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® Why do we develop HVDC models ?

® Description of a detailed HYDC model in EMTP-RV

® Simulation results

® Description of an average HVDC-VSC model in EMTP-RV

® Simulation results

® Next developments
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~ Why do we develop HVDC models ?

® Growing interest in HVDC links in transmission system

o Avoid overhead lines construction

o Flexibility

® HVDC links models are required :

o Determination of the best HVDC solution in a specific case

o Training of power system engineers

® 4 Models :
o Detailed models for transient studies: generic & specific

o Average models for system studies : generic & specific
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Detailed HYDC model

® Main characteristics :
o Generic standard HVDC (Bipolar 12 pulses)
o Rated power : 1200 MVA
o DC voltage : +/- 500 kV
o DC cable 1400 mmz, 70 km
o AC Filters : 11t, 15t 23rd/25% : DC Filters : 61" & 12t
o Reactive power compensation : filters + capacitor bank
o Smoothing reactor : 370 mH
o AC Short Circuit Power : 6000 MVA

o Control system :
e Current controller on rectifier side

e Gamma controller or current controller on rectifier side

® Developed by : University of Ontario Institute of Technology , .
Ecole Polytechnique de Montreal and EDF R&D é‘D‘F
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Detailed HYDC model

......

® AC network : - -

o SCP =6000 MVA

400kVRMSLL /_50
Vv

o AC filters:

o Each filter and capacitor bank generate % of reactive power
consumed by converters

o Filters parameters are calculated from analytical expressions
Included into scripts
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Detailed HYDC model

......

® Converters transformers :

ratio_rec_Y

o Sn =300 MVA / transformer T

o Tap changer )

fifing_rec_star mm————

gates .
—
o le = 12 .5% ratio_rec_D
B6P_3
\(1ng22 6-pulse bridge
X )Aa 3-phase =

® Converters :

gamma_min_delta_bd aux

S
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firing_rec_delta [jm———

o 12 pulses

ratio_rec_D

Rectifier
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Detailed HVDC model

® DC Cables:

o Paper insulated +/- 500 kV, 1400 mm?

o CP model

® DC filters : RLC branches ( 61" et 12t)

® Smoothing reactance : 370 mH

RL4
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cable plus

0.139,370mH

500 kv
1400 mm?2 Cu

RL3
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DC filter
600 Hz

DC filter
300 Hz

7 April 28th 2009, EMTP-RV UGM Dubrovnik, Sébastien Dennetiere

0.139,370mH

DC filter
600 Hz

DC filter
300 Hz

b =B
> B Y

€DF

R@D



firing_rec_star
DEV7 ,
z\/Ksuodg; 2
. gamma_min_delta_bd @ 93
gamma_min_star_bd del 94 4
e g u a I O n gamma_min_delta_minus_bd wﬁ:.’_: 35
gamma_m\n_star_mlnizs_r:g —P{blocking g6
Tiref1 iref2 single firing of
6-pulse bridge
2
e pecope Lone Pulse generators
v_rec_c f(u) 'P
— pecope
v_rec_b firing_rec_delta
———Pscope DEV12
v_rec_a gl
;\IKSoodgz
c 3
] —(>|> DEV6 delay 34 ~
b fst LVJ)[i_a Y STE it —D:I::llmg ggg
—— v_pri_b V_gnc_; 2w e single firing of
! v_pri_c == > 6-pulse bridge
v_pri_rec_c ESS° —delta_freq V_syine @ 3 P2
_ WQQ:-SUW Star/Delta
3PH AC Line 5.3e-6 —rLL_o0nz transformation
voltages at Regtifier
DEV9
I Pulse generation
v_pri| V_sync_b 2 i) u g I
v_pri_c VoG | N
. . —delta_freq syne_¢
V.K.Sood
yncnroniZzation S DQo Pt
DEV10
L Fmi3
v_pri_:
s x_sync_n 2w
2 _sync_b 3
v_pri_c N
—delta_freq sync_¢
V.K.Sood
DQO_PLL_50Hz
Synchronising System
c9
tap changer rec ‘
205AEI ratio_rec_Y

v2 ratio_Y

i o — ..o | Transformer tap changer - s
e P 9 > B

€DF

8 April 28th 2009, EMTP-RV UGM Dubrovnik, Sébastien Dennetiére R®D

C10




@ Redctifier control system

Initialization

ide | from page 1
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Detailled HVYDC model

EMTP-RV design

400 kV AC system

PQ_fiter_rec

pri_rec a
v pri_rec,
v pri

PQ_polel_rec

Rectifier AC Filters

AC filters

harmonics

11,13, 24+
and

Capacitor bank

fiters_rec

Filters sizing

vd_rec

PQ_pole2_rec

V_pri_rec
- /_pri_rec_a
¢
ratio_rec_Y
B6P_1
Yy
6-pulse bridge
+
L assr08.45 gamma_min_star_bd ———]aux
firing_rec._star bmmmtoiee—
ratio_tec_D
B6P_3
Yg0_2 -
90 6-pulse bridge
x()a -phase
368/205.45 gamma_min_delia_bd ———]aux
fiting_rec_delta Irtazze—
ratio_rec_D .
Rectifier
B6P_4
YgD_1 -
G 6-pulse bridge’
x()a -phase
368/205.45  gamma_min_delta_minus_bd———]aux
firing_rec_delta I=lozree
ratio_rec_Y
B6P_5
Yvo

& pulse bridge

-phase

Rectifier AC system

11

368/205.45 9amma_min_star_minus_bo——1

c_star =}

firing,

aux

oates

April 28th 2009, EMTP-RV UGM Dubrovnik, Sébastien Dennetiere

vd_rec_fitered

vd_rec_fitered

id_rec

cable plus
500

B6P_2

o
1400 mim’ Cu

+ Pole

- Pole

cable_minus

omH

~6-pulse bridge

aux}—— gamma_min_star

=t fring_inv_star

_6-pulse bridge

3
* aux|—— gamma_min_deta
=1 fiing_inv_deta

gates|

B6P_7

—6-pulse bridge

4
10M

R11

gaies|

B6P_8

00
1400 mim’ Cu

6-pulse bridge

3
* auxf—— gamma_min_star_minus
=t fring_inv_star

[+ gaie:

3l
%j% gamma_min_delia_minus %Ju\/ 420120545
frmemed firing_inv_delta R19

V_pri_inv_a
400 kV AC syster
PQ_AC_inv s
PQ_polel_inv -
ratio_inv_D
Ygp_3 PQ_fiter_inv
PN
201205.45 Inverter AC Filters
AC filters
harmonics
11,13, 24+
and
Capacitor bank
fiers_inv
ratio_jnv_D
Ygb_4
PN
|Filters sizing|
PQ_pole2_inv
ratio_jnv_Y
Inverter AC

system

b =B
> B Y

€DF

R@D



Detailed HVDC model

Simulation results
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Detailed HVDC model

Voltage sag
_AC voltage rectifier side

_AC voltage inverter side
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~ Detailed HVDC model, next developments

Available on demand

Implementation of the Voltage Dependent Current Limit Unit :
o Static characteristic adapts I, as a function of DC voltage

o Dynamic characteristic adapts |, as a function of DC voltage according to the
fast down time and slow up time

Modeling of protection systems (overvoltage, overcurrent, commutation
failures)

Implementation of start up algorithm

Integration of control systems designed by manufacturers (DLL
connection) to obtain specific HYDC models

A
€DF

14 April 28th 2009, EMTP-RV UGM Dubrovnik, Sébastien Dennetiére R®D



Average HVDC VSC model

......

® Main Characteristics :

o Rated power : 1200 MVA

o DC voltage : +/- 320 kV

o DC cable 2500 mm?2 XLPE insulation, 70 km
o Converters transformers

o AC & DC filters

o Capacitor bank : 20 pF

o AC short circuit power : 6000 MVA

o Control system :
e Active power regulation
e DC voltage regulation

e Reactive power regulation

® Developed by EDF R&D s
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Average HVDC VSC model

......
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® Reactive power controller has to be improved
@ Contribution to CIGRE WG B4.38 (Simulation of HYDC and FACTS)

® Implementation of manufacturer controllers models using DLL
connection to obtain specific HYDC models

® Available on demand
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