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Study background




@ Study background
Network evolution

THE SHARE OF PED* IS INCREASING IN THE NETWORK
- More and more HVDC interconnections

- Increase of PE based renewable energy (Wind + Solar)
- Storage

PEDS AFFECT THE BEHAVIOUR OF THE POWER SYSTEM
DURING TRANSIENT.

WHAT IS THE IMPACT ON SYNCHRONOUS MACHINE?
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Study background
North of France — Power System IS moving
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Study background

Determination of §.

> Illustration of the area theory

P, (p.u.)

A

Adéc

P

Aacc

0 8 Ser O n §(ra

> The critical clearing time = stability limit
Agce = Adec
* 6m =71 — 50
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400 kV/14,7 kv
14,7 kV - 175 MVA

B, Mechanical power of the turbine (p.u.), before the fault
= Electrical power (p.u.) during the fault
Pe'def 3|E’||Vbuseqdef| .
" Peger = —Izeq,defl sind
= Electrical power after the fault (p.u.) after the fault
. clearance
e,ap . p _ 3|E’||Vbuseq ap| siné
S |Zeqapl
Agce Speed up Area
Agec Speed down Area
8o Angle of the SM before the fault
Om Maximal angle at the fault clearance




@ Study background
Grid Code: FRT control functions

Positive sequence current Negative sequence current

4 41q (pu)
Alg +(pu) A qu (pu)
AU2+

192- (pu)

Alg_- (pu)

= Positive sequence reactive current is = Negative sequence current is injected
injected to support the positive to reduce negative sequence voltage
sequence voltage
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Transient stability analyses - Sweeping

toolPoXx



@ Transient stability analyses - Sweeping toolbox
Illustration with the EMTP example

» Example 1: find the critical clearing time for a simple case

MG oy o Thes
MAIN_400 s AVR
TIRE_CB p\i BORCKA_CB <G G:)V
Slack: 400kVRMSLL/_0 El’o =
Vsine_z rll:gzzwruiv:w ‘...... ...... ;“‘
> Synchronous machine e, 3| tfault = oGlobalData. Tfault; //s
> 14.7 kV ... | Fault_duration = oGlobalData.Fault_duration //s
» 175 MVA

> AVR + Governor

) ) D=oGlobalData.Fault_Loc // fault location in %
> 2 overhead lines in parallel (0.19 H / 3.75Q ) | 114t = oGlobalData. Tfault // Fault instant
» Load (100 MW 50 Mvar)

» Reactor (7 H)
» Network equivalent (25 GVA
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@ Transient stability analyses - Sweeping toolbox
Configuration of the sweeping parameter mask

batchl
Parameter defined |as a Global Variable v Name Of the gIobaI variable to be —[>Tes“ %
Parameter name: oGlobalData. |Fau|t_duration updated (fault duratlon)
Fault_duration:

] Low limit: 0.3109375
. . .. . High limit: 0.31796875
Choose Bisection as optimisation method g

Range of variation of the parameter

Type of variation | Bisection | v i imi
ype of variation | v] Define limits

Low limit |0.1 L. .

e — Low limit: SM is stable

High limit | High limit: SM is unstable
Convergence criterion |0.01 o % . .
Convergence based on IParameterintewaI Sizeﬂ ) Convergence criterion

[ |Re-run Load-Flow after the Parameter variation

Extra script to calll JAdwij or js

[[15tart the study after clicking on OK button
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@ Transient stability analyses - Sweeping toolbox

Stability

criteria Flnd Stablllty Cl‘lterla

(Binary)

batchl
Normalized mechanical angle of the turbine-generator set (rotor shaft vs stator)

Stability _criteria
==Delta_Theta [EMT1] ==Delta_Theta [EMT2]
- - conv Dstop
30 - - - - - Teta_1| Page Teta_1 SimStopl
div
25
g Activ_dly2
~—20
] : : : : xT—1—
o : . : . . : . Dx yp——-bsTO0P
.......... i Qb Rl . e W
3" : ! : - Stability threshotd sipstop?
© . . . . . . .
Loy N SRS : / ----- e peeeeeeee
& ! ! ! . . H : batchl
% . . . . . . . 2Tr
[} PDTest| I
=
Fault_duration:
Low limit: 0.3109375
: ' : : : : : High limit: 0.31796875
-5 i ' i ' ' i '
0 0.5 1 1.5 2 25 3 3.5 4
Time (s)
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@ Transient stability analyses - Sweeping toolbox
Simulation results

== Delta_Theta [EMT1]==Delta_Theta [EMT2] == Delta_Theta [EMT3] == Delta_Theta [EMT4] == Delta_Theta [EMT5]
== Delta_Theta [EMTE] == Delta_Theta [EMT7] == Delta_Theta [EMT2] == Delta_Theta [EMT9]

Fault duration
L. . small_system_paramSweep_pj
Low limit:0.1s
2 2 - -‘l 1
ngﬁ /lmlf - ] < E sma|I_S:,rstem_paramSweep_l_FauIt_duratfan_U_l.m
5 small_systern_paramSweep_2_Fault_duration_1.m
o
= I sall_systern_paramSweep_3_Fault_duration_0_55.m
g‘ I sall_systern_paramSweep_4_Fault_duration_0_325.m
5 I smaII_system_param%eep_S_FauIt_duration_D_EIESDUUDUUDUGDDDE.m
E I small_systern_param5Sweep_6_Fault_duration_0_26875000000000004.m
é I small_systern_paramSweep_7_Fault_duration_0_296875.m
I stall_systern_param5Sweep_8_Fault_duration_0_3109375.m
I small_systern_param5Sweep_9_Fault_duration_0_31796875.m
Fault duration Time ) o
Simulationn® 51 S5 S6 S4 S3 S2

i T } > Atfault

1 | |
1 i i
Tmmsaulnyamwﬁswmswmﬂvnc-m-mlwv-mﬁgnmzom 12



@ Transient stability analyses - Sweeping toolbox
Simulation results *"E

Fault duration _
Low limit:0.3109375 s Low mit-0.3108375
Hl"gﬁ /l’772['f - 0,31 7968755 High limit: 0.31796875
SM active power Substation positive voltage
=P_SM==P_SM ==\/_pos [EMT1] ==V_pos [EMTZ2]
g 3
Z 200 g )
g T B Y
'«%-200 %0.4 --------- --------- ---------- ---------- --------- AtCT'_ 0 3109375
< & : 5 = :
oot it g = 0-3-1-7-9'6875"“"“"; ----------
. . Time (s) . - . . Time (s) . .
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@ Transient stability analyses - Sweeping toolbox
Parametric case

Transient stability analysiswith SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019

Fault
location

Simple
test

Sw eep_faultduration sweep_LF_Psm sweep_Fault_Loc

==

Fault_duration:

Low limit: 0.40234375 -
High limit: 0.409375 Parameter sweeps supenisor

Help |

Parameter sweeps supervisor

Selection of Parameter sweep devices

Ij Add Parameter sweep device to the tree. I

["]Start the study after clicking on OK button

Add selected | Remave last ‘ Pair with last |

|| |sweep_LF_Psm

| — |sweep_FauIT._Loc
ﬁﬁﬁﬁﬁ |Sweep_fau|tduration

Number of simulations: 108
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@ Transient stability analyses - Sweeping toolbox
Parametric case

LF P Fault Loc [%] |Critical clearing 0.789

i ] =

1 0.452

20 0585 =

50 g%

80 E

1 0.381 504

20 0487 O

50 0726  § o2

80 0.789 &

1 0.332 0

20 0.402 80

50 0.543 140
80 0.557 120

20 110

Fault location [%] 0 100 SM Power [MW]
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Study on a benchmark for
transient stabflity with HVDC




@ Benchmark for transient stability with HVDC
Benchmark description - EMTP

MMC1 MMC2 .
MMC Cable 70km1 TG ACgridl
measivbe - IV | meass Scc = 20000 MVA;
S = 1050 MVA: S = 1050 MVA, _ Vac = 400 kVRMSLL
- . Vac = 400 kVRMSLL;
Vac = 400 kVRMSLL; Ve a0y
Vdc = 640 kV
SM1
. YD 1
ACqgrid2 -
¢ v1:1.00/_11.9/7 1 X 2 AVR
S A SM +
measSM 30
Scc= 3404.61751 MVA GOV
Uac = 400 kV
XIR = 4.7 %
20/71=1.2

Transient stability analysis with SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019



@ Benchmark for transient stability with HVDC
HVDC Link

MMC1 MMC2
MMC Cable 70km1 MMC

Ly = agre
S = 1050 MVA: S = 1050 MVA;
vac = 400 kVR’MSLL; Vac i 400 KVRMSLL; / SUSTAINABLE ELECTRICITY FOR ALL
Ve = 640 KV Vdc = 640 kV

MMC characteristics MMC characteristics

Converter type MMC / symetrical monopolar Transformer leakage reactor 0.18 pu
Rated power 1050 MVA Arm reactor 0.15 pu
AC voltage 400 kV SM energy 33 kJ/MVA
Frequency 50 Hz
Converter bus 320 KV _ .
voltage Cigre TB604: "Guide for the Development
DC voltage +320 kV of Models for HVDC Converters in a HVDC
Number of SM 400 Grid”, 2014

Transient stability analysis with SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019
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@ Benchmark for transient stability with HVDC
HVDC Link — reactive current support

* P-control idposref
:Vdc-control - €aref
T . Idg limiter b /7
| Q-control m aposref - ,
| Vac-control N Inner Ebref
l 2 ; current p— / I
anegref control . /4
Ceref s
. p— / SUSTAINABLE ELECTRICITY FOR ALL
Linegref
[ —

"~ Positive current support

Negative current support

Cigre B4-70: "Guide for electromagnetic
transient studies involving VSC converters”

[1] S. Beckler et al *On Dynamic Performance Analysis for MMC-HVDC Systems during AC faults”, Cigre

symposium, Aalborg, 2019
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@ Benchmark for transient stability with HVDC
Phase to phase faults

Voltage at the HVDC point of common coupling Remaining Critical clearing
Fault type Control .
=Vctrl i =Vctrl + digt voltage (% time (s

=\ctrl + Aia+ + &q' (priority Aiq’) ’

=\ctrl + A?d* + Ziq' (priorityﬂAiq*) ) vetrl 0.346 s
= : : ; Vetrl + Aig* 0.402s
o :
& ; 0% Vetrl + Aig* + Aig-
80.8 (priority Aiq?) 0.275 s
o Vctrl + Aig* + Aig
5)0 . ; (priority Aigry  0-312S
s Vtrl 0.402 s
x : Vctrl + Aig* 0.487 s

0 ! : : + > ° ! Vetrl + Aig* + Aig-

Time (s) 10% T AlqT T AIq 0.346 s
vetrl vetrl + Ai (priority Aiq)

=\Vectrl _ =Vectr iq* - R

=\/ctrl + Aig* + Aig™ (priority Aiq’) vetrl + Alq + +A|q 0.393 s

=Vctrl + Aig* + Aiq- (priority Aig*) (priority Aig*)
06 ‘ ‘ ‘ Vetrl 0.493 s
SRk vctrl + Aig* 0.606 s
ot 0 Vetrl + Aig* + Aiq-
Los 20% (priority Aiqy) 0.451s
>02 vetrl + Aig* + Aig-
g 01 (priority Aig*) 0.493s

a
0: : : : : : : : : : . . . . .
0l ——————————~——— | » For unbalanced fault, injection of negative reactive
Time (s)

_ - ] ] current deteriorate slightly the transient stability
Transient stability analysiswith SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019 20
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Study on the northern France
Network




@  Study on the northern France network

Objective: “"Evaluate the impact of HVDC project on existing power plant stability”

LeGwW

NI
30MVAR

54 ¢PQS'H
BU

US4

EMTP Model:

One part of the 400 et 225 kV are modelled

4 Thevenin equivalent represent the rest of the network.

The HVDC is connected at different locations according to the current projects

The HVDC inject the maximum power into the AC grid

Faults is simulated at different substation or line with protection relay activation

[2] H. Saad et al, “"AC Fault dynamic studies of islanded grid Including HVDC links operating in VF-
control”, IET ACDC, Coventry, 2019 22
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@ Study on the Northern France network

3-phase fault

Voltage at the HVDC point of common coupling

—Octrl —Vectrl o
- ) —Octrl —Vctrl
—Qctrl + Aig —Vetrl + Aig* =Qctrl + Aig* —\/ctrl + Aig*
12 No HVDC No HVDC
e < NG5\
B NS N O NN
—~ | :
O 0.9 g R A A
N—r
Q e O S
@0.8 ]
©
2077
o
> L1 B | NN
n
>o.
nd
0.2 : : : : : . . : . H H H H 0.3 : i : : H : : H
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 0.96 1 1.04 1.08 1.12 1.16 1.2 1.24 1.28 1.32
Temps (s)

Temps (s)

Transient stability analysis with SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019



@ Study on the Northern France network

3-phase fault

reactive current

HVDC Reactive controller of the HVDC |Critical clearing time
support
No HVDC - - 0.21s
Q control 0.212s
NO
With HVDC Vac control 0.25s
Q control 0.256 s
YES
Vac control 0.269 s

> For balanced fault, injection of positive reactive current improve slightly the stability

Transient stability analysis with SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019
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@ Conclusions

Transient stability studies with HVDC and Synchronous Machines
» Realistic synchronous machine data and control

» Accurate modelling in EMT tool
» Detail MMC-HVDC with sequence control

» Investigation on the different FRT strategy and parameters

Preliminary results
= VSC-HVDC does not deteriorate the transient stability of SMs

= Positive reactive current support improve slightly the transient stability

» Negative current support might slightly degrade the transient stability

Perspectives
= Analyse the impact of temporary valve blocking

Transient stability analysis with SM and HVDC - RTE - EMTP-RV user conference - Perpignan 2019
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Thanks for your attention

pierre.rault@rte-france.com



