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Abstract— The Football (Soccer) is one of the popular 

games in the world. Nowadays most of the players are 

trained with the help of practice machine. In this paper the 

forces occurred on the soccer ball and the complete 

kinematics generated on the soccer ball is observed. This 

paper completely involves with aerodynamic and mechanics 

principles. The basic fundamental study for Force analysis 

will help for designing the ball launching machine for the 

football players, which simulates the practice sessions, 

varieties of motions, trajectory and variable speed imparted 

on the goal keeper and shooters while playing. 
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I. INTRODUCTION 

One of the important and interesting subjects of projectile 

motion has been studied for many centuries as diverse as 

mechanics and fluid dynamics. These subjects are relatively 
complicated in both forms such as physical and 

mathematical respect. Due to complete understanding of 

these subjects one can handle the complicatedness c in these 

areas such as interpreting and predicting the trajectories. 

II. Literature review 

In order to investigate the forces and Aerodynamics effect 

on the soccer ball, we must understand the variables such as; 

the balls initial velocity, spin, drag force, lift force, and 

point of contact. The Air flow is one of the important terms, 

which causes “lateral deflection” of the ball while it’s in the 

air. [1][4]. 
 As Bernoulli’s principle, “the increases in velocity 

occurs simultaneously with the increase in pressure” & As 

the air travels faster against the side of the ball moving with 
the air flow than it does on the opposite side, which opposes 

air flow. [2]. 
 Furthermore, the forces applied on the ball to move 

in linear motions and the spinning effect in the air is 

affected by two main forces such as lift force and drag 

force. “The lift force is the upwards or sideways force that is 
responsible for the Magnus Effect. The drag force acts in the 

opposite direction of the path of the ball,” causing the ball to 

veer to the side [1][4]. The slower the ball’s velocity, the 
more the ball is deflected as a result of these forces; this is 

why the ball usually curves at the end of its flight, when its 

velocity is lowest. The actual distance a ball travels is also 

affected by air resistance, which causes the “range in reality 

to be much shorter” than predicted by calculations “in which 

the air resistance is neglected… and the trajectory becomes 

a parabola” [3][5]. 
 This is because the applied force gives the ball a 

spin, giving the drag and lift forces a greater effect on the 

ball. The fact that these forces cause the ball‟s movement to 

shift at the end of its flight, suggest that the angle at which 

the ball approaches its target is a variable worth exploring 

when attempting to find the most accurate shot 

 
Fig. 1: Forces acting on the Soccer Ball [6] 

III. KICKING SOCCER BALL 

Sir Isaac Newton stated in the Law‟s Motions as, 
(1) First Law, “Everybody continues in its state of rest 

or uniform motion in a straight line unless it is 

compelled to change that state by forces acting on 
it.” 

(2) If resultant force acting on a particle is not zero, the 

particle will have acceleration proportional to the 
magnitude of the resultant and in the direction of 

the resultant force. 
(3) To every action there is equal and opposite 

reaction. [5] 
 These 3 laws are basic fundamental laws for 

understanding and finding the different forces. As the forces 

having property the point of application is more important 

while kicking the ball, this will generate the velocity in the 

ball and the ball will displace from its basic initial position. 

While kicking a soccer ball, multiple things happen. First of 

all, the strikers‟ leg is putting kinetic (or “movement”) 

energy into the ball. K.E. = ½ m*(v2) 

 K.E = Kinetic Energy, m= mass, v= velocity.  

 Here the kinetic energy equals one half of the mass 

of strikers leg multiplied by the velocity of strikers, as it hits 

the ball, squared. Another thing that happens when strikers 

kick the ball is that the ball deforms. The side of the ball that 

your foot strikes becomes flat for just over 0.01 seconds. 

The energy going in to the collision is the kinetic energy of 

your foot plus the stored energy in the deformed ball; the 

energy coming out is the kinetic energy of the ball plus 

some heat. The more the ball deforms the more energy is 

lost to heat. The conservation of energy causes the ball to go 

faster than the velocity of strikers‟ foot. 

 
e = Co efficient of restitution (0.7) 
There are different phases while kicking the ball, 

1) Approach Angle 

2) Support Leg 
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3) Kicking Leg 

4) Foot to Ball Contact 

5) Ball Flight [7] 

 
Fig. 2: Steps of kicking the ball. Bauer 1995[7] 

 We already know that the ball is about 0.4 kg. 

Now, we just need to find the acceleration of the ball, which 

is the change in velocity of the ball. The ball starts with no 

speed and ends up at about 30 m/s, in about 0.01 seconds. 

 
 The force acting on the ball is the mass of the ball, 

0.4 kg, multiplied by the acceleration, 3000 meters per 

second squared, which is 1200 kilograms times meters per 

second squared.  

 By another of Newton’s laws, every force is 

balanced by an equal but opposite force, so the same amount 

of force would be acting on the player’s leg as well as on the 

ball. If we want to convert this amount to a weight, we 

would look for what mass would have this as its weight. 

 The weight of a mass m kilogram is 9.8m, so one 

can need want 9.8m = 1200. This means m = 1200/9.8 = 122 

kg. 

 By all this formula and mechanics players would 

require kicking the ball as compared as 122 kg. [1][8]. 

 The collision of a ball with the foot can be split up 

into three phases related to the ball deformation. Firstly after 

initial contact with the ball the foot velocity decreases up to 

the point of peak deformation and subsequently stabilizes. 

After impact ball velocity steadily increases until loss of 

contact with the foot. At the instant of maximum 

deformation the ball velocity is more than 50% of the 

release velocity. 

A. Projectile Motion: 

Rather than swing the ball around a defensive wall the 

kicker may elect to „chip‟ the ball over the wall. If the ball 

is chipped over the defensive wall it can be treated as a 

„projectile motion‟ and the following simple equations can 

be applied. 
 Range, R = v0t cos Ø 

 Height, H = v0t sin Ø − 1/2 gt2 Time of flight, tf = 

(2v0 sin Ø)/g Maximum range, R0 = (v0 sin 2 Ø)/g 

 Maximum height, H0 = (v2 0 sin2 Ø)/2g 

 Where, t is time and it is assumed that 

 When, t = 0, both H and R are zero. 

 
Fig. 3: Treating the free kick as projectile motion. [10] 

 
Fig. 4: Application of projectile motion. [10] 

IV. AERODYNAMICS OF SOCCER BALL 

The projectile in flight are determined by a numbers of 

parameters, such as, Ball size, Mass of the soccer ball, 

surface roughness & Internal pressure of the ball. 

 The forces acting while considering the 

aerodynamic conditions are drag and lift, together with 

gravity of these forces which determine the ball trajectory. 

 Drag is the resistive force acting against the 

forward motion of the ball caused by air resistance, and lift 

is the resultant force caused by ball rotation, and acts 

perpendicular to the balls forward motion. [11] 

A. Drag Force: 

The drag force acting on a soccer ball is the resistive force 

acting against the forward motion. The drag force (FD) can 

be calculated as follows: 

FD = ½ CD P AV2 
Where: FD ---- Drag force (N) 

CD ---- Drag coefficient 

p ------Density of air (Kg m
3
) 

V ---- Velocity (m/s) 

A ---- Cross sectional area (m
2
) 

 The drag force on a soccer ball will increase with 

the square of the ball velocity providing the air density and 

ball cross sectional area remain the same. [12] 

B. Reynolds Number: 

The atmosphere around the ball is important for considering 

the aerodynamics force which is acting on the ball. It is a 

dimensionless parameter which defines the nature of the 

airflow for a given body, without consideration of the body 

size and flow viscosity. 

RE = VD / γ 
Where, RE ---- Reynolds Number 

V------- Viscosity (m/s) 

D --------Ball Diameter (m) 

Γ ------- Kinematic Viscosity [13] 

C. Lift Force: 

The lift force acting on a soccer ball acts perpendicular to 

the balls forward motion. 

FL = ½ CL P A V2 

Where: FL ----Lift force (N) 

CL ---Lift coefficient 

P ---- Density of air (Kg m
3
) 

V ----Velocity (m/ s) 

A ----Cross sectional area (m2) [14] 
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V. CONCLUSION 

By the study related the forces on Soccer indicates that, the 

spin effect parameter plays an important role in determining 

the several forces. For spinning effect the drag force and lift 

force are two important parameters and these are largely 

independent on Reynolds number. With this the drag 

coefficient was not closely related to spin parameter but the 

forces, generate vertical and horizontal motions. 
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