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Determination of kinematic parameters of the compressor unit
applied to low-pressure petroleum gas

Wyznaczanie parametréw kinematycznych agregatu sprezarkowego
w zastosowaniach z LPG

Alesker M. Aliyev
Azerbaijan State Oil and Industry University

ABSTRACT: The collection and transportation of low-pressure gas released into the atmosphere from the oil fields is important in in-
creasing gas production. This issue, which differs in its actuality, has both economic and pollution preveniton benefits. One such project,
led by the UN Development Fund, was successfully implemented in the city of Siyazan, Azerbaijan. An electrically driven compres-
sor unit of NQK-7/1-5 type with two oscillating cylinders is commonly used for such work. On visual inspection of the compressors
undergoing repair, it was found that the seals in the pneumatic part and the elements of the cylinder-piston group are completely out
of order, the gear teeth in the transmission part are broken, worn, the bearings are destroyed, the belts are torn, etc. Compressors sent
for repair are almost always reassembled. A structural-kinematic analysis of the compressor installation was carried out to find out the
causes of the existing malfunctions. For this purpose, a kinematic diagram of the conversion mechanism of the compressor — a slider-
crank linkage mechanism was drawn up using the method of closed contours from projection equations relative to the X and Y axes,
and based on the condition that the rotation angles of the piston and cylinder axes are equal, the instantaneous rotation angle, angular
velocity and angular acceleration of the cylinder rotation, as well as instantaneous values of displacement, speed and acceleration of the
piston inside the cylinder were found. It was shown that the designer's decision on the selection of the design scheme and determina-
tion of the product dimensions, which are one of the main issues in the design of the mechanism, should be made based on the results
of the kinematic and dynamic analysis.

Key words: compressor, slider-crank linkage mechanism, displacement of the piston, angle of rotation, angular velocity, angular
acceleration, pressure angle.

STRESZCZENIE: Gromadzenie i transport gazu LPG uwalnianego do atmosfery z pol naftowych sa istotnymi kwestiami jesli chodzi
o zwigkszenie wydobycia gazu. Zagadnienie to, zroznicowane pod wzgledem realiow, niesie za sobg korzysci z punktu widzenia eko-
nomicznego jak i zapobiegania zanieczyszczeniu srodowiska. Jeden z takich projektow, prowadzony przez Fundusz Rozwoju ONZ,
zostat zrealizowany, z pozytywnym wynikiem, w miescie Siyazan w Azerbejdzanie. Podczas wykonywania takich prac najczgsciej
stosowany jest agregat spre¢zarkowy z napedem elektrycznym typu NQK-7/1-5 z dwoma cylindrami oscylacyjnymi. Dokonujgc ogledzin
sprezarek trafiajacych do remontu okazalo sig, ze uszczelnienia w czesci pneumatycznej oraz elementy grupy cylinder-ttok sg catkowicie
niesprawne, zeby kot zebatych w czgsci przektadniowej sa potamane i zuzyte, tozyska zniszczone, a pasy rozerwane itp. Sprezarki kie-
rowane do remontu sg prawie zawsze ponownie montowane. W celu poznania przyczyn powstatych usterek, przeprowadzono analizg
konstrukcyjno-kinematyczng instalacji sprezarkowej. W tym celu sporzadzono schemat kinematyczny mechanizmu przektadniowego
sprezarki, czyli mechanizmu korbowo-wodzikowego, metodg zamknigtych konturéw z réwnan projekcyjnych wzgledem osi X 1Y,
a opierajac si¢ na zatozeniu, ze katy obrotu osi tloka i cylindra sg rowne, znaleziono warto$ci chwilowego kata obrotu, predkosci katowej
i przyspieszenia katowego obrotu cylindra oraz chwilowe warto$ci przemieszczenia, predkosci i przyspieszenia ttoka wewnatrz cylindra.
Wykazano, ze wyniki analizy kinematycznej i dynamicznej powinny stanowi¢ podstawe przy wyborze przez konstruktora schematu
konstrukcyjnego i okreslaniu wymiarow produktow, co zwykle stwarza najwigksze problemy podczas projektowania mechanizmu.

Stowa kluczowe: sprezarka, mechanizm korbowo-wodzikowy, przemieszczenie tloka, kat obrotu, predkos$¢ katowa, przyspieszenie
katowe, kat nacisku.
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Introduction

The collection of gas released into the atmosphere from
oil-producing fields is considered to be one of the ways to
provide the country's population with gas. It is known that
when the amount of gas released from oil in wells is small,
it is released into the atmosphere. This causes environmental
pollution on the one hand and economic losses on the other.
The supply of wells located at close distances to each other
in a single system by means of compressors is an urgent issue
today. In oil producing countries, this is done through various
types of compressors (Shabana, 2010; Aliyev 2015; Aliyev
and Aliyeva, 2017).

In the conditions of Azerbaijan, an electric drive compres-
sor unit with two oscillating cylinders of NQK-7/1-5 type is
widely used for collecting and transporting low-pressure oil
gas inside the mine (Figure 1).

Figure 1. General view of double-acting piston compressor with
two oscillating cylinders

Rysunek 1. Widok og6lny sprezarki ttokowej dwustronnego dzia-
ania z dwoma cylindrami oscylacyjnymi

This unit has a capacity of 7 m*/min and sucks in the total
gas at a pressure of 0.08-0.12 MPa, raising its pressure to
0.5 MPa. The nominal diameter of the cylinder is 300 mm, the
piston displacement is 630 mm. It is connected to the motor
through a V-belt transmission and reducer. The compressor
drive uses a two-stage Novikov transmission gear reducer
with a transmission number equal to 16.94. In order to ensure
the productivity within the specified limits, the number of belt
transmissions was 0.89. The use of V-belt transmission reduces
the dynamic forces that may arise during operation, absorbs
shocks and protects the structure (Janahmadov et al., 2016;
Aliyev, 2022; Rahimova and Mansurova, 2022). Four V-belts
are used to transfer the 75 KW power generated by the engine
to the working machine.
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Visual inspection of compressors sent to repair showed
complete damage to the clamps, piston-cylinder group elements
in the pneumatic part of the compressor, broken teeth of the
gears of the reducer in the drive part, chipped pads, broken belts,
etc. Repaired compressors are almost always reassembled. To
investigate the causes of all these malfunctions, it is required
to carry out a structural, kinematic and dynamic analysis of
the compressor unit.

Setting the issue

The converter mechanism of the compressor is made up
of a slider-crank linkage mechanism. Instead of the generally
accepted crosshead, an oscillating cylinder was used to give
the piston a forward movement (Figure 2).

Figure 2. Structural scheme of the mechanism; 1 — crank,
2 — piston rod, 3 — cylinder

Rysunek 2. Schemat strukturalny mechanizmu; 1 — korba,
2 — trzon tloka, 3 — cylinder

In order to have the same volume in the left and right
chambers of the cylinder, the same driving rod of the piston
was installed in the right chamber. This also performs a bal-
ancing function.

Two two-cylinder, two-acting piston-cylinder groups were
applied to make more efficient use of the invested power. In
order to adjust the dual movements of the piston in the cylin-
ders, i.e., to perform the suction and tapping processes in each
cycle of the crank, the movement of the crank is shifted 90°.
When “suck-knock” tactics occur in cylinder I, “knock-suck”
tactics are performed in cylinder II.

Solution of the issue

In order to determine the parameters of the dynamic model
of the mechanism, it is necessary to calculate its kinematic
parameters. (Frolov et al., 1987; Janahmadov et al., 2016).
The first transfer function for mechanisms with a degree of
mobility of the order of w = 1 is obtained by differentiating
the state functions of the clauses according to the generalized
coordinate. This can be determined by the method of closed
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Figure 3. Calculation scheme for determining kinematic param-
eters (description in the text below)

Rysunek 3. Schemat obliczen w celu ustalenia parametrow kine-
matycznych (opis w tekscie ponizej)

contours, in which the clauses of the mechanism are expressed
in terms of vectors (Figure 3).

When using the closed contour method, we get from the
projection equation with respect to the Y-axis:

L sing
tgp, =——+— 1
g, L.~ L cosg, 6]
The angles of rotation of the axes of the piston and cylinder
are equal.
P; =, (2)
From the projection of the clauses with respect to the X-axis,
we get:
L, —-L
Lz 3 1 COS(pl (3)
cosQ,

where L, is the distance between the centers.

Let’s denote the right side of the expression (1) with (¢,):

L, sin
k) =— A
L, — L coso,
From the joint solution of the expressions (1) and (3), we
can determine the length L, variable.

L, sing,
k(@)

L+k*(¢)

The way of differentiating the angular velocity rotation

L= “4)

equation (2) of the cylinder can be derived from:
_dos _dos do _do,

ST dt de, dt do,

@, 6]

where:

Uy, = dp,/dg,

U,, — is first derivative function, and w, — leading is the
angular velocity of the dam.

In most cases, when designing machines and mechanisms,
the dependence of the generalized coordinate ¢, on time is
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determined after a dynamic study of the movement, taking into
account the characteristics of the forces, masses and moments
of inertia acting on the points of the machine unit. In such
cases, the actions of the output and intermediate points are
studied in two stages: at the first stage, the dependence of the
kinematic parameters of points and points on the generalized
coordinate is determined, that is, relative functions (state func-
tion and transfer function of the mechanism) are studied, and
at the second stage, the law of time-dependent change of the
kinematic parameters.
From the expression (1), we define the ¢,:

L, sing,

@, = @, = arctg (6)

L, —L cosg,

we use the expression (5) to define the expressions (d;)/(dg,)
or (dp,)/(dp,):

_do,
do,

_ L(Lycosp —L)
L+ L =2LL,cos,

s | (7

We also calculate the angular acceleration in an analogous
manner.

do,
do,

_ LL(L -L)sing, o ®
(I + I} 2L L,cosp,)’

&= o,

Discussion of the solution

Based on the specified statements, a program was compiled
and the following results were obtained according to the proce-
dures performed. The dependence of the angle of the ¢, on the
angle of the ¢, is described in Figure 4. The movement follows
a sine wave in the group of cylinders I and a cosine wave in
the group of cylinders II. In cylinders I and II, as mentioned
above, the movement of the pistons is shifted in phase by 90°.

Graphs of the dependence of angular velocities on the
angle of rotation of the crank during the rotation of the rollers
around the support are shown in Figure 5. It can be seen from
the graphs that in the slider on which cylinder 1 is located,
the direction of w, changes starting at 78° and returning to
the previous one after 282°. These figures are 192° and 348°
respectively. At these angles, the value of the pressure angle
at the point of structural connection of the crank and the slider
becomes zero, and the value of the transfer angle reaches
a maximum, resulting in the most favorable connection condi-
tions. In order for the mechanism to work in accordance with
the conditions of transmission of forces in kinematic pairs, the
maximum value of the pressure angle in rotational kinematic
pairs should not exceed the permissible value. This value is
about 30° per working run.
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Figure 4. Dependence of the angle of the ¢, on the angle of the ¢,
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Figure 5. Graphs of the dependence of angular velocities on the
angle of rotation of the crank during the rotation of the rollers
around the support

Rysunek 5. Wykresy zaleznosci predkosci katowych od kata obro-
tu tloka podczas obrotu watkow wokot podpory

Since there is always friction in real mechanisms, riveting
should occur at less than 90° of pressure angle. For initial cal-
culations, only mechanisms with a capacity of [a] =45° — 60°
are accepted for rotation pairs, while for progression pairs —
mechanisms with a capacity of [a] = 30° — 45°. It should be
noted that in the so-called “dead” states of the mechanism,
the pressure angles are at the point of a = 90°. In statics, the
mechanism in this case can be riveted, while in dynamics the
mechanism passes through these states using the kinetic energy
accumulated by the moving dams (Frolov et al., 1987; Applied
Mechanics, 2018).

The graphs of the angular acceleration changes of the slid-
ers are respectively described in Figure 6.

As the piston moves inside the cylinder, the length of the
slider changes. The variation of L, was calculated from the
expression (4) and is shown in Figure 7. Depending on the
time (or from the rotation angle of the crank arm), the current
displacements of the piston have been determined. The differ-
ence between the maximum and minimum length is 630 mm,
which determines the travel path of the piston.
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Figure 6. Graphs of the dependence of angular acceleration on the
angle of rotation of the crank during the rotation of the cylinder
around the support

Rysunek 6. Wykresy zaleznoS$ci przyspieszenia katowego od kata
obrotu ttoka podczas obrotu cylindra wokot podpory
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Figure 7. Current displacements of the length of the slider with the
piston

Rysunek 7. Biezace przemieszczenia na dtugosci wodzika
z tlokiem

The speed of the piston with respect to the cylinder can be
found by differentiating the variable distance (L,'s) between
points A and C.

dL, dL, do,

_ R I sz
23 dr

= — a)l
do, dt  do,

By analogy, the speed of the piston is also determined.
Graphs of changes in velocity and acceleration are presented
in Figures 8 and 9, respectively.

Determination of the values of kinematic parameters ena-
bles a dynamic analysis of the machine unit as a whole to be
carried out.

Results

The instantaneous angle of rotation, angular velocity and
angular acceleration of the rotation of the compressor cylinder

255



NAFTA-GAZ

2.5

2.0

15 4 L

1.0 = J

05 .
0+

- .
0] 30 60 90 120 150 180, 210 240 270 300 330 860
-0.5 . .

Angle of rotation, by degree

10 8. P
-1.5 » -

Linear velocity of piston [m/s]

N P
2.0 S

-2.5

eeee |cylinder

Figure 8. Graph of velocity change
Rysunek 8. Wykres zmian predkosci
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Figure 9. Graph of acceleration change

Rysunek 9. Wykres zmian przyspieszenia

around the support, as well as the instantaneous values of the
displacement, velocity and acceleration of the piston inside
the cylinder are found, which is very important for conducting
dynamic analysis of the mechanism.
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The results of the structural and kinematic analysis of the
compressor unit allow the constructor to decide on the selection
of the structural scheme, which is one of the main issues in the
design of the mechanism, and the successful implementation
of the procedure for determining the dimensions of the dams.
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