AKTe0c 0OBUIBICHIHA XKaTaabl. bysl oObuIbIcTa 20-Fa KYBIK MYHail jKOHE Ta3 eli MEKCeHIEp,
COHJIali-aK TY3YCTIi )KoHE TY3acThl IIeTiH/iIepi 6ap. AlTa keTeTiH Ooncak, XKanaxon, KeHKusk,
omibexkmona, Koxacait-¥preikray, [ereic Aokap, Conrtyctik TpyBa CHAKTBI KEH OpBIHAApAA
TY3aCThl IIOTIHIUIEpIHEH MyHall TaObUIFaH. AN oneTTe, TaObUIFaH JXKOHE pacTalfaH MyHail
KOpJIaphl TY3YCTi MOTiHAITIepiHEH aJIbIHABI, OYJ1 KOPiHIC OpTa )KOHE Killli MyHall KEHOPBIHIapbIHA
ToH. bapnay TapuXbIHBIH epeKIIeniKTepiHe OalIaHbICThI, TY3aCThl OOJIBICHIHBIH 3€PTTEY JACHT el
OipKeIKi eMec OOJIBIT TaOBLIATEI.

Kinm ce30ep: TeonorusuiblK, reou3uKaiblK, KaidTa Oaranay, MyHall KOHE ras, >KbUIY
omictepi, MyHail OepromToK, KEHOPHIH, OacceiH, AKkTeOe ayMarbl, Ty3acThl, TY3YCTi, IOTIH/I],
celicMUKaNbIK 9THC, Oyproutay, Kacnuit aymara, keMipcyTeri.
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SCIENTIFIC TECHNICAL SOLUTION UPON FAST ACTING AUTOMATICALLY
LOAD BACKUP OF ELECTRICAL SUPPLY

Abstract

There is given the mainly reasons violation of reliability electric power supply of principal
consumers are the short circuits in diagrams of external and internal of electric power supply. We
provided the need of using algorithms which makes it possible to identify emergency situations in
correct way.

Key words: electrical supply system, automatic load transfer, voltage depression, dynamical
stability, electrical services.

Introduction

In that situation the solution of reliability electric power supply problems are lay on
consumers of electricity. Especially the last true for solution own tasks industrial companies with
complex technological of processes. And also industrial companies that widely uses the tools of
automatics. Among them specializing in the extraction and processing of oil and gas, metallurgical,
main railway electrified transport systems, water utilities, wastewater and others.

The short circuit have a hold over these enterprises as for work a high voltage electric motors, low
voltage electric motors of various electric device control elements of electrical systems and devices
of managements of electric technical process. The finally happened ten times per year and leads
to a signification of economical damage. Even if there are duration is several hundred milliseconds.

Main part

Traditionally in electricity grids for struggle breaks of electric power supply uses the device
of automatically turning ABP (Automatic backup (transfer) power). As starting in this devices
typically uses of the minimally voltage elements.

Despite there is need to get the power supply for electricity consumers as fast as possible, it
is required to introduce a deliberate slowing action of an automatic load transfer trigger. The
referred above is produced to prevent the excessive action of ALT trigger. Such actions occur at
SG in adjacent parts of a network and at the action of AR devices feeding lines.

Thus, it is required to produce a deceleration time longer than the maximum delay of RP in
adjacent areas of the network, or more time than the time delay of AR devices.

As a result of the time delay of the ALT device action may be reached for several seconds.

This amount of time delays of ALT actions is unacceptable. In the task formulation of the
continuity preserving of industrial enterprises complex processes, for instance: synchronous
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motors loss synchronism; rollover of induction motor; turning off contactors; turning off 380V
starters; turning off frequency - regulated drive units of electric pumps of other critical load.

More technically advanced than the traditional ALT unit has been developed. That device is
designed to prevent damages and ensure the continuity of technological processes of industrial
enterprises. It is characterized by excess speed - high-speed ALT (HALT) devices. Traditional
high-speed ALT is based on the multi-channel algorithms, which define disruption of power
supply according to one of the inputs. Since different types of disorders significantly affect the
various parameters of power supply system mode [1].

To control these parameters in the starting device of HALT, it is stored a significant number
of installations such as:

At minimum current at the input Idevice,

At minimum voltage on the sections Udevice,

At minimum voltage of phase on the adjacent sections d12devices, and several others.
Checking which in some cases leads to the increase of the total cycle time HALT. A single-channel
algorithm for determining power disturbance is deprived of these drawbacks. In this connection, a
new generation of HALT has been developed with improved transient response performance [2,
3, 4].

The trigger of HALT works on a new algorithm, which works to identify a violation of the
normal power supply. It can be implemented in two ways.

The first method is based on determining the sign of the following special powers in the
phases of inputs to the sections of SG (switching gear):

Ta = Re (Ubclae??)
Tv =Re (Uache-J‘(p) (1)
Tc=Re (UacIce_J(P)

That provides a product of vectors of line voltages be vector of opposite phase current in a
view of the angle of maximum sensitivity (dov).

Powers Ta, b, ¢ are a linear combinations of active (P) and reactive (Q) powers in these phases.

Due to the angle of maximum sensitivity ( @ov), it can be changed a share of representation
of these powers in the linear combinations.

Optimum value of angle is a nearly by ( @ov = 45°). A positive value of power corresponds
to direction from the source to the load. A negative value is from the load to the source.

A working of this starting device high speed ABP at various kinds of violations of the normal
power is on the first section ( SG) (figure 1). In the case of short circuit in the power supply circuit
(points of short circuit K1, K5). In the case closely to the external short circuit (points K3 K2).

In these cases happen a changing of direction of powers Ta, b, ¢ though prefatory switch
BB1.In the case of threephase short circuit a changing happens in all three phases. In the case of
interphase short circuit in two phases. In the case of a single phase short circuit in one phase.
Changing the direction of power at least in one phase inures a signal for trigger high speed ABP.
In the case in electrical circuit of the switch BB1(points K3 K3,K4) changing the directions of
power through BB1 is not happened and high speed ABP is close.
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Figurel. Schematic drawing of electrical supply of an industrial plant
with high speed ABP device.

To improve the reliability of the device must be built up from the cases such as: when
Ia =Ib = Ic = 0 or when Uab Ubc Uca or equal to zero, also when the sign of power Ta.Tb.Tc
become uncertain. For this we first compared.
To improve the reliability of operation is necessary to avoid the cases when la =1Ib =
Ic =0. Also, when Uab or Ubc or Uca equals zero and the sign of power Ta, Tb, Tc becomes
uncertain. For this we first compared.

I mt Ip 11 Te<set, (2)

Where, Iset is a set point minimum current. If this condition is met, then an unauthorized
circuit breaker in the power circuit. It is necessary to switch to a backup power source. In
particular, when the switch is turned off BB1 (Figure 1) so Ic <Iset and HABP work.

If you turn off the circuit breaker MS1(mean switches), HABP is activated due to changes
in the direction of power Ta, b, c., when electric motor is powered by load (C/{1, A/[1) in running-
out. And if the power of the electric motor load is not enough, then by the data Ic <Iset.

If at least one of the linear voltages on the section is zero, the condition is tested.

Uab or Ubc or Uca < Uset, 3)

Where Uset — set point minimum voltage. Then for the corresponding line voltage applied
line voltages of the backup section. For example, if Uca < Uset then Uca = Usec. In particular, line
voltage on the first section equals zero at the three-phase short-circuit at K4 (Figure 1). As their
values are accepted line voltages of the second section.

Thus, the method of automatic backup power supply switching, based on a change in the
direction of special facilities in phases (1). Taking into account the boundary conditions (2) and
(3) it allows to realize a single-channel control principle HABP. And thereby it increases the speed
of response to violation of the normal power supply. The circuit diagram of the proposed automatic
backup switching of consumers’ power is depicted in (Figure 2). The apparatus comprises: primary
(1) and backup (2) power source; main switch of operation input (3) and (4); section switch (5);bus
sections of substation (6) and (7); three-phase current transformers (8), (9) on the inputs of the
main and backup power supplies; voltage transformers (10), (11) on the tires of primary and
backup power supplies; microprocessor-speed triggers (12); microprocessor-speed trigger (12)
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comprises: blocks forming phase vectors (13), (14); line voltage (15), (16) of direct sequence;
blocks (17) and (18) checks the value of the currents phase to meet the minimum value (Iset); blocks
of the minimum values determining of line voltages on the sections of the main and backup power
sources (19) and (20); blocks of power direction determining on the input phases of the main and
emergency sources (21) and (22); logic elements "AND" - 23, 24, 25, 26, 27, 28, 29, 30, 31, 32;
logic elements "OR" - 33, 34, 35, 36; the control switches units 37; signal relay protection and
automation blocks 38 and 39.

The inputs of the current transformers (8), (9) are connected to the input blocks (17), (18)
and (21), (22). Inputs of voltage transformer windings (10), (11). United in a star on the sections
of main bus (6) and backup (7) power sources. Connections are provided respectively to the inputs
of the blocks (19), (20) and (21), (22). The outputs of the blocks (17) and (18) are connected to
the logic elements "AND" (23) and (24). The outputs of the blocks (21) and (22) are connected to
the logic elements "AND" (25, 26, 27, 28, 29, 30). The outputs of that are connected to the logic
element "OR" (33), (34).

The outputs of elements (23) and (33) and respectively the elements (24) and (34) are
connected to inputs of logical elements "OR" (35) and (36). The outputs of which together with
blocking signals (38) and (39) are connected to the invert output which are connected to the logic
elements "AND" (31) and (32). The outputs of the latter are connected to the control switches unit
(37).

The device operates as follows. The complex values on the first line voltages (Ulab, Ulbc,
Ulca) and second (U2ab, U2bc, U2ca) mutually redundant power sections of the switchgear are
measured by the voltage transformers (10), (11) and (15), (16) blocks. The complex values of the
phase currents (I1ab, I1bc, I1ca) on the first and the second (12ab, 12bc, [2ca) inputs are measured
by the current transformers (8), (9) and blocks (13), (14).

"-"_'|~_":|} {: J_"EI‘/_5 iﬁ £|*5L-'|L*‘*°
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Figure 2. Structure schema of ABP with the single canals principle works
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The algorithm of device work HABP is following: if the powers (signals blocks direction of
voltage power 21 and 22) on the input from the main source in at least one phase of the changed
sign to negative, powers on the input at backup source all over the phases positive. Then through
the logical elements 23, 25, 31 (or 24, 36, 32) in control unit switch 37 receives a signal on switch
of first 3 (the second 4) input and on the turning of section switch 5.

For improving reliability works of device has been suggested to rebuilt from the cases, when .=
Ib=I=0, and when Uab or Ubc or Uca equal the zero and the signal of powers Tia, T1b, Tic to become
undefined.

For this preliminary comparisons compare la, Ib, Ic < Ifound Where Ifound — adjusting minimum
current, and if that condition be going on, unauthorized disconnection of switching in the chain
supply circuit and necessity shifting of the electric supply power to the backup source. If [Uab] or
[Ubc] or [Uca] < Ufound, where Ufound — minimal voltage. As significantly liner voltages takes of liner
voltages reserve section.

In that ways the device of automatically turning of backup electric supply power customers
released on the single channel principle. Which can help of determining damage of normal electric
supply power at meanly source for changing sign of powers in inputs fazes.

The second way of single-channel definition of the fact of violation of normal power supply
is based on definition of a sign of special capacities of direct sequence on inputs to sections SG.

Ty=Re[Urlp € %] 4)

Where Uy — vector of tension of direct sequence on sections SG;I — the interfaced vector of
current of direct sequence on inputs to sections SG.

Capacities of Tp represents a linear combination of active (RP) and jet (QP) of capacities of
direct sequence on inputs to SG. In particular in the symmetric modes

Tp=Pp sin@ov+ Qp cos@ov %)

Atthe expense of a corner of the maximum sensitivity ¢ it is possible to change a share.
A share of representation of these capacities in linear combinations. At positive value power has
the direction from a source to loading. And at negative value — from loading to a source.

Functioning of algorithm is provided. The basic on Tp power sign in boundary cases. When
current of Ip =0 or tension Up=0 and a sign of expression (4) becomes uncertain. Comparison is
for this purpose made

IP < Iset (6)

And if this condition is satisfied, switching of power on a reserve source is necessary. If
Up tension on one of phases of sections SG closely to zero value, i.e.

UP <Uset (7)
That Up value is accepted by the equal

UP = UP res.sec (8)

We will consider operation of the HABP starting arrangement on the second way. After
measurements and calculations of linear tension on sections (Uab, Ubc, Uca) make calculation
of tension of direct sequence of UP. Similarly on values of phase currents (Ia Ib Ic) of direct
sequence of UP on inputs to sections SG. If the condition (6) is satisfied, there is an operation
of HABP. Otherwise according to (4) TP power is defined. If the sign at this power positive on
HABP remains closed. And if negative, HABP works.
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Thus, the way of atomic inclusion of reserve power supply based on change of the direction.
Special power of direct sequence on inputs of SG. Also allows to realize the single-channel
principle of management of HABP [5].

In compliance with the schematic diagram of HABP (Figure 2) prototypes of the
microprocessor starting device are developed. For further ex-remental researches.

Findings of investigation

Advantages of the developed BABP microprocessor the starting arrangement consists in the
following:

1. The HABP starting device is based on digital systems of processing of values of entrance
signals.

2. Lung HABP (at the program level) adapts for various schemes of the distributing device.

3. Switching time for a reserve source is reduced. At three-phase KZ and a power-supply
circuit of section of the distributing device to 22 - 44 ms (for example, when using VW1 switches
- T ABB CalorEmag or BB/NELLShell firms).

4. Has possibility of record and display of transition processes at any operation PU HABP.

5. Values of installations of blocks of the relay of the starting arrangement in non-volatile
memory remain. At removal of tension of expeditious power.

6. There is a possibility of automatic return of the scheme of the normal mode of power
supply on the damaged input.

7. For management of inclusion and shutdown of switches in PU HABP besides dry contacts
it is offered to use high-speed IGBT. IGBT - the transistors capable to switch currents of great
values.

Conclusion

High-Performance Reserve Switching Device (RSD) contains a set of starting elements,
which interact with each other in accordance with above mentioned algorithms; they allow
correctly identify emergency mode, where input of the backup powering station is necessary (in a
power system), and the switch to the backup powering station is not required (in collecting bus-
bars of the indoor switchgear);

Starting elements of High-Performance RSD allow resolvedenoted tasks for the minimum
period of time, not requiring the time harmonisation with relay equipment and automatics of
adjacent network elements.

Use of the proposed algorithm in launching set of High-Performance RSD control allows
time for the emergency response appeared between 5 and 12 ms (depending on the type of failure).
Full cycle of switch to the backup power will amount in 27-34 ms in the combination with
ultraspeed vacuum circuit breaker BB/TELL of the“Q” series. Given time indicators of the full
cycle of High-Performance RSD are tested by thousands of accomplished projects around the
world, including Russian Federation and Kazakhstan.

The introduction of the High-Performance RSD complex will present the following results:

o [t will provide safe and continuous power supply of main pipelines, electrifying railroads,
industries of continuous technologies and etc. by providing daily schedules made by the full-time
switch to the backup power for the time of 0,034 sec.

¢ Considerably increase electric motor and pumps resource due to lack of necessity of
repeating launch of aggregates as well as oil preheaters by reducing the possible overheating.

e Reduce of energy consumption by reducing losses inrestarting and restoring general flow
rate of the pipelines filled up to 200 km. Reduce of losses of preheating furnace after blowing.

e Prevent costly breaks of work of technology equipment; reduce risks of environmental
disasters in failure of power system.

e Increase of the level of automation. Increase of productivity.

High-Performance RSD industrial models conducted are based on the proposed algorithm of
the operation of single-canal device, made by the creative team consisted of the members of the
Department of Industrial Power MEI (Moscow), the Department of Power of Kazakh Academy of
Transport and Communications named after M. Tynyshpayev (Almaty) and LLP “NPK Promir”.
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Installation and testing of the models were conducted in 2013 at JSC “Ozenmunaigaz” in CRUN
— 6 kV for PS 110/6 UPSV — «Vpadina».The time of switch to the backup power — 0,032 sec. was
identified during the process of natural load testing. Given time allowed save 100% consumer load
among which high-voltage motor STD — 1250 BKNS.High-voltage and low-voltage motors initial
water (removal unit), electric tools - rocking (SKN) oil wells were found.

It is also in the process of setting up a block HABP revealed unstable single phase fault in
the network on ground. The subsequent discovery in the motor UPSV, which will reduce the
impact and cost of repairs [6].
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Ep6Gonarkpizel ., Canpikoex T.A.

OJIEKTP XEJICIHAEI'T KOPJIbIH ABTOMATTbBI XbUIJIAM ©CEP ETYJEIT
FbIUVIBIMHN — TEXHUKAJIBIK HIEHIIM/IEPI

AHnoamna

Makanajga KepceTiireH jKayanThl TYTHIHYIIBUIAPABIH CBIPTKBI JKOHE 1IIKi cysanapiarbl
ANEKTP KaOABIKTApBIHBIH KbICKa TYUBIKTAMyBIHBIH (KT) cebebi Oaranay aHamu3iHae KOPCETUIII.
ANTOPUTMHIH KOJJIaHy KQXKETTLIIT1 TOTCHIIE JKaFAaiap apKblUTbl alKbIHIAIBII, JTOICTACH/II.

Kinm co30ep: aBTOMATTBI KOP/IBI iCKE KOCY, KEpHEYIiH KYJIaybl, IMHAMHKAIBIK TYPAKTBUIBIK
(OpHBIKTBUIBIK), SJIEKTPMEH >Ka0AbIKTAY JKYHeci, STeKTPIIiK Kyiemnep.
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HAVYHO — TEXHUUYECKUE PELIEHUS ITO BLICTPOJENCTBYIOILIEMY
ABTOMATHUYECKOMY BBO/JIY PE3EPBA DOJIEKTPOIIMTAHUA

Annomauusn

B cratee nmpoBeneH OLICHOUHBIM  aHANU3 NPUYUH  HApPYLIEHUS, HAJAEKHOCTU
AJIEKTPOCHAOKEHUsI OTBETCTBEHHBIX MNOTpeOuTeneil sBstoTCsS KOopoTkue 3amblkaHus (K3) B
CcXeMax BHEIITHETO U BHYTPEHHETO 3JIEKTPOCHA0KeHUs. BIsiBIeHa 1 000CHOBaHA HEOOXOAUMOCTh
UCTOJIb30BAaHUSl  aJITOPUTMOB, IO3BOJISIONIME TPABWIBHBIM 00pa3oM HIAEHTU(UIMPOBATH
aBapUIHBIEC YCIOBUS.

Knrouesvie cnoea: aBToMaTUUECKHU BBOJ PE3€pBa, MIPOBAJ HANPSKEHUS, JUHAMHYECKAS
YCTOWYMBOCTb, CUCTEMA IEKTPOCHAOKEHUS, dJEKTPUUECKUE CETH.

YK 631.171(075.8)
MoapaxanoB A.K., Aauxano .M., llIsinbioaii 7K.C.
Kaszaxckuu nayuonanvHulll acpapHulil yHugepcumem

METOA 11 IPOI'PAMMA JUIS1 ObHAPYXKEHWA TPEILIMH CKOPJIVIIbI
10 U3OBPAXXEHUIO AULIA

AHHOTANUA

B cratee omnuchiBaeTCcs aJIropuTM M BO3MOYKHOCTHM KOMIIBIOTEPHOH MpOrpamMMbl Uit
0OHapy >KEHUs TPELIMH CKOPIIYIBI ULl C TOMOILBIO CUCTEMBI TEXHUUYECKOTO 3peHus. [Iporpamma
pazpabotana B cpene LabVIEW. IlpuBenensl pe3ynbTaTbl BUPTYyalbHONW MPOBEPKU
3P PEKTUBHOCTH MPOTPaAMMBI ISl OOHAPYKEHUS TPEIIUH CKOPITYTIBI.

Knioueswle cnosa: cxopnyna, TpeliuHa, mporpaMmma, siiio, labview, vision assistant, holes,
BUPTYyaJIbHBINA TIPHOOD.

Beenenue

Ckopiiyna — OCHOBHasl COCTaBJISIIOLIAasl 4acTh sIilla, ONpPENENsiolas €ro IeJbHOCTh U
oOecreynBaromiasi 3alMuTy OT BO3ACHCTBUA BHEIIHeW cpeabl. CKopiyma HpeacTaBiseT coOoi
0COOBI JBYCTOPOHHHH (QHIBTP, PETYJUPYIOMNN IOCTYIUICHHE Ta30B W BIAarud BHYTPh H
BBbIJIETICHUS MPOIYKTOB 0OMeHa HapyxKy. [IoBEpXHOCTb CKOPIYMBl Y HOPMaJIbHBIX SIUII TJIAJKas,
Onectsmas, oauHakoBoro IBeTa. K nedexkraMm CKOpIyIbl OTHOCSTCS: HaJIM4yue TPELIuH,
MpPaMOpPHOCTb, MOPILIMHUCTOCTb, TOBBILIEHHAs MOPUCTOCTh, IIEPOXOBATOCTh, HAJIMYUE
M3BECTKOBBIX YTONIIEHUNA W JApPYrue OTKIOHEeHWs. Hapsmy c Ouonormueckumu (pakropamu Ha
[EJTOCTHOCTh CKOPJYIbI CYIIECTBEHHOE BIMSHUE OKAa3bIBACT U TEXHOJOTHYECKHE (DAKTOPHI,
00yCIJIOBJIEHHBIE B3aUMOJEHCTBUEM SIUI] C TEXHOJIOTUYECKUM 000PYJOBAHUEM U MEXKIY COOOH, B
pe3yNbTaTe KOTOPBIX HAPYIIAETCs HEJOCTHOCTh CKOPIIYIIbI, 00pa3yIOTCsl TPEIIMHBI, 3arps3HEHNE
u TeK. Hapymenune nenoctHocTd U 1e(heKThI CKOPITYTIbI CYIIECTBEHHO CHIYKAET WHKYOAIIMOHHBIC
U IOTpeOUTEeIbCKUE TIOKa3aTeNu sAull. HapyIieHne nenocTHOCTH CKOPIYTIbl HHKYOAIMOHHBIX UL
MIPUBOANTH K CHUKEHUIO BRIBOJAMMOCTU O0Jiee 4eM B ABa pasa, 10 37%, npu Hopme 8§9-92% [1].
CornacHo TpeOOBaHUSAM K KaueCTBY MHILEBHIX SIMI], B 3aBUCUMOCTH OT CTEMECHU MOBPEKICHUS
pa3IMYaloT: NI C TOBPEXKICHHON CKOPIYON (Haceuka, MAThIM OOK, TPEIIUHA) U «TEK» - sTiIa C
YaCTUYHOW BBITEUKOM COAEPKUMOIO MPH YCIOBUM COXPAHEHUS XKenTKa. Siina ¢ moBpexxIeHHOU
CKOPJIyHOM OTHOCATCS K MHUUIEBBIM oTXoAaMm. KauecTBO CKOpaymbl XapakTepusyercs
CIEAYIOIIMMH TIOKa3aTelssMH: NPOYHOCTb, TOJIIMHA, OTHOCUTEIbHAs Macca, yIpyras
nedopMans, IDIOTHOCTh sdla. Bce OHM TECHO CBSI3aHBI MEXAYy COOOW BBICOKUMU
KodduImeHTaMl KOppensuu. Tak, MPOYHOCTh CKOPIYMBl MOJOXKHUTEIBHO KOPPETUpPYET C
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