RObOJaCKets THE ARTHUR M. BLANK

FaMILY FOUNDATION

2007 TE Sessions
Drive Trains

10/9/07

www.robojackets.org



What is a Drive Train? QAT

* A mechanism that moves your robot base to different
positions

* Includes several components
— Motor drivers
— Motors
— Gearboxes
— Wheels/treads
— Chassis




Drive Train Concepts CAT

* Single axis drive

— Can only move forward or backwards relative to the robot’s
orientation

— Turning requires re-orienting the robot
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Drive Train Concepts CAT

* Double axis drive

— Can move forward, backwards and sideways without changing the
robots orientation
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Drive Train Concepts CAT

* Traction

— A term referring to the amount of force that a wheel or track can apply
along the ground without slipping.

— Related to wheel or track material and contact area.
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Drive Train Concepts CAT

* Turning Radius

— The radius of the curve created by a point on the robot when changing
the robots orientation.
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Drive Train Concepts CAT

e Turning effort

— The force/torque at the wheels required to turn
— compared to the force required to drive in a straight line.

Turning Torque
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Drive Methods




Tank Drive CAT

* Uses two separately controlled drive sides
 Can use wheels or tracks.




Tank Drive CAT

 Wheel forces generate a turning torque while friction from dragging
wheels sideways resists the turning torque

* By having a wheelbase wider than long the turning torque is guaranteed
to overcome the frictional resistance torque.

friction force
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wheel force




Tank Drive CAT

Advantages

— mechanically simple

—  saves space

— zero turning radius

— simple controls (intuitive)

. Disadvantages
— more turning effort/traction tradeoff
— single axis of motion

Other

High traction can be achieved although at the cost of more
turning effort




Swerve Drive ;
CAT

* Uses Ackermann style steering with wheels that pivot to
create a curved driving path.
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Swerve Drive CAT

« Advantages
— mechanically simple (with 2WD)
— low turning effort with high traction wheels
— Simple controls in open areas

« Disadvantages
— large turning radius
— difficult to power all wheels
can lose traction on non-level terrain
difficult to control in tight spaces due to turn radius




Crab Drive CAT

* Allows each wheel to pivot so all wheels face the driving
direction.

* Wheels can pivot independently or synchronously




Crab Drive CAT

« Advantages
— Very low turning effort
— High traction with all wheels in driving direction
— Very maneuverable

« Disadvantages

— Complex mechanically
— Current designs take up a lot of space
— Difficult controls (non-intuitive)




Omni-Drive CAT

e Uses omni-wheels to achieve double axis drive

e Sacrifices traction for maneuverability
B,
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Omni-Drive CAT

e Omni-wheels

— provide force in only one direction
— use sideways rollers to slide in the other direction




Omni-Drive CAT

 Wheels are placed in a formation that allows for motion in all
directions.

e By adding velocity vectors (speeds and directions) the motion
of the robot can be controlled




Omni-Drive CAT

* Advantages
— Very low turning effort
— Very maneuverable
— Mechanically simpler than crab drive

* Disadvantages

— Complex controls (non-intuitive)

— Low traction

— Omni wheels can fail with so many moving parts
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 Demonstration by ...

Norcross High School
Team 1379




(’g CAT

Mecanum Based Drivetrain

2007 FRC Robot
Norcross High School
Team 137/9

EEW Slide prepared by Norcross HS FRC Team 1379
/




What Is Mecanum? CAT

* modified wheel design
allows motion in any
direction

* |nstead of a tire or other
traction surface at the
rim, free spinning rollers
are placed at an angle to
the wheel’s axis

Slide prepared by Norcross HS FRC Team 1379
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€ Origin of Mecanum CAT
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* Invented by Swedish inventor Bengt llon in 1973

e Patent rights acquired by US Navy for shipboard use
in 1980’s

* Airtrax and other companies acquire rights for
commercial use in 1997

 Commercial products are now available

Slide prepared by Norcross HS FRC Team 1379




g Team Experience CAT

* Seen at 2005 FRC Championships and on Chief
Delphi

* Designed wheel for VEX sized use Summer
2006 — First prototype

* Designed drivetrain for 2007 Rack n’ Roll
* Customized AndyMark wheels

Slide prepared by Norcross HS FRC Team 1379
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(g How It Works — Wheel DesigpAT

* Rim is made of rollers angled to edge
* Rollers spin freely on their shaft
* Wheel rotation imparts force along roller axis

Slide prepared by Norcross HS FRC Team 1379
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How It Works — Forwards Trav@®AT

Slide prepared by Norcross HS FRC Team 1379
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Benefits CAT

* Highly agile

* Major cool factor

Slide prepared by Norcross HS FRC Team 1379




Issues CAT

e Efficiency
 Complexity

e Vibration
e Cost

Slide prepared by Norcross HS FRC Team 1379
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(5 More Information CAT

e Airtrax website with forklift video
http://www.airtrax.com/

 AndyMark stock wheels for FIRST
http://andymark.biz/am-0083.html

e Chief Delphi and VexLabs forums
http://www.chiefdelphi.com/

* Google search terms: omnidirectional, holonomic,
mecanum

Slide prepared by Norcross HS FRC Team 1379
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Demo CAT

Slide prepared by Norcross HS FRC Team 1379




Activity CAT

* Given this year’s FTC game come up with concepts for a vex
drive train.

— Be sure to justify your concepts with strategy options

15 min




Activity CAT

* Find a pertinent part of your possible drive concept and build
a prototype of it.

— Examples
* Swerve drive (steering mechanism)
* Tank drive (chassis with easy manipulator mounts)
* Crab drive (pivoting drive module)

60 min




Legal
These slides and more are available at

http://www.robojackets.orq

All media included is either in the public domain,
generated by the author/s or covered by Fair Use of
Copyrighted Material for Educational Purposes Title
17 Chapter 1 8 107 (which is reproduced in the next

slide).

For more information contact the RoboJackets.
(contact info available via the web)

CAT
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Legal
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Title 17 Chapter 1 8§ 107. Limitations on exclusive rights: Fair use

Notwithstanding the provisions of sections 106 and 106A, the fair use of a copyrighted
work, including such use by reproduction in copies or phonorecords or by any other
means specified by that section, for purposes such as criticism, comment, news
reporting, teaching (including multiple copies for classroom use), scholarship, or
research, is not an infringement of copyright. In determining whether the use made of a
work in any particular case is a fair use the factors to be considered shall include—

(1) the purpose and character of the use, including whether such use is of
a commercial nature or is for nonprofit educational purposes;
(2) the nature of the copyrighted work;
(3) the amount and substantiality of the portion used in relation to the
copyrighted work as a whole; and
4) the effect of the use upon the potential market for or value of the
copyrighted work.

The fact that a work is unpublished shall not itself bar a finding of fair use if such finding
is made upon consideration of all the above factors.
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