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Electrohydropulse technology of destruction and crushing
of natural stones at different parameters

The aim of the study is to develop scientific and practical principles of implementation of energy saving heat
pump technology for heat and cold supply to residential, public and industrial premises on the basis of alter-
native and renewable sources of energy. One of the effective methods to generate heat from groundwater by
means of heat pump technology is the use of wells for consolidation of heat exchange elements produced by
drilling. Fundamentally new innovative method of making wells is electro-hydraulic drilling, when electrical
energy directly in the bottomhole transforms into mechanical energy of shock waves that can break up rocks.
This paper describes the results of studies of the impact of electro-hydraulic pulse on hard and superhard rock
minerals. The quantitative dependency, characterizing the beginning of the process of destruction of rocks of
various thickness depending on the number and energy of discharges was defined. The experimental work
proved the possibility of achieving higher drilling speeds compared to those at conventionally used plants.
The electric pulse destruction is implemented without using a drilling bit, it does not require special tightness
of electrodes to bottomhole surface with considerable force; therefore, the wear of the electrodes at electro-
hydraulic pulse drilling is relatively minor.

Keywords: Electrohydraulic drilling, hydraulic pressure, cavitational phenomena, pulse capacitor, high-
voltage.

Has led the need for development of the new equipment, new highly effective technological processes
and the equipment, means of mechanization and automation without which technical progress in mining in-
dustry became inconceivable to research and development of a number of new methods of destruction of the
solid bodies based on various physical principles. The electropulse (EI) method of destruction of materials
which essence consists in the destroying action of electric pulse discharges in solid nonconducting and semi-
conducting bodies was one of the most perspectives.

Theoretical justification and laboratory researches EI of a way of the operated destruction of solid die-
lectrics and semiconductors which on the electrophysical properties the majority of natural stones is among
is given by A.A. Vorobyov, G.A. Vorobyov, A.T. Chepikov et al.

Electrohydraulic drilling is essentially new way and hasn't found industrial application yet, the research
problem and practical introduction of this technology remains relevant today.

Unique advantage of this technology are a possibility of work in the conditions of the limited spatial
volume (the built buildings, the covered rooms, cellars, etc.) that is almost impossible when using traditional
methods of drilling owing to bulkiness of the equipment. And also long reliable work due to lack of the rub-
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bing and wearing out parts of installation and simplicity in operation and service that is provided with appli-
cation as an active part of a generally available cable — an electrode — being an expendable material [1-3].

This technology, in comparison with traditional, allows more effectively and in short terms to destroy
obstacles in the form of strong breeds at well-drilling of heat exchangers by influence by shock waves at
high-voltage categories in the water environment [4].

The electrohydraulic effect represents high-voltage electric discharge in the liquid environment. When
forming electric discharge in liquid allocation of energy happens during rather short period. The powerful
high-voltage electric impulse with the abrupt forward front causes various physical phenomena. Such as
emergence of ultrahigh pulse hydraulic pressure, electromagnetic radiation in a wide range of frequencies up
to, under certain conditions, to x-ray, the cavitational phenomena [5]. The electrohydropulse phenomena as a
physical basis of various electrotechnologies it is rather well studied [6].

Electric energy in mechanical without intermediate links with high efficiency it is possible to carry out
transformation on the basis of electrohydraulic effect (blow). The high-voltage pulse category in liquid can
be considered in the following sequence: electric breakdown and formation of the channel of the category,
allocation of energy in the channel, strengthening of shock, ultrasonic and sound waves, the expansion of a
cavity which is followed by generation of an impulse of pressure with formation of the dispersing liquid
stream, a cavity pulsation. The electrohydraulic category arises at the annex to liquid of pulse tension of suf-
ficient amplitude and duration therefore electric breakdown develops.

Electrohydropulse installation can carry out works in the following conditions: air temperature from
288 K to 313 K to from (+15° to +40 °C); relative humidity of air no more than 80 % at a temperature of
303 K (+30 °C);

Structurally the device will be executed in the form of the functional blocks consisting of the control
panel, the condenser with the system of protection, the generator of pulse currents with the switchboard. The
main knots of electrohydropulse installation are given in the Figure 1.
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1 — control panels; 2 — system of protection with the condenser; 3 — generator with the arrester

Figure 1. EGIU main hubs

In the Figure 2 the scheme of creation of electrohydraulic pulses is submitted.
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R — digit resistance; Tr — the high-voltage transformer; V — the rectifier;
C — pulse capacitor; FI — the forming interval; ED — an electrohydropulse drill

Figure 2. The scheme of creation of electrohydro pulses shock with one forming interval
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On (+) and (-) an exit parallel to the transformer the condenser under connects. Alternating voltage
moves through digit resistance on primary winding of the raising transformer, on a secondary winding of the
transformer there is a high voltage which becomes straight via the rectifier, further the direct current moves
on the condenser. Tension on the condenser increases to a certain value at which energy through FP arrives
on a working interval of ED where there is a high-voltage category in liquid, further process repeats with a
certain frequency. Frequency of impulses changes depending on the output tension of the transformer,
capacity of the condenser and distance in FI.

Figure 3 shows scheme of the electro-hydraulic drilling.
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1 — Positive electrode; 2 — cell; 3 — stone

Figure 3. Scheme of the electro-hydraulic drilling

As a result of laboratory researches drilling parameters at which owing to increase in pressure, impact
of a shock wave on stone soil leads to essential increase of intensity of lumpy crushing have been set.

Experiments were carried out for minerals of various structure and content. Figure 4 and 5 shows
comparative graphs number of impact discharges for different capacitors at stone thickness of 60—70 mm)
depending on the variation of the initial voltage Uy at constant capacitance of capacitor banks.
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Figure 4. Comparative graph number of impact discharges for
different capacitors (a stone thickness of 60 mm)
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Figure 5. Comparative graph number of impact discharges for
different capacitors (a stone thickness of 70 mm)

The results of laboratory technological experiments lead to the following conclusion: the maximum
benefit from the use of electrical discharges for the destruction of natural stones is observed at the following
parameters of the discharge circuit of a high-voltage pulse generator: Uy=35 kV, C=3 pF, l,,=12 mm.
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Figure 6. Voltage of digit contour of 20 + 35 kV, Degree of destruction of minerals

It is defined that at a voltage of digit contour of 20 + 35 kV, capacity 1+ 3 pF, interelectrode distance of
7 + 12 mm, destruction of stony soil of the well is in vitro most effective; in experiments the number of spark
electrocategories and their frequency necessary for electrohydraulic drilling of the set thickness of stone soil
is defined (Fig. 6) [7]. It is shown that funnel depth in stone soil in direct ratio depends on the number of
spark categories. From here, parameters of shock waves which at the movement in breed cause violation of
her continuity. And extent of destruction of rock, directly depend on electric characteristics of the channel of
breakdown: tension of U, current of I, resistance of the channel of category R, time of course of current of t,
power of P and energy of W emitted in the channel of the category.

On the basis of experimental studies we established limits for electrophysical parameters of the method,
at which the intensive destruction of solid rock, i. €. natural stones starts.
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Figure 7. Optimal energy level of natural materils failure depending on their thickness

Optimum energy for breaking stones is from 0,3 kJ to 0,6 kJ. When discharge energy increases up to
612 J, a complete destruction of stones is observed (Fig.7). This fact proves the existence of some optimum
value of the electric discharge energy.

Drilling depth depends on the number of impact discharges. At the maximum impact discharge, the rate
of increase in drilling depth grows. The reason is that at the impact discharge an increase in pressure takes
place, it causes the lump grinding on the surface of a stone. An increase in the impact of a discharge leads to
pressure growth, so at the maximum impact of an electric discharge the depth of drilling is increased.

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.
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b.A. Axmanues, A. TateibekoB, H.H. [llytom6aeBa, H.K. Tanamesa, I'.C. Anraesa, M. CtoeB

OPTYPJii KepceTKimTepae TAOUFU TACTAPABI 0y3y KIHE YCAKTAYIbIH
3JIEKTPIrUAPOUMITYIbCTIK TEXHOJIOTUSICHI

3epTTeymiH MakcaThl Oanamanbl XoHE XKAHAPTBUIATHIH DHEPTHs KO3Jepi HeTi3iHIAe TYPFBIH YH, KOFaMIbIK
JKOHE OHAIPICTIK YH-)Kalmapabl XKbUTy KOHE CYBIK JKETKi3y YIUNiH SHEPrHsHBI YHEMICHTIH JKbUTYy COPFBICHI
TEXHOJIOTHSICBIH €HTi3yIiH FHUIBIMH JKOHE IPAKTUKAJIBIK KaFUIaapblH 93ipiiey 0obin Tadbutapl. JKbUTyibK
COPFBI TEXHOJIOTHSICBIMEH JKEp acThl CyJapbIHAH JKbUTY ayIbIH THIMII oicTepiHiH 0ipi — OypFbuiay apKbUIbI
IIBIFAPBUIATBIH JKbUTY 3JIEMEHTTEDIH IIOFBIPJIAHABIPY YIIIH YHFBIMAJIApAbl NaifanaHy KaxeT. ¥HFbIMAIapbl
KYPYZBIH TYOereini jkaHa MHHOBAIVSUIBIK QMiCI — 3JIEKTPTHAPABIUKAIBIK OyprbUIay, OYJI Ke3/ie JIEKTP KyaThl
Tikeneil yHFbIMaJa Tay JKbIHBICTApbIH Oy3a alaThlH COKKbI TOJIKBIHAAPBIHBIH MEXaHHKAIBIK SHEPrUsIChIHA
alfHamaxel. Makanama SJIEKTPIUAPOUMITYIIBCTIH KATTBl JKOHE aca KATThl OJKBIHBICTapFa ocepl Typajbl
3epTTeyJNIep i HOTIDKENEep] CHIaTTalFaH. OPTYPIl KaJbIHABIKTAFEl Tay KBIHBICTAPBIHBIH Pa3psATap CaHbl MCH
SHEPTUSACHIHA TOYEJJi YCaKTaly YACepiciHIH OacTallyblH CHIATTAHTHIH CAaHIBIK TOYEIAUIIKTED AHBIKTAJFaH.
Toxipube xy3inme mocTypii OyprbUIay KOHIBIPFBUIApbIHA KaparaHIa OyprbuiayIblH Oyil Typi JKOFapbl
OyprbuIay KbUIIAM/IBIFBIHA )KETy MYMKIH/AITiHE Me OOJaThIHABIFEI AaNeiieHal. By Ke3ae 3JIeKTpUMITYIIbCTIK
YCaKTay KallayChl3 iCKe achIpbLIa/bl, OJ1 YHFbIMa TYOiHE 3JIEKTPOATApAbI KyluTen Oacylbl KaXeT eTIeHui.
COHIIBIKTaH ANEKTPTUIPOUMITYIICTIK OYpFbUIay Ke3iHAe AICKTPOATAPIbIH KENiHYyl CAJBICTHIPMAIIBI TYPAE a3
0OJIBI TaOBLTAIEL.

Kinm ce30ep: »neKTprUApaBIMKAIBIK OYpFBUIAY, THIPABIMKAIBIK KBICHIM, KaBUTAIMSUIBIK KYOBLIBICTAp,
HMITYJIbCTIK KOHAEHCATOP, XKOFAPFBIBOJIBTTI.

b.A. Axmanues, A. TateiOekoB, H.H. lllytom6aeBa, H.K. Tanamesa, I'.C. Anraesa, M. CtoeB

DJIeKTPOruAPOUMITYJIbCHASI TEXHOJIOTUS Pa3pylIeHusl U U3MeJIbYeHUs
NPUPOAHBIX KaAMHEH NMPH pa3HbIX MapaMeTpax

Lenblo wmccnenoBanust sBIsIeTcss  pa3pa0oTka HAyYHBIX UM IPAKTMYECKUX MPHHIUIIOB  BHEPECHHS
SHeprocOeperaronmeil TEXHOJOTMHM TEIUIOBBIX HACOCOB JUIL TEIUIO- M XOJOJOCHAOXKEHHS B JKHIIBIX,
OOIECTBEHHBIX M IPOM3BOJCTBEHHBIX IOMELICHUAX HAa OCHOBE AJIbTEPHATUBHBIX M BO30OHOBIISIEMBIX
UCTOYHMKOB 3Hepruu. OIHUM U3 3()GEKTHBHBIX CHOCOOOB MOMYYEHHMS TEIUla U3 MOJ3EMHBIX BOJ C IOMOILBIO
TEXHOJIOTMH TEIUIOBBIX HACOCOB SBJISCTCS HCIOJIB30BAaHUE CKBAXHH Ul YIUIOTHEHHS TEIUIOOOMEHHbIX
3JIEMEHTOB, 00pasyromuxcss npu OypeHuu. [IpHHUMIIMAIBHO HOBBIM HHHOBALMOHHBIM METOZIOM CO3JaHUS
CKBa)KHH SIBIIICTCS 3JIEKTPOTHPABINIEcKoe OypeHne, Koria JIeKTpHIecKas SHEpPTHs HElOCPEICTBEHHO B 3a00€
npeoOpa3yeTcsi B MEXaHHIECKYIO SHEPTUIO YAAPHBIX BOJIH, KOTOPEIE MOTYT pa3pyLIaTh MOpoxsl. B HacTosmen
paboTe OMUCHIBAIOTCS PE3YNIBTATHI HCCIIEIOBAHUN BIUSHUS SJIEKTPOTUIPABINICCKOTO MMITYIbCA Ha TBEPJIbIC H
CBEpXTBEpAbIE TOPHBIE MUHEPANBL. Y CTAHOBIICHB! KOJIMYECTBEHHBIE 3aBHCHMOCTH, XapaKTepU3YIOLINe Hadajo
HpoLecca pa3pyIieHHs! TOPHBIX MOPOJ] Pa3HOH TOJIIMHBI B 3aBUCHMOCTH OT KOJIMYECTBA M SHEPTHU Pa3psioB.
OnbITHEIME paboTamMu ObljIa J0Ka3aHa BO3MOXKHOCTh JOCTHIKEHUS OoJiee BHICOKOM CKOpOCTH OypeHHs, 4eM Ha
TPAaAULIMOHHO HCHOJB3YEMBbIX YCTAHOBKaX. DJIEKTPOUMILYJIbCHOE Pa3pyIICHHE SBISETCS OE310I0THBIM, OHO HE
TpeOyeT CIELMAIBHOTO MPIKATHA 3IEKTPOJOB K 3a00I0 €O 3HAYUTEIBHBIM YCHIIMEM, a INOTOMY H3HOC
JIEKTPOIOB TIPHU HIEKTPOTUAPOUMITYIILCHOM OYPEHUH CPAaBHUTEIIHHO Mall.

Knrouegvlie crnosa: DJIEKTPOTHUAPABINICCKOC 6ypeHI/Ie, TUAPABIMYCCKOC NAaBJICHUC, KABUTALIUOHHBIC SIBJICHUS,
HMHyHLCHLIﬁ KOHAEHCATOop, BBICOKOBOJIETHEIH.
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