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Introducing Substep

* NovaCor platform provides a lot of computation power which can be used to develop new features

» Prior to NovaCor, simulating high-frequency switching power electronic converters required using small time step library

» Converters in small time simulation uses LC switching or resistive switching with interface t-lines due to constant
admittance matrix approach from the small time step simulation environment.

» The processing power of NovaCor has made it possible to perform matrix re-factorization at time steps as low as ~1 psec.

» This has created a new simulation environment, Substep, which will simulate control and/or power system circuits multiple
times for each Mainstep but perform a matrix re-factorization for each Substep.

» This will support modelling switches are pure resistive switches

» Losses will be low, signals will be cleaner and the time step size will be small to support high frequency switching.
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Presenter
Presentation Notes
LC: Loss, Noisy
Interface Tline: artificial capacitance, 


Multirate Simulation
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Multirate Simulation
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Substep

@ e

Multirate Simulation

) Superstep

——— Mainstep
Substep
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Presentation Notes
Different parts of network require different levels of details to be simulated.
You can have more details for a smaller network.
You can have a large network with less details. (no switches allowed)
If possible, the substep can run as much as 64 times for each mainstep.
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Presentation Notes
The architecture of Substep is very similar to small timestep.
It starts with network solution and followed by components (both control and electrical)
It repeats for a number of times within each regular step
Results are passed to the mainstep once every mainstep
One main difference is the use of full decomposition network solution instead of W matrix solution that was used in small timestep



» Substep is designed based on Power8 processor and NovaCor simulator VB1

» It allows using the power of NovaCor to develop new features and component
for power electronics simulation

» Substep is available in RSCAD 5.007 EZ AN
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Advantages over small timestep

r

e Full decomposition Network Solution
- No hard limit on resistive breakers/switches
- More accurate models (saturation, non linear elements)

- Resistive switching converters with no interface Bergeron lines
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Small timestep network solution

* In small timestep pre-calculated matrices are stored in the simulator
* In every small timestep pre-calculated matrix is multiplied by the

injection vector to calculate node voltages
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O Small timestep network solution
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Technologies

To model resistive switches, all permutations must be
stored. (2" for n switches)
All matrices must be stored in the processor cache

A limited number of switches can be modeled
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Substep network solution

» Substep network solution solves the nodal equation every Substep

e This allows using more resistive breakers and more accurate models
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Substep

Substep Inside | B
HIERARCHY
- ( Box Parameters | Substep Options |
Mame Description WValue Unit| Min| Max
SMALL_TS_MNS Metwork Solution POWER SY..| v o |1
SubstepDivier |Contents will be run M times every timestep |27 5 |64
N Update H Cancel H Cancel All
] Il D] | ]

= Mainstep = 30 pysec
= Substep divider = 27
= Substep time step = 30/27=1.11 pysec

Technologies
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Presentation Notes
Normally hierarchy block set to Substep mode
Components are from the substep library as well as can be taken from the main step library
Controls can be modelled inside substep but wil usually be placed in the Mainstep


More Accurate Models

* Full decomposition allows accurate representation of CUsC 38 CLOCKS | | VSC 145 CLOCKS |

| |

| | 1 1

nonlinear elements such as surge arrestors and transformers % e :
| ARRT | ARR2 | |

|

|

and machines with saturation.

ARR1 less accurate than ARR2, bt TSl I L .
number of clocks used is less than ARR2

ARR2 is an accurate model of an amestor
adeled just like the large time-step
amestor rmodel, but requires more clocks

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



o Allows Elimination of Interface Lines

HHHHH

| SUB-STEP #2
—A FIRING WORD
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LC SWItChlng S .‘---. ——————————— | -_____.__________5
No Interface Resistive Switching

Bergeron Interface
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O Allows Elimination of Interface Lines

* Full decomposition allows modeling converters with resistive 1o T !
F
switches without the need for Bergeron interface t-lines.
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3 Level Converter
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More Resistive Breakers
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Substep vs Samll-dt

Small time Step

Substep

Hardware

Available GPC, PB5, NovaCor

Available for NovaCor only

Processor Assignment

One or two cores
or
1-2 PB5/GPC processors

One full core

Node limit

Node limit = 30 (PB5/GPC)
Node limit =45 (NovaCor)

Mode Limit = 60

Time-step

Small time-step range: 1.4 — 3.75ps

Substep range: no minimum — 10us

Range if LC switching included: no minimum —
3.75us

Time-step is not user selectable.
Time-step is chosen by RSCAD based on requested time-
step by user

Time-step is user selectable

Substep time-step = 1/N * main time-step, where

SEMN=64

Switch model

Most Models: RLC Switching

Resistive switching with artificial interface tlines (for 2
level converter)

Most models: Resistive switching without
artificial interface tlines
RLC switching (typically for individual
switches/custom topologies)

Solution Process

Constant conductance matrix. No matrix inversion
required each time step. If tline decoupled models used,
then the conductance

Full decomposition of Network Solution

Resistive Limits

e

10 resistive breakers

Mo resistive breaker limit

I/o

Specific process. See Small time-step tutorial.
GTNET not supported

Same straightforward process as mainstep 1/0.
GTNET not supported

Components

Only small time-step components

Technologies
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Substep Features

Substep is only available on NovaCor hardware platform

 Each Substep network requires a full core

e Substep time step = 1/N * main step time step

o Substep library is developed which has models optimized for a smaller time step
« Components from the Mainstep library are supported *

* No limit on the number of resistive switching elements*

* No fictitious losses

* Full decomposition allows accurate representation of non linear elements (surge arrestors,
transformer and machine saturation)

* No interface lines required for use of resistive switching
* Multiple Substep networks allowed
e |0 cards supported (excluding GTNET)
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Presentation Notes
N is the number times the substep network will be solved within each main step, user configured
The more switches, the larger required time step since it will increase the load on the Network solver. The network solver only peform decomposition the part of the matrix that has changed. 
* Some mainstep components use complex computation that will increase the minimum substep time step size


)

o Difficulties of Resistive Switching

= O EMT programs

Switched resistive representation

U Challenge
» to simulate the high switching frequency. Requires low time

step (~1-3 psec)

 The topology change causes the frequent re-factorization of

system conductance matrix.

Open Close
 Real time simulation is challenging for higher switching Large R small R
frequency. For instance, if the time step is 2 ys, the g matrix High § E Small
need to re-factorize every 2 ps. No exceptions. impedance impedznc

The Y matrix
JRTDS changes
Te [ of h no l.O g | es NovaCor™ - the new world standard for real time digital power system simulation
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Presentation Notes
The computing power NovaCor has made it possible for matrix re-factorization at such small time step size. 


»
o Difficulties of Resistive Switching

Simple Voltage Boost Converter example T ;
« When IGBT Valve 2 is fired on, the diode V1 should change from I : ] :
ON state to OFF state for the next timestep. A R |
« If not properly predicted, both IGBT and Diode will be ON for 1 | | = §
time step | i |
 Results in a large erroneous spike in current | P |
. . . Z.000 IT_C_D
Offline simulation tools
« It employs interpolation techniques to eliminate numerical L I
inaccuracies I
Real time simulation . I \

* Interpolation cannot be used

Do we know the switching statues of switches in next time
step?

003932 0.0396 0.03939 0.04017 004046 004075 004103
Time (=7
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Presentation Notes
Simply logic check will not cover rare cases with negative rail voltage becomes higher then positive rail voltage. This would require for the diode to stay on. A simply logic check will turn off the diode. 


Predictive Resistive Switching

r

Predictive resistive switching is a method of predicting the ON/OFF statuses
of switches in a VSC for the next time step when switched resistances are
used

Procedure of predicting the switching status:
« Solve the circuit and get a preliminary solution of each node voltage

e (Calculate each branch voltage

« Predicting the switching status according to the branch voltage

I Technolo g ies NovaCor™ - the new world standard for real time digital power system simulation
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Presentation Notes
-Key is to determine the state of the diodes
-develop test circuit to checking the valid combination to determine correct switching configuration. 


Predictive Resistive Switching

CSUBSTEP2 LEVEL  BRDGI ¥
F
| :
| |
« Strong electrical interaction between switch device within a leg L ‘"’“““.“EJ‘ %S . . .
| |
| :.".':l . |
* Weak electrical interaction between switch devices from different legs L T L
| |
Ay YL .
As a results, predictive ON/OFF statuses are predicated separately for ! N1 !
each leg N .
| 3
| |
| |
| . . . | .
: WALVE 2 :
| |
: A& - A
| ; |
.
2 level VSC leg
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Presentation Notes
Weak electrical interaction from different legs- DC capacitor stabilize the voltage, inductors smooth current at peripheral nodes 


Predictive Resistive Switching

Each switch behave as a ON branch, OFF branch or Diode branch

= T T T T T T T T T haner T T elipeten T v o)

L TRk

Example: 3 level T-type Leg
Valve 1 - ON branch when fired
- Upward directed diode when NOT fired
Valve 4 - ON branch when fired
- Upward directed diode when NOT fired
Valve 2 and 3 are combined as one single switch I
- ON branch (V2 and V3 is fired)
- OFF branch (V2 and V3 NOT fired)
- Diode directed toward node N1 (V2 is fired and V3 is NOT fired
- Diode directed toward node 0 (V2 is NOT fired and V3 is fired)

I Te [ of h no l.O g | es NovaCor™ - the new world standard for real time digital power system simulation



Presenter
Presentation Notes
Nodes name are found on diagram

- ON branch
- OFF branch
- Diode directed toward node N1
- Diode directed toward node 0

*The key with predictive switching is determining if the diode is ON or OFF


Predictive Resistive Switching

Example: 3 level T-type leg

« 4 switches per leg in real circuit "
« 2 switches connected in series with neutral path can be combined to ot #D %Rm § Ro/Re
one switch for EMT model (test circuit will have 3 switched resistance) —éh—j—
» 8 possible switching combination 0 R?{}/\i"ff N LA
» Test circuit will go through each combination to find valid combination "
based on latest firing pulses, history currents, peripheral nodes voltages lhrcz%D %Rm § Ron/Rot
« Wil apply valid switching combination for the next time step to actual T-
type bridge Ne

T-type test circuit model

I Technolo g ies NovaCor™ - the new world standard for real time digital power system simulation
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Presentation Notes
for a 3-level T-type VSC leg, the test circuit has 8 possible combinations of ON/OFF switched statuses for the next simulation time-step. The task of predicting the correct combination of switch ON/OFF statuses for the leg involves testing the possible combinations to find the combination that is valid for the latest firing pulses, peripheral node voltages and ADC history currents of the passive branches (inductor and RC snubber). The latest ADC history currents are calculated only once before to each simulation time-step based on the latest peripheral and internal node voltages obtained in the previous time-step.


Test Platform

J NovaCor simulator with Power 8 Processor

O Processor operate at 3.5 GHz
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Simulation Results

Case 1: Boost Converter

Subsystem #1|BRIDGE|BRDG1|NODEVs || 0
0
L L~ L L L | R S I Lo I
BRL I LD afl—A-A 0 [ i O a-n nn
A L 2
z 0.001 ¥5 DowlTG *
5 i 0
el Small time step
= |
2 [r |
I7o > 0
5| 2 1=
s 2 T2 10
4 E g o 00067 0.00333 0.005 0.00867 000333 oo
1=
&
Subsystem #1|BRIDGE|BOOST1 || O
P — e e e e —— — | 50
BOOSTI SUBSTEP BQOST
: WALWE 1 P : Yot 40_1__ 1 o O o Y O e Y Y Y o s O o O N O Y Y v O e Y Y Y O
% ; P " H - ;
n I N1 I
30
I [z I
I I
3 | WALWVE 2 L "
= I J 1 I [
5] | | 10 SUbStep
o I I =
c I I 2
o I I o
@ - I
-10
o 0.00167 0.00333 0.005 0.0DGGT 0.00533 0.0t
DCWLTGREF

* The boost converter can run in substep at ~500 nanoseconds
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Presentation Notes
The substep boost converter will also support higher switching frequency
Small dt is limited to 2-3 kHz. 
Substep model is able to support 10’s of kHz switching frequency


)

Simulation Results

Cr_—

ase 2. 3 phase 3-level T-type VSC bridge

D Type Ir___________________________________________________':

Oy " : 5 8 Nodes and 9 switches
L ZEbL %bL ZEEL |  The power system components are
‘ e | running at 0.96 usec time step
%m i 250 . .
i f—e—oa— e Some controls (Firing pulse
! Rt S R “‘“W: generators) are also running at 0.96
L \ | « High level controls are running at 25
. i VALVE 12 ZEP\]L WALVE B ZEP\]L WALVE 4 ZEP\]L i useC_
L T S
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Presentation Notes
Valves 2 and 3 can be combined to create 1 switch
Substep is running 26 times for each mainstep


Simulation Results

Plots
Switching Losses (%) 1) AC side load currents
Frequency (Hz) _
pe g 2) Voltage of internal phase
' A node N1
9900 U 3) Upward current through
Valve 1 iy N m :
« Losses likely lower theninreal ~ 4) Current through Valve 2 ] S ""uuu[
physical t-type converter and Valve 3 directed to
] e b the load — 17 .
* LOsSSes can be Increased by 5) Upward current through = e il ﬂ|f\f[ﬂ]:mw il
resistances — User configurable o i i
losses. I w ﬂw
Il |

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

3060 Hz switching frequency
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Presenter
Presentation Notes
Plots
AC side load currents
Voltage of internal phase A node N1
Upward current through Valve 1
Current through Valve 2 and Valve 3 directed to the load
Upward current through valve 4.



Simulation Results

r

Case 2. Back to Back 3 phase 2 level VSC

A

%
.
P
b
@
.
.
.
J
=

e 28 nodes system e The entire circuit runs on a single core
» 18 conductance values (12 IGBTs and 6 breakers) e The entire circuit runs at 2.0 ysec times
e 22 nodes are connected to a switch resistive branch * High level controls are at 35 psec
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Simulation Results

_ Plots (left end of back , Fui—
FreSqu\jléfmzlyn?Hz) Losses (%) to baCk)_ b - m““%-«ww - -
1) AC side phase A -
5000 0 load current i m il
5000 sl 2) Voltage of internal = |
10000 1.0 phase A node N1 ) % .
3) Upper phase A M
Losses can be increased by 4) \li?)l\,\\/lircgrr:snet A : — m HW“”W ”m““““wmrgq
modifying the ON and OFF valve current ”
resistances — User configurable ; ™
losses ol M, il
< T Rl I

1} 000533 0.01067 0016 0.02133 002667 0.032
Time (5

3000 Hz switching frequency
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Induction Motor Drive

Case 3:

3t

Simulation Results
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Simulation Results

e 26 Node system S — L L1
e 24 switching devices '1 =
. 22 nodes connected to a S 111 11— 1
switching branch : &
O 111 A R —
. Two 2-level 3 phase converter l— VA T
bridge T ————
 One 3-level 3 phase NPC bridge
| P J UV A AL A
 Induction machine model W N Y
e The system can run in Substep at o=
2 USec L LN LN S LN
o | ]
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Summar

e There are several platforms to model power electronics circuits with the RTDS Simulator
= Mainstep for LCC based converters (~30-60 psec)
=  Small time step (1.4-3.75 psec)
= GPES for investigating new converters topologies (as lows ~400 nsec)
= Substep for modelling networks with pure resistive switching (0.5 - 10 pysec)

Substep offer the best environment to model power electronics circuits
= Low losses that are user configurable
= Clean waveforms
= Time step size supports modelling of high frequency switching
=  Supports model from the Mainstep library

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



THANK YOU!
QUESTIONS?
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