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Agenda

 Serial communication 1/0 device (GTSIO)

* Transient Stability Assessment (TSA) feature
« [EC 61850 Merging Unit

 Parallel Redundancy Protocol support

« Embedded MMC HVDC Models

» Blackbox modeling with the GTSOC
 Universal Converter Model (UCM)

« RSCAD FX Enhancements

* Questions
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Not In Scope

* New Python scripting functionality
* Frequency scanning tool
* NovaCor Light
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Under Development - GTSIO

* A new serial communication 1/0 card 1s under development

» Card will support
 CAN
« RS232-C
RS485
USB 2.0
12C
SPI
Ethernet (UDP) protocols
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Under Development - GTSIO

« 19”7 rack mounted
» Powered by standard wall outlet
* Connection to NovaCor chassis with fibre cable
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Transient Stability Analysis (TSA) module

« TSA
* To determine the stability of a power system in phasor domain.
« Simulate much larger networks than EMT

« TSA module in RTDS intended to:
« Represent a portion of a larger power system ( up to ~2000 buses)
* Interface TSA module with EMT simulation (co-simulation/ hybrid simulation)
« Standalone TSA simulation also supported.

« TSA module in RTDS is not intended for performing studies inside TSA environment.
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Transient Stability Analysis (TSA) module

BUS1 BUS3 BUSS BUSY BUSS
Minimum requirements: RTDS-TSA
NovaCor hardware, RSCAD FX 1.4 [é”;:gjnf:;x;'i}

BUS2 BUS4 BLISE BUSE BUS10

PSS/E data files are required as input | | | I I

To interface the TSA module to an EMT model, an interface module based on Dynamic
Phasors (DP) is available in the RSCAD library. A GUI named “RTDS-TSA Setup” is
available to initialize the TSA in RTDS.

A maximum number of EMT-DP interface buses allowed is 10, and the maximum number
of DP-TSA interface buses permitted is 15.

Large power systems can be partitioned and simulated using multiple TSA units. Up to four
TSA units can be connected using the DP interface component.
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NEW FEATURE: ENHANCED NON-REAL TIME
SIMULATION

New feature available on NovaCor 2.0

- Enhanced simulation capacity when using non-real
time simulation

3000 Load Units PLUS 300 nodes per core
(approximately 10 times real time capacity)

Execution time per timestep is minimum
200ys, regardless of load

Execution time will automatically adjust
above 200pus to accommodate load
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|IEC 61850 MERGING UNIT

 Information Exchanged in
Power Systems : Substation1 1 )
= Instantaneous measurements i
= Trip/status signals and alarms E_X_‘j TI_WEF
= Control commands
« Phasor measurements
« Communication-aided

Substation 2

: \A Control
protection = Centre
Controller
SCADA system
Primary Protection Monitoring and
Equipment and control supervision
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IEC 61850 MERGING UNIT
GTNET-SV / GTNET-GSE

|EC G18A0-hasad Digjkal IEC 61850-based Digital
Interface ledacte ..
HMI
Report/Command (MMS Client)
(‘Nﬂi) Report/Command MME“QII'
Trip/Status C | —_— (MMS) ( ient)
(GOOSE) . >
Circuit — - Trip/Status C
breaker — Ethernet o (GOOSE)
— connections b?;:lll(::r ><_ - — [ GTNET-GSE = EER—— *
Unit connections

PT —3 /4 N
<= ) C o

- C = - o o PT %&_. pu o o

= GTNET-SV —o

TR Rebay cT (: = —o o

! . Rehky
Digitized v& | Digitized v& |
(Sampled Values) (Sampled Values)
. . Primary Equipment :
Primary Protection and . y Equip Protection and
SlmUIatEd in RTDS COntrol IEDs

Equipment Control IEDs
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IEC 61850 MERGING UNIT

GTNET-MU

IEC 61850-based Digital

Interface
HMI
Repor(tlclcl\:;r;ma“d (MMS Client)
— —
[ ]
Circuit
il A .i < Ethernet
| connections
[ Trip/Status
- _3 (GOOSE)
“ D C O
: “ D C O
Merging = [zz3:1 &
Unit Relay
Digitized v& |

Primary

(Sampled Values)

Equipment
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Protection and
Control IEDs
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Circuit
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IEC 61850-based Digital
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Primary Equipment
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Interface
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GTNET-MU

« GTNETx2 hardware already supports IEC 61850 GOOSE, SV and MMS
functionalities

« GTNET-MU implementation provides the GOOSE, SV and MMS
simultaneously, mimicking the operation of Process Interface Units

 This integration allows our users to minimize the use

| GTNET-MU |

of GTNETx2 hardware and reduce the required no. of m—
Ethernet connections s

I[EC 61868-0 5V
IEC 61850 GOOSEMMS

= Save money

- Save space
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PARALLEL REDUNDANCY PROTOCOL

* |[EC 62439-3: 2016 defines Parallel Redundancy Protocol (PRP)

= Provides zero recovery time for time-critical applications
« Uses two independent parallel networks of any topology

— Duplication of the network: LAN A and LAN B

« Network may contain normal switches (except for IEEE 1588 or IEC/IEEE 61850-9-3
PTP, which requires special switches)

« Data frame last 16-bit tag identifier: Ox88FB
« Each PRP node sends periodic (typically every 2 s) supervision frames
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PRP CONNECTION OF GTNETx2 CARD

GTSYNC card NovaCor Chassis GTNETx2 card

'

RTDS
XX N |

[
Fiber optic cables

M PRP PRP

Ethernet crre Ethernet
GNSS clock < LAN B LAN A

Ethemet
Cables

&

. 4% N RED box
SR S G—'

pl e
External IED External IED Workstation
Computer

2024 EUROPE USER’S GROUP MEETING i - DELFT, NETHERLANDS %&

RTDS USER’S GROUP MEETING \
AMETEK




PRP SUPPORT GTNETx2 FIRMWARE FEATURES

« Supports all 9 GTNET protocols
* Requires entire GTNETx2 card

- Both Ethernet LAN transceivers of a
GTNETx2 card to obtain two redundant
network connections (LAN A and LAN B)

 |n order to enable network redundancy
support, select the “PRP” option
under “Network Redundancy”
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Primary

Alias 1
Alias 2
Alias 3
Alias 4
Alias 5
Alias 6
Alias 7
Alias 8
Alias 9

Edit Card Parameters (Port:1 Card: GTMET2_MLI >
=
IP Address: Subnet: Gateway. SNTP Server IP:
| 10.103. 41. 31|]255.255.254. 0| 10.103. 40. 1|| 0. 0. 0. 0
10.103. 41. 32
10.103. 41. 33
10.103. 41. 34
10.103. 41. 35 Gateway | SNTP Server
Is Common
10.103. 41. 3¢ For Entire
10.103. 41. 37 GTNET Card
10.103. 41. 38
10.103. 41. 35
10.103. 41. 40
Use Primary Network Redundancy
Subnet For *Reset GTNET card for network
All Aliases redundancy changes to take effect
OK Close
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NEW TUTORIAL AND EXAMPLE CASES

¥ [] 06 GTNET Applications
¥ []01 Sampled Values

* Protection Examples > 01 GTNET 5V
. ¥ [7]02 GOOSE
= Generator Protection > ] 02a GTNET GSE
= Series-compensated Line Protection '_DE”EDZ*"‘::”tf“i”g‘*"‘h Feome
) a Relay_Testing
. SSO PrOteCtlon » [ 03b Tutorial_Case
= = » Dﬂiclncom lete_IECE1850_SimlEDs
« Automation Tutorials/Examples e
« GTNET Tutorials - comprises a set of new tutorial cases " [ 042 Suitchgear Contrel
. . . » ] 04b SV_Logical_lsolation
that systematically present the process of simulating v BB 05 Symchwophasors

GTNET prOtOCO|S » ] 05a GTNET_PMU
- MODBUS Example Case oo roe

» [] 05¢ PMU_Test_Utility
v []06 SCADA

» 7] 06a GTNET_DNP

» []06b GTNET_104

» ] 06c GTNET_MODBUS
v P 07 GTNET-SKT

» []07a GTNET_SKT
» ] 08 GTNET MU

I \IIVE 2024 EUROPE USER’S GROUP MEETING v . DELFT, NETHERLANDS ml%é



DISTANCE RELAY ENHANCEMENTS

_rtds_PM_21_w1.def
- Name Description Value
CONFIGURATION
mpedaance ciemen plions DIL8  Zone  LeftBinder
PROTECTION TRIP CONDITIOMING (PTRC) DILA Left Blinder Angle
POS/ZERO SEQ COMP Dlad 21-1 Advanced Detection Zone Type Type 1 >
" " P D1adDir  Detection Zone 1, Direction Type 1
» Five types of advanced detectio |
v van ion
P11 Detection Zone 1, Parameter 1
21 Distance (PDIS) Zone 1 Type 3
ZO n eS rP2_1 Detection Zone 1, Parameter 2
. ) Type 4
85 Communication Timers (PSCH) .
rP3_1 Detection Zone 1, Parameter 3 Type 5
o | n d e pe n d e nt g ro u n d e | el I I e nt MONITORING (MMXU/MSQI) P4 1 Detection Zone 1, Parameter 4
O t i O n AUTO-NAMING SETTINGS P51 Detection Zone 1, Parameter 5 0.1
p rP6_1 Detection Zone 1, Parameter 6 0.1
. . . rPT_1 Detection Zone 1, Parameter 7 0.1
» Polarization method options '
r I Z I n I n P& 1 Detection Zone 1, Parameter 8
. rP9_1 Detection Zone 1, Parameter 9
* Trip sample counter feature for - '
rP101 Detection Zone 1, Parameter 10
Se C u r I ty rP11_1 Detection Zone 1, Parameter 11
rP12_1 Detection Zone 1, Parameter 12
rP13.1 Detection Zone 1, Parameter 13
rP14_1 Polarization Method Self Polanization -
e21G1 Enable Independent Ground Element YES -
Dig 21G-1 Element Type ADVANCED v
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DISTANCE RELAY ENHANCEMENTS

Impedance Zones

Type |l Impedance Element [Advanced Mo - GE DED)

RGN A
ype IV Impedance Eltment (AR 1 Iepeda
»
Y

Type Il Impedance Element (Advanced Ouad - GE DE0) 9

Typr M bmgedancr irmerd (ARG Ahtoms Under imgrdance [iement ]

a

/I
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GTNETx2 MODBUS CLIENT

Provide MODBUS client support

Use the existing GTNETx2 hardware

Connect with up to 10 Modbus servers (outstations) on one GTNETx2
module

New user-friendly GUI for configuration
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Embedded MMC Valve Models

° MMC_HVDC Valve mOdeIS run On the @-UBSTEPMDDELT‘:'F'E: ds ss MMC GMMX FPGA V1 eb FPGA1 -\\
_____ MODEL: MMC GENERIC MEXED ON QTEPGA Unk ON  GTIO Part: 1
FPGA in the GTSOC auxilia ry hardware RESISTIVE SWITCHED BLOCKED SECTION DIODES.
* In the past, traveling wave T-lines were Nete: There s NO nerface T-Line in this model FIBRE CONNECTIONS
Recommended Firmware Ver: 0513 TO PHYSICAL CONTROL
. e Leg1
used as an interface, 0.5 or 1 timestep |
1 8
delay 2 wor oY A | 1
* Increases in simulation timestep N J

caused a corresponding increase in T-
line length
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Embedded MMC Valve Models

r‘,é-UBSTEF' MODEL TYPE: rds_ss_MMC_GMMX_FPGA_V1_eb FPGA1 -\\

* Recent updates have removed the

MODEL: MMC GENERIC MIXED ON GTFPGA UnitON  GTIO Port: 1

el e i el e L L T e —— ——

need for a T-line interface RESISTIVE SWITCHED BLOCKED SECTION DIODES.
 Models can now be used in the main Note: There is NO interface T-Line in this model FIBRE CONNECTIONS
Recommended Firmware Ver: 0513 TO PHYSICAL CONTROL

Leg1

timestep environment
* Both GMMX and U5 components are e T 5 ) (1
available as embedded models in both Y

mainstep and substep
* Embedded GMMX also includes an
optional battery model
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Black box control simulation

« Generic models do not always suit the purpose

« Vendors need a way to provide models that accurately reflect their
control/protection to customers while protecting IP

« Most vendors have black-boxed offline (PSCAD) models of their controls
which they can provide to utility customers

« Implementation challenges for real-time environment
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Filling the gap

 Black box control simulation for accurately studying interoperability in the HIL
environment without requiring all physical control hardware to be present
* i.e. studying impact of renewables on protection

Offline CHIL/replica PHIL
simulation testing testing
-

Hardware involvement / testbed complexity

§
~—
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The new GTSOC V2

ARM cores on the GTSOC V2 support execution of static library file (.a) compiled from original
source code using .exe provided by RTDS Technologies

Control code is not accessible by user, but vendor can choose to make some parameters
changeable

« Compatible with NovaCor systems (connected via fiber cable)

GTSOC V2
SFP PORTS

i3 TE I.I.I.I.BIDS
10 12 14 16 Technologies
MONITOR  PROG e [ || e e

ey - vl 'a g
PS PL JTAG 3| | B 5
PWR RST x

« [0
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@Library x | x) Scratch X |Runtime Signals % |ngFiIeManager X I

GTSOC - Black Box Modeling-—= ==

» 701 HVDC
» [ 02 FACTS
» [7] 03 Renewables
» 7] 04 Microgrids

Name

» [ 05 Energy Storage Systems

» [7] 06 Power Electronics

» [7] 07 Protection and Automation
.4

L4

* Type 4 wind example case
* Application Development Guide

[ 08 Benchmark Systems
[7] 09 Machines and Drives
F71 10 Transformers
71 11 Cybersecurity

v ¥

-

F] 12 Transportation
ET113 PHIL
» [] 14 Impedance Scan
» [ 15 Simulation Control
[] 16 Case Studies
F71 17 Black Box Modeling
» [ STATCOM
¥ [ Type 4 Wind
» [ Afile
» [ Firmware
b [ Header file
» [T RSCAD Medel
» [ Simulink_codeGeneration
» [ Wrapper ¢ fil

L4

-

4

Application Development Guide GTSOC.pdf
[ ReadMe.txt

» [] 18 CoSimulation

b 7] 12 Miscellansous

2024 EUROPE USER’S GROUP MEETING =i=| DELFT, NETHERLANDS %&
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Future direction

* Currently working with vendors on a case by case basis for

implementation - in the future, vendors will be able to create GTSOC
models independently

* Not necessary for the vendor to have an RTDS (or GTSOC) to create the
model using the cross-compiler, but very helpful for debugging
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UNIVERSAL CONVERTER MODEL (UCM)

Motivation

« Demand for converter modelling and simulation with higher switching frequency (>30 kHz)
« Research found that average modelling may be used to achieve high resolution of firing

« Other average model implementation is decoupled on the DC bus - can cause instability

Solution: Universal Converter Model

« 2-level, NPC (ANPC), T-type, boost and P T S T
buck, flying capacitor, DAB topologies iR é} N Q} SR Q} |
available T R I A S R

« Multiple input (control) types
« Can be used in Mainstep OR Substep

« Improving performance and reducing
computational burden

 No decoupling / interface lines
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UCM

Input Types

« Modulation Waveform
 Full Firing Pulse (reads firing pulse once per simulation timestep)
« Improved Firing (with Mean Value High Precision)

= Captures firing pulses within a timestep at high resolution to calculate how much of the
timestep the switch should be “on” (producing an effective duty cycle)

= Multiple turn-on/turn-off transitions per timestep are allowed
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UCM

Substep Environment (<10 us)

 Full Firing Pulse Input
 Similar to existing resistive-switching Substep models

« Modulation Wave Input

« Similar to average model, but with improved performance
« Proper transition between blocked and de-blocked states

» Improved Firing Input

« Accurately represents converter performance with PWM firing >150 kHz
Mainstep Environment (30-50 us)
« Modulation Wave Input

« Improved Firing Input
« Accurately represents converter performance in the 10 kHz range

« 10 load units per converter
WU AIIV] 2024 EUROPE USER'S GROUP MEETING == DELFT, NETHERLANDS ml%é




UCM Performance

Grid voltage (kV)

Converter voltage
after filter (kV)

Converter current
after filter (kA)

Converter voltage
before filter (kV)

Converter current
before filter (kA)

DC voltage (kV)
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3211882
21.7616
11.3043

1.0271
-0.3402

-19.7074
-30.07464

1.0421
065339
021971

-0.FT2ea
-1.13708

076437
048722
021008
006707
024472
062136
020851

020641
053754
026267

-0 DDD]Q l"

-D.ZGQDB
083702
-0.5068

1.06423
07218

-0 63606
-0A7E12

1215

1.21

1.205

1.2

1.195

0.03256

5 us timestep -
"Improved Firing" input

IM‘SI MTEWVEE S MTEVGE

I
mrrz\.tom BC WT2WeonlCA

1
\.I'l.l"l'?lcon]B WTEleon s

[WTE&on TTA] T vEon TH WTEWEon ] TC

llvl
I

diil!

i

003652 0.0206 004262 0.04564 004366 005162

30 46627

5 us timestep -

3183552
21 4536
11.0716

0 GE96
0602
-20.0743

Regular firing pulse input

IM‘M WT1GE 510 WT1WGEE

1.06527
0.70044
0.23561
002841
-0.30434
075017
11242

L
1I1l"|'1\,ton1 BC WTikoniCA

0.7
040238
021465

-0.06207
034079
01852
020624

WTleoniA WTllcon1B [WTTlcon T

0.20561

-D.SDSD4 '
1.0662

072681
0.33753

[WTTVEGRTTA] T eon T8 WTivkoniTC

\ J
‘|||||||i||| \'Jl

i

0104514 i Pl b ool U B e Tl
Y iy g

mmvu.'w«

1.185

0.03280

D012 0.02037 004262 004586 004011
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0.05235

-9 87966

32.02458 -
217578 -
11.4208

11025 -
92340 -
-10.5523

50 us timestep -
"Improved Firing" input

IMM WTHAGEE 51 WTHGE

1.0441
D G202
02177
-0.04551
040871
077N
-1.13512

I
\.Im\aboni BC WT3vbon ] Ch

077552
049317
020283
007452
R Ty o
RSy i) o
092458

1
\.Ill"l'3|con1B T leon 10

-0.65771
-0.99168

1215
121
1205

DD3643 003965 004286 004607 004923 D.05248
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21.08270
217475
115121
1.2768
-3.0586
-19.1830

2942925

1.02320
0 GG455
020581
005333
RUE S b
Rk |
-1.13036

076502
048722
0.20044
Rilil=x
034615
062304
080174

0.64TE5
042518
0.2025
00117
022085
045052
-0.670Z2

076029
052422
025506

D.0519
018426
042042
-0 65658

1.215

1.21

1.205

12

1.105

003356

50 us timestep -
Modulation waveform input

[ETOMTRGA] 513 WTHGE 513 TG0

L
\Jll"l'4\,t:on1 B iTdhtonCA

T 1
\.Ill"l'4|con1 B iT4leaniC

I I I
WTon 1 TE WTdhvbon i TC

1 1
Teon 1 TH WTHeon 1 TE

003658 00396 004262 004564
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UCM

Benefits

» Good results even with a 30-50 us timestep - no need to maintain very small timesteps like
other simulators which use decoupled models - fit many detailed converter models on a
significantly reduced quantity of hardware

« Proper transitioning from blocked to deblocked states - UCM incorporates proprietary
predictive switching technique from Substep models

« Improved Firing represents the characteristic harmonics very well and introduces minimal
non-characteristic harmonics

« Improved firing has good comparisons with PSCAD
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Coming Soon - RSCAD FX Enhancements
— Hardware Manager

Single integrated tool to manage all
your RTDS hardware. Integrates:

« Config_file Editor
 Firmware Upgrade Utility e e [ [ I

* Global Bus Hub Configuration tools . Lo e e
¥ Chassis / Racks
" 10.103.32.111 - Hardware Type | MovaCor 2.0
° D i a n OSt i CS 2 @ MovaCor20 1010332112 10 Cores, EthemetUDP it 3
g 3 . MovaCor 1.0 10.103.32.113 10 Cores IP Address 10.103.32.111
4 . NovaCor 1.0 10.103.32.114 10 Cores 1 2 3

5 . MovaCor 1.0 10.103.32.142 10 Cores, Aurora:4, EthemetUDP, G...

° . . IRC Connections T M
ser rrienaly Interrace " e Sutchs arsve
1 vz 10.103.32.172 IRC Switch 1 Uire=re D -
¥ Global Bus Hubs (GBHs)
¥ (@ NovaCor 2.0
[ J

Includes integrated SSH terminal for
advanced diagnostics

Increased speed when updating
firmware for multiple racks
simultaneously
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Coming Soon - RSCAD FX Enhancements

* Improvements to UDP data logger

 New Aurora MUX component

» Support to save as SVG file

« Synchronous machine cross coupling effects
« Support for 18-conductor T-lines
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THANK YOU!
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