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Electrohydraulic drilling of rocks and research of processes
of an erosion of metal part of electrode system of the drill

The article considers the advantages of electro-hydraulic method of drilling and the process of wear of drill
electrodes during its operation. The processes of erosion at the metal part of electrode system of the electro-
hydraulic drill have been studied; the dependence of the electrode wear rate on the number of pulses:has been
established. On the basis of experimental studies the authors have established bounds of electro-physical pa-
rameters of the method, within which the intensive destruction of solid rocks starts. Quantitative dependen-
cies characterizing the beginning of the process of destruction of rocks of different thickness depending on
the number and energy discharges have been defined.
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Development of scientific and practical bases of implementation of energy-saving heat pump technolo-
gy for heat and cold supply of residential, public and industrial premises on the basis of non-conventional
and renewable energy sources is an urgent task today.

The heat exchanger of the heat pump is installed in thewell holes for using soil and groundwater heat.
A widely used method for making pits and well holes is drilling.

Currently, there are many kinds of drilling machines widely used in Kazakhstan. The existing drilling
technologies of heat exchangers well holes are effective under soft ground conditions without hard rocks and
stone slabs. Drilling to the depth of 25 meters with a diameter well holes up to half a meter with the above
mentioned problems can be difficult [1].

Need for development of new technology, new highly efficient technological processes and equipment,
means of mechanization and automation, has led to'the research and development of a number of new tech-
niques to disintegrate solids by drilling, based on different physical principles. Electric hydro-pulse drilling
turned out one of the most promising methods; the essence of which is the destructive effect of electric pulse
discharges in solid non-conductive and semi-conductive materials [2].

This paper deals with anew innovative way of making well holes using method of electric hydro-pulse
drilling based on a unique phenomenon that is the way of direct conversion of electrical energy into mechan-
ical energy of shock waves; efficiently destructing rocks at the well bottom.

Electro-hydrauli¢ drilling is a fundamentally new way and has not yet found industrial application; the
task of research and practical implementation of this technology remains important up to date.

The main.advantages of the suggested technology are as follows: the opportunity to carry out operations
under conditions of a limited space, long-term reliable operation due to the absence of rubbing and wearing
parts of the plant and simplicity in operation and maintenance that is achieved by using as an active part an
electrode cable, which is the only consumable.

This technology, as compared to traditional ones, allows more efficiently and in the short term to de-
stroy obstacles in the form of solid rock by the impact of shock waves at high-voltage discharges in aquatic
environment, in well holes drilling for installation of heat exchangers.

To form a pulse with a short front of the voltage applied to the discharge gap in a liquid the authors
used a discharge gap in the air that is an air discharger; and to generate a pulse of certain energy they used
energy storage electrical capacitor. In the laboratory of hydrodynamics and heat transfer of Karaganda State
University named after academician E.A.Buketov, the authors have developed and tested an electro-
hydraulic plant and a working area for drilling (Fig. 1).

68 BecTHuk KaparaHguHckoro yHuBepcuTeTa



Electrohydraulic drilling of rocks ...

R 2 4 5
—-O O— 6
1 A,220B. o - L i

—— 8

|<
A \EY

9 i/ E/; \-\&\-‘i.'-.'_f
a \ 10

1 — power supply; 2 — high-voltage generator; 3 — pulse capacitor; 4 — discharger;
5 — coaxial cable-electrode; 6 — centre electrode; 7 and 8§ — water passages for injection the face;
9 — vent in the bit for gas outlet; /0 — teeth of the drilling bit; // — head of the drilling bit

Figure 1. Scheme of electro-hydraulic apparatus and electro-hydraulic'drill

As a result of the experimental study the authors defined the optimal values of time and the number of
spark discharges in electro-hydraulic drilling the stones, and determined the time at which destruction of
stones and hard rock occurs during the drilling.

Using the experiment results the authors plotted the dependence graphs of the number of discharges on
the thickness of the stone at different values of discharge energy (Fig. 2).
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Figure 2 Dependence of the number of impact discharges on the thickness of a stone prior to crushing

The graph shows that at discharge energy of 600 J a stone can be destroyed to the thickness of 50—
60 mm. The/number of pulses is 275. The higher the discharge energy the thicker stones are destroyed;
whereas the number of pulses required to break stones decreases. For example, at the discharge energy of
13504, it is possible to disintegrate 70 mm thick stones. This requires a smaller number of pulses that is of
the order of 130 pulses [3].

In the device for drilling well holes containing a source of pulse current, one electrode is in the form of
the bare cable cord connected to the positive output of pulse current source, and its negative output is con-
nected to the electro-hydraulic drill crown. This electrode structure makes a certain convenience when drill-
ing heat exchanger well holes of heat pumps.

Forces caused by discharge due to hydraulic impact and flow force, as a result of redistribution of ve-
locities, stimulate self-centering of the electrode cable. During continuous operation the central bare cord of
the electrode cable is shortened due to erosion, and the insulator of its end breaks down. Insulation is basical-
ly breaks down along the central cord and the device loses its efficiency. In this case, after the solid rocks
fracture it is necessary to periodically tinker the operating tip of the electrode cable giving it original shape.
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To study the process of the electrodes wear under an electro-hydraulic processing, a special stand has
been assembled, that is a plant for fixing and testing tubes made of different metals.

The technique of testing of inner cavity of tubes is based on taking pictures of a microscope at different
magnifications with subsequent analysis of the grain size and porosity determination.

The exterior view of an electro-hydraulic drill and the scheme of the stand for electrode wear process

study are shown in Figure 3.
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1 — a tubular exterior side of the drill, the negative electrode;
2 — a central positive electrode; 3 — drill teeth

Figure 3. The exterior view of an electro-hydraulic drill
and the scheme of the stand for electrode wear process study

The negative electrode is a tubular exterior side of the drill. The inside of the drill is modeled as pieces
of tubes. Figure 4 shows the pictures of tube pieces before processing scaled up as 1x1, 1x6,5 and 1x100
times.

1 — a copper tube; 2 — a steel tube; 3 — a steel tube magnified by 6.5 times;
4 — a steel tube magnified by 100 times

Figure 4. Pictures of tubes before processing

Figure 5 shows the pictures of the tubes microstructure magnified by 1x6,5 times, and 1x100 times af-

ter processing.
The pictures show that after the electro-hydraulic processing, the microstructure of the negative

electrode does not change and scuff.
Figure 6 shows the porosity of the tubes before and after processing magnified by 100 times.
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la — a copper tube; /b — a copper tube magnified by 6.5 times; /¢ — a copper tube magnified by 100 times;
2a — a steel tube; 2b — a steel tube magnified by 6.5 times; 2¢ — a steel tube magnified by 100 times

Figure 5. Pictures of tubes after processing

Figure 6. Pictures of the porosity of tubes a) before and b) after processing magnified by 100 times

After the electro-hydraulic processing burns of different types were found on the tube surfaces: they
were in the form of points, spots and of prolate form. The metal surface in areas of burns was rougher than it
had been initially; the maximum height of asperities reached 0.086x10~° m. The concentration of point burns
ranged within 1/cm” and depended on the position of the movable electrode at the time of its passage through
the tube and its speed. In the burn areas the surface was flowed, inclusions of copper (electrode material) of
rounded shape with a diameter up to 0.055x10° m were seen.

While in operation, each discharge is accompanied by electrode erosion wear, the value of which
depends on the energy of the pulse voltage, electrode material, etc. In the course of operation, the electrode
cable of the electro-hydraulic drill typically breaks down. The result of the positive electrode wear is shown
in Figure 7.
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Figure 7. The electrode cable and its typical fractures in the course of operation

Studies show that the erosive wear of metals is different. For example, the mass of metal carried away
from the electrode during a discharge can be defined by the formula [4]:
k,u,o
"3 T, -T)-r,
p\"m p 0 f +r

r

where k, — is the coefficient taking into account the effect of the diameter of the conducting rod on erosion;
k. — 1is the material release factor during a discharge; u, — is the equivalent energy potential; oo — is the
integral of the discharge current modulus; ¢, — is the specific‘heat ‘capacitance of the electrode rod material;
T, T, are the melting point and the initial temperature of the electrode rod material; 7, r, are the specific heat
of fusion and vaporization of the electrode material.

Similar studies were conducted by the electro-hydraulics design office of the Academy of sciences of
Ukraine. At the pulse energy of 10 kJ and 10 kV voltage, the length of the positive electrode steel rod of
10 mm diameter was shortened by 1 mm after 50 pulses. A rod with a diameter of 16 mm at the energy of
100 kJ was shortened by 1 mm after every 10 pulses [5].

During the experiment, the dependence of the electrode wear rate on the number of pulses was defined

(Fig. 8).
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Figure 8. The graph of the dependence of electrode wear rate on the number of pulses

The experiments showed that at the pulse energy of 900 J and a voltage of 20 kV, the length of the posi-
tive electrode copper rod having the diameter of 2 mm is shortened by 1 mm after 121 pulses during
2 minutes and in 3 minutes after 178 pulses the length of the electrode is shortened by 3 mm. Thus, if we
calculate the positive electrode erosion for these conditions, it turns out that the energy release in the initiated
discharge gap of 900 joules of energy at a voltage of 20 kV is accompanied by a decrease in the volume of
the electrode of about 3.14-9.42 mm’.
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Matching all the results, we can say the following.

It is experimentally proved that burns and inclusions of electrode material of the mentioned sizes have
no impact on the tested tubes. The analysis of the results shows that the shock wave generated by a spark
discharge within the range of pulse voltage values at a switching device does not affect the structure of the
tube surface.

Thus, as compared with traditionally used plants, using the electro-hydraulic drill, the experimentalists
achieved a higher drilling speed. The electric pulse destruction is implemented without using a drilling bit, it
does not require special tightness of electrodes to bottom hole surface with considerable force; therefore, the
wear of the electrodes at electro-hydraulic pulse drilling is relatively minor.

Using a result of the experimental study, the authors have defined the optimal values of electro-
physical parameters, within which the intensive destruction of solid and super solid rocks starts. The
dependence graphs characterizing the beginning of the process of destruction of rocks of different thickness
depending on the number and energy discharges are plotted. The processes of erosion at the metal part of
electrode system of the electro-hydraulic drill have been studied and micro-structural analyses of tubes with
different properties before and after processing have been carried out. Using the experiment results the
authors plotted the dependence graph of the electrode wear rate on the number of pulses. The exterior of the
electro-hydraulic drill serving as a negative electrode does not wear out, and wear occurs only in the central
electrode cable.
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M.Croes, K.KycaitstaoB, H.H.Illytomb6aeBa, b.P.Hycin6exos, M.b.Kaparaesa

Tay KbIHBICTAPBIH 3J1EKTPOrHAPABIUKAJBIK d/liclieH OypFblIay
’K9He OYPFBIHBIH JJIEKTPOATAP KYyleciHiH MeTaNABbIK 06JiriHiH MY:Ki1yiH 3epTTey

Makasaga dIeKTPOrUApaBInKaiIbIK OypFblIay OMICIHIH apTHIKIIBUIBIKTAPbl MCH OYPFBIHBIH JJICKTPOATAPHI-
HBIH MYXKIJTy YJAepici KapacThIpbUIFaH. DJICKTPOTUAPABIUKAIBIK OYPFBIHBIH 3JICKTPOATAp XKYHECiHiH MeTal-
JBIK. OOIITIHIH 9po3usiIaHy yAepici 3epTTesai. DIeKTPOATHIH MYXKITY KbULIAMBIFBIHBIH HMITYJIBC CaHBIHA
Toyesainiri anbiHAbl. ToxipuOemik 3epTTeyNnepAiH Heri3iHae KaTTbl Tay JKbIHBICTAPBIHBIH KapKbIHIBI YCaK-
Tajy OacTanaThiH M1EKTPO(GU3UKAIIBIK NapaMeTpiiepi aiKpIHAANAbl. KalblHIABIFBI 9p TYpIli TaCTapABbIH YHTAK-
Tajly. ypJici GacTanaTelH pa3psj CaHbl MEH SHEPTHSCHIHA TOYCIAUIINH CHIATTAWTHIH CAHABIK 3aHIBUIBIKTAP
OenrineHai.

M.Croes, K.Kycausinos, H.H.Illyrom6aesa, b.P.Hycyn6ekos, M.b.Kaparaesa
DJIeKTPOruApaBInvecKkoe OypeHue ropHbIX MOPO/ M UCCJIeI0OBAHUE

nmpoueccoB 3po3un MeTAJLJIMYEeCKO YacT BHCKTpOI[HOﬁ CHUCTEMBbI 6ypa

B craTbe paccMOTpeHBI IPEUMYIIECTBA 3IEKTPOrHAPABIMIECKOTo crocoda OypeHus 1 MpoLece H3HOca eK-
TponoB Oypa. MccnenoBaHbl MPOIECCH! SPO3UN METATIIMYECKON YacTH 3IEKTPOJHON CHCTEMBI 3IEKTPOTHI-
paBindeckoro Oypa, MoTydeHa 3aBUCHMOCTh CKOPOCTH M3HAILIMBAHMUS 3JIEKTPOJa OT YMCIa UMITyidbcoB. Ha
OCHOBAaHUH SKCIIEPHMEHTAIBHBIX HCCIEAOBAHUN YCTAHOBIICHBI T'PAHUIBI AJIEKTPOPHU3NIECKUX HapaMeTpoB
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MeTo/a, TIe HAaUMHAETCS MHTEHCHBHOE Pa3pyILCHHE TBEPABIX T'OPHBIX IOPOA. Y CTaHOBIICHBI KOJIHMYECTBEH-
HbIe 3aKOHOMEPHOCTH, XapaKTEepU3YIOIIHe HAYaJI0 IpoLecca pa3pyLIeHHs IOPOJI Pa3HOM TOJIUHbBI B 3aBHU-
CHMOCTH OT KOJIMYECTBA U SHEPTHHU Pa3psIO0B.

References

1 Vasiliev G.P. Heat and power engineering, 1994, 2, p. 31-35.

2 Kussaiynov K., Sakipova S.E., Nussupbekov B.R., Turdybekov K.M., Kuzhuhanova Zh.A. Industrial Heat Engineering: In-
ternational Scientific and Applied Journal, 2012, 34(7), p. 32-33.

3 Kusaiynov K., Shuyushbaeva N.N., Kuzhuhanova Zh.A., Ahmadiev B.A. Mathematics and natural science, Blagoevgrad,
2013, p. 51-56.

4 Equipment and technological processes using the of electrohydraulic effect, Ed. G.A.Gulyi, Moscow: Mashinostroenie, 1977,
320 p.

5 Mazurovsky B.Ya, Sizev A.N. Electrohydraulic effect in sheet stamping, Kiev: Naukova Dumka, 1983, 192 p.

74 BecTHuk KaparaHgmHckoro yHusepcurteTa





