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Introduction

* OﬁShore Wlnd )['CUMU"ATW“’”S“"R“W'NDCI\PAC!THN 2015
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Introduction — Offshore wind farms

Key benefits:
— great wind resource bt
— vast space '
— reduced visual noise and impact

« Challenge:

— installation of big platforms

— power transmission over long distances

« Ultimate goal: reduce cost.

Y S Y

«  Study by Ernst & Young (EY) in 2015: ‘Source: BorWinl, ABB
— promising results for long term development
— One key priority: ensure cost-effective grid investments and connections

« HVDC most efficient for long sub-sea cables.
— Need a converter station!
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Introduction — Converter platform

* Challenge: Cost of OWEF:

— Reduce cost of converter
platform. . Suppot

. SOIUtlon Structure/

— Reduce size of platform and
use less expensive and more
robust power devices.

W Logistics and
Installation
19%

B Electrical
Infrastructure
12%

« AVSC station is smaller than
a LCC station.

« Disadvantage of the VSC.: evecoment

— large switching losses and Tubine_— o
expensive power devices. 33% ;

— Reduce losses and cost by
introducing a hybrid converter.

® Construction
Financing
12%

Navigant Consulting, 2013
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New hybrid solution

« 12-pulse diode rectifier (DR) connected in series with a VSC.
« Anticipated results: (From ref: [1])

— efficiency = 99.07% (VSC.: 98.4%)

— cost of power devices = 53.47% of VSC

— same size as HVDC light station
YYD - Transformer:

— Eliminate 5% and 7t order harmonic current component.

« Takes advantage of both
DR and VSC technology.

— VSC: smaller filter banks
— DR: higher efficiency

* More robust
— less switching devices.

Source: [1]
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S d " " Power and Voltage Parameters Values
ySte I I l e S C r I ptl O n Base values Power rating [MW] 400
DC Voltage [kV] +150
Filter values Cpec [uF] 6.0
. . Ci,2,3 [1F] 300
« BorWinl, reference project Ca It 0
A 11 D
» Simplified wind farm P "
- Transfi 5 Tor [kV] 33/76/76; 0.1 p.u.
« Control of the WFVSC is the B T R Ry
. . [k 300; 0.1 p.u.
fOCUS Of thIS paper Ty kV] 170/300; 0.1 p.u
Sending end DC cable Receiving end
Variable L |
speed wind d * C, L
turbines Tor (T 1==Va
Offshore AC
grid il
1 Lq Onshore
PCC e * Cr-lvy,, Ve, J oo AC grid
| C —e—)—)
T\ISC LC J;
- @ CBZZVdCB
Cocc  + J% [
T GSVSC
WEFVSC
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Control objective

1. Voltage tracking control ~ Vpece —— Vpcc* (M, f)

2. Balancing control Vdez3 = Vdces*
3. Harmonic control wre  —— lwr* = gVpce
12L-DR
La
YT * 27 Vi
PCC 1:>
dr
iT\lVP ]."\"-SC
L.
CLvVv
_I —_— Ydd
C::Vpcc V‘«"SC @
WEVSC
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Control objective 1 & 2

1. Voltage tracking control Vpce —— Vpec* (M, f)
2. Balancing control Vdca —— Vdc3*
p_ |Visclsind Vo . b Vg vsc Vel
=T ole PCC wlc C
|Vysclcosd — [ Vpccl _ Yayvsc—|Vrecl
Q= olc ‘1Vpccl - Q wlc IVeccl
121L-DR

La
111 * 27 Vi A Im

1ar i
g-axis
' |I"'r~.r5:|
— AN 3
i _ N _.-d-axis
WF lysc k -
L. ;
1110 Va.vse
IVoeel = Vi pes
_I C3:: Vdc?» o d,p
C — '-.‘ L *H
1 Vpcc Vvsc i €
L WEVSC
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Control objective 3

Harmonic control lwr ——Iwe* = gVpee

WFVSC works as an active filter by utilizing a proportional-resonant (PR)
filter.

Transfer function for the

12L-DR .
integrator term of the PR
controller:

La

S LIL] * 27 V4o

PCC :> , ]
g Gr,(s) = Z Ky, 7 2
h=1113 S tlw-h)
iW‘P ivsc

L.

FEOT
] C3LVya

C ::VpCC V‘«"SC

WEVSC
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Control system

Vpce ™
P + Vd, vsc

"'*"pn:c:[puj: T

Vagezd™ +

Y

Pl
Vg, vsc

dg/abc -
transformation

1II""EI. V5C

WV, vsc

VC. ViC

11t 13th

h 4

Y

FR

A J

Y
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Simulation

« Control objective 1: Voltage tracking control

_ VPCC (RMS)

Time(s)

« Control objective 2: Balancing control
— Preliminary implementation: used an ideal voltage source where Vdc3 = Vdc/3
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Simulation

« Control objective 3: Harmonic control
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Alternative controller

Model-based controller in stationary reference frame:
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Preliminary results
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12L-DR

Conclusion . [ A

Gl Vg

 Challenging controller! = =, %}
i

» Reduced number of switching devices T
— More robust T
— Lower switching losses > Higher efficiency
— Reduced cost of power devices

WEVSC

* Reduced size of filter banks compared with the DR

:> Reduced cost of offshore converter station

Future work: ancillary services
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Thank you!

Questions?

[1]

T. H. Nguyen, D. C. Lee, and Chan-Ki Kim. “A Series-Connected Topology of a
Diode Rectifier and a Voltage-Source Converter for an HVDC Transmission
System”. In: Power Electronics, IEEE Transactions on 29.4 (2014), pp.1579-1584
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