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The working surfaces of the made from 40Kh sted push rods for oil-field pumps was treated by electric-spark
buildup procedure using electrodes from T15K6 and VK8 alloys. The eectric discharge between processed detail and elec-
trode promotes to precipitation of the alloy elements and surface renewal. The high-strength surface layer with thickness
10...35 pm mainly containing the carbides was formed. Investigation of the surface layer structure a high resolution alow to
study of surface morphology of treated detail.
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Introduction

The process of oil occursin complex technological environments and is interrupted by damage to any
item of equipment. It causes significant economic losses not only because of interruption of oil, but because of
various complications from the accident. One reason for such contingencies may be particularly premature fail-
ure of ailfield pumps. Experience of operation shows that their most vulnerable spot is the surface friction be-
tween the rod and deeve, wear seal along which can lead to cardiac pump. In addition to intensive wear during
the friction pair " rod - cuff " most stocks are subject to more and hydro- abrasive wear, caused by pumping lig-
uid washing containing weights and particle species, falling to her during drilling.

To improve resource stocks mud pumps use chrome or cementation (to a depth of 1,5 ... 2,0 mm, fol-
lowed by high frequency quenching [1]) of the surface. By using these types of surface strengthening resource
stocksis ~ 150 hours[2], which does not provide a sufficient duration of operation of equipment.

There are also other methods to improve wear resistance rods: surface plastic deformation a rationd jet
hydro processing [3], covering work surface enamel rod, followed by grinding [4], plasma spraying powders
[5]. However, the disadvantage of these methods is the difficulty of drawing materials, low performance and so
on. Enamel covers and covers using plasma spraying with cavities and cracks, and during the operation they un-
dergo delamination and chipping [6]. These short comings hinder their widespread practical use in the oil indus-
try. There fore, finding an effective technology to restore and strengthen the surface layer of working under in-
tense waterjet wear and corrosion, remains problematic.

Basic material

Pur pose - to devel op a method of restoring worn surfaces of rods oilfield pumps using electric- increas-
ing doping and surface friction.

Description of the process. Spark aloying is to strengthen the surface of the part under the influence of
electric- discharge [7]. Spark discharge occurs between two e ectrodes, which supplied DC voltage 10 - 200 V
power adapter for 0,2 - 150 A. In this case, the surface of the cathode (work piece) for achieving energy equiva-
lent electron work function, electrons begin to fly. Walking to the anode, they are accelerated in the between the
electrode space and ionize the air. The number of ions and dectronsincreases and there is a spark discharge cy-
cles. Therate of the spark is 10 ... 107 s*, and the time of burning is minimal. During the bombardment of the
anode, dectrons are knocked out of him, ionsthat travel to the cathode and deposited on it. Thus, the surface of
the anode is destroyed (electrical erosion), and on the surface of the work piece (cathode) formed cover. For con-
tinuous combustion spark eectrodes converging the distance required to cause a spark, usng a high-frequency
vibrator. Astheions fly through the air, while there is a possibility of formation of nitrides and oxides and com-
plex reinforced layer doping ion anode material, nitrogen and oxygen. Also the emergence of local outbresks
temperature under eectric- discharge creates conditions for quenched surface layer, which further enhances its
durability.

To strengthen accustomed to using electrodes made of graphite, ferrochrome, aluminum, white cast
iron, hard alloy T15K6 and iron boron, or other conductive materialsto ensure that hardened surface with prede-
termined properties.

The used equipment. To restore the surface of therod used industrial equipment “Elytron-24A” for dec-
tric- doping [8], which in productivity of 0,3 ... 10 sm%hv lets you get hardened layer thickness of 0,25 ... 2 mm. A
general view of the equipment shown in Fig. 1. System is equipped with three blocks accumulation of electrical
energy, which made it possible to implement different modes of Electrical discharge machine. It isfed by AC at
50 Hz for 220 V + 10 %. Add consumes 0,6 kW. Average productivity of the formation of the surface hardened
layer was 5 mm?/s, and its thickness - 50 microns. The arithmetic mean deviation of the profile does not exceed
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20 microns, ensuring high quality machined surface (5 - 6 students). Parameters measured intensity profile used
to strengthen the quality and extension of the surface. Increasng power intensified every single category and asa
conseguence - the transfer of particles from the el ectrode to the workpiece surface.

Fig. 1- A general view of the equipment " Elytron - 24A":
1, a—vibration exciter; 2, a—4, a—storage units, 5, a— PSU,
and stand for the application of electric-cover on the pump shaft
1,b—"Elytron-24A" 2, b and 3, b —rod pump and vibrator mounted, r espectively, on the caliper s cam lathe

To obtain a uniform rod cover on the pump, it fixed in cam and vibrator - the caliper screw- cutting
lathe 1620 (Fig. 1, b). For high performance application cover used in the following modes of the machine; Spin-
dle speed N = 0,75 s, giving S= 0,455 mm/rev.

For electrodes for electric capacity and strengthening rod pump is made of sted 40X, used and hard-
aloy plates T15K6 BK8. Surface of the rod enlarged in 4 passes using different power level. Mode extensions
aregivenin Table 1.

Tablel
Material and surface modes of extension rod pump
Regime | Electrode | Capacity of power The amplitude of Thefrequency of | Theenergy of a
savings, uF the pulsevoltage, V | Vibrationof the | single pulse, J
instrument, Hz
Tl T15K6 60+ 8 75+ 15 390+ 70 0,22
T2 VK8 150 + 15 75+ 16 250 + 50 0,42
T3 300 + 30 71+15 125+ 25 0,75
Bl 60+ 8 75+ 15 390+ 70 0,22
B2 BK8 150 + 15 75+ 16 250 + 50 0,42
B3 300 + 30 71+15 125+ 25 0,75

After applying the surface layer of hardened rods cut timber and made of them by grinding [9]. For di-
gestion patterns using 3 % alcoholic solution of HNO3. Metallographic analysis of thin sections conducted on an
optical microscope Neofot 21. Microhardness (by weight 20 g) measured in the 10 ... 15 points and determine
the average.

Determining the length of reinforcement. Rate of formation of the layer and its properties depend on the
power of eectric- discharge electric- strengthening specific duration (duration of electric- strengthening unit sur-
face smm?) and velocity relative to the electrode surface [10]. With increasing discharge power hardened layer
thickness to increases, but the microhardness HV decreases (Fig. 2). The increase in layer thickness to with in-
creasing discharge power P due to the increased mass transfer. While the reduction caused by local overheating
HV surface. This increases the diffusion mohility items doping decreases their concentration on the surface, and
thereis supply of hardened layer [10].

Specific duration srengthening also affects the properties of the hardened surface (Fig. 2). In generd,
with increasing discharge power and reduce its better to work on a specific length of more than 1,5 Smm? inap-
propriate. In principle, each share of power there is a critical length of reinforcement, in which strengthening
layer collapses and stops.

The frequency of movement of the electrode relative to the treated surface affects the thickness of the
hardened layer: it decreasing to increases. But for reaching the critical thickness strain in a reinforced layer
growing on the surface appear dark spots and cover collapses.
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Fig. 2 - Effect of electric-dischar ge power P during surface alloying of the thicknesst (a) and microhardness HV
(b) har dened steel layer 45 by strengthening specific length 1 (1) and 6 (2) mm?

Theresearch results

The typical structure of extension rod to the surface layer obtained by using as an anode carbide VK8
and T15K 6 shown in Fig. 3. During implementation are listed in Table. Thickness extension mode 1 layer on the
surface of the rod (light strip in Fig. 3) ranged from 8 to 20 microns. This layer is practically not subject to
digestion, indicating a significant concentration of alloying elementsin it.

Fig. 3- Effect of electric-discharge power P during surface alloying of the thicknesst (a) and microhardness HV
(b) har dened steel layer 45 by strengthening specific length 1 (1) and 6 (2) mm?

Microhardness of the resulting layer varied depending on the used mode of treatment from 10 to 22 GPa
(Fig. 4). The maximum microhardness (~ 21,5 GPa) recorded for implementing the regime T2 using hard aloy
electrode T15K6. Microhardness extension layer by using the same electrode, but other modes of application
does not exceed 11 GPa. The average microhardness of extension layer for use in processing BK 8 electrode does
not exceed 11 ... 14 GPa. Microhardness highest for Using the B3 (Fig. 4).

Microhardness of base metal (sted 40X) directly beneath the deposited layer was 1600 ... 1900 MPa,
which istypical for ferrite steels as part of the ferrite-pearlitic structure.

T1 T2 T3 Bl B2 B3
Pexxumu 3MinHeHHsI

Fig. 4 - Effect Change of microhar dness HV depending
on the used mode processing, which deciphered in Table 1
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The high microhardness extension layer can be explained only by a high concentration of aloying
elementsin it . Electron microscopy and X-ray microanaysis suggest that the surface layers formed nitrides and
carbides of alloying elements that act in the surface layer during the eectric-treatment. In particular, accrued
layer formed by alloying sted dectric- 40X T15K6 hard aloy consisting mainly of titanium and tungsten
carbide . This surface layer has high hardness and can predict that it will provide its high abrasion and corrosion
resistance.

Conclusion

The use of eectric-surface aloying components operating under conditions of friction and abrasion-
erosion wear, makes it possible to recover their workability and extend their life. Thisis achieved by doping the
surface layers in the field of dectricd discharge. In the surface layers of the metal carbides formed on nitrides,
which significantly increases the microhardness.

In the case of an alloy to strengthen steel 40X T15K6 received maximum microhardness of 21.5 GPa,
which provide titanium and tungsten carbide.
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[Moctynuna B penakuito 13.05.2014

[pynsko LBb. Jocaixxkenns mpouecy BiHOBJICHHsI PO3MIPHHMX IapaMeTpiB IITOKIB HacociB HadTorasosoro
TEXHOJIOTIYHOr0 TPAHCHIOPTY €JIEKTPOiCKPOBHM JICTyBAHHSM.

MeTo/10M eIeKTPOiCKPOBOr0 HapOIyBaHHsI €IeKTpoiaMy 3 TBepociuiaBHuX 1wiacTul T15K6 Ta BK8 06pobisuti podoui
TIOBEPXHI IITOKIB HA(TOIPOMHCIOBUX HacociB 3i crani 40X. Enexrpudnuii po3psig Mixk 0OpOOIIFOBaHOIO JETAILTIO 1 €JIEKTPOIOM
CIIPUSIE OCA/DKEHHIO SJIEMEHTIB JIETYBAHHS T BiTHOBJICHHIO NOBEPXHi. [Ipy I5bOMY yTBOPIOETHCSI BUCOKOMILIHYIA IIOBEPXHEBHIT IIap
3aToBIIKH 10...35 MKM, SIKHil B OCHOBHOMY MICTUTh KapOim. JIOCIiJDKeHHS! CTPYKTYPH TIOBEPXHEBOIO LIapy AeTajei 3a BUCOKOL
PO3IUTBHOL 3AATHOCTI JO3BOJIMIIO CYIUTH PO MOP(OIIOrito OBEPXOHB MiCiIst 00pOOIICHHSI.

KiiouoBi ci1oBa: enexrpoickposa, Kap0inu, podoua MOBEpXHs, ENEKTPOI.
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