Robots in the Built Environment: Workflows
for AEC at the Autodesk Technology Centers

Stefanie Pender

Senior Shop Supervisor, Autodesk Technology Center

Boston

CONNECT &€ CONSTRUCT SUMMIT
/"/

//
//
/
»//
l,/
v‘/
/

/\ AUTODESK.
UNIVERSITY

. -
§
A

a -

y gk &‘\\\ W f

il \ \

y | N\
/ v"
\




"\ AUTODESK. TECHNOLOGY CENTERS

About the speaker

Stefanie Pender

Stefanie Pender is a Senior Shop Supervisor at the Autodesk
Technology Center Boston, a research and development workspace
where Autodesk invites startups, colleges and universities, and
industry experts to explore ways to advance the building industry.
The center focuses on industrialized construction, digital
fabrication, automation and robotics in construction, and other
ideas that are transforming the built world. Stefanie supports
residents utilizing robotics at the technology center in applications
that range from milling, welding, 3D printing, cutting, and material
handling.
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* Introduce Autodesk Technology Centers

e /4 case studies of how residents from the

technology centers have utilized construction

robotics
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Residency Location

L
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he residency program 1s offered in the ~“
‘echnology Centers in San Francis€o, Toronto
and Boston, each providing unique equipment ™%
and expertise tailored to specific thematic
needs.
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Residency Themes

Manufacturing

The Technology Center in San
Francisco focuses on the
development and demonstration of
new manufacturing technologies
relating to the concept of
configurable microfactories.

Construction

The Technology Center in Boston
supports innovation in areas related
to the built environment with a focus
on the architecture, engineering and
construction industries.

The Technology Center in Toronto
supports the research and
development of emerging
technologies, including machine
learning, generative design and
artificial intelligence.
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Autodesk Technology Centers Residency Progre '

Q Dedicated team of subject matter exp
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Industry

The resident community
includes teams from industry
and design practice. Often, the
industry engagement team can
facilitate collaboration
between academic and
industry groups to enhance the
potential of the residency.

_T,_A\utodesk Technology Centérj.\-
Resident Community

B

’

Academic

Academic residents include
groups or individual faculty
and students who are working
on applied research in aligned
thematic areas. Technology
Centers host courses, special
projects, and independent
researchers from global
universities.

Entrepreneu

Startup resi

to a um’qﬂe rking
environ ong with access
to equipr*ent, technical

expertise, and connections to
industry specific companies

that allow the teams to focus
on developing their business.

Network

In addition to residencies, the
Technology Centers engage
with accelerators, incubators,
innovation centers, and
members of our local
community to allow residents
to benefit from professional
connections to build

their networks.




Connect

The Industry Engagement
team is available to assist in
proposal development and
to answer any questions
about the program.

technology.centers@autodesk.com

Apply Become a Resident
Complete the form linked at Once accepted, the Technology
the bottom of the page to Center community team will
submit your proposal to serve as your liaison to schedule
provide background on your safety training, activate site
team and/or your proposed access, and ensure your team is
project. well positioned for success.

autodesktechnologycenters.com/apply-now/
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For more information:

technology.centers@autodesk.com



Construction is a $10 trillion global industry.
[t's also mired by waste, severe worker
shortages and weak productivity growth — all
of which mean the business of building is ripe
for a robotic takeover.

“The construction industry is short on human workers and ripe for a robotic takeover”

https://www.vox.com/2017/6/6/15701186/robots-construction-homes-technology-drones-building-automation-productivity



https://www.vox.com/2017/6/6/15701186/robots-construction-homes-technology-drones-building-automation-productivity

Industries like ICT and media have seen the most digitization and
productivity growth. Construction is at the opposite end of the spectrum.

INCREASED PRODUCTIVITY

5% « Average year-over-year & MORE DIGITIZED
growth rate, 2005-2015 Media:
‘ 2% of GDP
4% .
Information
Communications
Technology:
0,
45 6% of GDP
Real estate: 13% of GDP
2% — Oil and gas: 1% of GDP
Basic goods
manufacturing
Chemicals and
1% pharma Finance and
iInsurance
0 Government Digitization score
— b
Utilities 60 80 100
Health care Retail
Mining
Hospitality
1% Education
Transportation/warehousing
Construction: 4% of GDP
-2% ' STAGNATING PRODUCTIVITY
& LESS DIGITIZED
Source: McKinsey Global Institute Note: Circles sized by share of GDP rm

“The construction industry is short on human workers and ripe for a robotic takeover”
https://www.vox.com/2017/6/6/15701186/robots-construction-homes-technology-drones-building-automation-productivity



https://www.vox.com/2017/6/6/15701186/robots-construction-homes-technology-drones-building-automation-productivity
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Apis Cor

3D printed concrete structures

https://www.apis-cor.com/
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https://www.apis-cor.com/

Max operating zone

Max elevation height from a single point

Printing output area per day

A

132 m?
3300 mm

100 m?
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https://www.youtube.com/watch?v=SLHAj8cl3R4


https://www.youtube.com/watch?v=SLHAj8cl3R4
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https://youtu.be/69HrqNnrfh4

C. apis cor

we print buildings





https://youtu.be/TtcGH1iLM1w
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P~ E TZ, A Autodesk PowerMill Ultimate 2020 [ Read-Only Project * Apis Cor platform v2 ] @ - =3 X

File Home Setup Toolpath Toolpath Edit Tool Boundary Pattern Hole Feature Set Feature Group Workplane Model Stock Model Machine Tool Simulation NC Program View Additive A
k I/’ e ;?Feeds & Speeds | u ? @ ‘ ’ N @ G (1 k kr_) - - - = = )
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Setup Toolpath setup Tool Create Toolpaths ‘ Verification Selection Macro ~ Utilities Collaborate
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x Vertical Plugin Window X

In] % Robot Library 5

' Robot Cell 2

* = Robot Control
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m @: Trace axis limits Org

Kl - &

AUTO

2 0

AUTO

A3

AUTO

A4 | | a
AUTO

A5 A

AUTO

A6 .

AUTO
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https://manufacturing.autodesk.com/solutions/robotics/
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Bond Beam Bond Beam

. . Vertical Reinforcement
Vertical Reinforcement

y as required
/ asrequired o :

Horizontal Reinforcement
as required

» Metal Lath, Mesh,

or Wire Screen

Horizontal Reinforcement
as required

4'—\ N
Metal Lath, Mesh,
or Wire Screen

Apis Cor
2019
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Horizontal Joint
"Ladder"
Reinforcement

Horizontal Joint
"Ladder"
Reinforcement

WALL-FOUNDATION

LAP LENGHT Wall-Foundation

Lap Lenght

Foundation
Rebar Foundation
Rebar

Concrete

Interior Footing Concrete
slab Interior Footing
slab
Apis Cor

2019



U lintel precast

/ Vertical Reinforcement

as required
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Perkins and Will

Robotic fabrication of Nail Laminated Timber Pavilion

https://perkinswill.com/news/turning-imagined-designs-into-constructed-reality-with-robots/
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https://perkinswill.com/news/turning-imagined-designs-into-constructed-reality-with-robots/

GOALS:

1. ROBOTIC FABRICATION OF WOOD
STRUCTURE

2. SCALABLE SYSTEM APPLICABLE TO
MULTI-STORY CONSTRUCTION

3. FIRE-RESISTIVE ASSEMBLY




NAIL LAMINATED
TIMBER (NLT)
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OFF THE SHELF LUMBER




WOOD NAILS




FIRE RESISTANCE




GREENBUILD
BOOTH DESIGN
GUIDELINES

. GREENBUILD

Booth Construction
Guidelines

INTERNATIONAL CONFERENCE AND EXPO

Please review the following to ensure that your display meets the Booth
Specifications. If your booth does not meet these specifications, you must
submit a rendering of your display to Show Management for review.

All booths, regardiess of size, are required to follow these guidelines.

To avoid additional costs (i.e. design cost or tear down of an unapproved structure),
please obtain written approval before beginning production or construction of
display. All requests must be in writing; e-mail karen.young@informa.com for approval
or with any questions.

Aisle

Booth Configurations: _In-Line
Carpeting is NOT required in your booth

(Linear) Booths

Aisle

100

In-Line (Linear) Booth (Booths 10’ x 10) ‘(6,\

Definition: In-Line Booths have only one side
exposed to an aisle and have at least one adjacent
neighbor on either side of the booth.

Booths are most commonly 10" wide by 10
deep. No booth construction or signage may
exceed 8' in overall height. The maximum
height of 8 is permitted on the back 5' section
and a maximum height of 4' is permitted on
the front 5’ section. Please reference the diagram
of allowable configurations. No hanging signage from
the ceiling is allowed in an In-Line Booth.

Note: When three or more In-Line Booths are used as a single booth
space, the 4' height limitation is applied only to that portion of booth
space which is within 10' of an adjoining booth.

A Corner Booth is an In-Line Booth exposed to aisles on two sides. The
same rules for In-Lines apply for Corner Booths.

Booth Equipment: Standard 10" x 10" In-Line Booths will be set with 8
high back drape and 3" high side drape.

Island Booths (Booths 20’ x 20’ or greater)

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

Definition: An Island Booth is any size booth -l 1

exposed to aisles on all four sides of the 3 T S
booth with no adjacent neighbors. > ~i | i
Booth fixtures, components and signage v _ ey |
will be permitted up to a maximum 32 L e &
height of 20'. Hanging signs from the — &

ceiling are permitted in Island Booths that
are 400 square feet and larger, but the top of the
sign may not exceed 20" in overall height.

/\

Multi-Level Booths
Definition: An island booth with a second level, not to exceed 20",

You MUST receive approval from Show Management and the Fire Marshal when
building a multi-level booth to insure that your display meets the necessary fire
safety precautions involving smoke alarms, fire extinguishers, sprinkler systems,
etc. You must have drawings available for inspection by Show Management, the
installation and dismantling contractor, the exhibitor and governmental authority
during the time the exhibit is being erected, exhibited and dismantled at the show
site that include a signature or stamp of a reviewing structural engineer indicating
that the structure designed is properly engineered for its proposed use, and a
signature of an authorized official of the exhibit building company indicating that
the structure is built in compliance with the details and specifications set forth

on the drawings. Signs must also be posted indicating the maximum number of
people that the structure will accommodate.

Aisle Aisle

Isiand
Booth

Aisle
9IsIy
sty

Aisle Aisle

Perimeter In-Line Booth (Booths 10’ x 10°)

Definition: A Perimeter Booth is an In-Line Booth L
that is the outermost aisle of booths that do not
back up to another booth. jot—]

wet

All guidelines for In-Line (Linear) Booths apply |,
to Perimeter Booths except that the maximum
backwall height allowed on the back 5" section

is 12'. No hanging signage from ceiling is allowed
in a Perimeter Booth. Please reference the drawing
for a diagram of the allowable configurations.

In-Line (Linear) Booth with Canopies and Ceilings

Canopies, including ceilings, umbrellas and canopy frames,
can be either decorative or functional (such as to
shade computer monitors from ambient light or for
hanging products). Canopies for In-Line (Linear)
or Perimeter Booths should comply with line

of sight requirements.

ey

The base of the Canopy should not be lower than
7" from the floor within 5° of any aisle. Canopy
supports should be no wider than 3". This applies
to any booth configuration that has a sightline restriction,
such as an In-Line (Linear) Booth. Fire and safety regulations
in many facilities strictly govern the use of canopies, ceilings
and other similar coverings.

Hanging Signs

Hanging signs will be permitted in Island and Split Island Booths ONLY
(minimum of 400 sq. ft.) at a 20" maximum from floor to top of sign.

Signs may be hung from the ceiling (where permitted), trusswork or equipment.
Signs that will be hung from the ceiling or trusswork must be installed and
dismantled by the Rigging Crew.

Unfinished Walls

Any unfinished walls are subject to review by Show Management. Should Show
Management deem the backside of the booth “unsightly” and/or does not
conform to the overall quality of the show, the exhibitor may be required to
drape the backside of the booth at the exhibitor's expense.

NOTE: Regulations for products being featured in booths differ from the
booth display regulations. If your product does not meet booth specifications,
send detailed specs and available photos to karen.young@informa.com.



ROBOTIC FABRICATION OF NAIL LAMINATED TIMBER

GREENBUILD 2018

PERKINS+WILL



https://voutu.be/awd3gwTVéuc


https://youtu.be/awd3qwTV6uc

DESIGN FLEXIBILITY

Grasshopper - GeometryCreator_V26.0 WORKING_2018-09-14_LD-SA* g X

File Edit View Display Solution Help GeometryCreator_V26.0_WORKING_2018-09-14_LD-SA
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Preview
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o Solution completed in ~2.0 seconds (26 seconds ago)







é Machina Bridge

MACHINA

STATUS CONSOLE

e — —_ — s

VERBOSE: Action from "Machina GBP": WriteDigital("Do_5",6False);

VERBOSE: Action from "Machina GBP": WriteDigital("Do_9",True);

ORIENTATION - VERBOSE: Action from "Machina GBP": SpeedTo(600);

AXES VERBOSE: Action from "Machina GBP": TransformTo(465.804,-1706.346,-11.487,-0.004,0.821,-0.57,0.83,-0.316,-0.46);
- VERBOSE: Action from "Machina GBP": SpeedTo(300);

EXT.AXES - VERBOSE: Action from "Machina GBP": TransformTo(409.959,-1753.849,-79.492,-0.004,0.821,-0.57,0.83,-0.316,-0.46);

VERBOSE: Action from "Machina GBP": Wait(1500);

POSITION -
ROBOTEXMACHINA

@ Z O
= Z 0
= m OO
®)
_|

L4

SPEED/ACCELERATION - VERBOSE: Action from "Machina GBP": SpeedTo(500);
PRECISION ) VERBOSE: Action from "Machina GBP": TransformTo(521.65,-1658.843,56.518,-0.004,0.821,-0.57,0.83,-0.316,-0.46);
VERBOSE: Action from "Machina GBP": SpeedTo(600);
MOTION MODE - VERBOSE: Action from "Machina GBP": TransformTo(557.461,-1687.548,467.375,0,1,0,1,0,0);
CONNECTION TOOL ) VERBOSE: Action from "Machina GBP": SpeedTo(1600);

VERBOSE: Action from "Machina GBP": ExternalAxisTo(1,3000);
VERBOSE: Action from "Machina GBP": PrecisionTo(200);
VERBOSE: Action from "Machina GBP": TransformTo(1212.896,-1472.999,4260.481,0,1,0,1,0,0)
MACHINA VERBOSE: Action from "Machina GBP": TransformTo(2011.896,-1472.999,420.481,0,1,0,1,0,0);
QU EUE VERBOSE: Action from "Machina GBP": PrecisionTo(3);
VERBOSE: Action from "Machina GBP": WriteDigital("Do_3",True);
VERBOSE: Action from "Machina GBP": TransformTo(2428,-1498.63,-20.4,0,1,0,1,0,0);
VERBOSE: Action from "Machina GBP": SpeedTo(300);
VERBOSE: Action from "Machina GBP": TransformTo(2428,-1498.63,-120.4,0,1,0,1,0,0);
VERBOSE: Action from "Machina GBP": Wait(300);
VERBOSE: Action from "Machina GBP": WriteDigital("Do_3",False);
VERBOSE: Action from "Machina GBP": WriteDigital("Do_9",False);
VERBOSE: Action from "Machina GBP": Wait(300);
VERBOSE: Action from "Machina GBP": WriteDigital("Do_5",True);
VERBOSE: Action from "Machina GBP": Wait(1500);
VERBOSE: Action from "Machina GBP": SpeedTo(500);
VERBOSE: Action from "Machina GBP": TransformTo(2428,-1498.63,-20.4,0,1,0,1,0,0);
VERBOSE: Action from "Machina GBP": WriteDigital("Do_5",6False);
VERBOSE: Action from "Machina GBP": PrecisionTo(200);
VERBOSE: Action from "Machina GBP": SpeedTo(1990);
VERBOSE: Action from "Machina GBP": TransformTo(2011.896,-1472.999,420.481,0,1,0,1,0,
VERBOSE: Action from "Machina GBP": TransformTo(1212.896,-1472.999,420.481,0,1,0,1,0,
VERBOSE: Action from "Machina GBP": PrecisionTo(5);
VERBOSE: Action from "Machina GBP": Message("Tool Should Be Detached Here");
VERBOSE: Action from "Machina GBP": DetachTool();

m]s : 1] = =1s L
RBO A oD om  Machina GB : XTernal Ax Q 0L

MANAGER

r r L) r L)

[x] #1 SpeedTo(600);
[>] #2 DefineTool("SuctionGRIPPER1",-6.27760940160413,2.82027152863479,304.806216

1P 127.0.0.1

PORT 7000

#7 ExternalAxisTo(1,1950);
[x] #8 SpeedTo(1990);
[x] #9 TransformTo(987.69,-2004.62,713.45,-0.018,1,0.
[x] #10 TransformTo(987.69,-2004.62,-236.55,-0.018,1,
CONNECT [x] #11 WriteDigital("Do_ToolChange",True);
[x] #12 Wait(500);
[x] #13 WriteDigital("Do_1_ToolAttach",False);
[x] #14 SpeedTo(50);
[x] #15 TransformTo(987.69,-2004.62,-286.55,-0.018,1,0.015,1,0.018,-0.009);
BRIDGE [x] #16 SpeedTo(1990);

[x] #17 Wait(500);
] [x] #18 WriteDigital("Do_ToolChange",6 False);
SERVER Ws: ff127.9.0.1:6999;’81:1dge [x] #19 Wait(500);
[x] #20 WriteDigital("Do_1_ToolAttach",True);
CLIENTS Machina GBP e
[x] #22 TransformTo(987.69,-2004.62,713.45,-0.6018,1,0.015,1,0.018, -0.009);
[x] #23 AttachTool("SuctionGRIPPER1");
[x] #24 ExternalAxisTo(1,500);
[x] #25 SpeedTo(16000);
[x] #26 WriteDigital("Do_9",True);
RESET BRIDGE [x] #27 TransformTo(-378.921,-992.712,949.12,0,1,0,1,0,0);
[x] #28 TransformTo(-378.921,-992.712,49.12,0,1,0,1,0,0);
[x] #29 SpeedTo(100);
[x] #30 TransformTo(-378.921,-992.712,-50.88,0,1,0,1,0,0);

18,-0.009);

015,1,0.
0.015,1,0.018, -0.009) ;

.015,1,

o o)

0);
0);

L)

Send on Enter SEND

https://github.com/RobotExMachina/Machina.NET



https://github.com/RobotExMachina/Machina.NET
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m Home  Modeling  Simulation | Controller | RAPID  Add-Ins

IRBT 4600_GB_1 - RobotStudio

@ E ! J @ O @ a o'\ I_T 1 g ‘@J A 5 _j Load Parameters I & g:. Conveyor Tracking = 2 G B% Mation Confinuration | I j ﬁ.‘ﬁh i
t W & —~ H:‘ Save Parameters I® Integrated Vision | | e v @:‘ Manual Motors On 3| %
Add Request Release  Authenticate | Restart Backup Inputs/ Events File FlexPendant Online Signal Analyzer Jobs Configuration = . Installation g - : — 4600-800107-1IR.. (BOSPF15].. Runninag (Speed 100%
Controller~ Write Access Write Access b = ~  Qutputs Transfer = Monitor Online ~ = Properties ~ Manager~ Collision Avoidan L1 ( ) g (Spe )
Access Controller Tools Configuration £9 production Window : Pinocchio in T_ROB1/Machina_Driver/ServerRecover
Controller ‘ v X | IRBT 4600 _GB_1:View1 X ‘

Virtual Controllers
4 E] 4600-800107-IRBT
> 1 HOME
> {4 Configuration
i_l Event Log
b &% VO System
4 | RAPID
4 K;j T_ROB1 (Program 'Pinocchio')
Program Modules
4 j Machina_Driver

=] Cursorsinitialize

= | CustomAction

i GetExternalJointsData
it GetJointTarget

i GetRobTarget

i GetSpeedData

i GetToolData

i GetZoneData

=] LogAction

E_'I Main

—] MainLoop

| ParseBuffer

E_'I ParseLongStatement
= ParseStatement

;-:_'I ParseStream

=] ReadStream

| SendAcknowledgement
=] SendExtAx

=] Sendinformation

;-:_'I SendJoints

=] SendPose

| SendVersion

E_'I ServerFinalize

=] Serverlinitialize

;-:_'I ServerRecover

=] StoreAction

—| StoreBuffer

345

34k SocketAccept serverSocket, clientSocket \Clie
347
348 TPWrite "Machina Driver: Connected to client:
349 TPWrite "Machina Driver: Listening to remote

X

350 T \
351 ! Update the client with some data _ N )
352 SendVersion; ' —uf
353 sendPose; @) d N

1

Hold To'Run

354 SendJoints;
355 SendExtAx;
356
357 ERROR

358 IF ERRNO = ERR_SOCK_TI!I!EDUT THEN

Load PP to Main
Program...

R
—

Controller Status | Output | Search Results * X
Show messages from: All messages - Time Category ~
|!j 4600-800107-IRBT (Local): 10053 - Regain ready 11/11/2019 7:52:36 AM Event Log
11)4600-800107-IRBT (Local): 10151 - Program started 11/11/2019 7:52:36 AM Event Log
_ﬁ4600-800107-IRBT (Local): 50024 - Corner path failure [8] 11/11/2019 7:56:30 AM Event Log
I!) 4600-800107-IRBT (Local): 10125 - Program stopped 11/11/2019 7:56:52 AM Event Log
I!j 4600-800107-IRBT (Local): 10002 - Program pointer has been reset [3] 11/11/2019 8:08:43 AM Event Log
11)4600-800107-IRBT (Local): 10052 - Regain start 11/11/2019 8:08:47 AM Event Log
|1)4600-800107-IRBT (Local): 10053 - Regain ready 11/11/2019 8:08:47 AM Event Log
I!:J 4600-800107-IRBT (Local): 10151 - Program started 11/11/2019 8:08:47 AM Event Log v

4600-800107-IRBT (Local): 10151 - Program started

https://new.abb.com/products/robotics/robotstudio
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@ FAB_TIME_Production_v1.3.3dm (90 MB) - Rhino 6 Commercial - [Perspective] Grasshopper - FAB_TIME_Production_v2.0*

File Edit View Curve Surface Solid Mesh Dimension Transform Tools Analyze Render Panels Help ) ) ) ) )
Do N MSE Y REes fiT N e S MDD Eia ) HETEEL G Em e o e S e e S S Sy N e S e s [ i e e esew e wewew o File Edit View  Display  Solution  Help

N Paramsw Maths Sets Vector Curve Surface Mesh Intersect Transform Display Tree8 Machina Pufferfish  Kangaroo2 Human TT Toolbox

Command:

Standard CPlanes Set View Display Select Viewport Layout Visibility Transform Curve Tools Surface Tools Solid Tools Mesh Tools Render Tools j ° o @ G 9 6 @ Q 9 @ 6 @ Q a @ 9 U .h‘ ‘ D] O . ‘ . . ‘ ‘ C> ‘
FEOBHEODE 2B - (8 By as&e 9i ﬁﬁ
& el [145% V[ Tx3 - @ -

FEEFREYFAZ DELEES TN RNEREECE F- L NNy NN

o @
s ' 2172 WaitTime 0.5;
, I P 2173 SetDO Do ToolChange, 1;
1 \ 2174 SetDO Do 1 ToolAttach, O0;
’l 2175 WaitTime 0.5;
.ﬁ \k Movel. [[966.1, -971.93, 843.82], [-0.008¢, !
,;K = 0176 0.873, 0.4876, -0.0003], [0,0,0,07,
[2700,9E9, 9E9, 9E9, 9E9,9E9] ], vell990, zone3,
ToolO\WOb7J :=WObjo0;
TPWrite "Skipping Spindle Pick UP
& > 2177 "
57 H A Procedure";
£ 5 2178 TPWrite "Skipping MILLING Procedure"
- 2179 TPWrite "Skipping Spindle RETURN Procedure"
Movel, [[987.69, -2004.62, 713.45], [-0.0084,
2180 0.700e6, 0.7135, 0.002], [0,0,0,07,
[1950,9E9, 9E9, 9E9, 9E9,9E9] ], vell990, zone3,
ToolO\WObj :=WOb7j0;
Movel. [[987.69, -2004.62, -236.55], |[-
5181 0.0084, 0.7006, 0.7135, 0.002], [0,0,0,0],
[1950,9E9, 9E9, 9E9, 9E9,9E9]], vell990, =zone3,
ToolO0\WObj:=WObjo0;
2182 SetDO Do ToolChange, 1;
2183 WaitTime 0.5;
2184 SetDO Do 1 ToolAttach, O0;
Movel, [[987.69, -2004.62, -286.55], [-
Perspective Top Back Right =F
M End M Near []Point [ IMid ] Cen []Int |:|Perp [1Tan [JQuad []Knot []Vertex | | Project  Disable ﬂ

https://github.com/RobotExMachina/Machina-Grasshopper
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D Autodesk Dynamo Studio

07_2DPrinting.dyn

A program where the robot 3D prints a surface.

Actions +
rL Attach _

‘(3‘ Axes _ &
{:l" AxesTo ; -

/f-- Comment ] T

r*y Detach — - oy e

'Ell Extrude

o0 ExtrusionRate
'oad’ ExtrusionRateTo
Message
MotionMode
Move
MoveTo
PopSettings
Precision
PrecisionTo
g PushSettings
Rotate
RotateTo
Speed
SpeedTo

Temperature -
P Performs a compound absolute

TemperatureTo transformation to target Plane. The
device's new absolute position and

] Transform arientation will be those of the
Plane.

TransformTo

Wait p|anE

AlUtomatic

https://github.com/RobotExMachina/Machina-Dynamo
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SUBDIVIDING STRUCTURE INTO
PANELS FOR FABRICATION




PANEL SIZE AND
DESIGN

« BRAWN
« STORAGE

« TJRUCK
SIZE/QUANTITY

 STACKING
« LOADING DOCK
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C ;i\, Scanning AW Project
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18 ScanMa
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Al Spacelactory

MARSHA — NASA Centennial 3D printed habitat winner

https://www.aispacefactory.com/
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Al SpaceFactory/plomp
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https://youtu.be/axnuLepJufs




VHEHY -t -~ Space_Factory Day1 - RobotStudio — %
m Home  Modeling  Simulation  Controller | RAPID  Add-Ins & o
E J E r J £l =0 s5iF j ﬂ ﬂ J e a ﬁl T J .z RAPID Tasks ’J"‘ ‘?% Step in | @z QL;] 0 ,,o @ Workpiece
S t é = +‘_‘ o .3 ;- . » & "} Run Mode ~ . - O L G= Step out - é = _ o A Tool
Wrﬁfeqifitess w;iﬂ?ﬁfess Synchvromze ¥ Ba il Format Outlining | Snippet Instruction RggECé Comvpare Apply : o Roﬁ(t:gigtets Fl’\ggi?ig% S$;§E§evd Start E:E Ser oo Stop Pgohgfakm I;:)ci)gtgrn: Breakvpomt PaﬁwAE(Ii[i)tor Al B
Access Edit Insert Find Controller Test and Debug Path Editor
‘ Controller ‘ Files ‘ » X || Space Factory Final:Viewl X ‘ v
Current Station
4 §7] MTD_5000 I
> | HOME
> {4 Configuration
d Event Log
P ﬁ I/0 System
4 | RAPD
4 K:_-J T_ROB1 (Program 'Al-MARSHA-Fina
Program Modules
4 i AlMarsha_Program
=] main
=] rFindHeight
"] TrapFaultExtruder
System Modules
)| BASE
P @ SafetyVisu
> 4] TcBASE
> )] TCDEFINE
> 4] TCDEVICE
> 4] TCSERVICE
> 4] TCUSER
Eﬂ user
VA
X
Controller Status | Output | RAPID Watch = Simulation Watch | RAPID Call Stack = RAPID Breakpoints =~ Search Results * X
Show messages from: All messages v Time Category
Ij) MTD_5000 (Station): 10002 - Program pointer has been reset 11/11/2019 10:17:36 AM Event Log
Ij) MTD_5000 (Station): 10150 - Program started 11/11/2019 10:17:36 AM Event Log
Ijj MTD_5000 (Station): 10129 - Program stopped 11/11/2019 10:17:36 AM Event Log
|jj MTD_5000 (Station): 10016 - Automatic mode requested 11/11/2019 10:17:36 AM Event Log
(1) MTD_5000 (Station): 10017 - Automatic mode confirmed 11/11/2019 10:17:36 AM Event Log
(1) MTD_5000 (Station): 10140 - Speed adjusted 11/11/2019 10:17:36 AM Event Log
(1) MTD_5000 (Station): 10010 - Motors OFF state 11/11/2019 10:17:36 AM Event Log
< 5 | .i)MTD_5000 (Station): 10011 - Motors ON state 11/11/2019 10:17:40 AM Event Log

MTD_5000 (Station): 10011 - Motors ON state _

https://new.abb.com/products/robotics/robotstudio
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MADWORKSHOP

The Arroyo Bridge

http://madworkshop.org/projects/the-arroyo-bridge-studio/
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. 181106_bndge_fixtureDesign_v01.3dm (125677
File Edit View Curve

7 KB) - Rhinoceros 5.0 Educational - [Perspective]

Surface Solid Mesh Dimension Transform Tools Analyze Render Panels Paneling Tools V-Ray Help

Command: :Hide
Select objects to hide:

Grasshopper - 20181001_bridge_volumeChecker evolutionary™

Fle FEdt View Display Solution Help

= O

X

20181001 _bridge_volumeChecker evolutionary™

'Command:

WOY@I=.07.i:P90

| Standard ' CPlanes | SetView ' Display ' Select ' Viewport Layout ' Visibility ' Transform ' Curve Tools ' Surface Tools ' Solid Tools ' Mesh Tools ' Render Tools ' Drafting ' NewinV5 ' Bongo ' Bongo Object

o;kgtt *ﬁLL&&Iﬁ[}AREOQ.% § gt B on | &

*ﬂ#wéﬁ&@mﬁﬁ@ﬁ@?ﬁ”
%Sﬁﬁﬁﬁﬁ%&FhsﬁJﬂﬁﬁs.

ooo
ooo
kﬂﬂl

& &

' Perspective| Top | Front | Rightl i |
’EIEnd [“] Near [4] Point /] Mid [] Cen [ Int [ Pep [] Tan [] Quad [] Knot [] Vertex | | Project | | Disable

Liridge node geo n

4 &) b

CPlane | x-153.568 | y 127.226 | z0.000 | Inches l.Slats | Grid Snap | Ortho | Planar | Osnap | SmartTrack

Galapagos Editor

Options Solvers  Record

(:k @ D Start Solver ~ zg Stop Solver

o‘-o 0

' \\\\\\\\ A A N R R
SN \\\\\\\ NN 2NN
'\

\\\\\\\\\\\\\\\\\\\\\“— ————

0 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32

pisplay () @ @

ﬁ Reinstate

1176256.50_. (C_ D

1179356.93_ (C 5
1450856.80.. W D

1453166.07... ( - )

147913633 o -

v

Gumball | Record History | Filter | Absolute tolerance: 0.001

OK Cancel
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Autodesk Maya 2016 Extension 2 SP2: untitled*

Animation »4 l E@E>c ) | :".k 6?; =‘-\ y ) G O OO O NoLive Surface ) (O i%»‘ o 11 ) | BN - & ﬁ EE EZT @

Curves / Surfaces Polygons Sculpting Rigging Animation Rendering FX FX Caching Custom XGen TURTLE Robotics

=
O Mimic

Display Show Panels View Shading Lighting Show Renderer Panels A
k_ v IIMMAMA LOHL2I1HEOE HEOODOIQREG @Rle¢-.0|® @O |13 EE|Q 000 ¢ 1.00 @) sRGBgamma v B
-
= R4 - :T,
R O
~ 24 x
.l e 5
P ~
5 R < 2
@ MIMIC 0.3 g
<R o

: ]
=
« MIMIC P~

P4
- el
e ‘ ’ g
'." Animate Program Setup \ 2
' m
¥ IK/FK Switching ‘ 8
. S
IK Controls FK Controls
2
&
if
v Key tool controller
Set IK Keyframe PR—
f 10 T,
R
¥ Keyframing Tools jz2 o S
v w .'3 0 T &
Delete IK/FK Keyframe 14 0
Select Keyframe Hierarchy J5 ©
¥ General J6 ©
Save Pose v
l . 4 Zero Tool (TCS) Zero Base (LCS) ’ persp
I Zero Base (WCS) Zero All 5 144 |4 “ < > ’! >
1 Toggle HUD 120 120 200 No Anim Layer No Character Set b
MEL @

Move Tool: Select an object to move.
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An open-source Autodesk Maya plugin

DOWNLOAD


https://www.mimicformaya.com/



https://youtu.be/bc3SqEXcE5Q

File Edit Create Select Modify Display Windows Mesh Edit Mesh Mesh Tools Mesh Display Curves Surfaces Deform UV CGenerate Cache Bonus Tools Amold Help Workspace : Maya Classic* * B

-2 -w
* -t @

&
s

: S . EIN Bt . . O O 3333 3333 3333 333 g\ 333 g -
Modeling v I E@EB8oc) |iver® ) | GCCCC C ~ Noivesuface | ~ symmery:off ) | EEmeEar @8 211 ) | 2 EvanAtherton v i R
- Curves / Surface Poly Modeling Sculpting Rigging Animation Rendering FX FX Caching Custo xGen TURTLE Armoid Bifrost MASH Motion Graphics Arroyo lests Mimic VirtuCamera

\7 \z -

w

{3 NODE PATH

View Shading Lighting Show Renderer Panels v

imMM A Lo ZIEOR BEO0IDNEeS e ol e |SHNI@EE|Q 000 g 100 [&)sRCEgamma v
File Edit History Command Help 7

k —
' T ——— — — :
-y %ﬁ»{é‘%w-g,. ol E EEE EB=8 5
G e — ‘\‘\;fg\.:?"
o Directory: 6_Robot Path Planning/Test Nodes
’ Node: o
=y Node Setup
m
Set Up Node
Invert Pivot
Save Node Setup
Workcell Setup
[ |
’:”] Set Up Workcell
e Save Workcell Setup
§-
‘ y
|
persp

1 1 <€ I« €4 D >l PP

1 1 - B 1209 120 200 ! ¥ NoCharacterSet ~ No Anim Layer | 24fps Yy ‘ @ Oj“

MEL (i}

Select Tool: select an object
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