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H|story of RTDS Technologles

1986 1989 1993 1994

RTDS development World's 15t real-time digital 1st commercial RTDS Technologies
project begins HVDC simulation installation Inc. created
o ® o o

» Technical Advisory Board (sponsors)

* Major funding from Manitoba Hydro

« Continued development and refinement to produce a commercial product
MANITOBA-HVDLC -
RESEARCH tI\Manltoba

E CENTRE Hydro

I Technolo g ies Introducing NovaCor™ - the new world standard for real time digital power system simulation




The Company

licensed from Manitoba Hydro under royalty bearing agreement

Worldwide exclusive rights to technology

Current number of employees ~70

Expanded office space to accommodate company growth

NEWFOUNDLAND

 NEW BRUNSWICK
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e 380+ customers
* 1500+ units
* Over 60% repeat customers

Our clients are leading...

* Electrical power utilities
* Electrical equipment manufacturers
» Research and learning institutions

ITechnologies
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Selected by Leaders in Manufacturmg

A few companies who trust the RTDS Simulator:

SIEMENS ARp
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Selected by Leaders in Research & Education

I]TU Technical
oo University of

Denmark RSITY O 50 LES
o %ﬁ THE UNIVERSITY OF NEW SOUTH WA The UmverSIty of Manchester

RWTHAACHEN MM DU DURBAN
UNIVERSITY 3
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SI EM E NS (Germany)

“Impressed and encouraged by the positive results, the wide range of applications and the
excellent support... our main tool for pre-testing of new control and protection concepts and for

off-site Functional and Dynamic Performance Tests... an essential part of SIEMENS study and testing
schedule for HYDC and FACTS applications”

"...RTDS Technologies has supported our efforts with prompt repair
or replacement for the few component failures that we have
experienced, with extensive software support for existing models, and
with the development of new models or requested features.”

ITechnologies
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Type of Simulation /flectromagnetic
Transient
(EMT)
Typical timestep ~2-50us
Output Instantaneous
\ values
Frequency range \ 0-3 kHz
(>15 kHz)

ITechnologies
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EMT Simulation Algorithm

mel Algorithm

Convert DEs to algebraic equations using of integration
L C
W wl—

d 1(t) , Codv(t)

v(t)=L i()=C* —3

0= L j (o a O L fow
applying trapezoidal rule of integration

iD= S5 V() + -0 i)= 2% v(t) ~In(t= A1)

At
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EMT Simulation Algorithm

" Dommel Algorithm

l,: history term current — based only on quantities from previous timestep — v(t-At) and i(t-At)

1(t)— V() + In(t=At) i(h= 25 v(t) - In(t= A1)
At |
SGN 0+
,——— R=2L/At ,—— R=At/2C
W T W W

Th Th

I Technolo g ies Introducing NovaCor™ - the new world standard for real time digital power system simulation




EMT Simulation Algorithm

Algorithm

All power system components are represented as

History term currents for complex components may require substantial computation
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e Power System Solutlon Process

ﬂ Convert user-defined power system to equivalent network of only current sources and resistors

2 Formulate conductance matrix for equivalent network

-1
Vl Gll G12 G13 I1
G21 G22 G23 12
V% G%l G32 G33 I3

3 Using data from previous timestep (or initial conditions for first timestep), compute new [I] values

4l Solve for [V] using new values of [I]

I5) Calculate branch currents with [V] and [I]

lljRTDS And repeat...
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What is Real Time?

. ParaIIeI processing required for practical systems
» Measured by counting clock cycles
* Calculations completed in real world time less than timestep
» Every timestep has same duration and is completed in real time

« The I/O is updated at a constant period equal to timestep
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~ When the network gets too large for the available processing power, it must be split into
subsystems using traveling wave models (lines or cables).

1 mnodes ~ qmnodes
I
e = n X n matrix
* T * fmam} 0
s NP I X M 0
LG
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dvantage

OThe A

~« Custom parallel processing computer « Main interface is through user-friendly software

of Custom Hardware "

« Modular design « Ample I/O to connect physical devices

chassis

mid-size cubicle
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Flexible Hardware

I —
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6 Custom Hardware

WIF (Workstation Interface) Functionality

» Connects parallel processing hardware to computer workstation
via Ethernet LAN

* Provides communication to load, start, stop the simulation case

 Enables user interaction with simulation

_I.:IIH LILHALLLITS

» Provides data exchange coordination and data record capability

» Direct fiber-optic connection to up to six other chassis
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Custom Hardware Components

s POWERS RISC PROCESSOR

Latest processing technology; April 2017

1-10 licensed cores, each running at 3.5 GHz

Increased network solution and component modeling capacity

Core function defined by software
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Custom Hardware Components

GBH Global Bus Hub

 Allows distribution of common timestep for all chassis

« Master GTWIF defines the timestep clock
« Maximum of 60 chassis can be driven from one common timestep clock

GLOBAL BUS HUB .

] "
6 O

O
2 o,
o
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Custom Hardware Components

Switch: Inter-Rack/Chassis Communication Switch

* Provides direct data communication between as many as 60 chassis
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Custom Hardware Components

o FIeX|bIe and Expandable Analogue I/0 for the NovaCor

12 channel, isolated 16-bit analogue input/output cards

Easily daisy-chain connected to a single NovaCor fiber

port
GTAO

_‘-'..-._L_‘i:\"‘-.__.. < ' < -_-_:}'r : = = :—‘ g
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Custom Hardware Components

FIeX|bIe and Expandable Digital 1/0 for the NovaCor

64 channel, isolated digital input/output cards

Easily daisy-chain connected to a single NovaCor fiber port

GTDI
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Custom Hardware Components

*

« Second generation of chassis-mountable GTNET card ¢
* Allows communication with external devices over Ethernet

» Developed for IEC 61850 protocol

« Additional protocols implemented in response to
customer requests

* Card has two “modules” and can have two network protocols
operating simultaneously
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aGTNETXZ Communlcatlon Protocols

External Devices

“LDS}
L/;ul-

“1EC 61850
GSE: binary messaging

SV: sampled values

m___.._""..m

PLAYBACK : o) " Fthernet Switch
PB: very large data playback I D—]E
SCADA
DNP3 and IEC 60870-5-104 SKT
PMU TCP/UDP (bidirectional, asynchronous)

PMU: IEEE C37.118 MODBUS

“IIE[DS TCP, RTU over TCP, ASCIIl over TCP
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« High speed serial interface directly to
external devices via optical fibre

« Supported in large and small dt

 Direct digital link can eliminate need

for conventional I/O in PHIL

applications — some manufacturers
have Aurora interface built into amps

ITechnologies

Introducing NovaCor™ - the new world standard for real time digital power system simulation



29

Custom Hardware Components

GTSYNC External time synchronization

« Synchronizes RTDS timestep to external time reference
(e.g. GPS clock) and synchronizes devices under test

* 1 Pulse Per Second over BNC coax or ST fiber connectors

» |EEE 1588 over RJ45 or ST fiber connectors
* |RIG-B over BNC coax connection

» Necessary for PMU testing and advantageous for SV output
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Custom Hardware Components

« Can also act as its own internal synchronization source
in the absence of external sources

» Regardless of whether source is external or internal, and

regardless of the external signal type, GTSYNC can provide
1PPS or IRIG-B type output

ITechnologies
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« Multiple firmwares available

« MMC Valve
« MMC Control
« Sampled Values (-9-2LE + IEC 61869-9)

Small timestep frequency dependent tline (12 conductors)

GTFPGA UNIT

FORTS

ol i e e
_i._h_._.'..._.' l‘_'l_“_ll_i
1 | | | | | ||
s alls alla olulied. __I:_ als ally ok
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» Power electronic converter modelling on the GTFPGA Unit

 Freely configurable — custom topologies

* Timesteps in the nanosecond range

« Connect to small timestep subnetwork running on the rack/chassis

« Aurora interfacing block — receive firing pulses directly from external controls

GTFPGA UNIT

FORTS

= P Y

———— e ——
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ation Software: RSAD

6 Simul

* Includes everything required for simulation
studies

| The RECADVRTDS software programs are copyrighted and are proprietary products of RTDS

« No additional add-on modules required for
any aspects of simulation

* No third party modules

+ Site license and one maintenance agreement

LB DIGITAL SIMULATION |

= T i
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FileManager

The “home page” of RSCAD;
organize simulation files and
launch other modules.

CBuilder

Create user-defined components
including graphical
representation, data menus and
real-time code.

Draft RunTime

Graphical assembly and data Run, control and acquire
input for simulation circuit. results from simulations.

MultiPlot Cable

Post analysis and Calculation of cable
annotation of results. characteristics based on
physical data or sequence
impedances.

TLine

Calculation of transmission line
characteristics based on
physical data or positive and
zero sequence impedances.

Technologies
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RSCAD Modules: FILEMAN
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RSCAD Modules: DRAFT
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Three Phase or Single Line Drawing Mode
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Power System Component Lib

'

FAULT & BREAKER

TRANSFORMER SERIES COMPENSATION MODELS

MODELS

VALVE GROUP & SVC
MODELS

TRANSMISSION LINE
& CABLE MODELS

ViR
INSTRUMENT
TRANSFORMERS
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Model Data Entry

e . e ——

'ENABLE MONITORING IN RUNTIME | SIGNAL NAMES FOR RUNTIME AND DIA |
MECHANICAL DATA AND CONFIGURATION r OUTPUT OPTIONS
MACHINE ELECT DATA. GENERATOR FORMAT

MACHINE INITIAL LOAD FLOW DATA | DQ-BASED MACHINE MODEL CONFIGURATION
GENERAL MODEL CONFIGURATION | PROCESSOR ASSIGNMENT
Name Description Value LInit Min Max | |
Mame  ComponentName - ; )
fetyp  [Machine Model Field Excitation type Power Svstem N... | ¥ 0 1 =
mawva _ |Rated MVA of the Machine: j0.003 MVA 100000 | .
vbsll  |Rated RMS Line-to-Line Voltags: |o.208 kv HE-9 €6 |+

1

Update Cancel

Cancel All

.
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RSCAD Modules: RUNTIME
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Runnmg the Slmulatlon in RUNTIME

« Simulator control e mpmr_ww,_sfnmwc-: .

R SN S —_L L “ 100+ 090 1 WE® =
« Monitoring |4 T ‘"“m"m?" o
« Data acquisition |5
 Manual and automatic modes ; ﬂ_

= N

SINNE T
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Automated Batch Mode Testlng

File - Edit  Project Search Block bark Feold Teols Macros Exiva Comvert Options  View  Help
w (ol il o N | v bk | kD e | o DL OB A ST =@~

Efficient means of running many cases s

& 02 = get Foult lecotion
for (int Flocs=d; Floce?; floces)
. o {
[ ] S t f | Stop; £ Stop the slsulotion
Crlp I e setfaultlacation();
Steart; 7 Stort the sisulotion
MasterPlotlockState = 1;

- C-like programming language LGS Te

i
setfaultType();
A ol set POW foult inception point and faulting 4 times

- Adaptive via if, for, while statements e e
B User_defined Su brOUti nes Eséigtutw “SIR: Es\tRelay Test Case Musher: Ed\tFault Type set to: Es\tFault
. . f;’;;;fuu{?;;: 4 times in @ row
- Customized results reporting e
applyfault();
applyfuul;l:};

- Automated plot printing o

getfaultdatal):

fprintf{fname, “BalaXeealalaNa i Lo Nanade ™ SIRe[nir ], delin, itoa{ite-15)::" to
fprintf{fname, “\n");

fap = @8;

¥

1

MasterPlotLockatate = @;
plotresults():
MaiterPlotlockState = 1;

Ingert 11608
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RSCAD Modules: TLINE
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RSCAD Modules: CABLE
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6 Tline and Cable Enhancements *

requency Dependent Phase Domain:
« Up to 12 coupled conductors for tline
* 3 coupled cables with 4 conductive layers per cable

W
}&nnu— ]

Saqg Preview - Tower:1/Circuit:1

ﬂ Ground Sag: 10.0 (m) ilr c1 = 3
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Component Builder (CBUILDER) K

AIIows users to develop their own component models

User-developed models run in real time with other models existing in library

CBUILDER models can only run on NovaCor and PB5/GPC cards

[ Desan | Previes |
=i} o - L
T P T P oty o v ot ot Hh
Component Type t":{_’
s 8 f ¥ b f C |
@ Control _ E[%
finpu |
() Power System - ' ' ' ' ' : ' : =
. [E g |
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Ok ol fnpu ;u :I'
| Hreawent |
-
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~« Convert *.raw, *.dyr and *.seq data to

RSCAD Draft picture format
 Facility enhanced over many years

 Partial conversion supported

PSS/e to RSCAD Coneon

£ PAS/E COMVERSION 4004 211
Eie

| PSSwinpu | P35St Drafl miaization | P inpul | Optioms |
PSS/e Format Input Files

| PESn | nasfoe inpui Tis [ rmw Ba)

| PESm Dynamic mput Fite oy i)

E P55 Sequence g Fis [ seq 16%)

| o ot e eaid be wesiel. gyt e aws rout Ve e aohond
RTDS Output Directory
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MATLAB/Simulink to RSCAD Conversmn

o Slmulmk RECAD Conversion Tool
For CcO ntrol mode|s on |y Import Simulink Component
Select Simulink .cfile for the model; (what is this?)
[ Browse
Import Component Type
» (C code generated by a
. . {X:Power System
MATLAB/Simulink Embedded Coder
New RSCAD Component
Enter name for new RSCAD component (max 10 charaters):
* Imported using CBUILDER Save RSCAD Component
Select folder to save component schematic file {.def):
CARTDS_USERWILIB Browse
Select folder to save component logic files (.cand .h):
CIARTDS_USERBIMICMODEL_SOURCE Browse
lljRTDS =
Technologies
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* Hierarchy boxes used to organize components

 In addition to built-in conversion scripts, user can specify (or override) how

components are translated

T 500.0 [sbrr]
OFE—{(:{-)—= i = A—h
> = - T?‘ :
Trrad g
| S| e bt [ =3
: Loge + HT| % *
& =
Somreal T ] s FLATZ30R &
L ratl |‘:
= 2 bt — :
—A0) oo () ) K Ah |+ .
- oy, A A ] s
L L1 - RS us AT
A T'_l Rt ! E—
' i
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Protection and Automation Suite

ﬂ  Standalone facility within RSCAD
— « Test and validate substation automation protocols
:E « Use the RTDS Simulator to emulate the following and
| . communicate with external compatible devices:
= | | . 61850 MMS Server
e « DNP3 Master and Outstation
= D + IEC 60870-5-104 Master
L - MODBUS Master
|
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Small Timestep Subnetwork Interface

No need to recalculate admittance matrix for nodal solution

Switches represented as small inductances in on-state, small capacitances in off-state

Small dt required to maintain high on- to off-state ratio

Technique allows freely configurable circuit topology

On-State

L - | R =2L FORCE R, = %
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Small Tlmestep Subnetworks

| Models

« 2,3, and multilevel converters
«  Freely configurable — no FPGA or VHDL experience necessary

It

* Individual components available for custom converters | }fﬁ ‘ij #j{
« Each small dt subnetwork requires 1 or 2 processors | |
« Full set of I/O capabilities i R —
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SmaII Tlmestep Subnetworks

_________________________________________

Sub SmaII Timestep

« 2 or 3 sub timesteps in 1 small timestep
» Fixed topology

« 3 level bridge implemented

« Higher switching frequencies

[uK] i D& 10

NE

N3 N NG

______

_________________________________________

1103 LEGS OF ATHREE LEVEL Wi

LOW LOSS SUB STEP MODEL
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é Small Timestep Subnetworks

Capability Improvements

« 2 small timestep bridge boxes on one core
* Increased number of nodes per bridge box

IIIII

Phuiwvatiais CollAnaegle
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dge Applications

Cutting-E atiol

Wide Area Protection
and Control Testing

Distributed Generation = Large Scale Real Time
[Renewables] - Simulations

Smart Grid
Development & PHIL
Simulation Testing

HIL Control
System Testing

Protective Relay Testing
with |EC 41850
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Industry Part|C|pat|on

Power & Em—}rgz_;\,ar Society®

UCA

International
Users Group

———————EEEEEEE
NA SP’ North American
SynchroPhasor Initiative
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O Protective Relay Test Methods N

-

Synthetic testing
* No true power system signals used

« "Synthetic” waveforms often unrealistic and in some cases misrepresent how a relay will
function in service

Playback testing
» Uses recorded or simulated power system signals
« Waveforms only valid until the relay trips
« Only one relay can be tested

Closed-loop testing

* Requires a real time simulator to provide realistic power system signals

* Closed loop response allows complete interaction between the relay and the simulated
power system

« Multiple devices (relays and/or controllers) can be tested as if connected to an actual
power system
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The Advantage of Closed Loop Testlng

Open-loop protective relay testing

Testing too| =———————— Device under test
Signals from

power system

Closed-loop protective relay testing

o S R : :
L * Testing too| == Device under test

s + B -+ b ® Signals from
. n’- power system
r"_‘--l ’ ‘

Signals from relay

IIIIBIDS (i.e. trip or reclose)
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Electrical Interface

T T =0

gital 1O

,l
L‘iglaltoﬁ.nalugm POTT 1-2£

Converters
m_rél "L POTT 2-1

I
Pover
Amps
Rechse
| Relay #2
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RTDS Simulator |
~ ~ | o™y
@—:—l—m = 7 ozt m—[—:i—@

gl
v .

GTMET - 8Y —!{ Pﬂgﬁgss GTHET - 8¥

'! GTNET - GSE!‘

I

~ STATION i
BUS

Relay #1 Imjﬂm 1-z_j{ }Mﬂ 21| Relay#2
Illlms StalusFOTT 2-1 HASFOTT -2
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Protection and Automation Library °

ST OLTC Control Breaker Control/Sync Check PMU
Tap Changer Contral Breaker Contral .
Overcurrent Protection Distance Protection Differential Protection — Wa . Info — Control |— GTNET-PMUSB
Versiom; pnSl_00 Wersion: pn2i 01 Version pnB7_00 .
Blocked — Status |— GTNET Card # 1
- va I Tip — > VA ::"1 2A-start— Tip Bk |— OutputRising Edge e Sync-check - GTIO Fiber Port 1
o —3 Autd Man W1 Refim fe— PHL
— B Info f— = VB | 1PEFT— 10 Trip XFWR = pos
[ | M ,|\ I_UL % W1 W1 Freq. —
— ve Stat [—  — VC RECL — nfo |— @
a IR —3 w2 7 w2 Relim f—
— 1A Reclosel— —n A U Status |—
PIOC ; vaF System Fregq: 60.0 Hz
req. [— Algorithm:  AnnexC[P]
- e | ® Reation. _ AB
— e — Ic Info — 1PPS
—3 BLOCK
Generator Protection 8. PMU mOdeL? per Component
Version: BrE4_00 —3| BLKeS cs — Designed according to IEEE C37.118
Close —  —3icr CRL [—
RTDS-GEN PUTT
Tip —  _cre LEG |—
o 1 |— Our R&D team is continually updating our libraries in
] response to the needs of our customers.
Status |—
\-r
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Thought to have many advantages

* Recent emphasis on interconnection of
isolated systems

« The wide area measurement system
based on PMU can provide information
to a global or master control scheme
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OWide Area Protection and Control

o

GPS time synchronization

* Time reference for result
comparison

« Benchmark testing for steady
state and dynamic response

GTSYNC it
» Input card for 1PPS, IRIG-B, and IEEE 1588

IEEE C37.118 Communication wf ;
« PMU protocol for GTNET
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u

DTU - SOSPO project

i

SCE - C-RAS project

1

of Concept facility

PG&E - SynchroPhasor Proof

ITechnologies
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éWide Area Protection and Control

Central Control

Application - SCE ‘

g4

* C-RAS Project
« PMU Studies
« 58 GTNET cards

SOUTHERN CALIFORMNIA

i

g %
|
jg
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éWide Area Protection and Control °*

Application - DTU

« SOSPO Project
* Nordic 32 System
* >170 PMU Streams

» Real-Time assessment of system security
and stability

i

ITechnologies
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 True hard real-time response while allowing interaction with external equipment
 Possibility for large-scale system representation

* Massive I/O requirements

« High-accuracy firing resolution

* Long-term simulation stability

* Must allow for user interaction and

data retrieval during simulation
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é Control System Applications

71

HVDC (High Voltage Direct Current)

 Thyristor based schemes using improved firing algorithm
« 2-and 3-level VSC plus MMC based schemes using small timestep subnetworks

STATCOM

« 2-and 3-level VSC plus MMC based schemes using small timestep subnetworks

TCSC (Thyristor Controlled Series Compensation)

Generator (Exciter, Governor, PSS)

SVC (Static Var Compensator)

ITechnologies

Introducing NovaCor™ - the new world standard for real time digital power system simulation



RTDS Simulator

Unit
Transformer

— ,r,é-'a&ﬁs ___ —H0)

i iring
F‘:;'ﬁc'?,?f" - Pulses Y VY
L 7| oigtattnput P et

PowerEI
T Amps V ﬁ]
WIRTDS "—— —
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* 6- and 12-pulse valve group models include

 Standard approach uses 2-state resistance el - g

| FALILT SWITCH P R T o7
. . . PRI&R Y gt A

(off is large resistance; on is small) wiNoing ¢ i

A: AN |

! E ZS i d :

« Each time a switch changes state, admittance o T G # |

| T = 122,140 huia, b & [ ]

matrix must be reformulated B B g |

| A | |

|

i ] L\ |

| £ R 2 !

| I

I T

| |

converter transformer, converter, internal faults o _______________________________.
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 Valve group models embed secondary buses _ RIsC VG12TY

FALLT SWITCH P Eeos 3L !
and several DC nodes to reduce the burden |PRIMERY  Ae_y——aB ok T
' AIWIHDING . ‘ :
on the network solution | AN |
By = B ZS I l :
G: L‘EE ] ¥1 i
. TS = 122.1440 WA p { {
 Valve group connects to network solution as | 600 240 . |
| Z+ |
. . i ol B i
variable conductance elements — no interface | = /\ |
I 2 5 e I
: i iz 42 :
| |
| M ol .
| |

* Improved firing algorithm used to provide

continuously variable firing pulse response
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« The RTDS Simulator was originally developed to
model HVDC schemes

-
L]

1=

£

» Used by all manufacturers of HVDC for Factory _ i s =7 e L

] ———_-—_..'.-;’—'.f" 4

Acceptance Testing (FAT) of LCC and VSC/MMC | s - “ T I

based schemes

* Many utilities have purchased replica controls

and RTDS Simulators as part of their projects

ITechnologies
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Replica Simulators

 Assist during commissioning

* Investigate proposed network changes
 Investigate proposed control modifications
« Test scheme upgrades and refurbishment

« Train personnel on scheme theory and
operation

* Important to include in project specification
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Replica Simulators "

* Furnas (Brazil)

* TNB (Malaysia)

* (CSG (China)

* SEPC (China)

e ESKOM (South Africa)
e SEC (Saudi Arabia)

* DEWA (UAE)

* ONS (Brazil)

* NamPower (Namibia)

* RTE (France)

« BPA (USA)

* Manitoba Hydro (Canada)
* Power Grid (India) * Transpower (New Zealand)
* Powerlink (Australia) = 28 ; * SSE (UK)

* REE (Spain) B e eas. "t rarkas * Zhejiang EPRI (China)

-
L _“...

I Technolo g ies Introducing NovaCor™ - the new world standard for real time digital power system simulation



78

é Smart Grld and Dlstrlbuted Generatlon

Renewable Energy Resources Micro Grid Integration Studies
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B Requwes high-level communication

IEC 61850

DNP3

|IEC 60870-5-104
|IEEE C37.118

 Alternative energy sources
Wind
Solar
Fuel cells
Battery bank
Power electronic converters

é Smart Grid and Dlstrlbuted Generatlon

79

Liility
Communications
Intun:l.'g

Consum er Po
l. Bullu'_lng E

Dynamic

Aok Dp-iratinm
ontrel &

é Pluu-lnl-lyhrlds “K/ g

Smart

L Distributed | End-Use
=" Data Generation |_ Devices
Managem ent & Storage 2
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" . GTNET — DNP & -104

Binary simulation status/output (i.e. breaker position) 1024 (scan rate 1000 Hz)
Binary simulation status/input (i.e. breaker commands) 512 (scan rate 1000 Hz)
Analogue output 500 (scan rate 4 Hz)
Analogue input 100 (scan rate 4 Hz)

The GTNET — DNP and -104 supports 1 master with a maximum polling rate of less than 5 Hz.
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6 Electric Vehicle and Energy Storage

Simulation

Designing a storage system and interface DC/DC converter for Electric Vehicle (EV).

Fuel Cell Power Train with Energy Storage Elemnts

Fuel Cell

Emulator '
- “ |300V DG ] JEE
Real Time Digital Simulation . Optimized ESS Design J J ' Simplified Test Bed Built in the Laboratory

Fig. 1. Proposed optimized energy storage system (ESS) design for fuel cell vehicle application
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~Efficiency of Real Time
* More scenarios in less time yield more information and better understanding

Frequency Response from 0-3 kHz with one tool

* Full spectrum of operation observable
« All protection and control aspects can and
should be included

Detailed Control - Power System Interaction

* Fully simulated or with external equipment

connected
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Large Scale Simulation

Power System of Southern Chma

8 AC + 5 DC from west to east
Three Gorges r

*--

\
SON
\ ﬂ
~ \
Long Distance . \ \‘Guangdong
-~ ~
Ultra High Voltage - S ~ . ZG“’;’J 34% of GD Load
Bulk Capacity
I—p
Hybrid Operation of AC/DC I
I

IIIIB I I!:; Hainan
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System Restoration Studies

Southern Grid Simulator

World’s largest real time simulator
Current capacity +1400 three-phase buses

Unexpected benefits — Ice Storm 2008
* Extensive damage to 110 kV network
* More than 7000 lines damaged
» Millions of customers without power
* (CSG engineers worked around the clock to model system
» RTDS Simulator used to help guide restoration

Cigré Meeting, Paris 2010 - Panel Session on Network Security
» RTDS Simulator identified as one of four key strategies to
ensure security and reliability
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Black Start Investigation

" Procedure and Equipment Testing

Full system representation Real time operation
 Grids with 3000 buses « Allow testing of physical controllers
* Detailed protection and control modes included  Provide realistic feedback to operators
 Realistic behavior over entire operating range « Physical SCADA interface through DNP3 or IEC 60870-5-104

: iL_-.;a;____.

i)
I LCEON
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In-house
Independent validation by customers
Commercial studies

Industry benchmark
v" Electromagnetic transient

v" Electromechanical transient / transient stability

v" Load flow / steady state

ITechnologies
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KEPS BENCHMARK TESTS

Electromagnetic Transients Tests Case

Non real time electromagnetic simulations 0 s e g 055675
v PSCAD, EMTP, ATP, etc.
Transient stability ]
v" PSS/E, Y-method, Netomac, BPA N
taze Corvpavizon L2
Linse O FIDS Ukoine s O Caleuhbor O [£2-0.53607 113
Load flow -
v PSS/E, Netomac, BPA oo
Benchmark cases S——
B O FIDS Ukoine st O Caleuhbor O [£2-0.53607 113
v CIGRE, IEEE -
Actual power system measurements i

Technolo g ies Introducing NovaCor™ - the new world standard for real time digital power system simulation



he World Leader”™

eThe Advantages of t

RTDS Technologies is the in real time power system simulation.

Customers in 43 countries — trusted by leading manufacturers, utilities, research institutions globally

Proven reputation for a quality product and excellent customer support

Continued product development in response to customer needs

Flexible, modular solution composed of custom hardware and software designed in-house

Global market leadership means experience with a range of applications

Encourage collaboration through sponsorship program
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Questions
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