Journal of the Korean Society of Manufacturing Technology Engineers 27:3 (2018) 244~251

//i:\
)

Check for
updates

https://doi.org/10.7735/ksmte.2018.27.3.244

C

Special Issue : Seoul Tech Capstone Design

)

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

22 ZRA|AH 9 B oo 3 A7
ol x| 3i°, uts|xye*

A Study on Balancing Control of Ballbot Robot Systems

Ji Heon Leé?,

Hee Jae Park™

* Department of Mechanical System Design Engineering, Seoul National University of Science and Technology,
232, Gongneung-ro, Nowon-gu, Seoul 01811, Korea

ARTICLE INFO ABSTRACT

Article history:

This paper presents the balancing control design of the ballbot robot system.

Received 3 April 2018 Unlike statically stable robots, the ballbot is dynamically stable and more agile
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Accepted 31 May 2018 cooperate with humans in unorganized environments. In this study, a ballbot-
style robot is designed to realize the autonomous mobile robot. To design the
Keywords: balancing control of the robot, a dynamic model of the robot is derived using
Ballbot. Euler-Lagrange equations. The robot model obtained is linearized to apply the
Balancing control LQR (Linear Quadratic Regulator) control method, and a series of simulations
State feedback control. and experiments is conducted to investigate the proposed control design. The
Euler-Lagrange equation experimental results show that proposed controller is suitable for the ballbot
control system regardless of unknown modeling errors and disturbances.
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Dimensions 220 x 220 x 330 [mm]
Omni wheel Weight 3.54 [kg]
Battery 11.1 V Lithium-Polymer battery
Actuator 2342S012cr 1:64 gear ratio
Ball incremental encoder 768 CPR
Controller Arduino mega2560
Sensor EBIMU-9DOFV3
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Fig. 2 Ballbot system block diagram
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Fig. 3 Proposed ballbot robot
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Fig. 5 Definitions of coordinates {E£}, {4}, {B} and {C}
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Fig. 6 Angular velocities of bodies
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Fig. 7 Contact points and directional vectors
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Table 2 Parameters
Symbol Value Descriptions
n 64 Gear reduction ratio
Tow 0.03 Omni wheel radius [m]
T 0.109 Ball radius [m]
my, 2415 Robot body mass [kg]
m,, 0.085 Omni wheel mass [kg]
mg 0.9 Ball mass [kg]
A 0.006 Moment inertia of ball [kg-m’]
L. 0.0206 Momel;t inertia of robot body about x-axis
[kg-m]
5, 0.0206 Momerzlt inertia of robot body about y-axis
[ke-m’]
5. 0.0795 Momet;t inertia of robot body about z-axis
[kg-m’]
ow 0.00003825 | Moment inertia of Omni wheel [kg-mz]
I, 0.00000057 | Moment inertia of motor [kg-m?]
l 0.209 Height of center of gravity [m]
g 9.81 Gravitational acceleration [m/s’]
3.3 %9 mf2jo|g
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