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Operative Switching
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Abstract - To prevent personnel errors, reduce transmission-
time, which is very essential in emergencies, new substations,
having established a full-scale blocking and re-built substations
can be brought into the automatic control system. In this paper
the optimization of the substation control system and operative
switching are considered. The algorithm of switching for a
particular case is created, but the principle can be used in
switching other devices of substation.
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I. INTRODUCTION

Nowadays, many sub — station are built or renovated, so
there is a need for new installations and new control systems.

Substation construction is designed to provide consumers
with continuous, high-quality, standards-compliant power
supply, regardless the necessity to realize periodically the
equipment maintenance and service, as well as damage of the
equipment and troubles in the operation.

Substation installations are divided into primary switching
equipment - transformers, circuit breakers, grounding
switchers, current transformers, and voltage transformers as
well as secondary switching equipment for primary switching
apparatus to control, monitor, protect and provide automation
for their operations. Each commutation device of the
substation is assigned with an operative sign to realize the
operative switching of the equipment. Each substation has a
scheme of a routine regime, the routine switching takes place
with the use of the switching map.

II. DESCRIPTION OF THE PROBLEM

Substation switching is completed by the operational staff
or dispatcher, turning on and switching off the equipment in a
particular order. It is determined according to a preliminary
completed map of the order of the switching [1, 4]. However,
it will take a long time while operating personnel reaches the
substation. For faster disconnection of the damaged sector in
the emergency case or at maintenance and repair it is logically
to develop an automated system. At a local workstation or
central dispatcher computer service a necessary switching will
be processed selecting a specific operation in a specific order
according to the switching map. The system will check the
output state, and only if all the necessary conditions are met,
the switching process will be started.

Each substation has a defined scheme of a normal regime
“Fig.1” with all the conditions of the commutation equipment
for the operation of substation. [3,8] The switching maps are
developed taking into account the normal operation regime
and the initial condition. A particular sequence of switching is
determined. For a concrete switching in this case it is: The

main sequence of operation with commutating equipment for
the transformers connection:

A. Put into operation

- Disable grounding equipment if such was switched on;

- Check whether the neutral grounding is on, if not — turning
it on;

- Put into operation all relay protection;

- Check the power switch and turn on the "bus" and then the
circuit breaker of the transformer at the high voltage side;

- Check the power switch and turn on the "bus" and then the
circuit breaker of the transformer at the low voltage side;

- Turn the transformer circuit breakers of self-consumption
and neutral, if they are connected to a transformer bus or cable
bridge;

- Turn on consequently the power switches at a high and
then low voltage side;

- Bring into the work the transformer automation;

- Put a neutral mode into a normal mode scheme.

B. Removal for maintenance and service

- Check whether the neutral grounding of the transformer is
turned on, if not — turn it on;

- Switch off the transformer automation;

- Turn off consequently the power switches at a low and
then high voltage side;

- Check the power switch disable state and turn off the
"transformer" and "bus" circuit breakers at the low voltage
side;

- Check the power switch disable state and turn off the
"transformer" and "bus" circuit breakers at the high voltage
side;

- Turn off the relay protection;

- To check the absence of voltage and ground the
connection [5,6,7]
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Fig. 1. Scheme of the substation normal regime of operation.
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III. OPTIMIZATION OF THE CONTROL SYSTEM AND OPERATIVE
SWITCHING

“Fig.2,” represents the algorithm of the given switching
map according to which the switching can be realized.

The algorithm in “Fig. 2,” allows to introduce transformer
TNr.1 into service from the operation regime of the circuit and
switch on TNr.2 without voltage interruption. The switching
algorithm of the giving switching map is given in “Fig. 3.a,”
”Fig. 3.b,” “Fig.3.c.” From the beginning it is necessary to
define marking of all the equipment for switching and provide
them with the marker of status: on - 1, off - 0, automatic mode
— A, manually - R and to the signal - S. When the terms are
defined, the testing of the switching equipment can be started
and, if necessary, an appropriate state is assigned.

Starting position  TNr.1 in work, TNr.2 in auto regime

Task Introduce transformer TNr.1 into service and switch on TNr.2 without voltage

interruption
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T-11 Breadb
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computer computer ~P2 the locked | u
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Fig.2. Switching map of the substation.

The first operation of the switching map “Fig.2,” is to
switch on T - 1 - NZ. [6, 7] From the beginning, verify the
state of T - 1 - NZ comparing it with 0. If the state corresponds
to 0 (off), then it should be 1 (on), but if the case does not
meet condition 0, then immediately go to the next operation.
The situation is similar with T - 2 - NZ. S280 switch state is
tested and when it is switched on, it has 0 (off), but if it is
disconnected, then the operation goes to the next step. That is
to turn on TNr.2 110 kV circuit breaker T - 2. Check the
unlocked position comparing it to zero, if it equals to 0, then T
- 2 is turned providing state 1 (on), if not, then the program
will stop and give the signal to CDS (central dispatcher
service) as the state does not corresponds to the normal
operation regime and it is the operation with switching
equipment, so the further operation is stopped until the failure
mode of the circuit operation. .

102

The next operation is to transmit the operation of both
transformers from automatic voltage mode to manual. The
state of switches A1 of TNr.1 is examined: whether it is equal
to A (automatic) or not. If it is, then TNr.1 Al: = R (manual),
if not, the algorithm proceeds to the next operation. The same
happens to A1 TNr.2 voltage regulation equipment. Then the
two-step comparison of the transformers follows, in the case
when the parameters are the same, the next operation comes,
but if they are not equal, then the comparison whether TNr.1
level is greater than TNr.2 degree takes place, if the condition
is satisfied, then TNr.2 switch is assigned with the level of
TNr.1 switch and the execution of the program is continued; if
TNr.1 level is less than that of TNr.2, then also TNr.1 switch
is assigned with the level of that of TNr.2 and the program is
continued.

The next operation is the actuation of 10 kV circuit breaker
of T - 12. T - 12 off position is tested, there is a comparison
with 0, and if it is off, T - 12 is assigned with state 1 (on), if it
is on, the program performs the next operation.

After T - 12 switching on the current should be tested in T —
12 connection from STT - 12 CT comparing it with 0. If the
current is not equal to 0, then the whole process will continue;
if there is no current T - 12 on state is re-examined and in case
of positive result the current existence of T - 12 is re-examined
in the connection, if there is — the algorithm proceeds to the
next operation, if not — the signal goes CDS and program
execution stops. Re-examining of the T - 12 turned on state in
the case of negative result results in that T — 12 is switched on
again, assigning to it 1, and the current existence of T - 12 is
examined, if it exists, then the program moves on to the next
operation, if not, the program stops.

After all the operations T-1, T-11,T-2,T-12and M —
11 are on. If there is current in T - 12, the process of switching
is continued, disconnecting 10 kV circuit breaker T — 11 of
TNr.1, assigning it with 0 (off) and testing voltage in KS -1 -
10 and KS - 2 - 10. If they are supplied, the program goes to
the next operation, if not — it gives the start command to T -
11, assigning 1 (on) to provide consumers with electricity, and
again sending the signal to CDS.

Disconnecting the power switch 110 kV T - 1, assigning it
with 0 the transformer is turned off from the power at both
sides, but for its safe operation it should be disconnected.
Before the disconnection the TNr.2 voltage regulation
equipment should be turned to the automatic mode assigning it
with A. Before switching on the disconnectors the off states of
the circuit breakers should be tested, starting with the lower
voltage side - the 10 kV circuit breaker T — 11; if it is
disconcerted or equal to 0, then T - 11 should be in off (0)
position, in case if the switch is turned on the correspondent
signal is sent to CDS. This is also takes place at the 110 kV
side, the off state of the switch is tested and if it is off the
command for switching off issent T - 1 - 1.

When the self-consumption part is disconnected 0.4 kV, it is
necessary to turn off T - 13 — 0 with a command. Now the
connection can be grounded after testing the supply. If there
no voltage, then the T - 13 - 0Z is supplied with the switching
on command, assigning 1. The same takes place at the 110 kV
and 10 kV sides, the voltage is tested and the connections are
grounded, turningon T-1-Zand T - 11 - Z.
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Variable define

Switch‘on:z 1
|

I
Switch off:= 0
T
| Auto:= A \
[
\ Manual:= R \
f = No
‘ Signal := S ‘ IT-12=0
No Yes
T-12:=1
Yes
T-1-NZ =1
Yes‘ The signal to CDS, error = 1 ‘ Yes
T-2-Nz=0>NO T_11 =0
‘ The signal to CDS, error = 1
Yes
T-2-NZ =1
Uks-1-10 =0 NO—‘
\ T-11:=1 |
No Yes
The signal to CDS, error = 1 ‘
8280\(?30 Uks-2-10 = 0> NO |
— \ T-11:=1 \
Yes
\ T-1:=0 |
I ‘ The signal to CDS, error = 1 ‘
| ALTNr2:=A ]
Yes Signalizacija dispeceram,
T2:=1 ‘ bojajums =1
No
T-11=0 |
: No ‘ The signal to CDS, error = 1
Yes
Yes T — 11 disconnector := 0

Al, TNr.1 =R

‘ The signal to CDS, error = 1

T-1-1:=0
Al, TNr.2 =R
L
Degree
Nr.1= TN, No No
Degree TNr.2:=TNr.1 T-413:=0
TNr.1> TN, degree Yes
TNr.2 := TNr.1
degree \ T-413:=0 \
! [
| T-13-0=0 ]

o 2

Fig. 3. a.. The switching algorithm for substation to introduce into service of  Fig. 3. b. The switching algorithm for substation to introduce into service of
TNr.1 and start the operation of TNr.2. TNr.1 and start the operation of TNr.2.
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-13-0, TNr.13
side, U=0

T-13-0:=0

‘ The signalto CDS, error =1

‘ T-11-z:=1 ‘
\ szso‘::s |
\ |
\ |

[
S251:=S

[
S$290:=0

END

Fig. 3. ¢. The switching algorithm for substation to introduce into service of
TNr.1 and start the operation of TNr.2.

IV. VISUALIZATION OF THE DEVELOPED SYSTEM

For the realization of the new control algorithm software
Telemix VENTA is applied; the scheme of the substation in
this software window in demonstrated in “Fig. 4”. All the
commutation equipment is provided with full control and
blocking.

Fig. 4. The scheme of the substation in software Telemix VENTA

In the upper part of 4. figure the menu is given: MENU,
SCHEDULE and EVENTS. Pushing button MENU block
,2Automatic mode” is open where an operation can be selected:
switch TNr.2 into the operation and start the service for TNr.1
if the scheme is in normal regime or if TNr.1 is in the service
introduce TNr.1 into operation and provide the automatic
reserve (ARI) for TNr.2 (Fig. 5).
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Fig. 5. Menu

Fig. 4 demonstrates the operation regime of the scheme
corresponding to the scheme given in Fig 1: both line are in
operation - LNr.616 and LNr.211 and TNr.1 operates. TNr.2 is
in the automatic reserve (ARI). Thus if it is necessary the first
variant can be chosen and TNr.2 is introduced into the
operation and TNr.1 is in service, pushing red button with a
correspondent command. To be sure that the correct operation
is selected a screen with a confirmation appears ,,Introduce
TNr.2 into operation and service for TNr.1”. With pushing the
confirmation button the control system realizes the command
in accordance with the algorithm given in Fig. 3. While the
switching the color of the button is changed for light blue but
as soon as the switching is completed it is again red, but if the
process is stopped the button of the automatic regime does not
change the color and remains light blue —simply determining
the end of the process. Similarly the opposite process is taking
place - introducing TNr.1 into operation and reserve mode for
Tnr.2.

CONCLUSIONS

To prevent personnel errors, reduce transmission-time,
which is very essential in emergencies, new substations,
having established a full-scale blocking and re-built
substations can be brought into the automatic control system.
Analyzing the current situation in the substation, choosing
programming controller, necessary for the operation, the
program will begin the process of switching. If one of the
primary switching apparatus initial states is incompatible the
program will not start its operations. In the case of on or off
commands, switching equipment state may not be changed,
then the command will be repeated, even if nothing happens,
the switching process will stop and the controller will receive
the message.

It is expected that the new designed system will
significantly increase the safety of the substation, especially in
an emergency situation. It allows a significant reducing of the
switching time, which is faster to provide consumers with
saving energy and plant recovery after a crash.
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Glebs Golubovs. Apaksstacijas vadibas sistémas un operativo parslegumu optimizacija.

Raksts veltits vadibas sistémas un operativo parslégumu optimizacijai. Tika apskatita apaksstacija un uz tas piemeéra radita automatisko parslégumu sisteéma. Tika
radits arT jaunais operativo parslégumu algoritms un radita transformatoru automatiska parlégsanas procesa vizualizacija. Autori analiz€ un siki apraksta jauno
algoritmu. Pateicoties jaunajai sist€émai butiski palielinasies apaksstacijas droSums, it Tpasi avarijas gadijumos, ja operativais personals nevar atri tikt uz
apaksstaciju. Parslégumi apaksstacijas vei dezurejosais dispecers no vadibas centra, vai operativas izbraukuma brigades personals uz vietas apaksstacija. Veicot
parslégumus augstsprieguma apaksstacijas ir loti svariga seciba, kura tie tiek veikti. Nedrikst pielaut kllidas, jo tas var izraisit nelabveligas sekas. Ar simulacija
palidzibu tiek raditi visu komutacijas aparatu parslégsanas iesp&jas, kas lauj redz&t cik efektiva §i sistema biitu realaja apaksstacija, visiem komutacijas aparatiem
izveidota blokeana pilna apjoma, kas pasarga no klidaingm operacijam, veicot parslégumus manuali. Saja sistémas izstrades momenta raditi tikai divi
automatiskas parslégSanas rezimi — transformatoru parslégSanas. Turpmak planots pilnveidot sisttmu un izveidot automatisko apaksstacijas vadibu visiem
apak$stacijas pievienojumie. Darba gaita tika izp&titas un salidzinatas jauna automatiska parslégumu sist€éma ar veco. Secinot, var teikt, ka jauna sistéma Jauj
krietni samazinat parslégsanas laiku, respektivi, atrak nodrosinat pateretdjus ar elektoenergiju un ieekonomét Iidzeklus iekartu atjaunoSanai péc avarijas. Tupmak,
izveidojot automatisko vadibu visiem pievienojumiem, var panakt, ka apaksstacija stradas pilnigi automatiska rezZima un personala iejaukS$ana biis nepiecieSama
tikai remontu nepiecieSamibas gadijuma.

T'1e6 T'oty6oB. OnTHMHU3aLMs CHCTEMbI KOHTPOJISI U ONIePATHBHBIX NePeKJII0YeHU MoACTAHIMIA.

CraTbs IOCBSIIIEHA ONTHMU3AIUK CUCTEM YIPaBICHHS U MPOIECCOB OIEPAaTUBHBIX NEPEKIIOUCHUH MoAcTaHIuA. PaccMOTpeHa NOACTAHIUS U Ha e mpHMepe
co3laHa CHCTeMa aBTOMATHYECKUX IepekimodeHui. Co3JaH HOBBIH alrOpUTM ONEPaTHBHBIX IEPeKIIOYCHHWH M CO3JaHa BH3yallM3alldsi aBTOMAaTHYECKOIO
MepeKITIoueHHsT TPaHC(HOPMATOPOB. ABTOPHI AHATU3UPYIOT M HOJPOOHO OIMHCHIBAIOT HOBBIH aaroputM. biarogaps HOBOH cucTeme, CYIIECTBEHHO MOBBICHTCS
HaJeXKHOCTh MOJACTAHIMN, OCOOCHHO BO BpEMsI aBapuUii, €CIIM y ONEPATHBHOIO IIEPCOHANA HET BO3MOXKHOCTH OBICTPO IONACTh HA ONPENENCHHBIH OOBEKT.
INepexmoueHs Ha MOJCTAHLUAX BBIONHIIOTCS ASKYPHBIM IUCIETYCPOM HIM IIEPCOHAIOM OIEPAaTHBHO BBIC3IHOW OpHraabsl Ha MOACTAHIMU. BEImonHss
MePEKITIOUCHHS] OYEHb BAXKEH MOPAJIOK MEPeKIIOUCHHIl, TaK KaK 3TO MOXET IPUBECTU K HEOJIArONPUATHBIM MOCICACTBHAM. C MOMOIIBIO CHMYJISLIMH CO3JaHO
HAIJTHOE TICPEKIIIOYEHHE BCEX KOMMYTALMOHHBIX alIapaToB, YTO II03BOJSET OTJIMYHO YBHACTb, HACKONbKO 3¢dekTuBHa ObLTa OBl 3Ta cHCTeMa Ha
MOACTAHIUAX, BCeM KOMMYTALIOHHBIM allapaTaM CO3JaHa IIOJHAas OllepaTHBHAs OJOKHPOBKA, YTO MO3BOJISIET HCKIIIOYHMTH OLIMOKU IIEpCOHANa BO BpeMs
HEepeKITIoueHHs] B py4HOM peskume. OfiHAaKO, Ha JJAHHOM IIEpUOJie Pa3pabOTOK CHCTEMbI, CO3/aHbl TOJIBKO JIBA PEXHMa aBTOMATHYECKOTO NEPEKIIFOYCHHS —
HepeKIIoueHHs TpaHC(OPMATOPOB, B JalbHEIlIIEM cHcTeMa Oy/IeT yilydilieHa i OyaeT BOSMOXKHO BUACTh aBTOMATHYECKOE [EPEKITIOUCHHE BCEX MPUCOCANHEHHIT
noAcTaHHU. Bo Bpemst paboTh! ObLIM HCCIEI0BAHEI H CPAaBHEHBI HOBAsi CUCTEMa aBTOMAaTHYECKOTO YIPABICHHUS CO CTapoi. Jlenast BBIBOBL, MOXKHO CKa3aTh, 4TO
HOBasl CHCTeMa II03BOJISIET HAMHOTO YMEHBIINTE BpeMsl IIEPEKIIIOUEeHHI, COOTBETCTBEHHO, OBICTpee 00ECIIeUnTh OTPEOHTENEH MIEKTPOIHEPTUeil H COKOHOMUTH
CpECTBa Ha BOCCTAHOBJICHHHM YCTPOWCTB IOCIIC aBapyu. B nanbHeiieM, co3/1aB aBTOMAaTHYECKOE yIIPABICHHUE BCEM IPUCOCIUHEHHUSIM, MOXXHO JOOUTHCS TOTO,
YTO MOACTAHIUS OyAeT paboTaTh B MOJTHOCTHIO aBTOMATUYECKOM PEXKHME M BMEIIAaTeNIbCTBO MEpCoHaNa OyneT HeoOXOAUMO TOIBKO B CIydae HEOOXOAUMOCTH
peMOHTa.
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