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Drilling Rigs’ Power Supply: Methods to Enhance
The Reliability of The Drawworks Drive Power Supply
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B CTaTbe OMMCaHbl CXEMbI SNIEKTPOCHAOXXEHWS,
npumeHsiemble B OO0 «YK «TaToypHedTb» C
PasINYHbIMN KOMMOHOBKAMW TEXHOJIOMYECKOro
obopynosaHug. [NprBeaeHbl cxembl 00LLEro
3MEKTPOCHabXXEHUST OYPOBbIX YCTAHOBOK Kak

C HeperympyembiM, Tak U C PEMYIMPYEMbIM
3NEKTPONPVBOAOM MNaBHbIX MEXaHN3MOB. [puBeaeHbl
CMOCOBbl YBENMNYEHNSA HAOEXKHOCTU 31EKTPOCHABXEHNS
anekTponpueoaa bypoBon nedbeokn. [ns obecneyeHns
HaOEXXHOr0 3/1EKTPOCHABXEHNS 31EKTPONPYBOAA
OypoBow nebedku, C Lesbo NCKIIOYEHNS
BO3HWKHOBEHWSA NMPUXBATOB B NpoLecce bypeHus n3-3a
noTepu NUTaHNSA 3NexkTponpuBoda bypoBon nedenku,
npeasioXKeHo No0oYepeaHO BbIBOANTb 13 paboTbl
OypoBble MEXaHM3MbI A1 CHUXKEHUSI HAarpy3Kn B LIEHTPE
nuTaHns BypPOBOM YCTAHOBKW.
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Nikulin OV, Ph.D.,
Lead Engineer, Tatburmneft (UK)

his article describes the power supply schemes

that ‘UK ‘Tatburneft’ Ltd apply to different process
equipment configurations. It also shows the commercial
power supply schemes for the rigs with controlled and
non-controlled main machinery electric drives. The
article delivers the methods to enhance the reliability of
the drawworks drive power supply. In order to establish
reliable feeding of the drawworks drive and to avoid
sticking while drilling (caused by the loss of the drawworks
power supply), the author suggests that the rig equipment
should be shut off in sequential manner to decrease the
load of the rig power source.

In Russia, most of the drilling works are handled by the
rigs with electric drives [1]. Using either of the power
supply schemes depends on the following:
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DRILLING

OcHosHOM 06beM BypeHns B PO BbiInoNHAETCS
OypoBbIMK ycTaHOBKaMu (BY) ¢ 9N1eKTponprBOaOM
(O) rnaBHbIX MexaHM3MOB [1]. BbI6op TOro nam NHOro
BapraHTa CUCTEMbI 3NIEKTPOCHABXKEHMS ONpeaenseTcs
PSAOM (DaKTOPOB: BUA, MPVIBOAA M1aBHBIX MEXaHN3MOB
(aNeKTpUYECKUIN PEryINPYEMbIN, DNEKTPUYECKII
Heperympyemblii, AU3eNb-3NEKTPUHECKUIA UK
OM3enbHbIV); YPOBEHb MUTAKOLLErO HAMPSPKEHNST; CXemMa
KOMMOHOBKW 060pyaoBaHng. Obwmm ang scex bY

C 3NIEKTPUYECKMM MPUBOAOM SBASETCS HAMYME
BBOHOMO YCTPOWCTBA TVMNa BbICOKOBOIbTHOMO
nuHenHoro 6n1oka BJ16-6(10), nogknto4aemoro K
MPOMbICIOBOW CETU HampspkeHnem 6 1nm 10kB.

Ha pucyHke 1 nokasdaHa OQHOMMHENHAsa cxema
6noka BJ16-6(10), cogep>xallas orpaHu4nTenn
nepeHanps»keHun OlNH, pazbeguHUTENb NNHENHbLIN
PJTHA, pazbeanHuTens PB3, TpaHcdopmaTopsl
TokKa TT, npepoxpanHutenn MK, namepuTtesbHbIn
TpaHcdopmaTop HanpsxkeHns HAMI 1 BakyyMHbI
BbIK/lOYATEb.

BbICOKOBOIbTHbIN NNHEMHBI OTOK COCTOUT 13
LuKada HapPYy>KHOrO NCMNOSHEHWST C BbICOKOBOJIbTHOM
KOMMYTaLMIOHHOW 1 N3MEPUTENBHOM annapaTypown,
PENeNHOM 3aLLUTON N KOMMEPYECKNM YHETOM
3NIEKTPUYECKON IHEPTUN.

B 3aBrcumMoCTr OT ypoBHS

6(10) kV Field Network
[Tpomeicnosan cets 6(10)B
1

VS (voltage suppressor)
OIH

PIIHIT
LDS
(linear disconnecting switch)
] o
PB3
(disconnecting switch
o — with grounding blades)
CT
(current transformer)
T
EB
VCB
(vacuum circuit breaker)

Puc. 1. OgHommHerHas Cxema BoICOKOBOSIBTHOMO JIMHEMHOTO
6noka BJ16-6(10)
Fig. 1. B/16-6(10) HV Unit Single Line Diagram

HanpsXeHVs NpombicnioBol ceTn B Cnncok CokpatleHHoe HammeHoBaHwme: Abbreviation list:

6noke BJ15-6(10) yctaHaB/MBaeTCca  [pamu NAMI DKY-2 HEF-2 (Harmonic filter-2)

VISMepl/ITeJ'IbeIIZ TpaHC(bopMaTop OITH VS (voltage suppressor) KPY-2 PCG-2 (Packaged Switchgear)

HAMW Ha cooTBeTCTBYIOLLIEE MK F (fuse) KPYD-6(10) | KPYD-6(10) PCG

Hanpsh>KkeHne, ocTasibHasA TT CT (current transformer) BT Power voltage lead-in cabinet (main)

BbICOKOBOJIbTHasA arrapatypa B BB VCB (vacuum circuit breaker) IBIIT “IIBITT” cable

Lenax yHUUKaLmm BbIBMPaeTCs Ha | KBT VC (vacuum contractor) YyH PCC (Pumps control cabinet)

Hanps>KeHne 10xB. PB3 PB3 (disconnecting switch with grounding blades) myn DWCC (Drawworks control cabinet)
PJIH[, LDS (linear disconnecting switch) uyp RCC (Rotor control cabinet)

B CJiy4ae nnTtaHn4 6ypOBOI7| mp BDS (busbar disconnecting switch) myT BCC (Brakes control cabinet)

YCTAHOBKW OT CETU HaMps>XXeHnem TC DT (dry transformer) 1IBIT “IIBIT” cable

1 OKB7 LOOMNOSIHUTESTbHO TIT SCR (semiconductor controlled rectifier) MH PM (Pump motor)

yCTaHaB/IMBaETCA COr1acytoLLmn n €)1 EM (electric motor) Ml DWM (Drawworks motor)

TpaHC(bopMaTop 10/6KB, KOTOpr|7| ™2 TM2 (thyristor module) MP RM (Rotor motor)

MOHTUPYETCS Ha eQyHOE OCHOBaHME m4 FC (frequency converter) SOMT EMB (Electromagnetic brake)

c 6,1o0kom BJ1 5_6(1 O) 1IBB Power voltage lead-in cabinet (aux) TMB PR (Power transformer)

B 3aBMCMMOCTM OT KOMMOHOBKM

obopynoBaHus — Trna 6ypoBbIX HACOCOB; HATNYS
aneKkTponaporeHepaTopHbIx (BN yCTaHOBOK B 3UMHEE
Bpems; Tuna bY, B 3aBUCUMOCTU OT YCIOBUIA BYpeHUs
N FNYOUHBI CKB2XKWHbI; HATNYNSA CUCTEMbI BEPXHEO
NpVIBOAA; TUMNa LIMPKYISLUMOHHOM CUCTEMBI U T.1.
CUCTEMA BNEKTPOCHAOXKEHNS MEHAETCS OIS KAXKOOM

KyCTOBOW Mnowaan dypeHus. [NoaTomy Ao NOAKIIYEHNS

BY K NpoMbICNI0BOM CETU pa3padaTtbiBaeTCs NPOEKT
3M1EKTPOCHabXeHW BY, yunTbIBaOLLMA YKa3aHHbIe
YCOBUS 1 MECTOPOXAEHME.
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e main machinery drive type (controlled electrical; non-
controlled electrical; diesel-electrical; diesel);

e power voltage level;

e equipment layout. The HV linear unit (BJ15-6(10)
connected to the 6 or 10kV field network is the
common feature of all rigs with electric drives. Figure
1 shows BJ15-6(10) single line diagram with voltage
suppressors (VS); linear disconnecting switch (LDS); HV
disconnecting switch with grounding blades (PB3);
current transformers (CT); fuses (F); voltage transformer
(NAMI) and vacuum circuit breaker (VCB).

ROGTEC | 89




B GYPEHVE

Ot BJIB-5(10)
From BITIO-6(10)

CT

____________ L - sh— T
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| : Ixac eEOma Bypozore Hacoca : bypoEoro Hacoca : ehe : SnexTponaporeHeparop :
| Auxiliary transformer and | L f : | . | | . |
i measuring circuit | Lead-in cabinet Rig pump motor | Rig pump motor | Drawworks motor | Electric steam generator |
e o s e e . e ——————— —— o ———————————— e ————— — e —————————— e ————— ]

Puc. 2. OpHonvHerHasa cxema yctponctea KPYHB-6 - Fig. 2. KPYHB-6 PCG Single Line Diagram

Ha pucyHke 2 nokasaHa OgHOIMHENHAas cxema
3MEKTPOCHabXXEHNS BYPOBbIX YCTAHOBOK PAHHETO
MPOM3BOACTBA C UCMOJSIb30BAHNEM KOMIMIEKTHOIO
pacnpenennTesIbHOro YCTPONCTBA HApY>KHOW YCTaHOBKM
KPYHbB-6.

YcTtponcteo KPYHB-6 cocTouT 13 WwecTn WKados;

Wwkad TpaHchopMaTopa BCNoOMOoraTesibHbIX MEXaHU3MOB
(TpaHchopmMaTop COBCTBEHHbIX HY>XKA) 1 3aLLUUTLI U
N3MEPEHS, BBOOHOM LKA, LKadibl S/1eKTROABUraTeNen n
3MeKTPOMNaporeHeparopa ¢ BakyyMHbIMM KoHTakTopamm KBT.

B 3aBncMMOCTI OT NpuMeHseMOoro 060pya0BaHNS
KOM4YeCTBO WkathoB KPYHB-6 MOXET 6bITb
pa3nnyHbIM. Ha prcyHke 3 mokasdaHa 0gHOIMHENHas
CXema 2/1eKTpoCHabXeHNs1 OypOoBOW yCTaHOBKN BY-
2500/1603I1 ¢ yctponcteom KPYHB-6, cocTosulen 13
NStV WKadoB. B AaHHOM KOMMOHOBKE 1CMOMIb30BaHb!
aBa bypoBblx Hacoca (bH) ¢ 3l nepemMeHHOro Toka Ha
6a3e CUHXPOHHbIX ABUraTeENeN, 3N1EKTPONPUBOL BypOBOIA
nebenkn (BJ1) n 6yposoro potopa (BP) — perynnpyemsi
C TUPUCTOPHBbIM 3l MOCTOAHHOIO TOKa. TUPUCTOPHBIN
mMoaySib BJ1 v BP ¢ BbICOKOBOJIbTHBIM BBOOOM COLEPXUT
pasbeEQUHUTENN, OrPaHNYNTENN NMEPEHANPSXKEHNIA,
BaKyyMHbI BbIK/OHaTENb, TPAHCHOPMATOR COBCTBEHHBIX
HY>K, U TpaHCopMaTop NUTaHNSA TUPUCTOPHbIX
npeobpazoBaTtesien.

Ha pucyHke 4 nokasaHa OgHOIMHENHAas cxema

3NEKTPOCHabXEHNS BypPOBbIX YCTAHOBOK BY-75bp3,
BY-1600/1003Y c¢ yctponcteom KPYHB-6, cocTosien
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The high voltage linear unit consists of the outdoor
cabinet with HV switching and metering equipment, relay
protection and commercial electrical meter.

Depending on the field network voltage level, the BJ1B-
6(10) HV unit will be equipped with the NAMI voltage
transformer set on the correct voltage level. The rest
of equipment is designed for 10kV, for the purpose of
unification.

If the rig is powered from 10kV network, a 10-6kV
matching transformer should be installed in addition, on
the same foundation with the BJ16-6(10) HV unit.

Depending on the equipment configuration - rig pumps type;
electric steam generators availability for the winter period;

rig type, depending on the drilling conditions and the well
TD; top drive availability; circulation system type etc., the
power supply system will be different for every well pad. That
is the reason that prior to having the rig connected to the
field network, a power supply design that incorporates all
conditions and field specific, is required.

Figure 2 shows the old rigs single line power supply
diagram with the outdoor PCG (packaged switchgear)
(KPYHB-6)

The KPYHB-6 PCG consists of six cabinets: auxiliary
transformer cabinet (for auxiliary, protection and metering
devices); lead in cabinet; motors and electric steam
generators cabinets with vacuum contactors.

www.rogtecmagazine.com
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BypOBOro Hacoca ?
Fig. 4. BY-75bp3, BY-1600/1003Y Rigs with VFD-driven
pumps. Single Line Power Supply Diagram

92 | ROGTEC www.rogtecmagazine.com



DRILLING

T T Depending on the
Ot BJIB-6(10) application, the number
Pv T ] T b
From BJIIO-6(10) L;Isﬂ E;Eﬂ of the KPYHB-6 PCG
o — L i ) cabinets may vary. Figure
[ Vs OITH [ s OITH Drawworks and rotor thyristor 3 shows BY-2500/1603T1

ﬁ Rig pumps thyristor module
THPHCTOPHEIR MOOYIE
OVPOBEIX HACOCOE
P—————
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|
|
|

i SneKTponpHEST BVPOERX HACOCOE i

| Rig pumps electric drive | |

Cobcreemmme | 2/
HYEIE BY EM

Rig auxiliaries

Hacoc 2
Pump 2

Hacoc 1
Pump 1

Puc. 5. OgHonvHeNHas cxema anexkTpocHab»eHMsa BypoBov yeTaHoBKM BY-2000/12530
Fig. 5. BY-2000/12530' Rig. Single Line Power Supply Diagram

N3 YeTbIPEX LKadoB. B gaHHOM KOMMOHOBKE
ncnonb3oBaH bH ¢ yactoTHO-perynpyembim Or.
BrnoyHoe KOMMIEKTHOE pacnpenennTesibHoe YCTPOMCTBO
HaxoauTCcs B OOHOM MoZyJse C Npeobpas3oBaTtesiem
4acTOoThl.

Ha pricyHke 5 nokasaHa ogHOIMHeHas cxema 6ypoBoW
ycTaHoBkM BY-2000/125301 ¢ 3l NOCTOSAHHOrO ToKa
rNaBHbIX MEXAHV3MOB.

Ha pricyHke 6 nokasaHa 0gHOIMHeHas cxema BypoBoW
ycTaHoBkM BY-2900/175301 ¢ Ol NOCTOSAHHOrO ToKa
rNaBHbIX MEXAHV3MOB.

Ha pucyHke 7 nokasaHa ofHONIMHeNHas cxema
3NeKTpPoCcHabxeHWs Byposoin yctaHoBkm CBY (MBY) —
3000/17513 ¢ yacToTHO-perynnpyemMbiM 3l rnaBHbIX
MEXaH3MOB.

B npouecce BypeHnst CKBaXKMH, OCTTOXKHEHWSI, CBA3aHHbIE
C NpuxBaTamm 6ypoBOro MHCTPYMEHTA, 3aHMatoT
OOMBLLION MPOUEHT BPEMEHM B CPABHEHWN C ARYTMMM
aBapusMK 1 TPEOYIOT BOJIbLLIOTO KOJIMHYECTBA BPEMEHU
0 nx nnkengaumm. OgHOM 13 NPUYKH, NPUBOASLLEN

K NpuxBaTy BypusibHbIX 1 06CaaHbIX KOSIOHH SBSIETCS
OTK/TKOHEHME BNIEKTPOSHEPT N, [119 MOBbILLIEHNS

www.rogtecmagazine.com

SmeETpoNpHEOD TebeEl H pOTOpA
Rotor and drawworks drive

Jlebenxa Potop
Drawworks Rotor

module

Rig Single Line Power
Supply Diagram with

THpHCTOPHEIR MOTYIIB
Oypoerlx nebenry H poTopa

L wrexy | KPYHB-6 PCG, consisting
I of five cabinets. This
- BDS J_ I application uses two rig
| pumps with AC driven
‘ "ﬁ— q; : synchronous motors;
BB | drawworks and rotor
veB| 4 B I electric drive - controlled-
I type, with AC thyristor
TC I drive. Drawworks and
bT | rotor thyristor module
! with HV lead in contains
' disconnecting switches,
$ _&g_i voltage suppressors,
|
|

vacuum circuit breaker,
auxiliary transformer and
thyristor rectifiers power
transformer.

CobcTEeHHREIE
HyEOE BY

Rig auxiliaries

Figure 4 shows a single line
power supply diagram of the
following rigs: BY-756p3,
BY-1600/1003Y with
KPYHB-6 PCG, consisting
of four cabinets. This configuration uses the rig pump with
VFD. The packaged switchgear shares the module with
the frequency converter.

Figure 5 shows a single line power supply diagram of
the BY-2000/1253I1 rig where the main machinery is
equipped with the DC electric drive.

Figure 6 shows single line power supply diagram of
the BY-2900/1753I1 rig with main machinery with DC
electric drives.

Figure 7 shows a single line power supply diagram of
CbY (MBY) — 3000/17513 rig (stationary and mobile)
with VFD-driven main machinery.

Compilications such as sticking entail bigger downtime
compared to other failures and emergencies and therefore
require more time to respond. A power failure could cause
the drill pipe and casing to stick. To enhance reliability and
stability of the rig systems by shortening the response
time and decreasing the downtime of equipment, it

is necessary to develop the drawworks power failure
protection device.

Drawworks Power Failure Protection Device [2]. The rigs

ROGTEC |93
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Puc. 6. OpHonvHerHas cxema anexkTpocHab»eHst OypoBon ycTaHoBki BY-2900/175311
Fig. 6. BY-2900/17530'1 Rig. Single Line Power Supply Diagram

HaOEXHOCTU N YCTONYNBOCTU TEXHOMOMMUYECKMX CUCTEM
OyPOBbLIX YCTAHOBOK 3a CUET YCKOPEHUS OeNCTBNS
3aLLNTbI U CHYDKEHWS BPEMEHW MPOCTOS TEXHOSTOMMHECKNX
arperaroB OypOBbIX YCTAHOBOK TpebyeTcs pa3paboTka
YCTPOWCTB 3aLLMTbl OT NOTEPW MUTaHMWS SN1EKTPONPUBOaa
BypoBO 1e6EOKM.

YCTPOWCTBO 3aLUMTbl OT NOTEPW NUTAHNS
aneKTponpveoga bypoBon nebeakn [2]. MakcrmansHas
TOKOBas! 3allUuTa pacnpeneMTenbHbIX YCTPOMCTB
OypPOBbIX YCTAHOBOK [3], COOEPXUT TpaHCcopMaTopbl
TOKa 1 pesie MakCUMaibHOro Toka. Pene MakcymabHoro
TOKa HaCTpamBatoTCs TakM 06pa3oM, HTOObI MpK
neperpyske ApuraTesen OTKIKYancs COOTBETCTBYHOLLNI
KOHTaKTOP, a NMpu KOPOTKUX 3aMblKaHNSIX — BBOOHOW
Bbik/tovaTens B BJ1B-6(10) kB.

[aHHOe yCTPONCTBO penerHom 3almtbl obnagaet
CcneayrolwmMMm HeooCTaTKaMu:

BO-MeEPBbIX, HN3Kasa HAOEXHOCTb, BblpaXXeHHas B
MOJSTHOM OTKJIOHYEHUM BYPOBOW YCTAHOBKM B Cy4astx
MPEBbLILIEHVS MAKCUMaTBHOMO TOKa U OTKJTKOHEHMM
BBOJHOMO BbIK/toHaTeNs. 310 06YCNOBNEHO TEM, HTO
Ha BypOoBOW YCTAHOBKE CyMMapHasi HOMUHaNbHas
MOLLIHOCTb YCTaHOBIEHHOrO 060PYAOBaHNSA MOYTU B
OBa pa3a NpPEeBbLILLAET BEPXHUA MPeaen TEOPETUHECKM
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PCG overcurrent protection [3] consists of the current
transformers and the overcurrent relays. The overcurrent
relays shall be adjusted so that once the motor is
overloaded, the relevant contactor would trip; and in case
of the short-circuit, the lead in switch in BJ16-6(10) kV unit
would trip.

Such relay protection has the following deficiencies:
First, low reliability: the entire rig would trip should

the overcurrent setting be exceeded and the lead-in
switch open. This is explained with the fact that the
total rated power of the rig equipment almost two times
exceeds the top theoretical maximal load limits; that is
why the rig receivers cannot turn on at the same time.
For example, the drawworks and rotor drives cannot
operate simultaneously; the rig pumps and drawworks
drives always actuate at different time; however, the
rig pump and rotor drive, or the top drive and auxiliary
equipment drives can work operate simultaneously.
That is why, depending on the well design, the rig load is
uneven, which is what triggers the false response of the
lead-in switch;

Second, the low efficiency is due to the lead-in switch trip
in case of the short-circuit on one of the motor’s busbar,
which leads to the full stop of the drilling operations.
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BO3MOXXHbIX MaKCUMaSIbHbIX HArpy30K,
NMO3TOMY YaCTb 3NEKTPONPUEMHUKOB
OYpPOBOM YCTAHOBKIM BKIKOHAETCSH
BCerga pasHoBpeMeHHo. Hanpumep,
HEeBO3MOXKHa COBMEeCTHast paboTa
3NEKTPONPUBOLOB BypPOBbIX NebenKu
1 poTopa, BCeraa pa3HOBPEMEHHO
BKJ/IIOYAIOTCS SIEKTPONPUBOAbI
OypOoBbIX HACOCOB 1 BYPOBOW NebeaKku,
B TO )€ BPeMsi MOryT 0JHOBPEMEHHO
paboTaTb 3/1EKTPONPUBOAbI

OypOoBbIX HAcoca 1 poTopa Unn
CUCTEMbI BEPXHEro NpuBoda 1 4acTb
BCMOMOraTesIbHOro TEXHONOMMYEeCKOro
obopynoBaHua 1 T.4. [NosTomy

B 3aBWUCUMOCTW OT KOHCTPYKLIMK
CKBaXXVHb| 3NIEKTPUYECKNE Harpy3Ku
OypPOBOW YCTAHOBKN UMEIOT
HEepPaBHOMEPHbIV XapakTep, Y4To
NPUBOAUT K NTOXXHOMY cpabaTbiBaHWo
BBOAHOIO BbIKNOYATENS;

BO-BTOPbIX, HU3Kas apHEKTUBHOCTb
paboTbl, 0OYCNOBAEHHAA OTK/TIOHEHNEM
BBO/HOIO BbIK/HOHATENS MPU KOPOTKOM
3amblkaHuM (K3) Ha wmHax ogHoro 13
3MEKTPOABUrATENEN, YTO NMPUBOANT K
MOJIHOMY OCTaHOBY MpoLiecca bypeHus.

[MoBbILLEHNE HAOEXKHOCTU
BecnepeboinHon paboThl
3anexkTponpueoga bypoBon nedbegkun
3a CYeT BO3MOXXHOCTM aBapUnHOro
nogbema 6ypoBOro MHCTPyMEHTa

B C/ly4ae BO3HUKHOBEHNS aBapum

B 9JIEKTPOYCTAHOBKE C LIESTbIO
NCKTHOYEHUST MPUXBATOB BYpOBOro
WHCTPYMEHTA, a Takxxe MOBbILLIEHNE
3 DHEKTUBHOCTN paboTbl yCTPONCTBA
PENENHON 3aLLMTbI 3a CHET yBENNYEHNS
CTeneHu 3aLlunTbl OT NOTepPV NMATaHUS
aneKTponpueoga bypoBon nebeakun
peLLaeTcs YCTPONCTBOM, MOKa3aHHbIM
Ha prCyHKe 8.

peLlaeTcs YCTPONCTBOM 3allMThl OT
noTepy NUTaHKS 3NeKTpPoNpYBoaa
OypoBOM nedeaku, BKIKOYAOLLIMM
B710K KOHTPOJIS, BXO, KOTOPOro
MOAKITFOYEH K TOKY BBOAA CEKLIN LLIMH
pacnpenennTesibHoOro YCTPOMCTBA,
NepPBbIA, BTOPOW 1 TPETUN TanMepbl C
NCMOJHATETbHBIMX BJI0KaMW.

YCTPONCTBO paboTaeT CneaytoLLmm
obpasom.
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Puc. 7. OnHonmHenHasa cxema aneKTpoCHabeHMsA OypOBOV YCTaHOBKM

ChY (MBY) — 3000/17813:

KPY1 — KPY6 — KOMMIEKTHbIE pacnpenermrtensHble yetponctsa; TC1 — TC 6 —
CUIoBbIE Cyxvie TpaHcdopMaTopsl; TM — CUIOBOM MaCisHbIM TPaHCHOoPMAaTop;
ITY — npeobpasoBaTesib HacToThl; DI — aneKTpooB/raTesls; B — BoNpaMUTENb;
N — vHBepTep; CBII — crctema BepxHero npveoda; Al — A5,B1-B5,C1 - C5 -
CUNoBble s4erky ITH ¢ MHoroypoBHesow MM

Fig. 7. CbY (MbY) — 3000/175M13 Rig (mobile and stationary). Single Line Power
Supply Diagram:

KPY1 - KPYE — PCG's; TC1 — TC 6 — Dry power transformers; TM — Oil power
transformer; 'Y — frequency converter; 3L — motor; B — rectifier; 1 — inverter;
CBI'T—top drive system; A1 — A5, B1 —B5, C1 — C5 — Frequency converter
power cubicles with multilevel pulse-width modulation
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I
— 1 2 5
6
7
8
Puc. 8. Yctporctso
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noTepV MATaHNS 3
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OypOBOV NebeKy
Fig. 8. Drawworks Drive
Power Loss Protection 4 10
Device

Mpw gocTvKeHUn ycTaekm no Toky (l) cpabaTbiBaeT
710K KOHTPOJIA MakCUMasibHOro Toka 1,

KOTOPbIW BbIOAET CUMHA Ha NeEPBLIN Tanmep 2, 1
Ha4yHaeTCsa oTcHeT BpemMeHun t1. o ncrtedeHmo
BpemMeHu t1 Ha nepBOM TanmMepe 2 cpabaTbiBatOT
NCNONHUTENBHbIE BNOKN 5, 6 1 7, KOTOPbIE OTKHOYAOT
COOTBETCTBYIOLLME SNEKTPONPUBOLALI BYPOBOIro
poTopa, 6BYPOBOro Hacoca U CUCTEMbI BEPXHETO
npuBofa. dnekTponpueon OypoBomn nebeaku
OCTaeTCs BKMOYEHHbIM. OAHOBPEMEHHO C 3TUM
610KOM CUrHamsaumm 8 NogaeTcs CUrHaa Ha nyasT
OypunbluMKa «ABapPUHBIN NOOBEM UHCTPYMEHTA>,
CUrHaANM3NPYLWWIA 0 HEOBXOOMMOCTU NogbeMa
OYypPOBOro MHCTPYMEHTAa (KONOHHbLI BYPUABHBLIX UK
obcagHbIx TPyb Ha hurype He nokasaHbl) C Lesbio
n3bexxaHns npuxearta BCe4CTBME BOSHUKHOBEHUS
aBapun B CUCTEME 3IEKTPOCHABKEHNSA BYPOBOM
YCTaHOBKM, YTO MO3BOJSET MO0 MNOJHOCTBIO
NCKIOYNTE MPUXBaT 6YpOBOro NHCTPYMEHTA, U
MUHVMU3NPOBATL ero nocneacTaus.

B cnyyae panbHenwero pocta Toka (I) 6,10k KOHTPOS
MaKCUMa/bHOro Toka 1 BblOaeT curHas Ha BTOPOM
Tanmep 3 1 Ha4YMHAETCA OTCHET BpemMeHun t2 (t2>t1).

Mo nctevenHnto BpemMern t2 Ha BTOpoM Tanmmepe 3
cpabaTtbiBaeT UCMONHUTEbHBIN 610K 9 (BTOpas CTyneHn
3alMTbI OT NOTEPU MUTaHNS), KOTOPbIN OTK/IHOYaeT
3M1eKTponprBoL BypoBo NededKn, NPY STOM OCTaKTCH

B paboTe BCMOMOraTe/ibHble MEXaHN3Mbl BypOBOI
YCTaHOBKM, B YMCIIE KOTOPbIX aBapUiiHbIM SNEKTPOMPUBOL,
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The device, shown in Figure 8, can help with the
following: enhance the reliability of the uninterrupted
drawworks drive operation by enabling the emergency
POOH in order to avoid sticking in case of the power
unit failure; improve the relay protection efficiency by
increasing the drawworks drive power loss protection
degree.

This technical challenge can be resolved with the
drawworks drive power loss protection device

that consists of the monitoring unit, which input is
connected to the PCG busbar section lead-in current,
and the first, the second and the third timers with
actuators.

The device’s work concept is the following:

When the current setting value (l) is reached, the
overcurrent monitoring unit 1 is actuated to send a
signal to the first timer 2; then the t1 time countdown
starts. When the t1 time on the first timer 2 expires, the
additional units 5, 6 and 7 are actuated to switch off the
relevant drives of the rotor, rig pump and the top drive
system. The drawworks drive remains ON. At the same
time, the alarm unit 8 issues an «<Emergency POOH»
signal to the driller’s panel, indicating the need to pull
the tool (DP or casing strings are not shown on Figure)
out of the hole to avoid sticking in case of the rig power
supply failure. It allows to fully avoid the sticking, or at
least minimize, its consequences.

If the current (I) keeps growing, the overcurrent
monitoring unit 1 will send a signal to the second
timer 3, and the t2 time countdown will start (t2>t1).
When the t2 time on the second timer 3 runs off, the
actuator 9 is actuated (the second power supply loss
protection stage) to shutoff the drawworks drive; at
this, the auxiliary rig machinery will stay ON, including
the emergency drawworks drive, which allows
emergency POOH. If the current (I) is still increasing,
the overcurrent monitoring unit 1 sends the signal

to the third timer 4, and the t3 time countdown runs
(t3>t2>t1). When the t3 time on the third timer 4
expires, the actuator 10 of the third protection stage
will be activated to trip the PCG busbar section lead-in
switch.

The proposed device has three protection stages against
the drawworks drive power supply loss:

e first stage (top drive, rig rotor and rig pump drives trip);
e second stage (drawworks drive trip);

¢ third stage (PCG busbar section lead-in switch trip).

This helps enhance the rig systems efficiency by
decreasing the protection response time, avoid false trips
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OypoBOM nebeaku, NO3BOMAOLLMIA OCYLLECTBUTL

noabemM OypoBOro MHCTPyMeHTa. Ecnn »xe pocT Toka (I)
NPOOOSHKAETCS, BITOK KOHTPOA MaKCUMasTbHOMO Toka 1
BblJAEeT CUrHa Ha TPETUN TanMep 4 1 HAYNHAETCS OTCHET
Bpemenu t3 (t3>t2>t1). MNpu nctedeHun spemenm t3 Ha
TPETEEM TaMepe 4 cpabaTtbiBaET UCMOHNTEbHBIN BIOK
10 TpeTbeln CTyneHn 3aLUTbl, OTKIIKOYAOLLMIA BBOAHOW
BbIKITKOHATE b CEKLMN LLIMH PacrpeneMTebsHOro yCTpOMCTBa.

Mpennaraemoe yCTPOVICTBO UMEET TPU CTYMEHW 3aLLnTbI

OT NOTepu NUTaHUS AN1eKTponpuBoaa 6ypoBon nebenku:

® MepBas CTyMNeHb (OTK/OHYEHWE 3MIEKTPONPVBOAOB
BypoBOro poTopa, 6ypoBOro Hacoca U CUCTEMbI
BEPXHEro nNpueoaa);

e BTOpAas CTyneHb (OTKIKOYEHWE S1EKTPONPUBOaa
bypoBol nebenkn);

® TPeTbS CTyMNeHb (OTK/IKOHYEHNE BBOAHOMO BbIK/tOHaTENS
CEKUMM LWVH pacnpeaeMTeslbHOro YyCTPOMCTBA).

3TO NO3BONSAET NOBbLICUTL 3HEKTUBHOCTL PabOThI

TEXHONOMMYECKNX CUCTEM DYpPOBbIX YCTAHOBOK 3a
CYET YCKOPEHUS OeCTBUSA 3aLUMTbl, NCKIOUYNTb
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and reduce the downtime of the rig equipment (pump,
rotor, top drive, auxiliary machinery).

Auxiliary (Emergency) Drawworks Drive Power Loss
Protection Device [4]. The weak point of the said device,
is that if the power unit fails, it will result in full loss of
the emergency drawworks drive power supply. That is
why ‘UK ‘Tatburneft’ Ltd has developed a device (Figure
9) aimed to enhance the reliability of uninterrupted
emergency drawworks drive operation by enabling
emergency POOH in case of the power unit failure. It is
required to avoid sticking, and to enhance the device
operation efficiency by increasing the degree of the
emergency drawworks drive power loss protection.

The device work concept is the following:

When the current setting value (1) is reached, the
overcurrent monitoring unit 1 is actuated to send a signal
to the first timer 2; then the t1 time countdown starts.

When the t1 time on the first timer 2 expires, the additional
units 5, 6 and 7 are actuated to switch off the relevant
drives of the rotor, rig pump and the top drive system. The
drawworks drive remains ON.

At the same time, the alarm unit 8 sends the «<Emergency
POOH>» signal to the driller’s panel; and the unit 8a issues
a signal to start the emergency diesel (not shown on figure).

The unit 8 signal indicates the need to pull the tool (DP
or casing strings are not shown on Figure) out of the hole
to avoid sticking in case of the rig power supply failure. It
allows to fully avoid the sticking, or at least minimize, its
consequences.

The Unit 8a signal is needed in order to prepare the diesel
generator in case of full power loss.

If the current (l) keeps growing, the overcurrent monitoring
unit 1 will send a signal to the second timer 3, and the t2
time countdown will start (t2>t1).

When the t2 time on the second timer 3 runs off, the
actuator 9 is actuated (the second power supply loss
protection stage) to shutoff the drawworks drive; at this,
the auxiliary rig machinery will stay ON, including the
emergency drawworks drive, which allows emergency
POOH.

If the current (I) is still increasing, the overcurrent
monitoring unit 1 sends a signal to the third timer 4, and
the 13 time countdown runs (t3>t2>t1).

When the t3 time on the third timer 4 expires, the actuator

10 of the third protection stage will be activated, to trip the
PCG busbar section lead-in switch.
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NOXHble cpabaTbiBaHUS N CHU3UTb BPEMS

NPOCTOS1 TEXHOJIOMMYECKNX arperaToB (OypoBoro
Hacoca 1 poTopa, CUCTEMbl BEPXHErO NMPUBOAA,
BCMOMOraTesibHbIX MEXaHM3MOB BYpPOBOWN YCTAHOBKN).

YCTPOWCTBO 3aLUMTbl OT NOTEPW NUTAHNS
BCMOMOraTesIbHOro (aBapuUIMHOro) aM1eKTponprBoaa
BypoBo nebeaku [4]. HegocTaTkoM onmMcaHHoro
YCTPOWCTBA, ABNSETCA NOSHAsA NoTeps NUTaHUs
aBapUINHOro 3eKTpoNpMBoaa BypoBOn Nebedku B
Crly4ae BO3HMKHOBEHWSI aBapun B 3/1EKTPOYCTaHOBKE.
Moatomy B OO0 «YK «TaTbypHedTh» padpaboTaHo
YCTPOWCTBO (PUCYHOK 9), TEXHUYECKOWN 3ada4eit KOTOPOro
SABNSAETCS MNOBbILLEHNE HAOEXKHOCTU BeCnepebonHOM
pPaboThl aBAPUMHOIO 3/1EKTPONPUBOAA OYPOBOW
nebegkn 3a CHET BO3MOXXHOCTU aBapUNHOro nogbemMa
OypPOBOro MHCTPYMEHTA B Cly4ae BO3HVMKHOBEHUS
aBapu B S/1IEKTPOYCTAHOBKE C LIESTbIO UCKITHOHEHME
NMpYXBaTOB BYPOBOrO MHCTPYMEHTA, & TakKe
noBbILLEHNE 3(DIEKTMBHOCTU paboThbl YCTPOMCTBA 3a
CYET YBESIMYEHUSI CTEMNEHM 3aLLMTbI OT NOTepu NTaHNS
aBapUINHOro 3eKTPONPMBOaa DypoBON NebeaKu.

YCTpOMCTBO paboTaeT CAeayoLlmm 0bpasom.

Mpw gocTvxeHUn ycTaBkm no Toky (l) cpabaTbiBaeT
610K KOHTPONS MakCUMasbHOro Toka 1, KOTopbIn
BblAAET CUrHaUT Ha NepBbIN TaNMep 2, N Ha4YMHAEeTCs

OTCHeT BpemMeHn t1.

Mo nctevennto BpemeHn t1 Ha NepBom Tamepe 2
cpabaTbiBatOT UCMOSHNTENBHBIE BI0KN 5, 6 1 7, KOTOPbIe
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When the t4 time of the fourth timer 4a runs out, the
4th protection stage actuator 10a is activated to supply
the power from the diesel generator to the auxiliary rig
machinery, to which the emergency drawworks drive
belongs (which allows emergency POOH).

The 4a timer is needed to ensure the time interval
sufficient to trip the PCG busbar section lead-in switch;
to avoid the feedback in transformer circuit; and to supply
the power to the failed network section.

The first time the Drawworks Power Failure Protection
Device was applied on was well 30150 (‘Dzhalilneft’
Production, PAO ‘Tatneft’), and with the following
hardware: microcontroller multichannel time relay and
remote radio modules. The economic benefit was over
600K roubles for one rig, due to reduced drilling crew
downtime.

In conclusion it should be said that the actual economic
benefit will be much higher, as the feasibility survey did
not incorporate any expenses connected with emergencies
caused by the drawworks power failure; the feasibility survey
also did not consider the intermitted operations and the
auxiliary operations; the losses related to equipment
restart after the power restoring; nor the downtime losses
(time on waiting until the failure gets fixed).

Conclusions

Depending on the drilling conditions and the well TD;
whether the top drive is available; the mud system etc.,
the power supply scheme mayvary for every pad. The
suggested drawworks drive power supply loss protection
devices reduce the chance of sticking in case of the
power failure.
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OTKJ/TOYAIOT COOTBETCTBYIOLLVIE 3/IEKTROMPUBOObI
6ypoBoro poTopa, 6ypoBOro Hacoca U CUCTeMbI
BEPXHEro NpvBoaa. dnekTponpueog 6yposol nebeaxn
OCTaETCH BKIIOUEHHBIM.

OpHOBPEMEHHO C 3TUM B/IOKOM CUrHav3aumn 8
NnoOaeTcs curHasl Ha nyabT BypunbLimKa «ABapUnHbIA
No4bEeM MHCTPYMEHTa», a O/IOKOM 8a CurHas Ha 3anyck
aBapUNHOW AMN3ENb-3MEKTPOCTAHLMM (HA PUCYHKE 9 He
nokasaHa).

CwurHan ot 6510Ka 8 curHanma3npyeT 0 HE0HXOAMMOCTN
nogbema 6ypOBOro MHCTPYMEHTA (KOJTIOHHbI BYPUNBHBIX
nnn obcagHbix TPY6 Ha hUrype He nokasaHbl) C Lesbio
n3bexxaHns Npuxearta BCNeACTBME BO3HUKHOBEHUS
aBapun B CUCTEME 3MIEKTPOCHAOXKEHNS BYPOBOM
YCTaHOBKM, YTO NMO3BOSSET NGO MOSIHOCTbLIO
NCKNIOUMTB NpuxeaT 6ypoBOro NHCTPYMEHTa, NN
MWUHUMWN3NPOBATbL €ro NOCIeACTBUS.

CwurHan o1 6n1oka 8a HeobxoaMm 49 NOArOTOBKMN
OV3eNb-3NEKTPOCTaHUMN Ha Cydart NOSIHOMO
OTKJIIOHEHUST DNIEKTPO3HEPI UM,

B cnyyae ganbHenwero pocta Toka (I) 6,10K KOHTPOASA
MaKCUMasIbHOro Toka 1 BblOAET CUrHa Ha BTOPOW
Tanmep 3 1 Ha4YMHaeTCst OTCYET BpeMeHu t2 (12>11).

Mo nctedyeHuo Bpemern t2 Ha BTOPOM TaMepe

3 cpabatbiBaeT NCNONHUTENBHBIN 610K 9 (BTOpas
CTYMNEHU 3aLMTbl OT MOTEPU MUTaHWS), KOTOPbIN
OTKJ/IOHAET 3/1eKTpoNpuBog 6ypoBon Nebenxu,
npwy 9TOM OCTatOTCH B paboTe BCNOMOraTesibHbIE
MEXaHWN3Mbl BYPOBOW YCTAHOBKM, B YNCIE KOTOPbLIX
aBapuUnHbIN aneKTponpreog OypoBon nebenku,
NO3BONSHOLLNIA OCYLLECTBUTL NOOABEM BYPOBOro
NHCTPYMEHTA.

Ecnm xe pocT Toka (I) npogosmkaeTcs, 610K KOHTPONSA
MaKCUMasIbHOro Toka 1 BblJaeT cUrHa Ha TpeTui
TanmMep 4 1 Ha4YMHaEeTCa OTCYET BpemMeHu 13 (13>t2>t1).

[Mpn ncteveHnn BpemeHmn t3 Ha TpeTbeM Tanmepe 4
cpabaTbiBaeT UCMONHUTENBHBIM 610K 10 TpeTber CTyneHn
3alThI, OTK/TFOHAIOLLMIA BBOAHOW BbIK/KOUATE b CEKLMN
LWWH pacnpeneMTeslsHOro yCTponcTBaa.

Mpn ncTedeHnn Bpemern t4 Ha 4eTBepTOM TariMepe 4a
cpabartbiBaeT NCNOHUTENBHBIM 6710k 10a YeTBEPTON
CTYMNEeHU 3aLlMTbl, MOAAOLUNN MUTaHWE OT AN3ENb-
3NEKTPOCTaHLIMM Ha BCMOMOraTesbHble MEXaHW3Mb!
OypOoBOM YCTaHOBKM, B YAC/1E KOTOPbIX aBapUNHbIN
anekTponpuBoLg OypoBOM Nedeaku, NO3BONAOLLNN
OCYLLUECTBUTb NOOBEM DYPOBOro MHCTPYMEHTA.

TanmMep 4a npegHasHauYeH A5 BbiOePKKU BPEMEHMU,
[JOCTaTOYHOW A719 OTK/IIOUEHNS BBOAHOIO BbIK/loYaTe 15
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CEKUWW LUMH pacnpenenmMTenbHOro yCTponueTsa, ans
VICKJTKOMEHMS OBpaTHOM TpaHchopMaLmn 1 Nogaqm NUTaHns
Ha y4aCTOK CETW, Ha KOTOPOM MPOK30LLIIa aBapus.

MepBas peanvsauus yCTPONCTBa 3alluTbl OT NoTepu
nnTaHns anekTponpreoga bypoBon nebenkm

Obli1a BbinosHeHa Ha ckBavknHe Ne 30150 HITAY
«xanuneHedTb» NMAO «TaTHedTb», annapaTHON
4acTbto KOTOPOIro SABUINCH MUKPOKOHTPOJISIEPHOE
MHOroKaHa/lbHOe pefie BPEMEHW U yaasieHHble Opyr

OT Aapyra pagmomMoayam. SKoOHOMUYECKNn adhdekT

npu 3TOM, Ha OCHOBE COKpPALLIEHWNS BPEMEHM MPOCTOS
BypoBon bpuraabl, coctasmn boneee 600 Thic. pyb. Ha
0AHy BypOBYIO YCTAHOBKY.

B zaktoueHre HeobxoaMmMo OTMETUTL, YTO PeasibHO
3KOHOMUYECKNIN 3DPEKT ByOeT S3HAUMUTENBHO BbILLE,

TaK Kak Mpu TEXHUKO-3KOHOMUNYECKOW OLIEHKE HE
YUUTbIBAJIUCh MOTEPW CPEACTB NPU TMKBUOALMN

aBapuin U3-3a NoOTePK NUTaHWS 3MEKTPONPUBOAA
OypoBOWV Nebeaku; He YHNTbIBAICb NOBTOPHO-
KPaTKOBPEMEHHBIE N KPATKOBPEMEHHbIE PEXMMbI PabOThI
1 BCROMoOraresibHble TEXHOIOrMHECKNE Onepaumm,
Be/MYMHa yulepba, 0byCIOBAEHHOIO NepesanyCckomM
060pyaoBaHVa NOCNE BOCCTAHOBEHMS MUTAHNS, a TakKe
OXUOAaHWe YCTPaHEHWS MPUYNH HEUCMPAaBHOCTU.

BbiBoaObI

B 3aBrcnMocTn OT ycnoBumn 6ypeHns 1 riybuHbi
CKBaXKVHbI; HAIM4YNS CUCTEMbI BEPXHEMO NMPUBOAA;
TMNa UMPKYASLUMOHHOM CUCTEMBI U T.40. CUCTema
3NEKTPOCHABXKEHNS MOXET U3MEHSTLCS A5 KaXKO0W
nnowaan 6ypeHus. MNpennoxxeHHble yCTPoUCTBa
3alMTbl OT NOTEPW NUTaHUS SMEKTPONPUBOAA DypPOBOM
nedenkn CHMXatoT BEPOSTHOCTb MPUXBaATOB OypOBOro
WHCTPYMEHTa 13-3a aBapuUMHOro npekpaLleHns
3N1EKTPOCHABXEHVS.
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