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Abstract. The kinematic and force analysis of an
invented new mechanical system used to protect
vineyards and other fruit-bearing plants from hail,
which often occurs due to climatic changes, is deter-
mined. The system contains levers that support anti hail
net. The offered mechanical scheme of system is simple
and can be used for all type of vineyards. Moreover, the
mechanical part of the system can be controlled
remotely by a cell phone. In order to determine the
mechanical parameters of the system the calculations are
given based on the use of the principle of possible
displacements, based on what theoretically is deter-
mined the necessary volume of weight of load that leads
in motion of the system.
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Introduction

Georgia is considered to be one of the oldest viticul-
ture and winemaking zones in the world producing high
quality wines. The centuries-old experience of wine
production has shaped and introduced the traditional
technologies of wine making. The vast majority of high
quality Georgian wines made using these technologies
were successfully sold overseas.

In order to protect vineyards and other fruit-bearing
plants from negative atmospheric phenomena, as hail,

which have become much more frequent recently due to
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global warming process, commonly use different fa-
cilities. Among these facilities has to be distinguished
special nets for covering crops during hailing.

There are many schemes of outfits for protection of
vineyards and other fertile trees from hail, which
include hail proof nets stretched over vineyards sup-
ported by poles with different constructions, and ropes
of varying configuration. As the example below in the
Fig.1 is given the scheme of the mechanical system for
protection of vineyards from hail. The mechanical
system contains the tube [1], guide rail [2], piston [3], rod
[4], joints of the levers [5], [6], pulleys for rope [7] and

[8], system of ropes with net [9], joints for fixing of levers
with tube. At the same time tubes are used as pillars for
vineyards. The given mechanical system works due to
acting of the high pressure of air or steam launched at
the bottom (position 11) of the pipe, which drives the
cylinder and hence rode. Depending on the direction of
movement of the rod, the protection net opens when
hail is intending to come and closes accordingly in good
weather. In spite of good work ability of considered
mechanical system the disadvantage of these hail
protection devices are its complication and accordingly

making use of such equipment extremely expensive.

Fig. 1. Example of hail protection device
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In order to avoid above mentioned disadvantages we
offer patented new hail protection system the scheme
which is illustrated in the Fig. 2.

Main part

The essence of the invention is to simplify scheme of
mechanical system for shutting up and folding down hail
proof net. The mentioned system contains pillars with
wires for supporting vine trees, where on the top of

pillars two levers (see Fig. 2, position 2 and 3) pivotally
are mounted. Ends of ropes [5] and [6] are fixed at the
levers’ ends in the joints,

where the edges of the mesh are fixed with the help
of rings [4]. One end of the mentioned ropes is winded
on the pulley [13], by the means of block system [12],
which is equipped with an electromagnetic contactor to

launch the system.

Fig. 2. The net opener in action

In order to spread the net over the vine trees (the
initial position of the system is shown in Fig. 2, a), by
switching on the contactor, the load [11], suspended at
the other end of the jointed ropes, will be moved down,
which forced to rotate levers2 and 3 (see Fig. 2, b) and,
as a result, the mesh will spread out.

As we can see, the scheme of the system is very
simple and does not need special actuators. However, in
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order to determine the meaning of weight that would set
in motion the system, billow is given the appropriate
calculations. Calculation of kinematic and dynamic
parameters of the mechanical system.

The main purpose of given calculations is to
determine the magnitude of the weight (see Fig. 2,
pos.11) whose drop moves in motion the above described

anti-hail mechanism.
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Fig. 3. Design diagram of the mechanism of net opener

The planar motion of the BC lever can be reduced the principle of possible displacement, for which we
into two simple movements: forward movement along imagine that the rope as a link BC of the mechanical
the lever BC and rotational movement around the point  system has a variable length, for which we denote the

C. Consequently, in order to solve this problem, let’'suse  possible linear movement of the specified rope by &sl.

3s:

Fig. 4. Design scheme for determination of value of possible displacements

Following the scheme given in Fig.4, it can be seen Using the principle of possible displacements, the
that the motion of the specified rope leads to the rotation ~ equilibrium equation of a mechanical system can be
of the AB link relative to the axes fixed on the written as:
pillar/pillars (see Fig.2, pos 1) of viniard. Let’s denote by
8¢, the possible rotational displacement of the link AB —M, -85¢ — Gyup g cos@ 6o +mg-ds; =0. (1)
and other simillar links of whole mechanical system.
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In order to determine constituents of the above given
equation it is necessary to consider and analize the
triangle CBK, which is given in the Fig.4. It can be
determined from this triangle, that

sina = —; )

Where - |BK| = r-sing; |BC| = /|BK|? + |KC|?

= \/rz sin? ¢ + (d + r cos ¢)?.

In accordance with the relations given here, it can be

written that:

rsin @ ' (3)

sina =
JrZsinZ p+(d+rco )2

The next step is to calculate the angle , located at the
point B of the triangle CBK. The angle 8 can be defined

as:

L=180"- (180" —p+a)=¢p —a (4)
To determine the possible displacement of §'s,, it is
necessary to find out location of the center of rotation P
of the link BC. For this reason it is necessary to consider
the following relations.

cosB = )
Where:
_ 1Bcl _ Jr2sin? p+(d+r cos )2
|BP| - cosf - cosf3 (6)
and
|CP| = |BP|-sinf =
=/r2sin? ¢ + (d + r cos 9)? - tgp (7)

If we take into account the ratio of possible
displacements §'s, and &5, of points B and C, that is given
in the formula (8).

8sp _ 851,

1P| Icp|’ ®)
where
IRl g B
b5y = |cP| 51 sin g’ ©)
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you can then calculate the possible angular
displacement of the AB link using the following formula
below:

_8sp _ 6sq
S, ="t =20

r rsing’

(10)

Consequently, there is a displacement of the point D,
located in the middle of the link AB

651

Ss
6SD = _2 -
2 2r-sin 8

(11)

In order to calculate the work done by the force of
gravity G on the displacement §sj, it is neceessary to

determine the meaning of the angle cos(G, 8sp).

cos(G,8sp) = cos(90° — ¢ +907) =
cos(180° — ) = —cos @ (12)

Taking into account the above relations, the equation
of equlibrium (1) of ABC mechanism in expanded form

can be written as:
L sz
Myqp - +G-= (—coso) +
+mg-ds; =0;
6s1 . 851
r-sin 8 2sin B

+mg - ds, = 0.

(13)
~Mpry -

“cos@ +
(14)
For whole mechanical system the equation of

equlibrium will have the following view:

_§s. -y M
651 i=1 r-sin B
Gj-cos ¢
081" Xy leinB + +mg-6s; = 0. (15)
From this we will obtain:
_on Mgy n Gjcosg
mg = Zi:l rsin B i=1 25ing ° (16)

In order to move the whole mechanism, it is
necessary to select a mass for the load whose magnitude

satisfies the following inequality:

1 n Mirp 1 n Gjcoso
m>=-3, = —t =1 (17)
g rsinff g 2sin
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As we can see in the last formula (17) we have the
component M., that represents torque of friction,
which are aroused in the place of junction of the link AB
with frame fixed on the on the pillars of vineyard. For
calculation of the parameter, it is necessary to determine
the forces of reactions acted on the pins of mentioned
kinematic pairs. The calculations of forces of reaction
have to begin from the first pillar, which can be done by
writing equations of equilibrium, which are given

bellow.

ZX,:=OF1+R1X=O;R1X=%'Ctg(p.

ZYL=0R1Y_GI=0; R1Y=Gl' (18)

l
YM; =00G, '%'COSQO + F, -l - sing = 0.

From the given equations it can be obtained the
following forces of reaction that are acting along the
Cartesian coordinate system.

G
Rix = ?1 ctgy Ry = Gy (19)

The same type of equations of equilibrium have to be

written for subsequent and other links of mechanical

system and hence we will have:

XY = 0Ryy — G, = 0;(20)
ZML-=OGZ'%'COSQD+F1"12'Sin(p—F2'lz'
sing = 0.

GZ-%-cosga+F1’-sin(p-l2
= 5+ sing

% cosgo+G— ctge -sing G,

G,
= Sing =5 ctgp + 5 ctge.

The meaning of forces of reaction can be determined
by bellow given expressions

G
Rox = f-ctg(p; Ryy = G. (21)

Based on here given expressions the equations of

equilibrium for third link can be written as:

XY =0Rsy —G3=0; (22)
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ZMi=063-53-cos<p+F2’-l3-sin(p—F3-l3-sin(p
=0;

G3 -173-cos<p+(%-ctgtp %-ctgtp)-simp-lz
l3sing

2. ctgp + 2 ctge.

For any other link with number n = i can be written

F3=

=Gz—3-ctg<p+

F =225 . G, (23)
and meaning of forces of reaction acting on these
links would have the following form:
Gi
Rix = 5 - ctgo; Ry = G;.

And hence, the meaning of total forces of reaction

(24)

would be determined by the following formula:

2
R; = Ri2X+Ri2y=,’GTi'Cth‘P+Gi2=
G, - /Ctg“’+1
M

Based on this expression, it is possible to determine

(25)

the meaning of frictional moments acting in the places
of the movable connection of all links (n = i) with the

supports of the vineyard.

My =G f-r ,’Ctg =L+1.

For the last part of the system the equations of

(26)

equilibrium will be:
F_, = Ctglp Zi—l Gy; (27)
>X;=0;—F_,+F;- cosa+RX—0 YY, =0;
Riy - G;
~cos@ + F;_; - l; - sing + F; - sina

— F; - sina = 0;
¥M; = 0;G; -
l;-cosp — —F; - cosa ;- sinp = 0.

From here given equations can be obtained:
‘cosg + —Ct‘w e yi-1g, —

Fi sin(p — a) = 0; (28)

G

sin(p-a)

Correspondingly, the forces of reaction acting on the

G;
—‘-cosrp+w;(p

Fizz

link AB from the frame A, can be calculated from the

equations given bellow:

Gi COSQ wi-1
_ CtgP i1 2605 X1 Gi .
Rix = TZl G; — pre— cosa; (29)
Gi COSP i—1
tcosp ——% i
2 2
Ry = G; + Py - sina . (30)
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From these equations (29) and (30) meaning of the

total force of reaction can be written.

R; = ‘/RiZX+Ri2Y

COSP i
2 211161'

, i-1
c
g(PZGi_ .

2 - sin(p — a)

i, COSQ -1
+ G: + ZCOS(p—ZzlGL - sina
t sin(p—a)

After inserting the expressions of these reaction

Gi
= " Cosp +

rcosa | +

2

31)

forces (16), we obtain in the formula the force of gravity
required to bring the mechanism into motion. In our
case we calculate the force of gravity on the load for ten
positions of the mechanism when the angle ¢ of
inclination of the parallel links changes from 10°to 80°.
As the example of the above scheme calculation of
hail protection system let’s use the parameters of the real

mechanical system, where the length "I" of each bar is

8.636

I 17.929

B S 346
N 3577

taking equal to 80 cm; weight “G” of each bar is 0.363 kg;
number of bars are n=10; specific weight of each bar is
¥=1,305 gram/cm? and coefficient of friction — £=0,05.

Tracing the change in the inclination of the levers of
the mechanical system, we calculate the value of the
required force to drive the mechanism in action and the
change in the value of the force as the configuration of
the mechanical system changes. The calculated changes
in these parameters are shown below.

When ¢, = 10° then mg=17. 929kg; ¢, = 20, then
mg=8.636kg;

@3 =300 -——--- mg=5.346kg;
@4 =400 - mg=3.577kg;
@s =500 -——-—- mg=2.432kg;
g =600 --—-—- mg=1.602kg;
@, =700 - mg=0.959g;
g =800 -———- mg=0.436kg.

Force changes depending on the angle of inclination of
the levers in the form of a graph is given below in Fig. 5.

~ W 0.959
o || 0436

o Il 1602

o Il 2432

Fig. 5. The chart of relation to angle inclination variation and the force acting

on the levers of mechanical system
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Conclusion

Based on the use of the principle of possible displa-
cement, the practical problem of determining the design
parameters of a new anti-hail protection scheme for the
vineyard, in which the mechanical system is driven by a
controlled drop in the load associated with the levers

with the help of levers, is solved. cable system. The
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