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GTNETX2

What is the purpose of the GTNETx2 card?

 Provides an interface between the simulation and the real world using known

substation automation protocols

1 - GTNET-SV

2 — GTNET-GSE

3 —GTNET-PMU

4 — GTNET-DNP
5—-GTNET-104

6 — GTNET-PB

7 — GTNET-SKT

8 — GTNET-MODBUS
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GTNETX2

Main Hardware Features
d Combined two existing GTNETs into one card

O Each ‘'module’ is completely independent with no

shared resources
O Support SFP modules for Ethernet
O Run 5-10 times faster than the previous GTNET card

O Separate front panel display

O Require GTWIF firmware OS 104 build 7
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GTNETX2

Software Support

O Firmware upgrades are handled using

software GUI

O Switch protocols

O Add new protocols & License

Mmanagement

 Delete old version protocols

-
|£| Firmware Upgrade

h. N

C5)

Firmware Upgrade

[WIF | eTWIF | 'GPC | PBS | GTFPI | GTAC | GTAI | GTDI | GTDO | GTSYNC | GTFPGA [ﬁ

|

Rack 5, Card 1, Port 1:172.24.9.182 - Module B Protocal: 104 0 |Protocol PB 0 |+ |
B Protocol: DNP 0 |Pratocol PMU 0
Current Protocol: | *SKT 115 |+ | | EditLicenses Protocol GSE o | Protocol sv o
Installed Protocols: |Add Protocol [+
Protocaol: 104 1
|Version: 3.14 (Checksum:15890EDT) | Installed | Remove | r
Protocal: DNP
|Version: 3.14 (Checksum:F4DFBB20) | Installed | Remove |
Protocol: GSE
|version: 6.15 (Checksum:EECEDD2E) | Installed | Remove | —
Protocol: PB
|version: 3.15 (Checksum:ESBCC5E2) | Installed | Remove |
Protocol: PMU
|Version: 3.14 (Checksum:6513C5B9) | Installed | Remove |
Protocol: SKT
|version: 1.15 (Checksum:201DDD29) | Installed | Remove |
Protocal: SV
|Version: 5.15 (Checksum:D72D4084) | Installed | Remove | =
Update | | CanceliClose | | Select All | ‘ Deselect All | | Re-Scan
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Software Support

O Card parameters
can be configured
within the Config
File Editor

w Rack 5 (172.24.4.5) Cards: GTWIF: 1, PB5: 1, GPC: 4, GTIRC: 1

[T R (T BTN R 5 R S

I T T R R T e B SR R
LT T e L N 7 S SO I e
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GIWIF

4000

UNUSED

DIP

EBS

1.00

DIP

EBS

1.00

DIP

GEC

1.00

DIP

GEC

1.00

DIP

GEC

1.00

DIP

GEC

1.00

DIP

GPC
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||| q]a ][] d[d]A]q[A][A)4]|C|4[q]d[q]4

||| q]q]|q ][] d[d|dq]q[q|[4]4]C|[q[q]dq[q|4

UNUSED

BACKPLANESFEED &0

I/0: GTSYNC: 1, GTNET: 2, GTFPI: 0, GTAT: 0, GTAD: 0, GTFPGA: 0, GTDI: O, GTDO: O

GIS¥YNCT

[a]v]

Edit Card Parameters

IP Address:
Subnet:
Gateway:

SNTP Server IP Address:

172. 24 .

255.255.

172. 24.

172. 24.

Edit Peripherals

= ]

Available Peripherals

Selected Peripherals

Card Ports
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GTHET_PMUEEIIEIIEI
omuer 104 [4] 2] s] ] [s] [e] ][]

Message Area

GTNET_SKT (4] [2][3][4][s] [s][7][g]
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oTA EEEEEERE i_

-

4]

Ll View Al O

sove | conon
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GTNET

GTNET-SV

O Simulates IEC 61850 9-2LE or IEC 61869-9 compliant Merging Unit

O 50Hz or 60Hz system frequency
O Publish and Subscribe to SV

 9.2LE Output Mode 4 IEC 61869-9 Output Mode
O Can be configured to publish up to O Able to publish one data stream with up to
2 output data streams 24 channels of voltages or currents
O Sample rate at either 80 or 256 O Sample rate at 80 samples per cycle
samples per cycle O Jitter between samples is less than 10 usec

O Supports the Chinese National Standard for
SV merging units
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GTNET

GTNET_SV9-2_v5 Input Mode

O Can be configured to subscribe 1 data stream from
1 MU at 80 or 256 samples per cycle

1 GTSYNC is needed for use of the GTNET _SV9-2_v5
component

I Technolo g ies celebrating 20 years as the

GTMNET-SV

GTHET Card # 1
ZPC Fiber Port 1

GTHMETSW1

Multicast Address
01:0C.C0:04:00:00

20
samples f cycle

System Freq
B0H=z

WA,

WB

W

WM
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GTNET

GTNET-GSE
GTNET_GSE_v5.def

O Provides IEC 61850 GOOSE communications

d Supports up to 4 TX/RX modules, which can be arranged to simulate 1-4 [EDs
(i.e. 1 IED with 4 modules, 4 IEDs each with 1T module...)

O Each module can send up to 64 points (stVal) (Boolean, or INT32, or FLOAT32, oons (58
or Dbpos), or 32 points with Quality GTNET_GSE_us

O Each module can receive up to 32 points (16 Booleans) with Quality
O Can receive GOOSE message from up to 16 unique external IEDs

O Required firmware GTNET-GSE v5.16 or higher (not compatible with
GTNET_GSE_v2)
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GTNET

GTNET-GSE
SCD Editor (IED Configuration Tool)

C TNET

IED Capability File

configuration files (IEC 61850 SCL format) for GINET

O Exports GTNET-GSE ICD file - the configuration file | ‘
defines the capabilities of the configured GTNET IED ica
O Creates and edits a Substation Configuration
Description (SCD) file
O Firstly imports SCL files (SCD, ICD, CID, SSD...) of the
external devices
0 Then maps the external references to the GTNET inputs

I Technolo g ies celebrating 20 years as the for real time digital power system simulation

O A engineering tool to generate required -

.S
file

SCD Editor
Program Substation Configuration
Description File
used by RSCAD/Draft

IED Capability File
for Relay




GTNET

GTNET-PMU
PMUv4 & PMU_v5

O Designed to provide symmetrical component information related to three phrase sets of
instantaneous values of voltage and current samples

O Large number of PMUs may be included in the simulated power system network
O Designed according to IEEE C37.118.1a™-2014 and IEEE C37.118.2 - 2011
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GTNET

GTNET-PMU
PMUv4

g
g

U000

Simulates up to 8 PMUs

Provides phasor information for voltage and current, including phase
values, positive, negative, and zero sequence values

Up to 12 phasors can be enabled for each PMU
Provides measured frequency and rate of change of frequency information
PMU algorithm includes P class, and M class

Two modes
0 Metering mode
O  GTNET card and GTSYNC are not needed
U Enabled phasor data only available as named output variables
O C37.118 data output mode
O Need GTNET-PMU and GTSYNC
U Send phasor data out to the network through GTNET

Technolo g ies celebrating 20 years as the

GTNET Card # 1
GTIO Fiber Port 1

PMU1

Lt

Systern Freq: 60.0 Hz
Algarithm: AnnexC[P]
Rotation: ABC

P

1PPS

PMU_Va

_rtds_GTNET_PMU_v4.def

F PMU1-& AC SOURCE r PMU1-8 ANALOG/DIGITAL SOURCE |

CONFIGURATION |/ PMU1 CONFIG |/ PMU1-8 CALIBRATION
Mame Description Value Unit Min Max
eC37data Enable output of C37.118 data using GTNET  |Yes | - 0 1 |~ |
Name GTMET Component Mame PMLUA
pmutype PMU Model Type Annex... |v v] 2
cfgtype Configuration frame format Config 2|+ 0 1 =
freq Base Frequency (Hz) 60.0 hd 0 1
nFMU Mumber of PMUs (maximum &) 1 hd 0 3
adv Delay Input Signal to align vV & | Vbvidt |« 0 1 |
afx Plot Signal Suffix
calib_const  |Common offset applied to all PMU inputs (] degrees  |-360.0 360.0 |
dt _adi Time-sten adinstment tn all innot sinnal el it -A00 A0 i
| Update || Cancel || Cancelal

for real time digital power system simulation




GTNET

GTNET-PMU
PMUv5

O Simulates more PMUs with few GTNETs for large networks
d Simulates up to 24 PMUs

PMU1

O Up to 2 phasors can be enabled for each PMU, which are the positive sequence phasor information for GTNET Card # 1

GTIO Fiber Port 1

voltage and current
Provides measured frequency and rate of change of frequency
PMU algorithm includes P class

Two modes
0 Metering mode

OO0 0

System Freq: 60.0 Hz
Algorithm: AnnexC[P]
‘\Hntatinn: ABC

O  GTNET card and GTSYNC are not needed

U Enabled phasor data only available as named output variables PMU Vs
O C37.118 data output mode

O Need GTNET-PMU and GTSYNC

U Send phasor data out to the network through GTNET
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PMU TEST UTILITY

Testing External Physical PMUs
A RunTime Feature - PMU Test Utility

RUNTIME
PMU WAVEFORM CONTROL

REPORTS &
RUNTIME SAVED DATA
—— PMU TEST UTILITY

PMU UNDER TEST ‘

UDP

ITECh no logies celebrating 20 years as the world standard for real time digital power system simulation




PMU TEST UTILITY

[ e B
o o [ emu utility ‘
Help
e S I I l X e rI l a S I ‘ a S Connection Parameters PMU Summary
STN:\ ‘ |cnm:| | \Name:\ ‘ |
. o o Socket: @ TCP r uop Real-Time Info
Time NA
A RunTime Feature - PMU Test Utilit ot [ “
Remote Port 4722 | | |IEEE €37.118-2005 -
Deviceld [z | -Tesl
Config cnt -
Framesisec : Mom Freq: Phasors : Analogs : Digital :
Testing I/Ana\ys\s r/f‘ ¥slep=50.0 us
ime =
Test= nia
Current Control ‘PMIJSRC |" plot vs time r plotvs freq
SN Otlal vector error core |
‘ Load || Run/Analyze || Save ‘
V1 Output (pu){deg)
VA [1.0 | ang: o0 [ 1a: 1.0 | ang: [o.0 |
a e r a a VB [10 | ang:[-1200 |1B:[10 | ang: 1200 |
Ve (10 | ang:[1200  [iC:[10 | ang: [1200 |
V offset ang: 00 loffsetang: 0o
Frequency: 60.0
ontrol test parameters e
Mag. Step Change (pu) ’r Delay (sec) ’r
Phase Modulation (Hz) [0.0 Index 0.0
. Phase Step Change |00 Delay {sec) (0.0
d Analysi I e o e
00B Frequency (Hz) |00 Index 0.0
HARMONIC Frequency should not exceed 1/2 the PMU sample rate
1 Harm 2 | tou) [0.0 | 2Harm [2 | teu) 0.0 |
JEX PO rt results T e
Generate HTML Report || Generate CSV Report ‘
Message Ares Copy O | Clear View All O
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GTNET

GTNET-DNP & -104 (60870-5-104)

GTMET Card # 1
GTIO Fiber Port 1

GTNET_DNP

DMP Slave Adrs: 1
Master Stn. IP: 182168 1 173
Port Number: 3671
Points File (. tet): points

O Binary simulation status/input (i.e. breaker position)
L 1024 (scan rate 1000 Hz)

O Binary simulation control/output (i.e. breaker commands)
L 512 (scan rate 1000 Hz)

O Analogue status
L 500 (scan rate 10 Hz)

d Analogue control
O 100 (scanrate10H2) e A

O The GTNET — DNP and -104 supports one master with a maximum polling Mster sin P 162102, 1173
rate of less than 5 Hz

Fuaints File (.t} points
I Technolo g ies celebrating 20 years as the for real time digital power system simulation

UDF / TCP

GTNET Card # 1
GPC Fiber Port 1




GTNET-SKT

GTNET

O Interface with external software/hardware over a LAN/WAN using TCP or UDP sockets

O The communication is

O Bidirectional
QO Asynchronous

O Unsolicited

O Initiated by each side of the Ethernet based communication link

O Able to send data size up to 300 points (4 bytes/point) per packet

O Data type is defined either be Integer or Float (IEEE 754)

d Maximum recommended update rates

O GTNETx2 - 1K Hz for 300 points or 5K Hz for less than 60 points

O GTNET - 100 Hz for any number of points

Technologies

celebrating 20 years as the

for real time digital power system simulation

GTNET-SKT

GTNET Card# 1
GTIO Fiber Port 1
GTNETSKT1
Mode UDP
Remote [P 255.255.255.255
Remote Port 10001
Local Port 7777
Variables To: 1 From: 1

SendDataFlag NewDataSeq

NewDataFlag
SocketOvr
ReadyToSend

InvMsg




GTNET

GTNET-SKT

-
L. <4—Oo [T . )

SKT Remote Station -
dedicated hardware,
computer
workstation...

GTNET-SKT

Techno logies celebrating 20 years as the world standard for real time digital power system simulation



GTNETX2

GTNETx2-Modbus

O The protocol is commonly used in SCADA system automation to facilitate GTNET-MODBUS

communication between a Mater Station and a RTU (Remote Terminal Unit)

GTNET Card# 1
GTIO Fiber Port 4

O The GTNETx2 Modbus component provides Modbus communication over TCP/IP

Mode TCP
NAME GTNETModbus
Points File (.txt): points

O Modbus TCP Local Port 502
Slave Addr 1

networks using the GTNETx2 hardware. Three variants are supported —

d Modbus RTU over TCP
L Modbus ASCII over TCP

O Operates as a Modbus Server/Slave to communicate with a Modbus Client/Master

I Technolo g ies celebrating 20 years as the for real time digital power system simulation




GTNETX2

GTNETx2-Modbus

Capability
Discrete Inputs 2000 0 - 1999 (0x0000 - 0x07CF)
Coils 2000 0 - 1999 (0x0000 - 0x07CF)
Input Registers 125 0 - 124 (0x0000 — 0x007C)
Holding Registers 125 0 — 124 (0x0000 — 0x007C)
Exception Status 8 0-7

ITECh no logies celebrating 20 years as the world standard for real time digital power system simulation



GTNETX2

GTNETX2-Modbus

Read Coils 01 (0x01) 2000
Update frequency

O The update frequency for the
Discrete |npUtS and CO”S iS Read Holding Registers 03 (0x03) 125
100 Hz; for Input Registers

Read Discrete inputs 02 (0x02) 2000

Read Input Registers 04 (0x04) 125

and Holding Registers is 10

HZ Write Single Coil 05 (0x05) 1
Write Single Register 06 (0x06) 1
Read Exception Status 07 (0x07) 1
Write Multiple Coils 15 (OxOF) 1920
Write Multiple Registers 16 (0x10) 120
Mask Write Register 22 (0x16) 1
Read/Write Multiple Registers 23 (0x17) 120

Techno logies celebrating 20 years as the world standard for real time digital power system simulation



IEC 61850 Edition 2

[EC 61850 ED2 — Testing

and Simulated Signals

O In order to carry out functional,

Simulation

commissioning or maintenance tests, a Device injects | ° mHiation Bit = true T
. . signal with the G 1
communications network-based SAS that simulation bit set Jﬂﬂjﬁlﬂﬂmﬂﬂjjﬂ
. . to TRUE
supports testing functions should offer some Goose 1 O"{“» _—
of the following facilities: [ N o
O at the IED level, the option of receiving _ Incoming data
. . . . . Actual Devices Oy, processed
multicast simulation signals instead of actual inject signal -
. without the Goose 2 . >
signals simutation bit set | JJLILIIL UL ALLILL oA
. . O
O at the LN (function) level, the option of o TRUE Goose 3 ‘"-/., .
receiving test input signals instead of actual A geception .
signals Buffer

O at the LN (function) level, the option of

setting a function or a group of functions of

) Example of an IED (IED1) receiving simultaneously simulation and actual signals -
the system in test mode

To allow the IED1 to process the simulated Goosel message instead of the actual Goose 1 message,
the Data Attribute Sim.stVal in the LN LPHD1 shall be set to TRUE

Technolo g ies celebrating 20 years as the for real time digital power system simulation



IEC 61850 Edition 2

IEC 61850 ED2 — Subscription Monitoring (LGOS and LSVS)

O The LGOS and LSVS logical nodes may be used to monitor subscription states to GOOSE or SV signals
O They contain mandatory information like status of the subscription (active, not active) and other optional information e.g.
the source GOOSE or SV control block identification
O The root LD LPHD.Sim.StVal is used to switch the ability of the DUT to accept real or simulated test signals, then LGOS or
LSVS will indicate the state of the incoming signals
O For example if LPHD.Sim.StVal=true and there is a SV telegram with the simulation flag set=true then
LSVS1.St.stVal=true and LSVS1.SimSt.StVal=true

I Technolo g ies celebrating 20 years as the for real time digital power system simulation



GTNETx2-SV-v6

GTNETx2-SV-v6

GTNET-SV1

1B
GTNET Card # 1
O Only supported on GTNETx2 cards GTIO Fiber Port 1
Ic GTNETSV1
Q SUppOI’tS IEC 61850 Edition 2 N TEMPLATE
. . Multicast Address
O Simulates a MMS server using a GTNETx2 module va || O10:CD:0400:00
. . . . 80
Q Connects up to 4 simultaneous IEC 61850 MMS client sessions*, which are able to - samples/oydle oo ver
VB System F
O Browse GTNETx2 data models e
O Read values from logical nodes ve RTDS
. 500kV
U Enable/disable SV Control Block VN 5L1
O  Control the Sim.stVal under the logical node LPHD1 to process simulated SV messages
D Support |Ogica| nOde LSVS WhiCh Contains = OUJ(:&;‘CESR?:I(E)%CONHG r’/S\’H OU;}E:JJN(EEA;NCPLELI\_NE]GUAU%YEW/AW‘ MMS SERVER ADDRESS
O  Optional Data Attribute — St (status of the subscription -> True=active, False=not active) e = — | e | W
O  Optional Data Attribute — SimSt (status showing that real Sim messages are received and accepted) 353 gm?eci::mmm e = b :
. . . SYSFREQ Nominal system frequency (Hz) 0 -
O Allows to use GTSYNC time of day for MMS and/or the “RefrTm” field in the SV e e H——
telegram e
N T 1 —
priyp Solve Model on card type GPC/PBS - 0 2
| gtnettype GTNET Type (GTHNETx2 -
*More connections may be supported if required GT_STAT GTeMNC advance ;T,Tzurwf H |r -
Update Cancel Cancel All
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GTNETX2-GSE-v6

GTNETx2-GSE-v6

O Only supported on GTNETx2 cards GTNET Card # 1

GPC Fiber Port 2

O Supports [EC 61850 Edition 2 SCL file: file2.scd

Signal
name suffix-
O Can be configured to simulates a MMS server using a GTNETx2 module MMS SERVER
O Only one IED is simulated since there is only one IP address associated to HeAlus

each GTNETx2 module

L Provides XCBR/XSWI status information and supports CSWI Control Service GOOSE Output Qualty Tes!NosGomm iap Enabls |

GOOSE Input Quality, Test, NdsComm Bitmap Enables

th ro u g h M M S messa g es RX/TX 1 Output Signal Names/Types r RX/TX 1 Input Signal Names/Types

CONFIGURATION r MMS SERVER ADDRESS r GOOSE Configuration

Output Deadband Parameters r RX/TX 1 Output Retransmit Curve
O Allows to use GTSYNC time of day for MMS and/or the “RefrTm” field in

Name Description Value Unit Min Max
t h G O O S E t I lsCompName  |Component name G2

e e eg ra m Port GTIO Fiber Port Number 2 1 3
HIprtyp Type of Processor Card GPC/IPBS | = 2 2
([lotnettype GTNET Type GTNETx2 | v f 1
|rECver IEC 61850 Standard; _Edition 2 - 0 1
[[lemms Enable MUS Server YES - 0 0
[[Proc Assigned Controls Processor 1 1 54
{[Pri Priority Level 1 1
|||TSYNCEN Use GTSYNG time of day for WS andlor RefTm __[NO [~
||| """ GTSYMNC advance TIME signalname |ADVSECD
||| GTSYNC advance STAT signal name
Il
‘ Update | ‘ Cancel || Cancel Al |
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GTNETX2-GSE-v6

W[ 61850 MMS Voyageur - CARTDS_USERAMMS\serverDatabase.txt - m} x
GTNETx2-GSE-v6
[Cla] & [u] ] [F]o]e®]
M M - . 24,0, x .24.9.
0 When the MMS Server is enabled, it can be Connected  |S&cass U_" | " L
. . . CIGRE2016-6SE [4 [|TEDI T1 = Name Value FC
up to 4 simultaneous IEC 61850 MMS Client sessions* oS 1722452} ¢ IDTICTR. A e e e
h, h bl 5[] LLNO . ConfRev 1 co IHLocaIAEO.ualiﬂer 12
—_— o= M Local Application ID |1.1.1.999
which are able to o—rafr? g:get :II'1CTRULLNU$GOOSE_0utputs_1 gg IH::OCE: :@59’“320;‘--- gggg”w
o Health ocal Session Sele...
O Browse GTNETx2 data models - e @ Dotaddross & |loca session tms- 2000
o [ encter roms™ Ho0518233
O Read values from logical nodes £ 8005¢ oupus_ Remote Poon 102
¢ Geb01 B |||RemmeAEO_ua|_mer 12
O Enable/disable GOOSE Control Block o e et Jaoousnot
. . GolD ||Remote Session Se...[0001
O Control the Sim.stVal under the logical node LPHD1 to atget R
process simulated GOOSE messages I I
. . . o= [IH] IN_GGIO1
O Support logical node LGOS which contains
o [IH] IN_GGIO2
. . - SaI0" =[] i [ vl
0 Mandatory Data Attribute — St (status of the subscription -> AL O
Reference | Name Value FC
True=active, False=not active) T1CSWI_XCBR/OD1XCBR1.Pos.stval  stval 01 T
! T1CSWI_XCBR.I'ODJ:QXCBRQ.F‘OS.SW&II stval 10 ST
O Optional Data Attribute — SimSt (status showing that real Sim o PO MG W L enea oo foee i
messages are received and accepted) T1CSWI_XCBR/Obj1CSWI1.LocSta.st... stval False sT
Period (sec): 051 [ HNew H Start H Stop l
Zl T S El LR
D%i??:u;;;aupdeﬂ'ed. LoD | CIWE
Updating data values.. ]
. . . Data values updated. =]
*More connections may be supported if required -
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GTNETX2-GSE-v6

GTNETx2-GSE-v6

MMS XCBR/XSWI/CSWI support

4 Enabled from SCD editor

O Supports up to 32 Logical Node Instances
O Supported Control Mode

Direct with normal security

SBO (Select Before Operate) with normal security
Direct with enhanced security

SBO with enhanced security

U000

Edit LD CSWI_XCBR
CSWI Entries

Add Inst ctiModel Type Del |~
InClass="C5WI" inst="1" sbo-with-enhanced-security XCBR
InClass="CSWI" inst="2" direct-with-normal-security XCBR 1
InClass="CSWI" inst="3" direct-with-normal-security XCBR
InClass="C5WI" inst="4" direct-with-normal-security XCBR —
InClass="CS5WI" inst="5" direct-with-normal-security HCBR

=]

InClass="CSWI" inst="6"

direct-with-normal-security

XCBR

—

InClass="CSWI" inst="7"

direct-with-normal-security

XCBR

—

InClass="CSWI" inst="8"

direct-with-normal-security

XCBR

—

InClass="C5WI" inst="9"

direct-with-normal-security

XCBR

—

InClass="C5WI" inst="10"

direct-with-normal-security

XCBR

—

InClass="C5WI" inst="11"

direct-with-normal-security

XCBR

—

OK Cancel

I Technolo g ies celebrating 20 years as the
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GTNETX2-GSE-v6

GTNETx2-GSE-v6
MMS XCBR/XSWI/CSWI support

1 The position status of the enabled
XCBR/XSWI can be monitored in a MMS
Client

W 51250 MMS Voyageur - CARTDS_USER\MMS\serverDatabase.bet

File Server Help

EBEC

ENENECI

SEL421-SV [172.24.9/ " file5 [172.24.9.233] X fles(172.249233 |
ngGN;ET2xU21 ;‘i ;i [[11 z T = Name | T | Parameter | Value
: ; OBj1XCBRA (| Name file5
* file5 [172.24.9.233] ¢ (L Opj1CSWI1 |lscLFile 1.1 CIRTDS_USERVile...
& Mod ||Local AE Qualifier  [12
& Benh — ||Local Application 1D [1.1.1.999
& Health ||Local Presentation ... [00000001
& NamPlt ||Local Session Sele... [0001
& Loc ||Local Session Time...[2000
&= LocSta ||Local Transport Sel... [0001
o OpCntRs ||Remote IP address  [172.24.9.233
o Pos = ||Remote IP port 102
& PosA ||Remote AE Qualifier [12
& PosB ||Remote Application ...[1.1.1.999.1
& PosC ||Remaote Presentatio... 00000001
: gsglpsn ||Remote Session Se...[0001
Remote Transport S...|0001
+ oo ouGeRT '
& Mod
o= Beh
o= Health
o= NamPlt
o Loc
o OpCnt =[] Il \ [¥]
Reference Name Value FC
T1CSWI_XCBRIObj1XCBR1.Pos.stval stval 01 ST
T1CSWI_XCBRIObj2XCBR2. Pos.stval stval 10 sT
T1CSWI_XCBRIObj1XCBR1.Loc.stval stval False sT
T1CSWI_XCBRI/Obj1CSWI1.Loc.stval stval True sT
T1CSWI_XCBRI/Obj1CSWI1.LocSta.s... stval False sT
Period (sec): 0.51 New l [ Start l [ Stop l
7 | M | D Reports | Polled Data

IMessage Area

[Data values updated.
Updating data values...
Data values updated.

Technolo g ies celebrating 20 years as the
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GTNETX2-GSE-v6

GTNETx2-GSE-v6
MMS XCBR/XSWI/CSWI support

1 The CSWI Control Service commands
can be sent to the GTNET MMS Server
though MMS messages

O The control authority is compliant with
the concept specified in Annex B of IEC
61850-7-4 Edition 2

| M 61850 MMS Voyageur - CARTDS_USER\MMS\serverDatabase.bat

File Server Help

[l s [u]

GTHETx2-5V-v6 [172.
CIGRE2016-GSE [172.
*file5 [172.24.9.233]

SEL421-5V [172.24.9.

[“]o]®]
file5 [172.24.9.233] x

file5 [172.24.9.233]
Ar I

o LPHD1

T Obj1C3WI1
o= Mod
o= Beh
o= Health
o= NamPlt
o Loc
o= LocSia
o= OpCntRs
o Pos
o= PosA
o PosB
o= PosC
o= OpOpn
o= OpCls

T Obj1XCBRA1
o= Mod
o= Beh
o= Health
o= NamPlt
o= Loc
o= OpCnt

Reference

T1CSWI_XCBRIObj1XCH
T1CSWI_XKCBRIObj2XCH
T1CSWI_XCBRIObj1XCH
T1CSWI_XCBRIObj1CSY
T1CSWI_XCBRIObj1CSY

[ D

Period (sec): 057

Polied Datz

IMessage Ares

W co T1CSWI_XCBR/Obj1CSWI.Pos

X

Status -
Value: Ctrl Num: ||
Quality: -
Time Stamp: :

Orginator -
Category: Id: ||

Control 1
Value: |oﬂ{FALSE} |V|Ctr1 Hum: UE :
Time Stamp: |2U1?—05—1U 18:56:45.781 | || Use Current Time I |

Orginator |
Category: | bay-control | w|1a: [ac180283 | [ex [+
Check not-supported ||
bay-control
L] synchro {station.control [ Test
remote-control =
automatic-bay Select with Value l [ Operate l [ Cancel ]
[automatic-station
Log automatic-remote
Time |maintenance | Status | Details

Close

Dafavalues updated.

Datavalues updated.

Updating datavalues...

Tl Tl ]l
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GTFPGA-SV

GTNETx2-SV

Challenges
 Publishes only maximum of two 61869-9 compatible SV streams per GTNETx2 card

O The non-configurable, sequential based architecture makes it challenging to meet the stricter
Jitter requirements defined by the Chinese National Standard (less than 10 us)

I Technolo g ies celebrating 20 years as the for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV

Hardware — GTFPGA Unit

U Based on a Xilinx Virtex®-7 Field Programmable Gate Array (FPGA)
evaluation kit

O Connects up to 16 SFP Ethernet Physical Layer adapters (copper or CRIERE el WRTDS
fiber optic based) @ © O sl 6588

O LAN port SFP options

100/1000 Base T Copper SFP Module Finisar FCLF-8521-3
100/1000 Base T Copper SFP Module Avago ABCU-5730RZ
100 Base-FX fiber SFP Module Finisar FTLF-1217P2xTL

1000 Base-SX fiber SFP Module Finisar FTLF-8519P3BNL (the same
insert used for the GT portscom)

I Technolo g ies celebrating 20 years as the for real time digital power system simulation

GTFPGA UNIT
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GTFPGA-SV

Ethernet Switch

GTFPGA-SV

Hardware — GTFPGA Unit
O Typical connection

GTFPGA-SV

GTFPGA UNIT

External Device

PB5

Technolo g ies celebrating 20 years as the for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV

Hardware — GTFPGA Unit

O Firmware installation/upgrade can be done through
Firmware Upgrade Utility

W Firrmware Upgrade

Firmware Upgrade

[wIF | eTwiF ['ePc | 'PBs | GTFPI [ GTAO | GTAI | GTDI | GTDO | GTSYNC | GTFPGA | GTNETx2

Request
GTFPGAS Current Version MNew Firmware Version Current License Mew License License
rack33 card: 1 port: 3 pos: 1 209 |keep current version |v | VALID |keep current license |v|
ermnail your request >

Please email nds@rtds.com with the serial number '0046ad40006a705c' and request a license for this GTFPGA

4

1]

Update || Cancel/Close || Select All || Deselect All || Re-Scan

Technolo g ies celebrating 20 years as the
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GTFPGA-SV

GTFPGA-SV

RSCAD Component

O Handles the sampling, processing and packaging of analog values to the FPGA
hardware

O Due to the difference between the simulation time-step and the SV sampling rate, the input
analog signals are reconstructed using linear interpolation to prevent signal distortion
O Currently supports the following pre-configured sampling rates —
0 4,000Hz: for use on 50Hz systems backward compatible with 9-2LE guideline

O 4,800Hz: preferred rate for general measuring and protective applications, regardless of the
power system frequency

O 5,760Hz: for applications on 60Hz systems backward compatible with 96 samples per
nominal system frequency cycle

O 14,400Hz: preferred rate for quality metering applications, regardless of the power system

frequency including instrument transformers for time critical low bandwidth DC control
applications

I Technolo g ies celebrating 20 years as the

GTFPGA-SV

GTFPGA Card # 1
GTIO Fiber Port 1

GFPGASV1

Ports Enabled
1

System Freq
60 Hz

UCAlug 9.2LE
o

for real time digital power system simulation



GTFPGA-SV

_rids_ctl_GTFPGA_SV0_V0.def
GT F P G A - SV SV-15 SOURCE, QUALITY ENABLES | SV-16 SOURCE, QUALITY ENABLES
SV-13 SOURCE, QUALITY ENABLES SV-14 SOURCE, QUALITY ENABLES
SV-11 SOURCE, QUALITY ENABLES SV-12 SOURCE, QUALITY ENABLES
RS CAD CO m pO ne nt SV-9 SOURCE, QUALITY ENABLES SV-10 SOURCE, QUALITY ENABLES
SV-7 SOURCE. QUALITY ENABLES i SV-8 SOURCE, QUALITY ENABLES
O Curre nt|y Suppo rts OUtp ut mode on |y SV-4 SOURCE, QUALITY ENABLES |  SV-5 SOURCE, QUALITY ENABLES | SV-6 SOURCE QUALITY ENABLES
SV-16 [EC 61850 OUTPUT | SV-2 SOURCE, QUALITY ENABLES | SV-3 SOURCE, QUALITY ENABLES
; ; SV-13 [EC 61850 OUTPUT SV-14 [EC 61850 OUTPUT SV-15 [EC 61850 OUTPUT
Q0 Can be Conflgured to have maximum of 16 OUtletS' 1SV SV-10 [EC 61850 OUTPUT SV-11 [EC 61850 OUTPUT SV-12 [EC 61850 OUTPUT
stream per OUtpUt po rt* SV-6 IEC 61850 OUTPUT | SV-7 IEC 61850 OUTPUT | SV-8 IEC 61850 OUTPUT | SV-0 IEC 61850 OUTPUT
SV-2 IEC 61850 OUTPUT | SV-3 [EC 61850 OUTPUT | SV-4 IEC 61850 OUTPUT | SV-5 IEC 61850 OUTPUT
Q SUppOI’tS nominal frequency of 50Hz and 60Hz CONFIGURATION | CHANNEL SCALING | SV-1IEC 61850 OUTPUT | SV-1 SOURCE, QUALITY ENABLES
- - MName Description Value Unit Min IWax
Q Runs either in 9-2LE mode or 61869-9 mode T T B
Q UCA'Ug 9-2LE Mode SV Mode Outout [~ 0 1
nsy Mumber of SVs 16 1 16
O 4 voltages and 4 currents per SV stream, fixed configuration SYSFREQ |Nominal system frequency (Hz) 60 ||v
. . IECver IEC 61850 Standard; Edition UCAlug (9.2LE) | ¥ 0 1
O 61869-9 & Chinese National Standard GT_50C GTSYNC advance TIME signal name UCAlug (9.2LE) 0 0
. GT_STA GTSYNC advance STAT signal name IEC 61869-9 0 0
O Up to 24 free-configured data channels per SV stream e e : : .
O 61869-9 limits to maximum of 24 channels for general measuring and  ||card GTFPGA Card Number 1 1 8
protection and maximum Of 8 channels fOf quallty metering smviDtype Use 9 2LE convention for the smwlD or use only LDPre Yes - 0 1
Proc Assigned Controls Processor 1 1 40
O Chinese National Standard typically uses 24 channels with the Time Pri Priority Level [ 1
Delay assigned to the first channel prtyp Solve Model on card type: GPC/PBS = 0 2
sfx Add signal name suffix for multiple instances of GTFPGA-3V
INCTOD Use GTSYNC time of day for MMS and/or RefrTm FALSE |v 0 1
Update || cancel || cancelail |
*refer slide 21 for limitations
Technolo gies celebrating 20 years as the for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV B

Ti m e Sy n C h ro n iza t i O n 1PPS/IRIG-B/IEEE1588 1PPS/IRIG-B/IEEE1588

O The GTSYNC card is used to synchronize the RTDS simulation
time step to an external time reference and to synchronize

devices under test

External Device

Ethernet Switch

GT Port Connection

. GTFPGA-SV

GTWIF Port

Techno logies celebrating 20 years as the world standard for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV Data Flow

0 RSCAD Component transmits SV samples to the FPGA using a dedicated fiber optic based GT link
0 The FPGA triages the incoming simulated data and stores it to a specific Ethernet port frame buffer
O SV frame packets are assembled in the buffer then serialized to make eligible to be sent over the Ethernet link

> Port 1
GTFPGA-SV GT Link .| Command ]
Component (Fiber Optic) "| Decoder Frame Buffer = bort 2
> or
RTDS l= \ 4
Simulation »  Serializer
Low Jitter
Configurable SV Port 1
Packet Rate
SV Port 2
| \ 4
| SV Port 16 » Port 16 ( I :)
GTFPGA-SV HARDWARE

Protection

Technolo g ies celebrating 20 years as the for real time digital power system simulation




GTFPGA-SV

GTFPGA-SV

Testing and Validation

d Omicron SVScout

O SVScout V1.50 was used in conjunction with a dedicated
PCl network card, to validate the SV packet rate and jitter

O Test setup

O The GTFPGA-SV was configured to run a single output stream
of 60Hz at 80 samples per cycle

Q0 The corresponding output port on the GTFPGA-SV Unit was
directly connected via Ethernet to the computer running
SVScout to eliminate any delay due to packet routing on the
network
O Test result

O The packet delay graph shows that packets are sent on
average at a 208us frequency, with a measured standard
deviation of Ous

Packet delays

Minimum delay: 208 ys
Maximum delay: 209 s
Mean: 208 ps
Median: 208 ps
Standard deviation: 0ps
Lower - upper quantile:  208-209 ps

1 10 100 1000 10000 100000 1000000

0-24 o
25-43 o
50-74 b}
7539 o
100-124 0
125-143 0
160-174 0
175-193 0
200-224 650200
225243 0
250274 0
275293 0
300-324 0

325-343 0
350374 0
375393 0
400-424 0
425-443 0
450-474 0
475-500 O

The frequency of occurrence of the measured packet delays* within the time
intervals is displayed

*Packet Delays - Time intervals between the Sample Values packets

Technolo g ies celebrating 20 years as the for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV

. ° . Mean: | :Eﬂz
TeStI n g a n d Va | Id at I O n :t:iij;];d deviation: ;‘LSS“S
. Lower—upperquaﬁtile: 418-418 s
O Omicron SVScout 1 o
Q Test result
O The time offset graph shows that it takes 418us or about 2
sample periods from the time quantities are sampled until the 528
time packets are sent
Q Testing showed that the GTFPGA-SV meets both:
O The SV frame jitter requirement of 10us defined in Chinese
National Standard, and other applications where require a low &%

Jitter - - . o _ - The frequency of occurrence of the measured time offsets* within the time
O The maximum processing delay time limit for quality metering intervals is displayed
and protective and measu ring applications (10 and 2ms *Time Offsets - Time intervals from the theoretical sampling time (leading
respectively) edge of the PPS signal) to the reception of the corresponding packet with
sample count zero

Technolo g ies celebrating 20 years as the for real time digital power system simulation



GTFPGA-SV

GTFPGA-SV
Testing and Validation

O RTDS proprietary software suite
O Developed to collect raw Ethernet packets and performs acceptance tests on any incoming SV packet
O Accepts SV packets of any rate and quantities, and compares them against expected pattern

O GTNETX2-SV in Input Mode

Q Implements a closed loop test
Q Datais fed to the GTFPGA-SV which publishes it to a SV network, the GTNETx2-SV acquires the SV frames, and forwards them back into the case, where sent and received
data are compared

O Testing of IEDs using GTFPA-SV

st

0
50§ e
W e

l
p+!

sssss

@L
‘lg
L

040
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GTFPGA-SV

GTFPGA-SV

Performance and Limitations

O Currently capable of supporting —
O 16 ports configured with maximum of 24 data channels, at 80 samples per cycle per SV stream
O 16 ports configured with maximum of 9 data channels, at sample rates higher than 80 samples per cycle per SV stream
O Several mixed sample rate configurations
O The present limitations of the system reside in the execution time of the component itself
O The component is in charge of the interpolation, sampling, scaling and forwarding to the FPGA of each of the ports

O The process is limited by the maximum length that the time step can take, which is driven by the following two factors —
O The maximum time step the application requires
O The maximum time step the SV sample rate allows

Potential Improvements
O Some of the processing operations could potentially be relocated to the FPGA

I Technolo g ies celebrating 20 years as the for real time digital power system simulation




Aurora Communication

Aurora Communication

We are offering

O Aurora protocol streaming from the GT fiber ports on a PB5 card
O Will be licensed to a specific PB5 card(s) and port 4-8 on that PB5 card will be reserved for Aurora
O Each PB5 Aurora license can have 4 Aurora streams from ports 4-8 on a PB5 card, each at a line rate of 2
Gbps
O Each of the 4 streams can have 64 inputs and 64 outputs (each of them is a 32-bit word)
O Each stream can come from either the large or small timestep

I Technolo g ies celebrating 20 years as the for real time digital power system simulation



Protection & Automation Suite

Main Features

Recent

A stand alone program available in ﬁ
RSCAD that is capable of simulating: H

=
JIEC 61850 MMS Servers —F

(1 DNP3 or IEC 60870-5-104 Masters

(1 DNP3 Qutstations

J Modbus Masters

I Technolo g ies celebrating 20 years as the
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Protection & Automation Suite

IEC 61850 MMS Server

Capability
O Simulates one or multiple IEC 61850 Servers using the

corresponding SCL (Substation Configuration Language)
files that comply with IEC 61850-6

O Supports the Simulation of GOOSE telegram defined in
IEC 61850-8-1 Edition2

O Supports GOOSE subscription if it is defined in the SCL
file

O Supports Logical Node Class LGOS* (from IEC 61850
Editon?2) if it is defined in the SCL file

*Logical Node LGOS allows a subscriber to either subscribe not simulated GOOSE
telegrams or simulated GOOSE telegrams

| %] Protection and Autemation Suite v0.20170425_i — O ®
61850 MMS Server
i ’
@ validation: | STRICT n | » | Use URI Address [[] GOOSE SimulationTest Show Data References
— Enable All GoCB.

Validate ~ OPEN START

scL scL Server

FILE SERVER 4 DATA VIEW

Server Properties SubModel: IED_RTDSDiagnostic/LGOS1 Details and Configruation
Aftribute WValue Alftribute Reference Value Type |FCJ LGOS Properties (Subscription) _

SCL File C\Users\ericworkspac..  =I[IH] LGOS ICD File

SCL Edition 2.0 St ‘Subscription Enable false

IP Address 127.0.0.1 [Software Loo.. SimSt setSrcCB “IED_TMWCTL1/LLNOSGOSgcbTMW™
Port 102 GoCBRef |IED_RTDSDiagnosticLGOS1$GoCBRef

IED IED_RTDS

Access Point P1

IED Model

=/IEDI IED_RTDS =

DataModel

Data Monitor

s L

Reports —

SettingsGroup g

GOOSE m =

B LGOS

=I[L0] Diagnostic

[T LPHD1
I LGOS1

[N LGOS2
TN anes

IEM x

[T=xTaRER
STATUS: Loading SCL 'RIDS_IZD EdZ vl newIPnewMAC.icd'...

STATUS: SCL 'RTDS_IED 2d?_vl newIPnewMAC.icd' loaded.

STATUS: <IED1> Server 'IED RIDS' listening on rfel006://127.0.0.1:102/0x0001/0x0001/0x00000001/1,1,1,999,1/12
STATUS: <IED1> Sexver closed.

Model Refere_|Data Reference Aftribute Value

[«]

READY

Technolo g ies celebrating 20 years as the

for real time digital power system simulation



I Technologies
THANK YOU

QUESTIONS?




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45

