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Toém tat:

Viéc xay dung cac trang trai phat dién glo ngodi khoi la buée tiép theo doi voi viéc sir dung dién
gi6 & cdc mede ven bién trén thé glOl S két néi giita cdc trang trai gié ngoal khoi voi ludi dién trén bo co
khodng cdch trén 50 km cong sudt lap dat trén 100 MW thi cong nghe truyen tai dién dp mét chieu HVDC
(High Voltage Direct Current) c6 nhiéu loi ich hon céng nghe truyen tai bang dong xoay chiéu HVAC (High
Voltage Alternating Current). Bal bdo nay trinh bay viéc két néi cac hé thong ngoadi khoi véi luGi dién trén
bo thong qua cong nghé truyen tai HVDC. Cdc nghién cu’u cu thé dwoc thue hién & ca ché do xdc lap va
ché dg qua dé ciia hé thong nham danh gi kha ndng truyén tai bang dong mét chiéu doi véi cac hé thong

dién gio xa bo.

Tir khéa: Pién gio ngoadi khoi, HVDC, Bj bién doi nguon dong, Bé bién doi nguon dp.

1. Giéi thi¢u

Nang luong gi6 dugc xem xét 1a mot trong
nhitng ngudn ning luong tai tao htra hen, dang dugc
phat trién manh mé, dic biét & chau Au va & My.
Ning luong gio trén thuc té, 1a ngudn ning luong
tai tao phat trién nhanh nhét: tir naim 1996, cong
suét lap dat tr 23900 MW 1én 486749 MW [1]. Su
phét trién nhanh chong cia nang luong gié trén
khép thé gidi dd mé ra cac méi truong méi trong
viéc tao ra nang lugng gié dudi dang céc trang trai
216 ngoai khoi. Viéc tinh t&i dét cac turbine gid trén
bién da trd thanh hién thuc, vi céc vi tri trén bo co
gi6 tot nhét dé phat dién da khong con nhleu Gid
ngoai khoi co tdc d6 cao va 6n dinh hon, tét hon cho
viéc phat dién, cac khu vuc 1ap dat rong hon, ciing
nhu van dé di chuyén turbine gi6 ra xa khoi khu dan
cu 14 nhitng 1y do chinh thic ddy dau tu vao ning
luwong gié ngoai khoi.

Su két ndi cac trang trai gid ngoai khoi va
mang lu6i dién trén bo c6 thé duoc thyuc hién bang
cong nghé truyén tai HVAC hodc HVDC. Hé thdng
truyén tai HVAC 1a hé thong truyén tai pho bién
nhat tir dau thé ky 20 trén toan thé gidi, cho dén nay
cong ngh¢ truyen tai HVAC la cong ngh¢ truyen tai
¢6 chi phi va ton hao thap ¢ khoang cach ngén.

Do nhiing uu diém nay ma HVAC la cong
nghé truyén tai dugc sir dung pho bién dé két nbi
cac trang trai gi6 ngoai khoi (offshore) vdi mang
ludi dién trén bo (onshore). Tuy nhién, néu cac
trang trai gio nam ngoal khoi cich xa dat lién va
sir dung cap ngam dé truyén tai dong xoay chiéu
v6i khoang cach dai thi s& sinh ra cong suat phan
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khang chay trén duorng day. biéu nay s€ lam han
ché kha ning truyen tai cia cap ngam va gy ra ton
that dién ap, t6n that cong sudt trong cap. Vi vay
trong pham vi cua bai bao nay, nhém nghién ciru
chi tap trung nghién ctru va dé xuét viéc truyén tai
cho cac trang trai gi6 xa bo bang cong nghé truyén
tai mot chiéu HVDC. Céc tinh toan phan tich cu thé
dugc thyuc hién & ca ché do xac lap va ché do qua do
dé danh gla nhimg wu va nhuoc diém cua cc cong
nghé truyén tai.

2. Phuong phap nghién ctru

Chi phi
dau tu HVAC
Chi phi HVDC
xay :
dl_tng hé |
thong :
DC !
|
Chi phi x&y dyng :
hé thong AC |
I
Khoang cich  Khodng céch
01 han fruyén tai
Hinh 1. Chi phi dau tw xdy dung dwong dday HVAC
va HVDC

Hinh 1 cho thay su thay d6i chi ph1 cua
truyén tai xoay chiéu va truyén tai mot chleu voi
cung khoang cach. HVAC c6 xu hudng tiét kiém
hon so v&éi HVDC véi khoang cach nho hon khoang
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cach toi han nhung lai dit tién hon voi khoang
cach xa hon. Khoang cach t&i han c6 thé khac nhau
trong khoang tir 400-800km ddi véi duong day
trén khong (tiry thudc vao dién ap truyén tai). Véi
hé théng ding cap khoang cach toi han nam trong
khoang 25-50km.

Hinh 2 m6 ta so d0 két ndi hé théng véi
mang ludi trén bo bang cac ngdm mot chiéu.

DFIG

Hinh 2. So d6 nguyén Iy két néi hé thong

Heé théng truyén tai HVDC st dung cac bo
bién dbi dién tir cong suat 16n ¢ hai dau cap truyén
tai. Hién nay cong nghé truyén tai HVDC dugc st
dung rong rai trong:

Heé thong dién c6 lién két yéu hodc hé thong
dién tach biét;

Heé théng trao d6i cong suét lién khu vuc hay
lién két glu’a cac quc gia;

Két ndi v6i cac phu tai tach biét & khoang
cach xa nhu cac gian khoan dau, nha gian hay cac
tram khai thac khi d6t;

Két ndi vi cac hé thong dién gio ngoai khoi
xa bo.

Trong s6 do, cac bo bién ddi dién tir cong suit
¢6 thé duoc chia 1am 2 loai: bd chuyén mach ngudn
dong (LCC) va bd chuyén mach ngudn ap (VSC).

Dong dién dit xac dil}h
b hé thong diéu khién
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Hinh 3. Nguyén Iy hoat dong ciia bé bién déi HVDC
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Thiét bi bién ddi ngudn dong LCC chu yéu
st dung cac van dién tir Thyristor c6 kha nang
truyén tai cong suat lén dén hang trim MW, hé
thong bién d6i cong suét 16n nay can phai trang bi
thém cac bo loc song hai.

Thiét bi bién d6i ngudn ap VSC c6 thé diéu
khién dong thoi cong suat tac dung va cong suat
phan khang va sinh ra it song hai hon ¢ phia xoay
chidu. Tuy nhién nhugc diém chinh cia VSC la
cong sut truyén tai bi giéi han, ngay ca khi qua
dong trong thoi gian ngan ciing c6 thé dan toi qua
nhiét va phad hay hoan toan cac phan tur chuyen
mach. Trong trudng hop hé thong co su cd ngan
mach, dién ap bi giam dot ngdt, cac van cong sudt
dugc diéu khién dé duy tri cong suét truyén tai trén
dudng day mot chiéu 1a dinh muc.

CAu triic co ban cia hé thong HVDC c6 thé
dugc chia 1am 3 phan: Chinh luu, Nghich luu va
Cép truyén tai. Hé thong chinh luu va nghich luu
cong ngh¢ LCC str dung Thyristor dugc mo ta nhu
trong Hinh 4.

pp——p———

LY T;

T, TG% Tz%

Hinh 4. H¢ thong chuyén mach LCC

Cong suét tac dung va phan khing cia b
bién d6i HVDC duge xac dinh tir dong dién va
dién 4p dau vao phia xoay chi¢u AC, cic gia tri nay
duoc tinh toan thong qua module Power flow cua
phan mém PSS/E. Pién ap mot chiéu ciia hé thong
HDVC dugc xac dinh theo phuong trinh (1):

3 \/g _ 3ch Idc
T

Use =N\ =g U.cosax _ZRchC> (1)

trong d6: a 1a goc diéu khién cc van ban din cong
suat, a dugc xac dinh thong qua ché do diéu khién.
Goc trung dan u cling dugc xac dinh thong qua goc
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mé a theo phuong trinh (2)

21,.X,
U= arccos(cosa - %) -

(@)

Cong suat tic dung, cong sut phan khang
va h¢ so cong suat sau d6 dugc tinh toan theo cac
phuong trinh (3), (4) va (5)

3N, U?

Py= W(COS(ZQ) —cos2(u+ Oc))

2
Ouc = ?4)111\%)(({(, (Z,U +sin(2a)— sin(2(,u + O())) 4)

U+ sin(20t) - sin(Z(,u + Ot))

)

tan(p) = cos(2a) — cos(2(u + ) ©)
U, =N, (% U. (cos(a —30)+cos(8 + 30)))
(6)
_ 1
I, = mu. (cos(a - 30) - cos(5 + 30))
(7
U, =N, (% U.cos(a—30)— % - 2RC(,140>
®)
Y= arccos(cos(a—30)—%>—30 )

. 20+ sin(2(a—30)) = sin(2(y + )
tan((ﬂ)— COS(Z(a_30)>—cos(2(}’+30)>

(10)
Py= %(cos@(a - 30)) - cosZ('y + 30)>

an
2
Ouc = %(M +sin(2(a=30)) = sin(2(y +30)))

(12)

3. So' @6 md phéng

PSS/E 1a mot phan mém phan tich dugc sir
dung rong rii cho cac md phong hé thong dién.
Cong cu tinh toan phan bd cong suit ciia PSS/E
chi ¢ thé dugce sir dung truc tiép cho cac hé théng
xoay chiéu. Bai bdo nay sir dung phuong phap AC
tuong dwong cua PSS/E dé tinh toan luu luong tai
AC nham tinh toan gian tiép dong tai DC cua ludi
dién DC, ttc 1a sir dung cac thanh phan AC dé xay
dung mot hé thong ludi dién DC twong duong va
tinh cac dong dién twong tmg. Cac két qua tinh toan
dong dién AC twong ung phan anh cac phan b
dong dién DC cua luéi dién DC. Hé thdng dién sir
dung dé phén tich va mo phong dugc sir dung tir so
dd ludi c6 san va tich hop thém cac hé théng dién
gi6 duoc mo phong cho cac hé thong dién gié xa bo.
Hé théng mo phong duoc xay dung gdm co 33 nit
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v6i cac clp dién ap truyén tai 1a 500kV va 220kV.
Thong so cua cac nguon phat va cac phu tai duoc
cho trong Bang 1 va Bang 2.

Bang 1. S6 liéu nguon phat

TT | Bus Ngudn phat P Q
1 101 NUC-A 750 105.8
2 206 URBGEN 800 600
3 211 HYDRO G 900 600
4 3011 MINE G 897 170
5 3018 CATDOG_G 100 80
6 | 90001 CLR 1 24 18
7 | 90002 CLR 2 21 15
8 | 90003 CLR 3 24 18
9 | 90004 CLR 4 21 15

10 | 90005 CLR 5 24 18

Bang 2. S6 liéu phu tai

TT | Bus Phu tai P Q
1 153 MID230 200 100
2 154 DOWNTN 600 450
3 154 DOWNTN 400 350
4 203 EAST230 300 150
5 205 SUB230 1200 700
6 3005 WEST 100 50
7 3007 RURAL 200 75
8 3008 CATDOG 200 75

!

: ’|W 1

Hinh 5. So' @6 mé phong két noi hé thong
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4. Két qua md phéng

Kich ban mo phong 6n dinh dong dugc xem
xét voi gia dinh ngin mach xay ra trén thanh gop
220kV tai bus 3004 ¢ ca hai truong hgp HVAC va
HVDC. Su ¢ xay ra ¢ thoi diém gidy tht nhét va
kéo dai trong khoang 80ms. Quan sat cac két qua
moé phong & cac hinh v& ta c6 mot s6 két luan vé cac
dap g cua cac may phat turbine gio, cu thé 13 cac
may phat DFIG.
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Hinh 6. Dao dong dién ap cac may phat dién gio
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Hinh 7. Dién ap tai cdac nut trén bo
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Hinh 8. Céng sudt phat ciia cdc mdy phdt dién gio
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Cac hinh 6, 7, 8 mo ta bién do dién ap cia
cac nit ngoai khoi, trén bo cting nhu cong sut
tmyen tai trén cap ngdm xoay chidu AC. Tir Hinh 8
thay rang khi xay ra kich dong trong hé thong, cong
suat truyén tai gan nhu bi gian doan, hay méi lién
két gilra h¢ thong dién ngoai khoi voi hé thong dién
chinh trén bo 1a khong con. Diéu nay c6 thé dan t6i
sup d6 hé thong do géy ra su cb xep chdng tirc 1a
vira xdy ra ngan mach tai mot diém bat ky trong hé
thong vira mt cong sudt ciia mot nhom hay t6 may
phat c6 cong suét 16n.
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Hinh 9. Céng sudt tac dung va phan khéng trén cdp
ngam HVAC
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Hinh 10. Pién ap cdc nut trén bo

Hinh 10 md6 ta dao dong dién ap cua cac
nut dién ap dién hinh c6 bién do rat nho. Piéu nay
chimg to 1a khi xay ra kich dong trong hé thong,
cong sut trén duong day lién két 1 chiéu giira hé
thdng dién chinh va hé théng dién ngoai khoi dao
dong khong dang ké, dan t6i dién ap tai cac niit phu
tai cling duogc giit 6n dinh.
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Hinh 11. Céng sudt tac dung va phdn khéing trén
cap ngam HVDC

Hinh 11 mé ta cong suét tic dung va phan
khang trén duong day HVDC. Nhu vay trong khi
xay ra kich dong, mdi lién lac gitra hé thng dién
gi6 ngoai khoi van dwoc duy tri nhung cong sut
truyén tai bi suy giam hon 50% gia tri, dong thoi lac
nay cong sudt phan khang trén dudng day HVDC
xap xi bang khong. Chung to, so voi truyen tai bing
HVAC, HVDC cho ton thit cong sut thap hon, thoi
glan va bién d¢ dao dong dién ap, dao dong cong
sudt nho hon so v6i hé thong truyén tai bang cap
HVAC.

Nhu viy, v6i hé thdng truyén tai HVAC khi

Tai liéu tham khao

xay ra cac kich dong trong hé théng dién, né anh
hudng truc tiép dén hoat dong binh thudng cia cac
turbine, néu sir dung hé théng HVDC thi khi toc do
gi6 thay dbi, dién ap va cong suit c6 thé dugc duy
tri 6n dinh. Cong nghé truyén tai nay ciing c6 thé c¢o
1ap mot cach hiéu qua cac anh huong khi van hanh
hé ctia thong dién gi6 toi hé thong dién chinh.

5. Két luan

Bai bao thao luén véan dé truyén tai dién ning
tir cac trang trai phat dién bang sirc glo ngoai khoi
bang cap ngim xoay chiéu va cap ngdm mot chiéu.
Két qua nghlen ctru cho théy, giai phap sir dung
HVDC dé két ndi cac trang trai gi6 ngoai khoi V01
cac ludi hién c6 trén bo da glam ton that cong suét,
han ché dao dong cong sut. Muc tiéu chinh cua
nghién ctru dugc thyc hién la danh gia dap img cua
cac may phat dién gid va cac tac dong qua lai khi
xay ra kich dong trong hé théng co sir dung cac giai
phéap truyén tai mot chiéu cao ap HVDC. Piéu nay
dac biét quan trong vi theo du bao, cong suét lép dat
cua cdc trang trai phat dién béng stc gi6 ngoai khoi
s& chiém mot phan dang ké trong ‘twong lai. Viéc
mat mot hrong nang luorng cong suat sau khi xay ra
su cd va thiéu cong sudt phan khang trong qua trinh
xay ra su ¢b ¢6 thé didn dén mat 6n dinh va sup db
hoan toan hé théng dién. Bai bao ciing méi chi dimng
lai xem xét & van dé 6n dinh qua do trong hé théng,
chwa xem xét dén cac van dé chi phi.
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STUDY ON HDVC INTERCONNECTION OF OFFSHORE WIND FARMS

Abstract:

The construction of offshore wind farms is the next step for wind power use in coastal countries around
the world. The connection between offshore wind farms and onshore grids with a distance of more than 50
km over capacity of offshore 100 MW installed, the HVDC (High Voltage Direct Current) technology has
more benefits than the Transmission technology by AC current HVAC (High Voltage Alternating Current).
This paper presents the connection of offshore systems to onshore grids via HVDC transmission technology.
Specific studies are carried out in both the steady-state mode and the transient mode of power system.

Keywords: Offshore wind power, HVDC, Line commutated converters, Voltage source converters.
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