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Abstract

For a football player to perform well in football, it is necessary to improve his technical and tactical skills.
Improving these skills is enabled with the repetition of the same positions that the football player has the ball.
The repetitions of these same positions can be performed with the aid of a machine. In this study, a football
throwing machine design that can provide direction and velocity for the ball in a repeatable and controllable
manner is generated for full educational evaluation. Ball loading canister on the ball throwing machine enabled
to use of many balls. There are a couple of ball throwing wheels both are made of polyurethane material and
have a concave surface. These wheels are mounted on a body for axial rotation on common ground. Each wheel’s
rotation speed can be adjusted individually. To determine the horizontal-vertical direction of movement of the
ball, two linear actuators are used. Ball’s velocity, direction, orbit, and throwing laps are controlled electronically.
All controls concerning ball throwing are carried out via Delta PLC (Programmable Logic Controller) and HMI
(Human Machine Interface) panel. A user interface is developed for controls made via PLC. Owing to the
interface, different training plans are designed by handler or trainer via operator panel, and footballer is provided
to train in various densities. To prevent toppling tripod system, and to carry easily a towing arm is used. The
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machine can work with an accumulator or feed directly from the grid circuit.
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1.INTRODUCTION

In our country, football love and participation are at an in-
disputable extent. Nevertheless, the desired success level has
not yet been reached. It can be said that the most important
factor to determine a football match’s quality is footballers
having high-level technical capacity. A fine technique is a
footballer’s performing appropriate movements in the most
efficient way (Taskin, 2005).

Football is a sport played with feet. Football requires some
technical competence like passing, crossing, and free-kick,
shoot, dribbling, blocking and cutting the balls, ball controls,
and headers to be performed efficiently. A successful player
is expected to handle the ball with his feet, throw curveballs,
pass his friends, and kick the ball with his feet inside, out-
side, tip and heel kick. Being capable of these pleases both
footballer and the audience.
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To have a fine technique a footballer is required to control
his dominance over the ball in any case of kicking or passing.
This controlling can be performed with head, chest, and feet
or anywhere the ball hits according to various positions. The
position to stop the ball can be determined by the ball’s ve-
locity, height, direction, and footballer’s technique and hab-
its. A player’s dominance over the ball and controlling it can
be developed by repeats [2 - 5]. Studies show that repeating
the movements results in the player memorizing them in
his subconscious. This led to successful results in the match
either technically or visually [5, 6]. There is some test to de-
termine the technique in football [7, 8]. In some of these
tests, a training footballer needs another person to pass him
and since it is human passing the ball’s velocity, height and
direction will not be the same all the time [4, 5]. Hence to
train the same move again and again a machine will be more
reliable. A machine after programmed can perform the
same move several times provided that the environmental
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conditions are not changed [2, 9]. Accordingly, a ball throw-
ing machine can provide a player to train without another
person in his training.

In our literature review, we encountered some significant
studies about ball throwing machine design. Terzioglu and
et al.[10] controlled servomotor by using SCADA in their
study. They used Delta branded PLC, servomotor speed
control device, and HMI panel in this control. By determi-
ning the working parameters of the servomotor from the
HMI screen, it is ensured to work in the desired way. Ashte-
kar and et al.[11] have developed a SCADA system by simu-
lating a real-time industrial process (water level controller).
They have generated the process control layer of the system
by using Delta branded PLC. To control the water level they
used MODBUS protocol for transmission between PLC
and PC. Gupta and et al.[12] have designed a smart electri-
city control system. By using Delta branded PLC and HMI
interface they enabled the user to monitor and control all
electrical components’ statuses located inside rooms or offi-
ces. Marhas and et al.[6] have developed a football throwing
concept based on aerodynamic and mechanical principles to
enhance goalkeeper’s and striker’s average attributes. They
designed and developed this concept to repeat different mo-
ves, speeds, and orbits consecutively and properly. In their
study, Singh and et al.[13] have constructed a bowling ball
throwing machine for both entertaining and professional
purposes. They aimed the machine to be portable, have a
portable power source in order it to be used in the field and
they also aimed it to be safe to hold still. Perumalsamy and et
al.[14] have designed an automated volleyball throwing ma-
chine in their study. Movement and velocity of the ball, pro-
per and repeatable path following of the ball programmed
with Solid Works and AutoCAD software. Mahapatra and
et al.[15] have developed a simulation of the computer-sup-
ported design of cricket ball throwing machine. They have
designed a virtual model ball throwing machine in CATIA
software of CAD/CAE software package to simulate diffe-
rent mechanical subunits of the machine via using ADAMS
software. Saal et al.[16] developed the "Footbonaut" measu-
rement system, in which movement speed can be diagnosed
and trained, and used as a measurement and information
system. It was stated that with this system, the existing talent
identification and talent development structure of football
players can be strengthened. In another study, Saal et al.[17]
evaluated the reliability and validity of a soccer short passing
test using the Footbonaut measurement system. As a result,
they concluded that skilled players are significantly faster in
performing short passes than less-skilled players.

In this study, a football throwing machine is designed for
footballers to develop their personal attributes and perfor-
mances, to train repeatedly, and to have a complete training
assessment. The designed machine enables us to apply vari-
ous training programs along with throwing the ball in differ-
ent directions. That is to say, a footballer can train himself in
various tempos after a trainer determines various plans. In
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the second part of the study parts of the machine are intro-
duced and their tasks in the system are mentioned. The third
part has consisted of results and suggestions.

2. DESIGN METHODOLOGY

Ball throwing machine designed in this study consists of th-
ree parts:

+  Mechanical parts;
« Electrical-Electronical equipment;

+ Software and control group.

2.1. Mechanical Parts of the Ball Throwing Machine

The general view of the ball throwing machine can be seen
in Figure 1, the schematic view, on the other hand, can be
seen in Figure 2. The machine has 2x1, 7x1 m dimensions.
The body of the machine consists of an iron sheet and beam.
Iron sheet plates are 1.5 mm thick, main beams consist of
30x50x3 mm dimensions rectangular beam and 34x3 mm
dimensions pipe beam. Considering that this developed ma-
chine will be used outside mostly, to have resistance against
corrosion entire body is painted with synthetic metal paint.
Tripod wheeling system to prevent tipping over and towing
arm for easy transportation are used. Boxes made of iron
sheets are designed to protect electrical-electronic equip-
ment from impacts and unfavorable weather conditions.

Ball throwing wheels are made of polyurethane which is re-
sistant to snapping, tearing, and corrosion. Wheels are de-
signed concave to grip the ball perfectly. The diameters of
the wheels are 260 mm and their thickness is 140 mm. These
wheels are mounted horizontally with a space between them
in order the ball to go through. To prevent errors due to ex-

Figure 1. General View of the Ball Throwing Machine
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ternal factors, a covering part is designed for the outer part
of the wheels.

Considering that the machine will de for individual use, a
ball loading canister is developed. This canister has 20 balls
capacity. It is constructed with steel flat with 10 mm thick-
ness and its outer ring has 785 mm in diameter. The channel
through which the ball will line up is designed with a 6 mm
diameter pipe beam, three-level helical steps and it has a to-
tal of 820 mm height.

A

12

1. Chassis
2.Towing arm
3. Battery Cover
4. Motor of ball thrower wheels
5. Ball thrower wheel
6. Motor of horizontal-vertical movement piston
7. Horizontal-vertical movement piston
8. System control board
9. Ball throwing sorting motor
10. Piston cover
11. Ball sorting canister
12. Ball loading canister
13. Open-Close lever
Figure 2. Schematic View of Ball Throwing Machine

Between the ball loading canister and ball thrower wheels,
there is a ball sorting canister. An open-close lever is ad-
ded to the ball sorting canister to send the balls towards ball
thrower wheels. One end of this lever is connected to the
engine and the other end is connected to the sorting canis-
ter. The part which is connected to the loading canister is
designed as a roller bearing so that it can rotate easily. Thus
and so a ball can be sent to be thrown after the ball thrower
wheels adjust their positions.

2.2. Electric-Electronical Equipment of Ball Throwing
Machine

In this machine two permanent magnet DC motors, a DC
gear motor, two step motors with encoders, and two linear
actuators are used.

Permanent magnet DC motors provide the desired velocity

to throw the ball (Figure 3) and they work independently of
each other. Wheels are mounted as their direction of rota-
tion is opposite so that they can throw the ball. By providing
various DC voltages to the motor feeds, their rpm (revs per
minute) can be changed and this enables the ball to follow
curved or linear orbit as shown in Figure 4.

Training can be diversified by locating the machine in differ-
ent locations inside the pitch.

e

Figure 4. The orbit of the curved ball

A DC gear motor that can produce high torque at low speed
is used to let the ball from the sorting canister. This DC gear
motor controls the open-close lever (Figure 5).

Two step motors with encoders and Linear Actuator en-
abled the ball thrower wheels to move both horizontally
and vertically (Figure 6). One of the motors provides hori-
zontal, the other one provides vertical movements. The lin-
ear actuators which are used to enable horizontal-vertical
movement can be moved as far as desired via the motors
connected to them. This hardware can rotate ball throwing
mechanism 45-degree angle maximum to left and right hor-
izontally. This provides us total 90-degree angle ball throw-
ing capability in the circular sector horizontally. With this
hardware 45-degree maximum area can be scanned in the
vertical axis, towards positive (Figure 7).
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(b)
Figure 5. Open-Close lever (a) Open (b) Closed

(b)
Figure 6. Horizontal-Vertical movement pistons and motors (a) Horizon-
tal movement (b) Vertical movement
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Figure 7. The schematic view of the angle is scanned horizontally and
vertically.

A motor drive circuit is used to control permanent magnet
DC motors. This drive circuit is selected to be compatible
with a digital screen to monitor velocity. At digital screen
capacity of the motor is seen between 0-100 percent accor-
ding to amplitude modulation conversion. Motor’s rpm is
measured with a tachometer depending upon working ca-
pacity. Measurement results are seen in Table 1.

Table 1. DC Motor tachometer measurement results

DC Motor Working Capacity DC Motor Rotational Speed

(%] [rpm]
10 175

20 455

30 745

40 1020
50 1280
60 1543
70 2015
80 2120
90 2365
100 2814

2.3. Software and Control Group of the Throwing
Machine

A Delta-Cpu-DVP-14SS2 PLC and DVP-08SN addition
module and a Delta DOP-A series operator panel with TFT
LCD screen is used to control the ball throwing machine.
For the software, the control algorithm is generated with
Ladder programming language via interface found in Delta
SS2 PLC device. PLC is programmed with Delta WPLSoft
software and Operator Panel is programmed with DOPSoft
software so that a user can activate and control the system.
The communication between PLC and devices is provided
with MODBUS serial communication protocol. MODBUS
which uses serial communication standards is used with the
RS232 serial communication interface.

With the help of the control board (Figure 8) coordinates
to send the ball to, throwing frequency, repeating number
can be determined and a training program can be saved and
used.
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Figure 8. System Control Board

3. RESULTS AND SUGGESTIONS

In this study, a football throwing machine design to provide
convenience for footballers in their training is carried out.
This machine is developed to throw the ball in the desired
time period, velocity, and position parameters. The ball
loading canister which is mounted on the machine enables
to load of 20 balls at a time and this way a footballer can train
individually. Parameters are provided with PLC software.
Due to the interface created with the software machine be-
came controllable via the operator panel. Trainers can pro-
gram the ball throwing machine to cover all parameters by
controlling the machine automatically or manually with the
operator panel. Studies showed that the ball throwing ma-
chine has a user-friendly interface.

This study can be seen as an example of similar motors in
industrial production for suitable positioning purposes.
Moreover, DC and servo motors which are controlled with
PLC can also be controlled with a microcontroller if desired.
Performances and cost can be compared between both sys-
tems.
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