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Abstract

The paper reviews the research on improving the efficiency of operation and service life of centrifugal
pumps, which are widely used in machinery for pumping various liquids. The main reasons for the failure of
centrifugal pumps, as well as modern approaches to their prevention, are considered. It is established that
increasing the efficiency of pump operation can be achieved by analyzing, modeling and optimizing their design.
It was found that modeling the operation of smaller pump models and comparing surrogate models with the original
ones is a modern, highly effective method of optimizing pump performance. The important role of protective
coatings in increasing the wear resistance of parts is established, and the experience of introducing innovative
coating technology at enterprises is described.
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Introduction

Today, an important technical challenge is to improve the reliability of machine parts and mechanisms that
are subject to intense damage under high contact loads, elevated temperatures, aggressive media and abrasives.
One of these mechanisms is centrifugal pumps, which are widely used for pumping liquids in many industries,
including oil and gas.

High performance and long periods between failures or overhauls can usually be quite long as long as
centrifugal pumps operate in conditions close to their design. However, it should be noted that "design" refers not
only to pressures, flow rates, temperatures and other process parameters, but also to frictional torque forces,
bearing and seal lubrication. Conservatively designed pumps can withstand only a certain amount of overload
caused by technical processes or mechanical failure, so their components already begin to suffer damage before
reaching the operating mode. Pumps should be selected for operation near the point of maximum efficiency[1].

Due to the high intensity of pump use in industrial sectors, it is important to ensure maximum durability
and reliability of the equipment. One of the key factors affecting the durability and performance of pumps is the
various lubrication and friction components, such as the shaft, mechanical seal, bearings, and shaft seal. This paper
aims to analyze the causes of centrifugal pump failures and to study the data on the impact of shaft wear resistance
and mechanical seals on pump performance and durability.

During operation, the motor or electric motor drives the rotor, converting the kinetic energy of rotation into
hydrodynamic energy of the fluid flow. The fluid enters the pump axially through the casing eye, is captured by
the impeller blades, where it gains speed and pressure. Then it moves tangentially and radially outward, exiting
through the circumferential parts of the impeller into the diffuser part of the casing, which slows the flow and
further increases the pressure.

The rotor shaft is subject to both cyclic and partial loads. Starts and stops cause voltage fluctuations with
high average values. Multi-cycle fatigue analysis is often used to ensure shaft reliability. Stress analysis takes into
account stress increasers due to design features such as threads, grooves, slots, and screw holes. The presence of
these elements, combined with complex loads, requires finite element calculations to assess the reliability of the
shaft. In addition, rotor dynamics and critical shaft speeds must be taken into account.
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Article [2] notes that centrifugal pumps are subject to premature rotor shaft failures, even if all design
standards are met. The causes of these failures fall into several categories: design errors or improperly selected
materials of critical components, defects in manufacturing or processing, and reduced component performance
due to wear. One of the main problems is the concentration of stresses due to design features, which causes
excessive plastic deformation and contributes to the formation of fatigue cracks. These cracks can also occur due
to internal material defects, such as non-metallic inclusions or microcavities, as well as irregularities created by
machining. In addition, the authors of paper 3 note that operational wear of the working surfaces of pump parts
gradually leads to degradation of the physical and mechanical properties of the material, in particular its elasticity
and strength.

Other factors that can accelerate shaft failure are failure to maintain proper maintenance and errors during
repairs. In the event of an equipment failure, it is important to assess the extent of damage to individual components
and their impact on the functionality of the entire system. During operation, shaft damage occurs as a result of
fretting corrosion and abrasive wear, which is the result of constant contact with aggressive liquids and mechanical
friction. Fretting corrosion typically occurs in areas of micromovement between the shaft and surrounding parts,
such as bearings or joints. This process causes rust formation and surface erosion, reducing the mechanical
performance of the shaft.

Abrasive wear is often caused by solid particles from the operating environment entering the contact
surfaces of the shaft and sealing elements or bearings. This results in grinding of the shaft surface, which can
significantly reduce the shaft diameter at critical points, causing misalignment and increased stress on the bearings.

The pump shaft has several critical wear points, including contact points with seals, bearings and joints, as
well as areas where torque is transmitted. Constant mechanical impact at these points causes microcracks, which
can develop into larger damage over time. Regular shaft inspection and timely maintenance are therefore key to
extending the service life of the pump.

Similar studies on shaft wear and critical damage are presented in [3]. In particular, the authors of this
paper consider the consequences of an emergency due to the failure of a centrifugal pump used to pump a mixture
of hydrocarbons to deliver the final petroleum product to a refinery. The shaft failure resulted in a fire of the pump
and refinery pipelines within the block, with an estimated total loss of USD 48,000. The centrifugal pump was
installed and commissioned about 30 years ago. There have been three major repairs of the pump due to gland
leaks. The mechanical seal was installed on the threaded part of the shaft with a preload corresponding to 25-30%
of the yield strength of the material. However, no abnormalities were reported on the shaft during operation and
maintenance.

The typical operating cycle of a centrifugal pump consists of starting and running the pump at a nominal
rotor speed of 2975 rpm for 14 hours, with a 2-hour shutdown interval. An inspection of the faulty centrifugal
pump revealed catastrophic destruction of the rotor shaft surface, with the bushing remaining on the shaft.

Another basic element in a pump is a mechanical seal, designed to prevent leakage of working media, liquid
or gas, at the points where the rotating shaft crosses the casing. It is used in various types of pumps, in particular
centrifugal pumps, where it is necessary to ensure a tight seal between moving and stationary parts.

A mechanical seal works by the interaction of two main components: a stationary ring and a moving ring,
which are pressed together by an elastic element such as a spring or bellows. The stationary ring is typically fixed
in the pump casing, while the movable ring rotates with the shaft. This design minimizes friction and prevents
leakage of the pumped medium, while ensuring reliable seal function under various operating conditions.

Selecting seals and sealing systems for pumps is a complex task. Cartridge seals offer significant
maintenance advantages because they simplify the process of mounting and dismounting from the pump shaft. In
the case of large oil seals, bellows and spring-sealed cartridges can be used. Cartridge seals are easier to replace,
reducing the risk of assembly errors and damage compared to traditional mechanical seals.

The materials from which the rings are made are selected depending on the operating conditions. Fixed
rings are often made of materials such as ceramics or carbon, which are highly resistant to wear. Moving rings can
be made of metals or other materials that provide a snug fit and minimal friction. Their use becomes critical in
conditions of high pressures, temperatures, or when dealing with aggressive media, where traditional seals such as
glands may not be effective.

When selecting a sealing surface material, keep in mind that the heat generated on the sealing surface must
be quickly dissipated to avoid evaporation of the liquid. High thermal conductivity and hardness make silicon
carbide the preferred sealing surface material.

Many pumping systems require the mechanical seal environment to be maintained at a moderate
temperature. This is sometimes achieved by external flushing. Another option for achieving moderate seal
temperatures is to cool the stuffing box. In many pumps, the stuffing box cavity is remote from the sealing surfaces
that require cooling.

Seals fail for two reasons: the lapped surfaces open up or one of the seal components is damaged. When
the lapped surface is opened, solid particles penetrate between the lapped surfaces by the lapped surfaces. The
hard particles penetrate the softer carbon/graphite surface, causing it to act like a grinding wheel. This grinding
action will cause the hard surface to wear down heavily.

Article [4] states that most mechanical seal failures occur due to the destruction of the bearing and sealing
surfaces for the following reasons:
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— a dynamic elastomer cannot slide or move freely on a rotating shaft or sleeve. This can happen if the shaft
is too large, the shaft finish is too rough;

— the product is viscous or the product crystallizes;

— the shaft is displaced, causing the seal to hit something during rotation or the rotating surface to slide off
a stationary surface. This can happen if the pump is running far from its BEP; the shaft is bent; the rotor is
unbalanced; the shaft deformation twists the pump seal, or due to cavitation;

— the product evaporates between the sealing surfaces of the surfaces, which leads to their rupture;

— poor quality of the end seal.

According to statistical data in [5,6], the failure rate of centrifugal pump parts is indicated, the bulk of
which falls on (Fig 1):

— hydraulic wear (32%): impeller (blade wear, corrosion, cavitation), body (wear of the inner surface,
corrosion);

— mechanical wear (25%): bearings (wear and tear, breakage), seals (wear and tear, loss of tightness), shaft
(wear, bending, breakage);

Failure statistics

Others

Increased vibration
! Hydraulic wear

Cavitation

Corrosion

Mechanical wear

Fig 1. Statistical data on the failure of centrifugal pumps.

— corrosion (14%): all parts (corrosion can affect any part of the pump, especially in aggressive
environments);

— cavitation (11%): impeller (cavitation causes the surface of the blades to be destroyed);

— increased vibration (10%): rotor imbalance, damage to the bearings, loosening of fasteners, hydraulic
imbalance.

— other reasons (8%): installation errors, damage by foreign objects.

It should be noted that the data above is an average value, as each pump has its own individual performance
characteristics [7].

Purpose
To analyze the dominant types of wear of centrifugal pumps of the Dickow Pumpen type and methods of
increasing wear resistance through various types of hardening

Object of research
The object of the study was a Dickow Pumpen 125/320 centrifugal pump for the transportation of fuels and
lubricants (Fig 2). This type of pump was used in the company's pile-lubricant warehouse.

Fig 2. Dickow Pumpen NCR 125/320 centrifugal pumps
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The Dickow NCR pump is a heavy duty centrifugal pump for the oil, petrochemical and gas industries,
manufactured in accordance with API 610 standards. Available in a wide range of sizes and specifications, it has
a maximum flow rate of up to 700 m*h and a maximum head of 145 m at 2900 rpm and 220 m at 3500 rpm.

Results

The pump is operated in an aggressive environment (kerosene) with an average operating time of 6 hours
per day with interruptions. The total continuous service life was 3 years. The shaft, bearings, and mechanical seal
are subject to the highest loads, with the mechanical seal experiencing the most significant wear (Fig 3).

Fig 3. Dickow Pumpen mechanical seal part, operating time 6500 hours: 1 — abrasive wear of mechanical seal
components; 2 — fretting corrosion due to friction and operation in aggressive environments; 3 — after abrasive wear,
additional vibrations were generated on the mechanical seal part, and the graphite rings began to break down.

After 6500 hours of operation of the pump unit, significant wear of the mechanical seal was detected, which
manifested itself in the form of abrasive damage and traces of fretting corrosion. These defects were caused by
prolonged operation in an aggressive environment (kerosene) and constant exposure to mechanical and chemical
factors. The first signs of damage were leakage of working fluid and abnormal noise during pump operation, which
indicated a violation of the seal tightness. In order to prevent further malfunctions, the pump was shut down for
diagnostics and inspection. As a result, it was decided to replace the damaged seal to restore normal operation of
the pump. Based on the experience gained, it is now possible to implement technical solutions that will extend the
mechanical seal's service life. Therefore, a lot of research is currently focused on analyzing and finding relevant
solutions to improve the performance of centrifugal pumps. In particular, experimental work is carried out under
unstable conditions at partial load, and the results at different operating points are compared with available
experimental data, such as hydraulic performance and flow field information by measuring the particle image
velocity [8,9].

It is important to note that design optimization is quite effective in improving the performance of centrifugal
pumps by reducing flow recirculation and cavitation [10,11,12]. To improve pump efficiency, the design of pump
impellers was optimized in [13] by numerical modeling, Latin Hypercube (LHS) sampling, a surrogate model, and
a genetic algorithm (GA). The results showed that the simulated results are consistent with the experimental
performance results of the original pump. Compared with the simulated efficiency of the original pump, the
optimization improved the efficiency by 8.34% beyond the design point can be used to model the design of other
pumps. Increasing the service life can also be achieved by increasing the performance of the centrifugal pump
through independent rotation of the inductor and centrifugal impeller [14]. An inductor that provides independent
rotation of both the inductor and the centrifugal impeller. Unlike conventional designs, this configuration allows
for differential speeds and controlled rotation directions. In particular, the independent rotation of the inductor
extends the operating range of the pump, while the rotation of the inductor and impeller in opposite directions
significantly increases the pressure generation and efficiency of the pump compared to rotation in the same
direction. However, along with increasing productivity, an important aspect of ensuring the durability of pumping
equipment is protecting its components from wear. One of the most effective methods of improving the wear
resistance of the working surfaces of pump parts is the application of protective coatings. By increasing the wear
resistance, such coatings can significantly extend the service life of mechanical seal parts, shafts and bearings. The
coatings can be applied by plasma or detonation spraying, laser or electric spark alloying [15]. In [16], wear-
resistant WC-Co coatings were applied to pump impellers using the method of spark alloying. The resulting
coatings are uniform and continuous without obvious cracks and holes, there is no clear line of separation, and a
strong metallurgical bond is formed between the coating and the substrate material [17]. Coatings can also be
applied to the shaft, mechanical seal, and other parts of the pump [18]. TST Coatings is a company that applies
coatings to various pump parts. Their methods use gas-thermal spraying to apply tungsten carbide-based materials
with 12% cobalt. These coatings have high hardness, excellent adhesion and a very dense structure. They provide
excellent wear protection for several different wear mechanisms. An alternative is offered by the Ukrainian
company TRIZ [19], which manufactures and improves mechanical seals and pump shafts by applying coatings
that also use tungsten carbide-based materials. Currently, new wear-resistant materials and coating methods are
being developed, which in the future can be used to improve the performance properties of pump working surfaces.
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Conclusion

The following conclusions can be drawn from the analysis of the papers on the causes of failure of
centrifugal pumps during their operation and possible methods of their elimination:

To ensure the long and trouble-free operation of centrifugal pumps, it is critical to regularly perform in-
depth analysis and modeling of possible failures. This process includes not only identifying the most frequent
causes of failure, but also predicting potential problems, which allows you to take preventive measures and
minimize the risk of accidents.

One of the most serious problems that lead to early pump failure is the wear of the shaft and bearing running
surfaces. This process can be caused by various factors such as friction, corrosion, cavitation, and vibration. To
increase the wear and corrosion resistance of pump parts, an effective solution is to use protective coatings. Modern
technologies make it possible to apply various materials, such as ceramics, metals or composites, to the surface of
the parts, which significantly increase their service life. Another important aspect is the modernization of the
design of key pump components. Replacing worn or outdated parts with more modern and reliable ones, such as
the shaft, mechanical seals, seals, and bearings, can significantly increase the efficiency and durability of the pump.
Optimizing flow recirculation and improving the interaction between the impeller and shaft will also help reduce
wear and improve pump performance.

In further research, it is planned to study in detail the effect of different types of wear-resistant coatings on
pump parts. A comparative analysis of their properties, such as hardness, wear resistance, corrosion resistance,
and adhesion to the base, will be conducted. This will help determine the optimal coating option for each specific
pump part, taking into account its operating conditions and requirements.
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Mopm I. B. AHaniz npu4uH NOMIKOKEHb BIIIIEHTPOBUX HACOCIB B MPOIECI EKCIUTyaTalil Ta Crocoou ix
YCYHEHHS

VY crarTi 3AiHCHEHO OIS CYyYacHHMX MiJAXOJIB JO TMiJBHIIEHHS €(QEeKTUBHOCTI Ta IOBrOBIYHOCTI
BIZILIEHTPOBUX HACOCIB, SIKI HIMPOKO BHKOPUCTOBYIOTHCS Ul TPAHCIOPTYBaHHS pifinH. Bu3HadeHO OCHOBHI
(baxTOpH, IO BIUIMBAIOTH HA 3HWKECHHS IX NMPOJYKTUBHOCTI Ta MOXKJIMBI METO/M MOKpPAIIEHHS €KCIUTyaTalliiHIX
XapaKTepUCTUK. AHali3 MPUYNH BUXOMY 3 JIaay BiALICHTPOBMX HACOCIB ITOKa3aB, IO HAHOLIBII ITOIIMPEHUMH
npobreMaMu € 3HOMICHHS pOOOYMX IOBEPXOHB, TiAPABIMYHUN 3HOC, KOpO3is, KaBitalis Ta BiOpamiifiHi
HaBaHTaXEHHs. {1 3amo0iraHHs UM SBHINAM JOLUIBHMM € 3aCTOCYBaHHS Cy4YacHHX pillleHb, 30KpeMa
BUKOPHUCTAHHS 3aXHCHUX MOKPHUTTIB, ONTHUMI3aIlisl KOHCTPYKIII Ta BIPOBAHKCHHS 1HHOBAIIITHUX TEXHOJIOTIH Y
BUPOOHHIITBO.

OnHUM i3 TIEpPCHEKTUBHHUX HAIPSMIB HACOCHOTO OOJIQJIHAHHS € MaTeMaTH4YHEe MOJEIIOBaHHS Ta CTBOPEHHS
3MEHILIEHUX NPOTOTHIIB sl TecTyBaHHs. lle 103BoJsie OLIHMTH e(EeKTUBHICTh KOHCTPYKTHBHUX 3MiH 0e3
HEOOXIHOCTI JIOPOrOBapTICHUX EKCIEepPUMEHTIB. JIOCHTIHKEHHS MOKa3yi0Th, 110 BHUKOPHCTAHHS CYpPOTaTHOTO
MOJICTIFOBaHHsI Ja€ 3MOTY 3HAUHO 3HM3MTH BUTpPATH Ha PO3POOKY Ta IMiJBHIIMTH TOYHICTH MPOTHO3YBaHHS
MOBE/IIHKU HACOCIB y pealbHUX YMOBaxX eKCIuTyaTaiii.

Takox 3HaYHY yBary MpHUIICHO POJIi 3HOCOCTIHKUX TMOKPHUTTIB, SIKi MOXKYTh 3HAYHO MPOJOBXHUTH TEPMiH
CIry>kOM OCHOBHUX JieTasieit HacociB. Cy4acHi TEXHOJIOTIT 103BOJISIIOTh HAHOCUTH Ha IIOBEPXHI pOOOUYMX EJIEMEHTIB
3aXMCHI IOKPHUTTS, IO MiABHIIYIOTh iXHIO CTIMKICTH J0O MeXaHIYHMX Ta XIMIYHMX BIUMBIB. [lomambmni
JIOCJIJDKEHHS Y IIbOMY HAaIlpSIMKy CHPSIMOBaHI Ha aHalli3 e()eKTHBHOCTI Pi3HHMX THUIIB IOKPHUTTIB, iX anresii Ta
3HOCOCTIMKOCTI 3aJeHO BiJi YMOB ekcIiulyaramii. Takum 4nHOM, MiJBHIIEHHS e€()EeKTHBHOCTI Ta HamiHHOCTI
BiJIIICHTPOBUX HACOCIB MOJXJIMBE 3aBASKH KOMIDIEKCHOMY IMiAXOJY, IO BKIIOYA€E ONTHUMI3AI[I0 KOHCTPYKIII,
BUKOPUCTAHHS CyYaCHHMX MaTepialliB Ta BIPOBA/PKEHHS IMPPOBHX METOAIB aHai3zy. lle mM03BOMMTH 3HAYHO
MOKPAIIUTH POO0Yi XapaKTepPUCTUKH HACOCIB Ta 3MEHIIUTH BUTPATH HA 1X OOCITyTrOBYBaHHS.

Karwuosi cmoBa: anamiTHKa, Bajn Hacoca, BIAIEHTPOBHIA HACOC, TOPLEBE YIIUIBHCHHS, HMOKPHUTT,
3HOCOCTIHKICTE, aare3is
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