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BuHTOBOM 3a60MHbIN gBUrartesb (B3):
KOHCTPYKTUBHbIE U TEXHOJIOIMYECKME
npevmyLlecTBa OJ1s1 YCJI0BUN CJTIOXXKHOro oypeHus

Mud Motor: Design and Technological Advantages
for Complex Drilling Conditions

AnekcaHpgp epacumeHko,
leHepanbHbIn ampekTop, «/ICK «MeTpoVIHXUHUPUHM

BMHTOBOM 3ab60VHbI apuratenb (B3L) otTHocuTes K
TUAY O6BEMHBIX POTOPHbIX MMOPABINHECKMX CUIOBbIX
arperartoB 1 LWNPOKO MPUMEHSIETCS O/19 CO30aHMs
CKB2XXMH Pa3/INYHOM FyBuHbI 1 HanpaBIeHHOCTH.
[NepBble pa3paboTkm bbM caenaHbl elle B 60-x rogax
MPOLLIOrO BEKa, OOHAKO B aKTUBHYHO MPOMBILLITEHHYO
akcnnyatauuo B3 BoLLM ropasno no3xe, omke

K KOHLLY Tbics4eneTust. IsHavanibHO Takune apuratenm
paccMaTpUBaIMCh B Ka4eCcTBe AOMONHEHNS K TypOobypam
Ha 0coB0 CIOXKHBIX yHacTKax paboT, OOHAKO MOCTEMNEHHO,
C Pas3BUTUEM TEXHOSIOMIA N MaTePUasIOB, BUHTOBbIE
3ab0Hble ABMrATENM 3aHSV INOVPYOLIVE NO3NLMN — KX
CcTa/IM NPUMEHSITb HedhTera3oBble 1 CEPBUCHBIE KOMMaHM
no BCEMY MVIPY.

HoBasi bypoBas anoxa, HaCcTynmBLLAsA C HAYaUTOM

pas3pPaboTKV MECTOPOXKAEHNN, XapaKTEePU3YHOLLIVXCS
CNOXKHBIMW FTOPHO-TE0NOTNHYECKUMI YCITOBUSIMA, U POCTOM
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mud motor refers to the type of positive-displacement

rotary hydraulic power units and is widely used to
create wells of various depths and directions. The first
developments were made as far back in the 60s of the
last century, however, mud motors were put into active
commercial operation much later, towards the end of the
millennium. Initially, such motors were considered as an
addition to turbodrills in particularly difficult areas of work,
but gradually, with the development of technologies and
materials, mud motors took leading positions — they were
used by oil & gas and service companies around the world.

The new drilling era, which began with the start of
development of fields that are characterized by complex
mining and geological conditions and an increase in the
share of controlled directional and horizontal drilling,
brought the mud motor equipment to a new level of
relevance. Today, in the world practice of drilling there are
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OO/ HAKTOHHO-HaMPaBIEHHOrO 1 FOPU30HTAUTBHOMO
OypeHns, BbiBena obopynosaHme B3I Ha HOBbIN
YPOBEHb akTyasibHOCTU. CerofHs B MUPOBOW MpakTUKe
OYPEHVS BUHTOBbLIM 3a60MHBbIM OBUFATENSAM, MO CYTU, HET
aNbTEPHATUB (Oake Ha YPOBHE MPOEKTHbIX Pa3padoTok).
Takve yHVKanbHble nosvumm B3 nony4ynnm 3a cHeT
COMETAHNS KOHCTPRYKTMBHbIX, TEXHOTOMMHECKNX U
3SKOHOMMYECKMX NpermyLLiecTB. CUNOBbIE arperarsl
OaHHOIO TWNa COCTOAT U3 HECKOJTBKMX Y3/0BbIX
3MEMEHTOB: ABUraTesIbHOM CekLn (pabodert napsbl),
LUNVHAOEBHOrO Y3a 1 perynsropa yria nepexkoca.

[BurartesibHas cekuusi

CobBCTBEHHO paboU MM OpraHamm ABUraTens

ABNAOTCA POTOP U CTATOP, a8 BMECTE OHM COCTaBISOT
OBUraTenbHyro Cexkuuto (pabouyto napy). OHa npuBoanTCA
BO BpaLLATENbHOE ABVPKEHME MOTOKOM >XXUAOKOCTY
(6ypoBoro pacTeopa). Hr1cno waroB cratopa 1 potopa
pa3nMyaeTCs Ha eduHILLY, YTO NMO3BOSISIET PacTBORY
MOTOKOBO PacrpeneaTeCs Mo KaMmepam 1 NpoBopaqmBaTh
POTOP BHYTPU cTatopa. PoTop nsrotaBnmMBaeTcs U3
NernpoBaHHOM CTasv BbICOKOM MPOYHOCTU U, Kak
NpPaBWIo, MMeeT OOMOSHUTENbHOE 3aLLMTHOE MOKPbLITUE,
XOTS OHO He Bceraa HaHOCUTCH — MHOroe 3aBUCUT OT
3KOHOMWYECKOW COCTaBNSAIOLLIEN.

Pabouasa napa B3 MOXXET UMETb CTaHOAPTHOE
NCNOJSIHEHNE cTaTopa N NPOMUIMPOBAHHOE.
[MNocnenHee NCNob3yeTCd A1 YBENMHEHMS MOLLIHOCTHbIX
XapakTepucTuk B3 npu CHKEHWN OJIMHbI pabo4mnx
OpraHoB. VIMEHHO ABuMraTesibHasi CeKLMs onpeaensetT
OCHOBHblE XapakTepuUcTVk B3: MOLLHOCTb, KPYTALLIMNA
MOMEHT, rnokasare/lb 4aCTOoTbl BpalLleHus poTtopa, K.

LLnnHpgenbHaa cekuus

Mepenada KPyTALLEro MOMEHTa OT CUJIOBOro yana

Ha JOJIOTO OCYLLECTB/ISETCA 3a CUET LUNMUHOSIbHOM
cekupm. OHa COCTOUT 13 Kopryca, Basa 1 ornop

(oceBbIX 1 pagmanbHbIX). Mpy HAKNIOHHO-HAMNPAaBIEHHOM
WM TOPUBOHTESTEHOM OYyPEeHM LLMMHAESIbHASA YaCTb
NOABEPrasTCs BbICOKMM Harpy3Kkam, B CBSA3M C YeM 60sIbLLoe
3HaYeH1e NPVIOBPETAET KA4eCTBO MaTepUasioB Kopryca

W Basa, a TakKe HaOEXKHOCTb LLIAPHUPHBLIX COSOVHEHA 1
paMasTbHbIX MOALLNMHMKOB. KOPYC LLMMHAESILHOM CeKLMN,
TaKKe KaK V1 POTOP CUMOBOTO Y3713, U3roTaBIMBaoTCA 13
BbICOKOMPOYHOM JTErVPOBaHHON CTasN.

B ctaHoapTHOM MCNONHEHUM LINWMHAOEbHBIA Y3E/

NMEET OTKPBITYIO KOHCTPYKLMIIO, KOrAa pabo4me opraHbi
KOHTaKTUPYIOT C BypOBbIM PacTBOPOM, CMa3bIBasiCh U
oxiaKaasch VM. Ha 0cobo CNoXHbIX yHacTKax BypeHus,
XapaKTEPUSYIOLLIMXCS 60IbLLUIMM MPOLIEHTOM LuiaMa W/
NN HAJTMYMEM MPUMECEN 1 TBEPObIX YacTuL, B OypOBOM
pacTBoOpeE, ncnonbaytoTca B3 ¢ 3aKpbITOM LNUHOEIbHOW
CEKLMEN, KOraa ee 3/IEMEHTbI HaXOOATCH B rEPMETUYHON
MaC/sIHOM BaHHe nofd, aasneHnem (10-20 atm) 1 He
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no alternatives to the mud motors (even at the level of
design developments). Mud motors gained such unique
positions due to a combination of design, technological
and economic advantages. Power units of this type consist
of several key elements: a power section, a transmission
assembly, and a skew angle regulator.

Power Section

The working bodies of the motor are actually a rotor and

a stator, and together they constitute a power section. It

is rotated by a flow of fluid (drilling mud). The number of
stages of the stator and rotor differs by one, which allows
the mud to be flowed through the chambers and turn the
rotor inside the stator. The rotor is made of high-strength
alloy steel and generally has an additional protective
coating, although it is not always applied — much depends
on the economic component.

The power section of mud motor may have a standard or
profiled stator design.

The latter is used to increase the mud motor power
parameters when the length of working bodies is
reduced. It is the power section that determines the main
characteristics of the mud motor: power, torque, rotor
speed index, and efficiency.

Transmission Section

The torque from the power assembly to the bit is
transmitted by a transmission section. It consists of a body,
a shaft and supports (axial and radial). In case of controlled
directional or horizontal drilling, the transmission part is
subjected to high axial loads. In this regard, the quality of
body construction materials and the reliability of articulated
joints and radial bearings are of great importance. The
transmission section body and the power assembly rotor
are made of high-strength alloy steel.

The transmission assembly in a standard version has an
open design, when the working bodies are in contact with
the drilling mud that lubricates and cools them. Mud motors
with a closed transmission section when its elements are in
a sealed oil bath under pressure (10-20 atm) and are not
in contact with hydraulic liquids are used in particularly
difficult drilling areas characterized by a large percentage
of cuttings and/or the presence of impurities and solid
particles in the drilling mud. However, this design is
difficult-to-operate, and the forces resulting from drilling
often damage seals very quickly.

Angle Regulator

The skew angle regulator is one of key mud motor
assemblies used for controlled directional and horizontal
drilling. It allows you to change a skew-axis angle of the
structure relative to the BHA for a specified range of angles.
The regulator design includes the top and bottom subs,
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KOHTaKTURYIOT C pado4mmMm XXNOKOCTAIMU. OQHaKo Takoe
CMNOJIHEHWE TPYAOEMKO B 3KCrJlyaTaLym, a BO3HMKaoLWMe
yeunus npn BypeHnn 4acto OYeHb BbICTPO BbIBOOAT 3
CTPOS YNNIOTHEHNS.

PerynaTtop yrna

Perynartop yrna nepekoca — oauH 13 KIKOYEBBIX Y3/10B
B3/, npyMeHSIIOLLMXCS A5 HAKITOHHO-HANPaBNEHHOMO 1
FOPU3OHTASTBHOTO BypeHus. O3BONSET U3MEHSTb Yo
OCU NepPeEKOCa KOHCTPYKLIMN OTHOCUTENBEHO HYXKHEN YacTL
OypPUIIbHON KOMOHHBI Ha 3a4aHHbIV AMana3oH YriioB.
KOHCTPYKUWS pEryiaTopa BKIIKOYAET B CEOSA BEPXHWA 1
HVDKHUIA NEPEBOOHVKN, CEPAEHHVIK 1 3yBuaTyto MydhTy. 3TO
Hambosiee CNOXHbIA TEXHOOrMYEeCKMn anemeHT B3/, B
OTHOLLIEHWN KOTOPOMO MPOBOAATCS MOCTOSAHHBIE Hay4YHO-
VH)XEHEPHbIE N3bICKaHWS, HAaNPaB/IEHHbIE HA JOCTUKEHE
MPOCTOTbI KOHCTPYKLW, BBICOKOM TOYHOCTU YCTAHOBKM
YrOBbIX 3HAYEHUA, MUHAMU3ALIKO HECOBMAOAIOLLINX
OCEN 3/IEMEHTOB W M/IOCKOCTEN UCKPUBNEHWS A1
MPEAOTBPALLEHNS OTKTOHEHWI OT 334aHHOMO yria
BypeHns. Ocoboe 3HaYEHNE UMEET TEXHUYECKOE
peLleHne 3afa4qs COXPaHEHNST HYIEBOMO 3HAYEHNS yria

1 3a[aHHO TPaeKTopun Npu GypeHnn NpsMbIX YHacTKOB
B FOPUSOHTASIbHO-HAMPaBAEHHOM CKBaXKMHE. [1pyn 3TOM
HeobXxoaMMO 0becrnevMBaTh OOCTATOUHbIN PECYPC U
HaOEeXXHOCTb ABuratens Npu paboTe B MakCUMasbHbIX
3HaYeHNsX yrna nepexkoca.

LOononHntenbHoe o6opynoBaHue

BuHTOBbIE 3a60MHbBIE OBUMATENM MOTYT UMETH B

CBOEM COCTaBe Apyrme HeOOXoayMble 31EMEHTbI. VX
nepeYyeHb 3aBVCUT OT YCOBUN BYPEHNS HA KOHKPETHOM
yyacTke. B3 MOryT KOMMIEKTOBAaTLCSA HAAAOIOTHBIMA
cTabunmsaropamm 1 Kanmbparopamu, LLIaMOBbIMM
dunbTpaMu, 0bpaTHbIMA 1 NEPEIMBHBLIMM KNanaHamu.
Taroke KOHCTPYKLUMA B3 HEKOTOPbIX MPOU3BOAUTENEN
MPEenyCMaTPUBAET KOMIIEKTOBAHME KOPMYCHBIMM
LieHTpaTopamm 6e3 AOMONHUTENBEHOM 3aMeHbl Kopryca
wnmHaens. MNepenBHble KanaHb! NpeaHasHaqeHbl 15
HM3a BYPUIBHON KOSTOHHBI 1 O6ECTIEUMBAIOT COODLLIEHWE ee
BHYTPEHHEN MOIOCTU C 3aTPYOHbIM MPOCTPAHCTBOM. [pn
MOOBEMHBIX U CTMYCKOBbIX OMnepaumsx NepesmBHON KianaH
He [onycKaeT BPaLLIEHVst ABUraTENS B XOIOCTYHO U CH/DKAET
MAOPOONHAMUYECKYHO HArPY3KY Ha pabounii yqacTok. s
Ka/MOPOBKM OMaMETPA CTBOJTA CKBXKVHBI UCTIOMNB3YKOTCS
CTabunmaatopbl 1 kambpartopb!. PagpaboTtka nocriegHero
MOKOMEHNST — KanMbpaTopb! C NEPEMEHHBIM AVAMETPOM,
MO3BOSISIOLLME UBMEHSTTL AVAMETP CTEHOK CTBO/A CKBaXKUHbI
6e3 nogbema B3/ Ha moBEpXHOCTb.

Tenemetpua

Byperue CKBabKMH CNOXXHOIO NPOMUIS HEBOSMOXXHO
6e3 NMPUMEHEHMST COBPEMEHHBIX TENTEMETPUHECKMX
cunctem. OHK BKIIOYAKOT KOMIMIEKC 3a00MHbIX AaTUMKOB,
MaKCUMasIbHO MPUBNMMKEHHBIX K 320600 CKBaXKMHDI,
WNCTOYHUK NMUTaHKS, CUCTEMY CbheMa, Nepeaadn 1 npuema
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the core and the gear coupling. This is the most complex
process component of the mud motor, in respect to

which constant scientific and engineering surveys aimed
at achieving the simplicity of structure, the high accuracy
of setting angular values, the minimization of mismatched
element axes and curvature planes to prevent deviations
from the specified angle of driling, are carried out. The
technical solution to the problem of maintaining a zero
angle value and a given path when drilling straight areas in a
horizontal directional well is of particular importance. In this
case, it is necessary to provide the sufficient lifetime and
reliability of the motor when it runs at maximum values of
the skew angle.

Additional Equipment

Mud motors may include other necessary additional
components. Their list depends on the drilling conditions
at a particular area. Mud motors can be equipped with
near-bit stabilizers and above-bit calibrators, slurry filters,
check and overflow valves. Some manufactures also equip
their mud motors with casing centralizers by non-replacing
of drive sub body additionally. Overflow valves are intended
for the BHA and provide the connection between its internal
cavity and the annulus. During run-in-hole/put-out-of-hole
operations, the overflow valve prevents the motor from
idling and reduces the hydrodynamic load on the working
area. Stabilizers and calibrators are used to calibrate the
diameter of the wellbore. The development of the latest
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NHoPMaLmM ¢ 3a60s1 Ha MOBEPXHOCTU, KOMIMBIOTEPHYHO
cucTemy 0BpabOoTKM MOMYYEHHbIX AaHHbIX 0151 PELIEHNS
3a0a4 KOHTPOSIA U yNpaBieH s MpoLIeCCOM BypeHms
CKBaXXVHbI. [porpaMmMHo-annapaTHble KoMrekesl NTC
0BObIYHO pPacroiarakTCs HEMOCPEOCTBEHHO HAa OOBEKTE U
NMEOT MOBUbHOE MCNoNHeHMe. OOHaKO Ha CeroaHSALLIHNIA
[eHb HehTeCepBMCHbIE KOMMaHU UayT OabLue
CO30at0T COOCTBEHHbBIE LIEHTPbI MPOEKTUPOBaHMISA W
COMPOBOXAEHNS BYPEHNS, KOTOPbIE OCYLLIECTBIAET
ONCTaHLIMOHHbIA AOMOSIHNTENBHBI KOHTPO/b 3a
MPOBOOKOW CTBOMA CKBaXKMHbI. Hanpumep, LeHTp roe-
HMOYOb B Camape MOXXET YAaIEHHO KOHTPOIMPOBATb
OOHOBPEMEHHO OT 8 A0 15 0OBEKTOB, PACMONIOXKEHHbIX B
pasHbIX pernoHax Poccun. Coop 1 nepenaya cBeoeHnin
TEXHONOMYECKNX NapamMeTPOoB BypeHUs BeAeTCs

C MOMOLLIbIO CUCTEMbI YAANIEHHOrO MOHUTOPVHIa
NHKIIMHOMETPUHECKOW 1 MTEO0TEXHOTOMYECKOM
nHhopmMaLym. [JaHHbIe OT TeNECUCTEMBI 1 C AaTUMKOB,
PacronoXeHHbIX Ha OyPOBON, MOCTYMNAET B LIEHTP B PEXMME
peasibHOrO BPEMEHM U BUSYarMSVPYIOTCH Ha «BAOSOCTEHE».
Ha ocHoBe nosy{eHHbIX CBEAEHIA ONEPaTVBHO
KOPPEKTUPYETCS TPAEKTOPVIA CTBOJIA CKBEXKMHbI, PELLIAIOTCS
TEXHONOrMYECKIE BOMPOCHI. STO NO3BONSET KOHTPO/MPOBATHL
BCE MNapameTpbl 060pya0oBaHMs 1 NpoLiecca OypeH st B
COBOKYMHOCTW, Ae/1aTb TOYHbIE MPOrHO3bl OTHOCUTESTBHO
CIPOKOB W MJIAHOB BbINOHEHNS paboT. HakonneHHble 3HaHMS
TaKKe UCTOSB3YHOTCS MY MPOEKTUPOBAHMN HOBbIX CKBEDKMH.
Bonee Toro, Takon noaxoa, No3BOISET NPeOoTBPAaLLATh
BO3HUKHOBEHME KPYMHbIX aBapuii 1 MUHUMU3POBATb
KOJIMYECTBO MESTKMX YPE3BbIHaHbIX CUTYaLIMIA Ha OObEKTax.

Oonota

CyLLecCTBYHOT pasnyHble Mmoandukaumm B3

no rabapuTHbIM pasMepam 1 SHEPreTUHECKUM
XapaKTEPUCTNKAM: YacTOTe BpaLLEHWS, KPYTSALLEMY
MOMEHTY, MOLLIHOCTU. Bbibop Trnopasmepa B3 noa
KOHKPETHbI HTEPBaUT BYPEHMS OCYLLIECTBSIETCA
NCXOAS N3 COBOKYMHOCTU MEOSIOMMHECKNX I TEXHKO-
TEXHOSIOMNHECKMX (DAKTOPOB C YHETOM MJIaHNPYEMOIO

K MPUMEHEHWIO MOPOA0PA3PYLLAKOLLErO NHCTRYMEHTA.
O4eHb BaxKHO 0becneynTb 3(DdEKTUBHYHO COBMECTHYHO
paboTy gonota n B3M. B HacTosLLee Bpems ons
Oypernst 60NbLLINMHCTBA HAK/TOHHO-HaMNPaBEHHbIX U
FOPUBOHTASTbHBIX CKBRXKMH, B TOM YMC/IE B CIOXKHbIX
FOPHO-TE0IOMMHECKYIX YCIIOBUMISX, MCMOB3YIOTCS 400Ta
PDC (Polycrystalline Diamond Cutter) B codeTaHnm
BbICOKOMOMEHTHbIMW B3/1. PaupoHansHbIn BeIGOp napsl
«00noTo-B30>» N03BOAET yBENNUMBATDL MEXAHNYECKYHO
CKOPOCTb MPOXOAKN, COKpaLLaTh KOIMHECTBO PEVICOB

1 MOBbILLATL TEXHUKO-3KOHOMUYECKIE MOKa3aTes
Bypenus. MNponssoacteso PDC-0onoT oTanyaeTcs
BbICOKOW TEXHONIOMMYHOCTBIO M KAYECTBOM MCMOSIb3yEMbIX
MaTeprasIoB: MeETaI1a, a/MasHbIX PE3LOB, TBEPAOCTIABHbIX
HaCadOK 1 BCTABOK, HAMaBOYHbIX 1 MasiHHbIX MaTeprasios,
MOCKOJTbKY OT 3TWX COCTaB/SHOLLIMX HAMPSIMYHO 3aBUCKT
MPOM3BOAUNTENBHOCTL U AO/TOBEYHOCTb AAHHOMO
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generation is variable-diameter calibrators, allowing to
change the diameter of the wellbore walls without mud
motor put-out-of-hole to the surface.

Telemetry

The complex profile wells cannot be drilled without the use
of modern telemetry systems. They include a downhole
instrument package as close as possible to the bottom of
a well, a power source, a system for retrieving, transmitting
and receiving information from the well bottom to the
surface, a computerized data processing system for
solving problems to monitor and control the well drilling
process. The WS software and hardware suites are usually
located directly at the facility and have a stationary design.
However, today, oilfield service companies go further and
create their own drilling design and support centers, which
carries out an additional remote monitoring over wellbore
passage. For example, a center somewhere in Samara can
remotely monitor 8-15 facilities located in different regions
of Russia at the same time. Process drilling parameters

are collected and transmitted using a survey and wellfield
data remote monitoring system. Data from the measure-
while-drilling and from the sensors located at the drilling

site sends to the center in real time and is visualized on

the video wall. Based on the information received, the

well path is promptly corrected, and process issues are
resolved. This allows you to monitor all the parameters of
the equipment and the drilling process in the aggregate and
make accurate predictions regarding the work deadlines
and plans. Accumulated knowledge is also used to design
new wells. Moreover, this approach allows preventing major
accidents and minimizing the number of minor emergencies
at the facilities.

Bits

There are various mud motor modifications by overall
dimensions and energy characteristics: rotation speed,
torque, and power. The standard mud motor size for

a certain drilling interval is selected on the basis of a
combination of geological, technical and process factors,
considering drill through tools to be used. It is of paramount
importance that an effective joint operation of the bit and
the mud motor is ensured. Polycrystalline Diamond Cutters
together with high-torque mud motors are currently used
to drill most of controlled directional and horizontal wells,
including in difficult mining and geological conditions. The
rational choice of a bit/mud motor pair allows to increase
the mechanical penetration rate, reduce the number of
trips and improve the technical and economic indicators
of driling The manufacture of PDC cutters is characterized
by high manufacturability and quality of the materials used:
metal, diamond cutters, carbide tips and inserts, hard-
facing and soldering materials, since these components
directly affect the performance and durability of this
equipment. As general, the PDC cutters are made in small
batches considering the specifics of a particular facility and
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obopynoaHus. Kak npaewio, PDC-gonoTa BbimyckatoT
MasTbIMM MapTUSMIM C YHETOM CELIMAINKIA KOHKPETHOMO
obbekTa 1 TpeboBaHWn 3akasdrka. B Poccum Hanbonee
COBpPEMEHHbIE 3aBOdbI MO Npor3soacTsy PDC-0onot
HaxopsTes B Camape, Ydhe 1 KypraHe.

B3/M, vs. Typ606yphl

BuHTOBbBIE 3200MHbIE ABUraTENM 06180aK0T PAOOM
KOHCTPYKTVBHBIX MPEVMYLLIECTB NMEPEL, KIaCCUYECKNMM
Typbobypamm 1 MO3BOSSKOT MPOBOAUTL PaboThl Mo
YCTPOWCTBY HaKJIOHHO-HaMPaB/IeHHbIX 1 FOPU3OHTaUTbHbIX
CKBaXKWH C MakCMasbHbIMM NoKa3aTe1aMm

3P PHEKTNBHOCTU. ITO TaKXKE KaCaeTcs MPOBEAEHNS
paboT Ha 0COBO CNOXHBIX yHaCTKax, HanmpuMep, Npu
OypPEHN AONONHNTENBHBIX CTBOJSIOB YEPEe3 OTBEPCTUE

B 9KCM/lyaTaUyOHHOW KOMOHHE. B cpaBHeHUM ¢
Typbobypamm conoctaBuMble Moaenv B3 obnagatoT
MEHbLLM OMaMETPOM, Peannayst Mpn STOM BbICOKME
CW/I0BblE XapaKTePUCTVKL MOMeHTa Apuratess. MoMmMmo
3TOrO TaKXKe CTOUT OTMETUTb MPOCTOTY KOHCTPYKLINM
OBuratesbHom cexuym B3/, cpaBHUTENBHO MasTyto
METaUIIIOEMKOCTb U1 HU3KIE MNapameTpbl N3HOCA 3a CHET
HEBBICOKINX CKOPOCTEN BpaLLIEHUS.

Mogundoukaumm B3,

HanbonbLunin cnpoc NpUXoauUTCs Ha ABuUraTtenu C
NPOTOYHOW LUNMHAOENBHOM CEKLNEN,

OCHalLLIEHHbIE PErYNATOPOM Yyria nepekoca n
CTaHOapTHOW paboyen napon. Ecnm roBoputb O
cneusakasax, To 3T0, Kak NpaBunio, Moandrkaumm ¢
NPOPUAMPOBAHHON ABUraTENbHOW CEKLIMEN, NOMbIM
POTOPOM, Macno3aulMLLEHHbIM WNnHaenem. B3,

C MPOTOYHBIM LUMNHOENEM MMEIOT YHUBEPCASIbHOE
NPUMEHEHNE U MOABUPAaIOTCS Nof, YCNoBUS
KOHKPETHOW CKBaXKMHbI MO NMapameTpaM AvamMeTpa,
4acTOTE BpAaLLEHUS, MOLLIHOCTU, 3axogHocTu. B3

C NPOMUNNPOBAHHOW OBUraTeENbHOM CEKUMEN Yallle
NCMOb3YIOTCS OS5 OYPEHUSI CKBXKMH CO CJIOXKHBIM
NpodUIEM, MOCKO/IbKY 001a0at0T MEHbLLEN

O/IVHHOW, BbICOKOW MOLLHOCTBIO 1 ONTUMAaSTbHbIN
nokasartesieM nckpreneHus. OgHako Takme Moaeam
Bonee 4yBCTBUTENbHDI K LNamy, Yem B3 B
CTaHAAPTHOM VICMONIHEHNN, N HY>KOAKOTCH B YCTaHOBKE
OOMOSNTHUTENBHBIX CUCTEM OYNCTKNU. Moaudumkaumm
apurarener ¢ nosibiM POTOPOM MPUMEHSIKOTCS MW
OypeHNN C NOBbILLEHHbIM PacxoaoM BypPoBOro
pacTBopa, YTO OOYCIOBNEHO BbICOKMMY TPEDOOBAHNAMM
K OYMCTKE MPM3aborHOM 30HbI. B HIMX YacTb pacTeopa
MyCcKaeTcs 4epes poTop, NO3BOSSA MPOMbIBATh Padbo4mii
y4acTOK.

CtomkocTb pabouen napbl

B3 achdekTBHO paboTatoT B KOHTaKTe C BypOBbIMM
pacTBOpamm PasfiyYHoOM NMIOTHOCTW, OOHAKO PasdNyHbIe
KOMMOHEHTbI PacTBOPOB MOMYT HErATUBHO B/VSTL Ha
31EMEHTbI paboyer napbl. Hanbonee ya3BrUMOm C TOYKM
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customer requirements. In Russia, the most modern plants
that manufacture PDC cutters, are located in Samara, Ufa,
and Kurgan.

Mud Motors vs. Turbodrills

Mud motors have a number design advantages over
classic turbodrills and allow carrying out operations to
install controlled directional and horizontal wells with
maximum efficiency indicators. This also applies to carry out
operations on particularly difficult areas, for example, when
drilling additional wellbores through the hole in a production
casing string. The comparable models of mud motors
have a smaller diameter in comparison with the turbodrills,
realizing the high power characteristics of motor torque

at the same time. In addition, it is also worth noting the
simplicity of design of the mud motor power section, the
relatively low metal consumption and low wear parameters
due to the low rotational speeds.

Mud Motor Modifications

The greatest demand comes from motors with a flow-
through transmission section equipped with a skew angle
regulator and a standard power section. In terms of the
special orders, these are modifications with a profiled
power section, a hollow rotor, and a oil-protected drive
sub. Mud motors with a flow-through drive sub have
universal application and are selected for the conditions

of a certain well according to the parameters of diameter,
rotational speed, power, and lobes. Mud motors with a
profiled power section are more often used for drilling

of wells with a complex profile, since they have a lower
length, a high power, and an optimal indicator of curvature.
However, such models are more sensitive to cuttings than
the mud motor in a standard version and require installation
of additional cleaning systems. The hollow-rotor motor
modifications are used for drilling with increased mud flow
rate, which is due to the high requirements for bottom-hole
treatment. A mud portion is flowed through the rotor in
them, allowing the working area to be flushed.

Power Section Resistance

The mud motors are effectively operated in contact

with drilling muds of various densities, but the various
components of muds can adversely affect the power
section elements. The stator elastomer insert is the most
vulnerable motor component in terms of increased wear
when using oil-base muds (OBM). It is made of nitrile
butadiene rubber (NBR) or hard rubber (HR). The elastomer
swells when interacted with an OBM, and its physical and
mechanical properties change. As a result, the preload
increases in a rotor-stator engagement, and the elastomer
is destroyed due to increased load.

The chromium coating of the rotor is damaged to the

greatest extent, when muds with a high content of highly
active components (salts, chlorides, acids) are used. Due to
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DRILLING

3PEeHUS MOBbILLEHHOIO M3HOCA OeTasblo OBUraTens
npw paboTe Ha pacTBopax Ha yrneBoaopOoaHON
ocHoBe (PYO) aBnseTcs pe3nHoBas 0bknagka ctatopa
(anactomep). OHa N3roTaBAMBAETCS U3 HATPUIBHOMO
kaydyka (NBR) v tBepaov pesuHbl (HR). Moun
B3aumogencTeum ¢ PYO nponcxoant «HabyxaHue»
3/1aCTOMEPA, MEHSIOTCS ero MU3nNKo-MexaH4eckmne
CBOWCTBA. B peaynbTate B 3auUenaeHu poTop-ctaTop
YBENNYMBAETCS HATAM U 3/1aCTOMEP paspyLLaeTcs
BCNEOCTBME YCUIEHNS Harpy3Ku.

[Mpn paboTe Ha pacTBOpax C NOBbILLEHHbLIM COOEPXXaHNEM
BbICOKOAKTUBHbIX COCTaBASKOLLMX (COMEN, XITOPUAOB,
KNCNOT) HAaMBObLLIEMY PA3PYLLEHWIO NOABEPraeTcs
XPOMOBOE MOKPbLITUE POTOpa. 3a cyeT 0bpasoBaHMs
MOACI0EBON KOPPO3UK MPONCXOOUT OC/IOEHNE XPOMa,
06pa3oBaHVie KaBepH Ha MOBEPXHOCTM POTOpPA, YTO B CBOKD
o4Yepeb PaspyLLaeT a/1acToMep cTaTopa.

Ha cerogHsaLWHMA oeHb pa3paboTaHbl MOKPLITUSA U
MPOMUTKM MOBEPXHOCTU POTOPA, KOTOPbIE MO3BONSIOT
MUHVMN3MPOBATL NarybHOe BAVSIHNE BbICOKOAKTUBHbIX
COCTaBIARLLMX BYPOBbIX PACTBOPOB. A UYTO KacaeTcs
anacToMepa, TO MPON3BOOUTENIN HE pacnoaratoT
PE3VHOBOM CMECHIO HY>KHOMO YPOBHSI CTOMKOCTH,
30eCb HEOOXOAVMbI HOBbIE UCCNea0BaHVs U OMbITHO-
KOHCTPYKTOPCKME PaspaboTKu.

Ecn rosopuT o mpumeHerun B3, B uenom, To 3aecb
PEKOMEHOYETCS 1CMO/1b30BaTh HOBbIE Pa3paboTKM BypOBbIX
PacTBOPOB, KOTOPbIE HE TOSIBKO 0B18AAK0T JyHLLIMMA
XapaKTePCTVKaMI, HO 1 MPEOOTBPALLIAIOT MPVXBaTh!

1 nosioMky B3/, B 4acTHOCTU, MVKPOSMYIbCUOHHBIE
PacTBOPbI Ha BOOHOM OCHOBE MO3BOJIAOT CHU3UTL CUSTY
TPEHUIS, BOSHUKIOLLYHO MPW KOHTaKTe BYpUIbHOM 1
00CaaHbIX KOTOHH CO CTEHKOM CKBaXKMHbI, YTO CYLLIECTBEHHO
CHKaET PUCKW anddepeHLMaribHbIX MPUXBATOB, a TakkKe
CMOCOBCTBYIOT CHDKEHWIO 3HOCA TRYLLWIXCS MOBEPXHOCTEN
anemeHToB B3/,

TpeboBaHUs pbIHKa

3akaz4rkn obopyaoBaHus B3 npeabsaBastoT K HemMy
[Ba OCHOBHbIX TPEBOBaHNS: OBeCneYeHEe BbICOKUX
CKOPOCTEN BYPEHNST N HUSKOIO KOhduLMEHTa
aBapuUIMHOCTU. B pamkax atana naaHvMpoBaHis paboT

Ha KOHKPETHOM y4aCTKe MPOV3BOAUTCSA NOABOoP
OBuraresnbHbIx cekum B3[, otBevatoLLpmx napameTpam
CKOPOCTU 1 CTabUbHOCTM paboT. OOHaKo 30eChb ECThb
OO BEKTUBHbIE OMPAHYEHNS: MPU MCMONb30BaHNN
BbICOKOCKOPOCTHOW ABUraTENbHON CEKUMN HEN3OEXKHO
yMeHbLLIaeTCst MOLLHOCTL B3, ¢ yBemyeHnem rinybuHb
3ab0s 060pyaoBaHVE NPUXOONTCS MPUMEHATbL HA MEHEE
CKOPOCTHOE 1 Boee MoLHoe. B Takmx ycnoBumsx ois
YBESMHEHMSA CKOPOCTU MPOXOOKM AOMOSHATENBHO CO30aETCH
BpaLLeHe BCEro H3a BypusibHOM KOSIOHHBI POTOPOM. [pur
STOM BO3HUKAKOT C/IOXKHOCTU, CBA3AHHbIE C OMPaHNYEHNEM
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the formation of underlayer corrosion, chromium is peeled,
and cavities are formed on the rotor surface, which in turn
destroys the stator elastomer.

Today, the rotor surface coatings and impregnations are
developed, which allow minimizing the detrimental effect
of the highly active components of driling muds. As far as
the elastomer is concerned, manufacturers do not have a
rubber mixture of the desired level of resistance, there is a
need for new research and development.

With regard to the use of mud motors in general, it is
recommended to use new developments of drilling muds,
which not only have better performance, but also prevent
damage to mud motors. In particular, water-based micro-
emulsion muds can reduce the frictional force that occurs
when the drilling and casing strings come in contact with
the wellbore wall, which significantly reduces the risks of
differential stickings and promotes the reduction in wear of
friction surfaces of mud motor elements.

Market Requirements

The customers of mud motor equipment impose two main
requirements on it: ensuring high drilling rates and a low
accident rate. The power sections of mud motor that meet
the parameters of speed and stability of work are selected
as part of the planning phase of work in a particular area.
However, there are objective limitations: when a high-
speed power section is used, the mud motor power
inevitably decreases, and a lower speed and more powerful
equipment shall be applied with increasing a bottom-hole
depth. In such conditions, the rotation of the entire BHA

is additionally created by a rotor to increase the rate of
penetration. In this case, there are difficulties associated
with limiting the speed of operations at large skew angles.
If the design of mud motor drive sub does not have an
adequate margin of safety, the probability of equipment
failure in the well increases significantly.

Engineering Solutions

To eliminate these limitations, several engineering solutions
have been developed. In particular, the reduction of

the lower mud motor arm to the point of curvature, the
implementation of unloading elements into the most loaded
areas of motor, the use of flexible subs in the BHA that
reduce the probability of occurrence of accidents that lead
to emergencies in the well. Let’s consider an example of the
implementation of these solutions using a PetroEngineering
ISC DMR178 model of the mud motor.

Changing in the design of transmission section made it
possible to minimize a distance between the skew point

of drive sub axis and the bit to 1796 mm in a standard
version and to 1662 mm in a special version. Due to the
modernization of an adjustable skew angle of drive sub
axis, the tolerances for possible rotor speed are significantly
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B GYPEHVE

CKOPOCTV paboT Ha 6oMbLLKX Yriax nepexoca. Ecrm
KOHCTRYKLMS LNnHAens B3[ He MMeeT [oCTaTouHOro
3anaca NMpo4YHOCTU, CYLLIECTBEHHO BO3PAaCTaEeT BEPOSTHOCTb
MOJIOMKIM OBOPYA0BaHMS B CKBEXKMHE.

MH>XeHepHble peLueHus

[na ycTpaHeHns faHHbIX OrpaHUYeHuin paspaboTaHo
HECKOJIbKO MHXXEHEPHbBIX PELLEeHNIN. B yacTHocTy,
YMEHbLLIEHNE HYKHEro nieda B3, 00 TOUKM CKPUBAEHNS,
BHEOPEHME Pa3rpy304HbIX 3/IEMEHTOB B Hanbosiee
Harpy>XeHHbIe y4acTK/ ABuraTens, UCrnonb3oBaHne

B KOMMOHOBKE HM3a BYypUSIbHOM KOMOHHbI FTUMOKIX
MEePEBOOHNKOB, KOTOPbIE CHYDKAIOT BEPOSTHOCTb
BO3HMKHOBEHWS YPESBbIHaHBLIX CUTYaLA, MPUBOOSLLNX
K aBapUnHbIM CUTYaLMSIM B CKBaXKHE. PaccMoTpiM
peanmMsaumio OaHHbIX PeLeHnin Ha npumepe mogenv B3/
DMR178 «NCK «[1eTpoHXUHUPWH>.

VI3MEHEHWE KOHCTRYKLMM LUNMUHAEIBbHON CEeKLMN
MO3BOIMIO MUHVMU3MPOBATb PACCTOAHNE MEXOY TOUKOM
nepexkoca ocu LWNMHAENS 1 0oNoToM Ao 1796 MM B
CTaHOAPTHOM UCTONHEHUM 1 A0 1662 MM B CleLmasibHOM.
3a cyeT MOAepHM3aLIN PErYNIMPYEMOrO Yria nepexkoca
OCU LUMNNHAENS CYLLIECTBEHHO YBENYEHbBI [OMYCKM

MO BO3MOXHbIM 060pOTam poTopa B 3aBMCKMOCTU

OT BbICTaBNEHHOrO yrna. B BepxHeM nepeBoaHvke
OTKJIOHUTENSA NPEOYCMOTPEHBI 32Pe3b00BbIE KaHaBKW,
CHWDKAKOLME Harpy3Ky Ha AaHHY OeTaslb Npu

BbICOKMX 0BopoTax poTopa. [JopaboTKn KOHCTPYKLMM
B3[] no3Bomnm He TONbKO pacLUMpUTL AMana3oH
BpaLLleHns apuratens B coctase KHBK, HO 1 yay4diumnam
nokazaresiv NMPOBOAKM CTBOA CKBaXXMHbI. B pesynbtate
nosydeHa 6onee HagexxHas MoaMdmKaLms, KoTopas
noseonseT Bpaware KHBK co 3HaunTensHo 6onbLuen
CKOPOCTBLO. ECnn paHblLLe BpaLleHe padbodeit napb
B3/ npw BbICTaBIEHHOM 3HAYEHNM yrna nepekoca

1°29’ orpaHn4mBanock 20 06/MVH (Mpwv ANHe paboden
napbl 6o/1ee 5 M), TO cenvac BO3MOXKHO BpaLLeHne Co
ckopocTbio 50-80 06/MVH Npu 3Ha4YeHWK yria 1°50°.
OTO OaeT LeNbI CNEKTP MPEUMYLLIECTB B 06ecnedeHm
CKOPOCTU 1 KadecTBa BypoBbIX paboT.

MpoussoncTteo B3,

Y70 KacaeTcsa npowasoauTenen B3, aktneHO
paboTatoLLMX B OTPAC/IN, TO UX MOXHO pa3aenTb Ha
aBe 6onbLIVe rpynmbl. [epByto COCTaBNSOT KOMMaHUM,
BKadblBatoLLME 3HauMTeNbHble cpencTaa B HI/IOKP n
npeniaraoLUme PbIHKY HOBbIE aKTyasTbHble Pa3padoTKU.
BTopas rpynna — kKoMnaHum, KOTopble KOMMPYIOT
BOCTPEOOBaHHbIE 3aKa34MKaMy TEXHOMOMM 1 TaKUM
06pa30oM 3KOHOMST Ha 3aTpatax. [JaHHbIn nogxoq,
MO3BOJISET UM Npef/iaratb 60/ee HU3KME LieHbI U
BbIMMPbIBaTb KPYMHble TeHOEPD!. B ntore cozgatotcs
HEYECTHbIE YCNOBUSI KOHKYPEHTHOM 60pbObI, Koraa
BenyLUe Urpoku, nHeectupytoLLne B HVIOKP 1 nuTatoLmve
OTpacsib HOBbIMM TEXHOJIOMVISIMU, OKa3bIBAIOTCH MEHee
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increased, depending on the set angle. The clearance
grooves that reduce a load on this part at high rotor
speeds are provided in the top sub of the diverter.
Improvements in the mud motor design allowed not
only to expand the rotation range of motor as part

of the BHA, but also improved the wellbore passage
indicators. As a result, a more reliable modification,
which allows the BHA to be rotated at a significantly
higher speed, was obtained. If the rotation of mud
motor power section at a set skew angle value of 1°29’
was limited to 20 rpm (with the power section length
of more than 5 m), now it is possible to rotate it with a
speed of 50-80 rpm at an angle of 1°50’. This gives a
whole range of advantages in ensuring the speed and
quality of drilling operations.

Mud Motor Manufacturing

With regard to mud motor manufacturers, actively
working in the industry, they can be divided into two
large groups. The first group includes companies that
invest substantial funds in the R&D and offer new relevant
developments to the market. The second group consists
of companies that copy technologies demanded by
customers and save on costs. This approach allows them
to offer lower prices and win major tenders. As a result,
unfair conditions of competition are created when the
leading players who invest in R & D and feed the industry
with new technologies turn out to be less successful
commercially than their brothers in trade copying their
achievements. Not only and not so much specialized
government support programs, as the creation of a
responsible customer approach to the formation of
bidding procedures, mud motor requirements, as well as
ensuring the transparency and openness of data on the
conditions of actual equipment operation can contribute
to a radical recovery of the situation. It is in such
conditions that the industry will receive new incentives for
development and will increase in quantitative indicators
through the successful activities of professional and bona
fide players.

yCrneLUHbIM/ B KOMMEPYECKOM riaHe, 4emM KoJiniern rno
Lexy, KOmMpyroLLme X AOCTVKeHMs. KapamHaibHOMy
O3[0POBJIEHMIO CUTYaLMN MOMYT CNOCOBCTBOBATL He
TOJIbKO 1 He CTOJIbKO cneuasin3npoBaHHble roCnporpamMmmbl
NOAOEPXKKN, CKOJIBKO CO3[aHNe OTBETCTBEHHOMO

noaxofa 3aka3qikoB K JOPMUPOBAHMIO TEHOEPHbBIX
npouenyp, TpedbosaHnin K B3, a Takke obecnedeHmnto
NPO3PaYHOCTU 1 OTKPBITOCTW OAHHBLIX 06 YCNOBUSX
peanbHOM aKcnnyaTaumm 0bopyaoBaHus. VIMEHHO B Takmx
YCNoBMSX OTpacsb OyaeT nosydaTb HOBbIE CTUMY I A1
PasBUTLS 1 MPUPAaCcTaTb KOMMYECTBEHHbIMI MOKa3aTesaIMN
Yepes YCreLLHYO AeSTe/TbHOCTb NMPOMECCUOHATbHBIX 1
O0BPOCOBECTHbBIX NMPOKOB.
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