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Real-Time simulation using digital link communications
for HVDC control replicas and 61850 IEDs

Innocent Kamwa, IREQ / Hydro-Quebec Research Institute
For info:



mailto:kamwa@ireq.ca

Two main research sites: Varennes and Shawinigan
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requiring fast controls and detailed simulation

wiondns | 2 Network capacity increasingly sought: development
Labrador

rate 2 times slower than the peak power (3.5% vs
7.8% during the decade 2002-2010)

> Increased south transit: 1500 MW / line in 1965-1970 to
2200-2700MW / online today (very high network
performance standards)

> Netexportsof 15.2 TWh in 2008 to 30 TWh in 2013: 26
dams/reservoirs with 175TWh storage capability

> 6 HVDC connectionswith easterninterconnection

2 30 Wind farms for about 4000MW (10%
penetrationat peak load)

,~Jacques-Cart -" New Brunswick
\

2 Shunt compensation installation: 9 Synchronous
Il ivec Sttion Condensers (CS) & 16 Static Compensators (SVC)

k. e Var Conmnees = Total capacity of 7000 MVAR capacitive and 4000 MVAR
: s~ Hertel  #&  J =5 L Synchronous Condenser inductive
Ontario -~ _yGhateaugua onteegie ‘ z ®
. Make ] Series Compensation
\ TWO m aj0 r c o n cern S } =~ Interconnection
_____ \._/',/ New York I Ve,mony 3 hi}a A 735-kV Station
//) / ¢ Atlantic Ocean | S==- 735-kV Line
| | sa ndy°P « =+ 450-kV dc Line . Control system

. L5
i

o MBPSS
MULTI-FCT.

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=7412828

An extensive set of distributed
actuators for smart grid control

ydro
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Major Field of expertise — EMT Simulation

> Topics <) MathWorks- @
Accelerating the pace of engineering and science
Studies / Testing, multi-physics modeling —
and simulation, algorithms, high-
performance computing, real-time systems,

ergonomics, information processing and

visualization. | |
Hydro-Québec Models Wind Farms

Medeling and simulation ensure safe and reliable grid integration.

> Examples of applications :

» Learn more rrry

) EMTP-RV O

The reference for power systems transients

Simulation Software for Electromagnetic
Transients

Real-Time Digital Simulation (Hypersim)
Component Modeling

Commission studies of HYDC &SVC
Hardware-in-the-Loop Testing

Gilbert Sybille, Jean-Claude Soumagne, Richard
Gagnon, Omar Saad, Pierre Giroux, Jean Lemay, Patrice
Brunelle, « IREQ’s Innovations in Power System

Simulation» European journal of electrical engineering,
VOL 13/5-6 - 2010 - pp.675-698:
http://ejee.revuesonline.com/article.jsp?articleld=15487




Hardware-in-the-Loop testing at Hydro-Quebec simulation labs...

1996

Analog simulator
(TNA)
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http://www.sgi.com/

Applications of HIL simulation at IREQ (1975-1989)

The first IREQ simulator was
commissioned in 1973, while Hydro-
Québec was undertaking a major
expansion of its 735-kV transmission
system

= Contrary to the first phase of the 735-kV
transmission network, which used
synchronous condensers, it was decided
that 3000 Mvar of dynamic shunt
compensation would be added using SVCs
installed at five 735-kV substations.

* Determination of line and transformer breaker pre-insertion

resistances for the James Bay 735-kV network (1980,1985)

* Controlled reactive-power compensationforthe James Bay

network. Study of various SVC topologies with leading
manufacturers

« Control of overvoltages at load rejection on the 735-kV network

Planning the James Bay
Network(1972-1973)

Massive SVC led yo 11 lines—instead of 15
without SVC. However TNA was required to

= Hydro-Québec was one of the very first
utilities to apply the emerging SVC
technology on a transmission network. The
need to optimize the 735-kV transmission
network, select proper SVC technologies
and optimize their control system triggered
the development of the IREQ simulator

The first version of the simulator was

fully developed by IREQ and used =

analog reduced-scale models. Typical
scaling factors were 100V rms
representing transmission line-to-line
voltage and 20 watts representing
1000 MW.

Ra&sﬁﬁx\w
\\\

James Bay , \\

___ designthe newsolution
Labrador

Chissibi
Lemoyne Tily

Oudbec — = Relative cost g

100 —— Relative Amount of Compensati 3,5
Montagnais ] 3
““:}“ 2 2,5
I S 95 ,
Micoua .g 2
) A. , Saml Laurent ':,'u'
/ } a icouagan E 90 1'5
/ ]
1
i pf o e 85 .
New Brunswick
80 — 0
= 5+10 5+9 5+8 5+7 447 4+6 346 3+5
S Number of lines BJ North+BJ Ssoth
[ Series Compensation
o
T o | e Gain of 4 lines in the 1972-1973
SandynPoqd vwa s 450-kV dc Line

development stage

- Québec



Applications of HIL simulation at IREQ (1989-2005)

>  Evaluation of overvoltage stresses in circuit breakers and
energy stresses in metal-oxide varistors protecting series-
capacitor banks in the 735-kV series-compensated system

>  Testing of static var system (SVS)installed at
Forbes substation on NSP’s system (USA)

Testing of world’s first Unified Power Flow
Controller (UPFC) installed at Inez substation on
the AEP system (USA)

>  Evaluation of SVC performance, optimization of regulator >
gains and interactions with transformer saturation on the
735-kV series compensated system

>  Extensive evaluation of protective relays to be used on >  Testing of world’s first Convertible Static
Hydro-Québec’s 735-kV series-compensated network Controller (CSC)installed at Marcy substation on
>  Assistance with multi-terminal HVDC system commissioning NYPA's system (USA)

and operation; control optimization

>  Evaluation of performance of SVCs and their protection

systems during geomagnetically induced currents (GIC) on . L . .
Hydro-Québec’s network HQ Engineer: “Therisk is too high, I need to see first!”

http://canrev.ieee.ca/archiv
\ Photograph of HYDC cantrollers in the mid-nineties

http://canrev.ieee.ca/canrev34/FDRealtime.pdf - = T

Québec




Applications of HIL simulation at IREQ (2005-2015)

AREVA Levis Deicer/STATCOM controller.

Chenier, Bout-de-L’lle, Nemiscau, Figuery Static Var
Compensators

Variable Frequency Transformer (Quebec-USA

ABB Unitrol excitation system for Levis and Duvernay
synchronous condensers.

>  ABB HVDC controllers for the Chateauguay 2x500-MW
back-to-back interconnection with NYPA’s system -
Protection System Studies

>  ABB HVDC controllers for the Outaouais 2x625-MW back-
to-back interconnection with the Ontario grid

>  Refurbishing of Radisson-Nicolet-Boston Multi-terminal
HVDC line (Quebec-USA)

>  Refurbishing of Madawaska HVDC line (Quebec-New
Brunswick)

SV aval

Alstom Grid MICOM P846 open-line detection relay and P848
loss of synchronism relay. These two relays are at the heart of
Hydro-Québec’s defense plan.

Homologation of a Multi-Band Power System Stabilizer (ABB
Unitrol MBPSS)

Homologation of GE, Alstom, SELand Cooper PMU, PDC, and
SPDC

Testing and Homologation of Vizimaz
Controlled Switching Device (CSD)

Wide-Area Voltage Control System (Pilot projet completed in
Early 2014)

Large Scale integration wind farms in Gaspesia Peninsula
(2010 UVIG Industry Award)

Protections studies for Distributed Generation Integration at
Hydro-Quebec Distribution



IREQ Simulator

CEPRI Simulator

Rte Simulator

Real-time simulation at Rte

Hydro
Québec


http://www.hydroquebec.com/en/
http://www.hydroquebec.com/en/

Other collaborations with IREQ

N
DY OPAL-RT Vizimax
=il TECHNOLOGIES .
» Agreement for integration of estimation
* OPAL-RT and IREQ signed a strategic algorithms resulting from research at
collaboration agreement for the IREQ. Algorithms have been enhanced by

VIZIMAX for accurate real-time estimation
and standard compliance.

https://www.vizimax.com/products-
services/phasor-measurement-unit

Steady state  Dcisional Variables
——

detector pSF
= nm:]
::“"ml>as§ Vatibies || abies

E

Fuzy logic and outut fkter

e Other collaborations for validation of
automation and control equipment and
certification for use on the Hydro-Quebec
grid.

VIZIMAX /IREQ PMU is [EEE CERTIFIED (March2016)

http://standards.ieee.org/about/icap/registry.htmi

Hydro
Québec



New SPS : development process

Design database

( PSS/E

SimPowerSystems™

~

Hydro-Québec ‘
y
L The refe ence far powe stem: ansients

Simulink model

improvement

— 1
B MAILAB ol

SIMULIN

gte generation

Acceptance tests

Model versus
Device (100 tests)

Firmware
version 1

Concept
proved

Hydro
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New SPS : development process

Homologation tests cases

——

New databas

_—

made

h. hami

|« (I,

HYPERSIM

Power System Real-Time Simulator

Design datahase
PSS/E

SimPowerSystems™

Hydro-Québec ‘

Automatic real
time code
generation

Simulink model
improvement

P '
%l_u !
l Lﬂ e EASH

- .,iui

H

=¥ prototyping.
Automatic real time
code generation

Acceptance tests \
Model versus Device
{100 tests)

Firmware
version 1

Concept
proved

(AHydro,

Bplementation

. Hydro
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Power system instability detector

> Local inputs

= Three phase voltage (Vabc) at the substation

= Three phase current (labc) of one of the line connecting the
substation to the network)

> Instability detection time

= Average 15 cy after the fault

2> Application
= Gaspésie peninsula (3000MW of wind power)

> First deployment
ALP4000 Gentec
td average = 10 cycles

Efficiency of remedial action
= 100%

Security

' Wauébec



| n r_ - ..
Hydro-Quebec S Network Simulation Centre

Integration of 61850 in Real-Time ElectroMagnetic
Transients (EMT) Simulation at Hydro-Quebec

For info:



mailto:kamwa@ireq.ca

“Next Generation SCADA/EMS™ — TEPCO Requirements

» Consistency of supervisory control operation from the bulk transmission to the distribution
system by developing interoperable SCADA function for each operational purpose

» Flexibility and sustainability uner changing organizations through server consolidation
 Scalability by adopting international standards

@ Monitoring control with original legacy non-internet protocol.
® A server in each department’s control center.

System operation dept

NA / Control line (\{1“\ i
355 PN NN
‘.,;\l // \".' Non-internet e ‘ L—ij—
i 2 JProtocol (IP) transmission 1§ i ¥ &
! oL
Substation
Regional control Local load-dispatching office
center

77 Protective equipment

Distribution dept S \
[ Remote supervisory M{ 5
}J control device ‘ / -
/ N [ | Non-internet | /< Li Server installation for
b P otocol (IP) transmission ‘—" earh department(system)
am) _9_)
Substation Regional control Lanve:rtmnsfar'malmn dept

Monitoring and control server center

@ Standardization of network communications protocol
@ Be independent from particular organizations or locations by
integrating servers into a server base.

Internet of Things

Information

[translation equipment IJ i 0

|T’ ) Monitoring and control server

J Distribution dept ~ Regional "‘mt"’\\ Power transformation

Substation cexiter dept

{Current+Intemational stangard) Power industry standard

internet protocol (IP)
transmission

o } | Sy
|| e =
e L.

— k“\.,
S N S Nl
o Tl ~ ' \i“ ( /i
IED .\)Intcmational standard i j ‘ ‘
) System operati ‘“—)
Regional control s

center Local load-dispatching office

Substation
(Intemational standard)

Hydro
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Hypersim — IEC61850

> Goal: > Benefits:
= Implement IEC 61850 8-1 (GOOSE)? And IEC ’ Rea'I time daj? ?xclhange (CyrI:ents
61850 9-2 (SV) in the Hypersim Real time / Voltages / .lglta sta.tus) wit
environment external equipment via the IEC
61850 protocol

Ex: Line protection relay, PMU

= Reduce the material needed during
the validation testing and approval
of equipment with Hypersim

Linux workstation

S spmotsr rie o ki 1EGr01800 Mergin LmHL) - Signal conditioning boxes and
e ime Simulation 4 1 o
(50 usec - 100 usec) - Caﬂe entree / SOI'tl wires
% PCIBus b c tA I.f. /t i
ks o urrent Ampiiriers / tensions
— - '°
- Transformers
A = |EC61850-1 GOOSE
Ethemet . . .
Ethernet SV (Samples Values) _GOOSE - Replace Hypersim digital output
IEC 61850 9-2 IEC 61850 8-1 and input signals
(Courants / Tensions) (Etats)
= |EC618509-2SV
Ethernet 9-2 100Mbits Ethernet GOOSE 100Mbits 1 .
- Replace Hypersim analog signals:
Yy 80 to 256 samples/cy
Computer Network
I | (LAN or WAN) —
| Relais TEC-61850 . =
== p—— N ;

Hydro
Québec




Hypersim Integration

> Hardware
Components

> Software
Elements &
forms

IEC-61550

S

b-|usw:-

, @‘ﬂb’

J4

ements GUI

4

E

L L —]
& w oy OHD Y O

Eu'ﬁ .

o: i D i

IEC61850

IEC61850

Carte Ethernet D.SignT

DSKRIC11

D.SignT

Modify walue only Help Modify walue only
5Y (3-2) | GoosE @613 | ] [ svig-2 || GOOSE (1) ] ]

| IEC-61850 | ‘ | IEC-61850
Samples values Ethemet parameters: GOOSE Ethemet parameters:

Physical destination MAC addr = 01-0C-CD-04-00-01 Physical destination MAC addr = 01-0C-CD-01-00-01
Wirtual application identifier ¥LAN-1D (0 - 4096) = 0 Wirtual application identifier ¥LAN-1D (0 - 4096) = 0
Priority (0 - 7) = 4 Priotity (0-7) = 4

GOOSE 8-1 parameters: Il

Samples Values 9-2 parameters: /\,

TG B GochRef = |ED1LDevicel/LLNO$GOFGOOSE_CB
se °|r re?”enlcg — cvzcom —— DataSet = IED1LDevicel/LLNOSDataSetdT

amples values ID = _ _R_ golD = GOOSE_ID
Samples per cycles: | 50 | 256 | TimeStep |

Gain: DC Offset compensation:

la Gain = 1 la Offset = 0 RUM STOP

Ib Gain = 1 Ih Offset = 1] Scalling:

It Gain = 1 lc Offset = 1] 1 LSB = 1maA

In Gain = 1 In Offset = 0 1 LSB = 10myY

Ya Gain = 1 Wa Offset = 1]

Yh Gain = 1 Wh Offset = 1]

Yo Gain = 1 Wi Offset = 0

Yh Gain = 1 Wn Offset = 1]

Cancel | Apply | Close |

Cancel | Apply | Close |

SV (9-2) Parameters form

GOOSE (8-1) Parameters form

Hydro
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Integration in Hypersim Network

Sensor list
Select all
Signal Tescription Units  Base Testination base Input/Output Dii_Def4 ]
SI RE] SHAN Tupe Mumber  UnitsAVolt . DI Defl [i_Def2 Di_Def3 @
; = CE13 M M GeE7
veis CBAD BN e .
[0 u31_GYO_IECE1850 3] IECE1850_y31_GvD 1 O oo o C
[0 y32_GWO_IECE1850 0 IECE1850_y32_GY0 4 O oo ELZ3 Eal 3 E&l7—T—
; : o [*E2 o L3
[ ul_GWI_IECE1850 [§] IECE1850_ul_GVT q O oo J‘—_l L1 = L3 = Ul
; ; | o, =
[@ u2.GWI_IECE1850 3 IECEL850 12 V1 1 Ooo ) | TrEMQ\‘*J
! I Di_ 13 BL2 CEX3 BL2A '~
[ u3_GWI_IECE1850 9] IECE1850_u3_GV1 i O oo —I Lp | 12 L34, | LPa lq_{_:l []'_I@\ll? | Z
[ ud_GVI_IECE1850 0 IECEL850_ud_GY1 1 Oooao _I[_) P | | o By .| || |
[0 uS_GWI_IECE18%0 6 TECB1850_uS_GVT a O oo D'—I‘ZB EA33 EAITS
[0 u6_GvI_IECELES0 0 IECE1850_u6 V1 4 o oo W '
| f WEI3 [Ewy
[0 u7_GYI_IECE1850 [$] TECEL850_u7_GVT a O oo + ¥i — I I
LpC23 O Defs T
Cancel fipply oK It
[ fi]
e —y— g+ N
Configuration of GOOSE input signals
IEC-61850
- _emr_ K| DI wGYO

el
Sensor- List WEVO
I — =

Select all IECET1 850

Signal Tescription Units Base Testination base Input./Dutput

SI REI SMAN  Type  Mumber Units/Yolt

Pulse_1sec

Cancel fpply 0

Configuration of SV 9-2 output signals

E ula_SWO_IECE1850 0 IECE1850_yla_SV0 1 OO O 5o 01 1 [T o FToil
ylb_Sw0_IECE1850 0 IECE1850_ylb_SU0 O oo
yle_SW0_IECE1850 0 IECE1850_yle_SU0 O oo
[d yIn_S¥0_IECE1850 [$] TECE1850_yIn_SY0 O oo
[@  uva_Sw0_IECE1850 0 IECE1850_yVa_SU0 O oo
i 56 o s P - ibec
[ u¥o_SY0_TECELBSO 8] TECE1850_yVe_SV0 Oooao Pas de caleulB5 6 us Date de revision: 2007 TransEneriz
[@  uvn_Sw0_IECE1850 0 IECE1850_ylin_SU0 O oo
[0 ulaSWI_IECELH50 9] IECA1850_ula_SV1 o oo H . N t k . t h I E C 6 1 8 5 0 I t
ypersim Network wi elements

Hydro
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PMU testing using Hypersim - 61850

Sampled Values

. | . @

. s Ethernet Switch
§|R|G-B GOOSE Messages Rt : Lo -

C C37.118 |

: Slave

- Process Bus

Station Bus

Sampled Values

Voltage & Currents
C37.118

Master
Breaker Status & Trip Signal
GOOSE Messages
IRIG-B :
_ ¥ Merging Unit(s) & Brk IED(s)
HYPERSIM/TestView (Ethernet Adapter of Simulator)
Hydro

Québec
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Introduction

> HVDC control systems
are now fully digital

Control
Protection

Measurement

> Conventionaltesting
of HVDC control
systems with real-
time simulator
requires a huge
number of

Analog-to-digital
converters

Logical signals

Hydro
Québec



Challenges and Objectives

> HVDC control systems are Interface MACH (Modular
Advanced Control HVDC)

now fully digital control system to real-time
Control simulator using digital link
Protection HVDC Classic
VSC-HVDC (not developed yet)
Measurement
. ) Remove the MACH IO’s
> Conventionaltesting of needed by control system for
HVDC control systems simulator interface
with real-time simulator UAC, Id, Udl, current
requires a huge number B ers, etc.
£ Breaker status/operation, tap
o changer position, etc.
Analog-to-digital Same software version for field
converters and simulator testing

Logical signals Use standard PCIe interface

Hydro
Québec



Method & approach

Direct PCle digital
link (Peripheral
Component
Interconnect
Express)

EDMA (Enhanced Direct
Memory Access ) used
to optimize PCIe access
and to offload the CPU
in real time

No scaling factor is
needed for analog
values

Voltage and current data
32-bit floating point

Hypersim simulator Interface

HVDC Classic
Hypersim simulator MACH control system
Power grid
modeling
time step
24-75 ps
Uac -1
PCle PCle Interface Ud Id > ::-lo\rﬁfgl PCle Recording
—— -«
/O board & CFC
IVY IVD—{gp{  SYStEM
PCle A
o [ }
PCle Converter | o | CPYCPD }
110 Logic 5V board |
4 \
\
\ \
\
[ m————=n Analog - _v_ _—
\ | Hvoersim | 10V | HvDC |
‘ b VF:’,O L » control !
| ' Digital | system /O !
e — | 5 V e —— I

— — — — Conventional I/O

Interface between Hypersim and MACH HVDC control

Hydro
Québec




Benchmark application

Simulation of a complete 500kV HVDC link

HYPERSIM Real-Time Power System Simulator

IREQ  Power System Simulation Laboratory

This network presents a complete HYDC 500 KY link, A DC transmission line includes a 12-pulse rectifier and inverter.
also known as the "CIGRE HYDC benchmark model". A tap changer transformer is also present on each terminal,
FIaky
Cseried
|
Tr1 1\ Trz
T3 KY 735 kV AC line 450km ,
| N Wari1
L [ X .
¢ R 5
Ja kY 0 kY
Gel |34
External Internal generic
control system 500 k¥ DC line 1000 MW control system Inverts
Transformer R nverter
tap changer REC . INV LAVF2
Y . + Lz
T
A Vde REC = 63 km| gz30
B35 5 b _ Ve Ve NV % R
; o 1
P .'d}’_ E 4P LaDF2 Transfur'mer
Rectifier El pucct-HE = Wl V_tinep tap changer
e 2 - -
3 Uac
N 5Ky flters TN 230 KY rlters
Hp & I Fault
=D == 1d_ud
Send
to digital link
v D
i T
L L+ == LT '
FP References: The CIGRE HYDC henchmark modal
i a new proposal with revised parameters,
Hyd ro Received FP - J_L Waorking group 14.02 (ControFin HYDC Systems)
Cuebec from the control of study committee 14. M.Szechtman
ELECTR& #157, Dec 1334

January 2014

HVDC CIGRE benchmark
model

MACH system is connected
and running as rectifier
control

Inverter is simulated with an
internal generic control

Hydro
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Loopback delay
around two time
step and
compensated inside
MACH control
system

Transfer time
approximately 5 us
(1KB / 197,820
KB/s for PCle x1
Gen2)

Hypersim signals superimposed with MACH3 TFR signals

==Va Hyp==Vb Hyp==Vc¢ Hyp==UAC_L1==UAC_L2==UAC_L3

4 : : : :
L 0.12 0.14 0.16 0.18

0.1 0.12 0.14 0.16 0.18

==|d Hyp==IDL

wwmwwmwwwwwmwwwwwwwww

0.12 0.14 0.16 0.18 0.2

Hypersim signals superimposed with TFR signals

>

= VD A Hyp=IVD B Hyp=IVD C Hyp=IVD_L1=IVD_L2
-IVD_L3

0 : : : :
0.1 0.12 0.14 0.16 0.18 0.2

= VY A Hyp=IVY B Hyp=IVY C Hyp=IVY_L1=IVY_L2
=IVY_L3

0.1 0.12 0.14 0.16

Hydro
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MTDCN refurbishment

Refurbishment of the control & protectionin 2015-16

NicoletDCPolel: D/A
DI DO

| 175 | 212 | 88 |

NicoletDC Pole2: D/A
DI

DO
|175 212 | 85

Radisson

Nicolet
Des Cantons

Comerford
Vermont

Massachusetts
Sandy Pond

Nicolet AC Pole 1: D/A
DI DO
| s0o | 123 ] 91 |

Nicolet ACPole2:  D/A
DI DO
[ 94 | 150 | 91 |

Numbers of I/0O for Nicolet replica station
— Same numbers of I/0 is required for Radisson & Sandy Pond replica station

26

MTDC systemdata

Years commissioned: 1990-1992
Power rating: 2,000 MW (multi-terminal)
Number of poles: 2
AC voltage: 315 kV (Radisson),

230 kV (Nicolet),

345 kV (Sandy Pond)
DC voltage: +450 kV
Length of overhead DC 1,480 km
line:
Main reasons for Long distance and asynchronous
HVDC: networks
Application: Connect remote generation to load
centres

Hydro

Québec



Advantages of using digital link communication
in a real-time simulator environment:

Connections between the simulator and the equipment is
greatly simplified

No amplifiers or calibration needed for current and voltage

Commissioning time and cost of replica are reduced

Space area of the equipment is reduced
since no I/O cubicles are needed

Maybe an attractive approach for VSC-HVDC control system

Hydro
Québec



800

MTDCN refurbishment

Old replica (blue) vs New replica (red

RMCC Configuration 22, 3 phases Fault at RADISSON 315 KV 6 cycles (Old replica VS New Nicolet

== RAD4_IP_V [TV1]==_Line_RAD_p1EXT [TV2]

w_LINE_NIC_p2 [TV1] = _LINE_NIC_p2EXT [TV2]

-400 + + + + r + + + + + =200 + + + + r + + + + +
035 04 045 05 0.5 06 0565 07 075 038 - 035 04 045 05 0.5 056 0.65 07 075 038 085
m=P_RAD_p1 [TV1]==P_RAD_p1 [TV/2] =P_NIC_p2 [TV1]m=P_NIC_p2 [TV2]
1500 1500
1000 1000
2 s00 2 s00
01 01
-500 500
035 04 045 05 0.55 06 0565 07 075 038 035 04 045 05 0.55 056 0.65 07 075 038 085
= |d_RAD_p1 [TV1]mmId_RAD_p1 [TV/2] == lo_Lim_RAD_p1 [TV1]e= lo_Lim_RAD_p1 [T/2] m=1d_NIC_p2 [TV1] == |d_NIC_p2 [TV/2] ==S2PCP2A1 IORD_LIM [TV1] == lo_Lim_NIC_p2 (Tv2]
3000 3000
2000 2000
< 10001+ < 10004+
0 0
-1000 -1000
035 04 045 05 0.5 06 0565 07 075 038 035 04 045 05 0.55 06 0.65 07 075 038 085
= Alpha_RAD_p1 [TV1] == Alpha_RAD_p1 [TV2)== DACI_RAD_pi_AlphaOrd [TV1]m= DACI_RAD_pi_AlphaOrd TV2] =52PCP2AL GAMMA_MEAS [TV1] = Gamma_NIC_p2 T2)
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Centrales
de 300 MW
et plus

e \\/ACS Solution to Voltage Stability

Centrale nucléaire

Shunt compensation installation .

Centrale thermique

Centrale en construction

cs] Synchronous Condenser
ptatic Compensators

| | [ I =B
i/ L Compensators setpoint ' N
1.02 PU* 3
0 - |aopu / R
0 . /l\ .z
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0 I . . | . _
6“‘- Detection of the drop and
raising of the compensators i
L. . \ . . . voltage setpoint . . = _|tp::
— - . - ‘.‘G_‘,—‘—‘-‘- - " - . - - - . - . - - - - .-
. ) Voltage drop in Montreal area
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\ | Ll | g
‘\ 0 80 160 240 320 800
Temps (sec.)
N GLOBAL CONTROL LOCAL CONTROL
NOUVEAU- EDOUARD
BRUNSWICK = Use of Vyr. = Estimation of V.
s * Telecommunication * Local PMU for V, I
ONTARIO * PDC & SPDC = PMU & SPDC
MAINE
Hydro
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Arch ives
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Interoperable PMUs, Relays and IEDs, from Three Vendors
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ICT Performance

MBPSS o v The maximum allowed delay for telecommunication
MULTI-FCT. po— (medium) and data concentration (IT) is40 ms
+ The distance to be covered from measurement to
power equipments can be up to 2000 km: less than
5ms transmission delay is physically impossible
(one-way)
+ The time delay specifications/ expectations are :
* Maximum transmission delay (roundtrip) = 10ms
* Maximum latency of PDC = 10 ms
. Maximum latency of SPDC = 16 ms
PMU/C latency: negligible (<2ms)
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» Control and IED Components

PMU «Phase Measurement Unit»
PDC «Phasor Data Concentrator»
SPDC «Substation Phasor Data
Concentrator»

SCU «Substation Control Unit»
Multi-Band PSS (IEE4B PSS)

's BN

Real-Time

0 (RYUM | Simulator

Ny Beanl

Hypersim Simulkiions of Hydre-

Quebee Netwerk: 300-Buses
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P|Iot pro;ect Closed loop field results

E| d [ 4« [ e [ e | sppliouer |

Voltage at SVC substation is
normal: does not observe the Impact of control on voltage at SVC substation
drop voltage at Load area «—

— 1.0150

Impact at Load area:

;,_,—f_ -Increase of voltage

-Voltage collapse avoided

— 1 0100

[— 1.0075

g " Jﬁﬁ\

Load area End of test: Back to initial state

[— 0.9975

Release of control

TTI[ITTT U L) LA L B T[T L UL LA LG L L
02 3514 |02 35 29 |02 34 44 02 35 59 |02 36: ‘14|02 3629 02 36: 44 02:36: 59|023 39 29 02 39 44 |02:39:59|02:4D:14 |02:4D:29 0z2:40
2014-03-28 02:40:54

2014-03-28 02:35:14

Reéférence | 2014-03-28 02:36:05 Fesure | 20714-03-28 02:37:15 Différence: Moment Of appllcatlon Of Control ﬂ
S|gnal to substation’s SVC

_ .,ﬁon_trolsystem
In partnership with ABB ' . Ll
In deployment on HQ network | e

- 9 Synchronous Condensers (CS)
- 16 Static Compensators (SVC)

Benefits:
e 400MW to 2000MW increase of southern-transfer limit I
e Deferral of investmentin one SVC in Montreal (60MS) "Québec




Thank you

Internet of Things [HE FUTURE Sl N 5\ ‘ i
Is SMART io"“r:iysgm Technies igiht t IREQ ;

dro
‘youébec

735 kV lines nearthe 5 616MW Robert-Bourassa generating station

http:/Amww.theglobeandmail.com/technology/connected-world-
the-internet-of-things/article24587017/



