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Annotation. This article is devoted to researching ways to increase the reliability, strength, and
overall service life of Electric Submersible Centrifugal Pump (ESCP) Units. As ESCP units are key
equipment in the operation of oil wells, their reliable performance plays a crucial role in ensuring the
continuity of the production process and economic efficiency.

The study conducted a deep analysis of the main causes of premature pump failure. These include
the high corrosive activity of the well fluid, the impact of abrasive mechanical impurities (sand, clay) in
the oil composition, as well as frequent thermal and vibratory loads. These factors significantly accelerate
the wear of pump impellers and housings.

The article proposes a comprehensive solution aimed at extending the service life of the
equipment. These solutions include the use of new composite materials or special alloy steels that are
highly resistant to wear and corrosion, optimization of the hydrodynamic characteristics of the pump
sections, and improvement of the balancing of rotating mechanisms. The importance of ensuring optimal
operating modes by introducing variable frequency drives into the pump control systems is also
highlighted.

The implementation of the proposed measures will allow for an increase in the mean time
between failures (MTBF) of the ESCP units and a reduction in operating costs.

Keywords: electric submersible centrifugal pumps, strength and durability, wear-resistant
materials, design improvement, service life extension.

Introduction. The oil and gas industry is a key driving force of the global energy sector,
while the mechanized extraction of fluids from wells remains a critical process that determines
the efficiency of this field. In this context, submersible electric centrifugal pumps (SECPs) are
recognized as one of the most widely used and high-performance tools in oil well operation.

However, the operating environment of SECPs is highly complex and aggressive: high
temperatures and pressures, as well as the presence of corrosive agents in the fluid (hydrogen
sulfide, carbon dioxide) and abrasive mechanical impurities (sand, clay), significantly affect the
strength and durability of the main components of the equipment [1].

Premature pump failures and a reduction in their mean time between failures (MTBF)
lead to well shutdowns, additional costs for complex repairs, and decreased production volumes.
Therefore, improving the operational life and reliability of SECPs is a highly relevant technical
and economic issue for oil-producing enterprises. The object of the study is submersible electric
centrifugal pumps (SECPs).

The subject of the study is a set of design and material-technological solutions aimed at
increasing the wear and corrosion resistance of SECPs, as well as approaches to improving their
control systems. The aim of the work is to develop scientifically grounded and industrially
validated methods for enhancing the strength and durability of SECPs and to propose their
practical implementation.

To achieve this aim, the following tasks were identified:

Conduct an in-depth analysis of the physicochemical and mechanical mechanisms of
wear and corrosion in the main components of SECPs;

Investigate the possibilities of using composite or specially alloyed materials with high
wear and corrosion resistance for manufacturing pump components (impellers and guide vanes);
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Develop recommendations for improving the design of pump sections to reduce the
impact of abrasive environments and enhance hydrodynamic balance;

Evaluate the technical and economic feasibility of introducing adjustable frequency
drives (AFDs) into pump control systems to reduce dynamic loads on the equipment.

The main methods used in the study include a systematic analytical review of literature,
statistical analysis of industrial data, and mathematical and numerical modeling of pump wear
processes. The research approach is based on using results from bench and industrial tests that
simulate the operating conditions of pump elements [2-3].

The main conclusion of the work is that the service life of SECPs can be extended by up
to 50% through comprehensive design improvements and the introduction of innovative wear-
resistant materials. The practical significance of the work is that implementing the proposed
recommendations in the daily operations of oil-producing enterprises will directly reduce costs
associated with pump replacement and repair, thereby increasing the overall economic efficiency
of well operation.

Research Materials and Methods. This study encompasses a comprehensive effort
aimed at improving the durability of submersible electric centrifugal pumps (SECPs). As
research material, several typical SECP models that failed after an average of 300—-500 days of
operation in major oil fields in Kazakhstan (e.g., Kumkol) were examined. Special attention was
paid to the pump’s most wear-prone components, namely, the impellers, guide vanes, and seals
of the hydroprotection section. The original materials of these elements were mostly standard
carbon steels and stainless alloyed steels (e.g., 40X and 12X18H10T).

The research was conducted in systematic stages:

1. Collection and analysis of industrial data, including failure reports, mean time between
failures (MTBF), and actual well fluid characteristics (concentration of mechanical impurities,
gas factor, temperature).

2. Examination of worn samples to determine the nature of corrosive and mechanical
damage on the surfaces of dismantled pump components.

3. Numerical modeling of pump operational processes (hydrodynamics, mechanical
stresses) with the introduction of new materials and design modifications.

4. Formulation of comprehensive recommendations for enhancing SECP durability based
on analysis and modeling results.

The full description of the methods used includes:

— Reliability analysis: Statistical analysis based on the Weibull distribution function was
conducted to determine correlations between SECP failure frequency and the main influencing
factors. This method allowed prediction of the pump service life and calculation of failure
probabilities.

— Metallographic and chemical analysis: Changes in the microstructure of worn materials,
corrosion pit depths, and the nature of mechanical cracks were examined using Scanning
Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy (EDX).

— Computational Fluid Dynamics (CFD) modeling: ANSYS Fluent software was used to
simulate the distribution of fluid flow within the pump section, the trajectories of solid particles,
and their impacts on component surfaces. This allowed identification of areas most prone to
abrasive wear and those with the highest risk of damage.

— Modeling of Adjustable Frequency Drives (AFDs): Mathematical modeling was
conducted to optimize pump vibration characteristics and energy consumption by introducing
AFDs, aimed at determining the optimal operating mode with the lowest vibration level [4-5].

The main results of the study and their significance for improving SECP durability are as
follows: statistical analysis of industrial data revealed that over 65% of SECP failures are caused
by corrosive-mechanical wear. The highest wear rates were observed in the first and last stages
of the pump, which is explained by the high kinetic energy of abrasive particles in the inlet and
outlet zones.
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Table 1 — Overview of Wear Rates and Causes of SECP Main Components

PumpComponent Material Average Wear Rate | MainCauseofFailure
(mm/1000 h)
Impeller Standardalloysteel 0.05 \pm 0.01 Abrasivewear
Guidevane Carbonsteel 0.08 \pm 0.02 Corrosion + Erosion
Hydroprotectionseal Elastomer 0.15 \pm 0.03 Thermaldegradation

Metallographic analysis revealed deep corrosion pits on the surface of standard steels
caused by corrosive agents such as hydrogen sulfide (H2S) and carbon dioxide (CO-) (Figure 1).

Figure 1 — Corrosion pits on the impeller surface (SEM)

These defects act as stress concentrators, reducing fatigue strength and increasing
susceptibility to cracking in pump components. Based on these findings, it was recommended to
replace working elements (impellers and guide vanes) with carbide-ceramic coatings or titanium-
based alloys with high wear resistance. Laboratory tests showed that using new composite
coatings reduced abrasive wear rates up to three times, confirming the high efficiency of this
material-technological approach in extending pump service life [6].

Additionally, Computational Fluid Dynamics (CFD) results showed significant
hydrodynamic disturbances in the inlet and outlet zones of the pump section (Figure 2), which
increase local erosive wear.

Figure 2 — Erosive wear zones identified by CFD modeling
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CFD modeling suggested optimizing the impeller inlet angle (e.g., a 2° adjustment).
Figure 3 presents a comparative analysis of wear distribution in the impeller: (a) current design,
(b) optimized design, demonstrating the effectiveness of structural modification. The optimized
design reduced local erosive wear by 20% and increased overall pump hydrodynamic efficiency
by 1.5%, also improving energy efficiency [6-8].

Figure 3 — Optimized impeller blade profile

During the study, the use of Adjustable Frequency Drives (AFDs) proved particularly
effective in reducing mechanical wear. AFDs allow the pump to operate optimally according to
the well’s flow rate and formation pressure, preventing resonance vibrations. Industrial tests
recorded up to a 40% reduction in vibration levels for pumps equipped with AFDs (Figure 4).

The dependence of pump wear rate on vibration amplitude is described by the formula:

W=K-A4"-C
where:
W — wear rate
K — proportionality coefficient
A — vibration amplitude
n — exponential factor
C — concentration of abrasive particles

Reducing vibration amplitude (A4) significantly lowers W, decreasing mechanical wear
and increasing MTBF by up to 1.5 times.

without AFD

2 =
.

with AFD

Figure 4 — The effect of adjustable frequency drives on reducing pump vibration
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Results and discussion.These results demonstrate that pump durability can be enhanced
not only by material replacement but also through hydrodynamic design optimization and
integration of intelligent control via AFDs. The combination of these three approaches provides
the most effective and scientifically justified method for extending MTBF and overall production
efficiency [9-10].

Ensuring long-term reliable operation of SECPs requires comprehensive study of the
physicochemical, mechanical, and hydrodynamic processes occurring in all pump components.
Wear mechanisms interact in complex ways and dominate depending on specific operating
conditions. Therefore, this section provides an in-depth analysis of wear causes, material
solutions, structural optimization, control system improvements, and economic efficiency
assessment.

One of the primary factors affecting long-term SECP operation is corrosive wear.
Common well fluids contain H.S, CO-, organic acids, chlorides, and mineral salts, which
significantly influence the electrochemical stability of metals. H.S-induced sulfide stress
cracking (SSC), combined with stress concentrations at contact zones, sharply increases
brittleness. Microcracks in impellers and guide vanes propagate rapidly, compromising structural
integrity.

CO: corrosion produces carbonate layers that initially protect the metal surface; however,
vibrations and hydrodynamic shocks continuously break them, exposing fresh reactive areas, a
process known as accelerated cyclic corrosion.

Abrasive wear depends on particle hardness and shape. Sand grains have a Mohs
hardness of 67, whereas standard pump steels are 1.5-2 times softer. Particle impacts generate
high local stresses on pump surfaces. CFD modeling shows maximum erosive wear occurs at
particle impact angles of 20°—40°, while at 70°-90°, most particle energy is absorbed elastically,
slowing wear.

Cavitation erosion is also significant. Cavitation occurs when vapor bubbles form in low-
pressure zones and collapse in high-pressure regions, producing impulsive forces of 4000-8000
MPa, sufficient to create micro-pits. Cavitation is most pronounced in the first and last pump
stages, where pressure gradients are highest [9].

Vibrational loads accelerate wear mechanisms near resonant frequencies, increasing
vibration amplitudes 3-5 times, reducing bearing, coupling, and impeller stability. Micro-
movements in contact zones induce fretting wear.

High temperatures cause thermal aging in polymer seals and cable insulation, breaking
molecular chains or altering crystallinity, reducing elasticity and strength, and increasing
leakage.

Material selection directly affects pump longevity. Titanium alloys (Ti-6Al-4V, Ti-5Al-
2.5Sn) provide excellent corrosion and erosion resistance, with a passive TiO: layer that self-
restores and hardness of 850-900 HV.

Nickel-based superalloys (Inconel 625, 718) maintain strength at high temperatures, with
dense y-phase hardening improving erosion resistance, suitable for high gas factor wells.

Ceramic-metal composites (WC-Co, TiC-Ni, Cr:C.-NiCr) withstand abrasive wear up to
10 times better, with WC-Co coatings exceeding 1500 HV. SEM showed TiN-coated impellers
had 2.6 times fewer abrasive grooves and pits, and EDX indicated reduced chloride and sulfide
accumulation.

Polymer-composite guide vanes (PPS, PEEK) offer low density, corrosion neutrality, low
friction (0.08-0.12), and “soft” acceptance of sand particles, reducing erosion, effective up to
160°C and in H:S environments.

Hydrodynamic efficiency and erosion resistance primarily depend on geometric
parameters. Optimizing blade profile is a key structural improvement. CFD shows a 1-3° change
in inlet angle shifts 18-22% of particle impact zones, ensuring uniform wear and extending
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service life. Expanding pump channels improves flow stability, increases effective cross-section
by ~12%, and reduces abrasive stress and turbulence.

Bearings also affect reliability. Carbon-fiber composite bearings have higher elasticity
and lower friction than metal bearings, reducing axial vibrations 1.8 times, evenly distributing
mechanical stresses, and extending impeller, coupling, and shaft life.

AFDs enable intelligent pump control, adjusting speed in real time to match well flow
variations (10-30% daily), reducing excessive mechanical loads, preventing resonance, and
improving MTBF by 1.4-1.7 times. AFDs also allow early detection of issues such as gas
accumulation, blade damage, or initial bearing faults through spectral vibration analysis,
supporting predictive maintenance [10-14].

Energy efficiency improves 18-25%, lowering production costs, stabilizing hydraulic
performance, and extending service intervals. One well day of downtime costs 1.2—1.8 million
KZT.

Economic effects of SECP optimization (materials, design, control):

MTBF: 300-350 days — 520-650 days

Repair costs: 100% — 55-60%

Energy consumption: -20%

Oil production volume: +8—12%

Annual economic effect per pump: 8—15 million KZT

Conclusion.This study comprehensively investigated scientifically grounded methods to
improve SECP durability and reliability. Aggressive operating environments, high corrosion
activity, abrasive particles, and dynamic loads were identified as the main causes of premature
failures. Metallographic, numerical, and industrial analyses confirmed that standard steels and
traditional designs cannot fully withstand modern well fluid conditions.

Proposed material-technological solutions—titanium and nickel alloys, carbide-ceramic
coatings, high-temperature polymer-composite guide vanes—were experimentally and
industrially validated to significantly reduce wear rates. CFD optimization of geometric
parameters improved hydrodynamic efficiency and reduced critical erosive zones by more than
20%. AFDs reduced vibration and dynamic loads, increasing MTBF by 1.4—1.7 times [15-16].

The data confirm the validity and scientific basis of the main conclusions: a
comprehensive approach integrating materials, design, and intelligent control is the most
technically and economically effective strategy for modern oil production. Recommendations are
ready for industrial implementation, extending equipment life, prolonging repair intervals,
reducing operational costs, and improving overall production efficiency.
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Anaarna. byn Makana yYHFBIMaNbIK JIEKTP OpPTaJaH TENKIll copanTap KOHIBIPFHUIAPBIHBIH
(¥20TCK) cenimainiria, OEpiKTiriH >koHe aJllbl NaiganaHy Mep3iMiH apTThIPy *KOJIAPbIH 3epTTEyre
apranrad. ¥YOOTCK myHail YHFpIMaNapbelH NaiainaHyaarbl HETi3Ti KaOIblK OOJFaHIBIKTAH, OJapAbIH
aKayChI3 KYMBICHI OHIPY MPOIECIHIH Y3UTICCI3IIr MeH dKOHOMHUKAJIBIK THIMIUIINH KaMTaMachl3 eTy/e
HICHIYII POJI aTKapabl.

3epTrey OapbIChlHAA cOpamnTapiblH €pTe ICTEeH IIbIFYbIHAa 9KEJIeTiH HErisri cedenrtep TepeH
tangaspl. OnapAblH KaTapblHa YHFBIMAIBIK CYUBIKTBIKTBIH YKOFaphl KOPPO3USUIBIK O€JICEH TN, MyHal
KypaMbIH/IaFbl aOpa3WBTI MEXaHUKAIBIK KochanapiblH (KyM, ca3) ocepi, COHAal-aK >KHi Ke3JleCeTiH
TEPMUSUIBIK JKOHE IIpUIAIK KYKTeMenep xataipl. byn ¢akropmap copanTblH >KYMbIC JOHIEIEKTEpI MEH
KOPITyCTapbIHBIH TO3YbIH JKeeNAeTe 1.

Maxkanana xaOJBIKTBIH KbI3MET €Ty MEp3IMiH y3apTyFa OaFbITTafaH KemeH[i MIenrmep
YCHIHBUIAABL. Byn 1memimaep To3yra JkoHE KOppo3MsiFa OapblHIIA Te3iMAlI >KaHa KOMIIO3MTTIK
MaTepHaiapasl HeMece apHailbl JIETUPJICHI'CH KOpBITHAJapAbl KOJJAHYAbl, COpall CEeKUMSIapBIHBIH
THJIPOJMHAMHKAJIBIK CUTIATTAMAJIAPBIH OHTAMIAHIBIPY/IbI )KOHE aifHAIMabl MEXaHU3MJIEP/IiH TeHrepiMiH
(OanaHchIH) xakcapTyAbl KamTuasl. CoHpali-ak, copamnThl OacKapy >KyHesepiHe PeTTENeTIH YKULTIKTIK
JKETEKTEPi €HI'13y apKblIbl OHTAWIIBI )KYMBIC PEKUMICPIH KaMTaMachl3 €TYiH MaHbI3bl KOPCETIITEH.

¥YcoiabutraH ic-mapanapsl icke acbipy ¥ DOTCK-HbBIH KYMBIC 1CTE€Y YaKbIThIH apTThIPYFa JKOHE
naijaany IbIFBIHAAPEIH TOMEHIETYTe MYMKIH/IIK Oepeii.

Tipek ce31ep: YHFBIMaNIbIK 3JIEKTP OPTaAaH TEIIKILI copanTtap, OEpIKTIK KoHE TO3IMIUIIK, TO3yFa
Te3iMJli MaTepuagap, KOHCTPYKUUSIHBI KEeTUIAIpY, Naianany Mep3iMiH y3apTy
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IHHOBBIIIEHUE JOJII'OBEYHOCTH YCTAHOBOK JJIEKTPOLUEHTPOBEKHbBIX
HACOCOB

Tamxapuxos I1.A., kaHTUIAT TEXHUISCKUX HAYK, TIpodeccop
OpaxoBaA.H., maructpant 2 kypca OIl M07158 — TexHomorn4yeckre MalllMHbI 1 000py10BaHME (TI0
OTpacysiM)
Kuoizvinopouncruil ynusepcumem umenu Kopxoim Ama, e. Kvizviiopoa, Kazaxcman.

AHHOTauus: JlaHHas cTaTbsd MOCBSIIEHA MCCICAOBAHMIO IIyTEH IOBBILICHUS HAICKHOCTH,
MPOYHOCTH M OOIIEro CpoKa CIIy>KObl YCTAHOBOK MOTPY>KHBIX JIEKTPUUECKUX LEHTPOOEKHBIX HACOCOB
(YOUH). Ilockonpky YOLH sBasiroTcs KIIOYEBBIM OOOPYAOBAaHHEM IIPH SKCIUTyaTalud HE(TSHBIX
CKBaXXMH, MX 0e30TKa3zHas paboTa WrpaeT pPelIarollyl0 pojb B 00ECICUYEHHH HENPEPhIBHOCTH IIpolecca
JOOBIYH U SKOHOMHYECKOH 3 (EKTUBHOCTH.

B xonme uccnemoBaHusi mpoBeneH TIyOOKHWH aHalW3 OCHOBHBIX NPHYMH TNPEKAECBPEMEHHOTO
BBIXOJa HAacOoCOB H3 CTpos. K HHMM OTHOCATCS BBICOKAass KOPPO3MOHHAs AaKTUBHOCTh CKBa)KUHHOU
JKUAKOCTH, BO3JeiicTBHe aOpa3sWBHBIX MEXaHHYECKUX MpuMeceil (Tiecka, TTUHBI) B cocTaBe HedTH, a
TaKXXe 4YacThle TEPMUYECKUEC W BHOPAIIOHHBIC HATPY3KH. DTH (DaKTOPbI 3HAYUTEIBHO YCKOPSIOT M3HOC
paboumx KoJiec ¥ KOPIyCOB HACOCOB.

B cratee mpemmaraercsi KOMIUIEKCHOE pELICHHE, HAIPABICHHOE Ha NPOJUICHHE CPOKa CIyKObI
0o0opynoBaHMs. OTH pelleHHs BKIOYAIOT NPUMEHEHHE HOBBIX KOMIIO3UTHBIX MAaTEPUAIOB HIIH
CIEIMAbHBIX JIETUPOBAHHBIX CIIJIABOB, MAKCUMAJIBHO YCTOMYMBBIX K U3HOCY U KOPPO3UH, ONTUMU3AIIIIO
THIPOAMHAMHYECKUX XapaKTEPUCTHK HACOCHBIX CEKLUM M YIydlleHHe OalaHCUPOBKU BPAIAFOIIUXCS
MEXaHU3MOB. Takke TOKa3aHa BaXXHOCTb OOCCIICUCHHS ONTHUMAJBHBIX PEKUMOB padoTel YOIIH mytem
BHEJPEHUS PEryINPyEMbIX YaCTOTHBIX IPUBOJOB B CHCTEMBI YIIPaBIEHHS HACOCAMHU.

Peanmzamus npeuiokeHHBIX MEp TO3BOJHT YBEIMUYUTH Bpemsi HapaOboTku Ha oTkaz YOIIH wm
CHHM3HTH 3KCILTyaTallMOHHBIC PACXOIbI.

KuaroueBble ciaoBa: TOTpyXHbIE 3JEKTPUYECKHE LEHTPOOEKHBIE HACOCH, IMPOYHOCTh H
JIOJITOBEYHOCTh, M3HOCOCTOMKHE MaTepHallbl, COBEPLICHCTBOBAaHHWE KOHCTPYKIMH, MpPOIJIEHHE CpOKa
CITyXKOBI.
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