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Method for Deriving the Position Coordinates of the Contact Point between a Celt and a

Table in a Celt-Fixed Coordinate System

Kazumasa KIOI

(Received September 19, 2024)

Abstract

A celt, a type of boat-shaped top, rotates while rapidly changing the position of the contact point
with the table. In this paper, we propose a method to derive the coordinates of the contact point
between the celt and the table in a celt-fixed coordinate system from the Euler angles obtained by
an IMU. The author confirmed that when a spin rotation is given in the strong reversal direction, a
large elliptical contact point trajectory is drawn in the section from after release to the maximum
spin angular velocity, and a linear contact point trajectory is drawn after the maximum spin angular
velocity. We were able to directly observe from the sensor's angle data that roll vibration is dominant
in the section from the first maximum spin angular velocity to the minimum spin angular velocity,

and that pitch vibration is dominant in the section after the minimum spin angular velocity.
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system
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Fig.1 A celt-fixed coordinate system; a moving Cartesian
coordinate system fixed to a semi-ellipsoidal celt. The x, ¥y,
and z-axes are the principal axes of the shape of the celt
(= the principal axes of the geometric shape).
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Fig.2 The purpose is to plot the trajectory of contact points of
O-xyz fixed to the moving celt as viewed from the z-axis
direction.
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Fig.3 Transformation from a table-fixed coordinate system
0-XYZ to a celt-fixed coordinate system O-xyz. ZYX
Euler angles are used.
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Fig.4 A diagram of a semi-ellipsoidal celt and the tangent
plane. The xy plane of the celt-fixed coordinate system
O-xyz was drawn horizontally. The point of contact is Po.
The Z'is the perpendicular line from the origin O to the
tangent plane.
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Fig.5 Time-varying characteristics of angular velocity w,
around the z-axis in the celt-fixed coordinate system
O-xyz.
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Fig.6 Contact point trajectory as viewed from the z-axis
direction of the celt-fixed coordinate system O-xyz (unit:
mm). @ The entire trajectory from release to stop in
Figh.
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Fig.7 The contact point trajectory (unit: mm) as viewed from
the z-axis direction of the celt-fixed coordinate system
O-xyz. The elliptical contact point trajectory in Fig.5 was
extracted from (O immediately after release to @1st local

maximum of w,.
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the z-axis direction of the celt-fixed coordinate system
O-xyz. The linear contact point trajectory section from
@1st local maximum of w, to ®1st local minimum of w,
in Figh was extracted.
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Fig.9 The contact point trajectory (unit: mm) as seen from
the z-axis direction of the celt-fixed coordinate system
O-xyz. The linear contact point trajectory section from
(®1st local minimum of w, to @2nd local maximum of w,
in Figh was extracted.
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Fig.10 Time-varying characteristics of angular velocity w,

around the z-axis in the celt-fixed coordinate system
O-xyz. W4 (100-15-10) full color plastic body before
polishing. A 6.0g weight (¢=10mm) is placed on each
end at the weight skew angle {=5° (L-body).

Fig.11 The contact point trajectory (unit: mm) as viewed
from the z-axis direction of the celt-fixed coordinate
system O-xyz. The contact point trajectory in Fig.10
was taken from (D immediately after release to @ lst
local maximum of w,.
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Fig.12 The contact point trajectory (unit: mm) as seen from
the z-axis direction of the celt-fixed coordinate system
O-xyz. The contact point trajectory after 2 1st local
maximum of w, in Fig.10 was extracted.
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Fig.13 Time-varying characteristics in angular velocity w,
around the z-axis of the celt-fixed coordinate system
O-xyz. W4 (100-15-10) full color plastic body before
polishing. Using the same celt as in Fig.10, two 10mm ¢
(6.0g) weights were placed at each end of the weight
skew angle {=5° (L body).
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Fig.14 The contact point trajectory (unit: mm) as viewed
from the z-axis direction of the celt-fixed coordinate
system O-xyz. The contact point trajectory in Fig.13
was taken from (D immediately after release to (2 lst
local maximum of w..
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Fig.15 The contact point trajectory (unit: mm) as seen from
the z-axis direction of the celt-fixed coordinate system
O-xyz. The contact point trajectory after (@ 1st local
maximum of w, in Fig.13 was extracted.
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