How to Design; Simuiate;:and
Manufacture a Self-Balancing Robot

David Truyens

Application Engineer
Twitter: @davidtruyens
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Key learning objectives

At the end of this class, you will be able to:

= Learn how to simulate a self-balancing robot within Inventor DS
= Learn how to use this technology to solve real-world challenges
= Discover what the speaker has tried and what didn't work

= Discover the future of making machines
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Why you shouldn’t ...

= Uncountable hours
= Money

= Less sleep

* Headache

= Relationship
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Why you should!

= Controllers are everywhere!

= Everything Is possible these days

= FOMT
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http://www.fullmotiondynamics.com/
http://www.flandersmake.be/
http://www.tkjelectronics.com/
http://www.arduino.cc/

& .
" \'\.\ o T

l -
.. l.'b

i/;,

——

Real stuff

« hibbot
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http://www.ampelmann.nl/
http://medical-robots.be/

Space and automotive
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Why you should o
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A self balancing robot
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A self balancing robot
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Garage version
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Garage Version

= Open Pandora’s box:
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Garage Version

SparkFun 9 Degrees of Freedom
Breakout - MPU-9150 $34.95

SEN-11486 ROHS«” #% Tf

3 ADD TO CART

Description: The SparkFun 9DOF MPU-9150 is the world’s first 9-axis
MotionTracking MEMS device designed for the low power, low cost, and
high performance requirements of consumer electronics equipment
including smartphones, tablets and wearable sensors. And guess what? ® 89 in stock
You get to play with it.

1 | quantity

$34.95 1+ units
This breakout board. makes it easy t.o prototype with the InvenSense $33.20 10+ units
MPU-9150 by breaking out all the pins you need to standard 0.1"

spaced headers. The board also provides 12C pullup resistors and a $31.46 25+ units

solder jumper to switch the 12C address of the device. $29 71 100+ units
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9 DoF MPU?

= Gyro (electronical) = ang ity

= Accelerometer accelerations

lon In an XYZ vector

Slow and not accurate

Gravity
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PID Controller

| * [ balance error
= P proportional "

= | Integral

= D derivative

D*éb <

P*Hb
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Master Slave - PID Controller

< > HTarget — Ppos * Ad — Dpos *U

M AUTODESK UNIVERSITY 2015 A AUTODESK.



ave controller
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Next challenge.... Gearboxes...

AUTODESK UNIVERSITY 2015 A AUTODESK.



Master-slave fuzzy-logic controller
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Marvin Launch Pad
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../../../Documents/GitHubVisualStudio/Arduino-Interface/Marvin Test/bin/Debug/Marvin Test.exe
../../../Documents/GitHubVisualStudio/Arduino-Interface/Marvin Test/bin/Debug/Marvin Test.exe

Garage Version

s D _
Disadvantages

 Trial and error, error, error

* Not possible for large scale

* Not much theoretical projects

background needed * Limited in complexity

* Fun/ educational
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Classical approach

I\/Iathlab—SimuIin/
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Classical approach

s D _
Disadvantages

Broken workflow in Inventor

Complicated

* Option to link cad data Easy to make mistakes

No validation
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Co-Simulation approach

Mathlab — Cosim@t
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o-Simulation approach
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Co-Simulation approach

4 N

Disadvantages

Slow

Complicated

* Industry standard Easy to make mistakes

* Collaborate with multiple

No validation

users (Cosimate)
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Virtual validation workflow
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Irtual validation workflow

FRE TR TA T S

POIGLIL Simplify  Design 3D Model  Sketch  Inspect  Tools Manage View  Environments

S b b @y T Fv BBy L5

i ) = x
C Free R M

O Free Rotate Joint Constrain Ela e Bill of Parameters Create

o, Hide Al | B8 Copy  Materials ‘

Relationships v Pattern v Manage ¥ Productivity

Place Create Move
- Component

Component v | Position ¥

Model »
| % AssemblyView ~ 34

Marvin for AU.iam
(¢~ 7| Relationships
- Bzl Representations
- ] odgn
D part2:1
= (f)Body:1
Eﬁom‘n
i [ ¥Z Pane
— [z plane
— [P xv plane
— [Cxads
— [Z]y Aws
— [z Axs
“#* Center Point
g riushi4
— P Mate: £
— 5 Fiush:s
o fy Wheelz:1

Substitutes |

Started  Add-Ins
J2] mis ~
Point ~
Plane @

- lucs

Work Features

Vault

® -

Autodesk A360

Electromechanical

simulation

1 Home | Marvin for AU.iam = JA

"2 AUTODESK UNIVERSITY 2015

{\ AUTODESK.



Virtual validation workflow

4 N

Disadvantages

* Quite hidden

* Not easy to program

software « Strange things when

 Lots of potential using

programming

ILogic
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Conclusions

* Lots of way’s to work

= Make your hands dirty
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Future

= Collaborate with Autodesk on Smart Machines
= Create my own pcb with Circuits 10

= Make the next Marvin
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Next generation
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Open call

Inventor in Motion project on github
Contact me!

= Mail: David.Truyens@tddatech.be

= Twitter: @davidtruyens

= Github: https://github.com/DavidTruyens
= Fusion model: http://a360.co/1XD0Xt4
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