Large Scale Implementation

/

of Control Switching Devices
in Indian Power System- A
Case Study

N S Sodha

Consultant & Advisor

Power- T&D, Smart Grids

Former Executive Director, POWERGRID
Email- nss5419@gmail.com

Mobile: +919717890988



mailto:nss5419@gmail.com

Wy Controlled Switchn e

Controlled Switching

The principle of co-ordinating
the instant of opening or
closing of a circuit with a
specific target point on an
associated voltage or current
waveform is called
“Controlled switching”.

Other common terminologies
applied are “Synchronized
Switching” & “Point-on-Wave
Switching”.

Uncontrolled Switching

When an Uncontrolled/
Random switching is done it
causes Re-strikes, Re-ignitions
during opening operation in
Shunt reactors

High inrush currents during
closing operation in Power
Transformers & Reactors
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¢ Additional capability added to a standard circuit breaker
¢ Operate the circuit breaker at a preci

se electrical moment
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Y USING CONTROLLED SWITCHING?

¢ Improvements of :

¢ the power network stability
¢ the reliability of the service supplied to customers
¢ the power quality delivered to the customers
¢ Reductions of:
¢ electrical switching transients
¢ equipment failures
¢ maintenance costs on the apparatus
¢ capitalization: lower investments
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¢ Controls the exact moment the circuit breaker is operated:

¢ Reduces inrush currents

¢ Eliminates the high voltage switching transients
¢ Eliminates pre-insertion resistors:

¢ Reduce the circuit breaker maintenance costs

¢ Improve the circuit breaker reliability
¢ Provides extended circuit breaker monitoring:

¢ Detection of C/B degradation of performance

¢ Detection of mechanical/electrical problems

The circuit breaker becomes a smart device!
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Synchronization of the mechanical operation of the circuit
breaker to the source voltage or current
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~— Basic Architecture
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. . B 0
o 0
Using pate nted operatif al orltb . -
automaticplly adjusts C/B opgratidrsaccprding to the |
supply voltage, air temper , pregsure|of the drive
mechanisin agd SO on v
25 T e
* [t not OHIYC Ielggeo S.' T | B - gaa-d.— Open cmd E
reports C/ - =160 [ emsri] <¢—}— Closecmd !
Stgio” Power oy Bl Al ¢
battery > Ethernet remote
Annunciator/ g Alarms I8 oﬁcommunication
RTU |

4-20mA USB/
Ethernet
: Maintenance
CB Compensation
Sensors /



— Power Transformer Application

* 765 /400 kV 500MVA Auto transformer
bank at PGCIL, Tamnar Substation,India

| 1PI-!$SE 765 Kv XMER
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ower Transformer Application
» CSD installed in the C&R panel of the
Autotransformer

CSD
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SynchroTeq Plus ~ Event Analyzer

Fle View Options Help
BRI N1

Il B None

@,0,@, |l + |2 E]L

D:WaorkdinSupportindiatiolartWaveforms\0000000316_20130508_164455_close. stpewt
2013-05-08 16:44:55. 751

A

e ed o
Time (ms) | 369.461 Sample | 3085

Green cursor time diff. | 369.461

PU  Primary

Iy -0.141 [-17.405 A

26 328 330 332 334 336 338 340 342 344 346 348 3\0 3/2 /4 36 358 360 362 384 386 3B 370

vs¥  [-1017 [332.085 KV

Time (ms)

Open Out R
Open Out ¥
Open Out B
Close Out R
Close Qut ¥
Close Out B
52a R

52b R
S2aY

62b Y

52a B

52b B

Open

Close
VR
IR



v ] AN’
; L L 3 -

SynchroTeq Plus ~ Event Analyzer
View Options Help

1B BBy |2 0@, | ufe /| |22 [E]

All

DiWorkdinSupportindia\Mysore?\000000027E_20130807_024724 _close.stpewt
2013-05-07 02:47:24 BG83

ngle.

striki A2

Open Out R
Qpen Qut Y
QOpen Out B
Clase Out R
Clase Out ¥

Clase Out B
52aR
2b R

Tme (ms) [388.862 Sample | 3247 - - - - -

Green cursor time diff. | 9.701

PU  Primary B T B T T T T T T T T T I H -
= R e 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 BE0 680 700
VB [0.080 [ 19615 KV Time (ms)

INTELLIGENT SYSTEMS FOR THE SMART GRID.




30

: AL BFQI Br EEN‘!A

SynchroTeq Plus ~ Event Analyzer

Fie View Options Help
NS

All None

D:WorkdinSupportindia\My sored000000318_20130507_034801_open.stp,
2013-05-07 03:48:01.393

r

e ed 0
Time (ms) | 308.982 Sample | 2580

Green cursor time diff. | 7.425

T 0 0 0 T T 0 T T T T 0 T T 0 T T 0 0 T 0

PU Primary — i i i i i i i : i i i i i i i i i i i i i i i i i i i i
= IEEER =5 B 266 268 pait) 72 274 276 g 280 282 264 286 288 290 292 294 296 298 300 0z 304 e 308 3o 3z 34 316 Mg 3200 322 324 36 3B 330
UsB  [L017 [332.290 KV Time (ms)

INTELLIGENT SYSTEMS FOR THE SMART GRID.

Open Out R
Open Out ¥
Qpen Qut B
Close Out R
Close Out ¥
Close Out B




SynchroTeq Plu: vent Analyzer
Fie View Options Help
(B BBy |98, | e[| =+ ]

Channels Al H None
r Analogs

[m]E

[m|
B
[] vsr
O] vsy
VsB

r Digitals
Open OutR
Open QutY
Open Out B
Close OutR
Close QutY
Close Out B
52aR
52bR
52aY

D:WorkdinSupportindia\My sored0000000318_20130507_034801 _open.=tp,
2013-05-07 03:48:01.393

[ 520 ¥
[ 52aB
[ 5208
[+] open
[ Close
[ zxvr
M xR

=lolx]

=

3]

=

~ Command

-~ Alarm

~ Clesing

~ IdleComp

= Input

~ Output PhsC.TgtAng

e 0
Time (ms) | 308.982 Sample | 2580

Target

Green cursor time diff. | 7.425

H H T

PU Primary —r

—= (. )

relative to

B 0.044 | 5337 A
VSB 1.017 |332.290 KV

266 288 270

72 X4 276

s

280

282

284

266

293 300 302 304 306 308

286 290 EéZ Zéd 2‘6 .
PhaseA current zero crossing

INTELLIGENT SYSTEMS FOR THE SMART GRID.

3o 32

34 316

phase A




30

: AL BFQI Br EEN‘!A

SynchroTeq Plus ~ Event Analyzer

Fie View Options Help
NS

All None D:WorkdirtSupportindiaihysors\0000000318_20130607_034801_open.stp
20130507 03:43:01.398

r

Nc}rc

urr

e ed 0
Time (ms) | 308.982 Sample | 2580

Green cursor time diff. | 7.425

T 0 0 0 T T 0 T T T T 0 T T 0 T T 0 0 T 0

PU Primary — i i i i i i i : i i i i i i i i i i i i i i i i i i i i

= IEEER =5 B 266 268 pait) 72 274 276 g 280 282 264 286 288 290 292 294 296 298 300 0z 304 e 308 3o 3z 34 316 Mg 3200 322 324 36 3B 330
UsB  [L017 [332.290 KV Time (ms)

INTELLIGENT SYSTEMS FOR THE SMART GRID.

Open Out R
Open Out ¥
Qpen Qut B
Close Out R
Close Out ¥
Close Out B



-~

\/IZI a3X

- HRNTHEAETRR QPENING: BEISNITIQN

SynchroTeq Plus ~ Event Analyzer
Fie View Options Help
(BB G| 20O Al | 22

Channels All__H None DowarkdinSuppontindiaihy soreW0000000271_20130607_022635_apen.stpevt
2013-05-07 02:26:35 858
I N e
O sk
O] vsy
vsB
I Digitals
Open Out R
Open QutY
Open QutB
Close OutR
Close Out Y
Close Qut B
52aR
52bR
52aY
52bY
52aB
52bB
Open
Close
IXVR
IXIR

Open Out R
Open Out ¥
Open Out B
Close QU R
Cloge Qut ¥
Close Out B
52aR
52b R
52a ¥
52b Y

e ed o
Time (ms) [308.701 Sample | 2585
Green cursor time diff. | 2.275 ] ] H

PU Primary I e —

B (oo |17 A ¥0 X2 FA 76 278 280 282 284 286 288 290 292 294 295 298 300 A2 A4 308 308 30 M2 314 316 318 320 3@ 34 3B 3\ 3
VsB 1013 [330.907 kv Time (ms

INTELLIGENT-SYSTEMS FOR THE MART GRID:




~“Shunt Reactor Application

* 50 MVAr Line reactor at 400kV PGCIL Maithon
substation
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hunt Reactor Appllcatl-on

* CSD Installed in C& R Panel of the Mejia-1
Line reactor
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hunt Reactor Application

* Closing waveform with controlled switching
Symmetrical Current 87 A.
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-~ Shunt Reactor Application
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FIELD PROVEN technology

C/B Manufacturer AGNOSTIC solution

Applicable to either NEW or EXISTING circuit breakers

Controlled switching system & CB MONITORING

One system for all C/Bs + one common interface = LESS TRAINING

¢
¢
¢
¢
¢
¢ IEC 60870, IEC 61850, MODBUS & DNP3 compatible

INTELLIGENT SYSTEMS FOR THE SMART GRID.




.-
~— Achievements

Till date more than 450 + Controlled Switching Devices have
been successfully installed & Commissioned in India with

Power Grid Corporation of India Ltd. being major Power
Utility ( 400+ CSDs )

& other customers being EHV Circuit Breaker OEMs like
Alstom T&D

Siemens Ltd.
CG Global
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INTELLIGENT

Transmission Neltworks

€ Increase network stability & reliability
€ Eliminate disturbances on Power lines
& Control & monitoring of HV equipment

SYSTEMS FOR THE éSIVIART GRID

| | Distribution Automation
| Renewable Production |

| &Smarter and self-healing grids

Substation Automation

_ ) '5 € Connect & control more sites | © New operational practices
€ Secure and interoperable solutions | ©Seamless power interconnection | ®Decentralized intelligence
€ From legacy level to full DNP3/IEC 61850 5 € Remain grid code compliant |
& |[EC 61850-9-2/8-1 Merging Units ) | .\T/.
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