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What is a Superstep?

* While doing simulation, things must be considered:

1. The nature of the study
2. Hardware availability
3. Data reliability

* Traditionally an ideal source with an impedance has been used to
model a system equivalent.

* Such equivalent may not provide accurate results for all contingencies.
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* Superstep is an alternative approach to using a system equivalent to

model a large remote network.

Superstep
* Advantages for User: % Dor

Bus 37
¥ Bus 25

1) Allows the detail of EMT simulations to be

retained. o
Q J

2) A remote network’s control elements can be
Bus 4
modeled. b
3) Generator dynamics can be modeled so s Lt
. . . A
frequency deviations due to the load/generation s h A
imbalance can be observed. 4
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What is a Superstep?

* A superstep network is defined as a collection of components
placed inside a hierarchy box and solved using the superstep.

* Use of the larger time-step and a simplified network solution
significantly increases the modeling capabilities of the RTDS

Simulator.

* A tradeoff between capability and accuracy when using superstep
feature due to the use of a larger time-step compared to the main

time-step.
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Superstep

r

* Only be used in NovaCor platform.

* Network Solution, Power System Components and Controls are all

simulated on a single core.

7 %

Controls Power Systems NetSol

%
Z
/
Z
%
4

% %
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Superstep

« Timestep for superstep simulation is either 2x, 3x, 4x or 5x the main timestep.

HIERARCHY
[ Box Parameters | Superstep Opfions |
Mame Description YWalue LInit Min Max
SuperstepBoxType Superstep box type POWER SYS.. - 0 1
SuperstepMultiplier  |Contents will be run once every M .. 6 5
Update Cancel Cancel All
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Superstep

« Multiple superstep hierarchy boxes can be run on different cores of a chassis and can be

interconnected using multi-rate transmission lines.

Suprestep Suprestep

2X

Mainstep 3x

Suprestep
4X
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Multi-Rate T-line

r

» The two terminals can be run using independent timesteps that are integer multiples of each

other or the main timestep.

* The minimum signal travel time must be 1.5*(larger of terminal timesteps) when terminals operate

at different rates. It must be 1.0*terminal timestep when the terminals operate at the same rate.

Suprestep
3X

Mainstep

Min TT: 6AT L Min TT: 1 AT Min TT: 3 AT

Suprestep

Suprestep

ax Mainstep / 3x
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Limits/Restrictions

* Available for NovaCor™ Only * At least one core on the chassis must be
e Runs on one full core. running at the main timeStep
« Superstep = main timestep * n. * Restricted Components:

» No components with variable G or switched G values

* Max timestep = 150us.

, , * No Faults or Breakers
* Max nodes = int(superstep timestep)*2.
* No IO components

. _ . *
Max load units = (superstep timestep)*24 « No small timestep components

Breakpoint Mode not supported « Non-linearity such as transformer saturation
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Limits/Restrictions

* When unsupported components are placed within a superstep hierarchy box their icons turn red

in DRAFT. This gives the user a visual indication of the incompatibility.

Racks

Super Step Environment

BUS2

1.00000 /_ 0.00000 T1
NE MNa -
° Tmva = 100.0 MVA
13.8 230.0
BRK1A A J 1 A
—"‘—)— ) - .
BRK1B B 2
B B ]
> > = d
BRK1C 3 3
C |C
> N e 1
#Y Y #2
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Making a Superstep Case

1) Build the circuit to be simulated with a superstep inside a hierarchy box.

2) Change the following properties the hierarchy box:

f f C) Specify whether superstep box contains power
HIERARCHY i
Box Parameters rsuperslep Options | A e e Box Paramelers | Supersiep Options system com ponent or onIy control components
e BO
Mame Description Value Unit L Mame Description Valu®

Name Box Name Superstep * = SuperstepBoxType  |Superstep box type POWER SYS..|v

FCOL COLOR YELLOW v SuperstepMultiplier  |Contents will be run once every N... 2 -

BCOL COLOR BLACK -

Lw LINE WIDTH 1.0 0.0 .

DESCH Description ; Line #1 Description D) SpeCIfy SUperStep

DESC2 Description : Line #2 continued Mu|t|p||er

IMAGE Image file path (.gif or jpeag)

IMAGE_RESIZE Resize image to fill box? NO -

EXCLUDE Exclude contents from circuit NO -

Type Choose type of hierarchy box SUPERSTEP - “ B cle PER P

| Update || Cancel | | Cancel All | | Update | | cancel | | Cancel Al

3) Place at least one component in the main timestep.
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Making a Superstep Case

4) Optionally use T-line or Cable to connect a superstep hierarchy box to other boxes or to the
main timestep network

Connecting Two Supertep Hierarchy Boxes
Connecting Superstep Hierarchy to main timestep network

Description continued

e |Em B e M e ¢S
] cartos_u
ss#1 |

Step PlaylCHé

b s
&
G

[ TTe]x

1 /—
SuperStep 2

size 4 T-LINE NAME:! ) &
T
Main Time-Step network

[4]

E
nx

5) Compile and Run the case as usual.

Technologies
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EXAMPLE 1
lllinois 200-Bus System

RTDS.COM



lllinois 200-Bus System

* Synthetic Test System that is built from public information
and a statistical analysis of real power systems. It is not
representative of the actual grid in lllinois but should be

realistic.
https://electricgrids.engr.tamu.edu/electric-grid-test-cases/activsg200/

* Used PSSE-to-RSCAD Conversion Program to import into
RSCAD

e This test case was used to evaluate performance in order /
to determine the accuracy of using a super-step.

* 486 Single Phase Nodes, ~2600 Load Units Q

O
& (f
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lllinois 200-Bus System

Processor Allocation

Conventional Single-Rate Simulation

(2 chassis, 50 us)

Processor Assignment ? X Processor Assignment X
Subsystem #1 | Subsystem#2 | | subsystem#1 |  Subsystem#2 |
Controls Processor Assignment Controls Processor Assignment

Core 1

Care 1
Core 1 Total Load: 300.0 Core 1 Total Load: 300.0
Core 2 Core 2
Core 2 Total Losd: 0.0 Core 2 Total Load: 0.0
Core 3 Core 3
Core 3 Total Load: 300.0 Core 3 Total Losd: 280.0
Core 4
Core 4 Total Load: 300.0 Core 4 Total Load: 280.0
- Core 5 - Core 5
§ Core 5 Tatsl Load: 300.0 § Core 5 Total Load: 280.0
H Core 6 > Core 8
g Core 6 Totsl Load: 300.0 g Core 6 Total Load: 280.0
Gore 7 Core 7
Core 7 Total Load: 0.0 Core 7 Total Load: 280.0
Core 8 Core 8
Core 8 Total Load: 0.0 Core 8 Total Load: 0.0
Core @ Core 9
Core 9 Total Load: 0.0 Core 9 Total Load: 0.0
Core 10 Core 10
Core 10 Total Load: 0.0 Core 10 Total Load: 0.0
. 0 25 50 75 100 125 150 175 200 225 250 275 300 . 0 25 50 75 100 125 150 175 200 225 250 275 300
Power System Components (Load Units) Powier System Components (Load Units)
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lllinois 200-Bus System

Processor Allocation

Conventional Single-Rate Simulation (1 rack, 50 us)

W\ DRAFT 5.010_a
Eile Sequencer Racks

DIaEBfa «8%0c ke

|Z COMMENTS C:ARTDS_U SER/il roject\Superstep\superstep_Greg\Yuelllinois200.dft

Subsystem #1 |
TLINE . . . TLNE . . . . TUNE . . . . TUNE . . . . TUNE . . . . TUNE . . . . TLNE . . TLNE . . . . TLNE . . LT
CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULATION BLOCK CALCULAT
. NETWORK . . _T-LINE NAME; . . _T-LINE NAME; . . _T-LINE NAME; . . T-LINE NAME; . . _T-LINE NAME; . . T-LINE NAME; . . T-LINE NAME; T-LINE NAME; . . T-LINE NAME; . T-LINE
SOLUTION Ti T2 T3 T4 15 T8 I7, T8 T T
LINE CONSTANTS: M Compile E [ sz [anrs: LINE CONSTANTS: LINE CONSTANTS: LINE CON
- AUTOMATIC . . ompile Error L ] . . . . . . . . . . . . T4
PLACEMENT CONTROL AND MONITO] MONITOR CONTROL AND MONITOR CONTROL AND MONITOR CONTROL Al
IN THIS SUBSYSTEM Info (0) Warnings (2) Errors (3) [SYSTEM | . INTHIS SUBSYSTEM | . IN THIS SUBSYSTEM . INTHIS S|
Metwork Solution 1=<-85 =1 Please check your machine g-axis data. — | =1 1<-58 =1 1<-55 =1 1< 5}
2 Cores Auto Processor Assignmg ( machine name: 189x1 ) Assignment Auto Processor Assignment Auto Processor Assignment Auto Process:

in subsyster 1

41

&7x1
ES“;P"A 28’:';?;“ IEEE Type ESAC4A ES";P“A saf:';‘;“ IEEE Type ESACHA
con’ ure: r ki I n n — conngure: r i

mraure - Excitation [ERROR - Nurmber of nodes (249) assigned to core 1, in subsystem 1 exceeds the processor limit of 90 nodes. 1 . . . . . . . Trguree - Excitation

System (Mode limit of 90 has been set because auxiliary components have been stacked with the network solution.) System

ERROR - Mumber of nodes (237) assigned to core 2, in subsystem 1 exceeds the processor limit of 90 nodes. 1
(Mode limit of 90 has been set because auxiliary components have been stacked with the network solution.)

ERROR - It appears that power system components have been stacked with the network solution on 2 cores. Thisis only|4
allowed on one core.

A
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lllinois 200-Bus System

Processor Allocation
Mixed/Hybrid Simulation

(1 chassis, mainstep 50 us + superstep 150us)

Processor Assignment | ? Ix
l/ Subsystem #1
Controls Processor Assignment
T
Core 1
S8 11T PR CETER R e TR L AL
Core 2
Caore 2 Total Load- 3000 || NEWekSelution

P r
X Core 3
Core 3 Total Load: 0.0
Core 4
Core 4 Total Load: 215.0

Cored
Core 5 Total Load: 215.0

=)
=}
Q
o
3 Core @
7 Cored Total Load: 215.0
Core 7
Core 7 Tatal Load: 0.0
Core 8
Core 8 Tatal Load: 0.0
Core @
Core 9 Total Load: 0.0
Core 10
Core 10 Total Load: 0.0
a 250 500 750 1,000 1,250 1,500 1,750
Power System Components (Load Units)

Techno '.09 ies Introducing NovaCor™ - the new world standard for real time digital power system simulation



lllinois 200-Bus System

Accuracy Evaluation

Several time domain response for a conventional single-rate e
simulation were compared to the responses for a multi-rate ya i & 2l o
simulation where the shaded portion of the network was modeled I ‘ -
using the main time-step and the rest was modelled using a 3x | . . ,@q;
super-step. . N
Generally P, Q and w of all machines modeled in main time-step was "
monitored. Bus voltages near those machines were also monitored. 7 & -
The P and Q of the lines spanning the regular time-step and the e y ~%
super-step was also monitored. 4 R o .l

L\ S s, o Te o

. \ o
A
/ ANO) \
\\> ’j’ \'\ \
©) & | S
AN — 4" | £
N - N | /
o <
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lllinois 200-Bus System

3 Scenarios to Evaluate Accuracy
Test 1: 200 ms AB-G fault was applied at Bus # 187

Test 2: Four (4) multi-rate lines were successively tripped 100ms apart.
(T55, T125, T95 and then T153) All 4 lines suffered 3 phase trips.

Test 3: A 200 ms ABC-G fault was applied at Bus # 187. The generator at
that bus was tripped 150 ms after the application of the faults.

NG
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lllinois 200-Bus System

Test 1: 200 ms AB-G fault was applied at Bus # 187 (Machine Active Power)

/| Machine Active Power =TS

200+ BB

"Subsystem #1|Machines|104x1|P19

300
250
%g[',] — No Superstep: 50us
E e | — Hybrid: 50us + 1 Superstep hierarchy running at 3x
0
=] N
2082 0.5 1.0 15 ubsystem ines[I05xI[P20 25 3.0 35 2.0
300
200
E 100
0
-100
—200
1280 05 10 15 Subsystem #1] Ka?ﬁlnes 147x1[P28 5 30 35 2.0
100
80
60
]
20
0
2% Subsystem #1[Mashines[LBIx1[P38
15082 05 10 15 ubsystem ines X, 25 3.0 BI5| 4.0
1000
500
R
-500
~1000
180 05 10 15 Subsystem #I[Machines[90x1[P16 25 3.0 35 40
8
6
4
= ——————————4wmANMAAnhtv‘glmrﬂ"'ﬂﬂmﬁ&k‘M\\Nkh.d__,,r""»_‘_<'““--\,______.-/»—-
—2
—a
éo 0.5 10 15 Subsystem #I[Machines[9IxI[P17 25 3.0 35 20
10
5
L
-5
71?9.0 05 10 1.5'Subsystem #I[Machines|NORMALZ2XT[P2T; 5 3.0 3.5 4.0
3
2
L
0
-1
2580 0.5 1.0 1.5'5ubsystem #I[Machines|[NORMALZ3x1[P222.5 3.0 35 3.0
350
s
g 138
50
0
—50
-100
0.0 05 10 15 2.0 25 3.0 3.5 2.0
time (s)

zoom rect, x=168548  y=218.589
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lllinois 200-Bus System

Test 1: 200 ms AB—G fault was applied at Bus # 187 (Machine Reactive Power)

|| Machine Reactive Power | o Tho S|

OO0+ BEV

“Subsystem #1|Machines|104x1|Q19

500
. o0 — No Superstep: 50us
E ggg — Hybrid: 50us + 1 Superstep hierarchy running at 3x
z % W
0
—100
6082 0.5 1.0 15 Subsystem #1] Waghines| 105xI[Q20 25 3.0 35 240
500
400
Z 300
E
100
0
-100
1880 05 10 15 "Subsystem #I|Maghines[147x1[Q28 25 3.0 3.5 2.0
160
i
-4
160
E 20
&0
40
3 e
40082 05 10 15 ubsystem inesj X 25 3.0 BI5| 4.0
3000
4
= 2000
2 1000
o W
—1000
280 05 10 15 Subsystem #I[Machines[90xI[Q16 2.5 30 35 20
15
% 10
2 5
[
-5
300 0.5 1.0 15 Subsystem # I[Machines[91X1[Q17 25 3.0 35 4.0
30
= 23
g1
10
5
3
$0 05 10 1.5°5ubsystem #I[Machines[NORMAL22XT[Q2% 5 3.0 3.5 4.0
6
4 g
< 3
2 2
1
7
6082 05 10 1.5 Subsystem #I[Machines[NORMALZ3x1[Q22 5 3.0 35 40
500
@ 400
< 300
2 200
100
[
0.0 05 10 15 2.0 25 3.0 3.5 a0

time (s)
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lllinois 200-Bus System

Test 1: 200 ms AB—G fault was applied at Bus # 187 (Machine Speed)

| Machine Speed C=Tra X

00+« BEY

"Subsystem #1|Machines|104x1|W19

— No Superstep: 50us
— Hybrid: 50us + 1 Superstep hierarchy running at 3x

:;159.0 0.5 10 15 Subsystem #1[Maghines[I05X1[W20 2.5 3.0 35 2.0

radfs
w
&
@

375
SaP0 0.5 10 15 Subsystem #1 Maghines) 147xI[W28 25 30 35 a0

380
379
378
376
375

374
0.5 10 15 Subsystem #1[Maghines[IBIXI[W38 25 3.0 35 40

2
1
0
9
8
7
6
5
5
1

radfs
w
&
3

w

0

-
o

radfs

0 05 10 15 Subsystem #I1[Machines[90xI[WI6 25 3.0 35 4.0

radjs
w
it
=

372
e90 05 10 15 'Subsystem #I[Machines[9IxI[WI7T 55 3.0 3.5 2.0

381
380
379
377
376
375

;;;}0 w5 1o 1.55ubsystem #I1[Machines|[NORMALZZX1[W2L 5 3.0 35 4.0

rad/s
w
&
B

rad/s
w
&
3

::;)o 0.5 10 125ubsystem #1[Machines|NORMALZ3XI[W2Z 5 3.0 35 4.0

381
380

w 379

T 378

@ 377
376
375

0.0 0.5 10 15 2.0 2.5 3.0 35 4.0
time (s)
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lllinois 200-Bus System

Test 1: 200 ms AB—G fault was applied at Bus # 187 ( Terminal Voltages near Machine Buses)

1| Terminal Voltages near Machine

P00+« BEAY

500 _ “Subsystem #1|Node Voltages|S1) A102
200 — No Superstep: 50us
100 ‘ — Hybrid: 50us + 1 Superstep hierarchy running at 3x
- A A
-100
—200 (!
%% 05 1o S #llNo%g 1) A112 20 3.0 S5 20
300 1
200 l
100
2 o ‘
—100 ‘
—200
—300,
150.0 05 10 15 v #1|No&S ges|sl) A146 2> 3.0 55 40
100
50
. |
=
-100
-150
30:0 05 10 15 #1|NoB& \ ges|s1) A187 2° 3.0 5 a0
200 l
100
2 |
—100
—200
-300, -
15:0 0.5 10 15 ., ubsystem *llN&&' 1) AB9 25 3.0 35 4.0
100
= l
- |
—so|
-100
-150
05 10 15 20 25 3.0 35 40
time (s)
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lllinois 200-Bus System

Test 1: 200 ms AB—G fault was applied at Bus # 187  ( Interface-Line Active Power)

0O+ @Y

"Subsystem #1|TLINES|T125|PL125

250
:._gg — No Superstep: 50us
E 100 — Hybrid: 50us + 1 Superstep hierarchy running at 3x
50
k@g’o 05 10 15 Subsystem #ITHNES|TI30IPLI3U 25 30 35 a0
z =5
—%gﬂ 5 i 10 1s Subsystem #I[BigNES|TISIPLI3T 55 30 35 a0
30
20
§ 10
0
-10
738!0 G 10 15 SuUbsystem # I[HlgNES[TIS3[PLISS 25 3.0 35 a0
60
50
20
E 3 —\‘J/\/\/_\’
20
3
208:2 05 1o 1s SUDbSyStem # I BINES|TIB[PLIZT 75 50 35 )
150
100
E
0
—-‘;g,o 05 1o 15 Subsystem # I INES[T44]PL44 25 30 35 40
20
10
E 0
-10
-20
fo 3 A5 e o Subsystem # [J ILINES[T55]PL55 25 5.0 35 2.0
190 05 10 1s Subsystem # I INES| TIPS T 25 5.0 35 20
0
-10
§ —20
-30
-40
*28)0 i 10 1s Subsystem # I INES|TI5[PLIS 25 3.0 35 a0
50
40
E 30
20
10
[
0.0 05 10 15 2.0 2.5 3.0 3.5 2.0
time (s)
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lllinois 200-Bus System

Test 1: 200 ms AB—G fault was applied at Bus # 187 ( Interface-Line Reactive Power)

/|| Interface-Line Reactive Powe! o=}

POC++ BEV

"Subsystem #1|TLINES|T125]|QL125

20
28 — No Superstep: 50us
E =28 — Hybrid: 50us + 1 Superstep hierarchy running at 3x
—80
-100

100 05 10 15 " SUbSyStem #I[HNESITISUQLIST 55 5.0 35 2.0
50
0
€ -—50
< -180
2 -1%0
—200
~338
200 05 10 15 " SUbsystem #I[HYNESITISIQLIST 55 3.0 35 4.0
1o
4 0
g 10
2 20
—30
%0 05 10 15 SUbSyStem #I{PNESITISIQLISS 55 5.0 35 4.0
. =
E gg w
90 o5 15 is Subsystem #IFEINES[TIB[QLIZT 55 50 35 a0
0
= 50
E —100
-150
—200
a o5 ) 15 Subsystem #IJIIINES|THA[QEAT 55 EX) 35 20
0
@
£ 10
$ -2
30

o o5 10 1s Subsystem # IJIgINES[T55[QL55 35 50 55 2.0

280 05 10 15 SUESVSEE'T' FIJANES]TSIQLT 2.5 3.0 35 40

190 05 10 15 Subsystem #1jfINES|TIS[QLIS 2.5 5.0 3.5 20
5
@ [
L -5
2 10
—15
—20

0.0 05 10 15 20 25 EX) 35 20

time (s)
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lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)

Machine active power

| o]

1] Machine Active Power

20O+ BEAY

"Subsystem #1|Machines|104x1|P19

%83

I

— No Superstep: 50us

— Hybrid: 50us + 1 Superstep hierarchy running at 3x
l

0 0.5 10 15 Subsystem lllﬁﬁlnes TO5xI[P20 25 3.0 3.5 4.0

Mw

Mw
B55,5 8488305 & 8

0 05 10 15 ubsystem achines| X 2.5 3.0 3.5 4.0

6280 0.5 10 15 ubsystem inesj X. 25 3.0 35 40

500
}fo 0.5 10 15 Subsystem !I]E_gcﬁlnes Q0XI[PI6 25 3.0 3.5 4.0

9.0 0.5 10 15 Subsystem XI]E+acﬁ|nes OIXI[PI7 _ 25 3.0 35 4.0

2.0
15
E 10|
05
0.0
-05

20 05 10 15 Subsystem achines] XI[P2L; 5 3.0 35 40

(:éo 0.5 10 155ubsystem #1 Macﬁ__ﬁs NORMALZ3X1[P22.5 3.0 35 4.0

o I
0.0 0.5 1.0 15 20 25 3.0 25 4.0

time (s)
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lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)

Machine reactive power

[ Machine Reactive Power o )
00+« @BEY

#1|Machines|104x1|Q19

— No Superstep: 50us
Hybrid: 50us + 1 Superstep hierarchy running at 3x

43)0 05 10 15 Subsystem #1[Maghines| T05x1[Q20 25 3.0 35 4.0

&

) 05 10 15 X i« j 55 20
I

MVAR
BRI
sobousisiouy

-0 05 10 15 Subsystem #1[Maghines[I89XI[Q38 25 3.0 35 40

5

MVAR

o000
OO NNNNNWW o R
ga B o | e wsuaNRe

0 05 10 15 "Subsystem #1[¥achines[90x1[QI6 25 3.0 35 2.0

MVAR

No O NWs oS

0 0.5 10 15 ubsystem lachines|91x: 25 3.0 35 40

MVAR

. s
0 05 10 1.5'Subsystem #1]Machines|[NORMAL22x1]Q2%. 5 30 35 40

&onromo

‘AR
oo
85

ooo

) 0.5 10 15Subsystem #I[Machines[NORMALZ3X1[Q22 5 3.0 35 4.0

MVAR

Sl S

o
°

05 10 15 20 25 3.0 35 2.0
time (s)

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



32

lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)

Machine Speed

et el
RO0OC +F BEY

"Subsystem #1|Machines|104x1|W19

378.0
g;;: — No Superstep: 50us
@ Ny . .
S 377.4 — Hybrid: 50us + 1 Superstep hierarchy running at 3x
B 3772
377.0
376.8
378.02 05 10 15 Subsystem #I[Maghines] TO5xIW20 25 3.0 35 4.0
377.8
w3776
5 377.4
B 3772
377.0
376.8
0.0 05 10 15 _Subsystem #1[Maghines[I47xI[W28_ 35 3.0 35 2.0
378.0
3778
93776
g 3774
3772
377.0
376.8
37800 05 10 15 "Subsystem #1[Maghines[IBOXI[W38 25 3.0 35 2.0
377.8
w3776
5377.4
83772
377.0
376.8
0.0 0.5 10 15 Subsystem #I1[Machines[90xI[WI6 25 3.0 35 2.0
378.0
L3718
3776
g 3774
3772
377.0
376.8
0.0 05 10 15 Subsystem #I1[Machines[9IxI[W17 25 3.0 35 a0
378.0
3778
3776
E 3774
3772
377.0
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time (s)
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lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)
Terminal voltages near machine buses

1] Terminal Veltages near Machine Buses o0
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lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)

Interface-line active power

1/ Interface-Line Active P =T
OO+« BEA

"Subsystem #1|TLINES|T125|PL125

200
Eg — No Superstep: 50us
§ 50 — Hybrid: 50us + 1 Superstep hierarchy running at 3x
o
%3 o5 1o 15 Subsystem #I[HgNESITISOIPLIS0 55 30 35 20
20
0
E —20
—40
—60
290 05 10 1s Subsystem #1[BgNES[TISIPLIST 55 50 35 20
24
i /_/—\
16
14
12
1;‘3)0 05 10 15 SUDsysterm # IR NES[TISSPLISS 25 30 35 4.0
120
9
E 60
40
29
728
%0 o5 10 1s Subsystem #1H BINES[TIS[PLIZL 35 30 35 2.0
190 o5 10 is Subsystem # 1 -INES[TAA[PLAd 55 30 35 20
12
10
&
: JA
3
2
0
;5)0 05 10 15 Subsystem #IJ - INES|TS5]PLSS 25 3.0 35 4.0
70
60
50
E 40
30
20
9o 05 10 15 SubSystem #IJ - INES[TBI[PLBL 25 30 35 20
0
-5
E -10
-15
-20
25 o5 1% 15 SUDSyStem # I rINES|TO5]PLIS a5 =0 =5 A
Eg
0.0 05 10 15 2.0 25 3.0 3.5 2.0
time (s)
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lllinois 200-Bus System

Test 2: Successive trip of four interface lines (100ms intervals)

Interface-line reactive power

200+ EBEY

"Subsystem #1|TLINES|T125|QL125

- % — No Superstep: 50us
E — Hybrid: 50us + 1 Superstep hierarchy running at 3x
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EXAMPLE 2
Manitoba Hydro Network

RTDS.COM
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Manitoba Hydro System

» Simulation results for a conventional single rate simulation were compared to the results for a mixed/hybrid simulation
where the shaded portion of the network was modeled using a 3x super-step.

* The following modifications had to be made to the portion of the network modeled using a super-step:
* Within the super-step hierarchy, the fault at bus YV5FLT had be removed.

* Three (3) lines (GP1, YV51 and YV52) found completely within the super-step, required that their alwpi parameter be
set to ‘Yes’, allowing them to represented as a Pl. Presumably because they are too short for the super-step. (1.5 *
super-step At)

* Also, three (3) lines interfacing the super-step and main time-step had to be artificially lengthened so that their modal
travel times were extended to 1 time-step. (lines D5R, D13R and D16R)

* Time Domain signals were compared for the start-up of Bipole 1 nine seconds into the simulation. The Power order was set
to 400 MW. Various signals in the vicinity of the HVDC converters were monitored including DC bus voltages, AC side
voltages and DC currents. Results are presented below. Qualitatively, at least, the results look like they match well.
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Manitoba Hydro System

Bipole 1 Start-up
Alpha Order Radisson

20O+~ OBV

— No Superstep: 50us
— Hybrid: 50us + 1 Superstep hierarchy running at 2x
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Manitoba Hydro System

Bipole 1 Start-up
Positive and Negative DC Voltages at Dorsey

200 ++ GAV 200+ BEY

—— No Superstep: 50us —  No Superstep: 50us
~— Hybrid: 50us + 1 Superstep hierarchy running at 2x ~— Hybrid: 50us + 1 Superstep hierarchy running at 2x

R SRR
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Manitoba Hydro System

Bipole 1 Start-up
AC Bus Voltage (Dorsey)

| )

/1] AC Bus Voltage A - Dorsey

200 +[FBEY

#1|Node Volt: |S1) DOR230A

— No Superstep: 50us
— Hybrid: 50us + 1 Superstep hierarchy running at 2x
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Manitoba Hydro System

Conventional Single-Rate Simulation Mixed/Hybrid Simulation
(218 nodes and 2600 load units on Chassis) (75 nodes and 815 load units in Super-Step)

Processor Assignment ? X Processor Assignment ? X
# Ss5#

Controls Processor Assignment

Processor Assignment

Core 1 Care 1
Total Load: 300.0 Core 1 Total Load: 815.0

Core 1

Core2
Total Load: 300.0

Core 2
Core 2 Total Load: 280.0 Core 2

Core 3

o
Core 3 Total Load: 200.0 Core 3 Total Load: 0.0

GCore 4 GCore 4
Core 4 Total Load: 26000 Core 4 Total Load: 285.0

es

Cor Core 5
Total Load: 260.0 Total Load: 260.0

=
o Coes 5 Cores
g g
H Core & 2 Core &
Z Cored Total Load: 200.0 Z Coed Total Load: 260.0
Core 7 Core 7
Core 7 Total Load: 200.0 Core 7 Total Load: 260.0
Care @ Core 8
Core 8 Total Load: 200.0 Care 8 Total Load: 260.0
Care 9 Core
Core 9 Total Load: 2000 Core 9 Total Load: 280.0
c
Core 10 Total Load: 280.0 Core 10 Total Load: 0.0

200 250 200 350 400 450 500 S50 S00 650 YOO 750 800
Power System Components (Load Units)

0 25 50 75 100 125 150 175 200 225 250 275 300 a 50 100 150

Power System Components (Load Units)
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Summary

* The superstep feature provides a convenient, accurate, and stable approach to model system equivalents for large
networks in RSCAD. This feature makes it possible to preserve the detail of the EMT environment for the system
equivalent.

* Superstep allows a large network to be simulated in a span of several timesteps

* |tis used to model remote systems

* Network Solution, Power System Components and Controls are all simulated on a single core

« Multi-rate Tline allows connecting systems with different timesteps together
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