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RTDS TECHNOLOGIES - THE COMPANY

Based in Winnipeg, Canada

~75 employees

« World pioneer of real-time simulation and
exclusive supplier of the RTDS Simulator

« Representatives in over 50 countries

« Hardware and software development, model
development, customer support, sales and
marketing, finance, product assembly and
testing all under one roof

RTDS.COM
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HISTORY OF REAL-
TIME SIMULATION

o 1986

RTDS development project begins

* 1989

World'’s 15t real-time digital HVDC simulation

e 1993

1st commercial installation

° 1994

RTDS Technologies Inc. created
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WORLDWIDE USER BASE
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WORLDWIDE USER BASE

SIEMENS tiNREL

NATIONAL RENEWABLE ENERGY LABORATORY
B THE UNIVERSITY OF NEW SOUTH WALES

SCHWEITZER 4
e TUDelft

The University of Manchester
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APPLICATION AREAS

Distribution Power Electronics
* Microgrid testing. « HVDC and FACTS.
 Renewables/DERs. « Energy conversion.

« Distribution * Drives.

automation.
Inverter testing.

Smart Grid Protection
 Wide Area P&C testing. - Digital substations.
 PMU studies. « Travelling wave

- Cyber security. testing.

Technologies



MICROGRIDS: TECHNICAL CHALLENGES

» Coordination of multiple generation sources

» Generation sources involving renewable energy
resources tend to be variable and intermittent

* Managing multiple loads with varying priorities Microgrid

Generators Controller

own set of local controls that must be designed and (Diesel)

calibrated -| ﬂ@]r_‘/‘?\_r
; O ” O

e Coordination issues between local controls,

» Each individual asset (either generation or load) has it

. Commercial,

secondary-level controls, and protection »f— R :
Renewable Energy ! )) Industrial &
s Residential

& Battery Storage

m EVs

RTDS.COM
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MICROGRIDS: TESTING OPPORTUNITIES

. I Iy
Tertlary Control Power flow management F.l
_ DMS / SCADA / market participation i:‘\

Secondary Control Voltage and frequency compensation

Synchronization, black start

Local DER protection/control

P&Q droop control

Technologies




WHAT IS EMT SIMULATION?

Technologies

Type of Simulation

Typical timestep

Output

Frequency range

1Hiviiimiial IICL'UCII\-’

Electromagnetic
T

ransient
(EMT)

~2-50ps

Instantaneous
values

0 -3 kHz
(<15 kHz)

—»| |l

At

Dommel algorithm
of nodal analysis
used in RTDS,
PSCAD, EMTP, etc.

RTDS.COM



ADVANTAGES OF EMT SIMULATION

« Allows for a greater depth of analysis than phasor
f W domain (RMS) representations such as load flow or
AT

\ transient stability analysis
HIHRLAA LA AN

SYAITEUVRUTELENIUTIN) " Retwork dynamics during transient conditions and
_H\NUW JJ \ J \U \XJ \ W\} N\M} often provide optimistic results [1]

w * Important for microgrids and other systems with
o e v e o P many power electronic converters (more likely to

predict control instability) [1]
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WHAT IS REAL TIME?

 Real time it takes for an event to occur = Simulation time of an event.
* E.g. 3 cycle fault for 60Hz system = 0.05 seconds. RTDS simulates this fault in real

time i.e. 0.05 seconds
e Non-real-time simulations will simulate events faster or slower than real time
depending on case complexity

« Values updated each timestep
« All calculations and servicing I/0 completed within a timestep.

« Every timestep has same duration and is completed in real time
* Requires dedicated parallel processing hardware

RTDS.COM
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ADVANTAGES OF CLOSED-LOOP TESTING

Real time operation is what allows us to connect
physical devices in a closed loop with the
simulated environment

. - a .

- Test continues after the action of the Testing too| == - Device under test
protection/control device, showing dynamic Signals from
response of the system power system

* Test multiple devices (and entire schemes) at
once Signals from relay

i i (i.e. trip or reclose)
 Much more detailed system representation than

open-loop test systems provide (e.g. modelling
power electronics)

 No need to bring equipment out of service

RTDS.COM

Technologies




MAINTAINING REAL TIME: HARDWARE

« Parallel processing platform based on a
IBM™'s POWER8® multicore processor

« Custom integrated, runs bare-metal (no OS)
« Modular design

 Main interface is through user-friendly
software

« Ample I/0 to connect physical devices

FPGA Other
(real-time Fibre Optic Chassis/
functionali
ty) Racks/IO

Core|  inmmw Core
Processor

FPGA User
(non-real-time Ethernet Workstation

functionality) (RSCAD™)

Technologies



PARALLEL PROCESSING ON TWO LEVELS

TRF2
o A
TSR | | LS 0 230.0 =200?1::
2. POWERS POWERS
I Processor W Processor

I (10 cores) (10 cores)
e e

TRAVELLING WAVE DATA

RTDS.COM



INTERFACING EXTERNAL EQUIPMENT: I/0

Modular digital and analogue 1/0 cards

* 12 channel, isolated 16-bit analogue * 64 channel, isolated digital input/output
input/output cards cards

GTAO | GTDI

RTDS.COM



INTERFACING EXTERNAL EQUIPMENT: I/0

Network Interface Card

« Communication with external devices over Ethernet.
« Card has two “modules” and can have two network protocols operating simultaneously.

PMU External
IEEE C37.118 Devices (IEDs)

L= 0o
MODBUS )

SCADA ASCil overTep
DNP3 and IEC 60870-5-104 over

IEC 61850

GOOSE Messaging
IEC 61850-9-2LE, IEC 61869-9

Ethernet Switch

GTNETx2

Generic TCP/UDP

Large data playback
& piay Sockets

Technologies

RTDS.COM




CLOSED-LOOP INTERFACE EXAMPLE
RTDS Simulator

Devices Under Test

RTDS.COM



REAL-TIME SIMULATION SOFTWARE: RSCAD®

° Rea I-ti me pe rforma nce ;ne Create Script Breakpoint Iools Composite ‘S\cnp.iagnal Case
. o basBosdE——= rogd

p rOVI d es a bl I Ity to AA\ @ CARTDS_SWITUTORIAL\GPC-PBSICH2-ACPower Systemlacsys1.sib i arted: 12:00:40 Stopped: 12:00:46 Run Time: 00:00:05 =0 T

operate the simulated ! K {\q {m iﬂ - Ecm §<:T

power system O . . > ’_:T\ > |_—w| > :\ > ’_| >

. . . 2300 96 B0 | 40.88 | 1.783 9638 | 4839 | 2063 |

I n te ra ct Ive Iy O — = (4] EdtPad Pro - [CARTDS, ISR fleman’Cyprian ProseconEC 60255 121163 Dynamic Performancel .12 SIMB3.21 Short Linel12._ i<l el
| Simuator control = i T

* Monitoring

« Data acquisition

« Scripting for automated
batch mode testing s

R =
I

FANNLIE

165 43
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CONVERSION PROGRAMS

« PSCAD
 PSSE
« CYME

« MATLAB/Simulink controls

-i.
25

o @@I’ " @ ki

I RSCAD Conversion Utility Y

Choose the type of conversion

b " ’ 3ot
® PSCAD to RSCAD I__ e l ‘ - ‘ 3 it
. [ - 5 S

) PSSE to RSCAD ‘
() CYME to RSCAD

RTDS.COM



COMPONENT LIBRARIES

« Large established library, plus CBuilder module for creating custom, user-written components

RAMP
FIRING
oma 2:/1/ 3 PeBlock  pe R 3 Phase |2
ITX\)— —(/)73 o) 0,001 80.0 Hertz en o GENERATOR o Sine .
- " af Je ! gady B
Neli \,54/_ Pulse Generator High Precsion (rad) Lag30
% \,2“ zm:'\ \’Zm Fixed Ramp Generator ,(%;% Pweta0 lc
3 Phase Sine Wave Generator
Fiting Pulse Generator
/;L;—" R - n : . e
—Hn\| | /% g ) - B i E . - RANDON
QD= = o - AV B [E
et =T ! 5 it I .
¥ ¥ YoOAY Transformer Models FaUIt and Breaker MIN RAE = o Randam Number Generator I._ac‘ '_: )] | +
o Mo M Od e I S Variable Ramp Generatar High Precision Angle Generator
- &)
TN E ) - — ‘—:
- = AN s { ) o ’_
N3 ) ] MATH FUNCTIONS LOGIC FUNCTIONS TRANSFER FUNCTIONS
. -
e —— =
= 1w % oz e
H 5 25 JZ
g 0 20
5 - Volts DC g
2 = L =
l SIGNAL GENERATORS METERS
aw e = 1 a
L pv— = =
10 %)
Valve Group and o 3 _ iR
s, o 27 |
SVC MOdels 5 sdet A
TIMERS SIGNAL SELECTORS SEQUENCER COMPONENT
10 RTDS
P e e e R+IX <> %] /0
P € TR R TH lx|/8 = |x|/@
e M—ﬁ—L: =g COMPLEX MATH
/0 COMPONENTS SIGNAL PROCESSING FUNCTIONS
. degrees <J> radians MISCELLANEOUS
integer flow aind (e Exiernal Plot Updale
3 RN S btk g Halt Sirmilation
" . . . 5 integer <{=» floating point (leee) Flicker Meter
Machine Transmission Line et
d I a nd ca ble M odels LIMITS DATA CONVERSION Send TO Flag
Models
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MICROGRID MODELLING

« Wind energy .*.
« Turbine model with active input for wind speed, pitch control, \ ~
power coeffients pi 1{%
. . 4 R
 Example cases provided in RSCAD for % N
/’ speed (pu)

o Type Il —direct connect induction machine via transformer
o Type lll - double fed induction machine (DFIG)
o Type IV —full converter permanent magnet synchronous machine

« Solar PV
« Array model with active input for insolation, temperature NN oy / / / /_
« Partial shading effect TEMQE;';;UR// // // // i
« Maximum power point tracking / / / / —
Photovoltaic CellAay/Module

« Aggregate wind/solar farm models using linear scaling

Technologies
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MICROGRID MODELLING

 Energy storage
« PEM fuel stack model ‘— - reon)| R R [canese
Li-ion Battery Pa(atm)
Battery energy storage systems 600kWStackL —
e Lithium ion battery model | Anode
« Input for temperature TTE'T‘P(C) SRiZAveia Labs |

 Flywheel sample case
e Wheel modelled via added mass to PMSM rotor

« Average model case also available
« Pumped hydro sample case

« Variable-speed DFIM system
« Average model case also available

RTDS.COM
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MICROGRID MODELLING

® PrOteCtion & aUtomation mOdeIIing Iibrary OVERCURRENT PROTECTION DISTANCE PROTECTION DIFFERENTIAL PROTECTION

ersion: pnS1_00 ergion: pn2i_01 ersion: pni7_00

« Various generic relay models o D R L T st |—
» Breaker control / sync check > e oo f— =3 _u_s e — g —
- Software PMU models N 8 B .
. — 1A Reclose— — 1A : Status |—
« Smart grid protocols N o —
. Mo D BUS % % |c | r I o ;r_é;iél;_l}ﬁ‘l::; o
« DNP3/IEC 60870-5-104: communicate with I comer |—
multiple masters in real time ERONTROTECTION | s el e |
 |EC 61850 GOOSE / Sampled Values = I I e I
« Synchrophasor data T N P R .
Info1 — —3 vz & V2 Refim pe
UDPFTCP Ratatio M fl'\ |_L

RTDS.COM
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MULTI-RATE SIMULATION

Superstep
AT =N x At

Mainstep
At

ol alallo ol ala o

Substep
dt=At+n

RTDS.COM



SUBSTEP ENVIRONMENT: POWER
ELECTRONICS MODELLING

Runs on a dedicated core — = Substep
Sub-microsecond timesteps possible ubstep Environment BTG ) [
Can use substep, main — l BT : i
timestep, control components A T e e R n . | ] =
Resistive switching for several LT e e - =
popular converter topologies [ =] i
Individual switching elements 2 e
available |ﬂJ
Full 170 capability i I e

i

. T e

. e e D ) S ] S B

timestep fee =1 i;"'g’;{"i N R T £ L of o o
W IIIIIIIWMII MM i R -
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MICROGRID MODELLING

e Consider the switching

ZEZ: ZEC ﬁz): topology and switching -
characteristics of the

A converter

« Allows for low level —
_lev testing of the controllers
and underlying
ZEZ: ZEC ﬁ algorithms used to
generate the individual

switching pulses for the
converter

X

DC

AC

VA

VB

VC

Replaces detailed models with
controlled voltage and current
sources

Modulation waveforms from the
same current controller can be
used to strategically control the
sources such as to reproduce an
averaged version of the high
frequency switching transients

RTDS.COM
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POWER HARDWARE IN THE LOOP (PHIL)

Simulated environment exchanges power with renewable e Yy A
energy hardware, motors, batteries, loads, etc. Y o

+ Vac - DEVICE UNDER
TEST

DC/AC INVERTER

O Y
—————
+Vamp - Lconverter |
|

AMPLIFIER SENSOR
++ V- + |
|
D/A CARD A/D CARD
| |
___________________________ e e
l FILTERS

Y
et =

P+

= SIMULATED GRID
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CASE STUDY: UC SAN DIEGO MICROGRID

* Microgrid control and protection scheme including synchrophasors in the wake
of the Southwest blackout

Utility
HMI
SDG&E ﬁ‘?— DNP3
JJ SLOW MMCS |
HIGH Iy}
------------------ — — NGVL
Y ;
Data 1....0.31:1].8..:
Central Station Concentrator
A A
. A
Fuel Emergency A A i
eras NGVL—< NGVL —<> ! NGVL—<>
. I Y
A2 G3 G1 2 82| |c4|[cs] [ce E ! ;
22]  [o3] G1] . 2] Bl ERE P b NG i b —NGVL i b NGVL
s i gl s Sk sl il Aon. sl
‘* ¢ ‘ ¢ ‘Statlon¢¢ *StatlonC‘ ¢ I Data |1 Data 1 Data |
) Concentrator] Concentrator] | Concentrator] |
Station A | | |
Emergency Emergency | I I ' |
Generator Generator 0 T
I - o |
| 211 211 € |
= | 51 51 |
¢ | Station All | ‘Station BII | IStatnon c| | .
' — Sl f i ] Sl il i i | Bl | Source: [3]

RTDS.COM
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CASE STUDY: UC SAN DIEGO MICROGRID

Local and Wide Area

Contingency and Frequency Based Load Shedding _ \ .
Islanding Detection and Decoupling

Frequency (Hz)

A
Select Load
i=1 60 —— Mominal System Frequency Angle Diff
Angle
Angle Diff Diff Detect
Load Priority <=0 Seﬂl:ctthli:e‘:‘lal;‘zad Th I'ESh Dld
58.3 —4— Decoupling From Utility, 500 ms 50
Yes Scheme | | Angle
58.2 —— Underfrequency Level 1, 100 ms Enabled Do Diff Tr'ip
58.0 —4— Generator Protection Trip, 10 s
58.7 —— Underfrequency Level 2, 100 ms
e Fault Block
58.5 —t— Decoupling From Utility, 100 ms
Include for Shedding
58.2 —+— Underfrequency Level 3, 100 ms
Yes
58.0 —¢+— Generator Protection Trip, 2 s
Contingency Satisfied
Y

Source: [3]

Frequency (Hz)
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CASE STUDY: UC SAN DIEGO MICROGRID

Local Computer

¢ -
Interfacing ﬁ UcsD IED and
Data Power ﬁj Visualization |«
Concentrator | ) gad-Shedding|| | System | == | Software
Controller
¢ Digital
Outputs
-
Simulation Analog Relay (Utility Ties)
|/O Cube Outputs
>

+ Digital Inputs

SEL performs Factory Acceptance Testing
of protection and control systems with
the RTDS® Simulator prior to delivery

Technologies

Source: [3,4]
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CASE STUDY: UC SAN DIEGO MICROGRID

Three-phase fault on utility tie plus loss of generation

Validating IDDS and CBLS (decay rate 2.5 Hz/s)

(5.35 MW shed)

61.18715

60.6301

60.07305

59.516

Frequency (Hz)

58.95895

58.4019

UC San Diego Frequency Response

Decouple from Utility
CBLS Action

57.84485
0

Technologies

4.5 6 7.5 9 105 12 135
Time (Seconds)

15

Frequency (Hz)

(contingency chain reaction)

60.35981
60.1494
UC San Diego Frequency Response
59.93899
Closely Timed Syft‘fridgr-esc;i;ency

59.72858 Contingencies
59.51817
59 30776 CBLS Action

/ CBLS Action
59.09735 4

0 15 3 45 6 75 9 105 12 135 15

Time (Seconds)

Source: [3]
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CASE STUDY: BORREGO SPRINGS MICROGRID

San Diego Gas & Electric

Operation for planned and unplanned
outages (with blackstart)

Successful transition to 3 different
islanding configurations

Manage up to 100% renewable energy
supplying community load

Serve critical loads

Source: [5]

RTDS.COM



CASE STUDY: BORREGO SPRINGS MICROGRID

| AES #2 | Large PV s P OWET
SDG&E testbed at | I I I iﬂd.vancgg - — —— Analog Signal
| DC Power o| PV Array icrogrt I
NREL test facilit ttr |} [ s T commnr
y Power | I_____Jr_J__ - A I
Hardware | v : | v : | Conéroller
DG 1 Hardware
Batter . |
I Invertgr | [| PV Inverter | ™ Controller v
I____| I____| Data
Manager
. D62 | | ! | Communications in blue are for
Eyh, (0) NO) Controller I microgrid control; all other
— AL . communications are for
* simulation purposes
AC Power AC Power
Amplifier From RTDS Amplifier To RTDS
-—Ls - 4 S -
| kv, (1) (1) kv, (1) Tie to |
i
[ Vand! | ~ | vandl | Main Grid |
| Scaling | Scaling | Microgrid Switch, |
P H I I_ e Point of 69KV
A
I Interconnection \ Substation Bus I
I i, (1) v, (1) I I
I I
Model | - - 12kv |
I Substation Bus I
I I
I I
I I
I = - e - ircui ircui ircui I
| ESIF RTDS Distributed  Distributed AES #1 Clr:mt c";u't C";”'I | .
L Generator #1 Generator #2 ] sou rce: [5]
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CASE STUDY: BORREGO SPRINGS MICROGRID

Metrics for performance evaluation: Test results for
Survivability of critical loads unplanned islanding
Cost of operation after grid undervoltage
Environmental performance Microgrid Voltage
o] | N ——
Table 17: Mapping Scenarios to Functional Requirements *; 0.9 \'u .; N
R c1 c2 c3 ca c5 cé 308 \ /
Disconnection E:;gfg;ﬁ::;ﬁ}:::] g:z?ély' Protection | Dispatch Eggm;ﬁi g 0.7 \\ /f'f
A_ Operating 0.6 I\\__ ///
While X —
Connected 5406 3407 5408 5409 5410 5411 5412
to the Utility Time (s)
B. Microgrid Frequency
Separating X X 60.50
from the
Utility ™ 60.25
5 5 J\/\/\'
Operating L::;‘ 60.00
gu;hglzlaerated X X X X 3 59.75
from the o
Utility i 59,50
D- 9.25
E‘m’;eaﬂﬂa X Source: [5] 5406 5407 5408 Tifnﬁlgﬁ::s} 5410 5411 5412
Technologies




Thank you!
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HIL Demo: Microgrid Controller

ITECh no logies Introducing NovaCor™ - the new world standard for real time digital power system simulation



Symposium, MIT, February 2017

Example: Banshee Microgrid, Microgrid and DER Controller

Point-of-interconnaciion

* Industrial facility with 3

utility radial feeders

e 47 Circuit breakers

e Load range 5-14 MW

» 18 Aggregated loads

e 4 MVA Diesel Gen.

3.5 MVA CHP

e 3 MW PV

e 2.5 MW BESS

(w]

2000

e

ITechnologies

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



Symposium, MIT, February 2017)

LT Rarshes Power Svetern Model H
| Banshee Power System Model ] Low-Level
! ! Interf
H Diesel Generator | n eﬁace
: PV Controls Controls Interface - H -
1 (PQ Mode) (Droop Mode/Voltage ! . . RTDS
! Control Mode) | Hardwired Signals | 1/0 Cube
H Sheddable Load !
! Controls !
| NG CHP Generator Battery Energy \
! Controls Interface Storage Control !
| | (Droop Mode/Voltage (PQ and Isochronous ! 7y
' Control Mode) Modes) '
L mccmccecce—mm—mmm—mmmmm—mmeememe—ememmemmmmmem—em—e——= |
% § IEC 61850
DNP3 GOOSE
Interface Data
C°”°‘j”trat°r IEC 61850 GOOSE/Modbus TCP
L
Peer-to-Peer —( é
iaiaieiainintetell (nbaintety inieieieteteteleiebabebebel A beintnteteintetiininty’ |
! ) ) A | | !
Microgrid ! . . !
<
Controller —'—h: Microgrid Controller I_I_ Feeder Relays : o Love
* Under Test ‘e _——————, —— | Hardwired Signals
Microgrid Control System
Technologies

Microgrid Applications using RTDS

Banshee Microgrid (Microgrid and DER Controller

Interface between RTDS and
Microgrid Controler (SEL RTAC)
using DNP3 & GSE protocols

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



Questions

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