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Background:  FRC Team #2219, The Megahurts, has been a FRC team for 3 seasons.  In 2009, the Megahurts placed 2nd in the Elimination matches at the St. Louis Regional.  The Team feels that a more advanced and capable drive system would allow them to perform more competitively with greater success.  
Swerve drive systems have become increasingly more popular over the years, due to their increased level of sophistication, ease of user installation and maintenance, and competitive advantages.  However, this also marks an increase in the technical complexity of such a drive system.  This document serves to bridge the gap between the Software side of a Swerve drive system and the Hardware side.

This document has been constructed explicitly for a 3-wheel Swerve Drive system, although it may be extended to any number of wheel modules.  The LabView Front Panel is displayed here for reference:
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Definitions:

All System constants are notated as capital letters.
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  Wheel Assembly, Forward Left
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  Wheel Assembly, Forward Right
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   Wheel Assembly, Back
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  Angle between Wheel FL Axle and Center of Gravity (COG)
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  Angle between Wheel FR Axle and Center of Gravity (COG)
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  Angle between Wheel B Axle and Center of Gravity (COG)
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  Distance between Wheel FL and COG
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  Distance between Wheel FR and COG
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  Distance between Wheel B and COG
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  Angle of Wheel FL Axle with respect to X-Axis
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  Angle of Wheel FR Axle with respect to X-Axis
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  Angle of Wheel B Axle with respect to X-Axis
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  Wheel FL speed
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  Wheel FR speed
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  Wheel B speed
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 Robot movement speed command, about COG
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  Robot angle position command, referenced from X-axis
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  Wheel FL Axle angle, referenced from Center Of Spin (COS)
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  Wheel FR Axle angle, referenced from Center Of Spin (COS)
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  Wheel B Axle angle, referenced from Center Of Spin (COS)

[image: image43.png]


  Distance between Wheel FL and COS
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  Distance between Wheel FR and COS
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  Distance between Wheel B and COS
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  Angle of COS, referenced from X-Axis
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  Distance to COS, referenced from COG
XMax:  Maximum COS shift on the X-Axis.
YMax:  Maximum COS shift on the Y-Axis.
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  Distance from the farthest wheel to the COG
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  Distance from the farthest wheel to the COS

Control System Design – Simple Method
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This method assumes that the desired motion for the Robot will be either strafing (all wheels with the same angle, [image: image58.png]Prrcom = Prrcom = Pscom




  ,i.e. Crab-drive) or spinning is about the Robot’s COG.

Controls:
Joystick 1:
X-Axis:  Strafe Left/Right
Y-Axis:  Strafe Forwards/Back

Joystick 2 (When enabled, i.e. Button 1 is on)
X-Axis:  Spin about COG

Equations:

Strafing:
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Rotating:
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Since the pwm value range we can set on the NI cRIO is (-1:1), and that the wheel farthest away from the COG will have to rotate faster than the wheel closest to the COG to reduce slipping, the rotation speed command will adjust the rotation speed of the outer wheel directly and the inner wheels will rotate slower, in proportion to their distance from the COG.
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Example Code:
Control System Design – Advanced Method
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This spin method works by the user adjusting the Center of Spin and the maximum speed of the outer wheel.  The strafing method is the same as in the Simple method, but it should be noted that with a sufficiently high XMax/YMax strafing can be accomplished in the Shift-COS Mode
Controls:
Joystick 1:

With Joystick 2 Button 1 Disabled:
X-Axis:  Strafe Left/Right
Y-Axis:  Strafe Forwards/Back


With Joystick 2 Button 1 Enabled (Shift-COS Mode):

X-Axis:  Shifts COS left/right
Y-Axis:  Shifts COS up/down


Joystick 2 
Y-Axis:  Adjust speed of motors during COS movement

Equations:

Strafing:  Same as in Simple Mode Strafing

Shift-COS Mode:
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And similar to the Simple method, the Wheel speed will be set on the farthest wheel and the inner wheels will have reduced speeds in proportion to their distance from the COS (Although unlike in the Simple method, this will have to be checked continuously).
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Example Code:
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DAVID GITZ


This document derives the necessary equations to control a multi-wheel Swerve drive system, explains how the control system should be implemented and includes example LabView code. 








Multi-Wheel Swerve Drive Control System
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