
 

 

 
 
 
 
 
Thermal analysis of a pump used in an innovative installation 
for cementing and special operations at the oil well intended 
to improve the efficiency of the extraction of conventional 
energy resources 
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Abstract 
The paper presents a study conducted by the authors for investigating the thermal behavior during operation of the parts of a 
pump used in an innovative installation for cementing and special operations at the oil well intended to improve the 
efficiency of the extraction of conventional energy resources, in connection with the structural analysis of that parts in a 
simulation driven design process. The research looked at the influence of the degree of finishing and the thermochemical 
treatments of the surfaces of the parts in contact during operation on the thermal regime of these joints in motion and the 
resulting degree of wear. Simulations were made, using finite element analysis programs, experimental investigations were 
done, and comparative studies were carried out. Experimental research was carried out to validate of the design and 
simulation of the components affected by wear due to the thermal effect of the corozive fluids din the triplex plunger pump, 
the structural and quantitative analysis was performed by electronic microscopy SEM and EDX for determining the 
composition. chemical of the steel subject to the corrosive and thermal effect of the fluids used in the cementing process, 
determining the degree of resistance to the corrosive action of the various concentrations of corrosive fluids of the 
thermochemical treated steel by ionic nitration was highlighted by measuring the hardness of the plunger pump. 
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Introduction 

The cementing aggregates are used in the preparation 
and pumping of the paste or cement suspensions, 
pumping the separation fluids and the discharge mud and 
other special operations (cracking, balancing). The self-
portable aggregates are made up of the following basic 
equipment [22,23,24,27]: 
- one or two pressure pumps with plunders or pistons, 
which provide normal technical parameters to natural 
aspiration; 
- a toothed wheels pump for water supply of the mixture; 
- a measurement tank divided into two 100 liter; 
compartments each, protected against corrosion, through 
it, filling and alternatively emptying the compartments, 
measures the volume of mud in the probe to place the 
paste in the desired space; 
- cement mixer with nozzles powered by water by the 
water pump; 
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- the manifolds of the aggregate. 
For the innovative development of the installation, 

both the drive with a three-phase asynchronous electric 
motor included in an electric drive scheme with 
frequency converter and automation based on data 
acquisition systems and intelligent sensors, as well as 
innovative methods of making mechanical subassemblies 
intended for increasing the working capacity and 
reducing wear and tear on pumps, plungers, manifolds, 
valves, gaskets, as well as on the entire installation. 

The requirements related to cementing operations and 
especially to wells were initially analyzed, based on the 
study of cementing, cracking and acidizing techniques. 
The knowledge regarding the parameters of the special 
operations in which the installations are involved was 
highlighted: pressure, flow, types of fluids used for 
cementing-fracturing-acidification. It is concluded that 
for a certain flow rate and pressure, the dimensions of 
the pump are determined by the length of the stroke and 
the revolution of the crankshaft, it is necessary to select 
and use the most appropriate components and an 
increased resistance to corrosion and abrasion, taking 
into account the fact that the fluids involved in these 
operations have a strong corrosive and abrasive effect. 
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The operating principle of the cementation 
installation 

The power needed to train the triplex pressure pump 
is provided by a engine composed of a diesel or electric 
motor and hydromechanical or hydraulic transmission, 
the engine start is done electrically or pneumatically. For 
starting under low temperature conditions, the engine is 
equipped with water and oil preheating facility. 

The power flow is transmitted from the engine group 
through a cardan axle to a gearbox/reducer that ensures a 
different number of speeds, from the gearbox, the power 
flow is transmitted through a toothed coupling to pump 
with plunging and elastic coupling at the water pump. 

The technical project of a cementing aggregate is 
presented in Fig. 1 and Figure 2 presents the installation 
mounted on the truck.

 
Fig.1. Installation for cementing 
and special operations 

 
 
 
 
 
 
 
 
 
 
Fig. 2. The complete installation  
placed on the truck 

 
 
 
 
 
 
 
 
 
 
The movement received from the transmission is 

transformed from rotational movement, in the translation 
movement of the plungers, through a transmission 
mechanism equipped with gear in "V". 

The transmission mechanism is composed of: 
- the gear in "V", which has the crowns fixed on the 

tree cranked by shepherd screws. The axial force 
developed in each crown pushes the crown to the 
shoulder of the crankshaft and does not create additional 
requests in the fixing screws. The direction of training of 
the pump will not change, in order not to change the 
meaning of the axial forces. 

- the sprocket axis supported on 2 radial rollers that 
allow it to move the necessary axial to self -centered. 
The head of the pinion shaft is sealed with the oil bath 
with a sealing ring that works on a wear bush. 

- the connecting rods have sliding camp, at the handle 
(bimetallic shell of two pieces) and at the head of the 
spherical joint. 

- The head of a cylindrical cross is sliding into a shirt 
fixed in the body of the fream. Both the head of the cross 
and the shirt are made by casting, cast iron. 

For normal operation between the cross and shirt 
head, a game of 0.180 - 0.230 mm is provided. 

The circulation of fluids is ensured through the 
manifolds, which allow: 

- the aspiration of the pump with plunging from each 
compartment of the measurement tank, from the fall 
aspiration for cement milk or from an external source, on 
both sides of the aggregate; 

- reflation of the pump with plunging towards the 
mouth of the probe, on the barley in the measurement 
tank or outside. The refuse on the bar is achieved by an 
adjustable, manually commanded nozzle, which allows a 
slow and controlled pressure leak; 

- feeding each compartment of the measurement tank 
from the exterior source as well as the independent 
emptying of each compartment; 

- the aspiration of the water pump in each 
compartment of the measurement and discharge tank to 
the mixer through a system of water distribution towards 
the nozzles of the mixer and of recirculating the addition 
of aspiration. 

The command of the aggregate are centralized and 
can be performed from the podest located around the 
control desk. At the control desk are mounted both the 
appliances of the operation of the pump and the water 
pump, as well as the necessary to follow the operation of 
the drive engine. In order to follow the discharge 
pressure, the aggregates are provided with medium 
insulator and shock absorber, mounted on the pump 
discharge collector, [1, 27]. 

Pumps with plunging used in cementing, cracking 
equipment 

Within this work, only the plunger pump within the 
cementation installation was studied this is a duplex / 
triplex pressure pump with simple effect, with 

cylindrical gear in "V" built especially for the operating 
regime of the cementing aggregate. 

The pumps are designed to operate in a reduced speed 
(35-200 double/minute races), ensuring a good filling of 
the pump cylinders and a volumetric efficiency over 0.9 
to a natural aspiration without overload. This is a feature, 



 

 

useful because it simplifies the exploitation and increases 
the field of use of the cementing aggregate. Without 
diminishing the volumetric efficiency, the hydraulic part 
of the pump can be equipped, as needed, with Ø 90 mm, 
Ø100 mm, Ø 115 mm and Ø 125 mm. [1, 27]. 

The cementing aggregates are used in the 
preparation and pumping of the cement paste or 
suspensions (cementation operations), pumping the 
separation fluids and the discharge mud and other 
special operations (cracking, balancing). 

In normal construction, the aggregates are mounted on 
self -chief, on semi -trailer, or rarely, in the case of 
marine drilling and isolated or removed locations, on the 
sleds provided with towing and lifting possibilities. 

The self -important aggregates are made up of the 
following basic equipment: one or two pressure pumps 
with pluners or pistons, which provide normal technical 
parameters to natural aspiration; a toothed wheels pump 
for water supply of the mixer / mixing funnel; a 
measurement tank divided into two compartments equal 
to 100 liters grades, protected against corrosion; through 
it, filling and emptying the two compartments 
alternately, the volume of mud pumped in the probe is 
measured to place the paste in the desired space; cement 
mixer with nozzles (for cementation operation), powered 
by water by the water pump; the manifolds of the 

aggregate. 
Based on the synthesis performed, the conditions that 

must be respected have been highlighted for the 
equipment to ensure the optimal operating parameters in 
order to successfully carry out the operation: 

- the design of the aggregates takes into account the 
degree of use, taking into account a total number of 
hours for dimensioning bearings, gears or other organs, 
much lower than in machines with a continuous 
operating life and constant load. This hypothesis leads to 
the creation of component machines of the aggregate, as 
low as possible, an essential condition for a mobile 
pumping aggregate. 

- it is also taken into account that for a certain flow 
and pressure, the dimensions of the pump, so its weight 
are determined by the length of the race and the speed of 
the crankshaft. 

- designing the cementing /cracking operation also 
involves the selection and use of the most appropriate 
cracking fluids and support materials. The quantity of 
these components and the injection mode are essential 
for the success of the operation. 

- the equipment must provide through their 
components and increased resistance to corrosion and 
abrasion, taking into account that the fluids involved in 
these operations have a strong corrosive and abrasive 
effect. 

 
Fig. 3 Triplex pump with plunger  

 
                   a). The physical realization of the designed pump                                                         b). Overall project 
 

Table 1. Pumps with plunging use in cementing, cracking equipment 

Aggregate 
type / pump 

Maximum turation 
at the input pump 

(rot./min) 

Plunger/piston diameter, mm 
100 115 

fluid flowl 
(l/min) 

pressure, 
(bar) 

fluid flowl 
(l/min) 

pressure, 
(bar) 

ACF 700 
Triplex 

pump with 
plunging 

204 258 700 296 550 
485 412 470 472 350 
728 617 310 710 230 
971 823 230 945 170 

1457 1235 150 1419 120 
2100 1780 100 2047 80 

 

Trends regarding the materials used in the 
construction of equipment for special operations in 
wells 
The materials used in the construction of the components 
of the analyzed equipment, have a certain behavior under 
the attack of the corrosive and abrasive mixtures used in 
the special operations. 
Martensitic stainless steels contain between 12-17 % CR 
and over 0.1 % carbon. The martensitic steels in a 

hardened and returned state have a good resistance to 
corrosion in environments containing nitric acid, 
carbonates, sulphates. These steels are recommended for 
the manufacture of elements subject to wear in corrosive 
environments. The treatment applied should not lead to 
the separation of chromium carbes, [28]. Reducing the 
content in chromium below 12 % in certain areas will 
cause local corrosion. Table 2 presented the main fields 
of their use. 



 

 

 
Table 2. Areas of use of martensitic stainless steel steels 

Steel brand SR EN 10088-1 Applications 
35MoCr165 1.4122 Elements that work in water, steam, weak solutions of organic or inorganic 

acids, subjected to wear by adhesion or erosion, at low temperatures 
90VMoCr180 1.4112 Wear -resistant elements in corrosive environments 
8Cr170 1.4016 Elements that work in medium aggression environments 

 
Table 3. Composition of commercial packages of inhibitors 

Packages of 
inhibitors 

The quantities of corrosion inhibitors 

A 37.85m3 (10 gpt) corrosion inhibitor I and 13.6 kg (30 ppt) reinforcement inhibitor E 
B 75.7 kg (20 gpt) corrosion inhibitor II, 9 kg (20 ppt) reinforcement inhibitor E and 227 kg (60 gpt) 

reinforcement inhibitor F 
C 37.85-75.7 kg (10-20 gpt) corrosion inhibitor I and 37-75 kg (10-20 gpt) reinforcement inhibitor G 
D 45-55 kg (12-15 gpt) corrosion inhibitor III and 12-15 gpt reinforcement inhibitor H 

Note: gpt = 3.785 m3 corrosion inhibitor to 3785 m3 acid 
ppt = 0.4536 kg corrosion inhibitor to 3785 m3 of acid 

 
Each steel sample was previously cleaned by blasting 
glass balls in order to remove impurities. The samples 
were weighed before and after testing to determine the 
weight loss losses. The samples were tested for 6 hours. 
After testing the samples were cleaned with acetone and 
slightly farimity to remove the residues of corrosion 
inhibitors or the film formed during testing. The samples 
were examined for the evaluation of microscope pitting. 
The evaluation of the loss of material by corrosion is 

based on comparison with the level accepted in the 
industry up to 0.2 kg of corroded material at an area of 
one square meter [16]. 
In addition, the evaluation of pitting is made according 
to the scale presented below. On the pitting scale a value 
greater than or equal to 2 is considered unacceptable in 
the case of acidization treatments, even if the loss of 
corrosion material is within acceptable limits. 

Table 4. Pitting scale evaluation 
Pitting 
scale 

Interpretation / observations Pitting 
scale 

Interpretation / observations 

0 no hole on the surface 3 small holes with sizes (1/32 in) 0.79 x10-3 m to (1/16 in) 1.5 x10-3 m 
0-1 some small shadows on the metal surface 4 average holes smaller than (1/16 in) 1.5 x10-3 m 
1 small shadows on the surface 5 large, deep holes all over the surface 
2 small dots on the surface   

 
Results obtained from the use of different 

combinations of  acids [32]. Through the experiments 
done it has been shown that when the 13CR steels are 
exposed to the action of the acidization fluids, depending 
on the packages of inhibitors used, their behavior in 
corrosion is completely different. 

The recorded results highlighted the following 
conclusions: 

- 5% HCL + 10% acetic acid - the A and B inhibitors 
packages have failed to protect the steel on corrosion. 
Even given the concentration of the inhibitor I was 100% 
no changes in CE2-13CR steels. In the EC1-13CR steel a 
double amount of inhibitor and increased performances 
by 38 %, but the loss of material by corrosion remained 
far beyond the accepted values. 

-10% HCl The packages of inhibitors provided 
protection at the R1-13CR steel and the CE2-13CR steel. 

- 15% HCl. By using the inhibitor package C, both 
13CR and high ally steel protection has been achieved. 

The use of package D provided protection for both the 
discussed and combination case, 5% HCL + 10% acetic 
acid. In the presence of inhibitors it can be said that the 
influence of mechanical properties on corrosion behavior 
can be ignored, and the loss of material by corrosion is 
included in standard values. 

- 9% HCl +1% HF. The inhibitory package C 
effectively protects CE1-13CR and CE2-13CR steels. In 
the other cases the protection failed. 

 
 

The technologies of specific treatments applicable 
to the materials from which the complaints are 
executed in order to increase the durability 

Regarding the plungers, at the moment the materials 
are commonly used: OLC 45, 18MNCR11 (18MNCR10) 
it is an ally for hot processing. 

Nitruration is a thermochemical treatment that 
consists in the enrichment of nitrogen of the superficial 
layers, in order to improve some surface characteristics, 
such as hardness, wear resistance, resistance to grip, 
bending by shock, etc. 

In the presence of nitrogen, iron alloys form nitrous 
and iron carboniters, at low temperatures, which have a 
hardness and resistance to very high wear. Nitrogen, 
forms nitrous, finely dispersed, with iron (Fe) and the 
elements of the Fe, especially aluminum (Al), chrome 
(CR), vanadium (V). Thus, the following nitrous can be 
formed [37]. The nitride is done at low temperatures, 
between 500-580ºC. This avoids the diffusion of 
nitrogen in the core and the coalescence of the nitrics. It 
results, a depth of low nitride (usually 0.2-0.6 mm). [36]. 

Within the present work, the ionic nitrier process is 
used is based on the principle of luminescent discharge 
in a rarefied atmosphere. The pieces are arranged at the 
cathode of a retort, the anode representing the walls of 
the retort. Between the cathode and the anode there is a 
light discharge, and a voltage drop that leads to plasma 
formation is performed. The ions of H and N bombard 
the piece, producing the increase of the temperature up 
to 400 - 500 °C and the removal of the Fe atoms.  



 

 

They form with ions in the iron nitros that are 
deposited on the piece. The processing duration is 
reduced (8-12 h), and the quality of the nitrus layer is 
superior, because it is formed, especially, the phase ߛ ′. 
The presence of carbon provides characteristics superior 
to the nitrus layer by forming Fe3 (C-N) nitri, which is 
why it is recommended to submit to the nitrurization of 
the improvement steels (in a state of high quality and 
return) with a content of 0.4 - 0.7 % C. 

A fundamental element of the new innovative 
solutions is the materials used and the specific treatment 
technologies applicable to the surfaces of the plungers, 
the mixing bowl, the manifolds and the screws. In this 
sense, the trends regarding the materials needed to be 
used and new technologies, such as nitrating, were 
studied, with possibilities to determine the quality of the 
coating in the Company PETAL laboratory.  

The identification of innovative methods to optimize 
the plunger pump was initially developed in the analysis 
of the sealing system. Based on the results from the 
specialized literature obtained through modeling and 
simulations, important conclusions were obtained 
regarding the constructive form and material of the 
gaskets, and a new, improved form is proposed for the 
sealing package as well as for the materials from which 
it is made. 

Triplex pumps are specially built for the operating 
regime of cementing/cracking aggregates and have the 
following composition: hydraulic part, hydraulic body, 
valves, suction manifold, plunger-jacket assembly which 
are subject to the action of physical and chemical 
corrosion and abrasion, these are amplified by the 
thermal effect caused by the friction of the materials 
involved in the pumping process based on the analysis of 
the operating conditions of the cracking equipment, the 
following degradation mechanisms are highlighted: 

   - if the cementing process involves cement 
mixtures, additives, considering their abrasive/corrosive 
nature, the parts and subassemblies that make up the 
high-pressure pumping system will be exposed to 
abrasive and corrosive action; 

   - if the cracking process involves sand-based 
mixtures, considering its abrasive nature, the transport 
elements of the sand and additives will be exposed to the 
action of abrasion wear; 

   - if the cracking process involves acidification, the 
parts and subassemblies that make up the high-pressure 
pumping system are exposed to a strong corrosive action. 

To reduce the effects of corrosion, the use of special 
technologies for covering the plungers, which are tubular 
in shape and are hard chromed on the outside, the use of 
stainless steels based on Cr, Ni, especially at the 
manifolds of the transport system, the use of corrosion 
inhibitors, alternative chemical treatments, plating dishes 
with high-density polyethylene. 

 
Results and discussion 
 
Modeling and simulation in Solidworks for the 

components of the innovative cementing plant and 
special well operations 

A new constructive solution is analyzed and proposed 
for plunger valves based on conclusions obtained from 

the theoretical modeling study. For plungers, the analysis 
indicates the need to use some deposited materials for 
the substrate and layer, and the technologies of thermal 
spraying and metallization of the surfaces subject to 
wear are indicated. 

The study dedicated to solutions in the field of 
introduction of asynchronous motor drive contains 
elements related to the electric drive components: 

- the study of the electric actuation solution; 
- the characteristics of the asynchronous motor 

dedicated to the drive and the establishment of the 
technical specifications necessary for the design of the 
drive solution; 

- analysis of the static frequency converters that can 
be used in the engine control respecting the 
characteristics of the driven pumps; 

- solutions of electrical actuation schemes usable for 
the actuation of the cementing plant for oil wells. 

Materials used and treatments applied 
Metal steel plungers are ideal for applications that 

require resistance to abrasion, vibration, thermal shock 
and impact, as well as high mechanical strength. 

According to API 674 edition 3 - 2010 art 6.7.2.1, the 
surface of the metal plunger in contact with the sealing 
package / gasket set must be hardened or covered. The 
surface of the plunger in contact with the sealing 
package must have at least a Rockwell hardness of 35 on 
the C scale. The surface must be processed so that it has 
a roughness of Ra < 0.4 μm. 

Usually, the metal plungers used in the petroleum 
field are made in tubular form from alloy steels, such as 
OLC45 (quality steel with 0.45% C) and 
18MnCr11/18MnCr10 (alloy steel for hot processing), 
which in the classic version are plated on the outside 
with a hard layer of chrome to increase resistance to 
wear and corrosion. 

Although the solution of plating steel metal surfaces 
with a hard layer of chromium (VI) for protection against 
wear and corrosion is a technically viable solution, 
however, there are elements of risk to the health of 
operators and the environment due to the toxicity of 
chromium hexavalent - Cr (VI), which is used during 
processing. For this reason, worldwide, there have been 
research and development concerns for new, alternative 
and ecological solutions since the beginning of the 1990, 
solutions that are still being developed. Currently there 
are massive restrictions on the use of processes that lead 
to Cr (VI) emissions, such as those resulting from plating 
with a hard chromium layer. One of the procedures for 
increasing the durability of the plunger surface, which 
has seen extensive research and development in recent 
years, is thermal spraying [65]. 

Thermal spray depositions and thermochemical 
surface treatments are excellent and viable alternatives to 
use in place of the hard chrome plating method. In 
addition to the environmental reasons for using these 
alternative processes, they offer other advantages such as 
improved long-term performance: coatings with 
improved wear behavior, good corrosion resistance, low 
repair costs and maintenance, optimal level of residual 
stresses, with significantly improved fatigue behavior, 
increased lifetime, lower cost prices.

 



 

 

Finite element simulation of the heat transfer 
inside the triplex pump with plunger 

The thermal effect caused by the friction of the 
materials involved in the pumping process of the main 
parts of the pump component that are subject to the 
action of physical and chemical corrosion and abrasion 
was analyzed we have made finite element simulations, 
using the Solidworks and LISA 8.0.0 software, Figure 4. 

Finite element analysis of the thermal stress and 
demands of plunger pump was performed using 
specialized software for finite element analysis using the 
one preprocessor. 

The main steps of finite element analysis software are: 

a). pattern preprocessing part plunger pump modeling 
and preprocessing model and creating finite element 
structure, determine the properties of the material of the 
piece Figure 5; 

b). Processing piece finite element model (FEM). 
- establishing the conditions for contour surfaces and 

values imposed restrictions; 
- solving the finite element method (FEM) and display 

the results for thermal analysis. 
Finite element analysis results are presented in the 

whole volume of the piece and representative sections 
for drawing conclusions on the analyzed part identifies 
the most dangerous sections following that on them to 
carry out thorough investigations. 

 
Fig. 4. Triplex pump with 

plunger 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 5. Modeling and simulation of the triplex plunger pump in Solidworks 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
                                                               a). Crankshaft with bearings                                                                                 b).  Plunger 
Fig. 6. The design and simulation in 
Solidworks of the components 
affected by wear due to the thermal 
effect of the fluids in the triplex 
plunger pump 

 
 
 
 
 
 
 
 

a). The finite element mesh and the boundary conditions 



 

 

 
b). running the simulation 

 
 
 
 
 
 
 
 
 

 
 

 
 

c) the result of simulation 
 

Fig. 7. LISA v 8.0 finite element simulation of the plunger 
 
 
 
 
 
 
 
 
 
 
 

a). Plunger pump and plunger execution drawing 
 

 
b). discretization and imposition of boundary conditions for the plunger 

 
 
 



 

 

 

c). thermal analysis for a significant volume of the plunger 
 
 

d). Temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

e). Heat flow rate 
 

 
f). heat flow along the X axis                                         g). heat flow along the Y axis 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

h). heat flow along the Z axis 
 

 
j). Heat flux magnitude 

High resistance thermal spraying using forced 
combustion of oxygen – the HVOF (High Velocity 
Oxygen Fuel) process 

For the experiments, surface coatings with Mo were 
made by the three methods on samples of different 
shapes and sizes adapted to the techniques, methods and 
standards of analysis or testing applied. For the 
realization of the preliminary experimental variants of 
surface coverings, the A5T steel (42CrMo4) currently 
used for the realization of the drive axles of the metro 
trains was selected as the support material. Alternatively, 
a steel with superior properties (34CrNiMo6) was 
considered for the realization and testing of the optimal 
molybdenum metallization options. The two types of 
steel used, Table 5. were in the form of Ø 30 mm rolled 
bars in annealed condition.  

For the preparation of the support materials, it was 
aimed to determine the optimal thermal treatment 
conditions for obtaining the mechanical characteristics 
imposed on the steel from which the tubular axles of the 
subway trains are made, starting from the premise that 
after the reconstruction by metallization of the mounting 
surfaces of the mounted axle, there should be no 
influences on service requests or projected loads. From 
this perspective, the experiments to prepare the support 
materials were focused only on determining the heat 

treatment conditions that would ensure the designed 
mechanical properties. 

For the experiments, surface coatings with Mo were 
made by the three methods on samples of different 
shapes and sizes adapted to the techniques, methods and 
standards of analysis or testing applied. For the 
realization of the preliminary experimental variants of 
surface coverings, the A5T steel (42CrMo4) currently 
used for the realization of the drive axles of the metro 
trains was selected as the support material. Alternatively, 
a steel with superior properties (34CrNiMo6) was 
considered for the realization and testing of the optimal 
molybdenum metallization options. The two types of 
steel used, were in the form of Ø 30 mm rolled bars in 
annealed condition.  

For the preparation of the support materials, it was 
aimed to determine the optimal thermal treatment 
conditions for obtaining the mechanical characteristics 
imposed on the steel from which the tubular axles of the 
subway trains are made, starting from the premise that 
after the reconstruction by metallization of the mounting 
surfaces of the mounted axle, there should be no 
influences on service requests or projected loads. From 
this perspective, the experiments to prepare the support 
materials were focused only on determining the heat 
treatment conditions that would ensure the designed 
mechanical properties.



 

 

Table 5. Chemical composition (% mass) of the steels selected for experiments [73] 
EN 10083 W. Nr. C Si Mn P S Cr Mo Ni 
42CrMo4  1.7225 0,38-0,45 < 0,40 0,60-0,90 < 0,035 < 0,035 0,90-1,20 0,15-0,30 - 
34CrNiMo6 1.6582 0,30-0,38 < 0,40 0,50-0,80 < 0,035 < 0,035 1,30-1,70 0,15-0,30 1,30-1,70 

 
In order to evaluate the metallized layers, the 

following morpho-structural and mechanical 
characteristics were investigated, considered to be 
essential for validating the optimal solution of surface 
coatings for the protection and dimensional 
reconstruction of the components: 

- microstructural characterization by analyzing and 
processing SEM images (surface and cross-sectional 
microstructural characteristics, porosity, substrate-
coating adhesion/coating layers, thicknesses and 
diameters of splats, cracks, inclusions, etc.); 

- topographic characterization of the coatings 
(roughness determined by mechanical palpation, 1D and 
2D roughness determined based on three-dimensional 
images - stereo images); 

- vickers microhardness measurements; 
- determination of the modulus of elasticity; 
- determination of the breaking toughness of the 

coatings; 
- determination of adhesion resistance on raw and 

rectified surfaces with thicknesses of the metallized layer 
in the range of 100 - 600 μm; 

The results obtained during the experiments 
highlighted: the investigated Mo metallized layers 
present particular microstructural characteristics 
determined by the thermal spraying methods used, 
characterized by successive layers of flattened particles, 
scattered upon impact with the substrate, with porosities, 
cracks and oxidized particles.  

Although all three methods result in metallized layers 
with a similar anisotropic structure, the flattened particle 
sizes are inversely proportional to the impact energy 
determined by the thermal spraying method: at high 
impact energies (HVOF) smaller flattened particle sizes 
result (Daverage = 37 μm), compared to the APS method 
(Dmean = 93 μm) and electric arc (Dmean = 138 μm). 

The same tendency was determined for the thickness 
of the flattened particles (h) and the degree of 
deformation of the particles (ξ). 

A direct correlation was determined between the sizes 
of the flattened particles and certain intrinsic properties 
of the metallized layers: in the case of smaller sizes 
(HVOF), more compact and denser coatings result, with 
higher tenacity, with a level of internal porosity and a 

higher surface roughness reduced, compared to the 
coatings obtained by electric arc or plasma jet. 

Although metallization by APS produces flattened 
particles of smaller sizes, coating layers with greater 
compactness and a lower level of porosity than in the 
case of the electric arc metallization method, the 
difference of approx. 1% regarding the determined value 
of the density (8.86 g/cm3 for APS and 8.97 g/cm3 for 
AE) can be associated with a higher content of oxidized 
particles in the coating layer.  

The much higher spraying temperature in the case of 
the APS process generates a higher content of Mo oxides 
which have a much lower density than pure Mo. As a 
general finding, in the case of layers deposited by 
thermal spraying by different methods, the presence at 
the microstructural level of oxide inclusions, pores and 
discontinuities that generate different levels of 
compactness, the determined values of the density are 
lower than those of the pure metal from which originate 

Determining the fracture toughness by 
microindentation of the investigated metallized layers 
showed a tendency to increase the fracture toughness 
values depending on the indentation load, in both 
indentation directions (parallel and perpendicular to the 
interface with the substrate), for all three types of 
coatings of molybdenum. 

The evaluation of the usage properties of the 
molybdenum coatings, adhesion resistance and 
tribological properties, revealed the fact that larger sizes 
of the flattened particles obtained by electric arc 
spraying determine a better behavior of the metallized 
layers. 

In order to evaluate the specific rate of wear for the 
layers metallized with Mo by the three thermal spraying 
methods used, additional micro-abrasive wear tests were 
carried out for the same friction duration of 900 sec. 
corresponding to the transition point between the break-
in period and the stable wear period, previously 
determined. For comparison, a set of determinations was 
also performed on 34CRNiMo6 steel samples; 42MoCr4 
unmetallized.  

The experimental results indicate that the specific rate 
of wear for samples metallized with Mo by electric arc is 
lower than in the case of metallization by APS.

Fig. 8. Procedeu de depunere HVAF prin pulverizare a 
carburii de wolfram pe un plunger de pompa [76] 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

Analysis of samples of heat treated parts by electron 
microscopy SEM and EDAX spectrometry 
For the tests and experimental measurements were used 
samples of plunger made of steel C45-RO1.0503 
Micro structural analysis of plunger, was performed on a 
scanning electron microscope VegaTescan LMH II 

SEM, working - 46 High using detector type LFD (Large 
Field Detector), acceleration voltage electron beam used 
was 30 kV, and working distance was 15 mm. From the 
analysis of samples by electron microscopy SEM shows 
that if the heat treatment 

of pearlite grains are coarse classic uniformly distributed 
in the ferrite matrix therefore blade material's mechanical 

properties are reduced, the piece has a reduced durability 
and low mechanical strength. 

Fig. 9. The test pieces taken from heat-treated 
 
 
 
 
 
 
 
 
 
EDAX analysis was performed on the sample surface 
layer to highlight its chemical composition is observed 
the presence of chemical elements Fe, C, Mn, S, Si and 
O2 in different proportions corresponding to the chemical 
composition of steel C45-RO1.0503. Determination of 
chemical composition of the material for plunger EDAX 
spectrometry was performed on a scanning microscope 

SEM electrons VegaTescan LMH II concentrations 
determined by mass spectrometry EDAX elements of 
sample material taken from the plunger specified in table 
6. Bruker  Quantax AXS Microanalysis GmbH, 
Germany 
Results Acquisition 4588               Date: 26/09/2023

Table 6 Chemical composition of the material sample in percent by mass. 

Element AN Net [norm. 
wt.%] 

[norm. 
at.%] 

Error 
in % 

Iron 26 145203 99,106 97,202 2,54 
Oxygen 8 3832 0,227 1,508 1,02 
Manganese 25 5935 0,284 0,237 0,14 
Carbon 6 1756 0,208 0,795 0,48 
Sulfur 16 2605 0,154 0,219 0,10 
Silicon 14 206 0,021 0,039 0,05 
  Sum: 100 100  

In samples from the furnace heat treated plunger 
management system based on a step predictive algorithm 
is found that iron is observed following elemental 
analysis is found uniformly distributed in the base 
material as can be seen in the distribution map. The 
oxygen is uniformly distributed in the base material at 
many generally it is in the form of oxides. Carbon is 
present in the iron alloy, uniformly distributed, but is 
observed uniformly dispersed islands alloys thereof 
chemical compounds with Mn, S and Si. Manganese is 

contained in the form of islands uniformly dispersed 
large mass of the base material. 
Sulfur is a small scale and appears in different alloys 
with Fe, Mn, C, uniformly dispersed in the base material. 
Silicon is insignificant and appears only as an alloying 
element to the base material. 
Chemical and elemental analysis, samples taken from 
plunger, heat treated in a furnace that has implemented a 
management system structure predictive control 
algorithm based on a step is shown in Figures 10 and 11.

Fig. 10 Map of the distribution of chemical elements for the 
piece EDAX elemental chemical analysis a) SEM image b) 
EDAX elemental chemical analysis 

 



 

 

Microstructures analysis of low power plunger made of 
steel C45-RO1.0503, performed on a scanning 
microscope SEM electrons VegaTescan LMH II are 
shown in the following figure. 
Name of sample material: steel C45-RO1.0503 
Chemical composition: C = 0.49%; Mn = 0.24%; Si = 

0.039%; S = 0.22% 
Scanning electron microscopy (SEM)    
Length bar: 20 μm 
Description: carbon steel microstructure - ferrite and 
pearlite grains distributed in plunger. 

 
Fig. 11.  Map of the distribution of chemical elements for the piece heat treated  

 
all elements map                               Fe map                                     C map                                    Si map 

 
Fig. 12. SEM image of pale material heat treated 
in heat treatment furnace temperature sensitive 
thermostatic controlled with a PID one step ahead 
controller 
 
 
 
 

       
       
 
 

                              a) micrographs M1             b) micrographs M2 
 
From the analysis of samples by electron microscopy 
SEM shows that if the heat treatment of pearlite grains 
are coarse classic uniformly distributed in the ferrite 
matrix therefore plunger material's mechanical properties 
are reduced, the plunger has a good running low, low 
durability and low mechanical strength. 
We mention that there is an compliance reliably between 
hardness and mechanical characteristics and plasticity of 
the plunger so resistance high hardness and a uniform 
distribution of microcrystalline phases (ferrite and 
pearlite) ensures high durability and toughness to play a 
positive effect on time to good works plunger 
simultaneously increasing the capacity of taking 
hydraulic shock due to fluid flow in pump, also increases 
resistance to corrosion and cavitations wear the plunger. 
The experimental results are taken from data acquisition 
board installed in the control system of electric furnace 
for heat-sensitive treatments. The chemical, physical, 
mechanical and structural were highlighted by 
experimental laboratory determinations were performed 
on standard test specimens, specific tests. 
Determination of chemical composition by EDAX 
spectrometry allowed a comparative analysis of the 

distribution of chemical elements in samples of material 
palettes microcell reveals the fact that if the heat-
treatment furnace control system based on predictive 
algorithm on a step more uniform dispersion of chemical 
elements is relatively samples heat treated in an furnace 
with PID control system that enables the conversion of a 
greater percentage of austenite pearlite dispersed to 
obtain uniform fine structure that leads to an 
improvement of the mechanical properties of the part. 
From the analysis of samples by electron microscopy 
SEM shows that if the heat treatment of pearlite grains 
are coarse classic uniformly distributed in the ferrite 
matrix therefore plunger materials mechanical properties 
are reduced, the plunger has a good running, low 
durability and low mechanical strength. 
If the heat treatment temperature sensitive heat treatment 
furnace realized ordered thermostatic control systems 
with PID one step ahead structure of the material 
consists of fine pearlite crystalline grains uniformly 
distributed in the ferrite matrix, the mechanical 
properties are superior parts have a resistance high 
mechanical wear and high toughness. 

 
Conclusions 
The carrying out of cementing and cracking operations at 
the oil well requires specific conditions that require the 
establishment, on a scientific basis, of the criteria for the 
selection and efficient use of the related equipment, the 
equipment/aggregates are characterized by the maximum 
pressure, this parameter being also a coding index. In 
principle, aggregates with pressures up to 700 bar are 

intended for cementing operations, those with pressures 
greater than 700 bar are also intended for cracking 
operations. 
    The operating time of the cementing or fracturing 
aggregate is much lower, compared to that of the drilling 
machines, being estimated at approximately 1500 hours 
annually. Of this working time, the operation of the 
aggregate at maximum parameters represents a fraction 
of the order of 20-30%. 



 

 

The equipment must ensure the optimal operating 
parameters in order to carry out the operation 
successfully, the design of aggregates takes into account 
the degree of use, taking into account a total number of 
hours for the dimensioning of bearings, gears or other 
organs, much less than for machines with a continuous 
operating time and constant load. This hypothesis leads 
to the creation of equipment components of the 
aggregate, with as little weight as possible, an essential 
condition for a mobile pumping aggregate. 
It is also taken into account that for a certain flow rate 
and pressure, the dimensions of the pump, and therefore 
its weight, are determined by the length of the stroke and 
the speed of the crankshaft. 
    - the design of the cementing/fracturing operation also 
involves the selection and use of the most appropriate 
fracturing fluids and support materials. The quantity of 
these components and the way of injection are essential 
for the success of the operation. 
    - the equipment must ensure, through their 
components, an increased resistance to corrosion and 
abrasion, taking into account the fact that the fluids 
involved in these operations have a strong corrosive and 
abrasive effect. 
Within the work, the materials used and the coating 
techniques with corrosion and wear -resistant layers are 
approached to increase the durability of the plunger, key 
element in the functioning of the pump with high 
pressure. A large analysis of the thermal spray 
procedures used in recent years with very good results in 
the practice of the execution of the complaint has been 
performed. They were identified and selected as 
representative: thermal spraying / metallization with 
flame (fuel) high -speed (HVOF) and high resistance 
thermal spray using a lower oxygen concentration - 
HVAF. All the components of the equipment for which 
innovative solutions and integrated novelty elements 
were presented were presented, so for the triplex pump 
with plunging: they were studied: 
- various constructive variants for the sealing package of 

the plunger, integrated according to the conditions that 
will be established in the design stage (working 
pressures) 
- Constructive solutions for Plunger, integrated 
according to the conditions that will be established in the 
design stage 
- treatments for the protection of metal complaints 
against corrosion and wear; 
- Treatments to increase the durability of the plunger 
surface by depositing under plasma jet 
- The use of modern materials identified in the study for 
plunging considering the behavior of the substrate 
material for different applicable treatments. 
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Abstract 

The paper presents a study conducted by the authors for investigating the thermal behavior during operation of the parts of a 

pump used in an innovative installation for cementing and special operations at the oil well intended to improve the 

efficiency of the extraction of conventional energy resources, in connection with the structural analysis of that parts in a 

simulation driven design process. The research looked at the influence of the degree of finishing and the thermochemical 

treatments of the surfaces of the parts in contact during operation on the thermal regime of these joints in motion and the 

resulting degree of wear. Simulations were made, using finite element analysis programs, experimental investigations were 

done, and comparative studies were carried out. Experimental research was carried out to validate of the design and 

simulation of the components affected by wear due to the thermal effect of the corozive fluids din the triplex plunger pump, 

the structural and quantitative analysis was performed by electronic microscopy SEM and EDX for determining the 

composition. chemical of the steel subject to the corrosive and thermal effect of the fluids used in the cementing process, 

determining the degree of resistance to the corrosive action of the various concentrations of corrosive fluids of the 

thermochemical treated steel by ionic nitration was highlighted by measuring the hardness of the plunger pump. 
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Introduction 

The cementing aggregates are used in the preparation 

and pumping of the paste or cement suspensions, 

pumping the separation fluids and the discharge mud and 

other special operations (cracking, balancing). The self-

portable aggregates are made up of the following basic 

equipment [22,23,24,27]: 

- one or two pressure pumps with plunders or pistons, 

which provide normal technical parameters to natural 

aspiration; 

- a toothed wheels pump for water supply of the mixture; 

- a measurement tank divided into two 100 liter; 

compartments each, protected against corrosion, through 

it, filling and alternatively emptying the compartments, 

measures the volume of mud in the probe to place the 

paste in the desired space; 

- cement mixer with nozzles powered by water by the 

water pump; 
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- the manifolds of the aggregate. 

For the innovative development of the installation, 

both the drive with a three-phase asynchronous electric 

motor included in an electric drive scheme with 

frequency converter and automation based on data 

acquisition systems and intelligent sensors, as well as 

innovative methods of making mechanical subassemblies 

intended for increasing the working capacity and 

reducing wear and tear on pumps, plungers, manifolds, 

valves, gaskets, as well as on the entire installation. 

The requirements related to cementing operations and 

especially to wells were initially analyzed, based on the 

study of cementing, cracking and acidizing techniques. 

The knowledge regarding the parameters of the special 

operations in which the installations are involved was 

highlighted: pressure, flow, types of fluids used for 

cementing-fracturing-acidification. It is concluded that 

for a certain flow rate and pressure, the dimensions of 

the pump are determined by the length of the stroke and 

the revolution of the crankshaft, it is necessary to select 

and use the most appropriate components and an 

increased resistance to corrosion and abrasion, taking 

into account the fact that the fluids involved in these 

operations have a strong corrosive and abrasive effect. 
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The operating principle of the cementation 

installation 

The power needed to train the triplex pressure pump 

is provided by a engine composed of a diesel or electric 

motor and hydromechanical or hydraulic transmission, 

the engine start is done electrically or pneumatically. For 

starting under low temperature conditions, the engine is 

equipped with water and oil preheating facility. 

The power flow is transmitted from the engine group 

through a cardan axle to a gearbox/reducer that ensures a 

different number of speeds, from the gearbox, the power 

flow is transmitted through a toothed coupling to pump 

with plunging and elastic coupling at the water pump. 

The technical project of a cementing aggregate is 

presented in Fig. 1 and Figure 2 presents the installation 

mounted on the truck.

 

Fig.1. Installation for cementing 

and special operations 

 
 

 

 

 

 

 

 

 

 

Fig. 2. The complete installation  

placed on the truck 

 

 

 

 

 

 

 

 

 

 

The movement received from the transmission is 

transformed from rotational movement, in the translation 

movement of the plungers, through a transmission 

mechanism equipped with gear in "V". 

The transmission mechanism is composed of: 

- the gear in "V", which has the crowns fixed on the 

tree cranked by shepherd screws. The axial force 

developed in each crown pushes the crown to the 

shoulder of the crankshaft and does not create additional 

requests in the fixing screws. The direction of training of 

the pump will not change, in order not to change the 

meaning of the axial forces. 

- the sprocket axis supported on 2 radial rollers that 

allow it to move the necessary axial to self -centered. 

The head of the pinion shaft is sealed with the oil bath 

with a sealing ring that works on a wear bush. 

- the connecting rods have sliding camp, at the handle 

(bimetallic shell of two pieces) and at the head of the 

spherical joint. 

- The head of a cylindrical cross is sliding into a shirt 

fixed in the body of the fream. Both the head of the cross 

and the shirt are made by casting, cast iron. 

For normal operation between the cross and shirt 

head, a game of 0.180 - 0.230 mm is provided. 

The circulation of fluids is ensured through the 

manifolds, which allow: 

- the aspiration of the pump with plunging from each 

compartment of the measurement tank, from the fall 

aspiration for cement milk or from an external source, on 

both sides of the aggregate; 

- reflation of the pump with plunging towards the 

mouth of the probe, on the barley in the measurement 

tank or outside. The refuse on the bar is achieved by an 

adjustable, manually commanded nozzle, which allows a 

slow and controlled pressure leak; 

- feeding each compartment of the measurement tank 

from the exterior source as well as the independent 

emptying of each compartment; 

- the aspiration of the water pump in each 

compartment of the measurement and discharge tank to 

the mixer through a system of water distribution towards 

the nozzles of the mixer and of recirculating the addition 

of aspiration. 

The command of the aggregate are centralized and 

can be performed from the podest located around the 

control desk. At the control desk are mounted both the 

appliances of the operation of the pump and the water 

pump, as well as the necessary to follow the operation of 

the drive engine. In order to follow the discharge 

pressure, the aggregates are provided with medium 

insulator and shock absorber, mounted on the pump 

discharge collector, [1, 27]. 

Pumps with plunging used in cementing, cracking 

equipment 

Within this work, only the plunger pump within the 

cementation installation was studied this is a duplex / 

triplex pressure pump with simple effect, with 

cylindrical gear in "V" built especially for the operating 

regime of the cementing aggregate. 

The pumps are designed to operate in a reduced speed 

(35-200 double/minute races), ensuring a good filling of 

the pump cylinders and a volumetric efficiency over 0.9 

to a natural aspiration without overload. This is a feature, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 

 

useful because it simplifies the exploitation and increases 

the field of use of the cementing aggregate. Without 

diminishing the volumetric efficiency, the hydraulic part 

of the pump can be equipped, as needed, with Ø 90 mm, 

Ø100 mm, Ø 115 mm and Ø 125 mm. [1, 27]. 

The cementing aggregates are used in the 

preparation and pumping of the cement paste or 

suspensions (cementation operations), pumping the 

separation fluids and the discharge mud and other 

special operations (cracking, balancing). 
In normal construction, the aggregates are mounted on 

self -chief, on semi -trailer, or rarely, in the case of 

marine drilling and isolated or removed locations, on the 

sleds provided with towing and lifting possibilities. 

The self -important aggregates are made up of the 

following basic equipment: one or two pressure pumps 

with pluners or pistons, which provide normal technical 

parameters to natural aspiration; a toothed wheels pump 

for water supply of the mixer / mixing funnel; a 

measurement tank divided into two compartments equal 

to 100 liters grades, protected against corrosion; through 

it, filling and emptying the two compartments 

alternately, the volume of mud pumped in the probe is 

measured to place the paste in the desired space; cement 

mixer with nozzles (for cementation operation), powered 

by water by the water pump; the manifolds of the 

aggregate. 

Based on the synthesis performed, the conditions that 

must be respected have been highlighted for the 

equipment to ensure the optimal operating parameters in 

order to successfully carry out the operation: 

- the design of the aggregates takes into account the 

degree of use, taking into account a total number of 

hours for dimensioning bearings, gears or other organs, 

much lower than in machines with a continuous 

operating life and constant load. This hypothesis leads to 

the creation of component machines of the aggregate, as 

low as possible, an essential condition for a mobile 

pumping aggregate. 

- it is also taken into account that for a certain flow 

and pressure, the dimensions of the pump, so its weight 

are determined by the length of the race and the speed of 

the crankshaft. 

- designing the cementing /cracking operation also 

involves the selection and use of the most appropriate 

cracking fluids and support materials. The quantity of 

these components and the injection mode are essential 

for the success of the operation. 

- the equipment must provide through their 

components and increased resistance to corrosion and 

abrasion, taking into account that the fluids involved in 

these operations have a strong corrosive and abrasive 

effect. 

 
Fig. 3 Triplex pump with plunger  

 
                   a). The physical realization of the designed pump                                                         b). Overall project 

 
Table 1. Pumps with plunging use in cementing, cracking equipment 

Aggregate 

type / pump 

Maximum turation 

at the input pump 

(rot./min) 

Plunger/piston diameter, mm 

100 115 

fluid flowl 

(l/min) 

pressure, 

(bar) 

fluid flowl 

(l/min) 

pressure, 

(bar) 

ACF 700 

Triplex 

pump with 

plunging 

204 258 700 296 550 

485 412 470 472 350 

728 617 310 710 230 

971 823 230 945 170 

1457 1235 150 1419 120 

2100 1780 100 2047 80 

 

Trends regarding the materials used in the 

construction of equipment for special operations in 

wells 

The materials used in the construction of the components 

of the analyzed equipment, have a certain behavior under 

the attack of the corrosive and abrasive mixtures used in 

the special operations. 

Martensitic stainless steels contain between 12-17 % CR 

and over 0.1 % carbon. The martensitic steels in a 

hardened and returned state have a good resistance to 

corrosion in environments containing nitric acid, 

carbonates, sulphates. These steels are recommended for 

the manufacture of elements subject to wear in corrosive 

environments. The treatment applied should not lead to 

the separation of chromium carbes, [28]. Reducing the 

content in chromium below 12 % in certain areas will 

cause local corrosion. Table 2 presented the main fields 

of their use. 
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Table 2. Areas of use of martensitic stainless steel steels 

Steel brand SR EN 10088-1 Applications 

35MoCr165 1.4122 Elements that work in water, steam, weak solutions of organic or inorganic 

acids, subjected to wear by adhesion or erosion, at low temperatures 

90VMoCr180 1.4112 Wear -resistant elements in corrosive environments 

8Cr170 1.4016 Elements that work in medium aggression environments 

 

Table 3. Composition of commercial packages of inhibitors 

Packages of 

inhibitors 

The quantities of corrosion inhibitors 

A 37.85m3 (10 gpt) corrosion inhibitor I and 13.6 kg (30 ppt) reinforcement inhibitor E 

B 75.7 kg (20 gpt) corrosion inhibitor II, 9 kg (20 ppt) reinforcement inhibitor E and 227 kg (60 gpt) 

reinforcement inhibitor F 

C 37.85-75.7 kg (10-20 gpt) corrosion inhibitor I and 37-75 kg (10-20 gpt) reinforcement inhibitor G 

D 45-55 kg (12-15 gpt) corrosion inhibitor III and 12-15 gpt reinforcement inhibitor H 

Note: gpt = 3.785 m3 corrosion inhibitor to 3785 m3 acid 

ppt = 0.4536 kg corrosion inhibitor to 3785 m3 of acid 

 

Each steel sample was previously cleaned by blasting 

glass balls in order to remove impurities. The samples 

were weighed before and after testing to determine the 

weight loss losses. The samples were tested for 6 hours. 

After testing the samples were cleaned with acetone and 

slightly farimity to remove the residues of corrosion 

inhibitors or the film formed during testing. The samples 

were examined for the evaluation of microscope pitting. 

The evaluation of the loss of material by corrosion is 

based on comparison with the level accepted in the 

industry up to 0.2 kg of corroded material at an area of 

one square meter [16]. 

In addition, the evaluation of pitting is made according 

to the scale presented below. On the pitting scale a value 

greater than or equal to 2 is considered unacceptable in 

the case of acidization treatments, even if the loss of 

corrosion material is within acceptable limits. 

Table 4. Pitting scale evaluation 

Pitting 

scale 

Interpretation / observations Pitting 

scale 

Interpretation / observations 

0 no hole on the surface 3 small holes with sizes (1/32 in) 0.79 x10-3 m to (1/16 in) 1.5 x10-3 m 

0-1 some small shadows on the metal surface 4 average holes smaller than (1/16 in) 1.5 x10-3 m 

1 small shadows on the surface 5 large, deep holes all over the surface 

2 small dots on the surface   

 

Results obtained from the use of different 

combinations of  acids [32]. Through the experiments 

done it has been shown that when the 13CR steels are 

exposed to the action of the acidization fluids, depending 

on the packages of inhibitors used, their behavior in 

corrosion is completely different. 

The recorded results highlighted the following 

conclusions: 

- 5% HCL + 10% acetic acid - the A and B inhibitors 

packages have failed to protect the steel on corrosion. 

Even given the concentration of the inhibitor I was 100% 

no changes in CE2-13CR steels. In the EC1-13CR steel a 

double amount of inhibitor and increased performances 

by 38 %, but the loss of material by corrosion remained 

far beyond the accepted values. 

-10% HCl The packages of inhibitors provided 

protection at the R1-13CR steel and the CE2-13CR steel. 

- 15% HCl. By using the inhibitor package C, both 

13CR and high ally steel protection has been achieved. 

The use of package D provided protection for both the 

discussed and combination case, 5% HCL + 10% acetic 

acid. In the presence of inhibitors it can be said that the 

influence of mechanical properties on corrosion behavior 

can be ignored, and the loss of material by corrosion is 

included in standard values. 

- 9% HCl +1% HF. The inhibitory package C 

effectively protects CE1-13CR and CE2-13CR steels. In 

the other cases the protection failed. 

 

 

The technologies of specific treatments applicable 

to the materials from which the complaints are 

executed in order to increase the durability 

Regarding the plungers, at the moment the materials 

are commonly used: OLC 45, 18MNCR11 (18MNCR10) 

it is an ally for hot processing. 

Nitruration is a thermochemical treatment that 

consists in the enrichment of nitrogen of the superficial 

layers, in order to improve some surface characteristics, 

such as hardness, wear resistance, resistance to grip, 

bending by shock, etc. 

In the presence of nitrogen, iron alloys form nitrous 

and iron carboniters, at low temperatures, which have a 

hardness and resistance to very high wear. Nitrogen, 

forms nitrous, finely dispersed, with iron (Fe) and the 

elements of the Fe, especially aluminum (Al), chrome 

(CR), vanadium (V). Thus, the following nitrous can be 

formed [37]. The nitride is done at low temperatures, 

between 500-580ºC. This avoids the diffusion of 

nitrogen in the core and the coalescence of the nitrics. It 

results, a depth of low nitride (usually 0.2-0.6 mm). [36]. 

Within the present work, the ionic nitrier process is 

used is based on the principle of luminescent discharge 

in a rarefied atmosphere. The pieces are arranged at the 

cathode of a retort, the anode representing the walls of 

the retort. Between the cathode and the anode there is a 

light discharge, and a voltage drop that leads to plasma 

formation is performed. The ions of H and N bombard 

the piece, producing the increase of the temperature up 

to 400 - 500 °C and the removal of the Fe atoms.  
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They form with ions in the iron nitros that are 

deposited on the piece. The processing duration is 

reduced (8-12 h), and the quality of the nitrus layer is 

superior, because it is formed, especially, the phase 𝛾 ′. 

The presence of carbon provides characteristics superior 

to the nitrus layer by forming Fe3 (C-N) nitri, which is 

why it is recommended to submit to the nitrurization of 

the improvement steels (in a state of high quality and 

return) with a content of 0.4 - 0.7 % C. 

A fundamental element of the new innovative 

solutions is the materials used and the specific treatment 

technologies applicable to the surfaces of the plungers, 

the mixing bowl, the manifolds and the screws. In this 

sense, the trends regarding the materials needed to be 

used and new technologies, such as nitrating, were 

studied, with possibilities to determine the quality of the 

coating in the Company PETAL laboratory.  

The identification of innovative methods to optimize 

the plunger pump was initially developed in the analysis 

of the sealing system. Based on the results from the 

specialized literature obtained through modeling and 

simulations, important conclusions were obtained 

regarding the constructive form and material of the 

gaskets, and a new, improved form is proposed for the 

sealing package as well as for the materials from which 

it is made. 

Triplex pumps are specially built for the operating 

regime of cementing/cracking aggregates and have the 

following composition: hydraulic part, hydraulic body, 

valves, suction manifold, plunger-jacket assembly which 

are subject to the action of physical and chemical 

corrosion and abrasion, these are amplified by the 

thermal effect caused by the friction of the materials 

involved in the pumping process based on the analysis of 

the operating conditions of the cracking equipment, the 

following degradation mechanisms are highlighted: 

   - if the cementing process involves cement 

mixtures, additives, considering their abrasive/corrosive 

nature, the parts and subassemblies that make up the 

high-pressure pumping system will be exposed to 

abrasive and corrosive action; 

   - if the cracking process involves sand-based 

mixtures, considering its abrasive nature, the transport 

elements of the sand and additives will be exposed to the 

action of abrasion wear; 

   - if the cracking process involves acidification, the 

parts and subassemblies that make up the high-pressure 

pumping system are exposed to a strong corrosive action. 

To reduce the effects of corrosion, the use of special 

technologies for covering the plungers, which are tubular 

in shape and are hard chromed on the outside, the use of 

stainless steels based on Cr, Ni, especially at the 

manifolds of the transport system, the use of corrosion 

inhibitors, alternative chemical treatments, plating dishes 

with high-density polyethylene. 

 

Results and discussion 
 

Modeling and simulation in Solidworks for the 

components of the innovative cementing plant and 

special well operations 

A new constructive solution is analyzed and proposed 

for plunger valves based on conclusions obtained from 

the theoretical modeling study. For plungers, the analysis 

indicates the need to use some deposited materials for 

the substrate and layer, and the technologies of thermal 

spraying and metallization of the surfaces subject to 

wear are indicated. 

The study dedicated to solutions in the field of 

introduction of asynchronous motor drive contains 

elements related to the electric drive components: 

- the study of the electric actuation solution; 

- the characteristics of the asynchronous motor 

dedicated to the drive and the establishment of the 

technical specifications necessary for the design of the 

drive solution; 

- analysis of the static frequency converters that can 

be used in the engine control respecting the 

characteristics of the driven pumps; 

- solutions of electrical actuation schemes usable for 

the actuation of the cementing plant for oil wells. 

Materials used and treatments applied 

Metal steel plungers are ideal for applications that 

require resistance to abrasion, vibration, thermal shock 

and impact, as well as high mechanical strength. 

According to API 674 edition 3 - 2010 art 6.7.2.1, the 

surface of the metal plunger in contact with the sealing 

package / gasket set must be hardened or covered. The 

surface of the plunger in contact with the sealing 

package must have at least a Rockwell hardness of 35 on 

the C scale. The surface must be processed so that it has 

a roughness of Ra < 0.4 μm. 

Usually, the metal plungers used in the petroleum 

field are made in tubular form from alloy steels, such as 

OLC45 (quality steel with 0.45% C) and 

18MnCr11/18MnCr10 (alloy steel for hot processing), 

which in the classic version are plated on the outside 

with a hard layer of chrome to increase resistance to 

wear and corrosion. 

Although the solution of plating steel metal surfaces 

with a hard layer of chromium (VI) for protection against 

wear and corrosion is a technically viable solution, 

however, there are elements of risk to the health of 

operators and the environment due to the toxicity of 

chromium hexavalent - Cr (VI), which is used during 

processing. For this reason, worldwide, there have been 

research and development concerns for new, alternative 

and ecological solutions since the beginning of the 1990, 

solutions that are still being developed. Currently there 

are massive restrictions on the use of processes that lead 

to Cr (VI) emissions, such as those resulting from plating 

with a hard chromium layer. One of the procedures for 

increasing the durability of the plunger surface, which 

has seen extensive research and development in recent 

years, is thermal spraying [65]. 

Thermal spray depositions and thermochemical 

surface treatments are excellent and viable alternatives to 

use in place of the hard chrome plating method. In 

addition to the environmental reasons for using these 

alternative processes, they offer other advantages such as 

improved long-term performance: coatings with 

improved wear behavior, good corrosion resistance, low 

repair costs and maintenance, optimal level of residual 

stresses, with significantly improved fatigue behavior, 

increased lifetime, lower cost prices.
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Finite element simulation of the heat transfer 

inside the triplex pump with plunger 

The thermal effect caused by the friction of the 

materials involved in the pumping process of the main 

parts of the pump component that are subject to the 

action of physical and chemical corrosion and abrasion 

was analyzed we have made finite element simulations, 

using the Solidworks and LISA 8.0.0 software, Figure 4. 

Finite element analysis of the thermal stress and 

demands of plunger pump was performed using 

specialized software for finite element analysis using the 

one preprocessor. 

The main steps of finite element analysis software are: 

a). pattern preprocessing part plunger pump modeling 

and preprocessing model and creating finite element 

structure, determine the properties of the material of the 

piece Figure 5; 

b). Processing piece finite element model (FEM). 

- establishing the conditions for contour surfaces and 

values imposed restrictions; 

- solving the finite element method (FEM) and display 

the results for thermal analysis. 

Finite element analysis results are presented in the 

whole volume of the piece and representative sections 

for drawing conclusions on the analyzed part identifies 

the most dangerous sections following that on them to 

carry out thorough investigations. 
 

Fig. 4. Triplex pump with 

plunger 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 5. Modeling and simulation of the triplex plunger pump in Solidworks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                               a). Crankshaft with bearings                                                                                 b).  Plunger 

Fig. 6. The design and simulation in 

Solidworks of the components 

affected by wear due to the thermal 

effect of the fluids in the triplex 

plunger pump 

 

 

 

 

 

 

 

 
a). The finite element mesh and the boundary conditions 
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b). running the simulation 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) the result of simulation 

 

Fig. 7. LISA v 8.0 finite element simulation of the plunger 

 

 

 

 

 

 

 

 

 

 

 

a). Plunger pump and plunger execution drawing 

 

 

b). discretization and imposition of boundary conditions for the plunger 
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c). thermal analysis for a significant volume of the plunger 

 

 

d). Temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e). Heat flow rate 

 

 

f). heat flow along the X axis                                         g). heat flow along the Y axis 
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h). heat flow along the Z axis 

 

 

j). Heat flux magnitude 

High resistance thermal spraying using forced 

combustion of oxygen – the HVOF (High Velocity 

Oxygen Fuel) process 

For the experiments, surface coatings with Mo were 

made by the three methods on samples of different 

shapes and sizes adapted to the techniques, methods and 

standards of analysis or testing applied. For the 

realization of the preliminary experimental variants of 

surface coverings, the A5T steel (42CrMo4) currently 

used for the realization of the drive axles of the metro 

trains was selected as the support material. Alternatively, 

a steel with superior properties (34CrNiMo6) was 

considered for the realization and testing of the optimal 

molybdenum metallization options. The two types of 

steel used, Table 5. were in the form of Ø 30 mm rolled 

bars in annealed condition.  

For the preparation of the support materials, it was 

aimed to determine the optimal thermal treatment 

conditions for obtaining the mechanical characteristics 

imposed on the steel from which the tubular axles of the 

subway trains are made, starting from the premise that 

after the reconstruction by metallization of the mounting 

surfaces of the mounted axle, there should be no 

influences on service requests or projected loads. From 

this perspective, the experiments to prepare the support 

materials were focused only on determining the heat 

treatment conditions that would ensure the designed 

mechanical properties. 

For the experiments, surface coatings with Mo were 

made by the three methods on samples of different 

shapes and sizes adapted to the techniques, methods and 

standards of analysis or testing applied. For the 

realization of the preliminary experimental variants of 

surface coverings, the A5T steel (42CrMo4) currently 

used for the realization of the drive axles of the metro 

trains was selected as the support material. Alternatively, 

a steel with superior properties (34CrNiMo6) was 

considered for the realization and testing of the optimal 

molybdenum metallization options. The two types of 

steel used, were in the form of Ø 30 mm rolled bars in 

annealed condition.  

For the preparation of the support materials, it was 

aimed to determine the optimal thermal treatment 

conditions for obtaining the mechanical characteristics 

imposed on the steel from which the tubular axles of the 

subway trains are made, starting from the premise that 

after the reconstruction by metallization of the mounting 

surfaces of the mounted axle, there should be no 

influences on service requests or projected loads. From 

this perspective, the experiments to prepare the support 

materials were focused only on determining the heat 

treatment conditions that would ensure the designed 

mechanical properties.
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Table 5. Chemical composition (% mass) of the steels selected for experiments [73] 

EN 10083 W. Nr. C Si Mn P S Cr Mo Ni 

42CrMo4  1.7225 0,38-0,45 < 0,40 0,60-0,90 < 0,035 < 0,035 0,90-1,20 0,15-0,30 - 

34CrNiMo6 1.6582 0,30-0,38 < 0,40 0,50-0,80 < 0,035 < 0,035 1,30-1,70 0,15-0,30 1,30-1,70 

 

In order to evaluate the metallized layers, the 

following morpho-structural and mechanical 

characteristics were investigated, considered to be 

essential for validating the optimal solution of surface 

coatings for the protection and dimensional 

reconstruction of the components: 

- microstructural characterization by analyzing and 

processing SEM images (surface and cross-sectional 

microstructural characteristics, porosity, substrate-

coating adhesion/coating layers, thicknesses and 

diameters of splats, cracks, inclusions, etc.); 

- topographic characterization of the coatings 

(roughness determined by mechanical palpation, 1D and 

2D roughness determined based on three-dimensional 

images - stereo images); 

- vickers microhardness measurements; 

- determination of the modulus of elasticity; 

- determination of the breaking toughness of the 

coatings; 

- determination of adhesion resistance on raw and 

rectified surfaces with thicknesses of the metallized layer 

in the range of 100 - 600 μm; 

The results obtained during the experiments 

highlighted: the investigated Mo metallized layers 

present particular microstructural characteristics 

determined by the thermal spraying methods used, 

characterized by successive layers of flattened particles, 

scattered upon impact with the substrate, with porosities, 

cracks and oxidized particles.  

Although all three methods result in metallized layers 

with a similar anisotropic structure, the flattened particle 

sizes are inversely proportional to the impact energy 

determined by the thermal spraying method: at high 

impact energies (HVOF) smaller flattened particle sizes 

result (Daverage = 37 μm), compared to the APS method 

(Dmean = 93 μm) and electric arc (Dmean = 138 μm). 

The same tendency was determined for the thickness 

of the flattened particles (h) and the degree of 

deformation of the particles (ξ). 

A direct correlation was determined between the sizes 

of the flattened particles and certain intrinsic properties 

of the metallized layers: in the case of smaller sizes 

(HVOF), more compact and denser coatings result, with 

higher tenacity, with a level of internal porosity and a 

higher surface roughness reduced, compared to the 

coatings obtained by electric arc or plasma jet. 

Although metallization by APS produces flattened 

particles of smaller sizes, coating layers with greater 

compactness and a lower level of porosity than in the 

case of the electric arc metallization method, the 

difference of approx. 1% regarding the determined value 

of the density (8.86 g/cm3 for APS and 8.97 g/cm3 for 

AE) can be associated with a higher content of oxidized 

particles in the coating layer.  

The much higher spraying temperature in the case of 

the APS process generates a higher content of Mo oxides 

which have a much lower density than pure Mo. As a 

general finding, in the case of layers deposited by 

thermal spraying by different methods, the presence at 

the microstructural level of oxide inclusions, pores and 

discontinuities that generate different levels of 

compactness, the determined values of the density are 

lower than those of the pure metal from which originate 

Determining the fracture toughness by 

microindentation of the investigated metallized layers 

showed a tendency to increase the fracture toughness 

values depending on the indentation load, in both 

indentation directions (parallel and perpendicular to the 

interface with the substrate), for all three types of 

coatings of molybdenum. 

The evaluation of the usage properties of the 

molybdenum coatings, adhesion resistance and 

tribological properties, revealed the fact that larger sizes 

of the flattened particles obtained by electric arc 

spraying determine a better behavior of the metallized 

layers. 

In order to evaluate the specific rate of wear for the 

layers metallized with Mo by the three thermal spraying 

methods used, additional micro-abrasive wear tests were 

carried out for the same friction duration of 900 sec. 

corresponding to the transition point between the break-

in period and the stable wear period, previously 

determined. For comparison, a set of determinations was 

also performed on 34CRNiMo6 steel samples; 42MoCr4 

unmetallized.  

The experimental results indicate that the specific rate 

of wear for samples metallized with Mo by electric arc is 

lower than in the case of metallization by APS.

Fig. 8. Procedeu de depunere HVAF prin pulverizare a 

carburii de wolfram pe un plunger de pompa [76] 
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Analysis of samples of heat treated parts by electron 

microscopy SEM and EDAX spectrometry 
For the tests and experimental measurements were used 

samples of plunger made of steel C45-RO1.0503 

Micro structural analysis of plunger, was performed on a 

scanning electron microscope VegaTescan LMH II 

SEM, working - 46 High using detector type LFD (Large 

Field Detector), acceleration voltage electron beam used 

was 30 kV, and working distance was 15 mm. From the 

analysis of samples by electron microscopy SEM shows 

that if the heat treatment 

of pearlite grains are coarse classic uniformly distributed 

in the ferrite matrix therefore blade material's mechanical 

properties are reduced, the piece has a reduced durability 

and low mechanical strength. 

Fig. 9. The test pieces taken from heat-treated 

 

 

 

 

 

 

 

 

 

EDAX analysis was performed on the sample surface 

layer to highlight its chemical composition is observed 

the presence of chemical elements Fe, C, Mn, S, Si and 

O2 in different proportions corresponding to the chemical 

composition of steel C45-RO1.0503. Determination of 

chemical composition of the material for plunger EDAX 

spectrometry was performed on a scanning microscope 

SEM electrons VegaTescan LMH II concentrations 

determined by mass spectrometry EDAX elements of 

sample material taken from the plunger specified in table 

6. Bruker  Quantax AXS Microanalysis GmbH, 

Germany 

Results Acquisition 4588               Date: 26/09/2023

Table 6 Chemical composition of the material sample in percent by mass. 

Element AN Net 
[norm. 

wt.%] 

[norm. 

at.%] 

Error 

in % 

Iron 26 145203 99,106 97,202 2,54 

Oxygen 8 3832 0,227 1,508 1,02 

Manganese 25 5935 0,284 0,237 0,14 

Carbon 6 1756 0,208 0,795 0,48 

Sulfur 16 2605 0,154 0,219 0,10 

Silicon 14 206 0,021 0,039 0,05 

  Sum: 100 100  

In samples from the furnace heat treated plunger 

management system based on a step predictive algorithm 

is found that iron is observed following elemental 

analysis is found uniformly distributed in the base 

material as can be seen in the distribution map. The 

oxygen is uniformly distributed in the base material at 

many generally it is in the form of oxides. Carbon is 

present in the iron alloy, uniformly distributed, but is 

observed uniformly dispersed islands alloys thereof 

chemical compounds with Mn, S and Si. Manganese is 

contained in the form of islands uniformly dispersed 

large mass of the base material. 

Sulfur is a small scale and appears in different alloys 

with Fe, Mn, C, uniformly dispersed in the base material. 

Silicon is insignificant and appears only as an alloying 

element to the base material. 

Chemical and elemental analysis, samples taken from 

plunger, heat treated in a furnace that has implemented a 

management system structure predictive control 

algorithm based on a step is shown in Figures 10 and 11.

Fig. 10 Map of the distribution of chemical elements for the 

piece EDAX elemental chemical analysis a) SEM image b) 

EDAX elemental chemical analysis 
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Microstructures analysis of low power plunger made of 

steel C45-RO1.0503, performed on a scanning 

microscope SEM electrons VegaTescan LMH II are 

shown in the following figure. 

Name of sample material: steel C45-RO1.0503 

Chemical composition: C = 0.49%; Mn = 0.24%; Si = 

0.039%; S = 0.22% 

Scanning electron microscopy (SEM)    

Length bar: 20 μm 

Description: carbon steel microstructure - ferrite and 

pearlite grains distributed in plunger. 

 
Fig. 11.  Map of the distribution of chemical elements for the piece heat treated  

 
all elements map                               Fe map                                     C map                                    Si map 

 
Fig. 12. SEM image of pale material heat treated 

in heat treatment furnace temperature sensitive 

thermostatic controlled with a PID one step ahead 

controller 

 

 

 

 

       

       

 

 
                              a) micrographs M1             b) micrographs M2 

 

From the analysis of samples by electron microscopy 

SEM shows that if the heat treatment of pearlite grains 

are coarse classic uniformly distributed in the ferrite 

matrix therefore plunger material's mechanical properties 

are reduced, the plunger has a good running low, low 

durability and low mechanical strength. 

We mention that there is an compliance reliably between 

hardness and mechanical characteristics and plasticity of 

the plunger so resistance high hardness and a uniform 

distribution of microcrystalline phases (ferrite and 

pearlite) ensures high durability and toughness to play a 

positive effect on time to good works plunger 

simultaneously increasing the capacity of taking 

hydraulic shock due to fluid flow in pump, also increases 

resistance to corrosion and cavitations wear the plunger. 

The experimental results are taken from data acquisition 

board installed in the control system of electric furnace 

for heat-sensitive treatments. The chemical, physical, 

mechanical and structural were highlighted by 

experimental laboratory determinations were performed 

on standard test specimens, specific tests. 

Determination of chemical composition by EDAX 

spectrometry allowed a comparative analysis of the 

distribution of chemical elements in samples of material 

palettes microcell reveals the fact that if the heat-

treatment furnace control system based on predictive 

algorithm on a step more uniform dispersion of chemical 

elements is relatively samples heat treated in an furnace 

with PID control system that enables the conversion of a 

greater percentage of austenite pearlite dispersed to 

obtain uniform fine structure that leads to an 

improvement of the mechanical properties of the part. 

From the analysis of samples by electron microscopy 

SEM shows that if the heat treatment of pearlite grains 

are coarse classic uniformly distributed in the ferrite 

matrix therefore plunger materials mechanical properties 

are reduced, the plunger has a good running, low 

durability and low mechanical strength. 

If the heat treatment temperature sensitive heat treatment 

furnace realized ordered thermostatic control systems 

with PID one step ahead structure of the material 

consists of fine pearlite crystalline grains uniformly 

distributed in the ferrite matrix, the mechanical 

properties are superior parts have a resistance high 

mechanical wear and high toughness. 

 

Conclusions 
The carrying out of cementing and cracking operations at 

the oil well requires specific conditions that require the 

establishment, on a scientific basis, of the criteria for the 

selection and efficient use of the related equipment, the 

equipment/aggregates are characterized by the maximum 

pressure, this parameter being also a coding index. In 

principle, aggregates with pressures up to 700 bar are 

intended for cementing operations, those with pressures 

greater than 700 bar are also intended for cracking 

operations. 

    The operating time of the cementing or fracturing 

aggregate is much lower, compared to that of the drilling 

machines, being estimated at approximately 1500 hours 

annually. Of this working time, the operation of the 

aggregate at maximum parameters represents a fraction 

of the order of 20-30%. 
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The equipment must ensure the optimal operating 

parameters in order to carry out the operation 

successfully, the design of aggregates takes into account 

the degree of use, taking into account a total number of 

hours for the dimensioning of bearings, gears or other 

organs, much less than for machines with a continuous 

operating time and constant load. This hypothesis leads 

to the creation of equipment components of the 

aggregate, with as little weight as possible, an essential 

condition for a mobile pumping aggregate. 

It is also taken into account that for a certain flow rate 

and pressure, the dimensions of the pump, and therefore 

its weight, are determined by the length of the stroke and 

the speed of the crankshaft. 

    - the design of the cementing/fracturing operation also 

involves the selection and use of the most appropriate 

fracturing fluids and support materials. The quantity of 

these components and the way of injection are essential 

for the success of the operation. 

    - the equipment must ensure, through their 

components, an increased resistance to corrosion and 

abrasion, taking into account the fact that the fluids 

involved in these operations have a strong corrosive and 

abrasive effect. 

Within the work, the materials used and the coating 

techniques with corrosion and wear -resistant layers are 

approached to increase the durability of the plunger, key 

element in the functioning of the pump with high 

pressure. A large analysis of the thermal spray 

procedures used in recent years with very good results in 

the practice of the execution of the complaint has been 

performed. They were identified and selected as 

representative: thermal spraying / metallization with 

flame (fuel) high -speed (HVOF) and high resistance 

thermal spray using a lower oxygen concentration - 

HVAF. All the components of the equipment for which 

innovative solutions and integrated novelty elements 

were presented were presented, so for the triplex pump 

with plunging: they were studied: 

- various constructive variants for the sealing package of 

the plunger, integrated according to the conditions that 

will be established in the design stage (working 

pressures) 

- Constructive solutions for Plunger, integrated 

according to the conditions that will be established in the 

design stage 

- treatments for the protection of metal complaints 

against corrosion and wear; 

- Treatments to increase the durability of the plunger 

surface by depositing under plasma jet 

- The use of modern materials identified in the study for 

plunging considering the behavior of the substrate 

material for different applicable treatments. 
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