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Abstract

The main subject of this Diploma Thesis is the High Voltage Direct Current
(HVDC) technology, which allows transmission of large power on long distances using
high-voltage direct current links and it is an alternative to H3/#&ansport, due to
reduced losses and costs. More specifically, the studycaraied out by modeling a
multi-terminal (4 terminal) HVDC network of voltage source converters (VSC
HVDC), which network interconnectsvd highrpower offshore wind paskwith wo
asynchronous AC grids. In addition to the successful transfer of power from offshore
wind parks to both asynchronous AC grids undeady state conditionghe Thesis
focuseson the control methodghat allowfrequency response of the mtkirminal
HVDC network to the AC gridsaccording tahe System Codes.

Initially, a brief overview of HVDC technology, a historical review of it, a
description of the two HVDC technologies, GSIW¥DC and VSGHVDC, and an
analysis of the System Codes for HVDC intercartio®s iscommitted

Subsequently, the analysis focuses on the modeling of control systems-of VSC
HVDC converters othe multi-terminal HYDCgrid (MTDC). The Park transform, the
PLL synchrofzation system, the vector current contamplied to the onshorand
offshore HVDC conerters are thoroughly analyzéitheHVDC-VSC converter is then
integrated into the MTDQ@rid, which is fullymodeledFinally, the control methods of
MTDC grid are analyzed, with emphasis on DC voltage droop control, which is used
in the present work.

The second padeals with the contributioof the MTDCqgrid to thefrequency
supportof the interconnectedsynchronou®\C grids and presents the results of the
simulations. The analysis is divided into three scenarios. Scenario ligatestthe
frequency response of MTDC without the contribution ofrc@nected Wind &ks
(WP). Scenario Il simulates same AC load disturbances with Scenario |, utilizing the
frequency responsef interconnected WP via telecommunication data transmission
Finally, in Scenario lll, a technique for improving the MTDC network frequency
response is proposed.small part of the work is devoted to methods of sharing DC
power between the onshore converters at steady state.

All simulations were performed inMatlab/Simulink environment, while
diagrams were designed Microsoft Visio.

Keywords

HVDC technology, voltage source convertemedt current multiterninal gridwind
farm, MTDC control strategies, DC voltage droop control, system codes, frequency
respons, inertia response
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CSC Current Source Converter

ENTSOE European Network of Transmission System Operators for Electricity
FCWT Full Converter Wind Turbine

FRT Fault RideThrough

FSPC Full Scale Power Converter

GSC Grid Side Converter

HVAC High Voltage Alternating Currén

HVDC High Voltage Direct Current

IGBT Insulated Gate Bipolar Transistor

MMC Modular Multilevel Converter

MPMSG Multipole Permanent Magnet Synchronous Generator
MPPT Maximum Power Point Tracking

MSC Machine Side Converter

MTDC Multi-terminal Direct Current

Pl Proportional Integral

PLL Phase Locked Loop

PMSG Permanent Magnet Synchronous Generator

PWM Pulse Width Modulation

ROCOF Rate of Change of Frequency

SCR Short Circuit Ratio

SPWM Sinusoidal Pulse Width Modulation

STATCOM  Static §nchronous Compensator

SVC Static Var Compensator

THD Total Harmonic Distortion

TSO Transmission System Operator

VSC Voltage Source Converter

WF Wind Farm

WT wind Turbine
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reactive current static:
k= (Alg/l VIAU/U) = 2,0
p.u.

required additional reactive
current Alg/l,

A rise time < 20 ms

dead band, I'mlt?t'on of the voltage maintenance of the
power factor control . Obtained by voltage control ;age support in

: (underexcited operation) accordance with the
! d W chraracterisitc after
H " ”

5 return to the voltage

dead band limit: } : band over a further 500
Uy = 11U } :

max o ! { ns
Upn, =09U, f 1 : o

lg max = |
| |
‘5Q%support of the voltage
i obtained by voltage
control (overexmted
operation)

>
>

|
"4 e 0% 20% voltage drop / rise
! AU/U,

explanation:
U  rated voltage

U, voltage before the fauld

U present voltage (during fault)

I, rated current

100% lgo reactive current before the fault
5 S o I reactive current

within the dead band power factor control is required. AU = U-U. :AL =1 -1
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1.15 Fixed outer envelope
141
Voltage
range
10+ i Range of
: Q/Prmax
1
|
: Innar envelope !
[ R R
0.85
08+
r ' ! ' ' ' ! ' ' ' ' ' ' " 065 t
-0.6 -0.5 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 QP
Consumption (lead) Production (lag)
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50,2 He

fgw'a' f i 'ﬁP
[ e
A= 40% P, pro Hz
Ap

50.2Hz - fgrid when 50.2 Hz < {
50 Hz

Py : currently available power

Ap: Power reduction

orid < 52.7 Hz

Ap =20 Pu

foiq Grid frequency

In the range 47.5 Hz < fg;y < 50.2 Hz no restriction

Active Pow er output
In % of the nominal

power
100  —
20 g : :
o E | ; :
80 : P ; :
40 = % P10 s s Omin (t=20min
= ' [ 1
20 & i
i 1 1
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AP
MaximumActivePower TransmissonCapacity(import) max
i
AP 100 Af \ =
P sl 1 for0>f24) Range available for FSM
' L I

Transmittedactive power

{operation setpoint)

§ PSR —
-
-

AP 100
. ‘.'...___ E (for0<f<1)
Minimum Active Power Transmission Capacity (import) :
] )
] [}
] I
] ]
L L -
T T T L T T T T T »
(f,-1) f-fr)
f f Af
Minimum Active Power Transmission Capacity (export f
--------------------------- e, ——————————————— n

Range available for FSM

_________________________________________________________

Maximum Active Power Transmission Capacity (export)

(b)
Parameters Ranges
Frequency Response Deadband 0 —+500mHz
Droop s; (upward regulation) Minimum 0.1%
Droop s; (downward regulation) Minimum 0.1%
Frequency Response Insensitivity Maximum 30 mHz
(92)
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onshore grid #1

Norway offshore grid

40 ke is sea cable and 53 km OAI #1
420320 ysc1 is overhead land cable VSC 4 #1 570MW

20/420 KV KV 1 3N033KY | 3333 KV

W“_ =/ OO+~ 7ZO

93 ki

HVDC Multiterminal grid
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onshore grid #2
Germany offshore grid OATT #2
380/320  vsc2 129 km VSC 3 #2 570MW
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