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Abstract

In baseball, the pitching trajectory is rarely exactly the same due to factors such as the axis of rotation, number
of revolutions, ball speed, and release point. Since the reduction rate of the actual pitching speed and ball speed due
to such factors has not been clarified, the accuracy of pitching trajectory simulation remains questionable. Therefore,
in this study, the orbit and rotation speed were measured by conducting experiments involving actual pitching of a
ball. In addition, using the drag coefficient and lift coefficient obtained by wind tunnel experiments, we simulated
four-seams and sliders with different ball speeds and rotation speeds. From the results, the reduction rate of the ball
speed and number of revolutions, as well as their influence on the pitching trajectory, were clarified. It was found
that the difference in the reduction rate of the number of revolutions is small between four-seams and curves, but that
the deceleration rate of the ball speed is higher in the four-seams. In addition, the change in the horizontal direction
of sliders increases with larger number of revolutions, and decreases with lower ball speed. In other words, if the ball
speed approaches four-seam, it is difficult for the batter to determine.
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(a)Flight orbit experiment

(b)Aerodynamic experiment

Fig. 1 Experimental balls.
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Fig. 2 Image of field experiment.

2.3 ERAHAE

AEBRCTHEH LZRFEER LR — 0 X FHEE %
Fig. 312789, Fig. 3 13 &7 / MR FREEE O XK CTH 5 .
AR E O E H L OO KE XX 400X400 mm TH 5.
Tl —AFEJROREH L OS5 90 mm B L TERE L
7o EBRERIX Fig. ()& A L7z, [E#RERER — /LD ZER
JPETIHET B EEE AW, ©7 /8 7T 500X
500mm 7 L—LDOHPLNIETEL CERAZITo7-.
T BEEEEO T BOBELIZ, AJ.Smith K5 OHF
FHOLVAR—VERE A, T/ BROBERE d, & L
A, d/D 23 0.037 LV /ASTRIRET RO BB L EE

THZENRTE S, FHAHERR—VOERIT 74mm TH
5720, MEOKEBENHLVER 2 mm OV T /& H
AL, F— M3 EEREELRERE 7 L — A FHIC
RELI-E—X—%HW\WT, Fig. 3 O X HICEHRIY |2
FlEE S5, JEROY 7Y o> ZEEEIE 1000 Hz,
HIEREIT 2 #, T — %1% 2000 THDH. “hr
5 @7V, EHEEEES RO, GohiT -4 %A
WTH(DAQ2) K FIREC, B REC, A RIHT 5.
MR TEDSy AL T A =2 2R T. 22T,
D:FL )1, LB, ABERmAE, pBXEE, UgtH, d:
A—/VERE, NAR—/LORERTHD. 28, KERO
WEEIZ 40m/s & L, R— L OEEEKIL, AT A —
X & EEE OB ERIC G D 72D, 1500~3000 rpm
T 100 rpm = &I EIESEL A HE N S BT

2D
¢, =L @)
pU?A
mwdN
= @
—————_ Wind tunnel Frame

N\

il

Test sphere
~

1

’ L _ll— Piano wire
— 1] ]
|~ Three
—~ component
loadcell

et He

Fig. 3 Schematic diagram of wind tunnel and piano support.
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Tablel Condition for simulation.

Type of pitch Slider Straight
Initial velocity[km/h] 95,114,145 114,148
Number of rotations[rpm] | 1712,2085,2406 | 2085,2478

Azimuth[® ] 140 90
Depression angle[” ] 15 0
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Table 2 Velocity of ball (pitcher2 straight).

Initial
Straight o 12.1 Final velocity | Deceleration
velocity
Pitcher2 102.6 km/h 88.02 km/h 14.2 %
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Table 3 Velocity of ball (pitcher2 curve).

Curve Imm.ll Final velocity | Deceleration
velocity
Pitcher2 90.72 km/h 81.36 km/h 10.3 %
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Table 4 Rotation number of ball (pitcher2.3 straight).

Initial rotation | Final rotation | Deceleration
Pitcher2 1127 rpm 1111 rpm 1.42 %
Pitcher3 1481 rpm 1450 rpm 2.09 %

Table 5 Rotation number of ball (pitcher1.2.3 curve).

Initial rotation | Final rotation | Deceleration
Pitcherl 1747 rpm 1711 rpm 2.06 %
Pitcher2 1191 rpm 1172 rpm 1.60 %
Pitcher3 1283 rpm 1268 rpm 1.17 %
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Fig. 5 Lift coefficient of rotating of ball.
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Fig. 6 Trajectory of experiment and simulation (viewed from the side).
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Fig. 7 Trajectory simulation (fixed speed ball).
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