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1. Introduction

Due to simplicity and reliability of work, piston pumps
are widely adopted in petroleun. gas and petrochemical in-
dustries, all the technical processes of which are connected
with re-pumping of different liquids (oil, petrochemical pro-
ducts, liguid petroleum gas, water, clay solutions, chemmcal
reagent. ete.) through the pipelmes.

2. The overview of recent research sources and
publications

The piston pumps are widely used in the oil and gas well
drilling. They arc used lor making the circulation of cay
solutions or water in the oil well.

‘The piston puiips are mainly used in oil production for
transportation of oil from the well, re-pumping of water and
cil of great viscosity through the pipeline, hydraulic rupture
of layers and water forcing into the layer (1, 2, 3]
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on purpose of transverse torce’s reduction which aftects the
piston’s slider during the pumping action The quantity of
defleetion e will be optimal when the transverse luree Fy wh-
ich is represented in fig. 1, is 2 myninum share of maxiuum
axial working force "%

To solve this task it is necessary to make up a formula of
change eftores of transverse F, durning the pump work cvele.
which mcludes quantity e, after that vsing this lornla wich
the help of PC to hnd the value ¢ which corresponds the
lowest level of maxinum value Fy of cach shift.

Fig. 1. The scheme of calculation of the optimal value e

3. The deseription of previously unsolved parts of the
problem

As there is not any area in perrolewnn industry where the
pumps wouldn't be used, the further improvenient of their
technieal and cconomie mdicators remains to be the mam
problem ot petroleum industry. The reservation of efficiency
during the work and full usage of installed capacity are the
most important tasks of service staff

4. Setting of the rask

The axss ot crank shaft, the construction of which 1s re-
presented by us, is shifted down relacively to axis of piston

3. Basic materinl and results

The value of the transverse force F, which affects the
piston slider {according to figure 1) equals

E, = -tae, 1)

where F,, — is the value of working foree that affeets the pump
piston dunng the tact injection (tact of absorption 15 not
mehuded 1o the caleulation beeause of the fact that the absor-
ption of pressure doesn’t exceed 0,1 MPa and 1s less than the
injection tact), thig quantity depends on the supply pressure
pg and piston arez F, that is

E.=p,E, ()




I e i

where @ vanable dunng the mjection tact. angle of the tlt
ol the connecting rod | to the horzontal
This angle is defined from the tnangle ABC (fig. 1)

AC KO-¢ Rosng—e

\III(I=E =T = 0 (&}
S
cx:arrmn(R'L';?—_i). (4)

Substiruting the vaiues (4) 1n formula (1) we will geo:

E =F, Lg{arl:sm(-]ﬁi-]“p;c]] (8]

After the substytution mto expression (5) lormulas (2)
and (7), |4] we will get:

10 F VvV, rg[arrsm[mn

V,-F, {R h—nwl*{"ﬁm;{]f ]2];5‘0]

Since the e angle of the tilt of the connectmg rod | from
the horizontal in the tact of mjection with the displacement
ol the axis of the crank shalt doesn't exceed 6", the quantity
1o difters very lintle from sinee, so for a given case it can b
consulered that tga = sine. then

m[ar(\m[-R/Sly]]: E_s’? N

K=

Alter the substituting of this value into expression (6)
we will finally pget:

1
Vb, {Re(1-cosg)|1- i - (resimg-ef |- 3z )

10K, yﬂp_(l"i“.‘ﬁ‘"]

Using the formula (B) we ean define with the help of
PC in the MathCAD environment the value of eccentricity

« ot the crank shaft axis relatively to the axis of the piston
at which the maximum in the mjection tact of transverse
force Fy will be the least. The calculations are done with the
following operation lactors: F, = 0,64 dm?% V,, = 26 dm®
R 04 dm: Vy - 1,3 dm® that corresponds wo the initial
pressure 2 MPa; | = 2dm: hy=0.8 di; @ = Dm0 = 0:0,1;
0.2: 0.3 0.4 d
The results ol our caleulations are given in graphs. The
graphs of dependence of the transverse force F, , that affects
the slider of piston group of the ¢ angle of the crank shaft
turn, are shown in the fiigure a, b. Each of the graphs corres-
punds to a certain displacement value e
‘These graphs indicate firstly that the value of transverse
force F, during the tact of injeetion changes smoothly and
passes through a maxumum. Secondly. the disposition of this
maxmum doesn't correspond to the angle ¢ = 0,57, when
the vecentricity of crank is dirceted vertically and shifted
toward the cortier 9 > 0,57 This can be explained by the
fact that the disposition of maximum Fy is affected not enly
by mangle of inclination to the horizontal rod but also
w is affected by the level of the solution pressure g

(6) that, according to the figure 4 [4], reaches the largest

value at approximately @ —=2,7 rad. It is interesting

that the disposition of this maximum toward the turn

ol the crank @ with the increase of the value ¢ shifts to

the lett and the negative value of transverse force in the end
of imgecrion tact exceeds this value at the beginning of the
tact. The larger value of displacement e is. the bigger the
extent of this transcending 1s. Thirdly, the value Fy remaing
pesitive during the whole tact of igection (@ -~ 0_x)an the
absence of olfset erank shaft axas from the axis of the piston
{¢ = 0). That means that the transverse furce Fy is directed
only in one direction during the entire cycle. When there is
displacenient ¢ a1 the beginning and at the end of injection
tact, cross lorces of negative value appear. Thisandicates the
changes of the transverse foree Fy action direction on 180°
The graph ot dependence of transverse foree on the

value of displacement ¢ is made according to the ynaximal

(8) and minimal values of transverse forces taken from fig. 2.

I is depreted 1n the fig 3. This graph shows thar with the

increasing of displacement e, the positive value of trans-

verse foree Fy is reduced directly proportional to o And
vice versa, its negative value increases from zeroat e - Oand
till the maximumat ¢ = 0,4 dmn

Fig. 2. The curves of cross change efforts F, during the cycle with different values of eccentricity e, dm; a - two-

—th di
three-

d i graph of depend|

| graph of dep

€ with the usage of two-dimensional

matnx type: M, = f (g;, @), where i=1...5, j = 0...20, &, = (i-1) /10, ¢ =7} / 20
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Fig.3. The graph of dependence of maximal positive (1}
and negative (2) values of transverse forces F, from the
displacement
When the vahie of displacement equals 0.4 dm, the tr-
ansverse forces are also directed in one direction as it is at
¢ —0. The difference is in the fact that these forecs are nega-
tive, that is they are directed in the opposite direction. The

1L-F¥ (1) a3

best variant will be when the absolute value of transverse
force F, 1s the least independent on the direction of this
force's action.

Asitisshown in the fig. 3. such lorce is in the cross point
of curves which deseribe the dependenee of € on positive and
negative values of foree Fy. This potnt corresponds o the di-
splacement value ¢, which equals 0,18 din, that is 45% of the
crank radius R= 0.4 din. So with the displacemenr of erank
axis relatively to the piston axis on 45% of crank radius tra-
nsverse forces that alfect the piston slider group during the
work of the pump with the combined pressure eompensator
will be the least at the absolute value and will be direeted to
the different sides during the iection tact with the s
maxtunum \"EIU('.

6. Conclusion

So the vpumal displacement of e is 45% of the crank

displacement radius. With this displacement the total value
of transverse force is divided in two equal parts, which are
directed 1nto opposite sides, As a result, the transverse forse
Fy is reduced twice, that promotes the reduetion of wear and
tear and increases the resource work of rubbing derails of
piswn group and of single-cylinder pump
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As there is not any area in petroleum industry where the pumps wouldn't be used, the further improvement of
their technical and economic indicators remains to be the mam problem of petrolevm indistry.

The axis of crank shafft, the construction of which is represented by us, is shifted down relatively to avis of pis-
ton on purpese of transverse force's reduction which affects the piston’s slider during the work of pump. The qua-
ntity of deflection e will be optimal when the transverse force by, which is represented m fig 1, is a minimum share

of maximum avial working force Fxmax.

This paper mtroduces using the formulas for defining value of eccentricaty e. The results of calculations are
gwen in graphs. These graphs indicate firstly that the value of transverse force Fy during the tact of wyection cha-
nges smoothly and passes through a maximum, secondly, the disposition of this maximum doesn't correspond to the
angle @ = 0,51, when the eccentricity of crank directed vertically and shifted toward the corner ¢ > 0,57

So the optimal displacement e is 45% of the crank displacement radius.Our research shows that with the displ-

acement of crank axis relatively to the piston ays on 45%

of vrank radius transverse forces will be the least az the

absolute value end will be directed to the different sides dunng the injection tact with the same maximum value
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