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The Effects of Translational Velocity of the Center of Mass on Throwing
Movement and Performance in Discus Throw
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Abstract

The purpose of this study was to investigate relationships between the translational veloci-
ty of the center of mass of including thrower and discus (CM) and the throwing distance or
the movements in discus throw. Subjects were 19 male discus throwers selected from the
11th World Championships in Athletics in Osaka and the 91st Japan Track and Field National
Championships, and also in experimental trials. The throwing movements were recorded by
two or three digital video cameras (60 Hz). From the video data of trials when each athlete
had thrown the longest distance, three-dimensional coordinates of their body landmarks and
the center of the discus were calculated with the direct linear transformation method. The
throwing movements were divided into six instants and analyzed.

In the results, the translational velocity of CM at left-foot-takeoff (L-off) and right-foot-touch-
down (R-on) were recognized as a negative correlation with the throwing distance. And also,
Atranslational velocity of CM during first single-support phase (SS1) showed a negative cor-
relation with the throwing distance. Significant negative correlations were found between the
rotational velocity of hip at L-off, the trunk torsion angle at R-on and the translational velocity
of CM at same instants.

These results indicate that the larger acceleration of translational velocity of CM during
SS1 is not necessary for throwers in order to obtain longer throwing distance in discus
throw. And, the thrower should kick the ground not to accelerate the translational velocity of
CM, but to increase the rotational velocity of hip during SS1.
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Table I. Anthropometric measurements and record of the Subjects.

11" World Championships ~ 91st Japan Track and Field

in Athletics in Osaka National Championships Experimental trial Total
n=9 n=3 n=19
mean SD mean SD mean SD mean SD
Body Height (m) 1.98 0.03 1.84 0.03 1.82 0.05 1.90 0.08
Body Mass (kg) 121.8 5.8 95.5 11.6 76.7 8.5 105.0 194
Record (m) 64.73 2.45 48.66 5.74 4132 242 55.12 1041
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Fig 1 Setups for DV cameras, calibration points,
and global reference frame.
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Fig 2 For aright-handed athlete, a discus throw has six critical instants; turn-start (T-st), right-foot takeoff (R-
off), left-foot takeoff (L-off), right-foot touchdown (R-on), left-foot touchdown(L-on), and release of discus
(Rel). These six critical instants divided a discus throw into five phases; initial double-support (DS), first sin-
gle-support (SS1), non-support (NS), second single-support (SS2), and delivery (DV).
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Fig3 (a) The average time course curve of the discus velocity in 19 throwers. And, relationships between (b)
discus velocity at R-off and L-on and Rel, (c) Adiscus velocity during DS and DV and the throwing distance.
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(a) The average time course curve of the translational velocity of center of mass (CM) of throwers in 19

throwers. And, the relationships between (b) translational velocity of CM of throwers at L-off and R-on, (c) 4
translational velocity of CM of throwers during SS1 and the throwing distance.
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Fig 5 Relationship between translational velocity of
CM of thrower and rotational velocity of hip at L-off.

4, ER

T A A RO FHBETET 2RI,
Yu et al. (2002) 3T XiEOEVETIZE
SSURTHNZ BT % £ T & J 1A~ D KF-Hi 1 LT
WREDPSLIEDND, X)EWHETELERZ
ERRT B 720120F, BT EFANO GARE L H
ErEmbb I EPEETHLEREL TV,
WREEHE (2005) &, K¥FEO—HEHZEHTE
BT 2 0P SUCEIEMNT L, W & Lon® Bk
EOHE L OBRD S, LonE TIZHARELH

~

(98]

-R-on-
[\S]

r=-0.536,p < 0.05

1 | | 1
20 40 60

80

Translational velocity of CM of thrower (m/s)

Trunk torsion angle (deg)
-R-on-

Fig 6 Relationship between translational velocity of
CM of thrower and trunk torsion angle at R-on.
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Fig 7 Relationship between Atrunk torsion angle

during NS and 4trunk torsion angle during SS2.
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