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Abstract: At present, there are only a few developed pitching machines that can throw a ball with
gyro spin. In this study, we aimed to develop a new baseball pitching machine using four rollers,
where the rotational speed of each of the four rollers and the crossing angle of the opposite gyro
rollers can be controlled optionally to generate an objective gyro spin more efficiently. We also
elucidate the throwing mechanism of the developed baseball pitching machine and confirm its
performance by finite element analysis. The newly developed pitching machine can throw a baseball
with a wide range of speeds from 22.2 m/s (80 km/h) to 44.4 m/s (160 km/h) with all pitch types
(fastball, curveball, gyroball, etc.), and the spin axis can be controlled in any designated direction.
Moreover, this machine is capable of throwing a baseball with higher accuracy compared to
commercially available pitching machines.
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1. Introduction

Ball games, such as baseball, tennis, and table tennis, have attracted plenty of players all over
the world. Accordingly, ball pitching machines have been developed and widely utilized in the
exercise of ball players [1]. The most important purpose of a baseball pitching machine is to reproduce
the throws of a pitcher, which is quite helpful for the improvement of batting technique.

The existing baseball pitching machines are classified into three pitch types according to the
throwing mechanism, which are the “arm”, “roller (wheel)”, and “air” types [2,3]. All of the
maximum ball speeds of these pitching machines are over 150 km/h, so the ball speed performance
of the existing pitching machines is sufficient. However, for the arm type, breaking balls are limited
to fastball and curveball. On the other hand, though various breaking balls such as curveballs, sliders,
and forkballs can be thrown by adjusting the rotation number of each roller in the roller type and by
adjusting the position of the spin pad in the air type, it is still difficult to throw gyroball using all of
the mentioned three types.

In one of our previous works, we developed a three-roller baseball pitching machine, which
showed high throwing performance like a top-ranking professional baseball pitcher by
independently controlling rotation speed, elevation, and declination angle of each roller [3]. This
machine can also throw various breaking balls with high speed (over 150 km/h), and the position
error on the home base is about 150 mm (approximately twice the diameter of a baseball).

At present, there are only a few pitching machines that can throw a baseball with a gyro spin,
like a pitched football or a fired rifle bullet, where the axis of the ball spins in the same direction that
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the ball travels. In general, the breaking ball with a gyro spin is called a gyroball [4,5]. Though a few
of the existing pitching machines (including the three-roller type mentioned above) are able to throw
a simple gyroball due to their simple throwing mechanisms, they can only change the direction of
the spin axis of a pitching baseball within a plane perpendicular to its pitching direction, and they
cannot throw complicated breaking balls (e.g., gyroballs and cutballs) the spin axes of which are not
in the perpendicular plane [6-8].

According to the above, we aimed to devise a new throwing mechanism of the roller type
pitching machine that can throw a more complicated gyroball like a top-ranking professional baseball
pitcher. In this study, we designed and manufactured this four-roller baseball pitching machine, and
the throwing mechanism of the machine is elucidated in this paper. We also tested the throwing
performance of the new baseball pitching machine, which shows higher performance than the
existing pitching machines.

2. Throwing Mechanism of Four-Roller Baseball Pitching Machine

As shown in Figure 1, the basic posture of the four-roller baseball pitching machine is that of a
cross-shaped arrangement with four rollers perpendicular to the top, bottom, left, and right faces. To
throw a gyroball, the left and right gyro rollers 3 and 4 are rotated around the z-axis, and the two
rollers intersect with an intersection angle y. This roller orientation is called the “gyro posture” in the
present work. In the coordinate system (x, y, z), the center (center of gravity) of the ball to be pitched
is the original point O, and the basis vectors of (x, y, z) are e, e, e3, respectively. Note that the insertion
and pitching direction of the ball is along the x direction, and the influence of the gravity of the ball
is ignored.

We set the radial vectors of upper, lower, left, and right rollers as Ri, Rz, R3, and Ry, respectively.
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Figure 1. Linear and angular velocity vectors in the four-roller ball throwing mechanism by gyro
posture: (a) Gyro posture; (b) z—y plane; (c) x—y plane; (d) y—z plane; (e) angular velocity vectors of the
ball; (f) linear and angular velocity vectors of the ball. When the linear velocity vectors are vi=12=v3
= v4, and the linear velocity vector vs and angular velocity vector ws of the ball are in the same
direction, a gyroball can be thrown.
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When all of the rollers are rotated in the pitching direction of the ball, angular velocity vectors
w1, w2, w3, and w4 are generated on each roller. In the four-roller baseball pitching machine, the linear
velocity vectors (1, 12, v3, and v4) of rollers are transferred to the ball, so that it can generate designated
ball speeds and specified breaking balls. Here, the velocity vector vs of the ball is represented by the
value (Vrx, Vry, Vr:), which can be obtained by dividing the summation of components of the four linear
velocity vectors by the number of components m, as shown in Equation (1).
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We calculated the angular velocity vector ws of the ball with the gyro posture. Figure 1b—d shows
the velocity vectors (or the velocity difference of each component) of the ball at the contact points (A,
B, C, and D) between the four rollers and the ball. When the angular velocity vectors (ws1, wsz, wss,
and ws4) are considered, the angular velocity vector ws of the ball can be obtained from Equation (2),
where the subscripts x and y shown in the final results indicate the components with respect to the
x-axis and y-axis.

0.+ +o +o a)Bx wB3x + a)B4x
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As shown in Equation (2), ws has three components in the x, y, and z axes, so the four-roller
baseball pitching machine with the gyro posture can throw breaking balls with the spin axis in any
direction in three dimensions, which is far superior to the existing pitching machines, the spin axes
of which are limited to only the perpendicular y—z plane. Hence, we elucidate the throwing
mechanism of the four-roller pitching machine and claim that the four-roller baseball pitching
machine can throw all pitch types (fastball, curveball, slider, etc.) including gyroball. The throwing
performance of this throwing mechanism was confirmed by finite element analysis.

3. Prototyped Four-Roller Baseball Pitching Machine

The four-roller baseball pitching machine based on the above throwing mechanism was
designed and prototyped as shown in Figure 2. Each roller is directly connected to a motor, and the
inverter device performs precise control of the rotation speed. The elevation and azimuth of the ball
launch outlet can be adjusted. The pitching test was conducted using the four-roller baseball pitching
machine. Figure 3 shows the setup of the pitching test. Using the prototyped pitching machine, ten
baseballs were thrown at a target distance of 14 m using three typical pitch types (i.e., fastball,
curveball, and gyroball).
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Figure 3. Setup of pitching test using the four-roller baseball pitching machine.

4. Results and Discussion
Figure 4 shows the experimental results of ball speeds in the three pitch types observed by a

high-speed video camera (filmed at 4000 Hz). The numerical values in the figure indicate the average

values, and the error bars express the standard deviations.
The ball speed V in the fastball reached 160 km/h, so the ball speed performance in this machine

is sufficient. In addition, all the deviations of ball speeds in the three pitch types had a very small
variation (<1.5 km/h), which means the ball speed generated by the machine is stable.
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Figure 4. Ball speed V in three pitch types (fastball, curveball, and gyroball) using the prototyped
four-roller baseball pitching machine.

Figure 5 shows the stroboscopic image of a baseball thrown as a fastball at each 1.5 ms/frame.
The ball speed V reached 161 km/h. It was captured when the rotation of the ball was a back spin,
where the ball spin rate S was 3700 rpm, and the spinning axis of ws was in the direction of the z-axis.
In the case of the gyroball, as shown in Figure 6, the stroboscopic image of the baseball was captured
at each 3.0 ms/frame. The ball speed V reached 105 km/h. We can see that the rotation of the ball was
a gyro spin, where the gyro spin rate S was 800 rpm, and the spinning axis of ws was almost in the
flight direction of vs, which is nearly the same as the x-axis. From the results of pitching tests, we
confirmed that the direction of spinning axis (ws) of the thrown baseball can be controlled in any
designated direction, and all of the pitch types can be thrown.
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Figure 5. Stroboscopic image of a baseball thrown as a fastball. The ball speed V is 161 km/h and the
rotation of the ball is a back spin. The ball spin rate S is 3700 rpm, and the spinning axis of ws is in the
direction of the z-axis.

3.0 ms/frame

Figure 6. Stroboscopic image of a baseball thrown as a gyroball. The ball speed V is 105 km/h and the
rotation of the ball is a gyro spin. The gyro spin rate S is 800 rpm, and the spinning axis of ws is nearly
the same as the flight direction of vs, which is in the direction of the x-axis.

The ball positions in the target of the ten balls in each of the three pitch types are shown in Figure 7.
The experimental results of the gyroball shows a slight variation, whereas the baseballs thrown as
fastballs and curveballs were almost pitched at the desired position in the target. Hence, the four-
roller baseball pitching machine also performs stably in terms of the ball position in the target.
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Figure 7. The ball positions in the target, where ten balls were thrown using each of the three pitch
types.

In order to quantitatively evaluate these position errors, the standard deviations of the position
error in each of the three pitch types were calculated and are shown in Figure 8. The results show
that in the cases of the fastball and curveball, the errors in the Y and Z directions were within 77 mm,
which is only approximately the diameter of one baseball (72 mm). The maximum position error in
the case of the gyroball is 116 mm, which is equivalent to 1.5 times the diameter of a baseball. All of
the position errors are smaller than those of the three-roller baseball pitching machine developed by
us previously.

Considering that the throwing accuracy of the commercial pitching machines on the market is
about 150 mm [3], the developed four-roller baseball pitching machine has the highest level of
throwing accuracy compared to the existing pitching machines.
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Figure 8. The standard deviations of the position error in each of the three pitch types. The errors of
the fastball and curveball are approximately the diameter of one baseball, and the error of gyroball is
less than 1.5 times the diameter of a baseball.

5. Conclusions

In this study, we designed and prototyped a new four-roller type machine, and its throwing
mechanism is elucidated in this paper. To confirm its superior performance to the existing pitching
machines, we conducted the tests using three typical pitch types. According to the results, compared
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to the existing pitching machines, the new developed baseball pitching machine had the highest
throwing performance in terms of the ball speeds, the pitch types, and the pitching accuracy.
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