[
II REAL TIME BLACK BOX
MODELING OF VENDOR
PROPRIETARY CONTROLS ﬁ

A

RTDS TECHNOLOGIES INC. ITechnologies

AMETEK



Why are Black Box Controls Important?

y - Uy g
Customers want models that accurately reflect the real control Simulated Network

and protection equipment provided by vendors RTDS Simulator  Mierogrid

« The same code base used by vendors can be used to create the
black box model

DNP3, IEC 60870-3-104
TCP/UDP

SN

m———

« Vendor’s IP must be protected

Analogue/Digital,
MODBUS, DNP3,

IEC 60870-5-104,

\\E( 61850

« Generic models have their limitations

Tertiary Control
Power flow mana gement
DMS/SCADA

Market participation

Power
Electronics

« Tuning generic models can be very time consuming

Secondary Control
Voltage and freq. compensation
Synchronization, black start
R Dispatch optimization
. Primary Control
Local DER protection
P&Q droop control
Converter controls

Devices Under Test
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Black Box Controller Options in RTDS

« Component Builder (Cbuilder)

o Develop own component model
« Compiled Hierarchy Box

o Use standard control blocks and/or Cbuilder and pre-compile
« GTSOC

o Auxiliary hardware platform that run vendor source code

o Recommended options for complex controllers such as HVYDC and IBR control
and protection

Technologies RTDS.COM

AMETEK



GTSOC

Hardware Platform to run the black box controller

« Combination of FPGA and Multi-Processor System-
on-Chip (MPSoC)

« Supports Bare Metal Execution of Static Library
(*.a) Files containing Vendor Source Code

« 4 ARM cores availableto develop applications
 Interconnects with NovaCor via Fiber Optic Cables

GTSOC -~ V2

NovaCor Chassis
GTSOC UNIT
4x ARM cores FPGA
o - Fibre Cables
.a file .a file 4x RTDS
H Interface
.a file .a file
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GTSOC

* Run the vendor controller on the ARM cores
o Each ARM core can model different controllers
o Controller code can be distributed across multiple ARM cores
o Each core canrun at a differenttime step,
o Each core time step can run at a time step different from the RTDS
« FPGA fabric used for communication with NovaCor
« GTSOC runsin parallel with the simulation, mimics how actually control operates.

NovaCor Chassis
GTSOC UNIT

4x ARM cores FPGA

i i Fibre Cables
.a file .a file

4x RTDS ‘_’
H Interface

.a file .a file
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Deploying Blackbox Controls on the GTSOC

Vendor
C/C++ Source Code

RTDS GTSOC Blackbox Builder
- Vendor C/C++/FortranSourceCode ~ yoomoomoopooooomoooooooo oo |

o Written by Hand ARM GNU Toalchain o
o Generated via MATLAB/Simulink ) Wrapper Code
« RTDS GTSOC Blackbox Builder Tool * a (Static

o Source code compiled into Static Library File),

Library (*.a)

o Wrapper code is used for mapping
inputs/outputs and parameters

o Generates Firmware (*.mcs) for GTSOC

«

A 4

* elf (Executable and
Linkable Format File) |

y

Generate Boot Image File

|

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
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|

| ARM v8 GCC (Compilation & Linking) | !
| |
| |
| |
| |
| |
| |
| |
| [
| |
| |
| |
| |
| |

_________________________________

*.mcs (Intel Hex File)

GTSOC
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GTSOC WRTDS
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« Comprehensivedocument available
 Aidsinthe development of GTSOC applications

I

‘-----ii E'

the GTSOC Platform

IIII Guide to Develop Applications on
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: GE VERNOVA
GE Vernova HVDC control and protection on GTSOC

« Runs complete control and protection code from the original source model

« First challenge was determining number of GTSOC ARM cores required to model the control
and protection system and assure real time performance
« Second challenge was evaluating the latency in the simulation setup

GTSOC GE eLumina™ C&P
four core ARM processor Multiple “tasks” (Simulink™)

corol | g Nl u 0T

Protection I I I I - I I IT
; Making it fit Q [1]
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GE Vernova HVDC control and protection on GTSOC GE VERNOVA

« Four ARM cores required for Control
« Four ARM cores required for Protection

Symmetrical Monopole

— Jw[ ': One pole-end
] —— .

Bipole

— = —

] == 2

—v Bl

= £ A=

— ] [2]
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GE Vernova HVDC control and protection on GTSOC GE VERNOVA
Test Model

Used for benchmarking against offline model

Onshore and Offshore converters’' control and protection modelledon GTSOC
4 GTSOC units- 16 ARM cores

1 NovaCor Chassis - 2 cores

Main goal was comparing results to offline model, C&P not optimized

Offshore Onshore
AC System AC System
Offshore VSC Onshore VSC
PoCeff Control: f, Vac - * DBS Control: Vdc, Q PoC,,
LD | -—|: : % av ~N
| AN E ; —
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GE Vernova HVDC control and protection on GTSOC

GE VERNOVA
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Frequency Scan
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Impedance Based Analysis

Impedance Stability
Extraction Analysis

Analytical Measurement
Based Based
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Measurement Based Scan

« MMC system feature a significant number of dynamic elements

 Introduces wideband frequency interactions with nearby systems, both ACand DC, and their
control systems.

 Analytical methods are complicated and ignores details of the vendor controls

« Frequency Scantool developed to analyze the frequency characteristics and assistin the
stability analysis of the system.

« Suitable for applicationswith Hardware inthe Loop (HIL), Softwareinthe Loop (SIL) with
GTSOC, or a combination of both HIL and SIL.

RTDS.COM
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Impedance Extraction

Measurement based

1. Inject harmonic to the system at an equilibrium

2. Small signal multi-sine perturbation

3. Measure the harmonic current and voltage for a
subsystem

4. DFT and calculation

AC SCAN SA

- . ©
Sta b| | |ty Aﬂa |yS|S Zdd %Elq—‘ maga_scan

- Import scan results ;de — S= ©
° q q maghb_scan

Create Bode plot . /q\f o )
_______________ magc_scan

(DQO or PNO)
N

RSCAD Frequency Scan Component

RTDS.COM
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Bode Plot

Eigenvalue Bode Plots

Part | ‘
G((U) ' )'(w) . f (Ha)
X(w) 1

Partll | ) £ .1 —
H(w) eig[G(w)H(w)] L, -

yw) 6w "

x(w) I+ G(w)*H(w)

Closed loop representation Open loop gain eigenvalues Bode Plot
(1,180deg)
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Example Case

Circuit Block and Close-Loop System
MMC Systems Interaction with AC Network

PCC | MMC R_L
R-L | 20hm — 0.03H
2.40hm - 0.075H | ~ I
NHO—==—+O— L
C
’% SCR. I 8SOMVA —— _|_ 40uF
- | Xt=18% =

AV 7.62(84deQ)

S =-800+j0
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Impedance Scan of MMC system
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@ Frequency Domain Analysis Tool

= Load Scan Results  Phase Units |Degrees

Domain |DQ0 =

Frequency Scan = Synthesized Responses | Results Viewer | Stability Analysis

equencyScan.fscn

frequency MMCscanV3.fscn 1000 |
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@ Frequency Domain Analysis Tool - [m] x
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' ‘ Phase Angle Crossing =180 for the MMC Scan Case
“Stability Analysis” Tab in FDA for the MMC Scan Case (SCR=7.62)

SCR
Two frequencies where angle crosses +/- 180 degrees CSCR = oM

~3hz = magnitudeis 7.70 N
~26-27 Hz > magnitudeis ~3.46 (Critical Freq.) = CSCR~=2.2
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DC Voltage and Cur

Dynamlc Response from dlfferent SCR

« Fromsimulation,itis observed

W that marginal stability pointis
- o | 3 around SCR 2.2 and the

T T oscillationfrequencyis around
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CONCLUSIONS

« GTSOCV2 supports integration of vendor blackbox controls
for RTDS simulation

* Frequency Scan tool can aid in stability analysis for HVDC
system with HIL and/or SIL (i.e. GTSOC) controls
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Thank you!

[1] Implementation of GE Vernova MMC Controls on GTSOC platform, RTDS Technologies, Aug 2023 Te (o h no |.0 g | es
[2] C. Barker et al. “Software in the Loop Real Time Simulation of a HVDC Terminal”, CIGRE Paris 2024
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