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Analysis of the hydrodynamic force and flow field during human swimming motion
by using a robot arm.

TAKAGI Hideki *', OZAKI Takashi *>, NAKASHIMA Motomu **
and MATSUUCHI Kazuo **

Abstract

The purpose of this study was to clarify the mechanism of the generation of unsteady force in human swim-
ming motion. Experiments were conducted by using a robot arm in a flume (test section: 4.6 X 2.0 X 1.5m) and
the unsteady forces acting on the robot were measured by a balance. The velocity distributions around the ro-
bot arm were obtained by the PIV method and relations between the velocity distributions and the forces were
discussed. The robot arm was made from the polyester in imitation of a right human hand. We corrected data
in three types of the stroke pattern, i.e. Stroke-S, Stroke-I, and Stroke-SI. The Stroke-S is that the hand trajec-
tory is the figure “S”, the Stroke-I is a straight pull type and the Stroke SI is the middle of the strokes-S and
strokes-1I.

As results, the maximum thrust was measured when the stroke direction was changed in each stroke. In the
Stroke-S, the maximum thrust was obtained among the three conditions. When a vortex was just emitted from
the palm and a new vortex rotating with the opposite direction was moved behind the palm, the maximum thrust

was observed.
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Fig.2 Hand model of the robot arm
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Fig.3 Palm positions and attitudes at every 125ms
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Fig.4 Trajectories of the head of metacarpal of the middle
finger viewed from the top
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Fig.5 Variations of hand speeds relative to the flow in x
direction.
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Fig.7 Sequential variations of flow vectors and vorticity
distributions for Stroke S.
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