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ABSTRACT

Along with the progress of The Times, is both beautiful and passionate tennis is more and
more popular among the masses and favor, in order to reduce the probability of people
were injured while trying to play tennis, tennis players backhand return in this paper,
through research on the dynamics of the arm back to find the athletes the forearm and the
speed of the shoulder joint, elbow and wrist joints. Tennis is obtained by analysis of
moment of inertia of the momentum depends on wrist shot on the momentum of the
backhand and got the tennis player in the back to back when pat arm of potential energy
and kinetic energy, the athletes can increase the elbow by shoulder joint effective braking
the momentum of the elbow will similarly to brake momentum transfer to the wrist, rise to
increase the momentum of the tennis hits. So the forearm angular velocity should be
greater than the angular velocity of the upper arm, it will be more conducive to the
acceleration of elbow joint. And also can get tennis player in his backhand return to shoot
with the player at the moment of stroke sudden braking of wrist joint and buffer time lead
to smaller lesions in the wrist and elbow. VVolkswagen group according to the parts in this
paper, the corresponding protection.
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INTRODUCTION

Tennis, originated in France, is one of indoor stroke game which the missionaries took the palm
of the hand as a racket, in the 14th century it became a royal aristocrats entertainment sports. Because
there is no tennis rackets and nets, they only set up a rope as a line in the middle of the venue and throw
the ball to each other with the hand, so the tennis in French was named “Tenez”, meaning: hold on,
throw out. So it was named "Tennis" in English later. Then in the 16th century, this kind of royal sports
was discovered and followed by French civilians, what is more, they reformed and improved the quality
of the tennis racket, but later the king forbade the citizens to play it. However, the modern tennis
originated in the 1870 s, by the British named Winfield who improved the rules of tennis and set the
field on the lawn then renamed it the lawn tennis. Since then tennis became a both indoor and outdoor
sports. In 1905, the was born, then they becomes the most famous "grand slam" together with the
Wimbledon tennis tournament, the French championship, and the United States tennis championship,
which means that athletes will award the title of "grand slam" who won the four championships. Tennis
scoring method is originated in the royal palace, at that time, they use the clock to score as the
convenient, which means the clock would strike a quarter of an hour when the player won a ball, so
there is a 15 points and 30 points, but because the pronunciation of the 45 points consists three syllables
and difficult to read in English, so they took 40 points instead, this is the origin of scores. The use of the
tennis tournament venue is divided into the grass, clay and, different tournament game use different
places. Australian open championship is held in every January in Australia Melbourne where the place is
hard courts. French tennis tournament is held from May to June, using the site for clay court; the
Wimbledon tennis tournament is the oldest tournament holding in June and July in the UK, which uses
the site for the grass; the United States tennis championship was held in August and September which
uses the site for the hard court. As time goes by, the site category should have represented the
tournament site. The length of the tennis stadium is23.77m, the Width of the tennis stadium is 8.23m
.the posts shall be the 15cm side length of square column or the 15cmdiameter of the cylinder and
whose height can't more than the 2.5cm of the net twine, the height of the net twine should be 1.07m.
The diameters of tennis are between 6.541~ 6.858cm, the weight of the tennis is56.7g ~ 58.5g . There

are many Tennis skills, such as high pressure ball volley, the net to intercept and so on. This article will
focus on studying the backhand return which injured the athletes a lot.

THE ESTABLISHMENT OF THE MODEL AND SOLUTION

When the tennis players use backhand return to shoot, the first step is to the racket back, and let
the body around the axis rotate to the left, then let the right foot move toward the left, and bent the body
to make the right shoulder focus on the net, at the same time, the left hand will return to the left rear
back, and keep the right foot tiptoe 1 inch to the shooting place, they hit the tennis ball below the racket
back then the tennis ball is up or move out. Then arm has been taken back to swing to the limit angle,
another hand moves back to back, conveniently, the two arms hold out a bosom as a nature extend, after
completion of the whole action athletes return to ready state. Figure 1, figure 2 are the front and back of
the tennis players’ backhand return.

The dynamics analysis of Tennis taken backhand
Now we take the big arm forearm of the tennis player’s taken backhand as two rigid bodies, and
building up three degrees of freedom of the shoulder joint and elbow, as is shown in figure 3.
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Figure 1 : The front figure of the tennis players’ backhand return
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Figure 3 : Two rigid bodies’ three degrees of freedom

In figure 3, P is the shoulder joint of the athlete, and P, is the elbow joint. The upper arm and
forearm isJ,,J,. The anatomical angles ared,,#,. Among them, Pand £ have three degrees of

freedom and the trivector are ¢,, ¢, .
Now we regard the earth as the reference frame. A: and 42 are the angular velocity, relative to
the reference frame, of the upper arm and forearm of the arm the athlete used to apply return shoot. The

velocity of the elbow joint ng;ﬁ2 , and its value is :
Bp=A2— A

When the tennis player deliver a backhand return to shoot, the speed the tennis is shot out depends
on the instantaneous velocity of the shooting arm. And, the angular velocity of wrist O is subject to the

angular velocities of the upper arm, the forearm, and the elbow. The reason is that when elbow joint P, is
circling, it will force the forearm to make translation and rotation in the relative coordinate system P, — xyz

. Besides, the translation and rotation are relatively independent, and therefore, it won’t affect the motion
vectors of the hip joint and the elbow joint and the angular velocity of the crus. But the speed of wrist O'is

connected to its relative velocity and the speed of elbow joint 2. So:
8(61)@ :&P(ﬁl :&P(ﬁl’ C(a)L :(;jzxﬁz
In the equation, C(P1), is the velocity vector of the elbow joint in the reference frame, and

QO is the speed of Orelative to elbow jointR. g;il,q'ﬁzare the angular velocities of shoulder joint Pand

elbow joint R. H1is the position vector between the shoulder joint and the knee joint, and H:is the
position vector between the elbow joint and wrist joint O.
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To get the speed of wrist joint Orelative to the earth ée =C(0O). , we must know the influence

of the local motion of the upper arm and the forearm to the elbow joint. According to the vector
theorem, we can get:

ée :(.ﬁlx ﬁ1+(.éz><ﬁ2+(.ﬁl>< ﬁza ée :%l(ﬁ1+ﬁz)+ézxﬁz
To simplify is:
Oc =0cx ¢ +¢,xH>

The shoulder joint makes the speed produced by the wrist joint to be cross productaexq‘ﬁl, and

cross product1.xV . is the speed produced by the wrist joint made by the elbow joint. Ogis the
position vector of the wrist joint in the reference frame.

To describe the velocity relation of the shoulder joint, elbow joint and the wrist joint further and
accurately, we write down the relationship between the angles of the shoulder joint and the elbow joint
and the position of the wrist joint as:

X, =H, cosg, +H, cos(¢, +¢,)

Yo = H,sing + H,sin(g, + ¢,)
z, =H,cosg +H,sin(g +4,)

To perform differential to the angles of the shoulder joint and the elbow joint, the relationship
between the position vector of the wrist joint and them can be obtained by derivation:

ax - XG4, KW o
o6, o9,
oy -V 68) V68
o4, o9,
iz = 268 2Gdy)
o4, o6,

We transfer the equations above into matrix:

oX(4.4,) X(4.9,)
dx o¢, 0¢,
[dYJ: Nt V() [daﬁlj

o¢, o¢, dg,
oZ(p.¢,) OZ(d.45)
¢, 0,

dz

Based on the property of the matrix and Vector product method, the equations above can be

written asdO,= Ud ¢. Uis:

X X
og, 04,
o oY
og, 04,
oz oz
o¢, 04,

cy
I
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U is the differential relation between the displacement of node-angle and infinitesimal
displacement of the ankle joint. We substitute the matrix into the equations above and get:

40c _ ;49 or 0s = 4y, .17
dt dt

To substitute it into the equation calculating the relative speed of the wrist joint, we can get:

KX X
¢, 09,
o ov
o4, 09,
o0z oL
o4, ¢,

éG = [ngzf ;51+¢.52Xﬁ2

As the arm that the player used to perform returning shoot will perform fixed-axis rotation, now
we regard the upper arm and forearm of the returning arm as two rigid bodies, and they are |, andl,.
Figure 4 is a diagram of the rotation when the player perform returning shoot.
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Figure 4 : Schematic diagram of athletes” backhand return shot rotation
So the entire moment of inertia of net men should be:

L=3M,D?

M; are qualities of all parts of the body. D are lengths from all parts of the body to body axis.
Because this text treats net men’ bodies as rigid bodies whose qualities are continuous distributed. So:

L=[/], D*dm=]][, D*adV

P is the body density. When tennis players are doing backhand return shot, the rotation tensor

of rotating arms W ¢ is:

W.=]I], p(D?E- D D)dVv

The vector expression of arbitrary point P on tennis players is D = D; e1+ D, e2+ D; es; two

vectors product is DD; unit tensor of tennis player is:
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- o> o
(C;e1,e2,€3) is the unit orthogonal curvilinear frame.

The moment equation of rotation tensor when tennis players are doing backhand return shot
When tennis players are doing backhand return shot, the resultant moment vector of rotating

— -
arms is Xi.. o is the tennis player’s angular speed vector in inertial coordinate. Angular acceleration

vector is a . So when tennis player is doing backhand return shot, the moment equation of rotation

tensoris: Xic=Wcea+wxW . em.

Moment of inertia of athletes’ elbow joint

When tennis player is doing backhand return shot, we can treat his or hers elbow joint as rotation
around the centroid axis. Supposing in this process, the axis over the elbow joint is almost parallel to the
athlete’s body axis, like figure 5.
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Figure 5 : The schematic diagram of rotation of tennis player’s elbow joint

From figure 5, we can see that moment of inertia of athlete’s forearm L, is:
L, =L, +MD?

Then we project moment equation on X, y and z axis in three coordinate system. We can get
moment equation of athlete’s backhand arm in each axis. The rotation of backhand arm produced the

resultant moment X: when tennis player is doing backhand return shot is: K, = @, L, . In the formula,
—7M1r12 . .
@, is the angular acceleration of backhand arm. L, is the moment of inertia. While = 2 . lisradius
of backhand arm’ big arm. M 1 s big arm’ quality. And big arm’s angular acceleration : is:
Cdw d?ey
“ 74t ~ de . So initial angular acceleration of backhand arm’s forearm is equal to big arm’s angular
dw,  dw _d'a, d'q

w
speed @1, So forearm’s angular speed @zjs: ° dt dt dt®  dt®
Through formal analysis, we can know that momentum of tennis depends on momentum of wrist
hitting balls. And when tennis player is doing backhand return shot, in order to make tennis get max

impulse, player must fasten backhand speed. Only in this way can 9 get speed maximum in z axis. And

only when %192 meet with condition 40° <¢'+¢? <9¢° and o<, <4,, wrist joint O ’s speed can get
maximum on vertical plane. And when ¢,,4, meet with their constraint condition, with the growth of
$.,¢,, the process that tennis player doing backhand return shot requests athlete’s big arm and forearm’
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change rate of anatomical angle in unit time to reach maximum. And in this process, forearm’s change
rate of anatomical angle must be bigger than thigh’ angle changing rate. According to can transfer
theorem of rigid body, at the moment that the backhand arm hitting the ball, the angle between big arm
and forearm is almost180°, the power will transfer from big arm axis to forearm. But because big arm
and forearm are connected, so the power will lose during the transferring process. So the angular speed
of forearm bigger than big arm will be more benefit to elbow joint’s acceleration. And from the dynamic
analysis results of athletes’ backhand return shot, when cheer leading players are doing backhand return
shot, they must fasten forearms’ speed to make forearms’ angle bigger than big arms’ in order to speed
up elbow joints” acceleration. But when men shot balls, it will make every joint sudden stopping, so
joint O and joint p, will injury because of joint P, “ sudden braking on the moment when athlete is
shooting balls.

CONCLUSION

Through kinetic analysis of backhand arms when tennis players are doing backhand return shot,
this text found the speed relationship of athletes’ big arms, forearms, shoulder joint, elbow joint and
wrist joint. Through analysis of its moment of inertia, we knew that momentum of tennis depends on
momentum of wrist hitting balls, and we got backhand arms produced potential energy and kinetic
energy during the process that tennis players doing backhand return shot, i.e. athletes can increase elbow
joints” kinetic energy by shoulder joints’ effective braking. In the same way, they can stop elbow joints
to transfer kinetic energy to wrist joints in order to increase kinetic energy that the ball is being shot. So
angular speed of forearms should be bigger than big arms’, and in this way can be more benefit to fasten
elbow joints” acceleration. And we can also knew that when athletes are doing backhand return shot, the
elbow joints and wrist joints will injury because the sudden braking of shooting balls and too short
buffertime.

REFERENCES

[1] Alireza Fadaei Tehrani, Ali Mohammad Doosthosseini, Hamid Reza Moballegh, Peiman Amini, Mohammad
Mehdi DaneshPanah; A New Odometry System to Reduce Asymmetric Errors for Omnidirectional Mobile
Robots. RoboCup, 600-610 (2003).

[2] Carlos F.Marques, Pedro U.Lima; A Localization Method for a Soccer Robot Using a Vision- Based Omni-
Directional Sensor. RoboCup, 96-107 (2000).

[3] Kan Li-ping; Evaluation on Technical data of Free Kick in Impose Fine Region in Football Game. Bulletin
of Sport Science & Technology, 19(3), 19-20 (2011).

[4] Li Ning, Zhou Jiandong; Statistical Analysis of Goals at 19th FIFA World Cup. Journal of Jilin Institute of
Physical Education, 27(3), 45-47 (2011).

[5] R.E.Kalman; A New Approach to Linear Filtering and Prediction Problems. Transaction of the ASME -
Journal of Basic Engineering, 82, 35-45 (1960).

[6] S.Thrun, D.Fox, W.Burgard, F.Dellaert; Robust Monte Carlo localization for mobile robots. Artificial
Intelligence Journal, 128, 99- 41 (2001).

[7] Wang Xin; Analysis on the best region of shoot. Journal of Nanjing Institute of Physical Education, 16(5),
96-97 (2002).

[8] Yang Jilin et al.; Research on shooting in the 17th World Cup football semi-finals. Journal of Shandong
Physical Education Institute, 18(3), 51-53 (2002).

[9] Zhang Ji, xiang; A Study on Effect of Application of the Skills of Side-to-middle Court Passing of Chinese
Football Team. Journal of Hubei Sports Science, 21(1), 74-75, 79 (2002).

[10] Zheng Wei; On the Training of Football Shooting. Sport Science and Technology, 3, 23-26, 33 (2000).



