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The efficient DC-link voltage design of the Type 4 wind

turbine that satisfies HVRT function requirements

*
o =% *
LIRS A |

*
Seung-Hyuk Baek”, Sungmin Kim"

Abstract

This paper proposes the DC-link voltage design method of Type 4 wind turbine that minimizes power loss and satisfies
the High Voltage Ride Through(HVRT) function requirements of the transmission system operator. The Type 4 wind
turbine used for large-capacity offshore wind turbine consists of the Back-to-Back converter in which the converter
linked to the power grid and the inverter linked to the wind turbine share the DC-link. When the grid high voltage fault
occurs in the Type 4 wind turbine, if the DC-link voltage is insufficient compared to the fault voltage level, the current
controller of the grid-side converter can’t operate smoothly due to over modulation. Therefore, to satisfy the HVRT
function, the DC-link voltage should be designed based on the voltage level of high voltage fault. However, steady-state
switching losses increase further as the DC-link voltage increases. Therefore, the considerations should be included for the
loss to be increased when the DC-link voltage is designed significantly. In this paper, the design method for the DC-link
voltage considered the fault voltage level and the loss is explained, and the validity of the proposed design method is
verified through the HVRT function simulation based on the PSCAD model of the 2MVA Type 4 wind turbine.

2 o
B =R A= A% A9 Aol High Voltage Ride-Through(HVRT) 7% S7-%AE whEst, AA A oA 9] 48
H23e 4 & Type 4 FEHTR7)9 AFd Ad A WS Arstc) dl-85F ) F3 2o A-85 = Type 4 54
w7 A A -3} Back-to-Back ¥ &ejo]t}.

1Bt QAAE AW B was)s AAE AWEF AREL B
71914 HVRT 290 A% 34sh Ak @@ 2% Abm ¢ 2719 via) 478 dgte] »Ssehu
sz Q18] A%S ANEY AR Aol717h YRS B4 RIk geb HVRT 7158 #53h7] Ashis nas
g 7120R 4579 A4S WA} Bk T2t AR Askel 2719 FohE APl AuE &

5 R4 A

T

J
3
Hu
ARy
2
2
o
MJ
X
ot
)
ol
32
o
=2
olN
N
i
B
i
2
)
ot
f
i}
N
H
i)
A
2
o
%
&

2lE A kS g el dal Arska, Aljbel Al ] B S 2MVAH
Type 4 #3719 PSCAD 29 7|8F HVRT 7|5 Al E#HIAS F3 gtk

Key words : Grid code, Grid connected wind turbines, Type 4 wind turbine, High Voltage Ride-Through (HVRT),
Back-to-Back converter

* Dept. of Electronics Engineering, Hanyang University, ERICA Campus

#*% Dept. of Automotive Engineering, Hanyang University

* Corresponding author

E-mail : ksminmoon@hanyang.ac kr, Tel : +82-31-400-5172

% Acknowledgment

This research was funded by the Ministry of Trade, Industry & Energy, and supported by the Korea Institute of Energy
Technology Evaluation and Planning (KETEP) (Grant No. 20193010025790)

Manuscript received Jun. 1, 2021; revised Jun. 22, 2021; accepted Jun. 29, 2021.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(399)



w2

ol
=
B

2

23 ot off x24T oo P
o X

=
>
-

w2}
t}. F

AE

ol
I
ojf

[0 o
ol
o

fru
aly ko =

n
P‘L
rlr

The efficient DC-link voltage design of the Type 4 wind turbine that satisfies HVRT function requirements 167

x
t
o

X
o x> 10 0% A

do

o
a2

oy

1%

o
2 3
o
L g
oo

N
S
4 32
9

=2
R
)

tu d

o

ofo

o

M

24

)

o
o
2
o &

off &
X
o

2,
>
oL r‘& _1\10_‘1 E

o o

ol
L Sy
2

Q‘L

o o F
~
2

o Ol'm
o M rir
2 o

re
ey
41
o
=2
o
>

ol

o

]

32,

o

e 2
o
il
B
I
2

o

¥

x

=

of A
£

o

EY

fi

ol
—_
L
o o

ault Ride—Through
7w S A4 oy
B AAsE Aol okl
4

=

f

of
2
oot oy N T
>
kool
I ne o

oft =¥ |o
'l
b3
rlr

dA AIZE A
RTY & 7%
AF Abarel wie AA FA4 7]

'l
of (ot of rE

ot 2

]
o

00{1 mlo 9

%

ey

o

o T
Ll

rl o
B

ol

¢

>
k
2
k=)

o

[
.
o
=

Voltage Ride-Thro-ugh(LVRT)$} A Alard

&

A% AA #A 71°5< High Voltage Ride-

Through(HVRT)Z vhdth, d=Ewsgx7F 23

A &
AZ9 <
2 F okt

Grid

o

L

FP wE FYBAY] 5 AY AF AG
5o 37

Back-to-Back Converter

Transformer : “Converter Toverter .

a) WECC Type 4 Wind turbine

‘Wind turbine

Inverter

Converter

Vabes_conv

Labes_conv

=

Turbine
Controller

Controller

Puina @rm

Converter controller Inverter controller

b) General control structure of Type 4 Wind turbine

. WECC Type4 wind turbine and general control
structure of Typed4 wind turbine.

. WECC Type 4 SHLUXT|2t Type 4 SHLUMT| 9
kMol Mo 7=

(400)

A 1) v AR A8 (WECC)HI A

1

Habdr)e]l Ay Jef ® AFE Aol wet i
shal gl dl A FE Ed7] £33 F Type 4
8 7o 25 YERATH2) Type 4 9
Hd7le dE Ay F9 $d7]7F Back-to-
Back ZIHE & &3l A4 A+ F22A AE
AbaL A A B 7)) Al AAIE fFAs F7t
Al FE AR F9ol 7hed 8 T &
Yot}

Type 4 S8 279 A5 T8 ddozHE

N O:>:'_4
o QL
fr

td

rin

2

L)

[*]

0%

e e
)
I

o off T Jo
N
L

2
'l
1o
2
rE
4

[-‘O

fr O o [ orf o pZ
(15 e

lo =

N

Ip

=

o

<

ojf

O
o H

i)

N

)

o

ft

iR

2

i

1A
1B
4,
N
>
ol

Ll

lo
r)J

o %
[o

12
r)J
>
Ao
2

o

T

)
TN
lo
2
[0 AL & E Ok oy X oox 2

of
%o
ml’L
2
'l
=2

o

0,
[

o Z2 Ju > Hu
Or_ﬂ

=

==

> e o
l_ﬂl_ﬂ,
oo o

S7HA17171 w2, A
He AW HAA &5
Adsich mepA, 49

£ % ¥ o] Back-to-Back
o7 AGEm g Type 4 3
o] A =M AE AtLE

Zolt},

M oao T X N & o 0 o=

N
Hoqu oo
ls rt
{8 o
o ao

2

2

ol

o

fr

i)
)
N
il
o
Y
)
=
ox
ol
ol
rlr

A% A

of

;%

<

(o]

D

ol

v

o

T

N

N

on o
LKoo ofg 2
oo oom
ol
N N Ol-m
o
X,

ol i
X,
offt
=2,
>
=
<
=
,%

2
(RN
o
o
ol
o
X
=2
1o
o
ox My
)
2
0,

2
iy AR
o
[
fru
-

o o

"o
=
)
hl
e

fr
U yu)
S
B fo
ko

>,

Y

— [e]

ls

rQ i Lo oot
W
2
2

e
o M
=
QL

92 B
ol
1>
o
S
>
o
e
T
w5
T o
1 R o
©
>
>
o
ol
N
ot ©

2
offt
=2
ro
R
Ay
o
>
T
[o
= N

off fo M ome it mv ox
o

RO O
0 of
2

N
Q‘L
i
T
<
=
,%
offt BN
m
lo
o,
)
—~
2
tlo

Yy
Q‘L
rlr
A o -
=
o

A fASES

= A7l 28 AR dste] &

=i

2
=2
o N
2 e
ol 2> od

oy
it
N
ol
p



168

13
12

18 S—

1.0

0.9
0.8

0.7

0.6

Grid voltage[pu]

0.5 Republic of

Korea(KEPCO)
0.4
USA(NREL)
0.3

02 Germany(Tennet)

0.1 UK(National Grid)

Australia(AEMC)

0 010203 05075 1 2 3 4 5 20

Time[sec]

Fig. 2. LVRT/HVRT requirements in grid codes.
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Fig. 3. Additional reactive current injection requirements
when the voltage drop or rise.
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E 1. Al2e0|M mejo|g
2 (DA Ape FEAFY WstE, e T3 Parameters Value Unit remarks
AW, Ave Ale A9 W, v 3 A Rated power, Sp 4o 2 [MVA] -
S UeY, k= A AEE U3 FaAF F Rated line voltage H/L, 22900/ V] Vppear =
Q] B &< olm 3t} wetbA] AE Al 2 Al Al A ViLrms 690 563.33[V]
St HE vgd @ TEAR P9 vEe Az Rated coment, 1, | 16735 | (Al | -
2[pul” b = ojofF gt} Output L filter, L, 95 [uH] (ﬁgf :]
.15[pu
T 30 mEd A AAE AWEE 50[%]
B Converter SPWM B B
o] At AshrF HAS A 100[%] A AR/ ol modulation format

o FEAFE T, 200%] A $5e] P
A0[%] o)A RE A RE au|sof s}l o] 9o % £zt Y] AdWE e Mt 0959 4¢ A
Tennetd] A5 94 FAAME 2o 4% A4 T A4 °F 18[VIelHh

¥ Zauidy)s 474 AERD = RgARs a9 4= U8IVIe] ARd dAks AEsis
F9o] Fbwalok gtk x7le] MAwe] gup6]. M, L3[pul A AFa7F 200(ms] EF BAG A
ool A¥E yetdty 29 4-a)= AlS Lt
Nl. " obste Z 2ot AMof AMA ity 2 A7t g o2 200lms] S Al ol
30[%] < 7Fa At
oR o A et AEY AARZ AL oA TF 29 4-b)= WY AFAerle] E9Hl 3% A
4 % A% =o A Al ols] HVRT ool & A@% AwEe 2 Ag4e 48] 9
aTRE T4 55 AT AQAel AMEce] B8 W sKCarrier signal S e At
FAelth AMECS] 743 e Abw el g AMEE AW ARA AEAS vjasta =93
27e 130pulel Ak Agtel sl 200ims] Her Al PWME Trdsbl s, dek #g el i
AAZ 9x &= 20|} FoEt Avs A2 7AHHe AR dges
¥ el M AMECS HVRT 7|5 syzdd €3 A4E W% 5 §ohs sivjelt. 19 4-b)
wal A3 67 7)7F BoF dAE EEurdsle A4 0 =TH AAGE S M 09591 A= 1.3[pul
WE 7 9864 B2en, 1A Al Ale B & o AT Y At Al Sl Ags FAsk7]
AEZ 2018 st B Ao A7 WHe A AFe A oAf7F F53%E & 7 Adv
ek}, Y 4-D)sk el Abx 7k Bk AWE AFA
o

Index, MDZ ZA =W, SPWMe] ¥z w2aS Ab st 4-d= AwE A
g3 A A (2)x A=A I d-g5 %_%"gj e, eizE Qs dFA
o717t AR L FFHA Fahe AL FAT 5 9
Ve =2Vpyea/ MI (2 o webA Al deh Ao Al = AA FA]
B¢l S]] A& Ao s4E flaA=

M= W2 Aol whe e e Hd == A% g0 g5 Ao abm dotel] sl FoF olg=
PAme Ee euE MR N 0 2 sea 2e gie awe 447 B,

§ AT PP B A AW 18RS w gege opg) 270l @ AR Agre A
’LX]”* adfem A9 s 29E RE L a0 4 20 ge) w8 ARw Age A8
#alo] 1R} e oz XA u o]l s}, Stel, 130pu] AT A S 2431 200[ms] E9F 47

I 12 2 =i /\lgﬂlOl/‘%ﬂH 283 &4 Y w9 Alae] sk ZubA sl Al E ol
W Azge ARFEE GENTE 19 ARF 4 oue moag

(402)



170
o 5 =
O AnAt 37w @ AR A A7)
= -5 = [e] o =
@ F714 FEATF B4e nd AR Ag
27
= = = = 5 =
® AMEe &7k AY) AFE wl @ ARG A%
27
. Fault R
30.00k = Vo POC
10.00k
% o000
£
$ 1000k
-20.00k
50[ms/div]
-30.00k
a) Grid side line voltage
56 Carrier = RefA = RefB = RefG
it
50[ms/div]
b) 3 phase reference voltage and carrier
4,50k<. Iuse ref = lgse
3.00k IA\A
. 150k l .,"A
i W
£
£ o000 A A
g W
1.50k
50[ms/div]
3.00k
¢) ¢ axis reference current and q axis curient
= Idse ref = Idse
1.50kq
1.00k
£.50K
=
£ 000
@&
=
3 -0.50k
1.0k
50[ms/div]

-1.50k
d) d axis reference current and d axis current
Fig. 4. High voltage fault(1.3[pul) simulation results in case
of Vdc = 1185[V].
O 4 0™ ARR(1.3[pu) AlE
(Vdc = 1185[VIel &)

glo|Md Zxnt

L AnAY 2/e D
4 @=Re Ax Age 2
3t =2

g2 AE AL 3 =

o
7] - VFaultPE—'

o] -§-8}]

(403)

j.inst.Korean.electr.electron.eng.Vol.25,No.2,399 ~407 june 2021

o]

fi3
AR

=

Azt o}

Vpe=2 VFaultP/ MI

2 (3)e.=HE 1.3[pule Abar A<t
wl, AbaL A fel tieke] 0.95¢] Mmr
Ate 1540[ Vel t}.

25 Ak 1540[V]E A 83 A&

e AFIL7E A E = el A

gon, HFA77 AR

Ak 2Ev G

1540[V]e] 2 kel digt mr= 0.71

A oA 7}?@ PR 52 Al A

o] AEA "ok FFd At
ASAIEA A ] & &4 A

2913 &Aool vldletrg Ak o

<)

’
=
T

=
= OO

a2

EX
R
et

S

i Fault R
= RefB = RefC
A
Laladatdadnhilatanladatisg
50[ms/div]
2.0
) 3 phase reference voltage and carrier
L] -
4.0k Igse ref Igse
3.0k w
2.0k
= ]
#
& 3
£ Lok
o
0.0
50[ms/div]
1.0k
b) i q axis reference current and q axis cujrent
= Tdse ref = Tdse
1.50k
1.00k
0,
=
ol X1
@
5
< $.501
-1.00
50[ms/div]

¢) d axis reference current and d axis current

Fig. 5. High voltage fault(1.3[pu]) simulation results in case
of Vdc = 1540[VI.

a8 5 IMe ARR(1.3pu) AlE
(Vde = 1540[vIel &)

#HolM A3}



The efficient DC-link voltage design of the Type 4 wind turbine that satisfies HVRT function requirements

§7 9% 2w Aadel AE 54 Fo A%
Ao wasts & A

AFg A A7)o] B AvEe 293 E48
519131 7] $13ke], PLECS Al&#| o] 4 9] Thermal

modelS ©] &3l AlEdolAS 3183ttt AlE 8 o]
Aol A&¥ AWy ol de k=i ~9%+= ABB
Aol IGBT EE¢1 5SNA1800G33 040001 ™ Ve
3600[V], I.+= 1800[A]S] AbES zh=th AlEE o]
A ALES E 19 AMSY sdS &3 Hepow
Agaton, 19 6 4
tho] e = ¢} IGBTel A A&}
g AlEdold AdE ERIAT
£A2 ARG Al vt
Ao ™, 1185[V]ek 1540[V]e] 2
2914 &S RS uw,
A7) v&<l 9F 30[%17F 57t
1t}

o)
=

rZ‘ﬂl

ol

(ol

[e)

2 o
£rll?L' ot

oo g
o 12 rsL -h rt

SN
4y 2
0,

187 led

1.6

b4

[

N e
-
¢

1.0
0.8

Switching loss[W]

0.6

04

------ Vde = 1540 V]
Vde = 1403[V]

— — — Vdc=1185[V]

0.2

0.0 :
1] 2 3

Time[sec]

4 5

Fig. 6. Switching loss simulation results.
% 6. 291E &4 AlEeolMd Zat

BN
e
N

¢ o o

ol
1

1
il

o
oy T

i

3
S

Qg
1d

=i
il

(404)

171
& AgS dASA Aol gt wheba] A g E ol
Mo 284 fFadey das 98 dF A/ A
He 022 {A38ta L/HVRT ZdoAM= g
Aba Agtel d@ 27 FEAFE dF AFE o
&3l Tt
Oy 72 R-L B2 AT dAE AW 3
225 Yepdt a1y 79 24 U3 571%%
Aol Aol d-q5F A2 2 ), G)oF 2

€abes

Fig. 7. The circuit diagram of 3-Phase converter with R-L
load.

a8 7. R-L §3& =Zetste 34 7

AHE 2| 32%

di§,
+ Lf—t = wang +e,

Ve =R 4

'sVds

V =R 5)

sqs

digs .
+ Lf—d 7 + wast +e p

L

R

21 (4), (5)ellA
AWE A E Al

Ve e B71#FANAM L d-q=
E71F AN d-qF
=9 L ZH <9
ZE g, e, S71FEA
Aol d-qF AE FAES dERATH
Phase Locked Loop(PLL)E %3] Ao %’4”3’4
AT f17de] Fdstes & AojdAvdd = AT
& HFae 271 7HAH, 3 09 gk
zh=vh, wepA AlE sk Aot 2 EA
S7ME Va7 Theke], e W

s

L

R

i
’ dqs

A, RE A A”, L= A8H
NG9, v AE

z] = =
€=

sk A

0O

FE

q

e/ 1) mlo

wss) 9% d3
2 A7 Ao
EELRER
. A¥AHoeZ HVRT =
a2z A7)t a2



172

of Arjel weh = dFA7Ie A
AEER aHeh Aban Aol e MIE
Ath= Ae o g

TAY At 3
il

2l

aLe 4

il

=
T

fr

047] /H’ Xﬁ]m’ Zilspu
o] #olEl A 4%

>

2

¢

A

Carrier » Refd

2.0 1

1.5

Ref & carder{P]

50[ms/div]

T

-2.G

3 phase reference voltage and carrid

= lgze
4.0k =

3.0k

1.9k
50[ms/div]

b) q axis reference current and q axis curent

Current{A]

8.G

!

1.0k

=

0.0

-1.0k

Cunnet{A]

~2.0k

-3.0k

!

S 2 o Wt

50[ms/div]

¢) d axis reference current and d axis current

High voltage fault(1.3[pul) simulation results in case
of Vdc = 1403V].

. 0™ eh AR(1.3[pu]) AlEEolMd Z 3t

(Vdc = 1403VvIel &%)

- oT

(405)

j.inst.Korean.electr.electron.eng.Vol.25,No.2,399 ~407 june 2021

%2 1403[V]e] .

2% 88 1403[V]e] AFd
go]Ad Adelty, 17 8-¢)= dF
Agew 44 dwel 0.6lpulel
™, AbaL A FREl

b
o =
s g

o
=

Hor o &

o M
(B job 2L

Fdskar
[e)

»
S
av

A

Sk Aol A dr e A A

>

o

i

o)
=i

[
ol

or 32 M
+ e

=)
o

p
B
o

L.

flo o

AU
ko HE b
e B

=
N
o

e B

R
>
a2
ro

A AR

)
rlo

>

o 1y
Ve

N
M

o
fu
2

>

H
ol

N 2 o
o ox mx

iy 2,

p‘L
ZI.
»Nom
Ju rlo

z

o

ol
o
>
i

2 ol o

[*]
>

—

> oo K
offt kI o 2 N
it

BN
Y

oy

Al HVRT 7% &
o] FEHY A7t 7hs st

() 25E AAHF] 0~2[pul +
74%- 1.3[pul AFaL Aol A 0.95
As et

A ARl wheb A3 e
387 s MIE 0952 A S
1185[V]elth. 1185[ V]9l Al 7wtk #st
1.3[pule] Abar Ztell A 0.959] Mrs
A5+ 1.55[puleltt. =, 1.3[puld]
A4 1.55[pulol s Fst= A
AbaLZp A EE Aol e A4
0.95¢] MrE Hrt
1185[ V]9 2 e

2 2L oo
ey

Mo o oo (2 ogn oMo mx U

2]
)

o o

r
BT oo St b

o ff

2
op K

3

7t



The efficient DC-link voltage design of the Type 4 wind turbine that satisfies HVRT function requirements

N

. Comparison of simulation results.
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