reason, open a 3D view and isolate
the panels to be used for the sequencing analysis. Use the next image as a reference;

PO TSV V PINEE P ST R W QW W P

?
|
|
:
;
(
!
:
]
\
3
L
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5. The dynamo script measures the distance of each panel form the placeholder (the
Theodolite family) and populates the panels’ attributes with the detected distance and
their order from the closer to the farther panel;

]

.

Set the 4D sequence ID -
4

Element.SetParameterByName £

Code Block element > Element <

"Sequence Iy > pararm Nan > }
"Distance from Reference"; |> \ 1
value > 3

a0 s

!

s

3

<

£

1

element > Element }

\4 parameterName > 1

value > S

o £

4

\l {

TR I s IO B n OB et el NN s Mol S <r“

6. Thescriptalsoapplies a color to panels depending on their distance from the reference
element. This color is applied to the current view only;

Color the elements in view depending on 4D IDs

Element.OverrideColorinView

Color Range

Element.GetParameterValueByName

—————{ clement > ver{l.

———{ parameterName >

value
n
x.—"’.-. PV WSS S~ ISy P I S S SRSV A T U R Sy

7. The script requires an input as shown in the next image: select the reference (red box
and arrows) and then the set of panels to be analyzed (green indications);

$
{
{
<
‘
4
4
{
i
1
3
S

Define Panels and/the ,
Reference Objec familyinstance

Select Model Element
Select Element
Element : 555233

Select Model Elements

Select Elements

Elements : 450970 451699 498355
1499084 499813 500542 501271
502000 502729 503458 504187
504916 505645 506374 507103
507832 508561 509290 510019
510748

e T T N Y I o N T D W e &L PSSP S SOV I g
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8. Click “Run” to execute the script; all selected panels will acquire a color in the current

view depending on their relative position against the Theodolite placeholder: red for
the closer and cyan for the farther;

s T Y PR Y P R W ST B S TP )

J

|
|
|
i
f
|
|
4

9. Forinstance: the panel shown below is the 315 panel to be installed and has a distance
of about 10.4 meters from the reference element;

Properties X i
\ Panel92 all !
| Casework (1) v | 3 EditType
Constraints A
Host None }
Offset -2928.8
Moves With Nearby Elements O
Text ¥
Identity Data b3
Phasing A
Phase Created New Construction
Phase Demolished None
Other A
End Time []
Start Time []
Task Type Construct [] )
Distance from Reference 10414.7 - [] }
Paint Grey Coated []
Sequence ID 3N — 1 1
Properties help . Apply i
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16.2 The 4D sequencing in Navisworks

The Dynamo script also writes the installation timing (both start and end) inside each panel.
Revit is used to create a schedule to list each panel and the related timings so that this
becomes an input to simulate the installation sequence in Navisworks Manage.

Thes script portion (shown in the next picture) allows to specify the start time for the
installation activity and the duration of each panel placement. Then writes inside each panel
the start and end time.

Set the 4D Timing lputs

s T

e AAL A S s AN e A B A A <A B A

T At D B O ol NN 0 2P ol PN ol Nl e SN st AT s N B MO O D bl sralt s gl B

1. Specify the installation start defining: year, month, day, hour and minute;

Year ?
]
DateTime.ByDateAndTime :
year > dateTime Pr—
6 <
o - month > £
day > 2
hour > )
minute > 1
second > ;
millisecond > 4
AUTO ‘
¢
4

.

TIARA A D IO B o o B A B bt el SN e B 00 P PPNl
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2. Define the time needed to install the single panel;

:
days > timeSpan
Interval hours >

m minutes > j
seconds > \

4

milliseconds > “

AUTO g

TERARA A B A Mwwj

3. The following image shows how the same panel taken as a sample before, also reports
the timing for the installation activity;

Properties X {
- -
%\. Panel92 - i

Casework (1) v| B3 EditType 3

Constraints 2 —
Host None
Offset -2928.8
Moves With Nearby Elements O

.
End 18-Jun-19 4:45:00 PM T
Start 18-Jun-19 4:30:00 PM

Phasing
Other

« « 4

i
J
Properties help Apply :
y
v

TERARA A D IO B M A et a o e AP e
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4. A schedule can be created to list all relevant information to perform a 4D sequencing

simulation;

sequencing (for instance, in this case, the outer shell objects);

b

X | [E Casework Material Takeoff - 4D i... X 4

A B C D E F
Family S D Start End Task Type Material: Volume "

¥ |Panel117 1 18-Jun-19 9:00:00 AM 18-Jun-19 9:15:00 AM Construct 0.28 m* 4
Panel14S 2 18-Jun-19 9:15:00 AM 18-Jun-19 9:30:00 AM Construct 0.14 m* ,
Panel116 3 18-Jun-19 9:30:00 AM 18-Jun-19 9:45:00 AM Construct 0.10 m*

/P& Ipaneii4s 4 18-Jun-19 9:45:00 AM 18-Jun-19 10:00:00 AM Construct 0.05 m*
A |Panel1S S 18-Jun-19 10:00:00 AM 18-Jun-19 10:15:00 AM Construct 0.29m*| <
i Panel113 6 18-Jun-19 10:15:00 AM 18-Jun-19 10:30:00 AM Construct 032m i

i |Panel120 4 18-Jun-19 10:30:00 AM 18-Jun-19 10:45:00 AM Construct 026 m*
Panel119 8 18-Jun-19 10:45:00 AM 18-Jun-19 11:00:00 AM Construct 0.10 m*

2 Panel114 9 18-Jun-19 11:00:00 AM 18-Jun-19 11:15:00 AM Construct 0.03m* ;

.. |Panel118 10 18-Jun-19 11:15:00 AM 18-Jun-19 11:30:00 AM Construct 026 m*

... |Panel108 11 18-Jun-19 11:30:00 AM 18-Jun-19 11:45:00 AM Construct 017 m* 4

. |Panel72 12 18-Jun-19 11:45:00 AM 18-Jun-19 12:00:00 PM Construct 0.1 m? 4

A |Panel107 13 18-Jun-19 12:00:00 PM 18-Jun-19 12:15:00 PM Construct 017 m* i

j Panel111 14 18-Jun-19 12:15:00 PM 18-Jun-19 12:30:00 PM Construct 0.05 m*
,.,.E Panel123 15 18-Jun-19 12:30:00 PM 18-Jun-19 12:45:00 PM Construct 023 m*
) I Panel122 16 18-Jun-19 12:45:00 PM 18-Jun-19 1:00:00 PM Construct 0.10 m* }
..E Panel121 17 18-Jun-19 1:00:00 PM 18-Jun-19 1:15:00 PM Construct 0.23m*
= Panel8s 18 18-Jun-19 1:15:00 PM 18-Jun-19 1:30:00 PM Construct 0.03m* '
»E Panel109 19 18-Jun-19 1:30:00 PM 18-Jun-19 1:45:00 PM Construct 017 m* ‘
Panel110 20 18-Jun-19 1:45:00 PM 18-Jun-19 2:00:00 PM Construct 0.13m* l
Panel2 21 18-Jun-19 2:00:00 PM 18-Jun-19 2:15:00 PM Construct 0.06 m*
Panel126 22 18-Jun-19 2:15:00 PM 18-Jun-19 2:30:00 PM Construct 020 m* a
Panel112 23 18-Jun-19 2:30:00 PM 18-Jun-19 2:45:00 PM Construct 0.07 m* 1

X Panel96 24 18-Jun-19 2:45:00 PM 18-Jun-19 3:00:00 PM Construct 0.12m*

A |Pane73 25 18-Jun-19 3:00:00 PM 18-Jun-19 3:15:00 PM Construct 0.10 m* i
Panel9s 26 18-Jun-19 3:15:00 PM 18-Jun-19 3:30:00 PM Construct 0.06 m*
Panel125 27 18-Jun-19 3:30:00 PM 18-Jun-19 3:45:00 PM Construct 021 m?
Panel94 28 18-Jun-19 3:45:00 PM 18-Jun-19 4:00:00 PM Construct 0.13m* )
Panel79 29 18-Jun-19 4:00:00 PM 18-Jun-19 4:15:00 PM Construct 0.12m
Panel124 30 18-Jun-19 4:15:00 PM 18-Jun-19 4:30:00 PM Construct 017 m* {
Panel92 31 18-Jun-19 4:30:00 PM 18-Jun-19 4:45:00 PM Construct o19m| &
Panelg1 32 18-Jun-19 4:45:00 PM 18-Jun-19 5:00:00 PM Construct 011 m ]
Panelg7 33 18-Jun-19 5:00:00 PM 18-Jun-19 5:15:00 PM Construct 0.09m*
Panel129 3¢ 118-Jun-19 5:15:00 PM 18-Jun-19 5:30:00 PM Construct 017 m* '

e PR A SN RTTETY R E RGBS AN Lo et oIV g

Material Takeoff Properties *
Fields Filter  Sorting/Grouping Formatting Appearance
Filter by: |Sequence D w | |is greater than ~ | | 0 w
And: (none) ~ ~
And: (none) ~ ~
And: (none) ~ ~
And: (none) ~ ~
And: (none) ~ ~
And: (none) ~ w
And: (none) ~ w
ok || cancel || Heb
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5. Export the schedule;

= R RO S e RAROTR A R ST SR VRO RSV S TSR - R
Architecture  Structure  Steel  Systems Insert Annotate Analyze Massing & Site C,

@]@ Creates exchange files and sets options. "I_l" mﬂ > i

- Resize Hide )
D N 3 —— Tlle. z I
Iy gbxmL Columns 4
e | Savesthe model as a gbXML file., ’
IE; Open »
A IFC X | B ca
()\,;‘: A

Saves an IFCfile.
E Save | —

ODBC Database
Saves model data to an ODBC
g Save As > database. v | B3 Edit Type [
Al
Images and Animations E
= Export » Saves animations or image files. ¥ iDinput

Reports [™)Schedule
Saves a schedule or Room/Area »

report. [17)Room/Area Report

i
|G| H @

= e il
Options R io7
I__é Close Sets export options for CAD and IFC. Paneli1l 4
Panel123 i
Sy
s o xt ikt e —— L L Panaiice ,

[Panei110

6. Configure the export setting as shown below. “Export Tile” should be unchecked
although in this case the schedule title has been hidden in the same Revit schedule;

Export Schedule >

Schedule appearance
[ Export title
Expart column headers
Indude grouped column headers

Export group headers, footers, and blank lines

QOutput options
Field delimiter: (tab) R
Text qualifier: - L

Cance
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7. The produced file will be prepared using MS Excel. The file needs to be formatted so
that Autodesk Navisworks Manage can use it; this must be a CSV with fields properly
separated by commas. In order to maximize the compatibility, MS Excel will be used
although the file could be exported with the “comma” field delimiter;

8. Select the created file and change its extension: from TXT to CSV. This is a workaround
allowing MS Excel to directly open the file without passing through the standard
import procedure;

9. Open the file using MS Excel and save it as CSV;

a )

Data (D:)

v

e

File name: | Casework Material Takeoff - 4D input.txt v

Save as type: | Unicode Text (*.txt) v

. Excel Workbook (*.xlsx)

Authors:| e - o] Macro-Enabled Workbook (*xism)
Excel Binary Workbook (*xIsb)

Excel 97-2003 Workbook (*.xIs)

- Folders CSV UTF-8 (Comma delimited) (*.csv)
XML Data (*.xml)

Single File Web Page (*.mht;*.mhtml) I
Web Page (*.htm;*.html)

Excel Template (*xitx)

Excel Macro-Enabled Template (*xitm)
Excel 97-2003 Template (*xit)

Text (Tab delimited) (*.txt)

Unicode Text (*.txt)

XML Spreadsheet 2003 (*xml)

Text (acintosh] (")
Text (MS-DOS) (*.txt)
LCSUAM ™G D A0 b o 2 A0 A et N AN e D A B PO A et

Mot A oot Aaeba A Aty AL,

\

7. Open Autodesk Navisworks Manage;
8. Append the Revit file called “03_MMM_Patch Cladding.RVT”;

BIM 360

=t

View

Animation

Review Output

CN

Reset Select Select _|Selectio
All v an " Tree
Append (Ctrl+A) h v j

Adds geometry and data from selected files to the current 3D
model or 2D sheet. Appending retains duplicate content, such as
geometry and markups.

Press F1 for more help

| 231 UoRI3RS M 5335 ,

$
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9. The cladding components appear on the work area of Navisworks;

10. Open the “Timeliner” dialog and click on the “Data Sources” tab;

Tasks I Data Sources IConﬂgufe I Simulate I
[SRadamesk 28 [ G- | | [@oatten- [ 5| | \Qlé [=]&][@)

Active Name Status | Planned Start
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11. Click on “Add” and then select “CSV Import”;

Configure | Simulate 4

[ Add~

CSV Import g "
Microsoft Project MPX b
€

Microsoft Project 2007-2013
Primavera P6 (Web Services)
Primavera P6 V7(Web Services)
Primavera P6 V8.3(Web Services)

bt o At J’%’/

12. Select the file previously prepared with MS Excel, in this case this is called
“4D_3_Casework Material Takeoff - 4D input.CSV”;

13. A dialog appears in which it is possible to match the columns in the CSV file with the
4D related fields; set the mapping as indicated in the next image and click “OK”;

Field Selector >

C5V Import Settings

Row 1 contains headings

(®) Automatically detect date/time format
() Use spedfic date/time format

dd-MM-yy hh:mm

Column External Field Name &
Task Name Family
Ve,
Task Type Task Type
Synchronization ID Sequence ID
Planned Start Date Start
Planned End Date End
Actual Start Date
Actual End Date
Material Cost
Labor Cost
Equipment Cost W
Reszet All OK I | Cancel | | Help
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14. The file has been set as a data source and appears in the space below;

TimeLiner W X
Data Sources | Canfigure | Simulate ‘
[Q_noo-J | (L Delete ‘ | Eémrgm-l
Source Project
S S D S e i, IRClad That\03_Dataset\02_Refined ModeldD Se

Name
Mew Data Source 5V Import ®

15. Click on the “Refresh” button and specify “All Data Sources”;

Tasks | Data Sources | Configure I Simulate I

g
>
S
(=Y )
k.w An

Name ;
New Data Source All Data Sources |

e A . gt B A AP
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16. Being that this is the first time the CSV file is imported, specify “Rebuild Task
Hierarchy” on the dialog that appears;

M Refresh from Data Source ot

Choose how the data will be refreshed:

(@ Rebuild Task Hierarchy

Imports all task structure and data associated with the source, Existing
structure and imported data are overwritten.

) Synchronize

Updates task data from the source. Existing structure is maintained.

| oK | | Cancel |

17. Navisworks created one task for each panel family / panel instance (there is a single
instance for each family in the Revit model). Each task used the data provided with the
Revit schedule to assign a start and an end time with the duration defined in the
Dynamo script. Also, the Task type has been defined using Dynamo which wrote the
specific information in Revit;

TimeLiner E

J Tasks |Data Sources | Configure | Simulate ‘

£ - el > | B el " + - SIS : - -
(Fagask [ 23[R | | [Ravaen-[G@) 1 | (88|20 (2] 2] (@ Zoom: 5 |B8
Tuesday June 13, 2019
Active Mame Status Flanned Start Flanned End Task Type
(I {1 - U e e | | SES | e LAY 1
=l New Data Source ... B 18-Jun-19 9:00 &M 19-Tun-195:15 AM L 4 . -~
Panell17 E=18-Jun-19 9:00 AM 18-Jun-199:15 AM  Construct 1
Panel145 EE18-Jun-19 215 AM 18-Jun-19 930 AM - Construct: [
Panell 16 E= 0 18-Jun-19 9:30 AM 18-Jun-199:45 AM  Construct —/ i
L Paneli44 B 18-Jun-19 9:45 AM 18-Jun-19 10:00 AM  Construct —/1
| Panell15 B2 18-Jun-19 10:00 AM 18-Iun-19 10:15 A Conskruct —/1
| Panell13 B2 18-Jun-19 10:15 AM 18-Jun-19 10:30 AN Conskruct H —/1
| Panel120 B2 18-Jun-19 10:30 AM 18-Jun-19 10:45 AM Construct L l:l
| Panel119 B2 18-Jun-19 10:45 AM 18-Jun-19 11:00 AM  Construct H l:l
Panell14 B 18-Jun-19 11:00 AM 18-Jun-1911:15 AM  Conskruct ! [—
Panell18 E=18-Jun-19 11115 AM 18-Jun-19 11:30 &M Construct | I
— R BT RSO 18 Wm0 AE AW bk — e
< > |« >
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18. Select the command “Auto-Attach Using Rules”; this allows to automatically attach to
each task a specific set of elements in the model;

Tasks I Data Sources I Configure I Simulate l ’
— ¢ |
| SPaddTask | 22| T~ | | | Rpatacn 4 i || || 82~ | I l | I [T ]| e

Auto-Attach Using Rules T
Create, edit and apply rules for automatically gsk Ty\
ruj

Active

Name ‘ Status

| attaching model geometry to tasks.
_4 @ = New Data Source ... B2 1 50urFre oo A T9=JUIFT9 97 TS AN
.

et amaCiRiiTam . ggemES )0 SR0 AN oanlZ IO 200 AN Copstiy

19. In this case, each task has the same name of the related element since the task takes
that from a Revit schedule which lists the model families. This means that the first rule

can be used to attach to each task the items having the same name. Click on “Apply
Rules” and close the dialog;

M TimeLiner Rules

X
Map TimeLiner Tasks from Column Mame to ltems with the same name, Matchin
[ "] Map TimeLiner Tasks from Column Name to Layers with the same name, Matchil

{

>

[] Override current selection ﬁ Apply Rules
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20. The Navisworks Timeliner shows how each task is directly connected with a single
panel in the model;

Save, Load & Playback

B Camera v

Navigate ~ Render Style ‘ Sectoning | “Egat

adaesk [ 28 G- [ 3 R - [ 0 [ % (827 (B¢ [ [ B8] & | (B (B

Name.

‘ Status Planned Start

l Planned End ‘ Task Type ‘

BlEE) =

| Tuesday June 18, 2019
Attack

Panel117
Panel145
Panel1 16

werEm §

Panel113
Panel120
Panel1 19
Panel1 14

IRRRRRAL]

= New Data Source ...

18-3un-19 9:00 AM

18-Jun-19 9:00 AM
18-Jun-19 9:15 AM
18-2un-19 9:30 AM

18-2un-19 10:30 AM
18-2un-19 10:45 AM
18-3un-19 11:00 AM
18-un-19 11:15 AM

19-Jun-19.5:15 AM

18-Jun-19 9:15AM  Construct
18-Jun-199:30 AM  Construct
18-Jun-19 9:45AM  Construct.
18-Jun-19 10:00

18-Jun-19 10:45 AM Construct
18-Jun-19 11:00 AM Construct
18-Jun-19 11:15 AM Construct
18-Jun-19 11:30 AM Construct

| 4AM

Explicit Selection
Explicit Selection |
Explicit Selection |

Explci

Explicit Selection
Explicit Selection
Explicit Selection

Combins Calnntinn

blIKS

21. Select the “Simulate” tab and click the “Play” symbol,

| Tasks | Data Sources | Cnnllgllrrl Simulate _

[w]ala]a] o] fw]wn] U—

12-Jlun-19 = . 09:00 0315
| [ Seftings=; ] 18-Jun-19 Jun-13-19
| Tuesday June 18 2013, 9 AM | Tuesday June|
= @ Name Status Planned Start Planned End A
UL [= New Data Source (Root) B 13-Jun-19 9:00 AM 19-un-195:15 AM LIE:S
P 0% Panell17 B 18-Jun-19 9:00 AM 18-Jun-129:15 AM
<

22. Navisworks shows an animation in which the panels are placed one by one, respecting
the Gantt diagram created before; images on next page show frames extracted from

the Timeliner simulation;
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17 Appendix: Keyboard Shortcuts

Speed up your design work with keyboard shortcuts.
Use these shortcuts to streamline the interaction with the Fusion 360 software.

Animate Workspace Commands

Ishortcut Icommand
U Auto Explode All Levels
E Manual Explode
P Publish Video
M Transform Components
C View

CAM Workspace Commands

Ishortcut Icommand
Ctrl + D | Command +D Duplicate
Ctrl + G| Command + G Generate Toolpath
Shift+S Scripts and Add-Ins
Ctrl+L| Command + L Show Log

Canvas Selection

IShortcut Icommand
Ctrl + C| Command + C Copy
Ctrl + X | Command + X Cut

Hold Shift + Hold Middle Orbit

Mouse Button

Hold Shift + Click then Hold = Orbit around point
Middle Mouse Button

Hold Middle Mouse Button  Pan

Ctrl + V| Command + V Paste
Ctrl + Y| Command + Y Redo
Ctrl + Z | Command + Z Undo

Roll Middle Mouse Button Zoom
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Drawing Workspace Commands
Ishortcut Icommand

B Balloon

C Center Mark

Delete Delete

D Dimension

M Move

P Projected View

T Text
Edit Form Commands
Ishortcut Icommand

Alt + Drag Add geometry

Alt + Control + Drag | Alt + Add geometry and keep creases
Command + Drag

Modeling Commands

Ishortcut Icommand
R 2-point Rectangle
A Appearance
Shift +J As-built Joint
o Center Diameter Circle
Ctrl + B| Command + B Compute All
E Extrude
F Fillet
2 Freeform Selection
H Hole
J Joint
L Line
I Measure
S Model Toolbox
M Move
X Normal / Construction
o Offset
3 Paint Selection
Q Press Pull
P Project
Shift +S Scripts and Add-ins
D Sketch Dimension
Shift + N Toggle Component Color Cycling
\ Toggle Visibility
T Trim
1 Window Selection
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Render Workspace Commands

shortcut
A

command
Appearance

Sculpt Workspace Selection

shortcut

Shift + Up Arrow

Alt + N | Command + N

Alt + O | Control + O

Alt + P | Control + P

Alt + Right Arrow | Control +
Command + Right Arrow
Alt + Up Arrow | Control +
Command + Up Arrow

Alt + Left Arrow | Control +
Command + Left Arrow

Alt + Down Arrow | Control +
Command + Down Arrow
Alt + M | Command + M

Alt + K| Control + K

Alt + L | Control + L

Alt + J | Control + 3]
Double-click an edge
Select two faces then
double-click a third face
Shift + Down Arrow

Ctrl + 1] Control +1

Ctrl + 2 | Control + 2

Ctrl + 3 | Control + 3

command

Grow selection
Invert selection
Loop grow selection
Loop selection

Next U

Next V

Previous U

Previous V

Range selection

Ring grow selection
Ring selection

Ring shrink selection
Select edge ring
Select face ring

Shrink selection

Toggle box mode

Toggle control frame mode
Toggle smooth mode
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Simulate Workspace Selection
Ishortcut Icommand

Ctrl + D | Command + D DOF View

F Force

Ctrl + G| Command + G Groups View

Ctrl+L| Command + L Model View

N New Simulation Study

Ctrl + R| Command + R Results View

E Settings

C Structural Constraint
L Structural Loads
System
Ishortcut Icommand

Ctrl + Shift + S| Command +

Shift + S
Ctrl +S | Command + S

Recovery Save

Save Version
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/\ AUTODESK

IMAGINE,
DESIGN,
MAKE

A better World
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