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Abstract. The article discusses the design of an innovative beamless pumping unit for mechanization of onshore oil production. The
design of the innovative beamless pumping unit was analyzed, as well as a kinematic analysis of the converting mechanism of the
pumping unit and analytical expressions were proposed to determine the actual movement of the rods suspension point. The proposed
analytical expressions allow us to determine the main kinematic parameters for a new structural solution of the pumping unit.
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Introduction. One of the most important places in
the independent economic development of countries such
as the Republic of Azerbaijan, the Russian Federation
and the Republic of Kazakhstan, which were members of
the former Soviet Union, is occupied by the oil industry.

From this point of view, there is a great need to
research and create new constructions of pumping units
used in oil extraction. The efficiency of oil production
mainly depends on the type of used equipment. At
present, beam sucker-rod pumping units are widely
used as more sophisticated and effective equipment in
oil extraction. This equipment remains an integral part
of the oil production complex. The sucker-rod pumping
unit are intended to provide forward movement to the
depth pump installed at the bottom of the well. In order to
reduce energy losses, this equipment must have a perfect
kinematic scheme [1, 2, 3].

Recently, there has been quite a lot of interest in
the use of new construction of beamless pumping units
along with beam sucker-rod pumps. The construction
of the newly created pumping unit should have a
simple, economical, and compact construction. Taking
into account the influence of the mentioned factors,
at the department of “Machine design and industrial
technologies” of the Azerbaijan Technical University
the construction of a new construction of a beamless
sucker-rod pumping unit was developed (Eurasian
patent Ne032268) [4].

Formulation of the problem. During the upward
and downward strokes of the plunger, the functionality
of depth pumps is observed by altering the movement
direction of the rod’s column. Consequently, within
a single cycle, the path of the rod’s suspension point
undergoes changes in both its direction and velocity, along
with variations in speed and acceleration. Consequently,
the dynamic forces acting on the rod are influenced by the
displacement, speed, and acceleration of the suspension
point of the rod. The laws governing the motion of the
rod’s suspension point are contingent upon the kinematic
arrangement of the employed pumping unit. As customary
in the kinematic analysis of any linkage mechanism, the
primary objective is to ascertain the states, velocities,
and accelerations of individual points and components.
In the context of our investigation, focusing on a novel
design of a beamless pumping unit, our interest lies in
understanding the pattern of change in the displacement
of the rod’s suspension point.
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Figure 1 shows the scheme of innovative beamless
sucker-rod pump [5].

Figure 1. Scheme of innovative beamless pumping unit

Solution of the problem.

It is known that the displacement of the rods
suspension point, its speed and acceleration changes in
one full cycle of the crank of the pumping unit. Therefore,
the regularity of the movement of the rods suspension
point depends on the kinematic scheme of the converter
mechanism of the pumping unit (figure 2). It is known
that the purpose of conducting a kinematic analysis of
any linkage mechanism is to determine the displacement,
speed and acceleration of their various points and links.

Figure 2. Calculation scheme of the converting mechanism of
the innovative beamless pumping unit
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If we take the length of the elbow to be 7, then
the distance traveled by the suspension point of the
bar is §=27. As can be seen from the scheme, the
corresponding displacement of the rods suspension point
will be equal to the displacement of the corresponding
point of the rope. During the kinematic research, the
length of the elbow AB =7, its turning angle ¢, , the
radius of the block DC = R, , the coordinates 4(0,0)

D(a,b) of the points A and D and the total length L of
the rope are given. The goal is to find the displacement
(path) of point E depending on the angle of rotation of
the crank.

How as can we see from the construction of the
device that the displacement of the point E depends on
the change of the distance BC and the arc length CF of
the block. That is, (S; = f(BC+ éF) . So, to solve the
problem, it is required to find the distance from point B
of the crank to point C, where the rope touches the block,
and the length of the arc covered by the rope, that is, the
length from point C to point F.

Since the generalized coordinate @, is known

X =1 -cosq,

N =1 Ssimg

)

To solve this problem, it is necessary to find the length
of the line BC tangent to the known circle with radius R,
from the given point B(x;, ;). In other words, we need
to find the distance

2 2
BC=\/(x2—xl) +(J’2‘)’1) )
The coordinates x, and y, are the unknown
coordinates of the point C, which is the point of contact
of the straight line BC with the circle of radius R, . To
determine them, we first write the equation of the circle:

2 2
(x=a) +(y=b) =R} 3)

The coordinates a and b are the known coordinates of
the center of the circle with radius R, . Coordinates x,
and y, located on this circle must satisfy the equation
(3). So it should be (x—a)2 +(y —b)2 = Rf

Let’s write the equation of the straight line BC
passing through the point B (x1 , J’1)

y=y=k(x-x) “

Since this straight line passes through point
C(x,,y,), the coordinates x, and y, must satisfy the
equation (4).

V=3 =k(x,—x) ()

here k — is the angular coefficient, we find it from the
derivative of equation (3) in a non-obvious form.
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,_a—x ©)
Y b
From (5) equation
k _ yZ yl (7)
Xy =X
From other side
a-x
k=f"(x)=—7 ®)
( ) y2—b
That is means:
a—x, Y,—Yy
2 _ 2N 9)
n=b x-x
From other side
2 2
(o —a) +(»-b) = R; (10)

From the together slowing of the equations (9) and
(10) we get:

{xg+y§—xz(a+x1)—y2(b+y1)+ax1+by1 =0 an

x22 +y§ —2x2a—2y2b+a2 +b? —Rf =0
If we subtract side by side to determine the x, and

¥, coordinates in this system equation and do some
simplification, we get the following expression

xz(a—xl):a2+b2—R§—ax1—byl—yz(b—y1)=0
there if we substitute (a—x;)=N; (b—y)=M

and a* +b* — R} —ax, —by, = P, then

P M
XXN=P-y,M =x,=—-y,—
2 h%) 2 N J’2N
if£:n and£=mthen
N N

Xy =n—y,m

If we consider x, in equation (11,b), then
(n—yzm)2 +y3 —2(n—y2m)a—2y2b+a2 +b* R} =0
If we simplify this expression, then we get the following:

3 (m2 +1)+(2ma —2mn—2b)y, +n* -

—2an+a* +b* R} =0

if we substitute (m2 + 1) =4,
(2ma—2mn-2b)=B and n’-2an+a’+b* R, =C
then we will get:
Ay; +By, +C =0
And the roots of this equation,

B\ B?-44C

Ya(12) = 24 (12)

Then
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—B+~B*—44C
Xy(i) = | o m (13)

Now let’s find CF is the length of the arc covered

by the rope:
CF = Ji,l—(f'(x))zdx (14)

if we substitute f'(x)=y"(x). To find y'(x), we
solve the equation of the circle (3) based on y:

y:bi\/Rg —x* +2ax—a*

If we solve this equation for *, we get

)= )

\/Rg —x* +2ax—a*

Then the formula (14) will transform to the fallowing
form:

[ (15)
X, 2
[ x=a
R,
- 1
If accept like 7 = 9. dt=—adx and dx = R,dt,
R, R,

then we will get following formula:

- X3
CF = I Rydt =
X2

1
J1-¢?

_a—arcsin xz—a} (16)
b R,

X
=R, {arcsm 3

After determining both the coordinates x, and y,
coordinates and the length of the arc with which the rope
covers the block, the displacement of point E — rods
suspension point, can determined like that:

St =(BCou +CF (0),,,)~(BC(0), + CF (0),)

Results.

In the article, the advantages and disadvantages of the
existing classic beam sucker-rod pumping units, which
used in the oil industry are analyzed, and the construction
and working principle of the new solution of beamless
pumping unit are explained in order to overcome these
shortcomings. The proposed at the article analytical
expressions allow to determine its main kinematic
parameters during the synthesis and analysis of the
converter mechanism of the new constructive solution of
beamless sucker-rod pumping unit. By this expressions
allow to more accurately determine the actual value of
the displacement of the rods suspension point of the this
pumping unit, as well as it the productivity.
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KUWHEMATUYECKUN AHAJIN3 IPEOBPA3YIOIMETO MEXAHHU3MA
NHHOBAINMOHHOI'O BE3BAJTAHCHUPHOI'O CTAHKA KAYAJIKH
JIJISA HE@TAHOM MPOMBIIIIJIEHHOCTH

Axmenos B.b.

Asepbatiooncanckuti Texnuueckuti Yuusepcumem, baxy, Asepoaiioscan, ahmedov.beyali@mail.ru

AnHoramus. B craTtbe pacCMOTpEHa KOHCTPYKLHSA HWHHOBAIIMOHHOI'O 6es6anch1/IpH0ro CTaHKa-Ka4daJiky, I[IpEeAHa3Ha4YCHHOC
JJIA MEXaHHU3alluu HO6I)I‘II/I HC(i)TI/I Ha cy1uie. bein HpOI/I3BeHéH aHaJIn3 KOHCTPYKIIMM WHHOBAIIMOHHOTO CTaHKa-Ka4daJiIku, a TaKXKe
KHHEeMaTH4YeCKUI aHAIN3 Hpeo6pa3y}0mer0 MEXaHHu3Ma CTaHKa-Ka4vaJIKy U IIPEAJIOKCHBI aHAJTMTUYCCKUE BBIPAYKCHUA 1JI1 OIIPEACTICHUSA
q)aKTI/I‘ISCKOFO NEepeMEeIICHUA TOUKHU NOABECA MITAHT'U. HpCIIJIO)KCHHHe AHAJIMTUYICCKUC BBIPAKCHUS ITO3BOJIAIOT OIIPEACIUTE OCHOBHBIC
KHHEMAaTU4YCCKUC MapaMeTphl 1151 HOBOI'O KOHCTPYKTUBHOT'O PCHICHUS CTaHKa-Ka4daJIKH.

KiroueBble ci10oBa. CTaHOK-Ka‘IaHKa, KOJIOHHA HITAHI, TOYKa IMOABECA IITAHI, ICPEMCIICHHUEC.
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