Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2016. Vol.15, no.21. P.339-344. DOI: 10.15593/2224-9923/2016.21.5

BULLETIN OF PNRPU. GEOLOGY. OIL & GAS ENGINEERING & MININ(V"

ISSN 2224-9923

Volume / TOM 15 Ne2l :ﬁ 6

VK 622.276.53.05-886
Article / CraTpsa

© PNRPU / [THUITY, 2016

INNOVATIVE DIRECTIONS OF IMPROVING ELECTRIC DRIVE OF SUCKER ROD PUMPING UNITS

V.A. Loskutnikov', P.N. Tsylev, I.N. Shchapova

"LLC "PNPPK-QUANTEK" (106 25 Oktiabria str., Perm, 614990, Russian Federation)
Perm National Research Polytechnic University (29 Komsomolskii ave., Perm, 614990, Russian Federation)

MHHOBALIMOHHbIE HAMPABJIEHUA COBEPLLUEHCTBOBAHUA ANNIEKTPOIMNPUBOAA
CKBAXWHHbIX LULTAHITOBbIX HACOCHbIX YCTAHOBOK

B.A. ﬂOCKyTHMKOB1, MN.H. Ubines, U.H. LLlanoBa

'000 «IIHIIIK-KBauTek» (614990, Poccus, r. Ilepms, yu. 25 Oxtabps, 106)
[epMmckuii HAaMOHAIBHBII HCCIEN0BATENLCKUI onuTexXHHUeckuid ynusepeuret (614990, Poccus, r. Ilepmb, Komcomonsckuii mp., 29)

Received / [Tonyuena: 12.09.2016. Accepted / Ilpunsra: 26.10.2016. Published / Ony6nukosana: 02.12.2016

Key words:

low-rate oil well, continuous
mode of operation, innovative
low-speed electromechanical
energy converter, energy
indicators, energy efficiency.

Kniouegvie cnosa:
HU3KOJeOUTHAs HeTsHas
CKBaKMHA, HETIPEPBIBHBIH PEKUM
9KCILTyaTallii, THHOBALMOHHbII
THXOXOJIHBIH
EKTPOMEXAHUUECKHI
npeoOpaszoBaTelib YHEPIUH,
9HEPreTUYECKHe MTOKa3aTeH,
sHepretuyeckas 3Q(HEeKTHBHOCTS.

Liquid lifting from low-rate oil wells is carried out with sucker rod pumping units (SRPU) with plunger's electric drive
from asynchronous electromechanical energy converters. Depending on the rotational speed of rotor shaft asynchronous
power converters lift liquid from low-rate oil wells continuously or cyclically. There are some drawbacks of the cyclical
operation mode of low-rate oil wells. When using pumping unit's regular mechanical equipment to switch to a continuous
mode liquid lifting from low-rate wells it is required to use asynchronous electromechanical energy converters with a low
rotational speed. The article gives information about development of asynchronous energy converters with magnetic field
rotation frequency 200 min-1, capacity 3 kW. It offers an innovative way to improve the energy efficiency of low-speed
asynchronous energy converters, which is based on the idea of reactive magnetizing current's internal compensation. The
practical implementation of this idea provides a location in the stator slots the electromechanical energy converter of
additional compensation winding and its connection to capacitors. The article describes a technique of selecting parameters
of the compensation winding and capacitors, providing increase in power factor of electromechanical converter to a value
of 1.0. The substantiation of the provisions that additional compensation winding's location in stator slots of the
asynchronous electromechanical power converter does not affect the value of efficiency coefficient. Serial production and
widespread introduction in SRPU low-speed asynchronous energy converters, which carry reactive magnetizing current
compensation, will significantly increase the volume of produced fluid from oil wells with low flow rate and raise energy
efficiency of oil production.

IMoabeM KUIAKOCTH M3 HU3KOJEOMTHBIX HE(TAHBIX CKBAXKUH OCYIIECTBIAETCS CKBaKHHHBIMM IITAHTOBBIMH HACOCHBIMU
ycranoBkamu (CIIHY) ¢ 2mekTponpuBOAOM IUTyHXKEpa OT ACHHXPOHHBIX DJIEKTPOMEXaHMUECKHX IpeobpaszoBarereit
SHepruu. B 3aBHCHMOCTH OT YacTOThI, C KOTOPOH BpAIaeTcst BaJl POTOpPAa ACHMHXPOHHOrO HPeoOpa3oBaTells SHEPIHH,
HOJBEM XKHJIKOCTH M3 HU3KOJAEOMTHBIX HE(TAHBIX CKBAKMH OCYLIECTBIIETCS LMKINYECKH UM HenpepbiBHO. OTMeuaroTes
HE/IOCTAaTKH, MPUCYIHE LUKINYECKOMY PEXHMMY pabOThl HU3KOACOMTHBIX HE(TSHBIX CKBaOXHH. IIpH HCIONB30BaHUM
IITATHOTO MEXaHMYECKOro 00OpPYNOBaHHUs CTAHKA-Ka4YalKU I MEePeXo]a K HEeNPEpPhIBHOMY PEXHMY IOAbEMA SKHAKOCTU
U3 HU3KOJEOMTHBIX CKBAKMH TPEOYIOTCS ACHHXPOHHBIE DJIEKTPOMEXAHMYECKME IIpeoOpa3’oBaTed SHEPIMU C HU3KOH
4acToToi BpaiieHus. IIpuBoauTcs MHPOpMaUUs O pa3pabOTKe aCHHXPOHHBIX MpeoOpasoBaTelNieil PHEPTHU € YaCTOTOMH
BpalleH s MarHUTHOro mojist 200 MuH | MomHOCTBIO 3 KBT. TIpe/uiaraetcss HHHOBAIMOHHOE HATIPABEHHE MOBBINICHHS
JHEPreTUYecKoi S3(GPEeKTUBHOCTH THXOXOIHBIX ACHHXPOHHBIX IIpeoOpa3oBaTesel SHEPTHH, B OCHOBY KOTOPOTO MOJIOXKEHa
ujes BHYTPEHHEH KOMIGHCAIlMM pPEaKTHBHOTO HaMarHM4MBaiomiero Ttoka. IlpakTuueckas peanmsamus HaHHOH wuuen
IpelyCMaTpUBaeT pa3MEIleHHe B Ia3aX CTaTopa 3JICKTPOMEXAHHYECKOro MpeoOpa3oBaTels SHEPTHU IOMOIHHTEIbHON
KOMIICHCALIMOHHOII OOMOTKM M TOAKIIOYEHHME €€ K KOHJeHcaTopaM. Msnaraercs MeToauKa BbIOOpa IapaMeTpoB
KOMIIGHCAlIMOHHOH ~ OOMOTKM M KOHJIGHCATOPOB, O0ECNEYMBAIONIMX  IOBHIEHHE KOOX(P(HUMEHTa  MOIIHOCTH
3JIEKTPOMEXaHNYECKOro mpeodpasoBarens 10 3HaueHus, paBHoro 1,0. Jlaercs 0OOCHOBaHHE MOJOXKEHHS O TOM, 4TO
pa3sMelleHHe B Ma3ax CTaTopa ACHHXPOHHOIO 3JIEKTPOMEXAaHHYECKOro NpeoOpa3oBaTels SHEPIUH JONOIHUTENBHOM
KOMIIEHCAIIMOHHOH OOMOTKM HE CKa3blBaeTCsl Ha 3HaueHMM Kod(hduimeHra mnosesHoro jeictsus. CepuiHBIA BbITYCK
u mmpokoe BHeapeHne B mpuBoge CIIHY THXOXOOHBIX AaCHHXPOHHBIX IIpeoOpasoBaTeneil 3HEPruH, KOTOpbIE
OCYLIECTBIISIIOT KOMIIEHCALIMIO PEAKTUBHOTO HAMATHUYMBAIOIIErO TOKA, IIO3BOJAT CYIIECTBEHHO YBEIHYUTb OOBEMBI
JI0OBIBAEMOH KMJKOCTH M3 HE(TAHBIX CKBOXHH C HM3KMM JEOUTOM M IIOJHATH SHEPreTHYecKylo 3(QeKTHBHOCTH
HPOU3BOACTBA HE(PTIHOM POTYKIMH.

Vasilii A. Loskutnikov — Design Engineer (mob. tel.: +007 912 787 09 99, e-mail: loskutnikov.vasily@gmail.com).

Pavel N. Tsylev — PhD of Technical Sciences, Associate Professor at the Department of Mining Electronics and Mechanics (tel.: +007 342 219 84 21, e-mail: pcpn@pstu.ru).
Irina N. Shchapova — PhD of Technical Sciences, Associate Professor at the Department of Mining Electronics and Mechanics (tel.: +007 342219 84 21, e-mail:
irina.shchapova@gmail.com). The contact person for correspondence.

JlockyTHHKOB Bacuimii AnekceeBHY — HHKEHEP-KOHCTPYKTOp (M06. Tem.: +007 912 787 09 99, e-mail: loskutnikov.vasily@gmail.com).
Hpuies Masesn HukoraeBuY — KaHHAAT TEXHAYECKUX HAYK, Ipodeccop, AoUeHT Kadeapbl ropHOit snekTpomexanuku (Tei.: +007 342 219 84 21, e-mail: pcpn@pstu.ru).
Ilanosa Mpuna HukoaeBHa — KaHIHUaT TEXHUYECKUX HAYK, IOLEHT KadeIphbl TOPHOI d1eKTpoMexanuky (Tem.: +007 342 219 84 21, e-mail: irina.shchapova@gmail.com).

KoHTakTHOE M0 UL HePEerUCKH.

Bectaux I[THUITY. I'eonorusi. Hedrerazosoe u ropHoe aeino. 2016. T.15, Ne21. C.339-344. DOI: 10.15593/2224-9923/2016.21.5



340 ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2016. Vol.15, no.21. P.339-344

Introduction

Liquid lifting from low-rate oil wells is carried
out with sucker rod pumping units (SRPU). The
reciprocating movement of the movable part of the
pump (plunger) is provided by electrical and
mechanical equipment, pumping units. The
composition of the electric equipment includes
electromechanical energy converter, an asynchronous
motor rotor winding made like "squirrel cage" is used
typically [1]. Pumping unit mechanical equipment
includes V-belt transmission, gearbox, crank
mechanism, balancer, rope suspension, polished rod
and sucker rod system.

The number of the plunger double strokes o up
and down in a minute, which equals the number of
balance swings per minute is determined by the
formula

1
n =n—, 1
"k, M
where n — rotation frequency of the rotor shaft

electromechanical converter; k;, — V-belt transmission
gear ratio; k,— reductor gear ratio; n=mn,(1-s),
n, =60f/ p,f— the frequency stresses of power line;
p — the number of the stator winding pairs poles; s —
rotor shaft slipping relative to the stator field,
s=(n,—n)/n,.

For such SKD-type pumping units the number of
balancer swing per minute is in the range
42-147min" [2]. The lower value of swing
balancer is provided by installing on pumping units
asynchronous electromechanical energy converters
with the 750 min™' stator magnetic field rotation
frequency and locating of the smallest diameter
pulley on the rotor shaft, where the value of k; is the
maximum. The upper value of swing balancer is
achieved by installing on pumping units of
asynchronous electromechanical energy converters
the 1500 min' stator magnetic field rotation
frequency and locating the maximum diameter pulley
on rotor shaft, wherein %; is the minimum.

Cyclic mode of the liquid selection from low
rate wells and drawbacks of this mode

The liquid production from the low rate oil wells
can be carried out continuously or cyclically. The
using mode of operation low rate wells is largely
determined by the number of swing balancer.
Investigations have shown [3-5] if the number of a

swing balancer is more then 4, as a rule, the cyclic
mode of low-rate wells operation is provided.
The liquid pumping periods alternate with SSHNU
stop period, during which an fluid accumulation in
the well is produced that is a characteristic feature of
this mode. In continuous operation mode, low-rate
wells are constantly at work, for which the number of
swing balancer pumping unit must be reduced to 1,
in some cases it may be necessary a lower frequency
swing balancer.

The cyclic well operation mode is
characterized by a number of the following
disadvantages [6-8]:

— volume of produced liquid is reduced;

—the percentage of water in the liquid is
increased;

— the installed power of asynchronous energy
converters is increased significantly;

— the size and cost of electrical equipment is
increased, that power supply system of well pad
includes;

—there is a dynamic load growth in the
kinematic chain links;

— there is a rapid seals wear installed on the
wellhead.

Continuous mode of the liquid selection
from low rate wells and the relevance
of the low-speed asynchronous
electromechanical energy
converters development

Move to a continuous mode of low rate wells
operation eliminates the mentioned above
disadvantages in many respects. The implementation
of continuous mode the liquid selection using
asynchronous motors with low rotor shaft rotation
frequency is possible if electrical parameters
converter is not installed at the entrance of the
asynchronous motor and the gearbox and V-belt
transmission using in service at the pumping unit are
not replaced.

The development of asynchronous
electromechanical energy converters with a low
rotation frequency of the stator magnetic field and
study of their characteristics are held in the Perm
National Research Polytechnic University for
many years. An important result of this research
was the development of improved methods for
electromagnetic calculating of asynchronous
electromechanical energy converters [9, 10]. Using
these methods in 2004, it was realized design
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3-phase asynchronous electric motor of 3 kW
power, its synchronous rotor rotation frequency
was 200 min' [11]. Three experimental-industrial
sample of the motor on the instructions of
LLC "LUKOIL-PERM" was manufactured by the
holding company OJSC "Privod" (Lysva). Factory
testing of electric motors and their subsequent
exploitation on the oil fields of LLC "LUKOIL-
PERM" showed high energy efficiency for low-
speed engines. Thus, the electric efficiency
coefficient of the motors was 0.73, power factor was
0.60 and energy efficiency coefficient was 0.44.

The consumption of electric energy increasing
by oil and gas sector companies and electric
energy costs increasing put forward as one of the
priority task of further improving the low-speed
asynchronous power converters, in particular the
problem of increasing their energy efficiency. One
of the innovative solutions of this problem is an
asynchronous electric energy electromechanical
converter, in which the internal reactive power
compensation [12, 13].

Asynchronous electromechanical energy
converter with an stator magnetizing current inner
compensation differs fromcommercial asynchronous
converters of available worldwide electrical
companies [14, 15], so, there is two isolated from
each other three-phase winding in the slots of the
stator iron core, not one. One of the winding is a
network and its phases are connected in the scheme
"star" or the scheme "triangle" and included in the
phase AC network. The second winding is a
compensation. The phases of the windings are
connected in the same way as the network winding.
The phase beginnings of compensation winding are
connected with the condensers, connected in the
scheme "triangle". Wire cross section and number of
coils in the sections of network and the compensation
winding are different. Schemes of sections
connections, of which the phases of network and the
compensation winding are formed, are the same.

The calculation of the compensation
chains parameters of the magnetizing
current asynchronous electromechanical
energy converters

For full compensation magnetizing current
network winding is necessary to satisfy the
following conditions:

F =K, 2

where F_,F, — magnetomotive force and the
compensation phase network windings.
Equation (2) can be written as follows:

wli sing, =wl,, (3)

where w,,w,,[,,I, — number of coils and the
phase currents active value, respectively, of
network and the compensation windings; sin@, —
sine of the phase angle between the voltage and
current of network winding.

For the current phase active value of the
compensation winding the following formula is

ly=E ——, 4)

WC x(,’
where E, — electromotive force of network
winding phase; x, — capacitive reactance

corresponding to the connection of condensers by a
scheme "star"; E. = 0.85Us; x, = 10°/2nfC,
Up = U,/37% Us, Uy, — phase and line voltage of
power line.

The formula is obtained by means of simple
transformations (2)-(4), establishing a quantitative
relationship between the number of coils and the
condensers capacitance included in the compensation
winding phase, which provide the magnetizing
current asynchronous motor network winding
compensation with specified passport data:

- P sing 10’
N LU, coso,C”

where P,, U,, n,, cos¢, — nominal values of active
power, line voltage, efficiency coefficient and
power factor; C — condensers capacitance.

The formula is used to calculate the number of
coils in the winding network phase

w, =8 z/6a, (6)

©)

where S, — slot area; z, — the number of slots;
a — the number of parallel branches of the stator
winding.

Thus, with reference to the asynchronous
electromechanical energy converter 4A80A4U3-type
(S, =60 mm’, z; =36; a =1, P, = 1.1 kW;
U,=380V; n, = 1500 min ', n, = 0.75; cosp, = 0.81)

w, =1890+/1/C. (7)
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Dependence w,(C) is shown graphically in Fig.
Also there are dependences E,(C) and /,(C), the
first of which is based on formula E, = Ew, /w,,

and the second is based on the formula (4).

Work of asynchronous electromechanical energy
converters with internal stator magnetizing current
compensation is based on using a rotating magnetic
field which is excited by a three phase system of
currents flowing in contours formed by phase
compensation winding and capacitors. Magnetizing
current in the network winding phases is almost zero,
and therefore the only active component of current
and active power is consumed from the supply
electrical network. Due to power factor of such
engines is close to unity, and its value is saved in the
working modes and in idling and at overloadings.
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Fig. Dependence of the number of coils w, ,

of electromotive force E, and of current [

in the compensation winding on capacity C

The invariance of the losses value
in the uncompensated and compensated
asynchronous electromechanical energy
converters stator winding

At the same time placing in the slots of the
asynchronous compensated energy converters stator
additional winding does not change the electrical
efficiency coefficient.

Indeed, the losses in the stator winding of the
asynchronous motor without an internal compensation
of the magnetizing current is calculated by the formula

AP =mIR,, (®)

where m — the number of the stator winding
phases; I, — current; R, — active resistance.

The losses in the stator windings of the
asynchronous motor with internal magnetizing current
compensation is defined by the formula

AP =mI’R +mI}R,, 9)

where /,1,, R.,R, — current and active resistance
of network and the compensation phase of the
stator windings.

The electrical losses components AP are
calculated according to the following formulas:

y y
mI’R =m(A-s5,)’ 22 = . A5, 220 (10)
Vs, Y
mI,kazm(A‘sk)z‘W"'ZB=m‘A2~sk Wk‘l“, (11)
Y-Sk Y

where A — current density; s, sy, W, Wi, [} — wire
cross-section, number of coils and the coil length,
respectively, of the network and compensation

windings.
Therefore,
2
AR ="y s s (1)
Y
At the same value of the slot filling factor
W, S, +W, S, =W S, (13)

where w,, s, — the number of coils and wire cross-

section of the stator winding of the asynchronous
electric motor with no magnetizing current internal
compensation.

Then

2
s _m-A- (14)
Y
Multiplying and dividing the right-hand side of
this equation by the value s; we obtain

2Yich _p — AR,

AR, W, oS, .

AR =m(A-s,) (15)
AR

Therefore, power loss in the stator winding
asynchronous electromechanical energy converters
without compensation and with compensation
winding network the magnetizing current are the
same. So the electrical efficiency coefficients of
these motors are the same.

Implementation of the magnetizing current
internal compensation of the stator network winding
of the high-speed asynchronous motor with the data
presented above, allows to increase the power factor
from 0.81 to 1.0, ie, 23 %. In the same way, ie, 23 %
energy efficiency coefficient increases.
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In the low-speed asynchronous energy converters
SRPU electric drive energy efficiency of reactive
magnetizing current internal compensation is
incomparably higher. For example, in low-speed
asynchronous energy converters, manufactured by
OJSC "Privod", the implementation of the network
magnetizing current stator winding internal compen-

The wuse of low-speed asynchronous
energy converters allows increasing the
volume of the produced Iliquid by move

to a continuous mode of low rate wells
operation and significantly improve parameters
of energy efficiency through the
implementation of the reactive magnetizing

sation can improve power factor from 0.60 to 1.0, and  current network the stator winding
the energy efficiency coefficient from 0.44 to 0.73 compensation.
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