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About RTDS User - Powertech
Labs

» A subsidiary of BC Hydro in great
Vancouver area, BC, Canada

» Business in high power/voltage/current
testing, engineering consulting, hydrogen
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« Use RTDS simulator for power systems
study, HIL testing, and hybrid simulation
tool TSAT-RTDS Interface (TRI)
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Hybrid Simulation

* Power system dynamics are conventionally categorized into low- and high-

frequency transients

Electromagnetic Transients

Sample Programs

Level of details

Size of modeled system

Common Application

(EMT)

RTDS, PSCAD

v
v

Three-phase instantaneous values
Detailed models

Varies between a few to several
hundreds of buses

Any types of studies that need
detailed modeling
Hardware-in-Loop (HIL) simulation

Phasor-Domain
(TSA)
TSAT, PSS/E, PSLF

v
v
v

Phasor-domain positive sequence
Simplified dynamic models
Network dynamics ignored

Often used for simulating systems
with tens of thousands of buses

Bulk power system planning and
operation

On-line Dynamic Security
Assessment




Hybrid Simulation

* Power System Modeling and Simulation Challenges

o Can focus on either detailed models in small system or simplified models in large system
» [ncreasing level of details without reducing system size can be costly

o Study interactions between system-wide events and detailed devices can be challenging
= Fault analysis in HVDC systems
= Sub-synchronous resonance studies

o A detailed model might be available only in an EMT package
= HVDC, IBR, FACTS, etc.

o To built a full system model for EMT simulation is challenging

= While this is a common practice in TSA studies




Hybrid Simulation

« Hybrid simulation approach addresses these challenges by using both EMT- and phasor-
domain simulation methods

Large portion of system simulated

SEL eERe e in a phasor-domain package

simulated in an EMT Package

@

External System

%fiH\

Internal System

« Advantages
o Effective in analyzing impact of low-frequency oscillations on specific components and vice-versa

Boundary Branches

o A more cost-effective solution for studying large systems compared to full-EMT simulation
o Takes advantage of rich modeling library available in EMT and phasor-domain simulation packages

o Perform hardware-in-loop simulation with a large system model
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Hybrid Simulation

Implementation

o Platform for synchronized simulation using EMT and TSA packages

o System partitioned into two or multiple regions

o EMT and TSA simulate each region independently (e.g., 50us vs 4ms)
o Injections are exchanged at the end of each TSA time-step

EMT Simulation

\ Simulation \ Simulation \ Simulation s Simulation S» /
t t t

Synchronize
Synchronize
Synchronize
Synchronlze

l

\Simulation Waiting\ Simulation Waiting\SimuIation Waiting\ Simulation Waiting!
f N/

Transient Stability Simulation
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Boundary Definition

« Boundaries define internal and external systems

o Size of internal system vs. existing computational resources
o Device(s) of interest
» Focusing on a device such as SVC, STATCOM, HVDC, renewables?

» Simulating unbalanced faults?
o Number of boundaries

= Should be kept minimum
o Intended fault locations

= Cannot be too close to boundary
o Location of harmonic sources

= Better to be away from boundary




Boundary Definition

» Choosing Boundaries o Focus on a specific device

o Based on geographical location v' Can be STATCOM, HVDC, etc.

v’ In-depth knowledge about the system v" A buffer zone around the device is considered

v Typically has well-defined interfaces » Electrical distance between device and external system

v Easy to understand v" Defining boundaries can be challenging

N

RTDS v' Boundary number can grow quickly
. i
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‘\ - Area2 |
\ (internal) 7 \ J)
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o SVC to be o
modeled in : . -
~ TSAT RTDS |
Area3  Aread |




Boundary Definition

« Conversion of Boundary Quantities

* Phasor-domain injection » Equivalent three-phase injection
_—_— a(t) =2nfyt+ 6
Irsq = 149 - ig(t) = \/E.I.Sin(a(t))
2
Phasor-domain to ip(t) =V2.1.sin (a(t) — §n>

three-phase quantities )
ic(t) =+2.1.sin (a(t) + —n)

3
) (153 +jéB>* > Pp = Via + Vgip + Vcic
IB == = . . .
Vg Qp = Vyig + Vpic + Vciy

Three-phase quantities
to phasor-domain -
Energy-based technique




Boundary Definition

« Communication between boundaries on RTDS- and TSAT-side

o Use GTFPGA block and the FPGA board
o GTFPGA block supports up to 64 channels to send/receive integer/float numbers
o Each boundary needs two channels - Specified by a unique port number assigned to

them
S : > 4
?\10 y | FPGA —‘5P
D "= ———— e—————" \
| Boundary 1 | Boundary 1 |
,' » N \ s N \
l ¥ ‘ l . ‘
| Internal | I External |
| -» Boundary 2 B dary 2 - \
,’\System>/ - S — ‘| ,’ \ ‘w/ < \ Syste /‘\
l ‘ l ‘
b - 7/ \
’l b} (Bou\nd?_ry/S/ \ ,I (B\oundary?g/ \
Lr__ v ! L _D—e !




Boundary Definition

 Boundaries in TSAT-RTDS
o Supports both (simple) Norton Equivalent and FDNE

o Supports single-port and multi-port boundaries _ _ _
o Potential TSA-RTDS Configuration

\‘ - RTDS )
Case 2/ /
* %z | One-port f o
| system \ TSAT Case)/
& Yy =
~ RIDS |
\.Case 1/ \TSATCasQ)/
v N
£H ’
Two-port | RTDS} Nl ' TSAT Case
\.._Case.”/ > \§ > )
system - * %z e -y
W
\TSATCase‘ /
N
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Co-simulation Setup

« TSAT-RTDS Co-simulation Setup — Hardware

To RTDS

4 \
i \

FPGA Board mounted
on PCI Express slot

RTDS PB5 card connected to FPGA
Board through an optical fiber




Co-simulation Setup

TSAT-RTDS Co-simulation Setup — Software

Jio= TSAT - [hybrid.tsal

File Run View Options Auto Help

S Y EkRrASs OERE|

DSATools™/TSAT

Scenario
No. D

<

Basecase Analysis
Secuity Status

- a X
BE| S| PO B @ % |Diply: [Basecassarabsic v Theads: [1 v
Transaction Analysis
Name Base Dispatch Amount Limit Action

Co-simulation Setup

Computation Progress  Result Summary

TSAT-RTDS Co-simulation Setup — Hardware

Status  Log Scenario 1
Generator Rotor Angle (deg)
Connection Status: OK
80.004
TSAT Status: Idle 40001
Contingency: Nofault 0
Delayed Steps:  6.4e-05% _a0.004
Boundary Mismatch: -80.004
T T
Boundary Power Voltage Current 2774.00 2778.00
B3 T44MW) 0000 -0.01(pu)
3.11(Mvar) -0.01(deq)  -1.95 (deg)
Bl -0.52(MW)  -0.00 (pu) -0.00 {pu) Bus Voltage (pu)
0.32 (MVar) -0.00 (deg)  -0.43 (deg) 1.15
B -00025] ((:m), -ggg ((zu)) gg? gu)) 1 e P GA Board mounted RTDS PBS5 card connected to FPGA
e R e on PCI Express slot Board through an optical fiber
Sort boundaries based on mismatch
T T T T |
Mismatch treshald | 50.00 MYA 277400 2778.00 278200 2786.00 2790.005ec
<
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Co-simulation Setup

« Study Case 1: I[EEE 39-Bus System

« One boundary

47

15

17

16

O

36

19

3
3

4_
-

22
35

Internal system

modeled in RTDS

RSCAD® FX

114

W

STABT
PSS
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17

BUS32x:1

IEEE Type 1
Excitation
System
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BUS #2

BUS2
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Ef If Vpu

W T

13.80:353.6250
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IEEE Type 1
Governor/Turbing

BUS30¢1
=—- 55 —F

=— BUS —=
BUSZ - BUS1

Handling data exchange
with FPGA board

From GTFPGA

Variables = 7

GTFPGA Card# 1
Controls Proc 1

l

12

To GTFPGA

Variables= &

Port 2

Custom model

representing one
TSAT boundary
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TSA-Interface

Start
TSATStart

B
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TSAInput 2 | T3A Input 1
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Co-simulation Setup

« Study Case 1: I[EEE 39-Bus System

« One boundary

DSATools™/TSAT

T TSAT - [hybrid.tsa] - O x
File Run View Options Auto Help
i | ﬂ §| -E [E‘ »H ﬂ = E E E .| | = @ ‘ E| IEI IEI @ | U.a] ‘? Display :  BasecaseAnalysiz  ~ | Thieads: |1 ~
Scenarno Basecase Analysis Transaction Analysis
Mo D Security Status MName Basze Dispatch Amount  Limit Action
1 | Base Scenario Run
Run Hybrid Simulation *
<
Hybrid Simulation Options
Computation Progress  Result Summary
Contingency To Run | Mofault w
Scenarios
AADOVOFOFOI — —
1 0.00% RTDS Link Status
The Scenario Ha
RTDS Link Status: OK Refresh
i ——
24 28 Sec
o
0 4 8 12 16 20 2 2’ Sec
Cortingency No. = ﬂ @
e
U APF A U < ULU U X

TSAT Scenario Edit Window - Hybrid Simulation Data - Base Scenario [case39.pfb]

—I- Scenano Data

- Description

- Parameters

- Poveerflow D ata

Hybrid Simulation Data

Optional Data

- Dpnamic D ata Boundary Definition fark\Suppor Browse
- konitor Data Data File :
- Criteria D ata
Enntingency [rata . Croate
- Dynamic A epresentation D ata
- Transaction Data
- Sequence Network Data Parameters File C:Awfork iS5 Erowse ..
- PhAL Data Edit
-l: Hybrid Simulation 0 ata -
Create ..
I ame Option Bus Mumber  ~
Cancel IT'
[ boundary_def_Bus38-36_3 bdf 4 |
1 [TSAT 17.x Hybrid Simulation Boundary]
2 {Communication Data}
4 First Port Number = 1
5 {End Communication Data}l
7 {Boundary Definition}
Name = Bl
% Port Number = 2
10 Include Branch = 15, -1, '1"'
11 Include Branch = 17, -1lg, '1'
12 Include Branch = 1%, -1, '1"'
12 {End Boundary Definition}
14
15 [End]|
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: AGQC 0 A




Outline

* Hybrid Simulation
* Boundary Definition
» Co-Simulation Setup

 Simulation Results




Simulation Results

« Study Case 1: I[EEE 39-Bus System

TSAT waits durin e
g User notifies TSAT once RTDS starts-up
RTDS start-up
TSAT window / J
Computation Progress  Result Summary / RTDS window
Status | Log Scen ."'—T'SQTS_ - - — = = = S =
@ @ @ P1 Q1 P2 02
FTDS Link Status:  OK 2 9909 | [-1445 | [[9719 5162
TSAT Status: Waiting to receive start signa U 1 : 1 e e
1.000 1.000
Contingency: Three-phase fault at bus 5
Boundary Mismatch:
Boundary  Power Voltage Current Subsystem #1|Node Voltages |’ﬁ@|0 I Subsystem #1|Nod:
25 Q.07 (MW 0.00{pu)  0.05 (pu w00 TAT]S1E1 SDCE w00 TR |51
A7.71(MV... -0.00 {(deq) 0.95 (de
B2 0,07 (MW) 0.00 (pu)  0.01{pu
toren) amis) 0z AR
; jiti A

RRRRARRALAR NN ALY AR

Boundary mismatch during RTDS
start-up can be monitored
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Simulation Results

Study Case 1: IEEE 39-Bus System

TSAT and RTDS run simultaneously

of

Subsystem #1|TSA Quantities i
Generator Rotor Angle (Degrees)
. rﬁmWnundl “Bound B2 WBound |2
80 4
40 {\/\——R
: . I
D 4 L/
4n . - P 5 f—mx\
[=% /
80 - L —
Sec
o —— ——“’"’Fﬂ
A disturbance in one tool 0.5
0 0.33333 066667 1 133333 1.66667 3
affects the other
TT 1 —




Simulation Results

Study Case 1: IEEE 39-Bus System
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Simulation Results

« Study Case 1: I[EEE 39-Bus System

1 I, '-ELEE

 Four boundaries

. £

: . . &£, External System

£ E
= A
- 10000
2445} -8 54| 2
B
1 g
a2

8100

A

A
=1
—
D
-
=
D
w
<
)]
—
(D
3




Generator Speed (Hz)
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Simulation Results
Study Case 1: IEEE 39-Bus System, 4 boundaries
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Simulation Results

Study Case 2: A practical system with 5619 buses, 854 generators™

e N R
-
o |
| |
O_| L
Monitored - "y [
Unit O+ — SR !
Fault _g h !—g
location = W B2
L] I
1
L | |
o+ I
Bl |
ol ] |
-
Internal system Externa system
(simulated in RTDS) (stimulated in TSAT)
\_ J _/
D25 A 0 OLQ 0

o Boundary number: 7

o Internal System: 25 buses, 11 generators
o EMT: 50us; TSA: 4ms

o A 100ms fault @ 10s

* P. Zadkhast, X. Lin, F. Howell, B. Ko, K. Hur, "Practical challenges in

hybrid simulation studies interfacin? transient_ stability and electro-

qngaogndetic ;I’S:lg?ient simulations”, Electric Power Systems Research, vol.
, Jan.
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Simulation Results

Study Case 2: A practical system

o A 100ms fault @ 10s
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Conclusions

« Hybrid RTDS-TSAT Simulation takes advantage of

» Detailed modeling of RTDS electromagnetic transient simulation
= Bulk power system simulation capability of TSAT

* Facilitates analyzing interactions between low- and high-frequency transients
* Real-time (hardware-in-loop) simulation of modern power systems possible

o Interfacing techniques (Thevenin/Norton, FDNE) critical to keep EMT/TSA
transients

o Extra hardware might be needed

o Limited number of interfaces
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