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Abstract

The purpose of this study was to construct the basic method which was for estimating the radius
0, of rotary motion with inertial sensor arranged on the surface of body. First, the equations for
estimating the radius were introduced from the theory of acceleration in the coordinate system fixed
on the body which was rotating, and next the validity of the equations were verified by experiment
with two inertial sensors. In the case that distances from both sensors to rotary axis were equal (o
1= Os), the estimate for radius was highly accurate. In another case that both radii were not equal
(04 7 0y), the method of estimate for the radius had a problem of accuracy.
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Reference coordinate system
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Fig.1 Explanation of relationship between two coordinate systems, and

measuring point on moving coordinate system.
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Fig. 2 A schematic diagram for measuring tri-axial accelerations yielded by rotary motion. Two

accelerometers are arranged on the edge of body that rotates about tri-axes.
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An experimental diagram for estimating the radius of rotary motion from

the tri-axial accelerations and the angular velocities about tri-axes. Two

inertial sensors are arranged on the edge of a flat board that rotates about

z-axis or z- and y-axes.
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Fig. 4 An example of the accelerations (a, b, ¢) and the angular velocities (d, e, f) recorded

with the inertial sensor 1 (IS1) during rotarymotion with 32 cm radius about z-axis,
and the angular acceleration (g) calculated from the angular velocity (f).
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Fig. 5 Values of the radii of rotary motion with (a) 0.32m radius and (b) 0.12m radius were estimated from
two accelerations on y-axes with equation (6). The arrows indicate the respective valid value of

radius.
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Fig. 6 The relationship between the true radii
of rotary motion and the radii estimated
from the accelerations and the angular
acceleration.
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Table 1 Experimental parameters

051 [m] Oy [m]
1 0.32 0.32
2 0.30 0.30
3 0.28 0.28
4 0.26 0.26
5 0.24 0.24
6 0.22 0.22
7 0.12 0.12
8 0.08 0.08
9 0.32 0.22
10 0.32 0.12
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Fig. 7 An example of the accelerations (a, b, ¢) and the angular velocities (d, e, f) recorded with the
inertial sensor 1 (IS1) during rotary motion about z- and y-axes, and the angular acceleration (g)
calculated from the angular velocity (f). In this motion the radius was 0.32m in one side and
0.12m in the other side.
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Fig. 8 Estimated values of the difference between o, and 0,, when the axis of rotary motion leaned to
one side. The radii of p,; and o,, were (a) 0.32m and 0.12m, (b) 0.32m and 0.22m. Therefore,
true value of difference of both side radii was (a) 0.2m and (b) 0.1m. The dotted lines indicate
the respective true value of difference of radius.
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