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Development and Application of a Ball-on-plate Balancing System
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The Ball-on-Plate Balancing System is a system where the base is fixed to the ground, and the plate is connected to the
base through a spherical joint and can rotate in two directions (X-axis roll rotation, Y-axis pitch rotation). Two rotational
Jjoints are located on the orthogonal coordinate line of the base, and these joints are connected to the operational links of a
4-bar linkage, creating rotation of the plate around the spherical joint. The goal of this system is to prevent a ball placed on
the plate from rolling off and maintain it at the center of the plate. A 17-inch touch panel attached to the plate allows the
orthogonal coordinates of a ball placed on the plate to be measured. A cross-shaped frame was designed to secure the
touch panel, and a custom universal joint was centered in this frame. The Ball-on-Plate Balancing System was integrated
into a cart table, and a horizontal maintenance system was designed to keep the table level. Experiments confirmed the
ability of the table to maintain its horizontal position during movements on uneven surfaces and sudden starts or stops.

NOMENCLATURE
m = Mass of a Ball
r = Radius of a Ball
¢Bx » Py = Rotation Angle of a Ball
¢x , ¢y = Angle of a Servo Motor
f, = Rotation Force of a Ball
Xp = X-axis Position of a Ball
VB = Y-axis Position of a Ball
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Fig. 1 Schematic of a general ball-on-plate balancing system with
two revolute joints on Cartesian coordinates
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Fig. 2 Free body diagram of a general ball-on-plate balancing
system
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Fig. 5 An example of using a general universal joint

Fig. 6 Design of a customized universal joint for the ball-on-plate
balancing system

Fig. 7 Design of a spider of the customized universal joint
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Fig. 8 Design of a yoke of the customized universal joint

Fig. 9 Design of a ball-on-plate balancing system. The customized
universal joint is in the center of a cross frame with a 17”
touch panel and two servo motors are located on the
Cartesian coordinates
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Table 1 The specification of the servo motors

Model XM430-W350-R
Dimensions (W x H x D) [mm] 28.5 x 46.5 x 34
Weight [g] 82
Gear Ratio 353.5:1
Nominal Voltage [V] 12
Encoder Resolution [pulse/rev] 4,096
Stall Torque [Nm] 4.1
No Load Speed [RPM] 46
Communication RS485

—
S .
- Guard rail

Li-Po battery

|

Servo motor

Dynamixel shield

4

Arduino

Fig. 10 A prototype of the ball-on-plate balancing system
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Fig. 11 Control scheme of the ball-on-plate balancing system

Fig. 12 Snapshots of the disturbance test
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Fig. 13 X and Y-axis position of the ball

Fig. 14 A cart with a ball-on-plate system
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Fig. 16 Snapshots of rotational moving

X-axis position of the ball
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Fig. 17 X and Y-axis position of the ball while the cart is rotating
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