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The Company Today

» World's first real time digital simulator
» Technology licensed from Manitoba Hydro under royalty bearing agreement
» Worldwide exclusive rights to technology

« Current number of employees ~60
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TQChHOlogleS celebrating over 20 years as the world standard for real time digital power system simulation
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Company Background

; MANITOBA-HVDC
Manitoba HVDC Research Centre RESEARCH E

* Mandate to Perform R&D activities in Field of HVDC. S ==
* Developed Offline Simulation Tools: PSCAD/EMTDC
* Wanted to Test Real HVDC Controls.

Option 1: Transient Network Analyzer ($5-10 million)

Option 2: Develop their own Digital Simulator

Initiation of RTDS Development Project

1st Real-Time Simulation
1st Commercial Installation

Creation RTDS Technologies, Inc.
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Company Background

consulting
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Electrical Power Ultilities

Electrical Equipment Manufacturers

research

Research and Learning Institutions 48.45%

Consultants
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CYBER PHYSICALSYSTEM

A Power System
Real Time Digital Simulator
Perspective
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What is Cyber Physical System?

According to National Institute of
Standards and Technology (NIST),
unmanned vehicles, “intelligent”
buildings, your cell phone, the fitness
bracelet on your wrist—all of these are
cyber-physical systems (CPS). NIST has
released a draft CPS Framework
document intended to help
manufacturers create new CPS that can
work seamlessly with other such smart
systems that bridge the physical
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How does it apply to us?

1 Alot has been discussed including several applications

O Inour context | will take CPS to mean protocol based
communication system controlling conventional physical
power system comprising of generators, transformers,

breakers, etc.
 Is the simulation technology ready for the challenge?
— What is the current requirement for test beds
— What are current capabilities
— Where do we go
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I Technologies

Controller Configuration

Analog signal based controls
and protection.
- Conventional relays, etc.

Protocol based controls and

Local Controls

- Generator controls (exciter,
governor, etc.)

- Conventional relays

Remote Controls

protection

- New protocol based relays

- SCADA

Wide Area Protection and

Controls

- Remedial Action Schemes
- PMU based coordinated
controls (stability, damping)
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Application drives the development

* Asthe use of such protocol based communication and control of
power system has increased, there has been an increased need
to test and validate them as well. Accordingly simulator
manufactures such as RTDS have provided these capabilities in
our simulator and will continue to provide the new capabilities as
the standards evolve.
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What should a simulator have?

The simulator should provide

A rich set of power system models that are highly accurate and
run in hard-real-time

A complete set of most commonly used protocols
Q DNP3

U IEC 62850 — GOOSE/GSE and Sampled Measured Value
0 MMS

O IEEE C37 128 PMU protocol
O Etc.

Provide a generic interface so that a protocol translator can be
used for custom implementation
U Generic Socket Communication

O Interface to an FPGA platform
O Etc.
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Then and Now

d Analog Simulator 1 Real-Time Digital

3 Interface of digital Simulator
communication  Simulator itself being a
interface is difficult digital platform, it is

ideal and ready for
cyber physical system
testbed
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SCADA and Substation Automation

1200 bps +
{down to 300 bps in

actual installations) Actuator

Radio
Microwave
Spread-spectrum

| J—|ﬂter
D

il

HMI/SCADA

5 Accumulator
Remote
Terminal
Master Twisted-pair Unit
] Fiber-optics (RTU) -
g Dial-up @
Control Leased line
Points

—
Q‘Dgrammable Logic Controller (PLC)_/

Reference: Wikipedia
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SIMULATION HARDWARE
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Simulation Hardware

RTDS Hardware:

» Custom parallel processing computer

» Hardware is modular, allowing users to
increase computing capability as required

* Main interface with the hardware is a
through user-friendly software

» Ample, convenient input and output
allowing connection of physical devices

The World Standard for Real Time Digital Power System Simulation
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Simulation Hardware

e
A unit of hardware is called a ‘Rack’ and typically includes:
O 1 -6 RISC Processor Card (GPC or PB5)
O 1 Workstation Interface Card (GTWIF)
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Simulation Hardware
-

The RTDS simulator is designed to be scalable. Multiple racks can be
connected together to accommodate both small and large scale

simulations.

Small Scale Simulator:
* Reduced # of processors
*Transportable to site

Large Scale Simulator:
e Large scale studies

e System level simulations

e Runone large or multipl

smaller simulations

I TCCh].’IOIOgiGS The World Standard for Real Time Digital Power System Simulation
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Simulation Hardware

IO Cards
GTAI

12 channel, isolated 16-bit analogue input card

GTAO

12 channel, isolated 16-bit analogue output card

GTDI

64 channel, isolated digital input card

GTDO
64 channel, isolated digital output card

GTFPI
Interface to digital and high voltage interface panels

GTNET

Ethernet Interface System. Allows for communication using
several industrial protocols

The GT family of I/O cards can be daisy chain
connected to a single GPC fiber port allowing for easy
scaling of the simulators 10 capabilities
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Simulation Hardware

T
GT Network Communication - GTNET:

O Rack mountable card

O GTNET provides a mechanism to
communicate with external devices over the
ETHERNET (i.e. the LAN)

2.
Q Originally developed for IEC 61850
communication now being adopted by the T
protection industry ) i Q »
O Additional communication protocols i
implemented in response to customer 4

requests

U Up to 5 communication protocols can be
installed on a single GTNET card

O Only one protocol can be active during a
simulation case (user selectable)
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Simulation Hardware
GTNET Communication Protocols
IEC 61850
O GTNET-GSE
= |EC 61850 binary messaging | S
O GTNET-SV e .(7'\.H —
= |[EC 612850-9-2 sampled values ;.. a— W
COMTRADE PLAYBACK ~ —
0 GTNET-PB . I T

JOEEE Bk
° ] o o o o o o
m

ETHERNET SWITCH

= For very large data playback
Distributed Network Protocol (DNP)
O GTNET -DNP
= DNP for SCADA interface
Phasor Measurement Unit (PMU)
O GTNET-PMU
TCP/IP, UDP Communication
O GTNET -SKT
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Simulation Hardware

-
GTSYNC - External time synchronization:

O The GTSYNC card is used to synchronize the RTDS
simulation time-step to an external time reference (e.g.
GPS clock) and to synchronize devices under test.

O 1 Pulse Per Second (1PPS) over BNC
coax or ST type fibre connectors

d IEEE 1588 over RJ45 or ST fibre
connectors

1 IRIG-B over BNC coax connection

L Synchronization of the simulation time-step
to an external time reference is necessary
advantageous for IEC 61850-9-2 sampled
value output.
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Modular Multi-level Converter

Uses programmable GTFTPA Platform
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SIMULATION SOFTWARE
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Simulation Software
-

RSCAD Software Suite:

Modular, Java Based GUI for RTDS
Runs under Windows and Linux
Create, Interact and Analyze Simulations
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The RSCADIRTDS software programs are copyrighted and are proprietary products of RTDS
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Simulation Software

Component Library
- (R

— RUNTIME

T-LINE

CABLE

—>
v ! :
MULTIPLOT D o e H
—>| CBUWDER |  fl=me TS B  ® 7 o
=y convERT |
Control System
Component Library
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Simulation Software

£ RUNTIME 2.021a

[ File Manager J

Eile Create Script Breakpoint Tools Diagnostics Composite ScriptSignal Ca
PEERER BOAREE vmooﬁ-aeoﬂiio ,,,,,
i d O I : 13:05:48 o ® T scan |
o D
© rackt
rrrrr
DRAFT T
@ rackd
|| @ racks
ckE
rrrrr
rrrrr
|| @ rack9
— RUNTIME
k11
k12
k13
k14
k15
T-LINE
k17
k18
1!
rrrrrr
ck21
zzzzzz
» CABLE ''''''
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>>>>>>>
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& rack28
MULTIPLOT
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9 N S e
e e e ||| T || | ==
aaaaaa
Pt = s s : s s s
- - “if T T T T T | @ rackas
— CBUILDER DN e
=
Starting data collection for plot: 1320000 points =]
Plot update complete at 13:06:27

* Run Simulation * Monitor Signals
* Create HM| for simulation * Export Data
* Trigger Events
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File Manager

S DRAFT
3| RUNTIME
- [ TLINE
= [ CABLE
> MULTIPLOT
3 | CBUILDER
—> | CONVERT
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Simulation Software
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Simulation Software
-

£ CONVERSION 2.021a ‘;HE”X‘

File Manager

[ PSSienput | BPA Input |
PSS/e Format Input Files

PSS/e Loadflow Input File (.raw file) ‘ | Browse...

D RA FT PSS/e Dynamic Input File .dyr filey ‘ | Browse...
PSS/e Sequence Input File (.seq file) ‘ | Browse...

ro inpus file must be specified. _dyr and seq input files are optional

RTDS Qutput Directory

R U NTl M E Directory in which to write RTDS Files ‘ | | Browse...

dft, tines. and auto sib files vill be written in this directory

7~ Options
T_ LI N E PSS Version = Carwersion
® (SR
Time Step{uS) |50.0 System T-Line Gen
LoadMadsl  [CIMP [~ Bus Number Range
s 0] < Low |q
C A B L E System Freq. 500 @ 60.0 All Range High [33ag
Verbose mode () On @ Off (SIS OGEED
instead of bus name
Card Type ® GPC ) 3PC @ o
[ No Yes
MULTIPLOT —
\
Wessage Area Clear
CARTDS_SwWiBINipss2rscad.exe
[ Invoketask: cmd fe CARTDE_SWIBINpss2rscad. exe -version

CBUILDER

RTDS Data Conversion Program Yersion 1.48

VY VYV VYV

CONVERT

PSS/E file conversion function
BPA file conversion function
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SIMULATOR APPLICATIONS
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Protection System Testing

P

RTDS Simulator

£

I Technologies

The World Standard for Real Time Digital Power System Simulation

Digital /O Digital /O
L
POTT 2-1 Digital to Analogue POTT 1-2
Status Converters Status
- A ~ £ L R
POTT 1-2 1 Vaux x =z F 7 Vaux - POTT 2-1
o e
Trio & T L y v T Zx Tri
ulll; Puwerlj\il I:Ij tl [V Power '™
4 Amps Amps &
Reclose % - —+ - - “# Reclose
[y =z x = 3 1
Relay #1 Relay #2

Traditional Relay Test Setup
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Protection System Testing

RTDS Simulator

GTNET - SV > PRSSSESS GTNET - SV
GTNET - GSE

r

¥
T STATION e

BUS
A 3
Relay #1 | Trip/Reclose/POTT 1-2° 4 Trip/Reclose/POTT 2-1 | Relay #2

Status/POTT 2-1 Status/POTT 1-2

GSE-enabled and SV-enabled Relay Test Setup (IEC 61850)

I Technologies The World Standard for Real Time Digital Power System Simulation




Protection & Automation

Wide Area Measurement and Control
The RTDS Simulator can be used to either:

1)  Simulate a power network so that real PMUs can tested.

2)  Simulate a power network as well as the data that would be produced by real PMUs in that
system using the GTNET card and PMU firmware. The simulated PMU data can then be
sent to a Phasor Data Concentrator (PDC) where it might be used to test a wide-area control

schemes. %b

Phasor Data
Concentrator

(PDCY

17.67+j1
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Protection & Automation

Wide Area Measurement and Control

O DTU -SOSPO project

O SCE - C-RAS project

1 PG&E - SynchroPhasor Proof of Concept facility
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Protection & Automation

Protection and Automation Library

DISTANCE PROTECTION
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Control System Testing

HVDC (High Voltage Direct Current)

U Thyristor based schemes using improved firing
algorithm

U Two, three and multi-level VSC based schemes using
small time-step sub-networks

SVC (Static VAR Compensator)
TCSC (Thyristor Switched Series Cap.)

STATCOM

U Two, three and multi-level VSC based schemes using
small time-step sub-networks

Generator (Exciter, Governor, PSS)
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Smart Grid and DG

The RTDS Simulator’s distributed generation models
and small time-step facilities are useful to study and
research smart grid technologies. These include:

- Wind generation

- Solar Energy

- Fuel Cells

- Battery Storage

- Power Electronic Converters

FR | PUTMECH
L iupUT
PMSPDT TMECH1

=

PIVSIIT

& 1
m

il
6e3 003

6e3  0.03

CRTN BRIl
A

\
WL 24 001 WNR
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SCADA Systems

The DNP firmware option allows the RTDS to act as a DNP slave
using the DNP 3.0 protocol. The support of this protocol allows the
RTDS to be used for the testing and validation of SCADA system
interfaces used in control centers and generating stations.

Binary simulation status/outputs (i.e. position)
1024 (scan rate 1000 Hz)

Binary simulation control/inputs (i.e. breaker commands)
512 (scan rate 1000 Hz)

Analogue OUtpUtS A HNENS g A WURING IGMING  MAPCR  MOCPOR
500 (scan rate 4 Hz) ﬁ% %
Analogue inputs . =

Dm)A uea woaR DOB
ARRRIBTER :&m::; -

100 (scan rate 4 Hz)

..........................................................................

" WA ARG TR I
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Recent Developments

Tap Changer Control Version: pnéd_0o

]| GTNET-GSE |[FEH
— va . Info fA— Close f— — .
RTDS.GEN GTNET Card # 1

. . Blocked— Tripp— GTIO Fiber Port 1
d Protection and Automation TENPLATE
%Qﬂl@n Info 1 f— UCA\Ug&
- pOS
lerary L[ ,|\ I& Info 21— . ———— Al
Status — E=
N Analag "‘%\Tl.__.IL/
O SmallTime-Step Module s
(Wsc ."&'355; YET
T —
B (=}
- )
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Recent Developments

 Synchronous Machine Model
for Internal Faults

L PMU model and GTNET-PMU

-New model to simulate up to 8 PMUs

- GTNET firmware to support output of PMU data
in IEEE C37.118 format.

I Technologies
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GTNET-PMU ||

GTNET Card # 1
GTIO Fiber Part 1

PMU1

N

System Freq: 60.0 HzZ
Algarithm:  AnnexClP]

\ Ratation:  ABC
1FF3




77

Recent Developments

O Matlab/Simulink to RSCAD Conversion (i e =
»  Control models only e
* Ccode generated by Matlab/Simulink Embedded Browee
Coder
* Imported using CBuilder O paner syt
Q/EC 61870-5-104 T —
*  New GTNET protocol for SCADA communication s o
LUGTNET-GSE Enhancements T —
* More flexible IEC 61850 GOOSE message configurations e ==
* Allows GTNET-GSE to more closely mimic specific
devices

JPMU Test Utility

* Standard waveform generator and test panel

QGTNET SKT

* |nterface with external software/hardware over a
LAN/WAN using TCP or UDP sockets
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Recent Developments

MMC Valve Model

U HVDC and STATCOM

Half bridge

O Capacitor voltage balancing control is very
challenging

L Need to maintain capacitor voltage within
tolerance range

O Number of control signals become difficult to
manage for large valves

IT”'j [ ] !—\1

U oo levels per valve

L 3000 capacitor voltages per station
— 6000 for two terminals

d 6000 firing pulses per station
- 12,000 for two terminals
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Recent Developments

dSmall timestep subnetwork models
d CHAINVS

* Processor based with max. 60 submodules per valve
* Suitable for firing pulse control testing

ad MMC5

Processor based model with maximum 640 submodules per valve
* |deal capacitor voltage balancing control included in model

* Not suitable for firing pulse control testing, but very useful for high level and
system performance studies

Q FPGA U5

* FPGA based model with maximum 512 submodules per valve

* MMC Support Unit required

* Suitable for firing pulse control testing

« Communication with controls via Aurora serial protocol
 Capacitor voltage balancing and firing pulse control also available
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Recent Developments
-

Q FPGA GM

* FPGA based model with maximum 512 submodules per valve

* MMC Support Unit required

* Supported on the VC707 board only

* Each board able to model 2 valves (legs), 512 SMs per valve

* Suitable for firing pulse control testing

 Capacitor voltage balancing and firing pulse control also available
* Individual SM capacitance and discharge resistance

* More internal faults

Fibre to RTDS

I.I.I.I.BIDS Fibres to‘ Controller
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Recent Developments

Q Hybrid HVDC Breaker Model

* Forward and Bi-Directional Operation

4 WSC D BREAKER SUBNET A
DCBRRI 401 CLOCKS

IUFD1

ILCSARRT

IRCDCE1

—*+ IRCDoR2
S A . o » -
DT/2  RCOCB 00 D 1 4 oT/2
.7 MAIN CELLS
IMAIN TOTAL
IC14RRI
A v

O Small time-step internal sub-step models
e 2-5stepsin Every Small Time-Step
* Direct Connection to GTDI
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Conclusions

* Current state of the simulator is very open and
flexible

* Has most of the communication protocols
needed for cyber physical system simulation

* Platform allows for custom implementation
and interfacing of new protocols

* Development is driven by user requirements
and new applications
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RTDS Technologies Inc.

Additional Information: R mwsmsss o -
Our website 2
www.rtds.com

RTDS® Simulator

Florida State University « Smart grid applications

Technical publications

O Multiple volumes of published papers <=’y WMW
available dating back to 1991 =

Extensive, well proven power and control system component

VSC Subnetwork Training
S

RTDS Technologies welcomes any questions or comments.
Please do not hesitate before, during and after installation to contact us.
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QUESTIONS ???
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