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Why are Blackbox Models Important?

e Generic models have their limitations

~25-150 ps

Simulated Network 110 Devices

RTDS Simulator . Microgrid

« Tuning generic models can be very time consuming

« Controller circuitry may be tightly integrated with power

DNP3, IEC 60870-5-104
TCP/UDP

circuitry

DAY

Analogue/Digital,
MODBUS, DNP3,
IEC 60870-5-104,

\lE( 61850

« Difficult to scale if a large number of controllers are
involved

Tertiary Control
Power flow mana gement
DMS/SCADA

Power . Market participation
Electronics
~500-3750 ns Secondary Control
7 Voltage and freq. compensation
Synchronization, black start
() ¥
. Dispatch optimization
+Primary Control
Local DER protection
P&Q droop control
Converter controls

« Customers want models that accurately reflect the real
control and protection equipment provided by vendors

Devices Under Test

 The same code base used by vendors can be used to
create the black box model
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Techniques for Executing Blackbox Controls

Bare metal
Hardware
Operating system

Dynamic or Static library Dynamic: .dll Dynamic: .so
Real-time operation required PC Static: lib Static: .3

Dynamic:.so  Static: .a
ARM >< Static: .a

RTDS.COM
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Techniques for Executing Blackbox Controls

X Linux OS running dynamic library (.so) v' Bare-Metal running static library (.a)

The problem is the indeterministic execution
time spike ~ 200 us, which is hard to eliminate
without third-party real-time OS support.

Bare metal guarantees deterministic timing:
<1us spike.

#1|GTFRG:
[T

80us 14.05

......

aus UL ” ‘ ' ‘ !

o

H ‘ ‘ 13.51us

55555555555555555555
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Introduction to GTSOC

= GTSOC - integration of GTFPGA and
Multi-Processor System-on-Chip (MPSoC)

= New applications using processors: e.g.
Blackbox controller simulation

Technologies




Introduction to GTSOC

= Xilinx Zynq UltraScale+ XCZU15EG

= Processing System (PS)

Technologies

» 4 Application cores: ARM Cortex-A53
> 2 Real-time cores: ARM Cortex-R5

> 1 GPU core

» High/low speed connectivity
= Programmable Logic (PL)
» Larger than VC707-based GTFPGA

» Seamless upgrade for

applications

existing GTFPGA

-~

XILINX 5 :“
ZYNQ.
UltraScale+™

XCIUISEG™

FFVB1154
DFZ&361A

TAIAN

Processing System

Application Processing Unit
NEON™ |

ARM® |

TM_AG
Cortex™-AS3 | Floating Paint Unit |

IHE JZKE Mamory Embedded
|-Cache [-Cache || Management Trace
wiParity wWECC Unit Macrocell

Memory

DDR4/3/3L,
LPDDR4/3
32064 bit wECC
112 4
256KE OCM

| couswmy

‘ector Floating
Paint Unit

Memory Protection
Unit
128KB 32KB I-Cache || 32KB D-Cache
TCM wiECC WECC WIECC

ARM ‘
Cortex™-RH

with ECC

Graphics Processing Unit

ARM Mali™-400 MP2

Geometry
Processar

Pixel
Processor 4 |2

Memory Management Unit

64KB L2 Cache

figuration and

Management

Power
Management

Functional
Safety

Platform
anagement Unit
System I

System
Security Unit Functions
Config AES |
B o, Multichannel DMA
Authentication,
Secure Boot
Voltage/Temp | Timers,
Monitor WOT, Resets,
Clocking & Debug

TrustZone |

High-Speed
Connectivity

I DisplayPort v1.2a
I USB3.0
I SATA 31
I PCle@ 1.0/2.0
I PS-GTR

General Connectivity
GigE
|"use20

CAN

I UART

SPI

I Quad SPI NOR
I NAND

I SDieMMC

Programmable Logic

Storage & Signal Processing
Block RAM

System Monitor

General-Purpose /0

High-Performance HF /O

High-Density HD 1O

High-Speed Connectivity

G
100G EMAC
PCle Gend
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Introduction to GTSOC

GISOC W1 a

= oo
= GTSOC |

= NovaCor only (Not PB5)

GTSOC. V1

GTSOC V1 UNIT

4 x ARM cores

5x.a 5x.a
4 x RTDS
ﬁ ﬁ

5x.a 5x.3 interface Fibre

cables
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Procedure For Deploying Blackbox Controls

O CBuilder model alternatively mﬁel
= From Manufacturers i |
(C/C++/Fortran) ¢
Simulink Embedded Coder Simulink Embedded Coder
(ert_shrlib.tlc) (ert tlc)
4 ) !
C/C++/Fortan Source Code C Source Code C Source Code
% Cross-compile (.a) ‘E Cross-compile (.a) Simulink to RSCAD
:: = @ Conversion Tool 9
Q3 @ 83 : e 7
% =  Build Application (.elf) & = Build Application (.elf) ﬂ =
] (L]
w w .
= Generate Boot Image File E Generate Boot Image File CBuilder Model
a (.mcs) (.mcs) 1
GTSOC GTSOC NovaCor

RTDS.COM 10
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RTDS GTSOC Interface Tool

= RTDS GTSOC Interface Tool is provided to establish RTDS GTSOC Interface Tool
blackbox controller simulation on GTSOC | RTDS GTSOC Interface - o X
automatically and quickly. ook e

» Cross-compile the source C/C++/Fortran codeto.a RTDS GTSOC Interface II]I!?.II%S
file. Version: 1.8.8.8

=  Automatically modify the wrapper C code and link
the .a file to build application executable .elf file.
= Generate the GTSOC boot image (firmware) file
.mcs.
= Download .mcs using RSCAD firmware Upgrade Tools:
Utility Compile Library

Generate Firmware Settings

© 2022 RTDS Technologies Inc. All Rights Reserved.
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RSCAD FX GTSOC DOTA Component

= Each GTSOC unit has one ARM Cortex-A53 Processsor with four cores
= Each ARM Cortex-A53 core requires one DOTA component

DOTA component

#1

= Each DOTA component supports up to five DOTA instances

25
22

= Each DOTA instance supports up to 64 inputs and 64 outputs
= Each instance could be the same (multi-instance) or different

EnDOTA: EnDOTA

DotaSteplus). 166 .67

Part: 1
@ Component Parameters for _rtds DOTA_ VO.def o x @ Component Parameters for _rtds DOTA_VO.def [m] X
_rtds_DOTA_VO.def @ _rtds_DOTA _V0.def @
N Di T Val Unit = Mi M. MName Description Value Unit  Min  Max
L B TR ame escription alue ni in Max GENERAL CONFIGURATION - .
Nams  DOTA Component Name: GTFPGA1 pfx Add signal name prefix for dota #1
DOTA #1 CONFIGURATION g _
DOTA#1 CONFIGURATION | o o e o\ DiTA exscution (5-bitstarting from L5B) | EnDOTA she Add signal name suffix for dota #1 _Dotall
) DOTA #1 INPUT nminput  Number of inputs (FROM RTDS variables) to step function | 17 1
DOTA #1 INPUT nminst  NMumber of DOTA instances 5 1 5
PR G nmoutput  Number of outputs (TO RTDS variables) from step function | 8 1
DOTA #1 QUTPUT typeop  Type of dota operation Asynchronous
dotadt  DOTA simulation time-step 50 us 10 500 DOTA #2 CONFIGURATION
DOTA #2 CONFIGURATION
ctrlGrp  Assigned Control Group 5 1 36 DOTA #3 CONFIGURATION
DOTA #3 CONFIGURATION . . -
Pri Priority Level 284 1 DOTA #4 CONFIGURATION
DOTA #4 CONFIGURATION  Port GTIO Fiber Port Number 1 1 24
DOTA #5 CONFIGURATION
DOTA #5 CONFIGURATION
DEBUG
D AUTO-NAMING SETTINGS
AUTO-NAMING SETTINGS
OK Cancel Cancel All

DOTA General Configuration Single DOTA Configuration

RTDS.COM 12
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DFIG System Example

Simulink DFIG System (Electrical System)

Wound-Rotor
Induction Generator

y I : a
| ] E' b |
C c
L ) |
< M Q
< Q
Filter Choke
Q=50
T
— m O o

[Wabc_grid_conwv]

[labc_grid_comy)

|:<F'ulsas_grid_|:unu|| iPuIsas_rmnr_cnnDj
.
- [Wabc_rofor]
c1 a a
= _ B —g % b
c L

B_grid_conv B_rotor_conv Wnom_rnom
Z=0%

o o = @
0o m = om
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DFIG System Example

Simulink DFIG System (Control System)

Turbine and Drive Train:

Wind turbine
Drive train

Wind Turbine Controls

»{ W_wt (pu)
[Pien_seo) ~>—»{ichangie des) S it a) > T_wt (pu) W_wt (pu) —
-.1 —— Wind speed (mis) speed {pu) Tm@]% [Tm] [Pmeas] =¥
. \ " m meas
Wind {mis) Wind Turbine 3
Drive Train Fower base for the Generator

[w] 2

Technologies

Filtering and measurements
Grid-side converter control system
Rotor-side converter control system
Speed regulator & pitch control

Turbine and Drive Train

Filtering and

Measurements

Wind Turbine controls - GE DFIG 1.5MW

Velge [Vdgs

i E E

§ & g 3 &
EIREl

HRERE

RN o

Iedar Tdar]

Speed regulator & Pitch Control

wr Tem_cmd

Pmeas Pitch {dag)

Speed & Pitch Control

Grid-Side Converter
Control System

[10_gey >——»

e

[ovdae) —
fvae_meas T2 —>
[mets_pL>—)

Idg_gc

Ustrl_geid_canv

Vdas

Mdc

Theta PLL

Gnd-side Controls

Rotor-Side Converter
Control System

[,

e
T
ET
[rem_cmgl>— e

-
—
[wr] —
N
[ed_meas 22—

Qraf Uctrl_rator_cany

[r_angle_transform] _=>—
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DFIG System Example

RSCAD DFIG System

Electrical System (on NovaCor):
Same as the circuit in Simulink

Control System (on GTSOC):
Filtering and measurements R
Grid-side converter control system 4}7 | N |
Rotor-side converter control system c - 1 T .

Speed regulator & pitch control

Interface between NovaCor & GTSOC GTsoc

DOTA component: RTDS interface (Port 1-20)
4 x fibers

4 x Cortex
A53 cores {mmmmmmmm—) 4 x RTDS ————>

(Running DOTA) interfaces

RTDS.COM 15
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DFIG System Example

Multi-Core and Multi-Instance Testing

Electrical system :
21 DFIG systems, 2 AC Thevenin networks
Control system:
20 DFIG controls on 4 GTSOC cores (every 5 DFIGs controls on
one GTSOC core)
Four DOTA components (one per GTSOC core, each has 93 outputs
and 53 inputs)

A EREEE oo WT o CBulder Contreller [——
! == L (e
L : i SR R ¥ P gy | 1 ‘
= G A4 % B [
| PR ! , = e e ety e

Single DFIG Electrical System 21 DFIG Electrical System

RTDS.COM 16
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DFIG System Example

Multi-Core and Multi-Instance Testing - Timing

20 DFIG DOTA Timing + Communication Timing (93 Outputs +53 Inputs): 22us + 1us jitter
Communication : 6.3us
Each DFIG DOTA: (23-6.3)/5=3.34us

Subsystem #1|GTFPGA1 % [#]

_______________
nnnnnn

23,000 !

\ ||_.|I|| ||. “1] .1||...‘| Il' “|| ”] Ll .l' .|,.| ||L J]hlllh I|| |l‘ “ ||. |||,'||'I ||J

DDDDDD

333333333333333333333333
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SMA Inverter Example

RSCAD Case

PV Inverter (A\WVM)

o

For the PV system:

» PV panel

» UCM to represent the grid-side converter

» Grid-side transformer, scaling transformer, and Thevenin equivalent AC source
» GTSOC time step size: 166.67us.

» Simulation time step size: 50us

Technologies
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SMA Inverter Example

» Also modelled SMA battery inverter
» Comparing results with PSCAD

Technologies
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SMA Inverter

Timing Statistics

Example

Subsystem #1| DebugDOTA

Subsystem #1| DebugDOTA e

l [DOTA_dota_steperetime |

us

] | | | |

O0TA_data_timestep

168 -

u=

20

i

us

n

167 .4

167

w 1665
a

166

1654

DEITA_duta_steEexetlme

(T

1
O0TA_dota_timestep

W

DE652Z  D.G6OG4  D6V4D6  D6Ve4T  DGS239  DGSTH DGOITI

Technologies

DOTA execution time: periodic jumps (purple
and green) are not spikes but scheduled
controller tasking (e.g., protection).
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