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Tém tit - Bé dugc phép ddu ndi 1én lusi dién, nha may dién gid
cén dép img ycu cau vé kha ning dléu chinh cong suét phan khang
tai diém két ndi chung (PCC). Yéu cau ndy d6i voi nha may dién
gi6 ngoai khoi phu thudc vao nhiéu yéu t6 nhur loai mdy phat dién
gio, may bién ap va dic biét 1a duodng day cap truyén tai xoay
chidu dién ap cao. Bai béo trinh bay két qua tinh toan xéac dinh
dung lwong bu cong sudt phan khang cho nha may dién gio st
dung may phat loai cam tmg nguon kép (DFIG) dugc ndi ludi
thong qua cac may b1en 4p ngoai khoi va cap ngdm cao ap dé dap
ung ti€u chuan d4u ndi ludi coa Viét Nam. Kha nang phat va tiéu
thy cong suit phan khang ciia cac phén tir trong hé thong dién gio
dugc phan tich nhim tinh toan dung lugng bi. Mo phéng trén
mdy tinh dugc thyc hién dé kiém chung dap tmg cong suit phan
khang yéu cau tai diém PCC. Két qud md phong cho thiy, dung
Iwong bu di chon dam bao tidu chuan déu ndi ludi.

Tir khéa - Bu cong suit phan khang; dién gio ngoai khoi;
DFIG

1. Pat vin dé

Dién gi6 ngoai khoi duge xem 14 ngudn ning lugng tai
tao quan trong gop phan gitp Viét Nam dat dugce cam két
NetZero vao nam 2050. Theo Quy hoach phat trién dién
luc qudc gia thoi ky 2021-2030, tam nhin dén nam 2050 da
dugc phé duyét [1], co cAu ngudn dién cua hé théng dién
Viét Nam s€ co sy dong gdp 6 GW (4,0%) tir dién gid ngoai
khoi vao nam 2030 va dinh huéng nam 2050 dat 70 GW-
91,5 GW. Do tinh chét ngau nhién va bat dinh cua dién gio,
khi tich hgp mot lugng 16m cong suét dién gié vao ludi dién
s& anh huong dang ké dén chét lugng dién nang ciing nhu
su van hanh an toan va 6n dinh cua hé thong dién [2]. Mot
trong cac yéu cau dbi voi cac nha may dién gi6 1a phai dam
bao kha ning diéu chinh cong suit phan khang theo tiéu
chuén déu nbi luéi [3], [4].

Trong céc hé théng dién gi6 ngay nay, may phat dién
cam g nguodn kép (DFIG) va may phat dién dong bo
sir dung nam cham vinh ctru (PMSG) dugc sir dung pho
bién nhét. Cac may phat nay duoc két ndi véi lusi thong
qua cic bd bién ddi co kha ning didu chinh cong suit phan
khang va dién ap [5]. Trong bai béo [6], cac tac gia da chi
ra phuong phap xac dinh chinh xac kha nang diéu chinh
cong suit phan khang cua cac may phat dién gi6 loai DFIG
c6 xét dén cac yéu t6 gidi han nhu gidi han dong dién
stator, dong dién rotor, dién ap rotor, hién tuong tir héa va
kha nang diéu chinh cong suét phan khang ctia bo bién doi

Abstract - To be authorized to connect to the power grid, a wind
power plant needs to meet requirements regarding the capability to
regulate reactive power at the Point of Common Coupling (PCC).
These requirements for offshore wind power plants depend on various
factors, such as the type of wind generators, transformers, and
especially the high-voltage AC transmission cables. This paper presents
the calculated results determining the reactive power compensation
capacity for an offshore wind power plant using a doubly fed induction
generator (DFIG), which is connected to the main grid via an offshore
transformer and high-voltage submarine cables, to comply with
Vietnam’s grid code. The reactive power capability of each component
in the wind power system is analyzed to determine compensation
amount. Computer simulations are performed to verify the compliance
with the reactive power requirements at the PCC. Simulation results
show that, the selected compensation capacity ensures adherence to the
grid connection standards.
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phia luéi dién. Kha nang diéu chinh cong suat phan khang
clia may phat dién gi6 loai PMSG c6 xét dén mé hinh, giéi
han vé dong dién va dién ap ciia bo bién d6i phia ludi dién
dugc trinh bay trong [6]. Cac nghién ciru nay cho thiy,
lwong cong sut phan khang phat ra hodc tiéu thu cia cac
may phat dién gié chi dap tmg mot phan yéu ciu tir phia
luéi dién.

Cac nha mdy dién gi6 ngoai khoi thuong duoc lap dat
voi cong suat 16n, nam xa dat lién nén viéc xdy dyng h¢
thong truyén tai ddu nbi nha may vai ludi hé thong 1a mot
trong nhiing thach thire 16n. Hién nay, hai cong nghé truyen
tai xoay chiéu dién ap cao (HVAC) va truyén tai mot chicu
dién ap cao (HVDC) déu dugc ap dung cho cac nha may
dién gi6 ngoai khoi. Cong nghé HVDC ¢6 uu diém  khong
sinh cong suit phan khang va giam dugce ton that. Tuy
nhién, nhuoc diém cua cong nghé nay 1a cin vén dau tu 1on
cho cac bo chinh Iuu, nghich Iru va cap mot chiéu. Boi vay
cong nghé nay thich hop cho cac truong hop nha may c6
cong suit truyén tai 16n, khoang cach truyén tai xa [7].
Nguoc lai, khi khoang cach truyen tai dudi 100 km, hé
thong HVAC dugc ua chudng hon cac uu diém nhu cu
trac diéu khién va cac thiét bi phan cimg don gian, chi phi
bao dudng va lap dat thap, va sy ké thira bé day kinh
nghiém trong lp dat va van hanh HVAC trén dat lién [7],
[8]. Tuy nhién, mot nhuoc diém 16n ciia hé thong nay la
doi hoi trang bi thém thiét bi bu cong suit phan khang va
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diéu chinh dién ap dé dap ing dugc cac tiéu chuan ndi ludi
[9]. Bai bao nay sé tap trung nghién ciru ddi véi truong hop
sir dung hé théng HVAC phu hop véi bdi canh giai doan
dau phat trién dién gio6 ngoai khoi ¢ Viét Nam.

Bu cong sudt phan khang ¢ nha may dién gio 1a giai
phap bét budc nham dam bao yéu cau vé chat lugng dién
4p, giam ton that cong suit, ndng cao on dinh va an toan
van hanh hé théng. C6 nhiéu phuong phap khac nhau dé
xac dinh dung lugng bu cho cac nha may dién gio tuy theo
loai may phat dién gio, ciu trac ciia cac nha may dién gio
va vi tri dat thiét bi bu. Cac nha may dién gioé thuong su
dung cac thiét bi bu cong suat phan khang nhu tu bu tinh
(Static var compensators - SVC) hoic thiét bi bu dong
(STATCOM) [10], [11]. Trong truong hop tiéu chuan nbi
lu6i xdc dinh 16 yéu cau vé hé s6 cong suét cho nha may
dién gio thi dung luong cong suit phan khang can bu dwoc
tinh theo hé s cong sudt d6 [12]. Mot sb trudng hop dung
lwong bu dwoc xac dinh don gian theo nguyén tic khong c6
chuyén giao cong suit phan khang tai diém két ndi luéi
[13]. Phuong phap xac dinh vi tri va dung luong cua thiét
bi bu cho nha méy dién gi6 ngoai khoi ndi ludi qua hé
thdng truyén tai HVAC dua trén co so tdi thiéu hoa chi phi
do ton that cong suét va chi phi cho thiét bi bui dugc dé cap
toi trong bai bao [8], [14]. Tuy nhién, dung luong bu nay
¢6 dam bao tiéu chuan dau ndi ludi hay khdng chua duge
chc tac gia lam rd. Bai béo [15] trinh bay phuong phép diéu
khién cong suét bu cia khang bu ngang (VSR) dép tng tiéu
chudn nbi ludi cia nha may dién gié ngoai khoi nhung bai
béo khong dé cap t6i cach xac dinh dung lwong dinh mirc
cua thiét bi bu.

Bai bao ndy trinh bay phuong phap xac dinh dung
luong bu cho mot nha may dién gi6 ngoai khoi ndi lusi qua
hé thdng cap ngdm duéi bién HVAC theo tiéu chuén ndi
ludi ciia Viét Nam c6 xét dén kha niang phat va tiéu thu
cong sudt phan khang ciia cic may phat dién gio.

2. Kha niing diéu chinh cong suit phan khang ciia nha
may dién gié ngoai khoi
2.1. Céu tritc ciia nha mdy dién gié ngoai khoi noi lwéi
qua cdp ngam HVAC

Céu trac ciia nha may dién gi6 ngoai khoi theo cong
nghé HVAC dién hinh c6 dang nhu Hinh 1. Céc tuabin gi6
duoc két ndi voi nhau va ndi toi tram bién ap ngoai khoi
thong qua hé théng cap ngam dién ap tir 35 dén 66 kV.
Tram bién 4p ngoai khoi dugc lién két t¢i diém diu ndi ludi
trén bo thong qua cac cap ngam dudi bién voi dién ap
110 kV tré lén

Tu abine gm

Hinh 1. Cdu triic dién hinh ciia nha mdy dién gié ngodi khoi noi
lwdi qua hé thong HVAC [8]

Thiét bj bu c6 thé diit & dau cap phia tram bién ap ngoai

khoi véi myc dich giam ton that cong suat, hodc dat ¢

Tram bién ap

. Trambic énap trén by

ngodi khoi

dau cap phia tram bién ap trén by dé dap tmg tiéu chuan
ndi ludi.
2.2. Khd ning diéu chinh cong sudt phin khdng ciia cic
phan tir trong nha mdy dién gié ngoai khoi
2.2.1. May phat dién gio

Nhu da d& cap o trén, may phat dién cam tng ngudn
kép va may phat dién ddng bo nam cham vinh ciru dugc st
dung phd bién trong cac hé thdng dién gi6 ngay nay. May
phat dién duoc ndi ludi qua bd bién ddi phia ludi tir rotor
dbi v6i DFIG hodc tir stator d6i véi PMSG. Thong qua didu
khién cac bo bién doi phia ludi dién, nha may dién gio co
kha ning diéu chinh cong suat phan khang va dién ap [5]
Theo do, hai loai may phat dién gi6 nay dugc thiét ké dé
van hanh trong dai dién ap tr 90% dén 110% gia tri dién
4p dinh mirc. Pic tinh diéu chinh cong suat phan khéng
theo cong sudt phat cia hai loai may phat dién gi6 nay dugc
xéc dinh boi nha san xuit va thuong c6 dang hinh tam giéc,
hinh chit nhat hoac hinh chir D nhu Hinh 2.
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Hinh 2. Cdac dang dwong ddc tinh khd ndng diéu chinh cong
sudt phan khang cua mdy phat dién gié o dién ap dinh mirc
(Hinh tam giac — mau xanh, hinh chit nhdt- mau do,
hinh chir D-mau den) [5]
2.2.2. Cap dién luc

Cong suét phan khang do dién dung ky sinh cua cap
sinh ra ty 1€ v6i dién dung don vi, chleu dai céap, tan sb va
dién 4p cua luéi dién. Gia tri cong sudt phan khang d6 dugc
xac dinh theo cong thire (1)

Qcap = V?wC, MVAr 1)

Trong d6, V 1a dién ap cia ludi dién (kV); o 1 tan s6
goc va C (F) 1a dién dung cta cap. Khi khoang cach tir nha
may dién gi6 toi dat lién 16n, cong suat phan khang do cap
sinh ra s& rt 16n va can thiét phai dat cac khang bu dé tiéu
thu mot phﬁn hodc toan bd lugng cong sudt nay.

Miat khac, khi truyén tai cong sut, mot phin cong suét
phan khang tiéu thu trén dién khang cua cap. Ton that nay
ty 1¢ voi binh phuong dong dién va dién khang cua cap,
duoc xac dinh theo cong thic (2).

PZ QZ
AQcap = 1*X¢ = —5— X, MVAF )

Trong do, I (A) la dong dién chay qua cap; P (MW) va
Q (MVAr) tuong tng 1a cong suat tac dung va cong suat
phan khang chay qua cap; Xc (Q2) 1a dién khang cta cap.
2.2.3. Mdy bién ap

Dién nang phat ra tir cac may phat dién trong trang trai
dién gio thuong duge nang 1én cap dién ap trung ap va
truyen tai & khoang cach ngan dén vai km. Sau do, dé
truyén tai dién nang vao dat lién, may bién ap tang ap dugc
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sir dung dé nang 1én cap dién ap cao hon phit hop véi truyén
tai cong suat 16n va khoang cach xa dén hang chyc km. Tén
that cong suét trong may bién ap chiém ty phan 1on trong
tong ton that ctia hé thong truyén tai va phan phdi dién noi
chung. Xét vé cong suat phan khang, cac thanh phan chinh
t6n that trong may bién ap gém ton that do tir hoa cac cudn
day cua may bién ap (3) va ton that trong 15i thép con goi
la ton that khong tai khong phu thudc vao tri s6 ctia cong
sudt tai qua may bién ap (4).

2 2
AQp = 12X, = %XB,MVAr ®)
Io-Sam
AQop = "1;‘03 MVAr (4)

Véi P (MW) va Q (MVAT) 1a tuong tmg 1a cong suét
tac dung va cong suat phan khéng chay qua may bién ap;
Xg (Q) 14 dién khang cia may blen ap; Io (%) la dong dién
khong tai; Sgms (MVA) 12 cong suat dinh mirc cia may bién
ap.

Nhu vay, kha ning cong suit phan khang ctua nha may
dién gi6 tinh dén diém dau ndi ludi khi chua co bu cong
suat phan khang dugc xéac dinh theo cong thic (5):

Qnm = QW + Qcap - AQCap - AQB - AQOB (5)
Khi dat thiét bi bu ngay tai vi tri diém két ndi, kha niang
cong sudt phan khang cua nha may dwoc xac dinh theo
cong thire (6):

Qnm = Qw + Qcap + Qpu — AQCap — AQp — AQyp (6)
2.3. Yéu cau vé kha ning diéu chinh céng suit phdn
khang cia nha mady dién gio

Theo thong tu cua B Cong thuong [4], cdc nha may
dién gi6 ndi ludi phai co kha ning diéu chinh cong suat
phan khang tai diém du ndi theo dic tinh nhu Hinh 3. Theo
d6, khi nha may dién phat cong suét tac dung 16n hon hoic
bang 20% cong suat tac dung dung dinh mirc va dién ap tai
diém d4u nbi trong dai + 10% dién ap danh dinh, nha may
dién phai c6 kha niang diéu chinh lién tuc cong suat phan
khang trong dai tir h¢ s6 cong sudt 0,95 (tmg voi ché do
phat cong suat phan khang) dén 0,95 (g voi ché do tiéu
thu cong suit phan khang) tai diém d4u ndi. Truong hop
nha may dién phat cong suit tic dung nhé hon 20% cong
sudt dinh mtrc, nha may dién gi6 c6 thé giam kha ning tiéu
thy hodc phat cong sudt phan khang phu hop véi dic tinh
cua nha may.

A

Cos ¢ 31
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Hinh 3. Yéu cau vé kha ning diéu chinh céng sudt phan khéng
cua nha may dién gio tai diém ket noi luoi

3. Xac dinh dung hrgng bu céng suit phan khang cho
nha may dién gi6 ngoai khoi theo tiéu chuin noi lwéi
Muc nay gi6i thidu két qua tinh toan dung luong bu
cong suat phan khang cho mot nha méy dién gio ngoai khoi
¢6 cong suat lap dat 1a 100 MW gdm 20 tuabin gid, cong
suat moi tuabin 1a 5 MW c¢6 so @6 d4u ndi nhu Hinh 4.
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Hinh 4. So'd6 néi nha may dién gié véi hé thong dién

Nha may sur dung mdy phat dién gi6 loai DFIG c6 kha

ndng phat hodc tiéu thu cong suat phan khang. Dac tinh

cong suat phan khang cua may phat nhu Hinh 5, gia tri cong

suat phan khang phat ra ctia 20 may phat dién gio (Qoric)
nhu trong Bang 1.
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Hinh 5. Bdc tinh céng sudt phdn khéng theo cong sudt tac dung
cuia mdy phat dién gio loai DFIG
Bing 1. Khd ning cong sudt phan khdang ciia nha may dién gio

P Qoric Qnm (MVAT) Qbu
(pu) | “*? (MvAr 0,95pu| 1,0pu |[1,1pu Qe (max)
1 1 0 19,82 25,26 | 36,21 -36,2
0,2 1 0 39,54 43,64 | 52,47 -52,5
0 1 0] 40,35 44,40 |53,14 -53,1
1 0,95 | 32,87 | 50,57 56,05 | 67,10 | 33 |-34,1
0,2 | 0,95 | 6,57 4584 | 49,96 |58,80| 33 |-25,8
1 -0,95 | -32,87 | -15,44 | -9,74 1,60 | -33 |-34,6
0,2 | -095 | -6,57 | 33,05 37,16 | 45,99 | -33 [-79,0

Céc tuabin gi6 dugc ndi qua 1 may bién ap dé tang dién
ap tir 690 V 1én 35 kV. Cac tuabin gi6 duoc ndi v6i nhau
qua hé théng cap ngam 35 kV t6i may bién ap ngoai khoi
cong sudt 125 MVA. Cap xoay chiéu 110 kV tiét dién
500 mm? dugc sir dung dé ket noi nha may dién giod voi hé
thong dién trén bd. Thong sb cua cac may bién ap va céap
cho trong Bang PL.1 va Bang PL.2.
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Dé x4c dinh dung lugng cong suit phan khang can thiét
dat bu cho nha may can xéac dinh dwoc kha ning cong suat
phan khang ctia nha méy tinh dén diém dau ndi ludi. Thyc
hién tinh toan phan bd cong suat toan nha méay véi cac mirc
cong suit tac dung ctia nha may khac nhau, hé sé cong sut
khéc nhau ¢ 3 ché do dién p tai diem két ndi: 0,95 pu (don
vi tuong dbi); 1,0 pu; 1,1 pu Ung voi cac gio1 han va diém
lam viéc trong tiéu chuan ndi ludi. Cong suit phan khang
¢én bu duge xac dinh theo cong thuec:

Qpu = ch — Qnm (7)

Két qua tinh toan trong Bang 1 cho thay, luong cong
suat phan khang do cap sinh ra rat 16n, nén [y hau hét cac
ché d¢ 1am viéc nha may déu phat cong sudt phan khang
(khi tinh dén diém két ndi luéi). Nha méy (tinh dén diém
két ndi) tiéu thy cong suat phan khang khi may phat dién
gié lam viéc & che do tiéu thu cong suat phan khang va phat
100% cong suét tic dung v6i mirc dién ap tai dlem ket noi
nhé hon 110% dién 4p danh dinh. Mitc cong suét can bu
16n nhét & ché d6 may phat DFIG tiéu thu cong suat phan
khéng va phat 20% cong suit tac dung v6i dung lugng cn
bu 1a -79 MVAr.

4. M6 phéng s 1am viéc ciia nha may khi cé thiét bi bu
Phan nay gi6i thiéu két qua md phong hoat dong ciia
nha méy dién gio ngoai khoi két ndi voi ludi dién theo so
d6 nhu trén Hinh 4. Thiét bi bu loai STATCOM véi dung
lugng £79 MVAr duogc dat tai diém PCC. M6 hinh cua cac
phan tir trong hé théng dién gi6 sir dung loai may phat dién
DFIG da dugc gidi thiéu trong cac nghién ctru [16], [17].
Thay ddi cong suat phat ctia nha may theo toc do gid dau

vao, ta c6 cong sudt phat tir nha may dién gié cung cap toi
diém két noi nhu Hinh 6.

P [pu)
o
w

s

0 10 20 30 40 50 60 70 80 90 100
t (s

Hinh 6. Cong sudt tac dung cua nha may cung cap
toi diem PCC

Hinh 7 thé hién két qua mé phong cac dong cong sut
phan khang tai diém két ndi ludi dién. Nhén thdy v6i moi
mirc cong suit tac dung phat ra, cong suét phan khang do
nha mdy dién gié cung cap t6i diém két ndi khi chua bu
(Qnm) luén 16n hon cong sudt phan khang yéu cau theo tiéu
chudn ndi ludi (Qyc). Khi thyuc hién bu, thiét bi bu di thay
d6i cong suat bu (Qba) tuong mg, dam bao cong suét phan
khéng cua nha may tai diém két ndi tring khop véi cong
suét yéu cau.
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Hinh 7. Cac dong cong sudt phan khang tai diém PCC: Cong sudt
phat vé ludi dién (Qu); cong sudt yéu cau (Qyc); cong sudt nha may
cung cap t6i diem PCC (Qmm) va cong sudt cua thiét bi bui (Qon)

Hon nira, dién ap tai diém PCC dugc duy tri nho hon
gi4 tri giéi han trén 1,1 pu, Hinh 8, va tan sé duoc duy tri
on dinh trong giGi han cho phép nhu dugc thé hién trén
Hinh 9.
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Hinh 7. Tén s6 ciia hé thong dién

Két qua md phong cho thdy, voi dung lugng da tinh
toan, thiét bi bu lam viéc tbt va dap tmg duogc yéu cau Ve
diéu chinh cong suit phan khang theo tiéu chuan dau nbi
ludi dong thoi dam bdo dién ap va tan so tai di€ém két noi
nam trong gioi han cho phép khi nha may lam viéc & cac
ché d6 van hanh khac nhau.

5. Két luan

Bai bao da trinh bay phuong phap xac dinh dung luong
bu cong suat phan khang cho nha méy dién gi6 ngoai khoi
6 xét dén kha nang tiéu thu va phat cong suat phan khéng
clia may phat dién gid, may bién ap va cap. Két qua mo
phéng cho thiy, vé6i dung lugng bu da tinh toan nha may
dam bao kha nang didu chinh cong suét phan khang theo
tiéu chuan déu ndi luéi cia Viét Nam. Ngoai ra, ddi voi
dién gi6 ngoai khoi bén canh may phat dién gio, dudng day
cap ngam ciing 14 phan tir c6 anh huong 16n t6i kha ning
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cung cap cong suit phan khang cta nha may va can tinh
toan chi tiét, can than khi xac dinh dung lugng dinh mirc
cua thiét b bu.

Trén co s& nghién ctru hién tai, phan tich lya chon loai
thiét bi bu va phan chia thanh nhiéu vi tri dat 13 hudng
nghién ctru tiép theo c6 thé phat trién trén pham vi hé thong
dién gi6 ngoai khoi tinh dén diém két nbi chung véi ludi
dién trén bo.

Loi cAm on:

Nghién ctru nay dugc tai tro boi Truong Pai hoc Dién
luc (EPU) qua de tai cap truong nam 2023.

Céc tac gia xin trén trong guri 10i cam on dén TS. L&
Xuan Thanh, Truong Dai hoc M6 Dia chat da gitp dé trong
viéc thye hién cac tinh toan va thao luan vé cac mo phong.
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PHU LUC
Bing PL.1. Bing thong s ciia may bién dp
Sam Udm Un lo APo APN
(MVA) | (kV) (%) (%) (kw) | (kw)
6,3 35/0,69 7 0,9 9,4 46,5
125 110/35 10,5 0,5 100 400
Bing PL.2. Bing théng s6 ciia cdp
Cép dién ap | Tiét dién Ro Lo Co
(kV) (mm2?) | (km) | (mH/km) | (uF/km)
35 95 0,206 0,44 0,18
35 120 0,153 0,42 0,19
35 185 0,099 0,39 0,22
35 240 0,077 0,38 0,24
35 400 0,046 0,31 0,59
110 500 0,046 0,37 0,22




