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Abstract

:

A floater serve in volleyball is a technique of serving a non-rotating or low-rotating ball, which is difficult to return because the flight path of the ball changes irregularly. On the other hand, the randomness of the trajectory makes it difficult for the ball to fall on the target. Players are required to serve taking into account the variability of the trajectory. In previous studies using wind tunnels, it was shown that aerodynamic characteristics such as drag force and lateral force applied to the ball vary depending on the type of ball and the orientation of the panel. Therefore, in order to control the flight trajectory, it is necessary to understand the aerodynamic characteristics of each ball. Since the velocity of the ball and the fluid force applied to the ball changes during flight, it is important to measure not only the fluid force at a steady state in the wind tunnel but also the actual flight distance of the ball. In this study, to provide valuable information for precise control of floater serves, we measured the drag force applied to the ball in a wind tunnel and the flight distance of the ball using an ejection machine, and clarified the effects of the type of ball and the panel face. In the drag force measurement, the drag force on three types of balls, V200W, MVA200, and FLISTATEC, was measured in the wind speed range of 4 m/s to 30 m/s. In the ejection measurement, the ball flight distances were measured while changing the orientation of the panel using an ejection machine. Basically, the FLISTATEC, MVA200, and V200W, in that order, were more likely to increase the distance and the variability, but it was shown that the drop point could be adjusted slightly by selecting the panel face. This result was also obtained when a human player actually served the ball, indicating the tactical importance of the player consciously controlling the direction of the panel. The tactical importance of the player’s conscious control of the direction of the panel was demonstrated. We also proposed receiver positions that would be effective based on the characteristics of each ball.
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1. Introduction


Volleyball is one of the most popular sports in the world. The key factors to victory are the skills and strategies of blocking, attacking, serving and receiving. The serve is important not only for scoring points directly, but also for gaining an advantage in the match by breaking the receiver’s posture and reducing the power of the opponent’s attack [1,2]. There are two main ways to serve that are considered to be effective. The first type is the jump serve, in which the ball is hit with topspin and dropped at high speed into the opponent’s court. The second type is the floater serve, which is the subject of this study. In the floater serve, the ball is hit with no or low rotation, which causes an irregular change in the trajectory of the ball. This irregular change in trajectory has been reported to be caused by the fluid forces generated by the three-dimensional twin vortices formed behind the ball [3,4]. The irregular changes in the position of the twin vortices cause irregular changes in the trajectory of the ball.



The fluid force on the ball has been investigated in wind tunnel experiments [5,6], with a hitting robot [7], and computational calculations [8,9,10]. The drag coefficient applied to the ball is large at low velocities, and decreases drastically with the transition from laminar to turbulent flow as the speed of the ball increases. This decrease in the drag coefficient due to the change in flow is called drag crisis, and it plays an important role in volleyball because the ball decelerates in flight to a speed range where the drag crisis occurs [11,12,13,14]. The fluid force characteristics of a ball vary depending on the type of ball and the panel surface [15,16,17,18,19,20,21,22,23,24,25,26,27]. Measurements using a wind tunnel showed that the drag coefficient, the magnitude of lateral force, and the speed range at which drag crisis occurs differs depending on the type of ball and the panel surface. This indicates that the type of ball used in a game influences the tactics of the players. Similar phenomena were observed with balls used in other sports, and it is important to focus on the panel shape and orientation when discussing the fluid forces on balls. However, the drag coefficient measurements of the ball surface fixed in the wind tunnel is not sufficient to describe the trajectory of the ball, because the speed of the ball decelerates during flight and the force applied to the ball changes irregularly. For a more detailed understanding, it is necessary to serve a large number of balls under the same conditions to clarify the relationship between actual flight and wind tunnel measurements [7]. We are also interested in how much the actual trajectory of the ball is affected when a person serves the ball while paying attention to the panel surface.



In this study, in order to clarify more directly the effects of the ball type and panel surface on the actual flight of the serve, we measured the drag coefficient using a wind tunnel and the flight distance using an ejection machine for three types of balls used in competitions: MVA200, V200W, and FLISTATEC. We also compared the human serve with the ejection machine, and measured and clarified the effect of the panel surface on the human serve. Figure 1 shows the characteristics of the three types of balls measured in this study. The MVA200, MIKASA, is the ball used in the 2012 and 2016 Olympic Games, consisting of eight panels with a dimpled surface. V200W, MIKASA, is the ball used in the 2021 Tokyo Olympic Games, consisting of 18 panels with a dimpled surface. FLISTATEC, MOLTEN, is the ball used in the NCAA. It has an uneven surface with a hexagonal honeycomb structure and consists of 18 panels. The flight distance of MVA200 was measured while changing the initial speed of the ball. In addition, the effect of selecting the panel orientation on the actual serve was clarified by comparing the ejection by the machine and the human serve.




2. Method


2.1. Drag Force Measurement in Wind Tunnel


We measured the drag force on three types of balls at wind speeds ranging from 4 m/s to 30 m/s using a wind tunnel and a three-component load cell. The balls were placed in a wind tunnel with a cobra-type downwind support as shown in Figure 2. The sampling frequency of the three-component load cell was set to 1000 Hz, and the average applied force for 10 s was measured. The orientation of the panel was changed to three or four patterns for each ball to investigate the effect of not only the type of ball but also the orientation of the panel for the same ball.




2.2. Ejection Experiment


As shown in Figure 3, a ball ejector mounted on a hand-lift was set up in the service line to conduct an ejection experiment of a floater serve. Three types of balls, MVA200, V200W, and FLISTATEC, were ejected under the same conditions to compare the tendency of the landing points. The height of the ejection point was 3.0 m, the ejection speed was 60 ± 1.5 km/h, and the ejection angle was 5.5°. The landing point of the ball was measured while changing the direction of the panel face, ball valve, and ball logo. Further experiments were conducted by changing the velocity conditions of the V200W, the official ball of the Tokyo Olympics, to 60 ± 1.5 km/h, 65 ± 1.5 km/h, and 70 ± 1.5 km/h. The ball ejection experiment was performed using the procedure shown in Figure 4. First, we check the orientation of the panel face, the ball valve, and the ball logo to be ejected, and slowly insert it into the guide. The ball was ejected while checking the direction of the ball, making fine adjustments, and measuring the speed with a speed gun. If the speed deviated from the target ejection speed by more than ±1.5 km/h, the data were rejected. The landing point of the ball was visually checked and the distance was measured.





3. Result and Discussion


3.1. Drag Force Measurement in Wind Tunnel


Figure 5, Figure 6 and Figure 7 show the measured drag coefficient of each ball. The horizontal axis (Re) is the Reynolds number and the vertical axis (Cd) is the drag coefficient, which is defined by the following equation:   R e = d U / ν  ,   C d = 2 D / ρ U A   where  d  is the diameter of the volleyball   d = 0.21   [m],  U  is the velocity of wind,  ν  is the kinematic viscosity of the air,  D  is the drag applied on the ball,  ρ  is the density of the air, and  A  is the cross-sectional area of the volleyball (  A = π  d 2  / 4 ≈ 0.0346   [m2]). The relationship between the flow velocity and the drag coefficient was measured while changing the direction of the panel facing the wind. For all balls, as the wind speed increased, the drag coefficient decreased drastically due to the drag crisis. This trend is similar to previous studies using various balls. The velocity at which the drag crisis begins and ends, and the magnitude of the drag coefficient, indicated by the dashed lines in the figure, varied with the orientation of the panel facing the wind. This difference in drag force depending on the orientation of the panel means that the flight path and distance of the ball changes depending on the orientation of the panel when the ball is hit. Figure 8 compares the average values of the drag coefficient of each panel surface measured with each ball. As an overall trend, it is clear that the drag crisis occurs in the region of high Reynolds number in the order of V200W, MVA200, and FLISTATEC. This result suggests that when the ball decelerates due to aerodynamic drag, FLISTATEC is slower to enter the drag crisis region, making it slower to increase the drag force of the ball and easier to increase the distance. The previous fluid drag measurements were performed on panels A and C of the MVA200, panels A and C of the V200W, and panels A and B of the FLISTATEC [11]. Our measurements of the drag force on each panel and the location of the drag crisis were generally consistent with the previous study. The relationship between the positions of drag crises for each ball was also consistent.




3.2. Ejection Experiment


Figure 9 shows the distribution of landing points when MVA200, V200W, and FLISTATEC were ejected at a speed of 60 km/h using an ejection machine. The panel characteristics of the ball flight direction were distinguished by the panel orientation, logo position, and ball valve position. While varying these factors, 12 patterns for MVA200, 24 patterns for V200W, and 26 patterns for FLISTATEC were measured five times each. The different types of plots represent differences in the orientation of the panels, the logos, and the positions of the valves. The red line indicates the end line of the court, and any ball that flies farther than this line is an out ball. Receivers are usually placed at a range of 6.5 to 7.5 m. The area enclosed by the red square is where it is difficult to return the ball, close to the net or end line. As shown in Figure 9, the distance of the ball varies, but is characterized to some extent by the type of ball and the panel surface. The average landing point for each ball was 7.5 m for the FLISTATEC, 7 m for the V200W, and 6.8 m for the MVA200, which is consistent with the order of decreasing drag coefficient in the fluid force measurement shown in Figure 8.



In the case of FLISTATEC, the difference in distance depending on the panel surface was larger than that of MVA200 and V200W. For this reason, it is important to pay attention to the panel face of the FLISTATEC in order to make the ball fall at the target position. Figure 10 shows the standard deviations in the x and y directions for each panel of the balls. Since each panel was measured only five times, it cannot be said to be a statistically sufficient amount, but it was found that there is a difference in the variability of each ball and panel. In the previous fluid force measurement using a wind tunnel [7,11], the magnitude of the force applied to the ball varied with time, and it was reported that some panels had large amplitudes while others had small amplitudes. The results of the present study, which show that the variation in the drop point varies from panel to panel, are consistent with the previous result, indicating that the blurring of the floater serve varies from panel surface to panel surface.



Figure 11 shows the suggested effective positioning of the receivers based on the trend of the ball flight distance. It is considered better to place the receivers in a horizontal row because the MVA200 has relatively small variation in the y direction. On the other hand, V200W and FLISTATEC have a large variation in the y-axis direction, so it is desirable to protect the front and back with a zigzag receiver formation instead of a simple horizontal formation.



The effect of initial velocity was investigated for the V200W. Figure 12 shows the landing point of the V200W as the velocity changes. When ejected with an initial velocity of 60 km/h, the V200W landed on the court with a probability of 96%. As the initial speed is increased to 60 ± 1.5 km/h and 70 ± 1.5 km/h, the probability of landing on the court decreases to 65% and 24%, respectively. In case of the V200W serve with the hitting angle 5.5°, it is important to hit at 60 to 65 km/h while considering the panel. Details of the orientation of the surfaces represented by each marker are shown in Figure 13. Each figure shows the orientation of the ball panel as seen from the receiver’s side. Six different panel faces were defined, taking into account the front and back of the air valve placement. The position of the air valve can also be divided into four types in each panel: up, down, left and right; thus a total of 24 ejection patterns were performed. Figure 14 shows the average landing point for each panel. The graph for the initial speed of 65 km/h shows that the ball landed on the court in 22 different ball directions.



Figure 15 shows the difference between the case where the ball is ejected from the machine and the case where a person hits the ball. The triangle marks are the case of hitting the ball with panel C. The white marks are the case of hitting the ball randomly. The distance tends to be greater when the ball is hit by a person than when it is hit by a machine, but in both cases, the ball falls toward the front when it is hit with panel C facing it. Thus, with the floater serve, it is possible to control the falling position of the ball by hitting it while paying attention to the direction of the panel surface.





4. Conclusions


Drag force measurements using a wind tunnel and drop point measurements using an ejection machine were performed on three types of balls, MVA200, V200W, and FLISTATEC, to clarify the effects of ball type and panel surface orientation on the distance and variability of serve balls.



	
From the measurement of the drag coefficient in the wind tunnel, the velocity region where the drag crisis occurred shifted to the low Reynolds number side in the order of FLISTATEC, MVA200, and V200W. This trend was consistent with previous studies;



	
In the ejection experiment, the flight distance of the ball increased in the order of MVA200, V200W, and FLISTATEC. This trend was correlated with the magnitude of the drag coefficient measured in the wind tunnel. The magnitude of the drag force and the Reynolds number where the drag crisis occurs differ depending on the type of ball and orientation of the panel, and the flight distance also changes;



	
The variation in the drop point was different depending on the type of ball and panel. There was a possibility to suggest an appropriate receiver position from the distribution of the variation;



	
The same trend was obtained for the difference of distance between the ejection machine and human serve. In the case of human serve, the drop point could be controlled by paying attention to the direction of the panel.
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Figure 1. Three types of balls in the measurement. 
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Figure 2. Appearance of cobra-type ball support. 
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Figure 3. Outline of ejection experiment. 
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Figure 4. Ejection procedure. 
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Figure 5. Relationship between Reynolds number and drag coefficient on MVA200. 
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Figure 6. Relationship between Reynolds number and drag coefficient on V200W. 
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Figure 7. Relationship between Reynolds number and drag coefficient on FLISTATEC. 
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Figure 8. Relationship between Reynolds number and averaged drag coefficient on each ball. 
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Figure 9. Landing point of MVA200, V200W, and FLISTATE C that changes the orientation of the panel and eject at the initial speed of 60 km/h. The different types of plots represent differences in the orientation of the panels, the logos, and the positions of the valves. 
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Figure 10. Standard deviation of the drop position by the panel in the x and y directions. 
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Figure 11. Ideal receiver position and standard deviation. 
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Figure 12. Landing points by different ejection speed on V200W with different panel orientation. 
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Figure 13. Relationship between ball orientation and ball valve at the time of ejection. 
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Figure 14. Average landing point for each panel in Figure 10. 
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Figure 15. Difference in the drop position of the ball between the ejection machine and a human hitter. The triangles represent the case of serving with panel C facing, and the white circles represent the case of serving with a random panel orientation. 
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