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Presenter
Presentation Notes
"First, we’ll cover the journey of Synchrophasor implementation in India. Then, we will look at how synchrophasors are used for ……….
."


Synchrophasor in India

e Journey Started in 2010 with Pilot Projects

e Implemented one of largest PMU deployment
project : Unified Real Time Dynamic State
Measurement System (URTDSM)

3 Level Hierarchical System — National, Regional, State

Installation of PDCs at 32 Control Centers across
NLDC/RLDC/SLDCs in India

Installation of 2200+ PMUs across various substation pan
India

Multi Vendor, Multi protocol integration

HVDC terminals, 765 and 400 kV substations, Generating
stations at 220 kV and above, Solar and Wind pooling
Stations, STATCOM, PST, lift irrigation
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Presenter
Presentation Notes
"India started its synchrophasor journey in 2010 with pilot projects, culminating in one of the largest Phasor Measurement Unit (PMU) deployment projects, the Unified Real-Time Dynamic State Measurement (URTDSM) System. This system operates at three levels—national, regional, and state— with over 1400 PMUs installed across the country, monitoring everything from HVDC terminals to solar and wind pooling stations. PMUs have been integrated with multi-vendor protocols, providing a comprehensive monitoring network for various grid assets."
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Event Detection and Classification [ s-stean
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Power Plant Net generation

Power Plant Net Generation

UJo B LSl
009°LTCr:8T
OPZ9TCr:B8T
088 1Ct:8T
OZSETCr:8T
09TCT 8T
0080T<H:8T
O 60:C:8T
080°80<1'8T
0290281
09€"S0Z:8T
00010 €8T
0920Zt:8T
08Z°T0C:8T
0Z26°6S°T1'8T
09S"8S'TH:8T
00T LS T8T
Or8'SS 8T

1. Oscillation of 1 Hz (Inter plant mode observed)
2. Oscillation persisted for only 10 seconds
3. Peak to Peak amplitude is 278 MW.

QCTES TI8T
094 TS T'8T
00V OS'TH:8T
OOl T:8T
089°LPT1'8T
0ZE 9P TI:8T
096" T1:8T
009°ciT1'8T
oPZ 2P Ti:8T
0880V T:8T
0Z29°6C T1'8T
09T"BE'TH:BT
008"9E T:8T
ort'SE T8T
080°VETI:BT
QCLCE TrBT
09€TE T'8T
0000E TH:8T

7

Oscillation got damped.
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1. Severe Local mode of oscillation observed in

absence of PSS in the Unit 1 and 2.
4, 564 MW peak to peak OScillation observed,

2. The oscillation has persisted for more than 5

minutes.
3. Oscillation Frequency
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LFO and its damping observed in Power Plant Output
at the Power Plant with Properly tuned PSS.

LFO and its damping observed in Power Plant Output when
PSS is out due to absence of proper tuning.
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Oscillation Analysis Near IBR Complex
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Oscillation Observed Near IBR complex
*\Voltage oscillations observed in RE complex
* Multiple modes identified:

 High-frequency (2-3 Hz)

 Low-frequency (0.03-0.1 Hz),

o Irregular severe voltage dips.

Oscillation Characteristics

o Started with multiple frequency components
» Observed without any specific trigger events

* Major fluctuations at critical pooling stations
(Low SCR)

* Predominantly observed in V and Q


Presenter
Presentation Notes
“Digging further, Here, we examine an oscillation event near an IBR complex. Multiple frequency components were detected, leading to voltage dips and irregular fluctuations. 
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Wide Area Angle Separation: Alarm
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Monitoring of Controlling Devices Performance {j§ @z-#f

Frequency separating from
System

36,680

3058

08:01:45

437

Oscillations in Island Frequency, maximum 1{1; 53 Hz during oscillation
and minimum of 41 Hz after that and finally rising to 69 Hz
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Offline Applications
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Presentation Notes
"Grid compliance testing is vital for validating plant performance. As seen in the example of two wind farms— one 250 MW and the other 300 MW— there are cases where the simulation responses closely match real-time events, while others do not. This highlights the importance of validating simulation models to ensure their accuracy in representing real-world scenarios. These are done based on captured synchrophasor data during event.
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Protection Operation and Quick Remedial Action 4§ 3

Sholapur-Raichur Angular Sepearation

Line 1 reclosed when the phase angle difference between the

adjacent substation was 28 Dagreas.

Synchrocheck Relay Setting
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Fault Induced Delayed Voltage Recovery (FIDVR)
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(exposure to another event)

Delayed Recovery as
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Via Thermal Protection
Switch
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Fault started t=0 ms.
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17:31:02.720
17:31:03.080
17:31:03.440
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17:31:05.960
17:31:06.320
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«— Slow Recovery of the Voltage After the fault.

«+— Fault cleared after t=400 ms.

Voltage has exceeded its initial value after t=6.28 sec.
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GRID-INDIA

 India has deployed one of the world’s largest WAMS with 2200+ PMUs across a 3-level
hierarchical architecture

e Real-time applications: Geospatial monitoring and alarm, event detection, LFO
analysis, IBR oscillation diagnostics, synchronisation/islanding, wide-area angular
separation, and controller performance monitoring

e Offline applications: Model validation, SPS improvement, asset management (CT/CVT
early warning), protection operation analysis, FIDVR, and governor response
assessment

e PMU data provides deeper insight into dynamic behaviour of IBR resources and PEC
device interactions, enabling OEM feedback for correction and re-tuning

e Way ahead: PMU deployment at inverter level, higher-resolution data for high-
frequency dynamics, enhanced oscillation source identification tools, and expanded
WAMS-based system protection schemes
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