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ABSTRACT

Features of centrifugal plasma surfacing using powders of three different alloying systems based on iron and nickel were stud-
ied. It is found that at centrifugal plasma surfacing the iron-based test powder has the best welding-technological properties.
It allows producing deposited metal of 200Kh15D2MS2R type. The layer deposited with this powder, has a microstructure of
uniform height and ensures increase of the sleeve wear resistance 5—6 times, compared to batch-produced ones, which are made
from steel 70 and quenched by HFC. A design of the bushing component is proposed with replaceable surfaced sleeve, which
is more adaptable to fabrication and allows repairing it by simple replacement of the worn sleeve.
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INTRODUCTION

Drilling pumps are used in oil and gas industry for
well washing during drilling [1]. Maintaining the
high pressure and required flow rate of the solution
for washing in the well depends predominantly on re-
liable operation of the cylindrical bushing-piston pair.
Unfortunately, because of the high content of abra-
sive particles in the solution, the cylindrical bushings
quickly wear and fail.

Bushings are made from 70, 95Kh18, Kh12MF
tool steels. Steel 70 is the most common as the most
accessible and inexpensive. However, bushings made
from this steel only last 150-200 h before they go out
of service, which is obviously not enough. Different
methods are used to strengthen the bushing working
surface, in order to increase the bushing wear resis-
tance. Hardening with high frequency currents (HFC)
is the most widely used in practice [2, 3].

Bimetal bushings are also used, which were pro-
duced by centrifugal casting. The working layer from
high-chromium cast iron ChKh28 15-20 mm thick,
which is formed at pouring, is hardened by HFC to
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Figure 1. CPS diagram: / — power source; 2 — plasmatron; 3 —
circular weld pool; 4 — filler powder; 5 — part; 6 — lathe chuck
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hardness HRC 62—65. The service life of such bush-
ings reaches 600—800 h that is quite acceptable in
most cases [4].

Also known is application of bushings with a ce-
ramic insert, which ensures the operating time of up
to 3000 h. They, however, are very expensive and are
very seldom applied [5].

PWI proposed application of the method of cen-
trifugal plasma surfacing (CPS) to increase the bush-
ing wear resistance [6, 7]. The essence of this method
consists in surface melting of a layer of filler pow-
der, which is predeposited on the surface of the pro-
cessed part by the direct plasma arc, burning in argon
between the nonconsumable tungsten electrode and
the item. During surfacing the part rotates at a certain
speed in the upgraded lathe chuck (Figure 1).

The main advantage of CPS is the possibility of
deposition of relatively thin (2.5-3.0 mm) layers of
wear- and corrosion-resistant material with a high
productivity and smooth surface that allows mini-
mizing the machining. However, at CPS a structural
heterogeneity by height (thickness) of the deposited
layer can develop as a result of the possible different
specific density of the structural components of the
deposited metal. Such a structural heterogeneity can
have a negative effect on the deposited metal service
properties.

The objective of the work consists in selection of
wear-resistant powders, suitable for centrifugal plasma
surfacing of the bushings, studying their welding-tech-
nological properties, microstructure and wear resistance
of the deposited layers. It was also necessary to develop
the design of the bimetal bushings, perform their surfac-
ing and subsequent experimental-industrial testing under
different climatic conditions.
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Chemical composition of the studied types of the deposited metal

Type of deposited metal Weight fraction of elements, %
Number
(powder grade) c Si B Cr Ni Fe Mo Others
1 N75Kh15S4R4(PG-SR4)" 0.74 3.25 3.74 16.2 2.1 - —
2 250Kh30S2R(PG-AN1)" 2.21 2.15 1.61 29.6 Base Base Base 2.08 Mn
3 200Kh15D2MS2R (test) 2.24 2.43 1.31 14.9 1.15 2.12 Cu0, 0.48 Al-Ce
"Made to GOST 21448-75 [8].

MATERIALS AND PROCEDURES
FOR CONDUCTING EXPERIMENTS
AND INVESTIGATIONS

Selection of powders for surfacing was based on the
technological features of CPS method, and require-
ments made of the deposited layer of the bushings.
The deposited metal meeting these requirements,
should be resistant to abrasive and hydroabrasive
wear, cavitation, and should have high enough corro-
sion resistance and casting properties.

Three powders were selected for studying and surfac-
ing the test bushings, which ensure producing wear-re-
sistant nickel- and iron-based alloys (see Table).

Alloy No. 1 is a well-known self-fluxing nick-
el-based alloy. It has a high wear-resistance, low melt-
ing temperature (1050—1100 °C) and excellent casting
properties.

Alloy No. 2 is a high-chromium cast iron, which
is additionally alloyed by boron to improve the wear
resistance and casting properties.

Alloy No. 3 is an iron-based experimental alloy,
specially developed for CPS, taking into account the
technological features of this surfacing method. It is
additionally alloyed by 0.5 % alumocerium for refin-
ing its structure.

The welding-technological properties of the pow-
ders were studied at surfacing samples in the form of
thick-walled bushings, which simulate the real parts.

1.5 mm from the fusion line

Bushing dimensions are as follows: inner diameter
of 100 mm, outer diameter of 160 mm and length of
200 mm. Surfacing modes were selected, taking into
account the investigation results [6, 9]. The evaluation
criterion was the number of cracks in the deposited
layer, presence of unevenness, slagging and pores on
its surface, as well as a metallurgical bond between
the main and deposited metal. The samples cut out
of these bushings were used for investigation of the
microstructure, hardness and wear resistance of the
deposited metal.

INVESTIGATION RESULTS
AND THEIR DISCUSSION

Investigations of the surfaced samples showed that
all the three powders ensure good formation of the
deposited metal. The deposited layer surface is quite
smooth with a slight oxide film build-up which can be
easily removed. Pores and slagging are absent.

However, longitudinal cracks were detected in the
deposited metal of all the three types. Their greatest
number (3) of them was in deposited metal No. 2.
They could not be avoided, either by increase of sur-
facing heat input, or preheating application. Appear-
ance of cracks could be completely avoided only due
to reduction of the bushing wall thickness to 15 mm.
In this case they are more uniformly preheated and
become less rigid.

Fusion zone

Figure 2. Microstructure (x320) of metal deposited by centrifugal plasma method: a — deposited metal N75Kh15S4R4; b — deposited
metal 250Kh30S2R; ¢ — test deposited metal 200Kh15D2MS2R
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Figure 3. Hardness (a) and wear resistance (b) distribution by the thickness of the layer deposited by the centrifugal method by PG-SR4

(1), PG-AN1 (2) powders and test powder (3)

At CPS, formation of the deposited metal structure
has its features. The deposited metal layer forms at
slow cooling and under the conditions of the action
of considerable centrifugal forces (up to 50 g), which
may lead to structural heterogeneity by deposited lay-
er thickness, as a result phases liquation, because of
their different density.

Microstructural studies of deposited metal No. 1
and No. 2 showed that two zones can be distinguished
in them: a eutectic one of 0.3-0.4 mm length at the
fusion line and hypereutectic one with large primary
carbides and chromium carboborides in the middle
and upper zones of the deposited layer (Figure 2, a,
b). These carbides as lighter ones, are driven upwards
and are located in the direction of heat removal. No
noticeable structural heterogeneity was revealed in
deposited metal No. 3 (Figure 2, ¢). The microstruc-
ture is of a eutectic nature along the entire thickness of
the layer without any large primary carbides or chro-
mium carboborides.

The eutectic and hypereutectic zones of deposited
metals No. 1 and No. 2 differ also by their hardness.
In deposited metal No. 1 it increases in the direction
towards the surface, and in the deposited metal No. 2,
it, contrarily, decreases (Figure 3, a, curve / and 2).
Unlike that, hardness across the thickness of depos-
ited layer No. 3 is stable (Figure 3, a, curve 3). It is
equal to HV'5 700-720.

From two sides
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Figure 4. Design of the composite bushing of U§S-6MA2 drill
pump with the surfaced sleeve: / — surfaced thin-walled sleeve;
2 — case

Considering the structural heterogeneity of the
deposited metal across the deposited metal thick-
ness, the wear resistance of each of its zones was
studied separately. For this purpose the layer was
ground to different depth with a step of 0.5 mm.
Testing conditions were selected so that linear wear
of the sample in the studied zone did not exceed
the above-given value. Testing was conducted in
NK-M machine [10]. Testing parameters were as
follows: sliding speed of samples of 0.6 m/s; mean
specific pressure per sample of 0.5 MPa, friction
path of 400 m. Quartz sand was used as abrasive.
Test results are given in Figure 3, b.

As we can see, wear resistance of deposited metal
Nos 1 and 2 differs in different zones, although insig-
nificantly (15-20 %). It is in a certain correlation with
hardness, i.e. with hardness increase in the hypereu-
tectic zone for alloy No.1 the wear resistance becomes
higher, and with its decrease for (alloy No. 2) it also
decreases.

Wear resistance of the studied deposited metal
No. 3, similar to its hardness, is at a very high level
across the layer thickness, and changes only slightly,
making this type of deposited metal a highly promis-
ing material for CPS of bushings.

EXPERIMENTAL-INDUSTRIAL
VERIFICATION OF INVESTIGATION
RESULTS

Proceeding from the conducted studies, powders
Nos 1 and 3 were selected for surfacing the test parts,
which showed the best results as to wear resistance.
When manufacturing the bushings, the design of a
composite bushing was realized, which consists of
a thick-walled case and thin-walled surfaced sleeve,
which is put into it by a hot fit (Figure 4).

The case and sleeve material is steel 20. The bush-
ing components, despite the higher labour content of
their manufacturing, have several advantages, com-
pared to monolithic ones:
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Figure 5. UD-251 experimental unit for CPS

e surfacing a thin-walled sleeve (10—12 mm) is less
energy-consuming, simpler in terms of prevention of
cracks in the deposited layer and more efficient;

e compressive stresses, developing in the deposit-
ed metal at sleeve pressing, are favourable for its ser-
viceability, as they lower the tensile stresses, arising
at bushing operation under the impact of inner work-
ing pressure;

e composite bushings are repairable due to the
possibility of replacement of the worn bimetal sleeve
by a new one, while preserving the old thick-walled
case that allows saving a lot of metal and lowers the
labour cost.

Surfacing the test sleeve billets was performed in
UD-251 machine, which is based on a lathe, with two
plasmatrons simultaneously (Figure 5).

The deposited layer thickness was selected, pro-
ceeding from the extent of admissible wear, machin-
ing allowance and billet shrinkage, resulting from
their heating at surfacing. Average thickness of the
deposited layer was in the range of 2.5-3.0 mm, after
grinding it was 1.5-2.0 mm.

At the first stage 10 bushings for US-6MA2 pump
were made, of which 4 bushings of 180 mm diam-
eter were surfaced by powder of alloy No. 1, and 6
bushings of 160 mm diameter — by powder of alloy
No. 3. A sample of the surfaced bushing with partial
grinding is shown in Figure 6.

Figure 6. Appearance of a surfaced bushing of 160 mm diameter

500 pm
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Figure 7. Profilograms of worn surfaces of drill pump bushings, sur-
faced by powders of N75Kh15S4R4 (/) and 200Kh15SD2MS2R (2)
Trials of the test bushings were conducted in West
Ukraine at turbine drilling. Testing conditions were
as follows: drilling depth — up to 2500 m, pres-
sure in the pump — 11-14 MPa, solution density of
1.11-1.18 t/cm?, static shear stress (SSS)-5/10, abra-
sive content in the solution — 3—5 %. Test procedure
envisaged test bushing operation in the same pump in
a pair with batch-produced one, which was made from
steel 70 and strengthened by HFC hardening. In those
cases, when batch-produced bushings failed earlier
than the test ones, they were replaced by new ones.
Pistons with rubber collars of “Neftemashremont”
Plant, Baku, TU 26-02-1059—87 were used at testing.
Comparative testing of the surfaced and batch-pro-
duced bushings showed that the nickel-based deposit-
ed metal No.1 (N75Kh15S4R4), despite its rather high
hardness HRC 59, has low resistance, particularly at
higher pressure of the washing solution. After 100 h
of operation at turbine drilling the bushing wear was
0.6 mm per side. Deep longitudinal scratches were de-
tected on the deposited layer surface (Figure 7, a), as
well as cavitation damage centers.
More over, the piston rubber collars failed very
quickly at operation in a pair with this alloy (Figure 8).
The pistons had to be replaced every 20 h of oper-
ation, whereas in a pair with batch-produced bushings
they last 70-80 h. The cause for such a phenomenon

Figure 8. Appearance of the piston with rubber collars after study-
ing a bushing deposited with powder of N75Kh15S4R4 alloy
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can be the low heat conductivity of the nickel alloy,
causing poor heat removal from the friction zone of
the rubber collar and deposited working layer of the
bushing. Under these conditions, the rubber has enough
time to heat up to destruction temperature and fail.

Bushings, which were surfaced by powder of iron-
based test alloy (200Kh15D2MS2R) showed quite
high resistance. Average operating life is equal to
1150-1200 h that is 5-6 times higher that the resis-
tance of batch-produced parts under these conditions.
Some of the parts after 1200 h of operation did not
exhaust their expected useful life and were removed
from testing, due to completion of drilling operations.

Investigation of working surfaces of the bushings
after testing showed that they also have longitudinal
scratches. However, the microroughness height is
much smaller than in the two previous cases (Fig-
ure 7, b). No “flushing”, characteristic for batch-pro-
duced bushings, was observed on any of the surfaced
bushings. It should be also noted that the service life
of the pistons in a pair with bushings, surfaced by
powder of test alloy No. 3, is 1.5-2.0 times higher,
compared to batch-produced bushings, that is, proba-
bly, attributable to more favourable microrelief of the
working surface and higher heat conductivity of the
working layer.

Several more batches of the bushings surfaced by
the test alloy powder, were manufactured and tested
which also confirmed their high serviceability.

CONCLUSIONS

1. Centrifugal plasma surfacing is an efficient method
to improve the pump bushing wear resistance. Op-
timum thickness of the deposited layer, proceeding
from the service conditions and machining allowanc-
es, 1s 2.5-3. 0 mm.

2. Test powder 200Kh15D2MS2R was proposed,
which completely meets the needs of centrifugal plas-
ma surfacing and ensures high wear resistance of the
metal deposited with this powder. Drill pump bush-
ings, surfaced with this powder, during performance
of work in West Ukraine, demonstrated 56 times
higher resistance, than batch-produced ones, made of
steel 70 and strengthened by HFC hardening. Increase

of resistance of pistons with rubber collars 1.5-2.0
times was also noted here.

3. The developed design of a composite bushing
with a replaceable sleeve is quite efficient techno-
logically and ensures a high performance of the drill
pump. Owing to repair possibilities it allows saving a
considerable quantity of the deficit metal.
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Henry Ford (1863-1947) died. He was an US industrialist, owner of car factories
all over the world, author of 161 US patents. Henry Ford organized mass production of cars on an
assembly line, and focused on application of resistance, arc and gas welding instead of forge welding
and riveting. The design of the chassis, bodies, exhaust pipes, tanks and a number of other assem-
blies and parts was created already taking into account the welding technology capabilities. Chassi
in the form of a frame was welded by oxyacetylene flame at first, and then by consumable electrode

arc. A significant part of the joints were made by resistance butt, seam and spot welding.
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