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Development of Swimming Human Simulation Model Considering
Rigid Body Dynamics and Unsteady Fluid Force for Whole Body

Motomu NAKASHIMA *3, Ken SATOU and Yasufumi MIURA

*3 Graduate School of Tokyo Institute of Technology, Department of Mechanical and Environmental Informatics,
2-12-1 Ookayama, Meguro-ku, Tokyo, 152-8552, Japan

The purpose of this study is to develop a swimming human simulation model considering rigid body
dynamics and unsteady fluid force for the whole body, which will be utilized to analyze various dynamical
problems in human swimming. First, the modeling methods and their formulations for the human body and
the fluid force are respectively described. Second, experiments to identify the coefficients of the normal
drag and the added mass are conducted by use of an experimental setup, in which a limb model rotates in
the water, and its rotating angle and the bending moment at the root are measured. As the result of the
identification, the present model for the fluid force was found to have satisfactory performance in order to
represent the unsteady fluctuations of the experimenta data, although it has 10% error. Third, a simulation
for the gliding position is conducted in order to identify the tangential drag coefficient. Finally, asimulation
example of standard six beat front crawl swimming is shown. The swimming speed of the simulation became
areasonable value, indicating the validity of the present simulation model, although it is 7.5% lower than the

actual swimming.
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Fig. 1 Analytical model of swimming human
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Fig. 2 Examples of body geometry determined
using existing body size data
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Fig. 3 Analytical modelsfor fluid force
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(@) Schematic view

(b) Photograph in laboratory
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Fig. 4 Experimenta setup
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(b) bottom view

(@) sideview

Fig. 8 Simulation resultsfor gliding position
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Table1l Results of model swimming

Stroke cycle 1.96s
Swimming speed 1.34 m/s
Stroke length 1.47
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Fig. 9 Body coordinate and resultant arm stroke
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Table 2 Specification of calculation

Stroke cycle 1.96s
20-29 years
Bod t
ody geometry Japanese male
Number of truncated
L 21
elliptic cone
Number of division of each
truncated elliptic cone
- for longitudinal direction 10
- for circumferential direction 36
Time step 0.002
Initial velocity of whole body 0
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Fig. 11 Time history of stroke length
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Fig. 12 Simulation results of swimming motion
for half cycle from side view
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