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Introduction to GTSOC —

POWER PROGRAM PS MONITOR PL MONITOR

= New generation of FPGA platform

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

= New applications using processors:
Specifically targeted for vendor Blackbox
models

» Accurate model

WRIDS )

» Manufacturer IP protection
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Introduction to GTSOC

Real-time required! Operating System
Linux Bare Metal

= Hardware
= QOperating system

Dynamic: .dll Dynamic: .so
Static: .lib Static: .a

X

Hardware

Dynamic: .so

= Dynamic or Static library X Static: Static: .a
x  Linux OS running dynamic library (.so) v Bare-Metal running static library (.a)
Indeterministic execution time spike Bare metal guarantees deterministic timing:
Hard to eliminate the spikes without <1ps spike.
third-party real-tlme. OS support. 14.05ps [= T
80us - T |
s i ; m T 1 | 13.51ps | ==
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Blackbox Controller -Capability

= GTSOC is compatible with NovaCor

> Fiber cables connection

» Communication via RTDS interface runs in parallel on FPGA fabric
» Applications runs on 4 ARM Cores

» Ability to run at a different timestep from the NovaCor timestep.

DOTA GTSOC V1 UNIT
#1 #2 #3 #4 #5
NHEBE 4 X ARM cores —
Name: DOTA 5 X .3 5 X .a 4 X R.I.Ds
EnDOTA:  EnDOTA ) ¢ Fibre
DotaStep(us): 50 interface
. 1000 00,00 5x.a | 5x.a | AXl bus cahles
Port: 1
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Blackbox Controller - GTSOC Blackbox Builder

GTSOC Blackbox Builder

Establish Blackbox DR ——
Controller simulation on -
GTSOC automatically and

quickly.

Compile Library
F Generate a static library (.a) file.

= Cross-compile the source
= From manufacturers Iy

(C/C++/Fortran)

= From MATLAB Simulink

RTDS GTSOC Blackbox Builder

Generate Firmware

Build an application using a static library.

Xilinx VITIS running
background

Load wrapper C codes
link .a files and build .elf
files.

Generate the GTSOC boot
image file (firmware, .mcs
file).
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Case study- VSC-HVDC System

Simulink Demo VSC-HVDC System (Electrical System)

230 kV, 50 Hz P,Q P,Q 230 kV, 50 Hz,

2 000 MVA equivalent === > 75-km cable S S 2 000 MVA equivalent
—{ Tt e

Ap T A
Bp 4| | Cable | T B
b I
75-km cable
AC System 1 B1 Station 1 o _ o Station ? B2 AC System 2
(Rectifier) {Inverter)

Mote: Go insider to Convert "SubsystemCtrl" Box

Data Acquisition TwoStation_Controller Data Acquisition
Station 1 Station 2

power_hvdc _vsc.slx

RTDS.COM 7

Technologies




Case study- VSC-HVDC System

Simulink Demo VSC-HVDC System (Control System)

= Signal processing i SN »
Uabc (pu) |—> v_AB - "
. . @@ —»|1ac 18— W " o) IR ol o Vref_lim_abe
Filtering and measurements N P B —— T
Uf_abe (pu) Ude_meas
Ca) p{lv_abc v AB s

Transformations @_. wt

[lv_abc)

| Vref_lim_abc

. . dvref_abc : "'@
Signal calculation

= Quter loop control " v o

[ U_AB Pdc_meas -

Clark Transformation Sl BT ““'-"”-‘“T

Inner Current Loop

enable_dcvbe DC Voltage Balance

Mod_index AND Control

|_AB

NOT
Udc_meas

Active & Reactive power control -
_ T v
Or DC voltage & Reactive power control

Udc_meas

Uf_meas.
U_meas (pu)

P_meas Iref_dg p [Iref_dg] |
- - \ Uf_meas (pu)

Udec_pn Q_meas

Q_meas Iv_meas (pu)
Ide_pn (pu]

Idc_pn U_meas U_meas P_meas (pu)

Q_meas (pu)
Signal Calculations Pret

Current reference calculation >
* Inner loop Current control - - e ol s D

Qref Pref ramoe e od
Pref_ramped —F-\\!‘F\ amped| Pref_ramped] ref_ramped (pu)
> Nt e o

Udref v d
() B block_status Tv_da] v_dla (pu)
Mod_index

. . block_status lod_index]
Simulink Embedded Coder Outer Achve-Reacie Power i

and Voltage Loop Udc_0_mean]

vsC (ert_shrlib.tlc) Fra
Pole Control - e >—»fu s Notes

wt U, P, G = AC voltage, active power, reactive power at point of common coupling (PCC)
& Uf, Iv = AC voltage on AC filter bus, Converter reactor phase current
oL abe suffix denotes phases a, b, ¢

AB suffix denotes alpha beta components
pn suffix denotes positive and negative poles (DC side)

TwoStation_Controller C Source Code
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Case study- VSC-HVDC System

NovaCor + GTSOC Simulation
= Generate firmware using GTSOC Blackbox builder

VSC-Based HVDC Transmission Link
200 MVA (+/-100 kV) L i L

SUESTEP ( SUBSTEP N
WI3TRI WT3TR2

)]

TRF#1

MIVA = 66567 MVA

I MVA = 66667 MVA

= Build Power System and DOTA on NovaCor R

Vi vz
121502 000
PIVes 622383 ‘
ey

MR = G667 MU

, ) [ : L
Vi vz .
( TREEZ 43150 E 1000
. MVA = BEEET MVA
g vz
TRESS m.sce§ é 1000

MVA = 66667 VA

HVDC

FIVsE
s

= Upgrade firmware on GTSOC s /]

MVA = 66567 MVA

[ - -
s

LG FAULT PORNT

rl_.IEr]il'E\_rE_l""_iﬁiiﬁcﬁ""""" - TTTTTTTTTETTEmTTTeT 1 WT3BRG2 UCMZLEVEL ¢
! L] .\ITJ\%)],( . H 3l WTdeP2 . . \\WEI(J(D'l l"-"a'?'c% . . . . \‘-T‘\'d:’.‘x! ] :
02251 303 #0e-3 DO251 :
VTSRt WTspIpe : -
C/C++Suu rce cnd e - - 3= 0521 pAsE3 0.521 0005953 e :
VALVE 3 VALVE 5 = - 2 _ ! =
EES 3= e
o| M o Wil WIIRL2 . v o
RTDS GTSDC ne W0 Jrmnsose-s _L_ niTEaes WD
EH H sl gA, mL i
Blackbox builder = . : : ¥ X DL
| B WTIIN W3Rz =9 :
4 B AV v -
- [5271 pACSIS3 0521 D533 ]
- VALVE £ MALVE A N H i\'TBLnl WTIdoN 1 WTIICN2 WL H L
C rD SS ': D m p | I e ['a } 1 _ ~ N _ . R e 30‘;;’;5£ WIROMEE Y
Firmware Upgrade
Build Applicatior{.elf) TR SRS
Request I~
GTFPGAS Current Version MNew Firmware Version Current License Mew License License
o EnDOTA
Generate boot |m3ge File [Jrack43port 1pos: 1 |DOTA HAV 1005 SMW 00000000 [keep currentversion [+ ]vauip keep currentlicense [+ | [ 31 IEI S
. = 0 &L
rack3 port 2 pos: 1 DOTA HW 1005 SAW 00000000 keep current version VALID O DOTA : DOTA
(' bl nor. mCS) =i gtfpga_A15_VSCHVDC_1003_04B40301.mcs = Name
] rackd3 port: 3 pos: 1 DOTA HAW 1005 SMW 00000000 | gtipga_A15_Statcom_1003_04B40101.mcs VALID O EnDOTA: EnDOTA
GTSOC || rack43 port 4 pos: 1 DOTA HAV 1005 SAY 00000000 | VALID O DotaStep(us): 50
rack43 port. 5 pos: 1 DOTA HW 1005 S/ 00000000 keep current version w |vaLD ]
= | M M L SIW: 0000 .00.00
] rackd3 port: 6 pos: 1 DOTA HAV 1005 SAV 00000000 | VALID O
— Port: 1
[ rackd3 nor 7 nos 1 DOTA HW 1005 SAY 00000000 [ vALID 1 |

Technologies

RTDS.COM



Case study- VSC-HVDC System

3ph Fault Event Results

Power Waveforms (WT2 - CBuilder - GTSOC) fﬁ@ ] I Control Signal Comparision (STATION 1) fﬁ@ ] I Control Signal Comparision (STATION 2) fﬁ@ ]
%ijuu Bl S11WTEe B S19WTEla_B1 S13uT:Ub_Bi [TIFef_al |NT2bet b1 WT2bef o1 WTHutef_al WMT3utet bi m‘aﬁ_ﬂwmf b2 WTIwhef o2 WTHvef_ad WT3uhef bi Simulation
z Hp (Y ) ' 08 °e
b Mﬂ%ﬁ]’ﬁﬁ&%&h’fﬂ“ﬂﬁw ’ MmLfmwmmmwbt Time Step:
TER & | T2 b1 T2l o1 T3y a1 wmw.m -1 E— -1 T 50 S
-3_ a3 'l.IL'TEI':.r b2 :I.I'I.I"I'Ehr cEI'LI'I.I'TShr aEI M I:-IE | EEEZ . . . . . | ZEZ . ) . . . |
ol devevivavavinasavill It by [T st GTSOC
4 : : ' . ! | 1 /\ ool Execution Time
3_BI]51) WTZUb B2 51)WT2Us B2 $1)WT3Ua B2 51)UWT3Ub_B2 05 Y : I\, -
VA S R verywmmanl Iy o o
o AL I VA po  [PIOTESFUII0 measbl o5

’ _ 005 |- o .

. [WTIEFT iz 0 ol N [
.D_ -0.06 - -1 5.4 HH 11 LI | 1

o5k 01 ] ] ] ] ] A5 ] ] ] ! | | I |

) e e e [P st e [TRTSPUT Wt cpuz :

kA

1.5 1- R 08 0 D05 D 05 D2 D25 0.3
[WTZWAeBuzT | T3 e Bus | 0sf 095
260 - 06 A
= ol 0.4 1051
= oz A1
200 o 1 1 1 1 1 I 415 1 1 1 1 1 I
120 1 1 1 1 1 ] ] ]
[T ZIref GFUT [uiTs et gPUT [VTZIref P U2 [T Iref_gPLZ
[WTTACBUsT | T3 Buss 01 r
260 - o
240 |- 015 0.5}
= 0l 02 ok
= 700 035
120 1 1 1 1 1 | 0.3 1 1 1 1 1 | 0.5 1 1 1 1 1 |

o 0.05 o1 0.15 0.z 025 0.3 i} 0.05 0.1 015 0.z .35 0.3 i} 0.05 0.1 015 0. 0.5 0.3
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GTSOC Applications- HVDC Controllers

Simple controllers

DOTA

#

44
-
Pole Control Name: DOTA

= Simple controllers:

Implement controllers for

multi-terminals in one ARM
DotaStep(us). 50
core TwoStation_Controller 22’: 0000 -100 -00

= Complex controllers:

Complex controllers
Implement controller for one P

terminals in multiple ARM DOTA DOTA DOTA DOTA
#1 #1 #1 #1
. 9 5 10 62
cores (up to 4 per GTSOC unit) 7 48 3 18
Name: ARMCore0 Name: ARMCore1 Name: ARMCore?2 Name: ARMCore3
EnDOTA: EnDOTA EnDOTA: EnDOTA EnDOTA: EnDOTA EnDOTA: EnDOTA
DotaStep(us): $TS0 DotaStep(us): $TS1 DotaStep(us): $TS2 DotaStep(us): $TS3
SIW: 0 .0.0 S/W: 0 .0.0 S/W: 0 .0.0 S/IW: 0 .0.0
Port: 1 Port: 2 Port: 3 Port: 4
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= PV

= Wind

= Battery energy storage

= Synchronous machine exciter and governors

= HVDC

Technologies RTDS.COM 12



THANK YOU!
QUESTIONS?
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