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Constructing and calculating of multistage sucker
rod string according to reduced stress

Mihail Nikolaevich BaranoV, Pavol BoZek Vanessa Prajovi Tanyana Nikolaevna Ivanovia
Dmitriy Nikolaevich Novokshonovand Aleksandr Ivanovich Korshunot

Causes of failures of sucker-rod pumping unitsua@eg on oil-and-gas production enterprises, inddubreakages and twist-offs of
sucker-rods, which are exposed to static and dyodmaids. Failures of equipment take place due gagwalues of cyclic loads, pressing
forces and friction, which occur in well deviatigriervals or as a result of wrong selection and staunction of sucker-rod string.

Correct equipment selection is one of the directiofi reliability growth of rod strings during opéian sucker-rod pumping units.
Therefore, it is necessary to do strength calcatain the design of rod string. In this article dretring design procedure with differential
piston pump NN-2SPxx/xx is regarded. The use of @huipment lets reduce reversal load and increthseoperational life of this
equipment. It is done by design features of tHereifitial piston pump.

Calculation of hydraulic load by means of rod didemeregulating in accordance with operating conalits was carried out in this
work. Reduced stress in the most strained suclégra@ximum and minimum load in rod hanger centreevaetermined and calculated
reduced stresses were compared according to streogmdition. Recommendations for steel grade okesuods, based on results of
reduced stress calculation, were given. Also, filass material for sucker-rods was proposed. The¢era allows sucker-rod weight
decreasing as well as increasing of load and nomezbng cyclic strength

Keywords:sucker rod string, sucker-rod pumping unit, redluis&ress, differential piston pump, strained maxmand minimum load in rod
hanger centre

Introduction

Oil production in Russia was estimated at 13 %lobal production. Proven oil reserves in Russialéat
103.2 billion barrels (6.1 % of global reserves)oshe beginning of 2015, making Russia numberbsixthis
measure after Venezuela (17.5 %), Saudi Arabia7(%, Canada (10.2 %), Iran (9.3 %), and Iraq ¢8)8
The country’s reserves life at current productiates (R/ P ratio) is 26.1 years compared to thbajlaverage
P/ R of 52.5 years. In 2015, the reserves of caidend condensate in Russia increased by 730 Bl#(billion
barrels), exceeding the production volume. The ramdf entities licensed to carry out mineral dnidji and
produce crude oil and condensate in Russia inadebgdive to 299 in 2015. This includes 117 membars
11 vertically integrated oil companies (VIOCs), lififlependent producers and three companies opgratther
production sharing contracts (PSCs). The produatiooil, including condensate, in Russia increaset% in
2015 and reached a 7-year peak of 534.1 milliorrimé&tnnes, MMt. This made Russia the world’s tdp o
producer at year-end 2015, according to the Rusliamstry of Energy, while in the beginning of 2015
the country was the world’s second-largest prodader Saudi Arabia (with 12.7 % of total globabguction
vs. 12.0 % respectively). It should be noted th& MMt came from hard-to-recover reserves (85 fietd
the Bazhenov, Abalak, Khadum and Domanik resen\oirs

Analysis and Methods of Oil Extraction

Over 90 per cent of oil is extracted by sucker-pagihping units. Such equipment can operate at comple
mining-geological conditions with highly viscoud and depleted wells.

The analysis of efficiency sucker-rod pumping umitsntified fault causes (Fig. 1). Sucker rod gfrin
the most vulnerable part of pumping unit. Over 40 pent of fault causes was accounted for the réaibf
sucker rod strings (Ufa, 2016).
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Fig. 1. Fault causes of sucker rod pumping units.

Correct sourcing of structures sucker rod strindhweduced stress and all for<should be able tincrease
the operationdife of wells and exploitation rat

There are manynethods of calculating sucker rod strings today tised in oil production. Se-empirical
dependence of Mills and Slonecare practisedn a wide scale in Europe. Analysishnique of American
petroleum institute (API) is useth the USA. Smith plot definesllowable stress in diagram form a
analytically under a variety of stress ratio. Smiflot is derived fromthree load conditions (three point
Endurance strength shdle determine for each of load conditions (Nedra, 201Zhe disadvantage of the
methods is a divergenad results of calculation and dynamometry of su-rod pumping units that constitu
8 — 15%. For example, maximal beam load accordto Mills and Slonegeis 15 per cent lower and
the procedure of APl is 8,6 Pubinov, 2017.

Calculation nethods of foreign colleagues are unsuitableusing in Russia as ttal-Union State Standard
established divergence of results calculating experimental evidence not more the %. So mathematical
modellingworking process of sucker rod str is widely used in production. It is basedthe equation of A. S.
Virnovskogo and A. N. Adininarhis methods assayed and introduced at variousieltf

In operation process of suckerd pumping unit the following loads are appliegtdished roc

Static loads weight loads of sucker rod string and fluid, frietal forces in contact between plunger
pump cylinder and frictional forces appl to sucker rod by tubing;

Dynamic -loads caused by occurritof inertial force of moving of sucker rod string and fluid aslvas
sucker rod vibration@ubinov, 201; Antonenko et.al., 2013; Nassonov, 20Eaev and Arkhipov, 201'Bajan,
2007; Gusaroueal., 2006; Han et al., 201Stevan et al., 2019smagilov and Gabhrakhimov, 2016; lvanc
etal., 2015; Kiazimov et al., 2011; Klimov and Vdty, 2015; Liu et al., 201 Liu et al., 201).

These loads are actiniggethe, and therefore, it is necesgdo take them into account in constructing
sucker rod string. However, it\@ry harcto calculate dynamic loads.i#t necessary to ta them into account to
obtain dynamogranireat values of cyclical loads, pressing forces fances of friction occurring in boreho
deviation zone leads to this kind of failurThis also may happen in a result of wrong choice (conttrg) of
sucker rod string.

Constructing sucker rod stgnis recommended to be maon the basis of theechnologice potential of
oilfield equipment (Liu et al., 201&ian Zhang, 2017; Nurgaljev, 2015).

Differential piston pump

Design features of thdifferentia piston pump of NN-2SPxx/xx type (Fig. 3)low decreasing alternate
stress affecting on sucker rodsthe process of exploitatiorMonolithic rod (3) creates additional stress
a sucker-rod stringlt allows overcoming hydraulic and mechanical fdotin tubing and in pun (Shagiev,
2015; Pvalchenko, 201Rahtizin et al., 2015Liu et al., 2017;Sentyakov et al., 20;; Novokshonov et al.,
2017; Shljapnikov, 2014jrazakov et al., 201(Sviatskii et al., 2016).

Thus, by decreasing alternateess applied to sucker r, amount of breakageand twis-offs reduces.

When rod moves downward, besi the weight of sucker rod string, alsdadraulic force of fluid weigh
acts.

F,.=Apx A4 )
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whereAp - the hydrostatic pressure of fluid exerted om tthd, [Pa]A - cross sectional square of the rod, m

(Liu et al., 2016; Topolnikov et al., 2015; Vargadd_oczi, 2016).

Hydraulic stress can be regulated through the rdmimeter according to work conditions. For
standardization of detail size of the mechanical,sed diameters are accepted to be equal to déamef

pistons and plungers (Tab. 1).

Fig. 2. Differential piston pump: 1-cylinder, 2spon, 3-rod, 4-mechanical seal of NSRp) type,
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5- standing valve, 6-standing valve collar.

Tab. 1. Hydraulic stress applied to sucker rodgdifferent pumps.

Pump brand Qieor, N=5 ogclllgt?r)r:}.s per minute Settir[lr?ﬂc-iepth Elt :[lig]ogn[?ne]r Bﬁlrl] r?]i]z.e
2CI1-32/24 7,4 1500 450 19,05
2CI1-45/24 23,8 1500 450 25,4
2CI1-45/32 16,4 1500 800 28,575
2CI1-57/24 45,7 1200 450 25
2CI1-57/32 38,3 1200 800 25

Calculation of reduced stress

recommendations:

in the most stressadker rod

is carried

in accordance with
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o= \/amax X (amax _Jmin) < [0.]
2 (2)

where ¢ - allowable reduced stress in sucker roddPq]; omax - maximum stress in sucker rod3Ral;
Omin — Minimum stress in sucker rodsfRa;
The maximum and minimum stress in sucker rod hangoint:

mT mT (3)

whereP,.x— the maximum stress on horsehead, [N].
Maximum and minimum stresses in sucker rod hangoigt are calculated by equations (Topolnikov et al
2015):

Sxn?
Prax = (0, [, +0, [L,) Lgx @+ 180C )+F Op, LY+ P,
0 Sxn?
I:)min = (1__q)x(q1 |:Ll +q2 ELZ) ng (1_ )_Ptr

0. 1800 "

where P - weight of sucker rod string, [N]P, - weight of fluid column over the piston, [N];
P, - hydrodynamic and mechanic frictional force otleer rod string inside tubing and inside pump, [N];
Pq » Pe - fluid and steel density, [kg.cth F — cross sectional area of plunger gy — weight of one meter
sucker rod with couplers, [kg];

Lower L, and uppet.; step length (Varga and Léczi, 2016):

Umax[ f2 - Pq — Umax [(fZ B fl)

Lz_— 1
o, [gb+m) a, (g o +m) -

wheref, — square of the cross section of sucker rod of tostep, [m]; m — amplification factor i = 0,2);
b — relief coefficient (Valovsky et al., 2015; Yamatuo et al., 2017).

Steel grade is chosen regarding results of redsiredses in sucker rod string. To choose it, lieisessary
to take working conditions of sucker rods into agdo
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Fig. 3. Reduced stresses in steel sucker rods.
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Fig. 4. Dynamometer card of well with steel suakeis.

Fibreglass sucker rod strings

Native industry produces fibreglass sucker rochgti(fig. 5). They have the next advantages owvasl st
sucker rods:
e reducing the weight of sucker rod string,
e decreasing maximum stress on a polished rod ui9g,3
e amount of basic operating cycles reaches up tonillfon,
e opportunity to increase the pump-setting depths@02m,
e increased corrosion resistance.

Fig. 5. Fibreglass sucker rod strings.

Fibreglass sucker rods have less roughness in atsapawvith steel ones. This advantage allows thsiing
in wells complicated with asphalt-resin-paraffirpdsits (ARPD).

However, viscous oil is limited to use of fibregdasucker rods. It is associated with heavy hydecauli
friction forces in tubings that arise during protio oil. As the result, the probability of stickjrfibreglass
sucker rods during downstroke is grown up due édlittht weight of sucker rod string (900...1200 kBahtizin
et al., 2015). Oversize rods are used to prevakisg of fibreglass sucker rod strings (Fig. 6).

The right choice of sucker rod string contributesthe long and failure-free operation of the suaker
pumping unit. Using of fibreglass sucker rods alowducing of maximum stress applied to horseheaaedl
as decreasing of reduced stress.

Differential piston pump of NN-2SPxx/xx type helfgsdecrease alternate stresses due to increasass st
when sucker rod string moves downward. It result® ireducing of the amount of premature failures of
the sucker-rod pumping unit.
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Employing differential piston pumps does not inwbhanging of construction of existing wells andnpu
drives. Requirements for these pumps: maximum pdiampeter should not be less than 57 mm in casebirdg
string diameter is 73 mm. Type of the pump: noreited pump with minimum cylinder diameter more than
38 mm. If pump setting depth is equal to 1000 rasgpure differential reaches 10 MPa. The additibpdfaulic
load is 4500 N for piston diameter equal to 24 nma 25000 N for piston diameter of 57 mm.

As a result of calculations, it was discovered thgtlraulic pressure at the top of the sucker-rod is
proportional to piston cross-section area with 38 diameter.

oo

Fibreglass sucker rods
dametr 22 mm (30%)

Tubing digmetr 73mm

Fig. 6. Configuration of fibreglass sucker rod strings.
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That is why strength testing of a sucker-rod sténgording to increased loads is necessary. Reduieskes
can be reduced by increasing of piston diameterkélep pump output on the required level, it is ssagy to
increase the pump rate.
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Fig. 7. Reduced stress in fibreglass sucker rods.
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Fig. 8. Dynamometer card of well with fibreglasgleer rod string.

When employing sucker rod string in aggressive mnents which lead to corrossion, it is necessanse
sucker rods of "K" class or fibreglass sucker rods.

A technical system composed of sucker rod strinly marmally comprise a number of subsystems and
components that are interconnected in such a watytlle system is able to perform a set of requinedtions.
The analysis was used to denote an element ofyters, whether it is a component or a large subsyst
The main concern of a reliability engineer is tentfy potential failures and to prevent theseuias from
occurring. A failure of a functional block is defith as “the termination of its ability to performrequired
function”. It is, therefore, necessary for the abllity engineer to identify all relevant functiorsnd
the performance criteria related to each function.
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Conclusion

Calculation of hydraulic load by means of rod diéeneegulating in accordance with operating coodii
was carried out in this work.

Reduced stress in the most strained sucker-rodirmax and minimum load in rod hanger centre were
determined and calculated reduced stresses werpacethaccording to strength condition. Recommeaodsti
for steel grade of sucker-rods, based on resultsedficed stress calculation, were given. Also,efifass
material for sucker-rods was proposed. The matafialvs sucker-rod weight decreasing as well aseemsing
of load and non-corroding cyclic strength.

As follows from the operational analysis of sucked-pumping units were defined fault causes of suck
rods, calculated sucker-rod string for reducedsses that allow safe allowable load at sucker-esukoffered
geometric and constructive structural featuresuoker-rod string.
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