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Abstract. The main disadvantages of transplanting machine are presented in the article and the mathematical modeling of the operating
system of the carousel type transplanting machine with a new method of calculation of the design parameters of the system is proposed. As a
result of theoretical research of the operating system of carousel type transplanting machine the rule of motion of the point F and the
mathematical model for determining initial velocity V, of the falling seedling have been obtained.
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Introduction

The improvement and modernization of agricultural
machinery and equipment is under constant development, where
increasing the working speed of machines is one of the main trends
in improving their construction.

For transplanting machines, increasing the speed of work is
also a very important matter in increasing the working capacity of
the planting units [1, 2]. The main disadvantages of the known
semiautomatic machines for planting seedlings are:

- reduced working capacity;
- low quality of planting at a higher speed of the planting unit.

In order to solve these problems, an improved construction of
the carousel type transplanting machine was proposed [1]. The
research of the operating system of the perfected transplanting
machine is of particular importance when optimizing the main
parameters of the machine. That is why determining the law of the
vertical rod end movement to push the fasteners on the carousel of
the transplanting machine is the basic problem of the given work.

Material and method

The drive mechanism of the carousel type transplanting
machine is designed based on the quadrilateral with two arms for
rotating the interminable movement mechanism, the transport of the
seedlings from the coulter to the gripper, water dosing and
distribution in portions.

The OACB quadrilateral (fig. 1) is joined by a slider type 1-2,
which transforms the circular motion of the support wheel and
drive of the planting machine into the "go-come" movement of the
exit point 3. On the connecting rod 4 a sprocket for pushing the
seedlings (point M) is arranged, and the vertical actuating rod (point
F) of the transplanting machine carousel [3, 4] is arranged on the
driven rocker 5.

F

Fig.1. Kinematic diagram of the operating system of the
transplanting machine:
AC - lower rod; CB - vertical rod; A - the output point of the drive
mechanism; M - the end of the push pad; F - the end of the vertical
rod.

Rezults and discussions
Let the following parameters of the drive mechanism be
known: the coordinates Xg, Yo and Xg, Yg of O and B joints, the
length of the rockers lo=I3 and Izg= s, the initial ¢; and final ¢f
angles of the driving rocker’s return 3 with coordinates XIM and
y'M of the point M located on the connecting rod 4 relative to the
joint in point O. The coordinates Xc (@) and Yc (@) of the inner
joint C, which belongs to the dyad ACB (or 3-4), are determined
according to the turning angle ¢ of the driving rocker, through the
system of equations of the circumferences with the radii lac and Ig
[4, 5]:
XC:(lf\c—lé+Xé—Xi+yé—yi¥2yc(yB—yA)2 M
2(Xg—Xa)

_ B—JB2-AC; @)
em A

where: A =F?+ l;
B=FG-FXa+Ya;
C=(G—X)’+Ya-Inc.

In order to determine the law of motion of the end of the
vertical pushing rod (point F) it is necessary to express the ratio of
the average speeds to the free and full stroke by moving the Sg of
the vertical pushing rod (point F):

k= Vn|1:ed.cl — SF /T5c.l :T5C-P ; )
Vrr|1:ed.cp. SF /T5C.p. TSC.I.

where T5C_p_ and Tse, - the period of time respectively at the full
race and at the free race of the element 5, s.
If the crank angular velocity w; is constant:

Tscp _ Prep’ “)
T5C.| Drel

and o the values of the turning angles of the
q)]_c_p_ 1c.l.

crank respectively to the full and free stroke, so

(plc.p. +(plc.l. =2
It is obvious that the periodicity of movement of the driving
element 3 and the driven element 5 is equal Tscp = Tacp. and Tscy,
= Tac1. As aresult, the coefficient of change of the average speed
K is determined only by a part of the transmission mechanism, and
namely, crank-slide. On the other hand, the coefficient K can be

determined by the angle S between the extreme positions of the
slide:

where

k:ﬁ+ﬁ: (5)
—p

The Kk coefficient limit is the maximum value of the
acceleration aymax Of the seedling thrust pack from the coulter in
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the gripper. At the uniform rotation of the crank with the angular
velocity w4, the acceleration ay is equal:

__2. . ,m/s’ 6
ay =y, ©
where d ZXM - the analog of the point M acceleration, which
a =
M 2
dey
moves horizontally.
As d (dx, d (M
a, =9 [ P 905 Zi(VM3'V3)
2{ do, d d
d(ol o3 Up (7}
where: v the analog of the velocity of point M compared to
M3

element 3 of the OACB quadrilateral;
V3 - the analog of the speed of the cranked part of the drive

mechanism.

Taking into account that the derivative Vs /dps =ama is
analogous to the acceleration of the point M with respect to element
3, and dVy3 /dp; =@3 is analogous to the acceleration of the
slider, at the result of the derivation will be obtained:

a :%.V +V %:M%V +V

.a '
M 3" 'M3 M3 “3
do dv; do; do
—y2. K .
Oy =V3 Oy TV,
Finally, the acceleration of point M becomes;
— 2l\2 . 8
ay =y @3“M3+Q3VM3 ®)

The kinematic characteristics of the slider as part of the
driving mechanism of transplanting machine can be chosen from
manuals, guidance etc [3, 4].

Then the relationship can be used to determine the velocity
analog V3:

I, ; ©)
v, = I—cos((pl—(p3)
3
where: |3 - the length of the slide;
(3 - the angle of return of the slide.

The variable parameters |3 and @3 are determined from the
relation:

|, =I2+2+21g);sin g, (10)
lo+1 sin gy - (11)
@, =arctg-0—1=—"1 P
I, cosg,
The analog of the slide acceleration ,, is equal:
k . .
where ak - the analog of the Cariolis acceleration, which is
32
determined by the relation:
k —oyk y s (13)
U3 = 2V32V3

where ) - the analog of the relative sliding

k —_| i -
v =1 sin(p,—p,
speed of the slide 3 on element 2.
From this
— ; . 14
a,=2v,,sin(p—g,)/ 1, (14)
When passing to the next dyad 4-5, it is necessary to take into
account the given length In of the leading rocker OA and its
position dislocated relative to the slide with a constant angle Ag,:
. 15
W,=0,+Ap, (15)
The formulas for determining the analogs of the angular
speeds of the transmission functions Va3, Vs3 and the analogues of

the respective angular accelerations of the connecting rod
Ayzr A3

4 and of the driven rocket 5 relative to the driving one are:

:_IASin!l//3—(p5};

43 -
I 5'”(%“/’5)
__lasinlyz—,): (16)
53

Iy sin(ps ;)

o =la CO8(y/s—05 J-Veals +vil, Cos(p ) (A7)
® ~lysin(p,~0s)

15C08(y/3 =04 Vil s +Vesls OS5~ ) (18)

—ls sin(ps —¢,)
The angular positions and in relations (17) and (18)
?, " o,

A3 =

are determined as follows:

¢, =arctgya=Vc | 1)

Xa—Xc
From the analogs of the angular characteristics of the OACB
quadrilateral it is easy to move to the true values of the angular
velocities a)4and o, of the angular accelerations g4and & of

elements 4 and 5:

=@V = -V (20)
Wy = yVyq g = Wy -Vgg
— 2. . ; —m2. v (@1
EyT WOyt &3V =05 Oyt E3-Vgg

Then the speed of point F of the vertical rod becomes equal:

V. =l =0, Ja sin(y;-¢,)’

s sin(ps—o,)

5 P5= Py

vV :w,lFlA_Sin(‘//3—(P4) ‘
F -
ls  sin(ps—e,)

Parameter Vg drives the process of dropping the seedling
from the bucket into the coulter by means of the initial horizontally

oriented velocity V. Let AB be the displacement path of the point
F of the vertical rod (fig. 2).
.).

(22)

Fig.2. The displacement path of point F and the velocities
diagram

Then the horizontal projection of the velocity of point F will
be:
_ " (23)
VE=V_cosg,
oL the angle that determines the direction of the
5
velocity vector Vg with respect to the x-axis.

From Fig. 2 it is obvious that ¢'s is equal:
pL=pf —y—dg,

where: y — the displacement angle of the FC rod in the end
position relative to the vertical one, rad.

where
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dgs— changes within the limits o
- Pp

The function that describes the displacement path of point F is

the folloing:

- max . 24
V,;‘((/)S)—VF (0 ((p5 —7—d7/5) (24)
Since the angular velocity of any point on the carousel (fig. 3)
is equal to , then — oy — , Where and , are
a)car a)f wr a)car a)f a)r
respectively the angular velocities of the fastener of the
interminable movement mechanism and of the seedling from the

seedling cup , ™.

Fig.3. The diagram of the carousel during the operation of
the vertical rod on the fastener

That's why the following relation is true:
V; V- and v _Vr; (25)

r' r 0 r’

where: V¢ — fastener speed, m/s
I' — radius to the center of the cups on the carousel, m
I' — radius of the fasteners arrangement, m.
Taking into account the fact that the seedling begins its fall from the
cup with an advancement equal to the angle ¢¢ and velocity V% 0:
(26)

VFX ((05

T
COS§ —«
n

where N — number of seedling cups arranged on the carousel.
The angle of the advance ¢¢ of the seedlings fall from the
carousel cup into the coulter can be changed in the interval

Vi (a'(/’S):

[2z1n; 0]
Substituting (24) and (26) into (25) the following function is
obtained: ; (27)

Vo(a’%): r'Ve cos ((/’g\ax —7’—(05)

, T
r cosf —«a
n
where mex - the maximum return angle of element 5 compared
5

to its initial position, rad.

Suppose that ¢ is the forward angle in the vertical plan,
which finds the position of point F at a forward opening of the cup
equal to the angle ¢, then

_ 2
dop,=pI™ —Ap—a' (28)
where: Ag - the angle until point F contacts the fixer, rad;

(Pgnx —Ap - the rotary phase of the carousel, rad.

In order to express ¢ through ¢, the following relation is used:

(og‘ax—Agp....z—” P —Ap-a'’ .2—”—05
n n
From this ol —Apn; (29)
2r
alpf™-aghn. @0
05 =g —Ap— L o v <0

Substituting o, in (27) it is obtained:
5

rVe COSLZQ-(({%W —A(p)—y—Aq)J' (31)
Voler)= -
r CO{n—a’j

As according to the projected construction the forward angle
is equal to  , the theoretical mathematical model for determining
0

the initial velocity Vq of the seedling at its movement from the seed
cup into the coulter of the machine has the form:

ao'n max
cos —2—- ~Ap)y-Ap | (2
e { - (o™ ~ap)- <0J

r' 27
cos ———a
n

The importance of performing the synthesis of the elaborated
transplanting machine’s operation system consists in the possibility
of using the methodology and modeling of the operating system
obtained as the result of the research.

Vo (a)

Conclusions

1. The research of the operating system of the carousel type
transplanting machine allows the determination and optimization of
the essential design parameters of the improved machine.

2. There was established the law of the movement of the
pushing vertical rod end of the fasteners on the carousel of the
planting machine and the theoretical mathematical model for

determining the initial velocity Vg of the seedling at its movement
from the seedling cup into the coulter of the machine.

3. The proposed mathematical modeling of the operating
system of the carousel type transplanting machine can be used in
the researching processes of the drive systems of carousel-type
planters with an intermittent carousel movement.
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