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Smart Frequency Control Project
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PNDC Overview

(" HV Network (11kV) \( LV Network \( Real Time Simulation )

LV Fed from HV Network " Hardware in the Loop Simulation
3-50us simulation time-step ... up to
Transformers 16 to 315 kVA 9000 nodes in distribution mode.
One overhead feeder for a total equivalent [iaailimpecances [ Load banks ~ 600 ] Accurate frequency response up 3kHz
0.6 km kVA (total) AL ) )

length of 60km
Industry Standard DMS/ SCADA + I

Three underground feeders for a total
equivalent length of 6km.

Apply resistive 11kV/400V
line and earth transformers from
faults. 500kVA to 16kVA

Pole mounted auto reclosers
\ Series voltage regulator

(" Power Supply

[ Off Grid : 5SMVA Generator ]
On Grid : 11kV Connection

to Primary Substation 11/11kV Isolation Transformer
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Control Solution Overview
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1 IEEE C37.118 (PMU Protacol)
GEE 7 MEES Resource Availability, Status and Activation
@3NS Control Protocol (e.9. IEC 61850 GOOSE)
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Testing Methodology

* System testing

Controller Controller Cascading Events Communications
Dependability Security & Performance
Generation Voltage Generation
— — : — Latency
loss depression loss
| Event | Network B Links
location faults failure
| Regional
inertia
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Open Loop Testing
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Response of local L RTU
controller is verified - | ller |
against expected Local Controller Modbus
behaviour ( i (TCP/IP)
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Closed Loop Testing
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Five Region RTDS Model

Region 1 Region 2

| GTNET-GSE
| for GOOSE

I Sout Westand Cestral of Engiard
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P-HIL Strategy
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PNDC network

Physical node

Controlling the MG set to synchronise
the simulation and physical network
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P-HiL Controls
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Characterisation of the M-G Set Response
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Frequency step Simulated historic Event
50 50.2 T T T T - T T T
—Command
Measure M-G set 495 ol ——Fequency|
Voltage ol From 50 Hz to 49 Hz
50
ﬁ48.5 u
EK sl From 50 Hz to 48 Hz %g.g
Offline M-G set 5 :
del validati g4sr ‘ B 48k
model validation gl o FromSoHzoarHz
/ T 497
465 \ // Test1_13
/ Test1_14 496 - i
Tune model aor = Test1_15
ContrOIS 45-50 é 16 1|5 w— 1|o ¥ 5 oo po 2 4|0 pe
(s) Time (s)

Online validation
of controls in RTDS
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What’s Next?

* |nstallation & commissioning of SFC solution

» Configuration of SFC control scheme
* Implementation of M-G set interface

* SAT

* Testing
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Summary

* Challenges caused by reduced and varied system inertia.
* Requirements for a targeted frequency response.
* Importance of rigorous de-risking of new control solutions.

 Realistic testing approaches enabled through real-time simulation.

http://www.nationalgridconnecting.com/The balance of power/index.html



http://www.nationalgridconnecting.com/The_balance_of_power/index.html
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